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MicroRNAs (miRNAs) are small, noncoding RNA mole
cules that regulate gene expression posttranscriptionally,
targeting thousands of messenger RNAs. Long non
coding RNAs (lncRNAs), another class of noncoding
RNAs, have been determined to be also involved in
transcription regulation and translation of target genes.
Since deregulated expression levels or functions of
miRNAs and lncRNAs in hepatocellular carcinoma (HCC)
are frequently observed, clinical use of noncoding
RNAs for novel diagnostic and therapeutic applications
in the management of HCCs is highly and emergently
expected. Here, we summarize recent findings
regarding deregulated miRNAs and lncRNAs for their
potential clinical use as diagnostic and prognostic
biomarkers of HCC. Specifically, we emphasize the
deregulated expression levels of such noncoding RNAs
in patients’ sera as noninvasive biomarkers, a field that
requires urgent improvement in the clinical surveillance
of HCC. Since nucleotide-based strategies are being
applied to clinical therapeutics, we further summarize
clinical and preclinical trials using oligonucleotides
involving the use of miRNAs and small interfering RNAs
against HCC as novel therapeutics. Finally, we discuss
current open questions, which must be clarified in the
near future for realistic clinical applications of these
new strategies.
Key words: MicroRNA; Long noncoding RNA; Hepato
cellular carcinoma; Clinical trials; Biomarker
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this review, we summarize the latest findings
on deregulated microRNAs (miRNAs) and long noncoding
RNAs in hepatocellular carcinomas (HCCs) with a focus
on their clinical use as novel diagnostic and prognostic
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circumstances in humans[20]. However, the exogenous
application of synthesized siRNAs is an attractive method
that could be used to intervene in crucial gene expression
under pathological conditions, including cancers[21].
HCC is the third leading cause of cancer-related
mortality worldwide[22]. Although advances have been
made in early detection and interventional therapies,
a continuing need exists to develop novel approaches
for the management of advanced HCC[23]. While many
reports have described deregulated expression levels or
functions of miRNAs and lncRNAs in HCCs, we will
focus on the potential clinical use of noncoding RNAs in
the very near future for novel diagnostic and therapeutic
applications in the management of HCCs.

biomarkers. In addition, we summarize the current
status of clinical and preclinical oligonucleotide therapies
including miRNAs and small interfering RNAs as novel
HCC therapeutics. This review will enable the readers to
understand the current status of clinical applications and
knowledge of noncoding RNAs in HCC management.
Shibata C, Otsuka M, Kishikawa T, Ohno M, Yoshikawa T,
Takata A, Koike K. Diagnostic and therapeutic application of
noncoding RNAs for hepatocellular carcinoma. World J Hepatol
2015; 7(1): 1-6 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i1/1.htm DOI: http://dx.doi.org/10.4254/
wjh.v7.i1.1

Noncoding RNAs as biomarkers
for HCC

INTRODUCTION
Noncoding RNAs contain multiple classes of RNAs that
are not transcribed into proteins. While most noncoding
RNAs studied to date are microRNAs (miRNAs), many
noncoding RNAs with various lengths have also been
reported.
MiRNAs are short, single-stranded RNAs that are
expressed in most organisms[1-3]. Through gene expression
regulation at a posttranscriptional level, miRNAs are
involved in various physiological and pathological
processes[4,5]. Since the discovery of miRNA lin-4 in Cae
norhabditis elegans[6,7], as of August 2014, 1881 miRNA
precursors and 2588 mature miRNA sequences in humans
are deposited in miRBase, a miRNA database by the Sanger
Institute[8]. MiRNAs are dysregulated in nearly all types of
cancer[9,10], and specific signatures of aberrantly expressed
miRNAs in specific cancers may have diagnostic and
therapeutic implications[11,12].
Long noncoding RNAs (lncRNAs) also play crucial
roles in transcription and translation [13,14]. Similar to
miRNAs, their dysregulation is also associated with human
cancers[15]. One of the most well-studied lncRNAs is the
HOX transcript antisense intergenic RNA (HOTAIR).
Class Ⅰ homeobox genes (HOX in humans) encode 39
transcriptional factors initially described as master regulators
of embryonic development[16] and display a unique gene
network organization. HOTAIR, a 2.2-kb-long RNA
residing within the HOXC locus, was initially described
in breast cancer tissues, where it is highly expressed[17].
In addition to HOTAIR, many other lncRNAs are dys
regulated in cancer tissues. Thus, lncRNAs may also
be candidates for biomarker discovery and therapeutic
applications in hepatocellular carcinomas (HCCs)[18].
In contrast to miRNAs and lncRNAs, short interfering
RNAs (siRNAs) are double-stranded RNAs that degrade
mRNAs through perfect matches with their target
sequences. Although human telomerase reverse transcriptase
was recently found to function as an RNA-dependent RNA
polymerase and contribute to RNA silencing[19], its activities
are not dominant in mammals. Additionally, endogenously
produced siRNAs may play functional roles under limited

WJH|www.wjgnet.com

Deregulated expression levels of noncoding RNAs in
HCC tissues
Although several published reports have described
deregulated expression levels of miRNAs and lncRNAs
in HCC tissues[18,24,25], the data thus far vary greatly. The
differences may be because of several reasons, including
the use of different techniques or samples as controls,
normal liver tissues vs nonneoplastic tissues around
tumors, background livers with various fibrosis staging,
inflammation activities, or etiologies, such as hepatitis B,
hepatitis C, or steatohepatitis, as well as the age or sex of
the tissue-derived patients; any of these factors may cause
the differential expression status of miRNAs. Regardless
of these limitations, the plenty data about dysregulated
miRNAs in HCCs suggests that noncoding RNAs play
crucial roles in hepatocarcinogenesis[24].
Deregulated expression of noncoding RNAs in HCC as
prognostic/diagnostic markers
Deregulated expression levels of noncoding RNAs in
HCC tissues that may be clinically useful as prognostic/
diagnostic markers will be described herein. The
landmark paper that initially addressed this issue focused
on miR26 expression levels in HCC tissues and was
published in the New England Journal of Medicine[26].
In this study, HCC showed frequently reduced levels
of miR26, and patients exhibited low miR26 expression
with a shorter overall survival but a better response to
interferon therapy, indicating that miRNA expression
status is associated with survival and response to therapy.
Expression levels of miRNAs have tissue specificities.
In the liver, miR122, miR192, and miR199a/b-3p are
highly expressed miRNAs of all mRNAs in the liver[27].
The role of miR122 loss in hepatocarcinogenesis was
confirmed in a mouse model[28,29], and its expression
is decreased in HCCs, especially non-viral HCCs [27].
Decreased expression of miR122 is also linked with
poor prognosis of HCC[30]. Although miR192 was not
deregulated in HCCs in previous studies, miR199a/b-3p
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plasma of patients with HCC [18,48]. Although these
results are encouraging, more work is needed to make
the usability of circulating noncoding RNAs as novel
biomarkers more reliable (Table 1). Specificity and
sensitivity, as well as methods to quantitate small amounts
of RNAs in sera with high reproducibility and the
universal control to adjust the obtained data from differing
times and samples, need to be urgently determined[49].

Table 1 Representative noncoding RNAs in sera for Hepato
cellular carcinoma diagnosis
MiRNA

Expression levels in HCC

MiR21
MiR222
MiR223
HULC

Upregulated
Upregulated
Upregulated
Upregulated

Possible targets

Ref.

PTEN, AKT, C/EBPb [32,39,58]
PP2A, p27, DDIT4
[42,43,59]
Stathmin
[44]
IGF2BP1
[45-47]

HCC: Hepatocellular carcinoma; HULC: Highly up-regulated in liver
cancer; PTEN: Phosphatase and tensin-like protein; AKT: V-akt murine
thymoma viral oncogene homolog; C/EBPb: CCAAT/enhancer-binding
protein beta; PP2A: Protein phosphatase 2A; IGF2BP1: Insulin-like growth
factor 2 MRNA binding protein 1.

Noncoding RNAs as novel
therapeutics against HCC
Ongoing clinical trials
Mounting evidence suggests that noncoding RNAs are
frequently dysregulated in HCCs and possibly involved in
oncogenesis and may therefore provide novel molecular
targets as a therapeutic intervention. However, due to the
complexity associated with pleiotropic miRNA functions
and lncRNAs, the number of clinical trials is presently
limited [50]. The leading nucleotide-targeting therapy,
Miravirsen, an LNA-based anti-miR122 against hepatitis
C virus replication, has been successful in a Phase Ⅱ
a study[51]. In addition, MRX34, a liposome-formulated
miR-34 mimic developed by Mirna Therapeutics,
produced complete HCC regression in mouse models[52],
and a Phase Ⅰ study is currently recruiting patients with
advanced liver cancer for HCC therapeutic intervention
(NCT01829971).
While siRNAs are not endogenous noncoding RNAs,
they can be described as noncoding RNAs that have
been tried as novel therapeutics against HCC. ALNVSP (Alnylam Pharmaceuticals), an RNAi therapeutic
targeting vascular endothelial growth factor and kinesin
spindle protein, has been shown to be well tolerated in
Phase Ⅰ studies (NCT008822180 and NCT01158079) for
the treatment of primary and metastatic liver cancer. The
results demonstrated disease control lasting more than
6 mo in the majority of patients, including a complete
response in a patient with endometrial cancer who
had multiple liver metastases. TMK-polo-like kinase 1
(PLK1) (Tekmira Pharmaceuticals), an RNAi targeting
PLK1, is also under a Phase Ⅰ/Ⅱ trial (NCT01437007).
Early results show that TKM-PLK is well tolerated
and demonstrates clinical benefits. Although primary
results from these potential therapeutics are encouraging,
the benefits and unexpected side effects need to be
determined, especially under long-term use.

is frequently decreased in HCCs[27]. In contrast, miR21,
whose expression is increased when rat hepatectomy[31],
is upregulated as an onco-miRNA, resulting in the
promotion of HCC[32]. MiR21 expression in HCC tissues
confers resistance to the antitumor effect of interferon-α
and 5FU combination therapy[33].
Similar to miRNAs, expression levels of lncRNAs
are also dysregulated in HCC tissues[18]. Among them,
HOTAIR is overexpressed in HCC tissues and may
confer chemoresistance[34]. Metastasis-associated lung
adenocarcinoma transcript 1, which was initially dis
covered as an lncRNA associated with metastasis[35], is
also upregulated in HCC tissues and may be useful as
a biomarker for tumor recurrence. Recently, HOXA
transcript at the distal tip (HOTTIP) was discovered
to be located in physical contiguity with the HOXA13
gene and upregulated in HCC tissues, and this was also
associated with metastasis formation and poor patient
survival[36]. These results show the functional importance
of lncRNA dysregulation in HCC tissues and indicate
their possible use as novel prognostic and diagnostic
biomarkers.
Noncoding RNAs in the sera of patients with HCC as
diagnostic markers
Although α-fetoprotein (AFP), AFP-L3, and des-gammacarboxy prothrombin are useful noninvasive biomarkers
for HCC surveillance[37], novel and sensitive biomarkers
that can detect early HCC are needed. The identification
of tumor-specific alterations in circulating nucleic acids
of patients with cancer as noninvasive methods of cancer
diagnosis is encouraging[38]. Although RNAs are generally
considered unstable, they are actually quite stable and
readily detected in patient serum and plasma. Microarrays,
polymerase chain reaction methods, and next-generation
sequencing technologies are generally utilized to detect
circulating noncoding RNAs.
Although many reports have described circulating
miRNA levels in patients with HCC, only a few tests
have been reproducible. For example, data regarding
upregulation of circulating miR21, miR222, and miR223
in patients with HCC are inconsistent[32,33,38-44]. Highly
upregulated in liver cancer, a 1.6-kb lncRNA, is also
upregulated in HCC tissues[45-47] and is detected in the
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Preclinical trials
Anti-miR21 and anti-miR221 are under development for
clinical use (Regulus Therapeutics). MiR21 is one of
the most validated microRNA targets, with numerous
scientific publications suggesting that miR21 plays an
important role in the initiation and progression of
cancers, including liver cancer[32,53,54]. Similarly, miR221
has been identified to be upregulated in multiple cancers
including liver cancer[54-56]. Anti-miR21 and anti-miR221
prolonged survival time in a preclinical mouse model
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Table 2 Representative noncoding RNAs under clinical and preclinical trials for hepatocellular
carcinoma therapeutics
Target
MiR34
VEGF/KSP
PLK1
MiR21
MiR221
MiR7

Name

Content

Vendor

Current status

MRX34
ALN-VSP
TMK-PLK1
Anti-miR21
Anti-miR221
MiR7 mimic

Liposome-formulated miR-34 mimic
RNAi targeting VEGF/KSP
RNAi targeting PLK1
Antisense against miR21
Antisense against miR221
MiR7 mimic

Mirna Therapeutics
Alnylam Pharmaceuticals
Tekmira Pharmaceuticals
Regulus Therapeutics
Regulus Therapeutics
MiReven

Phase Ⅰ
Phase Ⅰ
Phase Ⅰ/Ⅱ
Preclinical
Preclinical
Preclinical

VEGF: Vascular endothelial growth factor; KSP: Kidney-specific cadherin; PLK1: Polo-like kinase 1.

that genetically develops HCC. An miR7 mimic is
also under development (MiReven). Mir7 targets the
phosphoinositide 3-kinase (PI3K) pathway and decreases
tumor growth both in vitro and in vivo[57]. These results are
summarized in Table 2.

3	

Challenges for better clinical
translation

6

4
5

Several other miRNAs, including lncRNAs, which are
dysregulated in HCCs, can be attractive therapeutic
targets by RNA mimics, antisense RNA, or siRNA. In
fact, many publications have reported their efficacy.
However, obstacles remain to be addressed[24]: (1) The
more reproducibility of the results should be achieved
to make the data more reliable; (2) Identification of
driver miRNAs in oncogenesis is important to develop
therapeutics targeting such miRNAs, although we
may be able to use passive miRNAs as prognostic and
diagnostic bio-markers; and (3) The delivery methods
of oligonucleotides into specific tissues with improved
oligonucleotide modification, and safety need to be
seriously considered for utilizing miRNAs in clinical
applications. Because miRNAs generally target multiple
mRNAs, unexpected outcomes, “off-target effects,” may
occur, even when targeting a single miRNA.
More research to solve these issues is definitely
needed for the improved translational application utilizing
the data about miRNAs in HCCs.

7

8

9

10

11
12

CONCLUSION

13	

The discovery of miRNAs and lncRNAs has opened
up new possibilities for novel diagnostic and therapeutic
tools against HCCs. However, several important issues
remain to be resolved. We must conduct continuous
research to develop innovative and useful applications of
the miRNA data in the clinical management of HCCs.
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Core tip: Hepatocellular carcinoma (HCC) is a leading
cause of cancer-related death worldwide. Hepatic
resection is generally considered to be one of the
most effective therapies for HCC patients, however,
the overall post-hepatic resection survival of HCC
patients remains unsatisfactory as indicated by the high
recurrence rate. Therefore, there is an urgent need
to identify prognostic biomarkers for the prediction
of postoperative recurrence or metastasis, and to
develop better strategies for HCC management. The
purpose of this paper is to review the most promising
immunohistochemical prognostic markers so far for
predicting the postoperative survival of HCC patients.
Niu ZS, Niu XJ, Wang M. Management of hepatocellular
carcinoma: Predictive value of immunohistochemical markers
for postoperative survival. World J Hepatol 2015; 7(1): 7-27
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i1/7.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i1.7

Abstract
Hepatocellular carcinoma (HCC) accounts for over 90%
of all primary liver cancers. With an ever increasing
incidence trend year by year, it has become the third
most common cause of death from cancer worldwide.
Hepatic resection is generally considered to be one of
the most effective therapies for HCC patients, however,
there is a high risk of recurrence in postoperative
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a leading cause
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of cancer-related death worldwide, with an increasing
incidence[1]. The major risk factor associated with HCC is
liver cirrhosis, which is predominantly caused by chronic
B virus (HBV) and/or hepatitis C virus (HCV) infections,
aflatoxin B1 exposure, and alcoholic liver disease. It is
estimated that HBV and HCV account for approximately
75%-80% of HCC cases worldwide. In particular,
chronic HBV infection is a predominant risk factor
for HCC in Asia and Africa[2]. Hepatic resection (HR)
is a potentially curative and popular therapy for HCC
patients[3], however, the postoperative outcome remains
unsatisfactory, with a 5-year post-HR recurrence rate of
approximately 80%[4,5]. In fact, the high postoperative
incidence of recurrence is the most frequent cause of
postoperative death in HCC patients, and the main
reason for the low postoperative survival rate is either
intrahepatic metastasis or metachronous multicentric
HCC[6].
So far, it has been still difficult to predict the probability
of HCC metastasis and post-HR recurrence. There
have been many studies on the risk factors contributing
to post-HR recurrence of HCC where a number of
prognostic factors related to clinicopathological parameters
of HCC have been considered, including tumor size,
stage, and grade. Due to lack of a systemic/uniformed
approach, these researches results are not consistent. More
investigations are required in the search for better markers
for HCC prognosis, as a better prediction of postoperative
recurrence or metastasis ultimately helps develop better
strategies for HCC management.
Immunohistochemistry (IHC) is the most widely
applied pathological technique in determining the
expression status of tumor-associated proteins and
in studying the prognostic and clinical relevance of
biomarkers[7-9]. In spite of the paramount importance of
IHC in determining the utility of a biomarker in clinical
practice, the lack of universally accepted standardization
guidelines has rendered the translation of promising
biomarkers into clinical application. Having elaborated
on nearly all the promising biomarkers so far in the main
body of this review, we will discuss in conclusion the
various limitations and technical challenges that need
to be addressed when validating via IHC a predictive
biomarker for clinical endpoint. More specific to HCC,
although many immunohistochemical markers have
been reported to have a prognostic value for HCC
patients, some of which are also validated as independent
prognostic markers, so far, there has been no consensus
on how these markers could add prognostic value to the
clinical parameters. An ideal IHC biomarker for HCC
needs to be repeatable, with strong localized staining,
valid across a number of patient groups and HCC
subtypes, easily quantifiable, and associated with clear
clinical outcome measures. Based on our extensive review
of relevant literature (Table 1), this review intends to find
out why no immunohistochemical markers are applicable
in clinical practice, and focuses on the most promising
immunohistochemical markers among existing ones in
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predicting the postoperative survival of HCC patients.

TUMOR SUPPRESSORS
Tumor suppressor p53
Alteration of p53 is one of the most frequent genetic
changes found in HCC, and the biological function of
p53 in tumor initiation and progression has been well
characterized[10]. Numerous studies have investigated
the prognostic value of p53 protein expression in HCC
patients, but reports on the prognostic significance of
p53 protein in HCC are often inconsistent and even
conflicting, making it difficult to assess the clinical
benefit of p53. So far, many studies have demonstrated
that p53 protein expression is closely related to the
occurrence, progression, metastasis, and survival of
HCC. The over-expression of p53 protein is not only
closely related to clinicopathological parameters, such as
poorly-differentiated HCC, advanced HCC stages[11,12],
but also to microvascular invasion, portal vein invasion,
and high risk of tumor recurrence, and overall survival
(OS) as well as recurrence-free survival (RFS) postHR[13-16], especially within the first year post-HR in HCC
patients[17]. Collectively, these findings indicate that the
presence of p53 over-expression in HCC is identified as a
major risk factor associated with the aggressive behavior
of tumor, as well as a significant predictive marker for
postoperative recurrence and survival in HCC patients[18].
Nevertheless, in some reports with either univariate
or multivariate analysis, p53 protein expression in HCC
has not been found to be an independent prognostic
indicator of survival, despite that the over-expression of
p53 protein is more frequent in tumors with poor cellular
differentiation[19], > 5 cm in diameter[20], and vascular
invasion[21]. Having said that, tumor differentiation and
tumor size ≥ 5 cm and vascular invasion are reported to
be at high risk of HCC recurrence postoperatively[22-24],
and they are independent poor prognostic factors for
OS and disease free survival (DFS) in post-HR HCC
patients[25,26]. These findings indicate that p53 expression
in HCC may serve as a marker of a more aggressive
behavior, and it could have an indirect adverse impact on
survival.
Aiming at establishing whether those conclusions
could provide solid grounds for applying p53 protein into
prognostic clinical practice, the authors of this review
carefully studied and compared the included studies.
To our surprise, we have noticed several drawbacks in
those studies that may affect the reliability of their own
conclusions.
To begin with, variation in the immunohistochemical
methods with respect to specific antibody clones, dilutions,
antigen retrieval methods, as well as the cut-off values for
positive expression, could have significant impact on the
analysis of the prognostic value of p53 detection in HCC.
Most studies used the monoclonal DO-7 antibody, with
dilution ranging from 1:50 to 1:100, and citrate buffer
for antigen retrieval, neither of which seems to have
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Table 1 Immunohistochemical markers of hepatocellular carcinoma associated with
prognosis in this review
Marker

Association with poor prognosis

Quoted literature examples

Increased expression

Schöniger-Hekele et al[18]

Increased expression

Schmilovitz-Weiss et al[40]

Increased microvessel density

Yao et al[57]
Tseng et al[11]

Tumor suppressors
Mutant p53
Proliferation associated proteins
Ki67 (detected by Mib1)
Proteins associated with angiogenesis
CD105
Proteins involved in angiogenesis
VEGF
MMPs (matrix metalloproteinases)
MMP-2 and MMP-9
Molecules involved in cell adhesion
E-Cadherin
CD44 (CD44s and CD44v6)
OPN
Cell cycle regulators
p27 (Kip1)
DNA-binding nuclear protein
HMGB1
Cancer stem cells
CD133
EpCAM
CK19
Cell surface proteins
GPC3
mTOR Pathway

Increased expression
Increased expression

Xiang et al[74]; Nanashima et al[48]

Decreased expression
Increased expression
Increased expression

Cho et al[94]
Ryu et al[112]; Endo K et al[113]
Huang et al[130]

Decreased expression

Wan et al[137]

Increased expression

Xiao et al[171]

Increased expression
Increased expression
Increased expression

Chan et al[188]
Chan et al[188]
Xu et al[197]

Increased expression
Increased expression

Fu et al[211]
Baba et al[223]

VEGF: Vascular endothelial growth factor; MMP-2: Matrix metalloproteinases 2; CD44s: CD44 standard
isoform; CD44v6: CD44 variant isoforms; OPN: Osteopontin; HMGB1: High-mobility group box 1 protein;
EpCAM: Epithelial cell adhesion molecule; CK19: Cytokeratin19; GPC3: Glypican-3; mTOR: Mammalian
target of rapamycin.

Table 2 p53 antibody used in different studies in this review
Ref.
Tseng et al[11]
Hu et al[13]
Kang et al[14]
Stroescu et al[16]
Sung et al[17]
Qin et al[19]
Guo et al[20]
Umemura et al[21]

1

Clone

Source

Dilution

Antigen retrieval

Cut-off value

DO-7
DO-7
DO-7
DO-7
Bp53-12
DO-7
CM1
DO-7

DAKO
DAKO
DAKO
DAKO
Zymed
DAKO
SDC
DAKO

1:100
1:1000
1:100
Not reported
1:80
Not reported
1:2000
1:50

Citrate buffer
Citrate buffer
Citrate buffer
Citrate buffer
Citrate buffer
Citrate buffer
Citrate buffer
Citrate buffer

> 5% nuclear p53 staining
> 10% nuclear p53 staining
> 5% nuclear p53 staining
< 24% nuclear p53 staining
> 5% nuclear p53 staining
≥ 10% nuclear p53 staining
> 5% nuclear p53 staining
≥ 10% nuclear p53 staining

1

Immunohistochemical cut-off value indicates the percentage of cells with p53 positively staining nuclei. DAKO:
Dako Denmark A/S, Glostrup, Denmark; Zymed: Zymed Lab Inc, CA, United States; SDC: San Diego, CA,
United States.

any impact on the association between p53 expression
and prognosis. In the meantime, we have noticed that
different researchers adopted different cut-off values
for determining positive p53 expression without any
explanation or justification, which has significantly
affected the association between p53 expression and
prognosis in HCC (Table 2). Since p53 protein expression
as detected by IHC does not always reflect the presence
of mutant p53 protein, the predictive value of p53 IHC
in detecting TP53 mutations is currently under debate. So
far, an optimal threshold is yet to be defined.
In general, a cut-off value of > 10% p53 immuno
positive cells appears to be predictive of TP53 mutations
in HCC[27].
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What’s more, some studies used retrospective analyses
in small series of patients. Naturally, without sufficient
resolution and reproducibility, it is unlikely to accurately
predict disease progression by means of these study
designs.
Furthermore, inappropriate proportion of important
variables was included in some studies, such as tumor
grade, tumor size, tumor stage. For example, too many
cases for Edmondson-Steiner Grade Ⅰ, tumor-nodemetastasis (TNM) stage Ⅰ, or tumors ≤ 5 cm in diameter
were selected, which easily resulted in the comparatively
low positive rate of p53. And the reliability of their
conclusions suffers.
Finally, we have noticed that compared with HCV
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Table 3 Clinicopathological parameters affecting the association between p53 expression and prognosis in this review (n )
Ref.

Number of Positive rate (%)
patients

Tseng et al[11]
Hu et al[13]
Kang et al[14]
Stroescu et al[16]
Sung et al[17]
Qin et al[19]
Guo et al[20]
Umemura et al[21]

113
124
83
47
105
113
104
90

37.1
41.9
96.4
68
19
22
34.6
33.3

HBsAg/HCVAb
positive
79/34
83/30
59/8
40/0
82/6
40/25
14/55
Not reported

Edmondson grade
Ⅰ+Ⅱ
Ⅲ + Ⅳ (1)
Well/moderate/poor (2)
84
29 (1)
20/38/13 (2)
27
56 (1)
19
28 (1)
78
27 (1)
55
58 (1)
18/56/31 (2)
65
25 (1)

TNM stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
54
61
Not reported
Not reported
Not reported
Not reported
67
Not reported

59
63

37

Tumor size
> 5 cm

≤ 5 cm

Not reported
Not reported
57
20
> 3 cm
48
Not reported
37

26
27
52
55
53

TNM: Tumor-node-metastasis; HBsAg: Hepatitis B surface antigen; HCVAb: Hepatitis C virus antibody.

infection, where HCCs were caused mainly by the
synergistic effect of HBV infection and aflatoxin B1,
studies are more likely to confirm the over-expression
of p53 and its prognostic value in HCC (Table 3). This
has been partly echoed by studies on the relationship
between p53 and pathogenic factors. HBV infection and
exposure to AFB1 have been demonstrated to induce
the point mutation of p53 in HCC tissue[28], especially
exposure to AFB1 can affect the over-expression of p53
in the development of HBV-associated HCC[29]. Other
studies also reported p53 protein expression in HCC has
racial and regional differences[30]. Therefore, there is a
higher chance of reaching a more reliable conclusion on
the prognostic value of p53 protein in HCC, researchers
should consider HCC cases induced by the same or
similar pathogenic factors.
The detection of p53 expression by using IHC
has another noteworthy problem. The p53 protein
expression as detected by IHC does not always reflect the
mutation status of TP53, with one cause being that not
all mutations always result in stable protein formation,
and another being that some tumors may also express
wild-type p53. Nevertheless, in fact, lack of standardized
IHC may be partly responsible for the inconsistencies
in frequency of p53 mutations and p53 protein levels.
TP53 most often has missense rather than truncating
mutations, and IHC antibodies will always have difficulty
in detecting proteins with a small number of missense
amino acid substitutions. Therefore, the studies with high
p53 expression by IHC may reflect both high wild-type
and mutant p53. Given this, when determining p53 status
in HCC, we should analyze it by standardized IHC in
combination with p53 mutation analysis.
In conclusion, p53 protein expression comes short
to be recommended as a universal predictive marker for
survival in HCC patients, speaking from the available
evidence. The prognostic value of p53 protein expression
in HCC may vary according to different racial and regional
groups. In area where HBV infection and AFB1 account
for the major attributive risk of HCC, such as western
Africa and south-east China, p53 protein tends to be high
expression, and could be considered as a predictive marker
for survival in HCC patients. Nevertheless, in order to
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identify the actual prognostic value of p53 expression in
HCC, further studies are required by standardized IHC
with larger populations, uniform pathological samples,
homogeneous patient populations. It is also worthwhile to
point out that it would help us lead to a sound conclusion
the studies should include a > 10% nuclear staining as a
cut-off value of p53 expression.
Due to the diversity and complexity in the research
conclusions on p53, Tables 2 and 3 have been created
to help with understanding. These two tables are of
reference value in the following discussions on the rest
of markers in this review, and hence will not be repeated.

PROLIFERATION MARKERS
The proliferative activity of tumor cells is an important
indicator for assessing aggressiveness and could be
useful for predicting clinicopathological and prognostic
significance. Many antigens, such as proliferating cell
nuclear antigen (PCNA) and Ki-67, have been used as
proliferation markers for cancer cells. Compared with
assessments by Ki-67, cell growth fraction is often
overestimated when assessed by PCNA. Thus Ki-67 is
considered a more accurate marker for the proliferative
stage of tumor cells than PCNA[31,32].
Ki67
Ki-67 is a nuclear non-histone protein initially expressed
in cell-cycle phases G1, S, G2 and mitosis, and absent
in the G0 phase. The expression of the Ki-67 protein
in humans is closely associated with cell proliferation.
Naturally, Ki-67 is an excellent marker for proliferating
cells[33]. MIB-1 is a monoclonal antibody that identifies
Ki-67 protein in paraffin-embedded tissue. Numerous
studies have shown that Ki-67 immunohistochemical
staining is an effective method to predict prognosis in
various tumors.
Ki-67 expression is significantly associated with
histological grade of HCC patients[34,35], in other words,
the increased expression of Ki-67 in poorly differentiated
tissues implies that the single fact of tumor cells losing
growth control in hepatocarcinogenesis is a reflection
of malignant behavior of tumor cells. Therefore, Ki-67
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should be set up according to ROC curve analysis.

is an objective indicator of the proliferative ability of
HCC cells, and can serve as an important index of
the proliferation and differentiation of HCC cells. In
addition, Ki-67 expression is significantly higher in
HCC cases with shorter DFS; The same applies to the
HCC cases with biologically aggressive features such
as advanced stages, portal invasion and intra-hepatic
metastasis[36]. Therefore, Ki-67 expression could serve
as a useful marker for evaluating the progressive activity
and predicting DFS in HCC patients. Furthermore,
multivariate analysis shows that Ki-67 expression is an
independent prognostic factor for DFS and OS[35]. Hence
it’s been concluded that the expression of Ki-67 is an
independent prognostic indicator for post-HR HCC
patients[37-40].
In short, Ki-67 expression is an objective factor for
predicting survival for post-HR HCC patients, and it
could be considered a promising independent prognostic
immunohistochemical marker in HCC patients. Therefore,
Ki-67 should be taken into consideration when making
decisions on adjuvant therapy. HCC patients with
high expression of Ki-67 protein may need intensive
surveillance and adjuvant therapy.
In spite of the above discussions, lack of standardized
IHC and cut-off value has hindered Ki-67 from routine
clinical application. Different studies use different
methods of antigen retrieval, antibodies concentrations;
In addition, the time of incubation varies from study
to study; as to cut-off value, some studies have chosen
median values while others an arbitrary value (e.g., 10%,
20% and so on) without any explanation or justification.
All of these significantly influence the final results.
Ironically, the choice of the cut-off value has a major
impact on clinical practice, simply because it determines
which patients are classified as “high Ki-67 expression”those who in turn have a poorer prognosis should
generally receive more aggressive therapy. We believe
future researchers should work towards a standardized
IHC and validated cut-off level before Ki-67 could be
established as a reproducible and robust prognostic factor
in HCC.
To throw in some light, a study has demonstrated
that when determining the clinically relevant threshold
for immunohistochemical tumor positivity, receiver
operating characteristic (ROC) curve analysis could be
a reproducible and reliable alternative in selecting and
validating cut-off scores[41]. The term “ROC” came from
tests of the ability of World War II radar operators to
determine whether a blip on the radar screen represented
an object (signal) or noise. At present, ROC curve
analysis is a well established analytic tool and has been
widely applied in various fields, including Medicine.
Applications in a number of cancers have proved that
cut-off scores based on ROC curve analysis guarantee
maximum sensitivity and specificity, and therefore allow
the greatest number of tumors to be correctly classified
as carrying or not carrying the clinical outcomes[42,43].
Therefore, we propose that Ki-67 cut-off value
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MARKERS OF ANGIOGENESIS
Markers of Microvascular Density
Angiogenesis is critical for the growth, invasion and
metastasis of cancers. Microvascular density (MVD)
is commonly used to assess tumor neovascularization.
This is especially true in HCC, characteristically a highly
vascular tumor. However, there are conflicting reports
in regard to whether MVD in HCC is associated with
prognosis. This could be explained by the fact that
different studies use different antibodies to calculate
MVD.
The evaluation of MVD is generally identified by
immunohistochemical staining of endothelial cells with
the so-called pan-endothelial cell markers, such as CD34,
CD31, and von Willebrand factor. Among them: Firstly,
MVD appears to be better assessed by CD31 than by von
Willebrand factor (vWF)[44]. Secondly, antibody against
CD31 fails to stain sinusoid endothelial cells in many
HCC cases, therefore the prognostic value of CD31
could at most be used as a marker of vascular changes
in the liver[45]. Thirdly, although CD34 has proven to be
a more sensitive and specific endothelial cell marker for
microvessels in HCC [46], MVD determined by CD34
appears to be closely correlated with the prognosis of
HCC[11,47] in some studies, while such correlation is not
identified by others[48,49]. Differences in methodology, i.e.,
different counting techniques, selection of microvessels,
etc., contribute to the conflicting results. The nonspecificity in CD34 determines that CD34 can not be
an ideal marker for neovascularization. In addition, all
the above mentioned markers react with not only newly
formed vessels but also normal vessels trapped within
tumor tissues.
The conclusion is the MVD identified by anti-panendothelial antibodies is not an ideal prognostic marker[50].
The good news is MVD assessment using CD105 as
marker (CD105-MVD) has demonstrated a higher MVD
specificity in tumor tissues, and it has been more widely
adopted, compared with vWF, CD31, or CD34[51-53], as a
predictor for progression and prognosis in a variety of
cancers.
Endoglin
Endoglin (CD105) is a transforming growth factor-β
co-receptor mainly expressed in the endothelium of
tissues’ blood vessels, particularly in de novo formed
blood vessels within tumor. It has been used as a marker
for tumor angiogenesis, with a potential for prognostic
prediction[54,55].
In HCC, some studies have demonstrated CD105
excels CD34 in marking new microvessels in HCC[56,57].
When median scores of MVD are used as cut-off points,
patients with higher score of MVD-CD105 have a
significantly poorer prognosis in either DFS or OS analysis,
whereas similar prognostic significance of MVD-CD34 is
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observed only in DFS analysis[57]. One study reveals that
no prognostic significance is observed when median values
are used as cut-off points using either IMVD-CD105 or
IMVD-CD34, however, the presence of the diffuse pattern
of CD105 expression in the adjacent non-tumorous
liver tissues can predict a poorer DFS[58]. Collectively,
compared with CD34-MVD, CD105-MVD is a significant
and independent prognostic indicator for recurrence
and metastasis in HCC patients. Having said that, some
study found that MVD-CD105 did not show prognostic
influence in a cohort of predominantly large HCCs (>
5 cm)[58]. Further studies need to be conducted in larger
cohorts of patients with a longer follow-up period.
In summary, CD105, by specifically staining newly
formed tumor vessels, is a promising and independent
prognostic marker for HCC, which could in turn lead to
future therapeutic trials with antiangiogenic therapy. To
date, however, the lack of commonly accepted objective
criteria in counting microvessels under light microscopy
has hampered the clinical use of tumor MVD for
prognostication. The authors of this review propose
that, before other better microvessel counting methods
have been established, microvessel counting should be
performed in accordance with Weidner’s standards[59].

More recent studies suggested that co-expression of
platelet-derived growth factor receptors-a, PDGFR-β and
VEGF could be considered an independent prognostic
biomarker for predicting DFS and OS in HCC patients,
and that this co-expression could be used to identify
patients at a higher risk of tumor recurrence and poor
prognosis, and to select therapeutic schemes for HCC
treatment[67]. In addition, the co-index [VEGF/plateletderived endothelial cell growth factor (PD-ECGF)]
was an independent prognostic factor for OS and RFS;
Furthermore, the co-index of VEGF and PD-ECGF
was a promising independent predictor for recurrence
and survival of alpha-fetoprotein (AFP)-negative HCC
patients after curative resection[68].
In spite of all the research efforts in establishing
VEGF expression status as a promising prognostic
marker, there is still a long way to go before the findings
could have any impact on clinical practice.
Metalloproteinase
Matrix metalloproteinases (MMPs) comprise a large
family of zinc- and calcium-dependent proteolytic
enzymes that have been repeatedly implicated in invasion
and metastasis. MMPs are capable of degrading most
components of the extracellular matrix (ECM), including
the basement membrane which serves as a barrier
between tissue compartments[69]. Type Ⅳ collagen (Col
Ⅳ) is a major component of the ECM and basement
membrane, and plays an important role in regulating
and limiting tumor invasion and metastasis[70]. Among
MMPs, MMP-2 (gelatinase A) and MMP-9 (gelatinase
B) are of particular importance as far as tumor invasion
and metastasis are concerned, because they are capable
of degrading ColⅣ[71,72]. Furthermore, high MMP-2 or
MMP-9 expression in tumor or stromal cells might serve
as a poor-prognosis predictor in various cancers[72,73]. This
applies to HCC according to some researches.

MARKERS OF PROTEINS INVOLVED IN
ANGIOGENESIS
Vascular endothelial growth factor
Angiogenesis is crucial for tumor growth and metastasis,
and could be stimulated by several regulators, among
which vascular endothelial growth factor (VEGF) seems
to be most important[60]. The VEGF family comprises six
glycoproteins: VEGF-A, VEGF-B, VEGF-C, VEGF-D,
VEGF-E, and placental growth factor. These major
VEGF subtypes are in the nature of multiple isoforms.
The best representative of VEGF family is VEGF-A
(commonly referred to as VEGF). VEGF mediates its
angiogenic effects via several different receptors, including
VEGFR1 and VEGFR2[61].
VEGF plays an important role in tumor angiogenesis
and progression, including HCC, and elevated VEGF
levels in serum and tissues are related to poor prognosis in
HCC patients[62]. So far, numerous studies have explored
and confirmed the prognostic value of VEGF for
survival in HCC patients. Some studies found the VEGF
over-expression was closely correlated with MVD, high
alpha-fetoprotein levels, tumor size, dedifferentiation,
advanced TNM stage, vascular invasion, capsular invasion,
intrahepatic metastasis, and lymph node metastasis
(LNM) [63,64] . These findings suggested that VEGF
over-expression was useful in predicting progression,
metastasis, and recurrence of post-HR HCC[65,66]. In
addition, survival analyses indicated that VEGF overexpression was an independent factor for poor-prognosis
DFS and OS[11]. Therefore, VEGF expression in HCC
tissues could be regarded as a valuable indicator in
estimating prognosis of HCC patients[20].
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MMP-2: Quite a few researches concluded that high
intratumoral MMP-2 expression in HCC was correlated
with high Edmondson grade, advanced TNM stage,
and barcelona clinic liver cancer stage [66,74], and that
MMP-2 was related to HCC invasion, metastasis and
recurrence[75]. As a result of these research findings, it is
widely acknowledged that MMP-2 expression could serve
as a predictive marker for HCC progression, metastasis,
and recurrence, and that MMP-2 expression is an
independent prognostic factor for DFS and OS in HCC
patients with LNM[74].
MMP-9: The expression of MMP-9 in HCC was proved
by a number of researches to be closely correlated to
tumor nodule, vein invasion, advanced TNM stage,
extrahepatic metastasis, and the formation of portal
vein tumor thrombus[48,76,77]. These researches suggest
that the expression of MMP-9 reflects the biologically
aggressive behavior of HCC, and that MMP-9 is an
important molecule which participates in the progression,
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with histological grade, i.e., with the highest in welldifferentiated[89] as put in one study, or the increased
loss of E-cadherin expression is observed particularly
in poorly-differentiated[90] as put in another; In addition,
low expression of E-cadherin in HCC is also related to
pathological stage and later TNM stage[91]. Therefore,
it is safe to say that low expression of E-cadherin is a
strong indicator of malignant HCC progression. There
are also some researches that suggest low expression of
E-cadherin is significantly associated with intrahepatic
metastasis and regional lymph node metastasis [92,93].
When you combine the findings of these two types of
researches, it seems natural to conclude that loss of
E-cadherin expression in HCC could predict a high risk
of post-HR recurrence[94]. Taken together, these findings
indicate that detection of E-cadhein expression could be
useful in predicting HCC prognosis.
On the opposite side, two studies revealed low
expression of E-cadherin had no direct correlation
with the post-HR recurrence[95], and it did not predict
poor survival even when there was increased loss of
E-cadherin in tumors of higher histologic grade[96]. The
researchers themselves admitted insufficient number of
and lack of homogeneity in the included patients could
have contributed to the opposite findings[95]. Another
two studies confirmed atypical cytosolic expression of
E-cadherin or high E-cadherin membrane/cytoplasm
ratio was correlated with a poorer patient prognosis[97,98].
Decreased expression of E-cadherin has been found
in all three types of epithelial-mesenchymal transition
(EMT) and is thought to be the prototypical marker of
EMT[99]. EMT has been shown to be a pivotal mechanism
contributing to cancer invasion and metastasis, as
epithelial cells lose their polarity and acquire the migratory
properties of mesenchymal cells. The characteristic
changes during EMT include the downregulation of
epithelial markers such as E-cadherin and the upregulation
of mesenchymal markers such as vimentin[100]. The EMT
of HCC cells is thought to be a key event in intrahepatic
dissemination and distal metastasis[101]. A recent study
suggests that the loss of E-cadherin followed by the
overexpression of vimentin may play a vital role in the
invasive and metastatic phenotype and in the process of
EMT, leading to unfavorable outcomes in patients with
HCC[102].
The authors of this review carefully studied all the
related articles, in the course of which differences in
antibodies, cut-off values, or race stood out. Further
investigation is necessary for assessing these discrepancies.

metastasis and invasion of HCC. Some studies demon
strated that MMP-9 expression was up-regulated in HBVassociated HCC compared with HCV-associated HCC[78].
Other studies concluded that MMP-9 expression was
a significant predictive factor for post-HR recurrence
in HCC patients with the background of HBV[79]. Still
other studies found that increased expression of MMP-9
protein was an independent prognostic factor after HCC
resection[48].
It is worthwhile to note that, when both MMP-2 and
MMP-9 were analyzed in the same set of patients, MMP-2
was predominantly involved in hepatocarcinogenesis and
progression, while MMP-9 was predominantly involved
in the capsular infiltration and portal vein invasion[80]; and
that the MMP-2 expression only had weak correlations
to HCC recurrence, while positive MMP-9 expression
was an independent recurrence-risk factor[25]. Moreover,
multivariate analysis confirmed that MMP-9 expression
was an independent predictor of time to recurrence
(TTR) and OS, whereas high MMP-2 expression was
only correlated with TTR[81]. This suggests that MMP-9
is superior to MMP-2 in predicting tumor recurrence and
survival in post-HR HCC patients.
One study concluded that high expression of MMP-9
and MMP-2 in peritumoral stromal cells was related to
poorer prognosis in HCC patients[82]; However, this was
overturned by another study[83]. Still, one study found that
MMP-2 or MMP-9 expression was not related with the
histological differentiation of HCC[84]; And yet another
study claimed that MMP-2 and MMP-9 protein could
serve as independent prognostic factors for poor survival
regardless of the age, tumor size, tumor grades, TNM
classification[85].
The question is: What has contributed to the dis
crepancies in those research findings? It could be a long
list that includes the differences in pathological samples,
antibodies used, different IHC methods, different patient
populations and different cut-off values. It is advisable
that further studies enroll larger scale of clinical HCC
samples and use standardized IHC. This has an add-on
value of ultimately benefiting the clinical application of
MMP inhibitors as chemopreventive and antiangiogenetic
drugs.

ADHESION MOLECULES
E-cadherin
Tumor progression is characterized by loss of cell
adhesion and increase of invasion and metastasis. Cell
adhesion molecules play a significant role in cancer
progression and metastasis[86]. E-cadherin is a key molecule
for the maintenance of intracellular adhesion, and downregulation of this protein has been associated with tumor
progression in diverse human cancer types[87,88].
Many researches have concluded that E-cadherin
expression is very weak in HCC tumors but very strong
in the cell membranes of non-tumor tissues, and
E-cadherin expression is significantly correlated inversely
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CD44
CD44, is a transmembrane glycoprotein and has been
implicated in numerous biological processes, including
cell-cell interactions, cell adhesion, and cell migration[103].
Through alternative mRNA splicing, cells produce
numerous CD44 protein isoforms: standard isoform
(CD44s) and variant isoforms (CD44v). CD44s is a cell
adhesion molecule known for mediating cellular adhesion
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to the extracellular matrix-a prerequisite for tumor cell
migration. Some researchers argue CD44s is involved in
invasion and metastasis of various cancers[104]. Among
the CD44 variant isoforms, CD44V6 has reportedly been
associated with increased invasion, metastasis, and poor
prognosis[105,106]. Recent studies also suggest CD44 is one
of the cancer stem cell markers associated with poor
prognosis[107].

In multivariate survival analysis, some studies demon
strated high expression of CD44v6 was significantly
correlated with OS and TTR[115], or that it was an inde
pendent factor for OS[113]. Thus, detection of CD44v6
expression could be useful in predicting prognosis of
HCC.
The authors of this review would tentatively recom
mend that, for CD44v6 expression evaluation, cut-off
value be selected on the basis of ROC curve analysis. In
addition to a valid cut-off value, future studies should
consider a larger sample and a longer follow-up period.
Only then could relevant studies add clinical value to
CD44v6 expression in HCC.

CD44s: Many studies have indicated that high CD44s
expression in HCC is correlated with high AFP level, large
tumor size, multiple tumors, poor tumor differentiation,
advanced tumor stage, portal vein tumor thrombus,
and early tumor recurrence or metastasis[108-110]. These
findings suggest that CD44s expression may serve as
a predictive marker for HCC progression, metastasis,
and recurrence. However, it is not always the case. For
example, one study found that there was a significant
correlation between CD44s expression and the presence
of vascular invasion, but not between CD44s expression
and tumor grade, from which the author concluded that
high CD44s expression may have implications relating to
metastasis and prognosis in HCC patients[111]. Another
study found that statistically Edmondson grades had a
significant correlation with CD44s expression, and yet
such correlation did not exist between CD44s expression
and vascular invasion, from which the conclusion is
CD44s expression was significantly correlated with DFS
and independent factor in multivariate analysis[112].
Some other studies suggested either high CD44s
expression was a poor prognostic factor following curative
HR of primary HCC, including reduced DFS and OS[108,109],
or high CD44s expression was an independent factor for
OS[113]. One study failed to present a significant correlation
between patient survival and CD44s expression, however ,
it did show expression of CD44s as a significant predictable
marker for LNM[110].
The inconsistency in CD44s expression and clini
copathological parameters is obvious, however, all relevant
studies endorse that CD44s expression could serve as a
predictive marker for HCC metastasis and survival.

Osteopontin
Osteopontin (OPN) is a multifunctional secrete phos
phorylated glycoprotein that belongs to the small
integrin‑binding ligand N‑linked glycoprotein family, and
it is implicated in promoting malignant cell proliferation,
detachment, invasive and metastatic progression of
many carcinomas[118-120]. The expression level of OPN is
elevated in a variety of human cancers, particularly those
that metastasize preferentially to the skeleton[121]. Recent
studies have indicated that OPN is involved in HCC
progression and metastasis.
It is widely acknowledged that OPN expression is
localized predominantly in the cytoplasm, and OPN
expression in HCC is stronger than those in para
carcinoma tissues and normal liver tissues[122]; And that
higher expression of OPN in HCC is closely associated
with poor differentiation and advanced tumor stage[123,124];
And that it is positively correlated with tumor size,
capsular invasion, portal vein tumor thrombus, lymph
node metastasis[122,125,126]. Therefore, it is safe to say OPN
could serve as novel biomarker for monitoring HCC
progression and metastasis.
In addition, numerous studies have suggested OPN
could serve as a useful marker for predicting early
recurrence in HCC patients[122,127], and that OPN could
help determine whether individual patient needs adjuvant
therapy to prevent early post-HR recurrence [128], and
that OPN expression is an independent prognostic
factor either for DFS in HBV-positive small HCC (< 5
cm)[129], or for OS and DFS in patients with the TNM
stage Ⅰ HCC [127]. These findings suggest that OPN
could be solely identified as an independent prognostic
biomarker for post-HR HCC patients[130].
Recent studies have suggested that the combination
of OPN and some other markers seem promising for
HCC prognosis. For example, the combinations of tumor
OPN with either caspase-3, or Bcl-2, or CD44, have all
been announced as promising independent predictors
of tumor recurrence and survival in HCC patients[130,131];
It is especially true for those with early-stage disease
when tumor OPN is combined with microenvironmentassociated peritumoral macrophages[132]. Nevertheless,
the interaction between tumor OPN and these markers,
which facilitates tumor progression and metastasis, still

CD44v6: Some studies suggest that high expression of
CD44v6 is related to aggressive clinical behavior in HCC,
more specifically it is correlated with high tumor grades,
advanced TNM stage[114,115]; In addition, CD44v6 overexpression presents a positive correlation with HCC
metastatic potential [116]. These findings indicate that
high expression of CD44v6 may serve as a predictive
marker for HCC progression and metastasis. As to
its relationship with vascular invasion, some studies
concluded that high CD44v6 expression significantly
correlated with the presence of vascular invasion[113,115],
while one study demonstrated that a low expression
level of CD44v6 tended to be associated with vascular
invasion[117]. These studies adopted different scoring
systems and cut-off values, which could have contributed
to the discrepancy in the results.
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remains unclear in clinical practice. Further large-scale
studies are required to confirm their clinical value[133].

poorer prognosis, while cytoplasmic expression of p27
is positively associated with poor cellular differentiationthe higher the expression, the higher incidence in HCC
patients[140]. This is echoed by a study that concluded
cytoplasmic localization of p27 could be an early event
during hepatocarcinogenesis[158].
It remains unclear whether the cytoplasmic staining
represents a methodological artifact or a finding of
biological and/or prognostic importance. In view of this
uncertainty, the authors of this review propose that only
nuclear p27 (kip-1) staining for HCC survival analyses be
considered in staining evaluation.
Taken together, IHC detection of p27 on routine
tissue sections could be useful in predicting survival
of individual HCC patient and in determining future
therapeutic strategies. Therefore, p27 is worthy of further
evaluation as a potential prognostic marker in clinical trial
samples of large cohorts.

CELL CYCLE REGULATORS
p27
The functional alterations of cell-cycle regulators, such as
Cyclin Dependent Kinases (CDK) and their inhibitors,
occur frequently in cancers. As a critical CDK inhibitor,
p27 (Kip1) is involved in G1 phase progression, and
is widely regarded as adverse prognostic biomarker
for various types of cancers, since decreased or absent
expression of p27 (Kip1) is frequently observed in various
types of human cancers with poor prognoses[134,135]. It has
been reported that p27 (Kip1) is exclusively inactivated
by proteasome-mediated protein degradation[136]. p27
(Kip1) is frequently inactivated in HCC and is considered
a potent tumor suppressor.
So far, many studies have reported that decreased p27
expression is significantly lower in HCC than those in the
adjacent noncancerous tissues or in normal liver tissues,
and it is a risk factor in HCC[137-139]. Furthermore, some
studies have indicated decreased p27 expression is closely
related to the aggressive HCC tumor behaviors[139,140].
In addition, some studies indicated that p27 expression
was decreased in advanced cases in a series of curatively
resected HCCs [141], and the p27 labeling index was
significantly decreased in the cases with advanced tumor
stages, portal invasion, poor differentiation, larger size,
and intrahepatic metastasis [142,143]. As concluded by a
researcher, p27 expression in HCC could act as an
independent predictor of post-HR recurrence[142].
It has been reported that in multivariate analysis,
p27 expression could be recognized as an independent
prognostic marker for OS[144], and OS and loco-regional
recurrence-free[145], which suggests low expression level
of p27 is associated with significantly worse prognosis in
HCC patients[137,146]. Similar findings have been reported
that high expression of p27 is a favorable independent
prognostic parameter[147]. Taken together, p27 could be
regarded as a powerful clinical indicator for prognosis
prediction in individual HCC patient.
An interesting point is that it is in both nucleus and
cytoplasm that tumor cells were found to have expressed
p27 protein[148]. The significance of cytoplasmic p27
protein is still under debate, and cytoplasmic p27
protein is rarely considered in assessing p27 IHC score.
Decreased or absent expression of p27 (Kip1) in nucleus
is frequently observed in various types of human cancers
with poor prognoses[149-153]; however, some researchers
argue over-expression of cytoplasmic p27 may also
serve as a marker for poor prognosis in several types of
human cancers[154-156]. Further studies suggest that the
nuclear localization of p27 is essential for its growthinhibiting function[157]. When narrowing down to HCC,
the expression of p27 is mainly found in nucleus and
cytoplasm[144]. It has been generally accepted that low
expression of nuclear p27 protein is associated with
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DNA-BINDING NUCLEAR PROTEIN
High-mobility group box 1 protein
High-mobility group box (HMGB) proteins are nonhistone nuclear proteins with different functions in
the cell [159]. HMGB1, HMGB2, and HMGB3 are the
members of the HMGB protein family, with HMGB1
being the most important one. While the expressions
of HMGB2 and HMGB3 are limited, HMGB1 plays a
role in cancer progression, angiogenesis, invasion, and
metastasis development[160]. The function of HMGB1
is complicated by its cellular localization. In nucleus,
HMGB1 binds with DNA and serves as a structural
component[161]. Cytoplasmic localization of HMGB1
is associated with the proliferation and metastasis of
different tumor types. The process could be dramatically
sped up when cytoplasmic localization of HMGB1
binds with the receptor for advanced glycation end
products[162]. As for the “sped up” process, one study
has deduced that the interaction between receptor for
advanced glycan endproducts and HMGB1 activates
mitogen-activated protein kinases, nuclear factor
kappa B, and phosphoinositide 3-kinases (PI3K)/AKT
signaling pathways to promote cellular proliferation and
metastasis[163].
There are many relevant studies that focus on HCC
and their findings include: In HCC cells, downregulation
of HMGB1 could remarkably inhibit the growth of
HCCLM3 cells, as well as their migration and invasion
ability[164]; HMGB1 knockdown inhibited the proliferative
activities and metastatic potential of SMMC-7721 cells.
That is to say, the expression of HMGB1 was closely
correlated with pathological grade and distant metastases
of liver cancer, and HMGB1 knockdown inhibited liver
cancer growth and metastasis[165]. In addition, HMGB1siRNA could inhibit the invasion and migration abilities
of human hepatoma cell line HepG2[166]. In the liver
tumor model, stable knockdown of HMGB1 suppressed
HCC invasion and metastasis[167]. In detection of serum
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HMGB1, serum HMGB1 was positively correlated with
clinicopathological features in HCC patients, higher
serum HMGB1 level was correlated with bigger tumor
size, poor Edmondson grade and advanced TNM
stage[168]. Collectively, these findings suggest that HMGB1
in HCC is significant in tumor progression, invasion and
metastasis.
In recent years, many studies have explored the
clinical significance of HMGB1 expression in various
human tumors, including HCC. Some study reported that
over-expression of HMGB1 was significantly associated
with HCC incomplete encapsulation and advanced TNM
stage [169]; similarly, another study demonstrated that,
by detecting fresh samples, over-expression of MGB1
mRNA was correlated with HCC high Edmondson
grade, advanced TNM stage, vascular invasion and
capsule invasion[170]. These findings indicate that overexpression of HMGB1 is associated with HCC tumor
growth and invasion.
Recent studies have also demonstrated the expression
of HMGB1 could serve as an independent prognostic
factor for poor OS and DFS for post-HR HCC patients;
more importantly, subgroup analysis showed the
expression of HMGB1 was significantly associated with
poor prognosis in HCC patients > 5 cm, but not in HCC
patients ≤ 5 cm[169]. This trend suggests that HMGB1
could be an important prognostic marker for late stage
HCC; in addition, multivariate analysis has also concluded
that HMGB1 expression is a key independent prognostic
factor that could be associated with OS of HCC
patients[171]. Therefore, HMGB1 expression could be
taken as an independent predictor of prognosis for postHR HCC patients. However, further studies are necessary
before we could tell for sure whether HMGB1 is a reliable
clinical predictor of survival for individual post-HR HCC
patient.

To date, CD133, CD90, and EpCAM, CD44, CD24, and
CD13 have been identified as specific antigenic markers
for HCC stem cells[175]; The oval cell-specific marker
(OV6) is identified as a marker for hepatic oval cells[176], in
addition, cytokeratin 7 (CK7) and CK19 are identified as
markers for dedifferentiated hepatocytes[177].
LCSCs can be observed by IHC and electron micro
scope. In HCC, the phenotypes of LCSCs express as
OV6, CK7, CK19, CD133 and EpCAM[178]. There have
been a number of studies reporting that the expression
of LCSCs markers in HCC is associated with poor
clinical outcome after surgical resection[179,180]. Among
them, the expression of EpCAM, CK19 and CD 133 has
demonstrated association with intrahepatic recurrence in
HCC patients[181].
To our knowledge, EpCAM, CK19, and CD 133 have
been so far the most widely studied LCSCs markers in
HCC using IHC.
CD133
Prominin 1 (CD133) is a pentaspan transmembrane
glycoprotein with uncertain physiological function, and it
is often expressed by various epithelial and non-epithelial
cells, notably by stem and cancer stem cells. CD133 is
currently recognized as a marker for LCSCs [182-184]. A
number of studies have demonstrated via IHC that CD133
expression is associated with poorer tumor grade and
advanced tumor stage[185]; Moreover, CD133 expression is
associated with the absence of tumor capsule; and CD133
tends to be expressed in tumors showing stronger potential
for invasion and metastasis[186]. These findings suggest that
CD133 expression is associated with HCC progression,
invasion and metastasis. In addition, several studies have
demonstrated that CD133 expression is a significant risk
factor for the OS of HCC patients, especially patients with
Stage Ⅲ and ⅣA HCC[187]; And that Cox proportional
hazard model has shown that CD133 expression is an
independent predictor for DFS[177]; and the multivariate
survival analysis has demonstrated that CD133 expression
is an independent adverse prognostic factor for OS and
DFS, especially for patients with early-stage HCC[188]. All
the above mentioned studies agree to the basic point that
increased CD133 expression could serve as an independent
prognostic factor for survival in HCC patients.

STEM CELL MARKERS
In recent years, many findings have suggested that tumors
are comprised of heterogeneous cell populations, only a
small fraction of which are tumorigenic with the ability to
self-renew and produce phenotypically diverse tumor cell
populations[172]. Cells in this fraction are called cancer stem
cells (CSCs) or tumor-initiating cells or cancer progenitor
cells, and they have the ability to self-renew, proliferate,
and maintain the neoplastic clone. Accumulating evidence
has shown that these CSCs have long-term proliferative
potential and the ability to regenerate tumors with
phenotypically heterogeneous cell types, and that these
CSCs are important mediators of tumor metastasis and
cancer relapse[173].
So far, various cell surface and transmembrane
proteins expressed by CSCs have been identified, including
CD44, CD47, CD123, epithelial cell adhesive molecule
(EpCAM) (CD326), CD133 [174]. In HCC, the three
major types of liver CSCs (LCSCs) are dedifferentiated
hepatocytes, hepatic oval cells, and bone marrow cells.
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EpCAM
EpCAM, also known as 17-1A, GA733-2, KSA, ESA,
and EGP-40, is a typeⅠtransmembrane glycoprotein and
acts as a homotypic calcium-independent cell adhesion
molecule. It is expressed in almost all carcinomas. EpCAM
is currently recognized as a marker for LCSCs [189-191].
Many studies have demonstrated via IHC that EpCAM
expression is associated with younger age [181], poorer
histological differentiation, vascular invasion and/or
more advanced stage[180,188,192]. These findings suggest that
EpCAM expression is associated with HCC progression.
Furthermore, several studies have demonstrated that
EpCAM expression could serve as an independent factor
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for DFS in HCCs at all stages[188]; And the multivariate
survival analysis has demonstrated that EpCAM expression
is a significant predictor for shorter survival time in HCC
patients[186], especially patients with T1 HCC[180]. Taken
together, increased EpCAM expression could serve as
an independent prognostic factor for survival in HCC
patients.

In addition to being a marker for HCC, GPC3 plays a
role in the progression of the disease[207]. GPC3 expression
has been less frequently observed in well-differentiated
HCC than in moderately and poorly differentiated
HCC[205,208,209]; furthermore, it has been found significantly
correlated with serum AFP level, tumor number and
presence of satellite nodules, and TNM stage[210,211]; in
addition, GPC3 expression has also been found to be
associated with postoperative metastasis/recurrence in
HCC patients[129,208,212]. These findings indicate that GPC3
expression might be a valuable marker closely related
with post-operative progression, metastasis/recurrence in
HCC patients. Multivariate analysis has identified GPC3
expression as an independent prognostic factor for OS[129].
However, in other studies, for HCC patients with HCV
infection in particular, the high membranous GPC3
immunoreactivity has been identified as an independent
prognostic factor for DFS [213]; one study has even
suggested that over-expression of GPC3 is an independent
prognostic factor for DFS in HBV-positive small HCC (<
5 cm)[129]. Recently an extensive study has shown that high
GPC3 expression is an independent risk factor for poor
postoperative tumor recurrence, DFS, and OS[211], again
suggesting that GPC3 expression is a potential and reliable
biomarker for predicting tumor recurrence and OS in postHR HCC patients.
Overall, these studies indicate that GPC3 expression
has the potential to serve as a valuable predictive marker
for survival in post-HR HCC patients. Further studies are
required to confirm GPC3 is one of the reliable clinical
predictors of survival for individual post-HR HCC
patient.

CK19
CK19 has been considered as a marker for the biliary
phenotype[193], and it is not expressed in normal hepato
cytes[194]. CK19 is currently recognized as a marker for
LCSCs[181,183,195,196]. Increased CK19 expression is correlated
with high histological differentiation, advanced BCLC stage,
TNM stage[197], tumor non-encapsulation[198], the presence of
satellite lesions[74], number of tumor foci, and vascular tumor
embolism[199]. These findings dictate that increased CK19
expression could serve as a new biomarker predicting HCC
progression and recurrence. In addition, some studies have
identified association between CK19 expression in HCC
and increased vascular invasion, lymph node metastasis, and
intrahepatic spread[200,201], dictating that CK19 expression is
an independent risk factor for developing LNM, and that
it is an important risk factor for early tumor recurrence. In
addition, increased CK19 expression has also been found
to be both an independent poor prognostic factor for
OS, DFS, and RFS in post-HR HCC patients[74,197], and an
independent prognostic factor for HCC with LNM[202].
However, other studies have come to a different conclusion.
Some studies have demonstrated that CK19 is an
independent prognosticator for OS, but not for DFS[194,199].
Still some studies have suggested that CK19 expression has
prognostic significance for DFS, though CK19 fails to offer
independent prognostic value[188].
Taken together, the expressions of CD133, EpCAM
and CK19 could be readily assessed by IHC and they are
clinically significant biomarkers for surgically resected
HCCs. However, predictive values of single LCSCs
markers remain controversial and further validation is
required in independent cohorts ahead of any clinical
utilization[203]. More importantly, because of high degree
of HCC heterogeneity, the predictive range of a single
marker is limited to a very small subpopulation. A
combination of several LCSCs markers may provide
greater specificity and reliability in predicting HCC
prognosis[178].

MAMMALIAN TARGET OF RAPAMYCIN
PATHWAY
Currently there is evidence suggesting that phosphospecific antibodies could serve as potential biomarkers for
HCC. These markers provide useful reagents for analysis
of signaling pathways in clinical samples, and therefore
has the potential for actionable targets[214]. So far, the
molecular biology of hepatocarcinogenesis and HCC
progression has been widely investigated. Many studies
have indicated that signaling pathways dysregulated in
HCC are important steps towards understanding HCC
pathogenesis and developing new therapeutic approaches.
Over recent years, several molecular pathways have been
identified contributing to the molecular pathogenesis of
HCC, among which the mammalian target of rapamycin
(mTOR) signaling pathway has been identified to play a
critical role in the pathogenesis of HCC[215]. And many
studies have investigated the relationship between mTOR
pathway and HCC prognosis.
mTOR pathway, an important regulator of multiple
cellular functions including proliferation, differentiation,
tumorigenesis, and apoptosis, is up-regulated in many
cancers[216]. Deregulation of the mTOR signaling pathway
has been reported in many malignancies, and some of the

CELL SURFACE PROTEINS
Glypican-3
Glypican-3 (GPC3) is an oncofetal protein considered as a
relatively specific HCC biomarker that is not detectable in
hepatic para-carcinomatous and cirrhotic tissues[204], and it
is over-expressed in HCC using IHC[205,206]. Recently, much
evidence has shown that GPC3 could be a useful tool to
identify early HCC development. More recently, GPC3
has been reported to be a new prognostic factor after
curative hepatectomy in HCC patients.
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signaling molecules in this pathway could predict prognosis
in different cancers. PI3K/AKT is considered a critical
upstream mediator of the mTOR signaling pathway.
Recent data from a genomic sequence of HCC samples
identified mutations in PIK3CA, an upstream regulator
of AKT, in 50% of patients with poor prognosis and
survival length of < 3 years following partial liver
resection, whereas only 10% of the HCC patients with a
good prognosis had a mutation in PIK3CA[217]. Activation
of AKT is a risk factor for early disease recurrence
and poor prognosis in patients with HCC[218]. Activated
AKT positively modulates mTOR function. mTOR
is a key component of PI3K and AKT pathways that
activate downstream kinases required for G1 to S phase
transition[219]. mTOR acts by directly activating p70S6
kinase (p70S6K/S6K1) and inhibiting 4E binding
protein 1 (4E-BP1)[220], both regulating the translation
of important factors involved in cell proliferation (such
as c-myc, cyclic D1 and pRb) and angiogenesis (such as
HIF1-α)[221]. The p70S6 kinase and 4E-BP1 have shown
to be independent predictors of prognosis in several
types of solid tumors including liver[216,222,223]. Therefore,
the expression of mTOR pathway could be used as
prognostic indicator in HCC.
In addition, one study has indicated that c-Jun
N-Terminal Protein Kinase 1 (JNK1) activation contributes
to poorer HCC prognosis, and there is similarity in gene
expression patterns between the HCC with abnormal
mTOR signaling and JNK1 HCC [224], which further
supports the assumption that HCCs with abnormal mTOR
signaling are tumors of a highly aggressive nature and with
poorer prognosis.
Recently, mTOR has emerged as an exciting target
for cancer therapy including HCC. mTOR inhibitors
have been tested successfully in clinical trials for their
antineoplastic potency and good tolerability[225]. A second
generation of mTOR pathway inhibitors has been utilized
in preclinical HCC models[226] and the results suggest that
mTOR inhibitors in HCC treatment could have a bright
future.
Noticeably, although phospho-specific antibodies
used in IHC are expected to detect phosphorylated
proteins[227-229], some preanalytic variables (such as fixation
technique and duration) may critically affect the signal[230],
and in some cases these antibodies may also cross-react
with nonphosphorylated proteins[231]. Therefore, it is of
ultimate importance to standardize preanalytic variables
and to employ a control in determining whether the
staining pattern is specific.

EpCAM, CK19, GPC3 and mTOR pathway, and
increased microvascular density of CD105) that have
shown to be independent prognostic factors for survival
in HCC patients. However, studies on some markers, such
as p53, E-cadherin and p27, have all reported inconsistent
results. Lack of standardized IHC has contributed to
these discrepancies; other possible contributors include
small sample sizes, pathological differences in samples,
heterogeneous patient populations, various follow-up
periods of the patients, and different racial and regional
groups.
So far, numerous investigations have demonstrated
many immunohistochemical markers could be potential
prognostic/predictive indicators of HCC. However, their
clinical utilization is severely hindered by the lack of
standardized IHC methodology.
Although IHC is the most widely applied technique
in pathology to determine the expression status of
tumor-associated proteins and to study the clinical
prognostic relevance of biomarkers, IHC results are
subject to a variety of pre-analytical variables (e.g., fixation
method or the duration of fixation, methods of tissue
processing), analytic variables (e.g., antibodies, dilutions,
antigen retrieval, time of incubation), and post-analytic
variables, most importantly, subjectivity in determining
scoring system for protein expression (cut-off values,
i.e., thresholds for positivity and interpretation criteria).
Throughout IHC, each and every variable may greatly
affect the accuracy and reliability of IHC results.
In view of the urgent demand from clinical practice, it
is prerequisite to rigorously standardize IHC methodology,
and this standardization should include all aspects of preanalytical, analytic and post-analytic variables.
It sounds like a mission impossible to exercise full
control over all pre-analytic variables, not to mention
a complete standardization. Having said that, the colla
boration among laboratories in Europe and the States
has proven to be effective in tackling them. Analytic
variables could to some degree be compensated for by
using a large sample series. It is worthwhile to highlight
that, because polyclonal antibodies have higher chances
to cross-react with other antigens, it is important to
further validate if the results presented in the study are
specific by comparing staining patterns obtained with
polyclonal antibodies with staining patterns generated by
monoclonal antibodies. In addition, in order to improve
reliability and interpretability of immunohistochemical
markers, it has been advocated that standardized reporting
criteria be used for biomarker studies[232]. A wide-spread
adoption of these recommendations will help overcome
some of these methodological issues.
Nevertheless, subjectivity in applying a scoring system
for protein expression is probably the biggest obstacle
for the pathology laboratories. Therefore, we put strong
emphasis on post-analytic variables, i.e., cut-off values
and interpretation criteria.
Prognostic significance of immunohistochemical
marker fluctuates sharply with different cut-off values,

CONCLUSION
In this review, we give an overview of the literature
published on immunohistochemical prognostic markers
in HCC. Out of 17 markers that have been investigated
by ten groups (summarized in Table 1), there are twelve
markers (over-expression of Ki67, VEGF, MMP-2,
MMP-9, CD44s, CD44v6, OPN, HMGB1, CD133,
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which in itself makes it difficult to determine a valid
cut-off value for clinical use. ROC curve analysis could
be used as an alternative method in the selection and
validation of cut-off scores for determining the most
clinically relevant threshold for immunohistochemical
tumor positivity[41]. Where contradictory results have been
yielded from researches on established biomarkers, this
tool should be adopted to re-evaluate protein expression.
In addition, the authors of this review would tentatively
recommend future investigations on novel tumor markers
use ROC curve analysis.
No IHC scoring methods have been strictly agreed on.
Researchers have been relying on percentage of positivity
or intensity of positive staining, or a combination of these
two, to estimate protein level. The intensity of positive
staining in liver tissue sections could be easily affected
by such pigments as iron deposition or brown granules
in Kuppfer cells, and therefore is not a valid indicator of
specific immunostaining. Additionally, IHC is a technique
that detects specific antigens present in the target cells
by labeling them with antibodies against them which
are tagged with enzymes to convert a soluble colorless
substrate to a colored insoluble precipitate which can be
detected under the microscope. The intensity of positive
staining is easily affected by individual researcher’s skill
and experience both in operating IHC and in reading
slides, as well as technical conditions for IHC operation.
Therefore, IHC intensity is not an appropriate criterion
to be used in HCC research. The authors of this review
would tentatively recommend that, for protein positive
expression evaluation in liver tissue sections, percentage
of stained area/field be selected as a quantitative method
for IHC results. To ensure objectivity, the scoring methods
of immunohistochemical markers should be assessed by
independent observers.
It is worthwhile to highlight that IHC in itself could
never tell us about the mutation status of these proteins.
That is to say, in order to better understand the relevance
between immunohistochemical markers and clinical
outcomes, standardized IHC should be combined with
gene mutation analysis using polymerase chain reaction
methods in the same patients.
A number of studies have demonstrated that although
single marker could provide useful information on the
prediction of patients’ survival and treatment outcomes,
and could monitor efficacy of individualization of
therapy, the heterogeneity of HCC tumors requires
a combination of biomarkers in order to yield better
clinical performance. In the foreseeable future it is
likely that multiple markers need to be integrated into a
prognostic signature to accurately predict outcomes. In
fact, the HCC biomarkers in combination are increasingly
becoming part of surveillance protocols in United States
clinics[233]. Still a further long way to go before their
routine use in clinical practice becomes an reality, which
requires immunohistochemical markers of prognosis
and prediction to be validated in carefully designed largescale, prospective clinical trials, using standardized IHC
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techniques. Then, and only until then, could the validation
of prognostic and predictive markers eventually guide our
clinical decision making in regard to follow-up scheduling
and treatment choice.
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Hagen-Poiseuille’s law: The link between cirrhosis, liver
stiffness, portal hypertension and hepatic decompensation
Gerond Lake-Bakaar, Muneeb Ahmed, Amy Evenson, Alan Bonder, Salomao Faintuch, Vinay Sundaram
in cirrhosis is increased hepatic vein to portal vein
gradient hepatic venous pressure gradient (HVPG).
Surrogate markers of liver function or hepatic reserve
appear to be less relevant. The hepatic sinusoids
become less elastic and more rigid as liver fibrosis
and cirrhosis progress. We propose that the HagenPoiseuille’s law, which applies to rigid, but not elastic
vessels, determines the pressure-flow characteristics
in the sinusoids. In the rigid cirrhotic liver, HVPG rises
dramatically with any change in net surface area
4
or radius, r of the vasculature that follows surgical
resection. This review relates liver stiffness to the
risk of decompensation in patients with cirrhosis. The
liver has a unique dual blood supply comprising a low
pressure portal vein and high pressure hepatic artery.
We compare the complexity of autoregulation in the
normal elastic liver with that in the rigid cirrhotic liver.
Therapeutic modalities to reduce portal pressure may
reduce the risk of hepatic decompensation and improve
outcomes in cirrhosis.
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Core tip: Unlike the elastic normal liver, hepatic
sinusoidal vessels become progressively more rigid
with advancing cirrhosis and thus subject to HagenPoiseuille’s law. Thereafter, pressure gradient is
inversely proportional to the fourth power of vessel
4
radius, r . Surgical resection reduces liver volume
and thus net diameter of sinusoids, without reducing
hepatic blood inflow. The net reduction in r, at the
same flow rates increases pressure gradient by a factor
4
r and likely accounts for the poor outcomes in patients
with cirrhosis and established portal hypertension.
Reducing hepatic venous pressure gradient reduction

Abstract
The onset of hepatic decompensation in cirrhosis
heralds an accelerated downhill course with poor
outcome. The sole predictor of this decompensation
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high HVPG.

as part of the management of cirrhosis may reduce the
risk of decompensation.

AUTOREGULATION OF BLOOD FLOW IN
THE NORMAL AND CIRRHOTIC LIVER

Lake-Bakaar G, Ahmed M, Evenson A, Bonder A, Faintuch S,
Sundaram V. Hagen-Poiseuille’s law: The link between cirrhosis,
liver stiffness, portal hypertension and hepatic decompensation.
World J Hepatol 2015; 7(1): 28-32 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i1/28.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i1.28

The ability to maintain adequate blood flow, in the face of
changes in the inflow perfusion pressure and consistent
with metabolic demands is termed “autoregulation”.
This phenomenon, first described, for the kidneys, has
since been demonstrated in several other organs[17] and
classically involves active changes in the caliber of the
inflow arterioles.

INTRODUCTION
AUTOREGULATION: NORMAL VS
CIRRHOTIC LIVER

Functional hepatic reserve and liver regenerative
potential
The normal healthy liver has a large functional redundancy
or reserve (FHR) [1,2] and a significant regenerative
potential (RP)[3] that allows it to withstand major damage
and injury. Thus, over 75 percent of an adult liver, in
which surrogate markers of FHR such as bilirubin and
hepatic indocyanine green clearance are normal, can be
resected without risk of liver failure. As cirrhosis advances
these markers become less predictive of post resection
decompensation[4].
Cirrhosis occupies a broad, complex, dynamic pathologic
spectrum, with two distinct stages, both with different
prognostic implications. There is the compensated stage,
with a median survival of 12 years and the decompensated
(variceal bleeding, hepatic encephalopathy and ascites) with
a median survival of only two years[5].
In the cirrhotic patient, the hepatic venous pressure
gradient, hepatic venous pressure gradient (HVPG)
stands alone, in multiple logistic regression analysis, as the
only independent variable predictive of post resection
decompensation[6-12]. This pivotal role of HVPG is un
explained.
Increased HVPG also influences the regenerative
potential of the cirrhotic liver. In the presence of increased
HVPG, resection is associated with the differential
expression of genes associated with apoptosis, rather than
regeneration[13]. Several explanations have been proposed.
The repeated cell divisions that underlie the process
of cirrhosis may have led to senescence and telomere
shortening and reduced the regenerative potential RP of
the cirrhotic liver[14]. DNA damage checkpoint activation
could also reduce the RP of the cirrhotic liver[15,16].
In this review, we propose that in contrast to the elastic
vessel walls in the normal liver, cirrhotic sinusoids are rigid
and therefore subject to the Hagen-Poiseuille’s law. Thus,
we argue that progression from the well compensated to
the decompensated stage is merely a function of loss of
elasticity. For any change in net sinusoidal surface area or
radius r that follows surgical resection, sinusoidal pressure
gradient rises dramatically by a factor equal to the fourth
power of the radius, r4, if blood flow is held constant. The
resulting shearing forces can induce endothelial damage at
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The microvasculature of the liver is unique in that the
blood supply is dual. Approximately 80 percent originates
from the portal venous system at low pressure around
15 mmHg. The rest, around 20 percent derives from the
hepatic artery, at considerably higher pressures that peak
around 120 mmHg, in the terminal hepatic arteriole.
The combined systems perfuse the hepatic sinusoids at
pressures around 3-6 mmHg.
The portal venous system in the normal liver is a
passive vascular bed. Active portal venous autoregulation
has not been observed in the dog [18] . A myogenic
response has been described in arterial resistance vessels
that control blood flow in the liver.
Evidence for effective autoregulation in the normal
pig liver is illustrated by the fact that a 62 percent
resection increases portal venous pressure from 6.1
mmHg to just 8.2 mmHg, in spite of the significantly
reduced net surface area or radius of the perfused
sinusoids in the liver remnant. A 50% reduction in the
radius of a rigid tube would be expected to increase the
pressure gradient 16-fold at constant flow rate. After 75
percent resection, portal venous pressure merely doubles
to 12 mmHg, suggesting a compensatory increase in r,
likely related to autoregulation. It is only after more than
90 percent of the liver is resected that a major rise in
sinusoidal pressure occurs. The rise in pressure leads to a
marked increase in sinusoidal diameter and concomitant
histological liver damage[19].
Several compounds have been designated as potential
candidates for liver autoregulation: acetylcholine,
endothelium derived relaxing factor NO, carbon monoxide
CO and hydrogen sulphide H2S are possible vasodilators;
the three isopeptides of endothelium constricting factor
endothelin ET, ET-1, ET-2 and ET-3 are possible
vasoconstrictors. The adenosine washout hypothesis
suggests that adenosine might exert physiological control
and that the hepatic arterioles dilate, when adenosine builds
up in the space of Mall. The targets for the candidate
compounds include hepatic stellate cells that have a perisinusoidal distribution and smooth muscle cells that are
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located proximal or distal to the hepatic sinusoids.
It is highly significant that in the normal liver, hepatic
arterial flow is not essential to maintain liver viability.
Acute ligation of the hepatic artery has little impact on
liver metabolism. By contrast, when the main portal
trunk is ligated, sinusoidal flow is significantly reduced[20].
The normal liver has symmetric architecture allowing
blood to flow in an orderly fashion from portal vein
and hepatic artery radicals within the portal triads and
across the sinusoids to the hepatic vein. By contrast,
disorganized nodules disrupt the symmetrical, acinar
structure in the cirrhotic liver[21].
Scant data are available on hepatic blood flow in the
cirrhotic liver in man, but some are available in animals.
In the CCl4 cirrhotic rat model, total hepatic flow is
significantly reduced[22]. This is due mainly to reduced
flow in the low-pressure portal venous system. There is
some compensation for this from an increased hepatic
artery flow, which doubles its contribution from 20
percent in the normal liver to 40 percent in the wellcompensated cirrhotic liver.
The contribution may be higher in the decompensated
cirrhotic. The hepatic arterial supply becomes even more
important for maintaining viability of the cirrhotic liver,
especially as the HVPG increases.

association with risk of decompensation, liver cancer and
death in patients with chronic liver disease[26].

DRUGS THAT REDUCE PORTAL
HYPERTENSION
Systemic therapy-sorafenib
Sorafenib is an oral multi-kinase inhibitor that inhibits
cell proliferation and angiogenesis. It targets several
tyrosine kinases such as Raf kinase, vascular endothelial
growth factor receptor 2 and 3 as well as platelet derived
growth factor receptor beta. It is the only drug currently
approved for the treatment of HCC[27].
An interesting and potentially important observation
from animal models is that sorafenib reduces developing
and established portal hypertension [28-30]. Two recent
studies in patients with cirrhosis and HCC have demon
strated a decrease in portal venous flow or pressure on
sorafenib[31,32], with a trend towards better survival in
those patients with reduced HVPG (20.5 mo vs 10.6 mo).
Two of the four responders received concomitant betablockers.
The effect of sorafenib on portal venous flow and
portal pressure in patients with cirrhosis and HCC deserves
further study. Sorafenib might exert this protective effect
through reduction of portal pressure.
In the pivotal trial of sorafenib in HCC [27], liver
tumor arising within a background of hepatitis C virus
(HCV) cirrhosis faired better than with chronic HBV or
other chronic liver disorders. One possible explanation
might be that unlike HBV related HCC that can arise in
non-cirrhotic livers, HCV infected patients are almost
invariably cirrhotic[33]. Improved survival in these patients
might reflect an effect of sorafenib on portal pressure.
Since a trend towards improved survival was observed
in HCC patients on sorafenib that had reductions in
HVPG[32], a combination of sorafenib plus propranolol,
nadolol or carvedilol, obeticholic acid or statins in HCC
patients might prove useful in increasing patient survival
or in reducing the risk of decompensation post resection
or trans-arterial chemo-embolization.

PRESSURE GRADIENT IN THE NORMAL
AND CIRRHOTIC LIVER
The Hagen-Poiseuille equation ΔP = 128 µ LQ/πr 4
is a physical law in fluid dynamics, which governs the
pressure gradient ΔP, in a fluid with a viscosity µ, flowing
through a rigid cylindrical pipe of length L, and radius
r, at volumetric flow rate Q. Thus, the pressure gradient
ΔP is inversely related to r4 and any change in radius will
result in an exponential change in the pressure gradient.
The normal liver is elastic. The sinusoidal vessels are
distensible and thus not directly subject to the HagenPoiseuille law. Passive increases in vessel radius at least
partially accommodate for any increase in flow, buffering
changes in the hepatic vein to portal vein pressure
gradient.
By contrast, with advancing cirrhosis, there is
progressive rigidity associated with reduction in the radius
of the vessel walls, which exponentially increase the
pressure gradient. Increased HVPG increase sinusoidal
shear stress and can worsen liver ischemia.
Liver elasticity can be independently assessed using
magnetic resonance elastography magnetic resonance
elastography or elastography, and liver stiffness by
Fibroscan[23]. Liver stiffness is an independent predictor
of hepatocellular carcinoma (HCC) outcome [24]. A
number of recent studies have shown that transient
elastography correlates well with HVPG[12,25]. These tests
may be more predictive of post resection outcomes[10].
Meta-analysis of studies of liver stiffness suggest an
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CONCLUSION
Scarring and nodule formation in the cirrhotic liver
reduces elasticity and increases stiffness. With increasing
stiffness, the sinusoidal vessel walls become rigid. HagenPoiseuille’s law governs pressure-flow characteristics in
the cirrhotic liver. Thus, HVPG increases exponentially in
cirrhosis with reduction in sinusoidal vessel well, but less
so in the normal liver. The consequent shearing forces
can lead to severe damage to endothelial cells. Trials
correlating portal pressure reduction using drugs such as
sorafenib, propranolol, nadolol or carvedilol, obeticholic
acid and statins, with outcomes in patients with increased
portal pressure or cirrhosis may be warranted.
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hepatocellular carcinoma (HCC). The assessment of
tumor progression in patients treated with sorafenib
is crucial to help identify potentially-resistant patients,
avoiding unnecessary toxicities. Traditional methods
to assess tumor progression are based on variations
in tumor size and provide unreliable results in patients
treated with sorafenib. New methods to assess tumor
progression such as the modified Response Evaluation
Criteria in Solid Tumors or European Association for
the Study of Liver criteria are based on imaging to
measure the vascularization and tumor volume (viable
or necrotic). These however fail especially when the
tumor response results in irregular development of
necrotic tissue. Newer assessment techniques focus on
the evaluation of tumor volume, density or perfusion.
Perfusion computed tomography and Dynamic ContrastEnhanced-UltraSound can measure the vascularization
of HCC lesions and help predict tumor response to antiangiogenic therapies. Mean Transit Time is a possible
predictive biomarker to measure tumor response.
Volumetric techniques are reliable, reproducible and
time-efficient and can help measure minimal changes
in viable tumor or necrotic tissue, allowing the prompt
identification of non-responders. Volume ratio may be a
reproducible biomarker for tumor response. Larger trials
are needed to confirm the use of these techniques in the
prediction of response to sorafenib.
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Core tip: The development of new treatment options for
hepatocellular carcinoma has changed not only the way
in which cancer is treated, but also how it is diagnosed

Abstract
Sorafenib is an effective anti-angiogenic treatment for
WJH|www.wjgnet.com

33

January 27, 2015|Volume 7|Issue 1|

Sacco R et al . Evaluation of sorafenib response in HCC

did not correlate with the SO-induced positive clinical
outcome and that its ability to predict patient’s response
was very limited[4].
In this paper, we will review the new available tools
that showed promising results for the assessment of
HCC patients’ response to Sorafenib treatment.

and especially the assessment of tumor response.
The traditional radiologic methods, which are mainly
based on the evaluation of variations in tumor size,
are considered insufficiently sensitive and unreliable
in determining tumor progression when targeted
therapies like sorafenib are involved. New assessment
tools trying to combine morphological and vascular
functional data to obtain an accurate measurement
of tumor characteristics such as volume, density or
vascularization, showed positive results in assessing
patient’s response to therapy.

TRADITIONAL ASSESSMENT TOOLS:
MODIFIED RECIST AND THE EUROPEAN
ASSOCIATION FOR THE STUDY OF
LIVER

Sacco R, Mismas V, Romano A, Bertini M, Bertoni M, Federici
G, Metrangolo S, Parisi G, Tumino E, Bresci G, Giacomelli L,
Marceglia S, Bargellini I. Assessment of clinical and radiological
response to sorafenib in hepatocellular carcinoma patients. World
J Hepatol 2015; 7(1): 33-39 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i1/33.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i1.33

The modified RECIST (mRECIST) was recently
proposed by the American Association for the Study of
Liver Diseases (AASLD) as a new assessment method
able to overcome the main limitations of RECIST
criteria by including, among the evaluation criteria, the
changes in tumor structure induced by anti-angiogenic
treatments[13]. mRECIST assesses the vascularization of
a lesion and the changes in tumor arterial enhancement
through imaging techniques, such as the contrastenhanced spiral computed tomography (CT) or dynamic
magnetic resonance imaging (MRI). Neo-angiogenesis is
in fact well-enhanced both in the arterial phase of MRI
and in CT although MRI contrast agents provide better
visualization[14]. However, for an appropriate evaluation,
the AASLD guidelines recommend the assessment of
tumor lesions also at baseline, as well as the optimization
of image acquisition protocols and interpretation[13].
The European Association for the Study of Liver
(EASL), in 2000, suggested a similar approach that
included the evaluation of changes in tumor enhancement
through contrast-enhanced imaging also to establish
variations in viable tumor and necrotic areas[15].
The ability of mRECIST and EASL criteria to assess
patients with HCC treated both with loco-regional
therapy or systemic agents were compared with the
traditional RECIST criteria in different studies [16-21].
Results showed that mRECIST and EASL criteria are
sufficiently reliable in assessing response to loco-regional
treatment, but some uncertainties remain whether using
these criteria after target agents[22]. Necrotic areas after
loco-regional therapy are usually predictable and welldefined necrotic areas. Conversely, SO can result in an
irregular and unpredictable development of necrosis
since the decreased tumor vascularization does not
always translate in necrotic tissue[20,23]. A recent study
however showed that EASL and mRECIST responses
are independent predictors for overall survival in patients
treated with the combination of SO and TACE, and that
this response can be evaluated early (3 mo)[21].
This scattered scenario suggests that criteria based on
an overall visual assessment can be misleading and may
lead to inaccurate measurements; therefore, there is a
strong need to develop new and more reliable assessment
tools.

INTRODUCTION
With an incidence doubled in the last decades, increased
mortality rates, and important risk factors associated
with its development, hepatocellular carcinoma (HCC) is
considered the most common primary liver malignancy[1].
The management of HCC is complex and often requires
a multidisciplinary approach in order to select the most
appropriate treatment and to reduce toxicity[2].
The only medical treatment approved for HCC
is the oral multikinase inhibitor sorafenib (SO) [3,4].
Its mechanism of action is based on the inhibition
of a number of pro-angiogenic signaling pathways,
that, stimulating angiogenesis, are responsible of the
characteristic hypervascular pattern of HCC lesions[5].
The therapeutic response to SO correlates with changes
in tumor structure, including decreased vascularization
and increased tissue necrosis or cavitation, but it is
not always associated with reduction in tumor size[6,7].
Clinical trials showed that SO is an effective treatment
for advanced-stage HCC[8]. Moreover, the efficacy and
safety of the combination of SO with other standard
treatments for intermediate and advanced-stage HCC,
such as Transarterial Chemo Embolization (TACE), is
still under investigation[8-10].
Present research efforts are devoted to the refinement
of prognosis prediction by molecular profiling and
enhanced clinical characterization to further improve
therapies and, in turn, increase life expectancy of
patients[3].
The assessment of tumor progression during SO
treatment is an open issue: traditional radiologic methods
mainly based on the evaluation of changes in tumor size
are considered insufficiently sensitive and unreliable[11].
The phase Ⅲ SHARP trial[4] showed that the Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1[12]

WJH|www.wjgnet.com

34

January 27, 2015|Volume 7|Issue 1|

Sacco R et al . Evaluation of sorafenib response in HCC

moderately differentiated HCC tissue, MTT was lower in
advanced HCC[30].
pCT was compared to RECIST and tumor density in a
phase Ⅱ clinical trial involving 23 patients with advanced
HCC undergoing bevacizumab for the evaluation of the
response to treatment[33]. Whereas no variations in tumor
size (RECIST) and only a mild reduction in tumor density
were observed, pCT parameters significantly correlated
to patient’s response [progression free survival (PFS)]:
higher MTT baseline values were directly correlated to
better clinical outcome and 6-mo PFS[33]. Similar results
were reported on 33 advanced HCC patients under
bevacizumab, who showed a significant decrease in tumor
perfusion and an increase in MTT values after treatment
administration[31]. Also, patients in which the disease
progressed had lower baseline MTT levels that highly
increased after treatment when compared to those with
partial or complete response to treatment[31].
The results obtained in patients treated with beva
cizumab and evaluated through pCT were recently
confirmed in a series of 10 patients treated with SO[26]: at
3 mo after the initiation of SO treatment, patients showed
a progressive decrease of BF, BV, and PS and a significant
increase of MTT compared to baseline values [26]. All
together, these results support the hypothesis that pCT,
and, more specifically, MTT, can be a valuable candidate
predictive biomarker for SO response in HCC patients[26].

NEW ASSESSMENT TOOLS
The research effort towards the development of new
assessment tools for SO response grounds on the consi
deration that, provided the high impact of SO on tumor
vascularity, techniques able to combine morphological and
vascular functional data can be more effective than the
traditional criteria[24]. In addition, EASL and AASLD
guidelines underline that the portion of viable tumor,
and not the whole tumor mass, is the most important
evaluation parameter, which depends on the blood flow
within and vascularization of the lesions.
Hence, perfusion-CT (pCT) and Dynamic ContrastEnhanced-UltraSound (D-CEUS) are at the basis of some
current strategies for the evaluation of tumor perfusion
and tumor density[24-26], whereas other authors propose
volumetric assessment of tumor as possible marker of
progression[27-29].
Last, several tumor biomarkers are under investigations
as possible prognostic and predictive factors for SO
response aimed to help identifying candidate resistant
patients, possibly candidate with alternative treatments,
and avoiding unnecessary toxicities.
New tools for the evaluation of tumor perfusion and
density
pCT and D-CEUS were recently identified as possible
practical and non-invasive radiological techniques that,
enabling the visualization of tissue microcirculation,
are able to provide information related to the diagnosis,
stratification, and prediction of the response to treatment
in oncologic patients [30,31]. Moreover, the sensitivity,
rapidity, and efficacy of these imaging techniques was
further advanced with the introduction of multidetector
CT scanners and of commercially-available software for
data analysis[32]. Provided their ability to evaluate tissue
vascularization, these techniques were also explored as
possible tools to measure the efficacy of anti-angiogenic
therapies [31,33,34]. The studies investigating pCT and
D-CEUS ability to measure treatment response were
conducted both in patients treated with SO and in
patients treated with bevacizumab. These two therapies
are comparable in terms of tumor response, that is
similar with the two molecules; however, from a clinical
viewpoint, they greatly differ in relation to HCC treatment
as bevacizumab is not used to treat HCC patients.
Another very recent approach concerned the use
of the apparent diffusion coefficient (ADC), reflecting
diffusion of water in tissue, measured by DW-MRI that
was already demonstrated to correlated with response to
chemotherapy[35].

D-CEUS: D-CEUS was used to study tumor perfusion
and dynamic changes in tumor vascularity in patients
under bevacizumab treatment[34]. Changes were detected as
early as 3 d after bevacizumab administration, suggesting
that they could be used to predict tumor response and,
in turn, measure the effectiveness of anti-angiogenic
therapies[34]. In patients treated with SO, positive tumor
response and longer survival rates were associated to
increased or unchanged time to peak intensity (Tp) and
MTT values, as well as decreased area under the curve
(AUC)[37]. Moreover, AUC, Tp and slope of wash in (Pw)
positively correlated to PFS, thus suggesting that D-CEUS
is able to provide a measure of the efficacy of antiangiogenic therapy and a reliable help in the selection of
patients who could benefit from SO treatment[37].
pCT and D-CEUS as measure of tumor response
were recently compared in 11 HCC patients treated with
SO[24]. Despite decreasing consistently after treatment,
pCT parameters were not able to discriminate between
responders and non-responders. Conversely, a decrease
of more than 40% in the AUC measured through
D-CEUS after 1-mo treatment was found as a strong
predictor of lack of progression at 2-mo, thus enabling
the differentiation between patients who responded to
therapy and those who did not[24]. D-CEUS was then
suggested as possible marker of SO response, although
the results of pCT analysis may have been biased by the
small number of patients[24]. As a further application of
CEUS, in a murine HCC mode CEUS obtained using
vascular endothelial growth factor receptor-2 (VEGFR-2)

pCT parameters: pCT parameters such as blood flow
(BF), blood volume (BV), mean transit time (MTT) and
permeability surface area (PS) are significantly different
in HCC lesions compared with normal liver tissue and
correlate to the tumor stage[26,30,36]: whereas BF, BV, and
PS were reported to be higher in advanced HCC than in

WJH|www.wjgnet.com

35

January 27, 2015|Volume 7|Issue 1|

Sacco R et al . Evaluation of sorafenib response in HCC

targeted microbubbles was demonstrated to be effective
in measuring SO response: the differential targeted
enhancement due to bound microbubbles in the tumor
significantly decreased in the mice treated with SO, and
was able to discriminate the non-responder group from
the responders[38].
Last, the ADC obtained from DW-MRI was applied in
mice to investigate its ability as an indicator of response
to SO in HCC. Lower ADC values and a stronger
progressive ADC decrease were observed in mice treated
with SO than in the control group, thus prompting
further research on this technique for the evaluation of
SO response[35].

including traditional radiological criteria (RECIST1.1.,
EASL and mRECIST). The results showed that none
of the three radiological criteria showed a significant
correlation with patients’ survival and that the only
parameter associated with survival was volume rate: an
increase ≥ 10% in tumor volume after 2-mo was found
as negative predictive factor for survival. The study also
confirmed[27-29] the reproducibility of measurements, with
high degree of inter- and intra-observer agreement, thus
suggesting that, whereas traditional criteria to measure
tumor response are not reliable in the case of SO admini
stration, volume assessment seem to be an early and
reproducible biomarker for tumor response[22].
Despite these promising results, larger trials are
needed to confirm data on volumetric assessment as tool
for measuring tumor volume in HCC patients, especially
if treated with SO, and to investigate the correlation
between measurement of changes in tumor volume and
response to therapy.

New tools for volumetric assessment
Volumetric techniques are regarded to as possible alter
native methods to measure the whole tumor volume
instead of the traditional approach of RECIST and EASL
that, being based on the evaluation of a representative
axial slice of the tumor, do not take into account its entire
volume [22,27-29]. In fact, SO and other anti-angiogenic
treatments induce the development of an often irregular
and not-homogeneous necrotic area, so that the area
selected for evaluation may not be representative of the
whole tumor. Volumetric techniques take into consideration
the entire tumor load and are able to detect even minimal
changes in viable tumor or necrotic tissue, thus allowing the
prompt identification of non-responders[22]. In addition,
the introduction of automatic and semi-automatic software
for image segmentation, have provided faster, more reliable
and user-friendly tools for volume measurement, leading
to rapid spread of these techniques[27-29].
In 17 HCC patients treated with TACE, semi-automatic
3D volume segmentation technique based on a voxel-byvoxel analysis for measuring tumor volume and enhancement
pattern was reported to be reproducible and time-effective,
and to provide a more accurate estimation of tumor burden
than 2D techniques[28]. Similarly, HCC necrosis measured
by volumetric assay was more reproducible than that obtain
with the 2D measurement in 29 HCC patients, treated with
yttrium-90 radioembolization[29]. According to the results
of this study, the mean values of necrosis obtained with the
two methods significantly differed[29].
In small retrospective involving 23 HCC or liver
metastasis patients undergoing radioembolization, volumetric
assessment demonstrated good intra/intra-observer
reproducibility[27]. Both whole tumor and necrotic areas
were measured providing good accuracy and reliability.
Also, the authors observed a significant difference in
survival time, in a Kaplan-Meier analysis, between patients
whose change in necrotic area was ≥ 10% compared with
those with necrosis ≤ 10%, thus suggesting a possible
correlation between survival rates and tumor necrosis
measured through this technique[27].
To our knowledge, response to SO using tumor
volume assessment was investigated only in one
prospective study involving 22 HCC patients in which the
response to therapy was evaluated by multiple criteria[22],

WJH|www.wjgnet.com

The prognostic and predictive values of tumor
biomarkers
Several studies are investigating new and more accurate
predictive and prognostic factors for response to SO.
They include the evaluations of alpha-fetoprotein (AFP)
levels[26,39-44], genotype and phenotype features, such as
VEGF family single nucleotide polymorphisms (SNPs)[45,46],
and the differential blood cell counts, particularly the
neutrophil-lymphocyte ratio (NLR)[47-49].
AFP is a glycoprotein secreted in approximately 70% of
HCC, and it is considered as an useful biomarker for HCC
diagnosis[39,40]. The mechanism of action could be related
to SNPs in human AFP promoter that lead to uncontrolled
transcriptional activities[50]. It has also been suggested that
AFP could act possible predictor of response to anticancer and anti-angiogenic treatment[39-41,43]. The role of
AFP in measuring the response to SO is however debated
and deserves further considerations[43,51] since authors
reported heterogeneous results[22,40-44].
Some studies suggest that, in patients treated with
SO, AFP decrease is an independent predictors of good
response to sorafenib[41,44] and that the early increase in
AFP is associated with poor survival[40]. In a nationwide
retrospective study, high AFP levels at baseline were
consistently shown to be prognostic for a shorter survival,
and SO responders showed a significant decline in AFP
during the first month treatment[43]. Conversely, in the
study evaluating different measures of tumor progression
in 10 patients receiving SO, authors reported an inverse
correlation between baseline MTT values, that were
predictive of SO response, and changes in AFP after 3
mo, but changes in AFP levels were not associated with
response rate[26].
Gene expression is believed as one of the main
responsible of responsiveness to treatments in HCC
patients[52]. The lack of response to SO in HCC patients
was shown to be correlated to a mesenchymal-like
phenotype and expression of CD44, linked to activation
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of the transforming growth factor-β pathway[53] and the
combined HTATIP2 expression and microvessel density
was found to be a predictor of SO response[54]. Some
studies also highlighted the role of VEGF[45], suggesting
that patients responsiveness to SO may be well defined
through the analysis of VEGF and VEGFR SNPs[46].
NLR was investigated as prognostic factor both in
patients receiving SO[47,48] and in those not receiving
SO[49]. In HCC patients not treated with SO, low NLR
was associated with higher survival[49]. Similarly, high
periprocedural NLR was associated with poor survival
in patients with unresectable HCC on SO treatment[47,48]
even if these results deserve further consideration[55].
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Core tip: Hepatocellular carcinoma (HCC) is the sixth
most common neoplasm and third most frequent cause
of cancer deaths. Resection of HCC offers the only hope
for a cure, yet post-resection recurrence is common.
The effectiveness of transarterial chemoembolization
(TACE) as a neoadjuvant therapy for resectable HCC
has not been conclusively demonstrated. All published
meta-analyses have consistently failed to demonstrate
its effectiveness. We believe these articles have
several limitations and TACE is theoretically helpful in
multinodular or infiltrative types of HCC.
Gao ZH, Bai DS, Jiang GQ, Jin SJ. Review of preoperative
transarterial chemoembolization for resectable hepatocellular
carcinoma. World J Hepatol 2015; 7(1): 40-43 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i1/40.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i1.40

Abstract
Hepatocellular carcinoma (HCC) is one of the few
cancers whose incidence has been continually
increasing over recent years. Resection of HCC offers
the only hope for cure. However, recurrences are
common in patients who have undergone resection. In
our opinion, the effectiveness with which transarterial
chemoembolization (TACE) as a neoadjuvant therapy
for resectable HCC prevents recurrence and prolongs
survival has not been conclusively demonstrated. All
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at 5 years according to most series[9]. If any neoadjuvant
therapy reduced the viability of HCC cells and prevented or
effectively managed recurrences, the survival after resection
of HCC would improve.
HCCs are supplied for the most part by the hepatic
artery. Catheter-based techniques take advantage of this
unusual architecture to deliver intra-arterial therapy directly
to the tumor bed. Thus, TACE induces ischemic necrosis
of tumors by arterial injection of chemotherapeutic
drugs and embolizing agents. The aims of neoadjuvant
therapy are to reduce tumor mass, thus making surgery
easier, and destroy microscopic tumor foci and reduce
the vascularity of tumors. Preoperative arterial injection
of chemotherapeutic drugs and embolizing agents
(TACE) reportedly can achieve all of the above-stated
aims, as well as reduce the viability of HCC cells[10-12].
However, although several studies have demonstrated
that preoperative TACE prevents tumor recurrence and
prolongs survival in patients with HCC, others have failed
to demonstrate these outcomes. Arguments against the
use of preoperative TACE include: first, the associated
complications, namely, liver function impairment and
increased risk of liver failure; second, the associated delay
in performing definitive surgery, during which time some
resectable tumors become unresectable; third, this form
of therapy mainly affects well-differentiated HCC and
fails to completely kill poorly differentiated cells, thus
the residual HCC cells are more aggressive; and last,
incomplete HCC necrosis weakens adhesiveness within
the tumor, thus facilitating the release of cancer cells from
the primary tumor into the bloodstream. In addition, the
effects of preoperative TACE on long-term outcome
are controversial: it has not been proven that it prevents
tumor recurrence and prolongs survival.

primary liver malignancy, sixth most common neoplasm,
and third most frequent cause of cancer deaths, is
increasing in incidence and prevalence both nationally and
internationally. Potentially curative treatments for HCC
include surgical resection, liver transplantation, and local
ablative therapy. Among these, hepatectomy is considered
the standard treatment for offering a chance of cure to
patients with preserved liver function[1-3]. However, longterm survival after hepatectomy is unsatisfactory because
of the high incidence of tumor recurrence. Even after
radical surgery, tumor recurrence occurs in 75%-100%
of HCC patients and is their major cause of death. This
has led to many efforts to devise effective therapeutic
strategies aimed at controlling tumor recurrence and thus
prolonging long-term survival after HCC resection[4].
With improvements in interventional radiology,
transarterial embolization (TAE) and transarterial
chemoembolization (TACE) have been advocated as
standard loco-regional palliative treatments for inoperable
HCC. Some researchers believe that combining TACE
and hepatectomy would improve long-term outcomes.
This possibility has generated significant debate and
numerous studies of the combination of TACE and
curative resection for HCC since it was first described
in the early 1990s. Some clinicians have attempted to
employ TACE preoperatively as a loco-regional therapy
to affect the course of the disease by decreasing tumor
size, inducing tumor necrosis and by preventing tumor
cell dissemination during surgery. However, others feel
that this rationale may not be justified, and if the tumor
is already resectable, administering TACE may complicate
liver mobilization owing to the perihepatic adhesions that
may occur following the TACE procedure[5-8]. This review
summarizes current published reports linking TACE or
TAE with surgical resection of HCC with the aim to
suggest generally acceptable guidelines.

SYSTEMATIC REVIEW AND METAANALYSIS

CONTROVERSIAL RESULTS OF
PREOPERATIVE TACE

To produce more reliable evidence for clinical decisionmaking, randomized controlled studies and nonrandomized
controlled studies have been subjected to meta-analysis.
Several such meta-analyses provide the largest body of
information currently available for assessing the role of
preoperative TACE in patients with HCC. Their findings
are mainly expressed in terms of disease-free and overall
survival. To minimize heterogeneity, these studies have
utilized strict inclusion criteria. For example, the most
recently published meta-analysis, authored by Cheng et
al[13], defined cure of HCC strictly as: (1) tumor had been
resected; (2) negative surgical margins had been confirmed
histologically; (3) no evidence of extrahepatic metastasis;
and (4) no residual tumor according to dynamic contrastenhanced computed tomography or ultrasonography
performed 3-5 wk postoperatively. All published metaanalyses have failed to show that preoperative TACE
improves the prognosis[14-19]. Although the cited metaanalyses are well designed and conducted, and, more
importantly, have reported consistent findings, we

HCC commonly arises in patients with chronic viral
or alcoholic liver disease: these patients’ livers are
likely to harbor multiple and independent clones of
premalignant cells and, when these cells are further
exposed to carcinogenic insults, unicentric or multicentric
carcinogenesis follows. Intrahepatic recurrence can
represent either de novo tumor formation or intrahepatic
metastasis of a clonally identical neoplasm. Early recurrence
is primarily attributable to intrahepatic metastases, whereas
late recurrence tends to be multicentric in origin. No
matter how recurrences occur, it is generally believed that
recurrences in the early postoperative period arise not
because of inadequate resection of the primary tumor
but either because of pre-existing microscopic tumor
foci that were not detected by imaging modalities or
because of malignant cells that were disseminated during
surgical manipulation. Nowadays, the recurrence rate
after resection is approximately 50% at 2 years and 75%
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believe it is prudent to recommend TACE as a routine
preoperative procedure for resectable HCC for the
reasons explained below.

analyses. In conclusion, we still provocatively recommend
preoperative TACE for resectable HCC, especially for
multinodular and infiltrative types, to reduce recurrence
rates. We also believe it is prudent to recommend TACE
for patients with definite single nodular or massive HCC.
We also recommend assessing the effects of preoperative
TACE according to the various morphologic types.

NEW QUESTIONS AND IDEAS
Although the mechanisms of recurrence after surgical
resection of HCC remain controversial, it is noteworthy
that early recurrence mainly takes the form of intra
hepatic recurrence, which correlates strongly with tumorrelated variables, whereas late recurrence mainly takes
the form of multicentric foci, this correlating strongly
with the condition of the remnant liver. Relevant tumorrelated variables include vascular infiltration, tumor size,
tumor capsule, and satellite nodules or dissemination
of tumor cells during hepatectomy. Thus, both main
tumor and the surrounding tissue may contain detectable
or undetectable satellite nodules and the main route of
early post-resection intrahepatic recurrence is spread via
the portal vein. Clearly, hepatectomy cannot address all
of these possibilities. In theory, TACE could; however,
published meta-analyses studies do not support this
contention[20-23].
However, the available studies have several limitations.
We have found that the various meta-analyses use very
heterogeneous definitions of resectable HCC. They also
use different definitions of cure of HCC and different
inclusion criteria. Thus, their findings indicate only that
preoperative TACE does not improve the prognosis of
resectable HCC as defined in that particular study.
Morphologic types of HCC include focal/nodular,
massive, and diffuse/infiltrative. The infiltrative type
accounts for 7%-15% of HCC cases. Although infiltrative
HCC is not uncommon, especially in regions where
hepatitis B virus is predominant, there are few published
data concerning treatment of patients with this variant
because infiltrative HCC almost always presents as an
advanced diffuse tumor and surgery is therefore rarely
indicated. The cumulative survival rates of patients with
infiltrative HCC are reportedly 33.3% at 1 year and 13.6%
at 3 years, independent of the treatment received[24-27].
About 15.9 % of reported patients with infiltrative HCC
have undergone TACE repeatedly, with curative intent,
and have survived more than 2 years. These long-term
survivors are over 60 years old, have preserved hepatic
function at the time of initial diagnosis, and have a
major portal vein thrombosis without parasitic supply.
In addition, published studies have also ignored the
multinodular type of HCC[28-31]. Taking these observations
into consideration allows the following improved
understanding of the findings of published metaanalyses. First, TACE would indeed be helpful for treating
small satellite nodules and destroying microscopic tumor
foci, thus facilitating achievement of adequate resection,
which would prolong the duration of survival. However,
these considerations apply only in certain types of HCC,
namely, to the best of our knowledge, multinodular and
infiltrative types. Second, these are not the main types
and have often been excluded from published meta-
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CONCLUSION
We still cannot be certain whether preoperative TACE
for resectable HCC is beneficial. Although we believe it is
helpful in multinodular or infiltrative types of HCC, there
is limited evidence for this. We believe it makes sense to
assess the effects of preoperative TACE according to the
various morphologic types. Thus, larger, well designed,
randomized clinical trials are needed to detect realistically
achievable treatment benefits.
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Adiponectin serum level in chronic hepatitis C infection and
therapeutic profile
Valentina Peta, Carlo Torti, Natasa Milic, Alfredo Focà, Ludovico Abenavoli
3 infection, hepatic steatosis is considered largely to
be the result of the alterations in host metabolism;
metabolic steatosis is primarily linked with HCV genotype
1. Adipose tissue secretes different hormones
involved in glucose and lipid metabolisms. It has been
demonstrated that adipocytokines are involved in the
pathogenesis of non-alcoholic fatty liver disease, as the
decreased plasma adiponectin levels, a soluble matrix
protein expressed by adipoctyes and hepatocyte, are
associated with liver steatosis. Various studies have
shown that steatosis is strongly correlated negatively
with adiponectin in the patients with HCV infection.
The role of adiponectin in hepatitis C virus induced
steatosis is still not completely understood, but the
relationship between adiponectin low levels and liver
steatosis is probably due to the ability of adiponectin
to protect hepatocytes from triglyceride accumulation
by increasing β-oxidation of free fatty acid and thus
decreasing de novo free fatty acid production.
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Core tip: Three main types of steatosis in the patients
with hepatitis C virus (HCV) infection are known: a
metabolic type associated with metabolic syndrome, viral
steatosis directly triggered by the virus and a “middle
ground” between metabolic and viral mechanisms. Liver
steatosis is a common histological feature of chronic
hepatitis C infection, and the recent studies have shown
that it is strongly correlated negatively with adiponectin
levels. This finding suggests that adiponectin may have
a role in modulating the progression of hepatic steatosis
in HCV infected patients.

Abstract
Hepatic steatosis is commonly seen in the patients with
chronic hepatitis C virus (HCV) infection. HCV is closely
associated with lipid metabolism, and viral steatosis is
more common in genotype 3 infection owing to a direct
cytopathic effect of HCV core protein. In non-genotype
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mostly found in the HCV genotype 1b patients, has
convinced some authors to coin the term virus associated
steato-hepatitis[17,18]. Numerous studies have shown the
involvement of HCV in steatosis. Some insights into
the pathways of steato-hepatitis are defined by impaired
lipid accumulation due to hepatic loss of adiponectin
receptors, which play an important role in fatty acid
accumulation by elevating the expression levels of
the enzyme AMP-activated protein kinase (AMPK),
acetyl-CoA carboxylase (ACC), fatty acid synthase,
liver gluconeogenic enzyme and phosphoenol pyruvate
carboxy kinase due to HCV infection [6,19-21]. Various
studies have shown that steatosis is strongly correlated
negatively with adiponectin in the patients with chronic
HCV infection, and this finding suggests that adiponectin
may have a role in modulating the progression of
hepatic steatosis, fibrosis and inflammation[22]. The main
objective of this review is to discuss the biological effect
of adiponectin and its receptors in the progression
of liver steatosis in the HCV-infected patients and the
possible role of adiponectin as a therapeutic target for
the treatment of fatty liver diseases.

profile. World J Hepatol 2015; 7(1): 44-52 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i1/44.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i1.44

INTRODUCTION
Hepatitis C virus (HCV) infection is a common liver
disease with an estimated 3% of the world’s population
chronically infected with this viral pathogen. The majority
of the infected individuals (60%-80%) develop chronic
hepatitis C (CHC), which is associated with progressive
liver fibrosis and a risk of cirrhosis after 20 years[1-3].
About 20%-30% of chronic HCV infections are
associated with hepatic steatosis, type Ⅱ diabetes[4], insulin
resistance (IR) and cardiovascular diseases[5]. Hepatic
steatosis, defined as an excessive lipid accumulation in the
cytoplasm of hepatocytes, is a frequent histological feature
in the patients chronically infected with HCV. However,
the mechanisms that have induced hepatic steatosis in
HCV-infected patients are difficult to understand, due to
the possible co-existence of several factors[6]. Different
studies have shown that there are three main types of
steatosis defined in the HCV patients: metabolic steatosis,
viral steatosis and a “middle ground” between metabolic
and viral mechanisms[7,8]. The first type has been described
in the patients infected with HCV who also suffer from
other metabolic disorders such as obesity, dyslipidemia
and diabetes mellitus[9]. Metabolic steatosis is primarily
linked with HCV genotype 1, but one study has shown the
absence of the relationship with viral load and the severity
of steatosis in the patients infected by genotype 1[10]. Viral
steatosis develops in the absence of other steatogenic cofactors and is linked with HCV genotype 3 infection[11].
In viral steatosis lipid accumulation in hepatocytes may
be the result of a direct cytopathic effect of HCV core
protein. Different experiments conducted in vitro and in
transgenic mice, have suggested that the nucleocapsid
protein of HCV may be involved in the pathogenesis
of triglyceride accumulation in hepatocytes[12,13]. Some
other experiments have provided a correlation between
the level of intrahepatic HCV genotype 3 ribonucleic
acid (RNA) and severity of the steatosis[14] and identified
specific “steatogenic” sequences in HCV-3, particularly
phenylalanine (F) has been shown to be specifically
associated with higher levels of lipid accumulation in
cellular models in vitro [15]. All these findings are also
supported by the observation that the degree of liver
steatosis is directly related to the level of HCV replication
as measured by serum HCV RNA, at least in the patients
with HCV-3 infection in the absence of confounding
metabolic causes of steatosis[16].
The third type of steatosis can be considered a
“middle ground” between the first and the second one.
Undoubtedly, this kind of steatosis is a combination of
viral and metabolic factors and is associated with a direct
interference of HCV core protein in the intracellular,
post-receptorial pathways of insulin. This evidence,
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PHYSIOLOGICAL AND HEPATOPROTECTIVE ROLE OF ADIPONECTIN
Adipose tissue is an active endocrine organ which
secretes a number of hormones involved in glucose/lipid
metabolism. Adiponectin is a soluble matrix protein
expressed exclusively by adipocytes and hepatocytes[23].
Recent studies have demonstrated adiponectin mRNA
expression in liver after injury and skeletal muscle and that
its expression and serum levels are reduced in humans
and animals with obesity and insulin resistance [24,25].
Adiponectin exists in three forms: low molecular weight
trimers, medium molecular weight hexamers, and high
molecular weight (HMW) multimers.
HMW adiponectin is thought to have more biological
activity than other two forms. Human adiponectin
gene is located at chromosome 3q27, and it codes for a
244 amino acid polypeptide. The primary sequence of
adiponectin contains a signal peptide at the N-terminus,
short hypervariable region and C-terminal half of the
protein with a globular domain[26].
Adiponectin expression is reduced in obesity [27],
insulin resistance and type 2 diabetes, and the plasma
concentrations are inversely related to body weight,
especially visceral adiposity [27-29]. Adiponectin is also
inversely associated with other traditional cardiovascular
risk factors, such as blood pressure, low-density lipoprotein
cholesterol and triglyceride levels[30,31], and is positively
related to high-density lipoprotein cholesterol levels[32]. A
Recent research has indicated that adiponectin has antiinflammatory properties, producing the anti-inflammatory
mediator interleukin (IL)-10 in primary human monocytes,
monocyte-derived macrophages and dendritic cells. In
addition, adiponectin significantly impaired the production
of the pro-inflammatory cytokine interferon-γ in human
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Figure 1 Molecular pathways involved in anti-steatotic effect of adiponectin. The interaction between adiponectin receptor and APPL1 causes activation of
AMPK. AMPK inhibits ACC by phosphorylation. Inhibition of ACC increases fatty acid oxidation by blocking the production of malonyl-CoA, the allosteric inhibitor of
carnitine palmitoyl transferase 1. AMPK downregulates the expression of SREBP1c, a transcription factor that regulates different genes involved in lipid synthesis.
Finally, APPL1 stimulates PPAR-α, another transcriptional factor controlling genes involved in fat oxidation. APPL1: Phosphotyrosine interaction, PH domain and
leucine zipper containing 1; AMPK: AMP-activated protein kinase; ACC: Acetyl-CoA carboxylase; SREBP1: Sterol regulatory element-binding protein 1; PPAR-α:
Peroxisome proliferator-activated receptor alpha; CPT-1: Carnitine palmitoyl transferase 1; ACOX: Acyl-CoA oxidase; LCAS: Long chain acyl-CoA synthetase.

macrophages[33].
Adiponectin exerts its action via its two receptors,
adiponectin receptor1 (Adipo R1) and Adipo R2. In
mice, Adipo R1 is expressed abundantly in skeletal
muscles, while Adipo R2 is considered as the primary
transcript in liver. Adipo R1 and Adipo R2 are structurally
related integral plasma membrane proteins with seven
membrane-spanning domains. AdipoR1 possesses
high affinity to the globular form of adiponectin and
low affinity to full-length adiponectin, whereas Adipo
R2 exhibits intermediate binding affinity to both the
globular and the full-length adiponectin[34]. Adipo R1
and R2 mediate increased AMPK activities, peroxisome
proliferator-activated receptor alpha (PPAR-α) activities,
fatty-acid oxidation and glucose uptake[35]. To confirm the
physiological role of these receptors, Adipo R knockout
mice have been generated, and in wild-type mice,
adiponectin have lowered plasma glucose levels, whereas
this effect of adiponectin has completely been abrogated
in Adipo R1 and R2 double knockout mice[36,37].
It is known that adiponectin and its receptors have
hepato-protective role in fatty liver diseases and steatosis
development[35,38]. Adiponectin is believed to protect
hepatocytes from triglyceride accumulation by increasing
β-oxidation of free fatty acid and/or decreasing de novo
free fatty acid production in hepatocytes[39]. Indeed, it
has been shown that adiponectin stimulates AMPK in
different tissues including liver. The precise mechanisms
whereby adiponectin activates AMPK remain to be
determined. However, phosphotyrosine interaction,
PH domain and leucine zipper containing 1 (APPL1),
an adaptor protein, appears to be the molecule that
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promotes the interaction between adiponectin and its
receptors and the AMPK activation. The interaction
between adiponectin receptor and APPL1 causes
phosphorylation and activation of AMPK and AMPK
phosphorylates ACC. The inhibition of ACC reduces
lipid synthesis and increases fatty acid oxidation by
blocking the production of malonyl-CoA, the allosteric
inhibitor of carnitine palmitoyl transferase 1, which is the
rate-limiting enzyme in fatty acid oxidation[40,41].
Moreover, AMPK downregulates the expression of
sterol regulatory element-binding protein 1c, a transcription
factor that regulates cholesterol and lipid synthesis[39,42].
Finally, adiponectin stimulates PPAR-α, a transcriptional
factor controlling different genes involved in fat oxidation,
such as acyl-CoA oxidase and long chain acyl-CoA
synthetase[43] (Figure 1).
Recent data suggest that gut bacteria contribute to
differences in body weight, insulin sensitivity, glucose
metabolism and liver steatosis, in fact the imbalance of
small intestinal bacterial overgrowth occurs in a large
percentage of patients with chronic liver diseases, and
has been associated with the severity of steatosis[44]. In
particular some studies showed that the use of antibiotics
to alter gut microbiota in obese mice reduces body
weight, improves fasting glycaemia, glucose tolerance,
and increases adiponectin levels. However, it is not clear
how the gut microbiota plays a role in the production
of adiponectin in adipose tissue, but this finding suggest
that the gut microbiota could be a novel target for
treating metabolic diseases, in fact high adiponectin levels
enhance the insulin sensitivity and glycogen storage and
decrease triglyceride accumulation[45,46].
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TNF-α modulates adipocytes and induces changes and
reductions in the production of cytokines, adiponectin
and leptin[52,59]. Thus, the reduced levels of adiponectin
may increase influx and synthesis of free fatty acids into
the liver of the patients with HCV infection, generating
liver steatosis (Figure 2)[35,60].
Jonsson et al[22] have studied 194 patients with chronic
HCV to assess the relationship between serum adiponectin
levels and hepatic steatosis. The authors have found that
a decreased serum level of adiponectin is associated with
steatosis only in males, so they have suggested that the
role of adiponectin in the HCV infected patients might
be linked to gender[22]. Various studies hypothesized a
possible interaction between HCV core protein-PPARsadiponectin. It has been reported that the HCV core
protein impairs the expression of the PPAR-α which
plays an important role as a target of adiponectin in
lipid metabolism[61]. Undoubtedly, the administration of
recombinant adiponectin has been shown to increase
PPAR- α ligand activity and the administration of a
PPAR-γ agonist is associated with a significant increase of
adiponectin levels and reversal of steatosis[62,63].
In another study, Ashour et al[64] have demonstrated
that the Egyptian patients with HCV genotype-4
infection and with steatosis have shown the reduced
serum levels of adiponectin, with a significant inverse
correlation between adiponectin level and steatosis grade,
homeostatic model assessments index, body mass index
and fibrosis stage. Moreover, they have proved that serum
levels of adiponectin and leptin show no significant
differences between males and females[64].
Corbetta et al[65] have hypothesized that hyperadi
ponectinemia might be sustained by down-regulation
of hepatic Adipo Rs. In order to test this hypothesis,
they have assessed the expression levels of Adipo R1
and Adipo R2 in CHC biopsies and have shown that
Adipo R2 mRNA levels are similar in normal liver and
HCV-infected liver biopsies, but the Adipo R1 mRNA
expression levels have been reduced in HCV-infected
liver biopsies compared with normal liver biopsies. This
reduction was also confirmed at protein level[65].
Tiftikci et al[66] have shown that the leptin-to-adiponectin
ratio is significantly reduced in the HCV chronic patients.
The increased leptin concentration, corrected by reduced
adiponectin values (leptin-to-adiponectin ratio), has been
linked to the development of metabolic abnormalities[67],
so the data obtained by Tiftikci about a reduced leptin-toadiponectin ratio in the chronic HCV patients, lend a new
support to the argument that protein adiponectin may be
involved in the pathogenesis of liver injury in the patients
with HCV infection.
In contrast with these results, Aksõz et al[68] have
suggested that a decrease in the level of adiponectin
may be associated with metabolic disorders, independent
from chronic HCV infection. In fact, they have tried to
investigate the effects of the virus in the patients without
visceral obesity and metabolic disorders, so they have
suggested that a decrease in the level of adiponectin may

ADIPONECTIN AND LIVER STEATOSIS IN
CHRONIC HEPATITIS C INFECTION
Liver steatosis is a histological feature of CHC. CHCrelated steatosis is chiefly virus-induced in HCV genotype
3 infection, while the host factors seem to play the major
pathogenic role in HCV genotype non-3 infection. The
evidence suggests that steatosis has an important role in
the progression of liver fibrosis in CHC.
It has been demonstrated that adipocytokines are
involved in the pathogenesis of non-alcoholic fatty liver
disease, and the decreased plasma adiponectin levels are
related to liver steatosis[47]. Hypoadiponectinemia has been
implicated in the development of obesity-related morbidities
such as dyslipidemia and cardiovascular diseases [48].
In addition, it is known that hypoadiponectinemia
enhances hepatic steatosis, inflammation, fibrosis, and
hepatocarcinogenesis in animal models of liver diseases[49].
Some studies have shown that steatosis is strongly
correlated negatively with adiponectin in the patients with
CHC infection[50-52]. These findings indicate a significant
relationship between hepatic steatosis and adiponectin
level. However, the role of adiponectin in HCV induced
steatosis is still not completely understood, but the
relationship between adiponectin low levels and liver
steatosis is probably due to the ability of adiponectin
to protect hepatocytes from triglyceride accumulation
by increasing β-oxidation of free fatty acid and thus
decreasing de novo free fatty acid production[40].
To clarify this point Durante-Mangoni et al[52] have
found lower serum adiponectin levels and higher levels
of tumour necrosis factor-α (TNF-α) in the chronic
HCV patients. The higher tumour necrosis factor-α levels
have particularly been observed in the patients with low
adiponectin levels, and especially, in the patients infected
whit HCV genotype-3. The extension of steatosis has
inversely been correlated with adiponectin levels[52].
The substantial evidence in the available literature
demonstrates that TNF-α inhibits adiponectin expression,
and the decreased TNF-α level possibly contributes to the
increased adiponectin level[53,54]. The expression level of
adiponectin in cultured adipocytes has significantly been
reduced by co-culture with macrophages or upon the
exposure to the conditioned media from macrophages,
suggesting that macrophage secreted factors, possibly
TNF- α , are responsible for repressing adiponectin
production [55]. Moreover, Bruun et al [56] have shown
that the increase in TNF-α and IL-6 serum levels and
decrease in adiponectin serum levels may be involved in
insulin resistance. During the HCV infection, the immune
response against HCV releases reactive oxygen species
(ROS) from sequestered phagocytes and activates Kupffer
cells in the liver[57]. High levels of ROS can activate nuclear
factor kappa-light-chain-enhancer of activated B cells
(NF-κB), which is a transcription factor. As a consequence
of NF-κB activation, the expression of a variety of
cytokines is increased, including tumour necrosis factors
(TNF-α and TNF-β), IL-1, 6 and interferon-γ[58].
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Figure 2 Liver steatosis induced by down-regulation of adiponectin and its receptor in chronic hepatitis C virus infection. HCV core protein associated with
the mitochondria leads to increased ROS that activates NF-κB. As a consequence of NF-κB activation, expression of a variety of cytokines is increased, including
TNF-α, IL-6 and INF-γ. TNF-α modulates adipocytes and induces reduction in the production of adiponectin and its receptor. Reduced levels of adiponectin induce
the increase in the synthesis of free fatty acids and reduce β-oxidation, causing liver steatosis in the HCV chronic infected patients. HCV: Hepatitis C virus; NF-κB:
Nuclear factor kappa-light-chain-enhancer of activated B cells; IL: Interleukin; IFN-γ: Interferon-γ; TNF-α: Tumour necrosis factor α; ROS: Reactive oxygen species.

therapeutic role of adiponectin in HCV chronic infection,
but there are a lot of data showing that adiponectin is a
therapeutic strategy for the treatment of insulin resistance,
metabolic syndrome and steatosis that are common
features of CHC, especially, in the patients infected with
genotypes 3 and 1 virus. On the other hand, hepatic
steatosis and IR reduce the probability of achieving a
sustained virological response to pegylated interferon
and ribavirin combination therapy[72], so reducing liver
steatosis can be useful as a response to antiviral treatment
in the patients with chronic HCV infection. Adiponectin
replacement therapy is not yet available as a treatment
option, but an alternative approach would be to identify
and use the classes of the agents that can induce secretion
or expression of adiponectin. In this context, some
reports indicate that thiazolidinediones (TZDs) might
up-regulate adiponectin, possibly, by increasing its rate
of secretion[73,74], TZDs may up-regulate adiponectin
by generating small adipocytes that express and secrete
adiponectin and/or directly activating adiponectin gene
transcription[75,76]. Other studies have shown that the
inhibitors of the renin-angiotensin pathway, such as
angiotensin converting enzyme inhibitor, increase serum
adiponectin concentration, in fact, the blockers of the
angiotensin pathway promote adipocyte differentiation[77].
Xu et al[78] have reported the identification of two
structurally related natural compounds, astragaloside Ⅱ
and isoastragalosideⅠ, from the medicinal herb Radix
Astragali, that increase adiponectin secretion in primary
adipocytes, without any effects on other adipokines. An
alternative approach could be the design of the agents

be associated with metabolic disorders in association
with HCV infection, but HCV virus alone has not altered
adiponectin serum concentration[68].
Different studies showed the influence of genetic
factors in the development of HCV-induced liver
steatosis. In this contest Valenti et al[69] have suggested that
rs738409 single nucleotide polymorphism of patatin-like
phospholipase domain-containing 3 (PNPLA3), encoding
for a protein variant (I148M) that influences hepatic
triglycerides accumulation and the susceptibility to fibrosis
and steatosis, may represent a genetic determinant of
serum adiponectin levels in non-alcoholic fatty liver disease
(NAFLD) and CHC patients. In another work Valenti
et al[70] showed that this genetic variant in CHC patients
affects steatosis development, is independently associated
with fibrosis and cirrhosis, and may influence response to
antiviral treatment. Finally Nakamura et al[71] showed that
in Japanese CHC patients there is no association between
PNPLA3 rs738409 genotype, hepatic steatosis or liver
fibrosis, suggesting that in HCV infection the mechanism
of hepatic steatosis might be different from that of
NAFLD.

ADIPONECTIN AS THERAPEUTIC
TARGET
The biological effect of adiponectin and its receptors and
their hepato-protective role in fatty liver diseases suggest
that controlling the level of adiponectin receptors might
be an important therapeutic target for the treatment of
fatty liver diseases. There are no data on the potential
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that serve as adiponectin mimetics. AMPK activators fall
into such category because numerous adiponectin effects
might be mediated via activation of AMPK. Moreover,
the design of stable peptides or drugs, structurally and
biologically simulating adiponectin production, could be
another alternative[79].
In vitro studies have shown that adiponectin reduces free
fatty acid-induced CD95/Fas expression and apoptosis of
HepG2 hepatoma cells, which suggests that this hormone
has a protective role with promising therapeutic implications,
in fact, the receptor mediated apoptosis is a prominent
feature in various liver diseases, including HCV chronic
infection[80]. Finally, it is known that adiponectin has antiinflammatory activity and this can be a promising therapeutic
implication in numerous diseases including HCV. The antiinflammatory effects attributed to adiponectin include the
inhibition of TNF-α production and activity, inhibition of
NF-κB activation and the induction of anti-inflammatory
cytokines[81].

3

CONCLUSION
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Steatosis development and CHC infection are clearly
linked; about 20%-30% of chronic HCV infections
are associated with hepatic steatosis. The biological
mechanisms of the underlying steatosis occurrence and the
progression to the liver disease are not entirely understood
and are probably due to a number of factors: direct
effect of the virus, genetic factors, metabolic syndrome
and other unknown factors. The recent data suggest a
significant link between hepatic steatosis and adiponectin
low level. It is known that adiponectin and its receptors
have hepato-protective role in fatty liver diseases and
steatosis development. This relationship is probably due to
the ability of adiponectin to increase β-oxidation of free
fatty acid and to decrease de novo free fatty acid production.
However, the role of adiponectin in HCV induced
steatosis is still not completely understood. The biological
effect, the hepato-protective role and the anti-inflammatory
activity of adiponectin suggest that controlling the level
of adiponectin, by increasing adiponectin production and
using the drugs that structurally and biologically stimulate
adiponectin, might be a potential therapeutic tool for the
treatment of fatty liver diseases including steatosis induced
by HCV chronic infection.
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Core tip: With the near disappearance of the most
relevant animal model for hepatitis C virus (HCV), the
chimpanzee, we review the progression that has been
made regarding vaccine development against this
virus infection. An estimated 3 million people suffering
from chronic hepatitis caused by HCV die each year.
Currently, there is no approved vaccine available to
prevent new infection.
Verstrepen BE, Boonstra A, Koopman G. Immune mechanisms
of vaccine induced protection against chronic hepatitis C virus
infection in chimpanzees. World J Hepatol 2015; 7(1): 53-69
Available from: URL: http://www.wjgnet.com/1948-5182/full/
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Abstract
Hepatitis C virus (HCV) infection is characterized by
a high propensity for development of life-long viral
persistence. An estimated 170 million people suffer
from chronic hepatitis caused by HCV. Currently, there
is no approved prophylactic HCV vaccine available.
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INTRODUCTION
Chronic hepatitis, caused by persistent infection with
hepatitis C virus (HCV) is a major health threat world
wide[1]. The number of chronic HCV carriers is estimated
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to be 170 million, about 1% to 2% of the population.
HCV is a 9600 nucleotide, single-stranded positivesense RNA virus belonging to the Flaviviridae. The open
reading frame encodes for a large polyprotein with three
structural proteins, Core (C), E1 and E2 that are linked via
the presumed viroporin p7, to the nonstructural proteins
NS1, NS2, NS3, NS5A and NS5B. The structural proteins
form the viral particle, while the nonstructural proteins
are involved in replication and maturation of the virus
particle.
HCV infection is characterized by a high propensity
for development of life-long viral persistence. Only
one in five acute infections is spontaneously eradicated,
normally within the first six months after infection.
During acute HCV infections, clinical symptoms are
mild or absent. For that reason acute HCV infections
are often not recognized. However, when acute HCV
infection develops into a persistent infection, the majority
of the patients develop chronic hepatitis and over decades
the virus causes subtle but cumulative hepatic damage.
Ultimately this may lead either to cirrhosis, decompensating
liver congestion or hepatocellular carcinoma. To give a
sense of the impact of HCV infection on the health care
system, it has been calculated that worldwide, 27% of
the cases of cirrhosis can be accounted for by HCV and
population-based studies in the United States indicate that
40% of chronic liver disease is HCV related[2,3]. Overall,
persistent HCV infection accounts for 3 million deaths
each year[4].

consists of a cluster of different subtypes, and within
each patient closely related quasi-species are present.
The difference between two distantly related isolates can
be as high as 30% at the nucleotide level[11]. Circulating
quasi-species have the ability to mutate very quickly
and can easily evade the immune system, and/or drugs
that are used for treatment. In addition, the treatment
protocol depends on the specific HCV genotype. Hence,
it is difficult to develop a universal treatment regime for
chronic HCV.
As indicated by the rapid upregulation of interferonstimulated genes (ISGs) in the host’s liver[12,13], HCV is
present and recognized early after infection. However,
differential HCV strains[14], the activation of distinct
molecular pathways[15], kinetics of the ISG response[16] and
even cellular composition of the microenvironment in the
liver[17] may be responsible for inadequate mobilization
of an effective immune response, ultimately leading to
chronic infections. In this review we will focus on the
role of the adaptive immune system in clearance of HCV
infection, and place this in perspective of HCV vaccine
evaluation studies in chimpanzees.

THERAPEUTIC DRUGS OR A VACCINE
For decades chronic HCV infection could only be treated
with the broadly acting antiviral (pegylated) interferon,
which was often accompanied by serious side effects
and frequently not successful. Only in one out of five
patients, a so-called sustained virological response was
achieved, meaning that HCV RNA had declined to
undetectable levels in peripheral blood after treatment.
In 1998, the nucleoside analogue ribavirin (RBV) was
added to standard therapy-protocols and this improved
treatment efficacy to about 40%[18-20].
The year 2011 can be considered as a breakthrough
in the treatment of chronic HCV infection. In that year,
two direct-acting antiviral drugs (DAAs)-telaprevir and
boceprevir-received regulatory approval and became
available for patients. In combination with pegylatedinterferon and RBV, these NS3/4A protease inhibitors
have shown marked efficacy in patients infected with
HCV genotype 1. However, this combination was found
to be less effective against other genotypes, and patients
still experienced the severe side-effects characteristic for
treatment with interferon and RBV. In addition, the genetic
background of the host can negatively affect treatment
efficacy[21] and viral-resistance has been reported[22].
Regulatory approval of NS5B-targeting DAAs, like
sofosbuvir has leads to further improvements in the
treatment of chronic HCV infection. Not only do they
have a better efficacy against genotypes other than genotype
1, also duration of the treatment is shorter[23,24]. In addition,
these compounds can be administered orally and may
possibly lead to interferon and ribavirin free treatment
regimens.
More effective, more tolerable and safer treatment
options however come with a price. Currently, oral
DAA therapy is very expensive and therefore currently

TRANSMISSION
Transmission of HCV occurs via blood-blood contact.
Nowadays in the western world, the majority of the new
infections are associated with intravenous drug use, via
sharing of contaminated needles[5]. There are several
examples of drastically declined numbers of new HCV
cases, after the introduction of surveillance programs
and the distribution of fresh disposable needles amongst
intravenous drug users[6,7].
In other geographical regions, the mode of trans
mission is different. The situation is especially worrying
in Egypt, where an estimated 12% of the population is
infected with HCV as a result of an unsafe treatmentprocedure of an endemic schistosoma infection in
rural areas during the years 60-80 s of the last century.
Currently, the infrastructural organization of the Egyptian
health care system is still seen as, at least partially,
responsible for ongoing transmission in the region[8].
Recently, World Health Organization (WHO) has declared
the large reservoir of chronic HCV carriers a serious risk,
as tourism and migration contribute to spreading of the
virus to places outside the region.

HIGH PROPENSITY FOR CHRONIC
INFECTION
There are 7 major genotypes of HCV[9,10], each genotype
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not affordable in developing countries. Consequently,
a prophylactic vaccine is imperative to contain HCV
infection globally.

HCV infection and triggering of the innate as well as the
adaptive immune system. Studies in chimpanzees have
enabled us to identify immune mechanisms associated
with viral clearance and chronic infection, critical for
optimal prophylactic vaccine design. Subsequently, chim
panzees were used to evaluate the efficacy of vaccine
candidates and vaccination strategies.

CHIMPANZEES IN BIOMEDICAL
RESEARCH
Humans and chimpanzees (pan troglodytes) share a
common ancestor who lived approximately 30 million
years ago, before the hominoid lineage split. Chimpanzees
are humans’ closest living relatives with 98.9% identity
at DNA level [25]. Since the 40 s of the last century,
chimpanzees have been used in the United States space
program and later also in biomedical research. The
colonies of chimpanzees in research facilities were
founded from animals that were imported from the wild
in Western Africa. Soon, breeding programs assured
enough offspring for experimental work and facilities
became self-sustainable and no longer required import of
chimpanzees from the wild.
Public concerns about research with non-human
primates, chimpanzees in particular, has eventually led
to stop the use of apes for HCV research in Europe,
and a significant reduction of the number of animals
used in the United States[26]. With the near disappearance
of the most relevant animal model for HCV, we review
the progression that has been made regarding vaccine
development against HCV describing the results in
chimpanzees in relation to what has been observed in
humans. To obtain a complete overview, a literature search
was performed in PubMed combining the keywords
chimpanzee(s) and hepatitis or HCV in combination with
any of the following keywords; vaccine(s), vaccination,
immunization or immunized. Furthermore, there are only
a limited number of groups working on this subject and
animals used can be identified by name or number and
thereby tracked through the literature.

PRIMARY HCV INFECTION IN
CHIMPANZEES
To be able to study the effect of a vaccine or vaccination
strategy, it was necessary to identify the virological charac
teristics of HCV without any intervention. There are
numerous reasons why it is difficult to study early events
in HCV infection in humans. Firstly, in the vast majority
of the cases acute HCV infection is asymptomatic and
patients therefore rarely seek medical attention. Secondly,
collecting serial blood samples (and occasional liverbiopsy material) from one individual during acute HCV
infection is very difficult and, getting pre-exposed biospecimen from humans is complicated. Therefore,
experimental inoculation of chimpanzees was pivotal to
study early events of HCV infection.
In chimpanzees, similar to humans, intravenous
exposure to HCV can either lead to a transient self-limiting
infection or it may develop into a persistent infection[29]. In
both humans and chimpanzees, viral RNA is detectable by
reverse transcription polymerase chain reaction in plasma
and liver tissue [30]. In addition, anti-HCV antibodies
appear in peripheral blood of both species 6 to 8 wk after
HCV exposure[31,32]. In the majority of human individuals,
antibodies remain detectable in blood after viral clearance,
while in chimpanzees sometimes a gradual loss of HCV
specific antibodies after viral elimination has been
reported[30,33]. However, in humans, HCV specific cellular
immune responses have been found in seronegative
individuals, implying also there the loss of HCV-specific
antibodies after viral clearance[34-37].
Published data on cellular immune responses showed
that HCV specific CD4 and CD8 T-cell responses in
both humans and chimpanzees were weak after HCV
infection. Spontaneous clearance was associated with
somewhat stronger cellular responses compared to the
individuals that became persistently infected[38-42]. Also
in liver biopsies taken from HCV infected patients and
chimpanzees CD4 and CD8 T-cells were observed[43-46]
and relatively strong liver-associated T-cell responses
were associated with viral clearance[46].

CHIMPANZEES AND HCV RESEARCH
No doubt, chimpanzees have been the most important
animal model to study HCV[27]. In the late 80 s, after it
became clear that the majority of blood borne chronic
liver inflammations were not caused by hepatitis A or B
virus, serum from a non-A-non-B hepatitis patient was
inoculated into a chimpanzee[28]. From this chimpanzee, a
cDNA bank was derived and in 1989 Michael Houghton
and his coworkers at Chiron Inc. identified HCV as the
main causative agent for non-A-non-B hepatitis[28].
Only chimpanzees and humans can be productively
infected with HCV and this limited host range has seriously
hampered HCV research. To date, the chimpanzee is
the only validated animal model to study immunity
associated with acute resolving infection, and protective
immunity against HCV reinfection. Over the past 35 years,
experimental infection of chimpanzees with HCV has
provided groundbreaking information regarding identi
fication, characterization, transmission, early responses after
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VIRAL PERSISTENCE IN HUMANS AND
CHIMPANZEES
Based on antibody data, WHO estimates that 70% to
90% of the infections eventually develop into a persistent
HCV infection. However, this percentage may be an
overestimation as exposed seronegative individuals are
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not included in these calculations[34-37]. The documented
percentages of chimpanzees with persisting HCV in
fection varies between different laboratories from 39%
to 70%[33,47-49]. This wide range reflects the heterogeneous
nature of infection with HCV. Not only do virological
differences, like genotype and dose of infection, play a
role but also genetic factors of the host. In humans, the
outcome of HCV infection is associated with protective
human leukocyte antigen alleles HLA-B27, HLA-B57
and HLA-A3. And although the exact same major
histocompatibility complex class Ⅰ alleles are not present
in chimpanzees, homologues with similar peptide-binding
characteristics have been identified in these animals[50].
Genome wide association studies have also shown genetic
variation linked to the IL28B gene, whose product directly
interferes with the antiviral interferon (IFN)-pathways and
determines the ability of patients to spontaneously resolve
HCV infection[51,52]. In chimpanzees similar mechanisms
may play a role[53].
Chimpanzee colonies in research facilities are not fully
outbred. As a result higher frequencies of certain MHC
classⅠmolecules may be present in one facility compared
to another facility. This so called “founder effect”, in
combination with the fact that the total number of human
patients outnumbers the total number of chimpanzees
used in experimental infection studies may affect the
percentage of chronic infection per institute.
In conclusion, these contributing factors make it
difficult to directly compare the percentage of persistent
infection between humans and chimpanzees. Maybe even
more relevant is the difference in “life-style” regarding
diet and alcohol intake. Also differences in HCV inocula,
route and dose of exposure may partly explain the
difference. Similar factors may apply to distinct effects
on changes in liver enzyme levels and progression to
fibrosis. To our knowledge, it has never been documented
that a chimpanzee developed liver fibrosis as a result of
persistent HCV infection.

clearance provided some protection, characterized by
reduced duration, peak virus load and reduced frequency
of development of persistent HCV infection[47]. Under
standing the underlying mechanisms through which a
cleared HCV infection can contribute to protection against
infection, or virus persistence, and the involvement of the
adaptive immune system has been an important research
goal and pivotal for further HCV vaccine development.
Since HCV-induced liver damage only leads to a fatal
condition after decades of ongoing immunopathogenesis,
a vaccine that could achieve a similar rate of protection
from chronic infection as observed after a cleared
infection, would already be of great value.

IMMUNE CORRELATES
Virus neutralizing antibodies
In 1994 it was already described that plasma components
had an important role in protection against HCV in
fection[67]. In a hallmark experiment by Farci et al[67], in vitro
neutralizing capacity was determined by mixing infectious
virus with heat inactivated plasma from the same patient
and subsequently testing it for residual infectivity by
inoculating the mixture into a naïve chimpanzee. Patient
plasma collected 2 years after infection was able to prevent
infection, while plasma collected 13 years after infection
could not. At that time there was no in vitro system to
confirm the presence of neutralizing antibodies. However,
simultaneous appearance of envelope HCV specific
antibodies in circulation 7 to 8 wk after infection[32] and
mutations in viral RNA in the hypervariable region of
E2[61,68-70] substantiated the involvement of antibodies and
demonstrated the flexibility of the virus to escape from
immune pressure through mutation.
In vitro virus neutralization assays
Subsequently, several strategies were used to develop a
technique to measure neutralizing capacity of antibodies
in plasma of HCV infected individuals. However, it was
not until 2003 that HCV envelope based neutralization
could be adequately determined. The HCV pseudoparticle
(HCVpp) system[71] is based on the expression of HCV
envelope proteins on the surface of retroviral particles.
After co-transfecting 293T cells with plasmids encoding
for HCV envelope protein, a retroviral backbone and
green fluorescent protein/luciferase, HCVpp are being
secreted into the culture medium. Next, after mixing
serum and HCVpp, residual infectivity can be determined
in hepatocellular carcinoma cells. The system is very
flexible with regard to envelope sequences expressed that
can be expressed on the viral surface.
Because pseudoviruses may act different from HCV
particles, a subgenomic replicon system was developed[72].
A robust cell culture-derived in vitro system was obtained
when a replicon was constructed from a HCV genotype
2a clone named JFH-1, which was isolated from a
Japanese patient with fulminant hepatitis. Transfection of
Huh-7 cells with the in vitro transcribed full length JFH-1

HCV REINFECTION IN CHIMPANZEES
Documented reinfection studies in humans are relatively
sparce[54-57]. Longitudinal analysis of human intravenous
drug users were performed, but results were inconclusive
as to whether a previously cleared HCV infection induces
functional immunological memory[55,56,58] that correlate
with a shortened viremia and decreased HCV persistence.
Important insights were obtained from chimpanzees in
which experimental HCV re-exposure was studied in a
controlled setting (genotype, dose and route of infection)
and longitudinal follow up studies could be performed[59-66].
Reinfection studies in chimpanzees have demonstrated
that all of the three possible outcomes: i.e., protection
from infection[63,64], protection from viral persistence[59,63-65]
or persistent HCV infection[59], can occur.
Pairwise comparison of virological parameters
during primary infection in naïve chimpanzees vs animals
that were rechallenged[47] showed that previous HCV

WJH|www.wjgnet.com

56

January 27, 2015|Volume 7|Issue 1|

Verstrepen BE et al . Prophylactic HCV vaccines in chimpanzees

resulted in the secretion cell-culture-derived infectious
HCV particles (HCVcc)[73]. Similar to the HCVpp system,
the HCVcc assay is based on the binding of antibodies to
HCV envelope expressing particles before testing residual
infectivity on hepatocellular carcinoma cells. Because
of the high specificity of the neutralizing antibodies,
this system did not suffice for measuring neutralization
of genotype 2a based HCVcc and intergenotype clones
were constructed[74]. Unfortunately, replacing the JFH-1
envelope proteins by envelopes from other genotypes
resulted in less efficient production of viral particles.
Nevertheless, both HCVpp and HCVcc techniques
have been shown to be very valuable in improving the
understanding of viral entry and antibody neutralization[75].

ROLE OF T-CELL RESPONSES
Since these early studies, it has been reported that
hypogammaglobulinaemic patients have the ability to
spontaneously clear HCV infection [90]. Hence, T-cell
responses may have contributed to the protection against
HCV challenge described above. Furthermore, antibodymediated depletion experiments in chimpanzees showed
that when CD8 T-cells were depleted, virus replication
was prolonged despite the presence of memory CD4
T-cells and HCV was only cleared after recovery of HCVspecific CD8 T-cells in the liver[66]. But on the other hand,
CD4 T-cells were required for a complete control of HCV
replication despite the presence of functional intrahepatic
CD8 T-cells[91]. Similarly, the association between HLAclass Ⅰ molecules HLA-A*03, HLA-B27 and HLA-B57
and class Ⅱ molecules HLA-DRβ1*0101, HLA-DRB1*0401,
HLA-DRB1*1101 and HLA-DRB1*0301, and HCV
clearance, emphasizes the role of respectively, CD8 and
CD4 cells (reviewed in[21]).

Antibody correlates
HCV specific antibodies generated during the acute phase
of the infection are mainly directed against linear epitopes
within structural and non-structural viral proteins,
while neutralizing antibodies have been mapped to
conformational epitopes within the E1 and E2 envelope
proteins[76-82]. While most neutralizing antibodies are
rather strain specific[82-84], broadly neutralizing antibodies,
antibodies that recognize epitopes that are highly
conserved between genotypes, have also been described
for E2[83,85,86].
Only for glycoprotein E2, specific targets for receptor
binding have been identified: CD81 and scavenger
receptor class B member 1 (SRB1) and coreceptors[87].
Neutralizing antibodies directed against domain Ⅰ and
Ⅲ of E2 interfere with its binding to CD81, while
neutralizing antibodies directed against hypervariable
region 1 (HVR-1) interfere with the binding of E2 to
SRB1.
In humans, early induction of strain specific neu
tralizing antibodies was found to be associated with
spontaneous recovery[88,89]. Unfortunately, in most cases
these antibodies are only formed during the chronic
phase of the infection, when viral clearance is more
difficult to achieve. Nonetheless, these antibodies may
exert immune pressure that could potentially lead to
decreased viral fitness.
The paradigm that neutralizing antibodies play a less
prominent role in chimpanzees compared to humans,
is mostly based on data collected by Logvinoff et al[89].
In patient H, from which HCV clone H77 was derived,
strain specific neutralizing capacity was observed 7
wk post infection[89], while in the majority of humans
neutralizing antibodies are observed after 100 wk post
infection[89]. In chimpanzees infected with H77, specific
neutralization was detected only 15 to 20 wk post
infection. This relatively late detection in chimpanzees
may possibly be explained by the fact that the HCVpp
were based on the exact same H77 sequence that was
present in patient H. After inoculation of the RNA clone
H77 in chimpanzees, it may however have rapidly adapted
to its new host and therefore be slightly different from
the original H77 clone, showing decreased HCVpp-H77
neutralizing capacity.

WJH|www.wjgnet.com

T-CELL RESPONSE PATTERNS
HCV specific T-cell responses have been reviewed in
detail elsewhere[92-95]. As schematically depicted in Figure
1, four different scenarios can be used to describe HCV
specific adaptive immune responses in relation to HCV
clearance or viral persistence: (1) a spontaneous clearance
of HCV infection, associated with early and effective T-cell
responses (Figure 1A). The most important characteristics
of this successful cellular immunity against HCV are
relatively strongly expanding T-cells that are fully functional
with respect to cytolytic capacity, reflected by granzyme
and perforin secretion, or cytokine production[96-104]; (2)
Transient immune control (Figure 1B) and ensuing viral
escape that may be the result of either immune mediated
viral selection or an exhausted immune response. Immune
pressure may drive the generation of virus variants in
which relevant T- or B-cell epitopes are mutated and
therefore no longer recognized when they are presented on
infected hepatocytes. During tolerance and/or exhaustion
on the other hand, immune modulatory mechanisms
result in dysfunctional T- or B-cells but with an intact
and specific T- (or B-) cell receptor on its surface[105]; (3)
Chronic or persistent HCV infection occurs when T-cells
are not fully differentiated into functional effector cells
(Figure 1C) or no neutralizing antibodies are produced;
and (4) Protection of chronic HCV infection by vaccineinduced immune responses. Hypothetically, vaccineinduced neutralizing antibodies may prevent infection
while functional HCV specific T-cells may protect from
chronic infection (Figure 1D).

VACCINES
Several prophylactic vaccine efficacy experiments have
been performed in chimpanzees[106-120]. Relevant infor
mation regarding vaccine components, strategy, adjuvants,
genotype of the vaccine and the challenge virus and the
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Successful control: resolution

Transient control: persistence

Virus load
Antibodies
CD8 T-cells
CD4 T-cells

C

Virus load
Antibodies
CD8 T-cells
CD4 T-cells

D

Failed control: persistence
Virus load
Antibodies
CD8 T-cells
CD4 T-cells

Vaccine induced: resolution

Virus load
Antibodies
CD8 T-cells
CD4 T-cells

Figure 1 Schematic overview of the different causes of hepatitis C virus infection in relation to modulation of the adaptive immune response. A: Viral
clearance. Viral RNA (red line) is normally detected in blood within 1-2 wk after exposure. The virus load will increase until the emergence of HCV specific CD4
(yellow line) and CD8 T-cell (green line) responses 4 to 8 wk after infection[98]. Ideally, strain specific neutralizing antibodies (blue line) are present around the same
time[88,89]. After viral elimination, antibody responses can either remain present or decrease to undetectable levels. Memory T-cells remain usually present and can be
detected by in vitro assays; B: Transient control. After the initial peak viremia (red line), T-cell responses emerge and virus load decreases but remains detectable in
serum. CD8 T-cells (green line) remain detectable but CD4 T-cell (yellow line) responses decrease to low levels. There appears to be a constant battle between virus
and the immune system. De novo escape variants are able to evade the T and B-cell responses but at the same time lose viral fitness. When effective T and B-cell
responses contract because the correct epitopes are no longer present, the virus “mutates back” to a more fit variant and virus load may increase again. Thinner lines
of the adaptive immune responses represent decreased functionality of CD4 (yellow), CD8 T-cell (green) and antibodies (blue); C: Failed control leading to persistent
infection; After the initial peak viremia, T-cell responses emerge and virus load decrease to lower levels but virus remains detectable in serum. T and B cells are
functionally impaired or present in too low numbers to efficiently eliminate the virus. The virus remains present at steady state levels. Thinner lines of the adaptive
immune responses represent decreased functionality of CD4 (yellow), CD8 T-cell (green) and antibodies (blue); D: Vaccine induced protection model. Vaccineinduced broadly neutralizing antibodies are present at the time of exposure and prevent virus production by infected hepatocytes. The hepatocytes that are infected
are successfully eliminated by cytolytic T-cells in the liver.

challenge outcome are summarized in Table 1. We will
first focus on vaccine candidates that were developed
for the induction of neutralizing antibody responses to
protect against infection. Subsequently, vaccine strategies
aiming to induce cellular immune responses to control
viral infection are discussed.

Little is known about the structure of the E1E2 heter
odimer, but a proposed model of the E2 ectodomain[124] is
comprised of three separate domains (DⅠ; described to
be a discontinuous region containing the CD81 binding
site, DⅡ; predicted to possess the fusion peptide and D
Ⅲ; described to contain antigenic neutralization epitopes
and to be involved in heterodimerization with E1[125]), and
three immunogenic HVR1 (384-411), HVR2 (473-480) and
HVR3; (431-466).
E1 is even less well characterized, and may be important
for the correct folding of E2[126] and the E2 mediated
fusion process[127]. E1 may also be involved in controlling
virus assembly[87]. The structure of the E1E2 heterodimer
is still largely unresolved. Both the functional characteristics
of E1E2 and the detection of neutralizing antibody
responses against these proteins make them obvious
candidates as vaccine-antigen. Long before the presence of
HCV neutralizing antibodies was actually confirmed, the

The envelope glycoproteins as vaccine antigens
Structure and function of envelope glycoproteins: As
stated above, HCV envelope glycoproteins E1 and E2 are
key determinants for HCV entry. They mediate receptor
binding, and the ensuing fusion process between the viral
envelope and an endosomal host cell membrane[121,122]. E1
and E2 are heavily glycosylated proteins with a C-terminal
transmembrane domain anchored in the lipid envelope of
the virus particle. On the surfaces of HCV particles, the
envelope glycoproteins are present as large disulphidelinked oligomers[123].
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Core, E1, E2, NS3-NS5
NS3-NS5B
NS3, NS4, NS5A, NS5B

Core, E1, E2, p7, NS2 and NS3

Core, E1, E2 and NS3

NS3, NS5A, NS5B

E1/E2 + HVR peptides

Core, E1, E2 and NS3

Core, E1, E2
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E1/E1 protein immunizations in chimpanzees: The first prophylactic HCV vaccine aimed at the induction of neutralizing antibody responses and was evaluated in
chimpanzees by Choo et al[106] in 1994. The HCV envelope heterodimer gpE1/E2 was produced in mammalian cells infected with recombinant vaccinia virus that expressed
the HCV E1/E2-genes. The protein was formulated in an oil/water micro-emulsion[106], and used to immunize seven chimpanzees. All seven vaccinees developed strong E1E2
antibody responses after the second protein immunization. After intravenous HCV exposure, the challenge control animals developed an acute HCV infection that persisted into
a chronic HCV infection. In contrast, five out of seven gpE1/gpE2 vaccinated animals were fully protected from homologous HCV exposure and protection from infection

first envelope based vaccine experiments were already performed. Unfortunately, the envelope glycoproteins also show the largest genetic variance (30%) within HCV[9]. This variance
not only poses problems for vaccine development with respect to target antigen selection, but it may also facilitate the formation of variants that escape vaccine-induced immunity
giving rise to HCV persistence.

i.m.: Intramuscular; iv: Intravenous; rVV: Recombinant vaccinia virus; HCV: Hepatitis C virus; IL-12: Interleukin 12; ICAM-1: Intercellular adhesion molecule 1; LFA-3: Lymphocyte function associated antigen 3; HVR:
Hypervariable region; s.c.: Subcutaneously; MVA: Modified vaccinia virus Ankara; GT: Genotype.
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DNA-peptide protein

DNA protein
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Recombinant protein-peptides
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Table 1 Summary of vaccine experiments in chimpanzees
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correlated with vaccine induced antibody responses
(Table 1). The other two vaccinees showed overall
lower viremia compared to the control animals and only
minimal transient elevation of the liver enzyme alanine
aminotransferase levels in plasma. From this experiment
it was concluded that protection from-chronic-HCV
infection was achieved by gpE1/gpE2 vaccination and the
level of protection correlated with the level of antibodies
directed against gpE1/gpE2.
During this vaccine-study, the lack of an efficient in
vitro culture system made it impossible to determine the
neutralizing capacity of the vaccine-induced antibodies.
Retrospective analysis performed by Meunier et al[128]
demonstrated robust neutralization in four out of five of
the protected animals. However, since one of the protected
animals showed only minimal HCVpp neutralizing
capacity, and another animal with high neutralizing titers
was not protected, neutralizing antibody responses alone
cannot fully explain the results. Furthermore, vaccine
antigens were derived from the same HCV strain that was
used for the challenge.
Dahari et al[47] reported the results from 21 animals
immunized with gpE1/E2. Included in these numbers
were the seven animals described by Choo et al[106]. From
the 14 animals that received a similar recombinant protein
vaccine 12 vaccinees resolved HCV infection while 2
animals developed persistent HCV infection[47,107,119].
In conclusion, while very promising results have been
obtained with this vaccine candidate, there is some note
of caution since these results could not be reproduced.

capacity, and despite the presence of E2 specific cellular
responses both animals were not protected from chronic
HCV infection. For the first time, this study showed that
E1 neutralization can be achieved and has protecting
potential. Possibly, epitopes within E1 are masked
when administered as a heterodimer and may therefore
have been missed until now. However, the exact role
of E1 during the cell entry process needs to be further
elucidated.
New insights in the role of E1 indicate that a better
understanding of the interaction between E1 and E2 as
well as the exact mechanisms of virus/receptor interaction
and cell entry are needed.
Vaccine strategies for induction of protective T-cell
responses
Although traditionally most vaccination strategies have
relied on the induction of neutralizing antibody responses,
the emergence of human immunodeficiency virus (HIV)
and the realization that cellular immune responses are
important in suppressing replication of this virus has
boosted the development of new vaccine strategies
for the induction of effective T-cell responses. The
HCV vaccine research has greatly benefited from these
developments and modeled their experimental vaccines
on the knowledge gained in the HIV-field.
DNA vaccines encoding for HIV antigens have been
proven efficient in the induction of HIV specific T-cell
responses[129]. In the year 2000, Forns et al[110] performed a
proof of principle experiment in two chimpanzees, using
a DNA plasmid encoding for surface-expressed E2. One
animal developed antibodies directed against E2 and
HVR-1, while the other animal had only very low levels
of E2 specific antibodies. However, no HCV specific
T-cells could be detected. Nonetheless, upon challenge
with the heterologous HCV, both vaccinees resolved
HCV infection, while the control animal developed
a persistent HCV infection. From this experiment it
appears that DNA immunization can provide protection
against infection, although the underlying mechanism is
still unclear.

Induction of cross neutralizing antibodies: At the
time of these experiments, heterogeneity in the envelope
regions became evident, and it was assumed that
multivalent vaccines were required to provide protection
to heterologous virus stains. In order to broaden the
immune response, and offer protection against a wider
range of HCV isolates, Esumi et al[108] used truncated E1
and E2 glycoproteins produced in insect cells together
with HVR-1 peptides from a different HCV isolate and
immunized one chimpanzee. The vaccine, delivered in
Freund’s (in)complete adjuvant, induced E1 and E2
specific humoral responses, but only a low antibody titer
against HVR-1. Upon challenge with HCV#6, the animal
showed a transient peak of HCV RNA, which in view of
the low propensity of this virus to cause chronic infection
implies that the vaccine did not confer protection.

Virus-like particles: Delivery of antigens in the form
of virus-like particles has been described as an efficient
strategy to elicit T-cell responses[130]. This was evaluated
in a study in chimpanzees, by giving four immunizations
with HCV-like particles[111] consisting of the structural
proteins Core, E1 and E2, in AS01B adjuvant. All four
chimpanzees showed broad and strong T-cell responses,
determined by IFN Enzyme-Linked ImmunoSpot
(ELISPOT) and proliferation assay, in peripheral blood. In
the liver antigen specific CD4 as well as CD8 T-cells were
observed, comparable in magnitude to the blood. All four
animals were able to control an intravenous challenge with
HCV clone CG1b within 12 wk.

E1 neutralizing capacity: Because these HCV-envelope
protein vaccines were based on the E1E2 heterodimer,
the role of the individual glycoproteins could not be
determined. Only recently, the gpE1 and a gpE2 lacking
the HVR-1 were evaluated separately[109]. In two animals
immunized with gpE1 HCV neutralizing antibodies were
induced and after a heterologous HCV-1b challenge,
both animals were able to resolve HCV infection shortly
after challenge. In contrast, the two E2 delta HVR-1
immunized animals showed no HCVpp 1b neutralizing
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HCV infection, CD8 T-cells were found to have cytolytic
capacity [132]. Interestingly, the animals that became
chronically infected had higher mRNA expression levels
of exhaustion markers programmed cell death protein
1 (PD-1), cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) (Figure 2) and indoleamine 2,3-dioxygenase
in the liver, suggesting the induction of T-cells with
regulatory functions that might have prevented formation
of a cytotoxic T-cell response[115].
In 2008, a replicating recombinant vaccinia virus
(rVV) vaccine; PolyVax (rVV-HBV-HCV) was evaluated
in chimpanzees[116]. After immunization with PolyVax the
animals were exposed to HBV and after resolution of
the HBV infection, they were boosted with HCV-rVV,
expressing HCV-1b based E1, E2, p7, NS2 and NS3. To
assess the efficacy against HCV infection, animals were
intravenously exposed to 2.5 CID50 of a homologous
HCV strain. Unfortunately, this challenge was not successful
and 17 wk later a second challenge was performed with
the same inoculum with 24 CID50. After peak viremia,
viral titers declined to non-detectable levels within 4 wk
in all four vaccines while two controls became persistently
infected. Eighteen months after the initial HCV clearance a
multigenotype rechallenge was performed. Only one animal
was able to clear infection while in three other animals,
genotype HCV-1a remained detectable in plasma. PolyVax
transiently induced HCV neutralizing antibodies. However,
these were not present at the time of HCV exposure. On
the other hand long lasting IFNγ secretion and proliferative
responses were observed after PolyVax immunization
and these cellular responses were boosted by HCV-rVV.
To what extend these responses may have contributed to
control of virus replication after the second challenge is
difficult to establish due to possible contribution of the first
2.5 CID50 HCV exposure.
Adenoviruses are efficient vehicles for gene transfer
and have a natural tropism for the liver[133], the site of
HCV replication and therefore a good candidate for
the delivery of HCV antigens. Youn et al[117] described
a vaccine study with 6 chimpanzees, in which animals
were primed with DNA encoding for HCV-Core, E1,
E2, NS3-5 with three out of six animals receiving an
additional plasmid encoding for IL-12 to promote the
development of IFNγ producing Th1 cells. The prime
was followed by an immunization with replication
incompetent adenovirus expressing the same HCV
antigens. Strong vaccine induced humoral as well as
cellular responses were measured in proliferation assays,
E2 specific enzyme-linked immunosorbent assay and
neutralization assays. In the animal with the strongest
responses at the day of challenge, no HCV RNA could be
detected. All other animals had a delayed and lower peak
virus load and four animals became persistently infected.
While viral vectors typically induce high cellular
immune responses, they have the disadvantage that antivector responses are formed that limit their repeated
application. To circumvent this problem, Folgori et al[118]
used two different types of replication defective adenoviral

the induction of cellular immune responses is greatly
enhanced when two different vaccine modalities are given
in a so-called “prime-boost” combination[131].
A multicomponent prime-boost vaccine strategy was
evaluated by Rollier et al[112] using the relatively conserved
regions, Core and NS3, in combination with the variable
E1 and E2, as vaccine antigens to induce an immune
response against a broad range of HCV variants. DNA
plasmids expressing the individual antigens were used
to prime the immune system and subsequently three
recombinant protein immunization were given as boosts.
Both immunized animals developed strong humoral as
well as strong cellular responses. Animals were challenged
with a heterologous HCV-1b strain and in contrast to the
control animal, both vaccinees suppressed virus replication
to below the detection limit early after exposure. However,
in one vaccinee the virus kept reappearing in plasma at
very low levels while no evidence for HCV replication
could be observed in the other chimpanzee.
Puig et al[113] aimed to induce neutralizing antibodies
by giving a prime with DNA encoding for E1E2 in
combination with HVR peptides in ALUM adjuvant.
The responses were boosted with recombinant E1E2
heterodimer in RIBI (squalene which is emulsified with
saline containing Tween 80)[113]. Strong HVR-1 specific
antibody responses were observed in peripheral blood and
cellular proliferative responses and cytokine production
were found in the liver. Despite these vaccine-induced
responses, the animal became persistently infected after
exposure to an homologous challenge strain. Compared
to the naïve non-vaccinated control animal, a delay in the
peak of virus replication was observed, but not a reduced
viremia.
In another experiment performed by the same research
group, priming with DNA plasmids encoding HCV-NS3,
NS5A or NS5B, followed by a booster immunization
with recombinant vaccinia constructs expressing the same
HCV proteins, resulted in strong T-cell responses. After
experimental HCV exposure, initially virus replication was
controlled. However, the virus reemerged. Losing immune
control coincided with emergence of new virus variants
and the loss of CD4 T-cell recognition[114].
In a similar DNA prime modified vaccinia virus
(MVA) boost strategy, but now directed against HCV
core-E1-E2 and NS3, strong and broad T- and B-cell
responses were reported[115]. However, despite strong
humoral responses, no virus neutralizing capacity was
found and after challenge with HCV-1b, all four animals
showed acute viremia. Only one animal was able to
control virus replication to undetectable levels. The other
three animals became chronically infected. The vaccine
induced vigorous T-cell responses as reflected by strong
proliferation and HCV specific IFNγ, interleukin-2 (IL-2)
and IL-4 cytokine responses. Retrospectively, vaccine
induced T-cell responses were analyzed in more detail.
It was found that, although the vaccine elicited NS3
specific cytokine producing CD4 and CD8 T-cells in
all four vaccinees, only in the chimpanzee that cleared
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Figure 2 Summary of immune responses in hepatitis C virus immunized chimpanzees. Antigen presenting cells (DCs or Kupffer cells in the liver) present HCV
peptides in the context of major histocompatibility complex class Ⅱ molecules to the T-cell receptor (TCR) on CD4 T-cells. CD4 cells may activate B-cells. Antibodies
produced may be neutralizing and bind to circulating HCV particles and prevent the infection of hepatocytes. Or the antibodies may be non-neutralizing antibodies
and potentially play a role in ADCC. CD4-helper T-cells can also stimulate cytolytic T-cells. CD8 T-cells may be directly responsible for lysis when they produce
degranulation molecules like granzymes or perforin after the recognition of a peptide on the surface of an HCV infected hepatocyte. Or via indirect lysis, mediated by
the secretion of cytokines. CD8 T-cells affected by Tregs and exhausted CD8 T-cells are functionally impaired and are incapable of lysing HCV infected hepatocytes.
HCV: Hepatitis C virus; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4; IFN: Interferon; TNFα: Tumor necrosis factor alpha; ADCC: Antibody dependent cellular
cytotoxicity; DC: Dentritic cell; PD-1: Programmed cell death protein 1; TIM-3: T cell immunoglobulin and mucin protein 3; LAG-3: Lymphocyte-activation gene 3.

vectors for two subsequent booster immunizations[118].
For an optimal booster effect, the adenoviruses were
selected based on low seroprevalence in humans and
little or no immunological cross-reactivity between the
two types. Both prime and booster immunizations were
directed against the non structural proteins NS3 to NS5B.
Upon HCV challenge, the immunized animals showed
a reduction of acute viremia, which coincided with
expansion of HCV specific CD8 T-cells in peripheral
blood as well as the liver. In 4 out of 5 immunized
animals, virus load was reduced to undetectable levels,
while in the control group 3 out of 5 animals cleared the
infection.
Similar results were reported in a study, where
chimpanzees received a DNA prime followed by an adeno
virus boost, both expressing NS3-5B + pIL-12[134]. One
animal cleared the infection while the other became
persistently infected. Evidence was found for the
selection of escape mutants that evaded vaccine induced
T-cells. Comparison of the nucleotide sequence of the
circulating viruses in the two immunized animals and the
control animal, showed a nonsynonymous/synonymous
ratio indicative for positive selection. The exact same
immunization strategy was then used to vaccinate two
additional chimpanzees[120] and again one chimpanzee was
able to control the infection early after challenge while in
the other animal the virus persisted and the animal became

WJH|www.wjgnet.com

chronically infected.
In conclusion, all immunization strategies that were
evaluated in chimpanzees induced either humoral or
cellular immune responses, or both. As nicely shown in
the meta analysis performed by Dahari et al[47], compared
to non-immunized animals, vaccinees generally showed
reduced virus replication in the early phase of the
infection, although complete protection from infection
was rare. In addition, the analysis showed that the
proportion of HCV persistence in vaccinees (28.3%) is
much lower compared to 61.9% observed in the control
animals that were included[47].

VACCINE INDUCED T-CELL RESPONSES
IN BLOOD AND PREDICTION OF
OUTCOME
A direct comparison between the individual chimpanzee
experiments is not always possible because of disparity in
experimental design, vaccine-antigens, vaccine regimen,
heterologous or homologous challenge virus and challenge
dose. Also, various methods have been used to assess
the magnitude of vaccine induced T-cell responses. For
instance for the quantification of cytokine production, realtime quantitative polymerase chain reaction, intracellular
cytokine staining and ELISPOT assays have been used,
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which do not necessarily yield the same answer. Despite
these differences, important conclusions can be drawn
on immune regulatory mechanisms that are potentially
involved in HCV clearance.
Clearly, neither the magnitude of the vaccine induced
immune responses nor the breadth of the responses
could predict the protective effect of a vaccine within
one experiment. There is a striking heterogeneity in
vaccine-induced responses between individuals. This not
only reflects the genetic variation of a population but also
differences in pathways as well as regulatory mechanisms
of T-cell responses, similar to the variation observed in
human patients suffering from HCV infection[135]. Larger
study groups would be needed to cover this diversity,
but the special nature of the animals and the high costs
involved, precludes larger experiments.
As an example, in the Folgori study, where a DNAprime was followed by an adenovirus boost expressing
the same antigens, it was not the animal with strong and
broad vaccine-induced cytotoxic T-cell (CTL) responses
that was protected from infection[118]. On the other hand
the vaccinee with the lowest CTL response was the one
animal that became persistently infected. Youn et al[117]
described an association between E2-specific adaptive
immunity and protection from (chronic) infection.
However, in other experiments E2 was not identified as
the key-antigen for protection against chronic infection.

HCV specific T-cells with an exhausted phenotype in
terms of loss of CD127 expression, cytokine expression
and increased levels of the inhibitory markers PD-1 and
CTLA-4 have been described[139-141] (Figure 2). Moreover,
the negative immune modulator Tim-3, LAG-3, CD160
and 2B4 have been associated with exhausted HCV
specific T-cells[139,142,143].
Also active suppression of HCV-specific T-cell
responses by regulatory T-cells or by the immunosuppressive
cytokines IL-10 and transforming growth factor-β have
been described[144]. The contribution of each of these
immuno-regulatory mechanisms during HCV persistence
varies between individual patients and also synergistic
effects were found[135]. Restoration of dysfunctional HCVspecific T-cell responses by blocking inhibitory molecules
temporarily restored anti-HCV T-cell responses resulting
in a transient drop in virus load[143,145-147]. Combining the
recovery of functional T-cells with a boost of T-cell
responses will be of interest as a therapeutic vaccine
strategy.
Natural killer (NK) cells play an important role
during HCV infections[148] because of their potential to
lyse infected hepatocytes via antibody dependent cellular
cytotoxicity. However, because NK cell function has not
been studied in the context of vaccine induced clearance
of HCV in chimpanzees, this is not documented.
Some of the prophylactic vaccine candidates and
regimen that were found beneficial in chimpanzees
have been, or are currently, tested in humans. For two
HCV-envelope vaccines, E1/E2[119] and E1[149], T-cell
and antibody responses in healthy volunteers were
comparable to the responses found in chimpanzees.
Despite these promising results, the development of both
candidates is currently on hold.
Both adenovirus and MVA were successful as vaccine
delivery vehicles in chimpanzees and both platforms
have advanced to human trails. To overcome vector
specific immunity much effort was put into the design
of even less immunogenic vectors or, when multiple
immunizations are required, the design of immunization
protocols with different serotypes of the vector. MVA
and adenovirus based vaccines are currently incorporated
in-mainly-therapeutic vaccination strategies in chronically
infected patients.

ESCAPING VACCINE INDUCED
IMMUNITY
HCV is notorious for its ability to mutate, resulting
in development of different de novo variants that are
generated under immune pressure and result in escape
from T and B-cell responses. Data generated by Lavillette
et al[127] describe two patterns of progressive emergence
of neutralizing antibodies, which were correlated with a
fluctuating decrease in virus load, leading to control of
virus replication and ultimately viral clearance. These data
strongly suggest escaping functional B-cell responses is
at least one of the mechanisms for viral persistence. In
addition, escape mutations have been described for both
CD4[114] and CD8 T-cell[118] epitopes. Vaccine induced
immune escape is therefore of great concern.
On the positive side, mutations induced by immune
pressure can lead to a reduction in viral fitness that could
potentially limit viral persistence. It was demonstrated
that immune pressure induced changes of non-structural
regions can be lethal to the virus[136], while specific changes
in envelope glycoproteins may have serious implications
in selective outgrowth[137], virus entry and sensitivity to
neutralization[138].

CONCLUSION AND FUTURE VACCINE
PERSPECTIVES
Studies in chimpanzees have provided important insights
into the efficacy of different vaccine strategies and
provided evidence for the central role of neutralizing
antibodies in obtaining protection against infection. While
most vaccine candidates that induce cellular immune
responses, do not protect from infection they do lead to
reduced viremia in the acute phase of the infection and
reduce the risk for development of chronicity. The current
challenge is to translate this newly acquired knowledge
into an efficient prophylactic HCV vaccine that protects

OTHER MECHANISMS TO EVADE
VACCINE INDUCED IMMUNITY
Apart from generation of escape mutants, HCV may
evade immune pressure by modulating immune responses.
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from chronic HCV infection.
Due to further restrictions on the use of chimpanzees
for biomedical research, future evaluation of a new vaccine
candidates or strategies in these apes will be severely
limited. We have summarized the work performed so
far, discussing the different immunization strategies used
and types of immune response induced. Although partial
protection, defined as decreased chance to develop chronic
HCV infection, can be achieved by immunization, a clear
correlate of protection has not yet been established.
Further studies are required and have to be based to a large
extent on clinical trials.
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Surgical approach for hepatitis C virus-related
hepatocellular carcinoma
Junichi Shindoh, Masaji Hashimoto, Goro Watanabe
related HCC. For patients undergoing liver resection,
perioperative anti-viral treatment is recommended, since
a decreased HCV viral load itself is reportedly associated
with a lower tumor recurrence rate and a longer overall
survival. For patients undergoing transplanatations
for HCC complicated by end-stage liver disease, the
post-transplant management of HCV infection is also
necessary to prevent progressive graft injury caused
by active hepatitis under the immunosuppressive
condition that is needed after liver transplantation.
Although only a few lines of solid evidence are available
for postoperative antiviral treatment because of the
limited indication and frequent adverse events caused
by conventional high-dose combination interferon
therapy, new direct acting anti-viral agents would
enable interferon-free anti-viral treatment with a higher
virologic response and minimal side effects.
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Core tip: Hepatitis C infection is associated with a poor
survival outcome after curative surgical resection or liver
transplantation in patients with hepatocellular carcinoma
(HCC). For patients undergoing liver resection, the
adequate perioperative management of hepatitis C is
vital for reducing the carcinogenic potential of the liver
remnant and obtaining a longer disease-free interval.
For patients undergoing transplantations for HCC with
end-stage liver disease, the control of hepatitis C is also
needed to avoid progressive graft dysfunction because
of active hepatitis under immunosuppressive condition.

Abstract
Hepatitis C is a strong prognostic factor for patients
with hepatocellular carcinoma (HCC). Although liver
resection and liver transplantation offer the chance of
a cure for HCC, adequate management of co-existing
infection with hepatitis C virus (HCV) is important to
enable better long-term outcomes after surgery for HCV-
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HCC. The purpose of this review was to summarize
the clinical features of HCV-related HCC, to clarify the
current clinical problems, and to discuss optimal surgical
approaches based on reported evidence.
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INTRODUCTION

RESEARCH

Primary liver cancer is one of the most common solid
tumors and is the second leading cause of cancer-related
deaths worldwide[1]. Despite recent developments in the
prevention and treatment of viral hepatitis, approximately
746000 deaths were reported in 2012 among patients
with primary liver cancer. Nowadays, various treatment
options are available for the most common type of
primary liver cancer, hepatocellular carcinoma (HCC),
including surgical resection, ablation therapies, arterial
chemoembolization, radioembolization, and systemic
therapies. However, the presence of chronic liver disease
in the underlying liver and a high tumor recurrence
rate even after curative-intent treatment make the
management of HCC difficult[2,3].
HCC usually arises in liver tissue that has been injured
because of chronic hepatitis or cirrhosis; accordingly,
the impaired hepatic functional reserve often precludes
curative treatment options. Therefore, several clinical
algorithms have been proposed for the optimal selection
of HCC treatments, with consideration given to (1) the
size and number of tumors; (2) the presence of extra
hepatic disease; (3) the hepatic functional reserve; and
(4) the performance status of the patient[4,5]. Currently,
surgical resection and liver transplantation are the two
mainstays of surgical treatment for patients with a limited
number of HCC lesions. These approaches may offer
a higher chance of a cure through the eradication of
micrometastases surrounding the main tumor, thereby
improving the recurrence-free survival rate compared
with those after ablation therapies[6-10]. However, the
presence of hepatitis C virus (HCV) is significantly
related to a poor survival outcome, compared with other
etiologies of HCC, among patients undergoing liver
resection[11] or liver transplantation[10]. Therefore, careful
perioperative management is required for patients with
HCV-related HCC.
Because persistent viremia and active hepatitis after
surgical resection are thought to be potent risk factors
for progressive histopathologic injury and multicentric
carcinogenesis in the underlying liver, adjuvant antiviral
therapy is theoretically preferable after curative treatment
for HCV-related HCC. Nevertheless, only a few lines of
evidence regarding the efficacy of postoperative antiviral
therapy are available[12,13] partially because of the limited
indication for conventional high-dose antiviral therapy
among elderly or cirrhotic patients and the genetic
variability of HCV, which determines its refractoriness
to interferon (IFN)-based combination therapies. In the
present era of new direct-acting antiviral agents (DAAs),
however, the virologic response rate has been dramatically
improved [14-16] and these new drugs may change the
current perioperative management of HCV-related
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The MEDLINE electronic database for English-language
articles was searched for reports published between
January 1991 and October 2014 by using the keywords
“hepatocellular carcinoma”, “hepatitis C”, and “surgery”.
The reference lists of the relevant articles were also
scanned for additional studies.

CLINICAL FEATURES OF HCV-RELATED
HCC
Differences in the etiologies and pathogenic mechanisms
of carcinogenesis may reflect the clinical characteristics
of HCC[17-19]. Hepatitis C is one of the leading causes
of HCC[20] and a Japanese nationwide survey performed
by the Liver Cancer Study Group of Japan (LCSGJ)
reported that 67.7% of patients with HCC were positive
for hepatitis C[21]. Patients infected with HCV reportedly
have a higher risk of HCC compared with those infected
with HBV[22-24]. This situation can probably be explained
by the fact that no effective treatment for hepatitis C that
can be used for all patients with minimal adverse events
has been available until recently.
When a patient is diagnosed as having HCC, the
current clinical algorithms[4,5,25] offer similar therapeutic
options irrespective of the etiology of the disease. However,
several studies have reported that HCC emerging on a
background of viral hepatitis was associated with a poorer
long-term survival, compared with HCC without viral
hepatitis[26-29]. A recent large cohort study from LCSGJ has
shown that hepatitis C infection is a significant prognostic
factor and that HCV-related HCC was associated with
poorer survival outcomes in terms of both the recurrencefree survival rate and the overall survival rate after surgical
resection, compared with those of HCC patients without
viral hepatitis[11].
Given these natural history and clinical features of
HCV-related HCC, the management of patients should
be considered in terms of the following 3 steps: (1)
treatment BEFORE emerging HCC; (2) treatment FOR
HCC; and (3) adjuvant management AFTER treatment
for HCC.

MANAGEMENT OF PATIENTS WITH
CHRONIC HEPATITIS C INFECTIONTREATMENT BEFORE EMERGING HCC
A recent meta-analysis has reported that a sustained
virologic response (SVR) after treatment for HCV is
associated with a reduced incidence of HCC at any stage
of fibrosis[30]. Conventionally, combination therapy using
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guideline for liver cancer treatment proposed by the Japan
Society of Hepatology[4], surgical resection is currently
indicated for Child-Pugh class A or class B patients with
HCC less than or equal to 3 nodules irrespective of the
size of each tumor, while liver transplantation is limited
to only Child-Pugh class C patients who meet the Milan
criteria.

A'

A
T

B'

B

MHV

V8i

LIVER RESECTION FOR HCC

P8v

Liver resection is usually indicated for patients with
oligonodular HCC and a preserved hepatic functional
reserve[4,5,25]. Portal hypertension is basically considered
to be a contraindication for surgery. However, favorable
surgical outcomes have also been reported in a carefully
selected population with portal hypertension who
received meticulous perioperative management[32]. The
basic principles of liver resection are not influenced by
the etiologies of HCC. However, careful preoperative
assessment and surgical planning are needed to maximize
both the surgical curability and the safety of the surgery.
To secure the curability of surgery, an accurate preo
perative assessment of the tumor extent is important.
Dynamic computed tomography (CT) and enhanced
magnetic resonance imaging (MRI) can sensitively delineate
HCCs, and ultrasonography allows surgeons to confirm
the three-dimensional (3-D) relationship between the
tumors and the surrounding major vascular structures. In
these imaging studies, the location of the tumor should
be described according to the Couinaud’s classification
of liver segments for the adequate selection of surgical
maneuvers. Because HCC tends to spread via portal veins,
the “anatomic resection” of the tumor-bearing portal
territory (Figure 1) is a theoretically reasonable approach
for HCC. Although the true efficacy of anatomic
resection remains uncertain, various studies have reported
a superior outcome after anatomic resection with an
apparently lower rate of local recurrence, compared with
non-anatomic limited resections of the liver[33-35].
Next to these accurate assessments of tumor distri
bution and the selection of a surgical maneuver for a
cure, the risk of resection should be evaluated using
systematic volumetry and hepatic functional tests such
as the indocyanine green clearance test or 99mTc-GSA
scintigraphy. Because the excessive removal of the hepatic
parenchyma increases the risk of postoperative hepatic
insufficiency according to the quality of the underlying
liver[36-39], the extent of the resection should be balanced
between the surgical curability and the hepatic functional
reserve[40].
With recent developments in 3-D simulation techni
ques, surgical planning procedures have become easier
through the simulation of various hepatic resections on a
computer prior to surgery. This technique offers accurate
anatomic confirmation and automatic calculation of the
absolute volume of an interested part of the liver. When
planning a complex anatomic resection, preoperative
3-D liver simulation is mandatory and volume estimation

P8d

Figure 1 Concept of anatomic resection of the liver. This schema shows
an example of resection for hepatocellular carcinoma located in ventral part
of Segment Ⅷ. The line A-A’ indicates non-anatomic limited resection with
adequate surgical margin and the line B-B’ represents anatomic resection of
ventral part of Segment Ⅷ. Because the “tumor-bearing” portal territory is at
high risk of harboring micrometastases scattered via portal veins, systematic
removal of the corresponding portal region would offer higher chance of
eradicating cancer cells. T: Tumor; P8v: Ventral branch of Segment Ⅷ portal
pedicle; P8d: Dorsal branch of Segment Ⅷ portal pedicle; MHV: Middle hepatic
vein; V8i: Intermediate vein for Segment Ⅷ.

IFN and ribavirin has been used for patients with chronic
active hepatitis C. However, the SVR rate associated
with the conventional IFN-based treatment was not
satisfactory because of the high prevalence of HCV
genotype 1b which is associated with a poor response
to anti-viral therapy. Also, adverse effects such as fever,
pancytopenia, interstitial pneumonia, and depression,
frequently preclude treatment with an adequate intensity
and duration in elderly and cirrhotic patients.
However, with the recent introduction of DAAs, the
SVR rate of HCV has changed dramatically, and adverse
events caused by conventional IFN-based therapies have
been avoided using these new IFN-free regimens[14-16].
Although the efficacy of these new drugs with regard
to the incidence of HCC needs to be clarified in the
near future, anti-viral treatment is recommended for all
patients with serologically positive hepatitis C based on
the expected reduction in the carcinogenic potential of
the underlying liver tissue.

TREATMENT ALGORITHM FOR HCC AND
INDICATIONS FOR SURGERY
When HCC is diagnosed incidentally or during a followup examination for chronic liver disease, the optimal
treatment options are selected according to the oncologic
and physical status of the patient. In the Barcelona Clinic
Liver Cancer (BCLC) algorithm[5,25], surgical resection is
indicated for patients with a good performance status
and solitary HCC when there is no evidence of portal
hypertension. Liver transplantation is recommended for
patients with HCC who meet the Milan criteria (solitary
tumor ≤ 5 cm or ≤ 3 tumors with each tumor ≤ 3
cm)[31], regardless of the hepatic functional reserve. In the
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S8vent
S8dor

S7

S5dor

S6
P6

Total liver volume
1123 mL

S5vent

P5vent
Right hemihepatectomy
FLR 210 mL (18.7%)

S5dor + S7 + S8 resection
FLR 662 mL (58.9%)

Figure 2 Surgical planning by three-dimensional simulation technique. The three-dimensional liver simulation enables virtual hepatectomy and volume
estimation of future liver remnant (FLR). In this case, a large hepatocellular carcinoma is located in segment 7 and 8, and partially extending to dorsal part of segment
5. Right hemihepatectomy is impossible due to very small FLR volume. However, when preserving the territory fed by a thick ventral branch for segment 5 (P5vent)
and segment 6, the tumor is resectable leaving sufficient volume of the liver parenchyma. S5vent: Ventral part of segment 5; S5dor: Dorsal part of segment 5; S8vent:
Ventral part of segment 8; S8dor: Dorsal part of segment 8.

using the simulation software is helpful in determining the
surgical indications, especially for patients with a marginal
hepatic functional reserve (Figure 2).

recipients complicated with HCC and end-stage liver
disease.

SIGNIFICANCE OF POSTOPERATIVE HCV
VIRAL LOAD AND ADJUVANT ANTIVIRAL THERAPY

LIVER TRANSPLANTATION FOR HCC
Liver transplantation is a reasonable approach with a
theoretically higher chance of tumor eradication, especially
in patients with severe hepatic dysfunction. The clinical
outcomes of liver transplantation for HCC were initially
poor in the early era of this treatment[41,42]. However, since
the publication of the landmark study by Mazzaferro
et al[31] it has become widely recognized that preferable
survival outcomes can be expected in a selected population
with a limited tumor size and number of HCCs (Milan
criteria). Nowadays, these criteria have been extended
including tumor markers or biopsy findings in several highvolume transplant centers[43-50].
Several studies have suggested that HCV infection
has an additional negative impact on the outcomes of
patients undergoing transplantations for HCC[51-54], and
other studies have reported similar survival outcomes
in HCV and non-HCV patients with HCC[55,56]. Small
sample sizes, heterogeneous populations, and nonadjustments for multiple confounders in liver transplant
recipients may explain these variations in observations.
However, both HCC and HCV seem to have a deleterious
impact on long-term patient and graft survival. Dumitra
et al [57] reviewed 601 liver transplant recipients and
reported that the coexistence of HCC and HCV had the
largest deleterious impact on the long-term survival rate,
doubling the risk of mortality after liver transplantation.
With the introduction of DAAs, however, the
safety and efficacy of protease inhibitors compared
with conventional combination therapy with IFN and
ribavirin have been reported in patients undergoing liver
transplantation for hepatitis C[58]. Because the deleterious
effect of HCV can be attributed to uncontrollable
viremia after transplantation, these new effective drugs
could improve the long-term outcomes of liver transplant
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Although adequate surgical intervention contributes to
an improvement in long-term survival, the postoperative
management of hepatitis C is also important for patients
with HCV-related HCC. After liver resection, HCC shows
two modes of recurrence: recurrence from residual
intrahepatic micrometastases, and neocarcinogenesis in
the underlying liver. The former type of recurrence can be
reduced by adequate surgical maneuvers and the complete
removal of the hepatic parenchyma, including both the
main tumor and the surrounding latent micrometastases,
while the latter type of recurrence is closely associated
with the carcinogenic potential of the underlying liver
itself. Because sustained viremia is associated with chronic
histopathological injury and an increased risk of tumor
recurrence and a poor survival outcome[59], adjuvant antiviral therapy may be preferable for patients with a positive
serology for HCV.
Recent meta-analyses have revealed that postoperative
IFN treatment for HCV-related HCC prevents HCC
recurrence and improves survival[12,13]. Conventionally, the
eradication of HCV and a sustained status of undetectable
HCV-RNA have been regarded as the most important
factors for obtaining better clinical outcomes. However,
a recent study based on a prospective population has
revealed that a lower HCV viral load itself predicts
better long-term surgical outcomes in patients with HCC
regardless of the serologic eradication of HCV (Figure
3)[60,61]. Therefore, postoperative antiviral therapy with
individually adjusted intensities might be advantageous
for reducing HCC recurrence, even among patients who
cannot tolerate the currently used standard high dose antiviral therapy.
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Figure 3 Cumulative recurrence rate (A) and cumulative overall survival (B) curves of low and high viral load groups stratified according to the results of
hepatitis C virus RNA quantification. (Adapted from Shindoh et al[60] with permission).

After liver transplantation, the control of HCV
infection is also necessary for the protection of the liver
graft. Although the risk of tumor recurrence is relatively
low as long as the patient meets the Milan criteria, reinfection with HCV is inevitable, and the rapid progression
of graft fibrosis toward cirrhosis is sometimes observed
because of the active HCV infection that occurs under
the immunosuppressive conditions. As for the efficacy
of prophylactic anti-viral therapy during the early
posttransplant period, a recent multicenter randomized
study denied its efficacy in terms of patient/graft survival
rates[62]; therefore, most Western surgeons do not support
the routine use of preemptive antiviral therapy. However,
this study was performed prior to recent effective
combination therapies with DAAs, and the reported SVR
rate was only 22%. The University of Tokyo has recently
reported that preemptive antiviral therapy is feasible,
with acceptable tolerance and an end-of-treatment
response rate of 56% and SVR rates of 44% under a
strict treatment protocol[63]. Several recent studies have
also reported that patients who achieved an SVR after
antiviral therapy showed significantly better patient/graft
survival rates[64-66]. Given the improved SVR rates that
have been achieved in the era of DAAs, prophylactic
treatment during the early post-transplant period may
be able to reduce the HCV viral load effectively and to
suppress histopathological injury to grafted livers.

underlying liver are the main reasons for the poor survival
outcome after liver resection, adjuvant anti-viral therapy
at an individually adjusted intensity may be important
for achieving a longer survival period after surgery. Liver
transplantation offers a higher chance of cure for HCC,
regardless of the hepatic functional reserve. However,
post-transplant re-infection with HCV is troublesome and
sometimes causes the rapid progression of liver damage,
resulting in graft failure. Although only a few lines of
solid evidence have been available for postoperative
antiviral treatment because of limited indications and
frequent adverse events caused by the conventional highdose combination interferon therapy, new DAAs enable
interferon-free anti-viral treatment with a higher virologic
response and minimal side effects.
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Hepatitis C and kidney disease: An overview and approach
to management
Ahmad Najib Azmi, Soek-Siam Tan, Rosmawati Mohamed
kidney disease has come to light. Hemodialysis in
supporting the end stage renal disease patients
unfortunately carries a risk for hepatitis C infection.
Despite much improvement in the care of this group
of patients, the prevalence of hepatitis C infection in
hemodialysis patients is still higher than the general
population. Hepatitis C infection has a negative effect
on the survival of hemodialysis and renal transplant
patients. Treatment of hepatitis C in end stage renal
disease patients using conventional or pegylated
interferon with or without ribavirin remains a clinical
challenge with low response rate, high dropout rate
due to poor tolerability and many unmet needs. The
approval of new direct acting antiviral agents for
hepatitis C may dramatically change the treatment
approach in hepatitis C infected patients with mild to
moderate renal impairment. However it remains to be
confirmed if the newer Hepatitis C therapies are safe in
individuals with severe renal impairment. This review
article discusses the relationship between hepatitis C
and chronic kidney disease, describe the various types
of renal diseases associated with hepatitis C and the
newer as well as the existing treatments for hepatitis
C in the context of this subpopulation of hepatitis C
patients.

Ahmad Najib Azmi, Department of Medicine, Faculty of Medicine
and Health Sciences, Universiti Sains Islam Malaysia, Kuala
Lumpur 55100, Malaysia
Soek-Siam Tan, Department of Hepatology, Selayang Hospital,
Selangor 68100, Malaysia
Rosmawati Mohamed, Department of Medicine, Faculty of
Medicine, University of Malaya, Kuala Lumpur 50603, Malaysia
Author contributions: Azmi AN, Tan SS and Mohamed R
equally contributed to the present work; Azmi AN drafted, wrote,
edited and revised the article; Tan SS and Mohamed R equally
contributed to revising, editing and writing the article.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Ahmad Najib Azmi, MBBS, MMed,
Senior Lecturer, Department of Medicine, Faculty of Medicine
and Health Sciences, Universiti Sains Islam Malaysia, 13th Floor,
Menara B, Persiaran MPAJ, Jalan Pandan Utama, Pandan Indah,
Kuala Lumpur 55100, Malaysia. najibaz@usim.edu.my
Telephone: +60-3-42892400
Fax: +60-3-42892477
Received: September 4, 2014
Peer-review started: September 5, 2014
First decision: September 28, 2014
Revised: October 13, 2014
Accepted: November 7, 2014
Article in press: November 10, 2014
Published online: January 27, 2015

Key words: Chronic hepatitis C; Kidney disease;
Management
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is a strong association between hepatitis
C virus (HCV) infection and chronic kidney disease with
negative impact on survival in hemodialysis and post
renal transplant HCV infected patients. Recent data
showed that treatment of HCV improves outcomes. In
HCV infected diabetics, effective anti-HCV treatment
reduces the incidence of end stage renal disease. There
are now major advances in HCV treatment which may
dramatically change the treatment approach in hepatitis

Abstract
Hepatitis C infection and chronic kidney disease are
major health burden worldwide. Hepatitis C infection
is associated with a wide range of extra-hepatic
manifestations in various organs including the kidneys.
A strong association between hepatitis C and chronic
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hepatitis may progress to liver fibrosis and subsequently
cirrhosis and hepatocellular carcinoma, which are the
major burden of disease in people living with chronic
hepatitis C. However, there are also extra-hepatic
manifestations of HCV which include glomerulonephritis,
thyroiditis, insulin resistance, diabetes mellitus, porphyria
cutanea tarda, lichen planus, vitiligo, seronegative arthritis,
cryoglobulinemia and lymphoproliferative disorders[6].
It has been reported that approximately 40% of the
HCV infected patients have at least one extra-hepatic
manifestation[12].
Large-scale community observational studies and
others showed that HCV infection carries a risk for CKD
and end stage renal disease (ESRD)[5,7,8,13]. Similarly in CKD
patients, HCV infection increases the risk of developing
ESRD with an estimated 5-year cumulative incidence
rate of 52.6% compared to 38.4% in those without HCV
infection[14]. This study also reported that HCV infection
is an independent risk factor for developing ESRD[14]. The
risk for CKD is higher in HCV patients with other comorbidities such as diabetes, hyperlipidemia, cirrhosis, male
gender, age < 50 years, and those on more than 6 years
follow-up for HCV[7].
Several factors may contribute to the development
of ESRD in HCV infected patients. HCV may trigger
a cascade of immune reactions that subsequently attack
the kidneys and result in glomerulonephritis. HCV was
also found to be associated with insulin resistance and
dyslipidemia[15], thus, indirectly increasing the risk of renal
disease.
Kidney diseases associated with HCV may present
clinically as nephritic, nephrotic syndrome or isolated
proteinuria with or without impairment in renal func
tion. The pathological changes on renal biopsy are
membranoproliferative glomerulonephritis (MPGN),
membranous glomerulopathy (MG), IgA nephropathy,
focal segmental glomerulosclerosis, mesangial proliferative
glomerular nephritis or tubulointerstitial nephritis[16]. In
an Italian multi-centre study of 146 cryoglobulinemic
glomerulonephritis, 87% was HCV infected[17]. Diffuse
MPGN was the most common renal biopsy finding in
83% of patients and type Ⅱ cryoglobulin was detected in
74.4% of cases.
In a case-control study, it was also found that MPGN
was significantly more prevalent than membranous
glomerulopathy among HCV associated kidney disease
patients (0.36% vs 0.05%; P < 0.0001), with the most
common involvement being type Ⅰ MPGN associated
with type Ⅱ mixed cryoglobulinemia[6].
Glomerulonephritis may occur many years or even
decades after HCV infection. The mechanism for MPGN
related to HCV is thought to be immune-complex
mediated (antigen-antibody immune complexes formation
from chronic infection) and these immune complexes
activate the classical pathway of complements and cause
deposition of immunoglobulins, complement factors and
both kappa and lambda light chains in the mesangium and
the capillary walls[18]. HCV-NS3 viral antigen deposits were
detected in kidney tissues of patients with positive HCV

C infected patients.
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INTRODUCTION
There are approximately 130-150 million people infected
with hepatitis C virus (HCV) while the prevalence of
chronic kidney disease (CKD) is between 10%-16%
worldwide[1,2]. The prevalence of HCV positive among
hemodialysis patients can vary from < 5% to as high
as 60% from different regions in the world [3,4]. The
link between HCV infection and kidney disease is
well recognized[5,6]. In a large population-based study
in Taiwan, the prevalence of CKD among those who
are seropositive for hepatitis C was 16.5% and chronic
hepatitis C infection was found to be an independent risk
factor for development of CKD[5,7]. In another study, the
presence of anti-HCV antibody is associated with renal
disease progression with a higher rate of positive antiHCV in those with more severe stages of CKD[8].
The survival of HCV-infected CKD patients at stage
1 and 2 CKD is thought to be similar to the non-uremic
HCV patients[9]. In contrast, a meta-analysis reported
negative impact of anti-HCV positivity on survival in
hemodialysis patients; the adjusted relative risks for allcause mortality was 1.35 (95%CI: 1.25-1.47) and for liver
disease related mortality was 3.82 (95%CI: 1.92-7.61)[10].
The treatment for hepatitis C is rapidly evolving with
many new agents in the pipeline either in late phases of
development or awaiting approval. Direct acting antivirals (DAAs) target various parts of the HCV lifecycle.
In 2011, two new DAAs, the first generation of HCVNS3/NS4A serine protease inhibitors (PI) telaprevir and
boceprevir were approved for treatment of genotype 1
HCV. Two more DAAs were approved more recently;
sofosbuvir, a nucleotide analog NS5B polymerase
inhibitor which is effective against HCV genotypes 1, 2,
3 and 4 and simeprevir, the third NS3/NS4Aprotease
inhibitor approved is effective against HCV genotype
1 [11]. The newer generation of DAAs are associated
with increased sustained viral response and good safety
profiles.
This review describes the various types of clinical
manifestations of HCV in patients with CKD and their
management, which remains challenging with many
unmet needs.

HEPATITIS C RESULTING IN KIDNEY
DISEASE
HCV primarily affects the liver causing hepatitis; chronic
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RNA and MPGN[19,20]. Cryoglobulins are immunoglobulins
which become insoluble at below body temperature
and dissolve when rewarmed. In individuals with HCV
infection, these cryoglobulins are immune complexes
formed by monoclonal immunoglobulin M (usually IgM
Rheumatoid factor), polyclonal immunoglobulin G and
HCV RNA which are deposited in the small and mediumsized vessels of the skin, kidneys and peripheral nerves.
The deposition of these immune complexes in the
mesangium of the kidneys triggers glomerulonephritis.
Although proteinuria below nephrotic range, microscopic
hematuria, mild to moderate renal insufficiency and arterial
hypertension are among the classical clinical features, 30%
of chronic hepatitis C with cryoglobulinemia have nonspecific features like purpura, asthenia and arthralgia. Less
than 10% have vasculitis affecting the kidney, skin and
nerves[21,22]. Alanine transaminases are raised in 70% of
patients, complements like C4, C1q are very low while C3
is only slightly low and the majority are rheumatoid factor
positive[21,23]. Patients with diffuse MPGN showed higher
levels of proteinuria and lower C4 levels[17]. The clinical
course of patients with MPGN and cryoglobulinemia is
classically relapsing and remitting, the top three causes of
death are cardiovascular, sepsis and liver failure[17]. ESRD
requiring hemodialysis is infrequent due to early mortality
during the course of CKD before approaching ESRD[17,23].
Interestingly, studies also found an association of occult
HCV in immune-mediated glomerular nephropathies[24,25].
In these studies, occult HCV is defined as negative antiHCV-antibodies and serum HCV RNA but presence of
HCV RNA in mononuclear cells in peripheral blood or in
serum after ultra-centrifugation or HCV antigen detection
using immuno-histochemistry in frozen renal tissues. The
clinical implication of this finding requires further studies.
In the management of HCV-infected individuals, it is
imperative that clinicians actively screen for kidney disease
and prevent or control the additional risk factors (diabetes,
hyperlipidemia and cirrhosis) for CKD. The liver and renal
clinical practice guidelines recommend annual surveillance
for hematuria and proteinuria in HCV-infected patients
for early detection of glomerulopathies[9,26].

compared to the general population[3,9,29,30].
There are mainly two groups of HCV infected
patients in the hemodialysis unit, either the patients
already have HCV infection before entering into treatment
with hemodialysis or the HCV infection was acquired
during the maintenance hemodialysis. The mode of
HCV transmission is parenteral through contaminations
from surfaces, supplies, invasive procedures, direct
contact among patients and from breach in infection
control practices[9]. Before the era of screening blood
donors for HCV and the use of erythropoetin, multiple
blood transfusions to treat anemia in dialysis patients
had contributed to the increased prevalence of HCV
transmission[3]. In one prospective observational study
conducted in three major continents, the prevalence
of HCV in hemodialysis patients were higher among
those who were on dialysis for longer duration, male
gender, black ethnicity, concurrent illness like diabetes
or hepatitis B infection, prior kidney transplant and
alcohol or substance abuse[27]. In its guideline to prevent
HCV transmission in hemodialysis unit, Kidney Disease
Improving Global Outcome (KDIGO) guidelines stressed
the importance of compliance to strict infection-control
procedures at all times[9].
A meta-analysis on patients receiving maintenance
hemodialysis, found that HCV-positive patients have
higher mortality compared to HCV-negative patients.
This study showed that liver-related death was higher
than cardiovascular-related death among these groups
[adjusted relative risk 3.82 (95%CI: 1.92; 7.61) vs 1.26
(95%CI: 1.10; 1.45) respectively] [10]. Deaths due to
hepatocellular carcinoma and liver cirrhosis was higher in
HCV-positive group[31]. There is no observed difference
between hemodialysis and peritoneal dialysis on the
survival rate of these HCV infected dialysis dependent
patients[32,33].

HEPATITIS C AND RENAL TRANSPLANT
Hemodialysis is a risk factor for HCV infection. KDIGO
guidelines recommend all renal transplant candidates
should be screened for HCV and state that HCV infection
is not a contraindication to renal transplant. A metaanalysis on 13 observational studies by Fabrizi et al[34]
found that most studies showed an increase in all-cause
mortality and all-cause renal graft loss among renal
transplant recipients with HCV[34]. This is likely due to
post-transplant immunosuppression and undiagnosed
HCV infection prior to transplant. Hepatitis C infection
in the setting of post renal transplant had been reported
to cause specific diseases in the liver and the transplanted
kidney.
In a cohort study of 614 renal transplant recipients,
2.45% (15 recipients) were diagnosed with MG post
transplant. In eleven of them were de novo MG and 6 out
of the 11 de novo MG cases were associated with HCV
infection. All but one of the HCV infected recipients
were not treated before the transplant[35]. Other studies

HEPATITIS C AND HEMODIALYSIS
In 2004, the Dialysis Outcomes and Practice Patterns
Study (DOPPS) reported that 13.5% of hemodialysis
patients are infected with hepatitis C. The prevalence
rates of hepatitis C among these patients exhibits regional
variations with less than 5% in the United Kingdom and
Germany and higher prevalence of more than 20% in
Spain and Italy[27]. Among 10 countries studied within
the Asia-Pacific region, the HCV seroprevalence among
hemodialysis patients were between 0.7% and 18.1%[28].
In addition, the prevalence of HCV were higher in HD
group compared to patients on peritoneal dialysis [(7.9%
± 5.5%) vs (3.0% ± 2.0%), P = 0.01]. More importantly,
the prevalence of HCV patients with ESRD who
underwent hemodialysis can be at least five times higher
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also found that HCV is a strong aetiologic factor for
development of MG post transplant[36,37].
Fibrosing cholestatic hepatitis had been reported
in HCV-infected renal transplant recipients. It is a
complication of immunosuppression resulting in extremely
high serum HCV RNA levels causing rapid progression
to liver failure, sepsis and associated with high mortality
rates. Biochemical profiles showed progressive cholestatic
jaundice with liver biopsy showing characteristic features
of cholestasis and fibrosis. Withdrawal or reductions of
immunosuppression tend to have significant impact on
preventing the progression of liver failure[38,39] but at the
expense of possible renal graft loss.
In a study by de Oliveira Uehara et al[40], 22 renal
transplant recipients who were HCV-positive and have
pre and post transplant liver biopsies, were followed up
to 7 years post transplant. Fifty percent of the patients
showed progression in liver fibrosis and 32% had
worsening of liver necro-inflammatory activity. Post
transplant worsening of liver fibrosis was also detected
in patients with no histological changes prior to the
transplant[40]. In another study by Roth et al[41], 44 patients
with HCV-positive recipients were followed for slightly
shorter interval showed no significant liver disease
progression, 16% of the studied recipients showed
histologic improvement, and 23% showed progression of
liver disease[41]. It is likely that HCV infection post renal
transplant will gradually cause worsening of liver disease
in the majority of cases.
A prospective study showed that despite significant
decrease in patient and renal graft survival post renal
transplant in HCV positive recipients compared to their
HCV negative counterparts, the survival of HCV positive
ESRD is still better with renal transplant rather than
remaining on maintenance hemodialysis[42]. Kidneys from
anti-HCV positive donors have been used to transplant
HCV infected renal recipients [43]. This approach will
help to shorten the waiting time for HCV RNA positive
renal transplant candidates[44,45]. In addition to the benefit
of shorter waiting time, the use of kidneys from HCV
positive donors had also been shown to improve the
overall survival compared to staying on the waiting
list (adjusted HR for death 0.76, 95%CI: 0.60, 0.96)[46].
However, transmission from infected donor may produce
super-infection from a different HCV genotype[47].

for HCV RNA viral load, HCV genotyping as well as liver
fibrosis. HCV genotype is a strong predictor of response
to anti-HCV treatment. KDIGO recommended special
steps in drawing blood sample for HCV RNA tests in
hemodialysis patients because heparin is an inhibitor
of polymerase chain reaction [49]. In order to avoid
contamination with heparin which is used in hemodialysis
session, the blood sample for HCV RNA should be taken
from a peripheral vein before the dialysis session[9].
Assessment of severity of liver disease is recommended
prior to anti-HCV therapy. KDIGO recommend that
HCV-infected potential kidney transplant candidates
to undergo liver biopsy as part of the pre-transplant
assessment. In a study which had 284 HCV infected
hemodialysis patients undergoing liver biopsies, the
complications reported were local pain in 18.3%, shoulder
soreness in 11.7%, oozing at puncture site in 11.3%, liver
hematoma in 1.1% and only one patient suffered from
hemoperitoneum[50]. Another study on percutaneous liver
biopsy in chronic hepatitis C patient with or without renal
failure also found the procedure to be safe without any
increased risk in hepatitis C infected ESRD[51].
We look into several studies that analysed liver biopsy
findings in this group of patients. These studies revealed
that about 22%-81% of HCV positive ESRD patients
had histological evidence of liver fibrosis on biopsy while
a smaller percentage of approximately 13%-25% had
biopsy proven cirrhosis[52-54].
Although serious complications of liver biopsy
are uncommon, the procedure is not well accepted by
patients, and is open to sampling as well as interpretation
errors. Non-invasive methods to evaluate the severity of
liver disease in management of hepatitis C patients have
been recommended[26,55]. A combination of non-invasive
tests improves the diagnostic accuracy. An easily available
method for assessing liver fibrosis in HCV patients is by
using amino transaminase-to-platelet ratio index (APRI).
APRI is calculated by [(amino-transaminase/upper limit
normal)/platelet count (109/L)] × 100. A study in HCV
infected ESRD patients found that APRI > 0.4 and
< 0.95 can correctly predict 50% patients with F3-F4
fibrosis, 33% of F3-F4 fibrosis patients may have been
mislabeled and consequently did not have a liver biopsy
as part of the renal transplant assessment. The authors
concluded that APRI was not a good predictor of hepatic
fibrosis in transplant evaluation of HCV-positive ESRD
patients[56]. An earlier study showed that APRI is a precise
and reproducible test in predicting hepatic fibrosis in
hemodialysis patients[57]. The different findings in these
two studies were probably due to the different cut-off
values used in predicting fibrosis.
Transient elastography (TE) has been found to be
superior to APRI in assessing the severity of liver fibrosis
especially in hemodialysis HCV infected patients with
significant liver fibrosis (≥ F2 and ≥ F3)[50]. Overnight
fasting before TE measurement is recommended to
minimize the effect of raised portal and central venous
pressure. The optimal cut off values were 5.3 kPa, 8.3
kPa and 9.2 kPa for fibrosis stage ≥ F2, ≥ F3 and F4,

ASSESSMENT OF HEPATITIS C AND
LIVER DISEASE STATUS IN RENAL
PATIENTS
The clinical tools used in assessing HCV and the liver
disease in non-uremic patients are generally applicable to
renal patients apart from a few notable differences. HCV
infected patient on hemodialysis tend to have normal
alanine transaminase possibly due to high lactate level,
which cause rapid consumption of NADH co-enzyme or
enzyme during dialysis[48].
All anti-HCV-positive CKD patients should be assessed
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with multiple co-morbidities remains a challenge.
Renal transplant candidates with HCV-infection are
recommended to receive HCV treatment due to benefits
in slowing the development of liver disease and reduce the
risk of HCV-related post-transplant complications[41] such
as new-onset diabetes mellitus[60] and chronic allograft
nephropathy[61]. In a controlled clinical trial by Cruzado
et al[62], renal transplant recipients who received pretransplant IFN therapy were shown to have a significantly
lower rate of de novo glomerulonephritis compared to
recipients who were untreated[62].
The objective of anti-HCV treatment is to achieve
sustained virological response (SVR), which is classically
defined as undetectable HCV RNA by polymerase
chain reaction at 6 mo after interferon-based treatment.
Achieving SVR in advanced fibrosis patients is associated
with a decrease in all cause mortality, reduce risk of liver
transplantation as well as liver related deaths like liver
failure and hepatocellular[63]. However the benefits span
beyond the liver. A Taiwan population based cohort
study stratified diabetes mellitus patients into 3 groups;
HCV-infected patients who were treated with PegIFN
and ribavirin, HCV-infected patients who were never
treated and an uninfected group. The 8-year cumulative
incidence of ESRD and acute coronary syndrome were
significantly lower in those who received anti-HCV
therapy[64]. The authors concluded that treatment of
HCV-infected patients with PegIFN and ribavirin was
associated with improvements in cardiovascular and renal
outcomes in diabetes mellitus patients.
Moreover, a meta-analysis on the durability of SVR
in successfully treated HCV showed 86% durability in
those who remained on maintenance hemodialysis while
in those who received renal transplant it was 95% durable
after a follow-up of 48 mo[65].

respectively. It is noteworthy that a systematic review of
12 studies showed that TE is an excellent tool to identify
HCV-related cirrhosis but not accurate for early stages of
liver damage[58].
Patients with clinical or histological evidence of
cirrhosis should have further assessments to look for the
complications of cirrhosis such as upper endoscopy for
varices and liver ultrasound for hepatocellular carcinoma
surveillance.

TREATING HEPATITIS C INFECTION IN
CKD PATIENTS
KDIGO recommends that all CKD patients with
HCV infection to be assessed for anti-HCV therapy.
As there are risks of interferon (IFN) therapy and
benefits of avoiding the complications related to HCV
infection in post renal transplant setting, KDIGO and
other liver guidelines state that HCV infected renal
transplant candidates should be treated for hepatitis
C before renal transplant[9,26]. In clinical practice, the
decision to treat HCV infection in a patient with
CKD must be individualized after discussion of the
potential risks and benefits of therapy. Factors such as
life expectancy, renal transplant candidacy, other comorbidities and the available expertise should be taken
into consideration[9,26,55]. CKD patients in Stages 1 and
2 have normal survival as in the general population but
CKD stage 3 and 4 have lower 5 years survival at 76%
and 54% respectively. However the survival of CKD
stage 5 patients is markedly diminished compared to
the general population without renal impairment[9]. The
liver-related complications of HCV, namely cirrhosis
and hepatocellular carcinoma, have been implicated in
the lower survival of HCV infected CKD Stage 5D or
hemodialysis patients[31].
The widely accepted standard of care (SoC) for HCV
therapy is pegylated IFN (PegIFN) in combination with
ribavirin[26]. Using this SoC in renal impaired patients
has several limitations mainly due to aggravated side
effects resulting in premature discontinuation of therapy,
higher dropout rates and treatment related mortality.
Consequently, only few HCV-infected kidney disease
requiring hemodialysis patients are treated. DOPPS
reported that 4735 out of 49762 patients on hemodialysis
were HCV-positive (9.5%) but only 48 out of 4589
(1%) patients with prescription data receive anti-viral
treatment[59]. In the same study, among 617 HCV-positive
renal transplant candidates, only 3.7% receive anti-viral
treatment. Nevertheless, HCV-positive dialysis patients
who received treatment were found to have better
survival than untreated group.
CKD patients mostly suffer from multiple co-mor
bidities. Diabetes mellitus, hypertension and cardiovascular
disease are among the co-morbidities that reduce the
survival rate among CKD patients but also render them
poor candidates for the current SoC anti-HCV therapy.
Management of HCV-infection in kidney disease patients
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Approved anti-HCV therapies and
their use in renal impairment
IFN is broken down mainly in the kidneys therefore IFN
therapy in patients with kidney disease may result in a
significant amount of IFN accumulation in the body.
PegIFN was introduced where the polyethylene glycol is
attached to the IFN molecule making it more stable and
longer half-life in the plasma. Instead of thrice weekly
IFN injection, PegIFN requires only weekly injection. The
two formulations of pegylated interferon are PegIFNα2a and PegIFN-α2b. The latter is weight based at 1.5
mcg/kg while PegIFN-α2a dose is 180 mcg regardless
of body weight. PegIFN-α2a is metabolized in both the
kidneys and liver while PegIFN-α2b only by the kidneys.
Plasma concentration of PegIFN is significantly elevated
in hemodialysis patients, thus, PegIFN dose has to be
reduced. For patients with creatinine clearance (CrCl) of
< 30 mL/min and on hemodialysis, PegIFN-α2a dose
should be reduced from 180 mcg to 135 mcg weekly[66].
PegIFN-α2b dose should be reduced by 25% in patients
with CrCl of 30-50 mL/min, and by 50% in patients with
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CrCl of < 30 mL/min or on hemodialysis[67].
Ribavirin is a nucleoside analogue that when combined
with PegIFN increases the rates of SVR. Ribavirin
can accumulate in the red blood cells and may lead to
hemolytic anemia due to the lack of phosphatase. Toxicity
increases significantly with impaired CrCl as its plasma
concentration increase when the CrCl is < 50 mL/min.
Measuring plasma levels of ribavirin is not a widely
available clinical tool. Studies have shown that ribavirin
200 mg or 400 mg on alternate days to be reasonably well
tolerated by patients with moderate renal impairment,
while in patients with severe renal impairment or on
dialysis ribavirin 200 mg daily can be used[68]. Using lowdose ribavirin in CKD patients need more frequent
monitoring of hemoglobin[69,70].
Boceprevir selectively inhibits NS3 serine protease,
which is vital for HCV RNA replication into virions
inside the host cells[71]. In phase 3 clinical trials, boceprevir
combined with PegIFN and ribavirin in HCV genotype
1 achieved SVR of 60% for treatment naïve HCV
patients, and 63% SVR for relapsers and previous partial
responders[72,73]. A study by Treitel et al[74] showed no
significant pharmacokinetic changes in patients with
liver and renal impairments. The authors suggest that
boceprevir dose modification is not necessary in patients
on dialysis[74].
Telaprevir in combination with PegIFN and ribavirin
achieved up to 75% SVR in treatment naïve HCV
Genotype 1 patients, while in previous relapsers, partial
responders and null responders the SVR were up to 88%,
59% and 33% respectively, vs 24%, 15% and 5% in the
PegIFN/ribavirin arm[75]. Telaprevir plasma concentration
increase by 21% in patients with renal impairment
compared to normal renal functions[76]. According to
the package insert, telaprevir does not require any dose
adjustment in patients with mild, moderate or severe renal
impairment[77].
A recent study by Mauss et al[78], reported that 4.7%
patients on boceprevir and 6.6% patients on telaprevir
experienced reduction in estimated glomerular filtration
rate (eGFR) to < 60 mL/min compared to 0.9% in the
PegIFN and ribavirin only group (P < 0.05). Several
factors contributing to the reduction in GFR were older
age (P < 0.001), hypertension (P < 0.05), higher serum
baseline creatinine (P < 0.001) and being on triple
therapy PegIFN/ribavirin with boceprevir or telaprevir
(P < 0.01)[78]. Similar findings were also reported in other
studies[79,80].
Simeprevir together with PegIFN plus ribavirin in
phase Ⅲ studies achieved SVR rates of 80% and in
treatment naïve HCV genotype 1 patients and previous
relapsers to PegIFN/ribavirin compared to 36.1% in
PegIFN/ribavirin group[81]. No dose adjustment is needed
in mild, moderate or severe renal impairment but the data
on simeprevir in ESRD or dialysis patients is lacking[82].
In treatment naïve HCV genotype 1, sofosbuvir with
PegIFN plus ribavirin therapy for 12 wk achieved SVR up
to 89%[83]. With the approval of sofosbuvir and ribavirin,
interferon free regimen is now available for genotype 2
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and 3 patients. For genotype 2 HCV patients, sofosbuvir
with ribavirin for 12 wk yielded 95%-97% SVR in
treatment naïve patients and 82%-90% SVR rate in
previously treated patients. In HCV genotype 3 patients,
sofosbuvir with ribavirin for 24 wk produced SVR
rate of 93% in treatment naïve and 77% in previously
treated patients[83,84]. No dose adjustment is required in
renal impaired patients. However, sofosbuvir package
insert does not recommend the use of this drug in those
with severe renal impairment or ESRD due to higher
exposures of the predominant sofosbuvir metabolite[85].
EASL and AASLD/IDSA/IAS-USA2014 guidelines
on HCV treatment do not recommend sofosbuvir in
patients with eGFR of < 30 mL/min per 1.73 m2 or with
ESRD until more data are available[55,86].
Apart from the above, there are also specific res
trictions on co-administration of certain drug categories
with each of DAAs mentioned above which may
affect the plasma levels of these DAAs. For instance,
sofosbuvir co-administration with drugs which induce
P-glycoprotein like rifampin, carbamazepine, phenytoin
or St. John’s wort are not allowed [85]. In the case of
simeprevir, dose adjustments are needed with some
medications that are commonly prescribed in CKD
patients like anti-arrhythmics, warfarin, calcium channel
blockers, antibiotics, antifungals and 3-hydroxy-3-methylglutaryl-Co-A reductase inhibitors[82]. As CKD patients
are likely to be prescribed various medications for their
co-morbidities, taking a good medication history and
checking for drug-drug interactions are important steps
before initiating treatment with DAAs.
Table 1 shows a summary of recommendations on HCV
therapy in various stages of renal impairment according to
the various guidelines. A summary of systematic reviews
on the treatment of HCV in patients with renal disease is
shown in Table 2.

TREATMENT FOR HEPATITIS C RELATED
GLOMERULONEPHRITIS
In the current understanding of HCV related glo
merulonephritis (GN), HCV is the infectious agent which
cause GN. The renal disease shows injury from immune
complex deposition and cryoglobulins. According to the
recent AASLD/IDSA/IAS-USA hepatitis C guideline, HCV
patients with type 2 or 3 essential mixed cryoglobulinemia
and end-organ manifestations (e.g., vasculitis), proteinuria,
nephrotic syndrome, or membranoproliferative glomeru
lonephritis are included in the highest priority for anti-HCV
treatment due to the high risk for severe complications[87].
Progressive renal disease, proteinuria to the extent of
nephrotic syndrome and hypertension are the main mani
festations of GN. Therefore a multi-prong approach to
the management of HCV related GN involves controlling
the clinical manifestations and protecting the kidneys,
eradicating HCV, and also reducing the formation and
deposition of HCV containing immune complexes in
the glomeruli. Anti-hypertensive and anti-proteinuric
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Table 1 Summary of recommendations on hepatitis C virus therapy in various stages of renal impairment according to guidelines
CKD stage

KDIGO 2008

Stage 1 and 2
Stage 1 = GFR ≥ 90 mL/
min per 1.73 m2
Stage 2 = GFR 60-89 mL/
min per 1.73 m2

APASL 2012

EASL 2014

AASLD/IDSA/IAS-USA 2014

PegIFN and ribavirin PegIFN and ribavirin
Dose of ribavirin to
be titrated to patient’s
tolerance

PegIFN and ribavirin/sofosbuvir/simeprevir
Dose of:
(1) PegIFN 2a is 180 μg/wk
(2) PegIFN 2b is 1.5 μg/kg per week
(3) Ribavirin is 1000 mg or 1200 mg if body
weight < 75 kg or ≥ 75 kg
(4) Sofosbuvir is 400 mg daily
(5) Simeprevir is 150 mg daily
Stage 3, 4 and 5
PegIFN
PegIFN and ribavirin
For GFR = 30-50 mL/min per 1.73 m2
Stage 3 = GFR 30-59 mL/ Dose of PegIFN to
Dose of:
PegIFN and ribavirin/sofosbuvir/simeprevir
min per 1.73 m2
be adjusted to renal
(1) PegIFN 2a is 135 μg/wk
Dose of:
Stage 4 = GFR 15-29 mL/ function
(2) PegIFN 2b is 1 μg/kg per week
(1) PegIFN 2a is 180 μg/wk
min per 1.73 m2
(3) Ribavirin is 200-800 mg/d
(2) PegIFN 2b is 1 μg/kg per week or 25%
Stage 5 = GFR < 15 mL/
reduction
min per 1.73 m2
(3) Ribavirin is alternating doses 200 and
400 mg every other day
(4) Sofosbuvir is 400 mg daily
(5) Simeprevir is 150 mg daily
For GFR < 30 mL/min per 1.73 m2
PegIFN and ribavirin/simeprevir
Dose of:
(1) PegIFN 2a is 135 μg/wk
(2) PegIFN 2b is 1 μg/kg per week or 50%
reduction
(3) Ribavirin is 200 mg daily
(4) Simeprevir is 150 mg daily
Stage 5D
Conventional IFN
Conventional IFN or PegIFN and
IFN free and if
PegIFN or conventional IFN and ribavirin
GFR < 15 mL/min per
Dose to be adjusted
markedly reduced dose of ribavirin possible ribavirin Dose of:
1.73 m2 on maintenance
to a GFR < 15 mL/min Dose of:
free but no safety (1) PegIFN 2a is 135 μg/wk
hemodialysis
per 1.73 m2
(1) PegIFN 2a is 135 μg/wk
and efficacy data (2) PegIFN 2b is 1 μg/kg per week
(2) PegIFN 2b is 1 μg/kg per week
(3) Conventional IFN is 3 mU 3 x/wk
(4) Ribavirin is 200 mg/d
CKD: Chronic kidney disease; KDIGO: Kidney Disease Improving Global Outcome; APASL: Asian Pacific Association for the Study of the Liver; EASL:
European Association for the Study of the Liver; AASLD: American Association for the Study of Liver Disease; IDSA: Infectious Disease Society of
America; IAS-USA: International Antiviral Society-United States of America; PegIFN: Pegylated interferon; IFN: Interferon; GFR: Glomerular filtration
rate; KDIGO 2008: Patients with genotypes 1 or 4 is for 48 wk of therapy if an early virological response (EVR) is obtained at 12 wk (> 2 log fall in viral
titer). Genotype 2 or 3 is for 24 wk[9]. APASL 2012: Patients with genotypes 1 is for 48 wk treatment if achieve a complete EVR at week 12, if achieved rapid
virological response (HCV RNA undetectable) at week 4 and HCV RNA at baseline is < 400000 IU/mL for shorten treatment to 24 wk and if not achieve
an EVR at week 12, but show a significant reduction in HCV RNA levels (partial EVR) and negativity of HCV RNA at week 24 (late virological response,
LVR), treatment may be continued up to 72 wk. For Genotype 2 or 3 is 24 wk treatment[26]. EASL 2014: Regimens for patients with genotype 1 are 12 wk
of sofosbuvir/ribavirin/PegIFN or 12 wk of sofosbuvir/simeprevir/ribavirin or 24 wk of sofosbuvir/ribavirin. For genotype 2 is 12 wk of sofosbuvir/
ribavirin. For genotype 3 are 24 wk of sofosbuvir/ribavirin or 12 wk of sofosbuvir/ribavirin/PegIFN. For genotype 4 are 12 wk of sofosbuvir/ribavirin/
PegIFN or 24 wk of sofosbuvir/ribavirin or 24 wk PegIFN/ribavirin/simeprevir for first 12 wk. For genotype 5 or 6 are 12 wk of sofosbuvir/ribavirin/
PegIFN or 24 wk of sofosbuvir/ribavirin[55]. AASLD/IDSA/IAS-USA 2014: Regimens for patients with genotype 1 are 12 wk of sofosbuvir/ribavirin/
PegIFN or 12 wk of sofosbuvir/ribavirin/simeprevir or 24 wk of PegIFN/ ribavirin/simeprevir for first 12 wk or 24 wk of sofosbuvir/ribavirin or 24 wk of
sofosbuvir/simeprevir. For genotype 2 is 12 wk of sofosbuvir/ribavirin. For genotype 3 are 24 wk of sofosbuvir/ribavirin or 12 wk of sofosbuvir/ribavirin/
PegIFN. For genotype 4 are 12 wk of sofosbuvir/ribavirin/PegIFN or 24 wk of sofosbuvir/ribavirin or 24-48 wk of PegIFN/ ribavirin/sofosbuvir for first
12 wk. For genotype 5 or 6 are 12 wk of sofosbuvir/ribavirin/PegIFN or 48 wk of PegIFN/ribavirin[132].

medications are reno-protective agents, which will delay
progression of renal disease while anti-hyperlipidemic
therapy may also be required. Diuretics administered
together with angiotensin converting enzymes inhibitors
and/or angiotensin receptor blockers were proven to be
effective[88,89].
Data on specific treatment in HCV related GN was
generally limited. Anti-viral therapies like IFN with or
without ribavirin were studied in small number of clinical
trials or pilot studies and the results were heterogenous.
A systematic review on anti-viral therapy in symptomatic
HCV-associated mixed cryoglobulinemia showed that
combination therapy of PegIFN and ribavirin achieved
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SVR of 0.52 (95%CI: 0.40; 0.63) while conventional IFN
plus ribavirin achieved SVR of 0.32 (95%CI: 0.15; 0.49)[90].
Other than anti-HCV treatment, immunosuppressive agents
(cytotoxics and corticosteroids) and plasma exchange are
also among the approach in treating HCV related GN.
HCV related cryoglobulinemic GN is currently using
a more targeted approach, which are anti-virals, B-cell
depletion therapy and non-specific immunosuppressive
therapy[91]. Fabrizi et al[92] in a recent review article on HCVmixed cryoglobulinemia have divided treatment strategies
based on clinical-biological presentation. The presentations
were divided to mild to moderate disease, severe disease
and life threatening[92]. Mild to moderate disease was
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Table 2 Summary of systematic reviews on hepatitis C virus treatment in patients with renal disease
HCV and renal condition/ref. and year

No. of trials/patients

Types and duration of treatment

SVR

Notes

Trials = 10

Combination of PegIFN plus ribavirin
6 mo to more than 12 mo
Conventional IFN plus ribavirin
6 mo to more than 12 mo

52%

Dropout rate = 15%

Trials = 8
Patients = 173

Conventional or PegIFN
3 mo to 12 mo

58%

Dropout rate = 9%
Genotype 1 = 49%

Trials = 28
Patients = 645
Trials = 16
Patients = 254
Trials = 10

Conventional IFN or PegIFN

31%-39%

Dropout rate = 19%-27%

PegIFN
24-48 wk
Conventional interferon + ribavirin or
Peg-IFN + ribavirin
24-48 wk

33%-38%

Dropout rate = 23%

56%

Dropout rate = 25%

Conventional IFN monotherapy or
Conventional IFN plus ribavirin or
PegIFN + ribavirin
3.5 to 33 mo

26.6%
PegIFN base = 40.6%

Dropout rate = 21.1%

Conventional IFN
base = 20.9%

Graft rejection rates = 4%

Glomerulonephritis
Fabrizi et al[90] (2013)

Patients = 300
Acute Hepatitis C
Fabrizi et al[116] (2012)
Hemodialysis
Fabrizi et al[117] (2008)
Fabrizi et al[118] (2010)
Fabrizi et al[122] (2011)

Patients = 151
Renal transplant
Wei et al[128] (2014)

Trials = 12

Patients = 140

32%

Genotype 1 = 58.3%

HCV: Hepatitis C virus; SVR: Sustained viral response; IFN: Interferon; PegIFN: Pegylated interferon.

defined as no worsening nephritis, polyneuropathy
or other complications. Severe disease was defined as
progressive motor neuropathy, worsening nephritis and
extensive skin involvement. Life-threatening disease was
defined as rapidly progressing GN, central nervous system,
gastrointestinal with or without respiratory involvement.
Studies on anti-viral agents used in HCV related GN
were mainly explored in small observational studies.
Most of these studies showed positive effects of antiviral therapy in terms of achieving SVR and clinical
improvement[93-97]. In HCV-mixed cryoglobulinemia, the
use of standard IFN alpha monotherapy showed high
frequency of viral and clinical relapse[98,99]. Combination
of IFN alpha with ribavirin has shown improvement in
HCV-mixed cryoglobulinemia patients with cutaneous,
kidney and neurologic manifestation[100] together with
better rate of clinical and viral response[95]. In HCVrelated GN, IFN alpha monotherapy was shown to
improve proteinuria and HCV RNA clearance compared
to immunosuppressive therapy with corticosteroids, but
no significant improvement of kidney function by either
treatment was observed[101]. The authors suggested that
further well-designed study is needed. In a recent metaanalysis of 11 controlled and uncontrolled clinical studies
on IFN-based anti-HCV therapy in CKD patients showed
significantly decrease in proteinuria and stabilization of
serum creatinine. Improvement in proteinuria is related
to SVR but there was no association between serum
creatinine and HCV RNA clearance[102].
Rituximab is an anti-CD20 monoclonal antibody which
cause rapid depletions of B-cells and therefore interferes
with cryoglobulins and monoclonal IgM production. In
HCV-mixed cryoglobulinemia, the use of rituximab
was shown to reduce proteinuria significantly [103] and
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achieve complete clinical response in up to 60%-70%
of patients[104]. A prospective cohort study by Saadoun
et al[97] showed that rituximab plus PegIFN and ribavirin
produced better renal response rate (normalization of
serum creatinine and resolution of proteinuria and/or
hematuria), shorter time to clinical remission and higher
rate of cryoglobulin clearance compared to PegIFN and
ribavirin only therapy in HCV-mixed cryoglobulinemia
patients[97]. Hence rituximab may be considered in severe
or life-threatening disease.
Corticosteroids and other immunosuppressive agents
like cyclophosphamide or azathioprine may be considered
in life threatening HCV-mixed cryoglobulinemic vasculitis.
High dose corticosteroids may induce remission during
the acute stage. However, several studies that evaluated
the use of immunosuppressive agents gave variable results
with small success rates[23,105,106].
A problem with the use of steroids or immuno
suppressive agents is the increase in HCV replications
and consequent detrimental effects on the liver. Acute
exacerbation with increase in serum transaminases and
HCV RNA viral load had been reported in cancer patients
with chronic hepatitis C who received treatment with
chemotherapy and the use of rituximab is an associated
risk factor[107]. The KDIGO guideline on GN noted that
cyclical corticosteroids or alkylating agents is contrain
dicated in idiopathic membranous nephropathy when
there is untreated infection including hepatitis C.
Plasmapheresis theoretically removes immune complexes
and cryoglobulins[108]. It is usually performed during acute
phase or life-threatening disease and is effective in rapidly
progressive GN[109]. It may be useful in patients with poor
response to anti-viral therapy or immunosuppressant.
The recent KDIGO clinical practice guideline for GN
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al[117] found that SVR rate for HCV infected hemodialysis
patients treated with conventional IFN monotherapy
resulted in SVR of 39% and a drop-out rate of 19%[117],
while for PegIFN monotherapy the SVR was 33% and
drop-out rate was 23% [118]. The adverse effects were
mainly anemia and gastrointestinal symptoms. However,
late side effects such as neurological and cardiovascular
adverse effects were the main reasons for discontinuation
of therapy. The reason for the high occurrence of side
effects was probably due to altered pharmacokinetics
of IFN in ESRD patients; doubling of the plasma IFN
concentration-time curve was observed in ESRD patients
compared to normal kidney function patients[119]. Gradual
increase in the IFN-alpha is an option to improve
tolerability and achieve adequate dose of treatment and
consequently better SVR. Treatment with PegIFN-α2b
monotherapy beginning with a dose of 0.5 μg/kg per
week, and gradually increasing every 4 wk to a maximum
of 1 μg/kg per week resulted in an overall SVR rate
of 50% while in genotype 3 patients the SVR rate was
80%[120].
Ribavirin is mainly removed by the kidneys and
there is very little elimination by hemodialysis. The use
of ribavirin in patients with ESRD, therefore, carries a
significant risk of hemolytic anemia. A recent randomized
trial compared PegIFN monotherapy vs the combination
of PegIFN and ribavirin 200 mg daily in treatment
naïve HCV genotype 1 hemodialysis patients[121]. The
combination therapy group had a significantly lower
hemoglobin level (less than 8.5 g/dL) compared to
monotherapy group (72% vs 6%, P < 0.001) but a
significantly higher SVR rate (64% vs 33%, P < 0.001).
The drop out rate was slightly higher in combination
therapy group compared to monotherapy group (7%
vs 4%). A systemic review revealed that combination
therapy of PegIFN plus ribavirin in hemodialysis
patients with HCV infection resulted in SVR rate of
56% and dropout rate of 25% [122]. Heart failure and
anemia were recognized as the main reasons for the high
dropout rate[102]. Patients for combination therapy with
IFN and ribavirin are recommended to receive a lower
dose of Ribavirin of 200-400 mg three times weekly
with closer monitoring for anemia at weekly intervals.
Other strategies to prevent worsening of anemia is to
optimize the use of erythropoietin and intravenous iron
supplement[9].
The role of triple therapy consisting of first generation
PI with the backbone of PegIFN and ribavirin in longterm hemodialysis HCV-genotype 1 patients remains
unclear. A pilot study on the use of telaprevir-based triple
therapy reported efficacy with good tolerability in ESRD
patients who previously failed to achieve SVR with
PegIFN/ribavirin therapy. Three out of 4 patients achieved
undetectable HCV RNA at 12 wk with telaprevir-based
triple therapy[123]. In another study, therapy with telaprevir,
PegIFN plus ribavirin was evaluated in 7 HCV-infected
ESRD patients on hemodialysis; six out of 7 patients
achieved SVR with the majority (5/7 patients) developing

recommended the use of PegIFN alpha plus ribavirin in
patients with moderate proteinuria, stable renal functions
(CKD stages 1 and 2) and mild to moderate histological
changes[110]. In nephrotic range proteinuria and/or rapid
progressive GN and acute flare of cryoglobulinemia,
rituximab or plasmapheresis, cyclophosphamide and
intravenous corticosteroids should be given[9]. Once the
acute phase has resolved, IFN-alpha therapy may be
initiated to prevent exacerbation of cryoglobulinemic
vasculitis[111]. It is unclear how soon the anti-HCV therapy
should be initiated after starting the immunosuppressive
agents; further research in the optimal treatment of this
group of patients is required[104].

TREATMENT FOR ACUTE HEPATITIS C
IN CKD PATIENTS
Acute hepatitis C occur among CKD populations mainly
due to past blood transfusions, horizontal transmissions
or even from nosocomial infections in dialysis unit. This
is a concern as 85%-90% of untreated acute hepatitis
C progress to chronic hepatitis C[112]. Data on treatment
in acute HCV infection among CKD patients is limited,
partly due to the silent nature of an acute HCV infection
causing difficulty in the diagnosis. Spontaneous clearance
of HCV RNA in acute hepatitis C occur in 5%-30% of
patients[112-114], hence, KDIGO 2008 recommended waiting
for a minimum 12 wk before initiating HCV treatment
in CKD patients[9]. Treatment of acute hepatitis C in
hemodialysis patients with conventional IFN achieved
higher rate of HCV RNA clearance compared to those
not treated. Patients given high dose IFN (6-10 million
units three times per week) therapy are more likely to stop
therapy compared to those on low dose IFN (3 million
units three times per week) due to adverse events[113]. A
study on acute hepatitis C hemodialysis patients, showed
high SVR rate at 88.6% in those receiving PegIFN 135
mcg once per week vs 16.7% spontaneous viral clearance
rate in the control group[115]. A meta-analysis on treatment
of acute HCV in patients on dialysis with conventional
or PegIFN showed SVR rates of 58% (95%CI: 38:77)
and dropout rates of 9% (95%CI: 4:14)[116]. The higher
SVR rate achieved in dialysis patients with acute HCV
compared to chronic HCV underscore the need to treat
acute HCV infection in hemodialysis patients to reduce
the risk of chronicity.

TREATMENT FOR CHRONIC HEPATITIS C
IN HEMODIALYSIS PATIENTS
The higher prevalence of HCV infection in hemodialysis
patients compared to the general population, as well as
robust data showing increased mortality in HCV positive
hemodialysis patients and renal transplants patients and
the higher risk of all cause renal graft loss are some of
the reasons why HCV positive hemodialysis patients need
to be treated[3,9,29,30,34]. Two meta-analyses by Fabrizi et
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anemia < 10 g/dL [124]. Newer direct-acting antiviral
agents are in the horizon, however as most studies or
clinical trials did not include patients with abnormal renal
function, the use of these newer anti-HCV treatments in
patients with renal impairment requires further evaluation.

simeprevir, daclatasvir and ribavirin in recurrent hepatitis
C patients after orthotopic liver transplant, where the
simeprevir plasma concentration was found to be raised
by 6-fold in the presence of cyclosporin[133]. According
to the AASLD/IDSA guidelines, no dose adjustment
is required for combination therapy of sofosbuvir and
simeprevir when co-administered with tacrolimus based
on studies in liver transplant patients.

TREATMENT FOR CHRONIC HEPATITIS
C IN POST-KIDNEY TRANSPLANT
PATIENTS

CONCLUSION

In organ transplant setting, hepatitis C viral replications
have been shown to increase significantly with chronic
immunosuppression use and after corticosteroids
treatment for acute rejection[125,126]. Treatment of HCV
with IFN alpha after renal transplant showed variable
graft rejections rates of 15%-100% and a 20% chance
for permanent renal allograft failure[127]. A recent metaanalysis in HCV infected renal transplant patients who
received anti-HCV therapy with conventional IFN or
PegIFN with or without ribavirin found that the SVR
rate was 26.6 % (95%CI: 15.0%-38.1%), dropout rate
of 21.1% (95%CI: 10.9%-31.2%) and the graft rejection
rate was 4% (95%CI: 0.8%-7.1%). In the PegIFN-based
therapy the SVR was up to 40.6% and graft rejection rate
was 4% while in conventional IFN-based therapy group,
the SVR was only 20.9%, and graft dysfunction was
19.2%. Combination therapy of conventional IFN or
PegIFN with ribavirin led to a better SVR rate compared
to monotherapy, with the best results achieved with
PegIFN and ribavirin combination[128]. In another study,
it was shown that the risk of renal allograft rejection is
higher in the first year post transplantation therefore
delaying interferon treatment after the first anniversary
of transplant is preferred[129]. However most guidelines
do not recommend IFN treatment for HCV in kidney
transplant recipients[9,26,55]. Initiating IFN therapy with
the possibility of renal graft loss and return to the need
for hemodialysis is probably justifiable and unavoidable
in cases of severe rapidly progressive liver failure from
fibrosing cholestatic hepatitis and life-threatening
vasculitis [9]. Comprehensive discussion on the risks
and benefits of such therapy must be made with the
individual patient. As IFN treatment has a limited role in
patients post renal transplant, studies on the use of IFNfree therapy in this group of patients is urgently required.
The newer generation DAAs like sofosbuvir and
daclatasvir have been reported to salvage liver transplant
patients with HCV related fibrosing cholestasis[130].
There are limited data on the use of the new DAAs
together with the calcineurin inhibitors like cyclosporins
and tacrolimus in HCV-infected post renal transplant
recipients. Prescribing information from boceprevir
and telaprevir showed significant increase in plasma
concentration of cyclosporin, sirolimus or tacrolimus,
thus the plasma concentration level of these drugs should
be monitored closely[77,131]. The AASLD/IDSA guideline
does not recommend the co-administration of simeprevir
and cyclosporine[132] based on a pharmacokinetic study of
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HCV infection is strongly associated with CKD, as
both the cause and the consequence. Furthermore,
HCV imparts a major medical burden in renal patients
and increases the mortality of ESRD patients whether
maintained on hemodialysis or after renal transplant.
Successful anti-HCV therapy in this setting ameliorates
these poor outcomes. It is vital for clinicians involved
in the care of HCV patients to recognize, diagnose and
manage the kidney component of this viral infection.
Annual testing for proteinuria and hematuria should be
part of the screening tests in chronic hepatitis C patients.
The management of HCV patients should also include
prevention of modifiable risk factors for HCV related
CKD like diabetes and hyperlipidemia. However without
large-scale clinical trials in this subpopulation of HCV
patients with associated kidney disease, the current
recommendations and common day-to-day practice are
based on extrapolation from the non-CKD population
and incorporating necessary dose adjustments based on
the pharmacology of these drugs. The poor tolerability
and efficacy from current PegIFN and low dose ribavirin
in HCV patients with ESRD, call for an urgent need for
interferon-free anti-HCV regimens. Clinical studies on
pharmacokinetics, safety and efficacy of the newer antiHCV agents in this group of patients are ongoing[134].
With the rapid pace of development of the newer DAAs
that we have been observing, interferon-free regimen
may soon become a reality and will offer a new hope for
everyone living with HCV.
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a 5-year survival rate of 50%, offering good longterms results in selected patients. With the advances
in laparoscopic surgery, major liver resections can be
performed with minimal harm, avoiding the wound
and leak complications related to the laparotomies.
Studies have shown that oncological margins are the
same as in open surgery. In patients submitted to liver
resection (either laparoscopic or open) who experience
recurrence, re-resection or salvage liver transplantation
has been showing to be an alternative approach in well
selected cases. The decision making approach to the
cirrhotic patient is becoming more complex and should
involve hepatologists, liver surgeons, radiologists and
oncologists. Better understanding of the different risk
factors for recurrence and survival should be aimed in
these multidisciplinary discussions. We here in discuss
the hot topics related to surgical risk factors regarding
the surgical treatment of hepatocellular carcinoma:
anatomical resection, margin status, macrovascular
tumor invasion, the place of laparoscopy, salvage liver
transplantation and liver transplantation.
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Core tip: The decision making approach to the cirrhotic
patient with hepatocellular carcinoma (HCC) represents
one of the most challenging frontiers in liver surgery
and, as a result, should involve a multidisciplinary
assessment. Despite the advances in non-surgical
therapies, surgery is still the treatment that can
offer the best survival. In patients submitted to liver
resection who experience recurrence, re-resection or
salvage liver transplantation has been shown to be an
alternative approach in well-selected cases. We herein
discuss some controversial topics regarding the surgical

Abstract
Hepatocellular carcinoma represents one of the most
challenging frontiers in liver surgery. Surgeons have to
face a broad spectrum of aspects, from the underlying
liver disease to the new surgical techniques. Safe liver
resection can be performed in patients with portal
hypertension and well-compensated liver function with
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performed[11].
Resection has the advantages of being readily acce
ssible and cheaper when compared to transplantation
and doesn’t preclude a future liver transplant in the
case of tumor recurrence (salvage LT). Moreover, due
to advances in surgical technique (mainly laparoscopic
approach), care and patient selection, it has become a
safe procedure, with mortality rates in specialized centers
lower than 5% [12,13]. Good long-term results can be
achieved (50%-70% 5-year overall survival) in selected
patients[14].
However, resection is followed by high rates of
morbidity and mortality in patients with chronic liver
disease, being possible only in patients with preserved
liver function[15]. In the context of long transplant waiting
lists, some groups specialized in both liver surgery
and transplantation have advocated resection for the
treatment of solitary HCC in patients with preserved
liver function[14,16].
It has also been shown that in patients within the
Milan criteria, the long-term outcome of those listed for
LT (intention to treat analysis) was similar when compared
to patients who underwent resection[17]. A recent metaanalysis including studies using case controlled and
intention to treat analysis showed that resection and
transplantation lead to similar 5-year overall survival (OR
= 0.84, 95%CI: 0.48-1.48, P = 0.45)[18].

treatment of HCC: anatomical resection, margin status,
macro-vascular invasion, laparoscopic resection, salvage
liver transplantation and liver transplantation.
Perini MV, Starkey G, Fink MA, Bhandari R, Muralidharan
V, Jones R, Christophi C. From minimal to maximal surgery
in the treatment of hepatocarcinoma: A review. World J
Hepatol 2015; 7(1): 93-100 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i1/93.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i1.93

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary liver cancer and the fifth most common
malignancy worldwide [1,2]. In about 90% of cases, it
occurs in patients with chronic liver disease[2,3]. In recent
years there has been a clear increase in the number of
new cases of HCC due to hepatitis B and C infection[3,4].
Although focal ablation techniques can treat small
HCCs, the only curative therapeutic options available
are surgical resection and liver transplantation (LT).
Controversial aspects regarding to the surgical treatment
of HCC include the extent of resection, whether it
should be achieved by laparoscopic or open approach and
their impact on subsequent LT. The question of resection
or transplantation and the impact of laparoscopic liver
resection (LLR) needs to be addressed. We here in
discuss the role of laparoscopic (minimal) and open liver
resection and LT (maximal) in the treatment of HCC
carcinoma in cirrhotic patients.

Laparoscopic vs open liver resection
LLR is now considered the gold standard by many
specialized hepatobiliary teams for the treatment of
selected cases of benign and malignant liver tumors. Its
feasibility and safety are reproducible by teams all over
the world[19]. Recent series of laparoscopic resection of
HCC have shown excellent short and ling long terms
results[16,20-29]. A recent meta-analyses showed that LLR
resulted in to shorter hospital stay, decreased blood loss,
and lower rates of postoperative morbidity (specially
ascites and pulmonary complications) when compared to
open liver resection[12,16,21,22].
Despite selection bias in the laparoscopic group, rates
of positive margins after LLR were lower than or similar
to those after open approach[30]. An increase in peritoneal
carcinomatosis and port site recurrence does not seem
to have been a major issue [18]. Finally, in all studies
comparing laparoscopic and open LR for HCC, there was
no significant difference in recurrence free and overall
survival, suggesting that LLR does not compromise
oncological principles.

LIVER RESECTION
Liver resection, a therapeutic alternative that can be
performed readily and with lower costs when compared to
LT, is a safe procedure with mortality rates in specialized
centers lower than 5%[5]. Survival after liver resection
can reach 40%-60% in Eastern and Western series [6],
but recurrence is still a major problem. Recurrence
occurs in the liver in around 50%-80% of the cases,
being consequence of metastatic spread from the tumor
removed or “de novo” occurrence due to underlying liver
disease[7-9].
In the context of a rising incidence of HCC and a
shortage of cadaveric donors, there is a growing discrepancy
between the number of transplant candidates on waiting
lists and the organs available for transplantation. This
shortage can lead to long waiting times, increasing the
risk of tumor progression and waiting list drop out[10].
Studies comparing resection and transplantation for HCC
have often analyzed only those patients who underwent
transplantation-ignoring those patients who dropped off
the waiting list due to tumor progression. This approach
will tend to produce results in favor of transplantation.
To be fair, an intention to treat analysis should be
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Anatomical vs non-anatomical resections
LR for HCC can be either anatomical (lobectomy,
segmentectomy) or non-anatomical (wedge resection,
subsegmental resection). In HCC, intrahepatic metastasis
occurs mainly through the portal tract, and may be
present before surgery. It has been proposed that the
intrahepatic spread of hepatic tumors follows the pattern
of step-by-step intrahepatic dissemination[31]. With small
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tumors and early metastases, satellite nodules usually lie
in the same segment of the main tumor. The anatomical
approach is particularly important for the purpose of
reducing postoperative intrahepatic tumor recurrence
rates.
Anatomical resection, when possible, should be
performed [32]. A recent study using meta-regression
analysis indicated that the 5-year overall survival and
disease-free survival are significantly better with anatomical
resection[33]. Recent paper including 543 patients treated
with HCC addressing this issue concluded that anatomical
resection can lead to a lower recurrence rate in patients
presenting tumors with unfavorable features (poorly
differentiated and with vascular invasion), suggesting that
the higher the invasiveness of the tumor, the greater the
need for the removal of the entire liver functional unit[34].
On the other hand, when dealing with cirrhotic
patients, leaving sufficient residual liver volume is critical.
For small liver HCCs, non-anatomical resection can be
carried out without impact on the overall survival[35].
The rationale for this approach is that it may lead to a
decrease in the rate of postoperative liver failure and that
for small lesions, the risk of local satellites or local portal
venous invasion is lower than for lesions more than 5 cm
in diameter[36].

with repeated liver resection for HCC are: vascular
invasion in the primary surgery, short recurrence interval,
tumor size, gender, estimated blood loss[39,40,42].
Vascular invasion
Vascular invasion is a well-defined prognostic factor for
overall and disease free survival in patients with HCC
either submitted to resection or transplantation [43,44].
Macrovascular invasion is considered a formal contraindication to resection and invariably patients with
macrovascular invasion submitted to LT suffer from
recurrence. As proposed by the barcelona clinic liver
cancer, patients with macrovascular invasion are sent
for palliative treatment (Sorafenib) or best supportive
care[43,44]. Overall survival for patients with portal vein
invasion or hepatic vein invasion is 2.7 mo and 5 mo,
respectively. The overall survival for patients treated with
Sorafenib is 6 mo[43-45].
Although not universally accepted, liver resection for
HCC with macrovascular invasion may be an option in
highly selected patients, in whom a survival of around
10% in 5 year can be offered. Equivalent survival is not
achievable with other forms of treatment. In recent
surgical series including HCC patients with macrovascular
invasion, the postoperative mortality and morbidity
ranges from 3.4% to 7.7% and from 30.8% to 37.1%,
respectively [46]. In a multicentric study on 102 HCC
patients with macrovascular invasion treated by surgical
resection, Pawlik et al[47] reported a 5-year survival rate of
10%.
Chok et al[46] described the following three approaches
for patients with portal vein thrombus based on the
extension of the tumor thrombosis: group 1, HCC
with ipsilateral portal vein tumor thrombus resected in
a hepatectomy; group 2, HCC with portal vein tumor
thrombus extending to or beyond the portal vein
bifurcation, treated by en bloc resection followed by
portal vein reconstruction; group 3, portal vein tumor
trombosis extending to or beyond the portal vein
bifurcation, treated by thrombectomy. The short and
long-term results were similar among the three groups
with a 5-year overall survival rate of 11.2%, 12.5% and
14.3%, respectively[46].
After HCC resection, the hepatic remnant is the most
common site of tumor recurrence ranging from 68%
to 91% of patients so a close follow up strategy should
be adopted[48]. While macroscopic vascular invasion can
be detected at imaging, microscopic vascular invasion is
impossible to visualize before operation. The presence
of microvascular invasion can only be confirmed by
histological examination of resected specimen.

Margin status
The optimal resection margin for HCC remains contro
versial. In a randomized trial comparing a wide 2 cm
margin with a margin aiming for 1 cm, improved
recurrence-free and overall survival were observed in the
wide margin group. However, it is accepted that a 1 cm
surgical margin is adequate for the majority of patients
with HCC[37]. On the other hand, other authors found
that a minimal resection margin (surgical margin less than
1 mm) did not negatively affect postoperative recurrencefree survival [37]. In a recent meta-analysis, Zhou et
al[38] showed no differences in surgical margins when
comparing the open with the LLR group.
Surgeons who are less familiar with liver surgery may
be inclined to perform less radical resections. This may
represent a lost opportunity for some patients who may
have had better long-term prognoses with more radical
surgery. In order to minimize the risk of local recurrence
and maximize the overall survival chance, a surgical
strategy that supports the preference for anatomical and
adequate resection with free margins should be adopted
whenever possible.
Repeated liver resection
Although not properly addressed in a prospective trial,
repeated hepatic resection in patients with solitary liver
recurrence resulted in better survival than palliative
treatment (37%-86% in 5 years)[39]. The resectability rate
varies and depends on the extent of primary resection
and the functional status of the remnant liver[40] and even
repeated laparoscopic resection can be carried out in
selected patients[41]. Poor prognostic factors associated
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LT
LT has become a standard procedure adopted worldwide
in the treatment of end stage liver disease with
remarkable good results, even for malignancy (1 year
overall survival of > 80% and 5-year around 70%)[49]. LT
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has the advantage of removing the previous and potential
carcinogenic diseased liver but has the disadvantage of
organ allocation.

of 50% even in patients with large HCC or in patients
with multiple nodules[62].
Ruzzenente et al[63] conducted a study on 464 HCC
patients from a multi-institutional database and found that
patients with fewer than three nodules who underwent
LR had a higher survival rate than those who were treated
with local therapies [including percutaneous ablation and
transarterial chemo-embolization (TACE)] with median
survival of 58 and 20 mo (P < 0.01), respectively. These
findings were confirmed by a subsequent randomised
controlled trial. In patients with HCC meeting Milan
Criteria, the authors reported a 5-year survival rate after
liver resection and radiofrequency ablation of 69% and
45% (P = 0.042), respectively[64].
A Japanese national survey reported that liver resection
has an advantage over local ablative therapies because
it can prevent recurrence in individuals with fewer than
three HCC nodules that are ≤ 3 cm[65]. Liver resection
also appears to provide better long-term survival than
percutaneous ablation in patients with less than 3 HCC
nodules that are > 3 cm.
In selected patients with multinodular BCLC B (more
than 3 nodules) HCC and preserved liver function, LR
yielded better long-term results than TACE with 5-year
survival rates of 36%-37% and 11%-14%, respectively[62]

LT vs liver resection
The choice between LT and resection (LR) is contro
versial and there are no controlled trials comparing these
modalities. Although some can argue that resection is
cost effective when compared with LT[50], only LT has
the advantage of simultaneously treating the tumor and
the underlying liver disease[51]. To achieve good results
with transplantation, it is only offered to patients with
liver only disease fulfilling strict criteria[51-53]. There is
considerable variation around the world in what criteria
are used to assess transplant eligibility[52-55].
For many patients with cirrhosis and HCC, the ideal
treatment is transplantation-treating the underlying liver
condition and at the same time removing the tumor.
This also reduces the “de novo” formation of cancer. It
is crucial to be selective in choosing patients with HCC
for transplantation, with many criteria in use around the
world. Most criteria use radiological parameters such
as tumor size and number as a surrogate marker for
biological behavior[52,54-60]
Unfortunately many patients are delisted for trans
plantation due to progression of the underlying liver
disease or tumor progression (beyond the accepted
criteria). When comparing survival between LT and
LR, many studies have commenced at the time of the
transplant and fail to include analysis of the patients
removed from the waiting list due to tumor progression
(i.e., not an intention to treat analysis). For optimal
evaluation of the treatment effect of LT, the waiting time
on the list should be included.
Llovet et al[45] found a dropout probability of 23%.
This resulted in a reduction of 2-year overall survival
from 84% to 54%. Waitlist time can serve as a selection
period for patients with the best prognosis, because only
patients with stable disease undergo transplantation.
This might explain the higher recurrence-free survival
after LT than in resected patients who did not undergo
this selection process. Another reason for better overall
survival in different studies might be that LT represents
a cure for the underlying cirrhosis, which is the main risk
factor for development of HCC. The recurrence rate is
higher after LR than orthotopic liver transplant. Given
the shortage of deceased donor organs, transplantation
for resectable HCC may be considered by some groups
an inappropriate use of a precious resource if LR alone
in selected cases could achieve a similar overall survival,
and together with salvage LT may cure recurrence[18].
For patients with HCC beyond transplant criteria, the
Barcelona Clinic Liver Cancer (BCLC) system recommends
palliative treatment[61]. Although this system is widely
accepted, if followed strictly there are patients who may be
denied a curative liver resection and treated with palliative
intent with trans-arterial chemoembolization. Many studies
criticizing this policy have shown 5-year overall survival
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Salvage LT
The major drawback of LR is a recurrence rate of about
40% in the first year[66]. Despite this, most authors have
shown that those patients can be referred for salvage
LT [67-70]. With this strategy, HCC patients who had
undergone liver resection with pathological parameters
at higher risk of recurrence (i.e., microvascular invasion,
satellite nodules) could enter the waiting list for LT directly
without waiting for evidence of HCC liver recurrence[71].
On the other hand, Fuks et al [72] have shown in 329
transplantable patients enrolled in a intention to treat
study that the presence of ≥ 3 poor prognostic factors
(from a list of microscopic vascular invasion, presence
of satellite nodules, tumor size > 3 cm, poor tumoral
differentiation, and existence of cirrhosis) should warrant
LT before recurrence. This strategy seemed to save 26
grafts that would otherwise have been used unnecessarily.
However only 28% of patients included in intention-totreat analysis and only 39% of patients with recurrence
could receive ST, suggesting that tissue analysis should be
used as selection criteria for salvage LT[72]. Whether this
policy is clinically effective and would further improve the
long-term outcomes of resected patients remains to be
evaluated in prospective trials.
Belghiti et al[73] showed that patients submitted to
salvage transplantation have the same long-term results
as those submitted to transplantation as the primary
treatment. Indeed, Cherqui et al[74] have shown that 77%
of patients with recurrent HCC following LLR were
transplantable (within Milan criteria). The same group
found that the morbidity of salvage LT for HCC was
lower following LLR, than open LR[75-77]. Some surgeons
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argue that adhesion formation and previous hilar
manipulation associated with LR can make subsequent
LT difficult or even impossible. However, strategies such
as Glissonian approach and the use of Pringle maneuver
and intraparenchymal access to liver pedicles to avoid
hilar manipulation can be employed in order to decrease
the morbidity of repeat liver surgery. The use of antiadhesive products (Seprafilm ®) although proved to
facilitate bowel surgery[78] have not been addressed in a
randomized trial for liver surgery.
The impact of laparoscopic liver resection vs open
resection on subsequent LT has not yet been analysed
in prospective trials. Theoretical advantages of minimal
dissection are less adhesions, minimal manipulation in
liver hilum and decreased blood loss[79-81].
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CONCLUSION

10

The main endpoint in the surgical treatment of HCC is to
resect the tumor and at the same time preserve remnant
liver function. This should be performed with refined
techniques and respecting the oncological principals of any
cancer surgery. Liver resection and LT are the only curative
treatment of HCC. Meanwhile, there are some strategies
to increase resectability or to downstage the tumor, such
as portal vein embolization, TACE or radiofrequency
ablation/percutaneous ethanol injection. Laparoscopic
liver resection has gained acceptance and decreases postoperative complications (less ascites and wound related
problems). Surgeons can improve disease-free survival by
preventing recurrence adopting many strategies, such as >
1 cm surgical margin, anatomical resection encompassing
portal area of tumor, using an anterior approach to
minimize the risk of tumor cell dissemination, minimizing
intraoperative blood loss. Repeat resection is an option in
some suitable cases that can be used in the armamentarium
of liver surgeons. Salvage transplantation should be offered
in non aggressive tumors that recur after liver resection and
may improve survival rates. Future clinical research should
reveal the optimal combination of therapies in properly
selected patients.
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Role of radiotherapy in the management of hepatocellular
carcinoma: A systematic review
Maria-Aggeliki Kalogeridi, Anna Zygogianni, George Kyrgias, John Kouvaris, Sofia Chatziioannou, Nikolaos
Kelekis, Vassilis Kouloulias
(TACE) and radiation therapy. Especially TACE, deliver
ing a highly concentrated dose of chemotherapy
to tumor cells while minimizing systemic toxicity of
chemotherapy, has given favorable results on local
control and survival. Radiotherapy, as a therapeutic
modality of internal radiation therapy with radioisotopes,
has also achieved efficacious tumor control in advanced
disease. On the contrary, the role of external beam
radiotherapy for HCC has been limited in the past,
due to the low tolerance of surrounding normal liver
parenchyma. However, technological innovations in the
field of radiotherapy treatment planning and delivery,
have provided the means of delivering radical doses
to the tumor, while sparing normal tissues. Advanced
and highly conformal radiotherapy approaches such
as stereotactic body radiotherapy and proton therapy,
evaluated for efficacy and safety for HCC, report
encouraging results. In this review, we present the role
of radiotherapy in hepatocellular carcinoma patients not
suitable for radical treatment.
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Core tip: Treatment of hepatocellular carcinoma is
challenging since it is usually associate with underlying
liver morbidity. The role of radiotherapy has evolved.
The combination settings with radioisotopes, transarterial
chemoembolization, hyperthermia, stereotactic radio
therapy and charged particles, support the efficacy and
safety of the radiation therapy.

Abstract
Many patients with hepatocellular carcinoma (HCC)
present with advanced disease, not amenable to
curative therapies such as surgery, transplantation or
radiofrequency ablation. Treatment options for this group
of patients include transarterial chemoembolization
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there is no significant difference in 1-year overall survival
between resection and radiofrequency ablation, it also
shows that the long-term efficacy of surgery is better
than that of RFA[18]. Recently, artificial ascites technique
has been used to prevent visceral damage when RFA is
applied for subdiaphragmatic tumors or HCC adjacent to
vital organs.
Results are less satisfactory for more advanced stages
of the disease, not amenable to curative therapies. Avai
lable options are local therapies such as transarterial
chemoembolization (TACE) and radiation therapy. The
purpose of TACE is to increase the exposure of tumor
cells to cytotoxic agents and to induce ischemic necrosis.
This approach has given encouraging results on local
control and survival for patients ineligible for curative
therapy[19,20]. However, TACE is relatively contraindicated in
patients with main portal vein thrombosis and Child-Pugh
(CP) Class A, increasing the need for another effective
local therapy. Internal radiation therapy with the use of
radioisotopes has been tested and achieved efficacious
treatment control and encouraging results on survival
according to literature[21,22].
Finally, sorafenib is the only molecular agent approved
for the treatment of patients with advanced hepatocellular
carcinoma. Sorafenib is a multikinase inhibitor that targets
vascular endothelial growth factor receptor, plateletderived growth factor receptor and RFA. The use also
of CTLA-4 showed good safety profile and antitumor
activity, supporting further investigation[23]. Studies have
shown an overall survival benefit with diarrhea, fatigue,
hand-foot skin reaction and rash being the most common
drug-related adverse events[24,25].
Traditionally, the role of external beam radiation
therapy (EBRT) has been limited to the palliation of
HCC metastases associated with distressing symptoms.
There are numerous reports of bone[26,27], lymph node[28,29]
and soft tissue[30] metastases that were successfully treated
with external beam radiation therapy, as shown in Table
1. HCC has been considered a radioresistant tumor for
a long time. The dose delivered by conventional external
beam radiotherapy could not exceed 30 Gy on the whole
liver as this is the threshold for radiation-induced liver
disease. However, this dose level is far less than standard
tumoradical doses for most solid tumors. Technological
advances in the field of radiotherapy precision delivery
and sparing of normal tissues have given the opportunity
of dose escalation. Nowadays, radiotherapy is gaining
ground in the treatment of advanced-stage HCC patients,
irrespectively of tumor location, with promising results.

World J Hepatol 2015; 7(1): 101-112 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i1/101.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i1.101

INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for the vast
majority (85%-90%) of primary liver cancers[1] with the
latter representing approximately 4% of annual cancer
diagnosis. Although HCC is the fifth most common
cancer in men and the seventh in women, its poor
prognosis makes it the third leading cause of cancerrelated death worldwide[2,3]. Overall, there are 500-1000000
new cases per year, causing 600000 deaths globally per
year[4]. It is characterized by a great geographic variability,
with the highest rates in East and South-East Asia and
Sub-Saharan Africa [5]. Environmental factors have a
predominant role in the etiology of HCC. The majority
of cases are related to exposure to hepatitis B and C
viruses[6]. Other risk factors include alcohol, aflatoxins,
diabetes and non-alcoholic fatty liver disease, as well as
immune-related factors such as autoimmune hepatitis and
primary biliary cirrhosis[7].
Treatment of HCC is quite challenging since it is
usually associated with underlying liver disease. Available
curative treatment options include surgical resection,
transplantation and radiofrequency ablation[8-10]. These
are suitable for carefully selected patients with early
stages of disease who may have a 5-years survival of 70%
after treatment[11]. However, only 1/3 of HCC patients
are detected with a disease amenable to curative therapy.
Partial hepatectomy is the treatment of choice for
patients medically fit for a major operation who have a
solitary tumor, adequate liver reserve and no evidence of
gross vascular invasion[12,13]. Transplantation is considered
for patients who meet the Milan criteria: a single tumor
≤ 5 cm or 2-3 tumors ≤ 3 cm each, no macrovascular
involvement and no extrahepatic disease. However,
from 2013, the United Network for Organ Sharing
administered the Organ Procurement and Transplantation
Network (OPTN) criteria by using radiologic staging (up
to three OPTN class 5A or 5B HCCs, each 1 cm or larger
and 3 cm or smaller in diameter, or one OPTN class 5B
HCC measuring 2 cm or larger and 5 cm or smaller in
diameter)[14]. Liver transplantation offers a chance to cure
the tumor and the underlying cirrhosis[15,16]. Although
transplantation is a cornerstone in the treatment of HCC,
the relative shortage of donors highlights the need of
other therapeutic approaches.
Radiofrequency ablation (RFA) can be used with a
curative intend for patients with lesions up to 5 cm, if
they are properly located at a safety distance from major
vessels or major bile duct and away from diaphragm and
other intraabdominal organs. Randomized controlled trials
have already reported comparable survival rates of RFA
to resection[17] for carefully selected patients. However,
even if the recent meta analysis of Duan confirms that
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OPTIONS OF RADIOTHERAPY
Internal radiotherapy
Internal radiotherapy is the delivery of radioisotopes
either percutaneously or through transarterial approach.
Yttrium-90 (Y 90) is a pure beta emitter isotope that
decays to stable 90 Zr with a physical half-life of 64.2 h.
It has been applied to unresectable HCC by intratumoral
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Table 1 Palliative radiotherapy for hepatocellular carcinoma metastatic sites
Ref.

Metastatic lesion treated

Patient (n )

Total dose, fraction size

Response

Median survival

LNs
LNs
Bone
Bone
Bone

28
62
30
51
57

46-60 Gy, 2Gy
40-60 Gy, 2 Gy
8-60 (median 40) Gy
12.5-50 (median 30) Gy
20-65 (mean 43) Gy

PR: 64%; CR: 18%
PR: 37.1%; CR: 59.7%
96.7% pain relief
73% pain relief
83.8% pain relief

13 mo
9.4 mo
8.6 mo
5 mo
6 mo

Yamashita et al[122] (Retro)
Zeng et al[29] (Retro)
He et al[121] (Retro)
Seong et al[26] (Retro)
Kaizu et al[123] (Retro)

PR: Partial response; CR: Complete response; Retro: Retrospective study; LNs: Lymphnodes.

injection of glass microspheres by percutaneous assess
to the hepatic artery[31,32]. This approach, called radioem
bolization, is based on the different arteriolar density
between the hypervascular HCC and the normal liver
parenchyma. Arterial administrated Y90 microspheres
depose selectively in tumor nodules and limit tumor
dose to surrounding normal liver [33]. This technique
can be used in downstaging large tumors to bring
within transplantable criteria, in patients with portal
vein thrombosis and in the palliative setting[34]. Overall,
radioembolization of unresectable HCC with Y 90 is
associated with acceptable toxicity and favorable median
survival time [35-38]. Radioembolization-induced liver
disease, defined as jaundice and ascites appearing 4-8 wk
after treatment, has been described in the literature[39]. It
is more common in cirrhotic patients with an incidence
of < 10%.
Holmium-199 (Ho199), moslty beta and a little gamma
emission with a half-life of 26.8 h, has also been tried in
chitosan complex either intratumorally or via transarterial
approach. Sohn et al[40] reported, in a phase Ⅱ study, a
78% response rate of intraarterial Ho199 for single HCC
with an acceptable toxicity, especially for tumors 3-5 cm.
Percutaneous holmium injection also showed promising
results with complete tumor necrosis in 91.7% of tumors
< 2 cm (phase Ⅱb clinical trial)[41].
Iodine-131 (I 131), mostly beta and a little gamma
emission with a half-life of 8 d, has been applied in a
form of I131-Lipiodol[42]. Intraarterial administration yields
responses in 17%-92% of patients[21]. Fifty patients with
advanced HCC given intraarterial injection of I-Lipiodol
were compared to 36 untreated patients[43]. The I 131lipiodol was associated with a survival benefit (32 wk vs 8
wk for the untreated group) and 1 year survival rate was
32% vs 8% for the untreated group.
Overall, encouraging results on efficacy and safety of
radioisotope therapy for HCC have been reported. This
approach is reasonable for large, inoperable tumors and
small, inoperable tumors not amenable to percutaneous
therapy as well as for tumor downstaging before
transplantation or surgery[44].

and radiotherapy delivery have provided the means to
deliver tumoradical doses to a well-defined liver lesion
more precisely and safely, thus achieving an acceptable
therapeutic ratio.
Irradiation technique of three-dimensional conformal
radiotherapy (3DCRT) uses three dimensional imaging
data sets (contrast enhanced computed tomography
studies) for the accurate delineation of the HCC target
volume and surrounding normal tissues, such as normal
liver parenchyma, kindey and duodenum. Treatment plans
are individualized and use multiple fields to precisely
irradiate the tumor and spare normal tissues.
3DCRT has been tested as an alternative treatment
option for cirrhotic HCC patients not eligible for curative
therapies such as surgical resection, liver transplantation
and radiofrequency ablation.
Early attempts to treat unresectable hepatocellular
carcinomas with radiation therapy combined it with
intraarterial hepatic radiation sensitizer, fluorodeoxyuridine,
with encouraging results[45,46]. The study of Ben-Josef et
al[47], confirmed the hypothesis that high dose conformal
radiotherapy (median dose of 60.75 Gy, 1.5 Gy twice daily)
combined with hepatic arterial floxuridine could improve
the survival of patients with intrahepatic cancer ineligible
for surgical resection or ablation [47]. Moreover, total
radiation dose was the only significant factor for survival.
Later on, three studies (two phase II and one
retrospective) assessed the efficacy of 3DCRT[48-51].
Data from Mornex et al[48] (phase Ⅱ study) confirmed
the efficacy of radiation therapy (RT), delivering 66
Gy at 2 Gy/fr to selected cirrhotic patients with one
nodule ≤ 5 cm or two nodules ≤ 3 cm. Tumor response
was observed for 92% overall, with 80% for complete
response[48]. CP-A patients tolerated treatment well while
22% of CP-B patients experienced gr 4 toxicity. After a
mean follow-up of 29 ± 9 mo, recurrence rate was 22%
and 41% for lesions inside and outside the irradiated
volume, respectively.
Liu et al[51] studied 45 patients with CP-A and -B
cirrhosis who had either failed with or were unsuitable
for TACE[50]. The response rate after a median radiation
dose of 50.4 Gy was 61.4%. Survival rates at 1, 2 and 3
years were 60.5%, 40.3% and 32%, respectively. American
Joint Committee on Cancer stage, portal vein thrombosis,
pretreatment alpha-fetoprotein (AFP) level and total RT
dose had a significant impact on overall survival. On
the contrary, age, gender, karnofsky performance status,
CP class, tumor size or the number of tumors did not

Three-dimensional conformal radiotherapy
Since there is no standard therapy for Radiation-induced
liver disease (RILD), radiation therapy to liver lesions is an
acceptable option as long as normal tissue complication
probability does not exceed tumor control probability.
Technological advances in the field of treatment planning

WJH|www.wjgnet.com

103

January 27, 2015|Volume 7|Issue 1|

Kalogeridi MA et al . Radiotherapy for hepatocellular carcinoma

significantly influence survival.
Overall, the worldwide availability of 3DCRT, the
opportunity to treat multiple lesions in a single course
along with its non-invasive feature, as well as the
favorable results in the literature makes it an appealing
therapeutic approach for patients ineligible for curative
interventions.

Overall, the literature supports the feasibility and
efficacy of this combined approach for HCC patients
with or without portal vein thrombosis[63-67].
Stereotactic body radiotherapy
Advanced technologies, such as stereotactic body
radiotherapy (SBRT), have raised a new interest in HCC
radiotherapy. SBRT is a highly conformal technique of
non-coplanar RT delivered in a small number of large
fractions. It is characterized by a high dose delivery to
the target volume and a rapid fall off outside the target,
thus sparing surrounding normal tissues. The use of
SBRT presupposes accurate patient immobilization
and positioning, precise target localization and imageguided techniques to improve set up accuracy and
delivery of the treatment. Moreover, when treating
liver lesions, techniques that account for tumor motion
with respiration and breathing control devices should
be available. Patients with lesions near the bowels are
not optimal candidates for SBRT since there is the risk
of gastrointestinal perforation and bleeding. On the
contrary, SBRT can be used to treat lesions not amenable
to surgery or ablation such as those adjacent to the
central biliary system[68].
It’s a fact that the few patients eligible for transplantation
have to face the long waiting list for donor organ availability.
The role of SBRT in this field is of paramount importance.
There are several reports proving SBRT as a bridge to
transplantation to be a highly effective therapeutic approach
with low toxicity profile[69-71].
O’ Connor et al[71] studied 10 patients with 11 HCCs
and a median tumor size of 3.4 cm that received SBRT
(median dose 51 Gy in 3 fractions) as a bridge to trans
plantation. Complete response rate was 27%. The remaining
tumors decreased in size or remained stable and no patient
dropped off the wait list because of tumor progression.
After a median follow up of more than 5 years, overall
survival and disease free survival were both 100%. Although
40% of patients experienced acute toxicity that was
mainly grade Ⅰ nausea, vomiting, fatigue and abdominal
discomfort. There was no grade 3-5 toxicity.
A Belgian study gives high 1- and 2-year control rates
of 95%, delivering 45 Gy in 3 fractions[72].
According to the study by Jang et al[73], there is a dose
response relationship for local control and overall survival
with SBRT for HCC[73]. The study included 108 patients
with HCC < 7 cm that were unsuitable for resection or
local ablation and had incomplete response to TACE.
After a 30 mo follow up, 2-year local control and overall
survival were 87% and 663%, respectively. Overall,
54 Gy in 3 fractions is an acceptable dose to achieve
local control for lesions < 7 cm. However, the optimal
dose for a certain local control rate differs according to
tumor size. A tumor ≤ 5.0 cm requires a 51.1 Gy dose
for a 2-year local control probability of 90%, while a
larger tumor requires 61.2 Gy for the same local control
probability.
SBRT has been also used in combination with TACE.

3DCRT and TACE
TACE has an advantage on survival in comparison with
supportive treatment[52] and is an effective measure for
prolonging the survival in selected patients with limited
cirrhosis and early stage tumors[53,54]. However, TACE
alone cannot always achieve complete tumor necrosis
(range 40%-100%). Viable tumors remain in and around
the capsule increasing the possibility of recurrence[55,56].
TACE alone has a median response rate of 38%, while
complete response and partial response are at the range
of 0%-35% and 3%-62%, respectively [57]. Moreover,
TACE is relatively contraindicated for patients with
main portal vein thrombosis. To overcome the above
mentioned limitations of TACE, the combination of
TACE with EBRT has been tested. The rationale for this
approach is that radiotherapy can either eradicate residual
hepatic tumor after TACE or increase the effectiveness
of TACE by eradicating portal vein thrombi.
Seong et al[58] investigated the combination of TACE
with 3DCRT in unresectable HCC. Thirty patients
received local RT with 44 ± 9.3 Gy in daily 1.8 Gy
fractions, starting 7-10 d after TACE. The combination
therapy had acceptable toxicity and achieved a response
rate of 63.3%. One and 3-year survival rate were 67%
and 22.2%, respectively.
Data from the series of Guo et al[59], that compared
chemoembolization alone with the combination of
TACE and radiotherapy, confirmed the superiority
of the combined modality for the treatment of large
hepatocellular carcinomas. The study included 76 patients
with unresectable HCC treated with RT and TACE and
89 patients in the control group treated with TACE
alone. The response rate was significantly higher in the
first group (47.4% vs 28.1%, P < 0.05). The combined
therapeutic approach was also significantly superior
for overall survival (64.1% and 28.6% for 1 and 3-year
survival vs 39.9% and 9.5%, respectively). Finally, the
metaanalysis of Meng et al[60] with 1476 patients showed
that TACE plus RT seems superior to TACE alone,
optimizing survival and tumor control rates.
For patients with portal vein thrombosis the combination
treatment has also given favorable results. Ishikura et al[61]
reported a response rate of 50% for 20 patients receiving
50 Gy in 25 fractions after TACE for HCC with portal
vein thrombosis[61]. A study from Japan confirmed the
feasibility and efficacy of TACE combined with radiation
therapy delivering 60 Gy in daily fractions of 2 Gy[62].
Survival rate at 1 and 2 years was 40.6% and 10.2%,
respectively while an objective response was observed in
57.9% of patients.

WJH|www.wjgnet.com

104

January 27, 2015|Volume 7|Issue 1|

Kalogeridi MA et al . Radiotherapy for hepatocellular carcinoma
Table 2 Stereotactic body radiation therapy studies related to hepatocellular carcinoma, published the last five years
Study design

Patient (n )

Median tumor size

Dose, No. of fractions

Median follow up (range), in months

Prosp
Phase Ⅰ
Retro
Retro

17

34 mL (8-95)

24 (10-42)

25
42

48 mL (7-363)
15 mL (3-82)

CP-A: 36-48 Gy/3 fr
CP-B: 40 Gy/5 fr
45 Gy/3 fr
30-39 Gy/3 fr

Seo et al[80]
Andolino et al[69]

Retro
Retro

38
60

Retro

36

33-57 Gy/3-4 fr
CP-A: 44 Gy/3 fr
CP-B: 40 Gy/5 fr
37 (25-48) Gy/4-5 fr

15 (3-27)
27 (2-52)

Huang et al[81]

40.5 mL (11-464)
29 mL (2-12)
3.2 cm (1-6.5)
4.4 cm (1.1-12)

Bae et al[82]

Retro

35

131 mL (21-2189)

45 (30-60) Gy/3-5 fr

14 (1-44)

Prosp
Phase Ⅰ/Ⅱ
Retro
Retro

102

117 mL (1-1913)
7.2 cm (1.4-23.1)
65 mL (± 48)
8 mL (1.5-65)

36 (24-54) Gy/6 fr

31 (2-36)

88% (1 yr)
75% (2 yr)
69% (91 yr)
51% (93 yr)
87% (1 yr)

36 (30-48) Gy/6 fr
CP-A: 40 Gy/5 fr
CP-B: 35 Gy/5 fr

10 (4-25)
24 (3-80)

95%
91% (3 yr)

Ref.
Cárdenes et al[77]
Louis et al[72]
Kwon et al[79]

Bujold et al[78]
Xi et al[90]
Sanuki et al[127]

41
185

12.7 (1-24)
28.7 (8.4-49.1)

14 (2-35)

Local control
100%
95% (1 yr)
72% (1 yr)
67.5% (3 yr)
66% (2 yr)
90 (2 yr)

Prosp: Prospective; Retro: Retrospective; fr: Fraction; CP: Child-Pugh class of liver disease.

Kang, in a phase Ⅱ study, investigated the efficacy and
safety of SBRT for inoperable HCC after incomplete
TACE for tumors < 10 cm. In this study patients
received 3 fractions to a total dose of 42-60 Gy after 1-5
TACE. Complete remission after 6 mo of SBRT was
observed to 38.3% of patients and partial response was
at the same rate. The overall 2-year local control rate was
94.6%[74]. These results are in line with other series from
Korea and Japan reporting encouraging local control
rates[75,76].
Overall, studies have indicated that stereotactic body
radiation therapy is a safe and effective modality treatment
for HCC[77-82], as shown in Table 2. It can be applied for
lesions not eligible for surgery or percutaneous ablation
such as those located at a central portal area or just below
the diaphragm and those adjacent to a great vessels or the
biliary system.
National Comprehensive Cancer Network guidelines
version 2.2014 have incorporated external beam radiation
therapy, either 3DCRT or SBRT, to the therapeutic
algorithm for HCC. SBRT can be safely considered for
patients with 1-3 lesions, with sufficient uninvolved liver
parenchyma and CP-A liver disease.

more appealing with the development of advanced
radiotherapy techniques that deliver higher doses to liver
lesions while reducing normal tissue exposure.
Kim et al[89] evaluated the efficacy of Helical Tomo
therapy for patients with HCC in combination with
PVTT in whom other treatment modalities were not
indicated. Treatment protocol combined radiotherapy
(50 Gy in 10 fractions with helical Tomotherapy) with
Capecitabine 600 mg/m 2, given twice daily during
radiotherapy. Computed tomography was used for
response evaluation of 35 patients with thrombi either
in the main trunk of portal vein (51.8%) or in the
first or second order branches. Complete and partial
response was reported on 14.3% and 28.6% of patients,
respectively, while a 5.7% of patients had disease
progression. Response was significantly different between
CP class A and B (P = 0.01) and Japan integrated staging
score (P = 0.026). Although tumor thrombi in the main
trunk were significantly associated with inferior survival,
results were favorable for those achieving complete
response (13.9 mo).
Xi et al[90] reported on the results of a study treating
patients with HCC and portal vein or inferior vena cava
thrombosis with SBRT. Response rate was 36.6% and
39.0% for complete and partial response, respectively.
Moreover, 76.7% of patients with elevated AFP levels
before radiotherapy exhibited > 50% reduction of AFP
levels within 3 mo after treatment. SBRT was proved
effective and safe giving a median survival of 13 mo
while maintaining a low toxicity profile, with grade 1
vomiting and nausea being the most common event.

Stereotactic body radiation therapy for HCC with portal
vein tumor thrombosis
A special issue raising questions about the optimal
treatment of HCC is the high incidence of portal vein
tumor thrombosis (PVTT). Although at the time of
diagnosis only 6.5% of patients have demonstrable
portal vein thrombosis[83] in autopsy series the incidence
is reported to be as high as 44%-62.8% [84,85]. PTVV
is associated with intrahepatic tumor spread and liver
function deterioration.
First attempts to treat this group of patients with
3DCRT gave encouraging results of overall response
rate in the range of 44.7%-62.3%[86-88]. However, the role
of radiotherapy for this group of patients has become
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Charged particle radiotherapy
More sophisticated techniques such as proton or carbon
ion radiotherapy enable further dose escalation and
precise dose delivery while maintaining a favorable
toxicity profile. There are encouraging results from
Tsukuba University’s study treating patients unsuitable
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for other treatment options with proton radiotherapy[91].
After a median follow-up of 318 patients for 19.3 mo,
overall survival was 89.5% at 1 year and 44.6% at 2 years.
Hepatic function, T classification, planning target volume
and European Organization for Research and Treatment
of Cancer performance status, were significant prognostic
factors. Treatment related toxicity was minimal. There
was no treatment discontinuation due to liver toxicity or
treatment-related death.
The efficacy and safety of proton beam radiotherapy
for peripherally located HCC, at least 2 cm away from the
porta hepatis or gastrointestinal tract, was prospectively
evaluated by Fukumitsu et al[92]. Fifty one patients received
66 Gy equivalents in 10 fractions. At 3 and 5 years OS
was 49.2% and 38.7, respectively. None of the patients
had tumor progression, while 29 had complete response
and 10 a partial response. Despite a high local control
rate of 94.5% at 3 years, 65% patients had a recurrence
outside the irradiated field. Acute toxicity was minimal
and no treatment-related liver failure was observed.
Proton and carbon ion therapy were comparable
in terms of local control and survival in the series of
Komatsu et al[93]. The study included 343 patients with
tumors < than 15 cm. Two hundred and ten patients
developed local recurrences in 3 years giving a 5-year local
control rate of 90.2% for those receiving proton RT and
93% for those receiving carbon ion therapy. According to
multivariate analysis, tumor size was an independent risk
factor for local recurrence. For the whole series, 3-year
OS was 59%.
Despite the favorable results of several studies of
particle beam radiotherapy for HCC [94-97] we should
keep in mind that proton and carbon ion radiotherapy
is a quite expensive technique available in few facilities
worldwide. Additionally, there is still room for photon
radiotherapy (3DCRT, SBRT) for HCC patients.
Dawson [98] suggests that photon RT is suitable for
patients with CP. A liver function, and tumors that can be
irradiated with sparing of the liver (tumors < 6 cm or at
the dome of the diaphragm). Proton RT is advantageous
mainly for patients with CP-B class liver function and
tumor characteristics associated with higher liver doses
after photon therapy (centrally located tumors > 8 cm). A
dosimetric comparison of spot-scanning proton therapy
vs intensity modulated radiation therapy suggests proton
radiotherapy for HCC with nominal diameter > 6.3 cm
with regard to radiation-induced liver toxicity[99].
Finally, neither photon or proton therapy is considered
a suitable option for patients with CP-C liver function or
diffuse, multifocal HCC.

concluded that local hyperthermia induced both direct
and abscopal anti-tumor effects that might probably be
the result of a systemic effect of hyperthermia in the
host animal[100-102].
Lin et al[100] used nanosized Mn-Zn magnetic-fluid
hyperthermia in combination with radiation therapy. The
results, in vivo and in vitro, showed that the combination
of magnetic fluid hyperthermia with Mn-Zn ferrite has
better therapeutic effect than either of them alone. Zhang
et al[101] used on extracorporeal HepG2 cells different
temperatures, pressures of permeability and lengths
of treatment time and they observed the killing effect
on cell index. They concluded that the 46 ℃-distilled
water-60 min achive to ideal killing effect on free cancer
cells[101]. Linchun et al[102] showed that the toxicity after the
combination of radiation therapy with hyperthermia was
upper abdominal fullness, anorexia, nausea, vomiting,
abdominal pain, marrow suppression. The combination
is safe and effective in the treatment of hepatocellular
carcinoma[102].
The logical inference from these researchs is that
the abscopal effect is a desirable and common systemic
reaction to localized cancer treatment. These data will
encourage future therapeutic gain of hyperthermia in the
treatment of hepatocellular carcinoma. The development
of safer and reasonable therapies will be facilitated as we
clarify the mechanisms for the abscopal effects. Future
therapies will need to be optimized with tumor-type
tailoring in consideration of various intra- or inter-tissue
signals if these are to affect treatment outcome.

RADIATION INDUCED LIVER TOXICITY
Radiation delivery to liver lesions is limited by the
tolerance of surrounding normal liver parenchyma.
Hepatic radiation toxicity has for long been in the center
of interest[103,104]. RILD has been defined as a clinical
syndrome of anicteric hepatomegaly, ascites and elevated
liver enzymes (particularly serum alkaline phosphatase)
occurring from 2 wk to 4 mo after radiotherapy[105]. The
underlying cause is a venoocclusive disease in the central
portion of each lobe. Fibrous occlusion of central
veins is the result of replacement by collagen of fibrin
accumulated to endothelial cells of central veins after
irradiation[106]. Dawson et al[105] have demonstrated a large
volume effect for RILD. The mean liver dose is associated
with the development of RILD with a threshold of 30
Gy with conventional fractionation. A mean liver dose of
31 Gy is associated with a 5% probability of RILD. This
probability rises up to 50% for a mean dose of 43 Gy.
These results are in line with the earlier work of Emami
that defined the tolerance of normal tissue to therapeutic
irradiation with an emphasis on partial volume effects[107].
Liver is a characteristic example of a radiobiologically
parallel architecture model, with liver acini as functional
subunits. The risk of developing a complication depends
on dose distribution throughout the whole organ rather
than the maximum dose to a small area. A complication

3DCRT and hyperthermia
The full scope of the capabilities of radiation therapy is
achieved particularly in combination settings with various
anti-tumor modalities, the so-called multidisciplinary
approach. To enhance the therapeutic efficacy of
radiation sufficiently, one may choose radiation therapy in
combination with hyperthermia treatment. Many studies
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occurs if the fraction of liver damaged by RT exceeds the
patients’ functional reserve[108]. A high dose of RT can
be delivered to a subvolume as long as the mean dose to
normal parenchyma does not compromise its function. A
dose as high as 100 Gy can safely be delivered to a small
volume of normal liver (approximately 1/3 of whole
liver) with a minimum or no risk of toxicity[105]. The
Michigan group’s study has shown that the tolerance of
the liver is reduced in patients with primary liver cancer
vs metastases. The mean liver dose associated with a 5%
risk of RILD is 28 Gy at 2 Gy per fraction for primary
liver cancer vs 32 Gy at conventional fractionation for
metastatic live cancer[109].
In severe clinical cases, the RILD can lead to liver
failure and death. Although many pharmacologic
therapies have been tested in the past[103,110-112] there is
still no standard therapy available for radiation-induced
liver toxicity. Recently, new agents and strategies such
as monoclonal antibodies against transforming growth
factor-β[113] and transplantation of bone marrow-derived
stem cells, adult hepatocytes or liver progenitor cells[114-116]
have been tested in the treatment of liver disease. Their
possible role in the setting of radiation-induced liver
disease is still under investigation.

priate only for selected patients mainly without extra
cranial tumor burden or viable liver disease.
Radiotherapy used with palliative intends is an
effective and well tolerated treatment for common HCC
metastases causing distressing symptoms.

CONCLUSION
The role of radiation therapy for hepatocellular carcinoma
has evolved over the years. The technological advances
that provided the means to deliver a tumoradical dose
to liver lesions while sparing the surrounding normal
parenchyma have given new insight to the treatment
options for HCC. The literature supports the efficacy
and safety of radiation therapy for HCC that has
been for long considering a radioresistant tumor.
Radiation therapies alone or in combination with other
local therapies such as radiochemoembolization give
encouraging results on local control and survival. We
have successfully moved from the palliative role of
radiotherapy for HCC to a new era of radiotherapy given
as an effective treatment for patients not suitable for
other therapeutic approaches.
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For a long time, in terms of palliative setting, radiotherapy
has been used for the treatment of distressing symptoms
from HCC metastases. The lung, abdominal lymph nodes
and the bones are the most common sites of extrahepatic
metastatic HCC[117,118]. Unusual metastatic sites, such as
central nervous system, have also been reported in the
literature[119,120].
HCC lymph node metastases are sensitive to EBRT
within a dose range of 8-60 Gy[121]. Sixty four per cent of
patients subjected to RT with a dose 46-60 Gy achieved
partial response and 18% a complete response[122]. In
the series of Zeng et al[29], 50 Gy/25 fr was proven an
effective palliative treatment for lymph node metastases,
although survival decreases as the distance of lymph
involvement from the liver increases, following the
natural flow of lymph. The incidence of death resulting
from lymph node-related complications was lower in the
EBRT group in comparison to patients not receiving
RT[29]. High rates (73% and 84%) of pain relief associated
with HCC bone metastases have been reported in two
series from South Korea and Japan, respectively[26,123].
Brain metastases are associated with extremely poor
prognosis and median survival is 1-3 mo[120,124,125]. Increased
survival is reported in patients that received aggressive
treatment combing surgery and/or radiotherapy[120,124,125].
In the series of Han et al[126], patients treated with whole
brain radiotherapy and/or gamma knife radiosurgery had
a median survival time of 16 wk. Since brain metastases
from HCC tend to bleed and rebleed after treatment,
complete surgical resection should be attempted. However,
decision for aggressive combination treatment is appro
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MINIREVIEWS

Clinical utility of complex mutations in the core promoter
and proximal precore regions of the hepatitis B virus
genome
Young Min Park
all HBVs are classified as HBV genotype C2; the majority
of these viruses have the basal core promoter double
mutation, a precore stop mutation, or both. These
mutations may play a role in the alteration of viral and
clinical features, and abundant and complex mutations
are particularly prevalent in the core promoter and
proximal precore regions. We previously demonstrated
that the accumulation of ≥ 6 mutations at eight key
nucleotides located in these regions (G1613A, C1653T,
T1753V, A1762T, G1764A, A1846T, G1896A, and
G1899A) is a useful marker to predict the development
of HCC regardless of advanced liver disease. In addition,
certain mutation combinations were predominant in
cases with ≥ 4 mutations. In cases with ≤ 5 mutations,
a low Hepatitis B e antigen titer (< 35 signal to noise
ratio) was indicative of HCC risk. Viral mutation data of
the single HBV genotype C2 suggest that the combined
effect of the number and pattern of mutations in the
core promoter and proximal precore regions is helpful in
predicting HCC risk.
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Core tip: Multiple mutations in the core promoter and
proximal precore regions of the hepatitis B virus (HBV)
genome are associated with hepatocellular carcinoma
(HCC), but mutations predictive of outcome in chronic
HBV carriers have not been distinguished. In the
Korean HBV genotype C2, the number of mutations at
eight key nucleotides located in these regions (G1613A,
C1653T, T1753V, A1762T, G1764A, A1846T, G1896A,
and G1899A) is positively correlated with HCC. In
addition, some selected mutation combinations among
individuals with ≥ 4 mutations are predominant in the
HCC group.

Abstract
The core promoter and proximal precore regions are
the most complex portions of the hepatitis B virus
(HBV) genome. These regions cooperatively regulate
viral replication and differentially regulate the synthesis
of the viral proteins E, core, and X. Multiple mutations
in these regions are associated with the persistency
of viral infection and the development of cirrhosis and
hepatocellular carcinoma (HCC). In South Korea, nearly
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significantly inhibits viral replication while simultaneously
inducing mutation of the HBV genome, including socalled “escape mutants”. HBV DNA titers in serum and
hepatocytes have been associated with a less favorable
course due to either poor clearance of the virus or
increased virus production, whereas the long-term
prognosis of patients with a low viral load is generally
good[2,11-14]. However, HBV DNA titers are dynamic and
depend on the type of mutation and anti-viral immunity,
and are intricately connected to changes in hepatitis
B surface antigen and hepatitis B e antigen (HBeAg)
levels[15-18]. In particular, serum HBeAg and HBV DNA
levels are closely associated with A1762T and G1764A,
which are known as the basal core promoter (BCP) double
mutation (A1762T/G1764A), and G1896A, the precore
stop mutation; both A1762T/G1764A and G1896A
are associated with e-suppressive phenotypes as well as
decreased HBV genome replication[13,15,16,19-21]. The precore
stop mutation synergistically modulates the influence of
the BCP double mutation on HBV replication[22]. These
mutations tend to increase HBV persistence[22,23]. The
relationship between viral loads and hepatitis flare-ups in
the immune eradication phase is not clear, and persistent
infection by mutant HBV may influence the progression
of chronic hepatitis[2,12-15,20,24], prompting interest in the
identification of viral mutations that affect the outcome
of chronic HBV infection.

Park YM. Clinical utility of complex mutations in the core
promoter and proximal precore regions of the hepatitis B virus
genome. World J Hepatol 2015; 7(1): 113-120 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i1/113.htm
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NATURAL HISTORY OF CHRONIC
HEPATITIS B VIRUS INFECTION
Chronic hepatitis B virus (HBV) infection increases
the risk of developing liver cirrhosis and hepatocellular
carcinoma (HCC) [1-3] . The natural course of HBV
infection involves three clinical phases: immune tolerance,
immune eradication, and recovery. The phase of HBV
infection is classified based on serum aminotransferase
levels and HBV DNA titer, which represent hepatitis
and viral replication, respectively[1-4]. When the HBV
DNA titer is greater than 2000 IU/mL, host immune
mechanisms trigger the flare-up of hepatitis and regulate
hepatitis activities that bridge the gap between the
virus replication phase and the development of liver
cirrhosis or HCC. The majority of hepatitis patients
are anicteric, and the process tends to repeat until HBV
loses the capability to replicate in hepatocytes[5,6]. When
serum viral loads are persistently less than 350 IU/mL,
the progressive loss of HBV genomic activity and
the inability to stimulate a host immune response are
observed, indicating that the carrier is in the recovery
phase[3]. Throughout chronic HBV infection, sex and age
are important host factors for predicting HCC risk[2,7].

HBV GENOTYPES, THE BCP DOUBLE
MUTATION, AND THE PRECORE STOP
MUTATION
Eight distinct genotypes of HBV have been reported
(denoted A-H); each genotype includes variants with less
than 8% divergence among their DNA sequences[25,26].
HBV genotypes B and C are more closely associated with
the development of HCC than other genotypes[15,20,23,27] and
are characterized by a higher prevalence of the BCP double
mutation and the precore stop mutation[20,25,27]. Thus,
genotypes B and C are apparently aggressive with respect to
the development of HCC. However, in South Korea, nearly
all HBV cases are genotype C2 (Ce)[28-33]. Although highly
prevalent in HCC (86%), the prevalence of the precore stop
mutation does not differ significantly among chronic HBV
carriers with or without HCC[32,34,35]. Most isolates of HBV
genotype C2 in South Korea carry the T1858 mutation[32,33],
which attenuates the stability of the secondary structure
of the pregenome encapsidation signal (epsilon signal).
In contrast, C1858 prevents the formation of G1896A[36].
The BCP double mutation is also not a significant factor
because it is present in the majority of HBV genotype
C2 strains in South Korea. For instance, the BCP double
mutation is identified in 93.5% of HBeAg-negative bDNApositive patients, 94.9% of HBeAg-negative bDNAnegative patients, and 74% of HBeAg-positive patients[32].
Despite the high prevalence of G1896A and BCP double
mutations, the single C2 genotype of South Korea
represents an intriguing model system in which to identify
viral mutations with prognostic utility. Complex mutations

HISTOLOGICAL VIEWPOINT OF THE
OUTCOME OF CHRONIC HBV INFECTION
Hepatitis is graded based on histological analysis of
necro-inflammation and fibrosis, and severe hepatitis
simultaneously promotes hepatic fibrogenesis and
carcinogenesis[8]. For example, serial liver biopsy data
indicate that chronic hepatitis B patients with severe
necro-inflammation exhibited significantly poorer
morbidity and mortality compared with patients with
mild necro-inflammation[6]. The histological findings
are occasionally paradoxical and indicate healing or
aggravation of fibrosis. In cases of chronic hepatitis B
with bridging hepatic necrosis, a feature of aggressive
hepatitis, patients frequently recover after the flareup, but fibrosis or cirrhosis remains[9]. These findings
suggest that the degree of fibrosis, also referred to as the
fibrosis stage, potentially reflects the sequential changes
associated with progressive chronic liver disease and is a
more efficient indicator of prognosis than the ongoing
inflammation[3,7,10].

VIROLOGICAL VIEWPOINT OF THE
OUTCOME OF CHRONIC HBV INFECTION
During the active hepatitis phase, the immune response
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in the core promoter and precore regions of the HBV
genome are of particular interest.

various functional gene clusters, such as enhancer Ⅱ,
the basal core promoter, the X-termination signal, two
pregenomic RNA start points, the poly A signal, epsilon,
and other important sequences [38-40]. These regions
differentially regulate the synthesis of pregenomic
and pre-C mRNAs of HBV and the production of
HBeAg and hepatitis B core antigen (HBcAg), and cooperatively regulate viral replication [39-42]. Any single
mutation can induce some form of inherent change that
affects viral loads and the levels of HBeAg in serum and
HBcAg and X protein in hepatocytes. These effects can
subsequently modulate the immune response to viral
antigens and enhance the carcinogenic effects of altered
X proteins[40]. In Far East Asia, HBV genotypes B and C
are predominant, and five mutations are prominent in the
core promoter and proximal precore regions: G1613A,
C1653T, T1753V, A1846T, and G1899A [43-47]. These
select mutations are associated with the development of
HCC when combined with the BCP double mutation.
Many additional mutants have been reported in the
literature, but most of these mutations are sporadic.
Our data indicate that these mutations, together with
A1762T, G1764A, and G1896A, are the most important
frequent mutations in HBV genotype C2[33]. Considering
the accumulation of mutations with time and the age of
HCC patients, analyses must focus on the complexity
of mutations associated with HCC risk, particularly in
chronic HBV carriers greater than 40 years of age.

CLINICAL FEATURES OF WILD TYPE HBV
GENOTYPE C2
Because the literature regarding the clinical features of
wild-type HBV genotype C2 is lacking, we analyzed this
genotype in comparison with three mutation types using
our published raw data (n = 442)[33,37]. The selected 109
patients consisted of four groups: wild-type (Ⅰ, n = 29),
precore stop mutation alone (Ⅱ, n = 14), BCP double
mutation only (Ⅲ, n = 44), and the A1762T, G1764A
and G1896A triple mutation (Ⅳ, n = 22). The proportion
of patients classified as group I decreased dramatically
among those over 40 years of age, whereas the other
groups experienced a relative increase in the proportion
of individuals over 40 years of age. The proportions of
HBeAg-negative patients and patients with serum HBV
DNA levels < 15000 IU/mL (or 6 log copies/mL) were
reduced in groups Ⅰ and Ⅲ compared with groups Ⅱ
and Ⅳ (HBeAg negative, 3.4% and 15.9% vs 57.1% and
50%, respectively; HBV DNA < 15000 IU/mL, 7.1% and
16.2% vs 33.3% and 36.4%, respectively). These results
suggest that the precore stop mutation is more closely
associated with the attenuation of self-replication and
HBeAg production than the BCP double mutation. In
groupⅠ, active hepatitis, advanced liver disease, and HCC
were uncommon regardless of age compared with groups
Ⅱ-Ⅳ. In addition, half of the cases remained inactive for
a long period (i.e., greater than 5 years). In groups Ⅰ-Ⅳ,
active hepatitis was noted in 44.8%, 57.1%, 72.7%, and
54.5% of patients, respectively. Advanced liver disease
was noted in 6.9%, 28.6%, 22.7%, and 18.2% of patients,
respectively. HCC was reported in 3.4%, 14.3%, 13.6%,
and 13.6% of patients, respectively. In groups Ⅱ-Ⅳ,
most of the patients with advanced liver disease and/or
HCC were over the age of 40. Thus, the clinical features
of wild-type HBV genotype C2 conversely reflect the
aggressiveness and persistency of the mutant type, and
the BCP double mutation is associated with the initiation
of HCC regardless of age. Nevertheless, these three types
of mutations are insufficient as viral markers for outcome
prediction because their capacity to discriminate between
high and low risk of HCC is minimal. However, other
mutations are likely important, particularly among the
BCP mutant type HBVs, and the potential combinations
of mutations are abundant and complex.

TRIPLE OR QUADRUPLE MUTATIONS
INCLUDING THE BCP DOUBLE
MUTATION
Although single G1613A or G1896A mutations are
commonly noted in HBV genotype C2 in South Korea,
single C1653T, T1753V, A1846T or G1899A mutations
are rarely identified. Most of these mutations occur
in combination with the BCP double mutation [37] .
These results suggest that the BCP double mutation
(A1762T/G1764A) may function as a starting point
for the generation of viral variants harboring C1653T,
T1753V, A1846T, and G1899A mutations. Therefore,
it is not surprising that T1753V is more frequently
linked to HBV genotype C than genotype B (19.2% vs
1.9%; P = 0.013)[15]. G1899A combined with the BCP
double mutation is the single risk factor indicating HCC
risk in Thailand and Tunisia, but the linkages between
mutations are less clear in South Korea[33,37,45,48]. Our data
indicate that while G1896A increases steadily with time,
the accumulation of A1846T begins to increase during
the quadruple phase of mutations. In contrast, the other
mutations begin to accumulate at the triple phase[33,37].
Various specific quadruple mutations are superior to the
BCP double mutation for determining HCC risk, whereas
any individual triple mutation is not superior[33,37,43,49].
The combination of G1613A and C1653T is associated
with HCC in HBV genotype C patients[49], whereas the
combination of C1653T and T1753V is associated with

KEY MUTATIONS IN THE CORE
PROMOTER AND PROXIMAL PRECORE
REGIONS OF THE HBV GENOME
The core promoter overlaps the distal part of the X gene,
and the proximal precore includes the epsilon signal[38-40].
These two genetically distinct regions are the most
complex portion of the HBV genome, which includes
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HCC in HBV genotype B patients[43]. Among 15 different
quadruple mutations containing the BCP double mutation,
our analyses indicate that only five types are predominant
[74.2% (72/97)], including the combinations (G1613A
+ C1653T), (C1653T + T1753V), (C1653T + G1896A),
(T1753V + G1896A), and (A1846T + G1896A). These
mutations account for 94.4% (34/36) of HCC cases that
develop in the context of quadruple mutations. When
exclusively compared with the BCP double mutation [HCC,
13.6% (6/44)], the prevalence of HCC among these five
quadruple mutations was 46.2% (6/13, P = 0.02), 40%
(2/5, P = 0.1821), 27.3% (6/20, P = 0.168), 66.7% (14/21,
P = 0.00003) and 46.2% (6/13, P = 0.02), respectively.
The respective odds ratios for HCC were 5.4286 (95%CI:
1.353-21.7821), 4.2222 (95%CI: 0.5797-30.7518), 2.7143
(95%CI: 0.7495-9.8293), 12.6667 (95%CI: 3.6262-44.2465)
and 5.4286 (95%CI: 1.353-21.7821). The combination of
C1766T and T1768A appears to enhance the carcinogenic
effects of the X protein, but these mutations are rarely
identified in South Korea [33,50]. Multivariate analyses
of variables in relation to HCC indicate that mutation
number is the only significantly independent viral factor[33].
These data indicate that complex mutations should be
systematically evaluated as a function of the number of
mutations.

negative predictive value were 44.0%, 97.3%, 94.3%, and
63.5%, respectively. The diagnostic efficiency of ≥ 6
mutations was comparable to that of alpha-fetoprotein
(AFP), a specific biomarker for HCC diagnosis. The
AUROC was 0.824 (95%CI: 0.759-0.890) for ≥ 6
mutations and 0.869 (95%CI: 0.812-0.925) for AFP[33].

SPECIFIC MUTATION COMBINATIONS
ASSOCIATED WITH HCC
In a longitudinal cohort of 25 patients with serial serum
samples spanning the years before and after HCC
diagnosis, most of the patients with HCC (24/25, 96.0%)
exhibited ≥ 4 mutations including the BCP double
mutation years prior to HCC development; these patients
also exhibited an equal or increasing number of mutations
until HCC development[33]. In particular, some mutation
combinations were specifically associated with HCC, and
the core mutations differed little among combinations of
four, six, and seven mutations. Although the (G1613A
+ C1653T), (C1653T + T1753V), (C1653T + G1896A),
(T1753V + G1896A), and (A1846T + G1896A) double
mutations were prominent in HCC patients with
quadruple mutations, the addition of any single mutation
did not improve the combined effect of an existing
quadruple mutation[37]. With regard to six mutations, the
(G1613A + C1653T + A1846T + G1896A) and (G1613A
+ C1653T + A1846T + G1899A) combinations were
observed in half of the HCC patients, whereas additional
mutations were sporadic[37]. Compared with the BCP
double mutation alone, the prevalence and odds ratios
were 71.4% (5/7, P = 0.0032) and 15.8333 (95%CI:
2.4843-100.9110) for the (G1613A + C1653T + A1846T
+ G1896A), respectively, and 83.3% (5/6, P = 0.0012)
and 31.6667 (95%CI: 3.1331-320.0591) for the (G1613A
+ C1653T + A1846T + G1899A), respectively[37]. With
regard to seven mutations, the combinations (G1613A
+ C1653T + T1753V + A1846T + G1896A) and
(G1613A + C1653T + A1846T + G1896A + G1899A)
were observed in 86.7% of the HCC group; the rate
of HCC was 100% (6/6) for the former combination
and 85.7% (6/7) for the latter[37]. These data suggest
that the acquisition of a new mutation is not incidental;
however, the new mutation potentially follows the rules
of association and linkage between a mutation and an
existing mutation combination.

THE UTILITY OF THE NUMBER
OF MUTATIONS OF EIGHT KEY
NUCLEOTIDES IN THE PREDICTION OF
HCC
Although the development of HCC correlates with the
accumulation of mutations, most studies have examined
combinations of four mutations or less[43,51]. We analyzed
the cumulative effects of complex mutations through a
stratified analysis based on mutation number. The HCC
rate in chronic HBV carriers increased linearly from wildtype to eight mutations as follows: 3.4% (1/29), 8.7%
(2/23), 14.5% (8/55), 21.2% (21/99), 35.6% (36/101),
31.8% (21/66), 52.4% (22/42), 78.9% (15/19), and
75% (6/8), respectively (Y = 0.0917*X, r2 = 0.9199).
Quadruple mutations were the most prevalent among
the study subjects; double and triple mutations were
most common in the non-HCC group, whereas multiple
mutations, including more than four mutations, were
predominant in the HCC group [33]. Compared with
the BCP double mutation, the odds ratios (95%CI,
P-value) of three to eight mutations were 1.7561
(0.6131-5.0301, 0.3250), 3.4286 (1.2623-9.3127, 0.0513),
2.7143 (0.9333-7.8939, 0.0820), 4.8571 (1.5527-15.1942,
0.0079), 30.0000 (5.3429-168.4491, 0.0000), and 24.0000
(2.4104-238.9646, 0.0023), respectively[33]. Based on these
findings, we hypothesize that the number of mutations is
a more sensitive predictor of HCC risk than any specific
mutation [33]. In particular, cases with ≥ 6 mutations
were associated with HCC with the greatest accuracy;
the sensitivity, specificity, positive predictive value and
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ASSOCIATION BETWEEN LOW-TITER
HBeAg AND A NUMBER OF KEY
MUTATIONS
In the data analyses, we arbitrarily defined low-titer
HBeAg as a signal-to-noise ratio of less than 35 as
measured by ELISA (Abbott Laboratories, Diagnostic
Division, Abbott Park, IL 60064, United States)[52]. Of
442 cases, 57.2% (n = 253) were HBeAg-positive. Of
132 HCC cases, 47% (n = 62) were classified as HBeAg-
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Table 1 Hepatocellular carcinoma rate of specific mutation combinations and odds ratio in comparison with
basal core promoter double mutation only
Specific mutation combinations

HCC rate

1

OR

95%CI

P -value

3.4% (1/29)
13.6% (6/44)

0.23
13

0.0048-2.0622

0.2391

46.2% (6/13)
40.0% (2/5)
27.3% (6/20)
66.7% (14/21)
46.2% (6/13)

5.4286
4.2222
2.7143
12.6667
5.4286

5.4286-1.3530
4.2222-0.5797
2.7143-0.7495
12.6667-3.6262
5.4286-1.3530

0.0200
0.1821
0.1680
0.0000
0.0200

71.4% (5/7)
83.3% (5/6)

14.5142
28.2555

1.8869-185.1359
2.5885-1517.9673

0.0033
0.0012

100% (6/6)
85.7% (6/7)

Infinity
39.3553

5.4236-infinity
4.0487-2018.0433

0.0001
0.0001

2

in combination with BCP double mutations
Wild-type
BCP double mutations only [(A1762T + G1764A)]3
Dominant quadruple mutations
(G1613A + C1653T)
(C1653T + T1753V)
(C1653T + G1896A)
(T1753V + G1896A)
(A1846T + G1896A)
Dominant combinations in sextuplet mutations:
(G1613A + C1653T + A1846T + G1896A)
(G1613A + C1653T + A1846T + G1899A)
Dominant combinations in septuplet mutations:
(G1613A + C1653T + T1753V + A1846T + G1896A)
(G1613A + C1653T + A1846T + G1896A + G1899A)
1

Hepatocellular carcinoma; 2Basal core promoter; 3Reference of odds ratio analyses; P-value was calculated by Fisher’s exact test for
count data. BCP: Basal core promoter; HCC: Hepatocellular carcinoma.
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Figure 1 The number of mutations positively correlates with the rate of
hepatocellular carcinoma: Pearson’s correlation = 0.9614 (95%CI: 0.8225-0.9921;
P = 0.0000). HCC: Hepatocellular carcinoma.
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Figure 2 The number of mutations positively correlates with advanced
liver disease, and advanced liver disease correlates with hepatocellular
carcinoma. However, the number of mutations is correlated with hepatocellular
carcinoma independent of advanced liver disease. We arbitrarily divided the
clinical stages based on a combination of four laboratory parameters, including
platelet counts, albumin levels, total bilirubin, and prothrombin time. The
categories were defined according to PABC clinical staging: PABC-A exhibits
normal values for the four parameters; PABC-B exhibits abnormal values for
one or two biochemical parameter(s) in addition to abnormal platelet counts;
and PABC-C exhibits abnormal values for all four laboratory parameters.
Pearson’s correlation coefficient was 0.933 for PABC-A (95%CI: 0.6061-0.9903;
P = 0.0021), 0.822 for PABC-B (95%CI: 0.1822-0.9729; P = 0.0231), and 0.938
for PABC-C (95%CI: 0.5285-0.9933; P = 0.0057). PABC: Platelet-albuminbilirubin-coagulation ability (prothrombin time).

positive HCC [37]. The HBeAg-positive rate inversely
correlated with the number of key mutations (96.6%,
65.2%, 76.4%, 64.6%, 46.5%, 40.9%, 47.6%, 47.4%,
and 12.5% for 0 to 8 mutations, respectively). However,
the proportion of low-titer HBeAg in the 253 HBeAgpositive cases positively correlated with mutation
numbers (7.1%, 13.3%, 21.4%, 25%, 42.6%, 44.4%,
65%, 100%, and 100% of the HBeAg-positive cases for
0 to 8 mutations, respectively). More than half of the 62
HBeAg-positive HCC cases were classified as low-titer
HBeAg (HCC cases with low-titer HBeAg/total HBeAgpositive HCC cases for 0 to 8 mutations were 1/1, 0/0,
3/5, 5/10, 9/15, 5/10, 7/11, 9/9, and 1/1, respectively).
Notably, HCC patients infected by wild-type or BCP
double mutant HBV were exclusively low-titer HBeAgpositive. These data suggest that the quantity of HBeAg
is associated with HBV-related hepatocarcinogenesis.

tions in South Korea has been difficult, the present
analyses demonstrate that HBV genotype C2 is a good
model to investigate the significance of viral mutations.
Based on our previous two studies, we proposed the
following hypothesis: the presence of ≥ 6 mutations is
the most important viral factor in predictions of HCC
risk in chronic HBV carriers infected by the BCP mutant
virus (Figure 1). The number of mutations is positively
correlated not only with advanced liver disease, but
also with HCC independent of advanced liver disease
(Figure 2). Although the eight key mutations can occur
in various combinations, specific mutation combinations

CONCLUSION
Although extracting useful data regarding HBV muta
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Table 2 Comparison of hepatocellular carcinoma rate between low and high titers of hepatitis B e antigen in each mutation number group
Mutation
number

0
1
2-12
2-23
3
4
5
6
7
8

HBeAg-positive rate
Total
HBeAg < 35
% (No./total cases) % (No./total cases)
96.6% (28/29)
65.2% (15/23)
45.5% (5/11)
84.1% (37/44)
71.4% (60/84)
48.5% (47/97)
40.0% (26/65)
46.2% (18/39)
47.4% (9/19)
12.5% (1/8)

7.1% (2/28)
13.3% (2/15)
60.0% (3/5)
16.2% (6/37)
25.0% (15/60)
42.6% (20/47)
46.2% (12/26)
66.7% (12/18)
100% (9/9)
100% (1/1)

HCC rate
HBeAg < 35 or P -value
HBeAg-positive
HBeAg-negative
HBeAg-negative rate
HBeAg > 35
HBeAg < 35
% (No./total cases)
among HCCs
% (No./total cases) % (No./total cases)
% (No./total cases)
0% (0/26)
50% (1/2)
0% (0/1)
100% (1/1)
0% (0/13)
0% (0/2)
25.0% (2/8)
100% (2/2)
0% (0/2)
33.3% (1/3)
16.7% (1/6)
100% (2/2)
6.5% (2/31)
33.3% (2/ 6)
28..6% (2/7)
66.7% (4/6)
0.0530
10.4% (5/48)
31.3% (5/16)
31.4% (11/35)
76.2% (16/21)
0.0137
22.2% (6/27)
45.0% (9/20)
38.9% (21/54)
83.3% (30/36)
0.1047
33.3% (5/15)
41.7% (5/12)
28.2% (11/39)
76.2% (16/21)
1.0000
57.1% (4/7)
53.8% (7/13)
50.0% (11/22)
81.8% (18/22)
1.0000
0% (0/9)
100% (9/9)
60.0% (6/10)
100% (15/15)
0% (0/1)
100% (1/1)
71.4% (5/7)
100% (6/6)
-

1

1

Fisher’s exact test for count data was carried out to compare the significance of HBeAg status in the prediction of HCC risk between HCC patients with
HBeAg > 35 and with HBeAg < 35 or -negative. Low titer HBeAg or HBeAg-negativity is significantly predominant among HCC patients; 2Only one of two
mutations is A1762T or G1764A; 3Basal core promoter double mutations (A1762T/G1764A). HCC: Hepatocellular carcinoma; HBeAg: Hepatitis B e antigen.

are predominant in the HCC group (Table 1). However, a
low titer HBeAg (< 35 signal-to-noise ratio) is indicative
of HCC risk for viruses containing ≤ 5 mutations or
the BCP double mutation only (Table 2). Therefore, viral
mutations and clinical features are complementary in the
prediction of HCC risk.
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HBV and HIV co-infection: Impact on liver pathobiology and
therapeutic approaches
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carcinoma. Moreover, HIV co-infection significantly
alters the natural history of hepatitis B, and therefore
complicates the disease management. Though several
studies have demonstrated impact of HIV proteins on
hepatocyte biology, only a few data is available on
interactions between HBV and HIV proteins. Thus,
the clinical spectrum as well as the complexity of the
co-infection offers challenging fronts to study the
underlying molecular mechanisms, and to design
effective therapeutic strategies.
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Core tip: The consequences of hepatitis B virus (HBV)
and human immunodeficiency virus (HIV) co-infection
on progression of severe liver diseases is a serious
public health issue, worldwide. In HIV co-infected
individuals, liver-related mortality is estimated over
17 times higher than those with HBV mono-infection.
HIV co-infection significantly alters the natural history
of hepatitis B, and therefore complicates the disease
management. Thus, the clinical spectrum as well as
the complexity of the HBV and HIV co-infection of
liver offers challenging fronts to study the underlying
molecular mechanisms, and to design effective
therapeutic strategies.

Abstract
The consequences of hepatitis B virus (HBV) and
human immunodeficiency virus (HIV) co-infection on
progression of severe liver diseases is a serious public
health issue, worldwide. In the co-infection cases,
about 90% of HIV-infected population is seropositive
for HBV where approximately 5%-40% individuals are
chronically infected. In HIV co-infected individuals, liverrelated mortality is estimated over 17 times higher than
those with HBV mono-infection. The spectrum of HIVinduced liver diseases includes hepatitis, steatohepatitis,
endothelialitis, necrosis, granulomatosis, cirrhosis and
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cell lines. Nevertheless, the limited sensitiveness of the
techniques employed as well as the sub-detectable levels
of CD4 after several passages of cultured cells, cannot
rule out the possibility of CD4 expressions on these cells.
Therefore, in HIV-positive patients, the retroviral CD4
receptor-independent entry of hepatocytes still remains
controversial. Nevertheless, another possibility of HIV
to utilize an alternative liver-specific receptor is recently
described[18].

INTRODUCTION
Although inherently a non-hepatotropic virus, a direct
cytopathic effect of human immunodeficiency virus-1
(HIV) on liver, independent of retroviral drug-toxicity
or viral hepatitis is known, today. HIV co-infection
with hepatitis B virus (HBV), and the consequences
on progression of severe liver diseases further pose a
serious health issue. HIV alone, infects nearly 40 million
individuals leading to about 5% cases of mortality while
HBV circulates in > 400 million persons causing about
one million deaths, annually worldwide[1,2]. In the coinfection cases, approximately 90% of HIV-infected
individuals have serological markers of HBV and
approximately 5%-40% of them are clinically chronic[3,4].
As a consequence, HBV co-infection persists in almost
25% of HIV-infected adults and approximately 50%-90%
of them acquire it at birth or in early age[5].
In HIV-infected patients, the CD4-independant
tissue tropism, including liver and its impact on hepato
pathogenesis is well established [6]. The spectrum of
HIV-induced liver diseases includes hepatitis, alcoholassociated steatohepatitis, non-alcoholic steatohepatitis,
endothelialitis, necrosis and granulomatosis[7]. Moreover,
HIV co-infection leads to further complications in liver
diseases compared to HBV mono-infection[8]. It is found
that in HIV co-infected individuals, liver-related mortality
is over 17 times higher than those infected with HBV,
alone[2]. Also, with the introduction of “highly active
anti-retroviral therapy (HAART)” in high HBV endemic
areas, greater chances of progressive liver diseases is
expected in the HIV co-infected individuals[9]. Moreover,
HIV co-infection severely alters the natural history
of hepatitis B[9]. As a result, management of chronic
hepatitis B is hampered by the late and/or improper
diagnosis as well as by effectiveness of nucleos(t)idebased anti-viral therapy, and risks of emergence of drugresistance. While it is very rare for HBV, transmittance of
drug resistant-mutants accounts for up to 15% of new
HIV infections[10,11].

CO-INFECTION AND SEVERITY OF LIVER
PATHOGENESIS
The spectrum of HIV-induced liver diseases includes
hepatitis, alcohol-associated steatohepatitis, nonalcoholic steatohepatitis, endothelialitis, necrosis and
granulomatosis[7,19]. The consequences of HIV monoinfection is also linked to liver portal obliteration with
nodular regenerative hyperplasia, responsible for noncirrhotic portal hypertension[20,21]. In adult-acquired HBV
infected individuals, the secondary infection with HIV
leads to the chances of developing chronic hepatitis B by
six-fold compared to HBV mono-infected patients[22,23].
Furthermore, in co-infection cases, HIV severely alters
the natural history of hepatitis B[3,24]. HIV co-infection
significantly decreases the rate of hepatitis B e antigen
(HBeAg) clearance up to five-fold and increases the level
of HBV replication[9,25]. Even co-infected persons who
seroconvert to protective antibody to hepatitis B surface
antigen (HBsAg) [anti-hepatitis B surface antibody
(HBsAb)], remain at risk of reverse-seroconversion, and
subsequent reactivation of HBV[26,27]. Also, while liver
cirrhosis is more common in cases of HBV and HIV coinfections, a more severe progression and complexity in
the development of hepatocellular carcinoma (HCC) is
also reported[28].

UNDERLYING MECHANISMS
Though the high HBV episomal DNA (cccDNA)
accumulations are predictive of elevated hepatotoxicity
and contrarily, the lower alanine amino transaminase
(ALT) levels presenting less hepatic injury; the underlying
mechanisms of HIV-induced liver pathology is largely
unknown. Moreover, HBV core (C)/precore (pre-C)
genetic variants, which can be more common in HIV
co-infected individuals, are also suggested in disease
progression[29,30]. In a closely related clinical study of HIV
and hepatitis C virus co-infection cases, liver cirrhosis
was found associated with higher systemic markers of
gut-microbial translocation[31] that could be also true for
HBV. Further, the activation of HBV-specific CD8+ cells,
crucial in controlling HBV replication as well as the liver
pathogenesis[32], is shown to be clearly impaired during
HIV secondary infection. This might partially explain
the tendency of progression of acute hepatitis B towards
chronicity in HIV co-infection cases[33]. In co-infected
patients with lower ALT levels compared to HBV mono-

HIV-HEPATOTROPISM
HIV infection requires interaction of the viral envelop
protein (gp120) with cell surface receptor, CD4, aided by
chemokine co-receptors, CCR5 and CXCR4[12,13]. While
some HIV strains also require both of these co-receptors,
few rare laboratory-adapted isolates are shown to utilize
alternative co-receptors like, CCR1, CCR2b, CCR8,
CXCR6, GPR1 and GPR15/Bob, in vitro[14]. Ample of
reports has demonstrated cross-tissue tropism of HIV
capable of infecting a variety of non-lymphoid tissues
in vivo[15]. Further, HIV RNA, proviral-deoxyribonucleic
acid (DNA) and capsid antigen (p24) have been detected
in liver sinusoidal endothelial cells, Kupffer cells, portal
mononuclear inflammatory cells as well as hepatocytes
of infected patients (Figure 1)[16]. Very interestingly, Iser
et al[17] have recently demonstrated the indispensability
of CCR5 and CXCR4 in HIV entry into multiple liver
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Figure 1 A cartoon depiction of hepatitis B virus and human immunodeficiency virus co-infection of liver. Intracellular locations of the two viruses in
hepatocytes, liver sinusoidal endothelial cells, Kupffer cells, portal mononuclear inflammatory cells, stellate cells, dendritic cells and Kupffer cells are shown (upper
panel). The structural and genomic organizations of HIV and HBV indicating the probable trans-regulation of HBV-DNA and HBsAg by HIVgp120 (lower panel). PMIC:
Portal mononuclear inflammatory cell; HIV: Human immunodeficiency virus; HBV: Hepatitis B virus; DNA: Deoxyribonucleic acid; HBsAg: Hepatitis B surface antigen;
HBcAg: Hepatitis B core antigen; RT: HIV reverse-transcriptase.

of HIV proteins on hepatocyte biology[20,37-40], only a
few data is available on viral interactions, i.e., between
HBV and HIV proteins (Figure 1). In the co-infection
situation, the co-synthesized proteins of the two viruses
might compete for host machinery involved in virion
secretion pathways[41,42]. In ex vivo experimental set-up, the
high retention of intrahepatic HBsAg had indicated its
enhanced production or impaired secretion in the culture
supernatant[43]. Moreover, in co-infected patients, exertion
of gp120 on elevations and intracellular accumulation of
HBV, DNA as well as HBsAg is proposed (Figure 1) to
cause hepatotoxicity. In a clinical study, association of
HBV and HIV co-infection with higher levels of HBV
DNA has suggested that factors other than a direct virusvirus interaction might contribute to the increased HBV
DNA levels[9]. While it has been shown that the HBV-X
protein acts in alliance with HIV-tat in facilitating HIV
replication[44], the synergistic effect of tat, if any, on HBV
life cycle is not known.

infection, the progression of cirrhosis and HCC is
suggested to be related to lower CD4+ cell counts[34,35]. In
addition to higher levels of HBV DNA and lower rates
of spontaneous HBeAg seroconversion, severe flares
of hepatitis can occur in HIV co-infected patients with
low CD4+ counts who experience immune reconstitution
after initiation of HAART[36]. Clinical studies in HBV and
HIV co-infected patients have reported lower response
rates to standard interferon (IFN)-α treatment than those
with HBV mono-infection[34]. Responders tend to have
a higher mean CD4+ cell count than nonresponders. It
is expected that pegIFN-α will have similar or better
efficacy than standard IFN- α . However, a detailed
study of the mechanisms underlying adaptive immune
responses in such cases is not available.
Furthermore, the CCR5 and CXCR4 co-receptors of
hepatocytes as well as stellate cells are reported to involve
in fibrogenic developments[36]. Very recently, the viral gp120
has been demonstrated to modulate hepatic chemokine
receptors as well as stellate cell biology, and linked to liver
fibrogenesis[37,38]. The gp120 binding of hepatic CXCR4 is
also reported to up-regulate tumor necrosis factor-related
TRAIL-R2 expression in apoptosing hepatocytes [39].
Another protein “R” of HIV is shown to modulate host
transcription factors, like peroxisome proliferator-activated
receptor-γ, crucial in lipid metabolism, insulin sensitivity,
inflammatory processes and fibrogenesis[40].
Though several studies have demonstrated impact
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DIAGNOSTIC AND THERAPEUTIC
CHALLENGES
The primary objective of hepatitis B treatment in HIV
co-infection cases is to suppress HBV viral replication
and minimize progressive liver damage. Notably, in coinfected patients, HIV severely alters the natural history
of hepatitis B and therefore, complicates the diagnosis
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and disease management. HBsAg seronegativity and antiHBsAb seroconversion that indicate resolution of active
hepatitis B, are uncommon in HIV co-infection. Further,
spontaneous reverse-seroconversion of anti-HBsAb can
also occur in some co-infected patients and therefore,
isolated anti-HBcAb test is recommended[45]. Since coinfected patients can have high levels of HBV DNA
and hepatic necroinflammation with anti-HBc but not
HBsAg, it is advised to test for both seromarkers first,
and if either is positive, to test for HBV DNA[46].
Although, there is a limited therapeutic options for the
treatment of chronic HBV, nearly twenty five approved
drugs belonging to six classes [nucleos(t)ide RT-,
protease-, nonnucleos(t)ide RT-, fusion-, integrase-, and
CCR5-inhibitors] are available for HIV. In the co-infected
individuals, the design of therapeutic regimens, like
HAART are therefore, recommended to minimize the risk
of hepatotoxicity. Also, due to association of continued
anti-retroviral drug therapy with liver fibrogenesis and
toxicity, it is prescribed for the necessity of balancing
potential toxic effects with the need for increasing the
CD4+ cell counts to control the two viruses[47]. Moreover,
due to the resistance of highly stable, nuclear cccDNA
to the currently available nucleos(t)ide analogs (e.g.,
Lamivudine, Adefovir, Emtricitabine, Tenofovir, etc.), a
complete elimination of HBV has not been achieved.
HBV therapy is recommended for all co-infected patients
with abnormal aminotransferase values or HBV DNA
levels of > 2000 IU/mL. Patients with an indication for
HBV treatment should be started on fully active antiretroviral regimen that contains nucleos(t)ide analogues,
regardless of the CD4 cell count, to ensure that HIV is
not partially treated[48]. Unlike in HBV mono-infection
cases, combinatorial treatment with pegylated-Interferon
plus Adefovir (preferred over Lamivudine resistance) has
not led to any success in HIV co-infected individuals[49].
Further, because Entecavir can result in emergence
of drug-resistant HIV muatants, its use is restricted
in co-infected patients who are on a suppressive HIV
regimen[50,51]. Although, Tenofovir is the most commonly
used anti-viral analog in the co-infected patients, a few
studies have examined the development of resistance in
HIV as well as HBV. Since, in a proportion of Tenofovir
treated patients, an undetectable serum HBV DNA still
circulates, Tenofovir in combination with Emtricitabine
is being preferred against the two viruses[52].
Though Lamivudine, Emtricitabine and Tenofovir
are efficacious against both HBV and HIV, the rate of
viral cross-resistance to Lamivudine, for example, in coinfected patients is high, reaching up to 90% at 4 years[53].
In view of this, the American Association of Study of
Liver Diseases has the following guidelines for treatment
of patients with HBV and HIV co-infection [54]: (1)
Patients who meet criteria for chronic hepatitis B should
be treated, and liver biopsy should be considered in those
with fluctuating or mildly elevations in liver enzymes; (2)
patients in whom treatment for both HBV and HIV is
planned should receive therapies that are effective against
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both viruses-Lamivudine plus Tenofovir or Emtricitabine
plus Tenofovir are preferred; (3) in co-infected patients
with Lamivudine cross-resistance, Tenofovir or Adefovir
should be added; and (4) when HAART regimens are
altered, drug(s) that are effective against HBV should not
be discontinued without substituting another drug that
has activity against HBV, unless the patient has achieved
anti-HBeAg seroconversion and has completed the
prescribed course of treatment.
Furthermore, patients with HIV co-infection are less
likely to develop protective HBsAb after HBV vaccination.
Nevertheless, all HIV co-infected patients with serum
HBsAb negativity and HBsAg positivity should be
vaccinated for HBV[51,52]. Although low CD4 cell counts
are associated with an impaired response to vaccination,
HBV vaccination should not be deferred for patients with
advanced HIV, as some individuals do develop protective
antibody titers despite low CD4 cell counts. If feasible, it
is recommended to vaccinate individuals with CD4 cell
counts > 200/µL because response to vaccine is poor
below this level. On the other hand, those with less CD4
counts should receive HAART first and HBV vaccine
later when CD4 counts rise above 200/µL[55]. The patient’s
HBsAb titre should be checked 1-2 mo post-vaccination,
and re-vaccination should be considered for those who
have not attained protective titers (≥ 10 IU/L)[47,56].

CONCLUSION
Co-infection of HBV and HIV, and the consequences
on progression of severe liver diseases is a global public
health issue. Despite the availability of extensive clinical
data on the subject, the mechanisms of progressive
hepatopathogenesis still remain inconclusive. The
complexity of clinical manifestations in HBV and HIV
co-infection cases therefore, offers challenging fronts
to understand the basic pathobiology, and to formulate
effective therapeutic strategies.
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REVIEW

Portal hypertensive enteropathy
Parit Mekaroonkamol, Robert Cohen, Saurabh Chawla
been proposed to classify the endoscopic presentation
and grade its severity. Endoscopic findings can be broadly
categorized into vascular and non-vascular lesions with
many subtypes of both categories. Clinical manifestations
of PHE can range from asymptomatic incidental findings
to fatal gastrointestinal hemorrhage. Classic endoscopic
findings in the setting of portal hypertension may lead
to a prompt diagnosis. Occasionally histopathology
and cross sectional imaging like computed tomography
or magnetic resonance imaging may be helpful in
establishing a diagnosis. Management of overt bleeding
requires multidisciplinary approach involving hepa
tologists, endoscopists, surgeons, and interventional
radiologists. Adequate resuscitation, reduction of portal
pressure, and endoscopic therapeutic intervention remain
the main principles of the initial treatment. This article
reviews the existing evidence on PHE with emphasis
on its classification, diagnosis, clinical manifestations,
endoscopic appearance, pathological findings, and clinical
management. A new schematic management of ectopic
variceal bleed is also proposed.
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Core tip: Portal hypertensive enteropathy (PHE) is an under
recognized complication of portal hypertension. It can
present with a broad spectrum of clinical manifestations
and endoscopic findings, making its diagnosis challenging.
Video capsule endoscopy and deep enteroscopy are
diagnostic tools of choice. PHE should be considered
in patients with portal hypertension who present with
occult or overt gastrointestinal bleeding, especially when
portal hypertensive gastropathy and advanced cirrhosis
are also present. Adequate resuscitation, reduction of
portal pressure, and endoscopic therapeutic intervention
remain the mainstay of initial treatment though definitive
management may require a multidisciplinary approach
involving hepatologists, endoscopists, surgeons, and
interventional radiologists.

Abstract
Portal hypertensive enteropathy (PHE) is a condition
that describes the pathologic changes and mucosal
abnormalities observed in the small intestine of patients
with portal hypertension. This entity is being increasingly
recognized and better understood over the past decade
due to increased accessibility of the small intestine made
possible by the introduction of video capsule endoscopy
and deep enteroscopy. Though challenged by its diverse
endoscopic appearance, multiple scoring systems have
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Once the gastric and colonic mucosal changes
associated with portal hypertension were recognized,
jejunal and ileal mucosal changes were also noted.
Occasional reports suggested small bowel bleeding
in cirrhotic patients which was presumed to be a
consequence of portal hypertension. The introduction
of video capsule endoscopy and deep enteroscopy
has increased our ability to evaluate the small bowel
completely with good quality imaging and has led to
better recognition and understanding of these portal
hypertensive changes in the small bowel. This article
reviews the existing evidence on portal hypertensionrelated changes in the small intestine, also known
as portal hypertensive enteropathy (PHE) with
emphasis on its classification, clinical manifestations,
endoscopic appearance, and clinical management.

Mekaroonkamol P, Cohen R, Chawla S. Portal hypertensive
enteropathy. World J Hepatol 2015; 7(2): 127-138 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i2/127.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i2.127

INTRODUCTION
Portal hypertension is defined as increased pre
ssure in portal circulation, as estimated with the
measurement of hepatic venous pressure gradient
[1]
(HVPG) which is the difference between wedge
hepatic venous pressure (hepatic sinusoidal pressure)
and free hepatic venous pressure. HVPG of more
[1,2]
than 6 mmHg is considered abnormal . Clinically
significant portal hypertension occurs when HVPG
is more than 10 mmHg and it is considered severe
portal hypertension when HVPG is more than 12
[3,4]
mmHg . Cirrhosis with consequent increased hepatic
vascular resistance and portal venous inflow remains
the most common etiology of portal hypertension,
though it can also occasionally be seen due to other
pre and post hepatic conditions such as congestive
heart failure, Budd-Chiari syndrome, portal vein
thrombosis, etc. The major clinical manifestations
of portal hypertension were first recognized in the
late nineteenth century and portal hypertension
was described as a clinical syndrome of ascites,
splenomegaly, and esophageal hemorrhage by Gilbert
[5]
and Carnot in 1902 . Rupture and consequent
hemorrhage from esophageal varices remains the
most lethal complication of portal hypertension and
therefore guidelines now call for periodic endoscopy
for surveillance of these varices. Upper and lower
endoscopy have led to recognition of other mucosal
changes of gastrointestinal tract which previously had
been less well recognized.
Microcirculatory changes of gastric mucosa, as
a result of portal hypertension was first described
as congestive gastropathy in 1985 by McCormack
[6]
et al . The characteristic findings of mosaicpattern mucosa (irregular, cleft-bordered polygonal
reticulated area, or snake skin-like pattern), small
flat red-point lesions, elevated large cherry red spots,
and black-brown spots have been variously termed
as inflammatory gastritis, mucosal vasculopathy,
portal hypertensive mucosa, and portal hypertensive
[6-10]
gastropathy
. Subsequent studies suggested
that these changes may be found in other areas of
[11-14]
gastrointestinal tract as well
. The term, portal
hypertensive colopathy, was used to describe similar
abnormalities found in the colon of patients with
portal hypertension. Endoscopic findings of portal
hypertensive colopathy include diffuse erythematous
and edematous mucosa, inflammatory (colitis-like)
lesions, angiodysplasia-like lesions, and ectopic or
[15-24]
anorectal varices
.

WJH|www.wjgnet.com

DEFINITION AND CLASSIFICATION
PHE previously termed portal hypertensive intestinal
[25]
vasculopathy , includes pathologic changes and
mucosal abnormalities observed in the small intestine
[26]
of patients with portal hypertension . Like other
portal hypertensive related changes, PHE has also
been reported in non-cirrhotic etiologies of portal
[27]
hypertension . The definition and diagnosis of PHE
have evolved over the past decade due to increased
accessibility of the small intestine. Introduction of
video capsule endoscopy (VCE) and deep enter
oscopy has shed more light into this area of the
gastrointestinal tract and redefined the disease.
Multiple scoring systems have been proposed to
[28-30]
classify PHE and to grade its severity
.
[29]
De Palma et al
were among the first groups
to study small intestinal changes in cirrhotic pati
[29]
ents with portal hypertension using VCE . They
found that portal hypertensive gastropathy and
portal hypertensive colopathy are significantly
associated with PHE and suggested these changes
across different parts of the gastrointestinal tract
could be the regional manifestations of the same
process in portal hypertension, rather than distinct
entities. Other parameters that were associated
with PHE in their study were grade 2+ or larger
esophageal varices and Child-Pugh class C cirrhosis.
They classified endoscopic findings of PHE into two
categories: mucosal inﬂammatory-like abnormalities
(edema, erythema, granularity, friability) and
vascular lesions (cherry red spots, telangiectasias, or
[29]
angiodysplasia-like lesions, varices) .
[28]
Abdelaal et al
classified PHE lesions into 4
subtypes: inflammatory-like lesions, red spots,
angioectasia, and small bowel varices. They created
a scoring system based on VCE findings, giving each
type one point with an additional point for multiple
(more than two) lesions. Using this PHE score,
[29]
they confirmed the findings by De Palma et al
by
redemonstrating the association between PHE and
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Table 1 Endoscopy based classification systems for portal hypertensive enteropathy
De Palma et al

[29]

Classification

Inflammatory lesions
Vascular lesions

Scoring system

None

Abdelaal et al

[28]

Kodama et al

Inflammatory-like lesions
Red spots
Angioectasia
Small bowel varices

One point for each type of lesion. An additional
point for > 2 lesions
Clinical significance Associated with PHG, PHC, large esophageal Associated with PHG, large esophageal varices,
varices and Child-Pugh class C cirrhosis
Child-Pugh class C cirrhosis, and a history of EVL

[30]

Villous abnormalities
Edema
Atrophy
Erythema
Vascular lesions
angiodysplasia-like lesions
dilated/proliferated vessels
varices
One point for each type of
lesion
Associated with ascites

PHG: Portal hypertensive gastropathy; PHC: Portal hypertensive colopathy; EVL: Endoscopic variceal ligation.

portal hypertensive gastropathy, large esophageal
varices, Child-Pugh class C cirrhosis, and a history
of prior endoscopic variceal injection sclerotherapy
or banding ligation in a non-randomized, case[28]
controlled, prospective study .
[30]
Kodama et al
proposed a PHE scoring system
based on double balloon enteroscopy findings.
They classified PHE lesions into 2 categories: villous
abnormalities and vascular lesions. They further
subclassified each category into 3 subtypes: edema,
atrophy and reddening for villous abnormalities,
and angiodysplasia-like lesions, dilated/proliferated
vessels, and varices for vascular lesions. A single
point is given for each type, resulting in a scoring
system with a maximum of 6 points. This scoring
system, however, was associated with only the
presence of ascites, making its clinical significance
[30]
unclear .
In summary, PHE lesions can be described based
on VCE findings or optical endoscopic findings. They
can be categorized into subtypes of vascular and
non-vascular lesions. Despite multiple proposed
scoring systems as described in Table 1, presently
there is insufficient data to standardize or validate
these systems. Besides ectopic varices and bleeding
lesions, the clinical significance of other subtypes of
mucosal changes remains unclear.

much higher (40%-82%) in other studies when VCE
[5,26,29,32-35]
was used
.
Prevalence of each type of endoscopic finding
also varies among studies. Red spots (22.2%-62.2%)
and angiodysplasia-like lesions (24.3%-55.7%)
seem to be more common than inflammatory-like
lesions (5.6%-13%) or varices (8.1%-38.9%).
Mixed lesions, especially multiple vascular lesions
(varice, angiodysplasia-like, and red spots) can be
[26,29,36]
seen in up to 22.3%
. Small bowel varices
[37,38]
account for 12%-35% of all ectopic varices
.
Portal hypertensive polypoid enteropathy is a rarer
manifestation of PHE and polypoid lesions are less
common in the small intestine (0.3%) compared to
[39]
polypoid gastropathy (0.6%) .
Actively bleeding lesions are not uncommon and
can be seen in up to 17.8% of all patients with PHE,
suggesting their clinical significance as a possible
culprit source of obscure overt or obscure occult
gastrointestinal bleeding. The bleeding lesions are
commonly from angiodysplasia-like lesions and
varices, though occasionally can be associated with
[26,29]
polypoid enteropathy as well
.

CLINICAL PRESENTATION
PHE should be suspected when there is gastro
intestinal bleeding or anemia not otherwise explained
by more common etiologies, along with signs of
portal hypertension such as ascites, splenomegaly,
thrombocytopenia, or hepatic venous pressure
[39,40]
gradient more than 8 mmHg
. PHE can present as
anemia, melena, hematochezia, hematemesis or may
be asymptomatic. Fatal and life threatening ectopic
variceal hemorrhage in small intestine has also been
[26,38-41]
reported
. Small intestinal variceal rupture
can present with a classic triad of hematochezia
(without hematemesis), portal hypertension, and
[38,42,43]
previous intra-abdominal surgery
. The most
common indication for diagnostic work up is occult
gastrointestinal bleeding.

EPIDEMIOLOGY
There is great heterogeneity among reported
prevalence of PHE ranging from 15% up to 82%
[5,27,29,31]
in cirrhotic patients
. We believe that this
heterogeneity is a result of a wide spectrum of clinical
severity of portal hypertension in cirrhotic patients,
together with increase in reported prevalence due
to recent advances in small bowel imaging in the
past decade. The prevalence of PHE ranges only
15%-25% in studies where traditional endoscopic
modalities like duodenoscopy, push enteroscopy or
[14,20]
colonoscopy with ileal intubation were used
but is
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Figure 1 Mucosal red spots.

A

Figure 2 Angiodysplasia-like lesion.
Figure 3 Ileal varices (A and B).

B

Certain clinical parameters have been shown
to associate with PHE and can serve as clues to
search for the disease. These parameters include
large esophageal varices, history of endoscopic
variceal injection sclerotherapy, history of endoscopic
variceal ligation, portal hypertensive colopathy,
portal hypertensive gastropathy, low hemoglobin,
thrombocytopenia, splenomegaly, multiple signs
of portal hypertension seen on CT scan, and Child[26,28,29,36,44,45]
Pugh class C
. However, not all of these
associations were seen in every study. Only advanced
cirrhosis (Child-Pugh class C) and the presence of
portal hypertensive gastropathy were consistently
[28,29,36,44]
associated with PHE in most studies
. PHE has
also been reported in non-cirrhotic etiologies of portal
hypertension like polycystic liver disease, portal vein
[27,46-48]
thrombosis, and Budd-Chiari syndrome
. PHE is
[35]
usually diagnosed by a VCE or a deep enteroscopy .

findings through an optical endoscope or capsule
endoscopy can lead to a prompt diagnosis and avoid
further unnecessary and potentially harmful inte
rvention. As mentioned above, these endoscopic
findings can be classified into vascular and nonvascular lesions. They can be further categorized as
inflammatory-like lesions, red spots, angioectasia,
[28]
and small bowel varices . Special attention should
be paid to vascular lesions such as red spots,
angioectasia-like lesions, and varices, which are
more likely to cause clinically significant bleeding
[28]
and are amenable to endoscopic intervention .
Red spots are small, symmetrical, uniformly
erythematous, vascular areas on intestinal mucosa as
shown in Figure 1. The lesions are usually flat. They
are a very common manifestation of PHE and have
been reported in up to 55% of cirrhotic patients with
[28]
portal hypertension in one series .
Angioectasia are aberrant submucosal vascular
lesions, characterized as small red patches with arb
orizing ectatic vessels as shown in Figure 2. Variceal
lesions in the small bowel are described as tortuously
enlarged veins that usually have serpiginous or
nodular shape with overlying mosaic-like shining
mucosa with bluish discoloration as shown in Figure
[26,27]
3A and B
. Endoscopic characters of these lesions
should be promptly recognized to avoid potentially
disastrous diagnostic biopsy attempts.
Duodenal varices are most commonly found in
the duodenal bulb and the second portion of duo

ENDOSCOPIC FINDINGS
Endoscopically, PHE can be associated with a wide
range of mucosal changes including the mucosal
edema, congested rounded blunt villi giving a classic
“herring-roe” appearance, loss of vascularization,
friability, hyperrhemia, flat red spots, angiodysplasialike lesions, pigmented black-brown spots, mucosal
granularity, ulcers, reticulated mosaic-like pattern
mucosa, protruding red bumps, inflammatory po
[11,26,39,44,47,49,50]
lyps, and varices
. Recognizing these
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A

B

A

B

A

Figure 4 Portal hypertensive polypoid enteropathy (A and B).

Figure 5 Herring roe appearance of small bowel mucosa (A
and B).

Figure 6 Mucosal edema with granularity of the
small bowel (A and B).

B

[51-53]

denum
. Jejunal and ileal varices are more
commonly seen in patients with history of abdominal
surgery due to post surgical portosystemic collaterals
related to bowel anastomosis and are more difficult
to diagnose due to their deep location in the inte
[38,42,43]
stinal tract
. Small intestinal varices usually
originate from portal venous trunk or superior mese
[48,54,55]
nteric vein
. Polypoid enteropathy is a rare
manifestation of PHE and can present in any part of
the small intestine. Polypoid lesions can have varied
endoscopic manifestations. They can be single or
multiple, sessile or pedunculated, small or large and
may occasionally mimic adenomatous polyps as
shown in Figure 4A and B. They usually arise in the
background of inflamed mucosa with classic mosaic
or herring-roe pattern and have been associated
[39,49,50,56]
with occult or overt gastrointestinal bleeding
.
Other inflammatory lesions include mucosal ede
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ma, granularity, patchy erythematous mucosa, and
herring roe appearance (rounded blunted villi on the
background of congested mucosa with granularity) as
shown in Figures 5 and 6. Clinical significance of these
lesions is unclear but it is believed that they are less
[26,28,44]
likely to cause overt gastrointestinal bleeding
.
Some of these endoscopic findings are non-specific
and can pose a diagnostic dilemma especially in a
patient whose portal hypertensive status is unknown.
Differential diagnosis includes inflammatory bowel
disease, celiac disease, arteriovenous malformations,
and familial adenomatous polyposis. Biopsy of nonvascular lesions can be performed with caution to
confirm the diagnosis.
In portal hypertension when splanchnic blood
flow cannot effectively return to the systemic circu
lation, consequently splanchnic vasodilation ensues
and mucosa of small intestine becomes congested.
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Therefore, histopathologic changes of PHE show
evidence of congested mucosa and vascular ectasia.
These histologic findings include capillary dilation in
the lamina propria (mean vascular diameter of 380
micrometers), increased capillary wall thickness,
fibromuscular proliferation, a decreased villous/crypt
ratio, neovascularization, vascular ectasia, vessels
containing fibrin thrombi, inflammatory lymphopla
smatocytic cells infiltration in the lamina propria,
reactional nucleocytoplasmic atypia in the epithelial
[13,14,39,57-59]
cells, and crenulated aspect of the glands
.
However, these histopathological changes are nonspecific and can be seen in patients without portal
hypertension and in patients with normal endoscopic
[12-14]
findings
. Therefore, the diagnosis of PHE should
not be made on histopathology alone, but rather
in conjunction with other clinical and endoscopic
characteristics.

found on VCE in patients with obscure gastrointestinal
[27]
bleeding . Different endoscopic findings may require
different therapeutic interventions.
Due to its rarity and insufficient evidence, the
re are no standardized therapeutic guidelines for
[40]
symptomatic PHE . Clinical significance and the
need for any intervention for inflammatory lesions
and red spots remain unclear. Argon plasma coag
[27]
ulation is generally used for angioectasia
while
multiple approaches have been used for small bowel
[39,55,56,62,63]
varices and polypoid enteropathy
.
Treatment of portal hypertensive polypoid enter
opathy depends on number of polyps and endo
scopic accessibility. A polypectomy can be safely
performed if the polyp is accessible and amenable
for endoscopic removal. Endoclip can be used at
[56]
the stalk to achieve complete hemostasis . Argon
plasma coagulation can be used on the inflamed
surface of bleeding polyp to achieve hemostasis
[39]
but recurrent bleeding has been reported . Nonselective beta blocker, transjugular intrahepatic
portosystemic shunt (TIPS), surgical small bowel
resection, and liver transplantation have all been
reported anecdotally to be successful treatment for
[39,56]
portal hypertensive polypoid enteropathy
.
Bleeding small bowel varices occurs in 0.4%
of patients with portal hypertension and account
for up to 5% of all variceal bleeding. Similar to
esophagogastric variceal hemorrhage, it usually
presents as massive life-threatening hemorrhage
[38,40,51,54]
with mortality rate as high as 40%
. Available
therapeutic options are endoscopic treatment,
surgical interventions, and interventional radiological
approaches. Similar to polypoidal lesions, man
agement of small bowel varices depends largely
on endoscopic accessibility, patient’s surgical risk,
available therapy and local expertise.
Adequate resuscitation with intravenous fluids,
blood product transfusion, close monitoring, and
airway protection remain the main principles of
initial management. The benefit of medical man
agement has not been extensively studied in ectopic
varices or other manifestations of PHE, but given its
established role in esophageal and gastric variceal
[64]
management , it is reasonable to consider the use
of vasoactive agents such as octreotide and nonselective beta blockers to reduce the splanchnic
and portal pressure in both primary and secondary
[40]
prophylaxis of ectopic varices .
Despite the technical challenges, endoscopic
band ligation and endoscopic variceal obturation
with tissue glue monomer such as N-butyl-2cyanoacrylate are endoscopic interventions of choice
for hemostasis in ectopic variceal rupture. However,
the achieved hemostasis is temporary and re[52,53]
bleeding is a major concern
. Endoscopic variceal
obturation has shown better success and lower
re-bleeding rate compared to endoscopic variceal
[38,65-68]
banding
. Endoscopic sclerotherapy and band

OTHER DIAGNOSTIC TESTS
[26]

Jeon et al
has evaluated the use of computerized
tomography (CT) scan findings of portal hypertension
such as esophageal varices, gastric varices, peri
umbilical varices, portal hypertensive colopathy,
portal hypertensive gastropathy, portal hypertensive
cholecystopathy, splenomegaly, and ascites as the
radiologic predictors of PHE. They have created a
scoring system giving each CT finding one point
with a maximum score of 6 points. A CT score of
more than 3 was found to be significantly associated
[26]
with PHE . Cross sectional imaging by computed
tomography angiography and magnetic resonance
angiography can also aid in evaluation of vascular
[55,60]
origin of the ectopic varices
.
[28]
Abdelaal et al
have explored the use of a tra
nsient elastrography (FibroScan®), a novel noninvasive ultrasound-based technology using pulseecho ultrasound signals to measure liver stiffness as a
surrogate marker of severity of portal hypertension in
[4,61]
cirrhotic patients
. They found that a high transient
elastography score had a linear relation with a high
2
PHE score (r = 0.314, P-value 0.004), suggesting
that higher severity of PHE may be associated with
higher degree of liver disease and portal hyper
tension. Mean liver stiffness measurement in PHE
group was 29 kPa, which is much higher than the
[4,28]
portal hypertensive cut-off value of 13.6 kPa
.
They concluded that transient elastography may be a
new non-invasive method for detecting the presence
[28]
and severity of PHE in cirrhotic patients .

MANAGEMENT
VCE is the preferred initial diagnostic modality in
evaluating the small bowel due to its non-invasive
[5,27,33,35]
nature
. It also serves as a road map for
subsequent interventions. A deep enteroscopy is
warranted when a therapeutically amenable lesion is
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Bleeding ectopic varices

Adequate fluid resuscitation
Avoid overtransfusion with goal hemoglobin of 8 g/dL
ICU monitoring

Pharmacotherapy
Vasoactive agents such as octreotide or terlipressin
Antibiotics prophylaxis in cirrhotic patients

Multidisciplinary discussion among hepatologist,
endoscopist, surgeon, and interventional radiologist

Treatment selection depends on availability and
local expertise

Endoscopically accessible
Small varices
Tissue glue sclerosant is available

Portal vein is patent
Large varices
Endoscopically inaccessible

Endoscopic variceal obturation or band ligation ± APC

Is the patient a candidate for TIPS?

No

Yes

BRT-O or Coil embolization

TIPS

Is bleeding controlled?

Yes

Non-selective beta blocker when hemodynamically
stable
Endoscopic surveillance until variceal obliteration

No

Repeat endoscopic therapy or embolization
Surgical approach such as surgical shunt or surgical
ligation
Switch to another modality

Figure 7 Management of bleeding ectopic varices. TIPS: Transjugular intrahepatic portosystemic shunt; APC: Argon plasma coagulation; BRTO: Balloon-occluded
retrograde transvenous obliteration.

ligation are not recommended for large varices,
especially the varices with larger diameter than
the endoscope itself. This is because incomplete
banding can lead to mucosal defect in the remaining
varix causing recurrent hemorrhage while excessive
dilution of injected sclerosant in large varices
[40,63]
decreases the success rate of the sclerotherapy
.
Limited evidence suggests supplemental use of
argon plasma coagulation after variceal band
ligation as a successful intervention in prevention of
rebleeding in esophageal and ileal varices and can
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be considered in endoscopic management of ectopic
[69-71]
varices as well
.
Interventional radiology approaches are effective
modalities especially for large varices, lesions that
are not endoscopically accessible, and for patients
with poor overall general condition who are poor
[38,63,72]
surgical candidates
. These interventions
include TIPS, balloon-occluded retrograde trans
venous obliteration (B-RTO), and percutaneous coil
[38,40,55,62]
embolization
.
Even though TIPS is relatively safe procedure,
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A

B

C

D

Figure 8 Histopathological changes of portal hypertensive
enteropathy (A-D).

non-patent portal vein, or are not candidates for
TIPS. The success of B-RTO in treating small bowel
ectopic varices has been reported, especially in the
[83-86]
Japanese literature
. However, B-RTO can cause
significant elevation of porto-systemic pressure
gradient and subsequent variceal formation has also
[55,87]
been reported
.
Surgical approaches, such as portosystemic
surgical shunt, segmental small bowel resection and
surgical variceal ligation, can be performed but are
usually reserved for patients who are refractory to
[38,41,88,89]
other therapy
. Surgical shunt such as distal
splenorenal shunt has equal efficacy as TIPS with
no difference in survival or hepatic encephalopathy
rate but is less cost-effective approach compared
[75]
to TIPS . Other surgical approaches such as
duodenotomy with simple oversewing of the varix
and duodenal dearterialization with stapling have
[90,91]
been reported
.
[40]
Similar to what Helmy et al
have proposed,
management of bleeding ectopic varices should
focus on adequate initial resuscitation and use a
multimodality approach depending on availability
and local expertise of each institution. We suggest
an algorithm for management of bleeding ectopic
varices in Figure 7. As mentioned above, we also
recommend individually tailored therapies for non
variceal bleeding depending on the clinical situation
and local expertise.

widely available, and with good success rate, it has
limitations in patients with hepatic encephalopathy,
high MELD score, severely decompensated cirrhosis,
[73,74]
and severe hepatic atrophy
. It, however, rem
ains an effective intervention to control the variceal
bleeding and prevent recurrence, especially in those
who have failed endoscopic and medical mana
gement. The American Association for the Study
of Liver Diseases (AASLD) has recommended TIPS
as the preferred approach for the prevention of
rebleeding of ectopic varices (including intestinal,
[75]
stomal, and anorectal varices) .
Percutaneous transhepatic and transjugular coil
embolization are other radiological interventions
that may offer a focal occlusion of the feeding vein
of the varices. They can be safely performed even
in a large varix, and have good short term results.
However, as the portal system is not decompressed,
[76-81]
they carry a very high recurrent bleeding rate
.
[76]
A retrospective study by Macedo et al
showed
that even though an immediate bleeding control
can be achieved in 75% of patients receiving coil
embolization, the rebleeding rate was 67% with a
mean bleeding-free interval of 7.8 mo. This result
was similar to previous studies that demonstrated
a rebleeding rate as high as 55% at 6 mo and
[76,82]
92% at 4 years
. A combined approach of TIPS
and percutaneous embolization in the setting of
[76]
persistent bleeding after TIPS is preferred .
B-RTO is a non-surgical therapy that can occlude
not only the varices, but also the feeding afferent
and efferent vessel. It is particularly useful in
patients who bleed at lower portal pressure, have
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CONCLUSION
PHE-associated small bowel mucosal changes are
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increasingly being recognized due to introduction
of VCE and deep enteroscopy of VCE and deep
enteroscopy which enables a more thorough small
bowel evaluation than previously possible. Endo
scopically, PHE can have myriad presentations ran
ging from mild mucosal inflammatory changes to
angioectasias, inflammatory appearing polyps, and
occasionally as large ectopic varices. Due to the nonspecific endoscopic and histopathological findings,
a high index of suspicion is required to recognize
and accurately diagnose this condition. VCE and/
or a deep enteroscopy are the current preferred
modalities for establishing the diagnosis. PHE has
been known to cause significant life-threatening overt
gastrointestinal bleeding or be a source of occult
gastrointestinal blood loss. However, due to low
prevalence and lack of large studies, its prognostic
value and clinical significance on morbidity and
mortality remain unclear. Management of PHE has not
yet been standardized and should be individualized
based on acuity and severity of the hemorrhage,
endoscopic accessibility of the lesion, surgical risk of
the patient, patency of portal vein, available therapy
and expertise of each institution.

8
9

10

11

12
13
14

ACKNOWLEDGMENTS

15

The authors would like to acknowledge Yue Xue MD,
Department of Pathology, Emory School of Medicine
for providing the picture of histopathological changes
in PHE (Figure 8).

16

REFERENCES
1

2
3

4

5

6

7

17

Burroughs AK, Groszmann R, Bosch J, Grace N, Garcia-Tsao G,
Patch D, Garcia-Pagan JC, Dagher L. Assessment of therapeutic
benefit of antiviral therapy in chronic hepatitis C: is hepatic venous
pressure gradient a better end point? Gut 2002; 50: 425-427 [PMID:
11839726 DOI: 10.1136/gut.50.3.425]
Sanyal AJ, Bosch J, Blei A, Arroyo V. Portal hypertension and its
complications. Gastroenterology 2008; 134: 1715-1728 [PMID:
18471549 DOI: 10.1053/j.gastro.2008.03.007]
Ripoll C, Groszmann R, Garcia-Tsao G, Grace N, Burroughs
A, Planas R, Escorsell A, Garcia-Pagan JC, Makuch R, Patch D,
Matloff DS, Bosch J. Hepatic venous pressure gradient predicts
clinical decompensation in patients with compensated cirrhosis.
Gastroenterology 2007; 133: 481-488 [PMID: 17681169 DOI:
10.1053/j.gastro.2007.05.024]
Vizzutti F, Arena U, Romanelli RG, Rega L, Foschi M, Colagrande
S, Petrarca A, Moscarella S, Belli G, Zignego AL, Marra F, Laffi
G, Pinzani M. Liver stiffness measurement predicts severe portal
hypertension in patients with HCV-related cirrhosis. Hepatology
2007; 45: 1290-1297 [PMID: 17464971 DOI: 10.1002/hep.21665]
Goulas S, Triantafyllidou K, Karagiannis S, Nicolaou P, Galanis P,
Vafiadis I, Tzivras M, Mavrogiannis C. Capsule endoscopy in the
investigation of patients with portal hypertension and anemia. Can J
Gastroenterol 2008; 22: 469-474 [PMID: 18478132]
McCormack TT, Sims J, Eyre-Brook I, Kennedy H, Goepel J,
Johnson AG, Triger DR. Gastric lesions in portal hypertension:
inflammatory gastritis or congestive gastropathy? Gut 1985; 26:
1226-1232 [PMID: 3877665 DOI: 10.1136/gut.26.11.1226]
Tarnawski AS, Sarfeh IJ, Stachura J, Hajduczek A, Bui HX,
Dabros W, Gergely H. Microvascular abnormalities of the portal

WJH|www.wjgnet.com

18

19

20

21
22
23

24
25

135

hypertensive gastric mucosa. Hepatology 1988; 8: 1488-1494
[PMID: 3192161 DOI: 10.1002/hep.1840080604]
Sarfeh IJ, Tarnawski A. Gastric mucosal vasculopathy in portal
hypertension. Gastroenterology 1987; 93: 1129-1131 [PMID:
3498660]
Carpinelli L, Primignani M, Preatoni P, Angeli P, Battaglia G,
Beretta L, Bortoli A, Capria A, Cestari R, Cosentino F, Crotta
S, Gerunda G, Lorenzini I, Maiolo P, Merighi A, Rossi A,
Sangiovanni A, de Franchis R. Portal hypertensive gastropathy:
reproducibility of a classification, prevalence of elementary lesions,
sensitivity and specificity in the diagnosis of cirrhosis of the liver.
A NIEC multicentre study. New Italian Endoscopic Club. Ital J
Gastroenterol Hepatol 1997; 29: 533-540 [PMID: 9513828]
Primignani M, Carpinelli L, Preatoni P, Battaglia G, Carta A, Prada
A, Cestari R, Angeli P, Gatta A, Rossi A, Spinzi G, De Franchis R.
Natural history of portal hypertensive gastropathy in patients with
liver cirrhosis. The New Italian Endoscopic Club for the study and
treatment of esophageal varices (NIEC). Gastroenterology 2000;
119: 181-187 [PMID: 10889167 DOI: 10.1053/gast.2000.8555]
Thiruvengadam R, Gostout CJ. Congestive gastroenteropathy-an extension of nonvariceal upper gastrointestinal bleeding in portal
hypertension. Gastrointest Endosc 1989; 35: 504-507 [PMID:
2599293 DOI: 10.1016/S0016-5107(89)72898-4]
Nagral AS, Joshi AS, Bhatia SJ, Abraham P, Mistry FP, Vora IM.
Congestive jejunopathy in portal hypertension. Gut 1993; 34:
694-697 [PMID: 8504973 DOI: 10.1136/gut.34.5.694]
Misra V, Misra SP, Dwivedi M, Gupta SC. Histomorphometric
study of portal hypertensive enteropathy. Am J Clin Pathol 1997;
108: 652-657 [PMID: 9384446]
Desai N, Desai D, Pethe V, Deodhar KP, Sawant P, Nanivadekar
S. Portal hypertensive jejunopathy: a case control study. Indian J
Gastroenterol 2004; 23: 99-101 [PMID: 15250567]
Kozarek RA, Botoman VA, Bredfeldt JE, Roach JM, Patterson
DJ, Ball TJ. Portal colopathy: prospective study of colonoscopy
in patients with portal hypertension. Gastroenterology 1991; 101:
1192-1197 [PMID: 1936789]
Hosking SW, Smart HL, Johnson AG, Triger DR. Anorectal
varices, haemorrhoids, and portal hypertension. Lancet 1989; 1:
349-352 [PMID: 2563507 DOI: 10.1016/S0140-6736(89)91724-8]
Ganguly S, Sarin SK, Bhatia V, Lahoti D. The prevalence
and spectrum of colonic lesions in patients with cirrhotic and
noncirrhotic portal hypertension. Hepatology 1995; 21: 1226-1231
[PMID: 7737627]
Misra SP, Dwivedi M, Misra V. Prevalence and factors influencing
hemorrhoids, anorectal varices, and colopathy in patients with portal
hypertension. Endoscopy 1996; 28: 340-345 [PMID: 8813499 DOI:
10.1055/s-2007-1005477]
Misra SP, Misra V, Dwivedi M. Effect of esophageal variceal
sclerotherapy on hemorrhoids, anorectal varices and portal
colopathy. Endoscopy 1999; 31: 741-744 [PMID: 10604617 DOI:
10.1055/s-1999-77]
Misra SP, Dwivedi M, Misra V, Gupta M. Ileal varices and
portal hypertensive ileopathy in patients with cirrhosis and portal
hypertension. Gastrointest Endosc 2004; 60: 778-783 [PMID:
15557954 DOI: 10.1016/S0016-5107(04)02049-8]
Ito K, Shiraki K, Sakai T, Yoshimura H, Nakano T. Portal
hypertensive colopathy in patients with liver cirrhosis. World J
Gastroenterol 2005; 11: 3127-3130 [PMID: 15918202]
Ghoshal UC, Biswas PK, Roy G, Pal BB, Dhar K, Banerjee PK.
Colonic mucosal changes in portal hypertension. Trop Gastroenterol
2001; 22: 25-27 [PMID: 11398241]
Eleftheriadis E, Kotzampassi K, Karkavelas G, Tzioufa V,
Papadimitriou K, Aletras H. Portal Hypertensive ColopathyEndoscopic, Hernodynamic and Morphometric Study. Digestive
Endoscopy 1993; 5: 224-230 [DOI: 10.1111/j.1443-1661.1993.
tb00622.x]
Tam TN, NG WW, Lee SD. Colonic mucosal changes in patients
with liver cirrhosis. Gastrointest Endosc 1995; 42: 408-412 [PMID:
8566628 DOI: 10.1016/S0016-5107(95)70040-4]
Viggiano TR, Gostout CJ. Portal hypertensive intestinal vasculopathy:

February 27, 2015|Volume 7|Issue 2|

Mekaroonkamol P et al . Portal hypertensive enteropathy

26

27

28

29

30

31

32

33

34

35
36
37
38

39

40
41

a review of the clinical, endoscopic, and histopathologic features. Am
J Gastroenterol 1992; 87: 944-954 [PMID: 1642217]
Jeon SR, Kim JO, Kim JB, Ye BD, Chang DK, Shim KN, Cheung
DY, Kim JS, Choi MG, Song HJ, Lim YJ, Park SJ, Kim JH, Moon
JS, Jeen YT. Portal hypertensive enteropathy diagnosed by capsule
endoscopy in cirrhotic patients: a nationwide multicenter study.
Dig Dis Sci 2014; 59: 1036-1041 [PMID: 24493093 DOI: 10.1007/
s10620-014-3036-3]
Figueiredo P, Almeida N, Lérias C, Lopes S, Gouveia H, Leitão
MC, Freitas D. Effect of portal hypertension in the small bowel:
an endoscopic approach. Dig Dis Sci 2008; 53: 2144-2150 [PMID:
18026837 DOI: 10.1007/s10620-007-0111-z]
Abdelaal UM, Morita E, Nouda S, Kuramoto T, Miyaji K, Fukui
H, Tsuda Y, Fukuda A, Murano M, Tokioka S, Arafa UA, Kassem
AM, Umegaki E, Higuchi K. Evaluation of portal hypertensive
enteropathy by scoring with capsule endoscopy: is transient
elastography of clinical impact? J Clin Biochem Nutr 2010; 47:
37-44 [PMID: 20664729 DOI: 10.3164/jcbn.10-14]
De Palma GD, Rega M, Masone S, Persico F, Siciliano S, Patrone
F, Matantuono L, Persico G. Mucosal abnormalities of the small
bowel in patients with cirrhosis and portal hypertension: a capsule
endoscopy study. Gastrointest Endosc 2005; 62: 529-534 [PMID:
16185966 DOI: 10.1016/S0016-5107(05)01588-9]
Kodama M, Uto H, Numata M, Hori T, Murayama T, Sasaki
F, Tsubouchi N, Ido A, Shimoda K, Tsubouchi H. Endoscopic
characterization of the small bowel in patients with portal
hypertension evaluated by double balloon endoscopy. J
Gastroenterol 2008; 43: 589-596 [PMID: 18709480 DOI: 10.1007/
s00535-008-2198-1]
Akyuz F, Pinarbasi B, Ermis F, Uyanikoglu A, Demir K, Ozdil
S, Besisik F, Kaymakoglu S, Boztas G, Mungan Z. Is portal
hypertensive enteropathy an important additional cause of blood
loss in portal hypertensive patients? Scand J Gastroenterol 2010;
45: 1497-1502 [PMID: 20695721 DOI: 10.3109/00365521.2010.51
0568]
Leighton JA, Triester SL, Sharma VK. Capsule endoscopy: a metaanalysis for use with obscure gastrointestinal bleeding and Crohn’s
disease. Gastrointest Endosc Clin N Am 2006; 16: 229-250 [PMID:
16644453 DOI: 10.1016/j.giec.2006.03.004]
Triester SL, Leighton JA, Leontiadis GI, Fleischer DE, Hara AK,
Heigh RI, Shiff AD, Sharma VK. A meta-analysis of the yield of
capsule endoscopy compared to other diagnostic modalities in patients
with obscure gastrointestinal bleeding. Am J Gastroenterol 2005; 100:
2407-2418 [PMID: 16279893 DOI: 10.1111/j.1572-0241.2005.00274.
x]
Tang SJ, Zanati S, Dubcenco E, Cirocco M, Christodoulou D,
Kandel G, Haber GB, Kortan P, Marcon NE. Diagnosis of smallbowel varices by capsule endoscopy. Gastrointest Endosc 2004; 60:
129-135 [PMID: 15229446 DOI: 10.1016/S0016-5107(04)01458-0]
Rondonotti E, Villa F, Dell’ Era A, Tontini GE, de Franchis R.
Capsule endoscopy in portal hypertension. Clin Liver Dis 2010; 14:
209-220 [PMID: 20682230 DOI: 10.1016/j.cld.2010.03.004]
Rondonotti E, Villa F, Signorelli C, de Franchis R. Portal
hypertensive enteropathy. Gastrointest Endosc Clin N Am 2006; 16:
277-286 [PMID: 16644456 DOI: 10.1016/j.giec.2006.01.019]
Lebrec D, Benhamou JP. Ectopic varices in portal hypertension.
Clin Gastroenterol 1985; 14: 105-121 [PMID: 3872747]
Sato T, Akaike J, Toyota J, Karino Y, Ohmura T. Clinico
pathological features and treatment of ectopic varices with portal
hypertension. Int J Hepatol 2011; 2011: 960720 [PMID: 21994879
DOI: 10.4061/2011/960720]
Lemmers A, Evrard S, Demetter P, Verset G, Gossum AV, Adler M,
Devière J, Moine OL. Gastrointestinal polypoid lesions: a poorly
known endoscopic feature of portal hypertension. United European
Gastroenterol J 2014; 2: 189-196 [PMID: 25360302 DOI: 10.1177/
2050640614529108]
Helmy A, Al Kahtani K, Al Fadda M. Updates in the pathogenesis,
diagnosis and management of ectopic varices. Hepatol Int 2008; 2:
322-334 [PMID: 19669261 DOI: 10.1007/s12072-008-9074-1]
Kastanakis M, Anyfantakis D, Katsougris N, Bobolakis E. Massive

WJH|www.wjgnet.com

42
43
44

45

46

47

48
49

50

51

52

53

54
55

56

57

58

136

gastrointestinal bleeding due to isolated jejunal varices in a patient
without portal hypertension. Int J Surg Case Rep 2013; 4: 439-441
[PMID: 23528981 DOI: 10.1016/j.ijscr.2013.01.029]
Cappell MS, Price JB. Characterization of the syndrome of small
and large intestinal variceal bleeding. Dig Dis Sci 1987; 32: 422-427
[PMID: 3549204 DOI: 10.1007/BF01296297]
Yuki N, Kubo M, Noro Y, Kasahara A, Hayashi N, Fusamoto H, Ito
T, Kamada T. Jejunal varices as a cause of massive gastrointestinal
bleeding. Am J Gastroenterol 1992; 87: 514-517 [PMID: 1553940]
Higaki N, Matsui H, Imaoka H, Ikeda Y, Murakami H, Hiasa Y,
Matsuura B, Onji M. Characteristic endoscopic features of portal
hypertensive enteropathy. J Gastroenterol 2008; 43: 327-331
[PMID: 18592149 DOI: 10.1007/s00535-008-2166-9]
Repici A, Pennazio M, Ottobrelli A, Barbon V, De Angelis C,
De Lio A. Endoscopic capsule in cirrhotic patients with portal
hypertension: spectrum and prevalence of small bowel lesions.
Endoscopy 2005; 37 (Suppl 1): A72
Gentilucci UV, Gallo P, Perrone G, Del Vescovo R, Galati G,
Spataro S, Mazzarelli C, Pellicelli A, Afeltra A, Picardi A. Noncirrhotic portal hypertension with large regenerative nodules: a
diagnostic challenge. World J Gastroenterol 2011; 17: 2580-2584
[PMID: 21633664 DOI: 10.3748/wjg.v17.i20.2580]
Tang SJ, Jensen DM, Gralnek IM, Roth BE. Portal hypertensive
enteropathy in a patient with polycystic liver disease: a unique
endoscopic finding. Gastrointest Endosc 2002; 56: 924-926 [PMID:
12447315 DOI: 10.1016/S0016-5107(02)70377-5]
Amin R, Alexis R, Korzis J. Fatal ruptured duodenal varix: a case
report and review of literature. Am J Gastroenterol 1985; 80: 13-18
[PMID: 3871304]
Sawada K, Ohtake T, Ueno N, Ishikawa C, Abe M, Miyoshi
S, Suzuki Y, Tokusashi Y, Fujiya M, Kohgo Y. Multiple portal
hypertensive polyps of the jejunum accompanied by anemia of
unknown origin. Gastrointest Endosc 2011; 73: 179-182 [PMID:
20869709 DOI: 10.1016/j.gie.2010.07.011]
Oluyemi A, Amole A. Portal hypertensive duodenopathy manifesting
as “kissing” duodenal ulcers in a nigerian with alcoholic cirrhosis:
a case report and brief review of the literature. Case Rep Med 2012;
2012: 618729 [PMID: 23118766 DOI: 10.1155/2012/618729]
Jonnalagadda SS, Quiason S, Smith OJ. Successful therapy of
bleeding duodenal varices by TIPS after failure of sclerotherapy.
Am J Gastroenterol 1998; 93: 272-274 [PMID: 9468260 DOI:
10.1111/j.1572-0241.1998.270_3.x]
Shiraishi M, Hiroyasu S, Higa T, Oshiro S, Muto Y. Successful
management of ruptured duodenal varices by means of endoscopic
variceal ligation: report of a case. Gastrointest Endosc 1999; 49:
255-257 [PMID: 9925710 DOI: 10.1016/S0016-5107(99)70498-0]
Yoshida Y, Imai Y, Nishikawa M, Nakatukasa M, Kurokawa M,
Shibata K, Shimomukai H, Shimano T, Tokunaga K, Yonezawa
T. Successful endoscopic injection sclerotherapy with N-butyl2-cyanoacrylate following the recurrence of bleeding soon
after endoscopic ligation for ruptured duodenal varices. Am J
Gastroenterol 1997; 92: 1227-1229 [PMID: 9219810]
Khouqeer F, Morrow C, Jordan P. Duodenal varices as a cause
of massive upper gastrointestinal bleeding. Surgery 1987; 102:
548-552 [PMID: 3498234]
Koo SM, Jeong SW, Jang JY, Lee TH, Jeon SR, Kim HG, Kim
JO, Kim YJ. Jejunal variceal bleeding successfully treated with
percutaneous coil embolization. J Korean Med Sci 2012; 27:
321-324 [PMID: 22379346 DOI: 10.3346/jkms.2012.27.3.321]
Zeitoun JD, Chryssostalis A, Terris B, Prat F, Gaudric M, Chaussade
S. Portal hypertensive duodenal polyp: a case report. World J
Gastroenterol 2007; 13: 1451-1452 [PMID: 17457981 DOI: 10.3748/
wjg.v13.i9.1451]
El-Khayat HR, El Khattib A, Nosseir M, Ezz MA, El-Amin
H, Fouad YM. Portal hypertensive enteropathy before and
after variceal obliteration: an endoscopic, histopathologic and
immunohistochemical study. J Gastrointestin Liver Dis 2010; 19:
175-179 [PMID: 20593051]
Tang S. Portal Hypertensive Gastropathy, Enteropathy, and Colopathy.
VJGIEN 2013; 1: 269-271 [DOI: 10.1016/S2212-0971(13)70117-1]

February 27, 2015|Volume 7|Issue 2|

Mekaroonkamol P et al . Portal hypertensive enteropathy
59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

Shudo R, Yazaki Y, Sakurai S, Uenishi H, Yamada H, Sugawara
K. Duodenal erosions, a common and distinctive feature of portal
hypertensive duodenopathy. Am J Gastroenterol 2002; 97: 867-873
[PMID: 12003421 DOI: 10.1111/j.1572-0241.2002.05602.x]
Lim LG, Lee YM, Tan L, Chang S, Lim SG. Percutaneous
paraumbilical embolization as an unconventional and successful
treatment for bleeding jejunal varices. World J Gastroenterol 2009;
15: 3823-3826 [PMID: 19673028 DOI: 10.3748/wjg.15.3823]
Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier C, Mal
F, Christidis C, Ziol M, Poulet B, Kazemi F, Beaugrand M, Palau R.
Transient elastography: a new noninvasive method for assessment
of hepatic fibrosis. Ultrasound Med Biol 2003; 29: 1705-1713
[PMID: 14698338 DOI: 10.1016/j.ultrasmedbio.2003.07.001]
Haskal ZJ, Scott M, Rubin RA, Cope C. Intestinal varices:
treatment with the transjugular intrahepatic portosystemic shunt.
Radiology 1994; 191: 183-187 [PMID: 8134568 DOI: 10.1148/
radiology.191.1.8134568]
Norton ID, Andrews JC, Kamath PS. Management of ectopic
varices. Hepatology 1998; 28: 1154-1158 [PMID: 9755256 DOI:
10.1002/hep.510280434]
Garcia-Tsao G, Sanyal AJ, Grace ND, Carey W. Prevention and
management of gastroesophageal varices and variceal hemorrhage
in cirrhosis. Hepatology 2007; 46: 922-938 [PMID: 17879356 DOI:
10.1002/hep.21907]
Brechmann T, Schmiegel W, Nicolas V, Reiser M. Gastrointestinal
bleeding 30 years after a complicated cholecystectomy. World
J Gastroenterol 2010; 16: 4747-4750 [PMID: 20872978 DOI:
10.3748/wjg.v16.i37.4747]
Albert J. Endoscopic Therapy of Variceal Bleeding from the
Small Bowel. Video VJGIEN 2013; 1: 226-227 [DOI: 10.1016/
S2212-0971(13)70096-7]
Gertsch P, Blumgart LH. Cure of a bleeding duodenal varix by
sclerotherapy. Br J Surg 1988; 75: 717 [PMID: 3262004 DOI:
10.1002/bjs.1800750731]
Barbish AW, Ehrinpreis MN. Successful endoscopic injection
sclerotherapy of a bleeding duodenal varix. Am J Gastroenterol
1993; 88: 90-92 [PMID: 8420280]
Cipolletta L, Bianco MA, Rotondano G, Piscopo R, Prisco A,
Garofano ML. Prospective comparison of argon plasma coagulator
and heater probe in the endoscopic treatment of major peptic ulcer
bleeding. Gastrointest Endosc 1998; 48: 191-195 [PMID: 9717787
DOI: 10.1016/S0016-5107(98)70163-4]
Furukawa K, Aoyagi Y, Harada T, Enomoto H. The usefulness
of prevention consolidation therapy of esophageal varices using
an argon plasma coagulation technique. Hepatol Res 2002; 23:
220-225 [PMID: 12076718 DOI: 10.1016/S1386-6346(01)00179-6]
Nakamura S, Mitsunaga A, Murata Y, Suzuki S, Hayashi N.
Endoscopic induction of mucosal fibrosis by argon plasma
coagulation (APC) for esophageal varices: A prospective
randomized trial of ligation plus APC vs. ligation alone. Endoscopy
2001; 33: 210-215 [PMID: 11293751 DOI: 10.1055/s-2001-12804]
Guth E, Katz MD, Hanks SE, Teitelbaum GP, Ralls P, Korula
J. Recurrent bleeding from ileal varices treated by transjugular
intrahepatic portosystemic shunt: value of Doppler ultrasonography
in diagnosis and follow-up. J Ultrasound Med 1996; 15: 67-69
[PMID: 8667487]
Vidal V, Joly L, Perreault P, Bouchard L, Lafortune M, PomierLayrargues G. Usefulness of transjugular intrahepatic portosystemic
shunt in the management of bleeding ectopic varices in cirrhotic
patients. Cardiovasc Intervent Radiol 2006; 29: 216-219 [PMID:
16284702 DOI: 10.1007/s00270-004-0346-4]
Vangeli M, Patch D, Terreni N, Tibballs J, Watkinson A,
Davies N, Burroughs AK. Bleeding ectopic varices--treatment
with transjugular intrahepatic porto-systemic shunt (TIPS) and
embolisation. J Hepatol 2004; 41: 560-566 [PMID: 15464235 DOI:
10.1016/j.jhep.2004.06.024]
Boyer TD, Haskal ZJ. The Role of Transjugular Intrahepatic
Portosystemic Shunt (TIPS) in the Management of Portal
Hypertension: update 2009. Hepatology 2010; 51: 306 [PMID:

WJH|www.wjgnet.com

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

137

19902484 DOI: 10.1002/hep.23383]
Macedo TA, Andrews JC, Kamath PS. Ectopic varices in
the gastrointestinal tract: short- and long-term outcomes of
percutaneous therapy. Cardiovasc Intervent Radiol 2005; 28:
178-184 [PMID: 15719183 DOI: 10.1007/s00270-004-0148-8]
Ozaki CK, Hansen M, Kadir S. Transhepatic embolization of
superior mesenteric varices in portal hypertension. Surgery 1989;
105: 446-448 [PMID: 2922679]
Samaraweera RN, Feldman L, Widrich WC, Waltman A,
Steinberg F, Greenfield A, Srinivasan M, Robbins AH, Johnson
WC. Stomal varices: percutaneous transhepatic embolization.
Radiology 1989; 170: 779-782 [PMID: 2783784 DOI: 10.1148/
radiology.170.3.2783784]
Smith-Laing G, Scott J, Long RG, Dick R, Sherlock S. Role of
percutaneous transhepatic obliteration of varices in the management
of hemorrhage from gastroesophageal varices. Gastroenterology
1981; 80: 1031-1036 [PMID: 7009311]
Toumeh KK, Girardot JD, Choo IW, Andrews JC, Cho KJ.
Percutaneous transhepatic embolization as treatment for bleeding
ileostomy varices. Cardiovasc Intervent Radiol 1995; 18: 179-182
[PMID: 7648595 DOI: 10.1007/BF00204146]
Viamonte M, Pereiras R, Russell E, Le Page J, Hutson D.
Transhepatic obliteration of gastroesophageal varices: results in
acute and nonacute bleeders. AJR Am J Roentgenol 1977; 129:
237-241 [PMID: 409156 DOI: 10.2214/ajr.129.2.237]
L’Herminé C, Chastanet P, Delemazure O, Bonnière PL, Durieu JP,
Paris JC. Percutaneous transhepatic embolization of gastroesophageal
varices: results in 400 patients. AJR Am J Roentgenol 1989; 152:
755-760 [PMID: 2784259 DOI: 10.2214/ajr.152.4.755]
Haruta I, Isobe Y, Ueno E, Toda J, Mitsunaga A, Noguchi
S, Kimura T, Shimizu K, Yamauchi K, Hayashi N. Balloonoccluded retrograde transvenous obliteration (BRTO), a promising
nonsurgical therapy for ectopic varices: a case report of successful
treatment of duodenal varices by BRTO. Am J Gastroenterol 1996;
91: 2594-2597 [PMID: 8946993]
Sonomura T, Horihata K, Yamahara K, Dozaiku T, Toyonaga
T, Hiroka T, Sato M. Ruptured duodenal varices successfully
treated with balloon-occluded retrograde transvenous obliteration:
usefulness of microcatheters. AJR Am J Roentgenol 2003; 181:
725-727 [PMID: 12933468 DOI: 10.2214/ajr.181.3.1810725]
Akazawa Y, Murata I, Yamao T, Yamakawa M, Kawano Y,
Nomura N, Isomoto H, Mizuta Y, Murase K, Kohno S. Successful
management of bleeding duodenal varices by endoscopic variceal
ligation and balloon-occluded retrograde transvenous obliteration.
Gastrointest Endosc 2003; 58: 794-797 [PMID: 14595327 DOI:
10.1016/S0016-5107(03)02008-X]
Ohta M, Yasumori K, Saku M, Saitsu H, Muranaka T, Yoshida
K. Successful treatment of bleeding duodenal varices by balloonoccluded retrograde transvenous obliteration: a transjugular venous
approach. Surgery 1999; 126: 581-583 [PMID: 10486613 DOI:
10.1016/S0039-6060(99)70102-9]
Tanihata H, Minamiguchi H, Sato M, Kawai N, Sonomura T,
Takasaka I, Nakai M, Sahara S, Nakata K, Shirai S. Changes in
portal systemic pressure gradient after balloon-occluded retrograde
transvenous obliteration of gastric varices and aggravation of
esophageal varices. Cardiovasc Intervent Radiol 2009; 32:
1209-1216 [PMID: 19688368 DOI: 10.1007/s00270-009-9679-3]
Yoshida H, Mamada Y, Taniai N, Yoshioka M, Hirakata A, Kawano
Y, Mizuguchi Y, Shimizu T, Ueda J, Uchida E. Treatment modalities
for bleeding esophagogastric varices. J Nippon Med Sch 2012; 79:
19-30 [PMID: 22398787 DOI: 10.1272/jnms.79.19]
Ueda J, Yoshida H, Mamada Y, Taniai N, Mizuguchi Y, Shimizu
T, Matsumoto S, Kakinuma D, Ishikawa Y, Kanda T, Akimaru K,
Teranishi N, Naito Z, Tajiri T. Successful emergency enterectomy for
bleeding ileal varices in a patient with liver cirrhosis. J Nippon Med
Sch 2006; 73: 221-225 [PMID: 16936448 DOI: 10.1272/jnms.73.221]
Hidajat N, Stobbe H, Hosten N, Schroeder RJ, Fauth M, Vogl
T, Felix R. Transjugular intrahepatic portosystemic shunt and
transjugular embolization of bleeding rectal varices in portal

February 27, 2015|Volume 7|Issue 2|

Mekaroonkamol P et al . Portal hypertensive enteropathy

91

hypertension. AJR Am J Roentgenol 2002; 178: 362-363 [PMID:
11804893 DOI: 10.2214/ajr.178.2.1780362]
McAlister VC, Al-Saleh NA. Duodenal dearterialization and

stapling for severe hemorrhage from duodenal varices with portal
vein thrombosis. Am J Surg 2005; 189: 49-52 [PMID: 15701491
DOI: 10.1016/j.amjsurg.2004.04.011]
P- Reviewer: Neuberger J S- Editor: Ji FF L- Editor: A
E- Editor: Lu YJ

WJH|www.wjgnet.com

138

February 27, 2015|Volume 7|Issue 2|

World J Hepatol 2015 February 27; 7(2): 139-149
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i2.139

REVIEW

Current biomarkers for hepatocellular carcinoma:
Surveillance, diagnosis and prediction of prognosis
Kerstin Schütte, Christian Schulz, Alexander Link, Peter Malfertheiner
ultrasound. The use of high-throughput technologies
in hepatocellular research allows to identify molecules
involved in the complex pathways in hepatocarcinoge
nesis. Several invasive and non-invasive biomarkers
have been identified already and have been evaluated
in different clinical settings. Gene signatures with
prognostic potential have been identified by gene
expression profiling from tumor tissue. However, a
single “all-in-one” biomarker that fits all-surveillance,
diagnosis, prediction of prognosis-has not been found
so far. The future of biomarkers most probably lies in a
combination of non-invasive biomarkers, imaging and
clinical parameters in a surveillance setting. Molecular
profiling of tumorous and non-tumorous liver tissue
may allow a prediction of prognosis for the individual
patient and hopefully clear the way for individual
treatment approaches. This article gives an overview
on current developments in biomarker research in
HCC with a focus on currently available and novel
biomarkers, in particular on microRNA.
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Core tip: The aim of this review is to provide an overview
on current invasive and non-invasive biomarkers in
hepatocellular carcinoma (HCC) with respect to their use
in surveillance, diagnosis and prediction of prognosis. We
also give an outlook on the future development of HCC
biomarker research with a focus on microRNA.

Abstract
Biomarkers for surveillance, diagnosis and prediction
of prognosis in patients with hepatocellular carcinoma
(HCC) are currently not ready for introduction into
clinical practice because of limited sensitivity and
specificity. Especially for the early detection of small
HCC novel biomarkers are needed to improve the
current effectiveness of screening performed by
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markers may play a role as diagnostic tool once
a suspicious lesion in a patient with liver cirrhosis
has been detected. In the past, a significant concen
tration of AFP in the serum of a patient with liver
cirrhosis and a suspicious mass in the liver larger th
[9]
an 2 cm was sufficient to diagnose HCC . However,
diagnostic algorithms endorsed by the American
Association for the Study of Liver Diseases (AASLD)
and the European Association for the Study of
the Liver (EASL) nowadays strictly rely on typical
radiological hallmarks in dynamic contrast-enhanced
[9-11]
imaging apart from biomarkers
.
Once the diagnosis of HCC is confirmed, molecular
biomarkers could potentially be used for prediction
of prognosis of the individual patient and also for
the guidance of therapeutic decisions. Currently,
early studies on predictive biomarkers are on their
way to make a step towards a personalized and
individualized therapy of patients with HCC.
This review gives a concise overview on current
clinical-translational knowledge on biomarkers in
surveillance, diagnosis and prediction of prognosis
with a focus on miRNA.

INTRODUCTION
The incidence of hepatocellular carcinoma (HCC)
is rising throughout the world as a consequence of
a rising prevalence of hepatitis B virus (HBV) and
hepatitis C virus (HCV) infection and an increase in
prevalence of (non-alcoholic) fatty liver disease due to
[1-4]
the metabolic syndrome . The number of patients
that are at risk to develop HCC and need to undergo
structured surveillance is therefore constantly rising
in parallel.
Transabdominal ultrasound currently is the only
recommended tool for surveillance in the Western
world which has been shown to be cost-effective. Its
sensitivity is dependent on many factors, including the
quality of the ultrasound machine, the experience of
the examiner and also the patient. Especially in obese
patients with NASH cirrhosis liver ultrasonography
may be difficult and therefore not always appropriate
to rule out HCC. In patients with liver cirrhosis regen
erative nodules may be hard to distinguish from HCC
on ultrasound, and the sensitivity of ultrasound to
[5,6]
detect early HCC lies in a range of 32% to 65% .
On the other hand, surveillance by contrast-enhanced
computed tomography or contrast-enhanced magnetic
resonance tomography is rather expensive and not
cost-effective. In addition, they are associated with
the additional exposure to radiation with an increased
risk of tumor development and/or contrast-media
related deterioration of kidney function. In developing
countries, where even the availability of ultrasound
surveillance is quite low, serological markers for
[7]
surveillance are of special interest .
Biomarkers in blood, other body fluids or tissue
for screening, prediction of prognosis and monitoring
of response to a therapy would be an important
contribution to the management of patients with
HCC.
Early detection of HCC is the most important factor
to offer the patient the chance of cure. α-fetoprotein
(AFP) is the most widely used and broadly known
biomarker for HCC, but the measurement of serum
AFP levels has been dropped from current surv
eillance guidelines in Europe and the United States
because of low sensitivity and specificity. This is
based on the knowledge that almost 80% of small
HCCs do not show increased levels of AFP, and the
sensitivity decreases to 25% in tumors smaller than
[8]
3 cm . Nonetheless, serum AFP measurement is
still combined with ultrasound by many physicians
worldwide to reduce the risk of missing small lesions
in the cirrhotic liver that have not been detected by
ultrasound. Alternative or additional biomarkers may
be useful tools for surveillance or as a decisional tool
in clinical practice to identify patients that will benefit
from advanced imaging methods in a surveillance
setting to augment the proportion of patients with
HCC diagnosed in an early tumor stage.
Apart from their role as a surveillance tool, bio
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ROLE OF BIOMARKERS IN
SURVEILLANCE AND DIAGNOSIS
Geographical differences in tumor prevalence, tumor
biology and resources have resulted in differences in
current guidelines with respect to screening recomm
endations. The main pillar of surveillance in high risk
populations is repeated transabdominal ultrasound
with small differences with respect to the definition of
target populations in various guidelines. Throughout
the world three serum biomarkers are suggested as
tools to determine the risk of liver cancer in high risk
populations: AFP, the proportion of the fucosylated
isoform of AFP, AFP-L3, and des-gamma-carboxyprothrombin (DCP). These markers are FDA approved
for this indication, but not a part of the surveillance
[10,11]
guidelines published by the AASLD and the EASL
.
Current expert opinion from Western countries has
been rather critical on these biomarkers regarding
[12]
their clinical value . On the other hand, the Asia
Pacific guideline recommends to combine ultrasound
with the measurement of AFP levels in the serum and
the Japanese society even recommends to apply all
[13,14]
three mentioned biomarkers
for surveillance.
However, most studies on the performance of
biomarkers in HCC detection have not been performed
in a surveillance setting but compared levels of
predefined biomarkers in patients with HCC with a
comparator group, in most cases in patients with
chronic liver disease.
A randomized controlled study performed in a
high-risk population in China showed that screening
by AFP measurement led to earlier diagnosis of
[15]
HCC but had no impact on mortality . On the
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Table 1 Diagnostic performance of alpha-fetoprotein serum levels in selected studies
Ref.

Year

n

Marrero et al[20]
Mao et al[21]

2009
2010

836 total (419 HCC)
4217 total (789 HCC)

Farinati et al[22]
Lok et al[23]

2006
2010

Comparator

Cut-off-level Sensitivity Specificity AUC

Liver cirrhosis
Amongst others healthy controls, HBV carriers,
liver cirrhosis
1158 HCC
No control
39 HCC, 77 matched controls Hepatitis C

20 ng/mL
35 ng/mL

59%
58.20%

90%
85.30%

400 ng/mL
20 ng/mL

18%
61%

81%

0.8

0.59
0.79

AUC: Area under the cure; HCC: Hepatocellular carcinoma.

Three further biomarkers have intensively been
studied for their potential use in screening for HCC,
namely Golgi protein 73 (GP73), interleukin-6 (IL-6)
and squamous cell carcinoma antigen (SCCA) and
[32]
were addressed in a recent meta-analysis . The
transmembrane glycoprotein GP73 has a sensitivity
of 62% with a specificity of 88% at a cut-off of 10
relative units in a study comparing 144 patients with
HCC to 152 patients with cirrhosis and 56 healthy
[33]
controls . A further study including 4217 subjects
of whom 789 were patients with HCC revealed a
sensitivity of 74.6% with a specificity of 97.4%
[21]
at a cut-off of 8.5 relative units . Two smaller
studies were identified in the meta-analysis studying
the cytokine IL-6. Using different cut-off-values,
sensitivity for HCC ranged from 46% to 73% with a
[32,34,35]
specificity of 87% to 95%
. The largest study on
the role of the serine protease inhibitor SCCA included
961 patients and resulted in a sensitivity of 42% at
[32,36]
specificity of 83% using a cut-off of 3.8 ng/mL
.
Seven well-designed studies on the diagnostic
performance of osteopontin, an integrin-binding
glycophosphoprotein, were published and recently
[24]
summarized in a meta-analysis . Osteopontin is
expressed by transformed malignant cells and has
been evaluated also in colon and pancreatic cancer.
All of the reported studies were retrospective in
design and included a range of 30 to 179 patients
with HCC. The pooled sensitivity of osteopontin for
HCC was 86% with a specificity of 86% resulting in a
diagnostic accuracy comparable to that of AFP in the
included studies. The authors of the meta-analysis
conclude that further validation studies are needed
before the marker could be suggested for the use in
daily clinical routine.
By combining two or more biomarkers the
diagnostic performance of a single non-invasive test
can be optimized. This has been investigated for the
three best established non-invasive biomarkers in
HCC, AFP, AFP-L3 and DCP.
When comparing 164 European patients with
HCC to 422 controls with chronic liver disease a
significant increase in AFP serum levels was mainly
shown in patients with advanced stages of HCC
and in patients suffering from viral hepatitis while
DCP was more frequently elevated in patients with
early-stage and NASH associated HCC. Taken alone,

other hand, semiannual screening for HCC by AFP
measurement in a population-based study in Alaska
was effective in detecting HCC at early stages and
[16]
significantly prolonged survival rates .
As the discussion on the rise and fall of AFP as
biomarker in HCC surveillance and diagnosis has
been intense and sometimes even emotional during
[17-19]
the last decade
, data on the most important
diagnostic studies referred to in this discussion are
summarized in Table 1.
A recent meta-analysis on the performance of
AFP in diagnosis of HCC included seven studies and
revealed a pooled sensitivity of 66% with a specificity
[24]
of 86% and an area under the cure (AUC) of 0.87 .
In a further meta-analysis including ten studies the
pooled sensitivity of AFP for the diagnosis of HCC
[25]
was 51.9% at a specificity of 94% (AUC = 0.81) .
It is a major drawback of AFP as surveillance tool
that its serum levels are influenced by the activity of
the underlying liver disease and therefore increased
in patients with elevated ALT levels even in the
[26]
absence of HCC as shown in the HALT-C trial .
Additionally, only a proportion of patients with HCC
exerts elevated AFP serum levels leading to low
sensitivity of the marker. The heterogeneity of tumor
biology in HCC therefore results in a necessity to
find better or complementary markers to close this
diagnostic gap.
The clinical utility of high-sensitivity AFP-L3 (hsAFP-L3) in early prediction of HCC development
in patients with chronic HBV or HCV infection was
recently evaluated in a large Japanese study. Even
at low AFP levels and in absence of suspicious
ultrasound findings an elevation of hs-AFP-L3 was an
early predictor of HCC development with an elevation
in 34.3% of patients one year prior to diagnosis of
[27]
HCC . In patients with low AFP levels (< 20 ng/mL),
the diagnostic sensitivity for hs-AFP-L 3% at a cut-off
[28]
of 5% was 41.5% with a specificity of 85.1% .
Numerous studies have investigated the perfor
mance of alternative markers or combinations of
already established markers. New candidate markers
include squamous cell carcinoma antigen-immun
[29]
oglobulin M complex (SCCA-IGM), α-l-fucosidase ,
glypican-3 (GPC-3), insulin-like growth factor
[30]
(IGF) , vascular endothelial growth factor (VEGF),
[31]
or Dickkopf-1 (DKK1) .
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Table 2 Diagnostic performance of novel non-invasive biomarkers
Ref.

Year

Marker

n

Toyoda et al[31]

2011

hs-AFP-L3%

666

Ertle et al[37]
Wan et al[24]
Hsia et al[35]

2013
2014
2007

Mao et al[21]

2010

Giannelli et al[36] 2007
Ertle et al[37]
2013
Johnson et al[40]

2014

Comparator

Chronic liver disease and AFP
< 20 ng/mL
DCP
586
Chronic liver disease
Osteopontin
Meta-analysis (7 studies) mixed
IL-6
128
Mixed, including chronic liver
disease and healthy controls
GP73
4217
Mixed, including chronic liver
disease and healthy controls
SCCA
961
Liver cirrhosis
AFP combined 586
Chronic liver disease
with DCP
GALAD-score 670
Chronic liver disease

Cut-off-level

Sensitivity

Specifity

AUC

5%

41.50%

85.10%

0.707

5 ng/mL
3 pg/mL

45.80%
Pooled: 86%
46%

95%
0.87
Pooled: 86% 0.92
95%

8.5 rel. units

74.60%

97.40%

0.94

3.8 ng/mL
41.90%
DCP 5 ng/mL 78%
AFP 10 ng/mL
93%

82.60%
89.30%

0.656
0.91

89%

hs-AFP: High-sensitivity α-fetoprotein; DCP: Des-gamma-carboxy-prothrombin; SCCA: Squamous cell carcinoma antigen; GP73: Golgi protein 73; IL-6:
Interleukin-6; AUC: Area under the cure.

in hepatocarcinogenesis of multiple proteins, genes
and transcription factors. First examples of this
approach have successfully been evaluated in clinical
studies, but none of the signatures has been validated
in large prospective studies.
In patients with chronic HBV infection and liver
cirrhosis, proteomic analyses in the plasma identified
a cluster of 11 proteins that is able to identify
patients at high risk for HCC development (OR =
[42]
4.83, 95%CI: 1.26-18.56) .
Gene expression profiling of peripheral blood
mononuclear cells in HCC patients using microarrays
and bioinformatics-driven analysis of the data has
identified a blood-based signature of three genes,
namely Chemokine (C-X-C motif) receptor 2 (CXCR2),
C-C chemokine receptor type 2 (CCR2) and E1ABinding Protein P400 (EP400), that predicts HCC with
an AUC of 0.96 yielding at a sensitivity of 93% with a
[43]
specificity of 89% .
High-throughput metabolomics technologies with
the comprehensive analysis of small molecular meta
bolites may additionally identify serum metabolic
profiles that can be used as diagnostic biomarkers.
First steps into this direction have also already been
[44,45]
taken
.
To distinguish dysplastic nodules from welldifferentiated HCC is a challenge, not only for the
radiologist on imaging, but also for the pathologist
on tissue samples.
Molecular signatures derived from gene expression
profiling have been identified that are helpful to
answer this critical question that is decisive for the
further management of the patient.
Characteristic genomic changes during hepato
carcinogenesis have been identified. Specific gene
signatures accurately reflect the pathological
progression of disease from cirrhosis to dysplasia
to early and advanced HCC in patients with HCV
[46,47]
infection in Asian and Western patients
.
A three gene set in the tissue including glypican

neither of the two parameters could detect more
than one third of HCC patients independently of
stage or etiology but by combination of AFP with
DCP a sensitivity of 55% for early stage HCC and
78% for all stages (cut-off for AFP 10 ng/mL and
[37]
for DCP 5 ng/mL) was reached . The addition of
AFP-L3% to this combination, led to a further gain in
[38]
sensitivity (84%) in another European study .
The incorporation of clinical variables like age
and gender into models based on a combination of
biomarkers for HCC detection further improve the
[39]
predictive performance of these models . A model
using a combination of age, gender, AFP, AFP-L3 and
DCP estimates the probability to suffer from HCC in
an individual patient with chronic liver disease with
a sensitivity of 86% for HCC in BCLC stage 0 or A
[40]
and a sensitivity of 94% for later tumor stages .
The diagnostic performance of novel circulating
biomarkers and scores is summarized in Table 2.
Although the complex process of hepatocarcin
ogenesis is still not fully understood, several signal
transduction pathways have been identified as critical
players in the pathophysiology of HCC, including the
Wnt/β-Catenin pathway, the p53 pathway, the tumor
suppressor retinoblastoma protein pRb1 pathway,
the mitogen-activated protein kinase pathway, the
Ras pathway, JAK/STAT signaling, mechanisms of
cellular stress response like heat shock proteins and
epidermal growth factor receptor and transforming
[41]
growth factor-β signaling . As a consequence of
different risk factors causing HCC in the individual
patient, the alterations in these pathways differ in
different settings which is probably the cause of
insufficient sensitivity of single biomarkers. Genetic
and epigenetic alterations occur in these pathways
and mediate cell proliferation. The possibility to
perform proteomic profiling and whole genome
sequencing in combination with systems biology has
led to a new era in biomarker development that will
hopefully help to understand the complex interactions
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[64]

3 (GPC3; 18-fold increase in HCC, P = 0.01), LYVE1
(12-fold decrease in HCC, P = 0.0001), and survivin
(2.2-fold increase in HCC, P = 0.02) has an accuracy
of 94% to discriminate dysplastic nodules from early
HCC in HCV cirrhosis. Especially immunostaining for
[48]
GPC3 is highly discriminative .
Heat shock protein 70 and cyclase-associated
protein 2 are further examples for tissue biomarkers
identified in comprehensive approaches that found
[49,50]
their way into clinical testing and application
.

most important ones in liver biology . Many recent
reports have shown a broad spectrum of changes in
[64-67]
microRNAoma in HCC
. Therefore, miRNAs may
have the potential to become valid biomarkers in
HCC.

MIRNAS AS NON-INVASIVE DIAGNOSTIC
BIOMARKERS FOR HCC
The biggest effort from miRNA-based biomarker
research has been made to improve the diagnostic
utility in HCC. In parallel with the dominant etiol
ogical factors in HCC development, the largest body
of data comes from Asian populations and virusrelated HCC cohorts. In one of the first profiling
[68]
studies, Li et al
performed deep sequencing in
pooled samples from chronic HBV virus patients,
HCC patients and controls with and without cancer.
They identified a pattern of 21 miRNA that show
differential expression in cHBV patients and 6
miRNA differentially expressed in HCC patients.
Following subsequent testing and validation, 13
miRNA, including miR-122, miR-375, miR-92a, miR10a and let-7c, were identified as a biomarker for
patients with HBV (acute and chronic) and HCV
virus infection. Furthermore, using only 3 miRNAs
(miR-25, miR-375, let7f) the authors could reach
an AUC of 99.7% with a 97.9% sensitivity and a
99.1% specificity to discriminate controls from HCC
patients. Most interestingly for HCC diagnosis, the
comparison of the two cohorts with chronic HBV and
HBV-associated HCC lead to identification of two
miRNAs (miR-10a and miR-125b) that could separate
the HCC cohort with an AUC of 99.2% (sensitivity
[68]
98.5% and specificity 98.5) . Recently, another
large scale study studied plasma samples from 934
patients with various conditions including healthy
subjects, patients with chronic HBV, liver cirrhosis
[69]
and HBV-related HCC . Following discovery and
training phases, the authors identified a panel of 7
microRNAs (miR-122, miR-192, miR-21, miR-223,
miR-26a, miR-27a and miR-801) that provided the
highest diagnostic accuracy for the identification of
HBV-related HCC. Using an independent validation
cohort of 390 samples, the area under the curve
value was comparable with the training data and
reached 0.888 with a sensitivity of 81.8% and a
specificity of 83.5%. Interestingly, the diagnostic
accuracy was independent of disease stage and
was comparable to healthy subjects, patients with
chronic hepatitis or livers cirrhosis. At present, this
study is one of the largest to evaluate the biomarker
potential of miRNAs in cancer. Notably, the
expression of selected miRNA was analyzed using
RT-PCR which may be critical for clinical translation
of the results. Whether miR-1228 is the optimal
[69]
normalizer needs further evaluation .
Besides profiling studies, a candidate-based

MICRORNAS AS NOVEL BIOMARKERS
With respect to novel potential biomarkers, noncoding RNA and specifically microRNA (miRNA)
have received the greatest attention over the
[51]
past years . MiRNAs are small non-coding and
evolutionary conserved RNA molecules that serve as
posttranscriptional regulators of mRNA expression
and interfere with translation to protein. Following
several common modifications steps, miRNA
become a part of the so called RISC (RNA silencing
[52]
complex) to be functionally active . MiRNAs can
either preserve their function intracellularly by
regulating the expression of a target population of
molecules, or can be released from the cell bound
[53,54]
to other proteins and also as a free molecule
.
As part of the released vesicles, specific miRNAs can
further preserve their functional activity locally or be
transported in blood or probably other specimens to
[55]
other tissues or organs .
The most exiting advantages of miRNA over
various other molecules are their stability against
degradation, cell-type specific miRNA expression
patterns and detectability in all types of human
[56-59]
specimens such as blood, feces, saliva, etc.
.
While mRNA or various proteins are relatively
sensitive to extracellular enzymes, miRNA expression
levels remain, as long as they are preserved in a
natural milieu, relatively resistant to RNA digestions,
heating, storage, drying, formalin fixation, etc. For
detailed information regarding the biogenesis of
miRNA as well as regarding the current knowledge
on molecular function we refer to the several
[51,60,61]
excellent reviews from the field
.
Shortly after definite recognition of miRNA,
several groups have provided seminal evidence
for differences in miRNA expression patterns
between different tissues and malignant conditions
[62,63]
including HCC
. High quality analyses using deep
sequencing have recently provided an important
[64]
view in microRNAome in liver tissue and HCC .
Interestingly, about 86% of the miRNA were
expressed in very low concentrations and only
about 1% were expressed abundantly. Three of
those miRNAs, namely miR-122, miR-192 and miR199a/b-3p, were responsible for 74% of all miRNA
in normal liver tissue with miR-122 accounting for
almost 52% suggesting that those miRNAs are the
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NAFLD
NASH
NASH-LC

Healthy

miR-21
miR-122
miR-25
miR-375
let7f
miR-122
miR-192
miR-21
miR-223
miR-26a,
miR-27a
miR-801
miR-10a
miR-125b

?
Ethanol LC
HCC

cHBV
HBV-LC

?

Fe/Cu
Adenoma

?
cHCV
HCV-LC

approach has been also used to evaluate the
expression differences of liver and tumor-related
miRNA. In particular miR-21, which is most freq
uently deregulated miRNA in cancer, was found
at higher level both in sera and plasma from HCC
[70,71]
patients
, while other showed no significant expr
[72,73]
ession differences
. In similar fashion, miR-122,
the most abundant miRNA of the liver, was also
[71,72]
found at high level in sera from HCC patients
.
However, the level of circulating miR-122 may be
strongly influenced by inflammation or apoptosis
of hepatocytes in such conditions as acute or
chronic hepatitis or nonalcoholic fatty liver disease,
suggesting that background condition of the liver
inflammation may strongly influence the miR-122
[74]
level . Nevertheless, the data from candidate-based
[54]
studies correlate with the data from Link et al
[69]
at least for both miRNAs miR-21 and miR-122 .
There are several other studies that have identified
additional miRNA, however, at present no inde
pendent validation has been performed (Figure 1).
It is further more important to mention that the
potential of miRNA as biomarker has not been equally
analyzed in all HCC-related risk conditions. Systemic
analyses for alcohol, NASH or HCV-related conditions
are pending.

the survival of patients is still heterogeneous, and
some patients that are treated in curative intent
or even undergo liver transplantation show early
recurrence of disease. Knowledge on high-risk profiles
would therefore be important to guide individualized
treatment.
Several of the non-invasive biomarkers that have
been evaluated for their diagnostic power in HCC have
also been studied for their prognostic significance.
High expression of AFP in serum correlates with
high cell proliferation, high angiogenesis and low
[75,76]
apoptosis and is associated with poor prognosis
.
The fraction of AFP-L3 is another prognostic biomarker
[77,78]
for survival after resection of HCC
. Patients that
have undergone resection of HCC and had elevated
levels of AFP, AFP-L3 and DCP at baseline had a worse
prognosis than those patients that are positive for
[79]
just one or two of the markers before surgery . The
combination of AFP, the percentage of AFP-L3 and
DCP combined with the concentrations of bilirubin
and albumin, summarized in the BALAD score, is
prognostic for survival of patients with HCC in an
[80]
Asian population . Recently, a modification of this
model, the BALAD-2 score, was validated in an
international setting and confirmed to reliably predict
[81]
the prognosis of patients with HCC .
Other circulating biomarkers that mirror current
knowledge on pathways involved in hepatocarcin
ogenesis and shown to be of prognostic value are,
[82]
[83,84]
amongst others, IGF1 , DKK1
, GPC-3 and HSP
[85]
70
although prospective validation studies are still
to come. In patients with advanced HCC, baseline
angiopoietin 2 (Ang2), and VEGF concentration in
[76]
the plasma also independently predict survival .

NON-INVASIVE PROGNOSTIC
BIOMARKERS IN HCC
The molecular heterogeneity of HCC results in
differences in outcome of affected patients. Clinically,
main factors that have an impact on patient survival
have been identified. These include tumor related
factors like number and size of nodules, vascular
invasion, existence of extrahepatic metastases, liver
function and patient related factors. The Barcelona
Classification summarizes these factors in a compre
hensive algorithm and is endorsed by current guid
[10,11]
elines
. However, within the defined tumor stages
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Figure 1 Schematic presentation of the potential microRNAs
in diagnosis of hepatocellular carcinoma in relation to etiology.
HBV-LC: Hepatitis B virus-liver cirrhosis; HCC: Hepatocellular
carcinoma; NAFLD: Non-alcoholic fatty liver disease; NASH:
Nonalcoholic steatohepatitis; cHCV: Chronic hepatitis C virus; cHBV:
Chronic hepatitis B-virus; Fe: Hemochromatosis; Cu: M. Wilson; miR:
microRNA.

MIRNAS AS NON-INVASIVE
PROGNOSTIC BIOMARKERS FOR HCC
In addition to their diagnostic potential, miRNAs may
be helpful in prediction of the prognosis of HCC. Li
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Table 3 Genetic signatures from tumor tissue and their prognostic significance
Ref.

Year

Correlation with

No. of genes in signature

AUC

Nault et al[95]
Lim et al[96]
Kurokawa et al[97]
Yoshioka et al[98]
Woo et al[99]

2013
2013
2004
2009
2008

Disease-free survival after resection
Disease-free survival after resection
Tumor recurrence after resection
Tumor recurrence after resection
Recurrence free survival

5 (tumor)
25 (tumor)
20 (tumor)
172 (tumor)
628 (tumor)

0.8

P -value
< 0.0001
0.002
0.001
< 0.0001
< 0.01

AUC: Area under the cure.
[86]

et al
studied the expression of several miRNAs
in sera from 46 HCC patients and 20 controls.
Specifically, miR-221 was fond in high concentration
in HCC sera samples, which correlated with tumor
size, cirrhosis and tumor stage. Kaplan-Meier
survival analyses revealed an inverse correlation
between miR-221 expression and survival rates. In
[70]
another study, Tomimaru et al
analyzed miR-21
expression in plasma from 126 HCC patients. MiR-21
expression was high in HCC and diminished after
surgical treatment. Most importantly, high miR-21
expression level in plasma correlated with shorter
cumulative survival following treatment. Köberle
[87]
et al
analyzed the performance of miR-1 and
miR-122 in European HCC patients. Higher miR-1
and miR-122 serum levels were associated with
longer overall survival compared to low expression
of those miRNAs. However, miR-122, but not miR-1,
showed a correlation with hepatic inflammation,
liver function and synthetic capacity. The authors
conclude that miR-1 may be a liver function inde
pendent predictive biomarker of HCC. There is also
growing evidence that miRNA signature profiling can
[88]
be useful in prognostic stratification . A signature
[89]
of 31-miRNA correlates with stage of disease .
A distinct 20-miRNA signature associated with
[90]
metastases of HCC has also been identified .
Despite of the promising potential, there are
several pitfalls in utility and implementation of
miRNA-based biomarkers in clinical practice. First,
the majority of data comes from Asian populations
[54]
with predominantly virus-related HCC (Figure 1) .
However, in European or American populations
the incidence of virus-related HCC is dropping and
increases for NAFLD-related conditions therefore the
data in these patients may probably be different.
Second, the complexity of the miRNA alterations
in the background of liver pathology (ex. chronic
hepatitis with early fibrosis or cirrhosis) may impact
the pattern of miRNA expression with increasing
expression in one of the conditions and decreasing
level in another. Furthermore, the ideal biomarker
is probably the one that is expressed in HCC tissue
with increasing concentration during progression
of the disease. A combination of miRNA with the
established-although not ideal-biomarker AFP may
[70]
probably be beneficial .
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In the above section, we provided a brief
insight into the growing field of miRNA-based biom
arker research for HCC. Before this approach may
be further utilized for clinical testing there are
also critical technical questions that need to be
answered. What is the best non-invasive specimen
for the early diagnosis of HCC: plasma or serum?
What normalizer is the best for the analyses?
What is the best method for translational testing?
Indeed, array-based analyses may be probably too
expensive to apply, therefore, a candidate-based
approach will need to be standardized for effective
implementation. Those are only few reasons why the
[54,67]
currently available data are so heterogeneous
.
Nevertheless, this miRNA-based approach may
provide an additional value in personal-based
management by prediction and application of new
[91]
therapeutic targets .

INVASIVE BIOMARKERS AS
PROGNOSTIC TOOLS FOR HCC
After curative treatment of HCC the prognosis
of the patient depends on the characteristics of
the resected cancer but in addition on the risk of
carcinogenesis due to the underlying etiology and
inflammatory activity of chronic liver disease which
persist after surgical resection or ablation. In a
[92]
landmark study Hoshida et al
demonstrated that
gene-expression profiling can be performed in frozen
as well as in formalin-fixed paraffin-embedded
tissues and identified a gene-expression signature
in liver tissue adjacent to tumor in patients who
underwent resection of HCC that correlated with
survival.
Since then, a large number of gene-expression
profile studies has been performed in HCC with the
aim to distinguish molecular subtypes. A validated
and commonly accepted molecular classification has
not been identified so far. Based on a meta-analysis
of gene expression profiles from eight European
cohorts of patients with HCC, a classification
framework for HCC based on gene expression
profiles was proposed that distinguishes three HCC
subclasses, each correlated with clinical parameters
such as tumor size, extent of cellular differentiation,
[50,93]
and serum α-fetoprotein levels
. The results of a
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selection of recent studies with respect to prognostic
gene expression profiles are summarized in Table 3.
In a large validation study gene expression profiles
of tumor and adjacent tissue were evaluated for their
prognostic significance and a composite prognostic
[94]
model was developed . A further validation of this
model is pending before it may be considered for
clinical use.

8

9
10

CONCLUSION

11

High-throughput technologies allow the identification
of new molecules involved in complex pathways
and their interaction in hepatocarcinogenesis. A
single perfect biomarker has not been found so far
to accomplish with the clinical demand for optimal
HCC patient care. A combination of serological
biomarkers may offer a better risk stratification of
patients belonging to high-risk populations in the
future. The combination of clinical characteristics
and morphological signatures of tumor and the
surrounding tissue will most likely be the best option
for risk stratification and prediction of prognosis
in patients with HCC in the future. Individualized
treatment approaches that take into account the
patient’s own cancer genetic profile need to be
[12]
addressed in further research .
However, the critical step for translational resea
rch is to move the identified candidate signatures
or single biomarkers from bench to bedside. There
is a great hope that new molecular biomarkers can
support clinicians in their daily routine and improve
the care of patients with HCC. However, analyses
tools need to be standardized and simplified in order
to be useful, reliable and widely available.
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REVIEW

Gene therapeutic approaches to inhibit hepatitis B virus
replication
Maren Gebbing, Thorsten Bergmann, Eric Schulz, Anja Ehrhardt
carcinomas. Currently available therapeutics for
chronically infected individuals aim at reducing viral
replication and to slow down or stop the progression
of the disease. Therefore, novel treatment options are
needed to efficiently combat and eradicate this disease.
Here we provide a state of the art overview of gene
therapeutic approaches to inhibit HBV replication. We
discuss non-viral and viral approaches which were
explored to deliver therapeutic nucleic acids aiming at
reducing HBV replication. Types of delivered therapeutic
nucleic acids which were studied since many years
include antisense oligodeoxynucleotides and antisense
RNA, ribozymes and DNAzymes, RNA interference,
and external guide sequences. More recently designer
nucleases gained increased attention and were
exploited to destroy the HBV genome. In addition we
mention other strategies to reduce HBV replication
based on delivery of DNA encoding dominant negative
mutants and DNA vaccination. In combination with
available cell culture and animal models for HBV
infection, in vitro and in vivo studies can be performed
to test efficacy of gene therapeutic approaches. Recent
progress but also challenges will be specified and
future perspectives will be discussed. This is an exciting
time to explore such approaches because recent
successes of gene therapeutic strategies in the clinic
to treat genetic diseases raise hope to find alternative
treatment options for patients chronically infected with
HBV.
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Abstract
Acute and chronic hepatitis B virus (HBV) infections
remain to present a major global health problem. The
infection can be associated with acute symptomatic
or asymptomatic hepatitis which can cause chronic
inflammation of the liver and over years this can lead
to cirrhosis and the development of hepatocellular
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Core tip: With various successful clinical trials ongoing,
gene therapeutic approaches gained increasing
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attention in the community over the recent years. Here
we introduce gene therapy as a versatile platform
for treatment of hepatitis B (HBV) virus infection.
Newest delivery methods based on non-viral and viral
techniques combined with most advanced technologies
for inhibition of HBV replication based on DNA, RNA
and designer nucleases are discussed. An overview of
various gene therapeutic systems which were explored
in vitro and in vivo is provided. Advantages but also
limitations of the different strategies to inhibit HBV
replication are mentioned.

intended to reduce viral replication and slow down or
stop the progression of the disease. To date there are
seven Food and Drug Administration (FDA) approved
compounds for the treatment of chronic hepatitis
B. These include interferon alpha and pegylated
interferon alpha, nucleoside analogues (lamivudine,
entecavir and telbivudine) and nucleotide analogues
[4]
(adefovir, dipivoxil and tenofovir) .
Interferon alpha has an antiviral effect by inhi
biting the synthesis of viral DNA and activating
antiviral enzymes and additionally, acts in an imm
unomodulatory way by enhancing the cellular
[5]
immune response against infected cells . It has
to be administered daily or three times a week as
unmodified version and once in a week in the peg
ylated form. The main disadvantages of interferon
alpha are the parenteral administration causing
discomfort to the patients and potential adverse
effects such as flu-like symptoms in the beginning
of treatment and later on for instance fatigue and
low blood counts. It is only given to selected patients
because under certain conditions administration of
[4]
interferon alpha is contraindicated . In a long-term
follow-up study of HBeAg-positive patients, 11% lost
[6]
HBsAg after treatment with interferon alpha which
is considered as a cure of the disease.
Nucleos(t)ide analogues interfere with the HBV
replication primarily by targeting the HBV polymerase
functions such as reverse transcriptase and DNA
[5]
polymerase activity . These drugs are administered
orally as a daily dose. The major limitation associated
with nucleos(t)ide analogues is the emergence of
antiviral drug resistance and that life-long treatment
can be indicated in the presence of chronic infection.
In this context failure of medication adherence is
another problem, because viral relapse is common
when ending the treatment. Another prognostic
marker of HBV infection is the presence of HBeAg
which correlates with high viral replication rates.
However, HBeAg seroconversion can be achieved
with nucleos(t)ide treatment. In addition, HBV DNA
levels can be decreased to an undetectable level but
[4]
at the same time HBsAg is not lost . These features
demonstrate another peculiarity of the hepatitis B
virus. After entry into a cell the cccDNA is maintained
as an episomally maintained template in the nucleus.
It is not attacked by nucleos(t)ide analogues nor by
interfon in general, so that it is able to serve as a
reservoir from which previously cleared or treated
[4]
infections can recur . The clinical management of
chronic hepatitis B infection is reviewed in detail by
[7]
Santantonio and Fasano .
The viral reservoir and potential reactivation of
the virus represents a major problem when devel
oping novel HBV treatments options and this is
a challenge that could be faced by gene therapy.
Researchers seek to inhibit viral replication in a longlasting manner without the need for continuous drug
administration through gene therapeutic approaches.

Gebbing M, Bergmann T, Schulz E, Ehrhardt A. Gene therapeutic
approaches to inhibit hepatitis B virus replication. World J
Hepatol 2015; 7(2): 150-164 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i2/150.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i2.150

INTRODUCTION
Hepatitis B virus

The hepatitis B virus (HBV) is an enveloped,
partially double-stranded DNA virus which replicates
through an RNA intermediate. Upon cell entry the
DNA containing core particle is transported to the
nucleus where the DNA is released. Next the partial
double-stranded DNA is repaired by host enzymes
to form the covalently closed circular DNA (cccDNA).
The cccDNA serves as a template for transcription
of viral proteins and reverse transcription of new
viral genomes by the viral polymerase. The large
3.5 kb HBV transcript represents the pregenomic
RNA serving as a template for virus replication.
Furthermore, there are three additional mRNAs with
a length of 2.4, 2.1, and 0.9 kb. The HBV genome is
3.2 kb in size and contains four overlapping major
open reading frames tightly arranged that encode
polymerase, surface (HBsAg), core (HBcAg) and
[1,2]
X proteins (HBx)
. In addition, especially early
during infection the HBV early antigen (HBeAg) can
be detected which is a proteolytic product of the precore protein.
HBV infection counts as a major global health
problem since more than two billion people show
evidence of a past or present infection with the virus.
This hepatotropic virus can cause acute and chronic
infection of the liver. Fortunately, for most people the
infection proceeds nearly without symptoms when
taking an acute course of disease and complete
recovery is likely. However, 240 million people suffer
from chronic HBV infection and more than 780000
people die every year because of hepatitis B related
secondary diseases. Mostly newborns and infants are
[3]
prone to develop the chronic type of the infection
and so far no treatment is available that reliable
cures those patients.
Current therapeutics for chronic HBV infection are
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The more ambitious goal is to completely eradicate
the viral cccDNA depot and hence find a true cure for
chronic hepatitis B virus infection. Here we discuss
gene therapeutic approaches as a versatile platform
to combat HBV infection.

detail in previous reviews . Adenoviruses combine
a large transgene capacity of up to 36 kilo bases
(kb), an episomal nature of the adenoviral genome
reducing the risk of genotoxicity, the possibility to
produce high viral titers and the ability to transduce
dividing and non-dividing cells at high efficiencies
[19]
in vitro and in vivo . However, one major obstacle
for in vivo applications are the innate and the
adaptive immune responses induced by the incoming
adenoviral particle. AAV vectors were explored in
clinical trials, are non-pathogenic, lead to a reduced
immune response and predominantly exist as
extrachromosomal vector genomes in the transduced
[20]
cell . One major disadvantage, however, is the small
transgene capacity which is below 5 kb. Lentiviral
[21]
vectors
were broadly explored in clinical trials to
treat rare genetic diseases in ex vivo gene therapeutic
approaches. Various generations of lentiviral vectors
are available which carry a transgene capacity of up
to 8 kb. Although commonly used lentiviral vectors
integrate their genetic cargo into the host genome,
newest versions of these vectors can circumvent
side effects associated with somatic integration by
changing their integration profile.
Various non-viral and viral transfer techniques
were exploited to combat HBV infection in vitro and
in vivo which will be discussed in the following para
graphs.

Gene therapy

Gene therapy is a strategy to transfer therapeutic
nucleic acids into the desired target cell for treatment
of a variety of different diseases. To efficiently deliver
the genetic payload, multiple gene transfection
techniques were explored which can be subdivided
into two major groups: virus-based and non-viral
vector systems for delivery of respective therapeutic
nucleic acid. Both delivery techniques were also
utilized in gene therapeutic approaches to treat
chronic infectious diseases such as HBV infection.
Since HBV infection resides in liver, the majority of
gene transfer approaches were focused on targeting
hepatocytes.
Non-viral vectors are based on delivery of naked
RNA or DNA which in combination with chemical
and physical means can result in efficient delivery
[8,9]
of the nucleic acid into the respective target cell .
Chemical methods in the context of non-viral vector
delivery rely on various chemical formulations
[10]
such as cationic lipids
and polymers including
polyamidoamine dendrimers and polyethylenimine
[11]
(PEI) . All chemical reagents were explored
in different approaches and there are several
commercially available transfection reagents which
are commonly used for transfection of DNA and
RNA resulting in sufficient transfer efficiencies in
many cell lines in vitro. Major constraints of these
methods are transfection reagent-associated toxicity
and the difficulty to cross the nuclear membrane.
In addition to chemical transfer methods, physical
transfer techniques were explored involving needle
[12]
[13]
[14]
injection , gene gun , electroporation , sono
[15]
[16]
poration , magnetofection , and hydrodynamic
[17]
gene transfer . These methods directly deliver
therapeutic nucleic acid into the cytosol of the
target cell and compared to chemical methods these
techniques harbor a reduced risk of transfectionmediated side effects due to dispersion of the
transfection reagent. However, limitations of these
methods are exposed by the difficulty to cross the
nuclear membrane, potential cellular damage caused
by the transfection method, and the requirement of
costly instruments.
Virus-based transfection techniques were utilized
in numerous pre-clinical and clinical gene therapeutic
applications. Predominantly used viral vectors can
be attributed to three viruses which were converted
into viral vectors by deletion of essential viral genes:
adenovirus, adeno-associated virus (AAV) and
retrovirus. All viral vector systems display advantages
and disadvantages which were discussed in more
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GENE THERAPEUTIC APPROACHES
AGAINST HBV
Various gene therapeutic approaches to treat HBV
infection were studied in cell culture models and
in animal models for HBV infection. Within the
viral life cycle in an infected cell there are various
points of attack which can serve as targets in gene
therapeutic approaches to inhibit HBV replication.
Figure 1 schematically shows the life cycle of
HBV infection and indicates points of attack when
considering a gene therapeutic treatment.
As shown in Figure 1 the mechanisms of viral
inhibition in gene therapeutic approaches can be
on the level of RNA (HBV derived transcripts), DNA
(cccDNA) and proteins. On the RNA level antisense
oligodeoxynucleotides and antisense RNA, catalytic
nucleic acids such as ribozymes and DNAzymes, RNA
interference and external guide sequences (EGS)
can be considered. On the level of DNA (cccDNA)
as a potential target designer nuclease such as
zinc finger nuclease (ZFN), transcription activatorlike effector nucleases (TALEN) and the clustered
regularly interspaced short palindromic repeats
(CRISPR)/Cas9 technology can be used. On the
level of proteins, dominant negative HBV mutants
and a strategy based on capsid-targeted viral
inactivation (CTVI) were studied. Another technology
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Figure 1 Hepatitis B virus replication cycle and gene therapeutic strategies. Enveloped virions of hepatitis B virus (HBV) infect liver cells via attachment to
the cell membrane and endocytosis. The capsid with the relaxed circular (rc) DNA is released into the cytoplasm and the DNA is uncoated upon nuclear entry. In
the nucleus the rcDNA is repaired to form the covalently closed circular (ccc) DNA. The cccDNA can be eventually cleared out, silenced or integrated into the host
genome. Predominantly, it persists as an episome in the nucleus and is transcribed and translated by the host cell machinery. One of the transcripts forms the
pregenomic (pg) RNA which is encapsulated together with the translated viral polymerase (P) by the translated viral capsid proteins (C). In the newly assembled
nucleocapsid the pgRNA serves as a template for the viral polymerase which synthesizes the rcDNA. The nucleocapsid either migrates back to the nucleus to
increase the pool of cccDNA or is internalized by the endoplasmatic reticulum (ER). In the latter process it is enveloped with ER-membrane that harbors translated
viral surface proteins (S) and finally released from the cell. Gene therapeutic strategies act on several steps of the viral replication cycle. Designer nucleases are
intended to promote disruption of the cccDNA. Zinc finger nucleases (ZFNs) and transcription activator-like effector nucleases (TALENs) (1) use protein-based DNAbinding modules, while the CRISPR (clustered regularly interspaced short palindromic repeats)/Cas9 nuclease system (2) is directed by a guide RNA (gRNA) to the
target site. Antisense oligonucleotides (AS-ODNs) act inhibitory on the viral replication in two ways. In the nucleus they recruit RNase H (3) after the formation of
RNA/DNA hybrids, which cleaves the viral RNA (4). In the cytosol they bind to the viral RNA which leads to a steric blockade of subsequent processes (8). Catalytic
nucleotides (CNA) as ribozymes and DNAzymes are able to cleave targeted RNA by themselves (5). External guide sequences (EGS) are designed in a way that they
resemble precursor tRNAs (6) when they bind to their target RNA and trigger cleavage by RNase P (7). RNA interference can be induced by different dsRNA species (9).
Longer dsRNAs can be delivered exogenously or expressed in the cells as shRNAs. The RNAs are processed to approximately 21 nucleotide long dsRNAs termed
siRNAs which are used to form the large RNA-induced silencing complex (RISC) (10) which degrades target messenger RNAs (mRNAs) (11). Dominant negative
mutants of capsid proteins form a hindrance for proper packaging of viral progenitor RNA. In contrast, capsid-targeted viral inactivation (CTVI) is an approach where
the capsid proteins are additionally fused to a destructive compound.

Antisense nucleic acids

for prevention of infection but also for a potential
treatment option of chronically infected patients,
DNA vaccination can be considered as an attractive
alternative. Although the majority of the described
strategies for inhibition of HBV replication were not
translated into the clinic so far, we believe that gene
therapy may represent a valuable alternative in the
future. Studies describing milestones of the various
gene therapeutic approaches are listed in Table 1
and are described in more detail in the following
sections.
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The beginning of gene therapy against HBV can
be linked to the first tests of antisense oligode
oxynucleotides (AS-ODNs) directed against the
[22-24]
HBV genome
. With respect to antisense nucleic
acids post-transcriptional inhibition is achieved by
blockade of ribosomal access, inhibition of ribosomal
[25]
assembly and induction of RNase H cleavage .
First in vivo studies showed applicability of this
approach in duck-HBV-infected Peking ducklings.
Infected animals were treated daily by intravenous
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Table 1 Advances in hepatitis B virus infection gene therapy in chronological order
Year

Strategy

1990
1992

AS-ODN
AS-ODN
Ribozyme
AS-ODN
DNA vaccination
Dominant negative mutants
AS-ODN
Ribozyme
DNAzyme
EGS
CTVI
RNAi

1993
1994
1997
1998
2001
2003
2004
2008
2010
2011
2013
2014

Ribozyme
DNA vaccination
CTVI
ZFN
RNAi
EGS
TALEN
CRISPR/Cas9

Milestone

Ref.

First in vitro application
First non-viral transfection (targeted polycation peptide complex)
First in vitro application
First in vivo application
First in vitro application
First viral transduction (retroviral)
First in vitro application

First in vitro application
First in vivo application
First in vivo application
First clinical trial in chronic HBV carriers
First in vivo application
First in vitro application
First clinical trial in chronic HBV carriers
First in vivo application
First in vitro/vivo application
First in vitro/vivo application

[22]
[28]
[44]
[26]
[75]
[65]
[39]
[46]
[60]
[87]
[69]
[93]
[94]
[56]
[81]
[72]
[138]
[117]
[89]
[146]
[148]

AS-ODN: Antisense oligonucleotides; HBV: Hepatitis B virus; EGS: External guide sequence; CTVI: Capsid-targeted viral
inactivation; RNAi: RNA interference; ZFN: Zinc finger nuclease; TALEN: Transcription activator-like effector nuclease;
CRISPR: Clustered regularly interspaced short palindromic repeats; Cas9: Cas9 nuclease.

mediated inhibition functions preferentially through
destabilization of the sense RNA by targeting the
[41]
antisense/sense-RNA duplex to dsRNase .
A completely different idea unrelated to comple
mentary antisense RNA was introduced by Hafkemeyer
[42]
et al
and is based on so-called “antisense-toxinRNA”. In this approach the authors took advantage
of the HBV reverse transcriptase in infected cells
to selectively kill those cells through Pseudomonas
exotoxin expression from reverse transcribed
antisense-toxin-RNA.

injection of AS-ODNs for ten days. The treatment
resulted in nearly complete inhibition of viral
replication which was assessed by liver DNA anal
ysis for DNA replicative intermediates and blockade
of viral gene expression as demonstrated by
disappearance of surface antigen in serum and core
[26]
antigen in liver . AS-ODNs proved to be most
effective when directed against the initiation site of
[22]
[27]
the HBsAg-gene
or at the encapsidation signal .
[28]
Except for a study published by Wu et al
in which
already targeted DNA complexes were used, delivery
of AS-ODNs was initially restricted to simple cellular
uptake and binding of the unmodified antisense
DNA to its target sites. Soon the system was
improved by enhancing stability of the respective
nucleic acids and by increasing uptake of AS-ODNs
[29-32]
by the chosen target cell
. In other studies
AS-ODNs were conjugated to ribonuclease H or
manganese porphyrin which after binding to the
target site can lead to cleavage of the desired target
[33,34]
sequences
. Furthermore, DNA carrier systems
were used and also enhanced by making them
[28,35,36]
targetable to hepatocytes
.
Other oligonucleotide based approaches include
antisense RNA delivered by episomally replicating
[37,38]
[39,40]
expression vectors
or retroviral vectors
.
The advantage of these approaches is the fact
that antisense RNAs can be expressed in the cells,
whereas AS-ODNs have to be exogenously delivered.
This allows for experimental settings with long-term
effects. For instance efficacies lasting longer than ten
months were observed after stable transfection of
[37]
antisense RNA expression vectors . Antisense RNA-
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Site-specifically cleaving nucleic acids

There are two types of catalytically active nucleic
acids, ribozymes and DNAzymes. Ribozymes are
naturally occurring RNA molecules that can execute
enzymatic activity on itself in the absence of proteins
(in cis) or on extrinsic targets (in trans). DNAzymes
were generated by in vitro evolution. They resemble
ribozymes and do not exist in nature. The substrate
for both species is RNA. There are various types
of ribozymes known, hammerhead and hairpin
ribozymes being the most popular ones. All catalytic
nucleic acids have in common that they consist of an
antisense sequence recognizing the target site and
[43]
a catalytic domain mediating cleavage . Scientists
were able to manipulate the recognition of target
sites, rendering such nucleic acids very attractive for
enhanced transient knockdown of gene expression.
The first experiments with ribozymes targeting
the HBV genome were performed in 1992 using
a triple ribozyme construct. In this study three
hammerhead ribozymes were encoded on a single
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DNA template and it was shown that they were
simultaneously active in vitro. However, cleavage
kinetics were similar to single ribozyme constructs.
Nonetheless, this approach may still be favorable
because it enables facing high target variability
[44]
and emergence of viral resistance . However, first
studies performed in a cellular context disclosed
a first drawback of the hammerhead ribozymes
because they were active after in vitro transcription
2+
and in Mg -supplemented cell extracts, but not in
intact cells. The authors suggested some non-viral
block, or inappropriate target site selection being
[45]
responsible for the lack of intracellular activity .
However, to overcome these problems novel
strategies were pursued using other types of ribo
[46]
zymes. Welch and colleagues
designed several
hairpin ribozymes against different conserved regions
of the HBV genome and tested them in a human
hepatoma cell line (Huh7) transfected with full-length
HBV genomes. The ribozymes were transduced
into target cells using a retroviral vector system.
The HBV production could be inhibited to up to
83% assayed through an endogenous polymerase
assay. In the following years further in vitro studies
were performed using different types of modified
[47-51]
ribozymes
. These were predominantly delivered
via transfection of an expression plasmid into various
cell lines which were additionally transfected with a
HBV genome-containing plasmid resulting in varying
[52-55]
effects on inhibition of HBV replication
.
In 2004 the first in vivo experiment in a trans
[56]
genic mouse model was conducted by Pan et al .
For this study a self-processing triple-ribozyme
cassette was used, with ribozymes acting in cis
and in trans. The constructs were packaged in
liposomes that where targeted to hepatocytes
in the presence of asialofetuin. Quantitative PCR
analysis for quantification of HBV genome copy
numbers in murine liver showed a more than
80% decrease of HBV genome copy numbers and
immunohistochemistry revealed a robust reduction
in the number of hepatocytes staining positive
for HBV core antigen. This was the first proof of
concept demonstrating in vivo feasibility of viral RNA
degradation mediated by ribozymes.
[57]
Next, recombinant hepatitis D virus (HDV)
as
well as lentiviral vectors were utilized as delivery
vehicles for respective ribozymes which achieved
effective reduction of HBV mRNA levels over four
[58]
months . Furthermore, HDV-derived ribozymes
were also utilized which were delivered by a
pseudotyped retroviral vector (Moloney murine
[59]
leukemia virus) . According to the authors the
main advantages of these ribozymes are the
natural activity of HDV ribozymes in human cells
2+
even at physiological Mg -ion concentrations and
the comparably highest cleavage rates among all
known ribozymes. Their results revealed significant
reduction in the intracellular HBV DNA concentration
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in HepG2.2.15 cells, which secrete infectious HBV
virions. Furthermore, decreased extracellular HBsAg
and HBeAg levels were observed after treatment
with HDV ribozymes in comparison to the negative
control. The conclusion was that using this strategy,
HBV can be effectively inhibited at post-transcription
and replication levels.
DNAzymes cleave RNA substrates based on a
similar mechanism also used by ribozymes. How
ever, they may be superior to ribozymes because
their production is comparably straight forward
and DNAzymes are less sensitive to chemical and
enzymatic degradation. The first DNAzyme directed
against HBV mRNA was created by Asahina et
[60]
al . They targeted the direct repeat 1 (DR1) and
polyadenylation signal regions of HBV. In this study
the authors used stabilized forms of DNAzymes
that on the one hand lost some degree of activity
compared to unmodified versions but on the other
hand the degradation level was less pronounced.
The DNAzyme was tested in Huh7 cells on an HBVluciferase fusion reporter system where it exhibited
48% suppression compared to untreated control
[61-64]
groups. Further in vitro studies
, however,
revealed a major disadvantage of this system
because intracellular expression of these DNA species
is not feasible. DNAzymes have to be transfected
directly because they act on post-transcriptional
level which is clearly disadvantageous if long-term
administration for instance in clinical applications is
required.

Dominant negative mutants and CTVI

Dominant negative mutants of viral proteins are
able to inhibit viral replication by interfering with
the function of the wild type protein. The first study
on the molecular effects of dominant negative
mutants on the HBV replication was conducted
[65]
in 1994 by Scaglioni et al
They mutated the
core protein and observed an inhibition of viral
[65]
replication by 90%-95%
and it was concluded
that this was the result of the disruption of the
viral nucleocapsid assembly process. In a follow-up
study the authors provided a delivery system using
[66]
retroviral and adenoviral expression vectors . von
[67]
Weizsäcker et al
showed that carboxy-terminal,
but not amino-terminal core mutants inhibit viral
replication. Furthermore, it was discussed that
rather the packaging of the viral pre-genome and
the reverse transcription reaction within the particles
than the nucleocapsid formation itself is restrained
[68]
by dominant negative core mutants . However,
it was also shown that some mixed particles retain
replication competency suggesting a possible
mechanism of viral escape.
Using the principle of CTVI may represent an
interesting variant of capsid modification, as the
goal is to introduce a destructive element into the
virus. The first time this technology was pursued
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2+

was by fusing a Ca -dependent nuclease from
Staphylococcus aureus to the HBV core protein. This
led to inhibition of proper synthesis of viral DNA
[69]
inside the capsid and rapid viral DNA degradation .
Later human eosinophil-derived neurotoxin was
fused to the HBV core protein by another group and
[70-72]
thoroughly studied also in vivo
.

as proof-of-concept for the use of EGS as anti-viral
[87,88]
or anti-cancer therapeutics
. The EGS technology
gained more attraction in 2013, when EGS was
considered as a sufficient method to antagonize HBV
replication. One study was conducted in cell culture
and in mice using Salmonella-mediated delivery.
Oral inoculation of attenuated Salmonella carrying
the EGS construct led to up to approximately 95%
inhibition of HBV gene expression levels and a
approximately 200000-fold reduction of viral DNA
levels in the livers and sera of the treated mice
[89]
transfected with a HBV plasmid . In a followup study efficacy could be improved about 50-fold
by modifying the EGS derived from natural tRNA
[90]
through in vitro selection .
RNA interference (RNAi) is a natural intracellular
antiviral immune response mechanism triggered
by double-stranded RNA (dsRNA). After conversion
of dsRNA into guide molecules (siRNA), dsRNA
induces the degradation of RNA via the RNA-induced
silencing complex (RISC). Synthetic siRNA can be
delivered exogenously or produced endogenously in
the form of precursor small hairpin RNAs (shRNA)
[91]
from plasmid DNA or viral vectors . When RNAi
[92]
was first discovered
it released a wave of multiple
studies and applications. Also in HBV therapy it
gained attention. In 2003 several studies were
[93-97]
published
and marked the beginning of the
most intense exploitation of a gene therapy method
as a valuable treatment option for HBV infection.
[93]
Shlomai et al
were the first to publish the
use of RNAi in an in vitro cell culture model of HBV
replication. They found that HBV gene suppression
was achieved with different efficacies for different
gene targets. Analysis of HBV transcripts revealed
a reduction of about 68% on the level of all viral
transcripts for RNAi targeting HBx protein. However,
RNAi against two different targets on the same
HBcAg open reading frame, which is exclusively
encoded by the large 3.5 kb transcript, resulted in
about 13% and 50% reduction on the level of the 3.5
kb transcript, respectively. This led to the conclusion,
that RNAi target sequences have to be evaluated
carefully.
[94]
In the next study McCaffrey et al
tested the
RNAi-based approach in vivo in immunocompetent
and immunodeficient mice. DNAs containing a
HBV expression plasmid and a shRNA expression
plasmid were co-transfected into mouse liver by
hydrodynamic plasmid delivery. The authors could
show that RNAi can inhibit all the steps of HBV
replication that occur in cell culture and in mice. This
was indicated by reduced secreted HBsAg levels in
the supernatant of transfected cells and in mouse
serum, reduced HBV RNAs levels in mouse liver,
reduction of HBV genomic DNA to undetectable
levels in mouse liver, and decreased numbers of cells
stained positive for HBcAg.

Therapeutic DNA vaccination

Initial considerations to use vaccination in a thera
peutic manner against HBV infection were made
[73,74]
in 1993 by a group around Christian Bréchot
.
This approach was based on classical vaccination
compounds. Also in 1993 the first genetic immu
nization with expression vectors for HBsAg was
[75]
introduced in mice . In a further step Mancini et
[76]
al
proved that a combination of both strategies
is feasible and they showed efficacy in a HBsAg
transgenic mouse as a model for chronic HBV
infection. A single intramuscular injection of HBV
envelope encoding plasmid DNA resulted in the
elimination of serum HBV antigen levels as early
as 4 wk after administration of the therapeutic
DNA in some mice. Notably no liver cell injury was
detected. Soon genetic immunization employing
retroviral delivery was tested first in rhesus mon
[77]
keys
and then in chimpanzees chronically
[78]
infected with HBV . The first time a DNA vaccine
encoding HBsAg delivered with a gene gun was
tested in healthy humans was in 1999 and it turned
out to be ineffective at the applied dosage (0.25
[79]
µg) . However, the vaccine was well tolerated. A
subsequent study used higher dosages (1, 2, or
+
4 µg) and this time antigen-specific CD8 T cells,
T helper cells, and protective levels of antibodies
[80]
could be induced . Therapeutic DNA vaccination for
chronic HBV infection was first tested in 2004 and
[81-83]
in other subsequent studies
. It was shown that
HBV DNA vaccination was safe and immunologically
effective because T-cell responses were activated in
some chronic HBV carriers who did not respond to
current antiviral therapies. These results indicated
that in combination with conventional therapy, DNA
vaccination may have a synergic effect leading to
complete recovery from HBV infection.

EGS and RNA interference

The recruitment of ribonuclease P (RNase P) by EGS
represents another interesting gene interference
strategy. RNase P is an enzyme that removes the
leader sequence of tRNA precursors by recognizing
a common structure shared amongst all tRNAs.
Using a custom-designed EGS that hybridizes with
an mRNA to form a tRNA-like structure, RNase P
[84,85]
can be recruited to cleave the target mRNA
.
With respect to HBV infection, this strategy was
[86]
first proposed by Werner et al
in 1997. They took
advantage of EGS designed to target HBV sequences
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The first viral vectors used to transduce RNAi
sequence expression cassettes were either based on
a prototype foamy virus (PFV) or an adeno-associated
[98]
virus (AAV) . The vectors expressing the respective
RNAi molecule were assessed in 293T.HBs cells, a
cell line stably expressing HBsAg and HepG2.2.15
cells. In 293T.HBs cells HBsAg was knocked down
by approximately 90% if directly compared to
controls cells. HBsAg expression was also inhibited
in HepG2.2.15 cells even in the presence of HBV
[99]
replication. Uprichard et al
introduced recombinant
adenovirus vectors for the delivery of shRNAs.
Additional, they used for the first time HBV-transgenic
mice to show that ongoing HBV replication in vivo can
be cleared by RNAi-targeted suppression of viral RNA
for at least 26 d. Other viral vectors used included
[100,101]
retroviral vectors
, AAV-7, -8 and -9 pseudotyped
[102-104]
[105]
vectors
, recombinant human foamy virus
,
[106,107]
gene-deleted adenoviral vectors
, lentiviral
[108,109]
[110]
vectors
, and recombinant baculovirus .
Further studies of the RNAi system included lipidencapsulation of chemically modified siRNAs for non[111]
viral delivery
and the assessment of efficacy
and pharmacodynamic properties of different RNAi
target sequences and constructs, including methyl[112]
modified siRNAs and plasmid based DNA vectors
.
Moreover, high-throughput generation and screening
[113]
of siRNAs was established
and expression systems
[105,114-117]
introducing multiple siRNAs were developed
.
[116]
Ely et al
found that a Pol Ⅱ promoter may be
advantageous compared to a Pol Ⅲ promoter, which
was traditionally used for shRNA expression. The Pol
Ⅲ promoter can result in shRNA overexpression and
saturation of the endogenous microRNA pathway
[118]
leading to serious toxic effect in vivo
. This could
be restricted with the Pol Ⅱ promoter, which provides
the possibility to control the production of RNAi
[119]
activators
.
Another non-viral vector system which was used
in shRNA approaches is the episomal replicating
plasmid vector pEPI-1. Herein, the transcription
unit is linked to a scaffold/matrix attachment region
(S/MAR) which ensures that the vector is mitotically
stable in transfected cells. It was shown that it
provides long-term expression of shRNAs which
resulted in suppression of HBV gene expression,
intracellular HBV DNA replication and release of
[120]
progeny HBV over 8 mo
.
Besides therapeutic DNA vaccination, siRNA is the
only gene therapeutic approach that was translated
into clinical trials. In 2006 a Phase Ib, first-inhuman safety and tolerability study of an RNAibased therapy (NUC B1000) in patients with mild to
[117]
moderate chronic HBV infection was conducted
.
NUC B1000 is composed out of four expressed
shRNAs on one plasmid carried on a nanoparticle
(cholesteryl spermine complex) and administered
through intravenous infusion. The results revealed
elevated cytokines and no HBV DNA or HBsAg

WJH|www.wjgnet.com

decrease in the patients. However, the safety profile
of RNAi therapy conducted among patients with HBV
was considered as reasonable. A second compound,
ARC-520, a liver-tropic cholesterol-conjugated
siRNA (chol-siRNA), transported by the proprietary
Dynamic Polyconjugate delivery system is just
[121,122]
reaching a Phase II clinical study
.
In summary the RNAi system was thoroughly
exploited for treatment of chronic HBV infection
in the past and research will be ongoing on this
topic to overcome major hurdles like evocation of
immune responses and maintenance of long-term
suppression. Long-term suppression is required
because it was shown that the HBV cccDNA depot
[110]
in the host cells is not affected by this approach
.
Interestingly, another limitation might be the
manipulation of the host RNAi defense by the HBx
protein that potentially functions as a RNA-silencing
[123]
suppressor (RSS)
.

Designer nucleases

For sequence-specific DNA targeting designer
[124-126]
nucleases such as zinc finger nucleases (ZFNs)
,
transcription activator-like effector nucleases
[127,128]
(TALENs)
and the clustered, regularly inter
spaced, short palindromic repeats (CRISPR)-CRISPR[129-131]
associated protein (Cas) system
can be
applied. They combine customizable DNA binding
molecules for sequence-specific DNA-binding and
a nuclease for introduction of doubled-strand DNA
(dsDNA) breaks. The induced dsDNA breaks activate
different cellular DNA repair pathways. The two most
exploited pathways in gene therapy are homologous
recombination (HR) and nonhomologous end-joining
(NHEJ). In the presence of a respective homologous
donor DNA, cells are able to repair the dsDNA break
[132]
via HR by exchanging the respective sequence
.
Without any homologous donor DNA cells repair
dsDNA breaks via NHEJ. This error-prone repair
mechanism can lead to insertions or deletions of
one or several base pairs and may cause specific
[132]
knockout of a gene
. Therefore, designer nucleases
are valuable tools to specifically introduce knock out
mutations at a desired DNA locus.
The DNA binding domains (DBD) of ZFNs
commonly contains 3-4 zinc fingers. Each zinc finger
consists of 30 amino acids and forms two β-sheets
and one α-helix. Upon DNA-binding the α-helix is
placed in the major groove of the dsDNA and directs
contact with a certain base pair triplet. Depending on
the amino acids within the α-helix and the number
of zinc fingers, ZFNs can be designed specifically to
target defined stretches of DNA triplets with high
[133-135]
affinity
. The DBD is connected to a sequence
independent cleavage domain of the type ⅡS
restriction enzyme FokI which causes double strand
[136]
breaks after dimerization
. Therefore two ZFN
monomers are necessary to create the desired dsDNA
break in the spacer between the binding sites of
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the ZFNs. The double strand breaks will be repaired
via NHEJ, causing insertion and deletion mutations
(indels) of several base pairs within the sequence.
These indels can lead to frame shifts within the open
reading frame or translation abortion by newly formed
stop codons. Both options result in dysfunctional
proteins.
There are some approaches using zinc fingers
[137]
to target HBV cccDNA. Zimmerman et al
were
the first to use zinc fingers in conjunction with
HBV although they did not yet use ZFNs. Instead,
they created several zinc finger proteins (ZFPs)
targeting the enhancer region of duck HBV (DHBV),
which probably form a steric hindrance for the
RNA polymerase. After screening the candidates
for binding efficiency, the two most efficient ZFPs
were expressed in a special DHBV tissue culture
system via transfection and both the transcription
of viral genomic RNA and viral protein production
was assessed via quantitative PCR and western blot
analysis. They showed that both ZFPs significantly
reduce transcription from cccDNA compared to
controls. The authors concluded that ZFPs designed
to target HBV DNA are able to substantially reduce
viral transcription and interfere with viral replication
of cccDNA.
[138]
In another study, Cradick et al
showed that
ZFNs can mediate inhibition viral replication in
vitro. They generated ZFN pairs targeting several
conserved regions of HBV genomic DNA and chose
the most robust pairs for further studies. Huh7 cells
were transfected with plasmids encoding ZFNs under
the control of a cytomegalovirus (CMV) immediate
early promoter and the target plasmid pTHBV2.
This target plasmid contains a 1.3-fold HBV genome
which is capable of full transcription of the viral
RNAs, translation of the proteins and production
of infectious virus. Three days post transfection,
Southern blotting analyses revealed about 26%
linearized DNA and about 10% cleaved target
plasmids being rejoined in a tail to tail orientation.
Both DNA species indicate that ZFN-specific cleavage
at the intended ZFN target site occurred. Linear
genomes are the result of direct cleavage without
any subsequent repair while concatamer formation is
caused by NHEJ after ZFN cleavage. To investigate if
NHEJ led to indels in recircularized genomes or headto-tail concatamers, a XbaI site was inserted within
the spacer region of the ZFN dimer. After NHEJ
occurred this site should be destroyed. Target sites
of treated samples were amplified by PCR, digested
with XbaI and resistant amplicons were sequenced.
13 of 16 samples showed a frameshift which would
lead to dysfunctional proteins. Furthermore this
study indicated a 29% reduction of pregenomic
RNA in northern blot analysis compared to controls.
Besides these results it could also be demonstrated
that the ZFN pairs caused only moderate toxicity.
[138]
In conclusion, Cradick et al
revealed that
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specifically designed ZFNs targeting regions which
are conserved among many different HBV serotypes
can significantly reduce viral replication which is
associated with negligible toxicity.
[139]
A third study by Weber et al
deals with the
delivery of functional ZFNs into target cells via a viral
vector system. Here, in contrast to the latter study,
obligate heterodimeric ZFNs were designed, which
are not able to form homodimers. This measure
minimizes off-target effects because ZFNs that are
able to form homodimers might cleave at unintended
genomic loci by tolerating some mismatches. The
three designed ZFN pairs targeted the open reading
frames of HBx, HBcAg and polymerase. For delivery
a self-complementary AAV-vector (scAAV) was
used, which shows higher transduction efficiencies
[140]
compared to single stranded AAV vectors
. Since
scAAV vectors have a reduced transgene capacity
each ZFN of a pair was delivered individually in cotransduction experiments. Transduction of each
ZFN pair into HepAD38 cells, a model cell line for
controllable HBV replication, revealed mutation rates
ranging from 9.8% to 34%. Transduction of all three
ZFN pairs simultaneously resulted in mutation rates
of 8% to 20%. Off-target mutagenesis for seven
potential off-target sites was investigated using
single molecule real time (SMRT) sequencing which
detected indels (> 1 nt) in four sequencing reads out
of 9290 filtered reads. It is of note that indels of only
one nucleotide were not taken into account because
they could not be distinguished from sequencing
artefacts. In order to test if ZFN treatment has an
effect on HBV replication, ZFNs were transduced
into HepAD38 cells in which HBV replication was
shut down. After turning HBV replication on, the
controls showed a 30-fold and 323-fold increase in
HBV marker levels in cells and in the supernatant,
respectively. In ZFNs treated cells no significant
increase of cellular or supernatant HBV marker
levels could be detected, leading to the conclusion
that ZFN-mediated cleavage resulted in replicationdeficient HBV. In summary, it was demonstrated that
HBV specific ZFN can be delivered successfully via
AAV vectors into target cells in vitro, resulting in an
efficient inhibition of HBV replication.
TALENs are a promising new class of designer
nucleases that can be specifically designed to
bind DNA sequences of interest and to introduce
dsDNA breaks. Comparable to ZFNs, TALENs are
chimeric proteins consisting of a N-terminal nuclear
localization signal, a central DNA binding domain
and a C-terminal FokI nuclease domain. The DBD
originates from transcription activator like effectors
(TALEs) of bacterial plant pathogens of the genus
Xanthomonas, which secrete these proteins to
[141]
regulate gene expression within their host cells
.
The DBD is comprised of a repeat region consisting
of a number of incomplete tandem repeats con
[127]
taining repeat-variable diresidues (RVD)
. The
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RVD of each repeat is specific for binding a corres
ponding nucleotide in their contiguous target
[127,141]
DNA sequence
. Similar to ZFNs, the TALENDNA binding domain is combined with a nonspecific endonuclease activity which is dependent
on dimerization of two FokI-cleavage domains.
Binding of the DBDs upstream and downstream of
a DNA target brings the FokI nuclease domains of
a TALEN pair in close proximity and dimerization
of the FokI monomers introduces dsDNA breaks.
Note that the spacer between the binding sites
of a pair needs to be considered in the TALEN
[127,128]
design to ensure optimal cleavage
. Up to
now several techniques are available to specifically
[127,142]
design
and to assemble TALENs for the desired
[127,143-145]
application
. Assembly can be performed
without highly complex screening procedures or the
need for special equipment, making it cheap, simple
and fast and thereby with that respect superior to
the ZFN technology.
[146]
Bloom et al
designed TALENs with target
sequences in the HBsAg or HBcAg expressing region
of the HBV genome. TALEN efficacy was determined
after co-transfection of Huh7 cells with TALEN expr
ession plasmids together with the pCH-9/3091
HBV replication-competent plasmid. They observed
that the HBsAg production was diminished in cells
expressing TALENs. In a more stringent experimental
model of HBV replication, the HepG2.2.15 cell line
was transfected with TALEN expression plasmids.
After three subsequent transfections and culturing
cells under hypothermic conditions, HBsAg-specific
TALEN expression resulted in disruption of cccDNA
molecules with efficiencies of approximately 31%.
This was confirmed in a T7E1 mutation detection
assay and correlated with a decrease of HBsAg
secretion of these cells. Expression of the HBcAgspecific TALEN pair only mutated 12% of cccDNA
molecules which was not sufficient to inhibit HBsAg
secretion. After hydrodynamic tail vein injection
of replication-competent HBV DNA together with
HBsAg-specific TALEN expression plasmids, serum
HBsAg levels were decreased by more than 90%
and circulating viral particle equivalents (VPEs) were
decreased by approximately 70%. The T7E1 assay
demonstrated mutation rates of 58%-87% in HBVDNA extracted from livers of TALEN treated mice.
[147]
Chen et al
used three TALEN pairs targeting
regions of HBV genomic DNA conserved among HBV
genotypes A-D. Huh7 cells were transfected with the
monomeric linear full-length HBV DNA of subgroups
A, B, C, or D, respectively and plasmids expressing
one of the respective TALEN pairs. Cells containing
HBV DNA simulated the complete HBV replication
cycle, including the nuclear generation of cccDNA.
Suppression of HBeAg and HBsAg production by
the TALEN expression was observed for all four
HBV genotypes. Additionally HBcAg–RNA as well
as pregenomic HBV RNA levels were decreased in
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TALEN expressing cells. Furthermore T7E1 mutation
detection assay confirmed that mutations were
successfully induced at the respective TALEN target
site within the HBV genome leading to a 10%-50%
decrease of cccDNA levels. In combination with
interferon alpha treatment TALENs expression
led to synergistic effects further increasing the
inhibition of HBV transcription in Huh7 cells. After
delivery of monomeric linear full-length HBV DNA
and TALEN expression plasmids into C3H/HeN
mice by hydrodynamic tail vein injection, serum
levels of HBeAg, HBsAg and cccDNA as well as
liver pregenomic HBV RNA significantly decreased
compared to control animals. In summary, HBVtargeting TALENs were shown to be active in cell
culture models as well as in in vivo models and are
capable of introducing mutations at their target sites
reducing HBV gene expression levels and cccDNA
genome numbers.
The most recent approach exploited the CRISPR/
[131]
Cas9 system for genome engineering
. Because
sequence specificity is achieved by a guide RNA
(gRNA) which can be produced from an adaptable
expression cassette, this system is easier to mani
pulate in comparison to ZFNs and TALENs where the
[148]
DBD is based on a protein sequence. Lin et al
were the first to apply this system for achieving
[148]
HBV genome degradation
. They co-expressed
the Cas9 nuclease together with eight HBV specific
guide RNAs individually and in addition combined
two of them on one expression vector. They tested
all constructs in Huh7 cells which were transfected
with a HBV-expression vector. Inhibition varied
among the different guide sequences. A maximum
inhibition of 70% of intracellular HBsAg expression
was reached after using one guide RNA and Cas9
nuclease expressed from individual vectors and
up to 96% inhibition was reached when they were
combined on one expression vector. Next, they
multiplexed the two most effective gRNAs, an
approach which proved to be even more effective.
Finally, the expression vectors that contained
expression cassettes for one gRNA and the Cas9
nuclease were tested in the HBV-hydrodynamic
mouse model. Serum HBsAg levels were significantly
reduced two days post-injection but increased again
on day seven. However, Southern blot analyses
revealed a reduction of intrahepatic HBV-expression
levels of 20% to 60%. In conclusion the RNA-guided
Cas9 nuclease system may be a useful technique for
achieving inhibition of HBV replication.

CONCLUSION
Numerous and highly diverse gene therapeutic
approaches were pursued to combat chronic HBV
infection. Although strategies that solely rely on
nucleic acids like antisense oligonucleotides and
catalytic nucleic acids have a great advantage in
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their simplicity, these technologies are also limited
due to their instability and imprecision. RNAi was
most adopted and thoroughly investigated not
only in the field of HBV therapy and this generated
a deep knowledge regarding this technique.
However, especially in the case of HBV, RNAi may
be disadvantageous, because it does not affect the
HBV cccDNA. It can rather be considered as an
alternative to nucleos(t)ide analogues based therapy
potentially associated with an improved ability
to also respond to escape mutants. In addition,
if long-term expression is required, RNAi-based
approaches are superior compared to conventional
therapy based on daily administration required for
nucleos(t)ide analogues.
We believe that the most recent technology to
combat HBV infection based on designer nucleases
may be one of the most promising approaches
to be explored in the future. This strategy bears
the potential to actually eradicate cccDNA species
in infected cells. Especially in combination with
compounds that inhibit the HBV replication cycle this
could be an attractive therapeutic option. However,
major obstacles are the production and delivery of
the designer nucleases and for translation of this
approach into the clinic, this methodology needs to
be further improved. The most promising results to
date were obtained with genetic vaccines which were
also pursued in the clinic. Also this strategy may
hold great potential for eradicating chronic hepatitis
B infection.
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Targeting the tumor stroma in hepatocellular carcinoma
Femke Heindryckx, Pär Gerwins
like cell. Activated stellate cells are responsible for
the deposition of extracellular matrix, increase the
production of angiogenic factors and stimulate the
recruitment of macrophages. The increase of angiogenic
factors (which are secreted by macrophages, tumor cells
and activated stellate cells) will induce the formation of
new blood vessels, thereby supplying the tumor with
more oxygen and nutrients, thus supporting tumor
growth and offering a passageway in the circulatory
system. In addition, the secretion of chemokines by the
tumor cells leads to the recruitment of tumor associated
macrophages. These tumor associated macrophages
are key actors of cancer-related inflammation, being the
main type of inflammatory cells infiltrating the tumor
environment and exerting a tumor promoting effect by
secreting growth factors, stimulating angiogenesis and
influencing the activation of stellate cells. This complex
interplay between the several cell types involved in liver
cancer emphasizes the need for targeting the tumor
stroma in HCC patients.
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Abstract

Core tip: Hepatocellular carcinoma is a primary liver
tumor that usually develops in a background of chronic
liver disease and fibrosis. It is the underlying chronic
inflammation that creates an environment that not only
causes but also enhances the formation and growth of
tumors. The stromal compartment-including hepatic
stellate cells, macrophages and endothelial cells-actively
contribute to tumorigenesis, while the tumor itself
influences these cells to create a background that is
beneficial for tumor growth. This review focuses on the
interplay between stroma and tumor cells, as well as
therapeutic strategies that aim to target these complex
interactions.

Hepatocellular carcinoma (HCC) is one of the most
common and deadly cancers worldwide. In ninety
percent of the cases it develops as a result of chronic
liver damage and it is thus a typical inflammationrelated cancer characterized by the close relation
between the tumor microenvironment and tumor cells.
The stromal environment consists out of several cell
types, including hepatic stellate cells, macrophages and
endothelial cells. They are not just active bystanders
in the pathogenesis of HCC, but play an important
and active role in tumor initiation, progression and
metastasis. Furthermore, the tumor itself influences
these cells to create a background that is beneficial
for sustaining tumor growth. One of the key players is
the hepatic stellate cell, which is activated during liver
damage and differentiates towards a myofibroblast-
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interaction between the tumor cells and HSCs is
bidirectional, thereby allowing the tumor to alter the
stellate cells (and the overall stromal environment)
[8]
towards a more pro-tumoral phenotype . Consistent
with these findings, several in vivo studies have
shown that inducing stellate cell activation increases
[12-15]
liver fibrosis and hepatocarcinogenesis
.
One of the key factors in this HSC-HCC cross
[14,16,17]
talk is transforming growth factor (TGF)-β
.
Activated HSC are the main source of TGF-β, however
most liver cells (including malignant hepatocytes)
have the ability to produce TGF-β as well. The TGF-β
signaling pathway consists of three distinct ligands,
TGF-β1, TGF-β2, and TGF-β3 which all bind to a
specific receptor by first engaging with the TGF-βR1,
which then heterodimerizes with the TGF-βR2. This
causes the phosphorylation of Smad2 and 3, initiating
an activation cascade leading to the induction several
nuclear transduction proteins. Alternative pathway
activation is possible, including the activation of
AKT and other intracellular activation proteins.
Interestingly, Smad7 antagonizes TGF-β mediated
activation of hepatic stellate cells and protects against
[18]
liver damage . TGF-β signaling promotes HCC by
several distinct mechanisms (reviewed more in detail
[17]
by Dooley et al ): firstly, through functioning as a
growth factor, by which it can act oncogenic or as
tumor suppressor depending on the temporal and
spatial availability of TGF-β in tumor and stromal
[19,20]
cells
. And secondly, by transforming HSC to
activated myofibroblasts. Interestingly, Inhibitors
of TGF-β signaling have been shown to block HCC
[21]
in different experimental models , leading to the
clinical investigation of the TGF-β inhibitor LY2157299
(NCT01246986 and NCT02178358). LY2157299 is a
small molecule kinase inhibitor that binds to TGF-βR1
and hence inhibits TGF-β signaling.
The connective tissue growth factor (CTGF) is
an extracellular matrix-associated heparin binding
protein that is overexpressed in fibrotic lesions, and
the overexpression correlates with the severity of
fibrosis and can be linked to malignant transformation
[22]
in patients with chronic hepatitis B . CTGF is a
downstream mediator of some TGF-β effects and it is
induced by TGF-β in a SMAD2/3 and stat3 dependent
way. Furthermore, IL-13 is able to induce CTGF
expression in HSCs by activating TGF-β-independent
Smad signaling via the Erk-MAPK pathway instead of
[23]
the canonical JAK/Stat6 pathway . CTGF expression
in HSC leads to increased migration, proliferation, and
collagen expression of these cells. In addition, studies
have shown that TGF-β can elicit a direct effect on
hepatocytes via CTGF, thus making it an interesting
therapeutic target for multiple cell types involved in
[18]
the fibrogenesis . CTGF blocking antibodies have
been tested in patients with idiopathic pulmonary
fibrosis (NCT00074698) and animal studies have
shown that CTGF-inhibition prevents liver fibrosis in

INTRODUCTION
Hepatocellular carcinoma (HCC) is a primary liver
tumor that usually develops in a background of
chronic liver disease. It is the underlying chronic
inflammation that creates an environment that
not only causes but also enhances the formation
and growth of tumors. Firstly, the continuous
state of inflammation as a result of sustained liver
damage can lead to hepatocyte cell death as well
as compensatory proliferation, which can generate
an accumulation of genomic lesions in hepatocytes.
Secondly, the initiated cells are surrounded by an
inflammatory niche that facilitates their progression
towards malignant tumors. For instance, the fibrotic
liver is characterized by an increased formation of
[1]
blood vessels , which will benefit tumor cells for
[2]
their blood supply as well as facilitating metastasis .
In addition, several factors produced by macrophages
and activated stellate cells are known to directly
stimulate and enhance tumor growth. Once the
cancer has been established, the microenvironment
continues to regulate the tumor behavior, influencing
the development, progression and even response
to therapy. All players within the tumor stroma
strongly interact with each other, creating an
environment that supports tumor growth (Figure 1).
It is therefore not unlikely that future therapies will
more and more focus on targeting these complex
interactions in the tumor stroma (Figure 2). Ongoing
clinical trials are listed in Table 1.

HEPATIC STELLATE CELLS
One major player in the formation of the perfect
tumor environment is the activated hepatic stellate
[3,4]
cell (HSC) . During liver injury, the stellate cells
undergo a transformation from quiescent cells that
serve as the liver’s resident vitamin-A storing cells,
towards “activated” myofibroblast-like cells. These
activated HSCs are characterized by increased
proliferation and contractility, altered matrix protease
activity and the secretion of extracellular matrix
(ECM) proteins, as well as tumor growth factors and
pro-angiogenic factors.
Several studies have shown that co-culturing
HSC with different HCC cell lines induces phenotypic
[5,6]
changes in the behavior of the tumor cells
. In
vitro studies show that HSCs can directly influence
the tumor cells (through the secretion of growth
[7]
[8]
[9]
factors , matrix proteases and/or ECM proteins )
and there is also evidence from in vivo studies that
activated HSCs can create an immunosuppressive
[10,11]
environment that promotes HCC growth
. The
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Figure 1 The interaction between tumor stroma and tumor cells in hepatocellular carcinoma. The several actors of the stromal compartment-including
hepatic stellate cells, macrophages and endothelial cells-actively contribute to tumorigenesis, while the tumor itself influences these cells to create a background
that is beneficial for tumor growth. Tumor cells activate the hepatic stellate cells, leading to the deposition of extracellular matrix (ECM), an increased production of
angiogenic factors and the recruitment of macrophages. The increase of angiogenic factors (secreted by macrophages, tumor cells and activated stellate cells) will
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This complex interplay between the several cell types involved in liver cancer emphasizes the need for a multi-targeted approach in hepatocellular carcinoma (HCC)
patients. VEGF: Vascular endothelial growth factor; PDGF: Platelet-derived growth factor; FGF: Fibroblast growth factor.
[24]

rats . However, no clinical trials on the effect on liver
fibrosis have been done.
Another driver of HSC activation are members
of the platelet derived growth factor (PDGF) family.
PDGFs are potent mitogens for mesenchymal cells
and work synergistically with TGF to activate stellate
cells. Specific hepatic over-expression of PDGF-C
leads to an increase in fibrosis and enhances hepato
[12,15]
carcinogenesis
. PDGF-B is also involved in different
stages of liver cancer development and is an essential
[25]
regulator in the development of liver fibrosis .
Hepatic overexpression of PDGF-B accelerates liver
cancer, possibly by up regulating TGF-β receptor
and by increasing expression of β-catenin as well as
VEGF, CD31 and FGF. Several protein tyrosine kinase
inhibitors-such as sorafenib, orantinib, sunitinib
and SU6668-target PDGFR amongst other targets
including VEGFR and FGFR. The protein tyrosine kinase
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inhibitor imatinib reduces stromal cell proliferation in
this mouse model, which successfully inhibits tumor
[13]
progression . Imatinib is currently used to treat
[26]
gastrointestinal stromal tumors
and could possibly
benefit HCC patients.
The deposition of ECM proteins is one of the most
characteristic hallmarks of the activated stellate
cell. Several of the ECM components such as prote
oglycans, laminins, collagens, and fibronectin interact
directly and indirectly with HCC cells and the different
stroma cell types. This not only changes the tumor
phenotype, but also prepares a microenvironment
that facilitates tumor growth. Since the ECM acts as
a reservoir for growth factors and cytokines, it can
rapidly release them to support the tumor’s needs.
Heparan sulfate (HS) proteoglycans (PG) are
expressed in the ECM and composed of a protein
core to which HS is covalently attached as side
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chains. They maintain the structural framework of
the tissue, store growth factors within the ECM or
function as co-receptors. Desulfation of these coreceptor-PG’s can abrogate growth factor signaling
[27,28]
and inhibit tumor growth
. Heparanase cleaves
the HS side chains of HSPG, leading to the release
of HS-bound proteins, such as growth factors. PI-88
is a heparin sulfate mimic that specifically targets
heparanase in cancer, thus preventing the release
of growth factors that otherwise would contribute
[29]
to tumor growth, angiogenesis and metastasis .
The safety and efficiency of PI-88 as an adjuvant
therapy for post-operative HCC has been shown in a
[30]
phase Ⅱ trial
and a recent follow up study revealed
[31]
significant clinical benefits for patients with HCC .
Phase Ⅲ trials are currently ongoing (NCT01402908).
Another important glycoprotein is laminin-5.
Laminin-5 is a member of the laminin family, which
has been widely reported to be involved in the
malignant phenotype of several cancers, including
[32]
HCC . Laminin-5 is expressed higher in metastatic
HCC and has been shown to stimulate HCC cell
[9,32]
migration
.
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Collagen is the major insoluble fibrous protein
in the extracellular matrix. Besides its function as
a supportive scaffold, collagens can also provoke
a cellular response through the integrin family of
transmembrane receptors. Several collagen types
have been implicated in tumor growth and angio
[33-35]
genesis in different tumors
and a recent study
has shown that collagen matrix protects malignant
[36]
hepatocytes from apoptosis . Antibodies targeting
cleaved collagen epitopes have been clinically tested
and show promising results in patients with solid
[37,38]
tumors
.
This deposition of ECM leads to an increase in
liver stiffness, an important hallmark of the cirrhotic
liver, which is also used as a diagnostic tool for
[39]
patients with CLD . This change in the mechanical
properties of the tumor’s surrounding has been
[40]
associated with a higher risk of developing HCC . In
addition, the increase of ECM and the capillarization
of hepatic sinusoids cause a vascular resistance
that leads to hypoxia, stimulating the production of
pro-angiogenic factors and subsequently inducing
[1,41-43]
angiogenesis
. The activated HSCs also produce
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Table 1 Overview of clinical trials that focus on the tumor environment of hepatocellular carcinoma
Drug
Tyrosine kinase inhibitors

Sorafenib

Orantinib
Sunitinib

Linifanib
Brivanib

Antibodies

Other kinase inhibitors

Targets

Trial

PDGFR
VEGFR
RAF/MEK/ERK
PDGFR, FGFR
VEGFR
VEGFR
PDGFR
RET
CSF
VEGF, PDGF, PDGFR-β, KDR
CSF
VEGFR
FGFR

Cediranib

VEGFR

Dovitinib
Bevacizumab

VEGFR, PDGFR, FGFR
VEGF

Ramucirumab

VEGFR

GC33

Glypican-3

Temsirolimus

mTOR

Everolimus

mTOR

LY2157299

TGF-βR1

PI-88

Heparanase

Zoledronic acid

Macrophages

Phase

Status

Ref.

NCT00105443

Ⅲ

Completed1

[90]

NCT02178358

Ⅰ/Ⅱ

Completed

[91]

NCT00699374
NCT00514228
NCT00361309
NCT00428220
NCT01009593
NCT00517920
NCT00858871
NCT00908752
NCT00825955
NCT01108705
NCT00355238
NCT00437424
NCT00238394
NCT00427973
NCT01232296
NCT00335829
NCT00162669
NCT00605722
NCT00049322
NCT00280007
NCT01180959
NCT00627042
NCT01140347
NCT01507168
NCT00746317
NCT00976170
NCT01008917
NCT01687673
NCT01035229
NCT01488487
NCT00516165
NCT00828594
NCT01246986
NCT02178358
NCT00568308
NCT01402908
NCT00247728
NCT01259193

Ⅲ
Ⅱ
Ⅱ
N/A
Ⅲ
Ⅱ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅰ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅲ
Ⅱ
Ⅰ
Ⅰ
Ⅰ
Ⅱ
Ⅲ
Ⅱ
Ⅰ/Ⅱ
Ⅰ
Ⅱ
Ⅱ
Ⅲ
Ⅲ
Ⅱ
Ⅱ

Terminated
Completed
Completed
Ongoing
Terminated
Completed
Completed
Ongoing
Ongoing
Terminated
Completed
Completed

[71]
[70]
[69]

Terminated
Ongoing
Completed
Completed
Completed
Completed
Terminated
Ongoing
Completed
Ongoing
Completed
Completed
Ongoing
Ongoing
Recruiting
Completed
Ongoing
Completed
Terminated
Recruiting
Recruiting
Terminated
Ongoing
Completed
Ongoing

[54]

[68]
[59]

[92]
[93]

[94]
[50]
[51]
[52]

[53]

[84]

[95]
[66]

[30]

1

Sorafenib is currently used as the standard-of-care for advanced hepatocellular carcinoma. CSF: Colony stimulating facto-1-receptor; mTOR: Mammalian
target of rapamycin.

angiogenic growth factors, thus enhancing neo[8]
angiogenesis . This increased vasculature will
allow small HCC lesions to progress and eventually
metastasize.

and oxygen delivery. This causes hypoxia and the
transcription of hypoxia-sensitive pro-angiogenic
genes, thus stimulating the formation of new vessels.
These new vessels can contribute to the inflammatory
response by expressing chemokines and adhesion
molecules, thus promoting the recruitment of
inflammatory cells, such as macrophages. In addition,
hepatic stellate cells are recruited to the angiogenic
areas (via a number of signaling pathways, including
PDGF, TGF-β, angiopoetins and nitric oxide) to
[44]
contribute in vascular remodeling and stabilization .
Therefore, angiogenesis may contribute to the
progression of liver cirrhosis and stimulate the growth
of small dysplastic lesions to advanced solid tumors.
HCC is solid tumor that rapidly outgrows its blood

ENDOTHELIAL CELLS
The prolonged fibrogenic process leads to an
abnormal angioarchitecture distinctive for cirrhosis.
Anatomical changes in the cirrhotic liver, such as
fibrotic scar tissue compressing portal and central
venules are responsible for an increased intrahepatic
vascular resistance. In addition, the formation of
fibrotic septa, as well as sinusoidal capillarisation,
results in an increased resistance to blood flow
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supply and therefore stimulates the formation of
new blood vessels to fulfill its high needs in oxygen
and nutrients. The malignant hepatocytes, as well
as other actors in the microenvironment such as
activated stellate cells and macrophages, secrete a
[1]
number of angiogenic growth factors . This induces
an “angiogenic switch”, which activates endothelial
cells and basement membranes to remodel existing
vessels, and form new vessels. These new vessels
allow the tumor to rapidly expand and offer a
passage in the circulatory system, thus facilitating
metastasis. Therefore, targeting angiogenesis has
become a common cancer therapy to treat solid
tumors.
The vascular endothelial growth factor A (VEGF)
is one of the key factors regulating angiogenesis. It
is secreted by tumor cells, macrophages and stellate
cells. VEGF binds to its receptors (VEGFR1 and
VEGFR2) on the present endothelial cells, simulating
endothelial cell proliferation and migration into
the tumor, which results in vascular sprouting.
Elevated VEGF levels are associated with tumor
vascularity, metastasis, chemoresistance and poor
[45-47]
prognosis
.
Significant progress on the treatment of advanced
HCC has been made possible by sorafenib. Sorafenib
is a small molecular inhibitor targeting several
tyrosine protein kinases in the Raf/MEK/ERK-pathway
(anti-proliferative effect); and PDGF, VEGFR1 and
VEGFR2 (anti-angiogenic effect). Sorafenib has
become the standard-of-care for patients with adva
nced HCC and for those progressing after loco[48]
regional therapies . The success of sorafenib has
opened the door for several anti-angiogenic agents
[49]
to enter clinical studies on HCC . At the moment,
several multikinase inhibitors are being tested in
clinical trials, including sunitinib, brivanib, linifanib,
cediranib, pazopanib, lenvatinib and axitinib, as well
as blocking-antibodies targeting angiogenic pathways.
Bevacizumab, a humanized monoclonal antibody
that targets VEGF, has been approved for the
treatment of various solid tumors and is currently
being investigated as a treatment for HCC. Several
phase Ⅱ trials have been completed and show that
bevacizumab is well tolerated in HCC-patients, and
[50]
could be a promising therapy as a single-agent ,
[51]
in combination with erlotinib
or after loco-regional
[52]
therapies . Ramucirumab is a monoclonal antibody
targeting VEGFR2 which has been tested as a first
line treatment (NCT00627042) for HCC-patients
[53]
with promising results
and is currently being
investigated as second line treatment after sorafenib
[53]
(NCT01140347) . Cediranib is a tyrosine kinase
inhibitor that targets all VEGF receptors, which has
been tested in two clinical trials (NCT00427973 and
NCT00238394). Despite some anti-tumor effects,
the high toxicity of cediranib makes it an unsuitable
[54,55]
drug for HCC-patients HCC
.
However, targeting VEGF has been shown to

WJH|www.wjgnet.com

induce therapy escape mechanisms and many
patients treated with VEGF-inhibitors or with sora
fenib obtain a secondary resistance to therapy.
Alternative angiogenic factors, such as the placental
growth factor (PlGF), PDGF and fibroblast growth
factor (FGF) have been implicated in this acquired
tumor resistance and combination therapies could
[56]
open the door for sustained treatment response .
Additionally, combining sorafenib with conventional
chemotherapy could improve outcome and is currently
tested in several phase Ⅲ trials (NCT01015833,
[57]
NCT01214343) .
Brivanib and dovitinib are tyrosine kinase inhi
bitors of VEGF and fibroblast growth factor (FGF)
signaling pathways, hence anticipating FGF-mediated
[58]
resistance to anti-VEGF therapy . Brivanib has
been or is being investigated in several phase Ⅲ
trials, including first-line treatment with brivanib vs
[59]
sorafenib (NCT00858871) , second-line treatment
with brivanib after progression on sorafenib treat
ment (NCT01108705), second-line treatment with
brivanib after sorafenib (NCT00825955) and trans
arterial chemoembolization in combination with
brivanib (NCT00908752). However, results from
the study testing brivanib and sorafenib as firstline therapy in patients with HCC indicate there are
[59]
no benefits of using brivanib over sorafenib
and
study NCT01108705-testing brivanib after sorfanib
treatment-has been terminated before completing
the trial. Dovitinib trials are still ongoing (NCT0
1232296).
A drawback of anti-angiogenic therapies is that
they aim to deprive the tumor from oxygen, leading
to a hypoxic environment that stimulates cancer cells
[60]
towards a more aggressive phenotype . Therefore,
long-term administration of anti-angiogenic treatment
could trigger escape mechanisms and lead to
[61,62]
increased metastasis
.
An interesting way to indirectly target VEGF
signaling and the HIF-pathway, is through inhibitors
of the mammalian target of rapamycin (mTOR)
pathway. mTOR signaling increases VEGF expression
[63]
by up-regulating hypoxia inducible factor 1α .
Furthermore, mTOR-inhibitors can directly influence
tumor growth by inhibiting the expression of anti[64]
apoptotic proteins and by inducing autophagy .
Everolimus binds the cyclophilin FKBP-12, which
binds the serine-threonine (ST) kinase mTOR when
it is associated with raptor and mLST8 to form a
complex (mTORC1), and subsequently inhibits
downstream signaling, which involves cell cycle
regulators and transcription factors such as HI.
mTORC1 lies downstream of phosphatidylinositol
3′ kinase (PI3K), which is frequently activated
in human cancers. Everolimus has been used in
[65,66]
several clinical trials
, but data from the latest
phase Ⅲ trial (NCT01035229) show no improval
[67]
in overall survival . Temsirolimus is a sirolimus
ester, which binds the same receptors. Trials using
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temsirolimus are currently ongoing (NCT01008917
and NCT01687673).
The activated stellate cells also play a pivotal
role in vascular remodeling, by creating a hypoxic
environment, by producing angiogenic factors and
also by migrating to angiogenic sites to contribute
in the stabilization and maturation of (tumor) blood
vessels. Current anti-angiogenic strategies for cancer
have mostly focused on endothelial cells. However,
combining drugs that target endothelial cells and
stellate cells (or pericytes) could work synergistically
as a therapy.
Several receptor tyrosine kinase inhibitors target
VEGF and PDGF. Linifanib is a potent inhibitor of VEGF,
PDGF, PDGFR-β, KDR and colony stimulating facto1-receptor (CSF). A phase Ⅱ trial (NCT00517920)
showed initial benefits for linifanib in HCC pati
[68]
ents , however, the subsequent phase Ⅲ trial
(NCT01009593) had to be terminated for unknown
reasons. Sunitinib inhibits receptors for PDGF and
VEGF, as well as other receptor tyrosine kinases such
as CSF. While several phase Ⅱ trials (NCT00514228,
[69,70]
NCT00361309) have shown promising results
,
it is inferior to sorafenib and the latest phase Ⅲ trial
[71]
had to be terminated for safety reasons .
Orantinib is a receptor tyrosine kinase inhibitor
that binds and inhibits the autophosphorylation of
VEGFR2, PDGF-receptor and fibroblast growth factor
receptor (FGFR), thereby inhibiting angiogenesis
and cell proliferation. A phase Ⅰ/Ⅱ trial has shown
a trend towards prolonged progression free survival
in patients treated with orantinib after transarterial
[72]
chemoembolization , and a phase Ⅲ trial is still
ongoing (NCT01465464). Blocking PDGF signaling
in mouse models of pancreatic carcinogenesis
with orantinib caused regression of blood vessels,
as a result of the detachment of pericytes from
tumor vessels. The fact that tumor vessels lacking
pericytes are more vulnerable suggests that they
could be more responsive to other anti-angiogenic
[73,74]
drugs
. Combining receptor tyrosine kinase
inhibitors targeting ECs and pericytes successfully
diminished tumor angiogenesis and decreased tumor
size compared to a monotherapeutic approach in
[75]
colon cancer . Similar effects were seen when
PDGF inhibitors were combined with anti-angiogenic
[74]
treatments . Thus, targeting stellate cells and
endothelial cells may destabilize the existing tumor
vasculature more potently than targeting each cell
type individually.

immune cells that support hepatic injury. There is
increasing evidence suggesting that phagocytosis of
apoptotic bodies by HSC and by macrophages may
directly stimulate fibrogenesis through upregulation
[76]
of TGF-β . Furthermore, these repeated cycles of
hepatocyte death and compensatory proliferation
provide a mitogenic and mutagenic environment
that fuels the development of HCC.
The location of Kupffer cells in the sinusoids
allows close interactions with other non-parenchymal
liver cells. Firstly, Kupffer cells interact with other
immune cells by secreting inflammatory cytokines
and chemokines. Secondly, they can activate HSC
via paracrine mechanisms, likely involving TGF-β
and PDGF. These profibrotic functions of Kupffer
cells during chronic liver injury possibly contribute
to a tumor-stimulating environment in the cirrhotic
liver. In vivo studies have shown that depleting
macrophages reduces angiogenesis and slows down
tumor progression in mouse models, and enhances
[77]
the response to sorafenib .
Macrophages can be classified into two main
classes depending on their phenotypic polarization:
the M1-phenotype, triggering a Th1 immune
response and exerting cytotoxic activity; and the M2phenotype, which activates a Th2 immune response
and promotes angiogenesis, tissue remodeling and
[78]
tumor progression . Macrophages can adapt to
signals from the microenvironment and change their
[79]
functional phenotype accordingly . M1 macrophages
are activated as a response to microbial stimuli and
interferon gamma, while in a tumor environment
the tumour-associated macrophages (TAMs) are
mainly polarized towards a M2 phenotype. Increased
numbers of M2-macrophages have been associated
with angiogenesis, metastasis and poor prognosis.
Tumor associated macrophages are key actors
of cancer-related inflammation, being the main
type of inflammatory cells infiltrating the tumor
[80]
environment . In HCC, tumor cells have been shown
to recruit and activate TAMs by the secretion of VEGF,
PlGF, PDGF, TGF-β and glypican-3. Glypican-3 is a
member of the glypican family of heparin-sulfate
proteoglycans linked to the cell surface. It is highly
expressed in the majority of HCC cells and is known
for its role in the regulation of cell proliferation and
[81]
apoptosis . In addition, studies have suggested
an involvement in the recruitment of M2-polarized
[82]
TAM’s in human HCC tissues . Possibly glypican-3
present on the cell surface of malignant cells, binds
to CCL5 and CCL3, which are chemokines that
attract TAMs. Glypican-3 antibodies could therefore
block the recruitment of TAMs via CCL5 and CCL3.
Antibodies targeting glypican-3 have been tested
in several phase Ⅰ trials for advanced HCC, with
promising results. The antibody was well tolerated
and preliminary antitumor activity show a threefold
prolongation of the median time to progression in
patients receiving glypican-3-antibodies compared to

MACROPHAGES
After liver damage, the pool of the liver’s resident
macrophages-Kupffer cells-is rapidly expanded. A
harmful incident causes the hepatic macrophages to
secrete pro-inflammatory cytokines and chemokines
such as IL-1β, TNF, CCL2, and CCL5, resulting in
the activation of protective or apoptotic signaling
pathways of hepatocytes and the recruitment of
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[83,84]

untreated patients
.
Zoledronic acid (ZA) is a compound widely
used to prevent skeletal complications associated
with bone metastases. Recent studies have shown
a possible direct role as an anti-tumor agent by
targeting the TAMs. ZA is taken up by macrophages
via phagocytosis and leads to apoptosis specifically
in TAMs, thus causing a repolarization of the
[85,86]
macrophage population
. In vivo studies of ZA in
combination with sorafenib have shown that the latter
leads to an increase of M2-macrophages infiltrating
the tumor stroma, which can be effectively depleted
with ZA. This significantly inhibits angiogenesis,
metastasis and tumor progression compared to
[77]
sorafenib alone . A phase Ⅱ study of sorafenib
and ZA in advanced HCC has been conducted
(NCT01259193), but no results have been published.

Tumor associated macrophages are important
actors of cancer-related inflammation, being the
main type of inflammatory cells infiltrating the tumor
environment. Targeting macrophages as a therapeutic
strategy could be done by depleting the overall
population of macrophages, or by altering their
phenotype from a M2 towards an M1 orientation.
Again, macrophages are known to not only interact
with the tumor cells and stimulate their growth, they
also influence stellate cell activation and angiogenesis.
The stellate cells are one of the key players in the
formation of the perfect tumor environment. Not only
do they directly affect tumor growth by secreting
[7]
[8]
growth factors , matrix proteases and/or ECM
[9]
proteins , they also alter the mechanical properties
of the tumor’s surrounding. Activated stellate cells
are known to stimulate angiogenesis, which allows
the tumor cells to grow rapidly and invade in the
circulatory system. The deposition of ECM proteins,
such as collagens and proteoglycans, serve as a
reservoir for growth factors, but also directly provoke
a pro-tumoral cellular response. Indeed, the thick
layer of ECM in the cirrhotic liver could impair drug
delivery and hence decrease response to therapy.
Therefore, preventing or reversing the activation
of stellate cells could inhibit HCC growth, decrease
angiogenesis and increase response to other
therapies, such as classic chemotherapy or sorafenib.
As our understanding of the complex interplay
between tumor and stroma evolves, the nextgeneration cancer drugs could target several actors in
the tumor-stroma axis and offer a durable treatment
for advanced HCC.

DISCUSSION
Several studies have shown that the stroma regu
lates the malignant transformation, survival,
progression and metastasis of hepatocellular car
cinoma. Factors derived from the tumor cells in
their turn alter the tumor stroma to generate a
tumor-permissive microenvironment. This complex
interplay between the tumor and the different
actors in the stroma establishes a promising axis for
therapeutic targets (Figure 2).
VEGF targeting therapies have represented
the first success in treating HCC patients in many
years, reviving research in this field and leading to
an explosion of clinical trials with anti-angiogenic
[49]
therapies . However, the success of treatments
such as sorafenib needs to be followed by better
understanding of the mechanisms that underlie the
intrinsic and acquired resistance to anti-angiogenic
therapies. Perhaps targeting several actors of the
stromal environment and the tumor cells at the
same time could be the key for optimal treatment in
future therapies.
Sorafenib does not only inhibit angiogenesis,
but also alters the inflammatory environment.
Sorafenib has been shown to suppress natural killer
[87]
cells and facilitate tumor growth and metastasis .
Furthermore, multi-tyrosine kinase inhibitors
have been shown to increase infiltration of tumorassociated macrophages in the tumor environment
which could contribute to the resistance or escape
[77]
to anti-angiogenic treatment
(although it is
important to note that some studies have shown the
[88]
opposite effect ). Hence the solution could be the
use of adjuvant immunotherapy along with tyrosine
kinase inhibitors for patients with unresectable HCC
in order to obtain long-term response. In fact, one
of the first trials to confirm the efficacy of sorafenib
in advanced, metastasized renal cell carcinoma, was
performed in combination with immunotherapy with
[89]
IL-2 and interferon-alpha .
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REVIEW

Dysregulation of iron and copper homeostasis in
nonalcoholic fatty liver
Elmar Aigner, Günter Weiss, Christian Datz
with normal or mildly elevated transferrin saturation
and mostly mild hepatic iron deposition are a
characteristic finding in subjects with non-alcoholic
fatty liver disease (NAFLD). Excess iron is observed
in approximately one third of NAFLD patients and
is commonly referred to as the “dysmetabolic iron
overload syndrome”. Clinical evidence suggests that
elevated body iron stores aggravate the clinical course
of NAFLD with regard to liver-related and extrahepatic
disease complications which relates to the fact that
excess iron catalyses the formation of toxic hydroxylradicals subsequently resulting in cellular damage. Iron
removal improves insulin sensitivity, delays the onset
of type 2 diabetes mellitus, improves pathologic liver
function tests and likewise ameliorates NAFLD histology.
Several mechanisms contribute to pathologic iron
accumulation in NAFLD. These include impaired iron
export from hepatocytes and mesenchymal Kupffer cells
as a consequence of imbalances in the concentrations
of iron regulatory factors, such as hepcidin, cytokines,
copper or other dietary factors. This review summarizes
the knowledge about iron homeostasis in NAFLD and
the rationale for its therapeutic implications.
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Core tip: Hyperferritinemia with normal transferrin
saturation and mostly mild hepatic iron deposition is a
frequent finding in subjects with non-alcoholic fatty liver
disease. Excess iron in non-alcoholic fatty liver disease
(NAFLD) patients is referred to as the “dysmetabolic
iron overload syndrome”. Clinical evidence suggests that
elevated body iron stores aggravate the clinical course
of NAFLD with regard to liver-related and extrahepatic
disease complications. Iron removal improves insulin
sensitivity, delays the onset of type 2 diabetes mellitus,

Abstract
Elevated iron stores as indicated by hyperferritinemia
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improves pathologic liver function tests and ameliorates
NAFLD histology The mechanisms contributing to iron
excess in fatty liver include impaired iron export from
hepatocytes and mesenchymal Kupffer.

Hepcidin impacts on iron trafficking by attaching
to FPN which leads to the degradation of FPN and
thereby to down-regulation of iron export inducing a
[13]
decline in serum iron concentrations . Quantitatively
hepatocytes are the most important source for
hepcidin, however, expression has also been reported
in adipose tissue, pancreatic islets, macrophages,
and even cardiac myocytes. Hence, iron homeostasis
via FPN mediated iron export may be regulated in an
[14-16]
autocrine fashion in these cells
.
Perturbations of iron homeostasis are frequently
observed in patients suffering from non-alcoholic
[17,18]
fatty liver disease (NAFLD)
. As the prevalence
of obesity rises, NAFLD with or without associated
metabolic syndrome (MetS), has become the most
frequent cause of hyperferritinemia. The first report
of non-hemochromatotic iron overload linked to
metabolic characteristics such as insulin resistance
and overweight in a French study subsequently
stimulated extensive research on the potential mech
[19]
anisms underlying iron accumulation in NAFLD .
The dysmetabolic iron overload syndrome (DIOS)
commonly refers to the characteristic association of
fatty liver with moderate histological iron deposition
[17,20]
(hemosiderosis) and increased serum ferritin
.

Aigner E, Weiss G, Datz C. Dysregulation of iron and copper
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INTRODUCTION
Physiological regulation of iron homeostasis

Iron is essential for life of mammalian organisms
due to its paradigmatic role in oxygen transport and
also in being a central component of many enzymes
and proteins involved in mitochondrial respiration,
DNA biosynthesis and the citric acid cycle, among
others. However, excess iron is detrimental and may
lead to severe organ damage as it facilitates the
formation of reactive oxygen species (ROS) via the
Fenton reaction. On the other hand, iron deficiency
can lead to anemia and fatigue which are among
the most common disorders in the world. In order
to provide enough iron for biological function and at
the same time avoid iron overload and toxicity, iron
trafficking and storage are diligently balanced by a
mechanisms involving bone marrow, intestine, liver
[1,2]
and the reticuloendothelial system (RES) .
Many aspects of iron metabolism have been
unravelled in recent years. Dietary iron is taken up
2+
as Fe in the duodenum by the cation transporter div
[3,4]
alent metal transporter 1 . After transfer through
the duodenal baso-lateral membrane via the iron
[5,6]
exporter ferroportin (FPN) , iron is oxidized by the
copper containing ferroxidase hephaestin and loaded
[7]
onto transferrin for systemic distribution . Most cells
3+
facilitae iron uptake by transferrin bound Fe via
the transferrin-receptor (TfR1). Most iron is required
for erythropoiesis and the biosynthesis of other
heme enzymes like cytochromes, and excess iron is
[5,8]
stored in hepatocytes . Most iron for physiological
requirements, mainly erythropoiesis, is obtained
from re-utilisation of senescent erythrocytes which
are taken up and degraded in splenic macrophages.
Only approximately 1-2 mg of daily body iron
requirements which are used for compensation of
iron losses via bleeding, enteric and cutaneous cell
desquamation are replenished via duodenal iron
absorption. Iron export is facilitated by FPN from
[9]
hepatocytes, macrophages and all other cells .
Systemic iron homeostasis is equilibrated by
the peptide hepcidin (hepatic bactericidal protein)
mainly derived from hepatocytes and regulated by
[10-12]
iron status, hypoxia, anemia and inflammation
.
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WHAT IS THE IRON PHENOTYPE OF
NAFLD?
An increase in ferritin concentrations is the key
feature of iron dysregulation in subjects with NAFLD.
It is found in one third to half of patients with
NAFLD and ranges from mild elevations to rarely
[17]
1000-1500 ng/mL . Serum ferritin concentrations
[21]
increase with the number of features of the MetS .
Transferrin saturation (TfS) is typically in the upper
range of normal or mildly elevated (45%-50%)
which is distinct from hereditary hemochromatosis,
where hyperferritinemia is accompanied by markedly
elevated TfS and usually TfS is elevated before the
development of hyperferritinemia in early stages of
[22]
hemochromatosis .
Iron deposits in NAFLD are found in Kupffer cells
which are the resident liver macrophages as well as
[20]
in hepatocytes . Mesenchymal iron deposition is
more frequent than hepatocellular iron accumulation
[23]
but mostly both compartments are affected . This
is different from tissue iron deposition in primary
genetic iron overload, hemochromatosis, where the
metal is almost exclusively found in the hepatocellular
compartment (with the exception of ferroportin
disease) and macrophages are iron deficient as a
[24,25]
result of uninhibited iron export from these cells
.
The extent of hyperferritinemia in subjects with
NAFLD and/or the MetS overestimates the degree
of iron overload compared to hemochromatosis.
Phlebotomy studies demonstrated that in DIOS
patients the amount of iron need to be removed
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for normalisation of circulating iron parameters is
usually significantly less than in hemochromatosis,
[26,27]
indicating only mild body iron excess
. Few
studies have performed liver iron quantification in
NAFLD subjects and these results confirm the mild
degree of tissue iron excess compared to genetic iron
[19,28]
overload disorders
. The mild degree of body iron
excess compared to markedly raised serum ferritin
concentrations suggests that iron overload in NAFLD
subjects results from a combination of alimentary and
[20,29,30]
inflammatory driven iron loading and retention
.
This is in line with the current evidence that NAFLD is
[31]
both a metabolic and an inflammatory disease .

which is generally considered benign to steatosis
with various stages of inflammation, hepatocellular
ballooning and fibrosis called non-alcoholic steato
hepatitis (NASH). NASH is the potentially progressive
manifestation leading to cirrhosis, end-stage liver
disease and hepatocellular carcinoma in a minority
[56]
of patients . To our knowledge, there is no data
available suggesting that excess iron is linked to
the extent of hepatic steatosis. Although multiple
associations between iron homeostasis and lipid
[57]
metabolism have been reported , no characteristic
lipid phenotype has been documented to distinguish
NAFLD with iron overload from NAFLD without iron.
Underlying NAFLD may explain the link between
[58]
MetS features and ferritin on the population level .
Several studies provide evidence that iron may
contribute to more advanced fibrosis and thus to
[18,59-63]
progression of NAFLD
, however, this asso
[64-66]
ciation was not confirmed in all studies
. The to
date largest study reported that iron in NAFLD liver
biopsies, particularly in Kupffer cells, was linked to
[67]
more fibrosis and disease severity . Iron deposition
particularly in the Kupffer cell compartment was
associated with higher markers of hepatocellular
[68]
apoptosis and oxidative stress . Some studies also
suggested that an increased rate of HFE mutations
could account for more progressed stages of NAFLD,
[65,69-72]
but this was not reported in all studies
.
[73]
[74]
Additionally the beta-globin trait , TMPRSS6 ,
[75]
and the alpha-1-antitrypsin genotype
may modify
the iron phenotype of NAFLD. It appears reasonable
to conclude that the contribution of the genetic
background may vary according to the geographic
region. Data evaluating causality of iron in disease
progression is limited by the feasibility of a
prospective study with serial liver biopsies in enough
patients to adjust for known co-factors of disease
[64,76]
progression
. Retrospective studies demonstrated
that, hyperferritinemia was linked to mortality of
patients on the transplantation waiting list and it
[77,78]
also had an impact on post-transplant mortality
.
It is important to note that particularly sinusoidal
iron deposition may be linked to the development of
[79]
HCC in NASH .
In summary, the prevailing body of evidence
suggests that excess iron is a contributing factor for
the progression of steatosis to NASH, liver cirrhosis
and also hepatocellular carcinoma. It remains to be
established to what extent different patterns of iron
deposition affect outcomes such as cirrhosis, HCC or
cardiovascular diseases. The data mentioned above
suggest that the pattern of iron deposition may have
distinct effects.

WHAT IS THE CLINICAL RELEVANCE OF
ELEVATED IRON STORES?
IR and associated metabolic conditions
[32]

In 1981 Sullivan
suggested that the postponed
occurrence of cardiovascular diseases in women
compared to men and the subsequent postmen
opausal increase could be caused by low premen
opausal iron stores. This report likely is the first report
of an impact of iron stores in non-hemochromatotic
metabolic disorders. An association of iron stores
with type 2 diabetes mellitus (T2DM) and various
manifestations of IR has been repeatedly confirmed
and a detailed discussion thereof is beyond the scope
[33]
of this review . However, glucose metabolism and
iron homeostasis appear to be functionally inter
connected, due to the fact that gluconeogenetic
[34]
signals regulate iron homeostasis via hepcidin while
iron loading or deficiency directly affect circulating
glucose concentrations in mammals most likely via
[35,36]
its effects on citric acid cycle enzyme activities
,
[37]
thereby also affecting lipid profiles . Ferritin
concentrations were associated with an increased
[38-43]
rate of diabetes and gestational diabetes
, with
[44]
[45]
BMI , visceral fat mass , serum glucose levels
[46]
[47]
and insulin sensitivity , blood pressure , the
[21,48]
[49]
MetS
, the polycystic ovary syndrome (PCOS)
[50]
and cholesterol . Higher parameters of iron storage
clustered with metabolic risk markers in a study
[51]
[52]
of obese
and healthy lean adolescents . These
observations are epidemiologically important as
patients with IR have a higher risk of developing
[53,54]
cerebrovascular or cardiovascular disease
.
However, the most convincing argument for causative
involvement of iron in obesity-related conditions is
derived from iron removal studies mentioned in detail
below. In summary, available studies convincingly
suggest a direct impact of body iron on manifestations
of IR or the MetS.

HOW DOES IRON LEAD TO DISEASE
PROGRESSION IN NAFLD?

NAFLD

NAFLD has been firmly established as the hepatic
[55]
manifestation of the MetS/IR . The disease
spectrum of NAFLD ranges from simple steatosis
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It has been well recognized that iron overload leads
to diabetes in patients with hemochromatosis where
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IR increases and insulin secretion decreases with
[25,80-82]
the rise of body iron stores
. Hepatic insulin
sensitivity and insulin secretion are re-established
[83,84]
in the majority once iron is removed
. However,
the prediabetic stage in hemochromatotic mice and
humans displays impaired β-cell function along with
increased insulin sensitivity, whereas dietary iron
overload similar to the prediabetic state in humans
[85]
are characterized by peripheral IR . Hence, lessons
drawn from hemochromatosis models are likely not
fully applicable to the role of iron in human IR and
NAFLD.
Iron is well-recognized as a catalyst for the
production of reactive oxygen intermediates via
the Fenton reaction, and it is generally held that an
increase of oxidative stress is a central mechanism
for IR although direct proof for this hypothesis has
not been obtained so far. Oxidative stress is a central
[86-88]
pathogenic factor in NAFLD, T2DM and obesity
and markers of oxidative stress were increased in
NAFLD with iron loading as compared to NAFLD
[68,89,90]
without iron excess
. Generation of ROS
may induce lipid peroxidation and cellular damage
which may contribute to the progression of NAFLD.
Importantly, oxidative stress induced molecules
such as malonyldialdehyd and 4-hydroxynonenal
may induce the formation of de-novo antigens
with subsequent activation of T-lymphocytes and
development of immunoglobulin G reactive against
these antigens. This response was further enhanced
by previous immunization against these antigens with
[91]
a stimulated M1 macrophage response . Although
no studies have been performed, iron may contribute
to this process by further augmentation of oxidative
stress.
In cell culture, iron chelation re-established
insulin receptor signalling and iron inhibited insulin
[92]
receptor activity . Desferoxamine increased the
phosphorylation of Akt/protein kinase B (Akt/PKB),
forkhead transcription factor O1 (FoxO1) and
glycogen synthase kinase 3β (GSK3β) reflecting
insulin effects on gluconeogenesis and glycogen
synthesis. Likewise, genes playing a role in glucose
utilization such as GLUT1 or hypoxia-inducible
factor 1a (HIF1a) were up-regulated in hepatoma
[92]
cells resulting in enhanced glucose removal . In
summary, these molecular observations indicate
that iron affects IR by modulating insulin receptor
[93]
signalling as has been recently reviewed .
Importantly, dietary iron intake may impact on
glucose metabolism by affecting circadian rhythm
via heme mediated effects on RevErb-a. Disruption
of circadian rhythms, e.g., through night-shift
work is an established risk factor for metabolic and
[94,95]
cardiovascular diseases
.
In cultured fat cells, iron favored an IR, chara
cterised by impaired glucose uptake and suppression
[96,97]
of lipolysis in response to insulin
. Ferritin was
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inversely associated with adiponectin concentrations in
[98,99]
insulin resistant and sensitive patients
. Knockout
of FPN1 in adipocytes increased intracellular iron and
subsequently reduced adiponectin biosynthesis, thus
establishing a molecular link between adipocyte iron
[100]
concentration and insulin resistance
. Furthermore,
excess iron the diet may be routed to visceral adipose
tissue and change the expression of adipokines, as
[101]
demonstrated for resistin
Adipokines represent
a diverse group of hormones which mediate the
metabolic effects of diseased adipose tissue to organs
and tissues. Associations have been observed bet
ween retinol-binding protein 4 (RBP4) and visfatin
serum concentrations and parameters of iron meta
[102,103]
bolism
. However, these reports may reflect the
co-incidence of elevated iron stores with surrogate
[93]
markers of IR and do not prove causality .
Liver macrophages named Kupffer cells, which are
an important site of iron storage in NAFLD, are tightly
involved in the initiation of the hepatic inflammatory
cascade in response to the uptake of oxidized
[104]
[105]
lipoproteins
or oxidized phosphatidylcholines
.
It is well known that macrophage iron status affects
their inflammatory response pattern and polarization
[106]
towards a pro-inflammatory phenotype
, however,
the particular role of these potential interactions have
to our knowledge not been investigated in NAFLD.
Thus, the potential mechanisms of iron-induced
NAFLD disease progression are complex and involve
protean effects of iron in extrahepatic tissues as well
direct liver damage.

WHAT ARE THE MECHANISMS
UNDERLYING IRON ACCUMULATION IN
NAFLD?
Hepcidin is the key regulator of systemic iron
homeostasis and plays a role for the hemochromatotic
and the inflammatory driven misdistribution of iron.
Whereas the lack of hepcidin in hemochromatosis
leads to uncoordinated duodenal iron absorption and
iron accumulation in parenchymal tissues such as
[107]
the liver
. the inflammation driven iron retention
occurs mainly in monocytes/macrophages as a
consequence of increased iron accumulation and
reduced FPN mediated iron export from these cells,
the latter being due to increased circulating hepcidin
levels along with negative effects of certain cytokines
[108]
on FPN expression
. The histological hallmarks
of hemochromatosis, i.e., hepatocellular iron, and
also the inflammatory phenotype iron deposition
in macrophages are both observed concurrently,
suggesting that iron dysregulation is multifaceted
in NAFLD. Several stimuli of hepcidin regulation
have been reported which may be of particular
relevance in NAFLD and also be related to different
iron phenotypes. These stimuli and their relation
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Modifying factors

Iron deposition
liver inflammation
adipose tissue inflammation
(IL-6, TNF-α)
intestinal LPS
hyperleptinemia
ER-stress (A1AT-mutation?)
gluconeogenic signals
(PPARGC1A)

Oxidative stress
genetic mutations: HFE, betaglobin, TMPRSS6
liver cirrhosis/ESLD
hypoxia
sex hormones
growth factors, EGF, PDGF-BB

Effect on iron phenotype

Macrophage iron
accumulation
Increase

Hepcidin

Decrease
Hepatocellular iron
accumulation

Disease relevance

Cytokine production and activity
immunomodulation
pathogen response
inflammatory response
hepatocellular carcinoma

Increased
Oxidative stress
Lipid peroxidation
Hepatocellular necrosis
Fibrogenesis

Figure 1 Summary of the potential stimuli that may affect iron homeostasis in non-alcoholic fatty liver disease. Both, increasing and decreasing stimuli
have been reported in non-alcoholic fatty liver disease and it appears likely that the net balance of these frequently counteracting forces finally determines the iron
phenotype in the individual. Patterns of iron deposition may also be linked to distinct clinical consequences. IL-6: Interleukin 6; TNF-α: Tumor necrosis factor-α; LPS:
Lipopolysaccharide; ER: Endoplasmatic reticulum; A1AT: α-1-antitrypsin; PPARGC1A: Peroxisome proliferator-activated receptor gamma coactivator 1-α; TMPRSS6:
Transmembrane protease, serine 6; ESLD: End-stage liver disease; EGF: Epidermal growth factor; PDGF-BB: Platelet derived growth factor BB.

to NAFLD iron accumulation are summarized in
Figure 1. For several of these, like sex hormones,
growth factors and hypoxia-induced circulating
factors, the contribution to the dys-regulation of
iron homeostasis in NAFLD has not been directly
demonstrated but is physiologically plausible and
these have therefore been included in the summary
[109-112]
figure
. Additionally, alcohol consumption may
decrease hepcidin expression and thus modify iron
[113]
accumulation in NAFLD subjects
, and although
relevant alcohol consumption should be excluded in
NAFLD subjects both conditions frequently co-exist.
Thus, in NAFLD multiple, potentially counteracting
signals impacting on hepcidin expression may be
present at the same time. It is likely that the net
balance of these signals finally determines the pattern
of iron accumulation in the fatty liver of the individual
patient.
Hepcidin levels in urin, serum and liver were
elevated in NAFLD patients with iron excess compared
to healthy subjects, hemochromatosis patients
[28,114-116]
and NAFLD subjects without excess iron
.
Hepcidin expression correlated directly with liver iron
indicating an intact physiological response of hepcidin
[28,114]
biosynthesis to iron in the liver
. Additionally,
hepcidin is expressed in adipocytes of morbidly obese
[15]
subjects . Moreover, obesity is characterised by
a chronic subclinical inflammation and in humans
hepcidin concentrations and TNF-a were directly
related, suggesting that both iron and inflammation
[28]
contribute to hepcidin biosynthesis in NAFLD .
Furthermore, hepcidin and cytokines may be derived
[117,118]
from both, the inflamed adipose and the liver
.
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Activation of gluconeogenesis via starvation, namely
activation of peroxisome proliferator activated receptor
gamma co-activator-1 a (PGC1a) increased hepcidin
[34]
expression in a mouse model . Likewise, iron
fortification decreased gluconeogenesis via PGC1α in
[119]
a murine model
. Hence, although PGC1α offers
an intriguing cellular link between glucose and iron
homeostasis, its relevance to human NAFLD remains
to be elucidated. Leptin, was demonstrated to upregulate hepcidin in hepatocytes in vitro by activation
of the JAK2/STAT3 pathway. Hence, hyperleptinemia
may directly contribute to higher hepcidin and
[120,121]
thereby to iron deposition in NAFLD
.
In NAFLD with iron overload the iron exporter
FPN is lower than in controls and hemochromatosis
[28,114,122,123]
patients in the liver and in the duodenum
.
In NAFLD without liver iron accumulation, FPN levels
were comparable to control subjects, but were
significantly lower in NAFLD with hepatic iron on
[28]
histology . Along the same line of the observations,
duodenal iron absorption was decreased in DIOS
[124]
patients
. Obesity also represents a risk factor for
an inadequate dietary iron fortification, linked to high
[125]
hepcidin and low FPN expression
. Along this line
mice feed a high fat diet presented with significantly
reduced iron absorption which could be traced back
diminished intestinal iron uptake. Mechanistically,
the impaired iron absorption was independent of
hepcidin but resulted from reduced metal uptake into
the mucosa and transfer of iron across enterocyte
membranes as a consequence of dietary induced
discordant membrane-bound oxidoreductase expr
[126]
ession
.
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culprit in the rise of obesity-related conditions) with
low copper intake in triggering liver steatosis and
damage as well as iron overload. Fructose acts as
an inhibitor of duodenal copper absorption thereby
leading to impaired oxidant defense and augmented
[137]
lipid peroxidation
. As dietary copper content of the
Western diet is rather low whereas iron and fructose
are consumed in excess, this model offers attractive
data to speculate that a dysbalance in micronutrient
intake may have a significant role in NAFLD beyond
calorie excess. Hence, animal and human data
suggest that the therapeutic effect of dietary copper
supplementation should be investigated as a subset
of patients may potentially benefit.

An additional mechanism may be the phag
ocytosis of fragile erythrocytes by liver Kupffer cells.
This was documented in rabbits on a high-fat diet
and the phagocytosis of fragile erythrocytes was
observed in vitro. Accumulation of erythrocytes
was microscopically detected in inflamed regions in
[127]
human NAFLD
suggesting that uptake of hemeiron via erythrophagocytosis may contribute to
NAFLD iron accumulation, then promoting oxidative
stress and inflammation.
Although cellular iron uptake via TfR1 is the most
important route of iron uptake under physiological
circumstances TfR1 appears not to be involved in
[128,129]
excess iron uptake in NAFLD
. Hepatic TfR1
expression in NAFLD patients with low iron was
increased compared to NAFLD and iron accumulation
or patients with hemochromatosis suggesting
physiologically intact TfR1 expression in response to
[28]
iron stimuli
(Figure 2).

Copper affects NAFLD iron homeostasis

Copper modulates iron homeostasis and is also
linked to the iron perturbations of NAFLD. Hephaestin
ferroxidase activity in duodenal enterocytes is critically
dependent on copper as it oxidizes ferrous to ferric
[7]
iron which is subsequently loaded onto Tf . Similarly,
copper is necessary for ceruloplasmin function to
export iron from the liver or the RES and also for FPN
[138]
expression
. Expression of a membrane-bound
form of ceruloplasmin is mandatory for stable FPN
[139,140]
expression
. Accordingly, a lack of ceruloplasmin
as found in the heritable disease aceruloplasminemia
leads to tissue iron accumulation and damage most
[141]
notably in the brain
.
Low liver and serum copper concentrations were
reported in iron overloaded NAFLD and were linked
[122]
to decreased ferroxidase activity of ceruloplasmin
.
The expression of FPN was found to be decreased
in livers of rats on a copper deficient diet. These
observations provide evidence that in addition to
decreased FPN expression due to low-grade systemic
inflammation, low copper bioavailability contributes
to iron retention in NAFLD.

WHAT IS THE ROLE OF COPPER IN
NAFLD?
Similar to iron, an adequate supply of copper is ess
ential for proper biological function. Chronic copper
deficiency can elicit anemia, leucopenia, myelopathy
or skin abnormalities and excess copper may also
facilitate the formation of ROS.

Copper affects lipid and glucose metabolism

There are several ways in which inadequate copper
supply may be involved in the pathogenesis of NAFLD.
Epidemiological studies found that copper deficiency
is linked to atherogenic dyslipidemia and dietary
copper supplementation improved cardiovascular risk
[130]
markers in healthy adults
Investigations in rodent
models demonstrated that dietary copper restriction
induces hypertension or cardiac dysfunction, hypertrig
lyceridemia, hypercholesterolemia and modifies LDL
[131,132]
and VLDL composition
. We recently reported
low intrahepatic copper concentrations in human
NAFLD compared to other liver diseases and that
rats on a copper depleted diet developed IR and
[133]
liver steatosis
. Increased oxidative stress is consi
dered a key trigger in the pathogenesis of human
NAFLD and one of the enzymes counteracting
oxidative stress, Cu/Zn superoxide dismutase (SOD)
depends on adequate copper availability, suggesting
a potential link between copper availability and
[134]
impaired antioxidant defense in NAFLD
. SpragueDawley rats exhibited an increased activity of the
pro-inflammatory protein cyclo-oxygenase-2, when
[135]
fed a diet with a low copper content
. Systemic
copper deficiency causes mitochondrial dysfunction
in mice and similar morphological and functional
alterations have also been described in human
[136]
NAFLD
. Recently, a detailed examination revealed
an interaction of a high-fructose diet (which is also a
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WHAT IS THE THERAPEUTIC POTENTIAL
OF MODULATING IRON STORES IN
NAFLD?
Elimination of iron may confer a beneficial effect
on IR-associated conditions. Removal of iron using
phlebotomies is usually well tolerated, with the
caution that DIOS patients frequently show a
[142]
fast decline in TfS
. These clinical observations
are expected due to the underlying molecular
mechanisms of impaired iron export. The incidence of
diabetes, postprandial serum insulin and pancreatic
insulin sensitivity, i.e., beta cell function were al
improved in subjects with previous phlebotomy
[143]
treatment
. Iron removal also improved coronary
[144]
vascular dysfunction in patients with T2DM
and
endothelial function in patients with known coronary
artery disease and in subjects with primary iron
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Intestinal lumen
Increased food iron intake
Ggenetic factors
Unidentified co-factors of iron
absorption lead to body iron excess

Enterocytes

TNFa↑

Altered adipokine secretiondecreased adiponectin
AT insulin resistance
hyperglycemia
Blood stream
Increased serum lipids and
FFAs due to increased lipolysis

Hyperinsulinemia
Hyperglycemia
Hepatic insulin resistance

Iron redistribution to peripheral
tissues (VAT and muscle)
Augmented ER and oxidative stress
Inflammation
Decreased antioxidant defense
Fibrogenesis
Carcinogenesis
NAFLD

Hepatocyte

Mitochondrial dysfunction
Decreased ability to burn
carbohydrates

Kupffer cell

Figure 2 Summary of how iron excess and low copper availability may affect whole body glucose and lipid homeostasis. Iron excess may promote insulin
resistance in the liver, muscle and adipose tissue. Iron may increase ER and oxidative stress whereas low copper is potentially associated with an impaired antioxidant
defence. These factors may result in the propagation of inflammation, fibrogenesis and hepatocarcinogenesis. TNF-α: Tumor necrosis factor-α; ER: Endoplasmatic
reticulum; FFA: Free fatty acid; VAT: Visceral adipose tissue; AT: Adipose tissue.
[145,146]

overload
. Blood donations were linked to insulin
[46]
sensitivity even in healthy subjects . Studies on iron
depletion in NAFLD in humans have demonstrated
benefits regarding systemic or hepatic insulin resis
[142,147,148]
tance and pancreatic insulin sensitivity
. A
randomized trial demonstrated improved HbA1c,
insulin sensitivity and secretion subjects who rece
[149]
ived phlebotomy treatment
. The effects of iron
depletion were additive to successful lifestyle modifi
[150]
cations
. Similar observations were reported the
effect of iron depletion on other cardiovascular risk
[151]
factors
and iron removal may prevent develo
[152]
pment and progression of malignancies
.
As far as practical treatment of iron excess in
NAFLD patients with elevated ferritin is concerned,
available data suggest that iron removal may thus be
beneficial in addition to weight loss, diet and lifestyle
modification or antidiabetic medication as indicated in
an individual patient. We have adopted the practice to
perform biweekly phlebotomies in these subjects until
serum ferritin concentrations are between 50 and 100
ng/L, however, no evidence-based recommendation
for this is currently available. In contrast to hemoch
romatosis patients, NAFLD subjects have impaired
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iron mobilisation from storage sites and may there
fore develop anemia in response to phlebotomy
treatment. We therefore recommend close monitoring
of serum ferritin, TfS and hemoglobin at each visit
for the period of time while these patients are on
[26,153]
phlebotomy treatment
.

CONCLUSION
Elevated serum ferritin concentrations are a fre
quent finding in NAFLD. Excess iron is linked to
IR, accelerated disease progression and adverse
outcomes. Removing excess iron via phlebotomies
is safe and has clinical benefits. We suggest that on
the basis of available evidence it can be offered to
NAFLD patients as it is linked to improvement of IR
and inflammation. The mechanisms underlying iron
accumulation in NAFLD are tightly linked to impaired
iron export from liver cells as a consequence of low
expression of the iron export molecule FPN and
elevated hepcidin concentrations. Inflammation
of adipose tissue as indicated by TNF-α and IL-6
and altered adipokine secretion (leptin, resistin) or
hepcidin represent potent signals from diseased
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adipose tissue to dysregulate iron as well as glucose
or lipid homeostasis.
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showing a favorable safety and efficacy profile of
nucleos(t)ide analogue (NUC) treatment in the renal
transplant setting. Entecavir, a drug without major
signs of nephrotoxicity, appears to be the first option
for NUC naïve patients and tenofovir remains the
preferred choice for patients with previous resistance
to lamivudine or any other NUC. Renal transplant
recipients under antiHBV therapy should be monitored
for its efficacy against HBV but also for its safety with
a close renal monitoring. Studies including a large
number of patients with long term treatment and follow
up are still needed to better demonstrate the safety
and efficacy of newer NUCs in this population.

Abstract

INTRODUCTION

Chronic hepatitis B infection is frequent in renal
transplant patients. It negatively impacts long term
outcomes reducing graft and patient survival. Current
guidelines clearly define who needs treatment, when
to start, what is the first line therapy, how to monitor
treatment response, when to stop, and how patients
must be controlled for its safety. There is some data

Renal transplantation (RT) is the preferred treatment
for patients with end-stage renal disease (ESRD)
undergoing renal replacement therapy. Moreover, RT
improves quality of life and survival when compared
[1]
with remaining on the waiting list . In the last
twenty years, improvement in immunosuppressive
therapy resulted in a decline in acute rejection
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prevalence and in 1-year improvement in graft
survival. In spite of short-term survival, both longterm patients and graft survival has not improved as
[2,3]
expected . Cardiovascular diseases, malignancy
and infections are the most frequent determinants
of death in RT recipients. Liver failure appears as
the fourth cause of death in long-term survivors
[3-6]
after RT . In these patients liver failure is mostly
related to chronic viral hepatitis B (HBV) and C (HCV).
Both HBV and HCV negatively impact on renal
transplantation outcomes by reducing long term
graft and patient survival; the magnitude of this
impact may vary between these viruses and may
differ from different series. Treatment strategies of
these viruses are clearly different in patients with
ESRD. Nowadays HCV must be treated with Peginterferon combined with low dose ribavirin before
transplantation; in the near future new antivirals
will allow HCV treatment after renal transplantation.
Conversely, HBV can be treated with the same drugs
across all stages of chronic renal disease: before and
in dialysis, and after RT.
In the last decades HBV prevalence has decreased
in dialysis units due to the implementation vaccination
programs and infection control procedures. Today
it varies between 0% to 20% according to different
[7,8]
sources . But prevalence in RT patients tends to
vary and can be higher since some of these patients
were transplanted before these programs were
widely available. The present review focuses on the
current management of patients with HBV after renal
transplantation.

Chronic hepatitis B can be subdivided into HBeAg
positive and HBeAg negative chronic hepatitis B.
Inactive HBsAg carrier state: (1) HBsAg positive
for more than 6 mo; (2) HBeAg negative, antiHBe
positive; (3) Serum HBV DNA < 2000 IU/mL; (4)
Persistently normal ALT/AST levels; and (5) Liver
biopsy confirms absence of significant hepatitis.
Resolved hepatitis B: (1) Previous known history
of acute or chronic hepatitis B or the presence of
antiHBc with/without antiHBs; (2) HBsAg negative;
(3) Undetectable serum HBV DNA; and (4) Normal
ALT levels.
Concomitantly, the severity of liver disease
must be evaluated before RT usually by obtaining
a liver biopsy. There is some debate about the
better route to perform the liver biopsy given that
patients with ESRD undergoing hemodialysis have
an increased risk of bleeding associated with clotting
diseases, uremia-associated platelet dysfunction
and intradialysis antiaggregants and anticoagulant
[11]
treatments . Once transplanted this risk disappears
with the restoration of normal renal function. In
some centres the transyugular route is the preferred
one since is associated with less a reduced risk
of bleeding and pain, and may allow measuring
the hepatic venous pressure gradient (HVPG) for
[12,13]
confirming and grading portal hypertension
.
However in many centres the percutaneous trans
[14]
thoracic route is still widely and safely used .
There are some noninvasive tests to evaluate
the severity of liver fibrosis but they have not been
[11,15]
widely evaluated in dialysis and RT patients
.
FibroTest (FT) and liver stiffness measurement (LSM)
for noninvasive assessment of liver fibrosis had
been evaluated in RT patients with chronic HBV or
[16]
HCV infection . It had been reported that FT and
LSM are sufficiently accurate for diagnosing mild
liver fibrosis (≤ F2), but differed by 38.4% from
the histological data in patients with more severe
fibrosis (≥ F3); their predictive value for diagnosing
severe liver disease needs to be confirmed. More
information is needed in HBV infection to reco
mmend its use.
Once the HBV clinical situation and the severity
of liver diseases have been established, treatment
indication and possibility of RT has to be defined.
HBsAg positive patients receiving immunosuppressive
therapy after renal transplantation must antiHBV
prophylaxis or treatment (based on HBV DNA levels)
with a NUC.
In the general population HBV inactive carriers
[9,10]
do not need to be treated
. But RT candidates
who are inactive carriers have a higher risk of
reactivation after transplantation. In HBsAg posi
tive inactive carriers, treatment can be used
as prophylactic (HBV DNA undetectable, no
hepatocellular injury), preemptive (HBV DNA <
2000 IU/mL, no hepatocellular injury), and salvage

PRE-TRANSPLANT EVALUATION
Chronic HBV infected patients with ESRD must be
adequately evaluated before being transplanted.
Two key aspects must be taken into account:
evaluation of HBV status and the severity of liver
disease. Regarding HBV status, all HBsAg (hepatitis
B surface antigen) positive patients and all patients
with previous known history of acute or chronic
hepatitis B or the presence of antiHBc (hepatitis B
core antibody) with/without antiHBs (hepatitis B
surface antibody) require a full virological evaluation
including HBeAg (hepatitis B envelope antigen)
and antiHBe (hepatitis B envelope antibody)
determination and HBV DNA levels measurement.
This evaluation will allow classifying these patients
[9,10]
into different clinical situations
.
Chronic hepatitis B: (1) HBsAg positive for
more than 6 mo; (2) Serum HBV DNA ≥ 2000
4
5
(EASL)-20000 (AASLD) IU/mL (10 -10 copies/mL),
4
5
lower values 2000-20000 IU/mL (10 -10 copies/mL)
are often seen in HBeAg-negative chronic hepatitis
B; (3) Persistent or intermittent elevation in ALT/AST
levels; (4) Liver biopsy showing chronic hepatitis
with moderate or severe necroinflammation; and (5)
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Table 1 Dosage adjustment of nucleos(t)ide analogue for patients with reduced creatinine clearance
Recommended dosage

Dosage forms
Lamivudine[25]
Tablets: 100 mg
Oral solution: 10 mg/mL

> 50
30-49

Lamivudine[25]
100 mg once daily
100 mg first dose, then 50 mg once daily
100 mg first dose, then 25 mg once daily
35 mg first dose, then 15 mg once daily
35 mg first dose, then 10 mg once daily
Adefovir[26]
10 mg every 24 h
10 mg every 48 h
10 mg every 72 h
10 mg every 7 d following dialysis
Telbivudine[27]
600 mg every 24 h
600 mg every 48 h
600 mg every 72 h
600 mg every 96 h following dialysis
Entecavir[28]
Entecavir in Lamivudine-Refractory[28]
0.5 mg once daily
1 mg once daily
0.25 mg once daily OR
0.5 mg once daily OR
0.5 mg every 48 h
1 mg every 48 h
0.15 mg once daily OR
0.3 mg once daily OR
0.5 mg every 72 h
1 mg every 72 h
0.05 mg once daily OR
0.1 mg once daily OR
0.5 mg every 7 d following dialysis
1 mg every 7 d following dialysis
Tenofovir[29]
300 mg every 24 h
300 mg every 48 h

10-29
Hemodialysis

300 mg every 72 to 96 h
300 mg every 7 d or after approximately 12 h of dialysis

Creatinine clearance (mL/min)
> 50
30-49
15-29
5-14
<5
> 50
30-49
10-29
Hemodialysis
> 50
30-49
10-29
Hemodialysis
> 50
30-49
10-29
Hemodialysis

therapy after reactivation (HBV DNA > 2000 IU/mL,
with hepatocellular injury). Even if the prophylactic/
preemptive initiation is the generally accepted
treatment, the data comparing these treatments are
[17]
few . All RT candidates with chronic HBV need to be
[9,10]
treated before transplantation with NUCs
. Patients
with resolved HBV have a low reactivation risk in the
[18-20]
RT setting varying between 0.6% to 6%
. Since
there is a low reactivation risk in HBsAg negative
patients, universal prophylaxis is not recommended in
them. Among antiHBc positive patients, those having
low antiHBs titers (< 100 IU/mL) have the higher risk
of reactivation. Even though there is limited evidence,
repeat vaccination may be considered for this group.
Current HBV DNA tests allows to diagnose true occult
infection in patients with isolated antiHBc positive
serology. There is not enough information about the
absolute risk of reactivation in this sub-population, so
[21]
it is unclear whether prophylaxis is beneficial .
The severity of liver disease will determine if
the patient is a good candidate for RT or not. Evid
ence of decompensated liver disease (ascites,
encephalopathy, variceal bleeding, etc.) precludes
RT and is a clear indication of combined liver-renal
transplantation (LRT). The presence of compensated
cirrhosis with signs of portal hypertension is also
an indication for LRT. Cirrhotic patients without
portal hypertension must be carefully evaluated

WJH|www.wjgnet.com

Adefovir[26]
Tablets: 10 mg
Oral solution: not available

Telbivudine[27]
Tablets: 600 mg
Oral solution: 100 mg/5 mL

Entecavir[28]
Tablets: 0.5 mg and 1 mg
Oral solution: 0.05 mg/mL

Tenofovir[29]
Tablets: 300 mg
Oral powder: 40 mg per 1 g of oral
powder

for RT since cirrhosis is correlated with an higher
[22]
mortality risk . Non cirrhotic patients are adequate
candidates for RT.

TREATMENT
There are many guidelines regarding HBV treatment.
Patients with ESRD and RT can be considered a
special population and there are particular recomm
endations for them that may vary from those
[9,10,15,23]
implemented in the general population
.
Patients with chronic hepatitis B are candidates for
treatment and those inactive hepatitis B carriers are
candidates for prophylactic or preemptive therapy.
There are two main treatment options in hepatitis
B: interferon and NUCs. Interferon therapy has
many disadvantages when compared with NUCs:
poorly tolerated due to side effects, limited efficacy
in this populations, subcutaneous administration
[24]
and there is certain risk of graft rejection . So,
there is agreement that in RT patients with chronic
HBV infection interferon based therapy should be
[15,21,23]
avoided
. On the contrary, NUCs have a high
antiviral potency, have a good safety and tolerability
profile and can be orally administrated. These drugs
can be easily used in RT and doses can be adjusted
[25-29]
according to creatinine clearance
(Table 1). The
main limitations of NUCs include the need for long-
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term therapy, which may be for indefinite time in
HBeAg negative patients; the risk of development of
NUC’s resistant viral strains; and the unknown safety
[11]
profile with long-term treatment .
Regarding NUCs, there are five drugs currently
approved for HBV treatment: lamivudine (LAM),
adefovir (ADV), telbivudine (LdT), entecavir (ETV)
and tenofovir disoproxil fumarate (TDF). Treatment
with TDF or ETV is preferable to LAM in NUC naïve
patients, since they are more effective due to a
high antiviral potency and have a high barrier to
resistance reducing the risk of drug resistance and
[9,10,15,21,23]
treatment failure
.
Since LAM was the first NUC approved for clinical
use, it has yielded the majority of data on the
management of HBsAg-positive renal transplant
recipients. Several observational studies have shown
[15]
that LAM can improve liver function . A metaanalysis including 14 prospective cohort studies
(184 patients) showed that LAM normalized ALT
levels in 81% (95%CI: 70%-92%), cleared HBVDNA in 91% (95%CI: 86%-96%) cleared HBeAg
in 27% (95%CI: 16%-39%) of the patients. In
most studies (11 of 14) LAM was administered for
[30]
6 to 12 mo . Even though LAM was associated
[31]
with significantly improved patient survival ,
prolonged treatment is associated with progressive
increase in drug resistance and the cumulative
probability of developing LAM resistance (LAM-R)
[30,32,33]
was approximately 60% after 69 mo
. LAM-R
leads to treatment failure and can be associated
with progressive liver disease and a negative impact
in patient and graft survival. Fortunately today there
are good treatment options for LAM-R. Given that
there are better options for HBV treatment, LAM
cannot be consider within the first treatment choices
[9,10,15,21,23]
for these patients
.
Adefovir was the second available oral drug for
HBV treatment infection. It has similar antiviral
activity against both LAM-R and wild-type HBV, but
it may be nephrotoxic (especially in high doses).
Currently its major clinical application is as add
on therapy for the management of lamivudineresistance since it has lower antiviral activity than
[9,10,15]
ETV and TDF for naïve patients
.
There have been reports on ADV short-term
efficacy either as mono- or add-on therapy in
[34-39]
LAM-R RT patients
. One year ADV monotherapy
showed a significant viral response in 11 patients
with a median HBV DNA decline of 5.5 log10. Only
one patient cleared HBV DNA, one of the six HBeAg
positive patients cleared HBeAg but without antiHBe
seroconversion; none cleared HBsAg. Importantly,
there were no significant clinical and laboratory
[34]
adverse events . ADV as add-on therapy to LAM
resulted in significant HBV suppression LAM-R RT
[38,39]
recipients
. In 11 ADV add on treated patients,
HBV DNA was undetectable in 80%-83% after 36 to
[38]
42 mo . However, six patients (54%) had to lower
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ADV dose due to a decline in glomerular filtration
[38]
rate after a median of 11 mo (range: 9-42) . After
12, 24 and 36 mo of ADV treatment treatment
35.7%, 42.8% and 88.0% of treated patients cleared
HBV DNA; there was no virological breakthrough and
92.8% of patients achieved normal ALT levels after
[39]
12 mo of treatment . Patients treated with add-on
ADV therapy tended to normalize ALT levels and to
reduce HBV DNA levels more effectively than those
[39]
treated with ADV monotherapy . In this study 29%
of the participants developed moderate to severe
[39]
renal failure .
However, when compared with treatment-naïve
the virological response could be fluctuating and
[40]
relatively slow in LAM-R patients . Nevertheless,
rescue therapy with ADV resulted in significantly
better viral suppression and liver biochemistry
compared with continuation of LAM (75% vs 14.3%
had persistent normalization of ALT), and the clinical
[31]
response was sustained for at least 24 mo .
Evidence of nephrotoxicity in the absence of proximal
tubulopathy, despite dosage adjustment, was
frequently observed, and could necessitate treatment
[38,39]
discontinuation
. ADV has a low antiviral potency
at the currently approved dose and its efficacy could
be further reduced with dose adjustment according
to renal dysfunction. For these reasons ADV is not a
first line option for naïve patients and its benefits for
LAM-R may be less when compared with TDF.
There are currently no results about telbivudine
treatment in RT recipients but it would be worthwhile
to explore the use of this agent in treatmentnaïve kidney allograft recipients given its relatively
low resistance rate, lack of nephrotoxicity, and
the relatively lower cost compared with other
[40]
nucleoside/tide analogues .
Entecavir is one of the first line treatment options
[9,10]
for HBV
. This drug has a high antiviral potency,
a high genetic barrier for resistance and a good
safety profile. It is very effective for treatment
naïve patients but has a lower efficacy for LAM-R
patients, and it is not the first option for this latter
[9,10,15]
population
. A recent 2-year prospective study
included 27 RT patients, 18 (67%) were treatment
naïve and 9 (33%) had been previously treated with
LAM but had no resistant mutations. ETV cleared
HBV DNA in 70%, 74%, 96% and 100% of patients
[41]
after 12, 24, 52 and 104 wk respectively . There
was no change of creatinine clearance, and no
episodes of lactic acidosis or muscle damage during
treatment. There were higher rates of undetectable
HBV DNA levels in ETV treated than LAM treated
patients (32%, 37%, 63% and 63% at 12, 24,
[41]
52 and 104 wk, respectively; P < 0.005) . In an
analysis excluding 9 patients from the ETV group
who were also LAM experienced, the remaining 18
ETV naïve subjects exhibited a better virological
response at 52 and 104 wk than 19 previously
[41]
treated with LAM (P < 0.05) .
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Other studies reported results with ETV in
cohorts including both naïve and LAM-R patients,
[42-45]
unfortunately with limited number of patient
.
Experience regarding the use of ETV in RT recipients
who had developed LAM- or ADV-resistance had
been examined in a small study with 10 solid
organ transplant recipients (8 kidney allograft
[42]
recipients) . Treatment with ETV resulted in an
appreciable drop in HBV DNA levels and a 50% HBV
undetectability in both HBeAg positive and HBeAg
negative patients after 16.5 mo of treatment without
[42]
significant changes in glomerular filtration rate .
In our small experience we reported ETV use in 11
patients with several chronic renal diseases: 1 with
[43,44]
stage 4 CKD, 7 in dialysis, and 3 RT recipients
.
HBV DNA was cleared in 54.5% (n = 6); 77.7%
of HBeAg-positive patients (7/9) seroconverted
to antiHBe positive; and only one patient (9.1%)
showed antiHBs seroconversion. There were no
significant changes in renal or hematological
[43,44]
biochemical parameters
. In the most recent
report, twenty-one RT patients (10 treatment naïve,
11 with LAM resistance) were treated with ETV for
[45]
34.7 ± 22.9 mo (range 6-75 mo) . The cumulative
rate of HBV DNA undetectability at 12, 24, and 36
mo was 60%, 100%, and 100% for treatment naïve
group, and 27%, 45%, and 45% for LAM-R group,
respectively. Genotypic resistance to ETV emerged
after 20.0 ± 3.5 mo with increase in ALT and HBV
DNA in two patients with LAM-R, but was not
observed in the treatment-naïve group. There were
[45]
no significant changes in glomerular filtration rate .
Also, ETV was used in RT patients who developed
[46]
hepatic flares duo to the appearance of LAM-R .
Four patients were treated with ADV and two with
5
ETV. After 18 mo, HBV DNA was < 10 copies/mL in
2
4 subjects and < 10 copies/mL in 1 subject. There
were no remarkable adverse events and no changes
[46]
in renal function . ETV appears as one of the best
options for NUC naïve RT patients; it is less effective
in LAM-R and better options are available.
Tenofovir was the last NUC to be approved for
HBV monoinfection and is the other first line option
[9,10,15]
together with ETV
. It has a high antiviral
potency, a high genetic barrier for resistance and a
[9,10,15]
good safety profile
, but there is some concern
[47]
about its potential nephrotoxicity . There is little
data in the renal transplant setting: only one study
reports the results of three RT treated patients
together with 3 liver, and 1 heart transplant
[48]
recipients . HBV DNA viral became significantly
decreased and 3 patients cleared HBV DNA at the
end of the study period. There were no adverse
events related to tenofovir treatment. No episodes of
acute rejection were reported under therapy. There
were no statistically significant changes in renal
function represented by stable creatinine levels,
estimated creatinine clearance, serum phosphorus
[48]
level, or daily microalbuminuria level . TDF appears
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as one of the best options for both NUC naïve and
LAM-R RT patients; treatment results have to be
extrapolated from the general population since there
is little experience in RT.

TIMING OF INITIATION OF TREATMENT:
PREEMPTIVE OR PROPHYLACTIC
THERAPY
Patients with chronic renal disease go through
different phases: varying stages of renal failure,
ESRD, hemodialysis (HD)/peritoneal dialysis (PD),
and transplantation. Once transplanted could suffer
various kidney disease and finally lose the graft
and return to dialysis. HBV infection will go with the
patient along the road. The timing of HBV treatment
initiation may vary depending on the stage of renal
disease.
Patients undergoing HD or PD who are not
RT candidates can start NUC therapy if HBV DNA
levels are ≥ 2000 IU/mL regardless of ALT levels,
especially if they have moderate fibrosis in the liver
biopsy (METAVR score F ≥ 2) or estimated by a non[11]
invasive methods .
All HBsAg-positive RT recipients are considered
candidates for NUC treatment. RT candidates
with HBV DNA levels > 2000 IU/mL must initiate
treatment at HBV diagnosis, those with HBV DNA
≤ 2000 IU/mL should start therapy at least 2
wk before RT. NUC therapy has to be continued
indefinitely as long as the patients are under any
[9,10,11,15]
immunosuppressive treatment
. It should be
remembered that compensated cirrhotic patients
are not candidates for RT, and cirrhotic patients with
decompensated disease should be evaluated for
[11,49]
combined liver-kidney transplantation
.
As previously mentioned, RT candidates who
are inactive carriers have an increased reactivation
risk after transplantation. In this subgroup of HBs
Ag positive patients treatment can be used as
prophylactic (HBV DNA undetectable, no hepat
ocellular injury), preemptive (HBV DNA ≤ 2000 IU/
mL, no hepatocellular injury), and salvage therapy
after reactivation (HBV DNA > 2000 IU/mL, with
hepatocellular injury). Even if the prophylactic/
preemptive initiation is the generally accepted
treatment, the data comparing these treatments are
few. The disappearance of viral load is a prerequisite
for a HBV positive patient on hemodialysis to be
enrolled in the RT list. Therapy with ETV, TDF or LAM
on adjusted doses for renal function is included in the
current guidelines for prophylaxis of HBV positive RT
candidates. The optimal NUC regimen has not been
proposed yet, so prophylaxis may start before or at
[9,10,15,50]
the time of RT and continue thereafter
. ETV
should be the first line option for avoidance of short
term resistance and ADV nephrotoxicity, while TDF
[9,10,50]
had better be applied in case of LAM-R
.
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Lamivudine is the most extensively drug used in
prophylactic/preemptive therapy in RT patients. In a
small study, LAM given as either prophylactic or preemptive treatment was proven superior to salvage
[51]
therapy when liver dysfunction is evident . None
of the HBsAg positive patients receiving prophylactic
or pre-emptive therapy developed reactivation,
while 50% of the patients not been treated suffered
[51,52]
reactivation
. These results were confirmed by
others, but there is some controversy about the
clinical impact of prophylactic/preemptive therapy
[51-55]
vs salvage therapy
. One study showed that
there was no differences in survival between HBsAg
positive RT patients treated preemptively with LAM
and HBsAg negative controls. HBsAg positive patients
transplanted without preemptive therapy had in
increased mortality rate [relative risk of death, 9.7 (P
< 0.001); relative risk of liver-related mortality, 68.0
[53]
(P < 0.0001) . Twenty five RT candidates received
pre-transplantation prophylactic/preemptive NUC
therapy, 22 (88%) were treated with LAM and 3
[54]
(12%) with ETV . When compared with a historical
control group NUC treated patients has a significant
improvement in 10 year graft (82% vs 34%) and
patient (91% vs 57%) survivals. There was no liverrelated death in NUC treated patients. In contrast,
in untreated controls patient death (68%) was the
most frequent cause of graft failure, which was
mostly caused by liver diseases. Prophylactic and
preemptive therapy resulted in the same graft and
patient survival, but patients receiving preemptive
therapy had a higher HBV reactivation incidence.
NUC treatment was independently associated
[54]
with better patient survival (P = 0.005) . On the
contrary, a retrospective analysis using LAM in the
majority of patients found no benefit of prophylactic/
[55]
preemptive treatment . Ninety four RT candidates
were evaluated, 56 received antiviral prophylaxis
(Group 1), 51 with LAM and 5 with ETV, and 38 did
not (Group 2). In group 2 20 patients experienced
HBV reactivation: 16 received LAM, 2 received ETV
and 2 received no antiviral treatment. Using the
Cox-regression model, prophylactic treatment did
not improve patient survival (OR = 1.29, 95%CI:
0.37-4.49, P = 0.693), graft survival (OR = 1.25,
95%CI: 0.45-3.46, P = 0.666) or reduce the risk of
hepatic decompensation (OR = 2.01, 0.35-11.57,
[55]
P = 0.434) . LAM-R occurred in 21 LAM-treated
Group 1 and 4 LAM-treated Group 2 patients (P =
0.243), with mean times of resistance after RT of 82
[55]
and 132 mo, respectively (P = 0.001) .
A recent retrospective study compared both
[17]
treatment strategies . It included 58 HBsAg
positive RT recipients: 24 in the prophylactic group
(all patients used LAM) and the 34 in the preemptive
group (32 patients used LAM and 2 patients used
ETV). The graft/patient survival rates for HBsAg
positive were the same as those of hepatitis-free
recipients (P = 0.18). In the prophylactic group,
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there were fewer hepatic dysfunctions (12.5% vs
30%, P = 0.12), viral breakthroughs (16% vs 32%,
P = 0.17) and elevated alanine aminotransferase
concentrations (37% vs 52%, P = 0.24), however
these differences were not statistically significant.
In the prophylactic group, one patient was switched
to ETV and then to TDF due to partial response
finally achieving complete virological response. In
the preemptive group, LAM was withdrawn and
changed to TDF in 3 patients and to ADV in another
one achieving an adequate virologic/biochemical
response. These NUCs were almost as safe as LAM,
as there were no significant differences among
proteinuria and estimated glomerular filtration
[17]
rate .
Results from these studies support the clinical
guidelines recommendations: prophylactic or
preemptive therapy with NUCs provides comparable
graft/patient survival with hepatitis-free RT reci
pients and may be better in preventing hepatic
dysfunction than salvage therapy. Given its high risk
for developing resistant mutations, LAM is no longer
a first option, and ETV should be the first one. TDF
can be an effective and safe treatment for LAM-R in
[9,11,15,21,56]
RT recipients (Figure 1)
.

TREATMENT IMPACT ON LONG TERM
EVOLUTION
In the last years, several cohort studies had dem
onstrated that HBV infection is associated with
higher patient mortality and risk of graft failure
[15,40,50,57]
in RT patients
. These results had been
[58,59]
validated in two meta-analysis
. The first metaanalysis was published in 2005 and included 6050
patients from six observational cohort retrospective
studies. Pooled results showed that HBsAg positive
status was a significant predictor for death (RR =
2.49, 95%CI: 1.64-3.78) and for graft loss after
RT, when compared to seronegative patients (RR
= 1.44, 95%CI: 1.02-2.04) (homogeneity test, P
[58]
< 0.0001) . These results have been updated in
2014: ten observational studies involving 82690
unique RT recipients were included. In this study,
HBsAg positive status was associated with an
increase risk for all-cause mortality (adjusted RR =
2.214, 95%CI: 1.56-3.137, P < 0.0001) and for allcause graft failure (aRR = 1.44, 95%CI: 1.26-1.63,
[59]
P < 0.0001) . Both meta-analyses of observational
studies concluded that untreated RT HBsAg positive
patients have an reduced patient and graft survival.
As previously mentioned oral NUC therapy safely
and effectively can suppress HBV replication in
RT recipients. Several studies had shown that this
antiviral effect may impact on long term graft and
[31,54,60-62]
patients outcome
. In 63 LAM treated HBsAg
positive RT recipients 10-year survival rate was 81%
and such results were nearly comparable to HBsAg
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HBsAg + RT candidate

Pretransplant assessment including HBV DNA, HBeAg stauts,
grading of liver fibrosis (liver biopsy or non-invasive)

HBV DNA undetectable

Prophylactic
therapy

HBV DNA < 2000 IU/mL

HBV DNA > 2000 IU/mL

Preemptive
therapy

NUC Naive: ETV
Resistance to any NUC: TDF

NUC Naive: ETV
Resistance to any NUC: TDF

Decompensated liver disease

Assess for combined LRT

Treatment

NUC Naive: ETV
Resistance to any NUC: TDF

Figure 1 Treatment algorithm for management of renal transplant candidates with chronic hepatitis B virus infection. RT: Renal transplantation; LRT: Liver
renal transplantation; NUC: Nucleos(t)ide analogue; ETV: Entecavir; TDF: Tenofovir disoproxil fumarate.
[31]

negative patients . Initiating treatment with LAM
is associated with a 62% chance of developing drug
resistance after 4 years of continuous therapy. Six
months after beginning rescue therapy with ADV or
ETV, HBV DNA decrease three-log in 75% of patients
without significant adverse effects. When compared
with untreated patients, those treated with NUCs
showed a significant improvement in survival after
20 years of follow up (34% vs 83% respectively,
P < 0.006). Even though NUC therapy reduced
overall mortality by reducing liver related disease
(P < 0.036), 40% of death in chronic HBV infected
patients are still related to liver complications
and 22.2% of them developed in patients being
[31]
treated .
Forty two RT patients were treated for long term
with different NUCs regimens: at the end of follow
up 18 patients were receiving monotherapy (9 LAM,
2 ADV, and ETV) and 24 combination therapy (11
LAM + ADV, 2 LAM + TDF, 4 ETV + ADV, 6 ETV +
[60]
TDF and 1 TDF + emtricitabine, FTC) . At the
end of the study 100% (18/18) of patients under
monotherapy and 87.5% (21/24) of patients under
combination therapy cleared HBV DNA. The 3
patients (12.5%) in the combination therapy group
with detectable HBV DNA, had HBV DNA levels
below300 IU/mL. At the end of follow up, 92.8%
of the entire cohort had cleared HBV DNA. Patient
survival was 97.6% at 10 years, 95.2% at 15 years,
and 90.4% at 20 years after renal transplantation,
while graft survival was 100% at 5 years, 97.6% at
10 years, 95.2% at 15 years, and 88.1% at 20 years
after renal transplantation. At the end of the study,
8 patients (19.04%) died and 1 received a liver
transplantation due to end stage liver disease. Four
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deaths were liver related: 4 patients (3 cirrhotics
and 1 with only mild fibrosis at baseline) developed
an hepatocellular carcinoma (HCC) despite complete
virological response; three of the other patients died
[60]
of non liver cancer and the remaining from stroke .
During the study, 11.9% (6/42) of patients returned
to dialysis due to chronic rejection leading to graft
failure. The NUC dose was modified according
to creatinine clearance in 45.2% (19/42) of the
[60]
patients .
Thirty RT patients underwent long term NUC
therapy; at the end of follow up 25 were still alive and
being treated and 24 were HBV DNA non detectable.
Eight patients were receiving LAM monotherapy, 1 on
ETV, 1 on TDF, 6 on LAM + ADV combination and 9
[61]
LAM + TDF . Five patients died from no liver related
disease and 9 returned to dialysis after graft failure
due to chronic allograft nephropathy. In this cohort,
10 year patient survival was 92% and 10 year graft
survival was 86%. There were no renal adverse
[61]
effects related to ADV/TDF therapy .
Twenty five patients received pre-RT treatment
with LAM (22 patients) and ETV (3 patients): 18
were HBV DNA undetectable (prophylactic group)
and 8 were HBV DNA positive (preemptive group),
[54]
and were compared to a historical control group .
Unadjusted 10-year graft survival rates in the
treatment cohort vs historical control cohort were
81.8% and 34.3%, respectively (P = 0.003). Graft
lost occurred more frequently in the historical con
trol than in the treated cohort (70.3% vs 4.3%,
respectively); this was mainly related to patient
death. Treated patients showed a better 10-year
patient survival than the control group: 90.0%
vs 57.4%; P = 0.013. Pre-transplantation NUC
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Table 2 Definition of response to nucleos(t)ide analogue antiviral therapy of chronic hepatitis B
Category of response
Biochemical (BR)
Virologic (VR)

Primary non-response
Virologic relapse

Histologic (HR)

Complete (CR)
Time of assessment
On-therapy
Maintained
End-of-treatment
Off-therapy
Sustained (SR-6)
Sustained (SR-12)

Decrease in serum ALT to within the normal range
Decrease in serum HBV DNA to undetectable
levels by PCR assays, and loss of HBeAg in
patients who were initially HBeAg positive
Decrease in serum HBV DNA by 2 log10 IU/mL
after at least 24 wk of therapy
Increase in serum HBV DNA of 1 log10 IU/mL
after discontinuation of treatment in at least
two determinations more than 4 wk apart
Decrease in histology activity index by at least 2
points and no worsening of fibrosis score
compared to pre-treatment liver biopsy
Fulfill criteria of biochemical and virological
response and loss of HBsAg
During therapy
Persist throughout the course of treatment
At the end of a defined course of therapy
After discontinuation of therapy
6 mo after discontinuation of therapy
12 mo after discontinuation of therapy

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

treatment was an independent factor for the
improved patient survival [odds ratio (OR) = 0.052;
P = 0.005]. Liver-related disease was the main
cause of death in the historical control cohort (84.6%
of the cases); sepsis was the second most frequent
[54]
cause (15.4% of the cases) . Overall, graft (100%
vs 71.4%) and patient survivals (100% vs 85.7%)
[54]
were similar in the 2 treated cohorts (P = 0.601) .
Only one study showed some conflicting results
[62]
on NUC therapy impact in patients’ survival . The
study included 94 HBV-positive and 282 age/sexmatched HBV negative RT patients: 56 patients
received an antiviral agent for prophylaxis (LAM 51,
ETV 5), and other 18 for HBV reactivation. Although
the patient survival rate was lower for HBV positive
than HBV negative RTRs (89% vs 94% at 5 years,
78% vs 88% at 10 years, P = 0.031), there was
no difference in graft survival between the two
groups (86% vs 92% at 5 years, 73% vs 81% at 10
years, P = 0.113). In multivariate analysis, HBsAg
positive status was a significant risk factor for death
(OR = 2.19, 95%CI: 1.14-4.20, P = 0.019), but
not significant for graft loss (OR = 1.64, 95%CI:
[62]
0.94-2.86, P = 0.079) . HBeAg and HBV DNA
Pretransplant status was not available for all the
patients. Of the 26 HBeAg-positive patients, 14 were
receiving antiviral prophylaxis at transplantation:
8 showed reactivation while 6/12 of the untreated
developed reactivation. All survived with stable
liver chemistry, except for one dying form an HCC.
Of 57 HBeAg-negative patients, 35 were started
on antiviral prophylaxis at transplantation: 14
showed reactivation while 14/22 of the untreated
developed reactivation. Among them, 12 died,
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whereas the remaining 45 survived without hepatic
[62]
dysfunction . Even though treated patients showed
a reduced survival, it appears to be better than the
survival reported in untreated patients.
NUC therapy in HBsAg positive RT patients is
associated with a higher long term patient and graft
survival rate. Studies have some limitations since
most of the used LAM, which is not the best treatment
option. More potent NUCs may add some benefit over
LAM, but this still has to be demonstrated. Salvage
therapy with TDF or ADV is safe and effective in
patients developing LAM-R. Despite this clear benefit,
all HBV infected patients must be closely follow up
and HCC screening must be performed every six
months, since the risk of HCC development may not
entirely disappears even in the presence of virological
[60,63]
response
.

DURATION OF THERAPY AND
EVALUATION OF RESPONSE
In RT patients it is unclear what is the optimal
treatment extent that assures long term viral supp
ression, preserving adequate liver function with
[15]
the minimal risk of viral resistance development .
Current guidelines clearly define how to monitor
on treatment response, what are the therapeutic
endpoints and when it is possible to stop treatment
[9,10]
(Table 2)
. In the case of NUC therapy, there are
some terms regarding resistance that have also
been defined. These is particularly important in
this population, since some patients had initiated
treatment long time ago with old NUCs such as LAM
[9,10]
(Table 3)
.
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Table 3 Definition of terms relating to antiviral resistance to nucleos(t)ide analogue treatment
Term

Definition

Virologic breakthrough
Viral rebound
Biochemical breakthrough
Genotypic resistance
Phenotypic resistance

Increase in serum HBV DNA by > 1 log10 (10-fold) above nadir after achieving virologic response, during continued
treatment
Increase in serum HBV DNA to > 20000 IU/mL or above pretreatment level after achieving virologic response, during
continued treatment
Increase in ALT above upper limit of normal after achieving normalization, during continued treatment
Detection of mutations that have been shown in “in vitro” studies to confer resistance to the NA that is being
administered
In vitro confirmation that the mutation detected decreases susceptibility (as demonstrated by increase in inhibitory
concentrations) to the NUC administered

NUC: Nucleos(t)ide analogue.

The duration of treatment depends on HBeAg
status. HBeAg positive patients should be treated
until HBV DNA and HBeAg are cleared and antiHBe
seroconversion develops. Additional treatment, also
known as “consolidation therapy”, is needed for
at least 6 to 12 mo after antiHBe seroconversion
to prevent virological relapse. It is recommended
to closely monitoring for relapse after treatment
withdrawal. Relapse, even in patients achieving
adequate virological response is a possibility, but
[64]
their rates tend to be low . HBeAg negative patients
[9,10]
should treated until HBsAg clearance is achieve
.
These recommendations might be applied to
treatment in RT recipients to ensure treatment
success, but outcomes after NUCs withdrawal in RT
immunosuppressed patients is unknown.
A small recent study evaluated the long term
results in HBV positive RT patients after NUC
[65]
treatment discontinuation . Fourteen patients
treated with LAM (11 patients), ADV (1 patient),
ETV (1 patient), and LdT (1 patient) were included
in this study. Patients were allowed to discontinue
treatment if they have all of the following: (1) no
clinical and histologic evidence of cirrhosis; (2)
normal liver biochemistry; (3) negative for both
HBV DNA and HBeAg; (4) no viral resistance; (5)
antiviral therapy > 9 mo; (6) maintenance dosage
of immunosuppressant for > 3 mo; and (7) no
[65]
history of acute rejection during recent 6 mo .
All patients were followed at 3 to 6 mo interval for
liver biochemistry, viral serology, and HBV DNA
level after treatment discontinuation. In 6 (42.9%)
of 14 patients who meet the pre-specified criteria
treatment was discontinued. In 4 of them (66.7%)
it was successfully discontinued and HBV DNA was
still undetectable for a median 60.5 mo (range,
47-82 mo). In the other 2 patients HBV reactivated,
but HBV DNA was again cleared after immediately
[65]
resuming NUC therapy . On the contrary, in LAM
treatment discontinuation in 19 RT recipients after
2 years of treatment without adequate virological
[66]
response, relapse rate was high (75%) . Even
though evidence is scarce, it seems that in certain
RT patients, after complete viral suppression
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and sufficient duration, antiviral therapy can be
successfully and safely withdrawn.

IMPACT OF NUCLEOS(T)IDE ANALOGUES
ON RENAL FUNCTION
Nucleos(t)ide analogues are primarily eliminated
without changes in the urine following ingestion,
and appropriate dose modifications are proposed for
patients with impaired renal function (eGFR < 50
mL/min) (Table 1). Treatment guidelines recommend
that all patients initiating NUC treatment should be
tested for serum creatinine levels and estimated
creatinine clearance before therapy; and baseline
[9,10]
renal risk should be assessed for all of them
.
High baseline renal risk includes one or more of the
following clinical situations: decompensated cirrhosis,
creatinine clearance < 60 mL/min, poorly controlled
hypertension, proteinuria, uncontrolled diabetes,
active glomerulonephritis, concomitant nephrotoxic
medications and solid organ transplantation. In
consequence, RT recipients may have many of these
basal renal risk factors.
In clinical trials outside renal transplant setting,
minimal decline in renal function have been showed
with all NUCs, except for LdT which appears to
[67,68]
improve renal function
. Impact of LdT on renal
function was analyzed from a database including
all patients treated in the GLOBE Study (2 years),
in the long term extension study CN04E1 (4 to 6
years) and in patients with decompensated cirrhosis
[69]
(2 years) . Renal function improved in LdT treated
patients in GLOBE trial (+8.5% increase in mean
eGFR,) and it was sustained for 4 to 6 years. Impro
vement in renal function in LdT treated patients
was also observed in those at increased risk for
renal impairment: patients with baseline eGFRs
2
of 60-89 mL/min per 1.73 m (+17.2%), > 50
years (+11.4%), and with advanced liver fibrosis
or cirrhosis (+7.2% for patients with Ishak fibrosis
score 5-6). In patients with the highest renal risk
such as decompensated cirrhotics, eGFR was also
improved with LdT (+2.0%). In patients who
received 2 years of LAM in GLOBE/015 studies and

197

February 27, 2015|Volume 7|Issue 2|

Ridruejo E. NUC treatment in RT patients
rolled over to extension study to receive LdT for 2
additional years, eGFR also improved after treatment
[69]
switch (+8.9%) . Although this data may suggest
that LdT may be renal protective, it is not clear
whether this protective effect is specific to this NUC.
This potential benefit, particularly relevant in the
RT population, does not overcome the high risk of
treatment resistance and neuromuscular adverse
events. As previously mentioned, this beneficial
safety profile does not support the use of LdT as a
[69]
first-line NUC in hepatitis B treatment .
Nucleotide, specially ADV, appear to be more
[70-74]
nephrotoxic than nucleoside analogues
. In a
real-life setting study, 145 patients ADV treated
patients were compared with 145 untreated
[71]
patients regarding its impact on renal function .
During follow-up, 30% of ADV treated patients
show a mild decrease in renal function (10%-20%
reduction in eGFR from baseline) compared with
16% in the untreated group, 15% vs 6% showed
a moderate decrease (20%-30%), and 7% vs 1%
showed a severe decrease (> 30%) respectively (P
> 0.0001). In the ADV group 6.9% of the patients
discontinued treatment (P > 0.004). In a multi
variate analysis ADV treatment significantly predicts
renal dysfunction [hazard ratio (HR) = 3.94, P =
0.03]. In the same analysis, age > 50 years (HR =
3.49, p = 0.087), baseline mild renal dysfunction
(HR = 4.49, P = 0.073), and hypertension and/or
diabetes mellitus (HR = 2.36, P = 0.074) were not
[71]
significant predictors . In a retrospective study,
687 patients receiving ADV monotherapy (18.2%)
or in combination with LAM (81.8%) for 1 year or
more were enrolled to evaluate the incidence and
[72]
risk factors of renal impairment . Renal dysfunction
was defined as mild (20%-30% reduction in eGFR),
moderate (30%-50%), or severe (more than
50%). Patients were treated for a median of 27
mo, 10.5% (n = 72) developed renal dysfunction
being mild in 77.8% of patients, moderate in
20.8% of patients, and severe in only 1 patient.
The cumulative incidence of renal dysfunction at
1, 3, and 5 years was 2.6%, 14.8%, and 34.7%,
respectively. ADV dose was modified in 7 patients
and it was discontinued in 3 patients; after these
[72]
changes, eGFR remained stable . In 271 ADV
treated patients, after 6 years of treatment GFR ≤
60 mL/min incidence was 38.3% and after 5 years,
serum creatinine increased ≥ 0.5 mg/dL in 21.48%.
Switching ADV to other NUC or reducing its dose
was associated with reversal of renal dysfunction
in almost all patients; there were no differences
[73]
between the two approaches (P = 0.737) . On
the contrary, a study including 46 HBeAg negative
LAM-R patients treated with ADV add on for up
to 90 mo found no impact on renal function when
compared with a matched control group of untreated
[74]
inactive HBV carriers .
The number of patients treated with ADV in the
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RT setting is smaller than in the general population.
In this subgroup, ADV treatment may also impact on
renal function. A significant decrease of estimated
GFR and an increase in serum creatinine from
1.42 (± 0.39) to 1.6 (± 0.36) mg/dL, (P = 0.02)
was found in 11 patients treated for 2 or more
[37]
years . It was also associated with an increase in
proteinuria, changes in renal tubular parameters
[37]
and changes in phospho-calcic metabolism .
Another study including also 11 LAM-R patients did
not show significant changes in median creatinine
clearance (CLcr), in serum phosphorus or in urinary
protein level from baseline to the last available
visit. However, after a median treatment time of 11
mo (range: 9-42), 54% (n = 6) of patients reduce
ADV dose due to renal dysfunction. Renal function
remained stable (n = 5) or improved (n = 1) 22 mo
[38]
(range: 6-34) after dose modification .
Fourteen patients were treated with long term
ADV (5 monotherapy, and 9 ADV + LAM combination
therapy). Eight patients (57.2%) developed impaired
renal function; it was mild (5%-20% reduction
in the eGFR compared to baseline values) in 4,
moderate (20%-30%) in 2, and severe (> 30%) in
the 2 remaining patients. Acute graft rejection was
diagnosed by kidney biopsy in 2 of these patients.
Calcineurin inhibitors nephrotoxicity was presumed in
2 of these patients and their doses were accordingly
adjusted. ADV dose was reduced in 3 patients due
to severe renal dysfunction (eGFR 30-50 mL/min)
and it was discontinued in 1 patient (eGFR < 20
[39]
mL/min) without impact on virological response .
Renal dysfunction in long-term ADV treated
patients appears relatively frequent, but serious
nephrotoxicity is unusual. Renal dysfunction can be
safely managed by dose reduction or switching to
another NUC without impact on virological response.
In TDF treated patients, also a nucleotide
analogue, renal dysfunction is less frequently
seen than with ADV. The majority of previously
nephrotoxic events reported, which were similar to
those reported under ADV treatment, were in HIV
[68]
infected patients . There is recently presented data
about TDF impact on renal function in HBV mono[75-80]
infected patients
. A study evaluated the pooled
results from three global randomized clinical trials
including 426 TDF treated patients for 144 wk. In
this study 0.5% (2/426) of patients developed a
creatinine increase ≥ 0.5 mg/dL from pre-treatment
values and none showed an eGFR decrease < 50
mL/min, showing a minimal impact of TDF on renal
function even in high risk patients such as cirrhotics
[75]
or diabetics . Moreover, when 74 patients with
mild renal dysfunction (CrCl 50-80 mL/min) were
compared with 206 with normal renal function (CrCl
≥ 80 mL/min), none of them showed signs of renal
impairment defined as a creatinine increase ≥ 0.5
[76]
mg/dL after 96 wk of therapy . Among 441 patients
from the Vireal cohort, 114 with baseline impaired
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[82-86]

renal function were classified as stage 2 (GFR 60-89
mL/min), stage 3 (GFR 30-59 mL/min), stage 4 (GFR
15-29 mL/min) and stage 5 (GFR < 15 mL/min or
dialysis) and included in the study. When compared
from baseline, after 48 wk of treatment, TDF did
not significantly modified GFR in patients with stage
2 (76 mL/min vs 77 mL/min), 3 (50 mL/min vs 49
mL/min), or 4 (23 mL/min vs 23 mL/min) renal
[77]
failure . Two RT recipients were included and had
a stable GFR under therapy. Nine patients needed to
adjust TDF dose. At the end of the study, 67% had a
stable renal failure stage, 22% had an improvement
[77]
and 11% had a decreased in it . In a retrospective
study, 195 refractory patients were treated with TDF
monotherapy for 30 ± 16 (6-90) mo were compared
[78]
with 89 asymptomatic HBsAg carriers . After 48
mo, TDF treated patients in showed a significantly
greater reduction in eGFR when compared to
untreated patients [-16 ± 36 (-48 - +23) and -9.6
± 36 (-21 - +22) mL/min, respectively, P = 0.03].
TDF dose was reduced in only 1 patient after 15
mo of treatment due to a 0.38 mg/dL increase in
[78]
creatinine levels . In 26 LAM-R patients treated
with TDF, there were no significant variations in
phosphatemia and GFR from baseline after one year
[79]
of treatment . Even if there is no impairment on
renal function, TDF may have some potential effects
on the proximal tubule. In 61 TDF treated patients
for a mean time of 29 mo, there were no significant
change in mean GFR in the overall population but
58% of patients showed an impairment in GFR
(median 8.1%, range 0.01% to 20.5%) and two
[80]
patients developed an GFR to < 60 mL/min . At
least one sign of proximal tubular damage appeared
in 26 (42%) individuals: glucosuria without diabetes
mellitus, increased alpha1-microglobulinuria/
creatinine ratio, hypophosphatemia, reduced tubular
resorption of phosphate rate and reduced tubular
[80]
maximum reabsorption rate . The effects of TDF
on renal function were evaluated in 321 naïve
[81]
patients treated for 4 years in clinical practice .
In this large European cohort, there were no
modifications in creatinine and phosphorus serum
levels and eGFR was reduced from 84 to 80 mL/
min. At year 4, patients with eGFR < 50 increased
from 2% to 3% and those with eGFR < 60 mL/
min increased from7% to 11%. At the same time
point, hypophosphatemia (serum phosphate < 2.3
mg/dL) increased from 2% to 5.1 %, while 1%
of the patients had phosphate levels < 2.0 along
the study period. TDF dose was reduced in 17
patients due to reduction in eGFR and in 2 due to
hypophosphatemia. Seven patients had to withdraw
treatment and were switched to ETV. Overall, some
renal adverse effect was reported in 26 patients
[81]
(7%) .
In comparison to nucleotide analogues, nucleoside
analogues, such as ETV and LdT, show not significant
[67,68]
renal toxicity
. Studies have been performed
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comparing ETV and TDF nephrotoxicity
. After
2 years of treatment, there was no significant
modifications in eGFR in 74 ETV and 50 TDF ±
[82]
LAM treated patients . In the ETV group 2.7%
showed a reduction ≥ 40% in eGFR vs 3.92% in
the TDF ± LMV group (P = NS). When compared
with an untreated control group, in ETV treated
patients eGFR was reduced by -7.6 mL/min (95%CI:
-15.8-+0.6, P = 0.07) and by -8.7 mL/min (95%CI:
-18.3-+1.0, P = 0.08) in TDF ± LMV treated
patients. In untreated controls, eGFR remained
stable or even improved by +7.4 mL/min (95%CI:
[82]
0.78-14.1, P = 0.03) . In another real-life cohort of
212 patients were treated with TDF and 79 with ETV
[83]
and its impact on renal function was evaluated .
No significant differences were found in urea,
creatinine and phosphorus levels and in eGFR
after 12 mo of TDF treatment. Also in the same
group, there was no difference in the proportion of
patients with eGFR < 60 mL/min when compared
with baseline levels. In ETV treated patients, there
was a significantly reduction in serum phosphorus
(0.96 vs 1.06, P = 0.016), increased in creatinine
levels (1.0 vs 0.89, P < 0.05) and reduction in eGFR
(80 vs 89, P < 0.05) after 12 mo of treatment.
In ETV treated patients, 3.8% of patients had a
25% increase in creatinine levels while 0.47% of
TDF treated patients had a 25% decrease in eGFR
[83]
after 12 mo of treatment . In a community-based
retrospective cohort study, 80 patients treated with
TDF monotherapy or in combination with other NUCs
were matched with 80 ETV treated patients and
incidences of serum creatinine increments and eGFR
[84,85]
decrease were evaluated
. More patients in the
ETV group had creatinine increments ≥ 0.5 mg/dL
(3 vs 11; P = 0.025), whereas more patients treated
with TDF had eGFR reductions of < 60 mL/min (15
vs 6; P = 0.022) and at least 1 dose modification
(13 vs 4; P = 0.021). In a multivariate analysis,
previous organ transplantation (aOR, 6.740; 95%CI:
1.799-28.250; P = 0.005) and pre-treatment renal
failure (aOR, 10.960; 95%CI: 2.419-48.850; P =
0.002) were significantly associated with increases
[84]
in serum creatinine levels . Renal function was
evaluated in 197 HBV mono-infected patients from
two outpatient clinics and who were classified
according to the received treatment: LAM (n =
36), ADV (n = 32), ETV (n = 32), TDF (n = 37),
[86]
and untreated HBsAg-positive patients (n = 60) .
The CKD-EPI equation was used to calculate eGFR
and the individual change in eGFR over time was
modeled with linear mixed effects models. Patients
with previous renal dysfunction, diabetes mellitus,
or arterial hypertension were excluded from the
analysis. The yearly predicted median individual
changes in eGFR according to this model were:
-2.05 mL/min in untreated patients, and -0.92
mL/min, -1.02 mL/min, -1.00 mL/min, and -0.92
mL/min in LAM, ADV, ETV and TDF treated patients,
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respectively. A decrease of eGFR > 20 mL/min from
baseline developed in 3.3% of untreated patients,
and in 5.5%, 0%, 6.25%, and 2.7% in LAM, ADV,
ETV and TDF treated patients, respectively. Renal
insufficiency stage 3 (eGFR of < 60 mL/min) was
uncommon and not different between all patient
[86]
groups .
First line NUCs, ETV and TDF, appears to have
little impact on renal function in the general popul
ation when compared with untreated controls and
with the others NUCs. Markers of renal function
indicated that TDF treated patients, suspected to be
more nephrotoxic, have similar risks of developing
changes in renal function than ETV treated patients.
Although there is some evidence showing some
degree of renal dysfunction in ETV treated patients,
its clinical significance remains unclear and it may
represent a physiological decrease in renal function
in this group and/or reflect the potential limitations
of standard biochemical tests of renal function in
[83]
patients with liver disease . Baseline renal risk
factors may play a role in the nephrotoxic effects
of NUCs. Data on RT patients is limited but these
results can be extrapolated to this population,
taking into account that these RT recipients can
be considered within the high renal risk group.
Therefore, it is recommended in all HBV treated
patients to measure serum creatinine levels and
estimated creatinine clearance, and in ADV or TDF
treated patients it is also recommended to measure
serum phosphate levels, especially in patients at
high renal risk. In patients at low renal risk these
tests can be performed every 3 mo during the
first year and every 6 mo thereafter, in case of no
renal adverse events. In patients at high renal risk
these tests can be performed every month for the
first 3 mo, every 3 mo until the end of the first
year and every 6 mo thereafter, in case of no renal
adverse events. Closer renal monitoring is required
in patients who develop reductions in creatinine
clearance < 60 mL/min or reductions in serum
[9,10,15,87]
phosphate levels < 2 mg/dL
.

number of patients with long term treatment and
follow up are still needed to better demonstrate the
safety and efficacy of newer NUCs in this population.
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Recent advances in dietary supplementation, in treating
non-alcoholic fatty liver disease
Tannaz Eslamparast, Sareh Eghtesad, Hossein Poustchi, Azita Hekmatdoost
cirrhosis, and failure or hepatocellular carcinoma. Since
NAFLD is positively associated with the development
of obesity, insulin resistance, and ultimately type
2 diabetes mellitus, it is often regarded as the
hepatic manifestation of the metabolic syndrome. No
pharmacologic treatment has yet been proven for this
disease. For most patients with presumed or confirmed
NAFLD, the only proven strategy is to offer lifestyle
advice that can lead to sustained weight loss. Since
insulin resistance, oxidative stress, inflammation, and
necro-apoptosis are involved in NAFLD pathogenesis,
it seems that every potential therapeutic agent should
target one or some of these pathologic events. There
are many well known anti-oxidants, anti-inflammatory,
and insulin sensitizer dietary supplements which have
shown beneficial effects on NAFLD improvement
in animal and human studies. The purpose of this
review is to explore the existing evidences on dietary
supplements considered to have hepatoprotective
properties, and to present some proposed mechanisms
by which they may protect against NAFLD.
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Core tip: This review explores the existing evidences on
dietary supplements considered to have anti-oxidant,
anti-inflammatory, and/or insulin sensitizer properties,
and their role in management of nonalcoholic fatty
liver disease while addressing some of their proposed
mechanism of action.

Abstract

Eslamparast T, Eghtesad S, Poustchi H, Hekmatdoost A. Recent
advances in dietary supplementation, in treating non-alcoholic
fatty liver disease. World J Hepatol 2015; 7(2): 204-212
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i2/204.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i2.204

Nonalcoholic fatty liver disease (NAFLD) is currently
known as the most common liver problem, characterized
by excessive lipid accumulation in hepatocytes,
which may progress to other liver diseases such as
nonalcoholic steatohepatitis, hepatic tissue fibrosis, liver
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hypothesis” of NASH, originally explained by Day
and James suggests that lipid deposition in the liver
(first hit) is followed by a series of other, oxidative
and hepatotoxic processes (second hit), caused by a
[18]
mechanism currently not known . Several factors
such as genetics, epigenetic mechanisms, as well
as environmental elements, appear to promote
hepatocyte fat deposition and insulin resistance, both
of which further lead to the secondary pathologic
[19]
events , such as oxidative stress, lipid peroxidation,
increased inflammatory responses, hepatic fibrosis
[20]
and apoptosis . Other triggers such as lipotoxicity,
endotoxemia, and adipocytokines or other inflam
matory signals released from fat-infiltrated hepat
ocytes and adipose tissue, may promote oxidative
stress in the liver, inducing the progression of NAFLD
[21,22]
to NASH
.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) encom
passes a range of conditions caused by fatty
infiltration of the hepatocytes without significant
amounts of alcohol use, that can be originated from
[1]
multiple factors . NAFLD begins with simple hepat
ocyte steatosis, and progresses to nonalcoholic
steatohepatitis (NASH), fibrosis of the hepatocytes,
and liver cirrhosis, which can further progress to
[2]
hepatocellular carcinoma (HCC) . Patients with
NAFLD are usually asymptomatic and are diagnosed
accidentally through routine checkup exams. Curr
ently liver biopsies are considered gold standard for
the diagnosis and staging of NASH, since there are
no specific symptoms to differentiate between this
disease and other liver disorders. Magnetic resonance
1
spectroscopy (H -MRS) and Fibroscan are noninvasive
modalities for diagnosis and staging, assessing a
larger section of the liver in comparison to liver
[3,4]
biopsy . Other clinical diagnostic indices such as
increased serum levels of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT), as well
as evidence of liver steatosis in ultrasonography are
[5]
also routinely used . Developing effective therapies
with minimal side-effects against NAFLD is critical
for controlling the progression of this disease to end[6]
stage liver disorders .

MANAGEMENT OF NAFLD
Currently, the only proven strategy for NAFLD
management is lifestyle modification techniques
such as weight loss through diet and exercise.
Since obesity strongly influences the development
of NAFLD, weight loss is again the main objective
in NAFLD management, and the first-line therapy.
All NAFLD patients are encouraged to follow a low
caloric diet, increase their physical activity, and stop
[11,23,24]
smoking (if applicable)
. Moreover, a wide range
of drugs and supplements, including antioxidants,
anti-inflammations, insulin sensitizers, and lipid
lowering agents, have been evaluated in patients
and experimental models of NAFLD, however none of
[25,26]
them have shown long term efficacy
.
In the recent years, however, the beneficial effe
cts of dietary supplements on NAFLD progression
have received increasing attention since these
substances have several advantages such as being
widely available, while having low or minimal side
[27]
effects . In the present review, we mainly focus on
the recent advances of dietary supplements in NAFLD
amelioration.

EPIDEMIOLOGY
NAFLD is the most common diagnosis in subjects with
[7]
altered aminotransferases in the Western world ,
[8]
where one third of the population is affected . In
Asia, recent reports showed a similar prevalence of
[9,10]
NAFLD
. About 20%-25% of adults with NASH
[11]
have been reported to develop liver cirrhosis .
About 30% to 40% of patients who develop cirr
hosis secondary to NAFLD, will die of liver-related
[12]
problems . The prevalence of NAFLD is different
among men and women, and it increases with age,
occurring in less than 20% of individuals younger
than 20 years of age, and in more than 40% of
[13]
those over the age of 60 . NAFLD has also been
identified in the pediatric population, prevailing at
2.6%, although it is estimated that its prevalence
[14]
will increase to 22.5%-58.5% in obese children .
Parallel to the rising prevalence of conditions such as
obesity and type 2 diabetes mellitus (T2DM), the rate
[15]
and prevalence of NAFLD is also increasing . NAFLD
affects 40%-75% of patients with T2DM, 33%-76%
[16]
of obese and 90% of morbidly obese people .

RECENT FINDINGS FROM DIETARY
SUPPLEMENTATION IN THE TREATMENT
OF NAFLD
Antioxidants agents

Vitamin E and vitamin C: Since oxidative stress
is one of the factors involved in the pathogenesis of
NAFLD, it was thought that antioxidant agents could
be beneficial in its treatment. Thus, many clinical
trials have evaluated the effects of vitamin E and/
or vitamin C, as the main dietary sources of anti[28]
oxidants to treat NAFLD. Nobili et al
have shown
that vitamin E supplementation does not provide a
greater benefit for NAFLD treatment, than diet and
[28]
[29]
physical exercise . Akcam et al have reported that

PATHOGENESIS
The pathogenesis of NAFLD is complicated and while
its exact mechanism remains largely unknown,
different genetic factors and/or environmental
[12,17]
elements seem to influence it
. The “two-hit
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metformin is more efficacious in reducing metabolic
parameters such as insulin resistance, fasting insulin
and lipid levels, than dietary advice and vitamin E use
in obese patients with NAFLD. A clinical trial using
atorvastatin and vitamins E + C vs placebo, showed
improved hepatic steatosis on computed tomography
scans. It was not however detected whether this
improvement was due to the combination treat
[30]
ment or a single compound alone . The TONIC
randomized controlled trial showed that neither
vitamin E nor metformin are superior to placebo
in sustaining a reduction in ALT levels of pediatric
[31]
NAFLD patients . A recent review article concluded
that vitamin E is only recommended in adults with
NASH who do not have diabetes or cirrhosis, or an
[32]
aggressive histology . In a meta-analysis, adjuvant
vitamin E was not shown to have a significant effect
on normalizing serum ALT levels. Using higher doses
of vitamin E, a longer duration of therapy or adding
vitamin C did not alter the effect of these antioxidants
[33]
on the measured outcomes either . There seems
to be lacking evidence on the long-term effects
of vitamin E use on histological improvements of
NAFLD patients, which calls for larger, well-designed
randomized controlled trials (RCTs) with histological
endpoints, to really determine the efficacy of its use.

of Resveratrol administration is important in its
efficacy. Future clinical studies with different dosages
and durations are needed to clarify the true impact
[43]
of Resveratrol treatment in NAFLD/NASH patients .
Anthocyanin: Anthocyanins (ACNs) are watersoluble bioactive compounds of the polyphenol class
that are present in many plant based products. It
has been reported that ACNs decrease hepatic lipid
accumulation and may counteract oxidative stress
and hepatic inflammation in animal studies, but
their benefits in patients with NAFLD has not yet
[44]
been well elucidated . There is only one study
evaluating the effects of ACN on NAFLD patients;
[45]
Suda et al
have reported that supplementation
with 400 mg of acylated ACNs could reduce levels
of liver enzymes, in particular gamma-glutamyl
transferases in patients with NAFLD. This clinical
trial had many limitations; liver damage was not
directly assessed, fatty liver was not confirmed by
direct imaging, and the effect of acylated ACNs was
not compared to that of a control food or to the
[45]
lack of intervention . More research studies are
therefore required to evaluate the effects of ACNs
supplementation on NAFLD features.
Green tea extract: It has been shown that the main
important green tea polyphenol, epigallocatechin3-gallate (EGCG), has a positive therapeutic effect
on obesity, features of metabolic syndrome, and
[46]
liver steatosis in mice . In experimental models
of NAFLD, EGCG supplementation significantly
decreased weight gain, total and visceral body
fat, insulin resistance, liver steatosis, serum
cholesterol, and monocyte chemoattractant protein
[46]
concentrations .
Both in vitro and in vivo experiments have
revealed that green tea and EGCG could prevent
steatosis by reducing dietary absorption of lipids
and carbohydrates, and by the inhibition of adipose
tissue breakdown, and de novo lipogenesis in both
hepatic and adipose tissues, through the stimulation
of β-oxidation and thermogenesis in the liver, and
by improving insulin sensitivity. Furthermore, EGCG
may inhibit the development of steatohepatitis from
fatty liver disease, through its antioxidant and anti[47]
inflammatory characteristics . Currently, there
are no randomized, controlled trials in humans,
evaluating the effects of green tea on NAFLD. These
studies are needed to provide enough evidence that
green tea can effectively prevent the development
[48]
and/or progression of NAFLD .

Resveratrol: Resveratrol (3,5,4-trihydroxystilbene)
is a natural phenol produced by certain plants and
found in the skin of red grapes. Resveratrol has been
widely accepted as a chemopreventive agent that
exerts other positive health effects as well because
of its ability to take part in many biological activities.
Resveratrol is thought to have antioxidative, antiinflammatory, anti-cancer, anti-obesity, antidiabetic, and anti-aging properties. Its positive
effects on animal NAFLD models have been shown
in several studies. In different studies, Resveratrol
decreased NAFLD severity in animal models in the
following ways: through TNF-alpha inhibition and
[34]
antioxidant activities , through the activation of
[35,36]
AMPK
, by induction of skeletal muscle SIRT1
[37]
and SIRT4 expression , by increasing the number
of mitochondria, and specially, by increasing hepatic
[38]
uncoupling protein 2 expression , decreasing
hepatic LDL receptor and SR-BI mRNA and protein
[39]
expressions , and the reduction of nuclear factor[40]
kappaB (NF-kappaB) activity .
Clinical trials evaluating the effects of Resveratrol
supplementation on NAFLD characteristics are
scarce. A recent study, administering Resveratrol
vs placebo for eight weeks, not only failed to show
any significantly improvements in any NAFLD
features in the Resveratrol group, it also showed an
increase in hepatic stress, based on increased liver
[41]
enzyme levels . A different trial however, did find
a significant improvement in NAFLD characteristics
after 12 wk of supplementation with 500 mg Res
[42]
veratrol . It appears that the dose and duration
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have shown that drinking coffee on a regular basis
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can decrease the risk of T2DM development
.
A recent case-control study comparing coffee
vs non-coffee drinkers showed that fatty liver
occurred less frequently in coffee drinkers, and that
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drinking coffee was inversely associated with the
degree of liver brightness, as well as obesity and
[52]
insulin resistance . Among NASH patients, coffee
consumption has been shown to be significantly
[53]
associated with a reduced risk of fibrosis .
More research is needed to determine the
protective properties of caffeine against NAFLD.
Coffee contains certain phytochemicals with potential
antioxidant properties, which may be protective
against cardiovascular and liver diseases, and
malignancies. The anti-oxidative, anti-inflammatory,
and anti-fibrotic properties of coffee might explain
[54,55]
its hepatoprotective effects in NAFLD
.

easing insulin sensitivity, inducing the activation of
peroxisome proliferator-activated receptor gamma,
which in turn induces adiponectin and down-regulates
pro-inflammatory cytokines, changing the balance
between adiponectin and tumor necrosis factoralpha in favor of adiponectin, promoting considerable
antioxidant effects and antidyslipidemic properties,
and reducing hepatic triglyceride content which can
prevent steatosis. These mechanisms indicate that
ginger possesses interesting potentials for serving
as a natural supplement for the prevention and
[60]
treatment of NAFLD . It might suppress fructosestimulated overexpression of carbohydrate response
element-binding protein (ChREBP) at the mRNA
and protein levels in hepatocytes, which results in
down regulation of the ChREBP-targeted lipogenic
genes responsible for fatty acid biosynthesis, while
expression of neither peroxisome proliferatoractivated receptor- (PPAR-) alpha and its downstream
genes, nor PPAR-gamma and sterol regulatory
[61]
element-binding protein 1c is altered . Randomized
clinical trials are needed to confirm these effects in
patients with NAFLD.

Garlic: Garlic-derived S-allylmercaptocysteine
(SAMC) has a therapeutic role in diabetes and nonal
coholic fatty liver disease due to its properties in the
[56]
regulation of lipogenesis and glucose metabolism .
Results of two studies show that SAMC decreases
the liver injury caused by NAFLD, while decreasing
fat build-up, and collagen formation. This may occur
because SAMC takes part in different activities at the
molecular level that affect NAFLD, by for example
decreasing lipogenesis and restoring lipolysis
markers. The expression of pro-fibrogenic factors is
also reduced by SAMC, as well as oxidative stress
in the liver, by means of cytochrome P450 2E1dependent pathway inhibition. SAMC may partially
prevent NAFLD-induced inflammation as well, by
reducing pro-inflammatory mediators, chemokines
and suppressor of cytokine signaling. The protective
effects of SAMC are also partly shown through
its ability to restore the altered phosphorylation
status of FFAs-dependent MAP kinase pathways,
and to diminish the activity of nuclear transcription
factors such as NF-kappaB and AP-1, while reducing
apoptosis and enhancing autophagy during NAFLD
[57,58]
development
.
In addition, garlic essential oil (GEO) and its
major organosulfur component diallyl disulfide
(DADS), also have therapeutic effects on the
development of NAFLD. They exert anti-obesity and
anti-hyperlipidemic effects by reducing weight gain,
adipose tissue weight, and serum lipid parameters.
They significantly decrease the release of proinflammatory cytokines in the serum, while at the
same time elevating in the hepatic antioxidant capacity
by inhibiting cytochrome P450 2E1 expression during
NAFLD development. The anti-NAFLD effects of GEO
and DADS are mediated through the down-regulation
of sterol regulatory element binding protein-1c,
acetyl-CoA carboxylase, fatty acid synthase, and
[59]
3-hydroxy-3-methylglutaryl-coenzyme . Clinical
trials are needed to confirm these experimental
studies.

Anti-inflammatory agents

Polyunsaturated fatty acids and monounsatur
ated fatty acids supplementation: Polyun
saturated fatty acids (PUFAs), especially n-3 PUFAs,
are used to promote weight loss, and to reduce
hepatic triglyceride accumulation, while improving
insulin sensitivity and reducing steatosis, and hepatic
[62-64]
damage in patients with NAFLD
. They are also
[65]
thought to exert anti-inflammatory effects . N-3
fatty acids affect lipid metabolism by mediating
genomic pathways and regulating the transcription
[66]
of genes involved in lipid metabolism . They
improve insulin sensitivity by decreasing hepatic
TNFα expression, repress fatty acid synthesis by
negatively controlling sterol regulatory element
binding protein-1c (SREBP-1c), and enhance fatty
acid oxidation by positively controlling peroxisome
[67,68]
proliferator-activated receptor-α (PPARα)
.
Several studies support the protective effects of
[69]
n-3 PUFAs in NAFLD. Among these, Capanni et al
investigated the effects of n-3 PUFA supplementation
(1 g/d for 12 mo) in 56 NAFLD patients. Their
results indicated that n-3 PUFAs improved NAFLD
characteristics such as ALT, AST, GGT, triglyceride
and fasting glucose concentrations. Another clinical
trial conducted in 23 patients with NASH found the
[70]
same results . A recent systematic review reported
a beneficial effect of omega-3 supplementation on
hepatic fat content and AST, although the effect
[71]
size was relatively small . The optimal dose and
duration of this therapy need to be addressed in
larger clinical trials in the future. Data on omega-6
fatty acids are very limited and mainly restricted to
animal models.
Moreover, dietary monounsaturated fatty

Ginger: Several mechanisms have been proposed
by which ginger may prevent NAFLD or slow its
progression to other liver diseases, such as incr
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acids (MUFAs) may prevent the development of
NAFLD by reducing the oxidization of low-density
lipoprotein (LDL), serum concentrations of LDL and
total cholesterol (TC) and triacylglycerols, while
decreasing body fat accumulation and postprandial
adiponectin expression. It is shown that the replacing
dietary carbohydrate and saturated fat consumption
with MUFAs, reduces the blood pressure and glu
cose concentrations, and increases serum high[72]
density lipoprotein (HDL) levels . The probable
mechanisms for the beneficial effects of MUFA on
liver fat content may be related to their roles in the
[7]
regulation of insulin sensitizing gene expression ,
[73]
and in the reduction of inflammation , as well as
to their inhibitory effects on nuclear factor-κB (NF[74]
κB) . In a study, MUFA decreased the expression
of hepatic lipogenesis and gluconeogenesis genes
[75]
and SREBP in fatty rats . Further investigations are
warranted to ascertain the role of MUFA on NAFLD.

lipopolysaccharide production in the intestine, further
[87,88]
causing the release of inflammatory cytokines
.
Probiotics are live microorganisms that are
[88]
beneficial to human health when ingested . The
therapeutic effects of probiotics have been demon
[86,89-91]
strated in several animal models of NAFLD
;
[92-95]
however clinical trials are scarce
. In a recent
double blind, placebo controlled, clinical trial, we
found that 28 wk of synbiotic supplementation can
significantly decrease liver enzymes, inflammatory
cytokines, NF-kB activity, and fibrosis scores so
that this supplementation in addition to lifestyle
modification was significantly superior to lifestyle
modification alone; whether these effects will sustain
with longer treatment durations remains to be
[89]
determined .

Insulin sensitizers and lipid lowering agents

Cinnamon: Cinnamon might play a potential role
in the reduction of post-prandial intestinal glucose
absorption through the inhibition of pancreatic
enzymes such as α-amylase and α-glucosidase, and
by stimulating cellular glucose uptake by membrane
translocation of glucose transporter-4, which
stimulates insulin release, glucose metabolism,
glycogen synthesis, and inhibits gluconeogenesis.
These actions may ameliorate fasting blood glucose,
LDL, and hemoglobin A1c, and might increase HDL
[96]
cholesterol and insulin concentrations .
Since one of the most important therapeutic
strategies for NAFLD is modulating insulin resistance
and oxidative stress, we thought that cinnamon
could have beneficial effects on NAFLD features too.
Thus, we investigated this hypothesis in a doubleblind, placebo-controlled trial, and found that 12 wk
of cinnamon supplementation significantly decreases
HOMA (Homeostatic Model Assessment) index, FBS
(fasting blood glucose), total cholesterol, triglyceride,
liver enzymes, and high-sensitivity C-reactive protein
in patients with NAFLD, however we did not find any
[97]
significant changes in serum HDL levels . Further
clinical trials of longer durations are recommended
to elucidate the exact effects of cinnamon on NAFLD
characteristics.

Vitamin D: Evidence supporting the immuno
regulatory roles of vitamin D continues to increase.
Recent studies have indicated that deficiencies in
vitamin D can result in insulin resistance, metabolic
[76]
syndrome, and NAFLD . In one study, rats who were
fed a western diet along with vitamin D depletion had
significantly more steatosis, lobular inﬂammation,
and NAFLD activity scores in comparison to animals
[77]
with sufficient vitamin D intakes . In humans,
vitamin D deficiency has been correlated with a
more severe NAFLD activity score and hepatic
[78]
fibrosis , perhaps owing to the greater oxidative
[79]
stress resulting from vitamin D deficiency . Hepatic
expression of vitamin D receptors, CYP2R1 and
CYP 27A1, negatively correlates with the severity of
steatosis, inflammation, and NAFLD scores in patients
[80]
with this disease . A recent study found a significant
association between NAFLD and low serum vitamin D
[81]
levels ; this relationship remained significant even
after adjustments were made for the presence of
other metabolic syndrome features. Evidence from
liver biopsies have shown that serum vitamin D levels
are significantly related with the stage of hepatic
[82]
fibrosis . Clinical trials have not yet been published
to evaluate the effect of vitamin D supplementation
on NAFLD characteristics.

Curcumin: It has shown that curcumin can reduce
serum lipid levels, and liver steatosis. Furthermore, it
may prevent fatty liver progression to steatohepatitis
due to its potent antioxidant and anti-inflammatory
[98,99]
activities
. Curcumin can reduce the expression
of lipogenic genes in the liver and inflammatory
[100]
responses of adipose tissue
, while enhancing the
antioxidant defense system, attenuating mitochondrial
[101,102]
dysfunction and inhibiting apoptosis
. We did not
find any clinical trial evaluating the effect of curcumin
in patients with NAFLD.

Probiotics, prebiotics and symbiotic: It is
known that the liver is susceptible to the exposure
of intestine-derived bacterial products because
of a close anatomic and functional connection
between the intestinal lumen and the liver through
[83,84]
the portal system
. The gut-liver axis is an
important pathway in NAFLD development, which is
associated with small intestinal bacterial overgrowth
[85,86]
and increased intestinal permeability
. The
contribution of microflora in NAFLD progression is
mainly based on increased oxidative stress in the
liver, which is caused by the increased ethanol and
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status to its consumers, particularly with regard to
[103]
obesity and diabetes
. Studies have demonstrated
that quercetin can modestly reduce weight and
regulate the expression of genes related to in vitro
[103,104]
adipogenesis
. Quercetin reduces inflammatory
cytokine levels and improves lipid peroxidation and
insulin resistance in animal models of NAFLD, and its
[103,105]
beneficial effects are dose dependent
. There is
no clinical trial evaluating its effects on patients with
NAFLD.

5

6

7

Carnitin: Carnitine is an essential component of
mitochondrial beta oxidation. It takes part in the
transportation of long-chain fatty acids into the
mitochondria. Abnormalities in the mitochondria
have been found to play an important role in NAFLD
and NASH development. There are two published
clinical trials evaluating the effects of carnitin
supplementation on NAFLD characteristics. Lim et
[106]
al
showed that 3 mo of carnitine supplementation
improved NAFLD features by improving serum liver
[106]
function tests and mitochondrial DNA copies
.
[107]
Malaguarnera et al
showed that the addition of
an L-carnitine supplement to an individual’s diet for
24 wk, reduced TNF-α and CRP, and improved liver
function, plasma glucose levels, lipid profile, HOMA[107]
IR, and histological manifestations of NASH
; how
long these effects will sustain was not evaluated.

8

9

10
11

CONCLUSION

12

Since there is no proven pharmacologic treatment
for NAFLD, it is critically important to find dietary
approaches to the prevention, attenuation, or reve
rsal of hepatic steatosis, and its progression to
steatohepatitis. As insulin resistance, oxidative stress,
and inflammation are involved in pathogenesis of
NAFLD, it seems that dietary supplements that
can modulate these pathologies could be useful in
the treatment of NAFLD. These supplements have
shown beneficial effects in animal models of NAFLD,
however clinical trials are scarce. Further clinical trials
are needed to support the use of supplements, either
as preventative or therapeutic agents that effectively
prevent the development and/or worsening of liver
steatosis in patients with NAFLD.
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REVIEW

Management of patients with hepatitis C infection and renal
disease
Chalermrat Bunchorntavakul, Monthira Maneerattanaporn, Disaya Chavalitdhamrong
stage renal disease (ESRD) is associated with more
rapid liver disease progression and reduced renal graft
and patients’ survival following kidney transplantation.
Evaluations and management of HCV in patients with
renal disease are challenging. The pharmacokinetics
of interferons (IFN), ribavirin (RBV) and some direct
acting antiviral (DAA), such as sofosbuvir, are altered in
patients with ESRD. With dose adjustment and careful
monitoring, treatment of HCV in patients with ESRD can
be associated with sustained virological response (SVR)
rates nearly comparable to that of patients with normal
renal function. DAA-based regimens, especially the IFNfree and RBV-free regimens, are theoretically preferred
for patients with ESRD and KT in order to increase SVR
rates and to reduce treatment side effects. However,
based on the data for pharmacokinetics, dosing safety
and efficacy of DAA for patients with severe renal
impairment are lacking. This review will be focused
on the evaluations, available pharmacologic data, and
management of HCV in patients with severe renal
impairment, patients who underwent KT, and those
who suffered from HCV-related renal disease, according
to the available treatment options, including DAA.
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Core tip: Hepatitis C virus (HCV) infection in patients
with end-stage renal disease (ESRD) is associated with
more rapid liver disease progression and reduced graft
and patients’ survival following kidney transplantation.
The pharmacokinetics of interferons (IFN), ribavirin
(RBV) and sofosbuvir are altered in patients with ESRD.
With dose adjustment and careful monitoring, treatment
of HCV can be safely utilized and successful in most
patients with ESRD. direct acting antiviral (DAA)based regimens, especially IFN-/RBV-free regimens,
are preferred for patients with ESRD and kidney
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transplantation (KT). However, due to inadequate data
on clinical safety and efficacy, DAA-based therapies
are not currently recommended in patients with severe
renal disease. This review will be focused on evaluations
and management of HCV in ESRD, KT recipients and
HCV-related renal disease, according to the available
treatment options including DAA.

countries, especially in the developing world, mainly
due to socio-economic reasons. Therefore, this review
will be focused on the evaluation and management
of HCV in patients with severe renal impairment,
patients who underwent KT, and those who suffered
from HCV-related renal disease, according to the
available treatment options.
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D. Management of patients with hepatitis C infection and renal
disease. World J Hepatol 2015; 7(2): 213-225 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i2/213.htm
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NATURAL HISTORY OF HCV IN
PATIENTS WITH RENAL DISEASE
End-stage renal disease

The natural history of HCV in patients with ESRD
[3]
is relatively uncertain . Nevertheless, several stu
dies have demonstrated that ESRD on dialysis is
associated with an increased risk for all-cause and
[3,5,6]
liver-related mortality
. Cardiovascular disease
remains, however, the major cause of death in
[1]
dialysis patients irrespective of HCV status . Death
from cirrhosis and hepatocellular carcinoma was
[5]
notably higher among HCV-positive ESRD patients .
A meta-analysis on survival in dialysis patients (7
studies; n = 11589) showed an estimated relative
risk for death in anti-HCV positive patients of 1.34
(95%CI: 1.13-1.59) with liver-related complications
[5]
contributing to poorer outcomes . Moreover, HCV
infection can adversely affect the quality of life in this
[7]
population .

INTRODUCTION
Chronic hepatitis C virus (HCV) infection is a leading
cause of chronic liver disease and hepatocellular
carcinoma worldwide which over is a worldwide
health problem in that it has a global prevalence rate
of approximately 3% and affects over 170 million
[1]
individuals . In clinical practice, it is common to
see HCV patients with pre-existing renal disease.
Thus, the prevalence of HCV infection is apparently
increased in patients with end-stage renal disease
(ESRD) on chronic replacement therapy, especially
hemodialysis. Importantly, the liver-related morbidity
and mortality of HCV appear to be higher in patients
[2-4]
with ESRD than in the general population
. For
patients undergoing kidney transplantation (KT), HCV
infection is associated with an increased rate of liver
fibrosis, and the possibility of negatively affecting the
[2-4]
renal graft and patients’ survival .
Management of HCV in patients with renal disease
presents unique challenges. The pharmacokinetics of
interferons (IFN) and ribavirin (RBV) are altered in
[2-4]
patients with renal disease, particularly with ESRD .
With dose adjustment and careful monitoring,
treatment with pegylated interferons (PEG-IFN)
with or without RBV can eradicate HCV infection in
40%-50% of ESRD patients infected with genotype
1/4 and about 80% of ERSD patients infected with
genotype 2 or 3, with an incidence of discontinuation
[2-4]
of up to 33%
. All HCV-positive KT candidates
should be assessed to receive antiviral treatment
prior to transplantation due to the increased risk of
progression of liver disease with immunosuppressive
therapy and the inability to receive IFN therapy after
KT. Theoretically, the use of direct acting antiviral
(DAA)-based regimens, especially the IFN-free and
RBV-free regimens, is preferred for patients with
ESRD and KT in order to increase sustained virological
response (SVR) rates and to reduce treatment side
effects. However, the data on pharmacokinetics,
dosing safety and efficacy of DAA for patients with
severe renal impairment are lacking. In addition,
the availability of DAA is currently limited in many
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KT

The impact of immunosuppression on HCV disease
progression following renal transplantation is
unclear. Serum HCV-RNA levels typically increase.
Most data suggested that HCV-infected patients
have worsening of hepatic necroinflammation and
[8-10]
accelerated hepatic fibrosis following KT
, though
some studies reported that liver histology may remain
[11,12]
stable or even improve
. Not only affecting the
liver, several studies demonstrated that patients
with HCV infection have a poorer patient and graft
[3,13,14]
survival after KT compared to those without
. The
exact reason for reduced renal graft survival in HCV
patients is unknown, but it may partly explain by de
novo immune complex chronic glomerulonephritis in
[15,16]
the allograft induced by chronic HCV infection
.
Nevertheless, undergoing KT evidently conferred a
long-term survival advantages, particularly on the
cardiovascular death, over HCV patients with ESRD
on maintenance dialysis on the waitlist, although
there was a higher risk for infection-related death
[11]
during the first 6 mo after KT . As cirrhosis is an key
predictor of poor survival after KT, assessment of the
stage of liver fibrosis in all HCV-positive KT candidates
[17]
is recommended . For patients with established
cirrhosis and portal hypertension who failed (or are
not suitable for) HCV treatment, isolated KT may be
inappropriate in this settings and a combined liver
[18]
and KT should be considered .
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Assessment for liver fibrosis

HCV infection acquired during or after RT showed
a severe and rapidly progressive course, which is
significantly different from HCV patients without
[19]
transplantation . In addition, fibrosing cholestatic
hepatitis (FCH) can occur in HCV-infected patients
[20]
following KT . It typically develops during the
period of maximal immunosuppression (1-4 mo after
KT) and is associated with progressive cholestatic,
mild elevation of serum alanine aminotransferase
[20-22]
(ALT), and high HCV viremia level
. FCH is
associated with very high morbidity and mortality
rates. IFN-based treatment is often ineffective and is
[20-22]
associated with a risk of graft rejection
.

Liver biopsy is the gold standard for assessing
the degree of fibrosis in HCV patients. However,
its use is limited by invasive nature, poor patient
acceptance, and bleeding risk, especially in uremic
patients. The use of non-invasive fibrotic markers
has been evaluated in HCV patients with ESRD. The
aspartate transaminase: platelet ratio index (APRI)
can reliably predict liver fibrosis in HCV patients
with ESRD, especially to exclude patients with
[30-32]
[31]
significant fibrosis
. In Schiavon et al
study
(203 ESRD HCV-infected subjects), APRI < 0.40
accurately identified patients with fibrosis stage 0
or 1 with negative predictive value of 93%; APRI
≥ 0.95 can confirm significant fibrosis (≥ fibrosis
[31]
stage 2) with positive predictive value of 66% .
If biopsy indication was restricted to APRI scores in
the intermediate range, about 50% of liver biopsies
[31]
could be avoided . Transient elastography shows
superior diagnostic accuracy to APRI in HCV patients
[3,32]
with ESRD
. The suggested optimized cut-off
values were 5.3 kPa, 8.3 kPa, and 9.2 kPa, for fibrosis
stage of ≥ F2, ≥ F3, and F4, respectively (sensitivity
[32]
93%-100% and specificity 88%-99%) . Further,
a small study (n = 22) revealed a good correlation
between transient elastography and fibrosis stage on
[33]
histology in HCV-positive KT recipients .

EVALUATIONS OF HCV IN PATIENTS
WITH RENAL DISEASE
Serum aminotransferases

It is known that serum ALT levels in patients with
ESRD are lower than in the general population, so it
[23-25]
should not be used to screen for liver diseases
.
This is possibly due to suppression of ALT synthesis
in hepatocytes, defective release of ALT into the
blood stream, or accelerated clearance in patients
[24,26]
with chronic renal insufficiency
. The lower cutoff ALT level (≥ 27 U/L) was proposed for patients
with ESRD to increase sensitivity (to 50%) and
[23]
specificity (to 100%) for detecting HCV viremia .
In addition, there is a weak correlation between
ALT levels and liver disease activity in patients with
[25]
ESRD, especially those on dialysis .

EPIDEMIOLOGY AND SCREENING OF
HCV IN PATIENTS WITH ESRD ON
DIALYSIS

Viral markers

The prevalence of HCV infection in patients with
ESRD patients varies among geographical areas
and dialysis centers, but it is obviously higher than
[2]
that of the general population . Risk factors for
acquiring HCV infection during dialysis include: the
number of transfusions, duration of dialysis, number
of procedures for dialysis access, type of dialysis;
hemodialysis (HD) > peritoneal dialysis (PD),
prevalence of HCV infection and lack of compliance
[34,35]
with universal precautions in the dialysis unit
.
In developed countries, the prevalence and
incidence of HCV has been declining in the past
[2,36-38]
decades
. In the United States national surve
illance (n = 164845), the prevalence of anti-HCV
positivity has dropped from 10.4% in 1985 to 7.8%
[37]
in 2002 (ranged from 5.5%-9.8%) . Similarly,
the European multicenter survey reported that
the prevalence of anti-HCV positivity has dropped
steadily from 13.5% in 1991 to 6.8% in 2000 in
the Belgian cohort (n = 1710); prevalence also
decreased (P < 0.05) in France (42% to 30%),
Sweden (16% to 9%) and Italy (28% to 16%),
tended to decrease in United Kingdom (7% to 3%, P
= 0.058) and Hungary (26% to 15%, P = 0.057), but

Anti-HCV assay by enzyme immunoassay (EIA)
technique is the most commonly used screening tool
for HCV infection due to its simplicity, availability and
low cost. The second generation EIA (EIA-2) assay
was frequently associated with false negative results
in patients with ESRD on dialysis, with a reported rate
[27,28]
of 2.6%-7%
. The third generation EIA (EIA-3)
testing provided excellent accuracy, with 0.26% falsenegative rate, and is the preferred screening tool in
[3,25,29]
this setting
. PCR-based molecular diagnostics
are required to confirm viremia, viral load, and
genotype to guide management decisions. Notably,
HCV-RNA level is transiently decreased during
hemodialysis and gradually returns to baseline level
[3]
within 48 h . This may be explained by several
mechanisms, such as interference with PCR technique
by heparin used during dialysis, adsorption of HCV
onto the dialysis membrane, destruction of HCV
particles by the hydraulic pressure, escape of HCV
into the dialysate, or increased plasma IFN levels
[3,25]
during the dialysis
. Therefore, it is recommended
to determine HCV-RNA level before hemodialysis to
[3]
avoid the possibility of underestimation .
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did not change (NS) in Germany (7% to 6%), Spain
[36]
(5% to 12%) and Poland (42% to 44%) . Despite
the elimination of post transfusion HCV infection,
the incidence of HCV infection among patients on
chronic dialysis treatment, with seroconversion
rates ranging between 0.2%-15% per year of
[2,36-38]
dialysis, continues to be a cause of concern
.
The data on epidemiology of HCV among patients
with ESRD on dialysis in developing countries are
less abundant and more heterogeneous, but the
overall prevalence and incidence rates seem to be
[2]
higher than developed countries . The prevalence
of anti-HCV positivity in single center surveys from
Brazil (2005), Turkey (2005), Tunisia (2006), Iran
(2005), Saudi Arabia (2004), Morocco (2005) and
Egypt (2000) were 8%, 19%, 20%, 25%, 43%,
[2]
76%, and 80%, respectively . Whereas in the AsiaPacific dialysis registry (173788 HD; 27802 PD),
HCV seroprevalences range between 0.7%-18.1%
across different countries and were generally higher
in HD vs PD populations (7.9% ± 5.5% vs 3.0% ±
[38]
2.0%, P = 0.01) . Thus, the annual incidence of
HCV infections range from 0% in Thai PD patients
to 18.1% in Indian HD patients with the rates were
generally higher in HD patients than in PD patients
[38]
(RR 0.33, 95%CI: 0.13-0.75) .
Although prospective trials have shown a redu
ction in HCV transmission within dialysis units by
complete isolation of HCV patients, but this practice
[2,39]
has not been universally accepted
. The Centers
for Disease Control and Prevention of the US (CDC)
and the Kidney Disease: Improving Global Outcomes
[40]
(KDIGO) practice guidelines
do not recommend
dedicated machines, patients isolation, or a ban on
[40,41]
reuse in HCV patients on hemodialysis
. However,
strict adherence to “universal precautions”, careful
attention to hygiene, and sterilization of dialysis
[40,41]
machines is emphasized
. Further, the CDC
recommends that all HD patients should be screened
for anti-HCV at baseline, and then subsequently
[41]
tested semiannually .

are not maintained when dosed 3 times weekly, which
is believed in part to explain the suboptimal response
[25,42]
rates
. Accumulation of IFN occurs in patients with
[25,42,43]
renal dysfunction, especially in ESRD
. Although
this may result in higher and more sustained plasma
levels of IFN, which is preferable for the anti-viral
activity against HCV, it may lead to serious adverse
[25,42,43]
events in such patients as well
.
Combing a polyethylene glycol (PEG) polymer to
IFN successfully created a molecule with a longer
half-life, improved pharmacokinetic profile, and more
importantly, a superior clinical response when dosed
[44,45]
once weekly
. PEG-IFN alfa-2a, a branchedPEG (40 kD) attached to an IFN alfa-2a molecule, is
absorbed slowly (absorption half-life approximately
50 h), has a restricted volume of distribution (2-12 L),
and a long elimination half-life (half-life approximately
[44,45]
77 h; peak through ratio 1.5-2)
. PEG-IFN alfa2b, a linear PEG molecule (12 kD) attached to
IFN alfa-2b, is absorbed rapidly (absorption halflife approximately 4.6 h), has a large volume of
distribution (0.9 L/kg) and a shorter elimination
half-life (half-life approximately 40 h; peak through
[44,45]
ratio > 10)
. PEG-IFN alfa-2a is metabolized
in the liver and kidneys while PEG-IFN alfa-2b is
[25,44,45]
metabolized exclusively by the kidneys
. The
pharmacokinetics of PEG-IFN alfa-2a is less affected
by renal failure, and less dose modifications are
necessary in the setting of renal impairment as
[44,45]
compared to PEG-IFN alfa-2b (Table 1)
. In
patients with severe renal impairment [creatinine
clearance (CrCl) < 30 mL/min], the maximum plasma
concentration and the area under the curve (AUC)
of PEG-IFN alfa-2b are increased by approximately
90% and half-life is increased by approximately
[46]
40% . Similar pharmacokinetic profiles have been
[25,45,46]
also observed for PEG-IFN alfa-2a
. In addition,
hemodialysis has only a small effect on IFN and PEG[25,45,46]
IFN clearance
.

Ribavirin

After oral absorption, RBV is rapidly absorbed and
distributed with a bioavailability of approximately
50%. It has extensive volume of distribution and
the steady state is reached in 7-11 wk after multiple
[47-49]
dosing and with a terminal half-life of 12 d
. The
route of RBV elimination is mainly by the kidney.
Thus, body weight is also highly correlated with
[47-49]
RBV clearance
. Notably, the optimal dosing
strategy of RBV must be calculated according to
[47-49]
the renal function, as measured by CrCl
. The
AUC for RBV is increased by 2 folds in patients with
CrCl 30-60 mL/min and by 3 folds in patients with
CrCl 10-30 mL/min respectively, when compared to
[50]
those with CrCl > 90 mL/min . Notably, the most
pronounced side effect of RBV in patients with renal
disease is hemolytic anemia. The mechanism of RBVinduced anemia is unclear, but evidently involves an
extensive accumulation of active RBV metabolites

PHARMACOLOGIC ISSUES OF
ANTIVIRAL AGENTS IN PATIENTS WITH
RENAL DISEASE
Interferons and pegylated interferons

Interferon-alfa is a glycoprotein, produced by immune
cells in response to foreign antigens, such as viruses,
bacteria, parasites or tumor cells. The elimination
half-life of IFN following subcutaneous injections is
approximately 2-4 h, then it is filtered through the
glomeruli and during proximal tubular reabsorption
[25,42]
undergo lysosomal proteolytic degradation
.
Kidney is the main site of degradation of IFN mol
ecule, while liver plays only a minor role. Due to
a short elimination half-life of IFN following subcu
taneous injections (2-4 h), sustained plasma levels
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Table 1 Dosage modification for patients with renal impairment
Creatinine clearance
30-50 mL/min
< 30 mL/min
Hemodialysis

Pegylated-interferon alfa-2a

Pegylated-interferon alfa-2b

Ribavirin

180 μg/wk
1.125 μg/kg per week (25% reduction) Alternating doses; 200 mg and 400 mg every other day
135 μg/wk (25%-45% reduction) 0.75 μg/kg per week (50% reduction)
200 mg/d
135 μg/wk (25%-45% reduction) 0.75 μg/kg per week (50% reduction)
200 mg/d

Table 2 Pharmacokinetic and metabolic parameters of selected direct acting antivirals
Drugs

Metabolism/excretion route

Interaction with CYP3A

NS3/4A protease inhibitors
Boceprevir

Hepatic (CYP3A, aldoketoreductase)

Moderate CYP3A inhibitor

Telaprevir

Hepatic (CYP3A)

Simeprevir

Hepatic (CYP3A)

Faldaprevir

Hepatic (CYP3A)

ABT-450/ ritonavir
NS5A replication complex
inhibitors
Daclatasvir
Ledipasvir
NS5B nucleos(t)ide
polymerase inhibitors
Sofosbuvir

Hepatic (CYP3A)

NS5B non-nucleoside
polymerase inhibitors
ABT-333

Comments

Significant DDI with other CYP3A
substrate drugs
Strong CYP3A inhibitor
Significant DDI with other CYP3A and
P-gp substrate drugs
Mild CYP1A2 and CYP3A inhibitor
Unconjugated hyperbilirubinemia
commonly seen
Moderate CYP3A inhibitor; weak
Inhibition of UGTA1 results in
CYP2C9 inhibitor
unconjugated hyperbilirubinemia
Strong CYP3A inhibitor (by ritonavir) Unconjugated hyperbilirubinemia

Hepatic (CYP3A)
No/minimal
Feces (major); hepatic and renal (minor) No/minimal

Renal

No/minimal

Hepatic (CYP2C8 60%, CYP3A4 30%
and CYP2D6 10%)

No/minimal

Dose reduction if moderate to severe
renal impairment

Adapted from Tischer et al[55]. CYP3A4: Cytochrome P450 3A4.

to counteract anemia and help maintain optimal
[47,49]
RBV dose in patients with renal disease
. Until
recently, the use of RBV in persons with CrCl < 50
mL/min was contraindicated due to a markedly
reduced ribavirin elimination rate, leading to severe
hemolytic anemia. However, the US Food and Drug
Administration (US-FDA) has approved a labeling
change of RBV for patients with severe renal
impairment with recommended dosage modifications
[54]
since 2011
(Table 1). It should be noted that
breaking RBV tablet into half is not advised due to
the potential environmental contamination of this
serious teratogen. Given its extensive Vd and long
half-life, RBV can be finely adjusted by alternating
[47,49]
daily dosage
.

and subsequent oxidative stress within red blood
[51]
cells (RBC) . Ribavirin is actively transported
into RBC and accumulates within RBC with the
concentration greatly exceeding what is observed
[47,51,52]
in plasma (up to 60-fold)
. Once inside RBC,
RBV is phosphorylated to RBV-triphosphate, then it
[47,51,52]
is eliminated slowly from RBC
. An increase in
RBV-triphosphate concentrations in RBC enhances
oxidative stress with subsequent RBC membrane
damage, leading to premature extravascular destr
[51,52]
uction of RBC by reticuloendothelial system
.
With careful monitoring, reduced dose PEG-IFN plus
markedly reduced dose RBV (170-400 mg/d) has been
safety utilized in patients with renal impairment,
[47,49]
as well as those patients on dialysis
. However,
the use of RBV in HCV patients on dialysis has
not been well studied and it should be used with
extreme caution and close follow. Further, minimal
amount of RBV is removed by dialysis so that there
[25]
is a potential risk of drug accumulation . Despite
this, there are some data to support the use of
RBV in dialysis patients by starting empirically
with a low dose of 200 mg/d, then adjusting doses
[47,49,53]
according to changes in hemoglobin
. Notably,
erythropoiesis-stimulating agents may be used
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Direct acting antivirals

Most Direct acting antiviral (DAA) are metabolized
primarily via the liver and dose adjustment is not
[55,56]
necessary for patients with renal impairment
(Table 2). However, it should be noted that these
agents have not been adequately evaluated for the
treatment of HCV in patients with renal impairment in
clinical trials in terms of safety and efficacy. In vitro
studies indicate that boceprevir (BOC) extensively
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Available strategies

Timing

Moderate renal impairment
(CrCl 30-60 mL/min)

Regular/reduced dose PEG-IFN plus RBV (approximately 200-400 mg/d)
DAA-based therapy-should be utilized
No dose reduction for BOC/TVR/SMV/SOF
IFN-free/RBV-free regimens may be preferred

Severe renal impairment
(CrCl < 30 mL/min),
ESRD
(CrCl < 15 mL/min),
On dialysis

Reduced dose PEG-IFN plus RBV (approximately 200 mg/d)
IFN/PEG-IFN monotherapy may be effective
DAA-based therapy-limited clinical data
No dose reduction for BOC/TVR/SMV
SOF is not recommended
IFN-free/RBV-free regimens are preferred
Anti-HCV should be tested semiannually during dialysis
Patients with established cirrhosis and PHT may be
contraindicated for KT, especially if they are viremic

KT

After KT

IFN-based therapy-generally contraindicated (↑rejection)
DAA-based therapy-limited clinical data
IFN-free/RBV-free regimens are preferred
SOF/SMV have no/minimal DDI with IMS agents

Figure 1 Management of hepatitis C virus in patients with renal disease and kidney transplantation. Empiric dose changes should be done in conjunction with
therapeutic drug monitoring. BOC: Boceprevir; TVR: Telaprevir; SMV: Simeprevir; SFV: Sofosbuvir; CYP3A4: Cytochrome P450 3A4; mTOR: Mammalian target of
rapamycin; MMF: Mycophenolate mofetil.

undergoes metabolism through the aldo-keto
reductase-mediated pathway and, to a lesser extent,
oxidative metabolism mediated by CYP3A4 in the
[54]
liver . Telaprevir (TVR) is primarily metabolized
in the liver involving hydrolysis, oxidation, and
[54]
reduction . No dose adjustment is required for
BOC and TVR in patients with any degree of renal
[54]
impairment . Simeprevir (SMV) is metabolized
by liver CYP3A4 and kidney clearance plays an
[57]
insignificant role (< 1%) . A pharmacokinetic study
in volunteers demonstrated that SMV exposure after
7 d of 150 mg/d dosing was 62% higher in patients
with severe renal impairment compared with matched
healthy volunteers, but safety and tolerability were
[57]
considered generally favorable . Daclastavir is
also metabolized primarily by the liver, and the
need for dose adjustment in patients with impaired
[55,56]
renal function is unknown
. Unlike the others,
sofosbuvir (SOF) is excreted via the kidneys. A single
400-mg dose of SOF resulted in 56%, 90%, and
456% higher levels of the major systemic metabolite,
GS-331007, among persons with mild, moderate,
and severe renal dysfunction, respectively, compared
[58]
with individuals with normal renal function .

flu-like symptoms, gastrointestinal and hematological
adverse events, which is more frequent than in
[59-62]
patients with normal renal function
. Notably, the
use of PEG-IFN does not seem to provide an additional
benefit in terms of SVR compared to conventional
[61,62]
IFN monotherapy in patients on dialysis
. This
finding may largely explain by changes in the pharm
acokinetics of IFN toward increasing half-life and AUC
(more similar to that of PEG-IFN) in the setting of
ESRD. In a recent meta-analysis of 25 studies (included
459 patients treated with IFN38 patients treated with
PEG-IFNand 49 patients treated with PEG-IFN/RBV),
the overall SVR rate was 41% (95%CI: 33-49) for IFN
[61]
and 37% (95%CI: 9-77) for PEG-IFN . Treatment
discontinuation rates were 26% (95%CI: 20%-34%)
for IFN and 28% (95%CI: 12%-53%) for PEG-IFN.
The SVR rate tended to be higher when 3 million units
[61]
or higher of IFN 3 times weekly were used (Figure 1).

Interferon or pegylated interferon plus ribavirin

In patients with normal renal function, the addition
of RBV to IFN or PEG-IFN is generally required
in order to achieve an optimal SVR, primarily by
[47]
decreasing relapse rates . Several small studies
have demonstrated that the use low-dose RBV (from
200 mg/wk to 400 mg/d) in combination with IFNbased therapy was feasible for treating HCV patients
[3,50]
with ESRD
. Despite the widespread use of
high-dose erythropoietin, falling hemoglobin levels
[3,50]
were commonly observed
. Overall, SVR and
treatment-related withdrawal rates after 24-48 wk
of combination therapy ranged between 17%-90%
[3,50]
[63]
and 0%-70%, respectively
. Rendina et al
reported a case series evaluating PEG-IFN 135 μg/

MANAGEMENT OF HCV IN PATIENTS
WITH ESRD
Interferon or pegylated interferon monotherapy

There have been at least 4 meta-analyses demon
strating that IFN monotherapy is effective for HCV
patients with ESRD, with the overall SVR rates of
[59-62]
33%-41% and the withdrawal rates of 17%-30%
.
The discontinuation of treatment were mainly due to
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wk plus RBV 200 mg/d for 24 (non-G1) or 48 wk
[63]
(G1) in HCV patients on dialysis . In this study, 35
patients received treatment (35 served as untreated
controls), and 30 patients completed treatment
[63]
(drop-out rate 14%) . Overall, 34 of 35 (97%)
treated patients, including those with treatment
[63]
discontinuation due to side effects, achieved SVR .
Recently, an open-label, randomized trial in Taiwan
randomized 205 HCV patients on hemodialysis to
PEG-IFN 135 μg/wk plus RBV 200 mg/d (n = 103)
[53]
or PEG-IFN 135 μg/wk alone (n = 102) for 48 wk .
Compared with monotherapy, combination therapy
[53]
had a greater SVR rate (64% vs 33%, P < 0.001) .
More patients receiving combination therapy required
a higher dosage and longer duration of epoetinbeta and had more hemoglobin levels < 8.5 g/dL
than those receiving monotherapy (72% vs 6%, P
[53]
< 0.001) . The adverse event-related withdrawal
[53]
rates were similar between the two groups . The
recent AASLD/IDSA guidance recommended patients
with renal impairment/ESRD/HD, dosing of PEG-IFN
and RBV to follow updated FDA recommendations or
package insert recommendations based on calculated
[64]
glomerular filtration rate .

treatment regimen. Based on the available data,
the recent AASLD/IDSA guidance advised that no
dose reduction is needed when using SOF in patients
with HCV infection with mild to moderate renal
impairment (CrCl ≥ 30 mL/min). However, SOF
is not recommended in patients with severe renal
impairment and ESRD (CrCl < 30 mL/min) or those
[64]
who require HD until more data available . For
SMV, no dosage adjustment is required for patients
with any degree of renal impairment. SMV has not
been adequately studied in patients with ESRD,
[64]
including those requiring HD .

MANAGEMENT OF HCV IN KIDNEY
TRANSPLANT RECIPIENTS
Interferon- or pegylated interferon-based therapy

Outcomes of IFN-based treatment after KT are
somewhat disappointing. In a meta-analysis of 12
clinical trials (102 RT recipients with HCV), treatment
with IFN with or without RBV is associated with
the overall SVR and treatment-related withdrawal
[68]
rates of 18% and 35%, respectively . More recent
meta-analysis (n = 140) reported that the overall
SVR rate, drop-out rate and graft rejection rate was
[69]
26.6%, 21.1% and 4%, respectively . Thus, PEGIFN may be a more effective approach for treating
HCV post-KT than standard IFN-based treatment
[69]
(SVR: 40.6% vs 20.9%) . These suboptimal SVR
rates may largely explain by the interruption of
treatment by side effects and the limited efficacy
of IFN in immunosuppressed patients. In addition,
the immunostimulatory effects of IFN, including
increased expression of cytokines and HLA antigens,
and enhanced function of cytotoxic T cells and
natural killer cells, can lead to an increased risk of
[4]
acute allograft rejection in KT recipients . The early
studies reported that graft dysfunction occurred in
15%-100% of HCV-positive KT recipients treated with
IFN, with up to 20% resultant permanent allograft
[4,70-73]
failure
. Although more recent studies revealed
that PEG-IFN/RBV treatment may be feasible for KT
recipients and the development of graft rejection
was in fact relatively rare (0%-5%), but the SVR
[74-76]
rates are still relatively low (38%-50%)
. Taken
together, IFN-based therapy should only be initiated
in KT recipients under specific clinical situations, such
as FCH or severe de novo glomerulonephritis, where
DAA are unavailable and when the risk of not treating
HCV infection outweighs the risk of graft loss (Figure
1).

Boceprevir- or telaprevir-based triple therapy

The first wave DAA, boceprevir (BOC) and telaprevir
(TVR), in combination with PEG-IFN/RBV has been
the standard of care of HCV genotype 1 in many
countries since 2011, with an improvement in SVR
up to 65%-75% in treatment naïve patients and
[1]
60%-65% in previous relapsers/non-responders .
Notably, patients with CrCl < 50 mL/min or those
with ESRD were excluded from their registration
[1]
trials . Despite the lack of required dose adjustment,
there have been very few small case series evaluating
the safety and efficacy of these protease inhibitors
[65-67]
in patients with ESRD on dialysis
. Therefore, the
routine use of BOC/TVR-based triple therapy routine
use in patients with severe renal impairment cannot
[54,64]
be recommended
. It is possible that treatmentrelated side effects, particularly anemia, will be
increased in patients with renal disease. Thus, the
potential drug-drug interactions between the BOC/
TVR and concomitant medications that commonly
used in patients with ESRD (e.g., antihypertensive
and lipid lowering agents) may further complicate the
therapy.

Sofosbuvir- and simeprevir-based therapy

SOF and SMV have recently been approved for
the treatment of HCV in United States and many
countries in Europe. In settings where available,
SOF- and SMV-containing regimens are preferred for
over BOC/TVR-based triple therapy due to superior
efficacy, more convenience dosing, and less drug[64]
drug interactions . Ideally, patients with ESRD
should receive an IFN-free, and if possible RBV-free
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Boceprevir- or telaprevir-based triple therapy

Both BOC and TVR are substrates for and inhibitors of
the CYP3A4 and the drug transporter P-glycoprotein,
so that they are prone to interact with other
[55,56,77]
medications involving this enzyme
. Several
studies have demonstrated that co-administration
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of BOC and TVR significantly increased the dose
exposure of cyclosporine, tacrolimus and mammalian
target of rapamycin (mTOR) inhibitors by several
[55,56,77]
folds
. Lessons from LT suggested that the
drug-drug interaction issues with BOC- and TVRbased triple therapy may be manageable with
preemptive dose reduction and close monitoring of
[55,56,77]
immunosuppressive drug levels
. However, the
use of BOC/TVR-based triple therapy may not be
suitable for KT setting due to the possible rejection
issue with IFN.

other secondary causes. In most circumstances, renal
involvement itself does not affect overall survival in HCV
infected patients but it could modify natural course of
[82]
disease significantly .
The prevalence of HCV-related renal disease
varies among reports and also seems to be geo
graphical heterogeneity. For example, the prevalence
of MC is clearly more prevalent in Southern Europe
(more than 50% of HCV-infected individuals) than in
[79,81]
Northern Europe, North America, and Asia
. One
large epidemiologic study among US veterans showed
that cryoglobulinemia and MPGN, not membranous
glomerulopathy, are more prevalent in HCV-infected
patients (n = 34204) compared to non-HCV controls
(n = 136816): 0.57% vs 0.05%; P < 0.001, 0.36%
vs 0.05%; P < 0.001 and 0.33% vs 0.19%; P =
[83]
0.86, respectively . In addition, HCV infection
[84,85]
is independently associated with proteinuria
.
Besides, many epidemiological studies have shown
an association between HCV and diabetes mellitus,
[86]
especially type 2 . The processes seem to involve
direct viral effects, insulin resistance, proinflammatory
cytokines, chemokines, and other immune-mediated
[86]
mechanisms . Therefore, proteinuria and renal
disease in such patients may be secondary from
diabetic nephropathy, not directly related to HCV
itself.

Sofosbuvir- and simeprevir-based therapy

KT recipients with an indication for HCV treatment
should receive IFN-free regimen. SOF does not
undergo metabolism via hepatic CYP3A, limiting
the likelihood of drug-drug interactions with immun
osuppressive agents that are inducers or inhibitors
[55,56]
of this enzyme
. However, SOF is a substrate for
P-gp and should not be coadministered with potent
P-gp inducers such as rifampin or St John’s wort.
SMV is a mild CYP3A inhibitor and weak drug-drug
interaction may be observed when co-administration
with immunosuppressive agents. For example,
the AUC of tacrolimus decreased by 17% and that
of cyclosporine increased by 19% with SMV co[78]
administration . However, the package insert for
SMV advises that no dose adjustments are needed
during co-administration with cyclosporine or
tacrolimus. Monitoring of sirolimus concentrations
may be advisable when given with SMV.

Diagnosis of mixed cryoglobulinemia

Cryoglobulinemia is a chronic systemic disease char
acterized by the presence of serum immunoglobulins
[87]
that reversibly precipitate at low temperature .
Classically, cryoglobulemia is divided into 3 types.
Type I composed of a monoclonal immunoglobulin
associated mainly with overt lymphoproliferative
disorders and is classically presented with vascular
[80,88]
occlusion or hyperviscosity syndrome
. Type Ⅱ
and Ⅲ, so-called MC, consisted of polyclonal IgG and
monoclonal/polyclonal IgM with rheumatoid factor.
These two types are associated with infectious,
immunological and neoplastic disorders (also can
be idiopathic), and often present with vasculitis
syndrome, e.g., peripheral neuropathy, skin ulcers
[80,88]
as well as glomerulonephritis
. The strong
association between HCV and MC type Ⅱ and Ⅲ
has been supported by several epidemiological
[16,79-81,87]
studies
. HCV appears to have an important
etiologic role in MC, as the evidence of HCV infection
[89,90]
can be found in 76%-95% of patients with MC
.
On the other hand, low level of cryoglobulinemia is
commonly found in unselected HCV patients with
[91,92]
prevalence 19%-54%
. Most of these patients
are asymptomatic and about 5%-20% have an overt
[91,92]
clinical of MC
.
Diagnosis of MC is based on clinicopathological
and laboratory work-up including cryoglobulin testing,
quantitative serum protein and globulins, complement
levels, virologic markers, and urine analysis. The

HEPATITIS C VIRUS-RELATED RENAL
DISEASE
Epidemiology

Considering HCV is both a hepatotrophic and lymph
otrophic virus, in addition to causing a liver disease, it
can be associated with a number of lymphoproliferative
and immunological disorders of various organ
[79]
systems, including the kidney
(Figure 2). HCVrelated renal disease can affect both glomerular and
tubular component, which can be presented with a
wide array of clinical manifestations, ranging from
asymptomatic proteinuria, overt glomerular disease, to
ESRD. Notably, the most common and well-established
renal involvement of HCV is mixed cryoglobulinemia
[16,79-81]
(MC)-associated glomerulonephritis
. Whereas
other conditions such as membranoproliferative glome
rulonephritis (MPGN) and membranous nephropathy,
focal segmental glomerulosclerosis, fibrillary glomerul
onephritis, immunotactoid glomerulopathy, IgA neph
ropathy, mesangial proliferative glomerular nephritis,
renal thrombotic microangiopathy, vasculitic renal
involvement and interstitial nephritis are less commonly
[16,80]
described
. These pathologic findings are not
specific for HCV and the diagnosis of HCV-related renal
disease has to be made cautiously with exclusion of the
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Figure 2 Proposed pathogenesis of hepatitis C virus-related immunogenic and lymphoproliferative disorders. HCV: Hepatitis C virus; NOS: Nitric oxide
synthase; ROS: Reactive oxygen species; AID: Activation-induced deaminase.

clinical syndrome of MC caused by deposition of
circulating immune complexes in small to mediumsized blood vessels in multiple organs, inducing
systemic vasculitis. The main clinical manifestations
of MC are palpable purpura, arthralgia, myalgia,
[88,90]
peripheral neuropathy and hypocomplementemia
.
Cryoglobulins can precipitate in vitro at temperatures
[80]
of less than 37 ℃ (typically at 4 ℃ ) and re-dissolve
[93]
after rewarming .
Renal involvement is presented in up to one
third of patients and represents a strong negative
[90,94]
prognostic factor, even if their course may vary
.
Nephropathy is observed in 20% at the diagnosis of
MC, and in 35%-60% during follow up, in which the
[90,95]
majority occurs within a few years
. Clinically,
MC-associated glomerulonephritis may range from
asymptomatic abnormal urinalysis (microscopic
hematuria, or sub-nephrotic range proteinuria with
normal, or mildly impaired, renal function), overt
nephritis (20%-25%) and nephrotic syndrome
(20%), with variable progression to end-stage
[90,95]
renal disease in 10%-33% of patients
. The
typical renal histopathologic pattern is type Ⅰ MPGN,
which can be differentiated from idiopathic MPGN
by the presence of capillary thrombi, composed of
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precipitated cryoglobulins, and diffuse IgM deposition
[80,90,96,97]
in the capillary loops
.

Treatment of mixed cryoglobulinemia-related
glomerulonephritis

Several small studies reported a beneficial effect
of PEG-IFN/RBV in patients with HCV-related MC
[87,98]
with 62%-78% SVR rates
. PEG-IFN/RBV is
generally well-tolerated (treatment-related side
effects 22%-54%) in cryoglobulinemic patients and
the dosage should be adjusted according to renal
[86,97]
function
. Notably, the chance to achieve SVR is
[87,98]
not affected by the presence of cryoglobulinemia
.
Importantly, significant improvement of clinical MC
syndrome and immunologic parameters is typically
observed in patients who attained SVR. Cryo
globulin level often declines or even disappears after
successful treatment. Though, MC-related vasculitis
has been reported to persist or to relapse after
[94,99]
achieving in a small proportion of patients
. A
meta-analysis of controlled clinical trials suggested
that IFN-based therapies were more effective than
immunosuppressive agents in lowering proteinuria of
patients with HCV-related cryoglobulinemic glomer
[100]
ulonephritis (OR = 3.86; 95%CI: 1.44-10.33)
.
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Recent studies in HCV-related MC with or without
renal involvement demonstrated that triple therapy
with TVR, BOC or SOF plus PEG-IFN/RBV are safe and
[100-102]
effective in cryoglobulinemic patients
. However,
such therapeutic regimens should be administered
cautiously considering the high rate of side effects
[101,103]
(up to 35% discontinuation rates)
. More clinical
trials, especially with IFN-free regimens, are eagerly
awaited.
Corticosteroids and cyclophosphamides have
shown to effectively induce clinical remission in
patients with severe MC. However, their effects are
not sustainable and they can be associated with
significant side effects, liver toxicity, and subsequent
[86,99]
increase in HCV viremia
. Rituximab, a chimeric
monoclonal antibody specifically directed against
CD20 antigen, has been proven to be safe and
effective in the treatment of MC with or without
[87,98,104]
HCV
. A randomized controlled trial comparing
between PEG-IFN/RBV with or without rituximab in
treatment-naïve MC patients demonstrated that a
combination of PEG-IFN/RBV plus rituximab is well
tolerated and more effective than PEG-IFN/RBV
[105]
alone
. Thus, its effect may last for more than 3
[105]
years
. Therefore, a combination of rituximab and
antiviral therapy is recommended to treat in HCV[40,87,106]
related MC with progressive kidney disease
.
In addition, the removal of circulating cryoglobulins by
therapeutic plasmapheresis combined with immuno
suppressive agents, such as pulse corticosteroids, may
be considered as an adjunctive therapy for severe
exacerbation of vasculitis, especially rapidly prog
[40,87,106,107]
ressive glomerulonephritis
.
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MINIREVIEWS

Micro RNAs in the development of non-alcoholic fatty liver
disease
Glenn S Gerhard, Johanna K DiStefano
the underlying pathogenesis of the disease. Research
efforts are ongoing to identify biological targets and
signaling pathways that mediate NAFLD. Emerging
evidence has implicated a role for micro RNAs (miRNAs),
short single-stranded molecules that regulate gene
expression either transcriptionally, through targeting of
promoter regions, or post-transcriptionally, by blocking
translation or promoting cleavage of specific target
mRNAs. Several miRNAs have been associated with
NAFLD, although our understanding of the biology
underlying their role is still emerging. The goal of this
review is to present an overview of the current state of
knowledge of miRNAs involved in the development of
NAFLD across a range of in vitro and in vivo models,
including miRNAs that contribute to pathological
mechanisms related to fatty liver in humans. Much
less is known about the specific targets of miRNAs
in cells, nor the molecular mechanisms involved in
the development and progression NAFLD and related
outcomes. More recently, the identification and
validation of miRNA signatures in serum may facilitate
the development of improved methods for diagnosis
and clinical monitoring of disease progression.
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Core tip: Available data on miRNAs in nonalcoholic
fatty liver disease (NAFLD) are largely derived from
various cell culture and animal models. Reflecting
an emerging field, little cross-model concordance
is present and few human data are available for
comparison with cell culture and animal model results.
Although the generation of human data may be limited
by the availability of tissue samples, recent reports of
circulating miRNAs from NAFLD patients hold promise
for significant progress for diagnosis and clinical

Abstract
Nonalcoholic fatty liver disease or nonalcoholic fatty
liver disease (NAFLD) refers to a group of disorders
that arise from the accrual of fat in hepatocytes.
Although various factors have been associated with the
development of NAFLD, including genetic predisposition
and environmental exposures, little is known about
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monitoring of disease progression.

instead serve to regulate the expression of certain
genes. More than 2500 miRNAs may be encoded in
the human genome, residing in intergenic regions,
[8]
introns, and within exons . MiRNAs go through a
complex processing pathway following transcription
by RNA polymerase Ⅱ (RNA Pol Ⅱ), which has been
[9]
described in detail elsewhere . MiRNAs can be found
both in cells and circulating in the blood, and have the
potential to be taken up at sites distant from the cell
of origin; as such they may serve as biomarkers of
disease processes. They may also act in an endocrine
or paracrine fashion to regulate expression at multiple
sites. It is not yet known whether miRNAs have
specific cell surface receptors or whether they target
cells that express their target mRNAs.
MiRNAs have been found to regulate processes
relevant to the development and progression of
NAFLD; however, our understanding of the biology
underlying these processes is presently in its infancy.
The goal of this review is to present an overview of
the current state of knowledge of miRNAs involved
in the development of NAFLD across a range of
appropriate in vitro and in vivo models, with a special
focus on miRNAs that contribute to pathological
mechanisms related to fatty liver in humans.

Gerhard GS, DiStefano JK. Micro RNAs in the development
of non-alcoholic fatty liver disease. World J Hepatol 2015;
7(2): 226-234 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i2/226.htm DOI: http://dx.doi.org/10.4254/
wjh.v7.i2.226

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) represents
a spectrum of conditions resulting from excessive
accumulation of fat in hepatocytes, a condition
known as steatosis. NAFLD can be categorized into
nonalcoholic fatty liver representing simple steatosis
and non-alcoholic steatohepatitis (NASH) with
coincident hepatocyte injury, liver inflammation, and
fibrosis. NAFLD is the major cause of chronic liver
disease (CLD), which is associated with substantial
[1]
morbidity and mortality in developed countries . In
tandem with the rising rates of obesity and type 2
diabetes mellitus (T2D), the prevalence of NAFLD is
also increasing, and is expected to double by 2030
in the United States. NAFLD/NASH has thus become
[2]
a leading cause of cryptogenic cirrhosis and is
rd
currently the 3 leading clinical indication for liver
transplantation in the United States and expected
[3]
to soon become the primary indication . At present
liver biopsy is the only method to accurately assess
[1]
the severity of liver fibrosis or predict progression
[4-6]
of NAFLD to clinically severe forms , which limits
early diagnosis of NAFLD patients who are at high
risk for development of liver-related morbidity and
mortality. Given the substantial public health burden
of NAFLD, novel therapeutic targets are also urgently
needed to facilitate the development of improved
pharmacological therapies for the treatment and
prevention of the disease.
Although genetic predisposition, environmental
exposures, and lifestyle factors contribute to the
development of NAFLD, little is known about the
underlying pathogenesis of the disease. Ongoing
research efforts to identify biological targets
and signaling pathways that mediate NAFLD are
expected to provide the insight necessary to begin
to distinguish among different clinical forms of the
disease.
Emerging evidence has implicated a role for
epigenetic factors, including micro RNAs (mi
RNAs) in the development of NAFLD. MiRNAs are
endogenous, single-stranded RNAs (21-25 nucl
eotides in length) that regulate gene expression
either post-transcriptionally, by blocking translation
or promoting cleavage of specific target mRNAs,
or transcriptionally, through targeting of promoter
[7]
regions . Thus, they do not code for proteins, but
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In vitro studies

A number of studies have been conducted on miRNAs
using cell culture models of NAFLD, primarily those
derived from hepatocyte cell lines (Table 1). In one
study, immortalized human liver-derived L02 cells,
cultured with high levels of free fatty acids (HFFAtreated) to serve as a model for hepatic steatosis,
[10]
were analyzed using miRNA micro-array . A total
of 17 and 15 miRNAs were up- or downregulated,
respectively, in these HFFA-treated L02 cells. Of
these, miR-10b was the most up-regulated miRNA,
and HFFA-cultured L02 cells transfected with antimiR-10b showed significantly decreased lipid content
and the triglyceride level (i.e., steatosis). Pero
xisome proliferator-activated receptor-a (PPARA)
was identified as a potential target for miR-10b,
and expression of both transcript and protein
levels of PPARA were reduced in steatotic L02 cells.
Overexpression of miR-10b in HFFA-cultured L02
cells, led to decreased PPARA protein levels, while
miR-10b knockdown increased PPARA, indicating that
this miRNA may regulate the development of hepatic
steatosis through mechanisms involving the PPARA
pathway. Further investigation involving both animal
and human studies will be necessary to confirm this
relationship.
In an independent study to identify miRNAs
involved in the formation of lipid droplets, the human
hepatocellular carcinoma-derived cell line Huh7 was
[11]
transiently transfected with a library of 327 miRNAs .
The Huh7 cell line spontaneously accumulates lipid
droplets in culture and is lipogenic, making it an
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Table 1 Summary of in vitro studies of miRNAs relevant to fatty liver
Model
L02
Huh7
Huh7 and Hep3B
HepG2
HepG2 and primary human hepatocytes

miRNAs

Biological effect

Validated targets

Ref.

miRNA-10b
miR-181d
miR-122
miR-613
miR-107

Inc expr, decrease steatosis
Inc expr, decrease steatosis
Dec exp, decrease steatosis
Incr exp, increase steatosis
Incr expression, increase steatosis

PPARA
Not determined
SOCS3
LXRα
FASN

[10]
[11]
[14]
[15]
[16]

[12]

appropriate in vitro model for steatosis . Following
primary and secondary screening, eleven miRNAs
were identified that either increased or decreased
intracellular lipid content. Of these, miR-181d showed
the strongest influence on steatosis, decreasing
lipid droplet formation by approximately 60%. Huh7
cells were also used, along with Hep3B human
hepatocellular carcinoma cells, to link expression
of miR-122 to decreased fatty acid and cholesterol
[13]
levels . Expression of the suppressor of cytokine
signaling 3 (SOCS3) gene is also regulated by
[14]
miR-122 . SOCS3 protein increases expression of
sterol regulatory element-binding protein 1 (SREBP1),
a transcription factor that regulates cholesterol and
lipid metabolism. Silencing of miR-122 in Huh7 cells
corresponded with reduced SOCS3 expression, which
in turn decreased SREBP1 levels, while restoration
of SREBP1 expression when miR-122 levels were
depleted through RNA silencing could be achieved by
over-expression of SOCS3.
In addition to L02 and Huh7 cells, HepG2 cells
have also been used as a model in which to study
the role of miRNAs in hepatic lipid metabolism. In
these cells, over-expression of miR-613 reduced
expression of the nuclear receptor liver X receptor
α (LXRA) and several of its target genes including
acetyl-CoA carboxylase, sterol-regulatory element
binding protein 1c, and fatty acid synthase, and
[15]
led to the formation of lipid droplets . miR-613
was shown to bind to the 3′-untranslated region of
the LXRA mRNA. Similarly, miR-107 was shown to
bind to the 3′ UTR of the fatty acid synthase gene
(FASN), reducing its expression and causing malonyl
CoA and lipid accumulation in both HepG2 cells and
[16]
primary hepatocytes .
As evident from the studies described, the
inherent advantage of cultured cell systems for
the study of miRNA physiology in NAFLD is in their
ease and economy of manipulating levels of specific
molecules. However, NAFLD occurs in the context of
multiple cell types that constitute the liver and with
molecular interactions with distant cell types and
organs; therefore studies involving in vivo models
have been important in enhancing our understanding
of the role miRNAs play in the development of the
disease.

using animal models of fatty liver, primarily in mice
[17]
and rats , in whom NAFLD is typically induced
with a high fat diet. A summary of the main findings
from these studies is shown in Table 2. In one study,
microarray analysis of 350 miRNAs in liver samples
of sprague-dawley rats with diet-induced NASH
showed downregulation of miR-122, miR-451, and
miR-27a and upregulation of miR-429, miR-200a,
and miR-200b compared to animals fed a standard
[18]
diet . In a similar microarray-based study of dietinduced NASH in sprague-dawley rats, the authors
observed that upregulation of miR-146a, miR-210,
miR-29c, miR-103, miR-20b-5p, miR-106b, miR-212,
miR-31, miR-10a, miR-203, miR-27b, miR-199a,
miR-107, let-7b, and downregulation of miR-33,
miR-145, miR-196b, miR-93, let-7d, miR-19 could
[7]
differentiate between steatohepatitis and steatosis .
No common mRNA targets were found for the 14
upregulated miRNAs, but 12 common targets were
found for the six downregulated miRNAs including
stearoyl-coenzyme A desaturase 1 (Scd1). Hepatic
expression of miR-15b was also shown to be
upregulated in liver RNA of Sprague Dawley rats fed
[19]
a high fat diet for 16 wk . Surprisingly, no miRNAs
were replicated across these rat studies, possibly
due to differences in dietary composition and
regimen, as well as phenotypic endpoint.
MiRNA microarray analysis of liver RNA from both
C57BL/6J and DBA/2J inbred strains of mice fed a
lipogenic methyl-deficient diet to induce a form of
fatty liver injury similar to human NASH identified
significant upregulation in the expression of miR34a, miR-155, and miR-200b, and downregulation
[17]
of miR-29c . A strain-specific effect was seen, with
more significant changes occurring in DBA/2J mice.
In livers of C57BL/6J mice fed a high fat diet for
eight weeks, miR-467b expression was significantly
decreased, corresponding to an increase in hepatic
[20]
lipoprotein lipase (LPL) expression . The authors
utilized bioinformatics sequence analysis to identify
LPL as a direct target of miR-467b and confirmed
the miRNA-mRNA interaction in vitro. Interestingly,
the interaction between miR-467b and its target
gene was associated with insulin resistance, which
strongly increases the risk of NAFLD. In a separate
study, apoE(-/-) mice treated with intra-peritoneal
injection of an miR-467b mimic or agomirna (synthetic
chemically modified RNA duplexes) led to reduced lipid
accumulation and inflammatory cytokine secretion by
macrophages via downregulation of LPL expression,

In vivo studies

A number of studies of miRNAs have been conducted
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Table 2 MiRNAs associated with nonalcoholic fatty liver disease
miRNA

Species

Downregulation of miR-122, miR-451, and miR-27a and upregulation of
miR-429, miR- 200a, and miR-200b
Upregulation of miR-146a, miR-210, miR-29c, miR-103, miR-20b.5p, miR-106b,
miR-212, miR-31, miR-10a, miR-203, miR-27b, miR-199a, miR-107, let-7b, and
downregulation of miR-33, miR-145, miR-196b, miR-93, let-7d, miR-19
miR-15b

Sprague-dawley rats
Sprague-dawley rats

Sprague-dawley rats

Model

Ref.

High fat diet induced NASH [18]
vs standard diet
High fat diet induced NASH [7]
vs steatosis

High fat diet induced NASH
vs standard diet
Decreased expression miR-29c, and increased expression miR-34a, miR-155, and C57BL/6J and DBA/2J mice
methyl-deficient diet induced
miR-200b
NASH
Decreased miR-467b
C57BL/6J mice
High fat diet vs standard diet
Increased miR-103 and miR-107
C57BL/6J mice
High fat diet vs standard diet
Decreased miR-21
C57BL/6J mice
High fat diet vs standard diet
miR-122 decreased in all strains, while expression of miR-34a, miR-200b, and
A/J, C57BL/6J, C3H/HeJ, 129S/ choline- and folate-deficient
miR-181a
SvImJ, CAST/EiJ, PWK/PhJ,
diet
and WSB/EiJ strains
miR-122 (-/-)
129SvJ
Steatosis on a Normal Diet
miR-155 (-/-)
C57BL/6
High fat diet vs standard diet
Up regulation of miR-122, miR-24, miR-195a, miR-106b, miR-15b, miR-802,
ob/ob
Standard diet
miR-185, miR-214, miR-378, and let-7c; downregulation of miR-224, miR-126,
miR-7a, miR-128, miR-455, miR-452, miR-135b, miR-145, miR-18a, and miR-196a
Increased miR-16, miR-122, miR-126 decreased miR-27b
Gankyrin transgenic zebrafish
Standard diet

[19]
[17]
[20]
[22]
[23]
[24]

[25]
[26]
[27]

[29]

NASH: Non-alcoholic steatohepatitis.

leading to protection from atherosclerosis in these
[21]
animals . Together, these findings suggest that the
miR-467b-LPL interaction may play an important role
in lipid accumulation, which may exert diverse effects
on the development of both hepatic steatosis and
atherosclerotic vascular disease.
−/−
In LDL receptor knockout (LDLR ) mice derived
from a C57BL/6J background and fed a high-fat diet
for 10 wk, increased expression of miR-103 and
miR-107 was abolished by daily dosing of a mixture of
[22]
concentrated plant-derived polyphenol compounds ,
although weight gain and liver steatosis were
ameliorated. The expression of miR-122 was not
altered by the high fat diet, but was decreased by
dietary polyphenols. Further studies on polyphenol
administration for 8 wk to C57BL/6J mice fed a highfat diet demonstrated that lycopene also ameliorated
hepatic steatosis and prevented down-regulation of
[23]
miR-21 . Expression of fatty acid-binding protein 7
(FABP7) was downregulated via interaction of miR-21
with the FABP7 3’ UTR.
Administration of a choline- and folate-deficient
diet for 12 wk to induce NAFLD-like liver injury in
inbred male mice of the A/J, C57BL/6J, C3H/HeJ,
129S/SvImJ, CAST/EiJ, PWK/PhJ, and WSB/EiJ
strains induced strain-related differences in levels of
[24]
hepatic and plasma miRNAs . Hepatic expression
of miR-122 decreased in all strains, while expression
of miR-34a, miR-200b, and miR-181a increased
and was correlated with histological severity of liver
injury. Serum levels of miR-34a, miR-122, miR-181a,
miR-192, miR-200b, and miR-221 were correlated
with histological severity across all strains, providing
evidence that release of miRNAs may serve as

WJH|www.wjgnet.com

biomarkers of liver injury.
Knockout studies have also been conducted
targeting specific miRNAs, although few have
been reported thus far. A recent study by Hsu et
[25]
al , in which mice with either germline or liverspecific knockdown of miR-122 were generated,
showed that deficient animals developed steatosis,
steatohepatitis, fibrosis, and spontaneous tumors
that were histologically similar to hepatocellular
carcinoma. These findings support a critical role for
miR-122 in mediating the progression of steatosis
to more clinically severe phenotypes and the
subsequent development of cancer.
An independent study also using knockout mice
investigated the role of a second miRNA, miR-155,
[26]
in the development of hepatic steatosis . In
-/that study, miR-155 mice fed a high fat diet for
six months developed significantly more hepatic
steatosis, which was associated with increased
liver weight and lipid levels, than C57BL/6 wildtype controls. Hepatic expression of genes involved
in glucose regulation, fatty acid uptake, and lipid
-/metabolism were also elevated in the miR-155
mice. Among the differentially expressed genes, the
authors identified and validated only one, Nr1h3
(LXRα) as a direct target of miR-155. Together these
data indicate that miR-155 plays a protective role
in liver lipid metabolism and that downregulation
of miR-155 expression may contribute to the
development of hepatic steatosis.
In addition to microarray and knockdown studies
of specific miRNAs, approaches using next generation
sequence analysis have also been used to quantify
miRNA expression in NAFLD. Sequencing of liver
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non-coding RNA in ob/ob and control mice identified
[27]
37 differentially expressed hepatic miRNAs .
Although miR-122 showed the greatest alteration
in expression between the two groups, miR-24,
miR-195a, miR-106b, miR-15b, miR-802, miR-185,
miR-214, miR-378, and let-7c were also significantly
upregulated. In contrast, levels of miR-224, miR-126,
miR-7a, miR-128, miR-455, miR-452, miR-135b,
miR-145, miR-18a, and miR-196a were significantly
downregulated. To determine whether overexpression
of miR-126 or inhibition of miR-24 played a
mechanistic role, AML-12 liver cells were treated with
free fatty acids. Up-regulation of hepatic miR-126
using a miR-126 mimic or down-regulation of hepatic
miR-24 using antagomiR-24 was correlated with
decreased fat accumulation, suggesting that both
may potentially mediate liver steatosis. Additional
studies will be necessary to address this possibility.
In addition to mice and rats, zebrafish are
presently becoming recognized as suitable models for
[28]
lipid-related diseases, including hepatic steatosis .
In this model, transgenic over-expression of
gankyrin, a small ankyrin-repeat protein that plays
a role in cellular proliferation, led to increased lipid
content in > 90% of viable adult fish. Overexpression
of gankyrin led to the development of hepatic
steatosis and was associated with increased levels
of miR-16, miR-122, and miR-126, and decreased
[29]
miR-27b . This study provides evidence supporting
a link between gankyrin and miRNAs in modulating
the development of hepatic steatosis in zebrafish;
however, the role of this network in humans is not yet
known.

with in vitro findings in HepG2 cells following
miR-122 silencing. Similarly, an inverse correlation
between miR-122 and levels of SOCS3 and SREBP1
[13]
was observed in human liver samples . In obese
individuals, levels of miR-34a were approximately
2-fold higher in mild NASH, increasing to more than
[32]
3-fold higher in severe NASH relative to steatosis .
In comparisons of steatotic and severe NASH liver
samples, levels of miR-122, miR-143, and miR-451
were decreased.
In addition to studies using liver tissue, miRNA
levels in adipose tissue have also been investigated.
A total of 664 miRNAs were profiled in visceral
adipose tissue obtained from 12 extremely obese
bariatric surgery patients with biopsy-proven NASH
[33]
and 12 with without NASH . Expression of miR-132,
miR-150, miR-433, miR-28-3p, miR-511, miR-517a,
and miR-671-3p were all significantly decreased in
individuals with NASH. In addition, expression of
miR-197 and miR-99 were also decreased in NASH
peri-sinusoidal fibrosis compared to non-fibrosis. IL6
was identified as a target gene for all seven miRNAs,
and the authors found that serum IL6 levels were
inversely correlated with levels of these candidates.
A study with a similar sample size was also
conducted using visceral adipose tissue obtained
[34]
from patients undergoing bariatric surgery . In
that study, Drosha, DGCR8, and Dicer1, all of which
represent key components of miRNA processing,
and seven pri-miRNAs including pri-miR-125b-2,
pri-miR-16-2, pri-miR-26a-1, pri-miR-26a-2, primiR-7-1, pri-miR-7-2, and pri-miR-7-3 were
assayed. Of these, levels of Dicer1, Drosha, DGCR8,
and pri-miR-7-1 were significantly increased in NASH
patients compared to normal controls. These results
indicate that even in the context of severe obesity,
specific miRNAs may serve to differentiate liver
function, although the small sample sizes of these
studies limit the generalizability of the results.
In addition to expression in tissue, miRNAs can
also circulate freely in blood or be packaged within
microvesicles that provide a high level of protection
from degradation. Some studies report a correlation
of miRNA levels in tissue and biofluids. A summary
of findings from studies of circulating miRNAs in
NAFLD is shown in Table 3. For example, levels
of miR-122 in serum and liver were significantly
correlated (R = 0.461; P = 0.005) in patients with
[35]
NAFLD , suggesting that miR-122 released from
hepatic cells enters the bloodstream. Serum levels of
miR-122 were lower in individuals with mild steatosis,
compared to those with severe steatosis, but higher
in patients with mild fibrosis compared to those
with severe fibrosis. This result is in agreement with
those of previous studies, reporting decreased levels
of hepatic miR-122 at advanced stages of fibrosis
[36]
in patients with liver disease . The reason for the

HUMAN STUDIES
A large number of studies on the role of miRNAs
in viral hepatitis and hepatocellular carcinoma in
[30]
humans have been reported , which is in contrast
to the relatively limited investigations of these
molecules in modulating the pathogenesis of NAFLD
and liver-related outcomes. Of the studies that
have been published, most have been performed
using very small sample sizes, thereby limiting the
impact of any conclusions drawn from the results.
For example, one study recently profiled liver miRNA
in 15 individuals with NASH and 15 individuals with
[31]
normal liver histology . Out of the 474 miRNAs
represented on the array, six showed differential
expression between the two groups. The authors
confirmed overexpression of miR-34a and miR-146
b and underexpression of miR-122 using RT-PCR,
although miRNA levels were not associated with
NASH severity. Examination of miR-122 target genes,
including SREBP-1c, FAS, and HMG-CoA reductase,
showed significant increases in mRNA and protein
levels in individuals with NASH, which is consistent
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Table 3 Changes in circulating miRNAs associated with nonalcoholic fatty liver disease in humans
Population
NAFLD
NAFLD
NAFLD
NAFLD

Study design

Source of miRNA

miRNAs

Serum
Serum
Serum
Serum

miR-122
miR-122, miR-34a, miR-16, and miR-21
miR-15b
miR-122, miR-192, miR-19a, miR-19b, miR125b, and miR-375

Mild vs Severe steaosis; Severe vs Mild fibrosis
NAFLD vs normal
NAFLD vs normal
NAFLD vs normal

Effect

Ref.

Decrease
Increased
Increased
Increased

[35]
[36]
[19]
[37]

NAFLD: Nonalcoholic fatty liver disease.

discrepancy in miR-122 levels in NAFLD stage may
represent the loss of hepatocytes in worsening liver
injury. Because hepatocytes are the primary source of
miR-122 and since worsening of liver fibrosis results
in the replacement of hepatocytes with extracellular
matrix, hepatic miR-122 levels may be expected to
decrease with severe fibrosis. These results indicate
that levels of miR-122 may have significant prognostic
value for patients with NAFLD.
[36]
Similarly, Cermelli et al
investigated serum
levels of four miRNAs commonly dysregulated in liver
fibrosis: miR-122, miR-34a, miR-16, and miR-21.
In a study sample comprised of 34 individuals with
NAFLD and 19 healthy controls, serum levels of
miR-122, miR-34a, and miR-16 were significantly
higher in NAFLD patients. Levels of miR-21 showed
no difference between the two groups. Interestingly,
levels of miR-122 and miR-34a were positively
correlated with disease severity from simple steatosis
to steatohepatitis, supporting the potential value of
these two miRNAs to serve as noninvasive biomarkers
for progressive NAFLD.
[19]
Zhang et al
also recently examined miR-15b
as a potential biomarker for NAFLD in 69 individuals
with fatty liver and 42 healthy controls. Levels of miR15b were higher in the NAFLD patients compared
to the control group. However, because there
were significant differences in BMI, blood glucose,
triglyceride levels, total cholesterol, and ALT between
the two groups, these findings must be interpreted
with caution. Additional studies will be necessary to
demonstrate the appropriateness of miR-15b as a
biomarker for fatty liver disease.
A case hyphen control, multi-phased study that
analyzed 84 miRNAs in serum of patients with
biopsy-proven NAFLD and healthy controls identified
a greater than 2-fold up-regulation of miR-122,
miR-192, miR-19a, miR-19b, miR-125b, and miR-375
[37]
with steatosis or more advanced NAFLD . Only
miR-122 was associated with severe vs no or mild
fibrosis. Interestingly, miR-122 was 10-fold and
miR-192 2-fold down-regulated in the liver. In situ
hybridization of miR-122 in liver showed that the
miRNA staining was concentrated at the hepatocyte
membrane, not more broadly distributed throughout
the cytoplasm, consistent with preparation for export

WJH|www.wjgnet.com

to the circulation.

CROSS STUDY COMPARISONS
About a dozen miRNAs have been analyzed in two
or more model systems (Table 4). miR-122, the
most studied, was also the most discrepant across
systems. miR-122, the most abundantly expressed
miRNA in hepatocytes has been associated with
[38]
a variety of liver diseases , suggesting complex
regulation. Indeed, each miRNA may play a role in
regulating the expression of tens to hundreds of
genes, which may be regulated by multiple miRNAs.
This complex regulatory landscape may thus have
species specificity, accounting for differences within
or across model systems. Mechanistic differences
in the protocols for inducing NAFLD may also be
reflected in differential miRNA expression. For
example, high fat diet induced NAFLD has substantial
differences with a choline- and folate-deficient diet
that are very different than dyslipidemic mouse
knockout models. Indeed, evidence suggests strain
background also has substantial effect on miRNA
levels, further implicating complex regulation.
The discrepancy between a decrease observed for
human liver and an increase in circulating miR-122
is more difficult to reconcile, although little is known
about the metabolism of miRNAs in circulation. In
addition, serum levels will reflect the total body
levels of the miRNA, thus contributions from other
tissues may compensate for decreased levels in
the liver. The relative severity of NAFLD may also
be related to the levels in the serum, particularly
if there is significant ballooning degeneration and
hepatocyte cell death with subsequent release of
miRNAs.
Despite the discrepant results, the change in
expression with NAFLD of 10 of the 12 miRNAs
were found to be in the same direction, although
seven were only studied in rats and mice. However,
three zebrafish miRNAs were concordant with
those found in either mice or rats. The general
agreement in results between two rodent species,
as well as between rodents and zebrafish, suggests
that the biology may be conserved. Cross-model
concordance between evolutionarily distant species
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Table 4 Cross-study comparison of miRNA changes with nonalcoholic fatty liver disease
Cell lines
MiR-122
miR-34a
miRNA-107
miR-29c
miR-200b
miR-103
mir-106b
miR-15b
miR-126
MiR-145
miR-451
miR-27b

INC/DEC

Mice

Rats

Zebrafish

Human liver

Human serum

INC/NC/DEC
INC
INC
INC
INC
INC
INC
INC
DEC
DEC

DEC
INC
INC
INC
INC
INC
INC
INC

INC

DEC
INC

INC

DEC
DEC
DEC
INC

DEC
INC

also suggests functional relevancy. Unfortunately,
few human data are available for comparison with
animal model results. The need for additional human
data is largely limited by the availability of tissue
samples. Future studies based on large cohorts of
well annotated and high quality biological samples
and clinical data are needed.

lead to the identification of novel, noninvasive
biomarkers for the disease.
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thermal ablation, transarterial chemoembolization, and
radioembolization whilst stereotactic body radiation
therapy also uses imaging to target the radiation. Both
survival rates and cure rates have improved markedly
since the introduction of these techniques. This review
article describes the image guided techniques used for
the treatment of HCC.
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Core tip: This review article provides an updated descr
iption of the image guided therapies for hepatocellular
carcinoma including stereotactic radiation, set in the
context of a multidisciplinary approach.
Willatt J, Hannawa KK, Ruma JA, Frankel TL, Owen D, Barman
PM. Image-guided therapies in the treatment of hepatocellular
carcinoma: A multidisciplinary perspective. World J Hepatol
2015; 7(2): 235-244 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i2/235.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i2.235

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide and the third most common
[1]
cause of cancer related deaths . Treatment depends
on the stage of the tumor, performance status, and
liver function, as well as on the multidisciplinary
capabilities of the managing team of hepatologists,
gastroenterologists, surgeons, radiologists and
oncologists. Curative resection, liver transplantation,
ablative therapies, trans-arterial chemoembolization
(TACE), radioembolization and systemic therapy all

Abstract
A multidisciplinary approach to the treatment of
patients with unresectable hepatocellular carcinoma
(HCC) has led to improvements in screening, detection,
and treatments. Interventional techniques include
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[22]

lie within the range of treatments available to this
[2,3]
team .
In recent years surveillance strategies for pati
ents with viral hepatititis or with cirrhosis have
improved, leading to earlier diagnosis in many
patients. These patients have a chance of gaining a
[4,5]
curative response to treatment . In contrast, delay
[6]
in treatment leads to worse survival . Resection
remains the first option for patients who are suitable
for surgery, as defined by the Barcelona Cancer of
the Liver Clinic (BCLC) staging system. However,
several different image guided minimally invasive
therapies have emerged and evolved to improve
the treatment of HCC at an early stage. These
complement therapies provided by surgical and
radiation/oncology services. Selection of treatment
pathways is determined by a multidisciplinary
[7-9]
approach
and is most commonly based on the
[10]
BCLC staging system . For early and intermediate
stage hepatocellular carcinoma (HCC) (stages A
and B) locoregional treatments including ablative
therapies and TACE are used. Radioembolization is
used for intermediate and advanced stage HCC who
are poor candidates for TACE, and who have portal
[11]
vascular invasion . It is also used with limited
evidence base for the downstaging of tumors so that
[12,13]
more curative treatments can be employed
.
For patients who have either failed locoregional
therapies or who present with more advanced HCC,
Sorafenib induces a clinically relevant improvement
in time to progression and in survival.

local recurrence with RFA, whilst Zhou et al
found
better survival rates in surgical patients for tumors
measuring greater than 3 cm, and equivalent rates in
smaller tumors. Survival ranges from 78%-94% at 1
[17-22]
year and 58%-96% at 3 years
.
RFA employs low-voltage alternating current
[21-24]
to provide sufficient heat to kill cells
. The
probes are inserted under ultrasound or computed
tomography (CT) guidance. The procedure is
performed under moderate sedation or general
anesthesia and patients can be discharged on the
same day or the following day. Complication rates
are lower than those of surgery and include abscess
formation, tumor seeding along the electrode track,
burns from the grounding pads, bile duct injury and
[25]
thermal injury to adjacent organs . The procedure
is also less expensive than surgery.
Cyroablation is similar in terms of technical
approach to RFA, but creates tissue injury from low
[26]
temperatures of -20 ℃ to -60 ℃ . More than one
needle is usually required. The procedure can be
applied with lower rates of complication than RFA
[27]
when close to the gall bladder
or bowel loops, and
is less painful when employed for lesions which are
[28]
contiguous with the diaphragm . The procedure
[29]
can be performed under moderate sedation .
It is possible to follow the ablative effect on CT
[23,28-30]
by visualization of the ice ball
. One and 3
year survival rates are demonstrated at 81.4%
[30]
and 60.3%, similar to those of RFA . A single
meta-analysis shows an advantage for RFA over
[28]
cryotherapy in terms of recurrence rate . There is
no study comparing the survival rates.
Microwave therapy also works by heating the
local tissues. It achieves a larger ablation zone in a
[31]
shorter period of time than RFA . Early studies have
shown that there is a larger rate of local recurrence
with microwave than with RFA, but there are no large
studies or randomized studies to support this.
With the advent of RFA, percutaneous ethanol
injection has decreased in popularity. The procedure is
low cost, but requires several sessions of treatment.
It is performed with a fine needle under ultrasound
guidance. Tumor recurrence rates and survival rates
[32]
are inferior in comparison with those of RFA .

ABLATIVE THERAPIES
Liver transplantation and surgical resection remain
the primary options for curative treatment in
[14]
appropriate patients. The Milan criteria
provide
strict guidelines for transplantation eligibility, whilst
surgical resection is suitable only for patients with
[15]
single nodules and Child Pugh class A liver function .
The limitations on these treatment options offer up a
substantial number of patients who can benefit from
locoregional therapies. Radiofrequency ablation has
become the most accepted treatment for patients
with very early and early stage (BCLC 0 and A)
[16,17]
disease who are not eligible for surgery
. In three
[17-19]
independent meta-analyses
which include five
randomized controlled trials, better local control
and increased survival has been demonstrated in
comparison with percutaneous ethanol ablation.
When compared with surgical resection, there is
conflicting evidence. In randomized controlled trials
[16]
Huang et al
indicate improved results for surgery
over RFA who were followed up for 5 years while Feng
[20]
et al showed that although there was a greater risk
of local recurrence with RFA, there was no significant
difference in overall survival. Similar conflicts are
[21]
demonstrated in meta-analyses. Liu et al
found
equivalent survival rates despite higher rates of
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CHEMOEMBOLIZATION
HCC is preferentially supplied by the hepatic arterial
inflow, in contrast to the normal liver parenchyma
which is largely supplied by the portal vein. The TACE
procedure exploits these blood supply dynamics.
Techniques vary according to resources and expense,
but the principal is that an intra-arterial catheter is
placed in the vessel(s) supplying the tumor(s) and
high concentrations of a chemotherapeutic agent
is delivered along with an embolic agent to achieve
the dual purposes of targeted chemotherapy and
reduction in arterial supply to the tumor.
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TACE has been performed since 1980. Chemo
therapeutic drugs, most commonly doxorubicin,
cisplatin and mitomycin, are delivered locally
along with an embolic agent, normally lipiodol, an
oil emulsifying agent, thereby avoiding systemic
toxicity. Other embolic agents used are gelatin
sponge and PVA particles.
Drug eluting beads (DEB-TACE), although not
yet the standard, are becoming increasingly popular
largely due to the decreased side effect profile
in comparison with the standard TACE cocktail
of drugs. DEB-TACE delivers small beads which
have been soaked for several hours, normally
in doxorubicin. The loaded beads occlude the
feeding vessels of HCC, while the anticancer drug
is released gradually, creating tumor necrosis and
increasing chemotherapeutic concentrations locally.
Bead size varies from 75 micron to 700 micron,
the choice of size being dependent on tumor size
and the desired level of concentration within the
treated volume. Improved results are achieved
when chemoembolization is performed selectively
to segmental or subsegmental arteries feeding the
[33]
tumor(s) .
TACE is recommended as the standard of care for
intermediate stage HCC without vascular invasion or
distant metastases. Although there has been some
heterogeneity in the results of several randomized
controlled trials, TACE has been shown to achieve at
least a partial response in 15% to 62% of patients,
[34-40]
and improves survival from 16 mo to 20 mo
.
The variability in results is likely explained by the
fact that intermediate stage HCC covers a broad
spectrum of disease burden, that there is variability
in the chemotherapeutic agents and embolization
materials administered to patients, and that the
procedure is performed on both Childs A and Childs
B liver disease populations. DEB-TACE has been
shown to achieve improved outcomes in patients
with Child-Pugh B, bi-lobar disease and recurrent
[41]
disease .
There remains debate about the optimal degree of
[42,43]
arterial embolization to achieve tumor ischemia
.
There is some evidence which indicates that complete
tumor ischemia may stimulate angiogenesis, resulting
in an increased susceptibility to tumor growth rather
than suppression. It is therefore suggested that
arterial patency be maintained, not only to prevent
this angiogenic effect, but also so that patients can
[44]
receive repeated treatments .
DEB-TACE causes fewer side effects than conv
entional TACE. Side effects associated with both DEBTACE and conventional TACE include nausea, vomiting
and right upper quadrant pain (post embolization
syndrome), cardiac toxicity related to the doxorubicin,
bone marrow aplasia, hepatic abscess and chole
[36,38,45]
cystitis
. Two recent randomized controlled trials
[46,47]
have shown improved side effect profiles
. One
[42,46]
trial showed equivalent survival rates
whilst the
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other showed longer time to progression for DEB[47]
TACE in comparison with conventional TACE . A
single meta-analysis demonstrated equivalent tumor
[48]
response rates .

RADIOEMBOLIZATION
Radioembolization for primary hepatic cancer with
Yttrium-90 (90Y) was first described in 1965 who
used isotope embedded 50 µm ceramic microspheres
to embolize hepatic cancer via a surgically placed
[49]
catheter based in the hepatic artery . Today, the
technique has evolved away from an open surgical
approach to a minimally invasive fluoroscopically
guided microcatheter based technique using
either 90Y embedded non-biodegradable glass
microspheres measuring 25 ± 10 µm (Theraspheres,
Nordion Incorporated, Ottawa, Ontario, Canada)
or 90Y embedded non-biodegradable glass resin
based microspheres measuring 29-35 µm (SIRSpheres, Sirtex Medical Incorporated, Lake Forest,
Illinois). Radioembolization, similar to TACE, exploits
the preferential arterial blood supply of an HCC by
delivering radiotherapy in an embolic agent directly
to the tumor bed while preserving the blood flow
to the normal liver parenchyma, which is supplied
primarily by the portal vein. Unlike TACE, which
uses 75-700 µm beads to occlude medium to
large sized arteries leading to tumor ischemia, 90Y
radioembolization uses these smaller beads to act
as a microembolic agent to deposit radiotherapy
directly within the tumor via an intratumoral vessel.
Once deposited at the target lesion, 90Y delivers
tumoricidal doses of a pure high energy beta emitter
(937 KeV) with a short tissue penetration (mean 2.5
mm and maximum 11 mm) and short half-life of
2.67 d. The short tissue penetration and half-life of
90Y make it an ideal radioisotope for intra-arterial
radiotherapy as there is minimal dose deposited in
the adjacent liver parenchyma and the patient can
immediately be safely discharged home without fear
of radiation being delivered to others.
Radioembolization with 90Y has generally been
reserved for patients who have intermediate/
advanced BCLC stage hepatocellular carcinoma and
who are not candidates for TACE due to portal vein
[10,50,51]
invasion
. Sorafenib is generally considered the
[52]
treatment of choice for advanced HCC . However,
[53]
Sorafenib is often not well tolerated , and 90Y
radioembolization is a suitable alternative for patients
with advanced HCC given the equivalent median
overall survival of 13.2 mo in the radioembolization
[54]
group vs 14.4 mo in the Sorafenib group . 90Y
radioembolization has also been proposed as an
alternative treatment option to prevent progression
of disease in eligible transplant patients and to
downstage patients in order to become eligible
[12-14]
transplant recipients based on the Milan criteria
.
According to the Radioembolization Brachytherapy
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Oncology Consortium, it is recommend that patients
undergo preembolization planning and treatment
simulation with intrarterial injection of technectium99m
99m labeled macroaggregated albumin ( Tc-MAA)
and CT to rule out > 30 Gy radiation exposure to
the lung from hepatopulmonary shunting and to
[51]
measure liver volumes . There is currently no
consensus on the recommend radiation dose to
deliver to effectively treat HCC. In patients with
advanced stage inoperable HCC, however, Lau et
[55]
al
did demonstrate a median survival benefit
of 55.9 wk vs 26.2 wk in patients receiving >
120 Gy vs < 120 Gy, respectively. A randomized
controlled trial is underway examining the efficacy
of radioembolization when compared with chemo
[56]
embolization (Seinstra) .

While this has in large part been abrogated by use of
CT and magnetic resonance imaging (MRI) guidance,
some tumors are difficult to localize on cross
sectional imaging. The ability to perform ultrasound
directly on the liver surface allows for more accurate
tumor localization and may result in more efficacious
tumor treatment when compared to percutaneous
[65,66]
ablation
. The most widely used technique for
laparoscopic assisted RFA is with insufflation of the
abdomen after induction of general anesthesia. A
laparoscopic ultrasound probe is then introduced and
used to guide a percutaneously placed RFA needle.
Additional laparoscopic ports can be introduced to
manipulate the liver as well as other extra-hepatic
structures. The ability to manipulate the perihepatic environment can protect structures such
as the colon, stomach, small bowel and diaphragm
from transmitted heat. It also allows for potential
removal of the gallbladder prior to RFA, preventing
injury and heat sink. Other techniques to protect
peri-hepatic structures include instillation of artificial
ascites which can absorb heat without transmission
[67]
to surrounding viscera .
An additional benefit of surgically assisted RFA is
the ability to occlude hepatic vascular inflow, which
in theory reduces the heat sink from major vessels.
With minimal mobilization of the liver, a temporary
ligature can be placed around the porta hepatis and
tightened immediately prior to application of energy.
In-vivo animal studies have indicated an increase
in tumor necrosis around blood vessels, although
[68,69]
human data is lacking
.

COMBINATION TACE AND RFA
Ablative techniques demonstrate diminished efficacy
[57,58]
when tumor diameter is greater than 3 cm
. This
failure to achieve complete tumor necrosis is largely
attributed to the “heat sink” effect: cooling by blood
flow resulting in a reduction in temperature adjacent
[59]
to vessels within or adjacent to the ablation zone .
Adjuvant locoregional therapies have been
employed to achieve higher rates of efficacy in the
treatment of larger tumors (3-5 cm). The most
common of these is chemoembolization. The em
bolic effect of the lipiodol or beads decreases the
“heat sink” effect caused by local vessels, whilst the
addition of the chemotherapeutic drug improves
[60-62]
overall tumor kill efficacy
. A single randomized
controlled trial has shown decreased rates of tumor
progression in the combination group in comparison
[63]
with the RFA only group , although no significant
difference in survival was demonstrated.

TACE + RADIOTHERAPY FOR HCC
Locoregional relapse remains an important issue
for HCC. In early stage HCC stereotactic body
radiotherapy (SBRT) has been used in conjunction
[70,71]
with TACE in an effort to improve cure rates
.
In the locally advanced setting, three dimensional
conventional radiation therapy (3DCRT) has shown
promising results following TACE in promoting tumor
necrosis and reducing local relapse.
SBRT entails the delivery of highly conformal,
high dose, ablative radiotherapy to a liver lesion
in a short period of time (typically over 1-2 wk).
Selection criteria for liver SBRT is similar to that
of TACE: Childs A liver function, 1-3 lesions, more
than 700 cc uninvolved liver, tumors less than 5 cm,
[72]
and well controlled extrahepatic disease . Prior to
SBRT patients undergo a 4 dimensional CT planning
scan to delineate the target lesion and its real time
movement across several phases of respiration.
Ultrasound guided insertion of tumor fiducial markers
is often useful for image guided radiotherapy where
the markers act as a surrogate for tracking the
lesion’s location for radiation delivery. Liver SBRT
prescriptions can vary from 50 Gy/5 fractions to

SURGICALLY ASSISTED RFA
Radiofrequency ablation was widely adapted in
the 1990’s as a method to treat lesions deemed
unresectable at the time of open hepatectomy.
As technology improved, RFA moved from the
operating room to the IR suite where percutaneous
ablations could be performed without the morbidity
of a laparotomy. While percutaneous image guided
ablative therapies are a useful tool in the armam
entarium for the loco-regional treatment of liver
lesions, there are some limitations. These include
difficulty in localizing lesions, potential for injury to
extra hepatic structures and decreased efficacy in
close proximity to liver vasculature. Many of these
limitations can be addressed by performing surgically
[64]
assisted RFA using a laparoscopic approach .
Because percutaneous ablation relies on the
ability to localize lesions with ultrasound, obese
patients with thick abdominal walls can provide a
challenge, particularly with lesions in the dome.
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60 Gy/3 fractions, in contrast to 3DCRT where the
conventional daily dose of radiation is 1.8 to 2.0
Gy/fraction and the total dose is 45-50 Gy in 25
fractions. Care is taken to avoid excess dose to
adjacent bowel and the remaining liver during SBRT
given the potential for severe complications with
high doses.
Data is also emerging that SBRT may be an
effective salvage strategy for patients who expe
rience local failure post TACE. Patients with Childs
A disease and tumors measuring less than 10 cm
who have undergone partial or incomplete TACE
may have 2 year local control rates as high as
[73-75]
94.6% when salvaged with SBRT
. High grade
toxicity resulting in duodenal or gastric perforation
is rare (approximately 5%) if dose constraints are
[73]
respected . However, the presence of tumor vascular
thrombosis is a risk factor for severe and even mortal
[76,77]
toxicity
. Combination TACE + SBRT appears to be
a potentially promising treatment for early stage HCC
and likely merits a multi-institutional phase Ⅲ study
as the existing literature consists of single institution
[78]
retrospective data or small phase Ⅰ/Ⅱ trials .
In locally advanced HCC, 3DCRT or chemo
radiation post TACE or partial TACE may confer better
outcomes than Sorafenib. One study compared 67
patients with BCLC stage C disease who received
TACE + 3DCRT with a cohort that was given
Sorafenib as first line treatment. While this study
did not examine local control, the median survival of
the TACE + RT group was 14.1 mo compared to 3.1
[79,80]
mo in the Sorafenib group
. Combining TACE and
conventional radiation treatments for locally advanced
HCC may also be an effective treatment in patients
[74,81-85]
with extensive portal vein thrombosis
. One
year progression free rates in patients who receive
TACE + 3DCRT for unresectable HCC can be as high
[85]
as 70% compared to TACE alone (40%) . Patients
who have failed 1-2 TACE treatments and who
received subsequent 3DCRT have been reported to
have as high as 68% response rate post radiotherapy
[86,87]
with 70% achieving stable disease at 1 year
.
As prognosis for locally advanced HCC remains
poor, the use of local therapies in conjunction with
chemotherapy is also being explored. Clinical trials
of concurrent chemoradiation and TACE in advanced
disease have shown promise in improving local
[88,89]
control and progression free survival
.

therapy surveillance. Post therapy imaging should
be performed at scheduled intervals, although a
standard interval has not been established. At our
institution, we perform contrast enhanced CT or MRI
at 6 wk and then at 3, 6, 9 and 12 mo intervals.

ABLATION
An ablation zone encompasses the tumor with a
variable margin, and is therefore usually larger
than the tumor on initial imaging. Unenhanced
CT and MRI images are obligatory as the ablation
zone may be hyperattenuating or have intrinsic
hyperintensity on pre-contrast T1-weighted images
due to coagulative necrosis and hemorrhage making
evaluation for arterial enhancement more difficult.
Subtraction MRI is particularly useful when there
is T1 hyperintensity on unenhanced images. In a
completely treated lesion, contrast enhanced images
demonstrate a non-enhancing well-defined ablation
zone.
Familiarity with normal periablation changes is
also important. Transient hyperemia and edema can
be present around the ablation zone due to thermal
injury to the surrounding parenchyma, manifesting as
a concentric thin rim of enhancement on arterial and
sometimes portal venous phase contrast enhanced
CT and MRI and a hyperintense rim on T2-weighted
images. Peripheral geographic arterial enhancement
can also be seen post ablation, often related to injury
to the portal vein branches and subsequent increase
in perfusion from the hepatic artery. These changes
[90,91]
usually resolve within several months
. Residual
disease in contrast demonstrates an area of irregular
or thick, peripheral arterial enhancement.
MRI is particularly helpful for residual disease
evaluation, as this demonstrates focal hyperintensity
on T2-weighted images and often increased signal
on diffusion-weighted images. Recurrent disease has
similar imaging characteristics to residual disease,
but can occur within or adjacent to the ablation
zone. New disease occurs in other areas of the liver
or in extra-hepatic locations. In some cases, it may
be difficult to differentiate expected a post ablation
peripheral rim of enhancement from residual or
recurrent tumor. In these cases, closer follow-up
imaging may be necessary. Risk factors for residual
or recurrent disease include large tumor size,
aggressive histology, difficult location, and heat sink
[92]
effect, specifically in radiofrequency ablation .
Transient bile duct dilatation peripheral to the
ablation zone is often seen. Leakage of bile from
injured ducts can result in a biloma, which appear as
a non-enhancing fluid collection.
If there is injury to larger vessels, parenchymal or
intraperitoneal hemorrhage can occur and be detected
on CT or MRI. If both the portal and hepatic arteries
are injured, hepatic infarction can occur, which

IMAGING AFTER IMAGE-GUIDED
THERAPIES
With the variety of image-guided liver directed
therapies available, it is important to know the
different expected post-therapy appearances
and be able to differentiate these from abnormal
imaging findings. Contrast-enhanced CT or MRI
are the preferred imaging modalities for post
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appears as non-enhancing parenchyma peripheral to
the ablation zone. Other vascular complications, such
as arteriovenous fistula or pseudoaneurysm can also
be identified on arterial phase imaging.
Hepatic abscess is an additional complication which
can be seen after ablation. This usually presents a
few weeks after the procedure and demonstrates
peripheral enhancement and development of gas
within or adjacent to the ablation zone. Injury to
adjacent structures is an additional complication to be
aware of after ablation: for example, adjacent bowel
[92]
or the diaphragm .

RESPONSE ASSESSMENT
Different criteria have been developed to evaluate
tumor treatment response. Conventional size
measurement, such as Response Evaluation Criteria
in Solid Tumors (RECIST), is predominantly useful
for evaluation of cytotoxic systemic agents but
does not work well for evaluation after locoregional
therapy, as tumor necrosis is the goal and may not
always manifest as a decrease in lesion size. The
European Association for the Study of the Liver
(EASL) measures the arterially enhancing area in two
dimensions, while a modified RECIST classification
uses a single largest diameter of arterially enhancing
tumor. The modified RECIST criteria has been
recommended as the preferred criteria for tumor
response by the EASL and European Organisation
[95]
for Research and Treatment of Cancer .

TACE, CONVENTIONAL TACE, AND
RADIOEMBOLIZATION
Imaging following TACE and transarterial radio
embolization is similar to ablation with a few
additional caveats. The treated lesion again should
demonstrate lack of enhancement, but also may
demonstrate a peripheral rim of enhancement,
geographic arterial enhancement or both. After tran
sarterial radioembolization, there may be hetero
geneous parenchymal enhancement in a perivascular
distribution due to radiation effect. This can mimic
tumor and may need shorter term follow-up. In
patients treated with lipiodol MRI has been shown to
be superior to CT given the ability to perform diffuse
[93]
weighted images and image subtraction . Residual
or recurrent disease appears as nodular arterially
enhancing tumor, often in the periphery, similar to
ablation.

CONCLUSION
Most patients presenting with HCC are ineligible for
surgical curative treatment. Advances In locoregional
therapy, both catheter based and ablative, have led
to improvements both in cure rates and in survival.
A multidisciplinary approach is optimal for the plan
ning of treatment given that there are treatment
contributions from gastroenterology, surgery,
interventional radiology, and oncology.
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Surgical management of hepatocellular carcinoma
Tony CY Pang, Vincent WT Lam
restrictive. For early stage tumours, both resection
and transplantation offer fairly good survival outcomes
(5 years overall survival of around 50%). Selection
therefore would depend on the level of hepatic function
derangement, organ availability and local expertise.
Patients with intermediate stage cancers have limited
options, with resection being the only potential for
cure. Otherwise, locoregional therapy with transarterial
chemoembolization or radiofrequency ablation are viable
options. Current issues in resection and transplantation
are also briefly discussed such as laparoscopic resection,
ablation vs resection, anatomical vs non-anatomical
resection, transplantation vs resection, living donor liver
transplantation and salvage liver transplantation.
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Core tip: Surgical management through either resection
or transplantation are the only potentially curative
treatment for hepatocellular carcinoma. The decision
for the management strategy depends on tumour
factors, hepatic functional reserve, organ availability,
wait time as well as local expertise and resources.

Abstract
Hepatocellular carcinoma (HCC) is the second most
common cause of death from cancer worldwide.
Standard potentially curative treatments are either
resection or transplantation. The aim of this paper is
to provide an overview of the surgical management
of HCC, as well as highlight current issues in hepatic
resection and transplantation. In summary, due to the
relationship between HCC and chronic liver disease,
the management of HCC depends both on tumourrelated and hepatic function-related considerations. As
such, HCC is currently managed largely through nonsurgical means as the criteria, in relation to the above
considerations, for surgical management is still largely
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a prevalent cancer.
It is estimated, by the World Health Organisation,
to affect 782000 people and caused 746000 deaths
worldwide in 2012. In fact, it is the second most
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[1]

[20]

common cause of death from cancer worldwide . Its
incidence is the highest in East and South East Asia,
which is related to the prevalence of chronic hepatitis
B in these regions. Standard potentially curative
treatments for this cancer are either resection or
transplantation, although radiofrequency ablation is
[2]
considered curative therapy in some cases . Because
of its relationship with liver cirrhosis, the assessment
of hepatic function is an important consideration in
determining management. It is now well established
that liver transplantation is the treatment of choice
for early stage HCC in patients with decompensated
[3-5]
cirrhosis .
The aim of this paper is to review the surgical
management of hepatocellular carcinoma, as well as
highlight current issues in this area.

intermediate, advanced and terminal stages . This
system is utilised by both the American Association
for the Study of Liver Disease and the European
Association for the Study of Liver guidelines on the
[21,22]
management of HCC
. According to this system,
the surgical treatment of HCC is limited to the early
stage cancers, that is, those which satisfy the Milan
Criteria (a single HCC ≤ 5 cm in diameter or up
[5]
to 3 HCCs ≤ 3 cm in diameter ) and have good
hepatic function (Child-Pugh class A in the absence
of portal hypertension) and performance status.
However, such a criteria for resection is considered
restrictive, for size and number of tumours is not
a contraindication for resection provided there is
adequate hepatic reserve and that the tumour
is resectable. Certainly, long term disease-free
[23]
survival is possible in these patients . Tumour size
and number are not the most important factors
[9,19]
influencing survival
. In fact, for those patients
with HCCs who do not satisfy the Milan Criteria, the
only hope of cure is through hepatic resection. Ng et
[24]
al
demonstrated that large or multinodular HCC
could be safely resected, with a five-year overall
survival of 39% and disease-free survival of 26%
being achievable. In general, tumours which are
extensively multifocal and bilateral, involve the main
portal vein or inferior vena cava are considered
contraindicated for surgery.
Hepatic function can be classified using a variety
of measures. The simplest and most commonly
[25]
used is the Child-Pugh Score . Resection is really
only considered in patients with Child A cirrhosis
and early Child B cirrhosis. In the former, up to 50%
resection may be considered, whilst in the latter,
up to 25% resection may be performed. On the
other hand, in patients with entirely normal hepatic
function with no history of cirrhosis could tolerate
[26]
the resection of up to 75% of liver parenchyma . In
Asian countries, the use of ICG clearance at 15 min
is also prevalent, with a cut-off of greater than 20%
[27,28]
precluding major liver resection
. Model of EndStage Liver Disease (MELD) score is an alternative
score used to classify patients into risk groups.
A MELD score of < 9 is associated with minimal
[29,30]
perioperative mortality
. In addition to hepatic
function, the other aspect which precludes hepatic
resection is significant portal hypertension. This can
be objectively measured using a transhepatic caval
approach (hepatic vein pressure gradient). This is
a measure of the pressure difference between the
wedged hepatic venous pressure (an estimation of
portal venous pressure) and the free hepatic venous
pressure (inferior vena caval pressure). A pressure
gradient of greater than 10 mmHg is associated
[31]
with poorer outcomes post resection . Other
indicators of clinically relevant portal hypertension
include splenomegaly, oesophageal varices and
thrombocytopaenia.

SURGICAL RESECTION
Only 10%-37% of patients with HCC are amenable
[6-8]
to liver resection at the time of diagnosis
. An
Australian study of 235 patients demonstrated that
only 17% and 16% of HCC patients were treated
[9]
with liver resection or transplantation respectively .
In fact, best supportive treatment was the most
common management strategy employed for this
cohort. An important aspect of diagnosis in HCC
is that there are risk factors which are known to
increase the risk of its development. Both the AASLD
and EASL-EORTC guidelines recommend 6 monthly
surveillance using abdominal ultrasonography
in high risk patients, although the definition of
[10,11]
which patients are considered high risk varied
Interestingly, a systematic review of the benefits and
harms of HCC screening in patients with chronic liver
disease found only poor quality evidence to support
the benefits of screening. Of the two randomised
controlled trials reviewed, only one demonstrated
a survival benefit (ultrasound screening) and one
found no difference in all-cause mortality (alpha-feto
[12]
protein screening) .
Improvements in surgical technique and perio
perative care have led to a fall in the morbidity and
mortality of liver resection over the last two decades.
Currently, in high volume centres, the mortality of
[13-16]
liver resection is expected to be less than 4%
.
There is also evidence to suggest that there is a
volume-outcome relationship in hepatic resection
[17]
surgery . Whilst the 5 years overall survival rates
of around 50% is now achievable, the recurrence
rate remains high which remains an important cause
[18,19]
of late deaths
.
The decision for liver resection depends on the
assessment of tumour factors, hepatic function
and remnant size. With regards to tumour factors,
one of the most commonly used staging system in
Western countries is the Barcelona Clinic liver Cancer
(BCLC) system which classifies patients into early,
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Given the relevance of liver function on the
permitted resection size, the size of the liver
remnant is important. This can be measured using
[32]
CT volumetry . If adequate future liver remnant
is not achievable, then portal vein embolization
(PVE) should be considered. The aim of PVE is
to induce compensatory hypertrophy in the nonembolised side. Generally, this is performed by
the percutaneous transhepatic approach. A recent
meta-analysis has demonstrated that PVE is safe
and effective in inducing liver hypertrophy and
[33]
preventing liver failure . It has also been shown to
[34,35]
increase resectability
.
It should be noted that the recurrence rate after
hepatic resection is high. In a systematic review
and meta-analysis of resection vs transplantation,
the 5 year disease-free survival rate of resection
varied from 18%-51% compared to 54%-84%
[18]
for transplanted patients . In patients with
intermediate and advanced stage HCC (multiple
tumours or macrovascular invasion), 5 year disease
[36]
free survival range from 0%-31% . Follow-up for
recurrence is therefore mandatory and recurrence
should be managed using a multimodal approach
including re-resection, TACE and ablative therapy.

laparoscopic group. Another meta-analysis restricted
only to studies evaluating laparoscopic resection
for patients with HCC has demonstrated similar
findings - lesser blood loss and blood transfusion
requirements, lesser overall morbidity, cirrhotic
[39]
decompensation and shorter length of stay .
However, no differences in oncological outcomes
(margins and survival) were found. Whilst the above
studies point to potential advantages of performing
laparoscopic hepatic resection, the major weakness
of this systematic review is that the majority of
studies included only patients who underwent minor
hepatic resections. Their findings therefore may
not be applicable to major laparoscopic hepatic
resections. The efficacy of major liver resections
is still under evaluation although early reports
would suggest that they are comparable to the
open procedure in terms of short and long term
[40]
outcomes. For instance, Martin et al
compared 90
laparoscopic hepatectomies (left or right) to casematched open hepatectomies and found lesser
blood loss, lesser use of Pringle manoeuvre, lesser
operative time, and lesser incidence of any type of
complication. At present there exist only a few case
series on robotic major hepatic resections-so while
it is possible, the limited experience makes any
conclusion about its comparative efficacy and risks
[41]
difficult to make at the present time .
Whilst the above results are encouraging, these
should be interpreted with caution as there is likely
significant publication and selection biases in the
above studies. Also, laparoscopic liver resection
has a learning curve, both for the surgeon and the
[42]
institution . Results in centres where such expertise
is available may not be generalizable to other
[43]
centres. For instance, Vigano et al
demonstrated
over the course of a 12 year period, operative
time, pedicle clamping, blood loss, morbidity and
[43]
hospital stay all decreased . They estimated the
learning curve for minor laparoscopic liver resection
is 60 based upon cumulative sum analysis on
conversion rates. The same group reviewed the
major hepatectomies performed laparoscopically
at 6 experienced centres around the world and
found similar improvements in operative time,
[42]
conversion rate, blood loss and pedicle clamping .
A larger study of 365 patients over a 14 year period
estimated the learning curve for laparoscopic liver
[44]
surgery to be in the order of 30-40 cases .

CURRENT ISSUES IN HEPATIC
RESECTION
Laparoscopic liver resection

With the advent of minimally invasive surgery, there
is increasing uptake of the laparoscopic techniques
for liver resection. Initially, the experience of
laparoscopic liver resection was restricted to benign
pathologies, and peripheral lesions/left lateral
sectionectomy, although now major resections
[37]
are being conducted laparoscopically . There
have been several systematic reviews with metaanalyses on this topic. The most recent and the
largest, a meta-analysis of 32 studies by Rao et
[37]
al , found that laparoscopic hepatic resection was
associated with significantly lower blood transfusion
requirements, blood loss and length of stay but
longer operating time. The overall complication rate
was significantly lower (OR = 0.35, P < 0.001) in
the laparoscopic group. Whilst overall survival was
not different between the two groups, the rate of
positive resection margins were found to be lower in
the laparoscopic group. Note however, that the vast
majority of studies were retrospective studies, with
no randomised controlled trials, and therefore there
may be significant selection bias. Unsurprisingly,
these findings echo those of an earlier meta-analysis
[38]
of 26 studies . However, in relation to oncological
outcomes, this meta-analysis analysed HCC out
comes separately to other malignant diseases and
found that there was a significant trend for improved
overall survival (OR: 1.5 - 1.0-2.2; P = 0.049) in the
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Ablation vs resection

The alternative to resection in early HCC (satisfying
Milan criteria) is ablation, either percutaneous
ethanol injection (PEI), radiofrequency (RFA) or
microwave ablation. In theory, ablation could treat
a tumour of up to 5 cm in diameter - a size which
correlates with the Milan criteria. Indeed, the
European Association for the Study of the Liver
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(EASL) and the European Organisation for Research
and Treatment of Cancer (EORTC) guidelines suggest
that ablation with either radiofrequency ablation or
percutaneous ethanol injection is recommended as
standard of care for patients with BCLC stage 0 or
[11]
A who are unsuitable for surgery . A recent metaanalysis analysing outcomes from three randomised
controlled trials and 25 non randomised studies has
suggested little difference in survival or recurrence
early after intervention but at 5 years, significantly
different survival began to be observed. This
appeared to be more pronounced in larger tumours
than smaller ones and more in the non-randomised
studies than the randomised trials. Consistently
however, the complication rate and length of stay
[45]
favoured RFA . Another recent systematic review
which pooled the findings of 6 randomised controlled
trials and 4 cohort studies comparing RFA/PEI to
resection came to the same conclusion - that early
outcomes (survival and recurrence) were equivalent
(at one-year) but the differences became more
pronounced with longer duration of follow-up. This
seemed to apply even for small cancers (tumour size
≤ 3 cm). Complication rates however significantly
[46]
favoured ablative therapy . Therefore one can
conclude that in appropriately selected patients,
surgical resection is the preferred management even
for small cancers although ablative treatment had
the advantage of lower morbidity.

interesting addition to the debate comes from the
development of preoperative 3D simulation, which
facilitates subsegmental and segmental anatomical
resection, potentially allowing anatomical resection
to be performed in patients who have limited hepatic
reserve and allowing for a quality indicator of success
[51]
or otherwise of anatomical resection .

LIVER TRANSPLANTATION
The first successful liver transplantation in humans
[52]
was performed in 1967 . The attraction of using
liver resection to manage HCC is that not only is the
HCC treated with maximal resection margins, the
underlying liver disease (and hence, premalignant
field change) is also treated. In a landmark paper by
[5]
Mazzaferro et al , the Milan criteria were established
[5]
in 1996. Mazzaferro et al described that patients
operated within this criteria had excellent outcomes
post liver transplantation which were comparable
to those of patients operated on for non-cancer
indications. The overall and recurrence-free survival
[5]
rates at 4 years were 85% and 92% respectively .
This criteria was subsequently expanded by the
University of California San Francisco (UCSF) group
who nonetheless demonstrated equivalent excellent
[53]
outcomes - 5 year survival of 72% . These results
have been validated in the Australian/New Zealand
[54]
cohort by Chen et al , who demonstrated a 5 year
survival rate of 74% and 73% in those satisfying the
[54]
Milan and UCSF criteria respectively . Those outside
Milan or UCSF criteria were found to have significantly
poorer outcomes. On the other hand, the use of UCSF
criteria as preoperative selection criteria was found by
a French group to have resulted in a 5 year survival
[55]
of less than 50% despite a short waiting time .
Other complications of transplantation include
rejection as well as complications from immun
osuppression may limit the long term survival
[56]
of transplant recipients . The major limitation
of liver transplantation in the treatment of HCC
is the limited availability of donor livers. These
patients with HCC also compete with non-cancer
patients for transplants. As a result, strict listing
criteria are used, such as mentioned above, to limit
transplantation to those patients whose outcomes
are comparable to those who do not have HCC. In
the context of donor shortage, it is often accepted
that transplanted patients should have 5 year
survival rates of at least 50%. Unfortunately, whilst
outcomes of transplantation are good, the potentially
significant period on the waiting list may lead to
dropout due to disease progression. This could
be as high as 25%-38% in 12 mo, although it is
[55,57,58]
highly variable
. In fact, studies included in a
recent systematic review reported median time to
[18]
transplantation varying from 30 to 231 d .

Anatomical vs non-anatomical resection

The debate surrounding anatomical vs non-anat
omical resection remain a controversial one. In
theory, hepatocellular carcinomas recurrence is
strongly related to microvascular tumour emboli,
therefore, resection of the vascular territory of
[47]
the tumour makes oncological sense . On the
other hand, HCC often occurs in cirrhotic livers
and the preservation of hepatic parenchyma to
prevent postoperative liver failure suggests a nonanatomical approach. Indeed, numerous studies
have been performed to elucidate the benefits of
[48]
either approach, but none in a randomised fashion .
Two meta-analysis of these non-randomised studies
favoured anatomical resection although only one
found statistically significant difference between the
two groups in terms of both overall and disease[49,50]
free survival
. To further complicate one’s
understanding of this debate, a meta-regression
[48]
performed by Cucchetti et al
demonstrated that
much of the heterogeneity of overall and diseasefree survival results arose from the presence or
absence of cirrhosis as a covariate. That is, nonanatomical resection had poorer outcomes because
[48]
of the higher prevalence of cirrhosis in that group .
Hence, only a randomised trial whereby the baseline
characteristics are randomised can we make any
final conclusions regarding this ongoing debate. An
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for liver transplantation can often be extended
beyond the usual Milan or UCSF criteria. The Kyoto
criteria (≤ 10 tumours, less than 5 cm, PIVKA-Ⅱ
≤ 400) and “up-to-seven” criteria are examples of
extended transplant criteria which have been used
[63,64]
in the context of living donor transplants
. Using
a decision analytical model taking into account the
risk of dropout while waiting (4% per month), the
expected survival of the recipient (70% at five years)
and the risk for the donor (0.3% to 0.5% mortality),
[65]
Sarasin et al
demonstrated that patients with HCC
waiting more than seven months for a deceased
donor liver would benefit from LDLT. Early reports
have suggested a higher recurrence rate in LDLT as
compared to Deceased donor liver transplantation
(DDLT), however, this is hypothesised to be due to
the “fast-tracking” of LDLT which therefore allowed
transplantation of patients with more aggressive
[61]
HCC . Two recent meta-analysis of LDLT vs DDLT
were reported. These found overall survival rates to
be similar between the two groups. One of these,
[66]
by Grant et al
found LDLTs to be associated with
decreased disease-free survival rates. On the other
[67]
hand, Liang et al
performed a subgroup analysis
of patients within the Milan criteria and found similar
survival outcomes between the two groups.

CURRENT ISSUES IN LIVER
TRANSPLANTATION
Liver resection vs liver transplantation

The question of whether liver transplantation or
liver resection is more efficacious in the treatment
of HCC depend very much on the clinical scenario.
For instance, for the patient with early HCC
with inadequate hepatic reserve for resection,
transplantation may be the only potentially curative
option. On the other hand, a patient with a large
HCC but with preserved hepatic function would
only have resection as the curative option. The
controversial case is of patients with early HCC with
well compensated cirrhosis. In this case, not only
are the outcomes of resection and transplantation
important, the availability of donor livers, and
therefore the dropout rate is highly relevant. Analysis
of survival on an intention-to-treat basis would
be more reflective of the relative efficacy of each
treatment strategy in the real world. There have been
some recent meta-analyses conducted to evaluate
[18]
the question of relative efficacy. Rahman et al
in
2012 looked at nine studies comparing liver resection
[18]
and transplantation for early stage HCC . The key
finding was that all these studies were retrospective
and only a few reported intention-to-treat survival
data for the transplantation group. Five-year overall
survival ranged from 40%-70% for resection and
52%-81% for transplantation. Pooling of data from
studies which conducted intention-to-treat survival
analysis demonstrated no significant difference in
survival between the two treatment strategies at 5
years. Another meta-analysis on an intention-to-treat
basis also found no significant difference between
[59]
the outcomes of the two groups . The other key
finding highlighted by these two systematic reviews
is the lack of prospective/randomised or even simply
well-matched studies in the literature. Certainly, as
yet there are no randomised controlled trials to guide
[60]
treatment .

Bridging therapy and salvage liver transplantation

Out of the need to minimise dropout during waiting,
strategies such as bridging therapy or resection with
salvage transplantation has been developed. Bridging
therapies such as RFA or TACE are frequently used.
Whilst bridging therapy does seem to be useful in
decreasing dropout rate whilst awaiting transplant,
its role in improving survival after transplantation
[68]
has not been established . An alternative strategy
to primary transplantation is primary resection
followed by salvage transplantation. The advantage
to this is to minimise the need for organs and to use
resection as the ultimate bridging therapy to prevent
progression whilst waiting for transplantation. A
recent systematic review of 16 studies found that of
those 7 studies which reported salvage transplant
rates, the median rate of salvage transplantation
was 41% after a median time to recurrence of 21
[69]
mo . Whilst a meta-analysis was not performed,
they found a median 5 year survival to be 67%.
Interestingly, half of studies reported a mortality
rate of higher than 5% and two studies reported
[70,71]
mortality rates of greater than 10%
. A meta[72]
analysis by Zhu et al
analysed 14 studies, of
which 10 overlapped with Chan’s systematic review.
[72]
Zhu et al
found that compared to primary liver
transplantation, salvage liver transplantation was
associated with longer operative time, greater blood
loss but failed to find a significant difference in
postoperative mortality. With regards to long term
survival, primary liver transplant was found to have

Living donor liver transplantation

With the limitation of the availability of cadaveric
liver transplants, there is increasing interest in the
use of living donor liver transplant (LDLT). Clearly
this requires the donation of a liver graft from a
donor - a procedure not without its risks. The risk
of mortality is estimated to be 0.1% for donor left
hepatectomy and 0.5% for donor right hepatectomy;
[61,62]
with a morbidity rate of up to 20%
. This risk
to the donor, without direct beneficial effects to
the person also brings about an ethical dilemma
to transplant surgeons and physicians alike - “first
do no harm”. However, the advantage of LDLT is
that as the liver is obtained outside the usual donor
pool, this strategy expands the number of organs
available for transplantation. As a result, the criteria
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better five-year disease free survival but not overall
[72]
survival . These results would suggest that salvage
liver transplant is a viable strategy in appropriately
resourced transplant centres.

8

CONCLUSION

9

HCC is currently largely managed through nonsurgical means as the tumour-related and hepatic
function considerations for surgical management is
still largely restrictive. For those who have tumours
eligible for surgical therapy from the tumour point of
view (early stage tumours), those with good hepatic
function and significant functional liver remnant would
be candidates for either resection or transplantation
depending on local resources. Those with poor
hepatic function may be placed on the liver transplant
list, with or without bridging therapy. Patients with
intermediate stage cancers have limited options, with
resection being the only potential for cure. Otherwise,
regional therapy with TACE or RFA are viable options.
With further development of surgical techniques,
including salvage liver transplantation, the indications
for surgical management of HCC may continue to
expand. With this, the outcomes of HCC may further
improve.
Surgical therapy is the only curative hope for
patients with HCC. The selection of patients for
transplantation and resection will depend on local
resources, but both have potentially good outcomes
in appropriately selected patients.
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(HIV) and hepatitis B virus (HBV) co-infection is high
as they share similar mechanisms of transmission. The
development and widespread use of highly sensitive
tests for HBV diagnosis has demonstrated that a
significant proportion of apparently healthy individuals
with evidence of exposure to HBV continue to carry
fully functional HBV DNA in their hepatocytes, a
situation that predisposes them to the development of
progressive liver disease and hepatocellular carcinoma.
The presence of co-infections frequently influences
the natural evolution of each of the participating
infections present by either facilitating their virulence or
competing for resources. Furthermore, the drugs used
to treat these infections may also contribute to changes
in the natural course of these infections, making the
analysis of the impact of co-infection more difficult. The
majority of studies has examined the impact of HIV
on overt chronic hepatitis B, finding that co-infection
carries an increased risk of progressive liver disease
and the development of hepatocellular carcinoma.
Although the effect of HIV on the natural history of
occult hepatitis B infection (OBI) has not been fully
assessed, all available data suggest a persisting risk
of repeated flares of hepatitis and progressive liver
disease. We describe studies regarding the diagnosis,
prevalence and clinical significance of OBI in HIVpositive patients in this short review. Discrepancies in
worldwide prevalence show the urgent need for the
standardization of diagnostic criteria, as established
by the Taormina statements. Ideally, standardized
protocols for testing should be employed to enable the
comparison of data from different groups. Additional
studies are needed to define the differences in risk for
OBI without HIV and in HIV-HBV co-infected patients
with or without overt disease.

Abstract

Key words: Hepatitis B virus; Occult hepatitis B; Human
immunodeficiency virus; Prevalence; Diagnosis; Clinical
significance
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in individuals testing negative for HBsAg . By
convention, OBI has been defined as the persistence
of isolated anti-HBc in patients who may or may not
have detectable serum HBV DNA. However, OBI may
also occur in patients without anti-HBc antibodies.
Thus, in a workshop of the European Association for
the Study of Liver held in Taormina (Italy) in 2008,
experts joined together to re-define and standardize
diagnostic criteria, which resulted in a series of new
[7]
criteria known as the Taormina statements . It is
expected that the universal use of these criteria
will allow the comparison and proper evaluation of
studies by different research groups.
In patients with HBV infection, the absence of
HBsAg can occur in two main scenarios: firstly, in
the early phases of acute infection prior to the devel
opment of antibodies and the detection of HBsAg
in serum; secondly, during chronic HBV infection
following the decline of HBsAg to an undetectable
level, which is sometimes associated with the
[8]
appearance of anti-HBs . In chronic occult infections,
viral covalently closed circular DNA (cccDNA) persists
as a stable chromatinized episome in the nucleus of
infected cells. This viral genome remains competent
for replication and able to synthesize minute amounts
of antigens, which are undetectable by the available
technical approaches but sufficient to maintain an
[6]
HBV-specific T cell response . Fragments of the
HBV genome may integrate into the host hepatic cell
genome but this integration does not have a role in
the replicative cycle of HBV and should not be strictly
[6]
considered as occult infection . In addition, chronic
occult infection may be associated with the presence
of one or more specific antibodies in serum; therefore,
individuals with occult infections are conventionally
divided into seropositive [anti-hepatitis B core antigen
(anti-HBcAg) and/or anti-hepatitis B surface antigen
(anti-HBsAg) positive] and seronegative (anti-HBc
[6,7]
and anti-HBs negative) groups . More than 20%
of occult-infected individuals are negative for all
[9]
HBV serum markers . The development of occult
infections is mainly determined by host factors,
such as the immune response, and the status of
the infection can be modified by the presence of
co-infections, such as with hepatitis C virus (HCV)
or HIV, or the administration of drugs, including
[10]
immune suppressors and/or antiretrovirals .
Multiple viral variants have been identified in the
liver of occult HBV-infected patients and it is believed
that viral factors are not major determinants for the
[6,11]
development of occult infections
.
We describe the diagnosis, prevalence and clinical
significance of OBI in HIV-positive patients in this
short review.

Core tip: The prevalence of human immunodeficiency
virus (HIV) and hepatitis B virus (HBV) co-infection
is high. However, as HBV infection may be occult, its
diagnosis requires the routine use of highly sensitive
tests. Although viral load or replication in these
patients is low, they still have an increased risk of viral
reactivation, chronic liver disease and hepatocellular
carcinoma development. The majority of our knowledge
on occult hepatitis B infection is derived from studies
performed in patients with mono-infection or with
HIV co-infection. This review summarizes the latest
contributions in the field, clearly revealing that more
studies are needed to evaluate the full impact of HIV in
patients with occult HBV disease.
Maldonado-Rodriguez A, Cevallos AM, Rojas-Montes O,
Enriquez-Navarro K, Alvarez-Muñoz MT, Lira R. Occult
hepatitis B virus co-infection in human immunodeficiency viruspositive patients: A review of prevalence, diagnosis and clinical
significance. World J Hepatol 2015; 7(2): 253-260 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i2/253.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i2.253

INTRODUCTION
The presence of co-infections frequently influences
the natural evolution of each of the participating
infections present, either by facilitating their
[1]
virulence or competing for resources . Furthermore,
the drugs used to treat these infections may also
contribute to changes in the natural history of these
[2]
infections , complicating the analysis of the impact
of co-infection.
For overt chronic hepatitis B virus (HBV) infection,
it is known that the virus does not substantially alter
the progression of human immunodeficiency virus
(HIV) disease, nor does it influence HIV suppression
or CD4 cell responses following the initiation of
[3-5]
antiretroviral treatment
. In contrast, it is clear
that HIV infection has a negative effect on HBV
disease, for both acute and chronic infections. In
cases of acute hepatitis, progression to chronic
infection is approximately 4 times more frequent
in patients with HIV than in those without HIV
infection (20% vs 5% and most likely higher if
[5]
the CD4 count is low) . For chronic hepatitis, HIV
infection results in a faster progression of fibrosis,
a faster development of cirrhosis and hepatocellular
carcinoma, and a lower rate of spontaneous hepatitis
B e antigen (HBeAg) or hepatitis B surface antigen
[5]
(HBsAg) seroconversion . There is also a greater
risk of HBV reactivation in inactive carriers.
Occult HBV infection (OBI) occurs when viral DNA
persists in the liver (with detectable or undetectable
HBV DNA in serum, with or without HBV antibodies)
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for the detection of circulating virus are either the
presence of HBV DNA or HBV proteins (HBsAg,
HBcAg and HBeAg). Typically, the presence of antiHBs antibodies and the absence of HBsAg suggests
a resolved infection; however, the persistence of
[12]
only anti-HBc may be associated with OBI . Overt
HBV infection (acute or chronic) is defined as the
presence of circulating HBsAg; according to the
Taormina statements, OBI is defined as the absence
of circulating HBsAg and the presence of HBV
[7]
DNA . However, the sensitivity and specificity of
diagnosis strongly depend on the sensitivity of the
assays used; indeed, for many years, HBV DNA tests
were not very sensitive. Thus, the presence of antiHBc was used as a surrogate marker and according
to the Taormina statements, it still can be used in
regions where modern molecular assays are not
[13,14]
available
. The gold standard for OBI diagnosis
is the demonstration of the presence of HBV DNA
in the liver. To rule out the possibility that amplified
fragments correspond to partial regions of the viral
genome integrated into the host genome, several
regions of the genome must be identified to suggest
that full-length cccDNA is present. It is accepted
that the diagnosis is frequently underestimated as
liver biopsies are only rarely available and therefore
diagnosis is usually based on blood samples. There
is no evidence to date that HIV infection modifies
the sensitivity or specificity of these tests.

Indeed, advances in the development of these DNA
detection technologies has allowed a decrease in the
lower detection limit (< 5 IU/mL of HBV DNA), which
is particularly important in OBI because DNA levels
vary at -5-10 IU/mL (range < 10 to 425 copies/
[8]
mL) .
HBV genome regions for diagnosis: According to
[7]
the Taormina statements , the primers used must
be specific for different HBV genomic regions and
be complementary to highly conserved nucleotide
sequences. The S and X genes are the regions most
commonly amplified by PCR for diagnosis; it has
been found that the X gene is the most sensitive
for the liver, whereas the S gene is better for
[9]
serum samples . To avoid the problems of crosscontamination, appropriate controls in each PCR assay
as well as amplicon sequencing are recommended.

PREVALENCE
The prevalence of infections in open populations
is frequently estimated using data obtained from
serological testing performed using blood donor
samples; however, HBV tests can detect either overt
infections or previous exposure to the virus in blood
donors. Therefore, the available data reflect only
the prevalence of overt HBV infections. OBI is only
screened in specific scenarios, such as in areas of
high endemicity of HBV, intravenous drug users,
organ transplant patients, patients on maintenance
hemodialysis or patients with HIV and/or HCV. For
this review, we analyzed 34 papers that examined
the prevalence of OBI in HIV patients during the
period 2003-2014 (Table 1). The range of reported
prevalence in these studies varied from 0.63% to
88.4%, which is similar to the prevalence reported
[16]
in a previous review (0%-89.5%) . This extremely
wide range of prevalence reflects the diverse nature
of published studies. Some of the differences are
explained by the individual prevalence of HIV and
HBV in the different populations studied. Although
[17-22]
there are reports from central and south America
,
the majority of the studies are from regions of Africa,
India and the Far East, regions where the prevalence
[23-27]
of both HIV and HBV is high
. Differences also
arise from the type of high-risk group to which
the co-infection patients studied belong (e.g.,
hemodialysis patients, homosexuals, intravenous
drug users). Another source of variability depends
on differences in the sensitivity of the diagnostic test
used, with more recent studies using more sensitive
[28]
HBV DNA detection assays than earlier studies .
Clearly, prospective, longitudinal studies in welldefined populations are needed to fully evaluate the
prevalence and impact of HIV in the natural history of
OBI. These studies should contain detailed clinical and
demographic data, including age, sex, risk group liver
function tests and, whenever possible, the evaluation

Markers for screening OBI

HBsAg: It is of crucial importance to define the
best methodology to test HBsAg to prevent false
positive results, which is dependent on the HBsAg
assay sensitivity. Several problems of this aspect are
associated with the virus, the host or the test kits
employed in practice. The quantification of HBsAg
should be performed by comparing the sample
with a standard curve generated with the second
International Standard for HBsAg (World Health
Organization code number 00/588, document WHO/
BS/03.1987); 1 international unit is equivalent to
[8]
5.6 Abbott ng, 1.9 French ng and 0.43 PEI units .
Unfortunately, some HBV variants have mutations
in the HBs gene and the encoded proteins are
not detected with conventional commercial kits.
Accordingly, alternative methods should be tested to
[15]
detect common mutants .
HBV DNA: It has been established that HVB-DNA
is the only reliable diagnostic marker for OBI. The
experts meeting at Taormina recommended that
new generation assays with detection limits of less
than 10 copies of HBV DNA per reaction should
[7]
be employed . The estimated viral load in OBI is
usually below 200 IU/mL.
New generation assays for DNA detection include
nested-polymerase chain reaction (PCR), real-time
PCR and transcription-based mediated amplification.
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Table 1 Reported prevalence of occult hepatitis B virus infection in HIV-infected subjects n (%)
Ref.

Country

Alvarez-Muñoz et al[17]
Araujo et al[18]
Attia et al[45]
Azadmanesh et al[46]
Bagaglio et al[47]
Bell et al[48]
Bloquel et al[38]
Chadwick et al[49]
Coffin et al[50]
Dapena et al[51]
Filippini et al[13]
Firnhaber et al[23]
Gupta et al[30]
Hakeem et al[52]
Jardim et al[19]
Khamduang et al[35]
Liang et al[53]
Lo Re et al[54]
Loustaud-Ratti et al[55]
Morsica et al[56]
Mphahlele et al[57]
N’Dri-Yoman et al[24]
Neau et al[58]
Nebbia et al[59]
Opaleye et al[25]
Panigrahi et al[26]
Santos et al[20]
Sen et al[27]
Shire et al[60]
Shire et al[61]
Sucupira et al[21]
Torres Barranda et al[22]
Tramuto et al[62]
Tsui et al[63]

Mexico
Brazil
Africa
Iran
Italy
Africa
France
England
Canada
Spain
Italy
Africa
India
Scotland
Brazil
Thailand
Taiwan
United States
France
Italy
Africa
Africa
France
England
Nigeria
India
Brazil
India
United States
United States
Brazil
Mexico
Italy
United States

OBI prevalence
Overall

Anti-HBsAg-/anti-HBcAg+

Anti-HBsAg+/anti-HBcAg+

Anti-HBsAg-/anti-HBcAg-

24 (49.0)
6 (14.0)
40 (21.3)
3 (13.6)
9 (31.0)
45 (15.1)
3 (0.8)
15 (4.5)
19 (42.0)
6 (2.4)
17 (20.0)
38 (88.4)
24 (45.3)
2 (2.8)
8 (5.0)
47 (23.5)
3 (2.3)
17 (10.0)
31 (44.3)
27 (15.4)
31 (18.6)2
51 (10.0)
1 (0.6)
48 (14.0)
21 (11.2)
12 (10.7)
16 (15.8)2
1 (5.6)2
4 (10.5)
12 (30.2)
6 (18.8)2
7 (18.4)
24 (5.9)
8 (2.0)

5 (10.2)
1 (2.3)
40 (21.3)
2 (9.1)
9 (31.0)
16 (5.4)
2 (0.5)
5 (1.5)
ND
2 (0.8)
11 (12.8)
38 (88.4)
13 (24.5)
2( 2.9)
2 (1.3)
47 (23.5)
3 (2.3)
10 (5.6)
20 (28.6)
9 (5.1)
5 (3.0)
51 (11.8)
1 (0.6)
48 (14.0)
8 (4.3)
9 (8.0)
4 (4.0)
1 (5.6)
4 (10.5)
3 (7.0)
3 (9.4)
1 (2.6)
8 (2.0)
8 (2.0)

8 (16.3)
5 (10.2)
ND
ND
ND
17 (5.7)
ND
101 (3.0)
19 (42.2)
4 (1.6)
3 (3.5)
ND
11 (20.8)
ND
6 (3.8)
ND
ND
7 (3.9)
11 (15.7)
18 (10.3)
26 (15.6)
ND
ND
ND
9 (4.8)
3 (2.7)
12 (11.9)
ND
ND
51 (11.6)
3 (9.4)
1 (2.6)
71 (1.7)
ND

11 (22.4)
ND
ND
1 (4.5)
ND
12 (4.0)
1 (0.3)
ND
ND
ND
3 (3.5)
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
2 (1.1)
ND
ND
ND
ND
5 (11.6)
ND
5 (13.2)
9 (2.2)
ND

1

In some studies the anti-HBsAg positive group was also included; 2Prevalence calculated using the reported data; anti-HBsAg+, antibodies against
hepatitis B surface antigen positive; anti-HBcAg+ antibodies against hepatitis B core antigen positive. Prevalence (%) were included for each group of
patients studied according the HBV serological markers (Anti-HBsAg-/anti-HBcAg+, Anti-HBsAg+/anti-HBcAg+, Anti-HBsAg-/anti-HBcAg-). ND: Not
determined because this group was not included in the study; OBI: Occult hepatitis B infection; anti-HBsAg: Anti-hepatitis B surface antigen; anti-HBcAg:
Anti-hepatitis B core antigen.

of liver damage by biopsy. Ideally, standardized
protocols for testing should be employed so that
studies from different groups can be compared.
In general, OBI prevalence appears to be higher
among patients at high risk for HBV infection and
with liver disease than among individuals at low
[9,29-31]
risk of infection and without liver disease
.
As mentioned above, patients with OBI may be
negative for all HBV serum markers and there is also
evidence that levels of viremia are correlated with
[8]
levels of anti-HBc and/or anti-HBs . Unfortunately,
the majority of studies have been performed in
seropositive patients (usually isolated anti-HBc),
whereas seronegative patients who are more difficult
to identify have not been fully assessed. Furthermore,
the available data suggest seronegative patients have
a different clinical evolution and should therefore
be evaluated separately. Another factor that is
common in HIV patients and that is known to affect
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the evolution of HBV infection is HCV co-infection;
the presence of HCV should always be screened and
those with OBI/HCV should be analyzed separately.

CLINICAL SIGNIFICANCE
The significance of chronic OBI relates to the risk of
transmission, reactivation, progression to chronic
liver disease and development of hepatocellular
[6,8,32,33]
cancer
. The rate of transmission is directly
proportional to the number of viable virions in
blood. Unfortunately, the true level of viremia,
i.e., the number of infectious HBV particles within
1 mL of serum or plasma, is difficult to measure
[34]
in a bioassay . Therefore, surrogate markers of
HBV infectivity are being used to measure the risk
of transmission. The best available marker for the
presence and number of infectious HBV particles is
the number of HBV DNA molecules. However, it is
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important to note that the detection of HBV DNA
in serum does not always correspond to infectivity
or to the number of HBV progeny viruses released
from hepatocytes. Indeed, in the majority of viral
infections, the number of physical virus particles
is much larger than the number of fully infectious
[34]
virions . There also appears to be a correlation
between levels of HBV DNA and serological status
among patients with OBI: HBV DNA levels are
lowest in seronegative patients, intermediate in antiHBc negative and anti-HBs positive patients, and
highest in subjects who are anti HBc-positive but
[8]
anti-HBs negative . This last group is more likely
to be infectious. The possibility of transmission is
crucial for non-immunocompromised individuals who
are potential donors of blood or other organs, for
health care providers who can infect their patients,
and for pregnant women via vertical transmission.
Although known HIV patients are not candidates for
organ donation, there remains a risk of HIV/HBV
transmission either through sexual encounters,
needle sharing or other risky behaviors. The
potential risk of vertical transmission in pregnant
HIV/OBI women is clear but the prevalence rate has
not been fully evaluated. In a recent study of 1682
HIV-infected pregnant women in Thailand who were
fully evaluated for HBV infection, 216 were HBsAg
negative and anti-HBc positive (14%). It was also
possible to assess the levels of HBV DNA in 200 of
these women with OBI; all 200 women had HBV
DNA < 1000 IU/mL, with 153 showing HBV DNA
below the limit of detection (15 IU/mL), 44 with
an HBV DNA level between 15-100 IU/mL, and 3
showing HBV DNA between 101 and 1000 IU/mL.
However, none of these women transmitted the
[35]
disease to their infants . Based on the available
information, a group of experts in the United States
has provided guidelines to manage pregnant women
with HIV-HBV co-infection; the full guidelines
have been published at the AidsInfo site of the
National Institute of Health (http://aidsinfo.nih.
gov/guidelines/html/3/perinatal-guidelines/159/hivhepatitis-b-virus-coinfection). It is recommended
that all pregnant women should have full screens for
both HBV and HCV; these tests would identify most
cases of OBI in HIV patients. They also strongly
recommend that the management of HIV/HBV coinfection in pregnancy should be performed with
the advice of an expert in HIV and HBV, with close
monitoring of the viral activities in pregnant woman.
In their review, the experts conclude that women
who screen negative for HBV (i.e., HBsAg-negative,
anti-HBc-negative and anti-HBs-negative) should
be vaccinated for HBV, stating that the presence
of isolated anti-HBc can represent a false-positive
case or can indicate a previous exposure and a
posterior loss of anti-HBs or most likely an “occult”
HBV infection. The possibility of OBI needs to be
confirmed by HBV DNA detection. These experts also
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recognize that the clinical significance of isolated
anti-HBc is still unknown. For that, they recommend,
with the panel of their peers on opportunistic
infections in HIV-infected adults and adolescents,
to test for HBV DNA in HIV+/anti-HBc+ patients
before HBV vaccination and treatment initiation
or prophylaxis to avoid the risk of a paradoxical
exacerbation of HBV infection and the incidence
of immune reconstitution inflammatory syndrome
(http://aidsinfo.nih.gov/contentfiles/lvguidelines/
adult_oi.pdf). The risk of vertical HBV transmission
in mothers with OBI is most likely small due to the
low levels of HBV viremia. Clearly, the decision to
treat a pregnant woman with OBI should be made
by an expert.
The natural history of chronic hepatitis B is
highlighted by spontaneous flares of the disease.
The reasons for HBV reactivation are not clear but
most likely can be explained by subtle modifications
in virus replicative fitness due to host immunological
control, such as that which occurs with herpes
[36]
virus . The flares are potentially important clini
cally because they can have severe or even fatal
consequences. Most frequently, the reactivation of
HBV replication occurs in patients with overt chronic
HBV infection (HBsAg-positive) who receive cytotoxic
[10,33]
or immunosuppressive therapy
. In contrast,
HBV reactivation occurs more rarely in patients with
OBI. Both in overt and occult infection, the risk of
HBV reactivation is high, particularly in patients
with hematological malignancies, in those receiving
hematopoietic stem cell transplantation and in those
treated with either anti-CD20 (rituximab, which
destroys B-cells) or anti-CD52 (alemtuzumab, which
targets mature lymphocytes) monoclonal antibodies
[10]
(reviewed in ). In these cases, HBV reactivation
is associated with a mortality rate of approximately
20% due to hepatic failure or to progression of the
underlying disease owing to the discontinuation of
treatment.
There are multiple anecdotal reports of the
reactivation of OBI in HIV-patients, with the majority
of cases being identified in seropositive patients.
Many factors, similar to those demonstrated for overt
infection, have been implicated in the recurrence
of HBV replication in HIV/OBI-co-infected patients,
[37-39]
including the interruption of HAART
, recovery
[14]
of immune responses after HIV-treatment ,
[13]
development of resistance to lamivudine therapy ,
[40]
and appearance of HBV immune-escape .
The overall prevalence of OBI reactivation in HIV
patients and the frequency of the specific triggers
of reactivation need to be assessed in prospective
[14]
longitudinal studies . In an effort to evaluate the
full impact of HIV-infection in OBI, a multicenter
prospective study on 115 consecutive anti-HIV+,
HBsAg-negative, treatment-naïve patients was
[13]
performed . Of the 86 patients with at least 6
mo of follow-up, 13 were HBV DNA positive on
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admission and four in the subsequent testing. The
HBV DNA+ frequency for the anti-HBs-negative/
anti-HBc-positive group was 36% and 21% for
the anti-HBs-positive/anti-HBc-positive group; the
lowest frequency was reported in the anti-HBsnegative/anti-HBc-negative group (9%). Episodes
of reactivation were detected in 32% of the patients
and were more common in patients with detectable
HBV DNA than in those without it (65% vs 25%).
These preliminary data await confirmation in larger
[10]
studies .
HBV infection causes liver inflammation and
hepatocellular carcinoma. The lifetime risk of
developing HBV-related cirrhosis or hepatocellular
carcinoma has been estimated to be between
15% and 40% for males who acquire infection
[36]
during early life . There is evidence to suggest
that the risk of progression of liver disease from
inflammation, to fibrosis, to cirrhosis and to cancer
is directly related to the level of transcription of
[41-43]
HBV DNA
. However, the prevalence and rate
of progression to cirrhosis are also related to
differences in the clinical and serological features
of the disease, such as repeated flares, age and
[36]
HBV genotype . There is an increased risk of
hepatocellular carcinoma even in patients with
[44]
inactive HBV infection . It is widely accepted that
the risk of progression is particularly high in patients
[8]
with OBI/HCV co-infection . However, the impact
of HIV infection in the oncogenicity of OBI HIV
patients has not been studied and requires specific
[10]
evaluation .
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CONCLUSION

13

The real impact of co-infection can only be fully
established when the presence of OBI is routinely
assessed in all patients with HIV. As routine liver
biopsy of all HIV patients is not possible, at least
all HIV patients should be screened initially with a
complete panel of HBV tests. As both the reactivation
of hepatitis (with or without the emergence of
drug resistance) and an increase in the risk of
transmission are associated with higher levels of
HBV DNA, the monitoring of OBI should always
include regular highly sensitive measurements of
circulating HBV DNA. More studies are needed to
define when to repeat the full set of HBV tests and
when a liver biopsy is indicated in these patients.
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Abstract

INTRODUCTION

Key words: Hepatocellular carcinoma; Guideline; Liver
resection; Treatment algorithm
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the Algorithm for Diagnosis and Treat
ment in the Japanese Evidence-Based Clinical
Practice Guidelines for Hepatocellular Carcinoma,
the treatment strategy is determined by three major
factors: liver function and the number and size of
tumors. The algorithm is quite simple, consisting of
fewer components than the Barcelona-Clinic Liver
Cancer staging system. In this article, we describe the
roles of the treatment algorithm in hepatectomy and
perioperative management of hepatocellular carcinoma.
Nakayama H, Takayama T. Role of surgical resection for
hepatocellular carcinoma based on Japanese clinical guidelines for
hepatocellular carcinoma. World J Hepatol 2015; 7(2): 261-269
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i2/261.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i2.261

Hepatocellular carcinoma (HCC) is the sixth most
common neoplasm worldwide and the third most
frequent cause of cancer-related death. More than
0.7 million people were diagnosed with HCC in
2008, indicating an incidence of 16 per 0.1 million
[1]
people . The distribution of HCC is regional, with
approximately 80% of HCC cases found in Eastern
Asia and central Africa. The risk factors in these

In the Algorithm for Diagnosis and Treatment in the
Japanese Evidence-Based Clinical Practice Guidelines
for Hepatocellular Carcinoma, the treatment strategy
is determined by three major factors: liver function
and the number and size of tumors. The algorithm is
quite simple, consisting of fewer components than the
Barcelona-Clinic Liver Cancer staging system. In this
article, we describe the roles of the treatment algorithm
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Table 1 Staging systems for hepatocellular carcinoma
Classification

Year

Background

Variables
Tumor status

Okuda staging
BCLC staging

1985
1999

850 Japanese patients
Selected papers

CLIP score

2000

435 Italian patients

CUPI
JIS score
m-JIS score
Tokyo score

2002
2003
2006
2005

926 Chinese patients
3334 Japanese patients
42269 Japanese patients
403 Japanese patients

Liver function

50% liver involvement
Size, number, vascular
invasion, Okuda stage
50% liver involvement,
vascular invasion, AFP
TNM, AFP
TNM (Japanese)
TNM (Japanese)
Size, number

Health status

Ascites, bilirubin, albumin
Child-Pugh, bilirubin, porta hypertension Performance status
Child-Pugh

-

Bilirubin, albumin, alkaline phosphatase
Child-Pugh
Liver damage
Bilirubin, albumin

Presence of symptoms
-

BCLC: Barcelona Clinic Liver Cancer; CLIP: Cancer of the liver Italian Program; CUPI: Chinese University Prognostic Index; JIS: Japan Integrated Staging;
m-JIS: Modified Japan Integrated Staging; AFP: Alpha-fetoprotein. Revise from ref. [22].

areas are hepatitis B and aflatoxin, but those in
North America, Europe, and Japan are hepatitis C
and alcohol.
The spread of the concept of evidence-based
medicine (EBM) has provided an opportunity for
development of treatment guidelines. In Western
countries, the Barcelona Clinic Liver Cancer
(BCLC) staging system was published as practice
guidelines in 2005 and updated in 2011, and is
recommended for use by the American Association
[2]
for the Study of Liver Diseases (AASLD) and the
European Association for the Study of the Liver
(EASL). In Japan, the Clinical Practice Guidelines
for Hepatocellular Carcinoma were published in
[3,4]
2005
and then revised in 2009 and 2013 to add
[5]
new information . The “treatment algorithm” listed
in the guidelines has become well disseminated as a
standard method for selection of optimal treatment
[6]
based on liver function and tumor conditions . Here,
we describe the roles of the treatment algorithm
in hepatectomy for HCC and we discuss current
knowledge on hepatectomy in Japan.

and Pathological Studies of Primary Liver Cancer”
(henceforth referred to as the “General Rules”),
[9]
which included the Japanese TNM classification and
was prepared based on a database developed by the
Liver Cancer Study Group. In the latest edition, the
stages are classified using a cutoff tumor size of 2
cm, single/multiple lesions, and vascular invasion.
In a comparison of these two staging systems in
[10]
Japanese patients, Minagawa et al
found that both
systems allowed clear stratification of patients into
prognostic groups, but that the General Rules were
more appropriate for stratifying patients with early[10]
stage HCC .
The Child-Pugh classification is most commonly
used for evaluation of hepatic functional res
[11,12]
erve
. This classification has five parameters:
serum bilirubin, serum albumin, ascites, hepatic
encephalopathy, and prothrombin activity, which are
used to assess liver function in three classes: A, B
and C. The indocyanine green retention rate at 15
min (ICGR15) is also used in Japan, eastern Asia, and
some European countries as a more detailed index
for assessment of hepatic functional reserve. ICGR15
[13]
is useful for prediction of postoperative mortality
and as a marker of liver function for determining
[14]
the extent of hepatectomy . The General Rules
also have a liver damage classification system that
uses ICGR 15, as well as serum bilirubin, serum
[9,15]
albumin, ascites, and prothrombin activity
. The
degree of liver damage has replaced the Child-Pugh
classification to evaluate liver function in Japan.
For serious liver failure patients, model for end
stage liver disease (MELD) is used to indicate liver
[16]
transplantation .
Integrated Stage score for liver function and
[17]
tumor stage, including OKUDA , Cancer of the
[18]
Liver Italian Program (CLIP) , Chinese University
[19]
Prognostic Index (CUPI) , Japan Integrated
[20]
[15]
[21]
Staging (JIS) , modified-JIS , and Tokyo , is
effective for prognostic assessment in HCC (Table
[20]
1). Kudo et al
proposed the JIS score, which
unified TNM staging in the General Rules and the

STAGING SYSTEM FOR HCC
Staging systems for liver cancer have three elements:
(1) tumor stage (TNM system); (2) hepatic functional
reserve; and (3) integrated stage, a combination
of (1) and (2). The International Union Against
Cancer (UICC) published the UICC TNM classification
of malignant tumors in 1968 and added liver
cancer to the TNM classification in 1987. Now, the
[7]
seventh edition is used from 2009 . The UICC-TNM
classification is based on the staging system of the
American Joint Committee on Cancer (AJCC) Cancer
Staging Manual, with a database from multicenter
research by the International Cooperative Study
[8]
Group on Hepatocellular Carcinoma . The UICCTNM classification is a simplified version of the AJCC
th
Manual, and the 7 edition set the cutoff for tumor
size as 5 cm. In 1983, the Liver Cancer Study Group
of Japan published the “General Rules for Clinical
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Hepatocellular carcinoma

Liver damage

Tumor
numbers

1

A, B

2 or 3

Single

Tumor
diameter

Treatment

C

≤ 3 cm

1 Hx
2
2 RFA

Hx
RFA

4 or more

4 or more

≤ 3 cm4

> 3 cm

1 Hx
2 TACE

1 to 3

1 TACE
3
2 Chemo

Liver
5
transplantation

Palliative care

For patients with the severity of liver damage class A accompanied by vascular invasion, hepatectomy,
chemotherapy, transcatheter arterial embolization may be selected. For patients with Child-Pugh class A with
extrahepatic metastasi, chemotherapy is an option.
1

2

When taking non-surgical treatment into consideration, using of Child-Pugh classification is possible; Selected
3
4
when the tumor measuring is 3 cm or less; Oral or arterial infusion chemotherapy may be selected; A single
5
tumor measuring 5 cm or less in diameter; Patients 65 years of age or younger.

Figure 1 Treatment algorithm for hepatocellular carcinoma. Revise from ref. [5]. Hx: Hepatectomy; RFA: Radiofrequency ablation; TACE: Transcatheter arterial
chemo embolization; Chemo: Chemotherapy.
[20]

Child-Pugh classification . The JIS is superior to
the CLIP system [a combination of the Child-Pugh
classification, tumor morphology, α-fetoprotein
(AFP), and portal vein tumor thrombosis] in terms
of (1) clear stratification of scores; (2) prognostic
predictive power in HCC with a score of 0; and (3)
differentiation of scores in patients with a poor
prognosis. Thus, the JIS score is useful for prediction
of prognosis of patients, but is not appropriate for
comparison of treatment modalities or selection of
optimal treatment.

The BCLC system recommends liver transplantation
or radiofrequency ablation (RFA) for HCC with 2
or 3 nodules and a diameter ≤ 3 cm. In contrast,
the treatment algorithm in Japan recommends
hepatectomy for HCC with ≤ 3 lesions if liver
function is good, regardless of the tumor size. The
recommended treatment strategy also differs for HCC
with portal hypertension (Table 2). The BCLC system
states that liver transplantation or RFA, instead of
hepatectomy, is indicated in such patients, but the
treatment algorithm in Japan advises that aggressive
hepatectomy based on ICGR15 should be performed
[23]
because the therapy must yield positive results .

CLINICAL GUIDELINES FOR HCC
The BCLC staging system, which is recommended
by AASLD and EASL, is used worldwide to plan treat
ment for HCC. In contrast, in Japan, the treatment
algorithm in the Clinical Practice Guidelines for
Hepatocellular Carcinoma is commonly used for
selection of optimal treatment based on liver function
and tumor conditions (Figure 1). BCLC system links
stage stratification to a treatment strategy and
recommends standard care for a given patient,
whereas the Japanese guidelines are not directly
associated with clinical tumor stage, such as the JIS
[22]
score . The another major difference between the
treatment algorithm used in Japan and the BCLC
system is the indication of hepatectomy for HCC with
≤ 3 lesions and a diameter ≤ 3 cm on Child-Pugh A/B.

WJH|www.wjgnet.com

DIAGNOSIS OF CLASSICAL HCC AND
TREATMENT FOR EARLY HCC
Classical HCC is diagnosed based on CT images with
early arterial enhancement and delayed washout
[1,24]
(EASL criteria)
. Various guidelines have also
adopted these criteria. Early HCC generally has
stromal invasion in the portal region with remaining
[25]
tumor
and has a macroscopically small nodular
type with indistinct margins. Diagnostic imaging
identifies this type as an ischemic mass. Prolongation
of survival time by liver resection for early HCC is not
[26]
significant and is limited due to the lead time bias .
This suggests that early HCC should be followed up
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Table 2 Treatment options for hepatocellular carcinoma in barcelona clinic liver cancer system and Japanese guidelines
Tumor number
Single

2 or 3 nodules

Tumor size (cm)

Child-Pugh class

Treatment
BCLC system

Japanese guidelines
1 Resection
2 Ablation
1 Resection
2 Ablation
Resection

2

A, B

Resection

2.1-3

A, B

3.1-5

A, B

≤3

A, B
C
A, B

1 Resection
2 Transplantation or ablation
1 Resection
2 Transplantation
Transplantation or ablation
Palliative care
Chemoembolization

A, B

Chemoembolization

C

Palliative care

>3
4 or more nodules

Resection or ablation
Transplantation
1 Resection
2 Chemoembolization
1 Chemoembolization
2 Chemotherapy
Palliative care

Degree of Liver damage replaced Child-Pugh classification as liver function in Japan Revise from ref. [22].

without treatment based on the risk of a second
primary cancer. This strategy is accepted according to
the HCC management based on the consensus in the
[27]
Japan Society of Hepatology .

limited resection or enucleation should be applied.
A surgical mortality rate of 0% has been reported
in 1056 consecutive hepatic resections performed in
[28]
accordance with these criteria .
[29]
In portal venous invasion of HCC , the area
supplied by the portal vein branches should be
systemically removed as much as possible within the
acceptable range of liver function. A new procedure
of systematic subsegmentectomy has been devel
oped to overcome the potential incompatibility
between cure of cancer and preservation of liver
[30]
function . A study of survival after hepatectomy
indicated a good prognosis in cases with a tumor
diameter < 5 cm, a single lesion, capsule formation,
no vascular invasion, serum albumin < 4.0 g/dL,
and pathological TNM (pTNM) stage I or II. Of
these parameters, pTNM stage is the most reliable
[31]
prognostic factor . A study of recurrence-free
survival also identified the significant prognostic
factors as the tumor stage, tumor size, number of
tumors, and capsule formation, and also found that
vascular invasion was a poor indicator of long-term
[32]
survival . Risk factors for early recurrence within
2 years postoperatively include non-anatomical
resection, microscopic vascular invasion, and AFP ≥
[33]
32 ng/mL . A retrospective study showed that the
cumulative survival rate was significantly greater
after anatomical resection compared to that after
non-anatomical resection, which suggests that the
[34]
surgical technique can influence prognosis . A
future prospective study is required to clarify all of
these findings.
Determination of the acceptable liver remnant
volume after hepatectomy is an important task. In
general, it is desirable to preserve the 20%-40%
of the total liver volume (TLV) or the standard liver
[35-42]
volume (SLV) in normal livers
. The MD Anderson
group proposed that the smallest acceptable liver
remnant volume is ≥ 20% of the SLV in cases

EVIDENCE FOR EFFICACY OF
HEPATECTOMY
The indication of hepatectomy for HCC is determined
by the balance between liver function and tumor
conditions. Excessive liver resection to completely
remove lesions based on overestimation of hepatic
functional reserve may cause hepatic failure,
whereas minimal resection that does not correspond
to the degree of tumor progression and focuses only
on safety may increase the risk of early recurrence of
HCC. Therefore, it is important to select an optimal
approach that is appropriate for the degree of tumor
progression based on the indication for hepatectomy.
The major methods for preoperative assessment
of liver function are the galactose tolerance test,
99m
Tc-GSA liver scintigraphy, and the ICG loading
test. Makuuchi’s criteria are particularly useful for
[14]
patients with chronic hepatitis or hepatic cirrhosis .
These criteria are based on three factors: ascites,
serum bilirubin, and ICGR15. Patients who still have
ascites after diuretic administration or those with
a serum bilirubin level that is consistently > 2.0
mg/dL are not indicated for surgery. The patients
with 1 < bilirubin level ≤ 2.0 mg/dL are indicated
for limited liver resection. For eligible patients
with serum bilirubin in the normal range of ≤ 1.0
mg/dL, the extent of resection is then determined
based on ICGR15 as resection of 2/3 of the total liver
volume (TLV) (e.g., right lobectomy) in patients
with normal ICGR15 of < 10%; 1/3 of the TLV (e.g.,
left lobectomy) in those with ICGR15 of 10%-19%;
and 1/6 of the TLV (Couinaud segmentectomy) in
those with ICGR15 of 20%-29%. If ICGR15 is ≥ 30%,
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[36]

without chronic underlying liver disease , with the
validity of this proposal supported by an analysis
of 301 consecutive patients after extended right
[43]
lobectomy . On the other hand, there was a
mortality rate on postoperative day 60 of 4.7% in
this literature cited. However, HCC often develops in
livers with chronic hepatitis or hepatic cirrhosis, and
major hepatectomy such as lobectomy may induce
hepatic failure due to insufficient liver remnant
volume. Portal vein embolization (PE) prevents
hepatic failure since the portal vein branches in
hepatectomy are blocked to induce compensatory
[44]
hypertrophy in the remnant liver area . PE can be
applied to cases with ICGR15 < 10% and a ratio of
nontumorous parenchymal volume of the resected
liver to that of the whole liver (R2) ≥ 60%, and
those with ICGR 15 ≥ 10% - < 20% and R2 of
[35]
40%-60% . Three-dimensional CT permits simple
and accurate determination of the relative positions
of major blood vessels and the tumor, resection
[45]
ranges, and liver remnant volume .

no differences in operating time, volume of blood
loss, and incidence of postoperative complications
between patients treated with clamp crushing and
CUSA, but clamp crushing was superior in terms of
complete appearance of landmark hepatic veins on
[53]
the cut surface . However, volume of blood loss
and incidence of postoperative complications have
also been reported to be lower using CUSA compared
[59]
with clamp crushing . A RCT comparing clamp
crushing with Tissue Link found no differences in
operating time, volume of blood loss and incidence of
[60]
postoperative complications . Another RCT showed
the superiority of the LigaSure Vessel Sealing System
for liver resection compared to vascular ligation based
[61]
on clamp crushing , but a second RCT found no
[62]
differences between these techniques .

PERIOPERATIVE MANAGEMENT
Since 1990, hepatectomy for HCC has been perf
ormed with acceptable blood loss of approximately
[28,63-67]
500 ml at many high-volume medical centers
.
Allogenic blood transfusion in the perioperative
period should be avoided when possible because it
is likely to promote cancer recurrence and to induce
hyperbilirubinemia and hepatic failure, and lower
hematocrit is also desirable for microcirculation in
[68]
the liver . Autologous blood transfusion avoids
homogenous red blood cell transfusion and does
[69]
not increase the frequency of cancer recurrence .
The use of fresh frozen plasma (FFP) has been
recommended for supplement of coagulation factors,
maintenance of an effective plasma volume, and
[70]
volume substitution . However, FFP transfusion has
also been reported to have no effect on the post[71]
hepatectomy course
and to be unnecessary in
Child-Pugh class A cases with intraoperative blood
loss of < 1000 mL and serum albumin levels > 2.4
[72]
g/dL on postoperative day (POD) 2 .

HEPATIC RESECTION
In liver surgery, hepatic parenchymal transection is
associated with increased intraoperative blood loss,
postoperative hemorrhage, and early complications
such as bile leakage and surgical site infection
(SSI). In addition to hemostasis, new devices have
been developed to stop bleeding from the resection
margin, which allows performance of safer and more
secure hepatic resection. The Pringle maneuver,
which blocks hepatic inflow once by manual compr
ession of the hepatoduodenal ligament to minimize
blood loss during hepatic resection, is also widely
used. Several randomized clinical trials (RCTs) have
shown that the Pringle maneuver reduces blood loss
[46,47]
without affecting liver function
. Hemihepatic
vascular occlusion has also been applied when
[48,49]
resection is limited to one lobe
.
Bleeding from the hepatic vein occurs most
commonly during hepatic resection. Intraoperative
hemorrhage is positively associated with central
venous pressure (CVP) and several RCTs have
shown that a decrease of CVP to ≤ 5 cm H2O during
hepatectomy reduces intraoperative blood loss and
[50,51]
stabilizes hemodynamics
. In contrast, infrahepatic inferior vena cava clamping with a low CVP
has been shown not to reduce blood loss during
[52]
hepatectomy , and thus the effects of low CVP
require further study.
Hepatic parenchymal transection is performed
[53]
using methods such as clamp crushing
and devices
[54]
including the cavitron ultrasonic aspirator (CUSA) ,
[55]
[56]
Tissue Link , water jet scalpel , harmonic
[57]
[58]
scalpel , floating ball , and LigaSure. In clamp
crushing, a Pean clamp is used to ligate and resect
remaining blood vessels after the hepatic parenchyma
is crushed using the clamp. In RCTs, there were
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PREVENTION OF COMPLICATIONS
Bile leakage is a complication that is specific to
hepatectomy and may be intractable. A RCT of the
efficacy of a bile leakage test on prevention of bile
leakage from the liver resection margin showed no
difference in the incidence of bile leakage between
[73]
patients who did and did not receive the test ,
whereas another RCT found that the test was able
to prevent bile leakage and complications after
[74]
hepatic resection . Thus, more cases are required
to evaluate the utility of this test.
Other post-hepatectomy complications include
hemorrhage and intra-abdominal abscess, and
these conditions may be fatal if diagnosis is delayed.
Intraperitoneal drain placement is required for
monitoring and treatment of these complications, but
the efficacy of elective hepatectomy with standardized
drain placement has been questioned and the
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Centers for Disease Control and Prevention (CDC)
guidelines state that such routine drain placement
is not necessary: “If drainage is necessary, use a
closed suction drain. Place a drain through a separate
incision distant from the operative incision. Remove
[75]
the drain as soon as possible” . RCTs conducted in
several countries on the need for drainage have also
[76-81]
concluded that drain placement is not necessary
.
Due to differences in the healthcare environment
and health insurance system, drain placement has
not been completely withdrawn in Japan, but early
[82]
removal of drains has been recommended . A RCT
has also shown that subcutaneous drainage is not
[83]
effective for prevention of SSI .
Immunity is weak after hepatectomy and this may
result in hepatic failure and disseminated intravascular
coagulation (DIC). A RCT of the efficacy of steroid
administration for improvement of liver function after
hepatectomy compared the post-hepatectomy liver
function in patients treated with and without 500
[84]
mg/body hydrocortisone before hepatectomy .
Serum bilirubin levels were significantly lower in
the steroid group on POD 2 compared with the nonsteroid group and there were significant differences
in serum bilirubin and prothrombin levels until POD
7, which shows the efficacy of steroid administration
prior to hepatectomy. To unify the definition of
post-hepatectomy liver failure (PHLF), in 2010 the
International Study Group of Liver Surgery (ISGLS)
proposed defining PHLF as an increased international
normalized ratio (INR) and concomitant hyperbilir
[85]
ubinemia on or after POD 5 . PHLF seems to be the
more efficient indicator comprehensively compared
[86]
to 50-50 criteria
and MELD score because it is
significantly associated with both of the incidence
of post-hepatectomy complications and the post[87]
hepatectomy mortality . As for 50-50 criteria, it
was not significantly related to the incidence of posthepatectomy complications. As for MELD score, it
revealed less strong association of the odds ratio
(2.06) to the post-hepatectomy mortality.
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CONCLUSION
In this article, we have described evidence-based
techniques for hepatectomy and perioperative man
agement of HCC. Improved assessment of liver
function and development of surgical devices are
likely to contribute to safe and effective hepatectomy
and a good prognosis for patients.
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electronic systematic search of the published literature
was carried and data on the immunological riposte to
hepatitis B vaccination among hemodialysis patients
was extracted from relevant studies. End stage renal
disease patients on hemodialysis have a lower or an
absolutely negative riposte to HBV vaccine. Several
means have been tried to improve this response with
some success, nevertheless none have been universally
adopted. Genetic investigations are foreseen to make a
break through concerning HBV vaccination.
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Core tip: This article discussed the history of immun
ological riposte to various types of Hepatitis B vaccines
among patients on hemodialysis based on published
findings of an array of studies up to this year. Moreover,
it tackled the possible causes for such a response and
possible future ways out of this dilemma.
Gasim GI, Bella A, Adam I. Immune response to hepatitis B
vaccine among patients on hemodialysis. World J Hepatol
2015; 7(2): 270-275 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i2/270.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i2.270

Abstract
Infection with hepatitis B virus (HBV) poses a major
health threat worldwide, where the magnitude and
overburden of chronic carrier state approaches 150
million chronic carriers. The prevalence of HBV is
greater among dialyzed patients compared to the
general population owing to their increased vulnerability
to blood and its products, along with hazards posed
by contaminated hemodialysis tools and devices. An
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INTRODUCTION
Infection with hepatitis B Virus (HBV) poses a major
health threat worldwide, where the magnitude and
overburden of chronic carrier state approaches 150
million chronic carriers. The prevalence of HBV is
greater among dialyzed patients compared to the
general population, this could be attributed to the
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fact they are needy for the blood and its products
and thus more vulnerable, along with the jeopardy
posed by contaminated hemodialysis tools and
[1]
devices . Therefore HBV immunization is highly
advised for patients suffering chronic kidney disease
(CKD), whether pre-emptive or dialysis dependent,
who are potential nominees for kidney transplant
[2]
along with those on dialysis . In spite of this, surges
of the aforementioned infection among patients on
hemodialysis are persistently encountered even in
[3-5]
advanced countries .
The extent of renal failure has been described to
determine the immunological riposte to hepatitis B
immunization among this group of patients, where
[6-8]
it has generally been reported to be suboptimal .
The seroconversion rates and antibody titers among
chronic renal disease patients has been shown to
be less than the general population along with a
[9]
shorter duration of seroprotection . The flawed
effectiveness of HBV immunization among dialysis
dependent patients can be justified by a group of
determinants, noticeably the defective immunity
[10]
[11]
[12]
owing to; azotemia, age , sex , body mass ,
[13]
nourishment of such patients , concomitant
[14]
[15]
infection with HCV
or HIV , history of transfusion
[16]
of blood or blood products
and having the major
histocompatibility complex also to be associated with
[17-19]
this response
, along with failure to complete the
[20]
full course of HBV vaccine .
In order to enhance the riposte degree to hepatitis
B immunization in end-stage kidney disease a group
of strategies have been embraced and these are;
[20]
building up the vaccine dose , supplementary
vaccine injections along with resorting to intradermal
injections rather than the intramuscular in order to
[21]
supplement the vaccination . Hepatitis B vaccination
among pre-dialysis chronic kidney disease patients
results in higher seroprotection rates when compared
[22]
to those patients on dialysis . Adjuvants has been
proposed to be of some help in raising the immunity,
a good example for these adjuvants is levamisole,
which is an antihelminthic with characteristics
enabling it to stimulate suppressed T-cell action
[23-25]
along with potentiation of B lymphocyte action
.
The target of this review is to discuss inadequate
immunological riposte to hepatitis B immunization, its
determinants and the possible solutions.

“adjuvants” were used interchangeably in MEDLINE,
Pubmed, MiPc library and Google.

Epidemiology of HBV among hemodialysis

Hepatitis B infection has been declining in the
last two decades in artificial kidney facilities, a
status that mirrors the outcomes of efforts made
[26]
in providing efficient prophylaxis measures .
Variable prevalence of HBV infection among dialysis
patients were reported from the different continents
[27-29]
ranging between (6%), and (1.2%)
. In a large
scale study including 8615 adult dialysis patients
from different dialysis facilities in the Western
world, hepatitis B prevalence rates ranged from 0%
[5]
to 6.6% . A principal determinant hindering the
transmission of such an infection in artificial kidney
facilities was the preservation of universal infection
control measures. CDC guidelines advice segregation
of patients who are antigen-positive, dedicating
an independent nursing group and it further more
prohibits sharing medicaments in artificial kidney
[30]
facilities . Undiminished vulnerability percentages
to hepatitis B infection were particularly observed
in renal facilities dealing with HB (S) Ag carriers.
Such vulnerability could be controlled by the strict
cohesion to the global precautions; however causal
[30,31]
incidences can to an outbreak the whole facility
.
History of immunization against hepatitis B targeting
end stage renal disease sufferers started by the
utilization of live attenuated virus derived from
plasma, although it was initially reported to mount
enough immunity, however, it was found later not
to have induced a sufficient immunity. Currently
supplied vaccines possess an outstanding safeness
and immunogenicity account, providing protection
rates falling just below 100% of the immunized
[32]
group . However, some population subgroups,
including some people of normal health and immunedeficient individuals, riposte inadequately to immu
nization. Part of such sets, are chronic kidney
disease patients, including pre-emptive and dialysis
patients, whom are regarded to have vulnerability
to contract HBV owing to transmission to those on
dialysis through surrounding surfaces, expendables,
[33,34]
or apparatuses during hemodialysis
. Hepatitis
B vaccination, when combined with application
of the other precautions, ended up in a definite
and appreciable decline in new infections among
hemodialysis patients and kidney facility personnel
[35,36]
in Western countries
. Despite the fact that
the frequency of HBV is absolutely squatty, a big
proportion of vulnerable chronic kidney disease
sufferers have to get the vaccine. Regulations
meant with control of transmission of infections
in renal facilities gives a feeling of protection to
working personnel, nevertheless, chronic kidney
disease sufferers’ vaccination is yet regarded a
subsidiary and pricy procedure, there for resulting in

MANAGEMENT
Search strategy and data extraction

An electronic systematic search of the published
literature was carried and data on the immunological
riposte to hepatitis B vaccination among hemodialysis
patients was extracted from studies of relevance.
The databases were searched with the words
“Hepatitis B immunization”, “dialysis”, “immunological
riposte”, “retarded riposte”, “non-responders” and
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a greater proportion of unimmunized chronic renal
disease sufferers in some countries. Hepatitis B
poses an intimidation for chronic renal sufferers on
hemodialysis, regardless of precautions secured, let
alone meanwhile they are subjected to hemodialysis
in their local facilities, but again meanwhile
accommodated by other units when considering
superior chronic kidney disease sufferers’
acclimation, vacation enjoyment. During such plots,
the susceptible chronic kidney disease sufferers’
acts as a probable HBV infection aim (undertaking
dialysis in machines, units dedicated for infected
patients) moreover they act as a probable harbor for
[37]
the disease taking it back to their local facilities .
It should be noted that HBV can also be transmitted
to dialyzed chronic kidney disease sufferers (as
the rest of the general population) by other means
known to transmit the disease (sexual route etc.).
Those who caught the hepatitis infection can spread
the disease in their home unit in turn, ahead of
hepatitis B infection detection, unless active steps
take place to protect patients from such an infection
[38]
in terms of a fruitful immunization plan . A great
proportion of hemodialyzed chronic kidney disease
sufferers acquiring HBV have a tendency to progress
to chronic hepatic disease (unable to eliminate their
virus). Such chronic kidney disease sufferers are
rendered to have greater vulnerability on attempting
kidney transplantation, further more they pose
a potential harbor for the disease to both other
chronic kidney disease sufferers and non-immune
[39-41]
working personnel
. The aforementioned fact
makes a comprehensively fruitful immunization plan
imperative for chronic kidney disease sufferers and
staff safeguard against this lifelong, enduring and
[42]
possibly killing infection .

Saccharomyces cerevisiae resulting in the formulas;
Engerix B along with Recombivax HB. Both vaccine
formulas encompass HBsAg. Nevertheless, the
third vaccines derivation mounts an appreciably
greater protection if compared to HBsAg owing
to the use of pre-S1 along with pre-S2 immune
triggers; however, there availability is yet limited.
Recombinant DNA technology has also been used to
produce the third generation vaccines by mammalian
[26,43]
cells
. Different American, European and Asian
states adopted The WHO recommendation 1991
concerning large-scale HBV immunization by year
1997. Therefore there is an appreciable drop in
[43,44]
pervasiveness of the HBV infection
, and its
complications including HCC and fulminating hep
[44]
atitis .

Adjuvants

Several methods have been suggested to potentiate
the outcome of HBV immunization and its riposte
among chronic kidney disease sufferers on hemo
dialysis. Use of adjuvants was suggested to poten
tiate the riposte to immunization. Examples for
[45]
such adjuvants are; high thymopentin doses .
Levamisole is another adjuvant that has been
suggested to improve vaccination results among
such patients. It is probable that it can also be
efficient in boosting HBV vaccination riposte among
[46]
HD dependent patients , however in terms of
taking a rather mature decision it is prudent to
conduct further research in this field in order to now
[47]
the pros and cons of such agents. Fabrizi et al
found in their meta-analysis that a better immune
response is mounted when GM-CSF is added as an
adjuvant to HBV vaccine. Polymethylmethacrylate
is another adjuvant that has been proposed to
[48]
improve the immunity post vaccination . HBVAS04 encompassing the synergist 3-O-desacyl40-monophosphoryl lipid A that is consistent with
Engerix B customary, is a further adjuvant improving
[26]
the immune response
. A Recent research
[49]
conducted by Saade et al
has found that Advax (a
polysaccharide adjuvant) induces a potent humoral
and cellular induced immunity with minimal reactions
in the preclinical phase. Yet most of the studies in
this context have some methods limitation such as
[50]
lack of randomization . Thus a long term data about
the sustainability of the effect of these adjuvants is
to be verified.

BOOSTING THE IMMUNOLOGICAL
RESPONSE TO VACCINATION
Evolution of the vaccine

Comparative to numerous other infections, immu
nization, as a protective strategy, performs a
crucial role in limitation of the HBV infection and its
[9]
consequences . Hitherto, there are triumvirate deri
vations of HBV vaccines. Saul Krugman’s observation
about immunogenicity of HBsAg and the immunizing
properties of anti-HBS antibody facing HBV was
a real breakthrough that resulted in producing
[26]
the early vaccine derivation
incorporating an
inactive HBsAg extracted out of the plasma of the
HBV carrier persons. Merck and Pasteur institute
simultaneously produced the early vaccine derivation
making use of aforementioned observation. Then,
Food and Drug Administration of the United States
[26]
of America approved it during 1981 . The second
derivation of HBV vaccine was engineered using
recombinant DNA technology utilizing the yeast
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Changing the route of administration and booster doses

Currently, HBV vaccinations, particularly the
second derivation, are administered through the
intramuscular (deltoid) route three times (on 0, 1
and 6 mo’s period). Antibodies’ to Anti-HBs titers
above 10 IU/L are deemed effective. Considering
revaccinating subjects or boosting a currently
administered vaccine is required in situations where
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the titers level falls beneath 10 IU/L such as time
linked falls in titers, or those seen among high risk
groups such as immunosuppressed, smokers, obese
persons, kidney failure patients and those suffering
[9,43]
hepatic disease
.
Currently, administration of HBV immunization
through either the intradermal and intramuscular
injection routes is under evaluation in chronic kidney
disease sufferers who undergo HD. Short term
follow up, reflected that the former route of HBV
immunization can mount a more potent immune
[26]
riposte if compared to the later route ; nevertheless,
such a believe has been refuted by long term follow
up.

4

5

6
7
8

FUTURE PROSPECTS
Genetic investigations might help in the impro
vement of hepatitis B vaccines and there for it
may lead to reduction in the proportion of vaccine
[51]
failures . Increased interferon (IFN)-gamma
production was shown to be associated with positive
[52,53]
response to vaccines
. As IL-18 is involved in
[54-57]
IFN-gamma production
, it was used as adjuvant
[53,57,58]
to DNA vaccines against HBV
. Channarong et
[57]
al
has devised a recombinant plasmid bearing a
gene encoding HBsAg combined to DNA segment
encoding full-length murine IL-18. All immunized
mice showed a remarkable serum anti-HBsAg IgG
response following two intramuscular injections of
the vaccines on comparison to the level of mice
vaccinated with the vaccine devoid of the DNA
[59]
segment encoding IL-18. Recently Hu et al
found
on animal experiments that adding calcineurin B
subunit to Engerix mounted an higher hepatitis B
antibodies both in dose and time dependent manner
through promoting an inflammatory response where
[59]
IFN-γ, IL-6, TNF-α are produced . It is probable
that in the near future all people throughout the
world will be vaccinated on the mandatory basis.

9
10
11

12
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14
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16

CONCLUSION
Chronic kidney disease patients on hemodialysis
tend to have no or at most a lower response to HBV
vaccine. Several means have been tried to improve
this response with some success, nevertheless,
absolutely none have been universally adopted.
Genetic investigations are foreseen to make a
breakthrough concerning HBV immunization.
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Abstract
AIM: To evaluate the relationship between hepato
cellular carcinoma (HCC) vascularity and grade; to
describe patterns and vascular/histopathological
variations of post-transplantation recurrence.
METHODS: This retrospective study included 165
patients (143 men, 22 women; median age 56.8 years,
range 28-70.4 years) transplanted for HCC who had a
follow-up period longer than 2 mo. Pre-transplantation
dynamic computed tomography or magnetic resonance
examinations were retrospectively reviewed, classifying
HCC imaging enhancement pattern into hypervascular
and hypovascular based on presence of wash-in during
arterial phase. All pathologic reports of the explanted
livers were reviewed, collecting data about HCC
differentiation degree. The association between imaging
vascular pattern and pathological grade was estimated
using the Fisher exact test. All follow-up clinical and
imaging data were reviewed for evidence of recurrence.
Recurrence rate was calculated and imaging features
of recurrent tumor were collected, classifying early and
late recurrences based on timing (< or ≥ 2 years after
transplantation) and intrahepatic, extrahepatic and both
intrahepatic and extrahepatic recurrences based on
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location. All intrahepatic recurrences were classified as
hypervascular or hypovascular and the differentiation
degree was collected where available. The presence
of variations in imaging enhancement pattern and
pathological grade between the primary tumor and
the intrahepatic recurrence was evaluated and the
association between imaging and histopatholgical
2
variations was estimated by using the χ test.

Pecchi A, Besutti G, De Santis M, Del Giovane C, Nosseir S,
Tarantino G, Di Benedetto F, Torricelli P. Post-transplantation
hepatocellular carcinoma recurrence: Patterns and relation
between vascularity and differentiation degree. World J Hepatol
2015; 7(2): 276-284 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i2/276.htm DOI: http://dx.doi.org/10.4254/
wjh.v7.i2.276

RESULTS: Of the 163 patients with imaging evidence
of viable tumor, 156 (95.7%) had hypervascular and
7 (4.3%) hypovascular HCC. Among the 125 patients
with evidence of viable tumor in the explanted liver,
19 (15.2%) had grade 1, 56 (44.8%) grade 2, 40
(32%) grade 3 and 4 (3.2%) grade 4 HCC, while
the differentiation degree was not assessable for 6
patients (4.8%). A significant association was found
between imaging vascularity and pathological grade
(P = 0.035). Post-transplantation recurrence rate was
14.55% (24/165). All recurrences occurred in patients
who had a hypervascular primary tumor. Three patients
(12.5%) experienced late recurrence; the location of
the first recurrence was extrahepatic in 14 patients
(58.3%), intrahepatic in 7 patients (29.2%) and both
intrahepatic and extrahepatic in 3 patients (12.5%).
Two patients had a variation in imaging characteristics
between the primary HCC (hypervascular) and the
intrahepatic recurrent HCC (hypovascular), while 1
patient had a variation of histopathological chara
cteristics (from moderate to poor differentiation),
however no association was found between imaging
and histopathological variations.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequent
[1]
primary hepatic malignancy , and it represents
an important health issue due to its increasing
[2]
incidence and poor survival . HCC usually arises in
the background of chronic liver diseases, in particular
cirrhosis is the substrate of HCC in 80%-90% of
[3]
cases . Carcinogenesis in HCC is typically a multistep
process, that comprehends low-grade and high
grade dysplastic nodules possibly with neoplastic
foci, early HCC, and overt HCC. Pathologically,
HCC is graded based on differentiation degree into
four degrees of cellular dysplasia and architectural
tissue disarrangement (well-differentiated, moder
ately differentiated, poorly differentiated and un
[4]
differentiated, grade 1 to 4) . During the hepato
carcinogenesis multistage process, besides the size
growth and the loss of differentiation of the nodule,
blood supply changes progressively occur, so that
the hepatocellular nodule becomes more and more
dependent on newly formed arteries and in parallel
[3]
less dependent on the portal contribution .
Contrast-enhanced dynamic imaging, performed
both with multidetector CT (MDCT) and magnetic
resonance imaging (MRI), provides information about
HCC vascularity. In particular, two different hemody
namic patterns have been featured: the typical, much
more common, hypervascular pattern, and the less
frequent hypovascular variant of HCC, which shows
[5]
no arterial phase hypervascularity . Recently, some
studies have compared contrast enhanced dynamic
imaging findings with histopathological differentiation
degree, showing a correlation between higher
pathological grades and hypervascular enhancement
[6-10]
pattern
, even though some investigators have
reported a subsequent decrease in arterial blood supply
[7-9]
in the late stage of HCC development (grade ≥ 3) .
Liver transplantation (LT) is the preferred treat
ment for selected patients with HCC. However, even
after the introduction of selection criteria such as Milan
[11]
Criteria , HCC recurrence rate after LT has been
[12-15]
estimated to be 8%-17%
. Many investigators
have reported on the spectrum of imaging findings
of HCC recurrence after LT, distinguishing different
[12,13,16]
patterns on the basis of recurrence location
[14]
or timing . In particular, the majority of tumor
burden in recurrent HCC is typically in extrahepatic
[12,15,16]
locations
and the average time to recurrence

CONCLUSION: A correlation was found between
HCC grade and vascularity; some degree of variability
may exist between the primary and the recurrence
imaging/histopathological characteristics, apparently
not correlated.
Key words: Contrast media; Hepatocellular carcinoma;
Liver transplantation; Cell differentiation; Recurrence
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: During hepatocarcinogenesis, besides the
differentiation loss, blood supply changes occur. Recently,
a correlation between higher histopathological grades
and hypervascular dynamic-imaging enhancement
pattern has been demonstrated. Hepatocellular carci
noma recurrence after transplantation is relatively
common, however the issue of possible variations in
imaging and histopathology between the primary and
the recurrent tumor, and particularly the relationship
between enhancement and grade changes, has never
been investigated. We demonstrated a correlation
between vascularity and pathological grade in a large
population of transplanted patients, and some degree of
variability between the primary and the recurrent tumor
vascularity was found, though not associated with
histopathological changes.
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Table 1 Demographic and clinical characteristics of the study population
Demographic and clinical characteristics (n = 165)
Sex

Male (%)
Female (%)

Median age (range)
HIV + (%)
Etiology of the underlying
hepatic disease

Viral (%)

136 (82.4)

Not viral (%)

29 (17.6)

HBV-related
HCV-related
Mixed
Alcoholic
Cryptogenetic
Other

[14,16]

ranges between 1 and 2 years after LT
. The
hemodynamic imaging characteristics of recurred HCC
have been scarcely reported, however, similarly to the
primary HCC, the majority of recurred HCC appear as
hypervascular lesions.
To our knowledge, the issue of possible variations
in imaging and histopathological characteristics between
the primary and the recurrent HCC, particularly
referring to the relationship between enhancement
pattern changes and differentiation degree changes,
has never been investigated. The preliminary objective
of this study was to evaluate the relationship between
HCC contrast-enhanced dynamic imaging pattern and
pathological differentiation degree in a population of
patients transplanted for HCC. Additional aims were
to describe the patterns and imaging features of HCC
recurrence after LT and to evaluate the variations in
imaging and histopathological characteristics between
the primary HCC and the intrahepatic recurrence,
particularly elucidating whether differentiation degree
variations may justify contrast-enhanced imaging
pattern changes.

of viable tumor, and thus where vascularity was
assessable. MDCT examinations were performed
using a 64-slice CT scanner (Lightspeed VCT, GE
Medical Systems, Milwaukee, Wisconsin, United
States) with contrast enhancement and bolus-tracking
technique to obtain a multiphase (arterial, portal
and hepatic venous phases) examination after an
unenhanced scan. Image reconstruction was obtained
with a 2.5 mm slice thickness and a 2.5 mm interval.
Dynamic MRI studies were conducted on a 1.5-T
high field magnet (Philips Achieva, Philips Medical
System, Best, The Netherlands) with a Phased Array
coil. The protocol included axial T1- and T2-weighted
sequences with and without fat suppression and
axial dynamic three-dimensional T1-weighted fatsuppressed GRE sequences obtained before and after
a bolus injection of gadopentetate dimeglumine (GdDOTA) in arterial, portal and hepatic venous phases.
Pre-transplantation imaging examinations were
retrospectively reviewed by two experienced radiolo
gists by consensus reading, both blinded to the
results of the pathologic reports. From the last preLT examination with evidence of viable tumor, data
about the HCC enhancement pattern were collected.
In particular, based on the presence or absence
of wash-in, which was defined as present when
the lesion was hyperattenuating compared to the
surrounding hepatic parenchyma during the arterial
phase, lesions were classified into hypervascular and
hypovascular.

MATERIALS AND METHODS
Patients

Between October 2004 and November 2011, a total of
172 consecutive patients with known HCC underwent
LT at our hospital. During this period, another patient,
transplanted without known HCC, had pathologic
diagnosis of incidental HCC in the liver explant. Of
these 173 patients, 8 patients were excluded because
of a short follow up period (≤ 2 mo), as a result of
perioperative mortality. The remaining 165 patients
(143 men, 22 women; median age 56.8 years, range
28-70.4 years), who had a follow-up period longer
than 2 mo, were included. Fifteen of them were HIVinfected patients. Clinical data about the etiology of
the underlying liver disease, were collected. Table 1
summarizes demographic and clinical characteristics
of the included patients.

Histopathology of the explanted liver

A pathologist experienced with liver pathologies
reviewed all pathologic reports of the explanted
livers, collecting data about the differentiation
degree, scored according to the World Health Orga
[4]
nization criteria into well-differentiated (Grade
1), moderately differentiated (Grade 2), poorly
differentiated (Grade 3), and undifferentiated (Grade
4) types. When different degrees were reported in the
same explanted liver, the prevailing grade (the one
demonstrated by the larger number of nodules) was
considered.

Pre-transplantation imaging

Recurrence analysis: Imaging and histopathology

All available MDCT and MRI dynamic hepatic exami
nations were reviewed, selecting those with evidence

WJH|www.wjgnet.com

143 (86.7)
22 (13.3)
56.8 (28; 70.4)
15 (9.1)
28 (17.0)
92 (55.8)
16 (9.7)
16 (9.7)
6 (3.6)
7 (4.2)

All available postoperative dynamic imaging examin
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RESULTS

Table 2 Pre-Transplantation imaging enhancement pattern
and histopathological differentiation degree

Pre-transplantation imaging and histopathology of the
explanted liver

Pre-LT imaging and transplant pathology
Pre-LT imaging
Enhancement pattern (n = 163)
Histopathology
Differentiation degree (n = 125)

Hypervascular (%)
Hypovascular (%)

156 (95.7)
7 (4.3)

Grade 1 (%)
Grade 2 (%)
Grade 3 (%)
Grade 4 (%)
Not assessable (%)

19 (15.2)
56 (44.8)
40 (32)
4 (3.2)
6 (4.8)

Of the 165 patients who were included, 2 had no
evidence of viable tumor in all dynamic imaging
examinations performed within 6 mo to LT. Of the
remaining 163 patients in whom evaluation of
enhancement pattern was possible, 156 (95.7%) had
evidence of hypervascular HCC (Table 2). Of these
163 patients, 125 patients had evidence of viable
tumor in the explanted liver, while the remaining 38
patients had completely necrotic nodules as a result of
pre-transplantation loco-regional therapies performed
after imaging examinations. The distribution of the
pathological differentiation degree of the primary
HCC over the 125 patients who had viable tumor is
summarized in Table 2. The differentiation degree
was not assessable for 6 patients (4.8%). Different
degrees were shown in the same explanted liver in
5 cases, and in such cases the prevailing grade was
considered.
Both enhancement pattern and differentiation
degree were available for 113 patients. Among
them, a significant association was found between
imaging enhancement pattern and histopathological
differentiation degree (P = 0.035). As shown in Table
3, 50% (3/6) of the patients whit a hypovascular HCC
had a well-differentiated tumor, vs 14% (15/107) of
those with a hypervascular HCC. An explicative case
of a well-differentiated HCC which was characterized
by an atypical enhancement pattern in the pre-LT
dynamic MDCT examination is depicted in Figure 1.

ations (MDCT or MRI) were retrospectively reviewed
for evidence of recurrent HCC. Proof of recurrence
was made on the basis of biopsy or growth of
new lesions with appropriate radiologic features,
combined with rising AFP levels or with negative
work-up for another primary malignancy. Imaging
features of recurrent HCC were collected. Based on
recurrence timing, recurrences were divided into
early (< 2 years after LT) and late (≥ 2 years after
LT). With respect to tumor location at the moment
of the first recurrence, three different patterns were
distinguished: intrahepatic recurrence (allograft
itself), extrahepatic recurrence and both intrahepatic
and extrahepatic recurrence.
All follow-up dynamic imaging examinations
were also reviewed to describe the enhancement
pattern of all intrahepatic recurrences (those that
occurred at the moment of the first recurrence and
subsequent ones), in particular classifying lesions
into hypervascular and hypovascular based on the
presence of wash-in.
Intrahepatic recurrence histopathological differen
tiation degree was obtained by a review of the
available pathological reports (in case of biopsy or
resection of the recurred HCC).

Recurrence analysis

Of the 165 patients included, 24 (14.55%) had
evidence of HCC recurrence after the LT. The 1-,
3-, 5-years cumulative disease-free survival rates
according to the Kaplan-Meier method were 92.96%,
83.9% and 82.84%, respectively. The mean duration
of recurrence-free survival was 40.15 mo.
Time to development of the recurrence ranged
from 1.55 to 41.85 mo after LT, with a median value
of 12.36 mo. Three patients (12.5%) experienced
late recurrence (≥ 2 years after LT), with a rate of
1.7% (3/175). All recurrences occurred in patients
who had a hypervascular primary HCC, while none
of the patients with hypovascular primary HCC had a
recurrence after LT.
With respect to recurrence location at the moment
of the first recurrence, 14 patients (58.3%) showed
extrahepatic recurrence, 7 patients (29.2%) had
intrahepatic recurrence and 3 patients (12.5%)
showed both intrahepatic and extrahepatic recurrence.
Eight patients had more than one recurrence site
at the moment of the first recurrence. Only one of
the 3 patients with late recurrence had intrahepatic
recurrence. Recurrence patterns and most common
imaging features of recurrence are further described

Statistical analysis

The association between pretransplantation HCC enha
ncement pattern (hypervascular or hypovascular)
and explanted liver HCC differentiation degree was
evaluated by using the Fisher exact test. Recurrence
rate was calculated. The presence of variations in
imaging features (enhancement pattern) and histopa
thological characteristics (differentiation degree)
between the primary and the intrahepatic recurred
HCC was evaluated and the association between
imaging and histopatholgical variations was estimated
2
by using the χ test. For all statistical analyses, a
P < 0.05 was considered to indicate a statistically
significant difference.
The statistical methods of this study were re
viewed by Marta Di Nicola from Department of
Experimental and Clinical Sciences, Laboratory of
Biostatistics, University of Chieti, Italy.
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Table 3 Distribution of dynamic imaging enhancement patterns according to histopathological differentiation degrees
Dynamic imaging enhancement pattern and histopathological differentiation degree (n = 113)
Enhancement pattern
Hypovascular
Hypervascular

Grade 1

Grade 2

Grade 3

Grade 4

P value

3
15

1
52

1
37

1
3

0.035

A

B

C

D

Figure 1 Pre-contrast (A), hepatic arterial (B) and hepatic portal venous (C) phases multidetector CT scans demonstrate a hypovascular hepatocellular
carcinoma (arrows), with no hypervascularization during the arterial phase (wash-in). Pathologically (HE stain, × 100) (D), it was classified as well-differentiated
(Grade 1).

in Table 4 and some recurrence cases illustrated
in Figure 2. When extrahepatic recurrences had a
solid component which was large enough to allow
vascularity evaluation, they showed a contrast
enhancement similar to the primary hypervascular
HCC, hence usually already evident in the arterial
phase of the examination. Frequently they also
presented with some necrotic intralesional component.
Among the 14 patients who didn’t show intra
hepatic recurrence at the moment of the first
recurrence, 4 had evidence of hepatic recurrence in
further follow-up imaging examinations. On a total
of 14 patients who firstly or subsequently developed
an intrahepatic recurrent HCC, 12 had hypervascular
and 2 had hypovascular recurrent HCCs, classified
based on the presence of wash-in. Evidence of wash
out was shown by all intrahepatic recurrences. Nine
of them underwent liver biopsy with histological
diagnosis of HCC, 4 scored as moderately and 5
scored as poorly-differentiated. Two patients (14.3%)
showed a variation in imaging characteristics

WJH|www.wjgnet.com

between the primary HCC (hypervascular) and the
intrahepatic recurrent HCC (hypovascular). However,
they didn’t show any variation in histopathological
characteristics (Figure 3). Only 1 patient, who
had hypervascular enhancement pattern on preLT imaging as well as on recurrence imaging, had
a variation of histopathological characteristics
(from moderate to poor differentiation) (Figure 4).
Therefore, no association was found between imaging
and histopathological variations.

DISCUSSION
It is well known that during HCC development
[3]
progressive changes in the vascular supply occur : as
dysplastic nodules undergo malignant transformation,
abnormal neoplastic arterial supply increases while
portal supply decreases. Classic HCC is exclusively
supplied by the hepatic artery and lacks a portal
venous supply, leading, on dynamic imaging
examinations, to the typical hypervascular pattern
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A

B

C

D

Figure 2 Representative multidetector CT images of different recurrence patterns based on the location at the moment of the first recurrence: (A)
Extrahepatic recurrence presenting with a solitary pleural-based lung nodule; (B) Both intrahepatic and extrahepatic recurrence presenting with bone
lesions and an intrahepatic lesion in segments IVb and V; (C and D) Intrahepatic recurrence presenting with a solitary hypervascular nodule in segment IV.

blood supply in radiological and pathologic analyses. A
tendency towards higher grades in tumors with hyper
[6-10]
vascular pattern was demonstrated
, however
there is some evidence that in the late stage of HCC
development, the arterial blood supply decreases
[7-9]
again .
In our population, comparatively with previous
[9]
studies , the majority of HCCs were moderately
or poorly differentiated, almost all of them being
characterized by a typical hypervascular pattern.
On the contrary, the few atypical hypovascular
HCCs were predominantly distributed in the welldifferentiated group, resulting in 50% of patients with
hypovascular HCC vs only 15% of those with typical
HCC having a grade 1 tumor. Therefore, despite the
fact that in our population a very small number of
patients had evidence of atypical HCC (4.3%), a
correlation was found between differentiation degree
and enhancement pattern (P = 0.035).
Recently, some authors have hypothesized the
utility of imaging pattern as a prognostic factor
[19]
for tumor outcome after locoregional treatment
[20,21]
or surgery
. In our study, the pre-LT imaging
examinations of all the 24 patients who experienced
HCC recurrence after LT showed hypervascular
tumors, and all of them were graded as moderately or
poorly differentiated on histopathology (n = 14 grade
2, n = 9 grade 3, n = 1 not assessable). No patient
with hypovascular HCC at pre-LT imaging developed

Table 4 Recurrence patterns based on the location at the
moment of the first recurrence and most common imaging
features of recurrence
Recurrence patterns (n = 24)
Intrahepatic
Solitary nodule
Multifocal lesions
Extrahepatic
Lung
Solitary nodule
Multiple nodules
Consolidation
Bone
Osteolytic
Osteoblastic
Lymph nodes
Brain
Spleen
Adrenal
Intrahepatic and extrahepatic

7 (29.2%)
3 (12.5%)
4 (16.7%)
14 (58.3%)
9 (37.5%)
4 (16.7%)
5 (20.8%)
/
5 (20.8%)
5 (20.8%)
/
2 (8.3%)
1 (4.2%)
1 (4.2%)
1 (4.2%)
3 (12.5%)

characterized by both wash-in in the arterial phase
and wash-out in portal or delayed phases. Less
frequently HCCs present as hypovascular lesions,
enhancing less than the surrounding liver both on
arterial and venous phase imaging, probably as
a result of a dual blood supply, both arterial and
[17,18]
portal
.
Some investigators have recently reported a
correlation between histopathologic grade and HCC
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Figure 3 Multidetector CT scans demonstrating two
hypervascular primary hepatocellular carcinoma
nodules which were graded as moderately differentiated
on histopathology (HE stain, magnification × 40
and × 200) (A); Multidetector CT scans of the same
patient 2 years after LT demonstrating a hypovascular
intrahepatic recurrent hepatocellular carcinoma,
which was still graded as moderately differentiated on
histopathology after resection (HE stain, magnification
× 40 and × 200) (B).

A

B

Figure 4 Multidetector CT scans demonstrating a
hypervascular area representing viable hepatocellular
carcinoma next to a previously lipiodolized nodule,
graded as moderately differentiated on histopathology
(HE stain, magnification × 40 and × 200) (A);
Multidetector CT scans of the same patients 1 year
after LT demonstrating a hypervascular intrahepatic
recurrent hepatocellular carcinoma, which was graded
as poorly differentiated on histopathology after
resection (HE stain, magnification × 40 and × 200) (B).

A

B
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post-LT recurrence, not even the few of them with
a high histopathological degree. These findings
suggest, albeit the number of cases is limited, a
lower tendency towards recurrence and a longer
recurrence-free survival in patients with hypovascular
rather than hypervascular HCCs, underlying the
potential prognostic role of vascular supply along with
the pathological grade.
In our population the tumor recurrence rate after
transplantation was 14.55%, which is similar to the
rates observed in other studies with comparable
follow-up period and in which Milan selection criteria
[12,14,15]
were adopted
. Extrahepatic recurrence was
the most common recurrence pattern with respect
to tumor location, comparatively with other studies
in which the focus was on the appearance of early
[12,15,16]
recurrence
. Consistently with previous
[14]
studies , the median time to recurrence was
12.36 mo and late recurrence was less common,
representing only 12.5% of cases, with a rate of 1.7%.
Focusing on the variations in imaging and histo
pathological characteristics between the primary and
the intrahepatic recurred HCC, among the 14 patients
with intrahepatic recurrence, enhancement pattern
changes (from hypervascular to hypovascular) were
experienced by two patients and histopathological
changes (from moderate to poor differentiation
degree) were recorded in one patient, underlying
that some degree of variability may exist between
the primary and the recurred HCC. Even though the
number of patients who had changes in imaging or
pathological characteristics is small, it is to be noted
that no correlation was found between enhancement
and differentiation degree changes. In particular, the
two patients who changed enhancement pattern did
not show any variation in histopathology between
the primary and the recurred HCC. On the other
hand, in one patient a shift from moderately to poorly
differentiated HCC was observed, while no change in
the enhancement pattern was registered. This result
agrees with the higher prevalence of hypervascular
pattern among both grade 2 and 3 HCCs.
Some limitations of this study should be noted.
First, it was designed retrospectively. Second, in the
correlation analysis between imaging pattern and
differentiation degree of the primary tumor, wash-out
was not considered, while recently some studies have
focused on hypervascular HCCs signal intensity during
portal venous phase as an additional predictive factor
[22]
for differentiation degree . Finally, this study lacked
a genomic and immunophenotypical analysis of both
the primary and the recurrent HCC.
In conclusion, this study confirms the recently
explored correlation between HCC differentiation
degree and dynamic-imaging enhancement pattern.
Moreover, our preliminary results show that some
degree of variability may exist between the primary
and the recurred HCC imaging characteristics. If
tumoral histopathological characteristics do not seem
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to justify enhancement pattern variations, a possible
explanation is perhaps to be found in changes which
occur in liver parenchymal structure and vascul
[23]
arity following transplantation . However, more
studies with larger patient groups are needed to
better explore the presence of and the reasons for
enhancement pattern changes between the primary
and the recurred HCC.
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A correlation between histopathological grade and vascularity of hepatocellular
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The relation between HCC pathological grade and vascularity introduces the
possible role of imaging enhancement pattern as a prognostic factor for tumor
outcome after transplantation. Moreover, in the field of HCC recurrence after
transplantation, the reasons for variability between the primary tumor and the
recurrence characteristics are still to be understood.
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The recently introduced correlation between HCC vascularity and differentiation
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better explore this relationship by applying it to the issue of HCC recurrence
after transplantation.

Applications

The most relevant future application of the study is the possible use of
imaging enhancement pattern as a prognostic factor for tumor recurrence after
transplantation; moreover the study of recurrence variability may allow to better
understand the factors involved in post-transplantation recurrence.

Terminology

HCC is the most common type of liver tumor, arising from hepatocytes and
typically originating in patients with chronic liver diseases; liver transplantation is
the optimal, potentially curative treatment for HCC; recurrence of hepatocellular
carcinoma after transplantation reflects hematogenous spread, lymphatic
spread and peritoneal seeding of neoplastic cells.
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CASE REPORT

Lesser celandine (pilewort) induced acute toxic liver injury:
The first case report worldwide
Bulent Yilmaz, Barış Yilmaz, Bora Aktaş, Ozan Unlu, Emir Charles Roach
The causality assessment of several reports provided
evidence for the existence of Greater Celandine
hepatotoxicity. However, there hasn’t been any case
report published thus far, about lesser celandine
induced liver injury. Here, we present a case of
36-year-old woman admitted to the hospital with acute
hepatitis and jaundice on her sclera with no history
of drug abuse or alcohol consumption. However, the
patient had a recent history of lesser celandine extract
consumption for hemorrhoids, for about 10 d, prior to
the admission. Viral hepatitis, autoimmune hepatitis,
and drug induced toxic hepatitis were ruled out by
further imaging studies and laboratory analysis. Using
the Council for International Organizations of Medical
Sciences scale, the type of liver injury was assumed
as hepatocellular and was scored as 7 which shows
probable causality. Immediate discontinuation of lesser
celandine extract resulted in rapid decrease of the
elevated enzymes. Herbs have been reported to cause
liver injury and therefore should be suspected in the
case of acute hepatitis with an unknown etiology. This
case is important to be the first to explain hepatotoxicity
caused by lesser celandine. Physicians should consider
lesser celandine as a causative agent for hepatotoxicity.
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Core tip: Herbs have been reported to cause liver
injury and therefore should be suspected in the case
of acute hepatitis with an unknown etiology. This case
is the first to explain hepatotoxicity caused by lesser
celandine. Physicians should consider lesser celandine
as a causative agent for hepatotoxicity.

Abstract
Lesser celandine, also known as Ranunculus ficaria , is
a herbaceous perennial plant that commonly utilizes
piles and is taken either internally or used externally.
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cytoplasmic antibodies (ANCA), smooth muscle anti
body (SMA), liver kidney microsomal antibody type 1
(LKM-1) and all markers were found to be negative.
Abdominal ultrasonography was normal. Liver biopsy
wasn’t performed, because the patient did not give an
informed consent for the procedure. Lesser celandine
extract was immediately discontinued. Using the
Council for International Organizations of Medical
Sciences scale (CIOMS), the type of liver injury of
our case was assumed as hepatocellular (ALT > 5N
and R ≥ 5) and was scored as “7: probable” (Table
[11]
1) . After discontinuation of lesser celandine, rapid
recovery was observed in patient and liver enzyme
levels returned to normal in 3 wk.

INTRODUCTION
Numerous herbs can be hepatotoxic. This has been
demonstrated by several case reports, case series
[1-4]
and literature reviews
. However, the potential
hepatotoxicity of a variety of chemicals in any herb
and case presentations lacking diagnostic exclusion
[5]
made it difficult to have a clear clinical assessment .
Greater Celandine (Chelidonium majus L.) has
been used in traditional Chinese medicine as weel
as in the Western world for its numerous biological
[6,7]
[8,9]
activities
. Teschke et al
reviewed several
reports from Europe regarding Greater Celandine
(Chelidonium majus) hepatotoxicity. The causality
assessment of these reports provided evidence for
[8,9]
the existence of Greater Celandine hepatotoxicity .
Lesser celandine, also known as Ranunculus
ficaria, is a herbaceous perennial plant. Lesser cela
ndine is a herbal astringent that commonly utilizes
piles and is taken either internally or used externally,
[10]
and for this feature it is also known as pilewort . A
review of literature revealed that there hasn’t been
any case report published thus far, about lesser
celandine induced liver injury. Here, we present the
first case of toxic hepatitis associated with lesser
celandine consumption.

DISCUSSION
Hepatocellular, cholestatic, and mixed type (hepato
cellular and cholestatic) injuries are the three types
[12]
of herb induced liver injuries . In the decision of
different injury types, ratio R (ALT/ALP activity at the
time liver injury is suspected, activity is measured by
multiples of the highest point of the normal values)
is used. If ALT > 2N or R ≥ 5, hepatocellular injury is
assumed; if ALP > 2N or R ≤ 2, injury is cholestatic;
if ALT > 2N and ALP is increased, with R > 2 and
[11]
R < 5, mixed injury is assumed . There are no
diagnostic tests or specific criteria for herb induced
hepatotoxicity. Careful history taking, insightful
evaluation of laboratory findings and histopathology
are essential for diagnosis. Liver biopsy might be
helpful for the assessment of liver injury, however
[13]
Teschke et al reported that it is not essential for the
diagnosis. The best way to determine causal agent is
re-challenging. But this, for obvious reasons, is not
ethically acceptable.
Lesser celandine can easily be confused with
greater celandine. A case report from Germany
provides an evidence for that by presenting a case
with toxic hepatitis caused by greater celandine,
however mentioning the name of the herb as lesser
[14]
celandine in the abstract . Herbs have been
reported to cause liver injury and therefore should
be suspected in the case of acute hepatitis with an
unknown etiology. Our case suggests that physicians
should consider lesser celandine as a causative agent
for hepatotoxicity.

CASE REPORT
A 36-year-old woman was admitted to the hospital
for acute hepatitis. Her past medical history and
family history did not reveal any significant disease.
She did not have any history of alcohol consumption
or drug abuse. However, the patient had a recent
history of lesser celandine extract consumption for
hemorrhoids, for about 10 d, prior to the admission.
A detailed anamnesis showed that the patient
consumed lesser celandine as tea, one cup per day
for 3 d. Physical examination revealed jaundice on
her sclera. Laboratory abnormalities included alanine
aminotransferase (ALT 1830 IU/L; normal range: 0 to
45 U/L), aspartate aminotransferase (AST 1520 IU/L;
normal range: 0 to 45 U/L), alkaline phosphatase
(ALP 225 IU/L; normal range: 30 to 120 U/L), and
total bilirubin (3.4 mg/dL; normal range: 0.174
to 1.04 mg/dL). Anti-HBs IgG was positive, antiHCV, HCV PCR, Anti-HAV IgM, and anti-HEV IgM
were negative. There was no serologic evidence for
recent infections with herpes simplex virus (HSV),
epstein-barr virus (EBV), cytomegalovirus (CMV),
or varisella zoster virus (VZV). Autoimmune marker
analysis included anti-nuclear antibodies (ANA),
anti-mitochondrial antibodies (AMA), anti-neutrophil
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Case characteristics

A 36-year-old woman was admitted to the hospital for fainting and a prior
diagnosis of acute hepatitis from another hospital. She had a recent history of
lesser celandine extract consumption for hemorrhoids, for about 10 d prior to
the admission.

Clinical diagnosis

Physical examination revealed jaundice on her sclera.

Differential diagnosis

Viral hepatitis, autoimmune hepatitis and drug induced toxic hepatitis were
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Table 1 Score of the presented patient according to Council for International Organizations of Medical Sciences Scale
Items for hepatocellular injury
1 Time to onset from the beginning of the drug/herb
5-90 d (rechallenge: 1-15 d)
< 5 or > 90 d (rechallenge: > 15 d)
Alternative: Time to onset from cessation of the drug/herb
≤ 15 d (except for slowly metabolized chemicals: > 15 d)
2 Course of ALT after cessation of the drug/herb
Percentage difference between ALT peak and N
Decrease ≥ 50% within 8 d
Decrease ≥ 50% within 30 d
No information or continued drug/herb use
Decrease ≥ 50% after the 30th day
Decrease < 50% after the 30th day or recurrent increase
3 Risk factors
Alcohol use (drinks/d: > 2 for women, > 3 for men)
Alcohol use (drinks/d: ≤ 2 for women, ≤ 3 for men)
Age ≥ 55 yr
Age < 55 yr
4 Concomitant drug(s) or herbs(s)
None or no information
Concomitant drug or herb with incompatible time to onset
Concomitant drug or herb with compatible or suggestive time to onset
Concomitant drug or herb known as hepatotoxin and with compatible or suggestive time to onset
Concomitant drug or herb with evidence for its role in this case (positive rechallenge or validated test)
5 Search for non drug/herb causes
Group I (6 causes)
Anti-HAV-IgM
HBsAg, anti-HBc-IgM, HBV-DNA
Anti-HCV, HCV-RNA
Hepatobiliary sonography/colour doppler sonography of liver vessels/endosonography/CT/MRC
Alcoholism (AST/ALT ≥ 2)
Acute recent hypotension history (particularly if underlying heart disease)
Group II (6 causes)
Complications of underlying disease(s) such as sepsis, autoimmune hepatitis, chronic hepatitis B or C,
primary biliary cirrhosis or sclerosing cholangitis, genetic liver diseases
Infection suggested by PCR and titer change for CMV (anti-CMV-IgM, anti-CMV-IgG)
EBV (anti-EBV-IgM, anti-EBV-IgG)
HEV (anti-HEV-IgM, anti-HEV-IgG)
HSV (anti-HSV-IgM, anti-HSV-IgG)
VZV (anti-VZV-IgM, anti-VZV-IgG)
Evaluation of group I and II
All causes-groups I and II - reasonably ruled out
The 6 causes of group I ruled out
5 or 4 causes of group I ruled out
Less than 4 causes of group I ruled out
Non drug or herb cause highly probable
6 Previous information on hepatotoxicity of the drug/herb
Reaction labelled in the product characteristics
Reaction published but unlabelled
Reaction unknown
7 Response to unintentional readministration
Doubling of ALT with the drug/herb alone, provided ALT below 5N before reexposure
Doubling of ALT with the drug(s) and herb(s) already given at the time of first reaction
Increase of ALT but less than N in the same conditions as for the first administration
Other situations
Total Score

1

Score

Result of the presented case

2
1

+
-

1

-

3
2
0
0
-2

+
-

1
0
1
0

+
+

0
0
-1
-2
-3
“+” if negative

+
-

+
+
+
+
+
+

-

+

-

+
+
+
+
+

-

2
1
0
-2
-3

+
-

2
1
0

+

3
1
-2
0

+
7

1

The score of the patient for each 7 item for hepatocellular injury was indicated as “+” in the correspondent cell. HBV: Hepatitis B virus; HCV: Hepatitis C
virus.

ruled out.

positive, anti-HCV, HCV PCR, Anti-HAV IgM, and anti-HEV IgM were negative.
There was no serologic evidence for recent infections with herpes simplex virus,
epstein-barr virus, cytomegalovirus, or varisella zoster virus. All autoimmune
markers were negative.

Laboratory diagnosis

Alanine aminotransferase (ALT 1830 IU/L; normal range: 0 to 45 U/L), aspartate
aminotransferase (AST 1520 IU/L; normal range: 0 to 45 U/L), alkaline
phosphatase (ALP 225 IU/L; normal range: 30 to 120 U/L), and total bilirubin (3.4
mg/dL; normal range: 0.174 to 1.04 mg/dL) were assessed. Anti-HBs IgG was
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Imaging diagnosis

Abdominal ultrasonography was normal.
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Treatment

Lesser celandine extract was immediately discontinued.

Related reports

5

Term explanation

6

This is the first case of toxic hepatitis associated with lesser celandine
consumption.
Greater Celandine (Chelidonium majus L.) is a perennial herb and is used in
western phytotherapy and traditional Chinese medicine for its wide variety of
biological activities. Lesser celandine, Ranunculus ficaria (syn. Ficaria verna,
F. ranunculoides or F. grandiflora), also known as pilewort, is a herbaceous
perennial plant.

7

Experiences and lessons

8

Herb induced liver injury is an important problem in clinical setting, because it
can be an etiology of undiagnosed acute hepatitis. This case is important to be
the first to explain hepatotoxicity caused by lesser celandine. Physicians should
consider lesser celandine as a causative agent for hepatotoxicity.

9

Peer review

Lesser celandine (pilewort) induced acute toxic liver injury by Bulent Yilmez et
al ıs a relatively good and interesting report.
10
11
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REVIEW

Genotypes and viral variants in chronic hepatitis B: A
review of epidemiology and clinical relevance
Catherine MN Croagh, Paul V Desmond, Sally J Bell
later hepatitis B e antigen (HBeAg) seroconversion, and
more advanced liver disease. Genotype A is associated
with a greater risk of progression to chronicity in adult
acquired HBV infections. Genotype D is particularly
associated with the precore mutation and HBeAg
negative chronic hepatitis B (CHB). The genotypes
prevalent in parts of West Africa, Central and South
America, E, F and H respectively, are less well studied.
Viral variants especially the Basal Core Promotor mutation
is associated with increased risk of fibrosis and cancer
of the liver. Although not currently part of routine clinical
care, evaluation of genotype and viral variants may
provide useful adjunctive information in predicting risk
about liver related morbidity in patients with CHB.
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Core tip: Chronic hepatitis B (CHB) is a major global
cause of liver related morbidity and mortality. Genotypes
of the Hepatitis B virus have distinct geographical
distributions and are known to influence a number of
clinical features of disease and response to treatment.
Certain well recognised viral mutations are also known
to influence clinical risk of cirrhosis and hepatocellular
carcinoma but in addition may have implications for
vaccination programs and screening of blood for
donation. This review examines the current state of
knowledge about genotype and viral variants of CHB
and their utility in the management of this disease.

Abstract
The Hepatitis B Virus (HBV) has a worldwide distribution
and is endemic in many populations. It is constantly
evolving and 10 genotypic strains have been identified
with varying prevalences in different geographic regions.
Numerous stable mutations in the core gene and in
the surface gene of the HBV have also been identified
in untreated HBV populations. The genotypes and
viral variants have been associated with certain clinical
features of HBV related liver disease and Hepatocellular
carcinoma. For example Genotype C is associated with
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F HBV. It is thought to perhaps have split off from
[13]
genotype F within the “New World” . It is particularly
[14]
common in Mexico .
[15]
GenotypeⅠdescribed in Vietnam
may not meet
the criteria for a novel genotype since the diversity in
its complete genome sequence is only 7% from that
[16]
of its closest neighbour, genotype C . Genotype J is
a novel variant described in a Japanese patient who
had previously travelled to Borneo. It is thought to
be phylogenetically positioned between human and
primate HBV variants being close to strains which had
[17]
been previously found in orang-utans and gibbons .
This genetic variability in the HBV may come about
through natural mutation or by recombination. Natural
mutation rates are high in HBV. The HBV is error prone
since its reverse transcriptase lacks proof reading
ability and it is estimated that the rate of nucleotide
substitutions per site per year is approximately
-5[18]
1.4-3.2 × 10
which is 10 times higher than other
DNA viruses and 100 times higher than the human
[19]
genome . Recombination, in which DNA exchange or
cross over of parts of a gene sequence occurs between
two different viruses, is thought to be another potential
mechanism for the development of divergent strains
[20]
of HBV
and has been described between numerous
[21,22]
different genotypes
. Recent evidence suggests
that the core gene may be a preferred site for
recombination to take place as noted in West African
[23]
patients with A/E recombinant strains of HBV .

INTRODUCTION
Chronic hepatitis B (CHB) is a global health problem
and a leading cause of cirrhosis and hepatocellular
carcinoma (HCC) worldwide. The Hepatitis B virus (HBV)
is a hepatotropic virus of the family hepadnaviridae.
It comprises a central icosahedral core protein
(HBcAg) which contains the viral DNA and HBV viral
polymerase. This core (also called the nucleocapsid)
is surrounded by a lipid membrane studded with viral
proteins which are the small, medium and large HBV
surface proteins. The entire virion is 42 nmol/L and
was originally referred to as the Dane particle following
[1]
its discovery by an English pathologist DS Dane . In
the past, HBV was divided into serotypes which were
subgroups based on the antigenic determinants of the
hepatitis B surface antigen (HBsAg) and 4 subtypes
[2]
were known, adr, adw, ayr and ayw .

GENOTYPES IN CHB
[3]

In 1988 it was first suggested by Okamoto et al
that HBV could be divided into 4 genotypes based
on a divergence of ≥ 8% in the complete genomic
sequence and genotypes A,B,C and D were identified.
The relationship between serotypes and genotypes
is not clearly known and the same serotype may be
[3]
classified into different genotypes . Genotyping may
be performed by a number of different techniques
including restriction fragment length polymorphism,
line probe assay, the enzyme-linked immunosorbent
[4]
assay or genotype specific polymerase chain reaction .
Direct sequencing can also be used and for commercial
purposes, genotype can usually be determined
through a partial sequence especially of the S gene
since it is usually more conserved than other parts
of the HBV genome. Following the initial description
[5]
of genotypes A-D, Norder et al also proposed
genotypes E and F which differed by more than 4% in
the S gene from the other genotype groups and this
has become an alternative criterion for classification of
distinct genotypes. Genotype G is the least common of
the genotypes and was reported in 2000 from samples
[6]
of French and American patients but its geographic
[7]
origin is still unknown . The precore and core regions
of genotype G are aberrant with a 36-nucleotide
insertion within the core gene making it the longest
[8]
of the HBV genotypes . Stop codons in the precore
region are also present and some have suggested it
[8]
is not able to produce hepatitis B e antigen (HBeAg)
although others report high HBeAg levels in HIV/HBV
[9]
coinfected patients with genotype G . However, this
[10]
may be due to coinfection with genotype A . It is
thought that genotype G requires the presence of
another genotype, most commonly genotype A2 to
[11]
enhance its viral replication . Although monoinfection
[12]
has been reported, this was transient . Genotype H
has been shown to be prevalent in central America and
the Amazon region and is closely related to genotype
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SUBGENOTYPES
Subgenotypes are also described if there is a divergence
of > 4% (but less than 7.5%) of the nucleotide
[19]
sequence in the complete genomic sequence . There
have been numerous (up to 40) subgenotypes reported
amongst genotypes A-D and F. Geographic distribution
varies for subgenotypes and certain clinical outcomes
have also been attributed to some of them however
confounding factors are difficult to control for in
many of these studies. Divergence of < 4% between
[24]
subgenotypes are referred to as “clades” . There
has been concern raised by experts in the field about
the accuracy of classification of some of the newly
[25]
[25]
reported subgenotypes . Pourkarim et al
suggest
that applying phylogenetic analysis over a full length
genome sequence rather than partial sequence only
is critical to avoid misclassification. They also suggest
that recombinant strains should not necessarily be
introduced as independent subgenotypes and propose
the term “recombino-subgenotype” to identify HBV
strains that show strong evidence of recombination in
their nucleotide divergence.

GEOGRAPHICAL DISTRIBUTION OF
GENOTYPES
The geographical distribution of the different geno
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Table 1 Geographic distribution of genotypes by continent

Africa

Europe

Americas

Region

Genotype distribution

Subsaharan Africa (Egypt, Algeria, Libya)
West Africa (Guinea Bissau, Ghana, Cameroon)
Central Africa
East Africa (Malawi, Tanzania)
South Africa
Mediterranean Basin (Greece, Italy, Spain)
Western Europe
Eastern Europe
North America

Genotype D
Genotype E and also A
Genotype E and also A
Genotype A
Genotype A
Genotype D in majority. Gentype A also seen in Spain
Mixtures of A-D from various migrant groups
A (Czech republic, Poland) and D (Russia, Croatia, Romania)
Mixtures of A-D from various migrant populations
Genotype F and B in Alaskan natives
Genotype H (Mexico)
Genotype F (Costa Rica)
Genotype F predominant and Genotypes A and D in Brazil/Argentina
Genotype D
Genotype D
Genotype D in India but also Gentoype A

Central America
South America
Western Asia ( Iran, Yemen, Saudi Arabia, Turkey)
Central Asia (Uzbekistan, Tajikistan, Afghanistan, Pakistan)
South Asia (India and Pakistan)

Asia

types is quite varied and for most of the older known
genotypes and many regions, is well documented.
Many parts of the world have dominant genotypes
although frequently there are at least 2 prevalent
genotypes.
Patients may also be coinfected with more than
one genotype since in many parts of the world 2 or
more genotypes are commonly found eg B and C in
[26]
Asia . Genotype G also, as mentioned, appears to
[10]
require the presence of genotype A
or H for chronic
[27]
infection . The distribution of HBV genotypes in
different continents are detailed in Table 1.

and northern Europe) with smaller contributions from
other genotypes including B and C, most likely due to
[43]
migration .

ASIA
[44]

In Western Asia, e.g., Turkey
and the Middle East
[45]
including Iran , the prevalent genotype is D. Central
Asian countries of Uzbekistan and Tajikistan also
have a preponderance of genotype D infection of
[46,47]
up to 88%
. Southern Asian countries similarly
show predominantly genotype D infection, e.g.,
[48]
95% of cases in Afghanistan
and in a majority of
[49-51]
[52]
Indian patients
and 65% of Pakistani patients .
[53]
However genotype A is also seen in India
and a
recent study from Eastern India highlights a shift
in the prevalences of genotypes with an increase in
Genotypes A and C along with a decrease in that of
[54]
genotype D in East India .
Moving further east into South East Asia and
China, genotypes B and C start to predominate. The
relative prevalences of genotypes in many countries
of south east Asia and regions of China are set out in
[55-79]
Table 2
. In brief however, genotype C is seen in
the majority of patients of Cambodian, Thai, Laotian
and Myanmar ethnicity. Genotype B is predominant in
Vietnamese cohorts and some parts of Indonesia and
Malaysia. In China, Genotype C is prevalent in most
areas although in other parts, Genotype B is seen
frequently. Japan has a predominance of genotype C
[80]
(82% in a study of 1271 patients) . This study also
reported an increase in the prevalence of genotype
A from 1.7% to 3.5% from the period 2001-2006
which is thought to be due to persistence of sexually
acquired acute HBV in adulthood. In Korea genotype
[81]
C2 predominates .

AFRICA
In East Africa (including Malawi and Tanzania) genotype
[28,29]
A is found in the vast majority (> 90%) of patients
.
[30]
In South Africa also, the dominant genotype is A .
In other parts of Africa, for example West Africa,
[31,32]
Genotype E is prevalent
and this appears to stretch
[33]
into parts of central Africa also . There has been some
work suggesting that HBV genotype E introduction and
expansion in West Africa has been a relatively recent
[34,35]
phenomenon
. In sub-Saharan (or Northern) Africa
including Egypt, Algeria and Libya) which forms part of
the Mediterranean Basin, genotype D predominates in
[36,37]
up to 80% of patients
.

EUROPE
In the European countries of the Mediterranean
[38]
[39]
basin, in particular Greece , Italy , and Spain, the
[40]
predominant genotype is Genotype D . Genotype D
is also found in about 50% of cases in Eastern Europe,
[26]
with genotype A in approximately 30% . Although
some countries have a higher proportion of genotype
A, e.g., 86% in Poland and 67% in Czech republic,
Genotype D is found in the majority of Russian (93%),
[41,42]
Romanian (67%) and Croatian (80%) patients
.
The proportions of genotypes A and D are similar at
about 30%-40% in the remainder of Europe (the EU
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AMERICAS
Among Indigenous populations living in the Arctic,
and northern Canada and Greenland genotype B
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China

Table 2 Prevalence of different hepatitis B virus genotypes in
Southeast Asian countries and China
No. in
study
Laos

Cambodia

386

12
22

Vietnam

76
40

Indonesia

54
54
27

Malaysia

86

Genotype
distribution

42.2% B
Cohort of patients
55.4% C
from Vientiane city
2.4% not typable ? I and central provinces.
19 patients did not
group into genotype
A-H ? genotype I
67% C ,
33% B (subtype 4)
72% C
28% B
51% B, 48.7% C
Chronic cohort
75% B
18% C
2.5% B + C, 5% not
determined
76% B
24% C
100% B

Based in Hanoi

85% C
7.4% B
7.4% D
60% B

Papua

34% C

2% D

51

Thailand

224

216

53

332

Philippines

100

50

Notes

36% B
64% C

121

33% B
63.6% C
1.7% B/C
1.7% D
38.1% B
54.8% C
0.8% D, 3.2%
unknown
1.6% B/C, 1.6% A/C
9.2% B
88% C
2.8% D
4.2% A
14.1% B
78.9% C
1.4% D
63.23% B
34.99% C
0.89% A and
D each
1.4% A
17.2% B
81.4% C
1.5% A
32.5% B
62.6% C
3.4% Mixed
96% C/D
recombinant
4% C

[55]
126

[56]

142

[57]
142

[58]
[59]

786

[60]
Surabaya

Genotype B 80% in
ethnic Chinese
Genotypes B and C
equal prevalence in
Ethnic Malays
Gentoype D
in Indian
patients

56.9% B
31.4% C
7.8% B + C
2% each D and E
86.6% C (Subgeno
Myanmar ethnicity
C1)
97.5% genotype C
11.2% B
Laos ethnicity 71% C
0.44% each of A and
26% B,
D
Cambodia 84% C,
3 suspected
12% B
recombinations
89.3% C
Northern Thailand
7.4% B, 1.9% B + C, adult voluntary blood
0.5% A
donors
90.6% C
Children in Chiang
7.5% B
Mai
1.9% B + C
73.2% C
Cohort
20.8% B
included CHB and
3.3% A
HCC patients and
2.7% unclassified
found that genotype
B was not
associated
with HCC in
younger
patients
51% A
22% B
27% C
28% A
12% B
26% C
6% Mixed
A + C/A + B + C
28% Non
typable
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Ref.

101

[61]
[62]

220

[63]

China (Hong
Kong)

776

Tibet

26

[64]

[65]

Hong Kong 42% B
Shnaghai 39% B
Beijing 20% B
From Beijing China

[71]

Yunnan China

[73]

Northern China
(Harbin University
China)
Southern China
(Nanning)

[74]

Southern China
(Guizhou )

[76]

Shanghai China

[77]

Hong Kong

[78]

[72]

[75]

Sequences based
[79]
on surface Ag
.
gene showed that
25 clustered with
genotype D and
1 clustered with
genotype C. However
based on core gene
all clustered with
genotype C

[82]

(subgenotype B6) has been found to be prevalent .
Genotype F has also been shown to be predominant in
Alaskan native Inuit populations. Genotype F is also found
in South and central America and is thought to be the
[83]
most prevalent genotype in most of these countries
although in Brazil, and Argentina genotypes (plural) A
[84]
and D are also seen . In Central America, genotype H
HBV is prevalent, being found in approximately 75% of
[85]
patients in a small study in Mexico .
In the United States, CHB is found primarily in
migrant populations where the mix of different genotypes
reflects the various immigrant groups. A large study
of 694 patients in the United States identified a strong
correlation between ethnicity and genotype and found
that in patients of Asian background, genotypes B and
C were most common and in those of white or African
American background who usually acquired hepatitis B
in adulthood through sexual transmission, genotype A
[86]
was most common .

[66]
[67]
[68]

[69]
[70]

AUSTRALIA AND THE PACIFIC
[87]

In Australia, Bell et al
showed in 2005 that in the
cohort at St Vincent’s Hospital, Melbourne, 8% had
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Table 3 Clinical associations with hepatitis B virus genotypes

Progression to chronicity
Histological inflammation
Histological fibrosis
Association with advanced liver disease
Association with HCC
Early HBeAg seroconversion
Sustained remission after HBeAg Seroconversion
HBsAg clearance
Response to IFN Tx
Association with PreCore mutations

A

B

C

D

+++
++
+
+
+ (subgeno A1)
++
+++
+++
+++
-

++
++
+
++
+
+++
+++
++
++
++

+++
+++
++
+++
++
+
++
+
+
+

++
+++
++
++
++
+++
++
++
+/+++

Association with BCP mutation

++

++

E

F

G

+/+/+/++ (subgeno F2)
+++
++
+
++

+++
+++
(F1 but not F2)

H

+
+
++

+

++

+++
++

++

+/-: Possible association; - : No association; +: Slight association; ++: Moderate association; +++: Strong association. HBeAg: Hepatitis B e antigen; BCP; Basal
core promotor; HCC: Hepatocellular carcinoma; IFN: Interferon.

genotype A, 29% B, 41% C and 22% D reflecting
the multicultural nature of Australian Society and
the patterns of migration from the Mediterranean
region and more recently South East Asia. There are
few studies from the Pacific Island nations however
one from the Solomon Islands where Hepatitis B
is hyperendemic (prevalence of 21%), found a
predominance of genotypes C and D which appeared
[88]
ethnicity specific .

that HBeAg seroconversion occurs about 10 years
earlier in genotype B compared to genotype C. A study
of 1158 Alaskan natives which also looked at timing
of seroconversion found that HBeAg seroconversion in
genotype C (Subgenotype C2) patients lagged behind
that of other genotypes by approximately 3 decades.
th
Age at HBeAg seroconversion of the 75 percentile of
patients was 32 years in genotype A2, 27.5 years in
[95]
B6, 27.3 years in D, 24.5 in F1 but 58.1 years in C2 .
Genotype C patients are more prone to repeated
episodes of acute exacerbation with failure of HBeAg
[96]
seroconversion
and HBeAg sero-reversion after
[95]
HBeAg loss . Rates of spontaneous HBsAg clearance
[97]
are higher in genotype B compared to C . Sustained
remission following HBeAg seroconversion has been
reported to be more commonly seen in genotype A
[98]
than D as was HBsAg clearance .

GENOTYPE AND CLINICAL OUTCOMES
There are a number of studies documenting the effect
of genotype on various clinical outcomes. Many of
these provide comparisons of 2 prevalent genotypes in
a region, e.g., A vs D, or B vs C. Table 3 sets out some
of what is known about the different genotypes and
clinical associations. There is a paucity of information
about genotype E and its associations with clinical
outcome and more work is needed to further elucidate
its impact on HBV related liver disease.

GENOTYPE AND HBV DNA LEVELS
Genotype C has been reported to have a significantly
[99]
higher viral load than genotype B . Viral load in
genotype D has also been shown to be significantly
[100]
higher than in Genotype A . Genotype E is reported
as being more likely to be associated with HBeAg
positive disease and higher HBV DNA levels than
Genotype D thus perinatal infection of infants from
infected mothers is likely be an important factor in
transmission for African people infected with genotype
[101]
E .

GENOTYPE AND RISK OF CHRONICITY
Genotype A appears to have the highest risk of
progression to chronicity following acute adult acquired
Hepatitis B and resolution of acute hepatitis B is often
[89]
prolonged in genotype A . In a cohort of Asian
patients, genotype C2 was independently associated
with progression to chronicity, compared to genotype
[90]
B . Acute infection with genotype D appears to be
more commonly associated with acute liver failure
[91]
than other genotypes .

GENOTYPE AND LIVER DISEASE
Genotype C patients are more prone to the comp
[102-104]
lications of advanced fibrosis and cirrhosis
than
Genotype B patients. Some small studies have shown
that histological inflammation is more significant in
[71,105]
genotype C than genotype B patients
. Genotype
F, in studies of Arctic, South American and Spanish
populations, also appears to be associated with worse
[98,106,107]
liver disease
. Genotype A appears to have a

GENOTYPE AND HBEAG/HBSAG
CLEARANCE
Many Asian studies have documented the more
prolonged HBeAg positive phase and delayed HBeAg
seroclearance of genotype C in comparison to
[92,93]
[94]
Genotype B
including Chu et al
who showed
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more favourable prognosis than genotype D with one
small Indian study of 52 patients (46% Genotype
A and 48% genotype D) showing more severe
[108]
histological disease in genotype D
and others also
attributing more severe liver disease to genotype D
[109]
compared to A
. Genotype D is associated with
HBeAg negative CHB and reports from Mediterranean
countries of high rates of cirrhosis associated with
HBeAg negative disease are now thought to possibly
[110]
be attributable to genotype D . Genotype H infection
in Mexican patients is often adult acquired and thus
is frequently associated with low viral loads and
[111]
low risk of chronic liver disease and HCC
. Occult
HBV infection is reported to be commonly seen in
genotype H patients however this may be partly due
[112]
to the suboptimal sensitivity of HBsAg assays used .
Furthermore the contribution of HBV genotype H to liver
disease in Mexican populations is difficult to establish
as alcohol, HCV coinfection and obesity are common
[14]
cofactors .

number of patients’ treated with standard IFN showed
[122]
poor responsiveness . Based on pooled data of the
2 largest global trials of Peg IFN in HBeAg positive
[123]
patients Buster et al
recommend Peg IFN be used
in all genotype A patients, and in genotype B and C
patients with a high alanine aminotransferase (ALT)
and a low HBV DNA. In HBeAg negative CHB also,
genotypes B and C have been shown to have higher
response rates to Peg IFN treatment compared to
[124]
genotype D .
Quantitative HBsAg (qHBsAg) levels are increa
singly being used as predictors of response in Peg
IFN therapy for CHB. In HBeAg positive disease,
for patients with genotype A and D, absence of any
decline in qHBsAg at week 12 has a negative predictive
value (NPV) of 97-100% for poor response and in
genotypes B and C, week 12 qHBsAg levels of >20000
[125]
IU/mL has a high NPV . In HBeAg negative patients
treated with Peg IFN, a stopping rule in genotype D
based on no decline in HBsAg and < 2 log10 drop in
HBV DNA at week 12 of therapy has also become
[126]
part of recent guidelines
based on a very high
[127]
negative predictive value for sustained response . In
HBeAg negative patients treated with Peg IFN, the on
treatment kinetics of HBsAg has been shown to vary
between genotypes. Long term virological response to
Peg IFN treatment has been shown to be predicted by
end of treatment qHBsAg with varying threshold levels
[128]
of qHBsAg identified for different genotypes
. HBV
genotype does not appear to influence response rates
to nucleoside analogue therapy, however the patterns
of drug resistant mutations that develop have been
[129]
reported to be different in different genotypes .

GENOTYPE AND HCC
Genotype C has been shown to carry an increased
risk for the development of HCC in the REVEAL study
[113]
cohort, with an adjusted hazard ratio of 2.35
. In
addition there is data to suggest that HCC in genotype
C is associated with a higher tumour recurrence
[114]
rate . Genotype B on the other hand may be more
likely to be associated with HCC in non cirrhotic
patients and has been reported to have higher rates
of solitary tumour and more satellite nodules than
[115]
genotype C
. Genotype B has been reported to be
more prevalent in patients with HCC developing at
a younger age compared to age matched inactive
carriers (80% vs 52% in those < 50 years and 90% in
[116]
those < 35 years) . Genotype A in Africans has also
been shown to be associated with HCC and at a much
younger age than in other groups. Subgenotype A1
which is the most prevalent type in sub-Saharan Africa
appears to be the main factor associated with this
[117]
increased risk . However the contribution of aflatoxin,
human immunodeficiency virus (HIV) coinfection and
dietary iron overload are also factors to be considered
[118]
. Genotype F has also been shown to be a risk
factor for HCC especially in young Alaskan natives
[119]
in a case control study
while the rates of HCC in
[111]
genotype H affected populations in Mexico are low .

VARIANT VIRUSES
HBV replicates at a high rate through the reverse
transcription of an RNA intermediate and has a high
spontaneous rate of error resulting in numerous
[130]
mutations arising in the HBV genome
. Thus HBV
exists as a quasispecies, ie a heterogeneous viral
population composed of closely related but non identical
[131]
genomes
. The predominant strain selected out is
determined by factors such as host immune response,
viral replication fitness and exogenous pressures such
[132]
as antiviral therapy . The most frequently occurring
natural HBV variants are the precore and the basal core
promotor (BCP) mutations. They result in a reduction or
abolition of HBeAg production. During the early course
of perinatally acquired CHB , i.e., the immunotolerant
phase, these mutations in the core or precore region
are uncommonly seen, but they emerge during the
immune clearance phase as a result of immune sele
[133]
ctive pressures .

GENOTYPE AND TREATMENT FOR HBV
Response rates to treatment with Peg IFN differ by
genotype. In HBeAg positive patients treated with 52
wk of Peg IFN α-2b, HBeAg loss varied with genotype,
being 47% in genotype A, 44% in Genotype B, 28% in
[120]
genotype C and 25% in D . A small study of Peg IFN
treatment in Genotype E patients also showed poor
[121]
responsiveness . Limited data currently available on
genotype F patients response to IFN suggests similar
[107]
response to genotype A
. Genotype G in a small
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HBEAG VARIANTS
Precore mutations

A point mutation at nucleotide 1896 in the HBV with
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substitution of G for A results in a stop codon at this
point thus preventing production of HBeAg although
[134]
without affecting replication and HBcAg production .
The formation of this “precore” mutation is essentially
precluded in certain genotypes in particular A and H
and it occurs most frequently in genotype D and to a
[24]
lesser extent in Genotypes B, C and E . The reason
for this relates to the fact that nucleotide 1896 is
important in maintaining a stem loop structure (epsilon)
which is necessary for encapsidation of the pregenomic
RNA into the nucleocapsid. Nucleotide 1896 is opposite
nucleotide 1858 in the stem loop structure and thus
genotypes with a T at nucleotide position 1858 (e.g.,
genotype D) are more likely to predispose to the
development of the G1896A mutation since T-A pairing
[135]
is more stable than T-G pairing . Likewise genotypes
with C at position 1858 (genotype A) are much less
prone to development of the precore mutant virus
[136]
since C-A pairing is weaker than than C-G pairing .
Subgenotype F2 similarly codes for C at position 1858
but F1 does not , so precore mutation may occur in
[137]
some but not other genotype F CHB patients .
It has been suggested that stabilisation of the
epsilon encapsidation signal may increase the
replicative fitness of HBV which may be one reason
[133]
for it being selected out . Although HBV DNA levels
are lower in HBeAg negative disease, this impairment
in virion productivity is not thought to be related to
Precore and BCP mutants but instead be the result
[138]
of an independent process
. The HBeAg and its
relationship to the host immune response is complex.
[139]
It has been shown to be able to tolerize T cells
and
cause immunomodulation of Toll-like receptor mediated
signalling pathways to evade immune responses and
[140]
thus is thought to contribute to viral persistence
.
However its presence in the cytosol also acts as a target
[141]
for the inflammatory response
. Thus it has been
suggested that HBeAg may act as a tolerogen or an
immunogen in different circumstances and that loss of
HBeAg may be a favourable biological characteristic that
[142]
renders the HBV less vulnerable to immune attack .
Numerous other mutations have been described in the
precore region including a point mutation at G1899A
[143]
(commonly seen in association with G1896A)
. It
has been shown that viral mutation rates increase
in the immune clearance phase when compared to
[144]
the immune tolerant phase
and in fact there is
significant viral sequence diversity present in the
[145]
months/years leading up to HBeAg seroconversion .
Furthermore, the high rates of nucleotide substitution
continue post seroconversion, with ongoing immune
selection pressure being applied in the immune control
[146]
phase although at lower viral loads .
Clinically, the G1896A precore mutation is a major
cause of HBeAg negative chronic hepatitis and it
appears to be associated with reports of fulminant
[147]
hepatitis, especially in acute adult acquired HBV
[148]
although not in fulminant cases of CHB
. It was
shown to be associated with a slightly lower risk of
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HCC than wildtype virus in a subanalysis of the REVEAL
[113]
study cohort
. However, also recently published is
a meta-analysis of 85 case control studies of 16745
patients with 5781 cases of HCC which reports that
the precore mutations G1896A, G1899A as well as
deletions in Pre-S region were associated with an
[149]
increased risk of HCC .

BCP region mutations

Mutations in the core promoter region occur most
commonly at nucleotides 1762 (adenine (A) to thymine
(T)) and 1764 [guanine (G) to adenine (A)] and are
[150, 151]
usually found together
. Once again this is thought
to possibly confer some compensatory advantage to
[152]
the virus and Tacke et al
showed that BCP mutations
increased viral replication levels to above those of
wildtype virus, including in strains with Lamivudine
resistant mutations also present. Other mutations
in the basal core promotor region have also been
described, including at positions 1653, 1753-1757,
1766, 1768 and these are usually seen in addition
to the A1762T and G1764A variants. Overall the
association with HBeAg negativity is less strong in
patients with BCP mutations than in those with precore
mutations The double BCP reduces the production
[153]
of HBeAg by approximately 70%
and this may
be even further reduced in HBV variants with the
[153]
additional mutations in position 1753 and 1766 . The
BCP mutation has been found to occur more frequently
[78,154]
in genotype C than B
and one possible reason
for this may be because genotype C is more likely to
have a C at nucleotide position 1858, which largely
[155]
precludes formation of the precore mutation
. The
prevalence of the BCP mutation does appear to vary
between genotypes being reported at 41%, 27%, 60%
[86]
and 42% in genotypes A, B, C and D , thus the lower
prevalence in genotype A compared to C suggests
that other factors apart from the nucleotide at position
1858 are also important. The BCP mutations have
been implicated quite strongly in more advanced liver
disease and in the development of HCC. Yuen reported
an association with higher ALT levels in patients with
[78]
BCP mutations compared to those with wildtype .
The authors also subsequently looked at 66 patients
with liver biopsies, 71% of whom had the BCP
mutations and found these patients had more severe
[156]
[157]
necroinflammation than those without . Lin et al
also showed that the BCP mutation was associated
with the development of cirrhosis and HCC although
this was restricted to males. Increasing prevalence of
[154]
the BCP double mutation was reported by Kao et al
in patients with more significant liver disease, being
3% in inactive carriers and 64% in patients with HCC.
[158]
Orito et al
also described a significant association
between BCP and more advanced liver disease (OR =
4.1, 95%CI: 1.6-10.2). Recently a study by Tseng et
[159]
al
of 251 spontaneous seroconverters (Genotypes
B and C) showed that a higher proportion of BCP
mutation (> 45%) was associated with an OR of
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2.81 for the risk of cirrhosis. However, whether the
BCP mutant HBV is causative or simply a reflection of
more significant immune pressure and thus immune
mediated inflammation and fibrosis is not known. The
association of the BCP mutation with HCC has been
documented by a number of groups who reported the
BCP mutation was significantly associated with HCC
[154,160]
in both genotypes B and C
, in cirrhotic and non
[161,162]
cirrhotic HCC
and by Baptista who found a high
prevalence of the mutations in black African patients
[163]
with HCC .
More recently the REVEAL study group also reported
an increased risk of HCC in patients with the BCP
A1762T/G1764A double mutant compared to wildtype
(HR = 1.73, 95%CI: 1.13-2.67). Genotype C also had
a higher hazard ratio compared to genotype B (HR
= 1.76, 95%CI: 1.19-2.61) and the highest risk was
amongst those with the BCP mutations, Genotype C
and wildtype virus at the 1896 precore variant site
[113]
(adjusted HR = 2.99, 95%CI: 1.57-5.7)
. There is
no strong evidence that the presence or absence of
the precore or BCP mutations affects the response
to Interferon or nucleos(t)ide analogue treatment.
However some studies have shown that the proportion
of pre-core and BCP mutant virus present prior
to treatment correlates with the chance of HBeAg
seroconversion with an approximately 2% increase
in HBeAg seroconversion rates per 1% increase of PC
[164]
and BCP mutant percentages .

due to expanding vaccination programs will result in an
[167]
increasing problem of vaccine escape mutants . The
sG145R vaccine escape mutant has also been detected
in 2 of 65 patients in an Australian indigenous cohort,
[171]
despite wild type polymerase gene sequences in all .
Graft infection with HBV following liver transplant in
patients who received hepatitis B Immune globulin
therapy post transplant has also been shown to be due
[172]
to the development of S gene mutant HBV .

S escape mutants

Other mutations in the S protein, eg due to missense
mutations in the S gene have also been described
and are a particular concern for screening of blood
donors since they result in false negatives for HBsAg
[173]
serological testing
. The prevalence of 8 mutations
associated with HBsAg diagnostic failure, including
P120T, T126S, Q128H, G130N, S143L D144A and
G145R was found to be approximately 1% in a study
of 11,221 HBV sequences encompassing genotypes
[174]
A-H .
A study of 4.4 million Dutch blood donations
identified 23 HBsAg negative but HBV DNA positive
persons and also reported the presence of multiple
escape mutations in the S gene especially in Genotype
[175]
D patients with occult HBV
. Other reasons for
HBsAg negativity in the setting of HBV DNA positivity
in this study were early acute HBV infection (prior
to development of HBsAg), occult HBV infection,
genotype G HBV with decreased HBsAg production and
suppressed infection after vaccination.

HBSAG VARIANTS
Vaccine escape mutants

Pre-S mutations

Variations in the HBsAg protein can result in viral
infection developing in a vaccinated subject. AntiHBs is directed towards a highly conserved region
of the surface protein (amino acids 99-160) which
includes the major “a” determinant of this protein.
HBsAg mutations resulting in amino acid substitutions
in the region 137-147 of the surface protein can change
the conformational epitope in the “a” determinant
so that it is not recognized by the neutralizing antiHBs antibodies. In particular the G145R vaccine
escape mutant is known to be stable and replication
[165,166]
competent
. The infectivity of HBsAg mutants is
currently thought to be low, however another problem
[167]
is their lack of detectability by serological tests
as
was reported in a recent case of HBV with a 4 amino
acid repeat insertion at position 115 in the surface
[168]
protein
. The development of vaccine escape
mutants has been thought in some parts to be related
to the emergence of anti-viral drug resistant mutants
because of the overlap of the polymerase gene (where
nucleot(s)ide analogue associated resistant mutations
occur) with the surface antigen domains recognized
[169]
by anti-HBs
. There is evidence however that
emergence of the vaccine escape mutants predates
[170]
mass vaccination programs
. It is thought possible
that immune pressure exerted on HBV by anti-HBV
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Mutations in the pre-S region, including Pre-S2
deletions, pre-S1-S2 deletions and Pre-S2 start codon
[176,177]
mutations have been described
. Pre-S mutants
have been shown to be associated with decreased
[178]
synthesis and secretion of HBsAg
. It has been
also been shown that Pre-S2 deletions are associated
[179-181]
with more advanced liver disease
and possibly
with the development of HCC especially in younger
[162,182]
patients
.

CONCLUSION
HBV genotype and viral variants have clear impli
cations for many clinical aspects of CHB and should
become more routinely utilised to help predict likely
clinic course, e.g., longer duration of HBeAg phase
and higher risk of progression to cirrhosis in genotype
C and increased HCC risk in genotypes C and F. It
could be argued that formal testing of genotype
should be done rather than it being assumed on the
basis of ethnicity especially as populations worldwide
become increasingly cosmopolitan and subtle shifts
in HBV genotype prevalences are already reported
(e.g., in Africa and India). Easy to use nomograms
derived from the Taiwanese REVEAL study’s cohort for
predicting HCC risk show further refinement in risk
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stratification with the addition of genotype to other
[183]
parameters . Similarly nomograms that incorporate
genotype into predictability of sustained response to
Peg IFN therapy can assist with management decisions
[123]
in CHB patients
. Thus practical tools already
exist for use in clinics which are based on existing
knowledge about the impact of genotype in CHB.
Further research into the genotypes E, F and H are
required. International agreement amongst experts on
issues related to genetic and phylogenetic classification
of genotypes and subgenotypes are also important for
the future in this evolving area.
With regard to viral variants, knowledge of variants
harboured by patients should also be increasingly
incorporated into clinical decision making. Revill and
Locarnini recently argued that given the evidence
that the BCP mutation is an important viral biomarker
of the risk of cirrhosis in genotype B and C patients,
detection and quantification of BCP mutants should be
performed and used as triggers for treatment in Asian
[184]
CHB patients
. Further work on the significance of
these mutations in other genotypes was also recom
mended.
Further elucidation of the clinical significance of
other viral variants is warranted. Importantly from a
population health perspective, ongoing monitoring of
prevalences of vaccine escape and S escape mutants
is necessary and further research into vaccines that
remain efficacious against mutant forms of HBV will be
needed.
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Spontaneous bacterial peritonitis: The clinical challenge of
a leaky gut and a cirrhotic liver
Philipp Lutz, Hans Dieter Nischalke, Christian P Strassburg, Ulrich Spengler
treatment are at a particularly high risk for infection
with resistant bacteria. Therefore, it is important to
adapt empirical treatment to these risk factors and to
the local resistance profile. Rifaximin, an oral, nonabsorbable antibiotic, has been proposed to prevent
SBP, but may be useful only in a subset of patients.
Since novel antibiotic classes are lacking, we have to
develop prophylactic strategies which do not induce
bacterial resistance. Farnesoid X receptor agonists
may be a candidate, but so far, clinical studies are not
available. New diagnostic tests which can be carried
out quickly at the patient’s site and provide additional
prognostic information would be helpful. Furthermore,
we need tools to predict antibiotic resistance in order
to tailor first-line antibiotic treatment of spontaneous
bacterial peritonitis to the individual patient and to
reduce mortality.
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Core tip: Spontaneous bacterial peritonitis (SBP) is a
frequent infection in patients with liver cirrhosis which
is associated with a poor prognosis. Portal hypertension
leads to translocation of intestinal bacteria which cannot
be eliminated due to immune defects caused by liver
cirrhosis and genetic predisposition. Empirical antibiotic
treatment has become less effective because of widespread antibiotic resistance. This review summarises key
features of SBP and points out how diagnosis, treatment
and prophylaxis may be improved in the future in order
to reduce mortality.

Abstract
Spontaneous bacterial peritonitis (SBP) is a frequent,
life-threatening bacterial infection in patients with
liver cirrhosis and ascites. Portal hypertension leads
to increased bacterial translocation from the intestine.
Failure to eliminate invading pathogens due to immune
defects associated with advanced liver disease on the
background of genetic predisposition may result in SBP.
The efficacy of antibiotic treatment and prophylaxis has
declined due to the spread of multi-resistant bacteria.
Patients with nosocomial SBP and with prior antibiotic
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data also support this hypothesis. Bacterial trans
location of enteric bacteria to mesenterial lymph nodes
[18,19]
was not only observed in animal models
, but also
in patients with liver cirrhosis, in whom the prevalence
of bacterial translocation increased with liver disease
[20]
severity assessed by the Child-Pugh-Score . In
addition, indirect signs of bacterial translocation, such
as elevated levels of lipopolysaccharide binding protein
[21]
[22]
(LBP)
or bacterial DNA
are frequently found in
patients with liver cirrhosis.
Nevertheless, bacteria from other sources are also
found in ascites. Pyrosequencing of ascitic DNA for
viable bacteria revealed that a substantial amount
of non-enteric bacteria have access to the peritoneal
[23]
cavity . In patients, SBP may be caused by bacteria
not known from the intestine: examples like SBP by
[24]
Pasteurella multocida after a scratch of a pet dog
[25]
[26]
or in a pet holder
and SBP by bacillus cereus
indicate that any kind of bacteremia in cirrhotic
patients might end up in ascites infection. In addition,
a recent study in Chinese patients suggested that the
intestinal microbiome of patients with liver cirrhosis,
in contrast to healthy controls, might contain bacteria
[27]
which normally reside in the oral cavity . Therefore,
it is difficult to distinguish the source of infection by
identifying the causative microorganism. It is not
known to which extent different routes of infection
contribute to the development of SBP.
In general, intestinal bacterial translocation is
[17]
conceived as a key feature of liver cirrhosis . However,
measuring bacterial translocation directly is not feasible,
so surrogate parameters like lipopolysaccharide (LPS)
- a component of the wall of Gram-negative bacteria
- bacterial DNA or LPS binding protein (LBP) are
[28]
used . In animal models, elevated levels of LPS or
[29,30]
LBP can be induced by liver damage
. Markers of
bacterial translocation have been linked to all major
complications of liver cirrhosis, including ascites
[21]
[31]
formation , severe portal hypertension , variceal
[32]
[33]
bleeding , hepatorenal syndrome, SBP and hepatic
[34]
encephalopathy . Three factors are considered as
key mechanisms to increase bacterial translocation in
patients with liver cirrhosis: changes in the amount
[35]
and composition of the intestinal microbiome , a
[36]
decreased barrier function of the intestine
and
[37]
impaired host responses to translocating bacteria .
In healthy subjects, the small bowel contains a
[38]
relatively small number of bacteria . By contrast,
in patients with liver cirrhosis, bacterial overgrowth
[39,40]
in the small bowel occurs
. With the advances in
microbiome research, the composition of intestinal
bacteria in patients with liver cirrhosis can now
be assessed in more detail. Significant differences
[27]
compared to healthy subjects have been found . In
addition, it is not only the bacterial species present
in the intestine that may lead to complications of
[41]
liver cirrhosis , but also the products of bacterial
metabolism. In line with this, intake of rifaximin

INTRODUCTION
Patients in advanced stages of liver cirrhosis tend to
develop bacterial peritonitis without evident source of
infection, a form of infection which has been termed
[1]
spontaneous bacterial peritonitis (SBP) in 1963 . Next
to urinary tract infection, SBP is the most frequent
[2]
infection in patients with advanced liver cirrhosis .
While it develops in up to 3.5% of patients that are
[3]
treated as outpatients , its prevalence is as high as
[2,4]
12% in hospitalized patients . In patients at high
risk, SBP incidence can be reduced by prophylactic
[5-7]
antibiotic treatment . However, efforts to decrease
the high mortality associated with SBP, ranging
between 16% and 52%, had to face disappointing
[2,8,9]
limitations
Concerning antibiotic treatment
and prophylaxis, the rise of bacterial resistance to
antibiotics commonly used in patients with liver
[10]
cirrhosis has reduced the therapeutical options .
In addition, attempts to decrease the prevalence
of the indispensable underlying condition of SBP,
liver cirrhosis, by modern antiviral treatment of viral
hepatitis B and C, will probably be counterbalanced by
the rising number of patients with non-alcoholic fatty
[11]
liver disease . Furthermore, SBP is recognised as an
important marker of liver disease progression which
might be the decisive watershed in the management
[12]
of advanced liver disease . It can be conceived
as the clinically evident manifestation of bacterial
translocation from the intestine, linking intestinal
microbiome, genetic and acquired immune defects
to the development of infection. Thus, SBP stays not
only at the centre of liver disease pathophysiology,
but also remains a challenge in clinical management.
Neither reduction of the burden of liver disease nor
development of new antibiotics to overcome bacterial
resistance will occur in near future. Therefore, the
challenge is to define subgroups of patients for optimal
therapy in order to decrease failure of empirical
therapy and exert low selection pressure on bacteria.

LEAKY GUT
The usual bacteria causing SBP in patients without
prior antibiotic treatment or frequent hospitalisations
[13,14]
are enteric bacteria, mostly Escherichia coli (E. coli)
.
Upper gastrointestinal bleeding is the only major risk
[15]
factor with sudden onset . Usually, an external source
[16]
of infection cannot be identified . Taken together,
these facts suggest that SBP is an endogenous
infection, in general caused by transmigration of
[17]
enteric bacteria to the ascites .
Apart from these clinical observations, experimental
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improves cognition along with altering metabolites
from intestinal bacteria, but does not influence the
[42]
composition of the intestinal microbiome . An
intriguing question is in how far the intestinal micro
biome is only the consequence of liver disease or - once
pathologically changed - contributes to the development
[35]
of more severe disease .
It is important to note that the virulence of bacterial
strains concerning onset and course of infection differs
considerably. E. coli strains causing SBP display higher
motility than E. coli causing urinary or biliary tract
[43]
infections . In addition, SBP by encapsulated E. coli
[44]
is associated with more complications
and in the
[45]
special case of the K1 antigen with lower survival .
A decreased barrier function of the intestine in
advanced liver disease has been found in animal
[46-48]
[31,49,50]
models
and humans
. Recently, the farnesoid
[51]
X receptor (FXR), a nuclear receptor for bile acids ,
has emerged as an important molecule for maintaining
the intestinal barrier. Bacterial translocation from the
intestine is increased in FXR knock-out and in bile[52]
duct ligated mice . Synthetical FXR agonists block
[52]
bacterial translocation in the latter
and decrease
[53]
portal hypertension in animals models of cirrhosis .
In addition, a FXR polymorphism which leads to a
reduced translation of FXR target genes is associated
[54]
with the occurrence of SBP . So far, it is not known
if synthetic FXR agonists may reduce bacterial trans
location in humans.
SBP is associated with polymorphisms in pattern
recognition receptors, for example the nucleotidebinding oligomerization domain containing 2 (NOD2)
[55,56]
gene
. The same NOD2 polymorphisms predispose
[57]
for Crohn’s disease , which is also characterised by
a leaky gut. Unfortunately, the mechanism by which
these polymorphisms lead to increased bacterial
translocation is still debated. Nevertheless, this
joint association provides a clear hint for a shared
mechanism and underlines the involvement of the
innate immune system in bacterial translocation.

the high recurrence rate of SBP after a first episode
if no antibiotic prophylaxis is given. In addition to
[55,56]
polymorphisms in the NOD2
gene, which have
not only been linked to an impaired intestinal barrier
[57]
but also to altered innate immune responses ,
[61]
polymorphisms in the toll-like receptor 2 (TLR2) gene
and the monocyte chemotactic protein 1 (MCP1)
[62,63]
gene
have been associated with the occurrence of
SBP. TLR2 and NOD2 are pattern recognition receptors
that sense bacterial components and trigger immune
[64]
responses . Patients carrying both a NOD2 and a
TLR2 risk variant have a particularly high susceptibility
[61]
for SBP . Overall, patients with liver cirrhosis and
ascites carrying a NOD2 risk variant display a higher
[55,56]
mortality than patient with wild-type alleles
. MCP1
is a chemokine attracting immune cells, in particular
[65]
monocytes, to the site of infection . Monocytes from
patients with the G allele at position -2518 produce
more MCP1 than monocytes from patients with the
[66]
A allele at this position , so that patients with the
A allele are probably more prone to SBP because
of a deficit to raise adequate levels of MCP1. Taken
together, these genetic studies point at an eminent
role of the innate immune system in the development
of SBP. Determination of these polymorphisms has no
diagnostic impact, because not all patients carrying
these mutations will develop SBP, probably due to
the presence of so far unknown protective genetic
variations and competing risk factors, e.g. death from
variceal bleeding or hepatocellular carcinoma. In
addition, the presence of these polymorphisms does
not predict the onset of SBP - while some patients will
develop SBP at first decompensation, other patients
receive several large-volume paracentesis till SBP
occurs.
Synthesis of proteins by a cirrhotic liver is reduced
and fluid accumulates, leading to lower ascites
protein concentration, which has been described as
[6,7]
one of the major risk factors for SBP . In addition,
[67]
[68]
[69]
defects in neutrophil , monocyte , T cell
and
[70]
dendritic cell
function have been shown in patients
with liver cirrhosis. It is probable that these immune
defects impair the normal clearance of translocated
bacteria, leading to a state of permanent immune
[21]
activation and inflammation . The most common
causes of liver cirrhosis, viral hepatitis and alcoholic
abuse, differ by the mechanisms of liver damage.
However, studies demonstrating differences in immune
function of ascites cells between these two etiologies
are rare. One study found that ascites macrophages
are more pro-inflammatory in alcoholic liver disease
[71]
than in liver cirrhosis induced by hepatitis C virus .
Nevertheless, the scarcity of such studies rather seems
to indicate that alterations in the immune system
concerning the susceptibility to bacterial infections in
chronic liver disease are determined mainly by liver
failure in general, while the cause of liver disease is
secondary.
Although many aspects of bacterial translocation

CIRRHOTIC LIVER
Portal hypertension is a hallmark of advanced liver
cirrhosis. Decreasing portal hypertension reduces
[31]
bacterial translocation . However, data on a possibly
protective role of non-selective beta blockers, which
reduce portal pressure, concerning the occurrence of
[12,58]
SBP in patients with liver cirrhosis are contradictory
.
Another treatment for portal hypertension is the
placement of a transjugular intrahepatic portosystemic
[59]
shunt (TIPS) . A meta-analysis on TIPS for refractory
ascites found no signficantly decreased incidence of SPB
[60]
in patients with TIPS , but studies focussing directly
on this issue are missing.
Apart from portal hypertension, cirrhosis leads
to the development of various immune defects and
might unmask minor genetic immune defects. The
importance of genetic predisposition is stressed by

WJH|www.wjgnet.com

306

March 27, 2015|Volume 7|Issue 3|

Lutz P et al . Spontaneous bacterial peritonitis: Clinical challenges
[79]

with poor prognosis . However, reliable determination
of resistance profiles can so far only be done by pheno
typical tests after conventional culture.
One of the advantages of the current diagnostic
definition of SBP is its simplicity. However, a differential
leukocyte count of the ascites can be obtained only
in some clinical settings. Therefore, alternative tests
that can be performed easily, rapidly and reliably are
needed. The most advanced form of these tests is a
[80]
urinary dipstick that is calibrated especially to ascites .
Calprotectin, a protein secreted by neutrophils, is
[81]
another candidate for a bedside test .

Table 1 Important risk factors for spontaneous bacterial
peritonitis
Variceal bleeding[15]
Previous SBP[6]
Genetic polymorphisms in the NOD2[55,56], TLR2[61], MCP1[62,63]
and FXR[54] gene
Low ascites protein content (below 1-1.5 g/dL)[7]
Advanced liver disease[116]
Intake of proton pump inhibitors[96,97]
SBP: Spontaneous bacterial peritonitis; NOD2: Nucleotide-binding
oligomerization domain containing 2; TLR2: Toll like receptor 2; MCP1:
Monocyte chemotactic protein 1; FXR: Farnesoid X receptor.

TREATMENT OF SBP

are known, it is still not fully understood how and when
bacterial translocation finally leads to SBP. Important
risk factors for SBP are listed in Table 1.

Antibiotic therapy for 5 d with third generation
cephalosporines is the established treatment for
[6,7]
SBP . Randomised trials concerning the antibiotic
treatment of SBP are summarised in Table 2. In
addition to antibiotics, substitution of albumin to
prevent occurrence of hepatorenal syndrome is
recommended, in particular for patients that present
with total bilirubin > 4 mg/dL or creatinine > 1 mg/dL
[7]
or urea nitrogen > 30 mg/dL . Treatment with albumin
[82]
reduces the incidence of renal failure and death .
However, the rise in bacterial resistance has reduced
the efficacy of third generation cephalosporines and
[78]
quinolones, especially in nosocomial infections .
In addition, enterococci, which are per se resistant
to cephalosporines, have become more frequent as
[83]
a source of SBP . Failure of first line treatment is
[84]
associated with worse survival . Therefore, it would
be necessary to replace cephalosporines with a more
effective empiric therapy. The regional variability of
antibacterial resistance limits a general approach.
Considering isolates from culture-positive SBP, only
combinations of modern broad spectrum antibiotics
like carbapenems and glykopeptides are considered as
[78,85]
reliably effective first line therapy in all patients
.
Renal toxicity, costs and concerns about induction
of even more multi-resistant microorganisms are
drawbacks of such a treatment. First results of a
randomised trial comparing ceftazidime vs meropenem
+ daptomycin (NCT01455246) presented at the
congress of the American Association for the Study of
[86]
Liver Diseases 2014 (poster 574)
indicate a benefit
for the combination therapy.
Therefore, it seems more adequate to identify risk
factors for resistance to standard treatment in order
to select patients who profit from broader antibiotic
treatment. Known risk factors are nosocomial infection,
previous antibiotic prophylaxis with norfloxacin, use
of beta-lactams during the past 12 wk and a history
[10]
of infection by multi-resistant bacteria . For patients
with these risk factors, treatment adapted to the
local resistance profiles is recommended. However,
therapy should be started immediately after diagnosis
of SBP, and most clinicians might not know the local
resistance profiles. A more general recommendation is

DIAGNOSIS OF SBP
This limitation in our understanding led to simplified
diagnostic criteria, which are easy to use in clinical
practice, but may not reflect differences in disease.
Diagnosis of SBP is made according to international
[6,7]
guidelines
in patients with liver cirrhosis if the
ascites polymorphonuclear (PMN) cell count exceeds
250 cells/μL and other forms of peritonitis have
been excluded. Among others, differential diagnosis
comprises malignant ascites, bowel perforation,
intraabdominal abscess formation, pancreatitis and
peritonitis due to special bacteria like mycobacterium
tuberculosis or chlamydia. Hints for secondary bacterial
peritonitis due to bowel perforation are polymicrobial
culture growth in combination with two of the following
findings in the ascites: a total protein above 1 g/dL,
lactate dehydrogenase above the normal for serum
[7]
and glucose levels below 50 mg/dL .
A PMN count of 250 cells/μL has been chosen
[16]
because it constitutes a sensitive diagnostic marker .
Growth of bacteria in the ascites culture does
not establish the diagnosis of SBP, since bacteria
[6,9]
are detected only in about 40% of SBP cases
.
Conversely, detectable bacteria in ascites samples
with a PMN count below 250 cells/μL lead only in
38% to SBP, because most patients eliminate the
[72]
bacteria without therapeutic intervention . Attempts
to improve the sensitivity of microbiological ascites
analysis had limited success. Overall, detection of
bacteria in the ascites by PCR-based methods failed
[73-76]
to improve test accuracy
. A pilot study using
in-situ hybridisation in ascites leukocytes detected
bacteria in 10/11 SBP cases, but this study is limited
by the small sample size and by the fact that species
[77]
identification was not possible . However, even if a
molecular method could prove superior to traditional
culture methods regarding detection rate, a problem of
increasing importance is rapid detection of resistance
[78]
to antibiotics , since failure of first-line treatment due
to increasing rates of bacterial resistance is associated
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Table 2 Randomised controlled trials concerning antibiotic treatment of spontaneous bacterial peritonitis
No. of
patients

Study arms

Resolution of
infection

P

Comment

Felisart et al[117]

73

Ampicillin + tobramycin vs cefotaxime

56% vs 85%

< 0.02

Rimola et al[118]
Navasa et al[119]

Also patients without SBP
included

143
123

Cefotaxime 8 g/24 h vs 4 g/24 h
Ofloxacin po vs cefotaxime iv

77% vs 79%
84% vs 85%

NS
NS

48
80
32

Amoxicillin-clavulanic acid vs cefotaxime
Ciprofloxacin only iv vs 2 d iv then po
Daptomycin + meropenem vs ceftazidime

88% vs 83%
76 vs 78%
87% vs 25%

NS
NS
< 0.001

Ref.

Ricart et al[120]
Terg et al[121]
Piano et al[86]
(NCT01455246)
(preliminary results presented
at the AASLD 2014, Abstract 574)

Only patients with
uncomplicated SBP included

Only patients with
nosocomial SBP included

NS: Not significant; SBP: Spontaneous bacterial peritonitis.

to give piperacillin/tazobactam or - in regions with high
prevalence of multi-resistant bacteria - carbapenems
[78]
in combination with glykopeptides . In addition, a
second paracentesis after 48 h of treatment should
[6]
be performed . Based on the results from a first
study, a decrease of less than 25% of PMN indicates
treatment failure and should prompt a change in
[6]
treatment . Recognizing treatment failure as early
as possible is essential to reduce mortality. Thus,
studies to define more and better parameters of
treatment response are needed. Of course, rapid
microbiological analysis and communication of the
results to the clinician is another important factor to
guide therapy. However, it is not only response to
antibiotic treatment that reduces mortality, but also
prevention of renal failure, which might be the most
[8,87]
important prognostic factor
. Albumin substitution
to prevent renal failure in the context of SBP was
already discussed above.
In summary, the challenges of SBP therapy are
various given the rise in resistant bacteria. New classes
of antibiotics need to be developed. More knowledge
about distinguishing patients who can be treated with
standard antibiotics from those who need special
treatment is required. Last but not least, failure of
first line treatment must be detected as early and as
reliably as possible. Still, effective prophylaxis of SBP
might alleviate all these problems.

low ascites protein and advanced liver failure or
impaired renal function showed that prophylaxis with
norfloxacin significantly reduced the occurrence of SBP
and improved 3-mo survival, so that primary antibiotic
prophylaxis for such patients should be considered
[6,7]
according to current guidelines . So far, no study
has investigated if the rise in resistant bacteria
counterbalances the benefit of primary prophylaxis in
these patients.
Secondary prophylaxis of SBP with quinolones
[6,7]
is widely recommended
based on the result of a
[93]
clinical trial and data from studies including patients
[5,94]
with and without prior SBP
. However, an increase
of infections with quinolone - resistant bacteria has
been reported after the introduction of secondary
[10,95]
prophylaxis into clinical practice
. Again, data from
randomised trials to evaluate the efficacy of secondary
prophylaxis in the context of a high prevalence of
antibiotic resistance are missing. Naturally, long term
prophylaxis has to be carried out with oral antibiotics,
so that not only parenteral, but also oral new antibiotic
classes are needed. Randomised studies on primary
and secondary antibiotic prophylaxis of SBP are
summarized in Table 3.
Most risk factors for SBP cannot be modified
easily. However, use of acid suppressive therapy,
in particular with proton pump inhibitors, has been
[96,97]
shown to increase the risk for SBP
. Therefore,
acid suppressive therapy should be prescribed only if
[84]
a clear indication exists, which is not often the case .
Interestingly, this harmful side-effect of proton pump
inhibitors seems to be caused rather by impaired
[98]
oxidative burst of granulocytes and monocytes
[99]
than by inducing small bowel bacterial overgrowth .
Probiotics can reduce bacterial translocation and the
associated inflammatory changes in animal models
[100,101]
of liver cirrhosis
. However, clinical trials did not
show a significant reduction of SBP incidence under
[102,103]
treatment with probiotics
.
A new approach for SBP prophylaxis is to consider
non-absorbable antibiotics that might reduce the
[16]
intestinal bacterial load without systemic side effects .
[104]
The main candidate is rifaximin
, which prevents

PROPHYLAXIS OF SBP
Primary and secondary prophylaxis of SBP has
been established based on some of the known risk
factors for SBP: gastrointestinal bleeding, previous
[6,7]
SBP and low ascites protein content
. Primary
prophylaxis of SBP is recommended in all patients
with gastrointestinal bleeding and mostly done
[78,88]
with cephalosporines
. In this context, antibiotic
prophylaxis has been reported to reduce SBP incidence
[89]
about 70% . Low ascites protein content has been
[90]
identified early on as risk factor for SBP , which
[91]
has been explained by a low complement activity .
[92]
A randomised controlled trial
in 68 patients with
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Table 3 Randomised controlled trials concerning antibiotic prophylaxis of spontaneous bacterial peritonitis
Ref.

No. of patients

Study arms

Kind of prophylaxis

Occurence of SBP

P

80
63
60
107
60
109
68
100

Norfloxacin vs placebo
Norfloxacin vs control
Trimethoprim-sulfamethoxazole vs control
Norfloxacin vs placebo
Ciprofloxacin vs placebo
Norfloxacin permanently vs only during hospitalisation
Norfloxacin vs placebo
Ciprofloxacin vs placebo

Secondary
Primary/secondary
Primary/secondary
Primary
Primary/secondary
Primary
Primary
Primary

12% vs 35%
0% vs 23%
3% vs 27%
0% vs 9%
4% vs 22%
2% vs 17%
7% vs 61%
4% vs 14%

0.014
< 0.05
0.025
NS
< 0.05
< 0.01
< 0.001
0.076

Ginés et al[93]
Soriano et al[122]
Singh et al[123]
Grangé et al[124]
Rolachon et al[125]
Novella et al[126]
Fernández et al[92]
Terg et al[127]

NS: Not significant; SBP: Spontaneous bacterial peritonitis.
[105,106]

hepatic encephalopathy
and is widely used in
patients with liver cirrhosis. In addition, it belongs
to a class of antibiotics which is normally not used in
therapy of SBP and was originally reported to induce
[107]
no bacterial resistance
. A small study reported
that patients who responded to rifaximin treatment
by reduction of hepatic venous pressure gradient
displayed a significant reduced rate of complications
from liver cirrhosis including SBP over 5 years of
[108]
follow-up
. Another retrospective study comprising
404 patients with liver cirrhosis and ascites requiring
paracentesis described a significant reduction of SBP
by rifaximin. However, patients with prior SBP or SBP
occurring in the course of gastrointestinal bleeding
[109]
had been excluded
. In addition, a prospective
observational study of 152 patients with advanced
liver cirrhosis found a reduction of SBP incidence only
[110]
by quinolones, but not by rifaximin
. The different
results of these studies may be explained by variations
in the risk for SBP and severity of liver disease,
suggesting that rifaximin might be effective only in
the subgroup of patients who have relatively low risk
for SBP and less severe liver disease. In summary,
rifaximin cannot be recommended for SBP prophylaxis
until prospective, randomised studies are available.
An ongoing clinical trial investigates if primary
antibiotic prophylaxis with quinolones is beneficial
in patients with a genetically determined high risk
(EudraCT number 2013-001626-26).
Nevertheless, all antibiotics, including rifaxi
[111-113]
min
, will lead to the emergence of bacterial
resistance. Therefore, strategies avoiding the use of
antibiotics might be more promising on the long term.
Potential candidates are FXR agonists, since reduced
FXR function is associated with increased bacterial
[52,54]
translocation
. FXR agonist have already been
tested for non-alcoholic fatty liver disease and primary
[114,115]
biliary cirrhosis and show a good safety profile
.
Thus, this new class of drugs may become a novel tool
to decrease bacterial translocation in the future.

associated with a compromised immune system.
Mortality of SBP has remained high and bacterial
resistance to antibiotics threatens to increase
mortality even more in the future. The challenge is
to improve treatment efficacy by understanding the
pathophysiology of SBP in more detail, by tailoring the
therapy to the needs of the individual patient and by
identifying new approaches for prophylaxis.
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Non-alcoholic fatty liver disease and psoriasis: So far, so
near
Giulia Ganzetti, Anna Campanati, Annamaria Offidani
recently documented focusing in the crucial role of the
adipose tissue in the development of the inflammatory
background sharing by the above entities. According
to recent data, patients with psoriasis show a greater
prevalence of NAFLD and metabolic syndrome than
the general population. Moreover, patients with NAFLD
and psoriasis are at higher risk of severe liver fibrosis
than those with NAFLD and without psoriasis. The link
between these pathological conditions appears to be a
chronic low-grade inflammatory status. The aim of this
review is to focus on the multiple aspects linking NAFLD
and psoriasis, only apparently far diseases.
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Core tip: The review focuses on the multiple physiopathogenetic aspects of the possible link between
psoriasis and non-alcoholic fatty liver disease (NAFLD)
emphasizing the most recent scientific data. The
importance of the multidisciplinary approach to patients
affected by psoriasis is underlined and the therapeutic
options to treat concomitant psoriasis and NAFLD is
discussed evaluating the risk benefit of both biologic
and non-biologic therapies.

Abstract
Psoriasis is a chronic inflammatory immune-mediated
skin diseases which is frequently associated to
comorbidities. Non-alcoholic fatty liver disease (NAFLD)
is defined as an excessive accumulation of triglycerides
in hepatocytes and includes a wide spectrum of liver
conditions ranging from relatively benign steatosis
to non-alcoholic steatohepatitis with fatty infiltration
and lobular inflammation and to cirrhosis and endstage liver disease. Actually, psoriasis is considered
a systemic diseases associated to comorbidities, as
metabolic syndrome and NAFLD is seen the hepatic
manifestation of the metabolic syndrome. The possible
link between psoriasis, obesity and metabolic syndrome,
which are known risk factors for NAFLD has been
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INTRODUCTION
Psoriasis is an immune-mediated, chronic, and inflam
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matory disease with an estimated prevalence of
[1]
2%-3% in the worldwide .
Recent evidence have shown that psoriasis is not
only the disease of the skin surface but a complex
entity with multi-systemic involvement and with a
deep influence on patients’ quality of life, morbidity
[2]
and mortality .
In particular, psoriasis is frequently associated
to the so-called “psoriatic comorbidities”, including
artropathy, uveitis, inflammatory bowel diseases and
a cluster of medical conditions known as metabolic
[3]
syndrome (Figure 1).
According to the National Cholesterol Education
Program Adult Treatment Panel Ⅲ (NCEP ATPⅢ),
a patient is affected by metabolic syndrome, if he/
she shows at least three of these following criteria:
Abdominal obesity, defined as waist circumference ≥
102 cm in men and ≥ 88 cm in women; Triglycerides
plasma levels ≥ 150 mg/dL; high-density lipopro
teins (HDL) cholesterol plasma levels not more than
40 mg/dL in men and 50 mg/dL in women; Blood
pressure more than 130 mmHg (systolic) and 85
mmHg (diastolic); Fasting plasma glucose levels
[4]
more than 100 mg/dL .
Non-alcoholic fatty liver disease (NAFLD) is defined
as the hepatic excessive accumulation of triglycerides
[5,6]
in patients without a history of potus .
NAFLD include a wide variety of liver conditions
ranging from relatively benign steatosis, consisting
in fatty infiltration, to non-alcoholic steato-hepatitis
(NASH) with fatty infiltration and lobular inflammation
[7,8]
and to cirrhosis and hepatocellular carcinoma .
NAFLD is currently the most common chronic liver
disease in Western countries with a prevalence of
10%-25% and, it is now seen as the most frequent
[9]
liver disorder, in particular in obese people . Actually,
NAFLD is strictly linked to the MetS being its hepatic
[10]
manifestation . It is known that metabolic syndrome
is associated either to psoriasis and to NAFLD, thus it
could be reasonable that both entities could be present
[11]
in an individual simultaneously . This review provides
an overview on the most recent findings on the
possible link between NAFLD and psoriasis, evaluating
the common underlying physio-pathogenic process
and the role of systemic drugs on their management.

Metabolic syndrome
NAFLD
Psoriatic arthritis

IBD

Uveitis

Cardiovascular
disease

Depression
alexithymia

Figure 1 Comorbidities in psoriasis. NAFLD: Non-alcoholic fatty liver
disease. IBD: Inflammatory bowel diseases.

‘‘second hit’’ of adipokine-induced liver injury, oxidative
and endoplasmic reticulum stresses, mitochondrial
dysfunction, and hepatic apoptosis, which subsequently
promote the transition from simple steatosis to
[13-16]
steatohepatitis
(Figure 2). Insulin resistance
(IR) appears to exert a central role in both the first
[17]
and second hits . Insulin is an anabolic hormone
that regulates glucose metabolism, gene expression,
[18]
energy homeostasis and enzymatic functions . The
phosphatidylinositol 3-kinase (PI3K)-AKT pathway
and the Ras-mitogen activated protein kinase (MAPK)
pathway are the two most important pathway that are
[17,18]
involved in insulin-mediated functions
.
In particular, the inhibition of gluconeogenesis
and the uptake of glucose is linked to PI3K-AKT, while
cell proliferation and differentiation depend on the
interaction between MAPK and PI3K-AKT.
Liver, adipose tissue and skeletal muscle are the
[17,18]
most important insulin-target tissues
. In the liver,
insulin regulates the glucose metabolism, while in the
adipose tissue it reduces the hormone sensitive lipase
activity with the subsequent inhibition of the free fatty
[17,18]
acid efflux out of adipocytes
.
A subject is considered insulin resistant when his
or her insulin mediated glucose uptake by muscle
and adipose tissue is impaired. As a compensatory
mechanism, beta cells in the pancreas start to
secrete increased amounts of insulin to maintain
[19]
normoglycemia, leading to hyper-insulemia .
In the adipose tissue, insulin allows free fatty
esterification and triglyceride fat storage. When insulin
resistance develops, free fatty acids are inappropriately
shifted to non-adipose tissues, as the liver. Moreover,
the hepatic lipogenesis and the activation of pro-fibrotic
[20,21]
cytokines are mediated by hyperinsulinemia
.
Insulin resistance and hyperinsulinemia increase
the excretion of triglycerides by the liver, resulting in
[20,21]
elevated serum levels of triglycerides
.

NAFLD: THE MULTIPLE HITS
HYPOTHESIS
The liver plays a central role in lipid metabolism,
importing serum free fatty acids (FFA), storing and
exporting lipids and lipoproteins. Although the NAFLD
pathophysiology has not been completely elucidated,
the so called “multiple-hit hypothesis” describes it as a
[12]
complex, two-step liver injury .
The first hit is characterized by hepatic triglyceride
accumulation contributing to steatosis; therefore,
steatotic liver appears to be more vulnerable to the
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Insulin-resistance

Mitochondrial dysfunction
Oxidative stress
Injury due to adipocytokines

Hepatic accumulation
of triglycerides

First hit

Second hit

Steatosis

Figure 2 Non-alcoholic fatty liver disease and the two hits hypothesis.

In summary, different mechanisms are implicated
in the hepatic triglyceride storage, as the increased
triglyceride or FFA synthesis, the reduced FFA transport
from the hepatocytes, an excessive transport of FFA to
[22-24]
the liver or an abnormal dietary intake of FFA
.
Thus, this lipids’ (tryglicerides and FFAs) accu
mulation in the liver leads to lipotoxicity and con
sequently to the mitochondrial disfunction and the
oxidative stress, which represent the further liver
[17]
damage .
Many studies demonstrated a direct link between
NAFLD and cardiovascular disease: inflammation,
oxidative stress, insulin resistance, ectopic adipose
tissue distribution, dyslipidemia, endothelial dysfun
ction, and adipocytokines are considered the common
[21,22]
and shared pathogenetic processes
.

responsible of the metabolic dysregulation in
[32]
psoriasis .
Cardiovascular risk factors, such as diabetes,
hypertension, dyslipidemia and obesity, are more
prevalent in patients affected by psoriasis; moreover
it has been suggested that the chronic inflammatory
nature of psoriasis is also a contributing and potentially
an independent risk factor for the development of
[33]
cardiovascular disease .
Recent evidence have demonstrated that psori
asis may represent an independent risk factor
for cardiovascular morbidity and mortality: the
cardiovascular risk is increased of about almost three
times in patients affected by moderate to severe
psoriasis, particularly in young people. For this reason,
patients with severe psoriasis appear to have a
[34]
reduced life expectancy of about 6-year .
Furthermore, recent data have demonstrated
that NAFLD may be linked to increased risk of cardio
vascular events independently from conventional risk
[35,36]
factors
.
Many evidences have shown that psoriatic pati
ents have altered lipid metabolism with high levels
of plasma cholesterol, triglycerides, low-density
lipoprotein (LDL) cholesterol, very low-density
lipoprotein cholesterol, and decreased HDL cholesterol
and antioxidant capacity. This dyslipidemic profile
[37]
could precede the development of psoriasis .
[38]
In 1994, Offidani et al
evaluated the lipid profile
in children affected by psoriasis, demonstrating higher
levels of plasma total cholesterol and no significant
[38]
changes of plasma triglycerides . Moreover, high
percentage content of total cholesterol and of the
cholesterol/protein ratio in LDL and in HDL was found
with an alteration of their fluidity.
Raised levels of LDL and decreased levels of HDL
cholesterol are responsible of coronary artery disease
[39]
and of mortality for cardiovascular disease .

PSORIASIS: A SYSTEMIC DISEASE
Epidermal hyperproliferation, abnormal keratinocyte
+
differentiation, angiogenesis and activated CD4 and
+
CD8 T-cell infiltrates in the dermis and epidermis are
the most common detectable histologic features in
[25]
psoriasis .
The pathogenesis of psoriasis is characterized by
the involvement of both innate and adaptive immunity.
In the beginning of the inflammatory process, NK cells
play an important role releasing pro-inflammatory
cytokines; subsequently the Th1-Th17 interaction is
[26]
crucial in the amplification of the flogosis .
Clinically, psoriasis is characterized by sharply
demarcated erythematous plaques covered by silverywhite scales preferentially on the elbows, knees, scalp,
[27,28]
umbilicus and lumbar area
.

Psoriasis and cardiovascular risk

Approximately 80% of psoriatic patients have
limited disease, involving < 10% body surface area,
but approximately 20% have more extensive skin
involvement. Although psoriasis is rarely life-threa
tening, it exerts an important impact on patients’
quality of life, similar to that caused by diabetes,
[29-31]
cancer or heart disease
.
The underlying low and persistent inflammatory
status with increased levels of pro-inflammatory
cytokines, such as TNF-a and IL-6, seems to be

WJH|www.wjgnet.com

Psoriasis and hypertension

Hypertension shows an higher prevalence in patients
affected by psoriasis compared with controls, thus
a link between hypertension and psoriasis has been
[37]
postulated .
The increased production of angiotensinogen by
adipose tissue, subsequently converted to angiotensin
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Ⅱ through angiotensin converting enzyme (ACE)
could represent the central causative element of the
[40]
hypertension in psoriatic patients . It has been
demonstrated an increase of ACE serum levels in
[37,40]
psoriatic patients
. Angiotensin Ⅱ is responsible
for kidney salt retention and, acting as vasoconstrictor,
for vascular tone regulation; moreover, it stimulates
T-cell proliferation promoting inflammation and
[40]
atherosclerosis .
The association between hypertension and psoriasis
may also be attributed to the increased oxidative
stress in psoriatic patients: greater levels of reactive
oxygen species can damage endothelium-dependent
[40]
vasodilation .
Furthermore, endothelin-1 could be involved in
hypertension pathogenesis of psoriatic patients. Endo
thelin-1 is produced by keratinocytes and it promotes
blood vessels vasoconstriction with consequently blood
pressure increase. In lesional skin and in serum of
psoriatic patients, endothelin-1 expression appears to
[40]
be altered correlating to psoriasis disease severity .

Moreover, the association between psoriasis and
MetS is directly correlated to the severity of psoriasis
and it is independent from the presence of obesity in
[45-47]
psoriasis
. Considering that metabolic syndrome is
detected both in NAFLD and psoriasis, it is likely that
these two pathological entities can coexist in the same
[11]
[48]
patient . Lonardo et al
in 2001 firstly documented
three cases of concomitant psoriasis and NASH,
confirmed by liver biopsy. All patients were obese
or overweight and showed MetS components. In an
Italian prospective observational study, the prevalence
NAFLD in psoriatic patients was significantly increased,
[49,50]
compared to general Italian population
.
Furthermore, NAFLD was unrelated to the severity
of the skin disease, but logistic regression showed that
patients with psoriasis and NAFLD showed a higher
risk of psoriatic arthritis. This aspect could reflect
the actions of pro-inflammatory cytokines in both
diseases. Moreover, psoriatic patients with NAFLD had
also significantly higher AST/ALT ratio and higher noninvasive fibrosis scores compared with controls with
NAFLD not associated with psoriasis. AST/ALT ratio has
proven to be an independent predictive factor for liver
[25]
fibrosis in patients with NAFLD .
Consequently, the risk of severe liver fibrosis is
higher in patients affected by both NAFLD and psoriasis
than patients with only NAFLD. These two parameters
are considered independent predictors of liver fibrosis
[49,50]
in NAFLD patients
.
[51]
These data were confirmed by Gisondi et al
in a
case-control study, who assessed the frequency and
characteristics of NAFLD in patients with chronic plaque
psoriasis vs healthy controls. Among 130 psoriatic
patients, up to nearly half (47% vs 28%of controls)
resulted affected by NAFLD, which was strongly
related to psoriasis severity according to Psoriasis Area
Severity Index (PASI) score. Moreover, patients with
psoriasis and NAFLD showed metabolic syndrome and
[51]
higher serum C-reactive protein .
[52]
Van der Voort et al
in 2013 conducted a large
prospective population-based cohort study in subjects
up to 55 years. Among 2292 participants, 118 (5.1%)
were affected by psoriasis and the prevalence of
NAFLD was 46.2% in psoriatic patients compared
with 33.3% of participants without psoriasis. Thus,
after adjustment for alcohol consumption, smoking
status, presence of MetS components and alanine
aminotransferase, psoriasis remained a significant
[52]
predictor of NAFLD .

Psoriasis and prothrombotic state

Metabolic syndrome and psoriasis have been asso
ciated to a pro-inflammatory and/or pro-thrombotic
state probably related to elevated serum levels of
PAI-1, fibrinogen and reactive C-protein (RCP). IL-6
induces RCP increase and it has been shown to be
predictive of future cardiovascular disease (CVD) in
healthy subjects. Moreover, the risk of in patients with
either diabetes or MetS is significantly increased in the
[37]
presence of elevated RCP levels .
[41]
McDonald et al have shown that the global risk of
arterial and venous diseases appeared to be 2.2 times
higher in psoriatic patients compared with control
[41]
patients affected by different skin diseases . Another
study conducted in a large cohort of psoriatic patients
have underlined that the risk of CV mortality was 50%
[42]
higher compared to the general population .
[43]
These data were confirmed by Lin et al , who
detected that patients affected by psoriatic arthritis
(PsA) had an increased prevalence of metabolic
syndrome with significantly greater carotid intimamedia thickness compared to patients with psoriasis
only. Furthermore, greatest CIMT measurements were
detectable in PsA patients with metabolic syndrome
compared to PsA patients without metabolic syndrome
and psoriasis patients with or without metabolic
[43]
syndrome .

PSORIASIS AND NAFLD: EPIDEMIOLOGY

PSORIASIS AND NAFLD: THE
PATHOGENIC LINK

Recent studies focused on the possible link between
psoriasis, obesity and metabolic syndrome, which are
[44]
known risk factors for NAFLD .
It is known that, after the age of 40 years, the
psoriatic patients have a higher prevalence of meta
bolic syndrome and an increased risk for the each
[11]
components of MetS than controls .
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to be multifactorial and complex and the precise
link between these two entities has not completely
elucidated. It could be speculated that a low, chronic
and persistent inflammatory status may be the
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Figure 3 The vicious circle.
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increased inflammatory stimuli is responsible for the
[4,58,59]
starting of the persistent low-grade inflammation
.
Adipocytokines are bioactive molecules able
to modulate appetite-energy balance, immunity,
insulin sensitivity, angiogenesis, blood pressure
and lipid metabolism by autocrine, paracrine and
endocrine way. Furthermore, they play a crucial role
in the pathogenesis of metabolic syndrome. Among
adipocytokines, TNF-a, IL-6, leptin, visfatin, resistin
appear to exert a pro-inflammatory effect, whereas
[58,59,62]
adiponectin has anti-inflammatory properties
.
The pathogenesis of both psoriasis and NAFLD is
[63]
strictly dependent on the above cytokines .
Adipocytes and stromo-vascular cells are respon
sible for the secretion of TNF-a; adipose tissue TNF-a
is not secreted in systemic circulation and acts both in
autocrine and paracrine way. In adipose tissue, TNF-a
mRNA correlates with body mass index, percentage of
body fat and hyper-insulinemia; moreover, weight loss
[63]
decreases TNF-a levels .
TNF-alpha interfere with insulin action reducing the
auto-phosphorylation of tyrosine residues of insulin
receptor and phosphorylation of insulin receptor
substrate 1 (IRS-1), thus contributing to the first hit of
[37,64]
NAFLD
. In addition, the production of adiponectin
[65]
is inhibited by TNF-a .
Finally, a positive correlation between TNF-a and
BMI had been shown, and a higher serum levels was
[66,67]
reported in patients with NAFLD
.
TNF-a plays a crucial role in the pathogenesis of
psoriasis: in fact, psoriatic patients show elevated
serum levels of TNF-a which positively correlate with
[68]
PASI . Moreover, TNF-a levels and plasma levels of
[69-71]
adiponectin are negatively correlated
.
In psoriasis, TNF-a increases keratinocyte
proliferation, pro-inflammatory cytokines’ production,
expression of vascular endothelial cell adhesion
molecules, angiogenesis. In obese adipose tissues, the
release TNF-a directly participate in the macrophage
recruitment and lipolysis creating and perpetuating a

“primum movens” linking NAFLD and psoriasis.
It is known that psoriasis and obesity are strictly
associated: obesity seems to predispose to psoriasis
and psoriasis seems to increase the risk of obesity. A
recent meta-analysis of epidemiological studies was
evaluating the associations between psoriasis and
obesity have evidenced that an 1.46 or and 2.23 or for
obesity among patients with mild psoriasis and severe
psoriasis respectively. One incidence study found that
psoriasis patients have a HR of 1.18 for new-onset
obesity. Thus, psoriatic patients showed a higher
prevalence and incidence of obesity directly correlated
[6,53,54]
to the severity of psoriasis itself
. It is known that
the increasing prevalence of NAFLD parallels the rise
[55]
of obesity and its complications . Thus, psoriasis
and NAFLD could be linked by obesity itself, which
may contribute to the development of further MetS
[55]
components and comorbidities .
As psoriasis and NAFLD, obesity is considered a
[4,56]
persistent and low-grade inflammatory process
.
The adipose tissue accumulation seems to lead to
adipocyte hypertrophy and hyperplasia with a sort of
local ischemia; subsequently an inflammatory process
and the release of pro-inflammatory chemokines start,
attracting macrophages which amplify and spread the
[57,58]
inflammatory process in neighboring adipocytes
(Figure 3).
Subcutaneous and central fat (omental and intaabdominal) are the two most important part of the
adipose tissue; the central one, also called visceral
adipose tissue (VAT), is considered more metabolically
active than the subcutaneous fat. A higher risk of
developing insulin resistance and of MetS components
is detected in patients affected by central obesity than
[59-61]
patients with excess of subcutaneous fat
.
The energy storage, the endocrine role and
the partecipation in the immune system are three
[62]
important actions of the VAT .
Thus, excess adipose tissue results in an unbalance
between pro- and anti-inflammatory cytokines and the
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Table 1 Role of adipocytokines in non-alcoholic fatty liver disease and psoriasis
Adipocytokines

Psoriasis

NAFLD

Anti-inflammatory

Adiponectin

Pro-inflammatory

IL-6

↓
Promotes anti-inflammatory cytokines
↑
Keratinocyte proliferation
↑
(1) Keratinocyte proliferation; (2) Angiogenesis; and (3) Promotes
expression of adhesion molecules; and (4) Increase pro-inflammatory
cytokines
↑
(1) Keratinocyte proliferation; (2) Promotes Th1 responses; and (3)
Angiogenesis

↓
Increase insulin-sensitivity
↑
Contributes to insulin-resistance
↑
Contributes to insulin-resistance;
Increase hepatic fibrogenesis

TNF-a

Leptin

Resistin

↑
Increase pro-inflammatory cytokines

Visfatin

↑

Ghrelin

↑

↑
(1) Leptin-resistance; and (2)
Contributes to hepatic fibrogenesis
↑
(1) Contributes to insulin-resistance;
and (2) Controversial data on NAFLD
Not altered in early stage; Protection
toward liver injury (?); Negatively
correlated to TNF-a
↑

NAFLD: Non-alcoholic fatty liver disease.
[72]

vicious circle (Table 1).
Adiponectin is an anti-inflammatory adipocytokine
secreted by adipocytes acting as an insulin-sensitizing
hormone. Moreover, adiponectin seems to downregulate the synthesis of TNF-a in fat tissue and in heart
muscle cells, to inhibit the production of IL-8, vascular
adhesion molecule-1, and reactive oxygen species
in endothelial cells and to stimulate the synthesis
[73]
of IL-10 . Data on literature have demonstrated
a negative correlation between adiponectin serum
[73-78]
levels and body mass index (BMI)
. Obesity,
type 2 diabetes, coronary disease, hypertension and
non-alcoholic fatty liver disease in obese patients
are associated to low plasma and serum levels of
[73,77,78]
adiponectin
.
Moreover, it has been shown that serum adiponectin
values were lower in patients affected by both psoriasis
and NAFLD than inpatients affected by psoriasis
without hepatic involvement. This aspect could be
linked to the adiponectin-mediated suppression of
type 1 T helper cell-cytokines preventing psoriasisprone individuals from developing disease until obesity
[79,80]
and other factors antagonize its effects
(Table 1).
Among pro-inflammatory adipocytokines, IL-6, leptin
and resistin seem to be involved in the pathogenesis of
[81]
both hepatic steatosis and psoriasis .
Leptin regulates the appetite and body weight:
scientific evidence have underlined higher leptin levels
in obese patients with a sort of leptin resistance,
just as in type 2 diabetes, where insulin resistance is
[81-83]
observed
.
Furthermore, leptin resistance could promote
the development of NAFLD by reducing intracellular
lipid levels in skeletal muscle, liver and pancreatic
beta cells. In patients affected by psoriasis, leptin
serum levels are higher and psoriasis itself represents
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an independent risk factor for hyperleptinemia. In
psoriasis, leptin seems to enhance the synthesis of
Th1 cytokines, to reduce the synthesis of Th2 and to
mediate proliferative and anti-apoptotic processes in
[84]
T-cells .
Furthermore, there is a positive correlation between
[85,86]
leptin serum levels and BMI
(Table 1). Resistin
is a dimeric protein able to induce the synthesis
of TNF-a and IL-12 and to increase blood glucose
and insulin concentrations. It has been shown that
psoriatic patients have elevated levels of resistin that is
[85,87]
positively correlated with PASI index
. As resistin is
a pro-inflammatory cytokine, it could be hypothisezed
that resistin might be involved in the pathogenesis
[85,88]
of MetS in psoriatic patients
. Actually, it has not
been completely elucidated the precise role of resistin
in obesity, NAFLD and insulin resistance and/or
[63]
diabetes (Table 1).
Visfatin is a pro-inflammatory and insulin-mimetic
adipocytokine contributing to glucose and lipid
metabolism. The role of visfatin in NAFLD is debated.
Recent study detected that although plasma visfatin
levels are not altered in the first stages of NAFLD, it
is inversely associated with TNF-alpha, suggesting
its possible protective role against liver damage in
this widespread disease. Data on the possible role of
[89]
visfatin on psoriasis are insufficient (Table 1).
Ghrelin has been suggested to be involved in
metabolic syndrome, and obesity, type 2 diabetes
and hypertension are associated to decrease levels of
ghrelin. In NAFLD, it has been demonstrated that an
imbalance in adiponectin, leptin, and ghrelin seems
[90]
to be associated with more severe hepatic disease .
Moreover, serum ghrelin concentration is correlated
[91]
with a low risk of developing NAFLD .
In patients with psoriasis, serum level of ghrelin
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was higher, although not statistically significant, than
those of the control group, with a strong negative
[92]
correlation with PASI score (Table 1).
IL-6 is an inflammatory cytokine involved both in
psoriasis and NAFLD. It regulates the migration of T
cells into the epidermis, the growth and differentiation
[68]
of dermal and epidermal cells .
Obesity, inadequate glucose tolerance, and resis
tance to insulin are positively correlated with IL-6
serum levels; body weight reduction is associated with
[93,94]
decreased IL-6 concentration
.
In psoriatic patients, serum levels of IL-6 are signi
ficantly increased with a positive correlation with PASI
[85]
score .
Moreover, a negative correlation between IL-6 and
adiponectin plasmatic levels in obese patients has
been observed; obese patients with psoriasis show a
statistically significant increase of IL-6 compared to
[87,95-97]
control group
(Table 1).
The role of IL-17 in pathogenesis of both psoriasis
and NAFLD has been recently elucidated. Although
the precise role has not completely clarified, elevated
levels of IL-17 have been reported in obese patients
[98]
and type 2 diabetes .
T cells of adipose tissue can produce IL-17, and
adipogenesis and glucose metabolism are regulated
by IL-17. In NAFLD, Th17 and IL-17 seem to promote
the evolution from simple steatosis to steatohepatitis.
Finally, in psoriasis IL-17 induces IL-6 expression
in keratinocytes; moreover severity of psoriasis is
positively correlated with elevated serum levels of
[98]
IL-17 .
However, in addition to the emerging role of adipose
tissue in pathogenesis of psoriasis and NAFLD, it is
also possible that NAFLD itself might contribute to
the psoriasis severity by releasing of inflammatory
mediators from inflamed liver, as C-reactive protein,
reactive oxygen species, IL-6 and other proinflammatory cytokines. These inflammatory mediators
are remarkably higher in patients with NAFLD than in
[99,100]
those without
.

retinoids are common and efficacious systemic agent
used for the treatment of moderate to severe psoriasis,
but their long-term use is hindered by safety concerns
and, in particular, by the risk of hepatotoxicity. A recent
retrospective review conducted on 710 patients with
moderate to severe psoriasis treated with MTX have
shown that a high proportion (57.6%) of patients on
[105]
MTX had deranged transaminases .
MTX-mediated liver toxicity does not show specific
histological aspects being similar to those of NASH.
Moreover, metabolic syndrome and NASH are
associated with several risk factors for methotrexatemediated liver damage, as obesity, diabetes, and
hyperlipidemia. Thus, the use of MTX in psoriatic
patients should be carefully monitored for the possible
[24]
worsening of a pre-existing steatohepatitis . Thus,
in MTX users, FibroTest can accurately predict
the presence of liver fibrosis and the Fibroscan
significantly predict the absence of significant liver
[106]
fibrosis
. CsA is a potent immunosuppressor used
for organ transplantations and various autoimmune
disorders; one of the most detectable side effects is
[107]
hepatotoxicity . Acitretin is a synthetic retinoid which
could induce liver toxicity by impairing mitochondrial
phosphorylation efficiency without affecting the
[108]
membrane potential
. Increased serum hepatic
enzyme levels have been observed in approximately
25% of patients treated with acitretin but no clinically
significant biopsy-proven hepatotoxicity was found
[24]
after two years intermittent acitretin therapy .

ERA OF BIOLOGICS AND LIVER
IMPLICATIONS
In recent years, the so-called biological therapies or
biologic respond modifiers have led to a revolution
in the treatment of moderate to severe psoriasis.
Currently approved biological products for psoriasis
treatment fall into two main classes: cytokine
[109]
modulators and biologics targeting T cells .
These treatments include fusion of proteins and
monoclonal antibodies that target the T cells or specific
[110]
inflammatory cytokines .
TNF-a inhibitors link the TNF-a blocking its activity
and reducing the interactions between immune cells
and keratinocytes. Currently, three anti-TNF-alpha
are been approved for the treatment of psoriasis:
[110]
Infliximab, Adalimumab and Etanercept
. In litera
ture, 20 cases of autoimmune hepatitis triggered
by anti- TNF-a therapy have been reported to date.
The median time and the number of doses of antiTNF-a drugs to the onset of liver damage were 2
mo and 3 times, respectively. After the onset of liver
damage, anti-TNF-a therapy was discontinued in
all cases and six were treated with corticosteroid,
with or without azathioprine. All cases had good
response to the therapies, and the liver damage was
resolved within approximately 3 mo in five cases.

CONVENTIONAL PSORIATIC
TREATMENTS AND LIVER FUNCTION
IMPLICATIONS
Successful treatment is imperative in order to improve
signs and symptoms of psoriasis, and to improve
physical or psychological distress. According to the
European consensus mild psoriasis is defined as BSA
< 10 and PASI < 10 and DLQI < 10 and moderateto-severe as BSA > 10 or PASI > 10 and DLQI >
10. There is an agreement that mild psoriasis should
preferentially be treated with topical therapy and,
in case of inadequate response, UV-light should
be added. In case of moderate-to-severe psoriasis
[101-104]
systemic therapy should be initiated
.
Methotrexate (MTX), cyclosporine A (CsA) and
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[116,117]

However, it is difficult to distinguish a drug-induced
autoimmune hepatitis (drug induced AIH) from a de
novo autoimmune hepatitis (AIH) because the clinical,
biochemical, serological, and histological patterns
may be overlapping. Furthermore, patients treated
with biological agents may have various forms of
simultaneous autoimmune disease and ANAs before
treatment. Moreover, about 3% of AIH cases had
[110]
psoriasis as a concurrent autoimmune disease .
Despite the pathogenesis of AIH triggered by antiTNF-a therapy remains unclarified, some hypotheses
had been postulated: TNF-a itself could contribute
to the development of AIH and/or it could be linked
to reactive metabolites of the anti-TNF-a drugs
which are recognized by the immune system as
[111,112]
neoantigens
.
Ustekinumab is a human monoclonal antibody
approved for the treatment of psoriasis binding the
p40 subunit of IL-12 and of IL-23, preventing their
interaction with the cell surface IL-12Rβ1 receptor and
subsequently inhibiting IL-12- and IL-23-mediated cell
signaling, activation, and cytokine production. No data
are reported about the role of Ustekinumab on liver
[113,114]
function
.

are not significantly modified by Infliximab
.
Conversely, another study have shown that Infliximab
modifies plasma lipid and lipoprotein levels in patients
with rheumatoid and psoriatic arthritis resulting in a
more atherogenic profile and significantly increasing
[118]
triglyceride levels and lowering HDL cholesterol .
A retrospective study reviewing the medical records
of 45 patients affected by psoriasis treated with
Etanercept for 24 wk showed no statistically significant
[119,120]
modifications on the lipid profile
.
[121]
Moreover, Puig et al
emphasized that Etanercept
treatment may provide some potentially favorable
modulation of insulin sensitivity, HDL-C, Apo A1 and
[121]
Apo B:Apo A1 ratio
. Finally, an in vitro study
focused that the use of Etanercept can lead to a
reduction in lipid peroxidation and an improvement in
[122]
HDL antioxidant and anti-inflammatory properties .

Biologic response modifiers and insulin resistance

Few data are available about the role of TNF-a inhi
bitors on insulin resistance. A study conducted
[123]
by Marra et al
have evidenced that the use of
Etanercept, in patients affected by psoriasis, can
improve insulin sensitivity, by a sort of modulation
of the inflammatory background. Similarly, an
improvement in insulin sensitivity has been obtained
120 minutes after the Infliximab infusion to up to one
[41,123]
year
.
Anedoctical cases of psoriasis with diabetes
developing unpredictable hypo- or hyperglycemia has
been reported after treatment with TNF-a inhibitors;
[41]
this aspect resolved after the drug discontinuation .

PSORIASIS, METS AND NAFLD:
TOWARD COMMON THERAPEUTIC
STRATEGIES?
Psoriasis is now perceived as a systemic disorder
with skin manifestation and associated comorbidities
responsible for increased morbidity and mortality.
Thus, a multidisciplinary approach in the prompt
diagnosis of psoriasis-related comorbidities and in their
managements appear useful to obtain an appropriate
[53,101]
tight control of psoriasis from an early stage
.
Given that TNF-a shows a pivotal role in psoriasis
and related comorbidities, there could be a rationale in
[11]
the use of TNF-a inhibitors in their treatment .

Biologic response modifiers and body mass index

Significant weight gain of about 2 kg in 1 year and the
increase of BMI has been reported in patients affected
by psoriasis and psoriatic arthritis after long-term use
[41,71]
of TNF-alpha inhibitors
.
[124]
Gisondi et al
demonstrated that BMI and body
weight were significantly increased in patients treated
for 7 mo with infliximab compared with those treated
with Ustekinumab.

The effect on psoriatic therapies on adipocytokines

Data on literature show conflicting results about
the role of psoriatic treatments on adipocytokines’
[92]
levels. Ozdemir et al
have demonstrated that, after
cyclosporine treatment, a significant increase was
seen in the serum level of adiponectin and resistin, not
[92]
correlated to disease parameters .
About the possible biologics’ action on adipo
[115]
cytokines’ levels, Shibata et al
demonstrated an
increased in adiponectin and IL-6 level after infliximab
treatment. We have recently demonstrated that
Adalimumab and Etanercept could be able to rebalance,
but not normalize, adipocytokines’ levels, mainly related
to a reduction of pro-inflammatory ones rather than an
[62]
increase of adiponectin .

Biologic response modifiers and NAFLD

There are few data on the role of biological response
modifiers on NAFLD. The only study on this topic was
a retrospective case-control study in patients with
psoriasis, metabolic syndrome, and NAFLD, conducted
[25]
by Campanati et al . The authors found that the risk
of developing hepatic fibrosis, shown by change in the
AST/ALT ratio, was significantly correlated with insulin
sensitivity assessed with the HOMA index and the
QUICKI. However, the correlation coefficients between
the above parameters were less than 0.1: this could be
explained by the fact that the development of hepatic
fibrosis in NAFLD depends on multiple factors not only
by insulin resistance. Moreover, Etanercept attenuated
insulin resistance, patients gained significant weight
with increases in the waist-hip-ratio and BMI during

The effect of biologic response modifiers on blood lipids

About lipid profiles, total cholesterol, triglycerides
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treatment, and these changes could themselves
represent risk factors for the development of hepatic
[25]
fibrosis in NAFLD .

7
8

CONCLUSION
Despite the relationship between NAFLD and psoriasis
needs to be further investigated, data on literature
show that psoriatic patients show an increased
prevalence of NAFLD.
Moreover, NAFLD and psoriasis seem to be related
to an increased cardiovascular risk, probably linked to
the common low and persistent inflammatory state.
No specific pharmacological treatments should be
suggested to these patients, as lifestyle modification
and dietary recommendations, can play an important
role in the treatment of metabolic complications of
[125]
psoriasis .
In fact, investigations have assessed the effect of
weight-loss on psoriasis and conclusively found that the
severity of psoriasis can be significantly improved. The
most convincing data are derived from bariatric surgery
where the majority of patients show a significant
[101]
improvement of psoriasis severity
. However, there
is no data yet available that demonstrates a lasting
effect of weight loss measures on psoriasis severity/
activity after the intervention. It could be underline
that a significant weight loss can lead to significant
improvements in circulating levels of leptin, and
adiponectin with a possible action and inflammatory
[126]
state .
Improvement of insulin resistance and insulin
sensitivity and a significant reduction in systemic
inflammation could be obtained by the use of TNF-a
[118-124]
inhibitors
. Thus, given that biological therapies
present the potentiality to reduce the TNF-a-related
metabolic comorbidities in psoriatic patients, further
prospective studies are needed on this issue. Finally,
evaluating the coexistence of NAFLD in psoriatic
patients, dermatologists should consider methotrexate
and other conventional therapies for psoriasis as
possible triggers of liver disease in this population.
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infection is characterized by possible development
of both liver and extrahepatic disorders. The tropism
of HCV for the lymphoid tissue is responsible for
several immune-mediated disorders; a poly-oligoclonal
B-lymphocyte expansion, commonly observed in a
high proportion of patients with HCV infection, are
responsible for the production of different autoantibodies
and immune-complexes, such as mixed cryoglobulins.
These serological alterations may characterize a variety
of autoimmune or neoplastic diseases. Cryoglobulinemic
vasculitis due to small-vessel deposition of circulating
mixed cryoglobulins is the prototype of HCV-driven
immune-mediated and lymphoproliferative disorders;
interestingly, in some cases the disease may evolve to
frank malignant lymphoma. In addition, HCV shows an
oncogenic potential as suggested by several clinicoepidemiological and laboratory studies; in addition to
hepatocellular carcinoma that represents the most
frequent HCV-related malignancy, a causative role of
HCV has been largely demonstrated in a significant
percentage of patients with isolated B-cells nonHodgkin’s lymphomas. The same virus may be also
involved in the pathogenesis of papillary thyroid cancer,
a rare neoplastic condition that may complicate HCVrelated thyroid involvement. Patients with HCV infection
are frequently asymptomatic or may develop only
hepatic alteration, while a limited but clinically relevant
number can develop one or more autoimmune and/or
neoplastic disorders. Given the large variability of their
prevalence among patients’ populations from different
countries, it is possible to hypothesize a potential role of
other co-factors, i.e. , genetic and/or environmental, in
the pathogenesis of HCV-related extra-hepatic diseases.
Key words: Hepatitis C virus; Mixed cryoglobulinemia;
Thyroid; Diabetes; Lymphoma
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driven clinical conditions . The different clinical
phenotypes of HCV-syndrome can be the results of
genetic/environmental co-factors as suggested by the
heterogeneous geographical prevalence of single HCV[4,6,7]
associated manifestations
.
The present review focuses on the state of the art
of this multifaceted condition with particular emphasis
to extra-hepatic manifestations.

Core tip: The proposed definition of hepatitis C virus
(HCV) syndrome encompasses the multiform complex
of clinico-pathological conditions potentially correlated
to chronic HCV infection. The natural history of HCV
syndrome is the result of multifactorial and multistep
pathogenetic process, which usually proceeds from
mild, often isolated manifestations, to systemic
immune-mediated disorders, and less frequently to
overt malignancies. Here we analyze the clinical,
epidemiological, and pathogenetic aspects of this
multifaceted condition, including the updated results of
the world literature.

PATHOGENESIS OF HCV SYNDROME
Numerous studies regarding the biological aspects
of HCV and the interactions between viral genome
with the immune system of the infected subjects may
explain the complex clinical spectrum of HCV-associated
[4,6,7,9-16]
disorders
. Soon after HCV identification, the
hepato- and lymphotropism of this virus has been
[9,10]
clearly demonstrated
; in particular, the HCV
infection of lymphoid tissue may represent a decisive
step in the development of virus-driven autoimmune[4,11]
lymphoproliferative diseases
. Epidemiological
studies firstly suggested a possible pathogenetic role of
HCV in MCs, a systemic disease sustained by indolent
[4-7]
B-cell expansion ; moreover, cryoglobulinemia may
be detected in a relevant percentage of individuals with
HCV infection, frequently associated with circulating
autoantibodies and/or mixed cryoglobulinemia, the
[4-7,17]
hallmark of overt MCs
.
A positive, single-stranded RNA characterizes
the HCV; given the absence of a DNA intermediate
in the viral replication, HCV RNA sequences cannot
incorporate into the genome of infected individuals;
consequently, it may represent a chronic stimulus to
the immune system, which through a multistep process
[4,12-15]
may lead to clonal B-lymphocytes expansion
.
In particular, a relevant number of patients with
HCV infection show t(14;18) translocation, which in
turn may lead to Bcl-2 proto-oncogene activation;
more frequently HCV-associated MCs with mono[4,6,7,18]
oligoclonal type Ⅱ mixed cryoglobulins
(Figure
1). In addition, viral envelope E2 protein able to
bind the molecule CD81, which is widely expressed
on cell membrane of both hepatocytes and B-cells,
might be decisive for HCV-associated autoimmune
[4,6,7,19]
phenomena
. The interaction of HCV-E2 with
CD81, part of cell-surface protein complex CD81CD21-CD19-Leu 13 on the B-lymphocytes, may be
able to reduce the threshold for the activation of B-cells
by bridging complement recognition CD21-mediated
and antigen-specific recognition (4, 6, 7, 13, 14, 19).
The HCV-E2 and CD81 interaction in antigen-reactive
B-lymphocytes may amplify the VDJ rearrangement
[13,14]
frequency
; the t(14;18) translocation represents
one of possible genetic aberration with consequent
activation of bcl-2 proto-oncogene detectable in HCV[18]
infected individuals . The Bcl-2 over expression
may prevent apoptosis and consequently may extend
[13,14,18]
the survival B-lymphocytes
. The expansion of
B-cells may lead to autoantibody production, including

Ferri C, Sebastiani M, Giuggioli D, Colaci M, Fallahi P, Piluso
A, Antonelli A, Zignego AL. Hepatitis C virus syndrome: A
constellation of organ- and non-organ specific autoimmune
disorders, B-cell non-Hodgkin’s lymphoma, and cancer. World J
Hepatol 2015; 7(3): 327-343 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i3/327.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i3.327

INTRODUCTION
Hepatitis C virus (HCV) has been isolated in 1989; it
represents the main agent of the so-called nonA/nonB
[1]
chronic hepatitis ; soon after the HCV discovery,
several clinico-epidemiological, pathological, and
laboratory studies definitely evidenced the role of this
agent in the symptom complex associated to mixed
[2-4]
cryoglobulinemia (MCs) . Clinically, MCs is systemic
autoimmune disorder, also termed cryoglobulinemic
vasculitis (CV), characterized by cutaneous and
visceral organ involvement, including chronic hepatitis
[4-7]
present in a relevant number of patients
. The
presence of liver involvement, rarely found in systemic
vasculitis, suggested a role of hepatotropic viruses
[4,6,7]
in CV since the seventies
; this hypothesis was
ultimately confirmed by the high rate of HCV ongoing
[2-4,8]
infection in large CV patients’ series
. On the other
hands, MCs mimics some immune-mediated disorders
and malignancies, especially B-cell non-Hodgkin’
s lymphoma (B-NHL); this peculiar clinical feature
suggested a possible role of HCV also in other immunemediated and neoplastic conditions during the past
[4,6,7]
two decades
. Besides liver involvement, a growing
number of clinico-laboratory studies progressively
evidenced a possible pathogenetic role of chronic HCV
infection in various extrahepatic manifestations, among
[4,6,7]
which the MCs represents the true prototype
.
In this complex scenario, the demonstration of
HCV lymphotropism represented a decisive advance
in the knowledge of the pathogenesis of HCV[9,10]
associated disorders
. The spectrum of these
conditions includes both hepatic, organ-specific and
[4,6,7]
systemic autoimmune disorders, and malignancies
;
therefore we previously proposed the term “HCV
syndrome” referring to this constellation of virus-
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Etiopathogenesis and treatment of HCV syndrome
Treatment

Etiopathogenesis
Genetic and environmental co-factors
HCV infection
HCV genotypes
HCV-proteins: core,
E2, NS3, NS4, NS5A

APC

CD8
Autoreactive
T-cells

Antivirals
Sequential
or
combined

CD4
B-cell

Anti-CD20 (rituximab)
T (14; 18) translocation
Bcl2 activation

Pathogenetic
Immunosuppressors
CPX, others

Poly-oligoclonal
B-cell
expansion

Serum mixed cryoglobulins
RF, IC, other autoantibodies

Autoimmune disorders
Arthritis, SS, PCT,
thyroiditis, diabetes
Glomerulonephritis
Lung fibrosis, etc.

Etiological

Host autoantigens
CD81, LDL, HLA
sex hormones

Plasma exchange, LAC-diet

Other genetic aberrations
(c-myc, Bcl6, p53, etc. )

Mixed
cryoglobulinemia

Pathogenetic
symptomatic
Corticosteroids
colchicine, other

B-cell NHL
HCC, PTC

Chemotherapy

HCV syndrome

Figure 1 Etiopathogenetic cascade of hepatitis C virus syndrome, including both hepatic and extra-hepatic disorders, is a multifactorial and multistep
process: The remote events include hepatitis C virus infection, predisposing genetic factors and, possibly, unknown environmental/toxic triggers
(Left). The HCV-driven immune-system alterations with prominent “benign” lymphoproliferation, from one side, and oncogenic alterations, from another side, may
be the result of different pathogenetic mechanisms not mutually exclusive, through a multifactorial and multistep process: Viral antigens (core, envelope E2, NS3,
NS4, NS5A proteins) may exert a chronic stimulus on the host immune system, the high-affinity binding between HCV-E2 and CD81 and consequent t(14;18)
translocation with bcl-2 proto-oncogene activation, a cross-reaction between particular HCV antigens and host autoantigens, i.e., a molecular mimicry mechanism,
and a direct infection of B-lymphocytes by HCV responsible for neoplastic cell transformation. Predisposing host factors may include particular HLA alleles, and
both metabolic and hormonal conditions. The main consequence is a “benign” B-cell proliferation with production of various autoantibodies, among which RF and
cryo- and non-cryoprecipitable IC. These serological alterations may be correlated with different organ- and non-organ-specific autoimmune disorders, including the
systemic manifestations of MCs, or cryoglobulinemic vasculitis. Moreover, the activation of Bcl2 proto-oncogene, responsible for prolonged B cell survival, may be
a predisposing condition to other genetic aberrations (c-myc, Bcl6, and p53 activation), which may lead to frank B cell lymphomas (B-NHL) and other malignancies
(HCC: Hepatocellular carcinoma; PTC: Papillary thyroid cancer). The appearance of malignant neoplasias can be seen in a small but significant percentage of
patients, usually as a late complication. Both immunological and neoplastic disorders show a clinico-serological and pathological overlap. Often, autoimmune organspecific manifestations may evolve to systemic conditions, such as mixed cryoglobulinemia syndrome, and less frequently to overt malignancies. Conversely, it is
not uncommon that patients with malignancies develop one or more autoimmune manifestations. In this scenario, MCs is at the crossing road between autoimmune
and neoplastic disorders; Right: There are not comprehensive therapeutical guidelines for the HCV syndrome because of the complexity of its pathogenetic and
clinico-prognostic characteristics; we can adopt in part the therapeutical strategy used for MCs, which often encompasses the different clinical variants of HCV
syndrome. This therapeutical approach is essentially based on three main levels of intervention: the etiological treatment by means of antiviral drugs directed at HCV
eradication, the pathogenetic therapies with immunomodulating/antineoplastic drugs, and the pathogenetic/symptomatic therapies such as corticosteroids and plasma
exchange (see also text). HCV: Hepatitis C virus; IC: Immune complexes; SS: Sicca syndrome; PCT: Porphyria cutanea tarda; RF: Rheumatoid factor; MCs: Mixed
cryoglobulinemia syndrome; CPX: Cyclophosphamide.
[4,6,7,20]

the anti-IgG rheumatoid factor constitutive of IgGIgM immune-complexes, including mixed cryog
[4,6,7,20]
lobulins
.
While specific autoantibodies are typically found in
patients with single-organ or systemic autoimmune
disorders, cryoprecipitable and non-cryoprecipitable
IgG-IgM immune-complexes are the serological
[4,6,7,20]
hallmarks of MCs
. Moreover, a molecular mimicry
mechanism that may involve specific HCV proteins and
host autoantigens might produce B-cell activation with
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increased production of autoantibodies
(Figure
1). While the prolonged survival of B-lymphocytes can
lead to additional genetic aberrations, such as c-myc,
Bcl6, and p53 responsible to the development of
[4,6,7,12-14,20]
malignant B-NHL in predisposed individuals
(Figure 1). The HCV oncogenic potential has been
clearly identified in hepatocellular carcinoma and in a
[4,6,7,12-14,20-22]
relevant number of patients with B-NHL
[23,24]
or thyroid cancer
. Comparably to the association
between Helicobacter pylori infection and MALT
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variants of BAFF gene promoter suggested a possible
explanation; namely, a particular allelic variant (-871T),
possibly correlated with the BAFF gene increased
transcriptional activity, was significantly more frequently
found in HCV-positive subjects with than in those
without MCs. As regards HCV-related NHL, increased
levels of circulating osteopontin were associated with
HCV-positive B-cell lymphoma. Moreover, the highest
levels of osteoponin were observed among HCV-positive
individuals with associated MC type Ⅱ regardless the
[15,16]
presence of B-NHL
.
On the whole, HCV-infected patients represent
one of the most useful models of study as regards
the complex interactions between autoimmunity and
[4]
oncogenesis in humans (Figure 2).

HCV syndrome
A kaleidoscope of autoimmune and neoplastic disorders

HCV
infection

Autoimmunity

Malignancy

Figure 2 Patients with chronic hepatitis C virus infection may develop a
complex of both hepatic and extra-hepatic disorders. Hepatitis C virus (HCV)
syndrome represents an important example of coexistence of autoimmune
and neoplastic conditions in humans; moreover, it can be one of the most
useful models of study of the complex interactions between autoimmunity and
oncogenesis[4] (Figure 2).

CLINICAL MANIFESTATIONS OF HCV
SYNDROME
The HCV biological activities, i.e., the hepato- and
lymphotropism, are responsible for HCV syndrome,
a mosaic of hepatic as well as organ-specific and
[11]
systemic diseases (Figures 1 and 3).
Several clinico-epidemiological studies published in
the world literature demonstrated that the prevalence
of HCV-related autoimmune/neoplastic disorders
[4,6,7,25]
shows a manifest geographical heterogeneity
.
This finding does not perfectly coincide with the
varying prevalence of HCV infection in different
parts of the world; therefore, we can hypothesize
that HCV alone is not sufficient to produce the wide
spectrum of diseases that may complicate the natural
course of HCV infection. It is supposable that specific
HCV genotypes, host genetic and/or environmental
factors should cooperate in the pathogenesis of HCV
[4,6,7,26,27]
syndrome
; even if the actual relevance of
these putative co-factors should be fully elucidated.
Moreover, contrasting data as regards the pre
valence of different HCV-associated disorders has been
also reported among clinical studies on HCV-infected
patients’ series from the same country, depending on
specific specialization and/or investigative approach
(sample sizes and choice of patients and/or control
subjects) of different referring centers (Figure 3).
It is well known that the majority of individuals
with HCV infection are asymptomatic, often for
long-time periods, without consequences for their
quality of life as well as the overall outcome; while a
limited but relevant number of subjects may develop
hepatic as well as extrahepatic diseases, often as late
complication (Figure 1). The prolonged clinical followup of large series of HCV-positive patients suggests
that the natural course of HCV infection may proceed
through a multistage pathological process, usually
from mild-moderate to clinically severe conditions,
[4,6,7]
such as the MCs or malignant neoplasias
(Figures
1 and 3). However, it is possible that the slow
progression of HCV syndrome in some individuals may

lymphoma of the stomach, the same pathogenetic
mechanism of chronic antigen stimulation producing
malignant lymphoproliferation may be hypothesized for
[4,6,7,12-14]
HCV-driven lymphomagenesis
(Figure 1). This
important topic, in particular the possible role of HCV
infection in B-NHL, was underlined in a recent review
focusing on the proposed epidemiologic/virological
guidelines to support a causative role for a given virus
[14]
in human cancerogenesis .
The HCV-driven lymphomagenesis may be the
result of various oncogenetic mechanisms that may
be not mutually exclusive, through a multifactorial
[4,6,7,12-14]
and multistep process
: chronic external stimu
lation by HCV antigens of B-cell receptors (CD19,
CD21, CD81, B-cell receptors), in particular the highaffinity binding of HCV-E2 and CD81 may lead to
bcl-2 activation; HCV replication in B-lymphocytes
with oncogenic potential through viral proteins; the
direct infection of B-lymphocytes by HCV may produce
permanent genetic B-cell damage, the so-called
mutator B-cell phenotype due to “hit and run” mecha
nism of cellular transformation. The potential role of
viral penetration and replication in B-lymphocytes
remains to be definitely elucidated; however, some
studies supported the oncogenic role of HCV genome or
[12-16]
viral proteins in B-lymphocytes
.
More recently, a role of the B-cell-activating factor
(BAFF or BLyS) in the pathogenesis of HCV-related
lymphomagenesis has been suggested. BAFF is a
specific cytokine of B-lymphocytes, which is essential
for the development and survival of B-lymphocytes. A
higher serum levels of BAFF are detectable in patients
with HCV infection if compared to healthy controls, and
more frequently in HCV-positive subjects developing
[15,16]
lymphoproliferative disorders
; but the exact
mechanisms of this enhanced concentration remain still
to be deeply clarified. The evaluation of polymorphic
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Clinico-epidemiological relevance of HCV-associated disorders
evaluated from different perspectives
1
2

HCV
infect
ion

Chronic
hepati
tis
Cirrhos
is

HCC

Figure 3 Schematic representation of the constellation of
hepatitis C virus -associated disorders, varying from the
great number of individuals with asymptomatic hepatitis
C virus infection to patients with one or more harmful
manifestations. Epidemiological studies demonstrated a great
geographical heterogeneity among different HCV-associated
disorders, as well as with important discrepancies with regards
to their prevalence reported in clinical studies from the same
country; this latter discrepancy may be dependent on specific
specializations and/or variable methodological approaches
(sample sizes, choice of patients and/or control subjects) of
investigators from different referring centers. HCV: Hepatitis C
virus; HCC: Hepatocellular carcinoma.
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Table 1 Hepatitis C virus syndrome: strength of association between hepatitis C virus infection and different diseases
1

Strong association

Chonic hepatitis
Cirrhosis
HCC
Mixed cryoglobulinemia s./
Cryoglobulinemic vasculitis

2

3

4

Significant association

Possible association

Anecdotal association

B-cell NHL
Monoclonal gammopthies
Porphyria cutanea tarda
Glomerulonephritis
Autoimmune thyroiditis
Papillary thyroid cancer
Diabetes m. type 2

Sicca syndrome/SS
Polyarthritis
Pruritus
Osteosclerosis
Fibromyalgia
Peripheral neuropathy
Lung alveolitis
Autoimmune hepatitis
Cardiovascular inv.
Lichen planus

PM/DM
PAN
Behçet’s syndrome
Chronic urticaria
Psorias
Mooren corneal ulcer

1

The HCV is the etiological agent or it is detectable in the majority of patients; 2HCV is detectable in a significant proportion of pts compared to general
population, with heterogeneous geographical distribution, its potential role is supported by pathogenetic studies; 3A role of HCV infection has been
suggested by cohort studies or 4by some anecdotal observations. HCC: Hepatocellular carcinoma; SS: Sjögren’s syndrome; PM/DM: Polymyositis/
dermatomyositis; PAN: Panarteritis nodosa; HCV: Hepatitis C virus.

be abruptly complicated by one of the most severe
[4,28]
complications
.
The symptom complex of HCV syndrome includes
numerous autoimmune diseases and malignant
[11]
neoplasias . The statistical and clinical relevance of
HCV association with different disorders is markedly
variable; in this light, HCV-driven conditions can be
classified in four groups according to the strength
[4,11]
of association
(Table 1): level 1: the HCV is the
etiological agent or it is present in a large percentage
of patients; level 2: HCV is detectable in a statistically
significant number of patients when compared to
the general population, at least in some geographical
areas, often demonstrated by clinical and laboratory
investigations; level 3: a causative role of HCV has
been suggested by some cohort studies or level 4:
by isolated, anecdotal observations without definite
pathogenetic link. The following paragraphs focuses
on the main clinical and laboratory features of extrahepatic manifestations of HCV syndrome.

most common condition, it represents a crossover
between “benign” organ-specific and systemic
autoimmune diseases, from one side, and malignant
[4,11]
neoplastic disorders, from the other side
(Figure 1).
MCs, cryoglobulinemic vasculitis: MCs is commonly
classified among small-vessel systemic vasculitides;
thus, the terms MCs and CV should be referred
to the same clinico-serological and pathological
[4-7,20]
disorder
. The first one underlines the presence
of the serological hallmark, i.e., mixed cryoglobulins,
which characterize the disease, along with the “benign”
B-cell lymphoproliferation, and the classical symptoms,
[4-7,20]
namely purpura, weakness, and arthralgias
; while
the term CV focuses on the pathological hallmark,
i.e., the leucocytoclastic vasculitis, affecting smallmedium sized vessels (Figure 4). Vascular damage
is the consequence of the deposition of circulating
cryo- and non-cryoprecipitable immune-complexes
and complement; they produce both skin and internal
[4-7,20]
organ damage
(Figures 1 and 4; Table 2 with
MCs symptoms). CV represents a crossroads among
immune-mediated disorders and malignancies (Figure
1); it is not rare to observe in a single patient during

Autoimmune diseases

Extrahepatic manifestations of HCV syndrome are
[11]
immune-mediated diseases ; MCs represents the
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A

Mixed cryoglobulinemia syndrome
Cryoglobulinemic vasculitis

After 7 d at + 4 ℃

IgG-lgMk
cryoprecipitate

Normal
serum

B

C

E

D

F

Figure 4 The main serological, clinical, and pathological hallmarks of mixed cryoglobulinemia syndrome, or cryoglobulinemic vasculitis: A: On the right
serum cryoprecipitate (evaluated after 7 d storage at 4 ℃) composed by polyclonal IgG (autoantigen) and monoclonal IgMk (autoantibody) immunecomplexes, compared to normal serum sample; B: Recent onset, palpable purpuric lesions of the lower limbs; C: Sock-like ochraceous hyperpigmentation
of the legs and feet, consequence of repeated episodes of purpura; D: Severe, necrotizing vasculitic skin lesion of the leg; E: Typical histological pattern of
cutaneous leukocytoclastic vasculitis involving the small vessels and characterized by diffuse fibrinoid necrosis and disintegrated neutrophil permeation of
the vessel walls; F: Wide non-healing skin ulcer, often resistant to treatment.
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[4,28,30]

manifestation
. The large majority of patients with
CV show a chronic HCV infection; this association is
particularly frequent in particular geographical areas,
[4]
mainly Southern Europe ; generally in those countries
where the presence of other HCV-associated extra[4,25]
hepatic disorders are rather observed
. Conversely,
other classical systemic vasculitides are significantly
more frequent in other countries of Northern Europe
and Northern America where HCV-associated CV is less
[4,31]
frequently observed
.

Table 2 Clinico-epidemiological and laboratory features of
1
mixed cryoglobulinemia
Epidemiological features
Mean age at disease onset ± SD, yr (range)
Mean disease duration ± SD, yr (range)
Female/male ratio
Clinical features
Purpura
Weakness
Arthralgias
Arthritis (non-erosive)
Raynaud’s phenomenon
Sicca syndrome
Peripheral neuropathy
Renal involvement2
Liver involvement
B cell non-Hodgkin’s lymphoma
Hepatocellular carcinoma
Serological and virological features
Mean cryocrit (SD)
Type Ⅱ/type Ⅲ mixed cryoglobulins
Mean C3 (SD) (nv 60-130 mg/dL)
Mean C4 (SD) (nv 20-55 mg/dL)
Anti-nuclear antibodies
Anti-mitochondrial antibodies
Anti-smooth muscle antibodies
Anti-extractable nuclear antigen antibodies
Anti-HCV antibodies ± HCV RNA
Anti-HBV antibodies
HBsAg

55 ± 12 (29-72)
12 ± 10 (1-40)
3
98
98
91
8
32
51
81
31
73
11
3

Other systemic rheumatic diseases: CV is charac
terized by clinical polymorphism; therefore it is not
rare to observe a clinical overlap between CV and other
rheumatological disorders, mainly Sjögren’s syndrome
[4,28,31-35]
or rheumatoid arthritis
(Table 1, Figure 1).
Chronic arthritis, generally oligoarthritis, can develop
during the natural course of HCV infection; the joint
involvement commonly appears as non-erosive, less
aggressive arthritis. HCV-associated MCs patients may
develop mild oligoarthritis, on the contrary moderatesevere polyarthritis, comparable to classical rheumatoid
arthritis, may be sporadically observed in HCV-infected
[4,31,32]
patients treated with alpha-interferon
. On the
other hand, given the relatively high prevalence of
these conditions, we can observe a pure association of
HCV infection with frank rheumatoid arthritis; the same
association can be occasionally observed with primary
Sjögren’s syndrome. While the possible involvement
of HCV in the pathogenesis of Sjögren’s syndrome is
[4,31-35]
still a controversial topic
. Differential diagnosis
between CV and primary Sjögren’s syndrome may be
very difficult in individual cases such patients with sicca
syndrome, serum mixed cryoglobulins, HCV infection,
and anti-RoSSA/LaSSB antibodies; these latter
[4,31-35]
generally at low serum concentration
. This peculiar
symptom complex that may satisfy classification criteria
of both CV and primary Sjögren’s syndrome seems
to identify a worse clinical variant, more frequently
[31-35]
complicated by malignant lymphoma
. In these
instances, it is preferable to consider these individuals
as having Sjögren’s/MCs overlapping disease that
should be treated according to individual clinical
[31,32]
manifestations
.
The presence in the clinical practice of overlapping
MC/Sjögren’s suggests that HCV may trigger com
plex immunological alterations that, in genetically
predisposed subjects, may cause various clinical
phenotypes mimicking some well-known disorders,
such as rheumatoid arthritis, Sjögren’s syndrome, and
[4,31,32]
dermato-polymyositis
(Figure 3, Table 1).
Actually, the clinical value of other rheumatic
disorders possibly triggered by HCV observed in limited
patients’ series or anecdotal case reports deserve
[4,31,32]
further investigations
(Table 1).

4.4% (12)
2/1
93 (30)
10 (12)
30
9
18
8
92
32
1

1

Data are referred to 100 consecutive, unselected Italian patients with mixed
cryoglobulinemia syndrome (MCs) evaluated at the end of follow-up;
2
Membranoproliferative glomerulonephritis type I. HCC: Hepatocellular
carcinoma; HCV: Hepatitis C virus.

the natural course of the disease the entire spectrum of
symptoms, from mild manifestations to overt vasculitic
syndrome, and finally to most severe complications
[4,28]
such as hepatic/renal failure, and/or cancer
.
Compared to other systemic vasculitides, CV shows
two distinctive symptoms, namely B-cell NHL and
chronic hepatitis. While B-cell NHL affects a minority
of patients (Table 2), generally as late complication,
liver involvement is detectable in almost 3/4 of
[4-7,20]
individuals
. The clinical course of chronic hepatitis
is generally mild to moderate, and often asymptomatic
for long time period; it may be complicated by cirrhosis
[4,28]
and in some cases by hepatocellular carcinoma
.
Renal involvement, usually a type Ⅰ membranopro
liferative glomerulonephritis, represents one of the
[4,28,29]
most severe organ damage of CV
. Moreover,
the rare, diffuse vasculitis is a life-threatening com
plication prognostically similar to classical systemic
[4,28]
vasculitides
. Laboratory investigations are
characterized by largely variable amounts of serum
cryoglobulins and low complement with typically
marked C4 reduction and normal C3; nonetheless,
levels of cryocrit and complement are frequently
[4]
not correlated with the severity/activity of CV .
Typically, B-lymphocyte expansion represents the
substrate of CV, which in a number of patients may be
complicated by overt lymphoma, usually a late disease
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and male gonadal dysfunction can be included among

333

March 27, 2015|Volume 7|Issue 3|

Ferri C et al . HCV syndrome
HCV-driven organ-specific autoimmunity
thyroiditis and type 2 diabetes
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the most frequent endocrine alterations that may
complicate HCV-positive individuals with and without
[4,31,36,37]
MCs
.
The same geographic heterogeneity that chara
cterizes different disorders complicating HCV infection
is reported for the prevalence of serum levels of antithyroid antibodies, which markedly varied from 2% to
[36,38]
48% of individuals in several cohort studies
.
A possible explanation of this heterogeneity may be
related to the variable contribution of environmental
factors and host genetic predisposition among different
patients’ populations, for example the iodine intake or
[11,36,38]
the presence of other infectious factors
.
In addition, hypothyroidism can be found in 2%-9%
of subjects with HCV infection, generally as subclinical
[36]
finding ; while various thyroid disorders and antithyroid antibodies are generally more frequently
detected in hepatitis type C compared to hepatitis B
[36]
or D . In fact, the prevalence of these findings has
been evaluated in a wide patients’ series with type C
hepatitis compared to general population groups from
geographical areas with variable iodine intake and
[36]
subjects with hepatitis type B . Hypothyroidism and
autoimmune thyroiditis were found in patients with
type C hepatitis in a statistically higher percentage
if compared to control subjects; while comparable
percentages of hyperthyroidism were detected.
Comparable findings have been reported in another
study evaluating thyroid alterations in HCV-associated
[36-38]
MCs
.
Overall, thyroid involvement can be considered as
one of possible manifestations of MCs as well as of
[4,31,36-38]
HCV syndrome
.
Thyroid involvement should be periodically evalu
ated in HCV-infected patients to early diagnose
the thyroid dysfunction and the possible malignant
[36]
complications .
Diabetes type 2 can be considered another relevant
endocrine disorder of the HCV syndrome, generally
not correlated with presence/severity of hepatic
[36]
involvement . Preliminary, clinico-epidemiological
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Figure 5 Immune-mediated thyroid involvement
and diabetes type 2 can be observed in a significant
percentage of patients with hepatitis C virus infection.
The figure summarizes the possible etiopathogenetic
mechanisms involved in these two endocrine disorders.
HCV thyroid infection may act by upregulating CXCL10
gene expression and secretion in thyrocytes (and pancreatic
b-cells); CXCL10 may promote the recruitment of Th1
lymphocytes, which secrete interferon-g (IFN-g) and tumor
necrosis factor-α (TNFα). In turn, these cytokines may
induce CXCL10 secretion by thyrocytes (and pancreatic
b-cells), thus perpetuating the immune cascade. The
consequence may be the appearance of thyroid autoimmune
disorders and/or diabetes type 2 in genetically predisposed
subjects. HCV: Hepatitis C virus.

studies reported an increased prevalence of diabetes
type 2 in HCV-infected non-cirrhotic subjects compared
with chronic hepatitis of different origin, a finding not
[36]
confirmed in a subsequent report . Successively, a
case control study evaluated 564 Italian HCV-infected
non-cirrhotic patients compared with 302 control
individuals without history of drug or alcohol addiction,
or positive for viral hepatitis serological markers, and
[36]
82 HBV-infected non-cirrhotic subjects . Diabetes
type 2 was significantly more frequent in HCV-infected
non-cirrhotic patients compared to controls (12.6% vs
4.9% and 7%, respectively; P = 0.008). Of interest,
prevalence of diabetes type 2 in HBV-infected noncirrhotic subjects (7%) resulted within the ageadjusted range of prevalence rates for the Italian
[36]
general population (4%) .
The clinical phenotypes of subjects with hepatitis
and diabetes type 2 were quite different: individuals
with non-cirrhotic HCV-positive diabetes type 2 were
slightly older, with higher levels of triglycerides,
blood pressure, and BMI, but lower concentrations of
[36]
cholesterol HDL .
In addition, HCV-positive, non-cirrhotic subjects
with diabetes type 2 had significantly lower BMI
compared to control subjects with diabetes type
2 alone and significantly higher BMI (P < 0.05)
compared to non-cirrhotic, non-diabetic HCV-infected
subjects. Classical diabetes type 2 is characterized by
the “metabolic syndrome” phenotype, i.e., overweight,
older age, higher arterial pressure, and dyslipidemia.
Conversely, non-cirrhotic, non-diabetic HCV-infec
ted subjects resulted lean and with low levels of
cholesterol LDL. These latter have been correlated with
the hypobetalipoproteinemia induced by the binding
[36]
competition of HCV with hepatocyte LDL receptors .
Patients with HCV chronic infection manifested a
peculiar clinical variant different from the usual form
of diabetes type 2. The classification of HCV-positive
patients as diabetes type 2 is quite traditional; with
the new pathogenetic information the boundaries
between diabetes type 1, latent autoimmune diabetes,
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and diabetes type 2 are progressively weakening. In
patients with HCV-associated MCs complicated by
diabetes, an immune-mediated mechanism has been
postulated for the endocrine disorder; a comparable
autoimmune pathogenesis might be suggested also
for diabetes observed in HCV-infected patients without
MCs. This supposition is reinforced by the increasing
observation of autoimmune alterations in patients
[36,39-47]
with diabetes type 2
. HCV-related MCs patients
[48]
showed abnormal serum levels of sex hormones .
Interestingly, erectile dysfunction was anecdotally
observed in subjects with type C during antiviral
[49]
treatment with interferon-alpha . The putative
relationship between HCV infection and gonadal
dysfunction has been evaluated in 207 HCV-infected
males (102 with MCs) in comparison with 207 ageand sex-matched individuals, selected randomly from
2010 subjects of Italian general population previously
[50]
evaluated for the presence of erectile dysfunction .
The study adopted some important exclusion criteria,
namely patients’ age over 55 years, recent treatment
with interferon-alpha, presence of cardio-vascular and
psychiatric disorders, diabetes, hypothyroidism, and
renal failure.
HCV-positive patients showed a higher prevalence
of erectile dysfunction compared to controls (P <
0.001). In addition, abnormally low testosterone
plasma levels were detected in HCV-infected indivi
duals with complicating erectile dysfunction. Of
interest, erectile dysfunction as well as low serum
testosterone was independent of the severity of
hepatic damage. The alterations of sex hormones
along with the frequent peripheral neuropathy might
[4,31,32]
explain the erectile dysfunction
.
The above-mentioned findings are in keeping
with the hypothesis of a possible role of patient’s
hormonal status in immune mediated conditions
triggered by HCV infection; we could hypothesize
that low androgen levels may reduce endogenous
depressive activity and consequently may amplify the
proliferation of autoreactive B-lymphocytes triggered
[4,31,32]
by HCV infection
. With regards the pathogenetic
mechanisms responsible for HCV-related thyroid
disorders, possibly HCV infection of thyrocytes may
act by upregulating gene expression and secretion of
CXCL10 (as previously shown in human hepatocytes)
by recruiting Th1 lymphocytes, which secrete IFNg
[40,41]
and tumor necrosis factor alpha (TNF-a)
.
In turn, these cytokines may induce the secretion of
CXCL10 by thyrocytes, with consequent perpetuation
[36]
of the immune cascade (Figure 5).
The consequence may be the appearance of
thyroid autoimmune diseases in subjects genetically
predisposed. This pathogenetic hypothesis has
been confirmed by a recent study that evaluated
the serum levels of CXCL10 in patients with HCVpositive MCs, with and without autoimmune thyroid
[36,42]
involvement
, and also studying the association of
[43-45]
thyroiditis with other autoimmune disorders
.
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Chronic immune-mediated inflammatory thyroid
lesions may be responsible for the papillary thyroid
cancer found in a significant number of HCV-infected
[23,24,46]
individuals compared to controls
.
Analogous pathogenetic mechanisms can be
involved as consequence of HCV infection of pancreatic
b-cells responsible for the up-regulation of CXCL10 gene
[36]
expression and secretion
(Figure 5). The recruited
Th1 lymphocytes, which secrete IFNg and TNFa, amplify
the secretion of CXCL10 by B-lymphocytes. The final
result is the appearance of B-cell dysfunction, with the
probable contribution of genetic predisposition. Both
thyroid function abnormalities and diabetes type 2
should be considered among the manifestations of HCV
[4,31,32,36]
syndrome
.
It is opportune to evaluate these patients at
regular intervals for the above endocrine disorders in
order to identify subjects needing treatment and to
[47]
early diagnose possible thyroid malignancies .
Porphyria cutanea tarda: Porphyria cutanea tarda
(PCT) constitutes the most common clinical variant
of porphyria; the disease is characterized by low
activity of uroporphyrinogen decarboxylase (URO-D),
[51-55]
the enzyme involved in the heme synthesis
. The
URO-D deficiency is necessary but not sufficient for
the clinical development of PCT, therefore possible
pathogenetic co-factors have been proposed, including
hepatotropic virus infection; this hypothesis was also
suggested by the frequent chronic liver involvement
in patients with PCT. Thus, the possible role of HCV
has been investigated worldwide; numerous reports
showed a broad range of prevalence of HCV infection
[51-55]
in patients with PCT
. The HCV-associated PCT is
particularly intriguing with regards the pathogenetic
[52]
implications . A direct role of HCV can be excluded
considering the absence of alteration in porphyrine
[53]
metabolism in HCV-positive patients without PCT ;
while it is supposable that a cross-reactivity between
host and HCV antigens and/or metabolic factors such
[52]
as altered genes connected with iron metabolism
may contribute to a genetically-driven reactivity that
may be relevant in individuals with PCT.
Renal involvement: Renal involvement represents
a frequent complication of HCV-related MCs, which
may seriously affect the overall outcome of these
[4,28,29,31,32]
patients
. Glomerulonephritis is the result
of immune complex glomerular deposition, mainly
cryoglobulins. The actual pathogenetic relevance
of HCV in the etiopathogenesis of glomerulonephritis
remains not completely established; the detection of viral
sequences in immune-complexes suggested an indirect
[4,28,29,31,32]
role of HCV in the glomerular inflammation
.
Moreover, a role of HCV has been suggested for
tubulo-interstitial and glomerular renal damage in
[56,57]
both transplanted and native kidney
. HCV-related
glomerular injury may include different pathological
patterns: mainly membranoproliferative glomeru
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lonephritis (MPGN) in the presence/absence of
cryoglobulinemia, while membranous nephropathy,
rapidly progressive GN, immunotactoid and fibrillary
GN, exudative-proliferative GN were less frequently
[4,29]
observed
. Classical cryoglobulinemic type I MPGN
is found in a significant proportion of HCV-associated
MCs, while “primary” or clinically isolated MPGN is
detected in less than one third of HCV-associated
[56]
MPGN . The latter variant has been observed mainly
[29,56,58]
in Japan and United States
. Nevertheless,
the actual prevalence of MPGN in HCV-positive
patients without serum cryoglobulinemia is difficult
to evaluate; possibly this condition may constitute
a mild or subclinical variant of MCs, probably due
to methodological difficulties in detecting circulating
[4]
cryoglobulins . It is not rare that MPGN is one of
presenting symptoms of HCV-associated MCs, while
the overt syndrome can appear as late manifestation of
[4,28]
HCV infection
. Therefore, HCV-positive patients with
apparently isolated GN should undergo to careful clinicoserological assessment in order to exclude possible
hepatic and extrahepatic disorders, especially the MCs.

to the variable cooperation of different causative
agents, including HCV; therefore, this virus might be
responsible for a distinct subset of AIH in infected
individuals from specific geographical areas.

Neoplastic disorders

Following the discovery of HCV the oncogenic role
of this virus has been established by several clinicoepidemiological and laboratory studies; besides
hepatocellular carcinoma, HCV chronic infection may
represent the trigger factor of papillary thyroid cancer
and B-cell NHL.
Hepatocellular carcinoma: Hepatocellular carcinoma
(HCC) is a primary hepatic cancer and occurs
commonly as late complication of chronic hepatitis
[21,22]
and cirrhosis
. Over the past two decades, the
incidence of this malignancy is steeply increasing,
[21,22]
analogously to the HCV prevalence worldwide
.
In HCV-infected individuals HCC represents the most
[21,22]
frequent malignancy
. The development and
progression of HCC is a multistep process; a chronic
insult, i.e., HCV, HBV, and alcohol, induces liver injury
through oxygen species production, cellular DNA
damage, endoplasmic reticulum stress, and necrosis
of damaged hepatocytes. In this context, chronic
inflammation and oxidative DNA damage favor the
accumulation of mutations and epigenetic aberrations
in hepatocytes or liver stem cells, which in turn may
foster the development of dysplastic nodules and
[21,22]
their malignant transformation to overt HCC
.
This harmful complication can appear in the context
of isolated type C hepatitis, as well as in patients with
[4,21,22]
extrahepatic HCV-related manifestations
; even
if the prevalence of HCC seems to be lower in HCVassociated MCs compared to the entire population of
[4,28]
HCV-infected patients
. This intriguing topic needs
to be confirmed by wider clinico-epidemiological
investigations. Tentatively, it is possible that in patients
with HCV-related extrahepatic diseases the rather
frequent involvement of particular HCV genotypes such
[4,26]
as the 2a/2b
and/or genetic background, as well
as a different clinical course of the disease, including
specific treatments such as immunomodulating drugs,
may counteract the risk for developing this tumor.

Miscellanea: Miscellanea of immune-mediated
disorders may complicate HCV infection (Table 1);
the association of lichen planus, in particular oral
lesions, with HCV has been reported with a variable
[59,60]
geographic prevalence
. Moreover, a wide number
of mucocutaneous manifestations, generally as acute
episode or chronic manifestation of well-known
cutaneous diseases, are observed with variable
prevalence in HCV-infected patients, often as limited
[4,59,60]
series or anecdotal case reports
(Table 1).
These symptoms may be the expressions of immunemediated skin damage, triggered by viral proteins and
[4]
possibly amplified by interferon-alpha treatment .
Peripheral nerve involvement is a frequent HCVrelated manifestation, more often in patients with
[4,61]
CV
; while involvement of central nervous system
(CNS) is rarely observed. Vascular symptoms that may
involve CNS may represent late manifestations of HCV
syndrome, generally as comorbidities in subjects with
particularly severe extra-hepatic symptoms treated
with long-term corticosteroids. HCV-infected individuals
may develop cardiovascular complications, which are
[4,62,63]
not constantly confirmed by different studies
.
Another controversial feature of HCV syndrome is
the putative role of this virus in autoimmune hepa
[4,31,32,64,65]
titis
. Circulating mixed cryoglobulins and
some extrahepatic manifestations such as sicca
syndrome, arthritis, and thyroiditis, can be observed in
patients with autoimmune hepatitis; vice versa, HCVinfected patients may show serum non organ-specific
[11,65]
autoantibodies
. Often, antigenic specificity of
autoantibodies detectable in HCV-positive individuals
presents only titer differences when compared to those
[4,11]
found in “primary” autoimmune hepatitis
. Possibly,
the heterogeneity of geographical distribution of HCV[25]
associated autoimmune hepatitis
can be correlated
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Papillary thyroid cancer: Papillary thyroid cancer
represents a rare neoplasia that may be associated
[23,24]
to chronic HCV infection
. A significantly increased
prevalence of thyroid cancer in type C hepatitis as
well as in HCV-related MCs compared with controls
[23,46]
was first noticed in 1999
; it was subsequently
confirmed by a case control study reporting an
increased prevalence of HCV infection in individuals
[24]
with papillary thyroid cancer undergoing surgery . In
addition, high prevalence of papillary thyroid cancer in
subjects with a past history of blood transfusions and/
or liver disease seems to indirectly support the role of
[36]
HCV in this malignancy . However, a review of the
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literature shows discordant results, possibly owing to
[36,66]
important epidemiological and methodological bias
.
A recent study on large cohort of HCV-positive patients
seem to confirm the increased prevalence of papillary
thyroid cancer by excluding some possible biases such
[36]
as iodine intake, gender and/or patients’ age . In our
studies, thyroid autoimmune alterations were more
commonly found in patients developing thyroid papillary
cancer irrespective of whether they had type C hepatitis
[23,24,46]
alone or HCV-related MCs
. This observation
suggests that immune-mediated thyroid alterations per
se may be a predisposing condition for this malignancy.
Although a possible causative role of HCV infection
in papillary thyroid cancer is suggested by the above
clinico-epidemiological studies, this association needs to
be verified by further investigations.

B-CLL and LPL/Ic have been classified as “early
[4,120]
lymphomas”
. However, different from overt
malignant lymphomas, they usually remain stable
for a long time and are followed by frank lymphatic
[4,120]
malignancy in about 10% of individuals
.
According to the above clinico-pathological features
the term “monotypic lymphoproliferative disorder
of undetermined significance (MLDUS)” has been
[4,120]
proposed
. Interestingly, MLDUS observed in
HCV-positive type II MC shows a significantly high
incidence in those countries also characterized by
frequent association between “idiopathic” B-NHL and
HCV infection, as well as by rather high prevalence of
[4,120]
genotype 2a/2c
.
With regard to primary B-NHL a number of epidemio
logical studies (Table 3) confirmed the association of
these malignancies with HCV in a significant proportion
of patients; HCV-associated B-NHL showed the same
geographical heterogeneity observed for other HCV[69-119]
related extrahepatic disorders
. This epidemiological
feature may reflect the multifactorial etiopathogenesis,
including both genetic background and environmental
cofactors, of this heterogeneous group of lymphatic
[12-15]
malignancies
. Moreover, some discordant data
among studies from the same country might be the
consequence of recruitment bias (choice of patients
and/or control subjects, sample sizes) at different
referring centers as aforementioned (Figure 3). Whether
an increased risk for all B-cell NHL is associated with
HCV infection or only particular subtypes remains still
[98]
open question . Apart from the above epidemiological
aspects, HCV can be included among other well known
lymphotropic viruses, namely human T lymphotropic
virus type I, Epstein Barr virus, human herpesvirus 8,
and human immunodeficiency virus, responsible for a
[121]
significant proportion of B-cell NHL . Of interest, some
meta-analysis studies of epidemiological investigations
confirmed the strongly positive association between
[90,98,122,123]
HCV infection and increased risk of B-NHL
.
Finally, in HCV-infected patients with splenic marginal
zone or indolent B-cell NHL, combined treatment with
interferon-alpha and ribavirin may lead to HCV clearance
[124-126]
and concomitant regression of lymphomas
. These
observations clearly presuppose that the virus is the
causative agent in at least some NHL subsets by directly
driving the B-cell lymphoproliferation.

B-cell NHL: Over the last two decades a putative
role of HCV in B-lymphocyte lymphomagenesis has
been progressively investigated considering the
following observations: the lymphotropism of HCV
was definitely demonstrated in individuals chronically
[9,10]
infected, including those with HCV-related MCs
;
in the same time, HCV revealed as the major
etiological factor of MCs, a “benign” autoimmunelymphoproliferative diseases that may be complicated
[4,6,7,28,30,67,68]
by frank B-cell lymphomas
. Thus, the
logical supposition was that the same virus might be
also involved in the etiopathogenesis of ‘idiopathic’
B-cell NHL. In 1994, unexpected high rate of HCV
ongoing infection in Italian series of patients with
[69]
‘idiopathic’ B-NHL was first reported . Since this
initial report numerous clinico-epidemiological and
laboratory studies on different patients populations
and in animal models, plainly established the causative
role of this virus in a significantly higher percentage
[69-103]
of patients with B-NHL compared to controls
.
Once more, this association showed a geographical
heterogeneity similarly to that observed for other
HCV-associated diseases, especially the MCs; in fact,
the association between HCV and B-cell lymphomas
was not confirmed by other epidemiological
[104-119]
studies
. This particular virus-related malignant
lymphoproliferation may presents two major clinical
variants: B-NHL as neoplastic manifestation of HCVpositive MCs, more often as late disease manifestation,
or B-NHL complicating HCV infection without relevant
[4,6,7,31,67,68]
extrahepatic manifestations
. The B-NHL of
cryoglobulinemic patients can vary from extranodal,
nodal or splenic marginal-zone lymphoma to diffuse
large B-NHL or, less frequently, lymphoplasmacytic
lymphoma/immunocytoma (LPL/Ic) and B-cell chronic
[4,120]
lymphocytic leukemia (B-CLL)
. Lymphomas
may be correlated to the expansion of peripheral
B-lymphocytes and to lymphoid cell infiltrates frequ
ently detectable in bone marrow and liver of patients
[4,120]
with MCs
. These infiltrates containing lymphoid
elements closely comparable to those characterizing
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TREATMENT OF HCV SYNDROME
Considering the complexity of HCV syndrome because
of its variable composition of clinical symptoms
with specific pathogenetic, clinical, and prognostic
characteristics, it is impossible to draw comprehensive
therapeutical guidelines. In clinical practice, it can be
useful to look at the therapeutical strategy developed
for patients with MCs, which takes into account the
[4,28,31,32]
different clinical variants of HCV syndrome
.
This strategy is essentially based on three main levels
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Table 3 Association between hepatitis C virus infection and B-cell non-Hodgkin’s lymphoma: Epidemiological studies
1

Significant association
Country

Ref.
[69]

Ferri et al
Luppi et al[70]
Mazzaro et al[71]
Musolino et al[72]
Silvestri et al[73]
De Rosa et al[74]
Zuckerman et al[75]
Catassi et al[76]
Kashyap et al[77]
Luppi et al[78]
Cucuianu et al[79]
Vallisa et al[80]
Paydas et al[81]
Harakati et al[82]
Mizorogi et al[83]
Zucca et al[84]
3
Pioltelli et al[85]
Sanchez Ruiz et al[86]
Chindamo et al[87]
De Renzo et al[88]
Imai et al[89]
Gisbert et al[90]
Mele et al[91]
Yenice et al[92]
Iwata et al[93]
Gisbert et al[94]
Talamini et al[95]
Cowgill et al[96]
Engels et al[97]
de Sanjose et al[98]
Spinelli et al[99]
Chuang et al[100]
Libra et al[101]
Kang et al[102]
Nosotti et al[103]
Range

Italy
Italy
Italy
Italy
Italy
Italy
Mexico and United States
Italy
United States
Italy
Romania
Italy
Turkey
Saudi Arabia
Japan
Switzerland
Italy
Spain
Brazil
Italy
Japan
Spain
Italy
Turkey
Japan
Spain
Italy
Egypt
United States
Spain
Canada
Taiwan
Italy
South Korea
Italy

1

Prevalence

2

Ref.

34% (17/50)
42% (29/69)
28% (56/199)
20.8% (5/24)
8.9% (42/470)
22.4 (59/263)
22% (26/120)
11.2% (16/143)
11.5% (36/312)
22.3% (35/157)
29.5% (20/68)
37.1% (65/175)
11.4% (26/228)
21.4% (12/56)
17% (17/100)
9.4% (17/180)
16% (48/300)
11.7% (9/77)
8.2% (9/109)
17.3% (39/227)
13.4% (21/156)
7% (7/99)
17.5% (70/400)
7.1% (6/84)
11% (16/145)
5.8% (5/86)
19.6% (44/225)
42% (95/227)
3.9% (32/813)
3.9% (172/4784)
2.4% (19/795)
11% (31/346)
19.7% (539/2736)
2.8% (76/3932)
9.2% (19/207)
2.4%-42%

[104]

No association
Country

Brind et al
United Kingdom
Hanley et al[105]
United Kingdom
McColl et al[106]
Scotland
Thalen et al[107]
The Netherlands
Ellenrieder et al[108]
Germany
Timoraglu et al[109]
Turkey
Collier et al[110]
Canada
Shariff et al[111]
Canada
Udomsakdi-Auewarakul et al[112]
Thailand
Hausfater et al[113]
France
Isikdogan et al[114]
Turkey
Giannoulis et al[115]
Greece
Sonmez et al[116]
Turkey
Okan et al[117]
Turkey
Park et al[118]
South Korea
Varma et al[119]
India

Prevalence

2

0% (0/63)
0% (0/72)
0% (0/110)
0% (0/115)
4.3% (3/69)
0% (0/48)
0% (0/101)
2.3% (2/88)
2.3% (3/130)
1.83% (3/164)
0% (0/119)
1.9% (2/108)
2.8% (3/109)
3.1% (8/258)
2.1% (5/235)
1.75% (1/57)

0%-4.3%

1

Compared to controls; 2HCV-RNA and/or anti-HCV; 3The prevalence of HCV infection in B-NHL was statistically significant compared to controls, but
not confirmed by odds ratio method to estimate the relative risk. HCV: Hepatitis C virus.

The preemptive use of the novel direct antiviral drugs
in HCV-infected individuals even in the absence of
relevant clinical manifestations is a very critical issue,
considering the necessary cost-benefit analysis.
On the other hand, clinico-biological parameters
predictive of possible recovery of immune-system
alterations after HCV eradication are still lacking.
Combined pathogenetic and symptomatic therapies
may be able to improve a single clinical manifestation
of HCV syndrome; the clinical usefulness of these
treatments has been largely reported in cryoglo
bulinemic patients, particularly for patients treated with
[130,132-134]
anti-CD20 monoclonal antibody therapy
. In
all cases, etiological, pathogenetic, and symptomatic
treatments, in sequence or in combination, should
be tailored on the single patient after a careful
[4,31,131-134]
clinical evaluation
. Finally, long-term clinical
monitoring of HCV-infected patients, including
those with mild or asymptomatic clinical variants, is
mandatory for a timely diagnosis and treatment of the

of intervention (Figure 1): the etiological treatment by
means of antiviral drugs directed at HCV eradication,
the pathogenetic therapies with immunomodulatingantineoplastic drugs, and the pathogenetic/symp
tomatic therapies such as corticosteroids and plasma
[4,28,31,32]
pheresis
. These three different therapeutic lines
are not mutually exclusive; they are usefully employed
in HCV-positive MCs, considering the composition
and severity of clinical features observed in the single
[4,28,31,32]
patient
(Figure 1). The etiological treatment,
alone or in combination with immunosuppressors, may
[31,127-134]
lead to HCV eradication and MCs remission
;
as above mentioned the beneficial effect of HCV
eradication is also observed in patients with B-cell NHL,
[124-126]
as isolated condition or complicating the MCs
.
In theory, antivirals should be regarded as the gold
standard treatment in patients with overt HCVassociated clinical symptoms, considering the whole
individual patient condition and the potential side
[4,127-131]
effects or contraindications to these therapies
.
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most severe complications.

CONCLUSION

3

The hepato- and lymphotropism are the distinctive
biological features of HCV responsible for a wide
symptom complex including both hepatic and systemic
autoimmune and neoplastic diseases. The strength
of association largely varies among potentially HCVdriven disorders, a well as for a specific disease among
patients’ series from different countries. Besides liver
involvement, HCV represents the etiological agent of
the majority patients with MCs, and may be implicated
in a significant proportion of other autoimmune
disorders and B-NHL.
A putative HCV-associated disease per se may
constitute a clinical syndrome, characterized by a
spectrum of clinico-serological variants; these latter
can be regarded as the resulting phenotypes of a
multifactorial and multistep process secondary to
a variable combination of genetic, environmental,
and infectious factors. In this context, HCV can
be considered as one of possible causative agents
producing distinct autoimmune or neoplastic disease
subsets. Considering the frequent clinical overlap and
the presence of multiple serum autoantibodies, it is
frequent very difficult to make the differential diagnosis
among “idiopathic” and HCV-associate autoimmune
disorders.
The HCV syndrome is a multifaceted condition that
encompasses the complex of HCV-related disorders.
The syndrome may be considered as a continuum;
this hypothesis is frequently suggested by the clinical
history of individual patients that may develop most of
HCV-driven immunological/neoplastic disorders over
their clinical follow-up.
Future investigations should better define the
boundaries of HCV syndrome, along with the actual
etiopathogenetic role of this virus in different disorders
and the involved, often unknown, co-factors, the
effects of HCV eradication, and the correct therapeutic
strategies for different HCV-related clinical symptoms.
Finally, considering the ongoing variations of the
epidemiology of HCV infection and other possible
co-factors, as well as the effects of the gradual
improvement of therapeutical armamentarium, it is
supposable that the spectrum of HCV syndrome, i.e.,
prevalence, clinical characteristics, and prognosis of
different symptoms, might change over the time. The
timely description of this evolving framework should be
another intriguing issue of clinical investigations in the
next future.
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REVIEW

Risk of hepatitis B virus reactivation in rheumatoid
arthritis patients undergoing biologic treatment: Extending
perspective from old to newer drugs
Francesca De Nard, Monica Todoerti, Vittorio Grosso, Sara Monti, Silvia Breda, Silvia Rossi,
Carlomaurizio Montecucco, Roberto Caporali
focused on prevention and management strategies
of viral reactivation under tumor necrosis factor-α
inhibitors or chimeric monoclonal antibody rituximab. In
recent years, growing data concerning HBV reactivation
in RA patients treated with newer biological drugs like
tocilizumab and abatacept have cumulated. In this
review, epidemiology, pathogenesis and natural history
of HBV infection have been revised first, mainly focusing
on the role that specific therapeutic targets of current
biotechnological drugs play in HBV pathobiology; finally
we have summarized current evidences from scientific
literature, including either observational studies and
case reports as well, concerning HBV reactivation under
different classes of biological drugs in RA patients.
Taking all these evidences into account, some practical
guidelines for screening, vaccination, prophylaxis and
treatment of HBV reactivation have been proposed.
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Core tip: Hepatitis B virus (HBV) infection represents a
major issue in patients with rheumatoid arthritis (RA)
undergoing biological disease-modifying anti-rheumatic
drugs (bDMARDs). While several observational studies
and trials deal with the risk of HBV reactivation under
anti-TNF agents, there is limited experience with newer
drugs as tocilizumab (TCZ) and abatacept (ABA).
In this paper, literature concerning the risk of HBV
reactivation in RA patients undergoing different classes
of bDMARDs, including ABA and TCZ, has been revised.
Finally, some evidence-based practical suggestions for
the management of this condition are proposed.

Abstract
Hepatitis B virus (HBV) reactivation in rheumatoid
arthritis (RA) patients undergoing biological therapy is
not infrequent. This condition can occur in patients with
chronic hepatitis B as well as in patients with resolved
HBV infection. Current recommendations are mainly
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might be considered in case of contraindications for
[12]
csDMARDs . Biologic therapy is more effective than
csDMARDs in achieving clinical response (measured
by validated composite indexes) and in preventing
radiographic damage as well. For instance, randomised
controlled trials on TNFI show a remission rate of 50%
vs 28% with ETN + methotrexate over methotrexate
[13]
alone respectively ; similarly, ADA + methotrexate
resulted in a remission rate of 34%, against 17% for
[14]
methotrexate alone . Furthermore, most evidences
support the superiority of bDMARDs over csDMARDs
in preventing structural and functional deterioration,
[14-17]
even for long-term periods
. Compared to TNFI,
newer bDMARDs, like TCZ and ABA, showed similar
efficacy profiles, even if slight differences have been
[18,19]
reported in specific contexts
. Despite their
recognised therapeutic effects in most treated patients,
biologic therapy with TNFI might result inadequate
in approximately 30% of cases, thus carrying on the
[20]
risk of further joint damage . After TNFI failure, no
particular bDMARD seems to be better than the others
[18-21]
as second line choice
.
All these drugs carry a potential for serious infective
complications, especially involving the reactivation
of latent infections with intracellular pathogens. This
is particularly the case for latent tuberculosis, or
latent infection with viruses such as Herpes Simplex
Virus, hepatitis C and hepatitis B virus (HBV). The
prevalence of HBV infection in patients affected by
rheumatic diseases is similar to the one of the general
population. In the last decade, increasing attention
has been paid to the possibility of HBV reactivation
in RA patients undergoing treatment with bDMARDs.
Growing evidences, coming first from oncology, then
from gastroenterology and rheumatology fields,
suggest that HBV reactivation can occur not only in
hepatitis B surface antigen (HBsAg) carriers, but also
in HBsAg negative individuals presenting liver HBVDNA with detectable or undetectable serum HBV-DNA
[occult HBV infection (OBI)], during or eventually after
immunosuppression. Among the available bDMARDs
approved for RA, the risk of HBV reactivation under
TNFI has been well-described in several observational
studies. Moreover, the evidences about the wellestablished risk of HBV reactivation in hematological
patients treated with RTX, have been replicated in
several reports on RA patients. In contrast, for this
topic, observational data for newer bDMARDs with
different targets like ABA and TCZ are still lacking,
with only a few reports published. Consequently the
existing practical guidelines for the prevention and
management of viral reactivation are mostly targeted
to the “older” rather than to the newer bDMARDs.
In this paper, literature concerning the risk of HBV
reactivation in RA patients undergoing different classes
of the most commonly prescribed bDMARDs has
been revised. Finally, some evidence-based practical
suggestions for the prevention and the treatment of
this condition are proposed.

INTRODUCTION
Over the last decade, the introduction of biologic drugs
for the treatment of rheumatoid arthritis (RA) led to
significant improvements in clinical and radiographic
disease outcomes. From available scientific evidences,
low disease activity or even clinical remission
resulted more frequently achievable with biologic and
conventional synthetic disease-modifying antirheumatic
drugs in combination (bDMARDs and csDMARDs,
respectively) rather than with therapeutic regimens
[1]
including csDMARDs only . According to the current
[2-6]
recommendations for RA management , bDMARDs
may be initiated in patients who have failed to respond
to at least one csDMARD, including methotrexate (if
not contraindicated). Table 1 summarizes the principal
bDMARDs currently licensed for RA treatment. The
first generation of biological drugs targeting specific
effector molecules in RA pathogenesis is represented
by tumor necrosis factor alpha (TNF-α) inhibitors
(TNFI). Five agents of such class of bDMARDs are
currently approved for RA: three monoclonal antibodies
[infliximab (IFX), adalimumab (ADA), and golimumab
(GOL)], one modified antibody Fab fragment
[certolizumab pegol (CZP)] and one soluble receptor
[etanercept (ETN)]. Moreover, B-cell targeted therapy
with rituximab (RTX), a chimeric monoclonal antibody
against CD20, a B-lymphocyte antigen that specifically
depletes mature B-cells, is another well-established
therapeutic option for RA treatment. Recently other
therapeutic agents targeting molecules involved in
RA pathogenesis have been approved: tocilizumab
(TCZ), a humanized monoclonal antibody against
interleukin 6 (IL-6) receptor which selectively blocks
IL-6 biological effects, and abatacept (ABA), a soluble
CTLA4-Fc fusion protein, that, by mimicking the
cytotoxic T-lymphocyte antigen 4 (CTLA4), a negative
regulator of T-cell costimulation, mainly prevents
the activation of the T-cell compartment. Either antiTNF, anti-IL-6 or costimulation blockade agents can
be prescribed as first-line biologic therapies, while
RTX is usually indicated as a second-line treatment
option, that means for patients who failed and/or are
intolerant to a first bDMARD, even if under certain
circumstances, it can be considered as a first-line
[4]
drug . The combination therapy of a biologic agent
with methotrexate (or another equivalent csDMARD
[7,8]
such as leflunomide ) is generally more effective
[9]
[10]
than monotherapy, as shown for TNFI , RTX
[11]
and TCZ . Nevertheless, bDMARD monotherapy
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Table 1 Four classes of immunotherapies licensed to treat rheumatoid arthritis
Class

Mode of
action

TNF
TNF-α
inhibitors neutralization

B-cell
depletion

B-cell lysis

T-cell
T-cell
inhibition costimulation
blockade

IL-6
IL-6 receptor
inhibition
blockade

Drug

Mechanism of action

Route of
administration

Therapeutic regimen

Half-life

Major approved
indications (FDA)

SC

40 mg every 2 wk

13 d

SC

50 mg every 4 wk

13 d

RA, JIA, PsA, AS,
CD, UC, PP, non
radiographic axial
SpA
RA, PsA, AS, UC

SC

200 mg every 2 wk or 400 mg
monthly

14 d

RA, CD, PsA, AS,
non-radiographic
axial SpA

SC

50 mg weekly or 25 mg twice a
week

3-6 d

RA, PsA, AS,
poliarticular JIA, PP

IV

3 mg/kg (up to 7.5 mg/kg if
not effective) every 8 wk after
loading at 0, 2 and 6 wk

9d

RA, PsA, AS, CD,
pediatric CD, UC,
pediatric UC, PP

Adalimumab
Binding to TNF
(fully human
monoclonal IgG1
antibody)
Golimumab
Binding to soluble and
(fully human
membrane bound TNF
monoclonal IgG1
antibody)
Certolizumab
Binding to TNF
(pegilated
FabI fragment
of a human
monoclonal
antibody)
Etanercept (p75
Works as a decoy
TNF receptor receptor. It binds to
IgG1 Fc fusion
soluble TNF, blocking
protein
the binding to its
receptor
Infliximab
Binding to soluble and
(chimeric
membrane bound TNF
mouse-human
monoclonal IgG1
antibody)
Rituximab
Binding to CD20 and
(chimeric
depletion
mouse-human
of CD20+ B cells
monoclonal
IgG1 antibody)

Abatacept
(extracellular
domain of
CTLA4-IgG1
Fc recumbinant
human fusion
protein)

Binding to CD80/
CD86,
blocking T-cell costimulation

Tocilizumab
Binding to soluble and
(humanized
membrane
monoclonal IgG1 bound IL-6 receptor
antibody)

IV

IV

SC

IV

Two infusions of 1000 mg 2 wk
18 d
apart. This can be repeated
(range 5-76)
every 6 mo if symptoms return.
Infusions are
preceded by IV
methylprednisolone to reduce
the incidence of infusion
reactions
500-750-1000 mg infusions (for
13 d
body weight < 60, between
(range 8-25)
60 and 100 or > 100 kg) every
4 wk following three loading
infusions at 0, 2 and 4 wk
125 mg weekly

8 mg/kg every 4 wk

10-13 d

BNHL, CLL, RA,
GPA, MPA

RA, poliarticular JIA

RA, poliarticular
JIA, sistemic JIA

FDA: Food and Drug Administration; CTLA-4: Cytotoxic T-lymphocyte associated-antigen 4; IL-6: Interleukin 6; IV: Intraveneous injection; PEG:
Polyethylene glycol; SC: Subcutaneous; TNF: Tumour necrosis factor; JIA: Juvenile Idiopathic Arthritis; PsA: Psoriatic arthritis; AS: Ankylosing spondylitis;
SpA: Spondiloarthritis; CD: Chron’s disease; UC: Ulcerative colitis; PP: Plaque psoriasis; BNHL: B-cell non-Hodgkin lymphoma; CLL: Chronic lymphocytic
leukemia; GPA: Granulomatosis with polyangiitis (Wegener’s disease); MPA: Microscopic polyangiitis.

described as follows: 88% of global population lives
+
in areas of intermediate (HBsAg prevalence 2%-7%)
or high endemicity (> 7%) corresponding to African
and East-Asian territories where most infections occur
from vertical transmission; whereas the remaining
+
12% lives in low endemicity areas (HBsAg prevalence
< 2%), roughly corresponding to North Europe
and United States, where HBV infection usually
[23]
primarily occurs in adulthood . In western countries
the incidence of HBV infection has been furtherly
diminished by widespread vaccination programs since
[24]
the 1980s . HBV is a partially double-stranded DNA

HBV: EPIDEMIOLOGY AND NATURAL
HISTORY
Chronic infection with HBV is still a significant global
health problem: about 2 billion people worldwide
have been infected with HBV and approximately
5% of the world population is affected with chronic
HBV infection, which is the leading cause of HBVrelated complications such as chronic hepatitis, HBVrelated cirrhosis, and hepatocellular carcinoma (HCC),
[22]
accounting for 500000 to 700000 deaths per year .
The geographic distribution of HBV infection can be
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Table 2 Nomenclatures and definitions used in hepatitis B virus infection
Markers
HBsAg
HBeAg
Anti-HBe
Anti-HBs
Anti-HBc
ALT
Serum HBV-DNA
Liver injury
Necroinflammation

Chronic inactive carrier

HBeAg positive CHB

HBeAg negative CHB

“Resolved hepatitis B”

+
+
+
+
Undetectable/< 2000 IU/mL

+
+
+/+/Persistent/intermittent ↑
(> 20000 IU/mL)
Moderate/severe CHB
Yes (> 90%)

+
+/+/+
+
Persistent/intermittent ↑
(> 2000 UI/mL)
Minimal to severe CHB
No (> 90%)

+/+/+/Detectable or undetectable

+/No (> 90%)

No

CHB: Chronic hepatitis B; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; anti-HBe: Antibodies to hepatitis B e antigen; anti-HBs:
Antibodies to hepatitis B surface antigen; anti-HBc: Antibodies to hepatitis B core antigen; ALT: Alanine aminotransferase.

Generally in these patients only anti-hepatitis B core
antigen (anti-HBc) antibodies are detectable, because
protective anti-HBs antibodies can be lost in time. The
concept of occult HBV infection (OBI, defined with
detectable liver HBV-DNA with serum undetectable
or < 200 IU/mL HBV-DNA in HBsAg individuals) has
been recently introduced to describe the underlying
risk of HBV reactivation under immunosuppressive
[29-31]
therapy
. In this phase the risk of development
of cirrhosis is minimal, whereas the risk of HCC is
[32]
reduced but still significant . Definitions of HBV
status in virological, biochemical and serological terms
are summarized in Table 2.

virus transmitted by percutaneous or permucosal
exposure to infected body fluids and perinatally from
mother to infant. The virus genome is able to convert
into a covalently closed circular form (cccDNA) that
can persist lifelong into the nuclei of infected cells,
leading to the likelihood of viral reactivation during or
[25]
after immunosuppression .
Natural history of HBV infection is a dynamic
[26]
process and runs throughout 4 distinct phases .
The immune tolerant phase is characterized
by positive serum hepatitis B e antigen (HBeAg),
5
serum HBV-DNA >10 copies/mL, and normal amino
transferase levels. In this phase cellular response is
absent, with consequent minimal liver inflammation.
After vertical infection this phase may last > 40 years
(possibly leading to HBV genome integration, with
decreased likelihood of viral eradication), while it is
usually short-term in adults.
The HBeAg-positive immunoactive phase is charac
terized by a weak cellular response against infected
hepatocytes, expressed by elevated aminotransferase
5
levels (hepatitis), HBV DNA levels > 10 or between
4
5
10 -10 copies/mL, and histological evidence of
liver inflammation. As serum viral load falls, HBe
seroconversion (from HBeAg to anti-HBe) can occur at
a rate of 4%-10% per year.
Most people after HBeAg seroconversion enter
the so-called HBV inactive phase, associated with a
more effective cytotoxic T-cell response leading to
normalization of aminotransferases and undetectable
or < 2000 UI/mL serum viral load (inactive carrier
state). During this phase, which may last lifelong,
liver inflammation improves along with a lower risk
of serious complications. Nevertheless, an estimated
20% of patients will reactivate, possibly leading to
HBV-related complications: this condition, known as
HBeAg-positive or HBeAg-negative chronic hepatitis
B (CHB), is defined as HBsAg serum positivity for >
6 mo, along with serum HBV-DNA between 2000 and
20000 IU/mL or > 20000 IU/mL as well as elevated
[26,27]
aminotransferases
.
A proportion of patients develops HBsAg clearance
[28]
at a rate of 0.5%-0.8% per year (resolution phase).
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CURRENT MANAGEMENT OF CHRONIC
HEPATITIS B
Antiviral therapy is generally recommended for CHB
patients who have HBV DNA levels > 2000 IU/mL,
serum aminotransferases above the upper limit of
normal (ULN) and moderate to severe active liver
[33]
necroinflammation and/or at least moderate fibrosis .
Patients with alanine aminotransferase (ALT) > 2 times
ULN and serum HBV-DNA > 20000 IU/mL may start
treatment even without liver biopsy. The ideal endpoints of antiviral therapies are long-term suppression
of viral replication, sustained HBeAg seroconversion
+
for HBeAg individuals, and HBsAg clearance. Longterm viral suppression can now be achieved in >
95% cases with oral nucleic acid analogues (NAs),
although HBsAg loss remains a hard to achieve
target (< 10%). Drugs available for the treatment of
CHB include interferon-α (IFN), pegylated-INF-α2a
(PEG-IFN) and six NAs, that can be classified into
nucleosides (lamivudine, telbivudine, emtricitabine,
entecavir) and nucleotides (adefovir and tenofovir)
analogues. While IFN-based regimens, despite a
good efficacy profile, lead to frequent side effects and
[33,34]
contraindications
; oral NAs show a better safety
profile. Though inexpensive, the first generation agents
(such as lamivudine) are associated with a high rate of
viral resistance (about 70% after 5 years), which limit
their use in clinical practice. Entecavir and tenofovir are
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potent HBV inhibitors with a high barrier to resistance,
and they are currently recommended as first-line
monotherapies. These agents have to be given either
indefinitely (HBeAg CHB) or for 12 mo following
+
[35]
HBeAg seroconversion in HBeAg CHB .

ADA or 1 -generations NAs as compared with those
[38]
with a favorable outcome (P = 0.07 and P = 0.03) .

HBV REACTIVATION: DEFINITION AND
RISK FACTORS

RA is a chronic inflammatory disease affecting 1%
of adult population that predominantly involves the
synovial membrane of diarthrodial joints. The disease
is characterized by the activation of resident synovial
macrophages in association with a massive synovial
infiltration of lymphocytes and neutrophils, and by the
local development of an inflammatory milieu, which
in turn promotes the proliferation of synoviocytes and
fibroblasts, and neoangiogenesis: all this leads to the
production of an aberrant, hyperplastic tissue, the socalled rheumatoid pannus, and to the differentiation
and activation of chondrocytes and osteoclasts and
subsequent cartilage and bone destruction. Apart from
macrophages and other innate immunity “effector” cell
types (dendritic cells, neutrophils, synoviocytes, osteo
blasts, osteoclasts, and chondrocytes), three major
pathways of RA immunity response have become
recognized as pivotal: B-cells, T-cells, and a wide
range of inflammatory cytokines that, acting as an
intricate and redundant network both systemically and
locally, shift the balance towards a proinflammatory
[40]
state . Synovitis is ultimately driven by a number
of pro-inflammatory cytokines, such as TNF-α, IL-6
and IL-1. TNF-α is overexpressed in the synovial fluid
of patients with RA. Moreover, TNF-α transgenic mice
[41]
spontaneously develop arthritis . IL-6, a typical
cytokine featuring redundancy and pleiotropic activity,
[42]
also plays a key role in the development of RA ,
promoting an imbalance between Th17 and regulatory
T (Treg) cells and the production of autoantibodies,
such as rheumatoid factor (RF) and anticitrullinated
peptide antibodies (ACPA). IL-6 also promotes synovial
inflammation and cartilage and bone destruction and
exerts systemic effects leading to cardiovascular,
psychological, and skeletal disorders.
RA was historically considered a T-cell driven
disease, although adaptive humoral immunity also
plays a pivotal role in its pathogenesis, as shown by
the production of RF and ACPA, that are considered to
be the serological hallmarks of RA. It has long been
+
recognised that activated CD4 and CD8 T-cell subsets,
B-cells, plasmablasts and plasma cells are abundant
in rheumatoid synovial tissue. A substantial proportion
of patients show ectopic germinal centres that may
support B cell maturation and class switching and
[43]
thereby promote autoantibody production .
HBV infection causes acute and chronic necroin
flammatory hepatitis. The pathogenesis of HBV
infection, similarly to that of RA, is still largely un
known. Massive hepatic injury occurring during CHB
seems to be immune-mediated and depends on HBV[44]
specific cytotoxic T-cells ; moreover, an efficient

ROLE OF PRO-INFLAMMATORY
CYTOKINES IN HBV INFECTION

HBV reactivation in patients with chronic inactive/
resolved HBV infection undergoing immunosuppressive
treatment is defined as the combination of two
findings: a > 1 log10 IU/mL increase in serum HBVDNA level or the detection of previously undetectable
HBV-DNA; and serum ALT elevation > 2-3 times the
[36,37]
ULN
. The increase in liver function tests (hepatitis)
[36]
usually follows viral reactivation . Reactivation
clinically ranges from a subclinical and transient event
to severe hepatitis; in a limited proportion of patients
acute liver failure and death have been reported,
with a higher risk for patients affected by CHB and
[36]
advanced histological injury .
The host serological status and HBV-DNA levels are
major risk factors for HBV reactivation: HBsAg carriers
are at greater risk, and the risk increases with HBV[36,37]
DNA load
. For HBsAg negative patients, the risk
of reactivation is considerably lower in individuals with
[38]
both anti-HBc and anti-HBs antibodies . The risk may
be higher in the event of concomitant methotrexate
[38]
therapy . A variety of immunosuppressive drugs may
lead to HBV reactivation: corticosteroids, cytotoxic
agents, cs- and bDMARDs. In most cases reactivation
occurs after treatment withdrawal, as a result of
[39]
the restored immunity . The liver damage due to
HBV reactivation is a two-stage process: initially
during intense immunosuppression an enhanced viral
replication occurs as reflected by increased serum
and liver HBV-DNA; then, during the subsequent
immune restoration after treatment withdrawal a
rapid immune-mediated destruction of HBV-infected
hepatocytes overcomes, clinically manifested with
hepatitis, hepatic failure and even death. In a recent
retrospective study of 35 cases of HBV reactivation in
patients undergoing immunosuppressive treatment
for immune-mediated inflammatory disease, reac
tivation appeared a median of 35 wk (2-397) after
treatment start, with earlier occurrence in RTX-treated
+
+
[38]
and in HBsAg /HBV-DNA patients . However, earlier
appearance was not associated with an increased
clinical severity. Factors significantly associated with
HBV-related serious complications (death and/or
fulminant hepatitis) were identified in Asian ethnicity,
delay from immunosuppressive therapy initiation
to HBV reactivation diagnosis, HBV-DNA load and
aminotransferases at HBV diagnosis. The use of
specific TNFI/antiviral molecules did not differ between
patient who experienced or not serious events, but
patients with a poor outcome tended to receive IFX,
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control of HBV infection requires the synergic actions
[45]
of both innate and adaptive immunity .
Innate immunity induces in HBV infected cells
the production of typeⅠinterferons and several
proinflammatory cytokines, including TNF-α, IL-1, IL-6,
and IL-10, some of which are reported to suppress
viral replication and/or to exert non-cytolytic viral
clearance. In HBV infected patients TNF-α is produced
by intrahepatic leukocytes in a HBc-dependent
[46]
fashion . Several reports show intrahepatic and
serum TNF-α elevation in patients with acute or
chronic hepatitis B, suggesting a potential role in
[47]
inhibiting viral replication . The persistence of HBV
+
infection may be associated with CD8 T-cell loss of
the ability to secrete enough TNF-α to kill infected
[48]
hepatocytes (the so-called “exhausted phenotype’’) .
Genetic polymorphisms leading to lower TNF-α
expression associate with an increased risk of HBV
[49]
chronicization . It has been recently demonstrated
that in TNF-α knockout mice and in ETN-treated mice
HBV infection persists, with subsequent increase in
+
HBV-specific CD8 T-cells, serum and liver HBV-DNA,
and antigen expression. Thus in this animal model
TNFI may be able to suppress HBc-dependent viral
[49]
clearance effects . However, in patients with CHB
[50]
this cytokine may contribute to liver injury . Other
cytokines, like IL-1, might be involved in the natural
history of HBV infection but data concerning their real
[51,52]
role and meaning are still most elusive
.
Cellular immunity is critical for the outcome of
HBV infection, too: HBV-specific T-cells are involved
in the control of viral infection, whilst non-specific
NK cells infiltrate the liver leading to hepatocellular
[53]
injury . In humans, IL-6 in combination with TGF-β
+
and IL-1β drive naive CD4 T-cell to differentiate
[54]
into Th17 cells in a HBc-dependent fashion . Th17
cells can produce multiple cytokines that trigger the
recruitment and activation of neutrophils leading
[55]
to massive tissue inflammation . Recent reports
showed that in CHB patients antigen non-specific
Th17 response is increased and that the peripheral
Th17 frequency is associated with the degree of
[56,57]
liver damage
. A recent study revealed that the
increased Th17 response in CHB patients correlates
with the enhanced IL-6 receptor (IL-6R) expression
+
on CD4 T-cells, suggesting IL-6R as a potential novel
[58]
target for CHB immunotherapy . In addition, several
studies demonstrated that IL-6 facilitates in vivo and
[59]
in vitro HBV infection and might be able to predict
[60]
the development of HCC in HBV infected patients .
However, conclusive data are still lacking and the
immunosuppressive action of the anti-IL-6R antibody
TCZ might actually play a detrimental role.
CTLA‑4, an inhibitory receptor expressed by
activated T-cells that acts as a negative regulator
of T-cell responses seems to be involved in HBV
infection: studies in humans suggest an influence
of CTLA4 polymorphisms in HBV clearance, HBVrelated carcinogenesis and HBV reactivation after
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immunosuppression, but the underlying mechanisms
[61-63]
are still unclear
.
Recent reports suggest that humoral immunity
plays an important role in the immune response
to HBV. HBcAg is able to directly activate B-cells
to produce specific antibodies in the absence of
[64]
regulatory T-cells . In patients with HBeAg CHB,
+
CD20 B-cells infiltrate the liver and correlate with
[65]
histologic necroinflammation and fibrosis . However,
immunosuppression and B-cell suppression are asso
ciated with viral reactivation. B-cells are thus involved
in liver inflammation in HBV infected patients, but
whether their influence on disease progression is
harmful or beneficial is still unknown.

SAFETY OF BMARDS IN PATIENTS WITH
COMORBID HBV INFECTION
While in the last decade an amount of data has been
cumulated regarding the effect of TNFI and RTX on RA
patients with CHB or even OBI; the likelihood of HBV
reactivation in patients undergoing newer bDMARDs
TCZ and ABA has been more recently described.
Available evidences stratified by bDMARDs about this
topic will be exposed in the following sections.

ANTI-TNF AGENTS
It has been 11 years since the first reports of HBV
reactivation after TNF-α blockade have been repor
[66,67]
ted
; since then, a cumulative evidence from
case reports and small retrospective or prospective
[68-81]
studies has been collected
. TNFI-induced immu
nosuppression is able to decrease HBV antigen
presentation: the abrupt increase in viral presentation
at treatment discontinuation induces an acute cyto
toxic response, which can cause extremely severe
hepatitis. Table 3 summarizes the observational studies
of HBV reactivation in RA patients undergoing TNFI.
A distinction has to be made between CHB patients
+
(HBsAg ) and patients with resolved infection (HBsAg /
+
anti-HBc ).

Patients with chronic HBV infection (HBsAg+)

In a 2011 review of 87 published cases of TNFI-treated
CHB patients, Perez-Alvarez et al reported an HBV
[76]
reactivation rate of 38% , similar to that observed
[36]
under chemotherapy (50%) . Half of the patients
had received IFX, 33% ETN and 17% ADA. In most
cases (about 75%), viral reactivation was accompanied
by an increase in aminotransferase levels. Among
patients with severe reactivation, 5 developed liver
failure and 4 died from HBV-related complications.
Interestingly, only 25% of the patients who developed
HBV reactivation had received antiviral prophylaxis,
compared to 62% of those who didn’t experience
viral reactivation. Apart from potential publication
bias, these data indicate an increased risk of HBV
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Retrospective

Prospective

Prospective

Prospective

Chung et al[71]

Caporali et al[72]

Vassillopoulos et al[73]

Mori et al[74]

350

Systematic
review

Systematic
Review

Lee et al[79]

Prospective

Lan et al[77]

Lee et al[78]

Systematic
review

Pérez-Alvarez et al[76]

Tamori et al[75]

Prospective

Charpin et al[70]

Rheumatic pts or
pts with IBD with
CHB
RA (12)/SpA (9) pts
with resolved HBV
infection
RA (41), SpA (60),
JIA (2) pts
RA (59), SpA (8) pts
with resolved HBV
infection
RA (66), SpA (64),
other (1) patients
with actual/remote
HBV infection or
vaccinated for HBV

Target population

HBsAg-/anti-HBc+
rheumatic diseasepositive (RA 327,
SpA 121) pts

HBsAg+ rheumatic
disease-positive pts

RA anti-HBc+ pts

TNFI-treated pts

RA pts with
actual/remote HBV
infection
Prospective
RA pts with
positive anti-HBc

Case series

Study design

Carroll et al[69]

Ref.

468

122

88

257

50

239

131

67

103

21

13

No. of
patients

10 HBsAg+ pts
treated with
lamivudine

Not specified

14 pts treated with IFX,
48 pts (drug not
56 with ETN and 25 with
specified)
ADA
100 pts treated with IFX,
Not specified
269 with ETN and 95 with
ADA

40 pts treated with ETN,
48 with ADA

Anti-TNF (not specified)

+

0 pts

8 pts

0 pts

13 pts
(100%)

HBsAg

0 pts

122 pts

18 pts

89 pts

5 pts

2 pts

14 pts (100% of
14 pts
CHB group): 11
with lamivudine,
2 with entecavir, 1
with telbivudine

0 pts

0 pts

0 pts

Lamivudine

Antiviral
Prophylaxis

9 treated with IFX, 18 with
2 (100% of
ETN, 2 with ADA, 5 with HBsAg+ pts) with
TCZ, 28 with csDMARDs
entecavir
22 treated with IFX, 20
Entecavir
with ETN, 2 with ADA

43 treated with IFX, 64
with ETN, 62 with ADA

25 treated with IFX, 23
with ETN, 19 with ADA

TNFα inhibitors

4 treated with IFX, 14
with ETN, 3 with ADA

11 treated with IFX, 2
treated with ETN

Treatment

-

Not specified

-

12 pts

168 pts

45 pts

-

58 pts

28 pts

+

-

-

19 pts
(vaccinated)

-

-

-

-

Anti-HBs /
anti-HBc

No cases of HBV reactivation in pts with resolved
HBV infection. In vaccinated pts, slight decrease in
anti-HBs titres (median 163 > 105 IU/mL, P = 0.01).
Among CHB pts, 1 (7%) treated with
Lamivudine + ETN developed HBV reactivation due
to a resistant mutant strain
2 cases of HBV reactivation in anti-HBc+ pts (3.3%), 1
with csDMARDs and 1 with ADA

No cases of HBV reactivation

1/8 HBsAg+ (12.5%) after 6 wk of IFX

Mean decrease in anti-HBs titre 8%; no cases of HBV
reactivation

7 cases with IFX, 2 cases with ETN

Reactivation

-

8 cases (1.7%) of HBV reactivation, 7 with ETN and
1 with ADA; satisfactory clinical outcomes with
antiviral therapy

2/5 (40%) cases of HBV reactivation among HBsAg+
pts; 1/45 (2%) cases of HBV reactivation among
HBcAb+/HBsAg- pts, not under TNFI
HBV reactivation in 35 (39%) pts among HBsAg+
group, fatal in 4 cases. Lower risk if pre-emptive
NAs (23% vs 62%, P = 0.003). Higher risk with IFX
vs ETN. Nine cases (5%) of HBV reactivation in
HBcAb+/HBsAg- pts, fatal in 1 pt
0 pts
22 pts
Among HBsAg+ pts, no cases of HBV reactivation
(vaccinated) if pre-emptive NAs; mean decrease in HBV-DNA
= 153 IU/mL (P < 0.001); 5/8 cases of reactivation
without antivirals. 1 case of HBV reactivation in the
HBsAg-/anti-HBs- group
Not
15 cases (12.3%) of HBV reactivation, including 1
specified
SpA patient treated with pre-emptive lamivudine
-

0 pts

0 pts
among
CHB
group

0 pts

0 pts

0 pts

-

HBV+
DNA

Not
Not
specified specified

60 pts

19 pts

46 pts

0 pts
100% (with 3 pts < 100
UI/mL)
-

-

+

Anti-HBc
Anti+
and anti-HBs HBc and
+
anti-HBs

Table 3 Hepatitis virus B reactivation in rheumatoid arthritis patients receiving tumor necrosis factor-a inhibitors: studies in patients with markers of chronic or remote hepatitis virus B infection
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57

87

35

5 pts (drug not
specified)

23 pts

TNFα inhibitors: 56
4 pts among CHB 37 (6
treated with IFX, 31 with
group , 9 pts
HBVETN)
among inactive DNA+,
carriers (not
31 HBVspecified)
DNA-)
pts
48 treated with TNFα
0 pts
0 pts
inhibitors (including 9
receiving also TCZ); 7
with TCZ alone and 2
with TCZ and ABA

7 pts treated with TNF-α
inhibitors (not specified),
4 with RTX, 1 with ABA, 1
with TCZ, the others with
steroids and/or other
immunosuppressants

11 pts

50 pts

12 pts

38 pts

0 pts

Not
specified

Not
specified

Reactivation occurred a median of 35 wk after
therapy start. 88.6% were asymptomatic; 25.7%
had severe hepatitis. Management were NAs
in 91.4% cases and decrease/withdrawal of
immunosuppressants in 45.7%. Pooling these data
with literature, earlier reactivation for RTX and
HBsAg/HBV-DNA+ pts
2 cases of HBV reactivation among CHB pts not
receiving pre-emptive NAs, none in those receiving
it. Among inactive HBsAg carriers, 6 cases of
reactivation in pts who didn’t receive NAs, none in
those who did. No cases in HBsAg- pts

8 pts (not HBV-DNA detected in 3 pts (5.3%), 2 receiving TCZ
vaccinated) and 1 receiving ETN, with serum HBV-DNA < 2,1
log copies/mL, and subsequent undetectable HBVDNA within months

-

-

+

-

351

[83,84]

Data from oncology and hematology indicate that HBV reactivation occurs in < 5% of patients with resolved HBV infection treated with chemotherapy
. Similar data
among rheumatic patients have cumulatively been published in recent years. In two prospective studies from Southern Europe no cases of HBV reactivation among 88
[70,72]
TNFI-treated patients with remote HBV infection were described
although none of these patients had detectable HBV-DNA at baseline. Similarly, in a retrospective
[84]
+
+
taiwanese study
no reactivation was observed among 58 HBsAg /anti-HBc /anti-HBs patients under TNFI, although one case of HBV reactivation was recorded
+
between 12 HBsAg /anti-HBc /anti-HBs patients, involving a patient with detectable baseline HBV-DNA. These data suggest that the risk of HBV reactivation is rather
+
+
+
low in anti-HBc /anti-HBs patients, although the likelihood of this event could be higher for HBV-DNA and/or for anti-HBs patients. A chinese prospective study did

Patients with resolved HBV infection (HBsAg-/anti-HBc+)

reactivation in TNFI-treated CHB patients, particularly without proper antiviral prophylaxis. In a 2010 prospective study 14 HBsAg /anti-HBc /anti-HBs patients, 8
classified as inactive HBsAg carriers and 6 suffering from active CHB, were treated with combination therapy with oral NAs and TNFI: antiviral prophylaxis could prevent
[73]
viral reactivation in > 90% of cases . Only one active CHB patient developed HBV reactivation (7%) after 3-year prophylactic lamivudine: viral sequencing indicated
[78]
a resistant mutant strain, as frequently happens during long-term lamivudine administration. Lee et al
have recently reported 15 HBV reactivation cases (12.3%)
+
in a systematic review of 122 HBsAg rheumatic patients undergoing TNFI or csDMARDs. 10/15 patients provided clinical data: 4 cases occurred in RA patients (none
treated with TNFI) and no HBV-related complication occurred. Percent of 39.3 patients had received pre-emptive NAs. Similarly, a recent prospective study reported in
+
a cohort of 37 HBsAg patients with inflammatory arthritis a reactivation rate of 33.3% without pre-emptive antiviral prophylaxis with no cases in patients treated with
5
NAs. Of the 6 CHB patients (HBV-DNA > 10 copies/mL, elevated ALT), both of the 2 patients not receiving oral NAs developed viral reactivation; and the other 4 treated
4
with pre-emptive NAs showed no viral replication. In the 31 inactive HBsAg carriers (HBV-DNA < 10 copies/ml, normal ALT), out of the 22 patients not receiving NAs,
a transient HBV-DNA increase was detected in 4 cases, with a gradual viremic normalization after therapy withdrawal. No cases were detected in the 9 inactive carriers
[80]
receiving antiviral prophylaxis . It is currently unknown whether different TNFI affect HBV reactivation to different extents. The risk may be lower with ETN, whose
[70]
affinity for TNF-α is lower; whilst IFX seems to be more frequently associated with HBV reactivation . A possible explanation could be that IFX administration scheme
[82]
at intervals of 8 wk may result in a cytokine wash-out leading to a possible “immune-reconstitution” effect .

+

Pts: Patients; CHB: Chronic hepatitis B; IFX: Infliximab; ETN: Etanercept; IBD: Inflammatory bowel disease; SpA: Spondyloenthesoarthropaties (psoriatic arthritis included); csDMARDs: Conventiona Synthetic disease-modifying
antirheumatic drugs; JIA: Juvenile idiopathic arthritis; TCZ: Tocilizumab; NAs: Nuclet(s)ide analogues; CTD: Connettive tissue disease; RTX: Rituximab; ABA: Abatacept. Adapted from Lunel-Fabiani et al[82] Joint Bone Spine 2014.

RA

Retrospective

Nakamura et al[81]

Ye et al[80]

Retrospective Pts with immunemediated
inflammatory
diseases (RA 14,
CTD 7, vasculitis 5,
other 9) developing
HBV reactivation
Prospective
Inflammatory
arthritis pts (50 RA,
37 SpA)

Droz et al[38]
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not report any reactivation case in 50 TNFI-treated
patients with resolved HBV infection and inflammatory
[77]
[79]
arthritis . Lee et al
have recently reported in a
+
systematic review of 468 anti-HBc /HBsAg rheumatic
patients undergoing TNFI a reactivation rate of 1.7%.
Out of 8 cases, 7 were RA patients, and in all cases
clinical outcome was satisfactory. In a japanese
+
prospective study of 50 RA HBcAb patients treated
with csDMARDs and/or TNFI, reactivation occurred in
only 1 out of 45 HBsAg patients (2.2%), treated with
csDMARDs only. Interestingly, in TNFI-treated patients,
anti-HBs titres decreased significantly in the middleand low-titer groups (P = 0.032 and P = 0.007),
remaining high in high-titer group (P = 0.875), but did
[75]
not became negative in any patient . It remains to be
clarified whether a long period of TNFI therapy in RA
patients induces the disappearance of anti-HBs leading
to viral reactivation as well as in hematological field.
A recent japanese retrospective study of 244 HBsAg /
+
anti-HBc RA patients, HBV-DNA was detected in three
patients (5.3%), only one receiving a TNFI, particularly
ETN (out of a total of 48 TNFI-treated patients
indicating a 2.1% reactivation rate). Reactivation
consisted in a subclinical, transient HBV-DNA elevation,
[81]
subsequently turning undetectable within months .
Even if limited by a possible publication bias, these
data indicate that HBV reactivation in patients with
serological markers of past HBV infection is a quite
rare event and that for these patients no specific
prophylaxis is required.

reports from Southern Europe have described HBV
reactivation in RA patients undergoing RTX, occurring
not only in HBsAg carriers but also in two patients with
resolved HBV infection. The first patient experienced
HBV reactivation 1 mo after RTX administration, even
though she had been receiving pre-emptive lamivudine
for CHB. Lamivudine was thus switched to tenofovir
[88]
with aminotransferases and HBV-DNA normalization .
In the second report, a RA patients with resolved
HBV infection experienced HBV reactivation following
2 years of therapy, 3 mo after the last RTX infusion.
RTX was then withdrawn and entecavir initiated, with
a gradual amelioration of aminotransferase levels and
[89]
HBV-DNA normalization . The third report involved a
+
HBsAg /anti-HBc /HBV-DNA- RA patient that developed
HBV reactivation with subsequent acute hepatitis after
2 years of RTX + methotrexate combination therapy.
Discontinuation of immunosuppressive treatment
and antiviral therapy with entecavir resulted in the
[90]
control of HBV infection within a few months . A
2013 prospective study did not report any case of
HBV reactivation under RTX neither in a series of 2
+
HBsAg /HBV-DNA rheumatic patients treated with
antiviral prophylaxis nor in a series of 12 HBsAg /
+
anti-HBc rheumatic patients, indicating a quite safe
[91]
profile . Interestingly, in the 4 patients with history
of HBV vaccination, a slight decrease in antibody titers
that did not reach statistical significance was noted.
However, antibody titers did not fall below protective
[92]
[38]
levels . Droz et al
reported other 4 cases of
HBV reactivation under RTX in patients affected with
inflammatory diseases; indicating an earlier timing
of viral reactivation for patient receiving anti-CD20
treatment.

Vaccinated patients

As suggested by a prospective study, a possible
decrease in anti-HBs titer in TNFI-treated patients with
[70]
remote HBV infection can occur , but this might not
be systematically followed by viral reactivation such
[85]
as in hematological field . Similarly, in a prospective
study of 19 HBV vaccinated patients a slight decrease
in anti-HBs levels during TNFI treatment was repor
[73]
ted , although a comparable decrease was observed
in patients treated with methotrexate alone, indicating
no specific effect of TNFI on HBV protective immunity.

NEWER BDMARDS
TCZ

There is limited experience with TCZ, a humanized
anti-IL-6 receptor antibody, among HBV-infected RA
[92]
patients (Table 5). Nagashima et al
reported that
TCZ was administered safely and effectively in a RA
patient affected with CHB, not recognised at baseline
since serological screening for HBV had not been
performed. In another case report, a patient with
active RA stopped IFX due to HBV reactivation (pretreatment viral status unknown). She was then treated
with lamivudine until HBV-DNA turned undetectable,
and later started TCZ; this resulted in a prompt
disease control together with persistently normal
serum aminotransferases and undetectable HBV[93]
DNA . A similar report regarding a CHB patient with
adult-onset Still’s disease indicates an excellent disease
control with no viral reactivation by introducing TCZ
[94]
after complete viral control with entecavir . A recent
retrospective study from Nakamura et al described 2
cases of HBV reactivation in RA patients undergoing
TCZ without pre-emptive antivirals (out of a total of
+
18 TCZ-treated HBsAg /anti-HBc patients, with a

RTX
A growing scientific literature indicates high rates
of HBV reactivation in patients undergoing RTX for
hematological diseases not receiving proper antiviral
+
prophylaxis, ranging from 27% to 80% in HBsAg
[39]
+
patients
and from 3% to 25% in HBsAg /anti-HBc
[86,87]
patients, with higher risk for anti-HBs individuals
.
Reports of HBV reactivation in rheumatic patients
treated with RTX are summarized in Table 4. There are
limited data regarding the safety of RTX in rheumatic
[68]
CHB patients ; although, the efficacy of pre-emptive
NAs (mainly lamivudine) in preventing reactivation in
+
HBsAg patients treated with RTX appears to be similar
to that observed in patients under chemotherapy,
[68]
with a reactivation rate of 0%-13% . Three recent
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Table 4 Case reports and studies of hepatitis B virus reactivation in rheumatoid arthritis patients undergoing rituximab
Timing of HBV
reactivation

Antiviral
Therapy

Results

Comments

Pyrpasopoulou et al[88] Case Report

1 mo after
first RTX
administration

Tenofovir +
lamivudine
RTX
withdrawal

Good clinical,
serological
and
virological
response

-

Ghrénassia et al[89]

9 mo after RTX
starts

Entecavir
RTX
withdrawal

Good clinical,
serological
and
virological
response

-

2 yr after RTX
start

Entecavir
RTX
withdrawal

Good clinical,
serological
and
virological
response
-

-

Ref.

Study design

Gigi et al[90]

Mitroulis et al[91]

Droz et al[38]

Patients
charachteristics

Therapy

Baseline
virological
status

56-year-old female
RTX
HBsAg+, antiRA pt starting RTX
Antiviral
HBe+
after 3 anti-TNF
prophylaxis
(ETN, IFX, ADA)
with
and ABA. Previous lamivudine
diagnosis of CHB
Case Report 78-year-old with RA
RTX
HBsAg-/antitest+ and erosive monotherapy
HBc+
RA starting RTX
after IFX because
of a concomitant
diagnosis of
lymphoma
Case Report 64-year-old female
RTX +
HBsAg-/antiRA pt starting
methotrexate
HBc+
RTX as a first-line
bDMARD
Prospective
study

41 rheumatic pts
17 pts
23 pts not
No cases of viral
(34 RA; 7 others)
treated with HBV exposed;
reactivation
who had received concomitant 4 vaccinated
observed
≥ 1 cicle of RTX
methotrexate,
pts; 12
and had ≥ 6 mo of
35 with
HBsAg-/antifollow-up
concomitant HBc+ (9 antisteroids. 2
HBs+); 2 pts
pts treated
HBsAg+
with NAs
anti-HBc+.
without HBV HBV-DNA
reactivation undetectable
in all pts
Retrospective 4 pts affected with Not specified Not specified 4 cases of HBV Not specified
(subgroup immune-mediated
reactivation a
analysis)
inflammatory
median of 35
disease treated with
wk after therapy
RTX
start (global
data)

No cases of
fulminant
hepatitis

Slight
decrease in
anti-HBs
titres in
vaccinated
pts
(P = 0.29),
never under
protective
levels

Early
reactivation
with RTX
and in
HBsAg+/
HBV-DNA+
pts (global
data)

Pts: Patients; ETN: Etanercept; IFX: Infliximab; ADA: Adalimumab; ABA: Abatacept; CHB: Chronic hepatitis B; bDMARD: Biological disease-modifying
antirheumatic drug; NAs: Nucleot(s)ide analogues; RTX: Rituximab; HBsAg: Hepatitis B surface antigen.

reactivation rate of 11.1%): in both patients HBVDNA rised but remained below quantitation limits (<
2.1 log copies/mL), and then it spontaneously turned
undetectable, along with normal aminotransferases
throughout the entire period of follow-up: such data
might suggest the possibility of a transient HBV-DNA
fluctuation during the first 3-6 mo of TCZ, which
doesn’t necessarily lead to de novo hepatitis and
[81]
possibly resolves within a few months . This evidence
suggests that TCZ, if co-administred with pre-emptive
NAs, could be a treatment option for RA HBV carrier
patients when disease activity is uncontrolled with
csDMARDs. However, periodic monitoring of liver
function tests and HBV-DNA is mandatory.

6. A recent monocentric retrospective study has
been performed including 8 ABA-treated RA patients
showing active CHB (n = 2) or inactive HBsAg
[95]
carriers (n = 6) . All patients not receiving antiviral
prophylaxis (n = 4), which were all inactive HBsAg
carriers at baseline, experienced viral reactivation,
with a > 10 fold increase of HBV-DNA. None of the
NAs-treated patients (3 with entecavir and one with
tenofovir) had viral reactivation. Moreover, patients
who had been receiving both ABA and NAs showed
a statistically significant improvement in DAS28
compared to those without prophylaxis (P = 0.025).
This is the first study suggesting that the use of
ABA in RA/CHB patients appears to be safe and
efficacious as long as pre-emptive antiviral prophylaxis
is properly given. A case of severe hepatitis due to
HBV reactivation has been reported in a RA patient
with resolved HBV infection (HBV-DNA ) previously

Abatacept

Studies regarding HBV reactivation in rheumatic
patients undergoing ABA are summarized in Table
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Table 5 Case reports of hepatitis B virus reactivation in rheumatoid arthritis patients undergoing tocilizumab
Ref.

Study design

Patient
charachteristics

Therapy

Basal virological
Status

Timing
of HBV
reactivation

Antiviral
Therapy

Results

Comments

Nagashima et al[92]

Case Report

60-year-old female
RA pt, RA test and
ACPA positive with
erosive disease,
starting TCZ after
IFX and methotrexate

TCZ +
steroids

HBsAg-10 yr
before TCZ start,
basal serological
screening not
performed

6, 5 years
after TCZ
start

Entecavir
Ongoing
TCZ

Subclinical,
good serological
and virological
responses

Tsuboi et al[93]

Case Report

59-year-old female
IFX and
RA pt initially
then TCZ
treated with IFX thus (after HBV
withdrawn for HBV reactivation)
reactivation

Diagnosis made
by detection
of persistently
high serological
markers in an
asymptomatic
pt without liver
function tests’
alterations
-

Kishida et al[94]

Nakamura et al[81]

Droz et al[38]

Serological
32 wk after Lamivudine Good clinical,
screening not
IFX start
Ongoing
serological
performed
TCZ
and virological
before IFX. At
response until 2
5th IFX infusion
years after TCZ
HBsAg+/HBVstart
DNA+/HBeAg+
Case Report
Adult-onset Still’s
TCZ +
HBsAg+
No
Good clinical,
disease pt affected
ongoing
reactivation
serological
with CHB
entecavir
observed
and virological
response until
end of follow-up
Retrospective
Among 9 RA pts
TCZ
HBcAb+
4 mo after
Subclinical,
HBV-DNA
treated with TCZ (7 monotherapy
Undetectable
TCZ start
subserological, fluctuated always
with TCZ alone and
HBV-DNA
good virological < 2, 1 log copies/
2 with TCZ and ABA
response
mL throughout 4
in sequence), 2 cases
mo until it became
of HBV reactivation
persistently
were detected:
undetectable, even
(a) 75-year old male
after switch to
pt starting TCZ as a
ETN (due to lack
first line therapy
of efficacy)
(b) 55-year-old female
TCZ +
HBcAb+
2 mo after
Subclinical,
HBV-DNA
pt starting TCZ after methotrexate
Undetectable
TCZ start
subserological, fluctuated always
IFX and ETN
HBV-DNA
good virological < 2, 1 log copies/
response
mL throughout 5
mo until it became
persistently
undetectable, even
after switch to
ADA (due to lack
of efficacy)
Retrospective 1 pt affected with
Not specified
Not specified
median of
Not
No cases of
Early reactivation
(subgroup
immune-mediated
35 wk after specified
fulminant
in HBsAg+/HBVanalysis)
inflammatory disease
therapy
hepatitis
DNA+ pts
treated with TCZ
start (global
(global data)
data)

Pts: Patients; ACPA: Anti-citrullinated peptide antibodies; IFX: Infliximab; CHB: Chronic hepatitis B; ABA: Abatacept; ETN: Etanercept; HBsAg: Hepatitis B
surface antigen; TCZ: Tocilizumab; HCV: HCV: Hepatitis B virus.

treated with a TNFI without antiviral prophylaxis and
then with ABA, leflunomide and steroids. Nine month
after the first ABA infusion, she experienced viral
reactivation with liver function tests increase; this
led to suspension of biological therapy. As expected,
liver function tests continued to increase along with
the gradual T-cell immune reconstitution, with a time
lag of 2 mo between ABA withdrawal and viral flare.
She was then treated with tenofovir with gradual
amelioration of aminotransferases and undetectable
[96]
HBV-DNA . Another case of HBV reactivation in
a RA patient with resolved HBV infection (basal
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HBV-DNA unknown) undergoing ABA was lately
reported: 10 mo after treatment start, HBsAg turned
positive along with a rise in HBV-DNA; treatment
was then stopped and tenofovir was started, with
a gradual amelioration of liver function tests and
[97]
HBV-DNA within a few months . In a recent italian
case series of 9 RA patients treated with ABA (8
with resolved HBV infection and 1 chronic inactive
carriers), one patient with comorbid HCV chronic
infection started lamivudine for liver function tests
elevation (< 2-fold ULN) occurring 2 mo after ABA
initiation, with a gradual amelioration of lab levels
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Table 6 Case reports of hepatitis B virus reactivation in rheumatoid arthritis patients undergoing abatacept
Ref.

Study design

Patients
characteristics

Therapy

Basal
virological
status

Timing of HBV
reactivation

Antiviral
therapy

Kim et al[95]

Retrospective

8 RA pts
affected with
CHB

ABA + preemptive NAs
(4 pts: 3 with
entecavir and 1
with tenofovir)
ABA without
antiviral
prophylaxis
(4 pts)

HBsAg+
Detectable
HBV-DNA in
3/8 pts

Not specified

Not
specified

ABA +
leflunomide

Anti-HBc+/
HBsAg-/antiHBs+/antiHBe+

Germanidis et al[96] Case Report

Fanouriakis et al[97]

De Nard et al[98]

Droz et al[38]

72-year-old
female RA pt
starting ABA
after ADA

6 mo after ABA
start

Results

Among pts
Among pts
receiving NAs, receiving NAs,
no cases of HBv
a statistically
reactivation.
significant
Among pts
improve in
without antiviral
DAS28-ERS
prophylaxis, all
was detected;
pts experienced which was not
HBV reactivation
noted in the
control group
ABA and
Good clinical,
2 mo time lag
leflunomide
serological
between ABA
withdrawal
and virological withdrawal and
Consequent
response to
liver tests flare,
anviral
tenofovir
suggesting
treatment
that HBV
with
reactivation
tenofovir (12
evolved in
about 1 yr
parallel with
later)
T cell immune
reconstitution
Tenofovir
Good clinical,
ABA
serological
withdrawal
and virological
response

HBsAg-/anti- 10 mo after ABA
HBc+
start
Basal HBVDNA
unknown
Case series 9 RA pts treated
ABA
8 HBsAg-/ 1 pt with comorbid Lamivudine
Subclinical,
with ABA
8/9 pts
anti-HBc+
HCV infection
Ongoing
gradual
treated with
1 HBsAg+/
experienced
ABA
amelioration of
concomitant
HBV-DNA- aminotransferases
liver function
methotrexate
elevation (< 2 x
tests, persistently
Lamivudine in
ULN) 2 mo after
undetectable
2 pts (1 HBsAg+
ABA start
HBV-DNA
1 pt with resolved
Ongoing
ConsecutiveHBVand 1 HBsAg-)
HBV infection not
ABA
DNA fluctuations;
from baseline,
receiving NAs
No
no flares in liver
and in 1 pt with
developed HBV- prophylaxis function tests even
comorbid HCV
DNA positivation
after entecavir
infection after
12 mo after ABA
initiation at 24 mo
ABA start
start
while switching to
ADA (unpublished
data)
Retrospective 1 pt affected
Not specified
Not specified median of 35 wk
Not
No cases of
(subgroup
with immuneafter therapy start
specified
fulminant
analysis)
mediated
(global data)
hepatitis (global
inflammatory
data)
disease treated
with ABA
Case report

68-year-old
female RA pt
with erosive
disease

ABA +
methotrexate

Comments

No cases
of HBV
reactivation
among pts
receiving preemptive NAs

Early
reactivation in
HBsAg+/HBVDNA+ pts
(global data)

Pts: Patients; CHB: Chronic hepatitis B; NAs: Nucleot(s)ide analogues; ADA: Adalimumab; HBsAg: Hepatitis B surface antigen; HCV: Hepatitis B virus.

along with persistently undetectable viral load. Other
2 patients (1 chronic inactive carrier and 1 with
resolved infection) underwent lamivudine before ABA
with no HBV-related adverse event, whilst among
the other 6 HBsAg- patients not receiving antiviral
prophylaxis only 1 developed HBV-DNA positivity
(85 UI/mL) without aminotransferase elevation at
[98]
12 mo , with subsequent fluctuations of viral load,
turning initially negative at 18 mo and then rising again
at 24 mo (290 UI/mL) without liver function tests
alterations and without specific antiviral treatment.

WJH|www.wjgnet.com

After infectivologist consult the patient thus started
entecavir, concomitantly with switch to adalimumab for
arthritis flare, with undetectable HBV-DNA 3 mo after
TNFI start (unpublished data).

CONCERNS ABOUT HBV VACCINATION
Hepatitis B vaccine (HBVv) is a recombinant DNA
vaccine that provides protection against HBV infection
[99]
and its complications, including cirrhosis and HCC .
As more than 1 billion doses of vaccine have been used
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[100]

[109]

since 1982, it is considered to be safe . Vaccination
scheme usually involves 3 booster injections and is
currently indicated for high risk patients: newborns,
health care workers and adults presenting conditions of
immunosuppression or behavioral risk factors (multiple
sexual partners, drug abusers, travelers to endemic
[100]
areas) .
Some concerns have been raised on the possible
development of autoimmune adverse events after
HBVv: cases of multiple sclerosis, Guillain-Barre
syndrome, idiopathic thrombocytopenic purpura,
optic neuritis, glomerulonephritis, transverse myelitis,
vasculitis, systemic lupus erythematosus diagnosis or
[101,102]
flare-up
and even the so-called autoimmune/
[103]
inflammatory syndrome induced by adjuvants
[104]
have been reported
. Conflicting data about a
possible association with HBVv and arthritis (RA or
other) diagnosis or flare-up have been reported in 32
cases and 3 controlled studies. In one study HBVv,
compared to rubella vaccination, showed an increased
risk of chronic arthritis incidence (attributable risk
[105]
5.1-9.0)
; whilst two studies comparing the risk of
[106]
RA flare following HBVv with RA controls
or with
[104]
RA prevalence in the same community
did not
find a significant association between HBVv and the
risk of arthritis. Interestingly, in one of these studies
a decreased efficacy of HBVv in RA patients was
[106]
noticed . These results do not provide solid scientific
data to support the existence of a causal link between
arthritis and HBVv: the most likely explanation
still remains the coincidental temporal association.
However, in a panorama of decreasing worldwide
incidence of hepatitis B, mainly due to immunization
programs, a recent “anti-vax” misconception is
concentrating public attention and the media on
vaccine adverse events rather than on prevention and
control, which may lead to lower vaccine coverage and
subsequent community wide outbreaks.
Routine vaccination before biotherapy initiation
in patients with negative screening tests seems to
be obviously appropriate; nevertheless, in patients
affected with autoimmune diseases some precautions
[78]
should be taken : the risk of infection must be
weighed against the theoretical risk of vaccine side
effects, according to each patient’s profile (age, family
[107]
history, risk factors, etc.) . On the other hand, HBVv
administration may delay biotherapy initiation, and the
immune response may be blunted in patients affected
[107]
with chronic arthritis taking immunosuppressants
:
if we consider that a single injection is insufficient
to induce protective immunization, if the following
injections are administered under TNFI (most of all
IFX and to a lesser degree ETN), they often fail to
[108]
generate an immune response
. Since the risk of
contracting HBV during adulthood is low, except for
high-risk situation, HBVv might be postponed. In
contrast, in high risk patients, particularly the younger
ones, HBVv should be administered before treatment
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initiation
. In patients with resolved HBV infection
+
and insufficient antibody protection (anti-HBc /antiHBs ), a booster injection might be given to strengthen
[109]
immunization
and to induce the production of
protective anti-HBs, whose titer should be then
measured.

RECOMMENDATIONS FOR CLINICAL
MANAGEMENT OF RA PATIENTS WITH
CHRONIC/RESOLVED HBV INFECTION
UNDERGOING BDMARDS
Since proper prospective studies comparing different
screening and treatment options for HBV-infected
RA patients starting bDMARDs therapy are lacking,
only expert-opinion-based suggestions can be
[2-4,6,33,38,68,82]
made
.

Screening

As stated by all the recent recommendations, all
patients starting bDMARDs should be screened for HBV
infection with HBsAg, anti-HBc and anti-HBs antibodies,
as well as HBV-DNA load and liver function tests in
[2-4,6,68,82]
patients found to be positive
. Considering the
cost of chronic bDMARD therapy and the potential for
serious HBV-related complications, such screening
results to be cost-effective. Recent studies have shown
that only 69% of US rheumatologists routinely performs
[110]
universal HBV screening before biologic therapy
.
When the results indicate active/remote HBV infection,
a full battery of liver tests must be obtained, and it
is appropriate to consult an hepatologist to evaluate
whether antiviral treatment or prophylaxis is indicated
[68]
before starting bDMARDs therapy .

Vaccination

As stated before, a careful risk-benefit assessment
should be made concerning HBVv administration
before bDMARD treatment. According to current
[111]
recommendations
, HBVv is only recommended
in patients “at risk” (e.g., travel to or residence in
endemic countries, medical profession, infected
family member; only if protective antibodies against
HBV are absent. Grade of evidence Ⅱ-Ⅲ; strength
of recommendation B-D) and should ideally be
administered during stable disease. Nevertheless,
vaccination could also be considered in selected
patients with active disease for whom the benefits of
[99]
HBVv outweight the risks . HBVv can be administered
during the use of csDMARDs and TNFI but should
ideally be administered before starting RTX (or, when
treatment with RTX is already ongoing, at least 6 mo
[111]
after the start but 4 wk before the next course
).
Further studies are needed to establish indication and
proper time of immunization in RA patients undergoing
TCZ or ABA.
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Antiviral pre-emptive therapy and follow-up

emptive treatment should also be strongly considered,
regardless of HBV-DNA status, for patients undergoing
RTX. Moreover, although there are few data concerning
newer bDMARDs, we suggest that also for ABA-treated
patients, regardless of HBV-DNA status, antiviral
prophylaxis should be taken into account; whilst TCZ
is relatively safe. In these cases, regular monitoring
of aminotransferases, HBsAg and/or HBV-DNA every
3-6 mo of follow-up is mandatory.
When HBV reactivation is diagnosed, as soon as
HBV-DNA becomes detectable and before hepato
cellular damage starts, antiviral therapy must be
promptly initiated and immunosuppressive therapy
must be discontinued. If HBV-DNA becomes positive
during lamivudine therapy, the patient should be
switched to tenofovir, since cross-resistance has been
reported between lamivudine and entecavir.

Given the risk associated with IFN-based schemes
in patients with autoimmune diseases, only NAs
are recommended for these patients. To date, no
consensus or recommendations are available regarding
the specific bDMARD that should be preferentially
chosen according to HBV infection profile. Pre-emptive
treatment must be started (at least 1 mo) before
the biotherapy, and must be prolonged (as well as
virological monitoring) until at least 6 mo after its
discontinuation. The efficacy of pre-emptive lamivudine
has been retrospectively assessed in 88 RA patients
treated with TNFI showing markers of recent/remote
[77]
+
HBV infection : for HBsAg patients, 5 of 8 untreated
patients underwent HBV reactivation versus none of
10 treated patients. Regarding the 70 HBsAg /anti+
HBc patients, without antiviral prophylaxis, a single
case of HBV reactivation was reported in a patient with
+
OBI (HBV-DNA , anti-HBs ). Nevertheless, newer NAs
such as entecavir and tenofovir are considered the first
choice for patients at high risk of HBV reactivation, due
to lower risk of drug resistance. However, comparative
data between lamivudine and newer NAs for preemptive therapy of HBV reactivation are lacking. In
addition, the potential side effects of entecavir and
tenofovir must be weighed against the excellent safety
profile of lamivudine. The current recommendations
are summarized below.
+
For HBsAg patients, antiviral therapy should be
[68]
initiated before any bDMARDs therapy . The choice
of the appropriate NA mainly depends on the duration
of the scheduled therapy and on HBV serology status
(CHB vs inactive carrier). In general, patients receiving
long-term immunosuppression (> 12 mo) and/or
[34]
suffering from CHB are placed on the newer NAs .
For patients with HBV-DNA < 2.000 IU/mL who are
scheduled for short-term immunosuppression (< 12
mo) treatment with lamivudine should be considered.
Biotherapy should not be started until the HBVDNA levels become undetectable, and thus frequent
(after 1 mo, then every 3-6 mo) monitoring of HBV[35,81]
DNA and liver function tests is mandatory
. This
recommendation might safely be applied to patients
undergoing TCZ and ABA.
+
For HBsAg /anti-HBc patients undergoing bD
MARDs, additional risk factors should be taken into
account: HBV-DNA positivity, presence of anti-HBs
(which should protect against reactivation, although
this effect is controvertial, mostly with RTX), and the
degree of immunosuppression induced by different
bDMARDs, particularly for RTX. Baseline screening
for HBV-DNA is always recommended, and if found
[34]
to be positive, it is appropriate to start newer NAs .
In patients with resolved HBV infection (undetectable
HBV-DNA) undergoing TNFI, simple monitoring
without pre-emptive treatment is recommended
(particularly if also anti-HBs+): liver function tests,
HBsAg and HBV-DNA should be assessed 1 mo
after treatment start, and then every 3-6 mo. Pre-
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CONCLUSION
HBV infection is a relevant worldwide condition,
affecting also rheumatologic patients. Immuno
suppressive treatment with bDMARDs might interfere
with HBV natural history, leading to an increasing
risk of viral reactivation, with consequent liver
damage, up to possible fulminant hepatitis and death.
Rheumatologists should be well-aware about such
risk in RA patients undergoing different classes of
bDMARDs, in order to define drug by drug proper
preventive and therapeutic strategies. More robust
evidences about newer bDMARDs (TCZ and ABA)
are still needed in order to better define their specific
drug-related risk in HBV infected RA patients and
to draw univocal recommendations. An integrated
management of this subset of patients should be
encouraged between rheumatologists and virologists.
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Abstract
Hepatocellular carcinoma (HCC) is one of the most
common malignancies leading to high mortality rates
in the general population; in cirrhotic patients, it is
the primary cause of death. The diagnosis is usually
delayed in spite of at-risk population screening recom
mendations, i.e., patients infected with hepatitis B or C
virus. Hepatocarcinogenesis hinges on a great number
of genetic and molecular abnormalities that lead to
tumor angiogenesis and foster their dissemination
potential. The diagnosis is mainly based on imaging
studies such as computed tomography and magnetic
resonance, in which lesions present a characteristic
classical pattern of early arterial enhancement followed
by contrast medium “washout” in late venous phase.
On occasion, when imaging studies are not conclusive,
biopsy of the lesion must be performed to establish the
diagnosis. The Barcelona Clinic Liver Cancer staging
method is the most frequently used worldwide and
recommended by the international guidelines of HCC
management. Currently available treatments include
tumor resection, liver transplant, sorafenib and locoregional therapies (alcoholization, radiofrequency
ablation, chemoembolization). The prognosis of hepato
carcinoma is determined according to the lesion’s stage
and in cirrhotic patients, on residual liver function.
Curative treatments, such as liver transplant, are
sought in patients diagnosed in early stages; patients in
more advanced stages, were not greatly benefitted by
chemotherapy in terms of survival until the advent of
target molecules such as sorafenib.
Key words: Hepatocellular carcinoma; Surveillance;
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(radiofrequency ablation, percutaneous ethanol injec
tion and trans-catheter chemoembolization) or
with systemic therapy (sorafenib, doxorubicin and
bevacizumab) that have been proven to decrease
[8]
mortality .

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This paper reviews the most recent evid
ence on hepatocarcinoma including its molecular
pathogenesis and prognosis, with special emphasis on
its diagnosis, staging and treatment. The most recent
Easter and Western international guidelines are also
reviewed.

MOLECULAR PATHOGENESIS
The molecular pathogenesis of HCC is a complex
process involving numerous events and genetic
abnormalities that provide oncogenic capacities to preneoplastic cells.
There are molecular abnormalities common to
the various etiologies of hepatocarcinoma, the most
relevant being mutations of the beta-catenin gene
(CTNNB1 gene), the TP53 tumor suppressor gene and
deletion of the Axin 1 and Axin 2 genes, both negative
[9]
regulators of beta-catenin . There is also VEGF gene
overexpression (vascular endothelial growth factor)
[10]
that correlates with the tumor’s angiogenic capacity
and has led to attempts to develop target therapies
[11]
against VEGF . Other oncogenic factors include the
overexpression of extracellular matrix metalloprotease
inducers (EMMPRIN or CD147) that have been
associated to increased vascularization, invasion,
[12]
metastases development and tumor recurrence .
Moreover, up-regulation of the JAK/STAT pathway that
activates phosphorylation of the STAT3 transcription
factor, found in 50%-100% of all HCC, is also related
to angiogenesis and cellular differentiation; this
[13,14]
has also recently become a therapeutic target
.
Chromosomal instability is one of the most frequent
abnormalities in hepatocarcinoma, whereby ampli
fication of chromosome 1q is the most common
[15]
followed by amplification of 8q and 5p ; HCC has also
been associated to deletions of 4q, 8p, 13q, 16q, and
[16]
17p . Micro RNA (miRNA) involvement has also been
recently described in the development of malignancies
since they can act like oncogenes or tumor suppressor
genes; specifically in hepatocarcinoma, the relation
between miRNA down-regulation (miR-122, miR-141),
the up-regulation of others (mi-R21, miR-221),
angiogenic capacity, metastases development and
[17,18]
apoptosis has been well documented
.
Furthermore, there are specific mechanisms
involved in the different HCC etiologies such as
hepatitis B infection (HBV), in which viral integration
into the human genome leads to the production of
truncated proteins such as HBx and pre S2/S that in
turn, modulate signaling pathways and induce gene
[19,20]
activation fostering oncogenesis
. Unlike HBV,
in hepatitis C (HCV) infection there is no genomic
integration and HCV-associated oncogenes have not
been identified; hence, all pro-oncogenic abnormalities
appear to be cytoplasmic and are conditioned by
chronic inflammation, replicative senescence resulting
from telomere shortening, oxidative stress, liver
steatosis and miRNA overexpression, such as that of

Tejeda-Maldonado J, García-Juárez I, Aguirre-Valadez J,
González-Aguirre A, Vilatobá-Chapa M, Armengol-Alonso A,
Escobar-Penagos F, Torre A, Sánchez-Ávila JF, Carrillo-Pérez
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update. World J Hepatol 2015; 7(3): 362-376 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i3/362.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i3.362

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common malignancy and the third cancer-related
cause of death; it usually develops in patients with
hepatic cirrhosis and is the primary cause of death in
[1]
this patient group .
The prevalence of HCC varies worldwide, with a
greater incidence in Asia (> 20 cases/100000) than
[2]
in North America and Europe (< 5 cases/100000) .
Seventy to ninety percent (70%-90%) of patients
with HCC also have cirrhosis although in Asia, there is
a greater number of non-cirrhotic patients with HCC;
their malignancy relates mostly to hepatitis B virus
[3]
(HBV) and hepatitis C verus (HCV) infections .
There are several HCC staging systems but the
most currently used is the Barcelona Clinic Liver Cancer
[4]
(BCLC) staging system . This system’s advantage
relies on its inclusion of early-stage patients in the
therapeutic decision-making schema. BCLC is the
system recommended by the American Association for
the Study of Liver Disease (AASLD) and the European
[5,6]
Association for the Study of the Liver (EASL) . The
diagnostic methods of choice are magnetic resonance
imaging and computed tomography in patients with
[6]
the classical late washout pattern . If not detected, a
diagnostic biopsy must be obtained.
The mortality due to HCC is very high, particularly
in patients diagnosed in late-stages and in correlation
with the underlying liver disease; however, with the
implementation of screening programs in high-risk
[7]
populations , early-stage diagnoses have increased
and opened the possibilities to curative therapy. These
include surgical resection and the treatment of choice,
orthotopic liver transplant. Patients outside the realm
of curative therapy are managed loco-regionally
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miR-155

.

in advanced stages since less than 20% of patients
[42]
with cirrhosis are screened for HCC ; this is due, in
great measure, to the first contact physicians’ lack
of knowledge of the recommended clinical guidelines
[43]
although they care for 60% of these patients .
The decision to begin screening depends on the
individual’s risk and on whether they wish to be treated
if diagnosed with HCC. Screening recommendations
include: (1) patients with cirrhosis of any etiology, with
conserved liver function (Child-Pugh A and B), lacking
severe comorbidities; (2) decompensated cirrhosis
(Child-Pugh C) on a transplant waiting list; (3) noncirrhotic chronic HBV infection with active hepatitis
or a family history of hepatocarcinoma; and (4) noncirrhotic HCV infection and advanced liver fibrosis
[5]
(F3) .

RISK FACTORS AND PREVENTION
Most cases of HCC develop in patients with chronic
[23]
liver disease (70%-90%) . Risk factors depend
on the region where the studies are conducted; for
instance, HCV is a major factor in Europe, Japan
and North America (50%-70%), HBV accounts for
10%-15%, alcohol 20% and others, 10%. In Asia and
Africa, HBV is associated to 70% of cases and HCV
[1,24]
to 20%
although the synergistic effect of non[25,26]
alcoholic liver disease is becoming more relevant
.
Diabetes mellitus is an independent risk factor in
[27]
HCC . Obesity is associated with an increased risk of
[28]
HCC in both males and females . Tobacco use also
[29,30]
increases the risk while coffee intake decreases it
.
The most frequent risk factor for HCC (50% of
cases), is chronic HBV infection - including occult
[23,31]
infection - secondary to exposure to aflatoxin B1
.
Depending on the study, the relative risk of developing
a tumor is close to 100-fold in HBV carriers vs noncarriers; in patients with associated cirrhosis, the
[32]
risk is even greater
fostered by the viral load and
[33]
the duration of infection . HBV-related HCC may
be prevented by vaccination and in patients with
chronic infection and viral replication, treatment with
antiviral agents may prevent progression of the liver
disease and possibly, the long-term development of
HCC, although recent evidence reveals that despite
[34,35]
adequate viral suppression the risk remain high
.
The incidence of HCC in individuals with cirrhosis
[36]
due to HCV, is 3%-5% per year . There is currently
no available vaccine as in HBV, but preventing the
progression of the acute infection to chronic hepatitis
and finally cirrhosis with antiviral agents, prevents
cancer development; however, the risk of HCC remain
[37]
higher . In randomized controlled trials, treatment
has not been shown to modify disease progression
rates or HCC development in patients with chronic
[38,39]
HCV and advanced fibrosis
. There are recent
studies showing that elimination of HCV in patients
with compensated cirrhosis, decreases the risk of
[40]
developing the tumor after 10 years . Alcohol has
an important influence on tumor development since
it acts synergistically in individuals with chronic HBV
[36]
and/or HCV infection . HIV and HBV or HCV coinfection is an important risk factor, fostering faster
liver disease progression than in individuals without
HIV; if cirrhosis develops as a result, the risk for HCC
[41]
is further increased .

Screening methods

Liver ultrasound: Liver ultrasound twice a year is
the screening procedure of choice since it is not an
invasive method, it is easily available and its cost is
moderate. Its sensitivity is 60%-80% and its specificity
[44]
is above 90% . A recent randomized prospective
study revealed that its diagnostic yield was comparable
to that of an annual triphasic computed tomography,
[45]
and at a lower cost .
Serum alpha fetoprotein (AFP): Serologic tumor
markers are of limited use: although more sensitive than
[46]
other biomarkers with a cut-off point of 10.9 ng/mL ,
its diagnostic yield is inferior to ultrasound since its
concentration depends on the tumor size and thus,
preferentially detects tumors in advanced stages.
Ultrasound + alpha fetoprotein: If both strategies
are combined, serum alpha fetoprotein levels only
add 6%-8% to the number of cases undetected by
[47]
hepatic ultrasound (HUS) . The combination of these
strategies increases the number of false positives as
well as costs. There is currently insufficient evidence
to support or refute the use of both methods in HCC
screening/surveillance in the population with hepatitis
[44,48]
B infection
.

DIAGNOSIS
Pathology studies have revealed that most nodules
[49]
< 1 cm detected in cirrhotic livers, are not HCC . To
date, HUS follow-up every 3-4 mo of lesions under 1
cm is recommended. If they grow, evaluation should
be conducted according to the size of the lesion; if it
[5,6]
remains stable, HUS is recommended every 4 mo .
In lesions greater than 1 cm, non-invasive diagnostic
strategies should be followed with imaging methods;
if a HCC diagnosis is not established, a liver biopsy is
warranted. If this is inconclusive, the patient should
be followed every 4 mo, but if the lesion grows or
imaging patterns change, a second biopsy should be
[5]
obtained .

SCREENING
At-risk population and benefit of early detection

Screening patients for HCC is recommended in
high-risk populations in order to decrease asso
[8]
ciated mortality if detected in a curable stage .
Unfortunately, most detected cases are diagnosed
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Figure 1 Contrast - enhanced computed tomography and Dynamic contrast-enhanced magnetic resonance imaging. A: Classical imaging pattern of
hepatocellular carcinoma in contrast-enhanced computed tomography; A1: Simple phase, hypodense lesion in segment Ⅶ; A2: Arterial phase; A3: Enhanced portal;
A4: 3 min late-phase washout; B: Diagnostic dynamic-contrast magnetic resonance imaging with classical pattern; B1: Simple phase; B2: Portal phase; B3: late-phase
washout.

The clinical and economic impact of using guidelines
in the diagnosis of HCC, such as those proposed by the
AASLD and EASLD, has been recently prospectively
evaluated. The sequential approach to hepatic lesions
leads to a decreased need for liver biopsies when
evaluating nodules between 1 and 2 cm, and also
[50]
reduces costs when compared with lesions > 2 cm .

(MRI) results showing the characteristic pattern of
early arterial enhancement followed by a contrast
medium “washout” (Figure 1) phase in late venous
[5,6]
phases; it is applicable to lesions > 1 cm .
Nodules between 1 and 2 cm have a malignancy
[53]
rate of 14%-23% . If this type of nodule has a
characteristic contrast agent-mediated enhancement,
the study’s positive predictive value is close to 100%
and its sensitivity is 71%, as long as it was performed
[6]
in a center with sophisticated equipment . If not
characteristic, continued evaluation will require the
use of two accepted imaging modalities: four-phase
CT with contrast medium or dynamic contrast MRI.
If these two methods do not reveal the characteristic
[54]
HCC pattern, the lesion must be biopsied (Figure 2) .
Western liver societies do not consider contrastenhanced ultrasound (CEUS) an appropriate study in the
diagnostic approach to HCC due to the theoretical qualm
[55]
in differentiating HCC from cholangiocarcinoma .

Non-invasive methods

There are some differences in terms of non-invasive
diagnosis between Western and Eastern countries;
these differences are reflected in different international
guidelines pertaining to each geographical area:
[5]
[6]
EASL , AASLD , Asian Pacific Association for the
[51]
Study of the Liver (APASL)
and Japanese Society of
[52]
Hepatology (JSH) .

Western guidelines (AASLD and EASL)

Imaging: Contrast - enhanced computed tomog
raphy and Dynamic contrast-enhanced magnetic
resonance imaging: The diagnosis of HCC with
non-invasive methods should be based on computed
tomography (CT) and magnetic resonance imaging

WJH|www.wjgnet.com
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The guidelines proposed by the APASL and the JSH
recommend following an algorithm that begins by
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Mass on surveillance
ultrasonography
in patient with cirrhosis or
chronic hepatitis B

< 1 cm

> 1 cm

Diagnostic algorithm for hepatocellular carcinoma in
Western countries

4-phase multidetector CT/dynamic
MRI
Repeat ultrasonography
every 3/4 mo

Arterial hypervascularisation and
venous or delayed phase
“washout”

-

+
Stable over
18-24 mo

> 2 cm

Enlarging

A second imaging
accepted modality

Return to
standard
surveillance

Arterial hypervascularisation
and venous or delayed phase
“washout”
Proceed
according to
lesion size

+

-

Biopsy

Treat as hepatocellular carcinoma

Inconclusive

Figure 2 Diagnostic algorithm for hepatocellular carcinoma in Western countries. Modified from Bruix et al[6], with permission of the author and John Wiley and
Sons. CT: Computed tomography; MRI: Magnetic resonance imaging.

methods, include the fact that the microbubbles make
it amenable to imaging patients in renal failure and
also captures the arterial enhancement phase in real
time. Moreover, the washout period has apparently
been reported more consistently than with CT or
[57,58]
MRI
.

evaluating the contrast medium pattern in the arterial
phase of the imaging study and classifying it as
hypervascular or hypovascular. Diagnostic tools include
CT, dynamic contrast MRI and CEUS; hence, before the
lesion can be classified as hypovascular, more than one
study must be performed and should always include
CEUS. Hypervascular lesions detected in the arterial
phase as well as in the venous washout phase (classic
pattern) or hypovascular lesions in the post-vascular
®
phase of the CEUS with Sonazoid as a contrast agent
(in JHS guidelines), are diagnostic of HCC (Figure
[51,52]
3)
. None of the guidelines suggest that the use of
positron-emission computed tomography (PET-CT) is
pertinent in the diagnostic approach.

Histopathology

Liver biopsy should only be considered when evalu
ating nodules greater than 2 cm, if radiological
findings are not compatible with HCC, or if findings
in any nodule are inconclusive after a thorough workup. But biopsies can yield false negative results even
[59]
with immunohistochemical techniques . Alpha feto
protein is not a useful tissue marker due to its low
[60]
sensitivity (25%-30%) . Some strategies such as
biopsying nodules showing arterial hypervascularity in
at least one imaging study or the presence of typical
synchronic lesions, have proven to increase sensitivity
(62%) and specificity (79%) in the diagnosis of

CEUS

This imaging method is accepted as part of the
[56-58]
diagnostic approach of patients with HCC
in
[51,52]
Eastern countries
but not in the West. Some of
its advantages when compared with other imaging
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Nodule detected by
ultrasonography

Diagnostic algorithm for hepatocellular carcinoma in
Eastern countries

Hypervascularity in the arterial phase on
dynamic CT/MRI in chronic
liver disease

+

Diagnostic algorithm
for hypovascular
liver nodules

-

“Washout” in the portal /venous phase

+

-

SPIO MRI
CEUS : Kupffer phase on
®
®
Sonazoid /Levovist

Uptake ( - )

HCC

Uptake ( + )

Close follow
up

Figure 3 Diagnosis algorithm for hepatocellular carcinoma in Eastern countries. Modified from Omata et al[51], with permission of the author and Springer.
HCC: Hepatocellular carcinoma; CT: Computed tomography; MRI: Magnetic resonance imaging; SPIO: Super paramagnetic iron oxide; CEUS: Contrast-Enhanced
Ultrasonography.

malignancy in nodules between 1 and 2 cm and
[53]
classified as indeterminate .
A histopathological diagnosis is established if the
sample is positive for glypican 3, heat shock protein
70 (Hsp70) and glutamine synthetase. Positivity of
at least two of these three markers has a diagnostic
[60]
sensitivity of 72% and a specificity of 100% .
However, a negative biopsy does not preclude a
HCC diagnosis since the rate of false negative results
may reach 30%. This is due to sampling error or to the
[60]
lack of specific histological findings .

computed tomography and dynamic-contrast magnetic
resonance. Eastern groups propose algorithms
that begin by evaluating the size of the lesion. The
APASL and JSH recommend initiating the evaluation
by analyzing the lesion’s arterial vascularity (hyper
or hypovascular). There are important differences
between the Western and Eastern guidelines in terms
of the non-invasive diagnosis of HCC.

STAGING
Determining the prognosis of patients with HCC is a
crucial step in the management of these patients. An
early diagnosis and effective treatment is associated
[5,6]
with survival beyond 5 years .
Several classifications have been proposed in
order to stratify patients according to their expected
[4]
outcomes . Obviously, although there are established
guidelines and recommendations, therapy decisions
should be individualized taking into account the
available scientific evidence and the patient’s personal
profile.
Most cases of HCC develop in patients with cirrhosis

Comparison of international guidelines

The main international societies studying the liver
(AASLD, EASL, APASL and JSH) have similarities and
differences in terms of HCC screening and diagnosis.
The most relevant differences in the HCC diagnostic
[5,6,51,52]
guidelines
in the West and the East hinge
on the non-invasive diagnostic algorithm. All four
guidelines accept the contrast medium enhanced
classic pattern as definitively diagnostic of HCC.
Western guidelines (AASLD and EASL) only consider
acceptable the following imaging studies: four-phase
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Hepatocellular carcinoma
Early stage (A)
Single nodule or
3 nodules < 3 cm
Child Pugh A-B,
Performance status: 0

Very early stage (0)
Child Pugh A,
Performance status: 0

Intermediate stage (B)
Multinodular
Child Pugh A-B.
Performance status: 0

Three nodules
≤ 3 cm

Single nodule
< 2 cm

Advanced stage (C)
Extrahepatic spread
Portal invasion
Child Pugh A-B,
Performance status: 1-2

Portal pressure, increased
bilirubin

Terminal
stage (D)
Child Pugh C,
Performance
status: > 2

Yes

No

Associated
diseases

No

Resection

Liver transplant

Yes

Chemoembolization

Ablation

Sorafenib

Supportive care

Palliative treatments (20%-40%)

Curative treatment (30%-40%)

Figure 4 Barcelona Clinic Liver Cancer staging system and treatment strategy.
[69]

so for now, determining the patient’s prognosis and
therapy should consider the baseline degree of liver
damage as well that due to HCC.
Several strategies have been proposed for prognostic
staging and decision-making in patients with HCC: Child[61]
[62]
[63]
Pugh , MELD , TNM classification , tumor volume
[64]
estimation , evaluation of the patient’s performance
[65]
status (ECOG) , all characterized and limited by their
one-dimensional assessment.
The most used classification is that developed
[66]
by the Barcelona Clinic Liver Cancer group , a
multidimensional strategy. This strategy has been
validated in different scenarios and has established
[67,68]
recommendations for each stage of the disease
.
For now, the BCLC system is the recommended
staging system by international guidelines (Figure
[5,6]
4)
, since it stages the disease and proposes
treatment according to the stage:

these patients’ 5-year survival is > 90%
tumor rarely recurs.

Very early stage (0)

Intermediate stage (BCLC B)

Early stage (BCLC A)

Early stage is patients with a single HCC lesion > 2
cm or three nodular lesions, each ≤ 3 cm in diameter.
Liver function should be evaluated according to
the Child-Pugh classification and should be limited
to groups A and B. The lack of significant portal
hypertension and normal serum bilirubin levels are
survival predictors in patients with a single lesion that
[70]
undergo resection . The determined size of the tumor
is a criterion when considering liver transplantation as
[71]
established in the Milan criteria . If these criteria are
[72]
not fulfilled other therapies are less effective . The
risk of vascular invasion is directly proportional to the
size of the tumor. Five-year survival in these patients is
[73,74]
over 50% after curative transplant
.

Intermediate stage includes patients with one,
large HCC lesion as well as asymptomatic patients
with multifocal disease and no vascular invasion or
extrahepatic lesions. Their reported survival has
been approximately 16 mo. Liver function must be

Very early stage is patients with cirrhosis and com
pensated liver function (Child-Pugh A), with no signs
of portal hypertension and with a single lesion ≤ 2
cm (carcinoma “in situ”). The performance status
according to ECOG must be 0. If treated by resection,
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preserved (Child-Pugh A and B). These patients may
undergo trans-catheter arterial chemoembolization
(TACE) which is associated with an increased sur
[75]
vival . A recent meta-analysis of randomized clinical
trials, suggests that ascites (a contraindication to
TACE), is the most important adverse prognostic factor
[76]
in this sub-group of patients .

The perioperative mortality after HCC resection in
cirrhotic patients is approximately 2%-3%, greater
than in patients with no cirrhosis. As a general rule,
patients with some manifestation of decompensation
(bleeding, ascites or portal hypertension), hepatic
reserves are insufficient to consider surgical resection.
Ideally, resection should only be considered in patients
[80,83]
with tumors ≤ 5 cm in diameter
, although there
is consistently more evidence that size may not be a
strict criterion in candidate selection; regardless, one
must not ignore the fact that the greater the tumor
mass, the greater the risk of vascular invasion or
dissemination and the recurrence rate increases up to
[79,84,85]
70% at 5 years
. De novo tumor development
may arise after primary resection, although most
recurrences appear after 1 or 2 years as a result of
dissemination of the primary tumor. The approach
to post-resection has not been well studied yet, but
repeating the resection is known to be of no value.
Rescue liver transplantation or loco-regional therapies
with or without multikinase inhibitors may be a viable
[86]
alternative .

Advanced stage (BCLC C)

This stage includes patients who do not fulfill BCLC
B criteria. They are symptomatic (pain, general
malaise or ECOG 1-2), they have vascular invasion
or extrahepatic HCC involvement. Their survival has
recently increased (10.7 mo) with sorafenib, a tyrosine
[67,77]
kinase inhibitor
.

Terminal stage (BCLC D)

This stage includes patients with severe hepatic
dysfunction (Child-Pugh C) that are not liver trans
plant candidates and those patients with an ECOG
score greater than 2. They have a dire prognosis
and a survival under 6 mo while benefitting from
[6]
conservative therapy (no intervention) .

Liver transplant

In patients with unresectable tumors, the most
feasible surgical option is orthotopic liver transplant
(OLT) in conjunction with adjuvant therapies such as
[80,86]
TACE or percutaneous ablation
. However, OLT is
not an optimal choice in all patients and in spite of a
necessary and prudent evaluation, patients should
be well selected when dealing with a scarce resource
[80]
such as organ donation . In 1996, Mazzaferro et
[87]
al
published a prospective cohort study including
48 patients transplanted because of HCC and in
accordance with the Milan criteria (a single lesion ≤
5 cm or 3 lesions ≤ 3 cm each); their survival rate
at 4 years was 75%. Therefore, deceased donor liver
transplant is a real option in these patients. Over time,
experience with this treatment modality has increased
and current 5-year survival is above 70% with a 15%
recurrence rate, a similar survival to OLT without
[5,6,88]
HCC
.
There are several studies investigating the expan
sion of the Milan criteria, so as to not restrict the tumor
size. The University of California proposed the San
Francisco criteria that include patients with a single
nodule ≤ 6.5 cm or 3 nodules ≤ 4.5 cm and with
a total volume no greater than 8 cm; there are also
other retrospective and prospective studies with very
[89]
similar results to the Milan criteria . In spite of these
results, international guidelines insist on adhering to
[5,6,51,52]
the Milan criteria while awaiting more solid data
.
Interest in down-staging has recently increased
targeting patients with HCC exceeding the OLT
criteria and that are treated with loco-regional the
rapy (TACE and/or ARF) in order to decrease the
[90,91]
tumor’s size and then fulfill the OLT criteria
.
Current data has led to conflicts, with some experts

Molecular classification

Evaluating a tumor’s molecular classification provides a
biological sub-classification that can optimize molecular
therapies. These biomarkers allow improved staging.
Increased alpha fetoprotein levels are associated to
a poor or dire prognosis. Although an optimal cutoff
point has not been established, it appears that high
alpha fetoprotein levels predict an increased risk
of HCC progression while the patient is on the liver
[78]
transplant waiting list .

TREATMENT
HCC can be cured by surgical resection or liver
transplant if it is diagnosed at an early stage; however,
only 15% of cases are selected for management with
[79]
these treatment modalities .

Liver resection

Deciding to perform a liver resection depends on
three conditions: tumor size, tumor location and liver
function. Resection is considered the treatment of choice
in patients with solitary tumors limited to the liver, with
no radiological evidence of vascular invasion and with
normal liver function (normal total bilirubin, hepatic
venous pressure gradient ≤ 10 mmHg, platelets >
[80]
100000 and no esophageal varices on endoscopy) .
The 5-year survival rate after tumor resection varies
between 41% and 77%. Resection is also an option
in multifocal HCC, fulfilling or not the Milan criteria
or if the patient has mild portal hypertension and is
[81,82]
not a liver transplant candidate
. Loco-regional
therapy should be preferably considered in this group
of patients, avoiding subsequent liver decompensation.
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recommending OLT only in patients that are downstaged effectively while others favor liver transplant
as rescue therapy in spite of not having achieved
[92,93]
[91]
the desired response
. Yao et al
published a
study on a down-staging protocol using TACE and/
or radiofrequency ablation, and reported a 1-year
survival of 96.2% and 92.1% at 4 years, in patients
who underwent OLT; they were also recurrence-free
after an average follow-up of 25 mo.
The down-staging approach is controversial:
some experts believe that large or multifocal tumors
have the same recurrence risk in spite of successful
[92]
down-staging . One of the main poor response and
recurrence biomarkers after transplantation is AFP.
With a cut-off limit above 1000 ng/mL it could indicate
microvascular invasion although further studies are
[94]
required for confirmation .
Upon HCC diagnosis, this group of patients usually
has stable liver disease, a disadvantage when awaiting
an OLT. In this context, the United Network for Organ
Sharing determined that patients fulfilling the Milan
criteria should have a MELD score of 22 when added
to the transplant waiting list, and the score should
increase every 3 mo (the equivalent to a 10% increase
in mortality); this is established after computed
tomography or magnetic resonance confirmation of
[95]
Milan criteria fulfillment . This is turn, depends on
the study region and on the number of patients on
the waiting list, since some remain with stable liver
disease and on the list for up to two years. Hence,
the Living Donor Living Transplant program is a viable
alternative; the risk of donor death and developing
complications is 0.3% and 2% respectively. This
option is limited to centers of excellence. Whether this
group of patients has the same long-term survival
as recipients of deceased donor livers remains to be
established with certainty.

The available data is sufficient to conclude that
RFA significantly improves survival and decreases local
recurrence when compared to PEI. PEI use should be
limited to circumstances when RFA is unavailable or
[99,100]
technically not possible
.

Intermediate stage (BCLC B)

Intra-arterial chemoembolization is the main treatment
modality in unresectable HCC. This procedure requires
the endovascular placement of a catheter until it
reaches the hepatic artery and a microcatheter is
guided to the segmental and sub-segmental branches.
The chemotherapeutic agents most commonly used
are cis-platinum and doxorubicin mixed as an emulsion
with lipiodol, an oily radio-opaque contrast agent
concentrated in the tumor and that promotes the
exposure of neoplastic cells to the drugs. This emulsion
is distributed in the affected segments or lobes and
[99]
selectively infused in the tumor . Survival rates are
82%, 47% and 26% at 1, 3 and 5 years, respectively.
Therapy leads to tumor necrosis in 30%-50% of
patients but rarely leads to a complete response
[98]
especially after only one session . Embolizing agents
are administered after the chemotherapy emulsion
following the same procedure. The most commonly
®
used are: Gelfoam , polyvinyl alcohol microparticles
and trisacryl gelatin microspheres. Vascular obstruction
thus decreases the chemotherapeutic agents’
[98]
washout .
The soft embolization technique is very similar
to TACE but without the administration of the
chemotherapy emulsion with lipiodol. After diagnostic
angiography, embolizing particles are injected directly
into the tumor’s afferent artery in order to produce
tumor ischemia and necrosis. This technique is useful
in patients with a significant tumor load and in whom
future progression may lead to no viable treatment
options. It has also been associated with less adverse
[101]
effects .
Most advantages of soft embolization are shared
with TACE and the debate continues on which
technique offers the greatest benefits. Among the few
controlled trials comparing TACE/soft embolization vs
conservative treatment, survival was the greatest at 1
and 2 years with chemoembolization, 82% and 63%
vs 75% and 50% with soft embolization and 63% and
27% with conservative management. Currently, the
most commonly used standard technique is TACE.
There is recent evidence that TACE in combination with
sorafenib may decrease by 35% the risk of death in
[102]
patients with intermediate and advanced HCC .

Loco-regional treatments

Loco-regional treatments in patients with HCC are
chosen based on their oncological stage, performance
status and underlying liver disease(s).
Early stage (BCLC A): Currently, the most commonly
used ablation methods are percutaneous ethanol
injection (PEI) and radiofrequency ablation (RFA). PEI
consists of the direct injection of ethanol into the HCC.
This was the first treatment modality used before the
[96,97]
development of RFA
. The curative capacity of
PEI in tumors > 2 cm is limited and requires multiple
[98]
injections over several sessions . PEI can lead to
complete tumor necrosis in 70% of nodules < 3 cm
and in approximately 100% of nodules < 2 cm.
RFA is currently considered the safest ablation
[97]
method and yields better results in BCLC A patients .
Complete response rates can reach 80% in patients
with tumors < 3 cm, 50% in those with tumors
between 3 and 5 cm and 25% in tumors > 5 cm. RFA
[98]
is associated with a 5-year survival of 76% .
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Terminal stage (BCLC D): This stage includes pa
tients with Child-Pugh C and some with high score B
liver disease associated to other comorbidities and
terminal stage oncological symptoms. They must
be very carefully evaluated and in most cases, locoregional therapies are not an option since they can
lead to the development of severe and even fatal

370

March 27, 2015|Volume 7|Issue 3|

Tejeda-Maldonado J et al . Hepatocellular carcinoma an update
[99]

adverse effects .
Another application of intra-arterial embolization is
in patients in an early HCC stage and in whom ablation
therapy is precluded due to the tumor’s location (close
to the gallbladder, main bile ducts or main portal vein
branches) or other contraindications.

grade 1 or 2. Grade 3 events not found in the placebo
group included diarrhea and hand-foot syndrome,
[67]
each in 8% of cases; there were no grade 4 events .
In an Asian phase Ⅲ study of 226 patients fulfilling
similar selection criteria, results were very similar. The
increase in OS was a little less marked, 6.5 mo vs 4.2
mo (HR = 0.68, 95%CI: 0.50-0.93; P = 0.014) and
in terms of disease progression, 4.2 vs 2.8 mo (HR
= 0.57, 95%CI: 0.42-0.79; P = 0.0005). Although
survival in this study was not as good as in SHARP,
this difference was attributed to the fact that they
included patients with worse performance status and
[107]
more advanced disease; HR were very similar
. A
SHARP sub-analysis revealed that patients with HCV
benefitted more from sorafenib (14 mo vs 7.4 mo,
difference of 6.6 mo) when compared with patients
with HBV (10.3 mo vs 8 mo, difference of 2.3 mo);
one must emphasize that almost 75% of patients in
the Asian study were infected with HBV while only
20% were so in the Western study, another possible
explanation for the observed difference between
studies.
In the United States, the Food and Drug Admini
stration approved sorafenib without specifying the
severity of liver disease, but in patients with Child
B cirrhosis its benefits are much less evident. A
retrospective analysis of 59 patients (26 Child A, 23
Child B, 10 Child C) revealed an OS of 8.3, 4.3 and
1.5 mo, respectively; grade 3-4 adverse events were
present in 15% of Child A patients vs 30% in Child
[108]
B .
In the GIDEON (Global Investigation of therapeutic
DEcisions in hepatocellular carcinoma and Of its
treatment with sorafenib), there were also more
reported G3-4 adverse events in Child B patients
(67% vs 42%) and a greater possibility of abandoning
treatment due to these adverse effects (40% vs
[109]
25%) .
Other strategies such as combining sorafenib with
chemotherapy have been attempted. In a phase Ⅱ
study of 96 Child A patients, two groups were defined:
2
sorafenib 400 mg bid and doxorubicin 60 mg/m vs
doxorubicin and placebo, OS was 13.7 mo vs 6.5 mo
(P = 0.006) and progression-free survival was 6.0
[110]
mo vs 2.7 mo . A phase Ⅱ study is currently being
conducted (CALGB 80802). Other studies of targeted
therapy plus chemotherapy have yielded controversial
results.
Other treatments such as sunitinib have been
attempted but a phase Ⅲ study revealed worse
survival (7.9 mo vs 10.2 mo when compared with
[111]
sorafenib) and more frequent and severe toxicity
.
Other molecules such as cetuximab, erlotinib and
everolimus have also not proven to be superior to
sorafenib or have not been studied comparatively.
Sorafenib is currently considered first-line systemic
therapy due its effectiveness and toxicity profile.
Some clinical markers (rash, hypertension) as well
as molecular markers (VEGF genotypes, VEGF

Combined treatment

The combination of chemoembolization and radio
frequency ablation has proven to better control tumor
growth in lesions between 3 and 5 cm.
The advantages of combined therapy include the
fact that hypoxic aggression from embolization and
the effects of the chemotherapy agents are synergistic
in decreasing the tumor’s blood flow and impedance.
Moreover, a disruption of the intra-tumoral septa after
chemoembolization, may foster the distribution of heat
within the tumor and decrease perfusion-mediated
tissue cooling, resulting in a greater ablated area. The
suggested protocol is to first perform the selective
chemoembolization followed by radiofrequency abla
[103]
tion within the subsequent 14 d .
An increase in survival has been demonstrated with
combined treatment vs RFA with rates of 92%, 66%
and 61% vs 85%, 59% and 45% at 1, 3 and 4 years,
respectively. Recurrence-free survival rates have been
reported as 79%, 60% and 54% vs 66%, 44% and
[104]
38% throughout the same follow-up periods .

Targeted system therapy

The molecular pathways involved in the pathogenesis
of HCC are manifold but there are few therapeutic
modalities specifically directed to these molecular
targets that have yielded relevant results; the most
studied and validated is the use of sorafenib. This
molecule acts by inhibiting multiple kinases, including
the Raf-1 and B-Raf serine-threonine kinases, VEGFR
[105]
1, 2 and 3 and PDGFR-b
. In the initial phaseⅠ
studies, sorafenib led to partial responses in various
solid tumors and among them, one hepatocarcinoma
[106]
case .
The SHARP study focused on the Western popu
lation. They assigned 602 patients with Child A cirrhosis
and good performance status (ECOG 0 - 1 in over
90%), that had never received systemic therapy; they
were randomized into a group treated with sorafenib
400 mg bid and a placebo group. Their main outcome
was overall survival (OS) and symptomatic progressionfree survival. Overall survival was significantly greater
in the sorafenib arm, with a survival rate of 10.7 mo
vs 7.9 mo (HR = 0.69, 95%CI: 0.55-0.87; P < 0.001)
and there was no difference in terms of symptomatic
progression (4.9 mo vs 4.1 mo; P = 0.77) although
radiological progression did decrease when evaluated
by RECIST (5.5 mo vs 2.8 mo, HR = 0.58, 95%CI:
0.45-0.74, P < 0.001). No patient had a complete
response, only 2% of the patients had partial response
in the sorafenib group and 1%in the placebo group.
Up to 80% developed an adverse event, almost all
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polymorphisms, Mcl-1 expression, pERK) may reflect
[109]
its efficacy, but none have been validated .

4

PROGNOSIS

5

In spite of advances in treatment, mortality in HCC
remains high. In untreated patients, 1-year survival
[76]
is 17.5% and 7.3% at 2 years . Due to patient
heterogeneity, their clinical status, the available
therapeutic options and particularly the presence or
lack of liver disease, prognosis is difficult to establish
unlike in other neoplasias in which prognostic factors
are solely determined by the tumor.
[4]
There are currently numerous staging systems
and although there is no consensus, the AASLD and
EASL guidelines recommend the use of the BCLC
system; according to this classification, 5-year
survival of stage A patients is 50%-70% after curative
treatment, 16-20 mo in stage B, 6-10 mo in stage
[66,73,74,76]
C and 3-4 mo in stage D
. However, several
factors of great impact on mortality are not considered
in this classification.
HCV and HBV infection also compromise survival in
non-cirrhotic patients undergoing curative surgery by
conferring an increased and earlier risk of recurrence.
Persistent HBV viremia also fosters an increased
[4,35,112-115]
recurrence risk
.
In patients without liver disease, HCC tends to be
diagnosed at a more advanced age than in patients with
cirrhosis and it is usually detected in latter stages (BCLC
D in 51.6% vs 42% in patients with cirrhosis) due to
the lack of screening; however, mortality in patients
in intermediate stages is lower than that in patients
with cirrhosis. In this group of patients, the BCLC
classification correlates best with survival than other
staging systems and their survival rates are better due
to the possibility of providing curative treatment of
larger lesions in turn, leading to decreased recurrences
(27% vs 73%) and greater survival (81% vs
[116,117]
23%)
.
Upon recent inclusion of molecular markers such as
wtER, IGF and VEGF-1 in prognostic scoring systems
such as CLIP, their precision has been favorable
[118-120]
although they are not currently routinely used
.
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experimental conditions. Hypoxia is a major inducer of
angiogenesis together with inflammation and hepatic
stellate cells. These profibrogenic cells stand at the
intersection between inflammation, angiogenesis and
fibrosis and play also a pivotal role in angiogenesis.
This review mainly focuses to give a clear view on the
relevant features that communicate angiogenesis with
progression of fibrosis in CLDs towards the-end point of
cirrhosis that may be translated into future therapies.
The pathogenesis of hepatic angiogenesis associated
with portal hypertension, viral hepatitis, non-alcoholic
fatty liver disease and alcoholic liver disease are also
discussed to emphasize the various mechanisms invo
lved in angiogenesis during liver fibrogenesis.
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Core tip: Hepatic angiogenesis is closely associated
with the progression of fibrosis in chronic liver diseases
(CLDs). Recent evidences demonstrated that blocking
angiogenesis means also prevention of fibrosis progre
ssion. Hypoxia plays a crucial role in eliciting angiogenesis
together with hepatic stellate cells being the most
prominent sources of vascular endothelial growth factor
and Angiopoietin-1. Adipokines, endoplasmic reticulum
stress and related unfolded protein response; neuropilins;
might be future therapeutical target in the progression
of fibrosis in CLDs. Moreover studies on non-alcoholic
steatohepatits demonstrated that of angiotensin and
renin inhibitors could be effectively used as a new treat
ment strategy against angiogenesis in the prevention of
fibrosis in CLDs.

Abstract
Recent data indicate that hepatic angiogenesis,
regardless of the etiology, takes place in chronic liver
diseases (CLDs) that are characterized by inflam
mation and progressive fibrosis. Because antiangiogenic therapy has been found to be efficient in
the prevention of fibrosis in experimental models of
CLDs, it is suggested that blocking angiogenesis could
be a promising therapeutic option in patients with
advanced fibrosis. Consequently, efforts are being
directed to revealing the mechanisms involved in
angiogenesis during the progression of liver fibrosis.
Literature evidences indicate that hepatic angiogenesis
and fibrosis are closely related in both clinical and
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chemokine-mediated recruitment of inflammatory
[13-15]
cells
. These cells can produce angiogenic cytokines
and growth factors that induce the proliferation and
migration of ECs that are necessary for the formation
[14,16-18]
of new vessels
. Besides, during chronic inflam
mation the accumulation inflammatory cells together
with fibrosis may contribute to hypoxia, by increasing
the resistance of damaged tissue to blood flow
[15,19,20]
and oxygen (O2) supply
. On the other hand
accumulated evidences indicate hypoxia alone could
be important in the stimulation of angiogenesis and
can also stimulate inflammation leading to a viscous
[3,21,22]
circle between inflammation and angiogenesis
(Figure 1). Hypoxia activates angiogenesis as a result
of signaling mediated by hypoxia-inducible factors
[12,21-23]
(HIFs)
. By definition, these critical molecular
mediators are transcription factors which promote
cells to react to the reduced levels of pO2 in the site of
injury by up-regulation of several genes carrying the
hypoxia response elements (HRE) sequences in their
[12,22-24]
promoter or enhancer
. HIFs are heterodimers
formed by an oxygen sensitive and inducible α subunit
[12,22-24]
and an oxygen-independent β subunit
. Three α
subunits, named hypoxia inducible factor-1-α (HIF-1α),
HIF-2α and HIF-3α have been described and all bind
to a common β subunit named, the aryl hydrocarbo
nuclear receptor translocator (ARNT), alternatively,
[23,24]
HIF-1β
. The best-characterized member of this
family is HIF-1, is regarded as a main regulator of
[12,22-24]
homeostasis
. Under the normal levels of O2,
HIF-1α is incessantly hydroxylated by several enzymes
[prolyl-hydroxylases (PHD1,PHD2 or PHD3) and
asparaginyl hydroxylase (FIH1)] whose activity is O2
[23,24]
dependent
. This modified HIF-1α scaffolded on
a multimeric protein complex including von HippelLindau protein(VHL) leading to rapid ubiquitination
[23,24]
and proteasomal degradation
. Hypoxia inhibits the
activity of O2 dependent enzymes and HIF-1α forms a
heterodimer with HIF-1β subunit then phosphorylated
and stabilized to form a transcriptional complex able to
bind HRE sequences in the promoter region of target
[23,24]
genes in the nuclei
. HIFs activate transcription
[12,19,22-24]
of a broad range of genes
. Although a
comprehensive list of HIF targets exist, only oxygen
dependent regulation of HIF-1α in normal and hypoxic
conditions is in the scope of this article. The target
genes in mediating hypoxia-induced angiogenesis are
demonstrated in Figure 1.

INTRODUCTION
Angiogenesis, the formation of new vessels from
preexisting vasculature, is an active, growth factor
dependent and hypoxia induced event that takes place
in several organs during growth and repair of injured
[1,2]
tissues . It should always be distinguished from
other characteristic mechanisms of vessel growth that
include vasculogenesis, arteriogenesis, and collateral
[3,4]
vessel growth .
Although it is crucial for tissue growth and reg
eneration, accumulated evidence indicated that angio
genesis develops in many organs during multiple
pathologic situations. Angiogenesis is a fundamental
part of tumor progression and contributes to the
pathogenesis of different inflammatory, fibroproliferative
[2]
and ischemic diseases . Recent studies demonstrated
that chronic liver diseases (CLDs) can not be excluded
from this rule, emerging angiogenesis as a promising
[5-11]
therapeutic target
.
As a matter of fact angiogenesis does not solely
takes place in CLDs but has been clearly documented
in many conditions including liver regeneration (after
acute liver injury or partial hepatectomy), ischemia,
in primary (hepatocellular carcinoma) and metastatic
[3,12]
tumors
. It is still unclear whether angiogenesis
represents a simple response to maintain homeostasis
or one that exerts a pathological role leading to liver
injury. However, recent data in CLDs have been re
leaved that angiogenesis might contributes to the
progression of fibrosis during the wound healing
[3,5,7,9,10,12]
process in chronic liver damage
. Consequently,
efforts are being directed to revealing the mechanisms
that are involved in angiogenesis in CLDs with different
etiology.
In this review first, a consideration of the basic
mechanisms and events in angiogenesis will be
described. The following section will be focused to give
a clear view on the relevant features that communicate
angiogenesis with progression of fibrosis in CLDs
towards the-end point of cirrhosis. I recommend to
the intrested reader to refer to more detailed com
prehensive articles on the role of angiogenesis in liver
regeneration or liver tumors.

ACTORS THAT STIMULATES
ANGIOGENESIS
In general two main pathways are determined in the
progression of angiogenesis in all tissues: inflammation
and hypoxia.
In physiological angiogenesis, an immune response
triggered by tissue damage provide the extravasa
tion of immune cells from peripheral blood into the
injured tissue leading to the restoration of tissue
[13]
homeostasis . However, the persistence of tissue
damage and accompanying inflammation perpetuates
the activation of endothelial cells (ECs) resulting an
increase of vascular permeability and promoting
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PHASES OF ANGIOGENESIS AND
MOLECULES INVOLVED
The development of new functional vessels is closely
related to precise orchestration of the molecular
effectors that stimulate different processes. It com
prehends consecutive phases and a large spectrum of
proangiogenic mediators. These phases and mediators
that are involved in angiogenesis are described in
Figure 2.
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Figure 1 Link between angiogenesis, inflammation and fibrosis. Hypoxia plays a crucial role in the the activation of HIF-1. HIF-1a: Hypoxia inducible factor
1a; HIF-1β: Hypoxia inducible factor 1β; HRE: Hypoxia responsive elements; VHL: Von Hippel Lindau protein; PDH: Prolyl hydroxylated domain; VEGF: Vascular
endothelial growth factor.

Sprouting and budding of ECs

dependent vasodilation and the influence of Ang-2 and
vascular endothelial growth factor (VEGF) on increased
vascular permeability with loosening of all those
inter-endothelial contacts result in leakiness from
[26-28]
vessels
. The extravasation of plasma proteins
together with ECM components constitute a scaffold
[26-28]
for migration of ECs
. The main antagonist to
these starting events is represented by Angiopoietin-1
[26-29]
(Ang1), which tightens inter-endothelial contacts
.

This is the fist step of angiogenesis that involves
the changes in structural organization in terms of
intercellular and matrix interactions of ECs. In qui
escent state ECs adhere to each other and to ex
tracellular matrix (ECM) through inter-endothelial
junctions (IEJs) and integrin receptors that provide
together a mechanical strength and tightness to
establish a barrier, as well as allow intercellular
[25,26]
communications
. IEJs comprise tight junctions,
[25-27]
gap junctions and adherens junctions
. While
occludin, claudins, and junctional adhesion molecules
are the keystones of tight junctions, VE-cadherin is
necessary for formation of adherens junctions and
[25-27]
connexins constitute gap junctions
. The contacts
[25,26]
are also relevant through CD31 (PECAM1)
. The link
between ECs with ECM is provided by the connection
of integrin receptors with matrix proteins [fibronectin
[26,27]
(FN) or vitronectin (VN)]
(Figure 3).
After an initiating stimulus (mainly hypoxia) NO-
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ECM degradation and EC migration

In order to allow migration, proliferation of ECs to form
new sprouts, the ECM network has to be submitted to
a process of proteolytic remodeling. This remodeling
are related to the coordinated activity of matrix
metalloproteinases (MMPs), plasminogen activators
(mainly urokinase plasminogen activator or uPA)
and their inhibitors [tissue inhibitors (TIMPs) and
[27,28,30]
plasminogen activator inhibitor (PAI-1)]
. Other
proteinases, including heparinases and cathepsins
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Figure 2 Phases of angiogenesis and the agents involved. NO: Nitric oxyde; VEGF:Vascular endothelial growth factor; MMPs: Matrix metalloproteinases; Ang-2:
Angiopoietin 2; FGF: Fibroblast growth factor; BFGF: Basic fibroblast growth factor; HGF: Hepatocyte growth factor; TGF-a: Transforming growth factor-a; TGF-β:
Transforming growth factor-β; TNF-a: Tumor necrosis factor-a; PDGF: Platelet derived growth factor; PAI: Plasminogen activator inhibitor; Ang-1: Angiopoietin-1;
TIMP: Tissue inhibitor of metalloproteinase; TSP-1: Thrombospondin-1.
[30]

[27,30]

of ECs

are also involved
. The proteoliytic degradation of
ECM gives rise to the exposure of cryptic epitopes and
to disruption of integrin-mediated contacts between
ECs and ECM leading to migration of ECs. vb3 and
vb5 integrins regulate the connection of ECs to the
ECM and provide their communication with their
[2,30]
microenvironment
. On the other hand they (vb3
and vb5) may also act as anti-angiogenic factors by
inhibiting VEGF and VEGF receptor Type 2 [VEGFR-2
[3,31,32]
(Flk-1)]
. It should be noted that proteolysis during
[32-34]
angiogenesis should be well balanced
. Insufficient
or inadequate proteolysis prevents migration of
[32-34]
ECs
. However, an exaggerated degradation
of ECM impairs the migration of ECs through the
disorganisation of supporting structures and results
[32-34]
in inhibiton of angiogenesis
. Proteinases can also
mediate the release of ECM-bound proangiogenic
factors [VEGF, basic fibroblast growth factor (bFGF) and
transforming growth factor 1 (TGF 1)] or proteolytically
activate other factors, as such facilitate the migration
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Endothelial cell proliferation, tube formation and
branching

Several angiogenic growth factors that are secreted
both by ECs or surrounding cells induce the proli
feration of ECs. The most relevant angiogenic factor is
VEGF, that act mainly on cells expressing two tyrosine
[34,35]
kinase receptors, VEGF-R1 (FLT-1) and VEGF-R2
.
Other growth factors including transforming growth
factor- (TGF-), fibroblast growth factor (FGF), TGFand hepatocyte growth factor (HGF) also up-regulate
[36]
EC proliferation . In addititon, cytokines also provide
[17,37]
positive stimuli for proliferation of ECs
. Certain
chemokines, lipid mediators and hormones may
[18]
stimulate proliferation of ECs . In contrast, angiostatin,
endostatin, interferon, platelet-derived growth factor
4, leukemia inhibiting factor and Antithrombin Ⅲ
[37]
are potent inhibitors of EC proliferation . Following
proliferation of ECs, signaling pathways and mediators
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Figure 3 Structure and function of endothelium. In endothelial cells an increase in Tie-2 signaling via the Ang-1 receptor initiates phosphorylation of Akt, which in
turn phosphorylates eNOS and survivin. Enzymatic activity of eNOS is also regulated by calcium, calmodulin, NADPH, and BH4. The conversion of L-arginine to NO
by eNOS leads to the cyclic-GMP-mediated relaxation of smooth muscle cells. Ang: Angiopoietin; BH4: 5,6,7,8 tetrahydrobiopterine; eNOS: Endothelial nitric oxide
synthase; FN: Fibronectin; NO: Nitric oxide; PECAM-1: Platelet/endothelial cell adhesion molecule 1; VN: Vitronectin; Ang-1: Angiopoietin-1; Ang-2: Angiopoietin-2;
VEGF: Vascular endothelial growth factor.

with the corresponding receptor Tie-2 expressed on
ECs facilitates the formation of junctions between ECs
and pericytes eventually leading to the stabilization
[43]
of nascent vessels . Whereas lack of migration of
mural cells into nascent vessels results in fragile and
permeable vessels that results in hypoxia, an excess
of Ang-1 ending up with the formation of tightened
[41,43]
vessel and prevents angiogenesis
.
It should be noted that Ang-2 acts differently in
angiogenesis. In the presence of angiogenic signals
(VEGF, Ang-1, PIGF, PDGF-BB) Ang-2 can activate
[3,36]
Tie-2
. However, in the absence of angiogenic
signals or in an excess of anti-angiogenic factors in the
microenvironment Ang-2 can block Tie-2 allowing to
[3,36]
EC death and vessel regression
.

that determine tube formation and branching are
[36,37]
activated
. ECs accumulate in the form of tubular
structures. VEGF, Ang-1, vb3 and vb5 integrins are
mainly responsible in the regulation of both the
[36]
diameter and length of these structures . The most
[36,37]
potent antagonist of this phase is thrombospondin
.
A three dimensional of an efficient vessel network
requires precise orchestration of signaling pathways
that influence branching of new vessels, deposition
[36-39]
of ECM and formation of basement membrane
.
Branching is mainly monitored by ephrins and neu
[38,39]
ropilins
. TIMPs and MMPs regulates of ECM depo
sition and formation of basement membrane.

Vessel maintenance, maturation and stabilization

For nascent vessels to mature and to stabilize the
recruitment of pericytes is required. This is regulated
mainly by the secretion of platelet derived growth
[40,41]
factor (PDGF)-BB
. PDGF-BB and its receptor
PDGF-b subunit play a crucial role in the stabilization
[40,41]
of nascent vessels
. PDGF-BB is released by ECs
and contributes to recruit of PDGFR- b expressing
mesenchymal cells to nascent vessels and leads to
[40,41]
their proliferation
. Besides its role in the regulation
of vessel maturation through stimulation of ECM,
TGF-1 also induces differentiation of mesenchymal cells
[42]
into pericytes . Pericytes release Ang-1 that interacts
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HEPATIC ANGIOGENESIS
In liver, angiogenesis proceeds with steps and mole
cular mechanisms that mostly coincide with those
demonstrated in other part of the body. However, a
number of differences in liver render angiogenesis
[3,5,44,45]
more complex
. These differences are: (1) liver
parenchyma possesses two different microvascular
structures: Large vessels such as portal vessels that
are lined by a continuous ECs lying on a basement
membrane and liver sinusoids that are lined by
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fenestrated and discontinuous Ecs; (2) the presence
of liver derived angiopoietin-like peptide 3 (ANGPTL3).
Although no data are available at present on its role
in liver angiogenesis, this peptide do not bind to
the angiopoietin receptor Tie-2 but can bind avb3
integrin, inducing EC adhesion and migration and
[45,46]
function to manipulate angiogenesis
. ANGPTL3
also regulates lipid, glucose, and energy metabolism
[46]
independent from angiogenic effects ; and (3) the
“stars” of liver fibrogenesis, hepatic stellate cells
(HSCs), especially in their activated and myofibroblast
like phenotype may contribute to angiogenesis and
[3,5,15]
vascular remodeling in liver
. Whereas HSCs
regarded as liver-specific pericytes, they differ from
their microcapillary counterparts because they play an
[3,5]
active role in modulating angiogenesis . The role of
activated HSCs in angiogenesis during liver fibrosis will
be described in more details in following sections.

this progression the deposition of fibrillar collagen
(type Ⅰ ) instead of sinusoidal collagen (type Ⅳ )
leads to the formation of regenerative nodules of
parenchyma, encircled and divided by fibrotic septa,
and closely related with prominent changes in
[12,48,51]
angioarchitecture
. The anatomical changes that
follow the progression of fibrosis with an increased
participation of the hepatic artery to the generation of
sinusoidal blood allows to arterialisation of sinusoidal
[48-51]
blood flow with higher oxygen concentration
.
Accordingly, continuous capillarisation of sinusoids
occurs and causes the loss of specific endothelial
[48-51]
fenestrations
. This process together with the
accumulation of fibrotic tissue provokes vascular
resistance and diminishes the transport of oxygen
to the parenchyma leading to up-regulation of pro[22,48]
angiogenic mechanisms via hypoxia
. Recently it
has been noted that the pattern of fibrosis (bridging
fibrosis, peri-cellular fibrosis, centrilobular fibrosis) can
affect the extent of angiogenesis and favor progression
of liver injury, representing at the same time a key
[49,50]
limiting factor for fibrosis reversibility
.
In liver, inflammation is a biological response for
[51]
activation of healing process following cellular injury .
However prolonged inflammation in chronic liver injury
may affect the extent of angiogenesis and favors fibrosis
progression. During injury HSCs may be activated
[3,5,21,49-51]
and release inflammatory mediators
. These
mediators can elicit angiogenesis via the induction
of HIF-1a and HIF-1-dependent transcriptional acti
[3,5,15,21,49-51]
vity
.
All of these findings reveal the strong relation
between angiogenic and inflammatory pathways during
chronic liver injury. In hypoxia, HIF-1 not only induces
angiogenesis but also stimulates the NF-k pathway,
[24,51]
thus induces inflammation
. Moreover, both events
[51]
are capable of supporting each other
(Figure 1).
Therefore neovessels themselves express chemokines
as well as adhesion molecules and stimulate the
recruitment of inflammatory cells that allows to the
[48,51]
prolongation of the inflammatory response
.
Consequently angiogenesis in the earlier phases of
liver damage contributes to the progression from acute
[48,51]
to chronic inflammation
.

Mechanisms of hepatic angiogenesis

During chronic liver injury, angiogenesis can be inter
preted by two basic phenomena. First, many liver
diseases are characterized by inflammation and
fibrosis leading to progressive tissue hypoxia which
[3,5]
in turn stimulates angiogenesis . Second, wound
healing typical for CLDs is defined by an increase in
the expression of some cytokines, growth factors
[3,5,12,14]
with proangiogenic action
. Both pathways con
tribute to structural and functional chages in liver
[3,5,12,14]
angioarchitecture
.
Hypoxia and hepatic angiogenesis: After the
first evidence about the parallel development of
angiogenesis and fibrosis during liver injury their
association with hypoxia has been described by many
[5,19,24,35,44,47]
studies
. Indeed both in humans and in
experimental models, chronic liver damage is defined
by an increase in EC numbers and microvessels, the
latter being particularly prominent in portal tracts and
[3,5,35,47,48]
fibrotic septa
. On the other hand, the colocalization of VEGF-A expressions with hypoxic areas
and a parallel increase of VEGF-A expression and
hypoxic areas during progression of fibrosis have been
supported that hypoxia; angiogenesis and fibrosis are
[3,5,19]
closely related
. Moreover, the response to hypoxia
and VEGF expression not only encountered in ECs but
also in hepatocytes as well as HSCs in the progression
of fibrosis. Currently with accumulated data, it is
possible to conclude that hypoxia is one of the most
important stimulus to switch on the transcription of
[1-4]
pro-angiogenic genes through the action of HIFs .
This is not surprising because angiogenesis is
frequently encountered in any kind of wound healing
response and, as previously suggested, in liver chronic
activation of this response represents the principal
impulsive force for deposition of ECM components,
[3,5,7,12,15,22,49,50]
leading ultimately to cirrhosis
.
In chronic liver injury progression of fibrosis by
it self can favor the development of hypoxia. During
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Inflammatory cells in hepatic angiogenesis:
Activated Kupffer cells that reside in hepatic sinusoids
may contribute to angiogenesis by their ability to
release of reactive oxygen species (ROS) and platelet[51]
activating factor (PAF) . An increase of ROS and
nitrogen species may induce new vessel formation
by the stimulation of TNF-, NO, HIF-1 and VEGF
[51-54]
expressions
. TNF- an inflammatory cytokine that is
primarily produced by macrophages can also stimulates
the mitogen-activated protein kinase (MAPK)/ERK
[51]
pathway that can also stimulates angiogenesis . PAF
induces nuclear factor (NF)-k activation that stimulates
[51,53,54]
angiogenic factors including VEGF
.
Mast cells are involved in the regulation of angio
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genesis by releasing mediators (histamine, heparin,
tryptase, TNF, TGF-1, cytokines, interleukins) and they
also affect the number of ECs , including ECs covering
[51,55,56]
liver sinusoids
.
The inflammatory response is not solely induced
[48,51]
via the activation of cells that reside in the liver
.
As mentioned above during tissue injury increased
vascular permeability promotes chemokine-mediated
recruitment of inflammatory cells. Besides their role
in angiogenesis chemokines may also regulates
[51]
the influx of leucocytes . Leucocytes can produce
angiogenic factors [VEGF, PlGF, PDGF, FGF, Ang-2,
TGF-1, epidermal growth factor (EGF)] and various
[51,55]
interleukins
. Several mediators generated during
chronic liver injury such as hepatocyte growth factor
[51,54,55,57]
(HGF) can also contribute to angiogenesis
.

a hypoxia-independent manner by responding to a
[21,22,48,51]
number of stimuli
. These include pro-fibrogenic
polypeptide mediators like mainly PDGF and leptin (see
in adipokines section)
PDGF can promote an angiogenic phenotype
of HSC. This phenotype regulates the formation of
vascular tube and enhanced coverage of sinusoids in
[61,62]
vitro and in vivo, respectively
. HSCs together with
PDGF contribute to the modulation of microvascular
[63,64]
structure and function in liver parenchyma
. PDGF
might play also an additional pro-angiogenic role in
[62]
vascular remodeling in cirrhosis . A previous study
in experimental biliary cirrhosis model emphasized
that cholangiocytes and HSCs in response to PDGF
have been produced and released Hedgehog (Hh)
[64]
ligands that contained in microparticles . In normal
circumstances the effect of low level of Hh ligands
released from immature ductular cells antagonized by
Hh interacting protein (HIP) expression by quiescent
[64]
HSCs and sinusoidal ECs . During chronic liver
damage HIP expression is supressed and stimulation
of ductular-type progenitor cells may lead to PDGF-BB
[22,64]
release
. This event may ends with the production
of Hh ligands by HSCs and ductular cells, which may
influence the gene expression of sinusoidal ECs resulting
in capillarisation of sinusoids and release of NO, then
[22,64]
contributing to vascular remodeling in cirrhosis
.
Activated HSCs also induce some inflammatory me
diators and the recruitment of inflammatory cells, to
gether with hypoxia stimulate the proangiogenic factor
[48]
expression from cells in the microenvironment .
Moreover HSCs are capable to express a large number
[65]
of chemokines . These include the CC chemokines
(CCL2, CCL3, CCL5)and the CXC chemokines (CXCL8,
[65,66]
CXCL9, CXCL10, CXCL12)
. Many of them have
[65-67]
been related to liver fibrosis in CLDs
. The CXC
chemokines also manipulate angiogenesis during
[65-67]
iniation and progression of fibrosis
. Whereas CXC
chemokines containing the ELR motif (ELR+) stimulate
angiogenesis, chemokines devoid of this motif (ELR-)
[65-67]
inhibit it
. For instance the direct interference of
angiostatic CXCR3 ligand CXCL4 with VEGF signaling
have been demonstrated in liver angiogenesis during
[68]
the progression of fibrosis . The evidences indicating
the counter-regulation of VEGF-driven angiogenesis
by CXCR3 ligand CXCL9 also decribed both in vivo and
[69,70]
in vitro experimental studies
. As pointed out by
[65]
Yasar et al
all of these new findings set the stage
for additional investigation of ELR- chemokines as
promising therapeutical targets in CLDs.

HSCs in hepatic angiogenesis: During chronic
liver inflammation activated HSCs express different
chemokines which are also capable to stimulate
[49,51,57-59]
angiogenesis
. Therefore, the cellular and
molecular relations between fibrosis and angiogenesis
[48,60]
involve the role of activated HSCs
. They constitute
a crossroad between inflammation, fibrosis and
[22]
angiogenesis . HSCs are sensitive to hypoxia, can be
modulated by both cytokines and chemokines during
[22,35,61]
liver injury
. The expression of chemokines by
HSCs is controlled by products of oxydative stress,
proteases, growth factors and pro-inflammatory
[51]
cytokines . HSCs can also regulate sinusoidal
calibre and blood flow thereby modulates hepatic
[51]
microvascular dynamics . Once activated HSCs act as
proangiogenic cells and may respond to hypoxia in a
HIF-1α related pathway through the increase of VEGF,
[22,35,48,61]
Ang-1, and their receptors VEGFR-2 and Tie-2
.
On the other hand, they can be activated by
[22,48]
both VEGF and Ang-1
. VEGF stimulates their
[48]
proliferation, migration, and chemotaxis . In
particular, oriented migration of activated HSCs in
response to either hypoxia or proangiogenic mediators
[21,22,35,48,62]
has been described as a biphasic mechanism
.
This mechanism first switched on by ROS and proceeds
through activation of Ras/ERK and c-Jun-NH2-terminal
[21]
kinase isoforms (JNKs) . This is followed by a delayed
stage of migration that is related to up-regulation of
VEGF expression, leading to the chemotactic action of
[21]
extracellularly released VEGF . These findings are in
accordance with the results of a previous study that
showed activated HSCs that express both VEGF and
Ang-1 were not found in the established bridging septa
which is in contrast to the presence of such cells at
[22,48]
the edge of incomplete fibrotic septa
. This finding
demonstrates the presence of two different phases of
[48]
angiogenesis in CLDs . An early phase that is regulated
by activated HSCs and a later phase in the large
and mature septa with expression of proangiogenic
agents only in ECs reflecting the stabilization of newly
[21,22,48]
formed vessels
. Accumulating evidences suggest
that HSCs may operate their pro-angiogenic role in
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Other contributors of hepatic angigogenesis

Adipokines: In CLDs, besides their roles in the
regulation of fibrogenesis, metabolic and inflammatory
processes, adipokines have been shown to be impor
[9,10,48,71-77]
tant regulators of angiogenesis
. They
manipulate and induce the agents responsible for
[48,72,78,79]
the modulation of angiogenesis
. Although,
Leptin, visfatin [pre-B cell colony-enhancing factor
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[39,93]

1/nicotinamide phosphoribosyltransferase (PBEF-1/
Nampt)], chemerin [retinoic acid receptor responder
protein 2 (RARRES2), tazarotene-induced gene two
protein (TIG2) or RAR-responsive protein (TIG2)],
and resistin have been found to stimulate angio
genesis, adiponectin attenuates the new vessel forma
[48,71-77,80]
tion
. Until now, the effect of vaspin (visceral
adipose tissue-derived serine protease inhibitor, SERPI
[48,81]
NA12) on ECs has been described in a few study
.
Leptin can directly up-regulate VEGF, Ang-1 and
monocyte-chemoattractant protein 1 (MCP-1 or CCL2)
[71,80]
in human HSCs
. An experimental study has been
demonstrated that leptin has been operated the proangiogenic actions by recruitment/stabilization of
[71]
HIF-1a and nuclear translocation of HIF-1 . Leptin
[71]
increases gene expression of the VEGF and Ang-1 .
After induction of fibrosis in rat the specific leptin
receptor ObR was found to be co-localized with VEGF
[71,82]
and aSMA
. More recently both leptin and PDGF[48,71,82]
BB up-regulated VEGF in HSCs
. Pro-angiogenic
role of leptin involves both activation of the mammalian
target of rapamycin (mTOR) pathway and generation
of ROS via NADPH-oxidase, the latter being relevant for
[71,82,83]
HIF-1a stabilization but not for mTOR activation
.
An interesting adipokine, is apelin that has
been reported to be markedly increased in cirrhotic
[84,85]
livers
. It is overexpressed by HSCs and the use
of an antagonist of the apelin receptor inhibits both
[85]
angiogenesis and hepatic fibrosis . In HSCs exposure
to recombinant apelin allows to an increased synthesis
of type I collagen and PDGF-b receptor. It expression is
[86]
also up-regulated by hypoxia .

involved in the progression of liver cirrhosis
. In
some experimental models of liver fibrosis a NRP-1
neutralizing antibody diminished VEGF responses of
[94]
ECs in cultures . Because antibodies to NRP-1 are
under investigation in phase Ⅰ trials, it is suggested
that these antibodies might be available for future
antifibrotic therapies that targets PDGF, TGF-b and
[91,94,95]
VEGF in CLDs
.

ANGIOGENESIS IN CLDS
Chronic viral hepatitis

Althought in chronic viral hepatitis (CVH), the mole
cular mechanisms of angiogenesis have not been
fully discovered, accumulated evidences suggest that
angiogenesis plays an important role in the progression
[44]
of disease . The stimulation of migration and
proliferation of ECs by sera from patients with CVH
[especially in hepatitis C virus (HCV infection)]; the
frequent occurence of angiogenesis in CVH when
compared to normal tissues and a positive correlation
between the intensity of angiogenesis and activity of
inflammation are important findings that support an
[6-8,96-98]
active role of angiogenesis in CVH progression
.
Other evidences about the contibution of angiogenesis
in the progression CVH are the up-regulation of HGF
(that induce proliferation of ECs via VEGF pathway),
the increase of PDGF expression and its receptors in
sinusoidal and HSCs, the overexpression of inducible
[44,48,78,99,100]
NO synthase leading to NO overproduction
.
Moreover the amount of angiogenesis and hepatic
VEGF expression is associated with the grade of
fibrosis indicating the potential role of angiogenesis in
[47,72,97,99]
the progression of fibrosis in CVH
. In patients
with CVH as well as in cell cultures an increase in Hh
activity was found to be related with poor prognosis
suggesting that blocking Hh pathway may be another
[101]
approach in the inhibition of fibrosis in CVH .
During hepatitis, HCV may activates several path
ways and systems that are implicated in angiogenesis.
The core E1, NS3 and NS5A proteins induce mitho
chondrial dysfunction resulting to generation of new
ROS that leads to induction of HIF-1 and up-regulation
[102,103]
of VEGF and placental growth factor (PlGF)
. The
first evidence about the modulation of HIF-1α in HCV
infection has been described in 2007 by Nasimuzzaman
[104]
et al
that demonstrated non-structural proteins
have the capacity to induce HIF-1α, even in normoxia.
The induction of oxydative stress activates several
kinase pathways (such as PI3K and MEK) leading
to an increase of HIF-1α synthesis that may results
[104,105]
[106]
in angiogenesis
. More recently Abe et al
observed that under hypoxia, transfection with the
HCV Core protein activated NF-kb signaling (by an
unknown mechanism) resulting in transcriptional upregulation of HIF-1α mRNA and eventually augmented
HIF-1α. However, these results were found in cell lines
already containing HCV. Therefore the relevance of the
Core protein overexpression in a natural HCV infection

Endoplasmic reticulum stress and consequent
unfolded protein response: The changes in
microenvironment, such as hypoxia provoke to cell
and consequently endoplasmic reticulum (ER) stress
that result in the unfolded protein response (UPR)
[87-89]
to maintain cellular homeostasis
. This response
takes place in a number of processes in liver including
[88,89]
angiogenesis
. The role of angiogenesis and ER
[89,90]
stress in the pathogenesis of CLDs is reported
.
Although the relation between the UPR and angio
genesis is not fully described evidences indicate that
[88-90]
ER stress induces angiogenesis in CLDs
. It is
suggested that further studies concerning the role of
the UPR in new vessel formation could provide new
anti-angiogenic targets that inhibit specific ER stress
[90]
mediators .
Neuropilins: Neuropilins (NRPs) were originally
identified as receptors for class 3 semaphorins, poly
[91-94]
peptides with key roles in the nervous system
.
Following studies have been revelead that NRPs
are also contribute in many signaling pathways
[91,93,94]
such as PDGF, TGF- and VEGF signaling
. NRP
overexpression was also observed in specimens from
CLDs and some studies revealed a role for NRP-1 as
a regulator of angiogenesis (see above) and may be
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remains to be elucidated. It is also demonstrated that
proangiogenic markers are increased in sera from
patients with HCV hepatitis and their concentrations
significantly diminished after therapy (pegylated
[48,107,108]
interferon and ribavirin)
. These findings indicate
that proangiogenic markers may be valuable in the
follow-up of the disease and response to treatment
[48]
in HCV infection . Besides, these data also highlight
the close association of angiogenesis, inflammation
and fibrosis during the progression of HCV hepatitis.
Recently it is reported that VEGF-A expression promoted
by HCV results in the loose of cellular polarization
[109,110]
and increased viral entry
. In HCV infected cell
cultures, hepatocytes exposed to VEGF-A inhibitors
regain their polarization and viral infection was reduced
suggesting that VEGF-A inhibitors may be another
[107-111]
treatment option in HCV hepatitis
. Interestingly,
[112]
Rowe et al
observed a reduced VEGFR-2 activation
of sinusoidal ECs and a concomitant increase in bone
morphogenetic protein 4 (BMP4) expression in patients
with HCV highlighting that EC-hepatocyte crosstalk
may reduces the activity of VEGF inhibitors in HCV
infection.
Although it will be describted later, it is worhty to
note that steatosis that is frequent during the course
of HCV hepatitis, by provoking the cellular injury
evokes a wound healing which is closely related with
angiogenesis. Indeed CD34 expression are more
frequent in liver tissues with steatosis from HCV infected
[6,48]
patients
. The number of microvessels are increased
[6,48]
parallel to the severity of steatosis
. In high grade
steatosis, angiogenesis is higher in steatotic areas
of parenchyma and primarily observed in periportal
[6,48]
zone (zone 1)
. As HCV hepatitis is also recognised
as metabolic disease as well, various adipokines are
[48,96,111,113]
considered to be involved in their progression
.
Besides their role in the regulation of fibrogenesis,
metabolic events and inflammatory conditions
adipokines are also important in the manipulation of
[48]
angiogenesis . Serum leptin levels are higher in HCV
[96,111]
infection when compared to controls
. There is also
a positive correlation between level of leptin and the
[60,99]
grade of fibrosis
. These results point out that, leptin
contributes to angiogenesis that takes place during the
evolution of HCV hepatitis. Besides, a few studies in HCV
hepatitis with new adipokines (visfatin and chemerin
and vaspin) that exert pro-angiogenic activities
[79,99,114,115]
also performed
. Interestingly, although a
negative correlation between visfatin and the severity
of angiogenesis described in females patients, such
[115]
an association did not observed in males
. On the
other hand, vaspin was significantly down-regulated,
[114]
but increased in higher stages of fibrosis . In these
patients vaspin was positively related to angiogenesis
[114]
with a strong association in males
. Accordingly, it
is suggested that the function of some adipokines in
neovessel formation may be different depending on
[115]
gender .
HBV virus it self can influence angiogenesis. Of the
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different proteins coded in HBV genome, the regulatory
protein X (Hbx) was found to stimulate angiogenesis
directly through the both activation and stabilization of
[116]
HIF-1
. HbX also promotes the induction of Ang-2
[116]
and contribute to angiogenesis
. More recently in
[117]
viral induced HCC Yen et al
observed that Hbx
protein also activates m-TOR and VEGF-A pathways
[103]
via up-regulation of IKKβ
. Although the precise
mechanism of IKKβ stimulation by Hbx needs to be
further investigated it seems to represents a potential
new pathway in angiogenesis that occurs in HBV
[103,118]
infection
.

Angiogenesis and portal hypertension

In addition to gross hepatic structural disorders related
to diffuse fibrosis and formation of regenerative nodules,
the morphological and functional rearrangements of
the hepatic vasculature are shown to contribute in
portal hypertension (PHT). A hyperdynamic splanchnic
circulation is an important constituent of the portal
[51,119-121]
hypertensive syndrome
. An increase of blood
flow in splachnic organs that drain into the portal vein
leading to the augmentation of portal venous flow
[119,120]
provokes the portal hypertensive syndrome
.
Traditionally, it is accepted that this increase has been
related to an increased production of endogenous
vasodilators together with a decreased vascular
reactivity to vasoconstrictors and the development
of collaterals has been considered a mechanical
[120,122]
consequence of an increased blood pressure
.
However, recent studies object to these opinions by
demonstrating that angiogenesis, contributes to the
evolution and perpetuation of splanchnic hyperemia and
[120-124]
the development of portal-systemic collaterals
.
Many studies revealed that angiogenesis induced by
VEGF, PDGF and PIGF actively modulates the occurence
[51,125,126]
of hyperdynamic splanchnic circulation
. It
has been also observed that the formation of portal–
systemic collaterals are also induced by VEGF and PlGF
[51,125,127]
dependent angiogenesis
.
It should be noted that in mice with PHT rapamycin
by inhibiting mTOR pathway has been prevented me
senteric neoangiogenesis and reduced the splanchnic
[51,128]
blood flow
. Recently, the effect of PPAR activation
in the improvement of hepatic EC dysfunction and
the dimunition of fibrosis in PHT developed in cirrhotic
rats, suggested that PPARa may represent as a new
[51,129]
therapeutic strategy
.
Cannabinoids (CBs) inhibit angiogenesis, but
little is known about their influences in CLDs. In an
experimental study a CB2 agonist alleviated PHT,
severity of angiogenesis, portosystemic shunts, and
[130]
liver fibrosis
. It is suggested that the vascular
effects might be mediated by COX and NOS downregulation and concluded that targeting CB2 receptors
[129]
might be useful in the control of PHT .
Briefly angiogenesis participates in the patho
genesis of PHT by modulating activation of HSCs and
fibrogenesis, splanchnic vasodilation and formation of
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portal-systemic collaterals.

Increased serum level of new angiogenic adipokines,
vaspin and chemerin have been also described in
[10,138,139]
NAFLD
.
Recently a role of angiotensin-Ⅱ (AT-Ⅱ) in the
progression of CLDs, including NASH has been sug
[140-143]
gested
. In an experimental model of NASH ,
inhibition of AT-Ⅱ by a AT-Ⅱ-type-Ⅰ receptor blocker
(ARB) was significantly decreased the formation of
[140,144]
new vessels
. Moreover it is observed that liver
fibrogenesis might be impaired by both angiotensin
converting enzyme inhibitor (ACE) and ARB along
[142]
with inhibiton of the HSCs
. These results indicate
that anti-fibrotic effects of these agents were provided
by their dual influence both in angiogenesis and
[144,145]
HSCs
. It is also demonstrated that in liver the
expressions of AT-Ⅱ, TGF-b and VEGF were inhibited
by DRI (direct renin inhibitor-Aliskiren) indicating an
important role of renin during liver fibrogenesis in
[144]
NASH . Because these agents are frequently used in
practice, it is suggested that they could be effectively
used as a new strategy against angiogenesis that takes
place in the fibrogenic progression of steatohepatitis in
the future.

Angiogenesis in fattly liver diseases

Fatty liver diseases (FLDs) possess a broad spectrum
of histopathological findings that ranges from steatosis
through non-alcoholic fatty liver disease(NAFLD) to
non-alcoholic steatohepatitis (NASH) that can cause
[22,48,131]
cirrhosis
. Although the mechanism of NASH is not
completely understood, currently it is pointed out that its
pathophysiology should be recognized as multifactorial,
including a link between changes in microvasculature and
[107,131,132]
the progression of fibrosis
.
Tissue damage related both to lipotoxicity and to
fat accumulation results in reduced sinusoidal perfusion
as well as changes in sinusoidal architecture. Cytokines
activated by lipotoxicity mediates the migration of
[107,133]
the inflammatory cells leading to inflammation
.
In inflammatory foci these cells can contribute to
angiogenesis. As the disease progress large, fatty
hepatocytes, together with inflammation and related
perivascular fibrosis constrict the sinusoidal lumens and
[48,133]
impair sinusoidal perfusion leading to hypoxia
.
All of these events provoking liver damage can innate
angiogenesis.
Recent studies have been demonstrated that
angiogenesis in NASH is significantly increased when
[72,134]
compared to steatosis and control tissues
.
Moreover, the grade of angiogenesis has been found to
be related to the grade of fibrosis both in humans and
[73,134]
in experimental studies
. It is also observed that
during the evolution of disease the progression patterns
[73,134]
of fibrosis and angiogenesis are parallel
. All of
these findings support that angiogenesis contributes
[132]
to the progression of fibrosis in NASH . Besides, in
a recent study by employing hepatocyte-specific-VHL
and HIF-1 or HIF-2 mouse mutants demonstrated
that mice with liver conditional disruption of VHL have
spontaneous fatty liver and inflammation progressing
[135,136]
to fibrosis in a HIF-2 dependent way
. These
observations suggest that in addition to its role in
angiogenesis hypoxia together with HIF-2 play a
critical role in inflammation that is also necessary
for the evolution of FLD, as proposed by the two hit
[135-137]
hypothesis
. More recently in an elegant study,
[10]
Ciupińska-Kajor et al detected that in morbid obesity
the activation of angiogenesis took place at an early
stage, when compared to nonobese patients in whom
the activation took place at the level of NASH. Besides,
in this group the expression of angiogenic factors
has been correlated with the progression of fibrosis
independently from the development of NASH. These
interesting findings highlight that in morbid obesity the
progression of liver fibrosis is leaded by angiogenesis
[48]
independently from steatosis .
Recently it is observed that similar to HCV hepatitis,
patients with simple steatosis had low level of serum
[10,48]
leptin when compared to patients with NASH
.
It has been indicated that leptin could mediate an
[48]
giogenesis during the progression of steatosis .
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Angiogenesis in alcoholic liver disease

Evidences also indicate that long-term ethanol con
sumption is closely related to angiogenesis by means
of finely coordinated action of various mediators in
[146,147]
liver
. Ethanol up-regulates VEGF and VEGFR-2 and
stimulates angiogenesis in the rat liver after 36 weeks
[146,147]
of consumption
. Moreover, higher concentrations
of Ang2 and VEGF-A in alcoholic liver disease (ALD)
patients as compared to controls were found. It is
proposed that angiogenesis-related biomarkers are
useful in the noninvasive monitoring of the ALD
course. More recently it is observed that alcohol also
[147]
induces angiogenesis via PECAM-1 . It is suggested
that these molecular insights could contribute to the
evolution of new anti-angiogenic treatment strategies.
In conclusion, angiogenesis contributes to the
progression of fibrosis in CLDs. Vascular remodeling
leading to capillarization of the sinusoids with
generation of intrahepatic shunts characterize hepatic
angiogenesis. These changes in angioarchitecture
give rise to an increase in vascular resistance and a
decrease of hepatocyte perfusion leading to hypoxia.
This is the one of the most important stimulus to switch
on the transcription of pro-angiogenic genes through
the action of HIFs. Cellular and molecular mechanisms
implicated in the interactions between angiogenesis
and fibrosis and liver cells including hepatocytes, ECs,
and activated HSCs have been described. HSCs may
constitute a crossroad at the interaction between
inflammation, angiogenesis, and fibrosis. Metabolic
abnormalities, steatosis and adipokines, may also
influence angiogenesis, consequently inflammation and
fibrosis.
The relationship between angiogenesis and fibrosis
progression in CLDs indicates that determination of
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proangiogenic factors may be a useful noninvasive
approach in follow-up of both disease progression and
response to therapy. Although anti angiogenic therapy
may be a promising in the prevention of fibrosis in
CLDs, it should be well balanced because an excessive
blockage may prevent wound healing response. Finally
there are still large gaps in our understanding and
ability to treat angiogenesis during the progression of
CLDs and clinical trials on a large number of patients
are needed.
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REVIEW

Cirrhosis in children and adolescents: An overview
Raquel Borges Pinto, Ana Claudia Reis Schneider, Themis Reverbel da Silveira
Wilson’s disease, alpha-1-antitrypsin deficiency and
primary sclerosing cholangitis. The symptoms of cirrhosis
in children and adolescents are similar to those of
adults. However, in pediatric patients, the first sign of
cirrhosis is often poor weight gain. The complications of
pediatric cirrhosis are similar to those observed in adult
patients, and include gastrointestinal bleeding caused
by gastroesophageal varices, ascites and spontaneous
bacterial peritonitis. In pediatric patients, special
attention should be paid to the nutritional alterations
caused by cirrhosis, since children and adolescents
have higher nutritional requirements for growth and
development. Children and adolescents with chronic
cholestasis are at risk for several nutritional deficiencies.
Malnutrition can have severe consequences for both
pre- and post-liver transplant patients. The treatment
of cirrhosis-induced portal hypertension in children and
adolescents is mostly based on methods developed for
adults. The present article will review the diagnostic and
differential diagnostic aspects of end-stage liver disease
in children, as well as the major treatment options for
this condition.
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Core tip: The investigation and management of pediatric
cirrhosis presents several challenges. The etiology of
the condition may vary according to patient age. In
many cases, cirrhosis is a predictable consequence of
the progression of several chronic liver diseases, such
as biliary atresia, although it may also be detected when
splenomegaly is discovered on routine examination,
or during the investigation of conditions such as
hypersplenism, anemia, thrombocytopenia, leukopenia,
petechiae and/or ecchymosis. The present article will
discuss the diagnostic and treatment aspects of cirrhosis
in children and adolescents.

Abstract
Several conditions, especially chronic liver diseases,
can lead to cirrhosis in children and adolescents. Most
cases in clinical practice are caused by similar etiologies.
In infants, cirrhosis is most often caused by biliary
atresia and genetic-metabolic diseases, while in older
children, it tends to result from autoimmune hepatitis,
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Table 1 Diseases potentially resulting in cirrhosis in children
and adolescents
Biliary obstruction
Biliary atresia
Choledochal cysts
Gallstones
Bile duct stenosis
Familial intrahepatic cholestasis
Alagille syndrome
FIC1 deficiency (ATP8B1)
BSEP deficiency (ABCB11)
MDR3 deficiency (ABCB4)
Defects of bile acid synthesis
Hepatotropic viral infections
Hepatitis B and D
Hepatitis C
Hepatitis E
Inherited genetic-metabolic diseases
a-1-antitrypsin deficiency
Glycogenosis type III and IV
Galactosemia
Fructosemia
Tyrosinemia type 1
Wilson’s disease
Mitochondrial hepatopathies
Late cutaneous porphyria
Cystic fibrosis
Hemochromatosis
Wolman disease
Drugs and toxins
Total parenteral nutrition
Isoniazid
Methotrexate
Vitamin A intoxication
Autoimmune diseases
Autoimmune hepatitis
Primary sclerosing cholangitis
Vascular alterations
Budd-Chiari syndrome
Veno-occlusive disease
Congenital cardiopathy
Congestive heart failure
Constrictive pericarditis
Other: Fatty liver disease, Neonatal hepatitis, Zellweger disease

INTRODUCTION
Harvey Cushing - “A physician is obligated to consider
more than a diseased organ, more than even the
whole man - he must view the man in his world”.

General considerations

Cirrhosis is a diffuse process characterized by
fibrosis and nodular regeneration, which lead to the
disorganization of liver architecture. Cirrhosis was
long thought to be irreversible and associated with
limited life expectancy. However, it is now considered a
dynamic condition, which can be reversed if adequately
treated.
According to data from the Brazilian Unified Health
System, between 2001 and 2010, liver diseases
[1]
were the eighth leading cause of death in Brazil .
Cirrhosis was the main cause of hospital admissions
and death from liver disease in Brazil, especially in the
South region of the country. Little is known about its
incidence in children.
Studies of the natural history of cirrhosis have found
that the disease tends to present with a silent clinical
course, followed by the onset of liver dysfunction and
portal hypertension. The most important predictor
of decompensation is the increase in hepatic venous
pressure gradient (HVPG), which is seldom measured
routinely in children and adolescents. In clinical
practice, mortality risk is generally estimated on
the basis of albuminemia, MELD (Model for EndStage Liver Disease)/PELD (Pediatric End-Stage
Liver Disease)/Child-PughTurcotte scores and body
mass index. Advances in diagnostic and treatment
technology, especially liver transplant surgery, have
contributed significantly to the management of these
cases. Currently, the majority of children diagnosed
with cirrhosis in the first years of life can grow, develop
and reach adulthood.
Biliary atresia and inherited syndromes of intra
hepatic cholestasis are the most frequent causes of
[2]
chronic liver disease in children . The most common
causes of cirrhosis in the first years of life are biliary
atresia and genetic-metabolic diseases, whereas in
older children, cirrhosis is usually caused by chronic
viral hepatitis and autoimmune diseases (Table 1).
Cirrhosis can be classified in several ways, based on
morphological, histological, etiological and clinical
criteria. As cirrhosis is the final stage of several types
of progressive liver disease, etiological classification is
often crucial for treatment planning. Despite the long
list of possible etiologies shown in Table 1, the cause of
cirrhotic disease is not always possible to determine.
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As a result, the condition is considered cryptogenic in
5%-15% of cases. Cryptogenic cirrhosis in pediatric
patients may result from the progression of fatty
liver disease or from the effects of complex metabolic
[3]
syndromes, such as mitochondriopathies .

Biliary atresia

Biliary atresia (BA) occurs exclusively in childhood,
and is the most common cause of chronic cholestasis
and liver transplantation in children. It occurs in the
first weeks of life and is characterized by complete
obstruction of the biliary tract. Portal hypertension
and biliary cirrhosis tend to occur early in the course
of illness, and can be detected by 2 to 3 mo of age.
Two forms of the disease have been identified: the
congenital or “fetal” form, which accounts for 10% to
20% of cases of BA, and the perinatal or “acquired”
form, which is responsible for 80% to 90% of cases. The
fetal form usually manifests as jaundice at birth, and,
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in 15%-30% of patients, may also involve extrahepatic
anomalies (vascular malformations, variant abdominal
organ positioning, heart disease, etc.). In acquired BA,
jaundice occurs later, after the first or second week
of life, resulting in a jaundice-free period between the
onset of physiological jaundice and biliary obstruction.
Congenital extrahepatic anomalies are rare in this
form of the disease. Studies involving the surgical
removal of biliary obstruction have revealed that, in
most cases, the preformed bile ducts are affected by
inflammatory processes, the causes of which are still
poorly understood. BA may represent a phenotype
resulting from factors which lead to biliary obstruction
and include developmental anomalies, infections,
[2,4,5]
vascular alterations and exposure to toxins
.
Treatment for this condition is surgical (Kasai portoen
terostomy and its modifications, performed before the
first 8 wk of life). The degree of restoration of biliary
flow is inversely proportional to the age when surgery
is performed. Without treatment, patients do not
generally survive past 18-24 mo.

Ivemark and Williams syndromes; cystic fibrosis;
chromosomal alterations (trisomy 18 or 21); and HIV.

Inherited progressive cholestatic syndromes

Progressive familial intrahepatic cholestasis (PFIC) is a
heterogeneous group of hereditary autosomal diseases
characterized by mutations in genes governing
intrahepatic biliary transport, comprising PFIC 1
(ATP8B1), PFIC 2 (ABCB11) and PFIC 3 (ABCB4). These
conditions manifest in the first year of life, usually as
cholestasis and its associated consequences. These
are rare but universally occurring conditions, whose
exact prevalence is unknown. Although phenotypes
may vary, the following clinical characteristics are often
present: cholestatic jaundice, choluria and hypocholia,
severe itching in the first months of life, delayed
weight gain, malnutrition and progression to cirrhosis
and associated complications (Table 2).

Viral hepatitis

Hepatitis B/D are the most common viral causes
of cirrhosis in children and adolescents. Although
Hepatitis C may also be acquired in childhood, it only
[8]
tends to lead to cirrhosis later in life . According to a
study of the population-based prevalence of infections
by the hepatitis B and C viruses (HBV and HCV),
conducted between 2005 and 2009 in all Brazilian
capitals and the Federal District, the frequency of viral
hepatitis B and C in people between the ages of 10
and 69 was 7.4% and 1.38% respectively, which is
[9]
consistent with low endemicity of these conditions .
Few studies have attempted long-term outcome of
[10,11]
children with hepatitis B
. At least 50% of children
infected by the vertical route (mother-to-child) test
positive for viral replication in adulthood. The use of
medication (telbivudine, lamivudine or tenofovir) by
HBsAG-positive mothers with high levels of viremia
5-7
(serum HBV DNA 10 IU/mL) during the last trimester
of pregnancy reduces the risk of intra-uterine and
perinatal transmission of HBV if given in addition to
[12]
hepatitis B immunoglobulin (HBIg) and HBV vaccine .
The hepatitis delta virus consists of an RNA genome
enveloped by the HBV surface antigen (HBsAg). The
rates of progression to chronicity in hepatitis delta are
similar to those observed in hepatitis B, since HDV
depends on the persistence of HBV. Chronicity rates
are high when infection is acquired in the neonatal
period (80%-90%), intermediate (25%-50%) when
it occurs between 1 and 5 years of age, and low when
acquired in later childhood (2%-6%).
The natural history of hepatitis C in children is very
different from that seen in adults, and although the
progression of chronic hepatitis to cirrhosis is unlikely,
[13]
it may even progress to hepatocellular carcinoma .
Since viral screening began to be used routinely in
blood donors, vertical transmission became the main
cause of hepatitis C in children. Vertical transmission
occurs in approximately 5% of HIV-negative mothers
[14]
and in up to 25% of mothers co-infected with HIV .

Choledochal cysts

This condition consists of congenital dilatation of
the biliary ducts. Choledochal cysts are rare, with
a prevalence of 1 per 13000-15000 live births in
Western countries, although they are more common
in Japan. Choledochal cysts are more common in
females (5:1) and can be diagnosed antenatally
by ultrasound. The cysts can be classified into
five types: I, cystic dilatation of the common bile
duct; II, diverticulum of the common bile duct; III,
choledochocele; IV, multiple cysts; and V, intrahepatic
[6]
fusiform dilatation . Most patients present with the
typical symptom triad of abdominal pain, jaundice and
palpable masses in the right upper quadrant. Surgical
treatment consisting of cyst excision and bilioenteric
anastomosis have produced excellent results, alth
ough a small percentage of patients may develop
cholangiocarcinoma in the remaining biliary tract.

Alagille syndrome

Alagille syndrome is the most common cause of familial
[7]
progressive intrahepatic cholestasis , and occurs in
approximately 1:100000 live births. Most patients
have mutations in the JAG1 gene, located on the short
arm of chromosome 20. The syndrome is diagnosed on
the basis of clinical symptoms, which can be difficult to
detect in the first months of life, especially if the clinical
picture is not yet clear. Histological examination may
reveal a reduction of interlobular bile ducts in addition
to cholestasis. Its main clinical features are cholestasis,
a characteristic facies, cardiac abnormalities, vertebral
arch defects and posterior embryotoxon. Supportive
management is required in approximately 50% of
cases. Alagille syndrome progresses to secondary
biliary cirrhosis in 20%-25% of cases. The differential
diagnosis must include other causes of ductopenia
such as alpha-1-antitrypsin deficiency; the Zellweger,
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Table 2 Characteristics of progressive familial intrahepatic cholestasis
Relevant clinical aspects

Laboratory findings

Chromosome

PFIC1

Disease

Early jaundice and increasing pruritus. Extrahepatic clinical manifestations: chronic diarrhea,
pancreatitis, deafness. Early cirrhosis and liver transplantation in the first years of life

18q21-q22

PFIC2

Early jaundice. Progression to cirrhosis and ductopenia in the first years of life. Frequent
cholelithiasis. Possible complications include liver and bile duct cancer. No extrahepatic
symptoms. Liver transplantation in the first years of life
Variable phenotype and progression to cirrhosis in adolescence. Cholelithiasis. Liver
transplantation in the first years of life. No extrahepatic symptoms

GGT: Normal
ALP: high
Cholesterol: ↑
GGT: Normal
ALP: v. high
Cholesterol: ↑
GGT: High
ALP: v. high
Cholesterol: normal

PFIC3

2q24

7q21

PFIC: Progressive familial intrahepatic cholestasis; GGT: Gamma-glutamyl transferase; ALP: Alkaline phosphatase.

[15]

In a study conducted by Bortolotti et al , only 6 (1.8%)
of the 332 children evaluated developed cirrhosis after a
period of 10 years. The incidence of hepatitis symptoms
[15]
and severe liver disease was low . In a separate study
performed in 80 Spanish and Italian children, only one
[16]
presented with cirrhosis . More recently, a study of
121 children with chronic hepatitis C and a mean age
of 10 years found that cirrhosis was only present in 2%
[17]
of the sample .

asymptomatic relatives. If left untreated, WD usually
carries a bad prognosis.

Cystic fibrosis

This autosomal recessive disease occurs in appro
ximately 1 in 2000-4000 live births in Caucasian
populations. Cystic fibrosis (CF) is caused by mutations
in the CFTR transmembrane regulator gene, which is
expressed in the apical membrane of biliary epithelial
cells. This condition leads to severe and progressive
impairment in the respiratory and digestive systems.
Most patients do not present with liver damage in
the early phase of the disease, although hepatic
impairment is present in 10%-30% of cases. In older
children and adolescents, CF liver disease manifests
as hepatosplenomegaly and/or portal hypertension.
Gallstones and micro-gallbladder are the most
common biliary abnormalities in these patients. Portal
hypertension is the major hepatic complication in CF.

Alpha-1-antitrypsin deficiency

Alpha-1-antitrypsin (AAT) is a glycoprotein produced
in large quantities in the liver to inhibit the neutrophil
proteases associated with inflammation. The classical
form of the disease is caused by homozygosity for the
Z mutation (“PiZZ” genotype for SERPINA1). Over
100 mutations in the AAT gene have been described,
although the Z mutant is that most closely associated
[18]
with liver disease . The clinical course is variable, and
may involve neonatal cholestasis, liver dysfunction,
liver failure and cirrhosis. Liver transplantation is
often required. Approximately 20% of “PiZZ” patients
develop cholestasis in the first weeks of life, and have
a 5% risk of developing more severe forms of the
disorder in childhood/adolescence. These patients are
also more likely to develop hepatocellular carcinoma.
There is no specific treatment or prevention against
this condition, save for liver transplantation.

Fatty liver disease

Given the high prevalence of obesity and metabolic
syndrome in the general population, non-alcoholic
fatty liver disease has become the most common
[19]
cause of liver disease in both adults and children . It
is a common, albeit under diagnosed, condition. Most
cases are associated with obesity and type 2 diabetes
mellitus. The risk of liver disease tends to increase with
[20]
weight . Most patients are asymptomatic, and the
disease is often discovered during routine examinations
(by ultrasound or biochemical screening). Progression
to cirrhosis is not common in childhood, but may occur
in young adults.

Wilson’s disease

This autosomal recessive disease affects 1 in every
30000 live births. It is caused by mutations in the
ATP7B gene (chromosome 13), which encodes the
protein responsible for the metabolism, transport and
biliary excretion of copper. The clinical presentation of
Wilson’s disease (WD) involves abnormal liver function
tests, acute hepatitis, liver failure, portal hypertension,
gallstones and cirrhosis. Copper accumulates in the
liver, brain and cornea, and hepatic manifestations
occur after the first 3 years of life. In adolescents,
the diagnosis of WD is often based on signs and
symptoms of chronic liver disease. Patients often have
a family history of WD, and approximately 25% of
cases are diagnosed as a result of the investigation of
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Autoimmune diseases

Autoimmune liver diseases include sclerosing cholan
gitis, primary biliary cirrhosis, and autoimmune
hepatitis (AIH), with the latter being the most autoim
mune liver condition in children and adolescents.
Primary biliary cirrhosis is rare in this age range,
although sclerosing cholangitis has been increasing in
prevalence, often accompanied by inflammatory bowel
disease.
AIH is a chronic inflammatory liver disease, with
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[27]

variable onset and duration. The prevalence of this
condition in children is not yet known. There are
few publications regarding this disease in patients
from South America. In Brazil, AIH is still considered
unusual, accounting for only 5%-10% of cases of liver
[21]
disease in the major medical centers of the country .
There are particular human leukocyte antigen (HLA)
specificities associated with AIH in Latin Americans.
HLA-DQ2 and DR52 seem to be risk factors, whereas
DR5 and DQ3 appear to have a protective effect in
[22]
this population . The trigger of the autoimmune
process is not yet known. AIH can be classified into
two subtypes, according to the non-organ specific
antibodies present: typeⅠ(AIH-1) is associated with
anti-nuclear (ANA) and anti-smooth muscle (ASMA)
antibodies, whereas type Ⅱ (AIH-2) is associated with
positivity for anti-liver/kidney microsomal (LKM-1)
antibodies. AIH-2 manifests earlier, in the first years of
life, while AIH-1 generally occurs in older children and
[23]
adolescents .
Primary sclerosing cholangitis (PSC) is a chronic,
progressive liver disease of unknown cause. There
is strong evidence to suggest that PSC is the result
of alterations in the immune response to certain
antigens. Cases with a well-defined etiology (e.g.,
cytomegalovirus infection, trauma, ischemic lesion)
are diagnosed as “secondary sclerosing cholangitis”.
PSC is characterized by obliterative fibrosis of the
intra- and/or extrahepatic biliary tree. Concentric
fibrosis is very common, and may lead to narrowing of
the bile ducts and, eventually, to biliary cirrhosis and
its complications. Sclerosing cholangitis may present
soon after birth, in which case it must be distinguished
from other causes of neonatal cholestasis, or later,
with manifestations ranging from asymptomatic to
[24]
decompensated cirrhosis .

infancy . Liver transplantation is contraindicated
in children with severe, life-threatening multiorgan
extrahepatic mitochondrial disease due to poor post
transplant neurological outcome.

EVALUATION OF CHILDREN AND
ADOLESCENTS WITH CIRRHOSIS
The assessment of pediatric cirrhosis involves a
thorough investigation of the child’s clinical history and
physical examination findings (Table 3).

CLINICAL HISTORY
Investigation of the medical history of a child with
chronic liver disease must cover not only the pre
sence of previous hepatic disease, but also the
history of blood or plasma transfusions, use of drugs
and neonatal intercurrent clinical conditions such
as cholestasis, infections, surgery and prolonged
parenteral nutrition (PN). Neonatal cholestasis has
been described in patients with alpha-1 antitrypsin
deficiency. Prolonged PN can cause several types
of liver damage which may progress to cirrhosis,
[28]
especially in patients with intestinal failure . The
source of patient referral must always be investigated,
as knowledge of the regional prevalence of certain
diseases can facilitate investigation of the etiological
factors involved in cirrhosis. The maternal history of
systemic diseases such as hepatitis B or C must always
be investigated. Additionally, in adolescents, the
presence of tattoos or piercings must be investigated
due to their association with hepatitis C virus infection.
In patients with inflammatory bowel disease, the
presence of sclerosing cholangitis and/or AIH must
also be considered. When investigating the clinical
history of older children, it is also important to inquire
as to the family history of neuropsychiatric diseases
and/or hemolytic anemia. A family history of such
conditions may raise suspicion of WD, which tends to
[29]
affect children older than 5 years . Consanguinity
and familial liver diseases must also be investigated.
A history of jaundice in relatives may suggest the
presence of PFIC. In children with pruritus associated
with cholestasis and normal GGT levels, PFIC type 1 or
2 must be considered once other common causes of
cholestasis have been ruled out.

Mitochondrial diseases

Mitochondrial diseases, or mitochondriopathies, are
inherited disorders of energy metabolism associated
with a vast range of presentations, symptoms, seve
rities and outcomes. Combined, they form one of the
[25]
commonest groups of inherited metabolic diseases .
Mitochondrial diseases occur due to dysfunction of
the respiratory chain (RC) with resultant cellular ATP
deficiency, increased production of reactive oxygen
species and toxic metabolites and, ultimately, cell
death. Disorders of mitochondrial energy metabolism
result from mutations of nuclear or mitochondrial
DNA. The exact prevalence of hepatic mitochondrial
disease is not known, although it has been estimated
that 10%-20% of patients with RC deficiencies have
hepatic dysfunction. The three main defects associated
with liver disease are almost always fatal: deficiency
of RC enzymes, DNA depletion syndrome and Alpers
[26]
syndrome . Liver involvement occurs frequently in
childhood-onset mitochondrial disease, particularly
in cases presenting in the neonatal period and early
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CLINICAL FINDINGS
The clinical presentation of cirrhosis depends on the
primary cause of liver disease and on whether the
cirrhosis is compensated or decompensated. In up to
40% of cases, patients may be asymptomatic before
[30]
liver failure occurs . In decompensated cirrhosis,
there may be a cascade of progressive complications
such as gastrointestinal bleeding, ascites and hepatic
[31]
encephalopathy . The diagnosis is often predictable,
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endocrine abnormalities may also be caused by the
absence of hormonal conjugation or alterations in
hormone metabolism, such as hepatic osteodystrophy,
which may lead to fractures; rickets due to vitamin
[35]
D deficiency; and spinal abnormalities . A heart
condition associated specifically with cirrhosis, termed
“cirrhotic cardiomyopathy”, has also been recently
[36]
described . Some patients may also present with
structural heart abnormalities, especially those with
BA, Alagille syndrome, glycogen storage disorders and
[26]
mitochondrial disease .

Table 3 Evaluation of children and adolescents with cirrhosis
Clinical history
Age, sex, ethnicity
Pregnancy and birth data: Adverse events during pregnancy, maternal
serologies, birthweight, neonatal cholestasis, surgery, TPN
Signs and symptoms of systemic disease: anorexia, fatigue, muscle
weakness, failure to thrive
Nausea, vomiting, abdominal pain, diarrhea, dyspepsia
Jaundice, pruritus, discoloration of urine and feces
Abdominal distension
Peripheral edema
Bleeding - nose, gums, skin, gastrointestinal tract
Bone pain, fractures
Adolescence: Menstrual history
Previous medical history: Jaundice, hepatitis, drug use, blood
transfusions, inflammatory bowel disease
Social behaviors (adolescence): Use of alcohol or other drugs, tattoos,
piercings
Family history: Consanguinity, liver disease, autoimmune disease
Physical examination:
General: Anthropometric data (malnutrition or obesity), fever
Skin and extremities: jaundice, flushing or pallor, spider nevi,
telangiectasias, palmar erythema, clubbing of the nails, xanthoma,
Terry’s nails
Abdomen: Distension, prominent blood vessels, liver and spleen
alterations (reduced liver size, splenomegaly)
Neurological alterations: Academic performance, sleep, asterixis,
positive Babinski sign, mental status changes
Miscellaneous: Pubertal delay, gynecomastia, testicular atrophy,
feminization

INVESTIGATION
In children and adolescents with cirrhosis, clinical
investigations should be performed so as to deter
mine the cause of the disease and identify any
complications. The investigation techniques employed
may vary according to patient age, as etiological
factors vary widely between age ranges. In infants,
cirrhosis is most often caused by BA and geneticmetabolic diseases, while in older children, it tends to
result from AIH, WD, alpha-1-antitrypsin deficiency
[37]
and PSC .
Laboratory investigation of cirrhosis should be
comprehensive and designed to detect both infectious
and genetic-metabolic diseases. Imaging modalities
- abdominal ultrasound, computed tomography, and
magnetic resonance imaging (MRI) - can be used
to detect more advanced liver disease, but are not
sensitive for detection of hepatic fibrosis. Esopha
gogastroduodenoscopy (EGD) and abdominal ultra
sound can identify both gastroesophageal varices
and portal hypertension. Liver biopsy is still the
“gold-standard” method for diagnosis of cirrhosis,
and can also contribute to etiological investigations.
HVPG measurements are not usually included in
[38]
the assessment of pediatric patients . Noninvasive
methods such as transient elastography can also
be used for the detection of fibrosis in patients with
[39,40]
chronic liver disease
. Studies of pediatric patients
have produced favorable evidence regarding the use
[40,41-43]
of these techniques
. A study evaluating the use
of transient elastography in children with chronic liver
disease found that this method had good capacity to
discriminate between significant fibrosis, severe fibrosis
[40]
and cirrhosis . Pediatric MR elastography has also
[44,45]
begun to be used in recent years
. However, the
reproducibility of these tests has yet to be evaluated in
[39]
patients with cirrhosis of different causes .

Adapted from: McCormick[57], 2011; Högler et al[35], 2012; Hsu[31], 2014.
TPN: Total parenteral nutrition.

since it is part of the natural progression of chronic
liver conditions such as BA. However, cirrhosis may
already be present when diseases such as AIH are
diagnosed. Approximately 44%-80% of children with
[32]
AIH present with cirrhosis .
The symptoms of cirrhosis in children and adole
scents are similar to those experienced by adults.
Poor weight gain is a common early symptom of
cirrhosis in pediatric patients, who may also present
with nonspecific symptoms such as anorexia, fatigue,
muscle weakness, nausea and vomiting. Abdominal
pain may also be present as a result of ulcers, gastritis
[33]
or gallstones . The liver may be normal or reduced
in size, and be covered by hardened or nodular tissue.
The presence of ascites may also cause abdominal
distension. The collateral vessels observed on the
abdomen develop as a result of portal hypertension.
Wide pulses and warm extremities are often indicative
[30]
of high cardiac output . The identification of classical
signs of chronic liver disease, such as spider nevi,
visible abdominal circulation and palmar erythema,
may also contribute to the diagnosis. Other cutaneous
manifestations of cirrhosis include susceptibility to
bruising, telangiectasias of the face and back and
[34]
recurring epistaxis . Digital clubbing may also be
detected by physical examination. Patients with chronic
cholestasis may also present with pruritus, which
can be so severe as to affect quality of life, as in the
case of PFIC type 2 or Alagille syndrome. Several
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ROUTINE BIOCHEMISTRY
Laboratory examinations are important for the
assessment of liver function, the detection of hyper
splenism and the identification of the causal factors
underlying liver disease (Table 4). Aminotransferases
are sensitive indicators of hepatocellular lesions.
Alanine aminotransferase has been used as a specific

397

March 27, 2015|Volume 7|Issue 3|

Pinto RB et al . Cirrhosis in children and adolescents
factors Ⅴ, Ⅶ, XIII or plasminogen are indicative of
[31]
poor prognosis .

Table 4 Investigation of chronic liver disease and cirrhosis in
childhood and adolescence

Abdominal ultrasound

Hematology
Hemoglobin, leukocyte and platelet count, prothrombin time (INR)
Coombs test, blood type, Rh factor
Biochemistry
Bilirubins
Transaminases
Alkaline phosphatase
Gamma-glutamyl transferase
Albumin and globulin
25-OH vitamin D, parathyroid hormone, calcium, phosphorus,
magnesium
Urea, creatinine
Lactic acid, fasting blood glucose, uric acid
Serum transferrin and ferritin saturation
Serum ceruloplasmin and copper, 24 h urinary copper (if age > 3 yr)
Alpha-1-antitrypsin phenotype
If ascites present
Paracentesis (in case of fever or sudden-onset ascites):
Cell count, albumin, total protein, neutrophil count
Amylase, cytology, PCR and mycobacterial culture (according to
clinical suspicion)
Serum sodium, potassium, bicarbonate, chloride, urea and creatinine
Urinary sodium excretion
Immunology
Smooth muscle, mitochondrial, anti-nuclear, anti-LKM-1 antibodies
Hepatitis B antigen
Anti-HCV
a-fetoprotein
Immunoglobulins
HIV serology
Genetic-metabolic diseases
Metabolic screen (urine and serum amino acids, urine organic acids)
Genetic tests (if alpha-1-antitrypsin deficiency, Alagille syndrome, etc.,
suspected)
Sweat electrolytes test
Urine and serum analysis for bile acid and acid precursors (if PFIC
suspected)
Bone marrow examination and skin fibroblast culture (if glycogen
storage disease suspected)
Other:
Endoscopy (if prophylactic treatment is considered)
Abdominal ultrasound (computed tomography or MRI in
selected cases)
Needle liver biopsy (if blood coagulation permits)
EEG (if neuropsychiatric changes present)

Ultrasound is the ideal imaging method for the initial
investigation of chronic liver disease in children and
adolescents. The size of the spleen may provide
indirect evidence of the presence or absence of portal
hypertension, although it is not directly associated
with measures of portal hypertension and is not an
accurate indicator of the presence or absence of
[31]
varices . Ultrasound examination may also contribute
to the diagnosis of gallstones, choledochal cysts and
[47]
Caroli disease . The use of Doppler techniques
can complement ultrasound evaluations and help
determine the perfusion and direction of blood flow
in the portal system and hepatic artery. This method
also allows identification of portal malformations.
Cavernous transformation of the portal vein is a
diagnostic feature of portal vein thrombosis.

Endoscopy

Endoscopy is the best method for evaluation of the
presence, size and extension of gastric, esophageal
and, more rarely, duodenal varices, and can help
[48,49]
diagnose hypertensive gastropathy
. A prospective
study of endoscopic findings in children with BA found
that the presence of red signs and gastric varices
was associated with increased risk of gastrointestinal
[50]
bleeding . Gastric mucosal damage, or hypertensive
gastropathy, is characterized by the dilatation or
ectasia of vessels in the mucosa and submucosa in
the absence of inflammatory alterations, as identified
[51,52]
by endoscopy or histological examination
.
Although these criteria are not always used in children,
a study of endoscopic findings in 51 children with
portal hypertension found this condition in 59%
[53]
of 28 children with cirrhosis . Endoscopy is also
important to exclude other causes of gastrointestinal
bleeding, such as gastric or duodenal ulcers and
[31]
Mallory-Weiss tears . In a study of 76 children with
cirrhosis candidates for liver transplantation, gastric
or duodenal ulcers were diagnosed in 8/21 (38%) of
[54]
children with gastrointestinal bleeding . Studies of
noninvasive methods to identify high risk of esophageal
varices in children with chronic liver disease found that
[55]
splenomegaly and hypoalbuminemia , as well as
platelet counts, Z scores of spleen size and albumin
levels, predicted the presence of varices in patients
[56]
with cirrhosis .

Adapted from: McCormick[57], 2011; Högler et al[35], 2012. LKM-1: Liver/
kidney microsomal; PFIC: Progressive familial intrahepatic cholestasis;
MRI: Magnetic resonance imaging; INR: International normalized ratio;
HIV: Human immunodeficiency virus.
[46]

marker of hepatocyte injury . In obstructive liver
damage, levels of canalicular enzymes - alkaline
phosphatase and gamma glutamil transferase (GGT)
- are usually elevated, as are bilirubin concentrations.
However, these enzymes are not associated with
[31]
hepatic synthesis and have no prognostic value .
Presence of hypoalbuminemia and deficiency of
coagulation factors correlate well with reduced hepatic
[39]
synthesis, and are better predictors of survival .
An increased prothrombin time, despite vitamin K
administration, suggests impaired liver synthesis and
decompensated hepatocellular disease. Low levels of
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Liver biopsy

Liver biopsy is still considered the gold-standard
diagnostic method for cirrhosis. When required, it
should be performed after through laboratory tests and
imaging. The biopsy specimen should be evaluated by
a pediatric hepatology specialist. The interpretation of
results may be limited by several factors, especially
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[70]

when suction biopsy is performed. These include small
specimen size, sampling error or fragmented biopsy
[57]
specimens .

abnormalities

Nutritional treatment

Children or adolescents with chronic liver disease
have increased nutritional needs. Patients at risk of
malnutrition require 20%-80% more calories than
[26]
healthy children to achieve normal growth . These
recommendations aim to ensure that children have
sufficient energy to meet daily requirements, address
the nutritional deficits caused by the increased energy
demands of cirrhotic liver disease and prevent protein
[71]
catabolism .
Protein intake should not be restricted in the
[26]
absence of hyperammonemia . Cirrhotic infants with
cholestasis require a protein intake of approximately
2-3 g/kg per day to achieve normal growth and
endogenous synthesis. Supplementation with up to
4 g/kg per day is generally safe and necessary to
maintain normal growth and avoid excessive catabo
lism.
Lipids are an especially important dietary compo
nent in children with liver disease, and should account
for approximately 30%-35% of total calories in the
diet. Medium-chain triglycerides (MCTs) should account
for 30%-50% of lipid intake, as these are absorbed
directly by the intestinal epithelium and do not require
[65-72]
bile salts for digestion and absorption
. Although
MCT supplementation is crucial for the nutritional
management of children with cholestasis, long-chain
triglycerides should not be eliminated from the diet,
as these substances provide essential fatty acids and
contribute to the absorption of lipid-soluble molecules.
Deficiency of lipid-soluble vitamins is a common
problem, especially in children with cholestasis;
therefore, levels of these nutrients must be carefully
[73,74]
monitored
.
Oral nutrition should always be preferred, although
enteral or parenteral supplementation may be nece
ssary if not all nutritional requirements can be met by
[69]
oral feeding . Enteral supplementation is generally
recommended when oral intake provides less than
60% of recommended energy needs or in cases of
[75]
severe malnutrition .

Other tests

In adults, HVPG measurements are the best method
of assessing the presence and severity of portal
hypertension, and can be used to monitor the efficacy
[58,59]
of medical treatment
. However, this is still not a
routine procedure in children.
[60]
Miraglia et al
consider multidetector computed
tomography scans and abdominal MRI crucial for
[60]
the pretransplant assessment of patients with BA .
These imaging modalities permit identification of
congenital anomalies or cirrhosis-related alterations
(portosystemic shunts, portal thrombosis) which may
[60]
require modification of surgical techniques . Most
of these methods have not been studied extensively
in children due to their invasive nature. Angiographic
examinations are usually only performed in children
as part of the preoperative assessment of surgical
[61]
portosystemic shunts or liver transplantation .

COMPLICATIONS OF PEDIATRIC
CIRRHOSIS AND THEIR MANAGEMENT
Nutritional alterations

Malnutrition is an important prognostic factor, which
may influence the clinical course of chronic liver
[62]
disease
and is associated with greater morbidity
and mortality in both the pre- and posttransplant
[63]
periods . In children and adolescents, the increased
energy demands associated with anorexia and nausea
[64-66]
may complicate the management of malnutrition
.
A comprehensive clinical history and general
physical examinations of the child/adolescent must
[67]
be included in routine clinical practice , and special
attention must be paid to changes in muscle mass
and body fat depots, both of which reflect important
aspects of patient nutritional status. In clinical practice,
anthropometry is the most widely used method for
nutritional diagnosis. Regular patient follow-up also
enables early detection of nutritional impairments.
Given the high prevalence of water retention and
organomegaly in pediatric cirrhosis, body weight is
an unsatisfactory marker of nutritional status. In
addition to measuring the weight, height/length and
head circumference of children younger than 3 years,
it is important to follow their long-term growth using
reference curves. Triceps skinfold thickness and upper
arm circumference measurements are also important
to assess fat and protein reserves and can allow early
detection of alterations in the nutritional status of
[68,69]
pediatric patients with liver disease
. Subjective
global assessments of nutritional status, performed
on the basis of interview and physical examination
findings, can also help identify factors which may
influence the progression or regression of nutritional

WJH|www.wjgnet.com

.

Infections

Patients with cirrhosis are especially susceptible to
infection, the most common of which is spontaneous
[76]
bacterial peritonitis (SBP) . Urinary and respiratory
[31]
infections are also common . In patients with
cirrhosis, infections can lead to complications such as
encephalopathy, ascites and hepatorenal syndrome.
Recommended preventive measures include nutri
tional supplementation, vaccination and prophylactic
[37]
antibiotics for invasive procedures . Pneumococcal
and meningococcal vaccines are recommended
for children with functional asplenia due to portal
[37]
hypertension . In children with cirrhosis candidates for
liver transplantation, accelerated vaccination programs
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[77]

should be considered

.

Rupture of gastroesophageal varices is the most
common cause of gastrointestinal bleeding in children
with cirrhosis. It is the most severe complication of the
[33]
disease, and is considered a medical emergency .
Gastrointestinal bleeding caused by gastroesophageal
varices in children and adolescents is generally
treated using statements developed for adults. These
statements were adapted for use in children by an
expert committee (Baveno V Consensus), which also
proposed a set of guidelines for the treatment of
[78]
children with portal hypertension . Treatments can be
classified as pharmacological, endoscopic, mechanical
[78,79]
and surgical
.

impairment can be treated by large-volume para
centesis. Up to 100 mL/kg of liquid can be removed at
one time with the help of a post-paracentesis albumin
[31]
infusion (25% albumin at 1 g/kg) . Albumin and
furosemide infusions can be used to treat patients
[33]
with serum albumin below 2 mg/dL . In severe or
recurrent refractory ascites, a transjugular intrahepatic
portosystemic shunt may be performed as a bridge to
[31]
liver transplantation . However, this procedure may
be associated with increased risk of renal failure and
[31]
encephalopathy .
Some medications should be avoided by patients
with ascites. Aminoglycoside antibiotics, for instance,
may increase the risk of renal failure, and nonsteroidal anti-inflammatory drugs pose a high risk of
[81]
sodium retention, hyponatremia and renal failure .

Ascites

SBP

Gastroesophageal varices and gastrointestinal bleeding

SBP refers to a bacterial infection of ascites without
evidence of intestinal perforation or other intra[31]
abdominal sources of infection . Infection is usually
monomicrobial and caused by E. coli, Klebsiella
[31]
spp. and Enterococcus faecalis . Polymicrobial
infections are indicative of intestinal perforation or
[31]
secondary peritonitis . SBP is a relatively common
and potentially fatal complication in children with
[33]
ascites . The presence of portal hypertension in
patients with cirrhosis increases susceptibility to
[82]
bacteremia and SBP . These phenomena are likely
caused by the translocation of intestinal bacteria and
of immune system deficits associated with cirrhosis,
such as alterations in complement fixation and
opsonization, decreased Kupffer cell function and
[34]
neutropenia . Bacterial overgrowth and alterations in
intestinal permeability probably play a role in bacterial
[83]
translocation . Studies have found that detection of
bacterial DNA in the ascitic fluid of children with portal
hypertension is superior to cell cultures in diagnosing
SBP, but cannot differentiate between infection and
[84]
ascitic fluid colonization .
SBP must always be considered in children with
cirrhosis and ascites who present with fever, abdominal
[33]
pain or leukocytosis . Risk factors for SBP include
ascites, hypoalbuminemia, gastrointestinal bleeding,
pediatric intensive care unit admission and recent
[34]
endoscopic examinations .

Ascites is a common complication in pediatric cirr
hosis, especially in younger children with terminal
[37]
liver disease . This is generally associated with a
[80]
poor prognosis . Pediatric patients with a sudden
increase in ascites or new episodes of water retention
[34]
should undergo paracentesis . Analysis of the ascitic
fluid enables differentiation of ascites from portal
hypertension of other causes of ascites. A serumascites albumin gradient - calculated by subtracting
the albumin concentration of the ascitic fluid from
the serum albumin level - greater than 1.1 g/dL can
[81]
diagnose portal hypertension with 97% accuracy .
Tests such as amylase, cytology, polymerase chain
reaction and mycobacterial cultures should also be
performed in case of diagnostic uncertainty or when
pancreatic ascites, malignant tumors or tuberculosis
[81]
are suspected .

Management

In most cases, cirrhotic ascites is resolved through
[31]
dietary sodium restriction and the use of diuretics .
However, children and adolescents ingesting lowsodium diets must be carefully monitored, since
these restrictions often make the diet unpalatable
and reduce food intake. Fluid restriction is strongly
recommended in case of hyponatremia with serum
[31]
sodium levels below 125 mEq/L . When diuretics
are required, spironolactone (1-6 mg/kg per day)
should be preferred and, if necessary, combined
with a loop diuretic such as furosemide (1-6 mg/kg
per day). The combination with furosemide lowers
the risk of hyperkalemia due to increased potassium
excretion. Thiazide diuretics can be used for treatment
[31]
maintenance . During diuretic treatment and until
the patient is stable, frequent laboratory testing should
be performed to verify serum electrolytes, creatinine,
blood urea nitrogen and urinary sodium levels.
Excess fluid loss can lead to plasma depletion and
deterioration of renal function.
Patients with refractory ascites or respiratory
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Management

Children with SBP are usually treated with a third-gene
ration intravenous cephalosporin, such as cefotaxime,
for 14 d. As a preventive measure, antibiotics should
always be used during invasive procedures. If SBP
recurs, the use of oral prophylactic antibiotics such
as co-trimoxazole, ciprofloxacin or norfloxacin can be
[34]
considered .

Hepatic encephalopathy

Hepatic encephalopathy (HE) is an alteration in brain
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function caused by liver insufficiency and/or porto
[85]
systemic shunts . Infection is the main cause of HE.
Gastrointestinal bleeding, excessive doses of diuretics,
electrolyte imbalance and constipation are also com
[85]
monly associated with this condition . HE can also
be caused by excess protein intake, anesthetics and
[86]
sedatives . Patients with HE may present with several
neurological and psychiatric manifestations, ranging
[85]
from subclinical alterations to coma . In children and
adolescents, the first symptoms of HE are subtle, and
include developmental delays, academic difficulties,
lethargy or sleep inversion. Older children may also
exhibit personality changes, intellectual impairments,
obtundation (clouding of consciousness), stupor and
coma.
Diagnosis of HE in children involves a high index of
suspicion. Mild HE is even more difficult to diagnose,
given the difficulty of administering psychometric tests
to children and the absence of measures validated for
use in this age range. Children are usually diagnosed
on the basis of clinical symptoms. Psychometric tests
evaluate memory and neuromotor function, and
have been widely used to assess patients with mild
encephalopathy. In children and adolescents, the
most commonly used such tests are the Wechsler
Intelligence Scales and the Dutch Child Intelligence
[87]
test . The critical flicker frequency test, a simple and
reliable test for the assessment of low-grade HE, can
[87]
also be used in children older than 8 years .
Neuroimaging studies are important to exclude
other causes of encephalopathy, but cannot be used
[88]
to diagnose the condition . MR spectroscopy has
proved to be as useful as neuropsychometric tests
[89]
for the diagnosis of mild HE in adults . According to
[90]
Foerster et al , the alterations in cerebral metabolism
observed in pediatric patients with suspected mild HE
are similar to those observed in adults.

old girl with cirrhosis and HE described positive clinical
[92]
results with the use of rifaximim .

Acute-on-chronic liver failure

Acute-on-chronic liver failure (ACLF) is the acute
deterioration of liver function in patients with cirrhosis
resulting from extra- or intrahepatic causes. Data
[93]
on the epidemiology of ACLF are rare . In a study
that evaluated a cohort of 192 patients admitted to
the emergency department of a Brazilian tertiary
hospital due to acute decompensation of cirrhosis, 46
(24%) fulfilled the EASL-CLIF Consortium criteria for
[94]
ACLF. Bacterial infections were observed in 50% .
In children, the most common precipitating factor is
infection. ACLF can progress to decompensation and
multiple organ failure, resulting in high mortality rates.
Mortality among inpatients with cirrhosis is strongly
associated with infection. Patients with cirrhosis who
acquire viral hepatitis, for instance, exhibit very rapid
deterioration of liver function.

Hepatopulmonary syndrome

Hepatopulmonary syndrome (HPS) is a common
complication in patients with portal hypertension
and cirrhosis. It is characterized by intrapulmonary
[95]
vasodilation, which results in insufficient oxygenation .
The diagnosis of HPS should only be made when clinical
suspicion is high, since clinical manifestations are subtle
in the early stages of the disease. The presence of three
symptoms – liver dysfunction, arteriovenous shunts and
[95]
reduced O2 saturation - is required for diagnosis . The
clinical picture can be reversed by liver transplantation,
although the presence of HPS may interfere with
[96]
tolerance to anesthesia and preclude transplant .
HPS is distinct from pulmonary hypertension, another
underdiagnosed circulatory condition associated with
pediatric cirrhosis. Pulmonary hypertension (also known
in this setting as portopulmonary hypertension) has a
vasoconstrictive etiology. Mild to moderate hypertension
[97]
can be corrected by liver transplantation .

Management

Sedatives (especially benzodiazepines and opiates)
should be avoided, as these drugs may worsen
encephalopathy. Identification and treatment of the
underlying cause of HE are crucial for the cure of the
[85]
disease in approximately 90% of cases . Prolonged
use of low-protein diets should be avoided. When
protein restriction is required, protein intake should
[37]
be reduced to 2-3 g/kg per day . Nonabsorbable
disaccharides are the treatment of choice for patients
[31,87]
with HE
. In children, the optimal dose of lactulose
[31]
is 0.3-0.4 mL/kg, two to three times a day . In
adolescents and adults, the ideal dose can range
from 10-30 mL three times a day, although treatment
[85]
may begin with 25 mL/kg twice daily . A study of
lactulose therapy in 22 children with cirrhosis and HE
[91]
revealed complete recovery in 73% of patients .
Several antibiotics, such as neomycin, vancomycin,
metronidazole and rifaximin, have been used to
reduce the number of ammonia-producing bacteria in
[87]
the gastrointestinal tract . A case report of a 9-year-
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Hepatorenal syndrome

Patients with cirrhosis exhibit a progressive dete
rioration of renal function. Two types of hepatorenal
syndrome (HRS) have been described: Type 1 HRS is
associated with rapidly progressive kidney failure and
a very low survival expectancy, the median survival
time being only 2 wk if it is not treated; type 2 HRS
is associated with slowly progressive kidney failure
and has a better prognosis than type 1 HRS. Children
also could exhibit alterations in renal function after
liver transplantation, especially due to treatment with
[98]
calcineurin inhibitors .

Hematological alterations

The basic laboratory tests of coagulation used to
evaluate the risk of hemorrhage, such as prothrombin
time and partial activated thromboplastin time, are
only weakly associated with the incidence or duration
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of bleeding after liver biopsy or other potentially
[99]
hemorrhagic procedures . Nevertheless, patients with
cholestatic disease and prolonged prothrombin time
should receive parenteral vitamin K supplementation.
The recommended dosage for children is 2-10 mg
[100]
Ⅳ once daily for 3 d, or 5 to 10 mg IM per week .
Fresh frozen plasma infusions (5-10 mL/kg) and
cryoglobulin and/or platelet transfusions can also be
used as treatment for bleeding episodes or prophylaxis
against bleeding during procedures such as liver
[100]
biopsy .
Chronic anemia is common in patients with cirrhosis,
and can be caused by blood loss, iron deficiency and
low folic acid levels due to sodium and water retention
[31]
and hemolysis secondary to hypersplenism .

of cirrhosis in children, as well as improve noninvasive diagnostic tests for hepatic fibrosis and the
management of pediatric patients with cirrhosis.
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Core tip: Hepatocellular carcinoma is a major health
concern worldwide with extreme heterogeneity of
the disease. This makes it difficult to identify globally
accepted staging systems or treatment algorithms for
hepatocellular carcinoma. Clinicians should use currently
available staging systems or treatment algorithms
carefully while understanding their features and
limitations.
Kinoshita A, Onoda H, Fushiya N, Koike K, Nishino H, Tajiri
H. Staging systems for hepatocellular carcinoma: Current status
and future perspectives. World J Hepatol 2015; 7(3): 406-424
Available from: URL: http://www.wjgnet.com/1948-5182/full/
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Abstract
Hepatocellular carcinoma (HCC) is a major health
concern worldwide and the third cause of cancer-related
death. Despite advances in treatment as well as careful
surveillance programs, the mortality rates in most
countries are very high. In contrast to other cancers,
the prognosis and treatment of HCC depend on the
tumor burden in addition to patient’s underlying liver
disease and liver functional reserve. Moreover, there
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a major health
concern worldwide and the third cause of cancer[1,2]
related death . Approximately 90% cases of HCC
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Table 1 Okuda
Stage

Ascites
(+)

Tumor size
(-)

> 50%
(+)

Ⅰ(mildly advanced)
Ⅱ (moderately advanced)
Ⅲ (very advanced)

(-)

< 3 g/dL

(-)

(+)

(-)

Bilirubin

> 3 g/dL

> 3 mg/dL

(-)

(+)

(-)

(-)

One or two (+)
Three or four (+)

are attributable to underlying liver diseases, such as
chronic hepatitis B, chronic hepatitis C, alcohol abuse,
nonalcoholic steatohepatitis (NASH) or aflatoxin
[3]
exposure . Approximately 80% of HCC cases arise in
eastern Asia and sub-Saharan Africa, where the main
risk factor is chronic hepatitis B in addition to exposure
to aflatoxin B1. In contrast, in North America, Europe
and Japan, chronic hepatitis C is the main risk factor,
[1]
in combination with alcohol abuse . NASH has also
[2]
recently emerged as a relevant risk factor .
Despite advances in treatment, such as the use
of surgical resection, transplantation, percutaneous
ablation and transarterial chemoembolization (TACE)
and the administration of multikinase inhibitor sora
fenib, as well as careful surveillance programs, the
mortality rates in most countries are very similar to the
incidence of HCC, thus reflecting the poor prognosis
of this disease and subsequent lack of effective
[2]
treatments .
In contrast to that observed for other cancers, the
prognosis and treatment of HCC depend on the tumor
burden in addition to patient’s underlying liver disease
and liver functional reserve, both of which affects
survival and treatment selection. Moreover, there is
considerable geographic and institutional variation
in both risk factors attributable to the underlying
liver diseases and the management of HCC. This
background highlights the extreme heterogeneity of
HCC. Therefore, developing a robust staging system
and/or identifying prognostic marker for HCC is
urgently required.
Staging systems and/or prognostic scores for
cancer can be used to evaluate the extent of the
tumor burden in the primary organ and the degree of
spread to the lymph nodes or other organs. It is thus
necessary to accurately predict the patient’s prognosis,
determine the optimal therapeutic approach and group
patients homogenously for objective comparisons
in clinical trials. Moreover, such markers should be
simple, reliable and reproducible for clinical use based
[4-7]
on clinically available data .
With regard to HCC, due to the aforementioned
heterogeneity, staging systems and/or prognostic
scores must account for the tumor burden, underlying
liver disease and liver functional reserve, thus
indicating the unique required characteristics of such
markers. As a result, although a number of staging
systems for HCC have been proposed and developed,
there is currently no globally applicable staging
system.
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Albumin

< 50%

In this review, we focus on currently available
staging systems as well as those newly proposed
in the literatures since 2012. Moreover, we describe
attempts to modify and/or add variables to existing
staging systems.

CURRENTLY AVAILABLE STAGING
SYSTEMS
Okuda staging system (Table 1)

The Okuda staging system was proposed by a
[8]
Japanese group in 1984 . This system is derived from
a retrospective cohort of 600 HCC patients treated
at Japanese institutions and is the first to combine
tumor extension with the liver functional reserve.
It incorporates the tumor size (≤ or > 50% of the
entire liver), presence or absence of ascites, serum
albumin level (≤ or > 3.0 g/dL) and serum bilirubin
level (≤ or > 3.0 mg/dL), in which patients are
classified into three stages based on these variables
(Ⅰ: not advanced, Ⅱ: moderately advanced, Ⅲ: very
advanced). Subsequently, the same group validated
[9]
the Okuda system in 850 HCC patients . In that
study, the median survival was 11.5 mo for the stage
Ⅰ patients, 3.0 mo for the stage Ⅱ patients and 0.9
mo for the stage Ⅲ patients. Among the patient
cohort, hepatic failure (45% in surgically treated cases,
38.5% in non-surgically treated cases) was the leading
cause of death followed by gastrointestinal bleeding.
The authors underlined the importance of assessing
the hepatic functional reserve.
Although the Okuda system was the first integrated
system for classifying HCC patients, there are major
concerns with this system. For example, one variable,
tumor extension (≤ or > 50% of the entire liver), is
too rough, considering recent developments in imaging
techniques and the use of adequate surveillance
programs. Moreover, this system does not include
variables such as the degree of vascular invasion or
extent of extrahepatic metastasis, both of which affect
patient outcomes. Therefore, the Okuda system often
makes way for newer staging systems and functions
[7]
as the standard for comparison .

Cancer of the Liver Italian Program score (Table 2)

The Cancer of the Liver Italian Program (CLIP)
score was proposed by an Italian group, the CLIP
investigators, in 1998 for the purpose of producing
a more sensitive prognostic index than the Okuda

407

March 27, 2015|Volume 7|Issue 3|

Kinoshita A et al . Staging systems for HCC
Pugh grade, and the physical status is determined
according to the ECOG performance status. Patients
are subsequently assigned to five categories (0, A,
B, C and D) based on these elements. A BCLC stage
of 0 (defined as very early stage disease) comprises
patients exhibiting a well-preserved liver function
(Child-Pugh A) diagnosed with one asymptomatic
nodule measuring less than 2 cm, without vascular
invasion or satellites. A BCLC stage of A (defined as
early-stage disease) includes patients with a Child-Pugh
A or B status diagnosed with one nodule of any size or a
maximum of three nodules measuring < 3 cm. A BCLC
stage of B (defined as intermediate-stage disease)
corresponds to patients with a Child- Pugh grade A
or B status diagnosed with multiple nodules without
vascular invasion or extrahepatic metastasis. Patients
with a Child- Pugh grade of A or B, vascular invasion or
extrahepatic metastasis and cancer-related symptoms
(PS 1-2) are classified as having BCLC C disease
(defined as advanced-stage disease). Finally, patients
with a Child-Pugh grade of C, in any tumor stage and
cancer-related symptoms (PS > 2) are classified as
belonging to the BCLC D disease (defined as terminal
[1,13]
stage disease)
.
The notable feature that distinguishes the BCLC
system from other staging systems for HCC is the
assignment of treatment recommendations for each
stage based on the best treatment options currently
[4,13]
available
. That is, for patients with a stage 0 and
A status, curative treatment options, such as surgical
resection, liver transplantation and ablation, are
recommended. Meanwhile, TACE is recommended for
patients with a stage B status, sorafenib, multikinase
inhibitor, is recommended for patients with a stage C
status and best supportive care is recommended for
patients with a stage D status.
The BCLC classification was updated by incor
porating the category of stage 0 (very early stage) and
the use of chemoembolization for stage B (intermediate
stage) patients in 2003 and further modified to include
sorafenib as a first-line treatment option for stage C
[17,18]
(advanced stage) patients in 2008
.
Currently, the BCLC classification is endorsed as
the standard system for HCC management by the
American Association for the Study of Liver Disease,
American Gastroenterology Association, European
Association for the Study of Liver and the European
Organization for the Research and Treatment of
[3,19]
Cancer
. However, the BCLC classification has some
limitations.
First, stage B (intermediate stage) includes a
considerable heterogeneous population of HCC pati
ents with varying degree of tumor extension, liver
functional reserve and disease etiology, thus resulting
in prognostic heterogeneity and preventing the
[20,21]
determination of the optimal treatment regimen
.
Second, the variable ECOG PS is somewhat subjective.
Hence, the reliability of this system in predicting
patient outcomes is compromised. Third, the one-to-

Table 2 Cancer of the Liver Italian Program
Variables

Scores
0

Child-Pugh stage
Tumor morphology

A
uninodular and
extension
≤ 50%
AFP (ng/dL)
< 400
Portal vein thrombosis
-

1

2

B
multinodular
and extension
≤ 50%
≥ 400
+

C
massive or
extension
> 50%

AFP: Alpha-fetoprotein.
[10]

staging system . This score is derived from the results
of a retrospective cohort of 435 HCC patients treated
at 16 Italian institutions. This model incorporates four
covariates (Child-Pugh grade, tumor morphology,
serum alpha-fetoprotein (AFP) level and portal vein
thrombosis), assigning a linear score (0/1/2) to each
covariate. Patients are subsequently classified into
seven groups according to the sum of these scores
(0-6). Overall, the differences in survival based on this
score are proper.
Subsequently, the same group externally validated
the CLIP score in 196 HCC patients enrolled in a
randomized clinical trial and confirmed the greater
predictive accuracy of this score compared with the
[11]
Okuda staging system .
Although the CLIP score was developed using an
appropriate method and has been externally validated,
several limitations have been reported. First, half of the
patients (235/435, 54%) in the above study received
locoregional treatments, such as PEI or TACE, while
only 12 patients (2.8%) underwent surgical resection.
Therefore, this score may not be suitable for predicting
the survival of HCC patients who undergo surgical
resection. Second, the covariate “massive” tumor
morphology is subjective, without specific size criteria.
Therefore, its objectivity and reliability in predicting
[4,7]
outcomes may be compromised
. Third, in this
study, information regarding underlying liver diseases,
which affect patient outcomes, was lacking. Fourth, in
the validation study conducted by the same group, the
differences among the patient populations assigned to
the CLIP 2-3 and 4-6 groups were not significant. In
fact, the authors grouped patients with a CLIP score of
[4,11,12]
4-6 into one group
.

Barcelona clinic liver cancer classification (Figure 1)

The barcelona clinic liver cancer (BCLC) classification
was first proposed by the Barcelona Clinic Liver Cancer
[13]
group in 1999 . This model is derived from the results
of a study of the outcomes of radical therapy and/or
[14-16]
the natural history of untreated HCC patients
.
It is comprised of four elements (tumor extension,
liver functional reserve, physical status and cancerrelated symptoms). Tumor extension incorporates the
number of tumors, tumor size and presence of portal
vein invasion or extrahepatic metastasis. Meanwhile,
the liver functional reserve is substituted for the Child-
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A
HCC

Stage A-C
Child-Pugh A-B
PS 0-2

Stage 0
Child-Pugh A,
PS 0
Very early
stage (0)
Single < 2 cm

Stage D
Child-Pugh C,
PS > 2

Intermediate stage (B)
Large multinodular,
PS 0

Early stage (A)
single or 3
nodules < 3 cm
PS 0

Advanced stage (C)
Portal invasion
Extrahepatic spread,
PS 1-2

Terminal stage (D)
PS 3-4

BSC

Resection

B

Early
stage A
3 nodules
≤ 3 cm

Single
Portal hypertension
or elevated bilirubin
No

No

No

Intermediate stage (B)
Large multinodular,
PS 0

Transplantation

RFA

TACE

Associated disease
Yes

Resection

Advanced stage (C)
Portal invasion
Extrahepatic spread,
PS 1-2
Sorafenib

Figure 1 Barcelona clinic liver cancer classification. A: BCLC classification; B: BCLC classification. HCC: Hepatocellular carcinoma; BCLC: Barcelona clinic liver cancer;
TACE: Transarterial chemoembolization.

diagnosis and the scores allocated to the respective
predictive factors are based on the estimated Cox
regression coefficient.
However, half of the patients (401/761, 53%) in
this study received no specific therapy, while only
56 patients (7.4%) underwent surgical resection.
Therefore, this score may not be suitable for predicting
the survival of HCC patients who undergo surgical
resection. In addition, evaluating portal obstruction
using ultrasound is somewhat out of touch with the
current times, considering recent advances in imaging
techniques.

one correspondence treatment recommendations for
each stage of the BCLC system may be not suitable
for use in actual clinical practice (i.e., resection or
liver transplantation after TACE, the combination of
TACE with RFA and/or the combination of TACE with
sorafenib, TACE for patients with BCLC 0 or A status
and resection for patients with BCLC B or C status).

GRETCH system (Table 3)

The GRETCH system was proposed by the French
[22]
group Goupe d’Etude et de in 1999 . This system
is derived from the finding of a prospective cohort of
761 HCC patients (516 training cohort, 255 validation
cohort) treated at 24 Western medical centers. It
incorporates five prognostic factors (the Karnofsky
index, serum bilirubin, serum alkaline phosphatase
(ALP) and serum AFP levels and ultrasonographic
portal obstruction) based on a multivariate Cox model.
Patients are classified into three risk groups (A: low
risk of death, B: intermediate risk of death, C: high
risk of death) according to these factors. The overall
survival differs markedly for the three groups, with
a one-year survival rate in group A of 72% (training
cohort) and 79% (validation cohort), compared to
34% (training cohort) and 31% (validation cohort) in
group B and 7% (training cohort) and 4% (validation
cohort) in group C.
The strength of this system is that it is based on
baseline characteristics that are routinely available at
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Chines University Prognostic Index (Table 4)

The Chines University Prognostic Index (CUPI) was
[23]
proposed by a Hong-Kong group in 2002 . This score
is derived from the results of a cohort of 926 HCC
patients (713 training set, 213 validation set) treated at
a single Hong-Kong hospital. This score is obtained by
adding five prognostic factors (serum bilirubin, ascites,
serum ALP, serum AFP and asymptomatic disease on
presentation) based on a multivariate Cox model to the
TNM staging system. Patients are subsequently divided
into three groups (low risk, intermediate risk and high
risk) according to the sum of the weights of the six
prognostic factors. The differences in the three-month
survival among different risk groups classified using
this system are highly significant (low-risk group:
85.7%, intermediate-risk group: 56.4% and high-risk
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Table 3 GRETCH
Weight

Table 5 American Joint Committee on Cancer /TNM 7
edition
0

Karnofsky index (%)
Serum bilirubin (μmol/L)
Serum ALP
Serum AFP (μg/L)
Portal obstruction (US)

80
< 50
< 2 × ULN
< 35
-

1

2

3
Primary tumor

< 80
≥ 50

≥

≥

T1
T2

2 × ULN
≥ 35
+

T3a
T3b

AFP: Alpha-fetoprotein; ALP: Alkaline phosphatase; US: Ultrasound.
T4

Table 4 Chines University Prognostic Index
Variable

Description
Single tumor without vascular invasion
Single tumor with vascular invasion or multiple
tumors, none > 5 cm
Multiple tumors, any > 5 cm
Single tumor or multiple tumors of any size
involving a major branch of the portal vein or
hepatic vein
Tumors with direct invasion of adjacent organs or
perforation of visceral peritoneum

Stage grouping
StageⅠ
Stage Ⅱ
Stage Ⅲ A
Stage Ⅲ B
Stage Ⅲ C
Stage Ⅳ A
Stage Ⅳ B

Weight

TNM stage
Ⅰand Ⅱ
Ⅲa and Ⅲb
Ⅳa and Ⅳb
Asymptomatic disease on presentation
Presence of ascites
AFP ≥ 500 ng/mL
Total bilirubin (μmol/L)
< 34
34-51
≥ 52
ALP ≥ 200 (IU/L)

th

-3
-1
0
-4
3
2

T1
T2
T3a
T3b
T4
Any T
Any T

N0
N0
N0
N0
N0
N1
Any N

M0
M0
M0
M0
M0
M0
M1

primary tumor (T) as well as the presence of lymph
node involvement (N) and/or extrahepatic metastasis
(M). It also includes the histologic grade (G) and
fibrosis score (F), which do not affect staging. The
current AJCC/UICC 7th edition is a modification of the
[26]
following simplified staging system .

0
3
4
3

≤ 1: Low risk; 2-7: Intermediate risk; ≥ 8: High risk. AFP: Alpha-fetoprotein;

ALP: Alkaline phosphatase.

Simplified staging

The Simplified Staging system was proposed by
[27]
Vauthey et al
in 2002. It is derived from the finding
of a cohort of 557 HCC patients who underwent surgical
resection at four centers (United States, France and
Japan). The authors identified independent prognostic
factors (major vascular invasion, microvascular
invasion, severe fibrosis/cirrhosis, multiple tumors and
a tumor size greater than 5 cm) using a multivariate
analysis. Based on these variables, they reclassified
the AJCC T classification in use at the time, creating
the simplified T classification (sT1: single tumor with no
vascular invasion, sT2: single tumor with microvascular
invasion or multiple tumors, none measuring < 5 cm,
sT3: multiple tumors (any measuring > 5 cm) with
major vascular invasion). While the original AJCC T
classification failed to stratify patients into distinct
prognostic groups, the simplified T classification divides
patients into independent prognostic groups (five-year
survival rates: stageⅠ55%, stage Ⅱ 37% and stage
Ⅲ 16%, P < 0.001).
However, both the AJCC/UICC and simplified
system are limited to patients who undergo surgical
resection and lack factors related to the liver functional
[28]
reserve . Therefore, these systems may be not
suitable for application in patients not indicated for
surgical resection or with a reduced liver functional
reserve.

group: 20.2%). Moreover, the authors demonstrated
that the CUPI system is more discriminant in predicting
survival than the conventional TNM staging system,
Okuda system or CLIP score.
In 2011, the group validated the CUPI system in
another cohort of 595 HCC patients with predominant
[24]
HBV infection .
Although the CUPI has a strength in that the
prognostic factors in this system are readily available
in daily clinical practice and are determined based
on the estimated Cox regression coefficient, there
are various concerns. First, this score was derived
from a cohort of HCC patients with predominant HBV
infection (79% of the whole cohort), as the authors
adequately mentioned. Therefore, this system may
be not suitable for application in Western populations
with predominant HCV infection or a history of
alcohol abuse. Second, the cohort was composed of
a large proportion of patients who received only best
supportive care (58.4%, vs resection 10.4%). Hence,
this system is not preferable for assessing patients
who undergo curative treatment, such as surgical
resection or RFA.

TNM classification (Table 5)

The TNM classification was developed by the American
Joint Committee on Cancer (AJCC) and International
Union for Cancer Control (UICC) and has been updated
regularly since the first edition was published in 1977.
th
[25]
The 7 edition has become widespread since 2010 .
The TNM classification assesses the extent of the
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Japan Integrated Staging (Table 6)

The Japan Integrated Staging Score (JIS score) was
[29]
proposed by Kudo et al
in 2003. It is derived from
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Table 6 Japan Integrated Staging Score
T factors

Table 7 Stage, Liver damage and des-gamma-carboxy
prothrombinscore

Ⅰ: Single; Ⅱ: Size < 2 cm; Ⅲ: No vascular invasion

T1
T2
T3
T4
StageⅠ
Stage Ⅱ
Stage Ⅲ
Stage ⅣA
Stage ⅣB
Scores
Variables
Child-Pugh grade
TNM stage by LCSGJ

Parameter/score

Fulfilling 3 factors
Fulfilling 2 factors
Fulfilling 1 factors
Fulfilling 0 factors
T1N0M0
T2N0M0
T3N0M0
T4N0M0 or any TN1M0
Any TN0-1M1
0
A
Ⅰ

1
B
Ⅱ

2
C
Ⅲ

Liver damage by LCSGJ
Stage by LCSGJ
DCP (mAU/mL)

1

2

3

A
Ⅰ
< 400

B
Ⅱ
≥ 400

C
Ⅲ

ⅣA or ⅣB

LCSGJ: Liver Cancer Study Group of Japan; DCP: Des-gamma-carboxy
prothrombin.

a flaw in that it requires the use of a liver biopsy. In
addition, the evaluation of the ER is not readily available
in daily clinical practice.

3
Ⅳ

Stage, Liver damage and des-gamma-carboxy prothrombin score (Table 7)

LCSGJ: Liver Cancer Study Group of Japan.

The Stage, Liver damage and des-gamma-carboxy
prothrombin (DCP) score (SLiDe score) was established
[32]
by Omagari et al in 2004. This score is derived from
the analysis of a cohort of 177 HCC patients treated
at a single Japanese institution. The authors identified
liver damage according to the LCSGJ criteria, the
TNM stage according to the LCSGJ criteria and the
serum level of DCP as independent prognostic factors
using a Cox proportional hazard model. The authors
then assigned a linear score (0, 1, 2 and 3) to these
three variables to create the SLiDe score. Patients are
classified into seven groups (0-6) based on the sum of
these scores. The discriminatory value of the survival
curves between each group (SLiDe score 0-1, 2, 3 and
4-6) is evident, and the prognostic ability of the SLiDe
score is superior to that of the CLIP score and JIS
score as judged according to AIC.
In 2009, the same group validated the SLiDe score
in another cohort of 207 HCC patients who underwent
[33]
surgical resection . The authors subsequently showed
that there were significant survival differences between
the score 0-1, 2-3 and 4-5 groups (P < 0.005).
However, the SLiDe score has some shortcomings.
First, the original study population (n = 177) was
relatively small. Second, the variables DCP and ICG
R15, which reflect the degree of liver damage according
to the LCSGJ criteria, are not routinely examined
worldwide.

a cohort of 722 HCC patients treated at two Japanese
institutions. The authors combined the Child-Pugh
grade and the TNM stage based on the criteria of the
Liver Cancer Study Group of Japan (LCSGJ), thus
creating the JIS score. Patients with a Child-Pugh
grade A, B and C status are allocated a score of 0, 1,
and 2, respectively. Patients with the TNM stage by
LCSGJ of stageⅠ,Ⅱ, Ⅲ and Ⅳ are allocated to score of
0, 1, 2 and 3, respectively. Patients are subsequently
classified into six groups (0-5) based on the sum of
these scores. Statistically significant differences are
observed between the survival curves for almost all JIS
scores, whereas no differences are observed between
the patients with CLIP scores 3, 4, 5 and 6.
Thereafter, the same group externally validated the
JIS score in 4525 HCC patients treated at five Japanese
[30]
institutions in 2004 . Their findings showed that
the JIS score could be used to correctly identify the
patient subgroup among early, intermediate, advanced
and end-stage HCC patients. Moreover, the authors
demonstrated that the JIS score exhibits a better
prognostic ability when using the likelihood ratio test
and Akaike Information Criteria (AIC) than CLIP score.
Although the JIS score is readily available and
relatively objective, it has not been validated in a
Western population.

Estrogen receptor classification

The estrogen receptor (ER) classification was proposed
[31]
by Villa et al
in 2003. This system is derived from
a cohort of 96 unresectable HCC patients treated at
a single Italian institution. Based on the prognostic
relevance of identifying of ER transcripts in individuals
with HCC, the authors classified patients into two
groups according to the presence or absence of the ER
in HCC specimens. Consequently, the overall survival
rate is significantly higher among patients with the
wild-type ER (wt ER) (MST: 36 mo) than among those
with the variant-ER (w ER) (MST: 13 mo) (P < 0.0001).
Although the ER classification is a simple prognostic
model for assessing HCC patients, this system has
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0

Tokyo score (Table 8)

[34]

The Tokyo score was established by Tateishi et al
in 2005 for the purpose of providing a more precise
prognostic system for patients with early-stage HCC.
This score is derived from the results of a cohort of 403
HCC patients who received percutaneous ablation (PEIT
or PMCT) at a single Japanese institution. The authors
identified the following four independent predictors for
survival using a Cox proportional hazard analysis: the
serum albumin level (3.5 g/dL and 2.8 g/dL), serum
bilirubin level (1 mg/dL and 2 mg/dL), tumor size (2
cm and 5 cm) and tumor number (1-3 vs > 3). Scores
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Table 8 Tokyo score

Table 9 BALAD score: Scoring of remnant liver function
Score

Score
Albumin (g/dL)
Total bilirubin (mg/dL)
Tumor size (cm)
Tumor number

0

1

2

> 3.5
<1
<2
≤3

2.8-3.5
1-2
2-5

< 2.8
>2
>5
>3

Serum bilirubin (mg/dL)
Serum albumin (g/dL)
Bilirubin-albumin score
Number of elevated tumor markers

1

2

< 1.0
> 3.5
0
A
0

1.0-2.0
2.8-3.5
1
B
1

> 2.0
< 2.8
2
C
2

3
3

A: 0-1 points; B: 2-3 points; C: 4 points.

are assigned to each of the four factors according to
the estimated regression coefficient, and the total
score is defined as the sum of each subscore. Distinct
survival curves are observed for each group based on
the Tokyo score, with five-year survival rates of 78.7%,
62.1%, 40%, 27.7% and 14.3% for scores 0, 1, 2, 3
and 4-6, respectively. The authors then validated the
Tokyo score in a testing sample consisting of 203 HCC
patients who underwent surgical resection at the same
institution using the AIC and Harrell’s C index and
demonstrated that the predictive ability of the Tokyo
score is equal to that of the CLIP score and better than
that of the BCLC classification.
Although the Tokyo score is useful for predicting
the outcomes of HCC patients who are candidates
for curative treatment, such as surgical resection and
percutaneous ablation, it may be not suitable for use
in patients with advanced stages of disease, as the
authors adequately mentioned.

[36]

nomogram was generated by Cho et al
in 2008 for
the purpose of identifying the optimal staging system
[36]
for HCC patients who undergo surgical resection .
This system is derived from the findings of a cohort
of 184 HCC patients treated at a single institution in
the United States (MSKCC). The authors identified
seven prognostic factors (patient age, serum AFP
level, operative blood loss, resection margin status,
tumor size, satellite lesions and vascular invasion) for
their novel prognostic nomogram. This nomogram
demonstrates a superior concordance index of
0.74 (95%CI: 0.68-0.8) compared to that of eight
other contemporary staging systems (AJCC/TNM
1997 edition, International Hepato-Pancreto-Biliary
Association staging system, AJCC/TNM 2002 edition,
Vauthey Simplified Staging, Okuda, BCLC, CLIP and
JIS).
However, the study population (n = 184) was
relatively small, and this nomogram is not suitable
for application in patients treated with RFA, TACE or
systemic therapy.

BALAD score (Table 9)

The Bilirubin, Albumin, Lens culinaris agglutininreactive alpha-fetoprotein (AFP-L3), AFP and DCP
Score (BALAD score) was constructed by Toyoda et
[35]
al in 2006 for the purpose of providing a simple and
objective staging system that requires no imaging
[35]
studies or pathological or clinical evaluations . This
score is derived from the findings of a cohort of 2600
HCC patients treated at five Japanese institutions. The
authors adopted three tumor markers (AFP-L3 > 15%,
AFP > 400 ng/dL, DCP > 100 mAU/mL) as factors
reflecting tumor progression. The authors also used
two serum markers (serum bilirubin and albumin) as
factors indicating the liver functional reserve, according
[34]
to the Tokyo score . Patients are classified into six
categories based on the sum of the scores assigned to
these factors. Survival curves determined according
to the BALAD score are well distributed, and the
discriminative ability of the BALAD score is comparable
to that of the CLIP score and JIS score.
Although the BALAD score is a simple and objective
tool that requires the use of only a serum sample,
without imaging, pathological or clinical assessments,
it is not easy to measure the AFP-L3 and DCP values in
routine clinical practice worldwide.

Advanced Liver Cancer Prognostic System (Table 11)

The Advanced Liver Cancer Prognostic System (ALPCS)
[37]
was constructed by Yau et al in 2008 for the purpose
of creating an optimal staging system for classifying
advanced HCC patients not indicated for surgical
resection or locoregional therapy. This system is
derived from the analysis of a cohort of 1470 advanced
HCC patients (1109 training set, 361 validation set)
treated at a single center in Hong Kong. The authors
identified 11 prognostic factors (ascites, abdominal
pain, weight loss, Child-Pugh grade, ALP, serum total
bilirubin, serum AFP, serum urea, tumor size, portal
thrombosis and lung metastasis) using a multivariate
Cox model. A point is given for each prognostic factor
determined according to the relative magnitude of the
regression coefficient of the final Cox model. Patients
are subsequently divided into three groups (score
≤ 8: good prognostic group, 9-15: intermediate
prognostic group, ≥ 16: poor prognostic group) based
on the sum of the scores assigned to each factor
(range: 0-39). Survival curves for each prognostic
group created according to this system show clear
differences, with a median OS of 7.9, 3.2 and 1.4
months for the good, intermediate and poor prognostic
groups, respectively (P < 0.0001). The median OS

Memorial Sloan-Kettering Cancer Center nomogram
(Table 10)

The Memorial Sloan-Kettering Cancer Center (MSKCC)
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Table 10 Memorial Sloan-Kettering Cancer Center
nomogram: Prognostic factors

Table 11 Advanced liver cancer prognostic system

Age
Estimated blood loss
Margin
Satelites
Vascular invasion
Size
Log (alpha-fetoprotein)

Ascites

Characteristics

Abdominal pain
Weight loss
Child-Pugh grade

ALP (IU/L)

and three-month survival rates in the validation set (n
= 320) are similar to those obtained for the training
set, with a median OS of 7.5, 3.2 and 1.2 months for
the good, intermediate and poor prognostic groups,
respectively (P < 0.0001). Moreover, the authors
demonstrated that the discriminatory ability of the
ALPCS (AUC 0.77) is significantly better than that of
the Okuda system (AUC 0.66) and CLIP score (AUC
0.71).
However, the ALPCS system was constructed
based on the results for a cohort of HCC patients with
predominant HBV infection (73% of the whole cohort).
Therefore, this system needs to be validated in a
Western population with predominant HCV infection
and/or a history of alcohol abuse. In addition, many
prognostic factors are included in this system (n =
11), making calculating the total score somewhat
complicated in daily clinical practice.

Total bilirubin (mmol/L)

Urea (mmol/L)
Portal vein thrombosis
Tumor size

Lung metastases
AFP (ng/mL)
Prognosis
Good

Intermediate

China Integrated Score (Table 12)

Poor

The China Integrated Score (CIS) was established
[38]
by Zhang et al
in 2010. This score is derived
from a cohort of 220 patients (166 training set, 54
validation set) with unresectable HCC treated at a
single institution in China. The authors identified
three prognostic factors (TNM stage, serum AFP and
Child-Pugh grade) using a Cox proportional hazard
regression model. Patients are classified into six groups
(0-5) based on the sum of the scores assigned to the
three covariates. The survival curves for a prospective
validation cohort of 54 HCC patients were found to be
clearly distributed among the groups, with a median
survival rate of 9.0, 2.3, 2.1 and 0.6 mo in the patients
classified with CIS stages 2, 3, 4 and 5, respectively.
The discriminatory ability of the CIS is comparable to
that of the CLIP score. According to this system, the
authors subsequently proposed a set of guidelines
for selecting the optimal treatment in patients with
unresectable HCC based on this system.
However, the study population (n = 220) was
relatively small. Therefore, the CIS needs to be
externally validated in a large scale, prospective study.

2
0
2
0
2

No
A
B
C
> 200
≤ 200
> 50
33-50
≤ 33
> 8.9
≤ 8.9
Yes
No
Diffuse
> 5 cm
≤ 5 cm
Yes
No
> 400
≤ 400
Score
0-2
3-6
7-8
9
10-12
13-14
15
16
17-19
20-22
≥ 23

0
0
2
5
3
0
3
1
0
2
0
3
0
4
3
0
3
0
4
0
3-mo survival rate
> 0.81
0.72-0.8
0.66-0.69
0.63
0.51-0.59
0.42-0.47
0.38
0.33
0.21-0.29
0.1-0.17
< 0.1

AFP: Alpha-fetoprotein; ALP: Alkaline phosphatase.

undergoing different treatment modalities at a
single institution in Taiwan. The authors adopted the
calculated total tumor volume (TTV) as a surrogate
marker of the tumor burden and combined the TTV
with four cirrhosis associated models (Child-Pugh
grade, MELD, MELDNa and MELD-Na) to create the
TTV-based staging system. The TTV was categorized
3
3
into four groups (< 50 cm , 50-250 cm , 250-500
3
3
cm and > 500 cm ), and single-digit values were
3
assigned to each TTV group (0: < 50 cm , 1: 50-250
3
3
3
cm , 2: 250-500 cm and 3: > 500 cm ). A total of
12 new staging models were created and patients
were classified into seven groups (0-6) based on
these methods. Among the 12 TTV-based staging
systems, the TTV-Child-Pugh grade-AFP combination
model provides the lowest AIC value. Moreover, the
TTV-Child-Pugh grade-AFP model shows superior
prognostic value compared with the four current
staging systems (CLIP, BCLC, JIS and Tokyo). In
particular, the TTV-Child-Pugh grade-AFP model has
the smallest AIC value among patients receiving noncurative treatment.

Taipei Integrated Score System (Table 13)

The Taipei Integrated Score System was proposed
[39]
by Hsu et al
in 2010. This system is derived from
the investigation of a cohort of 2030 HCC patients

WJH|www.wjgnet.com

Points
Yes
No
Yes
No
Yes
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Table 12 China Integrated Score
Variables
TNM stage
Child–Pugh
grade
AFP (mg/L)
CIS score

Table 14 Eastern stage
Scores

0

1

2

≤Ⅲ

ⅣA
B

ⅣB
C

A
≤ 400

0
PEI or
TACE

Variables
Macroscopic vascular invasion
Tumor number
PS
Microscopic vascular invasion
Extrahepatic spread
Maximum tumor size (cm)
Albumin (g/L)
AST (U/L)
Total bilirubin (μmol/L)
Presence of cirrhosis

> 400
1-2
3
4
5
Herbs TACE Chemotherapy Symptomatic
+
with
TACE herbs
RCT

CIS: China Integrated Score; TACE: Transarterial chemoembolization;
AFP: Alpha-fetoprotein; PEI: Percutaneous ethanol injection; RCT: Randomized
controlled trials.

Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ
Stage Ⅴ

Table 13 Taipei Integrated System
Variables
0

1

2

3

< 50
A
≤ 400

50-250
B
> 400

250-500
C

> 500

score (0-10) allocated to each prognostic factor. The
Eastern staging system exhibits significant differences
in the probability of survival of the patients in different
stages (P < 0.001). The Eastern staging system
2
provides the highest likelihood ratio according to the χ
2
and linear trend χ tests (543.51 and 414.97) among
six other staging systems (Okuda, CLIP, BCLC, CUPI,
AJCC/TNM and JIS), indicating superior homogeneity
and monotonicity of the gradients. Moreover, the AUC
of the Eastern staging is higher at each time point
than that of the other six staging systems (1, 3 and 5
years: 0.846, 0.811 and 0.815, respectively).
However, the Eastern staging system is associated
with some limitations. First, it was derived from a cohort
of HCC patients with predominant HBV infection, as the
authors adequately mentioned. Hence, this system
must be externally validated in a Western population.
Second, the weight for survival of each prognostic
factor was not taken into account when identifying the
prognostic factors.

AFP: Alpha-fetoprotein.

Although the TTV-based staging system is a useful
and reliable system based on the findings of a large
cohort of HCC patients with early to advanced stage
disease undergoing various treatment modalities, this
system is associated with several concerns. First, the
TTV is estimated based on the assumption that all
tumors are spherical. Therefore, the TTV value may
not be accurate in cases involving tumors that are
infiltrative or numberless. Second, this system was
constructed based on the results for a cohort of HCC
patients with predominant HBV infection (55% of
the whole cohort) and must therefore be externally
validated in Western population.

Eastern staging system (Table 14)

The Eastern staging system was established by Yang et
[40]
al
in 2011. This system is derived from the analysis
of a cohort of 958 HCC patients with predominant HBV
infection (91.8%) who underwent surgical resection at
a single institution in China. The authors identified 10
independent prognostic factors, including macroscopic
vascular invasion, multiple tumors, the PS1-2 status,
microscopic vascular invasion, extrahepatic spread,
a maximum tumor size of > 5 cm, a serum albumin
level of < 35 g/L, a serum AST level of > 40 U/L,
a serum total bilirubin level of > 17 μmol/L and
the presence of cirrhosis, using a Cox proportional
hazard regression analysis. Based on these variables,
the authors established a new staging system for
classifying resectable HCC patients, named the Eastern
staging system, in which the patients are classified into
five groups (stage 1-5) according to the sum of the

WJH|www.wjgnet.com

1

+
Solitary
Multiple
0
1-2
+
+
≤5
>5
≥ 35
< 35
≤ 40
> 40
≤ 17
> 17
+
Cumulative score
0-1
2-3
4-5
6-7
8-10

AST: Aspartate transaminase.

Scores

Total tumor volume (cm3)
Child-Pugh grade
AFP (ng/mL)

Score
0

Portal vein tumor thrombus classification (Table 15)

The portal vein tumor thrombus (PVTT) classification
[41]
was proposed by Shi et al
in 2011. This system is
derived from the investigation of a retrospective cohort
of 441 HCC patients with macroscopic PVTT treated
with partial hepatectomy at a single institution of
China. The authors proposed the PVTT classification
based on the extent of tumor thrombosis in the portal
vein, as follows: Type Ⅰ0 Tumor thrombus formation
on microscopy, TypeⅠtumor thrombosis involving
segmental branches of the portal vein or above, Type
Ⅱ tumor thrombosis involving the right/left portal vein,
Type Ⅲ tumor thrombosis involving the main portal
vein trunk and Type Ⅳ tumor thrombosis involving the
superior mesenteric vein. The one-, two- and threeyear survival rates for TypesⅠto Ⅳ PVTT are 54.8%,
33.9%and 26.7%, 36.4%, 24.9% and 16.9%, 25. 9%,
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Table 15 Portal vein tumor thrombus classification

Table 17 Model to Estimate Survival in Ambulatory
hepatocellular carcinoma patients score

Types
MESIAH score

TypeⅠ0: Tumor thrombus formation found under microscopy
TypeⅠ: Tumor thrombi involving segmental branches of portal vein or
above
Type Ⅱ: Tumor thrombi involving right/left portal vein
Type Ⅲ: Tumor thrombi involving the main portal vein trunk
Type Ⅳ: Tumor thrombi involving the superior mesenteric artery

= 0.232 * (age in decades)
+ 0.099 * (MELD)
- 0.391 * (serum albumin level)
+ 0.290 * (tumor size)
+ 0.153 * (tumor number)
+ 1.122 * (vascular invasion)
+ 1.130 * (extrahepatic metastasis)
+ 0.082 * (serum AFP level)
+1

Table 16 A prognostic model for hepatocellular carcinoma
patients within the Milan criteria undergoing non‐transplant
therapies
Variables

AFP: Alpha-fetoprotein. MESIAH: Model to Estimate Survival in Ambulatory
HCC patients score; HCC: Hepatocellular carcinoma.

Scores

Total bilirubin (mg/dL)
AFP (ng/mL)
Ascites

0

1

< 1.5
< 100
-

≥ 1.5

2

in the validation set, irrespective of the treatment
strategy (curative or non-curative).
However, evaluations of the amount of ascites are
subjective and affected by the use of diuretics, as the
authors adequately mentioned. Therefore, objective
assessments of ascites are required.

≥ 100

Mild

Moderate to severe

AFP: Alpha-fetoprotein.

12.9% and 3.7%, 11.1%, 0% and 0%, respectively
(P < 0.0001). The discriminatory ability of the PVTT
classification is superior to that of the AJCC/TNM
staging system, CLIP score and JIS score.
Although the PVTT classification appears to be
useful for predicting the outcomes of HCC patients
with surgically treated macroscopic PVTT, it has some
limitations. First, it was derived from a cohort of HCC
patients with predominant HBV infection (87.5% of
the whole cohort) and needs to therefore be externally
validated in a Western population. Second, the use of
surgical resection with or without portal thrombectomy
for HCC associated with PVTT is not a global standard.
In fact, in the BCLC classification, sorafenib is
recommended as the first-line treatment for HCC
patients with PVTT (Stage C). Therefore, this system
may be not suitable for use in all HCC patients with
PVTT.

MESIAH score (Table 17)

The Model to Estimate Survival in Ambulatory HCC
patients score (MESIAH score) was developed by
[43]
Yang et al , from the Mayo group, in 2012. This
score is derived from a cohort of 477 HCC patients
(derivation cohort) treated at the Mayo Clinic and
904 HCC patients (validation cohort) treated at a
Korean institution. The authors identified independent
predictors for survival in a multivariate Cox model
(age, MELD score, serum albumin level, tumor size,
tumor number, vascular invasion and extrahepatic
metastasis), thus creating a new risk score. Following
internal validation, the prognostic value of the MESIAH
score was confirmed in the validation cohort, with a
concordance statistics of 0.82, which is higher than
that for the CLIP score (0.75) and JIS score (0.78).
The derivation cohort differed from the validation
cohort with regard to the underlying liver disease
(derivation cohort: HBV 18%, HCV 81%, validation
cohort: HBV 75%) and treatment modality (derivation
cohort: transplantation 31%, resection 17%, TACE
25%, validation cohort: resection 13%, TACE 57%).
Conversely, however, it can be said that the predictive
accuracy of MESIAH is highly stable, irrespective of the
underlying liver disease and/or treatment modality.
More recently, the same group validated this
score in another cohort of 1969 HCC patients with
predominant HBV infection (74.6%) treated at a
[44]
Korean institution . The discriminatory ability of the
MESIAH score, as evidenced by the C-statistics, LRχ2
value and AIC, is better than that of the BCLC, CLIP,
JIS and Tokyo.
However, calculating the MESIAH score is some
what complicated in daily clinical practice.
Considering the advantages of superior predictive
accuracy and objectivity of the prognostic factors,

Staging systems proposed since 2012

Several staging systems have been newly proposed
since 2012. However, many of these systems have not
been externally validated.

Prognostic model within the Milan criteria for patients
undergoing non-transplant therapy (Table 16)
[42]

Lee et al proposed a prognostic model based on the
serum bilirubin level, AFP level and severity of ascites
in patients meeting the Milan criteria treated with non[42]
transplant therapy in 2012 . This system is derived
from the findings of a cohort of 1106 HCC patients
(49% HBV infection, 553 deviation set, 553 validation
cohort) receiving treatment at a single institution in
Taiwan. The authors constructed a new system based
on three independent prognostic factors identified
in a multivariate Cox model of the deviation set.
Subsequently, the predictive accuracy was confirmed
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Table 18 Alpha-fetoprotein staging
AFP (ng/mL)
< 10
10-150
150-500
> 500

Table 19 Hepatoma arterial-embolisation score
Stage

Variables

N (normal)
A
B
C

Points

Albumin < 36 g/dL
AFP > 400 ng/mL
Total bilirubin > 17 μmol/L
Maximum tumor diameter > 7 cm

1
1
1
1

AFP: Alpha-fetoprotein.

AFP: Alpha-fetoprotein.

independent of the underlying liver disease and
treatment modality, the MESIAH score is one of the
most promising staging systems for evaluating HCC
patients.

superior predictive value compared to the Okuda,
MELD, BCLC and Child-Pugh grade based on the AUC.
However, the HAP score has not been externally
validated.

AFP staging (Table 18)

5-gene score

[45]

Hong Kong Liver Cancer classification (Figure 2)

The Hong Kong Liver Cancer (HKLC) classification
[49]
was developed by a Hong Kong group in 2014 . This
system is derived from the results of a large cohort
of 3856 HCC patients (1968 training set, 1888 test
set) with predominant HBV infection treated at single
institution in Hong Kong. Four established prognostic
factors (ECOG PS, Child-Pugh grade, liver tumor status
and presence of extrahepatic vascular invasion or
metastasis) were selected when building the system
using the training set according to a multivariate Cox
regression model. Patients are classified in five main
stages and nine substages (stages Ⅰ-Ⅴb) based on
these prognostic factors. The constructed staging
system and treatment guidelines were subsequently
assessed in the test set for internal validation. This
classification is based on five main stages with distinct
survival outcomes, which were very similar between the
training set and the test set. This classification exhibits
better prognostic value than the BCLC classification, with
an AUC at one year of 0.851, three years of 0.8 and
five years of 0.83 for the HKLC classification, compared
to an AUC at one year of 0.804, three years of 0.8 and
five years of 0.795 for the BCLC classification. In the

Hepatoma arterial-embolisation score (Table 19)

The hepatoma arterial-embolisation (HAP) score
[47]
was developed by Kadalayil et al
in 2013. This
score is derived from a cohort of 281 HCC patients
(114 training set, 167 validation set) who received
TACE at three institutions in England. The authors
identified four prognostic factors (a serum albumin
levels of < 36 g/dL, serum AFP level of > 400 ng/mL,
serum bilirubin level of > 17 μmol/L and maximum
tumor diameter of > 7 cm) using a multivariate Cox
model. Patients are classified into four groups (HAP
A-D) based on the sum of the scores assigned to the
prognostic factors. The survival curves for both the
training and validation sets stratified according to the
HAP score were clearly distributed (P < 0.001), and
the authors demonstrated that the HAP score provides
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[48]

The 5-gene score was proposed by Nault et al
in
2013. This score is derived from a cohort of HCC
patients who underwent surgical resection at two
French institutions and several institutions in the
United States, Italy, Spain, Japan and China. The
authors constructed the 5-gene score based on
findings showing that the expression patterns of five
genes (TAF9, RAMP3, HN1, KRT19 and RAN) had
strong prognostic relevance. This score was found to
be significantly associated with the disease-specific
survival and rate of early tumor recurrence in both the
training cohort (n = 189) and validation cohort (n =
125). The authors further validated the 5-gene score
in HCC patients with predominant HCV infection in
Europe and the United States and HCC patients with
predominant HBV infection in Asia. However, this score
is not readily available in daily clinical practice.

The AFP staging was proposed by Burnet et al
in
2013 against a background in which a substantial
proportion of HCC patients in Kentucky have no under
[45]
lying liver disease . This score is derived from the
findings of a cohort of 518 HCC patients (272 cirrhotic,
246 non-cirrhotic) treated at a single institution in the
United States. The authors defined the AFP stage based
[46]
on the report by Muscari et al , as follows: stage N
(AFP < 10 ng/mL), stage A (10 < AFP < 150 ng/mL),
stage B (150 < AFP < 500 ng/mL) and stage C (AFP
≥ 500 ng/mL). Survival curves determined according
to the AFP stage for each prognostic group show clear
survival differences (P < 0.0001), similar to the BCLC
classification. In particular, in non-cirrhotic patients,
the AFP staging system has a lower P value than the
BCLC classification.
However, this study is associated with some
limitations. First, there is no information regarding the
treatment modality, which affects patient outcomes.
Second, the survival differences among patient po
pulations assigned to AFP stage B and C are not sig
nificant. Third, although the authors stated that the
AFP stage is more suitable for assessing non-cirrhotic
HCC patients, no comparative analyses with the BCLC
classification have been carried out.
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ECOG PS 0-1
Child-Pugh A-B

EVM-

Early
tumor

EVM+

Intermediate
tumor

ECOG PS 0
Child-Pugh A

ECOG PS 1
Child-Pugh B

Child-Pugh A

Child-Pugh B

Stage Ⅰ

Stage Ⅱa

Stage Ⅱb

Stage Ⅲa

Locally
advanced
tumor

Child-Pugh A

Stage Ⅲb

Stage Ⅳa

Child-Pugh B

Stage Ⅳb

ECOG PS 2-4
Child-Pugh C

StageⅠ
Resection
transplantation
ablation

Early tumor
EVM-

Early tumor
EVM+

Stage Ⅴa

Stage Ⅴb

Stage Ⅱa

Stage Ⅱb

Stage Ⅲa

Stage Ⅲb

Stage Ⅳa

Stage Ⅳb

Stage Ⅴa

Stage Ⅴb

Resection
transplantation
ablation

Resection

TACE

TACE

Systemic
therapy

Systemic
therapy
supportive
care

Transplantation

Supportive
care

Figure 2 Hong Kong Liver Cancer classification. EVM: Extrahepatic vascular invasion/metastasis; ECOG: Eastern cooperative oncology group; TACE:
Transarterial chemoembolization.

authors’ analysis, the C-index for the HKLC was 0.739,
which is higher than that for the BCLC classification
(0.703). Notably, the HKLC classification is able to
better stratify patients in the BCLC B and C stages into
distinct groups, with better survival outcomes based
on more aggressive treatment recommendations than
that observed in the BCLC treatment algorithm.
However, the HKLC classification is associated with
several limitations. First, it was derived from a cohort
of HCC patients with predominant HBV infection (80%
of the whole cohort) and should therefore be validated
in a Western population as well as patients with
different disease etiologies, as the authors adequately
described. Second, the authors subdivided the BCLC
classification into five groups (A1-2, A3-4, B, C and D)
when assessing the AUC values for the HKLC and BCLC
classifications, which is not appropriate considering the
current categories of the BCLC classification (0, A, B, C
[50]
and D) .
Despite these limitations, the HKLC system app
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ears to have a greater impact on the current BCLC
classification, addressing the problems with the
heterogeneity of the BCLC B and C stages and
rigidity of treatment allocation. Regarding the former
problem, it is interesting that the HKLC classification
is compared with the subclassification of the BCLC B
[20]
stage proposed by Bolondi et al . Regarding the latter
problem, the expanded treatment guidelines of the
HKLC classification, such as surgical resection for BCLC
B patients or TACE for BCLC C patients, should be
verified in a large-scale prospective study in addition to
HCC patients with etiologies other than HBV infection.

External validation and comparison of currently
available staging systems

As mentioned above, a number of staging systems
and/or scoring systems for HCC have been proposed
and established. Several studies have also externally
validated and compared the prognostic value of
various staging systems.
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AJCC/TNM 7th edition
[51]

prognostic model in HCC patients who receive radical
therapy, including surgical resection or percutaneous
[70-74]
ablation
. In contrast, investigators from Italy,
the United States, Spain, South Korea and Egypt
demonstrated that the BCLC classification provides
the best prognostic value in HCC patients with early
to advanced stage tumors treated with various
[75-79]
modalities
. These results indicate that the predictive
accuracy of the BCLC classification is highly stable,
independent of the tumor stage, treatment modality,
underlying liver disease and geographic differences.
With regard to treatment allocation, a largescale trial from Taiwan (n = 3892) showed that the
treatment schedules determined according to the
BCLC classification are both reasonable and beneficial
[80]
for survival in patients with HCC .

th

Kee et al
demonstrated that the 7 edition of the
TNM staging system provides a superior discriminatory
value than 6th edition of the TNM system based on
the findings of a cohort of 8828 HCC patients treated
[51]
[52]
at a single institution in Taiwan . Chun et al
also
th
showed that the 7 edition of the TNM system has
th
greater prognostic power than the 6 edition of the
TNM system based on an analysis of a cohort of 877
HCC patients with predominant HBV infection treated
[52]
[53]
at a single Korean institution , and Zhou et al
th
showed that the 7 edition of the TNM system was the
best prognostic model for HCC patients without AFP
[53]
elevation who undergo surgical resection .
th
However, the prognostic ability of the 7 edition
of the TNM system is poorer than that of the BCLC
classification, particularly in patients with advanced
[54]
stages of the disease . Studies from China have also
reported the predictive inaccuracy of the 7th edition
of the TNM system, although the patient populations
were limited to subjects undergoing surgical resec
[55]
tion . Due to its inherent lacks of factors related to
the liver functional reserve, the prognostic relevance of
the TNM staging system appears to be limited to HCC
patients with early-stage tumors and a preserved liver
functional reserve.

CUPI

Studies from Taiwan and China have demonstrated
that the CUPI is the best prognostic model in advanced
HCC patients with portal vein invasion or extrahepatic
[63,81]
metastasis
.
However, this score has not been validated in either
a Western population or in patients with etiologies
other than HBV infection.

JIS

CLIP score

A study from Japan showed that the JIS score provides
the best prognostic value in HCC patients treated
[82]
with surgical resection . Other studies from Japan
have also demonstrated the JIS score to be the best
prognostic model in HCC patients who receive various
[83,84]
treatment modalities
. However, the JIS score has
not been validated in countries outside of Japan.

Because the CLIP score was originally derived from
a cohort of HCC patients who primarily presented
with advanced stage tumors, it is generally accepted
that the CLIP score is suitable for use in HCC patients
with advanced tumors or those receiving non-surgical
treatments.
In fact, investigators from Japan, Canada, Italy,
France, Taiwan, the United States and Germany
recently demonstrated that the CLIP score provides
better prognostic value than other staging systems in
[56-63]
HCC patients with advanced stage tumors
. In a
cohort of HCC patients who received specific treatment
modalities, including TACE or radioembolization,
systemic chemotherapy and BSC, the CLIP score
[64-66]
proved to be the best prognostic model
. However,
studies from Japan and Taiwan have shown that
the CLIP score provides a superior predictive value
compared to other staging systems, even in HCC
[67,68]
patients undergoing surgical resection
. Finally, a
large-scale study from Taiwan demonstrated that the
CLIP score is the best prognostic model in patients with
early to advanced stages of disease, irrespective of the
[69]
use of curative or non-curative treatment . These
results indicate that the predictive accuracy of the
CLIP score is highly stable, independent of the tumor
stage, treatment modality, underlying liver disease and
geographic differences.

Tokyo

Investigators from Taiwan reported that the Tokyo
score was the most informative tool in a large cohort
(n = 2010) of HCC patients with predominant HBV
infection (67%) who underwent various treatment
[66]
regimens . However, the Tokyo score has not been
validated in a Western population.

ALCPS

A study from China demonstrated the ALCPS system
to be the best prognostic model in advanced HCC
[85]
patients with predominant HBV infection (88%) .
However, this score has not yet been validated in a
Western population.
Staging systems must to be validated in both
Western and Asia-Pacific patient populations,
irrespective of the underlying liver disease and etiology,
before they can be considered to be globally applicable,
as there are significant regional and institutional
differences in HCC in terms of etiology, underlying
[4]
liver disease and feasible treatment modality . In this
context, among many staging systems BCLC and CLIP
can be currently globally applicable staging systems
for HCC patients.

BCLC classification

As expected, several studies from Italy and China
have shown that the BCLC classification is the best
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surgical resection than the original BCLC or other
staging systems.
Regarding the heterogeneity of patients in BCLC
[20]
stage B, Bolondi et al
proposed a subclassification
of stage B (B1-B4) in 2012, in association with
different first-line and alternative treatment options
(Table 20). Notably, the authors adopted the up-to-7
criterion in order to distinguish major from minor
[90]
tumor extension . Recently, this subclassification was
externally validated in a cohort of HCC patients in both
[91,92]
South Korea and Taiwan
.

Early stage
radical treatment (resection, ablation)
AJCC/TNM
Tokyo

HCV, alcohol dominant JIS

HBV dominant

BCLC
CLIP
CUPI

Adding biomarkers to existing staging systems:
[93]
Kitai et al
combined the JIS score and three tumor
markers (AFP, AFP-L3 and DCP), to create a new
staging system, the Biomarker combined JIS (bm-JIS),
in 2008. This system is derived from a cohort of 1824
HCC patients treated at five Japanese institutions.
The authors showed that the bm-JIS score has
better stratification value than the conventional JIS
score. The group also externally validated the bm-JIS
score in 1173 HCC patients treated at five Japanese
[94]
institutions .
[95]
Kaseb et al
proposed the VEGF-CLIP (V-CLIP)
score in 2011 based on findings showing that the
VEGF, the major mediator of angiogenesis in the
setting of HCC, is associated with the overall survival
of HCC patients. The authors added the VEGF (cutoff
point: 450 pg/mL) to the CLIP score, thus creating
the V-CLIP score. The V-CLIP score stratifies patients
into homogenous prognostic groups (P = 0.005) and
provides superior predictive accuracy compared to
the original CLIP score (P = 0.005). The same group
proposed the insulin-like growth factor-1 (IGF-1)
CLIP (I-CLIP) score in 2011 based on findings
demonstrating that the IGF-1 value, which reflects
the synthetic function of the liver, is an independent
prognostic factor for overall survival of HCC pati
[96]
ents . The authors subsequently integrated the
dichotomized IGF-1 level (cutoff point: 26 ng/mL)
into the CLIP score, thereby creating the I-CLIP score.
The I-CLIP score classifies patients into independent
prognostic groups (P < 0.0001) and displays a better
prognostic ability than the original CLIP score (P
[97]
< 0.0001). Based on these results, Kaseb et al
established the IGF-1, VEGF-BCLC (IV-BCLC) score in
2011 in which they integrated the IGF-1 value (cutoff
point 26 ng/mL) and VEGF value (cutoff point 450 pg/
mL) into the BCLC score, to create the IV-BCLC score.
The authors demonstrated that IV-BCLC score is more
accurate in predicting overall survival and provides
better prognostic stratification than the original BCLC
score (P < 0.0001).
[98,99]
More recently, Kinoshita et al
reported that
the addition of the serum CRP level to previously
validated staging systems (CLIP, BCLC, JIS, BCLC,
Tokyo and TNM according to LCSGJ) improves the
prognostic value of each staging system, based on

ALCPS
Advanced stage
non-radical treatment (TACE, systemic therapy)

Figure 3 A positioning map of existing validated staging systems. AJCC:
The American Joint Committee on Cancer; BCLC: The Barcelona Clinic Liver Cancer;
CLIP: The Cancer of the Liver Italian Program; JIS: The Japan Integrated Staging Score;
CUPI: The Chines University Prognostic Index; ALCPS: The Advanced Liver Cancer
Prognostic System; HBV: Hepatitis B virus.

A positioning map of existing validated staging sys
tems is shown in Figure 3.

New attempts

In addition to creating new models, investigators have
made attempts to modify and/or add other variables,
such as biomarkers or the general status, into existing
prognostic systems.
Modifying currently available staging systems:
[86]
Huo et al proposed the MELD-based model in 2007.
In this model, the Child-Pugh grade, which is used
in the CLIP, BCLC and JIS scores to assess the liver
functional reserve, is replaced with the MELD score,
and the authors subsequently created MELD-based
modified CLIP, BCLC and JIS scores. These scores
have better predictive value than the original scores.
[87]
Ling et al
also incorporated the MELD score into the
TNM system for use in patients undergoing surgical
resection, thus creating the MELD-based TNM staging
system and demonstrated that the MELD-based TNM
[87]
stage provides better prognostic stratification .
[88]
Meanwhile, Lin et al
subdivided the CLIP score
[88]
into 36 subgroups . The authors showed that different
prognostic weighting of four predictive factors of the
CLIP score (PVT followed by the Child-Pugh grade, AFP
and tumor morphology) resulted in heterogeneity of
survival within the same score group.
[89]
Furthermore, Santambrogio et al
proposed a
simplified BCLC staging system (s-BCLC) for assessing
resectable HCC patients. This score is defined by only
two groups (AA: BCLC A1 + A2 with a serum AFP
level of ≤ 20 ng/mL, AB: BCLC A1 + A2 with a serum
AFP level of > 20 ng/mL or A3, A4). The authors
demonstrated that the s-BCLC is more suitable for
prognostic stratification in HCC patients who undergo

WJH|www.wjgnet.com

419

March 27, 2015|Volume 7|Issue 3|

Kinoshita A et al . Staging systems for HCC
HCV infection or alcoholic liver disease exhibit poorer
[7,103,104]
outcomes than those with HBV infection
. This
is because HCC patients with HBV infection generally
have a better liver functional reserve than those
[50]
with HCV infection or alcoholic liver disease . An
increasing number of patients develop HCC based on
the presence of nonalcoholic fatty liver disease (NAFLD)
or NASH, both of which affect the liver functional
reserve and patient outcomes. In fact, Reddy et
[105]
al
demonstrated that HCC patients with NASH
undergoing surgical resection display a better liver
functional reserve and survival outcomes than those
[105]
with HCV infection and/or alcoholic liver disease
.
[106]
More recently, Kaseb et al
showed that currently
available staging systems (Okuda, CLIP, BCLC, CUPI
th
and TNM 6 edition) are significantly less predictive
of overall survival in HCC patients without cirrhosis or
hepatitis, advocating that staging systems should be
modified to include factors related to viral hepatitis and
cirrhosis in addition to demographics and geographic
location.
Third, many staging systems lack optimal treatment
allocation, with the exception of BCLC and HKLC. There
is also controversy regarding current BCLC treatment
recommendations. First, this system does not provide
recommendations for second-line therapy or combined
treatment, such as resection or liver transplantation
after TACE, the combination of TACE with RFA and/or
the combination of TACE with sorafenib. Second, it is
rigid. In a study from South Korea, many patients with
a BCLC 0 (62.9%) or BCLC A (54%) status underwent
TACE rather than radical therapies, such as surgical
resection or percutaneous ablation, as proposed by
the BCLC classification. Moreover, patients with BCLC
C stage disease underwent TACE (35.7% of patients)
or HAIC (24.6% of patients) rather than receive
treatment with sorafenib, which is inconsistent with the
[78]
recommendations in the BCLC classification . More
recently, a multicenter Italian study demonstrated
that the survival rate of BCLC B patients undergoing
TACE (MST: 27 mo) was significantly shorter than
that of BCLC B patients who underwent surgical
resection (MST: 37 mo) and percutaneous ablation
(MST: 36 mo) (P < 0.001), indicating that patients
with a BCLC B status are often suitable candidates
for more aggressive therapies than TACE based on
[107]
proper patient selection . In addition, a multicenter
study from Italy showed that liver transplantation
could result in survival benefit for HCC patients with
[108]
BCLC D status . These results also suggest the need
for careful multidisciplinary evaluations of optimal
treatment modalities as recommended by the BCLC
classification.
In conclusion, although many staging and/or
scoring systems have been proposed, there is cur
rently no globally accepted system for assessing HCC
patients due to the extreme heterogeneity of the
disease. Clinicians involved in treating HCC patients

Table 20 Barcelona Clinic Liver Cancer B subclassification
Sub-Stage

B1

B2

B3

B4

Child-Pugh
score

5-6-7

5-6

7

In

Out

Out

8-9 (with
severe/
refractory
ascites and/or
jaundice)
Any

0

0

0

0-1

-

-

-

-

TACE
Liver
transplantaion
TACE +
ablation

TACE or
TARE
sorafenib

Research
trials
TACE
sorafenib

BSC
Liver
transplantaion
(only if Up-to-7
IN and PS0)

Beyond
Milan and
within Ut-7
ECOG (tumor
related) PS
Portal vein
thrombosis
1st option
Alternative

TACE: Transarterial chemoembolization; TARE: Transarterial radioem
bolization; BSC: Best supportive care.

results showing an elevated serum CRP level to be
independently associated with a poor prognosis in HCC
patients.
Adding the general status to existing staging
[100]
systems: Tournoux-Facon et al
reported that the
addition of the WHO PS to the CLIP score improves the
discriminatory ability compared to that of the original
CLIP and BCLC scores in patients treated in the palliative
setting (BoBar). The same group also demonstrated
that incorporating quality of life data improves the
prognostic value of the CLIP, BCLC, GRETCH and BoBar
[101]
scores in palliative HCC patients .
[102]
Furthermore, Hsu et al
showed that the modi
fying the BCLC system according to the ECOG PS
enhances the prognostic ability in HCC patients in early
to advanced stages of the disease.

Problems with currently available staging systems and
future perspectives

As mentioned above, many staging systems and
scoring systems have been established and refined.
However, there is currently no globally accepted system
for assessing HCC patients, due to heterogeneity of the
extent of tumor extension, underlying liver disease and
liver functional reserve. There are several problems
regarding currently available staging systems.
First, none of these systems take into account the
location of the tumor or its proximity to major vessels,
which affect both treatment selection and tumor
[7]
progression .
Second, none of the above systems incorporate the
etiology (HBV infection, HCV infection, alcoholism and
NASH) or underlying liver disease (LC, hepatitis and a
normal liver). Generally, the outcomes of HCC patients
differ according to the etiology of the liver disease.
Several studies have shown that HCC patients with
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should use currently available staging systems or
treatment algorithms carefully while understanding
their features and limitations. Growing evidence
regarding understanding of tumor biology as well as
advancements in imaging techniques and treatment
modalities will result in the development of better
staging systems that refine the process of stratification,
survival prediction and treatment allocation in order to
optimize the management of HCC patients.
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REVIEW

Gut-liver axis in liver cirrhosis: How to manage leaky gut
and endotoxemia
Hiroshi Fukui
activated innate immunity are all likely to play a role
in the pathological states of bacterial translocation.
Therapeutic approach by management of the gut-liver
axis by antibiotics, probiotics, synbiotics, prebiotics and
their combinations may improve the clinical course of
cirrhotic patients. Special concern should be paid on
anti-endotoxin treatment. Adequate management of
the gut-liver axis may be effective for prevention of liver
cirrhosis itself by inhibiting the progression of fibrosis.
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Core tip: A “leaky gut” may be the cutting edge for
the passage of toxins, antigens or bacteria into the
body, and may play a pathogenic role in advanced liver
cirrhosis and its complications. More attention should
be paid to the role of intestinal bacteria and bacterial
products in the field of Hepatology. Here, I would like
to overview the history of endotoxin assay in the blood,
clinical significance of endotoxemia in liver cirrhosis
and then shift to the topic of gut and liver in general.
Understanding of the gut-liver axis, leaky gut and
endotoxemia in cirrhosis may give us new ideas.

Abstract
A “leaky gut” may be the cutting edge for the passage
of toxins, antigens or bacteria into the body, and
may play a pathogenic role in advanced liver cirrhosis
and its complications. Plasma endotoxin levels have
been admitted as a surrogate marker of bacterial
translocation and close relations of endotoxemia to
hyperdynamic circulation, portal hypertension, renal,
cardiac, pulmonary and coagulation disturbances
have been reported. Bacterial overgrowth, increased
intestinal permeability, failure to inactivate endotoxin,
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INTRODUCTION
Bacterial infections account for significant morbidity
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[1]

and mortality in patients with liver cirrhosis . Infections
[2]
increase mortality 4-fold in cirrhotic patients .
Although urinary, respiratory, ascitic fluid infections
and bacteremia are common infectious complications,
spontaneous bacterial peritonitis (SBP) occurs
most frequently. A vast majority of such infections
are due to enteric gram-negative bacteria, mainly
[3]
Enterobacteriaceae . Passage of viable bacteria from
the intestinal lumen through the intestinal wall and
to mesenteric lymph nodes (MLNs) and other sites,
defined as bacterial translocation (BT), explains the
[4]
development of SBP . The concept of BT was later
broadened to microbial products or their fragments,
such as endotoxin [lipopolysaccharide (LPS)],
peptidoglycan, lipopeptides and bacterial DNA. The
liver receives portal blood containing these microbial
products and acts as the initial site of their filtration
and detoxication. These defense mechanisms are
impaired in the cirrhotic liver, which finally results in
spillover of these products and secretion of various
inflammatory mediators.
LPS is a major component of the gram-negative
bacterial wall. Its detection in the blood has a
long history and is still not complete with several
methodological difficulties. However, the endotoxemia
detected by the Limulus-lysate test or its modifications
has been well correlated to the severity, complications
and mortality of liver cirrhosis. Control of endotoxemia
is still considered to be the mainstay of therapy for
advanced liver cirrhosis.
Here, I would like to overview the history of
endotoxin assay in the blood, clinical significance of
endotoxemia in liver cirrhosis and then shift to the
topic of gut and liver in general. Understanding of the
gut-liver axis, leaky gut and endotoxemia in cirrhosis
may give us new ideas for hepatology tomorrow.

LAL test was almost exclusively associated with a
progressive functional renal failure (8 of 10 patients)
and all but one of them died. Endotoxemia was also
associated with hemorrhage due to acute erosions
[7]
of the gastric mucosa (6 of 7 patients) . On the
[8]
contrary, Gaeta et al found no significant difference
in the frequency of endotoxemia between patients with
impaired and unimpaired renal blood flow. Moreover,
no relation was found between endotoxin plasma
[9]
levels and renal blood flow in their study. Bode et al
reported that the prevalence of endotoxemia was
not significantly higher in cirrhotics with ascites or
esophageal varices when compared to the subgroup
without ascites or esophageal varices. They additionally
found endotoxemia more frequently in patients with
alcoholic cirrhosis (67.3%) than in patients with non[9]
alcoholic cirrhosis (45.5%) .
In general, nonspecific gelation has been reported
by this LAL test, and interpretation of the results has
[10]
[11]
often caused confusion . Finally, Fulenwider et al
reported that they could not detect any endotoxin by
the LAL test in peripheral plasma, portal plasma and
ascites. They concluded that the ubiquity of endotoxin,
with the attendant opportunities for specimen
contamination, is the most likely explanation for the
high prevalence of endotoxin in the plasma and ascites
of cirrhotic patients.
[12]
In 1978, Iwanaga et al
developed a quantitative
endotoxin assay using a synthetic chromogenic peptide
as a substrate for the endotoxin-sensitive Limulus
enzyme. This assay has been shown to give reliable
results for minute amount of endotoxin in water.
However, measurements of endotoxin in blood present
some difficulties. Major problems in plasma endotoxin
assay are (1) disagreement about the best way of
[13-15]
preparing standard curves
; (2) lack of an optimal
method for eliminating plasma inhibitors for endotoxin
[15-17]
assay
; and (3)necessity of endotoxin-specific
[18]
chromogenic substrate . We have insisted that a
standard curve should be prepared for each individual
plasma sample in the endotoxin determination,
because ideal 100% recovery of endotoxin could not
[15]
be validated in any trial of plasma pretreatment .
The internal standard is especially necessary in the
perchloric acid treatment, where strict adjustment
of pH in samples is difficult before the chromogenic
[19]
assay . Our study demonstrated hidden extra portion
of endotoxin in plasma of patients with chronic liver
diseases, using new way of plasma pretreatment
either by Tween 80 in the dilution and heating method
[20]
or by triethylamine in the perchloric acid method .
The chromogenic substrate widely used in the world is
considered to react not only endotoxin but also other
substances such as (1,3)-β-D-glucan, component of
[21]
cell wall of fungus . Endotoxin-specific chromogenic
substrate was produced by removing G-factor from the
[21]
lysate .
Although most studies on plasma endotoxin

DETECTION OF ENDOTOXEMIA IN
PATIENTS WITH LIVER CIRRHOSIS
Levels of bacterial LPS are increased in the portal and/
or systemic circulation in liver cirrhosis. Endotoxemia
was first demonstrated by the Limulus amebocyte
lysate (LAL) test and later by several quantitative
assay, such as the chromogenic Limulus assay and the
turbidimetric endotoxin assay. Although endotoxemia
is now considered to be a common feature of liver
cirrhosis, there has been much debate and still
disagreement about plasma endotoxin levels.
Early study using LAL test revealed that systemic
endotoxemia in liver cirrhosis occurred with a fre
quency of 15 of 31 compared with 2 of 21 venous
samples and 9 of 21 portal venous samples from
[5]
[6]
patients without liver disease . Tarao et al reported
that death occurred within 6 mo in 47.8% of the
patients with a positive endotoxin test, whereas
only 16.7% of those with a negative test died in the
[7]
same period. Clemente et al showed that a positive
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levels ignored these points, using simply the dilution
and heating method and non-specific chromogenic
substrate, results obtained were generally useful for
evaluation of the clinical significance in liver cirrhosis.
[22]
Lumsden et al
found that endotoxin levels in the
portal venous blood was significantly higher than
that in the peripheral venous blood, although there
was a wide variability. However, neither hepatic
nor peripheral venous endotoxin levels correlated
significantly with a variety of clinical, biochemical or
[22]
[23]
radiological parameters . Tachiyama et al
also
confirmed that endotoxin levels in the portal blood
was higher than that in the peripheral venous blood
by their Limulus gelation turbidimetric LAL assay.
Moreover, they found that portal endotoxin levels in
patients with cirrhosis was higher than those without
[23]
cirrhosis . This finding suggests an enhanced
intestinal production and/or absorption of endotoxin in
liver cirrhosis, which later developed the discussion on
bacterial overgrowth and leaky gut in liver cirrhosis.
[24]
Bigatello et al detected endotoxemia in 36 of 39
cirrhotic patients and in none of healthy volunteers by
their chromogenic LAL test. They found that systemic
endotoxemia was higher in patients with hepatic
encephalopathy after esophagogastric hemorrhage
than in well-compensated cirrhotics. It was higher in
patients with deep coma than in those with light coma
and also higher in those who died than in those who
survived. They concluded endotoxemia without sepsis
is a constant finding in cirrhosis and increasing levels
of endotoxemia are associated with hepatic failure,
[24]
encephalopathy, and death .
We found higher plasma endotoxin level in patients
with alcoholic cirrhosis than in patients with nonalcoholic cirrhosis with an improved chromogenic
substrate assay, using individual standard curves
[25]
for each plasma sample . On admission endotoxin
concentrations in alcoholics with fatty liver were
similarly elevated as observed in alcoholic cirrhosis.
In 6 out of 12 patients with fatty liver or alcoholic
hepatitis, in whom a second sample of plasma was
investigated after 6 to 8 d, endotoxemia was no longer
detectable. The results indicate that, irrespective of
the stage of liver disease, alcohol abuse favors the
[25]
development of endotoxemia . In the measurement
of plasma endotoxin by the dilution and heating
method, we frequently experienced that plasma
endotoxin level in patients with advanced liver cirrhosis
was unexpectedly low and speculated that some part
of plasma endotoxin might be lost in the procedure of
dilution and heating. To overcome this situation, we
added a detergent Tween 80 after heating plasma and
[20]
discovered much hidden endotoxin in the sample .
Significantly higher plasma endotoxin levels in
cirrhotics with upper gastrointestinal (GI) bleeding
compared with those without upper GI bleeding was
[26]
detected by this Tween 80 method .
To attain endotoxin-specific chromogenic assay,
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we further improved our method using triethylamine
in the perchloric acid method and endotoxin-specific
substrate Endospecy (Seikagaku Kogyo Co., Tokyo,
[19,20]
Japan) with kinetic analysis
. A final pH of the assay
sample was always adjusted to 7 by careful titration
[19]
of triethylamine . The results of our measurement
of plasma endotoxin in 90 patients with liver cirrhosis
and 11 patients with chronic hepatitis with this
method were summarized as follows: (1) there was
an increase of plasma endotoxin with the progression
of chronic liver disease; (2) in patients with bleeding
from esophageal varices, plasma endotoxin increased
for 3 d after the bleeding and thereafter decreased;
and (3) endotoxin level increased as the progression
of Child-Pugh grades and was negatively related to
[18]
prothrombin time .

RELATIONSHIP OF ENDOTOXEMIA TO
PATHOGENESIS OF CIRRHOSIS AND ITS
COMPLICATIONS
Hyperdynamic circulation

Hyperdynamic circulation characterized by hypoten
sion, low systemic vascular resistance, high cardiac
output and a reduced sensitivity to vasoconstrictors
are features of cirrhosis. These cardiovascular
changes might be the result of increased synthesis
[27]
of a vasodilator . Nitric oxide derived from vascular
endothelium is a potent vasodilator that plays a
[28]
key role in the homeostasis of blood pressure .
Cirrhotic patients showed significant increases in
serum nitrite/nitrate which was significantly correlated
[28]
with endotoxemia . Oral administration of colistin
to 15 cirrhotic patients reduced significantly plasma
[28]
endotoxin levels and serum nitrite/nitrate levels . A
lower systemic vascular resistance and a higher cardiac
output were found in cirrhotics with endotoxemia than
[29]
in those without endotoxemia . These studies support
that endotoxemia may be responsible, at least in part,
for the hyperdynamic circulation found in patients
[30]
with liver cirrhosis. On the contrary, Campillo et al
showed that serum nitrate levels did not correlate with
endotoxemia and that cardiac index did not correlate
with serum nitrate levels, urine nitrate excretion and
endotoxemia. Plasma interleukin (IL)-6 levels were
correlated negatively with systemic vascular resistance
in patients with cirrhosis, but no correlation was
observed between plasma endotoxin levels and plasma
[31]
[32]
IL-6 levels . Finaly, Bhimani et al
concluded from
their experiments that an endotoxin-induced increase
in mesenteric iNOS activity and a decrease in hepatic
cNOS activity may account for, respectively, the
hyperdynamic visceral circulation and the increased
intrahepatic resistance of cirrhosis. Although the role
of endotoxin on the hyperdynamic circulation still
remains controversial, endotoxemia, possibly from
gut-derived bacterial translocation, causes induction of
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Renal disturbance

nitric oxide (NO) synthase (NOS) leading to increased
vascular NO production, which is the primary stimulus
for the development of vasodilatation in cirrhosis and
[33]
its accompanying clinical manifestations .

Endotoxin is a well-known renal vasoconstrictor.
Deleterious effect of endotoxin on kidney has been
[40]
[41]
confirmed in various animals, i.e., dogs , mouse
[42]
[43]
and bile-duct ligated rats . Uchihara et al
found
that plasma endothelin levels were significantly higher
in patients with endotoxemia than in those without
and were negatively correlated to creatinine clearance
in cirrhotics. They concluded that plasma endothelin
closely related to endotoxemia, may play a contributory
[43]
role in kidney dysfunction in patients with cirrhosis .
As stated above, there has been a disagreement about
the relation of endotoxemia to renal disturbance in
cirrhosis. Close correlation reported in the early period
[7,44,45]
using LAL test
was not always validated in the
[30]
later period using quantitative LAL test . However,
experimental evidences together with beneficial effect
of non-absorbable antibiotics support the pathogenetic
roles of endotoxin in the renal disturbance.
[46]
Shah et al
demonstrated in their bile-duct
ligated rats that kidneys in cirrhosis show an increased
expression of TLR4, NFκB, and the pro-inflammatory
cytokine TNF-α, which makes them susceptible to
a further inflammatory insult. This increased susce
ptibility to LPS can be prevented with selective
[46]
decontamination by norfloxacin . The effect of
selective decontamination for renal disturbance to
patients with liver cirrhosis was first reported with
[47]
[48]
paromomycin sulfate and recently by rifaximin .
SBP is the most dangerous infectious complication
arising in patients with cirrhosis and ascites. Ιt is
associated with high serum and ascitic fluid levels
of proinflammatory cytokines. These patients are
predisposed to the development of renal impairment,
[49]
type 1 hepatorenal syndrome . Albumin infusion
improves renal function in acutely decompensated
cirrhotic patients with acute kidney injury by impacting
on renal blood flow autoregulation. This is possibly
achieved through endothelial stabilization and a
reduction in the sympathetic tone, endotoxemia and
[50]
oxidative stress .

Portal hypertension

In cirrhosis, portal hypertension can promote bacterial
translocation and increase serum endotoxin levels.
Vice versa, endotoxin aggravates portal hypertension
by induction of systemic and splanchnic vasodilation,
and by triggering hepatic inflammatory response
[34]
via tumor necrosis factor α (TNF-α) . Endotoxin
levels correlated with hemodynamic derangement
in cirrhotic severe portal hypertension, and with
levels of soluble TNF-α receptors in patients with
alcoholic liver cirrhosis receiving elective transjugular
[34]
intrahepatic portosystemic shunt . Thromboxane
(TX) A2 has been suggested to play a significant
role in the development of portal hypertension in
fibrosis, and Kupffer cell (KC) derived TXA2 has
been shown to mediate the hyperresponsiveness of
the portal circulation to the vasoconstrictive actions
[35]
of endothelin-1 during endotoxemia . The double
stresses of early fibrosis additively activate KC and
release increased amount of TXA2 in response to
ET-1, which leads to the increased portal resistance
[35]
and ultimately hepatic microcirculatory dysfunction .
[36]
Steib et al concluded from their experiment in bileduct ligated rats that upregulation of Toll-like receptors
(TLR)4 and MyD88 expression in fibrotic livers confers
hypersensitivity to LPS. This may lead to escalation
of portal hypertension by production of TX and Cysleucotriene after LPS-induced KC activation.

Hepatic encephalopathy

[24]

Except for the early human study by Bigatello et al ,
the role of endotoxin on hepatic encephalopathy had
[37]
not been investigated until recently. Wright et al
showed that the injection of endotoxin into cirrhotic rats
induced pre-coma and exacerbates cytotoxic edema
because of the synergistic effect of hyperammonemia
[38]
and the induced inflammatory response. Bajaj et al
further extended the problem to microbiome in the
intestine and concluded that cirrhosis with hepatic
encephalopathy is associated with significant alterations
in the stool microbiome compared with healthy
individuals. Specific bacterial families (Alcaligeneceae,
Porphyromonadaceae, Enterobacteriaceae) are
strongly associated with cognition and inflammation in
hepatic encephalopathy. The central role of ammonia
in the pathogenesis of hepatic encephalopathy
is incontrovertible. However, there is a robust
evidence indicating the importance of inflammation
in exacerbating the neurological effects of hepatic
[39]
encephalopathy . Sterile inflammation by circulating
endotoxin from the gut (bacterial translocation)
inducing immune dysfunction may have some effect
via the release of pro-inflammatory mediators which
[39]
directly signal to the brain .
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Cirrhotic cardiomyopathy

Liver cirrhosis is associated with several cardiovascular
abnormalities. Despite an increased baseline cardiac
output, cirrhotic patients have a suboptimal ventricular
response to stress. This phenomenon is called cirrhotic
cardiomyopathy. The pathogenesis of this syndrome
is multifactorial and includes diminished β-adrenergic
receptor signal transduction, cardiomyocyte cellular
plasma membrane dysfunction, and increased activity
or levels of cardiodepressant substances such as
cytokines, endogenous cannabinoids, and nitric
[51]
oxide . Patients with severe cirrhotic cardiomyopathy
have higher lipopolysaccharide binding protein (LBP)
levels, which are significantly correlated with the
degree of diastolic dysfunction. This findings support
a potential role of bacterial endotoxemia on the
[52]
aggravation of cardiomyopathy in cirrhotic patients .
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The development of severe renal failure type 1 HRS
[53]
seems to be related to a cardiac systolic dysfunction .
In addition to the above myocardial dysfunction, the
release of endotoxins and biologically active substances
such as inflammatory cytokines, nitric oxide, carbon
monoxide related to bacterial infection may further
impair cardiac function in patients with advanced
[54]
cirrhosis .

show that an ongoing prothrombotic state is present
in the portal circulation of cirrhotic patients and may
[63]
play a pivotal role in the thrombotic episodes . They
further confirmed that monocyte expression of tissue
factor (TF) was significantly correlated with plasma
[64]
levels of F1 + 2 and with endotoxemia . TF mRNA
expression was detected only in three patients with
[64]
endotoxemia .
Decreased plasma ADAMTS13 activity results in
the accumulation of unusually large vWF multimer
[65]
(UL-VWFM) and the formation of platelet thrombi .
[65]
Uemura et al
showed that ADAMTS13 activity
decreased with increasing severity of liver disease
(controls means 100%, chronic hepatitis 87%, Child
A cirrhosis 79%, Child B cirrhosis 63%, and Child
C cirrhosis 31%), and showed severe deficiency (<
3% of controls) in five end-stage cirrhotics. This
ADAMTS13 activity may be a useful prognostic marker
that is equal or superior to the Child-Turcotte-Pugh
score and the Model for End-Stage Liver Disease score
to predict not only the short-term prognosis but also
[66]
the long-term survival of the cirrhotic patients . As
we found that endotoxemia was inversely correlated
with ADAMTS13 activity and was higher in patients
with UL-VWFM than those without in patients with
[67]
alcoholic hepatitis , this relation should be estimated
in liver cirrhosis.

Hepatopulmonary syndrome

Hepatopulmonary syndrome (HPS) is an important
cause of dyspnea and hypoxia in 10%-30% of
[55]
patients with cirrhosis . It is due to vasodilation and
angiogenesis in the pulmonary vascular bed, which
leads to ventilation-perfusion mismatching, diffusion
limitation to oxygen exchange, and arteriovenous
[55]
shunting .
[56]
In experimental studies, Zhang et al
demon
strated that progression and severity of HPS as
indicated by both increased pulmonary capillaries
and histological changes are closely associated
with endotoxin levels in the cirrhotic rat model.
They thought that overproduction of TNF-α due to
endotoxin stimulation of KCs via mitogen-activated
protein kinase signal transduction pathway may
be a major mechanism mediating the pathologic
[57]
[58]
alterations of HPS . There was a case report
that showed a beneficial effect of oral norfloxacin for
hypoxia in a patient with this syndrome. The authors
speculated that norfloxacin reduced endotoxemia and
concomitant nitric oxide production in patients with
cirrhosis. However, a following pilot study of intestinal
decontamination with norfloxacin in patients with HPS,
in an attempt to reduce endotoxemia, failed to produce
[55]
any improvement in gas exchange .

GUT-LIVER AXIS IN HEALTH AND LIVER
CIRRHOSIS
The gut and the liver are the key organs in nutrient
absorption and metabolism. Bile acids, drugs, and
toxins undergo extensive enterohepatic circulation. Bile
acids play a major role in several hepatic and intestinal
diseases. Endotoxins deriving from intestinal Gramnegative bacteria are important in the pathogenesis of
[68]
liver and systemic diseases . Gut flora and bacterial
translocation play important roles in the pathogenesis
of chronic liver disease, including cirrhosis and its
[69]
complications . Intestinal bacterial overgrowth and
increased bacterial translocation of gut flora from
the intestinal lumen predispose patients to bacterial
[69]
infections and major complications .

Coagulation and platelet abnormalities

Patients with advanced liver cirrhosis paradoxically
have both risks of bleeding and thrombosis. They
should face fragile balance between hypercoagulability
and hypocoagulability related to reduced synthesis
of clotting factors, accelerated fibrinolysis, platelet
dysfunction and low-grade intravascular clotting.
Hyperfibrinolysis is not a primary phenomenon but
occurs as a consequence of clotting activation and that
[59]
endotoxemia might play a pathophysiological role .
Cirrhotic patients are at increased risk for thrombotic
[60]
events, particularly in the portal venous system .
In cirrhotics, plasma levels of von Willebrand factor
(vWF) antigen and endotoxemia progressively
increased from Child Pugh’s classification A to class
[61]
C . vWF is a marker of endothelial perturbation
and endotoxin releases vWF from endothelial cells in
[61]
vitro . Endothelial procoagulant activation induced
by low-grade endotoxemia may represent a trigger for
[62]
systemic clotting activation in liver cirrhosis patients .
[63]
Violi et al
reported that endotoxemia was directly
[59]
correlated with F1 + 2
and D-dimer. These studies

WJH|www.wjgnet.com

Bacterial translocation

BT or microbial translocation is defined as the migration
of viable microorganisms or bacterial products (i.e.,
bacterial LPS, peptidoglycan, and lipopeptides) from the
intestinal lumen to the mesenteric lymph nodes and
[70]
other extraintestinal sites . Passage of viable bacteria
from the intestinal lumen through the intestinal wall and
its translocation to mesenteric lymph nodes and other
sites is the accepted pathogenic mechanism for the
development of spontaneous infections, such as SBP or
[4]
bacteremia . Bacterial products, such as endotoxin, or
bacterial DNA can translocate to extra-intestinal sites
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and promote an immunological response similar to
that produced by viable bacteria. Pathological BT is a
contributing factor in the development of complications
in cirrhosis, not only in infections, but by exerting a
profound inflammatory state and exacerbating the
[4,71]
hemodynamic derangement
.

that increase intestinal permeability of bacteria and
its products have been found in patients with liver
[4]
cirrhosis . This intestinal barrier dysfunction may be an
important pathogenetic factor for several complications
[83]
of liver cirrhosis . Characteristics of cirrhosis itself,
including portal hypertension, alterations in the
intestinal microbiota, inflammation and oxidative
stress can affect barrier function of both small and
large intestine and may contribute to the development
[71]
of complications . Although gut barrier function did
not show a significant relationship with endotoxemia,
increased intestinal permeability may be a significant
finding that at least in part is associated with the
[84]
pathophysiology of viral liver cirrhosis .
There is a long-standing debate about the presence
and role of increased intestinal permeability in patients
[85]
with cirrhosis . Some authors have shown an
association between increased intestinal permeability
and severity of liver cirrhosis assessed by the Child[85-87]
Pugh classification
, but others have failed to
[88-90]
reproduce these results
. Methodological problems
should be taken into account when interpreting these
[91]
[86,87,92]
conflicting results . Some authors used sugars
,
[85,88-90]
and others used isotope probes
, the latter
considered to be the gold standard as the probes are
[85]
not synthesized or digested in the human body .
However, the assessment of the mucosal intestinal
permeability by urinary excretion of orally administered
non-metabolizable sugars gave us some information
on the discrimination between transcellular and para
[93]
cellular fluxes .
Monosaccharides, such as mannitol, are absorbed
through the transcellular pathway and reflect the extent
of absorption of small molecules. Disaccharides, such
as lactulose, are absorbed through the paracellular
junction complex (the tight junctions) and extrusion
zones of the intervillous spaces, which corresponds
[92,94]
to the permeability of larger molecules
. Mannitol
absorption as assessed by urinary excretion can be
considered as an indicator of the mucosal absorptive
area, and lactulose absorption as a measure of the
[94,95]
integrity of intestinal mucosal tight junctions
.
The lactulose/mannitol (L/M) ratio (LMR) thus
comprises an index to appraise intestinal permeability
and its increase has been traditionally used as
[96]
a marker of hyperpermeability ; this ratio has
been reported to be elevated in patients with liver
[92]
cirrhosis and to be markedly elevated in advanced
[86,87]
stage
. This increase in intestinal permeability
determined by LMR has been reported in several
[96,97]
previous studies
. Alcoholics with liver disease also
had marked and statistically significant increases in
[96]
lactulose excretion in addition to increased LMR .
The abnormally elevated LMR in alcoholics with liver
disease is not simply due to decreased mannitol
[96]
excretion but represents increased gut permeability .
[87]
Pascual et al
found a significantly higher lactulose
excretion (%L) with a comparable mannitol excretion

Small intestinal bacterial overgrowth

Small intestinal bacterial overgrowth (SIBO), defined as
≥ 105 total colony-forming units per milliliter of proximal
jejunal aspirations, was present in 59% of cirrhotic
[72]
patients and is associated with systemic endotoxemia .
SIBO related with a slowed intestinal transit, low acid
gastric secretion, intestinal immunological factors
and pancreatic and biliary secretions, is important
[4]
factor promoting BT . Cirrhotic rats with intestinal
bacterial overgrowth had a significantly higher rate of
translocation and slower intestinal transit than those
[73]
without it .
SIBO, determined by the breath hydrogen test, is
common in patients with cirrhosis, especially in those
with advanced liver dysfunction and in those with a
[4,74,75]
history of SBP
. In a study that estimated SIBO by
more reliable quantitative cultures of jejunal aspirates,
the occurrence of SBP did not correlate with the
[4]
[76]
presence of SIBO . Sánchez et al reported that the
increase of intestinal aerobic bacteria in experimental
cirrhosis is associated with translocation and is
supposed to play an important role in the development
of BT. Impaired motility may be implicated in the
[76]
pathogenesis of intestinal bacterial overgrowth . Gut
flora imbalances, higher levels of Enterobacteriaceae
result in significant changes in BT and liver function in
[77]
cirrhotic rats .
Dietary habits, by increasing the percentage of
intestinal Gram-negative endotoxin producers, may
accelerate liver fibrogenesis, introducing dysbiosis
as a cofactor contributing to chronic liver injury in
[78]
nonalcoholic fatty liver disease . Liver cirrhosis
disturbs intestinal microbiota and innate immunityrelated genes, which contributes to endotoxemia and
bacterial translocation. These had not completely
recovered in cirrhotic rats until 1 mo after orthotopic
[79]
liver transplantation .

Increased intestinal permeability

The gut epithelium plays an important role in the
immune homeostasis in the gut as the first barrier
[80,81]
against the bacterial translocation
. Because gut
barrier system by intestinal epithelial cells prevent
translocation of large amounts of bacteria and bacterial
products, very small amount of them can reach the
[82]
liver in a healthy state . The intestinal barrier is
formed mainly by intestinal epithelial cells and their
[4]
mucinous components . In addition, intercellular
junctions such as tight junctions and gap junctions
[4]
allow selective passage of substances . Structural
and functional changes in the intestinal mucosa
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(%M) in patients with liver cirrhosis as compared to
controls.
[98]
Parlesak et al
reported that permeability of
polyethylene glycol (PEG) with high molecular mass
(PEG 1500 and PEG 4000) was increased in patients
with alcoholic liver diseases. They discussed PEG is
an appropriate probe for the assessment of endotoxin
translocation on the basis of its homogeneous chemical
properties, appropriately adaptable molecular mass
and linear, chain-like shape mimicking the structure
[98]
of endotoxin . These demands cannot be met by
other commonly used permeability marker compounds
[99]
[99]
described above . Lee et al reported that intestinal
permeability determined by PEG 400 and 3500 was
[100]
significantly high in cirrhotics with ascites. Kim et al
reported that the intestinal permeability index, the
percentage of permeability of PEG 3350 to that of PEG
400, was increased on admission for active GI bleeding
in patients with liver cirrhosis and infections.
[101]
Recently, Assimakopoulos et al
showed that
human liver cirrhosis induces significant alterations in
tight junctions of enterocytes. They found a significantly
reduced expression of the tight junction proteins
occludin and claudin-1 in duodenal biopsies of the total
patient group compared with healthy controls and this
correlated inversely with endotoxemia. In addition, the
cirrhotic patients with ascites showed a significantly
reduced expression of occluding and claudin-1
compared with those without ascites. These changes
might represent an important cellular mechanism for
intestinal barrier dysfunction and hyperpermeability in
[101]
patients with liver cirrhosis
. They further showed
that human liver cirrhosis is associated with decreased
intestinal mucosal proliferation and proliferation/
apoptosis ratio even at early stages of cirrhosis and
increased intestinal oxidative stress in advanced liver
[102]
disease .

reduced bacterial content to normal levels and improves
bacterial translocation and endotoxemia in cirrhotic rats.
Further studies should evaluate the potential benefits of
[70]
bile acids in humans .

Toll-like receptors and liver disease

Translocated microbial products activate KCs in the
liver through pattern recognition receptors, such as
[82]
toll-like receptors (TLRs) and NOD-like receptors .
TLRs, recognize pathogen-derived molecules, i.e.,
structural components unique to bacteria, fungi, and
virus- and activate innate immune responses including
[82,107,108]
cytokine production in the liver
. It should be
noted that hepatic non-immune cells, such as hepatic
stellate cells (HSCs) and endothelial cells, also respond
[82]
to bacterial products through TLRs .
Currently, more than 10 members of the TLR
family have been identified. TLR4 was the first
[82]
identified isoform that responds primarily to LPS .
LPS binds to TLR4 with co-receptor CD14 and MD-2.
TLR2 heterodimerizes with TLR1 or TLR6 to recognize
lipoprotein and peptidoglycan derived from Grampositive bacteria. Bacterial flagellin is recognized by
TLR5. Intracellular TLR3 and TLR9 are activated
by microbe-derived nucleic acids including double
stranded RNA and CpG motif containing unmethylated
[108]
DNA, respectively .
After the binding of corresponding ligands, TLRs
activate MyD88-dependent and MyD88-independent
signaling pathways, which are related to the production
of inflammatory mediators, anti-microbial peptides and
induction of acquired immunity to eradicate invading
microorganisms. The downstream signaling has now
been extensively studied, which should be referred to
[82, 108]
excellent reviews
.
It is postulated that TLR4 and gut microflora-derived
[108]
LPS contribute to the progression of liver fibrosis
.
Alcohol induces LBP and TLR4, and increases
responsiveness to gut-derived endotoxin. Binding of LPS
to CD14/TLR4 on KCs activates production of cytokines
and oxidants, which leads to T cell recruitment, HSC
activation and collagen production in the liver of
[107]
patients with alcoholic steatohepatitis
. The study
of TLR4 to fibrosis progression was further extended to
viral hepatitis C. A large patient cohort demonstrating
that the TLR4 single nucleotide polymorphism (SNP)
is one of seven SNPs that may predict the risk of
liver cirrhosis in patients with chronic hepatitis C
[109]
infection .
Recent studies suggested that TLR4 in hepatic
HSCs also responds to LPS to activate Jun N-terminal
[110]
[111]
kinases and NFκB . Seki et al
demonstrated that
TLR4 signaling in HSCs, but not in KCs, is crucial for
the development of liver fibrosis, from the experiment
by two different types of TLR4 BM chimeric mice; one
group contains TLR4 mutant KCs and TLR4 intact HSCs
and hepatocytes, while the other type contains TLR4
intact KCs and TLR4 mutant HSCs and hepatocytes.

Disturbance of the liver-bile acid-microbiome axis[103]

Bile acids also play a role in the prevention of BT by
inhibiting bacterial overgrowth, exerting a trophic effect
[4,104]
on intestinal mucosa and neutralizing endotoxin
.
Therefore, bile acids prevent BT and avoid the passage
[4,105,106]
of bacterial products from the lumen of intestine
.
During progression of cirrhosis, BT leads to
inflammation, which suppresses synthesis of total bile
acids in the liver via inhibition of CYP7A1 and induces a
shift toward chenodeoxycholic acid production through
[103]
the alternate pathway
. Decrease in bile acids
entering the intestines appears to favor overgrowth
of pathogenic and pro-inflammatory members of
the microbiome including Porphyromonadaceae
[103]
and Enterobacteriaceae
. Decreasing bile acid
concentration in the colon in cirrhosis is also associated
with decreases in Clostridium cluster XIVa, which
includes bile acid 7a-dehydroxylating bacteria which
[103]
produce deoxycholic acid
. Lorenzo-Zúñiga et
[106]
al
found that conjugated bile acid administration
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Notably, aberrant activation of innate immune
signaling due to enhanced BT may trigger “harmful
inflammation” that contributes to sepsis, chronic infla
mmation, autoimmune diseases, tissue and organ
[112]
injuries, fibrosis and carcinogenesis .

albumin inhibits LPS-stimulated IL-1 secretion in the
[25]
macrophage culture system . We further noted that
3
the capacity of albumin to bind exogenous H-labelled
[18]
endotoxin decreased in plasma of cirrhotics . In
patients with Child A and Child B cirrhosis, the plasma
endotoxin inactivating rate was positively correlated to
[126]
the endotoxin binding capacity of plasma albumin .
Albumin has a protective effect against encephalopathy
[127]
in advanced cirrhosis
. Substances which require
albumin binding-such as bilirubin, free fatty acids and
[128]
organic anions
markedly increase in the blood in
this situation. The increase of these substances may
limit endotoxin binding capacity of albumin. In Child C
cirrhotics in whom albumin shows very low endotoxin
binding capacity, additional microbial loads by acute
infection may result in overwhelming endotoxemia and
[18]
serious clinical results
Mechanisms of LPS clearance
in the blood and LPS-induced inflammation are sum
marized in Figure 1.

Failure to inactivate endotoxin in the blood

It has been proposed that LPS from the portal blood
initially is taken up by KCs and then by hepatocytes in
[113]
the liver . LPS is removed via several mechanisms,
including molecules that bind LPS and prevent it from
activating TLR4, enzymes that degrade the lipid A
moiety to decrease its activity, and inactivation of
[114]
LPS following uptake into the liver and spleen
.
Another mechanism for LPS neutralization is by serum
lipoproteins, high-density lipoprotein (HDL), LDL,
VLDL, and chylomicrons, apolipoproteins apoE and
[115-118]
apoA-I
. All of these mechanisms can chaperone
endotoxin to hepatocytes, KCs, or sinusoidal
endothelial cells, resulting in clearance of LPS without
[118]
significant inflammatory cell activation .
Due to its lipophilic structure, LPS also adheres to
[119]
plasma lipoproteins, particularly HDL . HDL particles
are multifunctional lipoprotein complexes that transport
lipids and have several anti-inﬂammatory properties.
Patients with alcoholic cirrhosis had a signiﬁcantly
decreased whole blood endotoxin-binding capacity
together with decreased HDL plasma concentrations,
which might result in an increase of the portion of
[120]
unbound and, possibly more toxic, endotoxin . LBP is
an acute phase protein induced by LPS, IL-6, and IL-1β.
Interestingly enough, this protein has a bi-directional
action on inflammation (pro-inflammatory and antiinflammatory) induced by LPS. It usually catalyzes the
transfer of LPS to CD14, and thus enhances the LPSinduced activation of monocytes, macrophages, and
other immune cells. However, in the blood rich in HDL,
LBP transfers LPS to HDL with an aid of apolipoprotein
[121,122]
(Apo) A1
. Two experimental studies have shown
that HDL administration reduced the effects of LPS on
[123,124]
tumor necrosis factor-α production
and systemic
hemodynamics, restoring liver endothelial nitric oxide
[123]
synthase activity and decreasing portal pressure
.
Incubation of whole blood with reconstituted HDL
prevents LPS-induced tumor necrosis factor-α and
interleukin-6 overproduction by monocytes of patients
[125]
with cirrhosis .
Until now endotoxin binding and inactivating
[18]
capacity of albumin have been relatively ignored .
In a trial of stabilizing standard endotoxin by an
addition of albumin, we happened to notice that
albumin inhibits endotoxin activity in the chromogenic
[25]
assay system . This observations have led us to
hypothesize that albumin may act as a protective
protein against endotoxemia. In our preliminary study,
we first noted that 250 pg/mL endotoxin lost most of
their activity in the presence of albumin at physiological
concentrations. Another interesting result was that
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How to evaluate BT clinically

As described above, plasma endotoxin assay has
been most widely used. Despite the development of
various new assay technique based on LAL test, there
is no standard accepted method for clinical use. We
have established chromogenic LAL test with kinetic
analysis and compared various methods of plasma
pretreatment, including the dilution and heating
method and the perchloric acid method under the
strict control by internal endotoxin standard. We have
compared endotoxin-specific chromogenic substrate
with the conventional chromogenic substrate and
could not find out any superiority of the endotoxinspecific test for evaluation of BT. Both tests were well
correlated to clinical course and considered to be
useful markers. It should be noted that (1-3)-β-Dglucan powerfully co-stimulate cytokine production
(IL-6/IL-8) induced by ligands for TLR1/2, TLR2/6,
[129]
TLR4, and TLR5
. Plasma glucan in patients with
bacterial infections, and the low levels of glucan
found in normal individuals, may be attributable to
movement of glucan from the GI tract into the blood
[130]
and not necessarily to the presence of a pathogen .
Although most quantitative LAL test reacts (1-3)-β-Dglucan and is not endotoxin-specific, both endotoxin
from Gram-negative bacteria and (1-3)-β-D-glucan
from fungus are microbial products which translocate
from the intestine. They strongly co-stimulate innate
immune system and induce the production of inflam
matory mediators. The drawbacks of the tests
are complexity of the measurement and difficulty
in standardization. I could not recommend other
endotoxin assay method with very low sensitivity. It
was designed to detect endotoxemia with bacteremia
but not suitable for detection of spillover endotoxemia
[131]
in liver diseases. Endotoxin activity assay
using a
novel chemiluminescent assay will be evaluated for
this purpose. I list up current detection methods of
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Figure 1 Mechanism of lipopolysaccharide clearance in the blood and LPS-toll like receptors-MyD88 signal transduction. LBP enhances cell responses
to LPS by accelerating the binding of LPS to CD14. LBP can also inhibit cell responses to LPS; It transfers LPS to plasma lipoproteins and it combines with LPS
aggregates to form large LPS-LBP complexes that are internalized[176]. sCD14 can remove, or divert, LPS from mCD14 and transfer it to plasma lipoproteins, where
LPS is inactivated[176]. Albumin is essential during the interaction of LBP with LPS aggregate to produce a LBP: LPS aggregate and the efficient transfer of LPS
from the aggregate to a molecule of sCD14[177]. Albumin stabilizes LPS: CD14 complexes for cell activation. Mechanism of inhibitory effect of albumin on LPS is still
unknown. It may directly inactivate minute amount of LPS and may also enhance LPS transport to lipoproteins. LPS: Lipopolysaccharide; LBP: Lipopolysaccharide
binding protein; TNF-α: Tumor necrosis factor α; TLR4: Toll-like receptors 4; NF-kB: Nuclear factor kappa B; TRAF6: TNF receptor-associated factor.

endotoxemia with their pros and cons in Table 1.
LBP can be evaluated as another useful surrogate
marker of BT, although both endotoxin and LBP
[4]
reflect only translocation of Gram-negative bacilli .
Elevated LBP levels in cirrhosis were related to proinflammatory state and haemodynamic derangement,
which were shown to be ameliorated by intestinal
[132]
decontamination with norfloxacin
. A prospective
study in non-infected cirrhotics with ascites showed
that increased serum LBP was the only factor inde
pendently associated with first severe bacterial
[133]
infection in a multivariate analysis
. Detection of
serum peptidoglycan, a polymer consisting of sugars
and amino acids that forms cell wall of gram-positive
bacteria, has been considered as a marker of BT in an
[4,134]
experimental model of hemorrhagic shock
.
Recently, detection of bacterial DNA (bactDNA) by
polymerase chain reaction has been proposed as a
surrogate marker for BT. It has been simultaneously
detected in blood and ascites in 9 of 28 cirrhotics with
[135]
culture-negative ascites
. Detection of bactDNA in
biological fluids in experimental cirrhosis and ascites is
[136]
associated with its simultaneous presence in MLNs .
[137]
Bellot et al
reported that bactDNA (+) patients had
significantly lower mean arterial pressure and systemic
vascular resistance. The increase in hepatic venous
pressure gradient after the test meal significantly
correlated with serum bactDNA concentration.
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Uniformity of analytical methods is needed to ascertain
[4]
its real value in clinical setting .

THERAPEUTIC APPROACH TO LIVER
CIRRHOSIS BY MANAGEMENT OF THE
GUT-LIVER AXIS
Our hypothesis about the mechanism of endotoxemia
and its consequences related to complications in
advanced liver cirrhosis are shown in Figure 2.
Gram-negative bacteria and endotoxins are more
likely than other types of bacteria to stimulate tumor
necrosis factor and cytokines that would lead to the
[138]
production of nitric oxide (NO)
. Endotoxemia in
relation to bacterial translocation, causes induction
of NO synthase leading to increased vascular NO
production, which is the primary stimulus for the
development of vasodilatation and its accompanying
[99]
clinical manifestations in cirrhosis . Nitric oxide is also
a potent inducer of increased membrane permeability
in the vascular endothelium and intestinal mucosa,
[28,99]
possibly contributing to bacterial translocation
.
In patients with advanced cirrhosis, there may be a
vicious cycle among endotoxemia, induction of NO and
increased intestinal permeability, which may further
induce derangement of the hyperdynamic circulatory
status and renal failure. New clues to improving
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Table 1 Detection methods of endotoxemia

LAL test

Chromogenic
substrate assay

Name of the test (manufacturer)

Pro

Con

ToxinSensorTM Gel clot Endotoxin Assay
Kit (GenScript) PYROGENTTM-5000 LAL
Reagent (Lonza)
Toxicolr test (Seikagaku Corporation)

Good marker of BT

Not specific, react βd-Glucan, plasma
preparation difficult

Good marker of BT available for both endpoint assay and kinetic assay

Not specific, react βd-Glucan PCA
method: poor endotoxin recovery plasama
pretreatment reagent currently unavailable
Not specific, react βd-Glucan

QCL1000 (BioWhittaker/Cambrex Lonza
end-point assay Kinetic-QCL™ Kinetic
Chromogenic LAL Assays (Lonza)
LAL Coatest, S-2423 (Kabi Vitrum
Diagnostica, Chromogenix)
EndosafePTS (Charles River Lab)

Good marker of BT available for both endpoint assay and kinetic assay
Good marker of BT available for both endpoint assay and kinetic assay
Good marker of BT handy and quick

Not specific, react βd-Glucan, not available
now
Not specific, react βd-Glucan
(Concomitasnt use of Endosafe PTS glucan
assay may be necessary for specificity)

LAL chromogenic endpoint assay
Hycult Biotech Mini-LAL assay (Hycult
Biotechnology)
ToxinSensorTM Chromogenic LAL Endotoxin
Assay (GenScript) end-point method
Pyrochrome (Associates of Cape Cod Inc)

Good marker of BT available for both endpoint assay and kinetic assay

Not specific, react βd-Glucan

Easy plasma pretreatment (dilution and
heatig) available for both end-point assay
and kinetic assay
Endotoxin-specific available for both endpoint assay and kinetic assay

Not specific, react βd-Glucan

Endospecy (Seikagaku Corporation)

Turbidometric
assay
Recombinant
factor C (rFC)
system assay
Endotoxin
activity assay

Limulus ES II test (Wako) PYROSTAR™
ES-F LAL Reagent (Charles River Lab)
Recombinant factor C (rFC) system PyroGene
(Lonza) fluorescent EndoLISA Hyglos ELISA
EndoZyme® recombinant Factor C (rFC)
Assaye HyGlos fluorescent
EAA™ (Spectral Dianostics Inc)

Endotoxin-specific
Endotoxin-specific

PCA method: poor endotoxin recovery
plasama pretreatment reagent currently
unavailable
New PCA method: plasma pretreatment
reagent currently unavailable
Unnable to detect spillover endotoxemia in
cirrhosaas
Very few reports, usefullness for liver
disease unclear

Received FDA clearance rapid diagnostic Addition of methylprednisolone decreased
for endotoxin activity in human whole
the EAA levels. Indiredt endotoxin
blood. Higher EAA™ levels are correlated
assay to reflect the primed state of
with a higher risk of mortality, as well as an
polymorphonuclear leukocytes
increasing risk for developing sepsis

LAL: Limulus amebocyte lysate; FDA: Food and Drug Administration.

prognosis of advanced liver cirrhosis may be found in
better management of gut-liver axis.

follow-up period 6.4 ± 0.6 mo) has been reported
to eliminate aerobic gram-negative bacilli from
the fecal flora without significant changes in other
[141]
microorganisms throughout the study
. A double
blind, placebo-controlled trial evaluating its efficacy
in cirrhotics who recovered from an episode of SBP,
revealed a significant reduction of SBP recurrence by
the treatement (20% vs 68%) at one year of follow[141]
up . In cirrhotic patients with low ascitic fluid protein
concentrations (≤ 1 g/dL) or hyperbilirubinemia (>
2.5mg/dL), long-term prophylactic treatment with
norfloxacin was also effective in the prevention of the
[142]
first episode of SBP (1.8% vs 16.9%)
. However,
these promising results were followed by the problem of
[142,143]
quinolone-resistant SBP
. Prior antibiotic therapy
and norfloxacin prophylaxis is confirmed to increase the
risk of carriage of methicillin-resistant Staphylococcus
[144]
aureus . After that, primary prophylaxis of SBP has
been targeted to high-risk patients. When cirrhotics
with low protein ascitic levels (< 1.5 g/dL), advanced

Selective intestinal decontamination

Selective intestinal decontamination (SID) for mana
gement of complications of liver cirrhosis has a long
and evolving history. At first, the word SID was
not used but the trial to eliminate the endogenous
source of gram-negative aerobic bacteria was
[139]
reported early in 1982. Adachi et al
reported that
oral administration of polymyxin B is useful in the
treatment of hyperammonemia and endotoxemia in
liver cirrhosis, as a poorly absorbed antibiotic and as
[47]
an antiendotoxin agent. Similarly, Tarao et al
stated
that paromomycin sulfate (2 g/d for 4 wk) is effective
in the prevention of endotoxemia and the associated
renal impairment in cirrhosis. Although the effect of
the latter was not reproduced later in patients with
[140]
alcoholic liver disease .
Long-term use of norfloxacin (400 mg/d, mean
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Increased intestinal
permeability (leaky gut)

Intestinal bacterial
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Hepatorenal syndrome
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Bacterial translocation

Vasodilatation
Production of NO ↑

Portal endotoxemia
Kupffer cell
disfunction

Na and water retention

Encephalopathy

Vasoconstrictive
factors (RAA, SN, ADH) ↑

Spillover endotoxemia
HDL ↓, albumin ↓, LBP ↑

Portovenous shunt
Pro-inflammatory
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Inactivation of endotoxin
in the blood↓

Endotoxin clearance ↓
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Microcirculatory
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Liver fibrosis ↑
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Multiple organ failure
Progression of hepatic failure

Figure 2 Mechanism of endotoxemia and its consequences in advanced liver cirrhosis (hypothesis). Depressed elimination of endotoxin by Kupffer cells (KCs)
is considered to induce spillover endotoxemia and processing of endoxin by extrahepatic macrophages which secrete larger amount of TNF than KCs. The excessive
cytokine response to endotoxin by splenic and alveolar macrophages may be important in the pathogenesis of ARDS and multiple organ failure. Endotoxemia
enhances vascular NO production, which is the primary stimulus for the development of vasodilatation. Enhanced vasoconstrictive factors in response to vasodilatation
and endotoxemia are responsible for ascites and hepatorenal syndrome. Hepatic encephalopathy is also closely related to inflammatory reaction attributable to leaky
gut amd endotoxemia. RAA: Renin-angiotensin-aldosterone system; SN: Sympathetic nerves; ADH: Antiduretic hormone (vasopressin); SBP: Spontaneous bacterial
peritonitis; NO: Nitric oxide; LBP: Lipopolysaccharide binding protein; HDL: High-density lipoprotein.

liver failure (Child-Pugh score ≥ 9 points with serum
bilirubin level ≥ 3 mg/dL) or impaired renal function
were selected, primary prophylaxis with norfloxacin
reduced the incidence of SBP, delayed the development
[145]
of hepatorenal syndrome, and improved survival .
Rifaximin is a minimally absorbed oral antimicrobial
agent that is concentrated in the gastrointestinal
[146]
tract . It has broad-spectrum in vitro activity against
gram-positive and gram-negative aerobic and anaerobic
enteric bacteria, and has a low risk of inducing bacterial
[147-149]
resistance
. Given its pharmacologic characteristics
this drug has been used in the treatment of hepatic
encephalopathy. Rifaximin has been compared with
[150]
[151]
[152]
neomycin
, paromomycin
, and lactulose
,
showing similar results in both clinical improvement
[153]
and reducing blood ammonia
. Recently its effect
on advanced liver cirrhosis as SID agent has been
[154]
intensively studied. Vlachogiannakos et al
reported
that a 4-wk rifaximin regimen significantly ameliorated
endotoxemia and lowered hepatic venous pressure
gradient in patients with decompensated alcohol-related
[48]
cirrhosis. Kalambokis et al
noted that rifaximin
treatment reduced cardiac output and increased
systemic vascular resistance, glomerular filtration rate
and natriuresis, in association with decreases in plasma
renin activity, endotoxin, IL-6, and TNF-α levels. These
data supported that intestinal decontamination with
rifaximin improved systemic hemodynamics and renal
function in patients with advanced cirrhosis. Decrease of
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ascitic neutrophil count in cirrhotic patients with sterile
[155]
[156]
ascites
and improvement of thrombocytopenia
ware also reported by the same group. Dănulescu et
[157]
al
further reported that rifaximin causes a significant
decrease in ascitic neutrophil count, producing a
decrease in SBP frequency and improvement of life in
cirrhotic patients with refractory ascites.
Several recent studies evaluated its effect on brain
function based on the concept of gut-liver-brain axis.
Rifaximin is associated with improved cognitive function
and endotoxemia in minimal hepatic encephalopathy
(MHE), which is accompanied by alteration of gut
bacterial linkages with metabolites without significant
[158]
change in microbial abundance
. A significant
improvement in cognition including working memory
and inhibitory control, and fractional anisotropy
without effect on MD or MR spectroscopy, through
modulation of fronto-parietal and subcortical activation
and connectivity was seen after open-label rifaximin
[159]
therapy in MHE .

Probiotics

Probiotics, lactose-fermenting Lactobacilli and Bifido
bacteria, have been reported to stabilize mucosal
barrier function and modulate the gut microflora,
[70]
suppressing pathogenic microbial growth . They acidify
the gut lumen, compete with pathogenic bacteria for
[70,160,161]
nutrients, and produce antimicrobial substance
.
Administration of VSL#3, a probiotic combination
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of eight strains of Lactobacilli, Bifidobacteria and
Streptococcus, has been reported to reduce oxidative/
nitrosative stress parameters in patients with
[162]
alcoholic liver cirrhosis . Cirrhotic subjects receiving
Escherichia coli Nissle for 42 d showed an effectiveness
in the restoration of normal colonic colonization and a
trend of significant lowering of the endotoxemia and
improvement of liver functions evaluated by Child-Pugh
[163]
[164]
score
. Stadlbauer et al
proved that probiotics
restore neutrophil phagocytic capacity in cirrhosis,
possibly by changing IL-10 secretion and TLR4
expression, warranting larger randomized controlled
and mechanistic studies. Probiotics are able to decrease
the permeability of the intestinal wall, and decrease
bacterial translocation and endotoxemia in animal
models as well as in clinical studies, which is extremely
important in the prevention of complications of liver
[165]
cirrhosis and infection after liver transplantation
.
Probiotics could limit oxidative and inflammatory
liver damage and, in some situations, improve the
[165]
histological state
. Recent meta-analysis could
not confirm that probiotics are effective to hepatic
[166]
encephalopathy . Further clinical trials are needed to
[166]
know an ideal probiotic therapy for this purpose .

reported that lactitol increased beneficial bacteria,
such as Bifidobacteria and Lactobacilli with a significant
decrease in plasma endotoxin levels in patients with
chronic viral hepatic diseases.

Synbiotics

CONCLUSION

New cocktails and others

Current approaches for hepatic encephalopathy include
the use of non-absorbable antibiotics (i.e., neomycin,
paromomycin, metronidazole, or rifaximin) and non[70]
absorbable disaccharides . Probiotics may be a
promising therapeutic option in the management of
[167,172-174]
hepatic encephalopathy
, although we need
[166]
more clinical studies to get a final conclusion . Some
authors have shown that probiotics may positively
modulate the gut microflora, reducing the amount of
[70]
bacterial ammonia reaching the portal vein . The
long-term oral administration of Enterococcus faecium
SF 68 was equally effective as lactulose and its effect
[172]
on mental status persisted longer than lactulose
.
Oral intake of Bifidobacterium longum plus fructooligosaccharides for 90 d was also effective in bioch
emical and neuropsychological tests of cirrhotics with
[175]
minimal hepatic encephalopathy .

Synbiotic treatment was also associated with a sig
[164]
nificant reduction in endotoxemia
. The ChildPugh functional class improved in nearly 50% of
[164]
cases . Synbiotic preparation consisting of 4 freezedried, non-urease-producing lactic acid bacteria
and four fermentable fiber, Synbiotic 2000®, was
effective to patients with liver cirrhosis and minimal
[167]
hepatic encephalopathy
. Synbiotic treatment
for 30 d significantly increased the fecal content of
non-urease-producing Lactobacillus species, which
was associated with a significant reduction in blood
[167]
ammonia and endotoxin . An improvement in ChildPugh class occurred in 47% of patients receiving
synbiotic preparation, compared with 29% or 8% of
patients receiving fermentable fiber alone or placebo,
[167]
respectively
. For the prevention of infections, this
synbiotic regimen (Synbiotic 2000®) was more effective
than fiber alone in reducing the incidence of bacterial
[168]
infections in liver transplant recipients . Additionally,
[169]
Wan et al
reported that taurine and oat fiber
achieved an additive inhibitory effect on intestinal
endotoxin release in a rat liver ischemia/reperfusion
model, which might be an effective approach for the
treatment of intestinal endotoxemia.

It has been proposed that a “leaky gut” may be the
cutting edge for the passage of toxins, antigens or
bacteria into the body, and may play a pathogenic
role in advanced liver cirrhosis and its complications.
More attention should be paid to the role of intes
tinal bacteria and bacterial products in the field
of hepatology. The usefulness and the limitations
of selective intestinal decontamination should be
more clearly defined. Rifaximin may be promising.
However, more judicious combinations of probiotics
and prebiotics should be explored. Infusion of albumin
or HDL in addition to endotoxin adsorption may be
theoretically effective for intractable endotoxemia.
Moreover, adequate management of the gut-liver axis
is even effective for prevention of fibrosis in alcoholic
and nonalcoholic steatohepatitis. This seems to be
a radical therapy to decrease liver cirrhosis itself.
Readers interested in the topics are recommended
[4,70,71,82,103,108]
to read recent excellent reviews
. The
research in these fields may open a new possibility in
the next decade.
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Endothelial dysfunction in cirrhosis: Role of inflammation
and oxidative stress
Balasubramaniyan Vairappan
characterised by an impaired bioactivity of nitric oxide
(NO) within the hepatic circulation and is mainly due
to decreased bioavailability of NO and accelerated
degradation of NO with reactive oxygen species.
Furthermore, elevated inflammatory markers also inhibit
NO synthesis and causes ED in cirrhotic liver. Therefore,
improvement of NO availability in the hepatic circulation
can be beneficial for the improvement of endothelial
dysfunction and associated portal hypertension in
patients with cirrhosis. Furthermore, therapeutic agents
that are identified in increasing NO bioavailability
through improvement of hepatic endothelial nitric
oxide synthase (eNOS) activity and reduction in hepatic
asymmetric dimethylarginine, an endogenous modulator
of eNOS and a key mediator of elevated intrahepatic
vascular tone in cirrhosis would be interesting
therapeutic approaches in patients with endothelial
dysfunction and portal hypertension in advanced liver
diseases.
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Core tip: Endothelial dysfunction (ED) is a key and
early relentless event in patients suffering from
gastrointestinal bleeding in cirrhosis and involves
in response to both vasoactive and vasoconstrictor
substances. The one such vasoactive molecule, nitric
oxide (NO) plays a prime role in maintaining normal
hepatic vascular function and if there any defect in
NO availability leads to ED and portal hypertension
(PHT) could be of great utility in preventing and curing
complications of PHT.

Abstract
This review describes the recent developments in the
pathobiology of endothelial dysfunction (ED) in the
context of cirrhosis with portal hypertension and defines
novel strategies and potential targets for therapy. ED
has prognostic implications by predicting unfavourable
early hepatic events and mortality in patients with
portal hypertension and advanced liver diseases. ED
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INTRAHEPATIC ENDOTHELIAL
DYSFUNCTION IN CIRRHOSIS
Impaired endothelial dependent relaxation in the
hepatic microcirculation due to reduced bioavailability
of vasodilator, NO in cirrhotic liver contributes to
increasing intra-hepatic vascular resistance, which
[14]
culminating portal hypertension . By contrast, in
the splanchnic vascular bed, overproduction of NO
contributes to increased endothelium dependent
relaxation, leading to hyperdynamic circulatory
disturbances, which observed in cirrhosis with portal
[15,16]
hypertension
. Furthermore, increased vaso
constrictor agents such as thromboxane A2 (TX A2),
a COX-1 derived prostanoids, and endothelin-1 are
thought to associated with the pathogenesis of the
dynamic component of the augmented intra-hepatic
resistance and play a major role in the intrahepatic
[7,17]
endothelial dysfunction of the cirrhotic liver
. Such
imbalance between endogenous vasoconstrictor
and vasodilator factors observed in the cirrhotic
liver is thought to be similar to that found in other
[18]
cardiovascular diseases . The assessment of NO
concentration in cirrhotic liver and systemic circulation
is considered to be the prime indicative of endothelial
dysfunction (ED).

INTRODUCTION
The endothelium is the largest organ and encom
13
passes > 10 endothelial cells in the body can able
to generate both vasodilator [nitric oxide (NO),
endothelium derived hyperpolarising factor (EDHF)
and prostacyclin] and vasoconstrictor (endothelin-1,
norepinephrine, leukotriene, thromboxane A2 and
angiotensin Ⅱ) substances and is essential for hepatic
vascular homeostasis. Endothelium serves as a
barrier to separate blood from the underlined tissue
and thus maintains homeostasis at the vascular wall
[1,2]
during physiological condition . The salient features
of normal healthy endothelium which including,
regulation of vascular permeability, decrease in vascular
tone, reduce in platelets adhesion and aggregation,
prevention of thrombosis, inhibition of smooth muscle
cell proliferation, inflammation and restricting leukocyte
[3]
adhesion . Indeed, many of these functions are
[4]
mediated by endothelium driven NO . The term
endothelial dysfunction (ED) implicate a loss of function
[5]
of numerous activities of the endothelium , mainly
characterised by impairment of the production and
release of endothelium driven vasodilatory factors
[4,6]
including NO . The hepatic vascular bed of cirrhotic
liver exhibits ED and is now considered to play a
key role in the initiation and advancement of liver
[7]
cirrhosis . The intrahepatic vasculature also displays
[8]
increased sensitivity to vasoconstrictors in cirrhosis .
Furthermore, ED is also a common index for a wide
variety of pathological conditions such as chronic
renal failure, atherosclerosis, hypercholesterolemia,
hypertension, diabetes and coronary artery disea
[9,10]
se
.

NO AND ENDOTHELIAL DYSFUNCTION
IN CIRRHOSIS
Endothelial dysfunction is thought to be a key
event in the development of distinct human vascular
diseases, including liver cirrhosis, hypertension,
diabetes and atherosclerosis. Classically, ED has
been considered to be the result of a decrease in
[14,19]
bioavailability of NO in cirrhosis
. The amino acid,
L-arginine, is the substrate of eNOS, the enzyme
responsible for NO synthesis (Figure 1). Endothelial
nitric oxide synthase (eNOS) driven nitric oxide (NO)
is a potent vasodilator that plays a substantial role
in maintaining vascular homeostasis in the normal
[14,19]
intact liver
, however when the liver fails, reduced
intrahepatic eNOS activity triggers endothelial
dysfunction contributes to the pathogenesis of PHT
[20]
(Figure 1) . It is an early and relentless event
occurring after all forms of liver injury that leads to
substantial morbidity and mortality in individuals with
[11,21]
cirrhosis
. Reduced NO bioavailability makes a
major contribution to endothelial dysfunction and is
mainly due to reduced NO production or increased
NO breakdown due to the chemical reaction with
[22]
oxidant radicals . Inflammation and oxidative stress
are other important pathophysiological consequences
that causes endothelial dysfunction and reduced NO
[22]
bioavailability , which make an important contribution
[23]
to the vascular structural changes in cirrhosis .
Furthermore, treatment with exogenous L-arginine

HEPATIC CIRRHOSIS
Cirrhosis is a complication of many forms of chronic
liver diseases and is a late stage of fibrosis, in which
regenerative nodular formation surrounded by
fibrous bands of the liver. The development of portal
hypertension (PHT) (elevated pressure within the
hepatic circulation) heralds the onset of most fatal
complications of cirrhosis, which carry a poor prognosis
and represent the first cause of death and need for
[8,11]
liver transplantation in patients with cirrhosis
. The
pathogenesis of PHT is predominantly related to a
combination of structural and dynamic components
that cause an increase in hepatic vascular resistance to
[12]
portal blood flow . The structural components such
as fibrosis, regenerative nodule formation and vascular
[13]
remodelling .
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iNOS

NFkB

TNF-a
Cirrhosis

ROS

4-HNE
Ang-Ⅱ

ADMA, a deleterious endogenous inhibitor of NO
synthases and thus presumed to be a marker
of hepatic dysfunction in cirrhosis with PHT. One
mechanism thought to be partially responsible for the
reduction in NO and resultant ED in liver disease is an
increase in the levels of the endogenous inhibitor of
[19,32]
NOS, ADMA
. In this regard, our previous studies
have shown evidence that increased ADMA contributes
to reduced hepatic NO biosynthesis as a consequence
[26,27,33]
of altered hepatic vascular function in cirrhosis
.
In critically ill patients to whom admitted in ICU,
hepatic dysfunction was associated with elevated ADMA
levels and was identified as an independent predictor
[34]
of mortality . Furthermore, increased plasma ADMA
was reported recently in biopsy proven non-alcoholic
[35]
fatty liver disease (NAFLD) patients , hepatic vein of
[36]
patients with compensated cirrhosis
and decreased
following liver transplantation; thus the significant
[37]
improvement of liver function propose an important
role for ADMA in clinical medicine. Elevated plasma
ADMA has also recognised as an important risk factor
[38]
[39]
for cardiovascular disease , coronary heart disease
[40]
and chronic renal failure . Consequently, increased
ADMA may be related to elevated activity of protein
methyltransferase (PRMT), which is responsible for the
[41]
methylation of arginine residues in cellular proteins .
Moreover, increased ADMA level was correlated with
the severity of inflammation and levels of increased
proinflammatory cytokine such as tumor necrosis
[42,43]
[44]
factor (TNF)
. Laleman et al
showed in cirrhotic
animals infusion of ADMA and NG-nitro-L-arginine
methyl ester (L-NAME), other known inhibitors of NOS
synergistically aggravated and resulted in paradoxical
vasoconstriction, which associated with a further
decrease in NOx levels. The pathophysiological increase
in hepatic ADMA concentration observed in cirrhotic
rats manifest decrease of hepatic eNOS activity.

TLR-4

NADPH

Citrulline
DDAH-1

ADMA
(-)
eNOS

L-Arginine
(-)

NO

Intrahepatic resistance
Endothelial dysfunction
Portal hypertension

Figure 1 Schematic representation of the proposed role of inflammation
and oxidative stress in mediating hepatic endothelial dysfunction in
cirrhosis. Inflammation and oxidative stress are synergistically triggers
accumulation of ADMA in the systemic circulation and the liver. Increased ADMA
endogenously inhibits eNOS results in decreased hepatic NO production, which
causes increased intrahepatic vascular resistance and endothelial dysfunction
thus, portal hypertension in the context of cirrhosis. Inflammation and oxidative
stress also inhibit ADMA hydrolysing enzyme, DDAH activity and promote
methylarginine concentrations in the liver. L-arginine is the source for eNOS
enzyme for NO production and is vasoprotective. TNF-a: Tumor necrosis factor
a; NFkB; Nuclear factor kappa B; TLR: Toll like receptor; Ang II: Angiotensin II;
NO: Nitric oxide; ADMA: Asymmetric dimethylarginine; eNOS: Endothelial nitric
oxide synthase; DDAH: Dimethylarginine diaminohydrolase; iNOS: Inducible
nitric oxide synthase; 4-HNE: 4-hydroxy-2-nonenal; NADPH; Nicotinamide
adenine dinucleotide phosphate-oxidase; ROS: Reactive oxygen species.

has been shown to improve vascular function in
liver cirrhosis suggesting that decreased substrate
[24]
availability contributes to endothelial dysfunction .
Thus, impaired vascular uptake of L-arginine may
play a key role in the pathogenesis of endothelial
dysfunction in cirrhosis and should be explored as a
[25]
potential therapeutic target .

Dimethylarginine diaminohydrolase

Furthermore, the intracellular levels of these methylated
arginines are regulated through their metabolism to
citrulline and dimethylamine by its hepatic specific
enzyme called, dimethylarginine diaminohydrolase
[41,45]
(DDAH)
(Figure 1). Two isoforms of DDAH have
been identified and are widely expressed in human and
rodent liver. DDAH 1 is an important isoform for the
regulation of hepatic and systemic ADMA concentration
and is present higher levels in tissue that expressing
[41,45]
neuronal NOS (nNOS)
. The other DDAH isoform
(DDAH 2) has an important effect in regulating NO
activity, and is mainly found in tissue expressing eNOS
[41,45,46]
and inducible NOS (iNOS)
. It is well known
that increased intracellular DDAH plays a critical role
[26,27,33,47]
in regulating tissue ADMA concentration
,
therefore alterations of DDAH activity and expression
lead to change in intracellular ADMA concentrations
and concomitant NO synthesis. In vitro, human
umbilical vein endothelial cells (HUVECS) exposed to
prolonged (48 h) TNF-a show eight fold increase of

Endogenous negative eNOS regulators

Several mechanisms are involved in regulating NO
production following eNOS activation. Studies in
relation to decreased hepatic eNOS activity have,
to date, focused on inhibitors of eNOS activity
[26,27]
such as asymmetric dimethylarginine (ADMA)
and caveolin-1 (major coat protein of endothelial
[28]
caveolae) , or on the process affecting the post
[29]
translational modification of eNOS . Furthermore,
trafficking and proper subcellular localization of eNOS
[29,30]
are also critical for regulation of its activity
. One
such protein, eNOS trafficking inducer (NOSTRIN),
identified in a yeast two-hybrid approach, has been
demonstrated to interact physically with eNOS via its
[29-31]
C-terminal SH3 domain and regulated its function
.
An emerging body of evidence indicated that
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ADMA, compared to control medium and associated
DDAH activity was decreased to almost 60% of
[48]
baseline values . DDAH is a redox sensitive enzyme
and is thus subject to inhibition by oxidants derived
[47,49]
from endothelial superoxide
, and antioxidant
[33,50]
treatment corrects DDAH inhibition in in vivo
.
Cirrhotic rat livers showed an increased O2 content
compared to control rat livers and was ameliorated
by adenoviral gene delivery of superoxide dismutase,
increases NO bioavailability, improves intrahepatic
[51]
endothelial function and reduces portal pressure . In
contrast to ADMA, SDMA, its vasoactive stereoisomer,
has no effect on inhibition of NO synthases but com
petes with arginine for cellular transport across the
[38,52]
y+ transporter
. Recently, Siroen and co-workers
have shown that the human liver takes up substantial
amounts of SDMA from the portal and systemic
circulation and suggested that high plasma levels of
SDMA may have hemodynamic consequences similar
[53]
to those reported for ADMA . However, in patients
with alcoholic cirrhosis, noted plasma SDMA level was
[54]
within the normal limit .

excessive NO production by iNOS reacts with molecular
oxygen (O2 ), leading to the formation of peroxynitrite
radical and causes massive hepatic tissue damage as
well as fall in blood pressure induced in the vascular
[27,64]
wall
. Furthermore, eNOS uncoupling is also caused
by L-arginine depletion, increased endogenous eNOS
[65,66]
inhibitors and S-glutathionylation of eNOS
.

HEPATIC INFLAMMATION AND
ENDOTHELIAL DYSFUNCTION IN
CIRRHOSIS
Hepatic inflammation is a common trigger of liver
diseases, associated with ED and causes increased
[67]
hepatic vascular risk in cirrhosis . There are several
inflammatory mediators involved in downregulation of
eNOS activity and NO bioavailability within the hepatic
circulation resulting increased intrahepatic resistance
and ED thus, PHT in patients with cirrhosis (Table 1).

TNF-α

TNF-α, a proinflammatory cytokine with the broad
spectrum of deleterious effects is believed to exert
vascular effects by increasing vascular permeability
and causing vasodilatation, which mediated through
[68]
NO dependent pathways . In cirrhosis, increased
systemic and hepatic TNF-α concentration has shown
[47]
to associate with overwhelming NO production .
Interestingly, in cultured endothelial cells, TNF-α
[48]
reduces NO bioavailability , and in vivo TNF-α may
[69]
also directly alter endothelial vasomotor function .
Moreover, Plasma TNF-α concentration was shown
to be significantly higher in alcoholic hepatitis (AH)
patients who subsequently died than those who
[70]
survived . Patients with AH had significantly higher
plasma TNF-α concentration than did patients
with inactive cirrhosis or alcoholics having no liver
[71,72]
disease
. It has also shown that lipopolysaccharide
(LPS), a component of the gram-negative bacterial
cell wall, induces a marked TNF-α production in vivo
[73]
in cirrhotic rats
and ex vivo in monocytes from
[74]
cirrhotic patients . Infliximab (anti-TNF antibody)
treatment has been shown to reduce systemic TNF-α
and a concomitant drop in portal pressure in alcoholic
[75]
hepatitis patients with severe ED . Our previous
study also supported the above notion that treatment
with anti-TNF improved hepatic DDAH enzyme function
by decreasing ADMA level and a concomitant increase
of hepatic eNOS activity and NO bioavailability in a bile
[42]
duct-ligated cirrhotic rat . Infliximab treatment also
shown to beneficial in CCl4, and high fat diet induced
[76,77]
liver disease models
. Furthermore, anti-TNF
treatment to the portal vein ligated rats significantly
blunts the development of the hyperdynamic
[75]
circulation and reduces portal pressure .

OXIDATIVE STRESS AND ENDOTHELIAL
DYSFUNCTION IN CIRRHOSIS
In cirrhosis, oxidative stress induced mainly by an
[55]
overproduction of reactive oxygen species (ROS) ,
which is a critical determinant of endothelial
dysfunction and is due to disturbed balance between
oxidant and antioxidant enzymes. Increased superoxide
formation in the presence of equimolar concentrations
of NO will lead to the formation of the potent ROS and
[56]
reactive nitrogen species . Furthermore, decreased
NO bioavailability within the cirrhotic liver is mainly
attributed by endothelial dysfunction and is mainly due
to diminished eNOS activity as well as NO scavenging
- [55]
by increased release of superoxide (O2 ) . NO also
binds to superoxide anion (O2 ) to produce the most
powerful oxidant peroxynitrite (ONOO ). Consequently,
peroxynitrite can cause oxidative damage, protein
nitration and S-nitrosylation of biomolecules such as
[57,58]
proteins, lipids and DNA
. In fact, peroxynitrite can
also oxidise tetrahydrobiopterin (BH4), an essential
[59]
cofactor for eNOS to trihydrobiopterin radical (BH3) ,
which can further disproportionate to dihydrobiopterin
(BH2). As a consequence, functional endothelial
NOS is converted into a dysfunctional O2 generating
[60]
enzyme
termed as eNOS uncoupling, contributes
to ROS overproduction within the intrahepatic circu
lation. The generation of ROS and superoxide are
the key mediators of damage to endothelial cells
[23,61]
in cirrhosis
. BH4 administration to cirrhotic rats
increased hepatic NOS activity and cyclic guanosine
monophosphate (cGMP) levels and significantly
reduced ED, and subsequent portal pressure may
represent a new therapy for ED in patients with
[62,63]
cirrhosis
. Overwhelming evidences have also
indicate that in cirrhosis with bacterial endotoxemia,
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HUVECS showing increased iNOS activity. Thus,
transjugular intrahepatic stent-shunt insertion (TIPSS)
induced endotoxemia results in upregulation of the
iNOS pathway in the endothelium of critically ill
[84]
cirrhotic patients . Hence, increased iNOS driven
NO is marker for the treatment of inflammatory
disorders, and its prevention is a target for the design
[85,86]
of new drugs acting on iNOS
. In fact, inhibition
of NFκB activation was initially considered important
for designing NOS inhibitors, since NFκB mainly
involved in iNOS expression during inflammatory
[47,85,86]
conditions
. Therefore, the regulation of iNOS
via the NFκB pathway is an important mechanism
in inflammatory processes and potential site for
intervention in inflammatory diseases.

Table 1 Factors affecting endothelial dysfunction in cirrhosis
Marker

Endothelial dysfunction

Ref.

Inflammatory marker
TNF-a
Inhibition of NO synthesis
[47,75,78,84,99,104]
NFkB
Increase of ADMA
TLR
Increase of Caveolin-1
Ang II
Reduction of eNOS activity
Inhibition of DDAH enzyme
Upregulation of iNOS
Increase of superoxide production
Reduction of antioxidant capacity
Oxidative marker
4-HNE
Reduction of DDAH enzyme
[42,78,104]
activity
NADPH
Decrease of NO bioavailability
Increase of ADMA levels
Increase of ROS generation
Cyclooxygenase -derived prostanoids
TXA2
Reduction of intrahepatic nitrate/
[110-112]
nitrite
PGI2
Upregulation of iNOS expression
Increase of intrahepatic resistance
Other marker
ET-1
Increase of inflammation
[122,130,138,139,
145]
LOX-1
Stimulation of ROS generation
PARs
Adiponectin
Palmitic acid

Toll-like receptors

Toll-like receptors (TLRs) belong to the family of
transmembrane pattern-recognition receptors that
recognize pathogen-associated molecular patterns,
[87]
which including LPS . TLR4 expressed on both
parenchymal and non-parenchymal cell types in
the liver and its activation trigger hepatic innate
immune signaling, and may contribute to endothelial
dysfunction and intrahepatic vascular tone in patients
[8,87,88]
with cirrhosis
. In addition, the potential role
of TLR4 in mediating renal injury in patients with
[89]
cirrhosis was described recently . The seminal
observations made in this study were that the renal
expression of TLR4 and the excretion of TLR4 protein
was significantly higher in patients with cirrhosis who
presented with acute deterioration and had renal
[89]
dysfunction compared with those that did not .
Furthermore, urinary TLR4 was associated with
significantly greater risk of death in patients with
renal dysfunction and in those with superimposed
[89]
inflammation . TLR4 expressed on the surface of
several cell types, including endothelial cells and its
activation shown to reduce NO concentration, resulting
[90]
ED . Accordingly, anti-TLR4 treatment improved
endothelium-dependent relaxation, and improved
[91]
NO . TLR4 also contributes to the increased ROS
production and ED in hypertension, diabetes and
[92]
[93]
obesity . Recently, Benhamou et al
revealed
that both TLR2 and TLR4 in mediating endothelial
dysfunction and vascular remodeling in primary arterial
antiphospholipid syndrome. TRL4 signalling leads
[94]
to activation of NF-kB , a pathway associated with
[95]
endothelial injury , and increased TLR4 expression
[89,96]
has also shown in advanced liver disease
. LPS
induced TLR4 mediated proinflammatory signalling has
[97]
also showed in human hepatic stellate cells (HSC) ,
and functional expression of TLR9 has detected in
[98]
sinusoidal hepatic endothelial cells and hepatocytes .
Furthermore, several animal studies support the
importance of TLR4 in hepatic fibrosis, and TLR4
knockout mice showing less fibrosis induced by BDL or
[99]
carbon tetrachloride (CCl4) compared to wild type .

TNF-a: Tumor necrosis factor-a; NFkB; Nuclear factor kappa B; TLR:
Toll like receptor; Ang II: Angiotensin II; NO: Nitric oxide; ADMA:
Asymmetric dimethylarginine; eNOS: Endothelial nitric oxide synthase;
DDAH: Dimethyl arginine diaminohydrolase; iNOS: Inducible nitric oxide
synthase; 4-HNE: 4-hydroxy-2-nonenal; NADPH; Nicotinamide adenine
dinucleotide phosphate-oxidase; ROS: Reactive oxygen species; TXA2:
Thromboxane A2; PGI2: Prostaglandin I2; ET-1: Endothelin -1; LOX-1:
Lectin-like oxidized low-density lipoprotein receptor-1; PARs: Protease
activated receptors.

factor that activated by a variety of cytokines which
including TNF α and is thought to be a key regulator of
[47,78]
genes involved in inflammation
. In BDL cirrhotic
rats, elevated plasma F2-isoprostanes correlated
with an increase of TNF-α and constitutive activation
[79]
[80]
of NFκB . Osanai et al
showed in HUVECs that
synthesised ADMA by PRMT-1 was further stimulated
by shear stress via activation of the NFκB pathway.
Recently ADMA induces TNF-α production via ROS/
NFκB dependent pathway also reported in human
[81]
monocytes . Activation of NFκB also increased in
the liver of chronically HCV-infected patients com
[82]
pared with controls , which is in line with our
previous observation that increased NFκB protein
expression in BDL cirrhotic rats was downregulated
[47,78]
following Infliximab treatment
. TNF-α facilitates
the translocation of free NFκB from cytosol to the
nucleus and the induction of iNOS gene expression.
The overproduction of NO by iNOS is important in
inflammation and causes ED and may associate
[27,83,84]
with hyperdynamic circulation in cirrhosis
. In
[84]
this context, recently Jalan et al
observed that an
incubation of cirrhotic patient plasma or LPS with
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These results suggested an important function of
TLRs on the development of inflammatory pathology
[96]
in hepatic cirrhosis. Stadlbauer et al
observed
that in AH patients, the increased TLR 2, 4 and 9
expressions correlated with neutrophil dysfunction
and endotoxemia, albumin an endotoxin scavenger
attenuated these complaints by decreasing TLRs
expression. Several lines of evidence exist implicating
gut derived endotoxemia in the pathogenesis of
[100]
portal hypertension
. Administration of norfloxacin,
a selective gut decontaminant prophylactic reduced
endotoxin levels, TLR4 expression and decreased NOmediated forearm vasodilatation and improved survival
[94,101]
in cirrhosis
.

VASOCONSTRICTORS AND
ENDOTHELIAL DYSFUNCTION
Thromboxane

TXA2, a vasoactive prostanoid and COX metabolite,
increased intrahepatic vascular tone in cirrhosis, more
specifically in the phenomenon of hyper responsiveness
[110,111]
to vasoconstrictors and caused intrahepatic ED
.
Administration of COX inhibitors such as flurbiprofen
and nitroflurbiprofen (NO releasing COX inhibitor)
to cirrhotic rats result in decreased hepatic TXA2
production and an increased intrahepatic nitrate/nitrite
(an index of NO synthesis) concentration thereby
by attenuating intrahepatic vascular resistance,
endothelial dysfunction, and hepatic hyper reactivity
[111]
to vasoconstrictors . TXA2 and PGI2, the other COX
2 derivatives may act simultaneously, producing a
compensatory effect that reduces NO release and may
[112]
limit the hyperdynamic circulation in cirrhosis . The
use of indomethacin, a COX inhibitor has shown to
prevent liver fibrosis, and rise in portal hypertension in
[113]
liver cirrhosis . Indeed, study also shows that COX
inhibitors could worsen the hyperdynamic circulation
[112]
associated with liver cirrhosis
. TXA2 induces vaso
constriction by activating the TXA2/prostaglandin[114]
endoperoxide (TP) receptor
. TP receptor ligands
[115,116]
include TXA2, PGH2, and isoprostanes
. TXA2
acts through its G-protein-coupled receptor leading to
vasoconstriction by activating the RhoA/Rho-kinase
[117]
pathway, and by increasing calcium levels in HSC .
Oral administration of terutroban, a specific antagonist
[118]
of the TP-receptor
has shown to attenuates
inflammation and oxidative stress and reduce RhoA/
Rho-kinase-dependent signaling and restore NO
[119]
bioavailability in endothelial cells
may represent a
useful agent in the treatment of endothelial dysfunction
in cirrhosis with portal hypertension.

Angiotensin Ⅱ

The renin-angiotensin system (RAS) plays a key
physiological role in regulating vascular function. In
the pathophysiology, RAS has also shown to promote
vascular injury by triggering ED, vascular remodelling
[102,103]
and vascular inflammation
. Angiotensin (Ang)
Ⅱ the core composition of the RAS involved in many
[104]
chronic diseases, which including hepatic cirrhosis .
Increased Ang Ⅱ causes endothelial dysfunction,
vasoconstriction, sodium water retention, elevated
blood pressure, ROS generation, inflammatory
[105]
mediators and pro-fibrotic cytokines
. The adverse
effects of Ang II induced ED is mediated by interaction
with the plasma membrane AT 1 receptors (Ang
Ⅱ type 1 receptors) and causes NO reduction by
inducing eNOS enzyme dysfunction and promoting
NOS uncoupling. Thus, pharmacological inhibition
of the production or actions of Ang Ⅱ receptor
blockers now represents an effective strategy to
delay the progression of endothelial dysfunction
[105,106]
in experimental models and humans
. In this
context, previous clinical studies have shown evidence
that RAS play an important role in the elevation of
the ADMA concentration in hypertensive patients,
and blockade of Ang Ⅱ by ACEI or Ang Ⅱ receptor
blocker (ARB) significantly attenuates the elevated
[107,108]
level of ADMA, resulting in endothelial protection
.
Pharmacological blockade of angiotensin Ⅱ receptors
using the drug Candesartan cilextil (CC) may attenu
ate the progression of liver cirrhosis and endothelial
dysfunction. In HUVECS, CC increased the eNOS
protein level, inhibited the expression of nicotinamide
adenine dinucleotide phosphate oxidase (Nox)
subunits and Ang Ⅱ induced intracellular ROS and
nitric oxide, and promoted the extracellular release
[109]
of nitric oxide
suggesting that it augmented the
bioavailability of nitric oxide. Thus, CC administration
may attenuate ED and for the future therapeutic
approach in portal hypertensive patients with cirrhosis.
Ang Ⅱ can also activate NADPH oxidase (Nox), leading
to increased ROS generation and commencing ED in
[104]
cirrhosis .
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Endothelin-1

A most potent vasoconstrictor endothelin (ET) -1
regarded as a key player in ED, primarily binding
to G-protein coupled receptors such as ETA and
[120]
ETB and acts in a paracrine fashion
. Previous
study has shown that ETB receptors present in
endothelial cell can elicit endothelium-dependent
relaxation by improving NO release by contrast, ETA
and ETB receptors present on the fibroblasts and
smooth muscle cells trigger vasoconstriction and
[121]
inflammation
. Cirrhotic rats with diabetes showed
higher intrahepatic ET-1 vasoresponsiveness than
[122]
normoglycemic cirrhotic rats
. ED also found in
[123,124]
patients with insulin resistance (IR)
. In this
context, IR can be triggered by ET-1 infusion in rats
by activating phosphatidylinositol (PI) 3-kinase activity
in smooth muscle cells in an ETA dependent manner
and treatment with ETA receptor antagonists results
in improvement of insulin sensitivity and associated
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endothelial function via an inhibition of PI 3-kinase
[125]
activity . In this context, a very recent study pointed
out that LPS stimulation to portal hypertensive rats
showed enhanced renal vascular response to ET-1
[126]
through ETA overexpression .

adiponectin represents 0.05% of all plasma proteins
and is a key component in the relationship between
[140]
adiposity, inflammation and insulin resistance
.
Previous studies have shown evidence that the asso
[141,142]
ciation between hypoadiponectinemia and ED
.
[142]
Wang et al
showed in ECs that adiponectin
stimulating NO synthesis by activating AMPK mediated
pathway. Furthermore, adiponectin knockout mice
exhibited impaired endothelium dependent vasodilation
[143]
and NO production
. Earlier published studies
have pointed out that adiponectin administration
significantly increases NO production by regulating
eNOS enzyme activity and its phosphorylation and
[141]
maintain endothelial function . However, despite the
hepatoprotective effect of adiponectin have shown in
NAFLD and other chronic liver ailments, the plasma
concentration of which increased in patients with
cirrhosis of different aetiologies. Indeed, the factors
related to elevated levels of adiponectin in cirrhosis are
not yet completely understood. In this context, Tietge
[144]
et al
showed an evidence that increased adiponectin
levels in cirrhotic patients correlate exclusively
with reduced liver function and altered hepatic
[145]
haemodynamics. Furthermore, Salman et al
and
[146]
Tacke et al
reported that an elevated adiponectin
correlated with inflammation and liver damage and
high levels were found in human cholestasis as well as
[145,146]
in an animal model of cirrhosis
. Thus, adiponectin
may serve as a novel biomarker for cholestasis in
liver cirrhosis and agents that modifying adiponectin
concentration in liver cirrhosis may use as a potential
diagnostic tool but also as therapeutic target for ED in
cirrhosis.

OTHER MARKERS OF ENDOTHELIAL
DYSFUNCTION
Lectin-like oxidised LDL receptor-1

Lectin-like oxidised LDL receptor-1 (LOX1) is a key
receptor for oxidised low-density lipoprotein (Ox-LDL)
and identified in endothelial cells, and considered as
[127,128]
a marker of ED in various pathological setting
.
LOX-1 promotes ROS generation augments endothelial
adhesiveness to monocytes and inhibits NO synth
[129]
[130]
esis
. The recent review by Lubrano et al
des
cribed in detail about the relationship between LOX1
and ROS. Furthermore, increased expression of LOX1
was found in the placenta of women with intrahepatic
[131]
cholestasis during pregnancy . LOX-1 polymorphism
also associated with liver disease severity in non[132]
alcoholic steatohepatitis
and could be a biomarker for
patients with endothelial dysfunction in liver cirrhosis.

Protease activated receptors

Protease activated receptors (PARs) are G proteincoupled receptors which, mediating cellular effects of
some proteases of the activated coagulation system
[133]
such as thrombin, trypsin or metalloproteinase
.
[134]
ECs express PAR1, PAR2 and PAR4
. Endothelial
PARs play important roles in the crosstalk between
[133]
coagulation and inflammation in sepsis . Acute PAR1
activation causes an increase in vascular permeability,
presumably due to direct endothelial contractile
[133]
responses
. PAR1 deficiency and blockade has
shown to reduce inflammation in a mouse model of
[135]
colitis . Moreover, activation of protease through its
receptor following thrombus formation, hemorrhage
and inflammation led to the conversion of ECs to
a proinflammatory phenotype and may result in
[133]
[136]
vascular lesion development
. Garcia et al
have
shown in cultured ECs, PAR1 activation stimulates the
production of prostacyclin and NO, consisting with
other reports shown in in vivo that PAR1 activators
cause hypotension when injected intravenously and
[137]
cause NO mediated vasodilation
. In this context,
[138]
[139]
Knight et al
and Sakata et al
reported that PAR2
promotes experimental liver fibrosis by increase of
TGF β production in mice and to induce a profibrogenic
phenotype in human HSCs. Thus, targeting PARs and
using its antagonists in endothelial dysfunction with
cirrhosis may represent a novel therapeutic approach
in preventing portal hypertension in cirrhosis.

Free fatty acid

Liver plays a significant role in lipid homeostasis
including several stages of lipid synthesis and
transportation. Thus, it is reasonable to anticipate an
abnormal lipid profile associated with the progression
of hepatic dysfunction. Furthermore, hyperlipidaemia
is main risk factor for ED, which is a common indicator
[147]
in patients with hepatic cirrhosis
. Accumulated
evidence indicates that increased hepatic and
plasma free fatty acid (FFA) concentration led to
hyperlipidemia and may cause ED in cirrhosis.
Previously it has been shown that FFA trigger HUVECs
[148]
apoptosis and inhibit cell cycle progression . In this
regard, palmitic acid a key FFA in the bloodstream,
exposure to ECs causes cell necrosis and the release
[149,150]
of proinflammatory cytokines
consistent with
other report showing in cultured bovine retinal
pericytes, in which palmitate can induce apoptosis
[151]
by promoting oxidative stress
. Recently Ristic[152]
Medic et al
observed in cirrhotic patients, increased
levels of palmitic acid and total saturated fatty acids
when compared to healthy controls. Thus, FFA play
an important role in cirrhosis with ED and agents that
reduce palmitic acid concentration would be used as
a possible future target for therapy. One such agent,

Adiponectin

Adiponectin is a protein hormone synthesized by
adipose tissue. Plasma physiological concentration of
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biomarkers and therapeutic approaches in patients
with endothelial dysfunction and advanced liver
disease.

Table 2 Classic and novel therapeutic strategies directing to
improvement of endothelial dysfunction in cirrhosis
Therapeutic
agent

Endothelial function

Ref.

EMERGING THERAPY FOR REVERSAL OF
HEPATIC ED IN CIRRHOSIS

Antiinflammatory
agents

Increase of NO bioavailability
[25,42,75,111]
Reduction of ADMA
Upregulation of eNOS activity
Decrease of Inflammation
Vitamins
Improvement of eNOS activity
[159,160,162]
Increase of NO bioavailability
Scavenging of ROS generation
Antioxidant function
Flavonoids
Increase of NO bioavailability
[15,166,168]
Prevention of oxidative stress
Improvement of antioxidant
enzymes
Nuclear
Increase of NO bioavailability
[33,50,187]
Improvement of DDAH
receptors
Reduction of ADMA
Amelioration of hepatic vascular
tone
Ammonia
Detoxification of ammonia levels [27,189,190,192,201]
lowering agents Increase of NO bioavailability
Reduction of ADMA
Upregulation DDAH expression
Statins
Decrease of total cholesterol
[147,170,172,202,203]
Improvement of Akt-dependent
eNOS phosphorylation
Promoting NO biosynthesis
Reduction of Ox-LDL
Attenuation of inflammatory
indices
Beta blockers
Amelioration of oxidative stress
[194,196]
Attenuation of Inflammation
Restoration of antioxidant
enzymes
AngiotensinIncrease of NO
[200,204]
Decrease of Ang-II mediated
receptor
inflammation
antagonists
Decrease of TIMP-1, MMP-2
mediated fibrosis

ED is an early event in the pathogenesis of cirrhosis
with PHT and can be reversible with certain therapies
(Table 2). Restoration of ED appears to be a crucial
therapeutic target, since ED predicts most of the liver
related problems in alcoholic liver disease (ALD),
hepatorenal syndrome (HRS), hepatic encephalopathy
(HE) and sepsis.

Antioxidant strategy (Vitamins and flavonoids)

Ascorbic acid (vitamin C) has been shown to improve
the NO-dependent vasodilatation in vascular beds of
patients with conditions characterized by marked ED
[159]
in cirrhosis
. The other antioxidant α-tocopherol
(vitamin E) has also shown to improvement of hepatic
ED by suppressed hepatic ADMA and oxidative stress
[160]
and improved hepatic NO in cirrhotic rats
. In
addition, folic acid, a superoxide scavenging vitamin
B9 and its active metabolite 5-methyltetrahydrofolate
(5-MTHF) has been shown to restore ED in patients
[161]
with many cardiovascular diseases . Folic acid mainly
involved in downregulating eNOS derived superoxide
and eNOS uncoupling thereby improving regeneration
of BH4 from BH2, by preventing BH4 oxidation, which
[161]
results in increased NO
. The beneficial effects
of 5-MTHF have shown in decompensated cirrhotic
[162]
patients recently
. Superoxide dismutase (SOD)
gene transfer also has shown to reduce portal
pressure in CCl4 cirrhotic rats with portal hypertension
through reducing oxidative stress and increased NO
[61]
bioavailability . Tempol, a SOD mimetic reduces
superoxide, increases nitric oxide, and reduces portal
pressure in sinusoidal endothelial cells of cirrhotic
[163]
livers . Furthermore, flavonoids, an integral part of
the human diet have been shown to confer protective
[164]
effects on vascular endothelial function in humans ,
and its protective effects are chiefly ascribed to
[165]
their antioxidant and vasodilatory actions
. Very
[15]
recently, Hsu et al
found that green tea polyphenol
decreases the severity of portosystemic collaterals and
mesenteric angiogenesis in rats with liver cirrhosis.
[166]
Furthermore, De Gottardi et al
observed in cirrhotic
patients with portal hypertension that dark chocolate
blunted the postprandial increase in hepatic venous
pressure gradient (HVPG) by improving flow-mediated
hepatic vasorelaxation and ameliorated systemic
[167]
hypotension. In addition, Lin et al
showed quercetin
supplementation has associated with multifactorial
potential as well as down-regulation of NF-κB and
TGF-β/Smad signalling, probably via interference with
TLR signalling. Resveratrol, a natural polyphenolic
flavonoid present higher amount in grapes has shown

NO: Nitric oxide; ADMA: Asymmetric dimethylarginine; eNOS: Endothelial
nitric oxide synthase; DDAH: Dimethyl arginine diaminohydrolase; OxLDL: Oxidized low-density lipoprotein; Ang Ⅱ: Angiotensin Ⅱ; TIMP-1:
Tissue inhibitor of metalloproteinase 1; MMP-2: Matrix metalloproteinase-2.

eicosapentaenoic acid (EPA), ω-3 polyunsaturated
fatty acid (PUFA) is abundant in fish oil has shown
to enhance the production of NO, via activating
[153]
eNOS and improve normal vascular endothelium
.
[154]
Very recently Lee et al
have demonstrated that
treatment with EPA protects against palmitic acid
induced ED through activation of the AMPK-eNOS
mediated pathway. Highly purified EPA also shown
to prevent the development of inflammation and
[155,156]
hepatic fibrosis in rats
. In addition, peroxisome
proliferator-activated receptor (PPAR)-α, a member of
the nuclear receptor superfamily and a key regulator
[157]
of fatty acid homeostasis
, has been shown to
improve endothelial dysfunction and portal pressure in
[158]
cirrhotic rats . The above indices, therefore, provide
a rationale for novel insights into the pathophysiology
of ED and the potential for the development of novel
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to reduce portal pressure by attenuating ED. Moreover,
resveratrol supplementation also results in reducing
oxidative stress and upregulating eNOS expression
without affecting systemic hemodynamics in cirrhotic
[168]
rats .

transcription factor, which plays an important role in
[184,185]
bile acid and lipid metabolism
has also been
the subject of considerable attention over recent
[50]
years . FXR agonists have numerous target genes
[186]
including DDAH1
. Our previous study has shown
evidence that obeticholic acid significantly increases
hepatic DDAH-1 and eNOS activity and improved NO
bioavailability in cirrhotic rats, leading to improvement
in endothelial function and associated drop in portal
[33]
pressure . Similarly, a multi-centre phase 2a trial of
obeticholic acid in decompensated cirrhotic patients
[187]
show a trend towards a drop in portal pressure
.
Another promising approach of transfection of cirrho
tic liver with DDAH-1 decreased ED and portal
[188]
hypertension in BDL rats
. Furthermore, other
member of the nuclear receptor superfamily, PPAR- α
also has shown to improve endothelial dysfunction and
[158]
portal pressure in cirrhosis .

Statins

Statins (HMG-CoA reductase inhibitors) lower serum
cholesterol concentrations and exhibits beneficial
therapeutic effects in cirrhotic patients, as evidenced
[169-171]
[169]
by various clinical trials
. Abraldes et al
demonstrated that simvastatin improve hepatic
NO generation and endothelial function and lowers
portal pressure in patients with cirrhosis. Moreover,
atorvastatin has been shown to prevent liver infla
mmation and HSC activation induced by Ang-II
[172]
[172]
infusion . Schwabl et al
found that pioglitazone,
an insulin sensitiser decreases portosystemic shunting
by modulating inflammation and angiogenesis in
cirrhotic and non-cirrhotic portal hypertensive rats.
Additionally, Sorafenib, a tyrosine kinase inhibitor
approved in the treatment of hepatocellular carcinoma,
has shown to have beneficial effects in reducing
[173]
portal pressure in cirrhosis
. The other multitarget
receptor tyrosine kinase inhibitors such as Sunitinib
and Imatinib were also shown to use for the treatment
[174]
of portal hypertension
and may have a potential
role in regulating ED in cirrhosis through NO mediated
mechanisms. However, further encouraging clinical
studies of statins strategy to ED in cirrhosis needs to
be explored.

Ammonia lowering agents

AST-120, an oral adsorbent carbon microspheres and
[189]
ammonia-lowering agent
has shown to reduce ED
[190]
in adenine-induced uremic rats . AST-120 treatment
was also shown to prevent the progression of HE in
[189]
cirrhotic rats
and chronic kidney disease (CKD)
[191]
in a clinical setting
, which may be used for the
treatment of ED in cirrhosis. Indeed, further studies
would be needed for describing the potential role of
AST-120 on NO mediated ED in cirrhosis. Furthermore,
we established a new promising therapy such as OCR002 (ornithine-phenylacetate) for the treatment of
[27,192]
HE
. OCR-002 is currently being advanced in the
clinic and also effective in reducing PHT by lowering
ammonia mediated inflammation and improving NO
[193]
bioavailability
and may consider for the future
therapeutic approach for the management of ED and
associated PHT in patient with cirrhosis.

Anti-inflammatory agents

Human serum albumin (HSA) is one of the most
frequent treatments in patients with decompensated
[175]
cirrhosis
. It also reduced the severity of other
chronic liver diseases such as HE and HRS and
improved survival of patients with spontaneous
[175-177]
bacterial peritonitis (SBP)
. In addition, albumin
has been demonstrated to have a clinically significant
beneficial effect on ED and survival during experimental
[178]
endotoxemia . It also reduced sequential organ failure
assessment (SOFA) score in critically ill patients with
[179]
hypoalbuminemia
. Furthermore, pentoxifylline and
N-acetylcysteine, the other known anti-inflammatory
agents have shown to associated with reduced the risk
[180-182]
of inflammation and ED in cirrhosis
. Antibiotics
such as quinolones and rifaximin and high-density
lipoprotein (HDL) treatment have shown to associate
with the reduction of inflammation and portal pressure
[20,101,183]
by neutralising portal bacterial endotoxin load
.
Thus, anti-inflammatory agents would improve NO
bioavailability and reduce ED, considered a potential
therapeutic approach for the management of portal
hypertension in cirrhosis.

Non-selective β blockers

Carvedilol is a non-selective β blocker with alpha-1
adrenergic blocker activity has been shown to
amelioration of oxidative stress and restoration of
antioxidant enzyme activities, and attenuation of NF[194]
κB mediated inflammation in chronic liver disease .
[195]
Interestingly, Reiberger et al
observed in BDL
cirrhotic rat that nebivolol, a third generation betablocker increased splanchnic blood flow and portal
pressure via NO mediated signalling. In this context,
[196]
Ma et al
demonstrated in myocardial infraction
that targeting NO with a nebivolol treatment improves
diastolic dysfunction through reducing myocardial
oxidative stress by enhancing 5’-AMP-activated
protein kinase and Akt activation of NO biosynthesis.
Moreover, long-term nebivolol administration reduces
renal fibrosis and prevents endothelial dysfunction in a
[197]
rat hypertensive model . In this context, Mookerjee
[11]
et al have pointed out that specific controlled studies
are addressing the use of β-blockers in patients with
severe decompensation of cirrhosis with high risk of

Nuclear receptors

Obeticholic acid, a synthetic farnesoid X receptor (FXR)
ligand belongs to a nuclear receptor superfamily of
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6

sepsis and renal dysfunction are inadequate. Hence,
further clinical studies on the effect of β-blockers
through NO mediated pathway are challenging in liver
cirrhosis.

7

Angiotensin-receptor antagonists

Additionally, Candesartan cilextil (CC), a selective
angiotensin Ⅱ type Ⅰ (AT1) receptor antagonist widely
used as an antihypertensive in clinical practice has
[198,199]
shown to improve ED
. In addition, recent clinical
study has shown evidence that CC administration
was safe and well tolerated to compensated cirrhotic
patients, without an underlying cause of renal failure
[200]
or hepatic decompensation
. Given the substantial
experimental evidence that CC has the potential
beneficial effect in distinct human diseases by blocking
Ang-Ⅱ mediated AT1 receptor and may improve ED
and NO bioavailability and associated mechanism in
cirrhosis.

8

9

10

11
12

CONCLUSION
In conclusion, this review has been discussed the
involvement of various inflammatory and oxidative
stress markers on the regulation of NO biosynthesis
and associated ED. The therapeutic interventions,
which including antioxidants, anti-inflammatory and
ammonia lowering agents, bile acid receptors, statins,
insulin sensitisers, beta blockers and ARBs have
been shown to increasingly recognised to attenuate
liver cirrhosis by decreasing inflammation, oxidative
stress and promoting NO biosynthesis. Subsequently,
the development of an ideal therapy based on the
increase of hepatic NO synthesis through ADMADDAH pathway may improve endothelial function
and reduce inflammation, subsequent portal pressure
reduction and without compromising systemic arterial
pressure in patients with advanced liver disease.
Remarkably, DDAH-1 gene strategy to cirrhotic liver
would advance future therapeutic attention in the
context of improvement of NO synthesis and reduce
inflammation and associated ED and portal pressure
reduction in-patient with cirrhosis.
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Gender-based disparities in access to and outcomes of liver
transplantation
Omobonike O Oloruntoba, Cynthia A Moylan
chronic liver disease through transplantation including
disparities in liver disease prevalence, access to liver
transplant centers and transplant waiting list, receipt
of liver transplantation once listed and disparities in
post-liver transplantation outcomes. Our review finds
factors contributing to this disparity may include gender
differences in the etiology of underlying liver disease
and patient and physician referral patterns, lifestyle and
health care, but also utilization of an imperfect organ
allocation system based on the model for end stage liver
disease score and donor-recipient liver size matching.
The review also highlights the need for further research
in the area of gender disparity in order to develop
appropriate approaches to address it and to improve
allocation of this precious resource in the future.
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Core tip: Liver transplantation is a life-saving procedure
for many patients with end stage liver disease therefore
it is of utmost importance to ensure equity in its
distribution. Recently, growing attention has been
placed on the issue of gender disparity in access to and
receipt of a liver transplant. Factors contributing to this
disparity include important differences in the etiology
of underlying liver disease and indications for liver
transplant that differ by gender. Systematic bias against
women also appears to exist in many of the crucial
steps of organ allocation. Better understanding of those
mechanisms and their solutions are needed to improve
liver transplantation rates in women.

Abstract
Despite comprising 35% of transplants, the number
of female transplant recipients has continued to
decline. Accordingly, there is a growing attention
to the issue of access to and outcomes of liver
transplantation in women. The purpose of this review
is to critically evaluate the published literature on
etiologies contributing to gender-based disparities
in liver transplantation focusing on the steps from
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prevalence of nonalcoholic fatty liver disease (NAFLD)
and nonalcoholic steatohepatitis (NASH) has been dif
[23]
ficult to accurately establish . Although the majority
of studies based on the most recent NHANES data
report NAFLD to be more prevalent in men than
women, rates may vary depending on the diagnostic
and staging tools utilized. Using data from the NASH
[2]
Clinical Research Network (CRN), Younossi et al ,
reported that patients with biopsy proven NASH were
more likely to be female than male while those using
liver enzyme data or ultrasound to diagnose NAFLD
report higher prevalence in men. Given the aging
population, the increasing proportion of patients with
NASH cirrhosis requiring LT, and the real possibility
of curing most patients with chronic hepatitis C virus
(HCV) liver disease, one would expect to see an
increased demand for LT for women. The changing
epidemiology of chronic liver disease along with the
fact that disease severity may not be as accurately
reflected in the MELD score for those diseases affecting
primarily women makes the issue gender disparity in
LT of growing concern.

INTRODUCTION
th

Chronic liver disease is the 12 leading cause of death
in the United States with steadily increasing prevalence
[1,2]
rates . Notwithstanding medical therapies targeted
to treat complications of end-stage liver disease, liver
transplantation (LT) is the only life-saving procedure
and is the treatment of choice for selected patients.
In spite of the many improvements in liver organ
allocation following the adoption of the model for endstage liver disease (MELD) score in 2002, thousands of
patients die awaiting liver transplantation every year
as the supply of organs remains overwhelmed by the
more than 17000 individuals on the waiting list. This
burden is disproportionally exemplified in women, who
[3]
comprised 35% of transplant recipients in 2013 .
The proportion of female liver transplant recipients
has continued to decline since the adoption of MELD
in 2002. Data suggest that this proportion of women
is also less likely to undergo liver transplantation
once listed and have a greater probability of dying or
becoming too sick to undergo liver transplantation
[4]
compared to men . Accordingly, there has been a
fervid interest to identify the mechanisms behind
gender discrepancies in disease burden and the process
[4-15]
of liver transplantation (Table 1)
. The present review
aims to evaluate the published literature on gender based disparities in liver transplantation focusing on
those areas of greatest significance to equity in LT,
including the prevalence of chronic liver disease, access
to LT, receipt of a liver transplant once listed and postliver transplantation outcomes.

GENDER DIFFERENCES IN CHRONIC
LIVER DISEASE
The dominant mechanisms behind gender differences
in the prevalence, natural history and outcomes of
chronic liver disease (CLD) remains incompletely
understood. Lifestyle choices regarding alcohol and
intravenous drug use, as well as access to and use
of medical care differ between men and women and
may underlie some of the gender-based difference
in CLD. Data from the National Epidemiologic Survey
on Alcohol and Related Conditions (NESARC) showed
that the prevalence of alcohol abuse and alcohol
[24]
dependence is 2-3 times higher in men vs women .
However, while men consume and misuse alcohol at
significantly higher rates, women experience shorter
time intervals between the onset of alcohol use and
[25]
alcohol related complications . Hence it is postulated
that the gender discrepancies in the prevalence,
disease progression and outcomes of chronic liver
disease may not all lie in behavior, but be largely
influenced by the biological differences. For example,
total body water, levels of alcohol dehydrogenase
and slower rates of alcohol metabolism all contribute
to the increased susceptibility of women to the toxic
[26,27]
effects of alcohol
. In addition, differences in
estrogen receptor concentrations, which in animal
models is increased in male livers exposed to alcohol
and unchanged in female alcoholic livers, may protect
males from the alcohol induced liver disease seen
[28]
in females . On the contrary, female gender may
play a beneficial role in viral hepatitis as studies have
shown that estrogen can prevent stellate cell activation
[29]
which is responsible for liver fibrogenesis . The fall
of estrogen is accompanied by a rapid increase in pro-

PREVALENCE OF CHRONIC LIVER
DISEASE IN WOMEN
It is well established that etiologies of liver disease
differ by gender. To determine an accurate epide
miology of chronic liver disease by gender in the
United States has proven difficult however due to the
lack of a national data collection system. Nonetheless,
one can estimate prevalence rates by gender for
individual diseases known to cause chronic liver
disease. For example, women are 10 times more likely
to have primary biliary cirrhosis than men and four
[16,17]
times as likely to have autoimmune hepatitis
.
Women are also more likely to present with alcohol
and drug induced hepatotoxicity and acute liver failure
[18-20]
as compared to men
. On the contrary, a National
Health and Nutrition Examination Survey (NHANES)
conducted between 2003 and 2010 found men to
be significantly more likely to be chronically infected
[21]
with hepatitis C virus than women . Furthermore,
gender also likely plays a role in disease progression
for certain etiologies of chronic liver disease. Cross
sectional studies have identified male sex as a risk
factor for disease progression to cirrhosis by over 2.5
[22]
fold in patients with chronic hepatitis C . Population
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of NAFLD has steadily increased, reflecting the obesity
[2]
epidemic . Moreover, with continued strides in HCV
treatment possibly leading to a subsequent decrease
in liver transplantation rates for HCV cirrhosis and
hepatocellular carcinoma (HCC), end stage liver disea
se secondary to NAFLD may change the spectrum of
patients requiring liver transplantation. Moreover, as
the prevalence of NAFLD is similar in post-menopausal
women and men, women may have an increased repre
sentation on the LT waiting list in the United States in
the near future.

Table 1 Characteristics of studies assessing the impact of
gender on liver transplantation n (%)
Topic

Access to LT
Center

Access to
waiting list
and LT
Renal
function and
MELD

Donor
recipient size
mismatch
Post LT
outcome
graft/patient
survival

Ref.

Number of
female
patients
(%)

Data
collection

Bryce et al[5]

66622 (46%)

Moylan et al[4]

16262 (36%)

Volk et al[6]
Mathur et al[7]
Cholangitas et al[8]

19518 (39%)
28759 (36%)
140 (38%)

Huo et al[9]
Lim et al[10]

103 (22%)

Mindikoglu et al[11]

379 (45%)
14530 (36%)

Myers et al[12]

14541 (36%)

Lai et al[13]

12585 (36%)

Mindikoglu et al[14]
Duffy et al[15]

10741 (37%)
169 (58%)

Transplant
Centers in
Pennsylvania/
UNOS
UNOS
Database
SRTR
SRTR
Royal Free
Hospital
Taipei Veterans
General
Hospital
Mayo Clinic
UNOS
Database
UNOS
Database
UNOS
Database
OPTN
Single Center
UCLA

LIVER TRANSPLANT REFERRAL
Gaining access to a life-saving liver transplant is a
complicated and daunting prospect. Despite being
chronically ill and even debilitated, patients must
successfully navigate several challenging steps including
first seeking medical care, referral to a hepatologist/
gastroenterologist, referral to a transplant center for
evaluation, placement on the liver transplant waitlist
and finally receipt of liver transplantation. While
women comprise just over 35% of candidates on
the LT waitlist (Figure 2), challenges in establishing
an accurate epidemiology of chronic liver disease by
gender makes it unclear if this percentage reflects
variations of disease burden in women or gender
differences amongst those seeking and receiving
healthcare. It is thus unclear how or if female gender
plays a role in the first step of liver transplantation:
referral to a transplant center.
In the field of kidney transplantation, multiple
studies have found that female sex is associated
with a lower likelihood of inclusion on the transplant
waiting list and suggest that gender disparity is
not due to fewer women seeking health care or
[36-38]
[39]
transplantation
. Thamer et al , in a national
survey of nephrologists, found that men were more
likely to be recommended for kidney transplant.
[40]
Kucirka et al
found that women were more likely to
be reported as unsuitable for kidney transplantation
because of age or being medically unfit compared to
their male counterparts. Unfortunately, information
regarding LT referral patterns are limited. In one
study from Pennsylvania, Bryce and colleagues
found that with the exception of acute liver failure,
the probability of being evaluated and listed for liver
[5]
transplant was consistently lower for women . The
study was limited in that it did not assess individuals
that may have been referred to a transplant center
but never evaluated. Referral practice patterns are
difficult to accurately assess in general and those
of community physicians to liver transplant centers
represent an even more troublesome and poorly
studied area. Given the probable influence of physician
variability in preferences and attitudes towards patient
referral, screening and eligibility for LT, comprehensive
evaluation of referral patterns are urgently needed to

UNOS: United network for organ sharing; SRTR: Scientific registry
transplant recipients; LT: Liver transplantation; MELD: Model for end-stage
liver disease; OPTN: Organ Procurement and Transplantation Network;
UCLA: University of California, Los Angeles.
[30]

inflammatory and anti-inflammatory cytokines .
Accordingly, the antifibrogenic role of estrogen may
contribute to the discontinuous fibrosis progression
in women compared to men with HCV as well as to
why disease progression is significantly increased after
[31-33]
menopause
. While the prevalence of NAFLD is
higher in men than women of reproductive age, the
protective effect of estrogen in NAFLD is eliminated
[34]
after menopause . Furthermore, after menopause,
women have an increased risk of insulin resistance,
hyperlipidemia and visceral fat, all of which are known
risk factors for worsening NAFLD severity and could
contribute to increased prevalence of NAFLD cirrhosis
[35]
in women over time .

LIVER TRANSPLANT RATES: CHANGING
PREVALENCE OF CLD
Chronic HCV and alcoholic liver disease together
encompass the most common causes of cirrhosis,
accounting for approximately one half of patients
[3]
currently on the LT waitlist (Figure 1) . NHANES data
collected between 1988 and 2008 found that while
the prevalence of alcoholic liver disease and HCV has
remained stable over the past decade, the prevalence
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Figure 1 Primary cause of liver disease by gender, adult LT wait list
candidates (2014). Based on Organ Procurement and Transplantation
Network data as of July 1, 2014. Numbers of LT on the x-axis and etiologies
of liver disease on the y-axis. PBC: Primary biliary cirrhosis; PSC: Primary
sclerosing cholangitis; AIH: Autoimmune hepatitis; HBV: Hepatitis B virus; HCC:
Hepatocellular carcinoma; HCV: Hepatitis C virus; NAFLD: Nonalcoholic fatty
liver disease.

Figure 2 Adult Liver Transplantation Waiting List Candidates (2014).
Based on Organ Procurement and Transplantation Network data as of
November 28, 2014.

women receiving less liver transplants than men.

RENAL FUNCTION AND MELD

inform policies aimed at improving access to transplant
centers for women.

Creatinine is a breakdown product of creatine
phosphate during muscle metabolism and is influenced
[42]
by age, total muscle mass and laboratory variation .
As a small and freely filtered solute, creatinine is the
most widely used marker in estimating glomerular
filtration rate (GFR) and underlying renal function. Men
tend to have higher levels of measured serum creatinine
as they have a greater mass of skeletal muscle
[42]
compared to women . In end stage liver disease,
decreased hepatic creatinine synthesis, increased
tubular creatinine secretion and decreased skeletal
mass contribute to falsely low serum creatinine even
[43]
in the presence of renal impairment . Although not
validated in patients with liver disease, the Modification
of Diet in Renal Disease (MDRD) formula, which
estimates GFR using four variables (creatinine, age,
[44]
ethnicity and gender), is superior to other formulas .
Using the MDRD formula, the estimated GFR in women
is lower compared to men with the same serum
creatinine, age and race. Therefore although serum
creatinine does not reflect underlying renal function in
women, this difference is not taken into account when
calculating the MELD score, which is based on serum
creatinine and not GFR.
Several studies have investigated the use of
creatinine in the MELD score and whether it may
result in a systematic bias against women. When
comparing creatinine, estimated GFR, and respective
MELD scores in men and women with end stage liver
[8]
disease, Cholangitas et al found that a 2-3 point
correction was needed for women with MELD scores
> 19 in order to make them comparable with men
and accurately assess renal function and hence overall
disease severity. Similarly, Myers and colleagues found
that women with end stage liver disease were less
likely to undergo LT and had a greater three month
mortality than men despite having lower creatinine but
[12]
worse renal dysfunction based on estimated GFR .

LIVER TRANSPLANT RATES AND
WAITLIST MORTALITY: INFLUENCE OF
MELD
The current deceased donor liver transplantation
(DDLT) organ allocation system in the United States
is based on disease severity as measured by the
MELD score as well as geographic proximity to
available organs. Introduction and use of the MELD
score in 2002 reflects the Institute of Medicine’s
recommendation for an objective system to assess
disease severity with less subjective criteria and
[41]
less emphasis on waiting list time . Prior to 2002,
patients with end-stage liver disease awaiting DDLT
were stratified based on subjective assessments of
disease severity as well as their hospital status and
accumulated time on the waiting list. While the major
goal of the MELD score was to ensure liver allografts
went to the sickest patients first, another goal was to
eliminate possible systematic biases such as referral
patterns as well as gender and racial disparities in
organ allocation. Using a large national database of
liver transplantation from the Organ Procurement
[4]
and Transplantation Network (OPTN), Moylan et al
noted an increased gender disparity in LT after the
implementation of MELD. This study found that women
were more likely than men to die while waiting for LT
or to become too sick for LT in the post-MELD era. In
addition, women were also less likely to receive a liver
transplant within 3 years of listing in the pre-MELD and
post-MELD group. Mechanisms behind this disparity
were not able to be determined from that investigation
but it was speculated that the use of creatinine as a
marker of renal function, donor recipient size mismatch
and geographic disparities could all contribute to
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In order to determine whether the use of creatinine
was the source of a systematic bias against women,
the investigators of this study revised the MELD score
to include estimated GFR. Interestingly, this did not
improve the difference in 3-mo mortality in women
compared to men. This discrepancy may be explained
by the suboptimal accuracy of the MDRD formula
in estimating GFR in patients with end stage liver
disease despite its superiority to alternative formulas.
Compared to the gold standard for evaluation of renal
function with direct measurement of GFR with inulin
clearance or iothalamate, only 67% of GFR estimates
were within 30% of measured GFR amongst pre[45]
[10]
transplant patients . A study by Lim et al
using
125
I-iothalamate for true GFR found that this was
superior to creatinine in assessing mortality risk with
a significant improvement of the discriminative ability
when incorporated in the MELD score. Unfortunately,
the prognostic impact was not evaluated between
genders. Nonetheless, gender discrepancies in renal
function and transplantation emphasized the inequities
of the MELD score and stress the importance of
examining alternative methods to evaluate renal
function in patients with end stage liver disease.

women compared to men. Using median estimated
liver volume and liver weights as surrogates for liver
size, they found significantly lower volumes and
weights in women men. After controlling for region,
blood type and MELD score in a regression model
including liver volume and weight, they found that
women were significantly less likely to undergo LT
than men suggesting that donor liver size mismatch
[14]
significantly impacts gender disparity . While the
association between donor-recipient size and waitlist mortality remains poorly understood overall, a
plausible explanation is that shorter and smaller
women need smaller organs, which are preferentially
offered to pediatric recipients. As a result, women may
have to wait longer for a size appropriate allograft.
This disparity in wait-list time may be reduced with
the increased use of split-liver transplantation from
deceased and living donors, but further research in this
area is desperately needed.

GEOGRAPHIC DISPARITIES
Liver allograft distribution has historically been based
on the geographic relationship between the hospital
from which the organ is recovered and the transplant
[47]
hospital in which the recipient is listed . Unfortunately,
this method of distribution has inadvertently created
donor service areas (DSA) and regions with vastly
discordant supply and demand ratios has contri
buted to significant geographic differences in access
[47]
to liver transplantation . Whether such geographic
differences impact gender disparity in LT has therefore
[7]
come under investigation. Mathur et al evaluated
this question using the OPTN regions with the largest
sex-based disparities in transplant rates in the preMELD and MELD eras. They reported 16%-22% lower
LT rates in women in regions 1, 2 and 10 during the
pre-MELD era. In the MELD era, geographic disparity
broadened with women exhibiting significantly lower
LT rates in 6 of the 11 OPTN regions, with a maximum
deficit of 35% in the Pacific Northwest (Region 6).
Despite a concerted effort by the United Network
for Organ Sharing (UNOS) to change the liver allograft
distribution policy, there has not been a significant
[47]
reduction in the geographic variation in LT . Broa
der sharing of organs has been proposed as a po
ssible solution. The Share 15 policy, which ranks
regional candidates with MELD > 15 higher than
local candidates with MELD < 15, began in 2005 in
the hopes of narrowing the range of median MELD
at transplant among DSAs. As of yet, there are no
studies investigating the effect of this policy in reducing
gender-based geographic disparities. Nevertheless,
as transplant needs and allograft supply differ widely
[48]
amongst current regions, Gentry et al proposed that
broader sharing alone without redistricting may not be
sufficient in reducing geographic disparities. But again,
how redistricting affects women’s access to LT remains
unknown. The OPTN/UNOS Liver and Intestinal Organ

DONOR-RECIPIENT SIZE MISMATCH
While data supports that renal function calculations
and the use of creatinine in the MELD score contribute
to decreased access to LT in women compared to
men, other factors likely impact this disparity as well.
An interesting study by Mindikoglu and colleagues
investigated whether lower rates of LT in women vs
men could be completely explained by MELD scores
alone by comparing transplantation rates for each
MELD score separately. They found that even within
groups defined by MELD scores, women were generally
transplanted at lower rates than men confirming that
[11]
that suspicion that other factors play a role . One
of these factors is likely allograft size. Women are
typically smaller than men in terms of total body mass
as well as in liver size and overall height. It has been
proposed that these differences lead to donor size
mismatch and contribute to the gender disparity in
[46]
LT .
Several published studies have looked at size
differences and their contributions to this disparity.
[13]
For example, Lai et al
used data from the OPTN
to examine factors associated with differences in
wait-list mortality between men and women in the
MELD era and demonstrated that height, a surrogate
marker for liver size, contributes to gender disparity.
The investigators found that the majority of women
were represented in the lowest quartile of the height
distribution of wait-list candidates (< 165 cm). The
mortality rates were 24% higher in this quartile and
the rates of LT were significantly lower (P < 0.001).
Again using OPTN data, Mindikoglu and colleagues
found that size contributed to lower LT rates in
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Transplantation Committee continue to investigate
a number of approaches to reduce geographic disp
arities. Studies will also be needed to assess how these
models affect gender-based disparities.

imperfect organ allocation system based on the MELD
score and donor-recipient liver size matching which
create bias against women at several steps. These
biases include the use of creatinine as an imperfect
marker of renal function in women, the need for
smaller, less available liver allografts for the majority
of women awaiting LT and geographic barriers to their
distribution. This review highlights areas that require
continued research to better understand such gender
differences so that the disparity can be addressed and
resolved. These steps will be of ultimate importance
as we strive to improve the lives of all patients with
end stage liver disease both pre- and post-liver
transplantation.

LIVER TRANSPLANTATION: OUTCOMES
Many factors contribute to outcomes after LT. The
impact of gender on survival after LT varies with
other donor and recipient factors such as race, age,
ethnicity, as well as indication for LT. It also may vary
by survival time and type of liver transplantation
procedure performed. For example, female gender has
been associated with advanced fibrosis and graft loss
after LT for chronic HCV and this was increased with
[49]
older donor age . Long-term, women are reported to
have improved survival than men however. In a small
20-year follow up study of LT recipients, women had
[15]
improved survival over men . One-year survival rates
are similar between men and women with deceased
donor liver transplantation, whereas they are increased
[50]
compared to men in living donor liver transplantation .
The mechanisms behind these different survival rates
by gender remain unclear.
Fortunately, the rates of re-transplantation continue
to decrease. Women, however, continue to have
slightly higher rates of re-transplantation compared to
men as shown in one analysis of the 2009 Scientific
[51]
Registry of Transplant Recipients . The higher retransplantation rate in women is speculated to be
associated with the number of female candidates
whose primary liver transplant was for diseases known
to recur such as primary biliary cirrhosis, autoimmune
[52]
hepatitis and NASH post-LT. Mathur et al
also
found that female liver transplant recipients had 24%
greater adjusted odds of receiving a low-quality liver
allograft compared to their male counterparts which
may affect both survival and re-transplantation rates.
The etiology of the difference in quality of allografts
for women recipients is unclear but felt possibly to
relate to selection of shorter and older donors more
often for women than men. Despite the utilization
of poorer quality allografts in women, outcomes
remain comparable across gender but warrant
further longitudinal analysis as the epidemiology of LT
changes.
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Magnetic resonance imaging of the cirrhotic liver: An
update
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of different types of HCC including focal, multifocal, massive, diffuse/infiltrative, and intra-hepatic
metastases; with emphasis on the diagnostic value of
MR in imaging these lesions. We also shed some light
on liver imaging reporting and data system, and the
role of different magnetic resonance imaging (MRI)
contrast agents and future MRI techniques including
the use of advanced MR pulse sequences and utilization
of hepatocyte-specific MRI contrast agents, and how
they might contribute to improving the diagnostic
performance of MRI in early stage HCC diagnosis.
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Core tip: Noninvasive imaging has become the standard
for hepatocellular carcinoma (HCC) diagnosis in cirrhotic
patients. Typical imaging features of HCC, including
increased arterial enhancement and delayed washout,
provide very high specificity and acceptable sensitivity
in characterizing even very small nodules. Diagnostic
limitations apply to detecting hypovascular HCCs and
differentiating high-grade dysplastic nodules from early
HCCs. New techniques such as diffusion-weighted images,
T2*, and hepatocyte-specific magnetic resonance imaging
contrast agents, are being currently evaluated, which
might improve future detection and characterization
of hepatic lesions when combined with the current
standard imaging protocols with dynamic imaging.

Abstract
Noninvasive imaging has become the standard for
hepatocellular carcinoma (HCC) diagnosis in cirrhotic
livers. In this review paper, we go over the basics of
MR imaging in cirrhotic livers and describe the imaging
appearance of a spectrum of hepatic nodules marking
the progression from regenerative nodules to low- and
high-grade dysplastic nodules, and ultimately to HCCs.
We detail and illustrate the typical imaging appearances
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intravenous iodinated-contrast administration and
a minimum of a triphasic technique to evaluate the
characteristic findings of increased arterial enhancement
and late washout of typical HCCs. Several studies have
shown higher sensitivities of gadolinium-enhanced MR
imaging compared to CT for the detection of HCC of all
[11]
sizes , while other studies have suggested a lower
sensitivity of CT for detecting dysplastic nodules, small
[7,10]
HCCs, and diffuse HCC compared with MRI
.
The relatively short interval follow-up that is
advocated for this patient population raises concern
regarding the cumulative radiation dose and increased
risk of worsening renal function due to the necessary
repeated administration of intravenous contrast
[12]
material .
Recent technological development of MRI scanners
allowed high-quality multiphasic dynamic imaging of
[13]
the entire liver . Additionally, the superb contrast
resolution and development of liver specific contrast
agents rendered MR an important imaging modality
for assessing cirrhosis and its complications, especially
HCC. However, despite being an optimal imaging
technique for the comprehensive evaluation of the
[14,15]
liver
, MRI has been used mainly as a problem
[14]
solving technique .
Several studies have demonstrated a trend to
increased sensitivity and specificity of dynamic MRI
over dynamic CT for the detection and characterization
of HCC of all sizes with reported sensitivities of 76%,
61%, 90% and 77% for MRI vs 61%, 52%, 78% and
[11,16-18]
54% for CT, respectively
. An optimized, dynamic
T1-weighted gradient recalled echo (GRE) with indivi
dually tailored arterial phase timing, has shown very
[19]
high sensitivity and specificity (> 90%-95%) .
The MRI sensitivity vary with tumor size; however,
it was estimated to be about 100% in HCCs larger
[20]
than 2 cm . The detection of small tumors remains
challenging, and MRI also outperforms CT in this area,
with reported sensitivities for the detection of HCCs
measuring 1-2 cm of 84% and 47% for MRI vs 85%
[11,21]
and 68% for CT, respectively
.
To date, validated CT and MRI criteria for the
diagnosis of HCC are based on the hemodynamic
features of the nodules and include arterial hyper[22]
enhancement and delayed washout . The most recent
recommendations by the AASLD state that a diagnosis
of HCC can be made if a nodule larger than 1 cm
shows typical hemodynamic features of HCC on either
[6]
dynamic CT or MRI . In our opinion, this reduces MRI
and CT to a minimum common denominator; because
despite the greater sensitivity of dynamic MRI for the
detection of small HCCs; which might be explained by
inherit superior contrast resolution of MRI and superior
paramagnetic effect of intravenous gadolinium-based
contrast agents, the diagnosis of HCC using only
hemodynamic criteria is not without its limitation, as
small HCCs frequently show atypical enhancement
[23]
patterns . One study showed that the majority of

INTRODUCTION
Every year, hepatocellular carcinoma (HCC) is dia
gnosed in more than 500000 people worldwide;
with approximately 20000 new cases in the United
[1,2]
States
. HCC is already the fifth most common
neoplasm worldwide and is the third most common
cause of cancer-related death, after lung and stomach
[1]
cancers .
HCC rarely occurs before the age of 40 years,
reaching a peak at approximately 70 years of age, and
[3]
is two to four times more prevalent in men .
Most of the burden of disease (85%) occurs in
developing countries, with the highest incidence
rates reported in regions such as Southeast Asia and
sub-Saharan Africa; where infection with hepatitis B
[1]
virus (HBV) is endemic . On the other hand, HCC
related to hepatitis C virus (HCV) infection and secon
dary cirrhosis has become the fastest-rising cause of
[2]
cancer-related death in the developed countries .
Patients diagnosed at an early stage are eligible
for potentially curative therapies; including surgery
(resection and liver transplantation) and locoregional
ablative options (radiofrequency, microwave ablation,
or ethanol injection). With this stage-driven strategies,
[4]
5-year survival rates range between 50%-70% .
However, very poor prognosis is observed with advan
ced HCC.
Therefore, an effort to diagnose HCC at early stages
is being taken with the implementation of screening
programs that may lead to earlier implementation of
treatment.
Correlation with alpha-fetoprotein levels may
sometimes be useful; however, not all tumors express
alpha-fetoprotein. Additionally, mildly elevated alphafetoprotein levels may be seen in patients with chronic
[5]
liver disease or in patients with cirrhosis but no HCC .
Ultrasound (US) is widely used, and represents
the first imaging modality of screening by various
international society consensuses; essentially because
of the ease of access, lack of ionizing radiation, and
lower cost compared with computed tomography
(CT) and magnetic resonance imaging (MRI). The
role of gray-scale US in cirrhotic patients in clinical
practice is screening and surveillance, rather than
accurate diagnosis of HCC (Figure 1). According to
the updated American Association for the Study of
[6]
Liver Diseases (AASLD) guidelines , the diagnostic
algorithm of HCC starts from suspected nodules found
on US surveillance. However, reported sensitivity
[7]
and specificity is variable and studies have shown
a significant lower detection rate of HCC compared
[8]
with CT and MRI . Additionally, the technique is
poor to detect small HCCs. At present, the real costeffectiveness of US is not known, as it is common
to find HCC in patients with prior negative US while
[9,10]
receiving appropriate surveillance
.
The use of CT for the detection of HCC requires
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Figure 1 Incidentally discovered solitary left hepatic lobe nodule on screening ultrasound, referred as suspicious nodule for HCC, for MRI evaluation.
A: Pre- and post-contrast fat-suppressed 3D-GRE T1-weighted images during the (B) late hepatic arterial and (C) delayed phases; D: Post-processed subtracted
arterial image. The known left hepatic lobe nodule demonstrate increased intrinsic T1 signal (arrowhead, A), without appreciable increased arterial enhancement (B),
confirmed on subtraction images (D), in keeping with a macro-regenerative nodule. However, the MRI reveals multiple small foci at hepatic segment #5 that show
increased arterial enhancement (arrows, B) and delayed washout (D) in keeping with multiple small HCCs. HCC: Hepatocellular carcinoma; MRI: Magnetic resonance
imaging; GRE: Gradient recalled echo.

HCCs less than 2 cm showed arterial hypervascularity
[24]
regardless of washout .
MRI provides multi-parametric data on anatomical
abnormality with both T1- and T2-weighted sequences,
and provides functional sequences such as diffusionweighted images (DWI) and contrast uptake with the
use of liver-specific hepatobiliary contrast agents,
providing cellular information of the hepatocellular
nodules that can improve lesion detection and charac
terization. Table 1 shows a summary of a widespectrum of lesions in cirrhotic liver and their imaging
appearances on MRI.
In this article, we provide an overview of the basic
MRI techniques used for assessment of cirrhotic
nodules. We also shed some light on liver imaging
reporting and data system (Li-RADS), and the role of
different MRI contrast agents and future MR imaging
techniques including the use of advanced MR pulse
sequences and utilization of hepatocyte-specific MRI
contrast agents, and how they might contribute to
improving the diagnostic performance of MRI in early
stage HCC diagnosis.

to allow repeatability and consistency. The standard
imaging techniques are based on dynamic fat-sup
pressed post-contrast T1-weighted 3D GRE sequences,
combined with fat-suppressed and non fat-suppressed
T2-weighted sequences. T2-weighted images are
usually acquired with single-shot fast spin-echo (SSFSE)
technique due to its robustness to motion. Chemical
shift imaging is acquired with breath-hold dual-echo
spoiled GRE. Additional sequences may be added to
the protocol (see below).
Since detection of HCC relies on dynamic fatsuppressed post-contrast T1-weighted 3D GRE se
quences and proper timing of the arterial phase is
critical for optimizing sensitivity for HCC detection
(Figure 2). We routinely use real time bolus-triggering
method in order to consistently achieve adequate
arterial phase images. An optimal arterial phase is
recognized when contrast is present in the portal
veins and absent in the hepatic veins; referred to
as late-hepatic arterial phase or hepatic-arterial
dominant phase. Post-processed subtraction arterial
imaging may be utilized and may carry an additional
value for detecting subtle early enhancement; which
can be observed in cases of nodules with increased
intrinsic signal on T1-weighted images, nodules
with microscopic fat (Figure 3), or small lesions in a

PROTOCOL
An adequate imaging protocol has to be standardized
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Table 1 Summary of a wide-spectrum of lesions in cirrhotic liver and their imaging appearances on magnetic resonance imaging
Imaging sequences

RNs

Siderotic nodules
(RNs or LGDNs)

T1-weighted images

Iso- or hyperintense3

Hypointense4

T2-weighted images

Iso- or hypointense

DWI

Isointense

Post-Gadolinium
Dynamic images
(arterial and delayed
images)

Iso-enhancement on
the hepatic arterial
phase, and no delayed
washout

Hepatobiliary phase
images

Iso- to slightly
hyperintense

1

LGDNs

Iso- or
hyperintense
Hypointense
Iso- or
hypointense
Hypointense
Iso- or
hypointense
Iso-enhancement Iso-enhancement
on the hepatic
on the hepatic
arterial phase,
arterial phase,
and no delayed
and no delayed
washout
washout

Hypointense

Iso- to slightly
hyperintense

2

AP Shunts

HGDNs

HCCs

Isointense
Isointense

Iso- or slightly
hyperintense
Isointense

Isointense

Isointense

Ranging from hypo- to
hyperintense
Iso- to mildly
hyperintense
Iso- to hyperintense5

HyperUsually hyperUsually hyperenhancement enhancement on the
enhancement on the
on the arterial arterial phase and can
arterial phase and
phase, and no be mistaken for HCC.
delayed washout
show delayed These nodules do not (hypointense), with or
washout6
show delayed washout without pseudocapsule
enhancement7
Isointense
Isointense
Hypointense8

1

RNs and LGDNs tend to be indistinguishable on MRI; 2AP shunts might be indistinguishable from HGNDs and small, early HCCs. Relying on additional
features and short-term follow-up can help in making this distinction; 3The exact cause for this hyperintensity is believed to be due to the presence of
binding proteins; 4These nodules show lower signal intensity on longer TE T1-weighted GRE sequences, due to susceptibility artifact; 5Usually hyperintense,
especially if > 2 cm; 6AP shuns are usually easy to differentiate from other hypervascular lesions when they show a triangular or linear configuration.
When AP shunts show round configuration, they can be indistinguishable from HGDNs and HCCs; 7HCCs ≤ 1.5 cm are frequently isointense on T1- and
T2-weighted images and are detected only on the arterial phase. Early stage HCC, especially tumors ≤ 2 cm, may also appear isointense, or less likely,
hypointense on the arterial phase; 8Some HCCs may appear isointense or hyperintense on the hepatobiliary phase; especially well-differentiated and
moderately-differentiated HCCs. LGDNs: Low-grade dysplastic nodules; AP: Arterio-portal; HGDNs: High-grade dysplastic nodules; HCCs: Hepatocellular
carcinomas; RNs: Regenerative nodules; DWI: Diffusion weighted images.

background of heterogeneous background hepatic
parenchymal enhancement.

of a problem with the new advancement in developing
faster and motion robust sequences.

HEPATOCARCINOGENESIS

MRI FEATURES OF CIRRHOTIC NODULES

In cirrhotic liver the stepwise development of cancer
from areas of regeneration to overt development
of HCC is called “multistep hepatocarcinogenesis”
and is the widely accepted main mechanism of
hepatocarcinogenesis. De novo hepatocarcinogenesis
also is presumed to occur as an alternative pathway.
Even in such cases, later progression to overt HCC
[25]
takes place in a multistep fashion . Accepted imaging
diagnosis of HCC is primarily based on sequential
changes in the intra-nodular blood supply during
hepatocarcinogenesis; regenerative nodules (RN) show
similar blood supply to normal liver, borderline lesions
such as dysplastic nodules (DN) or early HCCs show
wide variations of blood supply, and advanced HCCs
[25,26]
are supplied by abnormal arteries alone
.
High-grade DN is a lesion with strong malignant
potential, being recognized as a precursor of HCC. DN
and early HCCs are recognized as lesions in the “gray
[27]
zone”
as although usually being hypervascular they
tend to show no washout on late phases, hindering the
[24]
diagnosis .
Another source of HCC misinterpretation is on isoenhancement of HCC on arterial phase images due
[28]
to the iso or hypovascularity of the lesion
(Figure
4). Additionally, misdiagnosed HCCs on MRI may be
due to poor patient compliance, especially from the
inability to suspend respiration, which is becoming less

Dominant nodules are frequently identified during an
imaging surveillance program in patients with liver
cirrhosis. The change in vascularity observed in hepatic
nodules during the multistep hepatocarcinogenesis
correlates with the development of malignancy and
determines their distinguishing imaging characteristics.
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RN
RNs consist of proliferating normal liver cells surrounded
[29]
by a fibrous stroma . A RN is described as containing
one or more portal tracts located in a liver that is
abnormal whether because of cirrhosis or other disea
[30]
se . The blood supply of a RN continues to be largely
from the portal vein, with minimal contribution from
[31]
the hepatic artery . This explains why there is no
hyper-enhancement on the hepatic arterial phase on
MR images. Because of their histopathological nature,
as described above, RNs are often indistinct on T1- and
T2-weighted images. However, they can have higher
T1 signal intensity compared to background liver
tissue. The explanation for this increase in signal is not
exactly known; it has been proposed to be due to the
presence of metal-binding proteins, proteins per se, or
[32,33]
lipid
(Figure 5). RNs may occasionally contain iron
(siderotic nodules), which will show decreased T1- and
[34]
T2 signal intensities due to susceptibility effects .
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Figure 2 Value of proper timing for detecting hypervascular hepatic lesions. A-B: Post-contrast fat-suppressed 3D-GRE T1-weighted images acquired 4 mo
apart. A: Initial scanning shows contrast in the portal vain branches (arrowhead, A), without opacification of the hepatic veins (arrow, A), suggesting late hepatic arterial
phase timing; the optimal time for detecting hypervascular pathologies, with demonstration of multiple lesions; B: A subsequent scan acquired 4 mo later shows
contrast in the hepatic artery without opacification of the portal vein branches (arrowhead, B), suggesting an early arterial timing, without evidence of hypervascular
lesions. A subsequent scan was acquired (not shown); which confirmed the persistence of these hypervascular lesions. GRE: Gradient recalled echo.
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B

C

D

E

F

Figure 3 Small fat-containing hepatocellular carcinoma; the value of subtraction images. A: In-phase; B: Opposed-phase GRE T1 weighted images; C-E:
Pre- and post-contrast fat-suppressed 3D-GRE T1-weighted images during the (D) late hepatic arterial and (E) delayed phases; F: Post-processed subtractions
arterial phase image. There is a small left hepatic nodule, which demonstrates drop of signal intensity on opposed-phase (arrowhead, B) and pre-contrast images (C)
compared to the in-phase images (A), suggesting the presence of fat, with possible minimal increased arterial enhancement (arrowhead, D), confirmed on subtraction
images (arrowhead, F), and washout on delayed images (E) in keeping with a small fat-containing hepatocellular carcinoma. GRE: Gradient recalled echo.
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A

B

Figure 4 Hypervascular and non-hypervascular hepatocellular carcinomas. Post contrast fat-suppressed 3D-GRE T1-weighted images during the (A) late
hepatic arterial and (B) delayed phases. There is a focal hepatic lesion medial to the inferior vena cava, which demonstrates intensely increased arterial enhancement
(arrow, A) and washout on delayed images (arrow, B) in keeping with a hypervascular HCC. Additionally, there are multiple foci of delayed washout throughout the
liver (arrowheads, B), the largest of which is seen at the left hepatic lobe (double-arrow, B), with variable degrees of arterial enhancement, in keeping with multiple
hypo- and iso- vascular HCCs. Of note are the hypertrophic changes of the left hepatic lobe as well as atrophic and post-interventional changes of the right hepatic
lobe. HCC: Hepatocellular carcinoma; GRE: Gradient recalled echo.
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C

D

Figure 5 Dominant regenerative hepatic nodule. A-C: Pre- and post-contrast fat-suppressed 3D-GRE T1-weighted images during the (B) late hepatic arterial and (C)
poral venous phases; D: Fat-suppressed SSFSE T2-weighted image. There is a subcapsular, partially exophytic nodule at hepatic segment #5, which demonstrates
increased intrinsic T1 signal on pre-contrast images (arrow, A) and isosignal intensity to background liver parenchyma on post-contrast images (C), without
appreciable increased arterial enhancement (B) or increased T2 signal intensity (arrow, D) in keeping with a dominant regenerative nodule. GRE: Gradient recalled
echo; SSFSE: Single-shot fast spin-echo.

Chemical shift imaging aids in the characterization
of hyperintense T1-weighted nodules. Fatty nodules
show drop of signal intensity on the opposed-phase
T1-weighted sequence, due to destruction of the
magnitude vector within the same voxel, exerted by
fat and water molecules having opposite directions and
resulting in decreased signal intensity; indicative of
intracellular (microscopic fat).
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Chemical shift imaging aids also in the diagnosis
of siderotic nodules, showing drop of signal on the
sequence with the longer echo-time (TE), which could
be during the in-phase or opposed phase, depending
on the MR machine used for imaging and its field
strength, due to susceptibility effects resulting from
proton de-phasing exerted by the presence of iron
(Figure 6).
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B

Figure 6 Multiple siderotic hepatic nodules. In-phase (TE = 4.9 ms) (A) and opposed-phase (TE = 2.4 ms) (B) GRE T1 weighted images. There are multiple
small nodules seen through out the liver, which demonstrate isosignal intensity on the in-phase images (arrowheads, A), without corresponding abnormalities on the
opposed-phase images in keeping with Multiple siderotic hepatic nodules. GRE: Gradient recalled echo.
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D

Figure 7 Large, fat-containing hepatocellular carcinoma. In-phase (A) and opposed-phase (B) GRE T1 weighted images. Pre- (C) and post-contrast fatsuppressed 3D-GRE T1-weighted images during late hepatic arterial phase (D). There is a prominent left hepatic nodule, which demonstrates minimally increased
intrinsic T1 signal on the in-phase images (arrowhead, A) and low signal intensity on the opposed-phase (B) and pre-contrast images (C), indicating the presence
of fat. The lesion demonstrates heterogeneous mildly increased arterial enhancement (arrowhead, D) in keeping with a fat-containing HCC. HCC: Hepatocellular
carcinoma; GRE: Gradient recalled echo.

A notable exception are fat-containing, large size
(> 1.5 cm) nodules (hyperintense on T1-weighted
in-phase images with drop of signal on the opposedphase T1-weighted images), which strongly suggest
malignancy (Figure 7). Otherwise, the presence of
[37]
numerous nodules < 1 cm suggests benignity .

Several studies have shown that nodules with high
signal intensity on T1-weighted images are in most
cases benign. In younger patients with numerous
macro-nodules, almost all of these lesions follow a
[35]
benign course . In patients with cirrhosis, small
hyperintense hepatic lesions on T1-weighted images
without hyper-enhancement on the arterial-phase
images usually show no interval growth or disappear
[36]
during serial imaging . Regardless of their intrinsic
signal features, a reliable finding of RNs is the absence
of enhancement on the arterial phase, compared with
the background hepatic parenchyma.
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DNs

DNs are defined as regenerative nodules containing
atypical cells with nuclear crowding and architectural
derangement and a variable number of unpaired
arterioles or capillaries without definite histologic
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Figure 8 High-grade dysplastic nodules. Pre- (A) and post-contrast fat-suppressed 3D-GRE T1-weighted images during the (B) Late hepatic arterial; and (C)
Delayed phases; (D) Fat-suppressed SSFSE T2-weighted image. There is a nodule at hepatic segment #7, which demonstrates iso T1 signal intensity (A), increased
arterial enhancement (arrowhead, B), without definite washout or corresponding T2 signal abnormality in keeping with a HGDN. However, early HCC cannot be
totally excluded and short-term follow-up should be recommended, especially in patients with hepatitis C infection. HGDN: High-grade dysplastic nodules; HCC:
Hepatocellular carcinoma; GRE: Gradient recalled echo; SSFSE: Single-shot fast spin-echo.
[38]

signs of malignancy . High-grade dysplastic nodules
(HGDNs) display at least moderate atypia and
[30]
occasional mitosis . DNs primarily display T1 and T2
isointensity to the background liver parenchyma, but
T1 hyperintensity is also possible as described above
[39]
with RNs . Low-grade dysplastic nodules (LGDNs)
primarily display enhancement characteristics similar
to that of the background liver parenchyma on all
dynamic phases; because they remain mainly supplied
by the portal circulation. LGDNs are not considered
premalignant lesions. As lesions progress, their blood
supply becomes more arterialized, giving the typical
[40]
hypervascular features of HCC . Unfortunately,
the portal and arterial supply to LGDNs and HGDNs
[39]
is variable and inconsistent . They may even be
associated with increased alpha-fetoprotein despite not
[41]
being malignant .
[30]
HGDNs are considered premalignant lesions
and tend to show intense early enhancement after
[42]
gadolinium injection and fade to isointensity ,
without washout (Figure 8), because supply from the
portal venous system remains comparable with the
[43,44]
background liver
.
The development of HCC within a DN has been
[45]
reported within as short as 4 mo . Usually it is seen
as an increase in size and development of washout on
delayed imaging, allowing definite diagnosis of HCC
(Figure 9). Early studies have also reported DNs with
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“a nodule within a nodule” appearance. This classic MR
description is a focus of increased T2 signal intensity
within a T2 low-signal-intensity nodule, which may or
may not demonstrate arterial hyper-enhancement on
[46]
dynamic MR images .
According to the latest guidelines from the EASL
and AASLD practice guidelines, DNs should not be
[47]
treated or managed as cancers . In our clinical
practice, we advise more frequent surveillance
imaging (usually 3 mo) as there is an increased risk of
progression to HCC.

ARTERIOPORTAL SHUNTS
Arterioportal (AP) shunts usually demonstrate enhan
cement on the arterial phase and mostly fade back to
isointensity on the portal venous or delayed images
(Figure 10). They are sometimes easily distinguished
from HGDNs/early HCCs by their subcapsular
location and wedge- or comma shaped configuration.
However, they may sometimes become main
mimickers of HGDN/early HCCs; posing as a potential
differential diagnosis when they are round or oval in
[48]
configuration .

HCC
The EASL and AASLD have proposed and validated
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Figure 9 Dysplastic nodule progressing into an hepatocellular carcinoma. Post-contrast fat-suppressed 3D-GRE T1-weighted images during the late hepatic
arterial (A and C) and delayed phases (B and D). There is a small right hepatic lobe nodule, which demonstrates increased arterial enhancement (arrowhead, A) and
fades out on the delayed images (B) on the initial examination. On the 4-month follow-up study, there is evidence of interval growth (arrowhead, C, D) and development
of clear delayed washout (arrowhead, D) both of which are signs of progression into HCC. HCC: Hepatocellular carcinoma; GRE: Gradient recalled echo.
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Figure 10 Arterioportal shunt. Post-contrast fat-suppressed 3D-GRE T1-weighted images during the late hepatic arterial (A and B) and delayed phases (C); D:
Fat-suppressed SSFSE T2-weighted image. There is a convoluted linear area of increased arterial enhancement with a vessel leading to it (arrowhead, A, B), which
does not demonstrate delayed washout (C), or corresponding T2 signal abnormality in keeping with an AP shunt. SSFSE: Single-shot fast spin-echo; GRE: Gradient
recalled echo.
[49]

imaging criteria for the diagnosis of HCC in cirrhotic
patients, which correspond to the typical HCC features
including arterial hyper-enhancement and delayed
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washout
(Figure 11). HCCs may show a variety
of MR imaging features; reflective of the variable
characteristics of the tumor’s architecture, grading,
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Figure 11 Classical hepatocellular carcinoma. A: Pre- and post-contrast fat-suppressed 3D-GRE T1-weighted images during the late hepatic arterial (B) and
delayed phases (C); D: Fat-suppressed SSFSE T2-weighted image. There is a peripheral well defined left hepatic lobe nodule, which demonstrates iso T1 signal
intensity (A), increased arterial enhancement (arrowhead, B), delayed washout and pseudocapsule enhancement (C), and mildly increased T2 signal (arrowhead, D)
in keeping with classical features of HCC. HCC: Hepatocellular carcinoma; GRE: Gradient recalled echo; SSFSE: Single-shot fast spin-echo.
[22]

[24,49,54]

stromal components, and intracellular content .
Arterial hyper-enhancement is the most common
and important imaging finding in the diagnosis of
[50]
HCC . While considered a reliable feature, it can
be seen in HGDNs and AP shunts. Arterial hyperenhancement can also be seen in a variety of benign
and malignant hepatic lesions, including hemangiomas
and focal nodular hyperplasia and hypervascular
metastases. However, these liver lesions are infrequent
[51]
in the setting of hepatic cirrhosis .
Because arterial hyper-enhancement can be
observed with other lesions and nodules, additional
imaging criteria are needed to decrease the falsepositive rate and increase sensitivity, while maintaining
[49]
high specificity for the diagnosis of HCC . Therefore,
delayed washout, among other secondary features, is
used for this purpose.
The key distinguishing feature of HCC is the
development of delayed “washout”; defined as
arterially enhancing nodules becoming hypointense
compared to the background liver on the delayed
phase imaging (not to be confused with “fade out”,
which is defined as arterially enhancing nodules
becoming isointense to background liver on delayed
phase imaging).
HCCs greater than 2 cm in size tend to show
[52,53]
washout
, which explains the high diagnostic
sensitivity for tumors this size. However, for HCCs
smaller than 2 cm the sensitivity is lower. This is not
due to hypovascular HCCs, which are uncommon,
but rather to hypervascular HCCs that do not show
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washout on delayed images
(Figure 12). In one
series of 60 HCCs, smaller than 2 cm, 85% of these
lesions were hypervascular, and only 61.7% of which
[24]
showed washout . Similarly, in another series, 51
out of 131 HCCs showed arterial hyper-enhancement
[54]
without clear wash-out on delayed images .
Delayed pseudo-capsule enhancement of hepatic
nodules aids in the diagnosis of HCC, and can be
helpful in lesions that do not show classical features of
HCC on dynamic imaging (Figure 13).
Since it is extremely difficult to perform biopsy of
small nodules that are only visible on arterial phase
images, we usually prefer close follow-up. Generally
we advocate that lesions measuring 1-2 cm are reimaged at a 3-mo interval to assess for lesion interval
growth or development of washout. The lack of interval
growth on short-term follow-ups does not exclude the
possibility of malignancy, as HCC may demonstrate
slow growth. Therefore, only nodules that are stable
[14]
for 2 years are considered benign . However, it is
worth emphasizing the value of direct comparison and
lesion measurement between both the current and
older prior examination to demonstrate undetected
subtle changes in size on short-term followups; which
is indicative of slow growth, a feature of early welldifferentiated HCC (Figure 14).

MORPHOLOGIC HCC SUB-TYPES
HCCs can manifest as different morphologic types
including focal (nodular), massive, and diffuse/

477

March 27, 2015|Volume 7|Issue 3|

Watanabe A et al . MRI of the cirrhotic liver - An update

A

B

C

D

Figure 12 Small, non-washing-out hepatocellular carcinoma. A: Pre- and post-contrast fat-suppressed 3D-GRE T1-weighted images during the late hepatic
arterial (B) and delayed phases (C). D: Fat-suppressed SSFSE T2-weighted image. There is a small nodule at hepatic segment #5, which demonstrates minimally
decreased T1 signal on pre-contrast images (arrow, A) and increased arterial enhancement (arrow, B). The nodule demonstrates iso to slightly increased signal on the
delayed phase images, without clear washout (C), but mildly increased T2 signal intensity (arrow, D) in keeping with an HCC. Note that T2 signal alteration increased
the accuracy of diagnosing HCC in this patient, despite the lack of delayed washout (also see Figure 17). HCC: Hepatocellular carcinoma; GRE: Gradient recalled
echo; SSFSE: Single-shot fast spin-echo.

[55,56]

infiltrative
.
Nodular type is the most common encountered
type and usually presents as encapsulated focal nodule
with well-defined margins. Nodular type can be further
classified as solitary or multi-focal.
Massive tumors are well-defined tumors large
enough to often render these patients non-eligible
for loco-regional ablative therapies or hepatic trans
plantation.
Multi-focal nodular subtype is an advanced type and
shows similar features to solitary nodular subtype on
conventional and dynamic MRI. Additional features that
are not commonly seen with solitary focal lesions, but
are noted with multi-focal HCC and other aggressive
subtypes include portal venous thrombosis and in
[26]
intrahepatic metastases .
Diffuse HCCs are usually large and have ill-defined
boundaries without clear demarcation. They usually
present with very high alpha-fetoprotein levels and are
almost always associated with portal venous thrombus;
which can be bland or most of the time tumoral in
nature; based on the presence of neovascularity on
the arterial imaging. Diffuse HCCs can be extremely
subtle, and therefore difficult to demonstrate by
imaging alone as they can blend with the background
cirrhotic parenchyma; preventing early diagnosis and
leading to advanced disease at presentation with often
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distant metastatic disease.
[56]
One study by Kneuertz et al
evaluated 147
patients with advanced HCCs (75 with infiltrative
disease and 72 patients with multi-focal disease).
In that study, failure to display a discrete mass was
observed in 42.7% of patients, low signal on T1weighted images was observed in 55.7%, high signal
on T2- weighted images was observed in 80.3% of
patients. They also demonstrated mild miliary pattern
of enhancement on arterial phase imaging in 16.4% of
patients, with delayed washout in 50.8%.
Diffuse HCCs can be difficult to differentiate
from areas of confluent fibrosis on CT. However, the
combined additive advantage of T2-weighted imaging,
DWI, and delayed imaging can be used to enhance the
diagnostic accuracy of diagnosis on MRI, which display
more distinct lobulated margins, with poorly defined
amorphous infiltration surrounding thrombosed portal
veins, and clearly depict internal reticulation throughout
[57,58]
the tumor
.
Additionally, post-contrast delayed imaging demon
[59]
strates heterogeneous washout
, allowing differ
entiation between confluent fibrosis as this shows
increase enhancement over time Another distinctive
feature from confluent fibrosis is the presence of regional
tumor thrombus that is almost invariably present in
[57,60,61]
patients with diffuse HCC
(Figure 15).
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Figure 13 Large hepatocellular carcinoma with delayed pseudocapsule enhancement but no intralesional washout. Post-contrast fat-suppressed 3D-GRE
T1-weighted images during the (A) late hepatic arterial, (B) poral venous, and (C) delayed phases; D: Fat-suppressed SSFSE T2-weighted image. There is a large
right hepatic lobe mass, which demonstrates heterogeneous, intensely increased arterial enhancement (arrowhead, A) with progressive fading throughout the
subsequent images (B), but no clear washout (C). The lesion demonstrates delayed pseudocapsular enhancement (black arrowheads, C) and mildly increased T2
signal intensity (arrowhead, D) in keeping with a large HCC. HCC: Hepatocellular carcinoma; GRE: Gradient recalled echo; SSFSE: Single-shot fast spin-echo.

of T2-weighted imaging to gadolinium-enhanced T1weighted 3D-GRE dynamic imaging improves the
diagnostic performance of MRI in the detection of
HCC compared to dynamic MR imaging alone. This is
especially true for lesions smaller than 1 or 2 cm (Figure
12), which may show hypervascularity but might
not display any washout, distinguishing them from
[54,68-70]
HGDNs
(Figure 17).
HCCs tend to show minimal to mildly increased
signal intensity on T2-weighted images, as opposed
to intra-hepatic cholangiocarcinoma or mixed HCCcholangiocarcinoma; both of which are increasingly
being reported in patients with cirrhosis, and tend to
show moderately increased signal intensity on T2weighted images with evidence of increased vascularity
on arterial phase imaging and progressive contrast
enhancement throughout subsequence phases. Such
distinction is clinically important as those lesions are
associated with a poor prognosis and a high rate of
tumor recurrence after liver transplantation, and have
[71]
higher risk of nodal and distant metastatic disease .
T2-weighted imaging is also helpful in the detection
of lymphadenopathy in patients with focal hepatic
[70]
lesions .

Multiple small satellite nodules associated with
the main tumor or multiple small recurrent tumors
of moderate or poor differentiation are regarded as
[62]
intrahepatic metastases . The clinical significance
about intrahepatic metastases is that they require
immediate curative or palliative interventions even
when smaller than 1 cm; as such lesions are likely
to display aggressive behavior, unlike single or
[63]
multicentric primary tumors of the same size .
A rare variant of nodular morphologic subtype is
lesions with rim-enhancement on arterial imaging
on initial MRI (Figure 16) has been described in the
[64]
literature , suggesting a more progressive behavior
with rapid interval growth and disease worsening;
therefore, requiring prompt therapy and short-term
follow-up.

FUTURE DIRECTIONS
T2-weighted imaging

The appearance of HCC on T2-weighted images is
variable. Early reports suggested that HCC displayed
high or equivalent signal intensity compared to the
[65,66]
liver parenchyma on T2-weighted images
.
Other researchers reported that both non-enhanced
T1- and T2-weighted sequences may contribute in
the characterization of cirrhotic nodules; however,
[67]
minimally increasing the detection rate .
More recent studies have shown that the addition
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Diffusion-weighted imaging

The possibility of performing functional imaging se
quences is an additional advantage of MRI over
[72]
CT . With technological advances in hardware and
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Figure 14 Slow growing, well-differentiated, fat-containing, small hepatocellular carcinoma. In-phase (A) and opposed-phase GRE T1 weighted images (B);
Post-contrast fat-suppressed 3D-GRE T1-weighted images during the late hepatic (C) arterial and delayed phases (D). E, F: Post-contrast fat-suppressed 3D-GRE
T1-weighted delayed images from prior examinations performed 1 and 2 years prior, respectively. The is a small left hepatic lobe nodule, which demonstrates drop
of signal on the opposed-phase image (arrowhead, B) compared to the in-phase image (A), increased arterial enhancement (arrowhead, C), and delayed washout
(arrowhead,D). The lesion does not demonstrate significant change in size from the immediate prior examination (E). However, when compared with a more remote
examination (F), substantial interval growth can be appreciated consistent with a slow growing, well-differentiated, fat-containing, small HCC. HCC: Hepatocellular
carcinoma; GRE: Gradient recalled echo.

software, DWI can be readily applied to liver imaging
with improved image quality. DWI is an imaging
technique based on differences in the Brownian motion
(diffusibility) of water molecules within tissues. In
highly cellular tissues such as tumors, the diffusion of
water protons is restricted. Therefore, both qualitative
and quantitative variables reflect tissue cellularity and
[49,73-75]
cellular membrane integrity
. DWI is useful for
[49,73-75]
detecting small focal liver lesions in general
.
A limited number of small studies have shown
encouraging results suggesting that DWI has a good
diagnostic performance in the detection of HCC in
patients with chronic liver disease and equivalent to
conventional contrast-enhanced for lesions greater
[49,76]
than 2 cm in size
. Currently, the limitation of DWI
is primary lesion characterization rather than lesion
[49,76]
detection
.
The greatest benefit relies on the combined use
of DWI with conventional dynamic MRI; providing
higher sensitivities than dynamic MRI alone in the
detection of small HCC lesions in patients with chronic
[77,78]
liver disease
(Figure 18). Therefore, an additional
acquisition of DWI is being implemented in abdominal
[77]
protocols .
In a recent study a new MRI criteria was pro
posed, combining the features of lesions after gado
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linium-based contrast agents administration and
[49]
hyperintensity on DWI . This significantly increased
the sensitivity for the diagnosis of HCC compared to
conventional hemodynamic criteria, irrespective of
tumor size. However, further larger prospective studies
are still needed to establish its definitive role for
detecting HCC in patients with chronic liver diseases.

T2*-weighted imaging

The performance of liver MRI is highly dependent on
[79]
gadolinium administration . The revised recommen
dations refrain from the utilization of intravenous
gadolinium-based contrast agents in patients with poor
[80]
renal function . One recent report has suggested
that T2*-weighted MRI may offer the potential for
[81]
diagnosing HCC in patients with liver cirrhosis .
The proposed mechanism for the visualization of
HCC on the T2*-weighted sequence is attributed to
the combination of the high sensitivity of this sequence
to the presence of iron and iron differential deposition
in the hepatic parenchyma. On T2*-weighted MRI,
hepatic iron causes progressive signal loss with longer
TEs, whereas HCCs demonstrate only slight signal
[81]
loss .
One limitation of this sequence is the appearance
of lesions after chemoembolization, which potentially
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Figure 15 Diffuse hepatocellular carcinoma associated with tumor thrombus. (A) Pre- and post-contrast fat-suppressed 3D-GRE T1-weighted images during
the (B) late hepatic arterial and (C) delayed phases; (D) Fat-suppressed SSFSE T2-weighted image. There is a large ill-defined area involving the right hepatic lobe,
which shows decreased T1 signal in pre-contrast images (arrowheads, A), heterogeneous mildly increased arterial enhancement (arrowheads, B), and heterogeneous
delayed washout with permeative appearance (arrowheads, C), and heterogeneous mildly increased T2 signal (arrowhead, D) in keeping with HCC. There is also
evidence of expansion of the portal vein branches, abnormal increased arterial enhancement (arrow, B), lack of opacification and washout on the delayed images
(arrow, C), and mildly increased T2 signal (arrow, D) simulating the behavior of the primary tumor in keeping with diffuse tumor thrombus, a finding almost invariably
associated with diffuse HCC subtype. Also of note is the mild to moderate ascites and omental hypertrophy secondary to portal hypertension. HCC: Hepatocellular
carcinoma; GRE: Gradient recalled echo.
[82]

reduces the diagnostic performance of the sequence .
The addition of a T2*-weighted sequence to a
routine liver MRI protocol might lead to additional
[83]
improved specificity , although future studies
are likely indicated to determine the full diagnostic
performance of T2*-weighted MRI in a larger patient
population.

efficient than dynamic MRI using conventional extra
cellular GBCAs in the detection and characterization
[85]
of HCC . Additionally, there are currently no
commercially available intravenous SPIO particles
contrast agents in the market.
More recently, two hepatobiliary agents; gadobenate
dimeglumine and gadoxetic acid were introduced to
the market, combining extracellular properties with
liver-specific properties, allowing both dynamic and
hepatobiliary imaging. Gadoxetic acid is more highly
liver-specific; approximately 50% of the injected dose
is taken up by functioning hepatocytes and is excreted
in bile, allowing delayed uptake imaging within 20 min
from the time of injection, compared with an uptake of
3%-5% for gadobenate dimeglumine, which allows for
[13]
delayed uptake imaging within two hours .
The hepatocyte uptake manifests as an increased
signal in the hepatic parenchyma on T1-weighted
images resulting in improved lesion-to-liver contrast
as less well-differentiated HCCs contain hampered
functioning hepatocytes. HCCs exhibit hypointensity
on hepatobiliary phase images (Figure 18), except
for some well-differentiated HCCs that may retain the
contrast agent. Nevertheless, characterization of liver
lesions depicted with hepatobiliary phase imaging must
be performed in conjunction with routine dynamic

MRI CONTRAST AGENTS
Contrast agents used in cirrhosis-associated hepatic
nodules MR evaluation are divided into three types:
extracellular Gadolinium-based contrast agents
(GBCAs), super-paramagnetic iron-oxide (SPIO) par
ticles, and Gadolinium-based hepatobiliary contrast
agents.
Extracellular GBCAs are paramagnetic contrast
agents that generate T1-shortening and provide
[38]
information about tissue vascularity . SPIO particles
and hepatobiliary agents are liver-specific contrast
agents. SPIO particles are taken up by Kupffer cells
within the reticuloendothelial system (RES), and the
hepatobiliary agents are taken up by hepatocytes and
[84]
are excreted via the bile ducts .
Despite early promising results of SPIO particles
for diagnosing HCC, later evidence reveal that is less
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Figure 16 Ring-enhancing hepatocellular carcinoma, indicative of a more aggressive course. A: In-phase GRE T1 weighted image; B: Post-contrast fatsuppressed 3D-GRE T1-weighted images during the (B) late hepatic arterial and (C) delayed phases; (D) Fat-suppressed SSFSE T2-weighted image. There is a
small nodule at hepatic segment #7, which demonstrates iso to slightly low T1 signal (arrowhead, A), heterogeneous increased arterial enhancement, predominantly
peripheral (arrowhead, B), washout and pseudocapsule enhancement on delayed images (arrowhead, C), and mildly increased T2 signal intensity (arrowhead, D) in
keeping with ring-enhancing HCC. HCC: Hepatocellular carcinoma; GRE: Gradient recalled echo; SSFSE: Single-shot fast spin-echo.
[86]

sequences to improve accuracy .
Gadoxetic acid-enhanced MRI has several advan
tages in imaging the cirrhotic liver including: (1) higher
sensitivity for the diagnosis of HCC, especially for
[86-91]
lesions ≤ 2 cm
; (2) improved characterization of
arterially enhancing lesions without definite washout
[89,92]
on subsequent imaging
; (3) distinguishing
[92,93]
arterially enhancing pseudo-lesions from HCC
;
and (4) detection of lesions that are isointense to the
background hepatic parenchyma on all sequences,
apart from the hepatobiliary phase, that are at high
[94,95]
risk of transforming to hypervascular HCC
.
However, some limitations to the use of gadoxetic
acid-enhanced MRI in the liver cirrhosis have been
proposed, especially pertaining to the fact that some
patients with cirrhosis can show less optimal lesionto-liver contrast on early dynamic imaging and poor
venous enhancement, which may hamper the diagnosis
of HCC and assessment of the porto-spleno-mesenteric
[86]
venous system patency .
Despite the recognized potential advantages of
combined morphological and functional analysis of
the liver, the inclusion of hepatobiliary contrast agents
in international guidelines, besides the Japan Society
of Hepatology, is still pending. Recently updated
[47]
[6]
guidelines from the EASL and the AASLD make no
contrast agent recommendations.
Overall, continued investigations with more direct
comparative analysis between gadoxetic acid and
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other extracellular agents are warrant.

LI-RADS
LI-RADS was developed by the American College of
[96]
Radiology ; with the aim of standardizing terminology
and criteria for interpreting and reporting findings of
CT and MRI examinations of the liver in patients with
cirrhosis or increased risk of HCC; by using use a
carefully chosen and agreed-on vocabulary, or lexicon,
that differentiates hepatic histologic entities. It has
been developed to provide a framework for assigning
[97]
degrees of concern on imaging findings . The LIRADS classifies lesions to five categories ranging from
definitely benign to definitely HCC. It uses arterial
hyper-enhancement, washout, capsule, and interval
[96]
growth as ancillary findings . It currently, however,
does not apply to hepatobiliary gadolinium-based
[97]
agents .

CONCLUSION
Noninvasive imaging has become the standard for HCC
diagnosis in cirrhotic patients. Typical imaging features
of HCC such as increased arterial enhancement and
delayed washout provide very high specificity and
acceptable sensitivity even in nodules ranging from 1-2
cm in diameter. However, limitations apply specifically
to hypovascular HCCs and in the differentiating HGDNs
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Figure 17 Large, non-washing-out hepatocellular carcinoma. A: Pre- and post-contrast fat-suppressed 3D-GRE T1-weighted images during the (B) late hepatic arterial
and (C) delayed phases; D: Fat-suppressed SSFSE T2-weighted image. There is a sizable right hepatic lobe nodule, which demonstrates iso T1 signal intensity on precontrast images (A); increased arterial enhancement (arrowhead, B); becomes iso to slightly hyperintense compared to background liver, without definite washout, on the
delayed images (C); and demonstrates mildly increased T2 signal intensity in keeping with HCC. Note that T2 sinal alteration increased the accuracy of diagnosing HCC in
this patient, despite the lack of delayed washout (also see Figure 12). HCC: Hepatocellular carcinoma; GRE: Gradient recalled echo; SSFSE: Single-shot fast spin-echo.
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Figure 18 Small hepatocellular carcinoma showing the value of diffusion weighted image and hepatocyte-specific agents. A: Post-contrast fat-suppressed 3D-GRE
T1-weighted images during the (A) late hepatic arterial, (B) delayed, and (C) hepatobiliary phases; D: Diffusion weighted image (DWI) (b = 50); E: Fat-suppressed SSFSE
T2-weighted image. There is a small right hepatic lobe nodule, which demonstrates increased arterial enhancement (arrow, A), fading out on the delayed images (arrow, B),
and demonstrates significantly decreased uptake on the hepatobiliary phase (arrow, C). The lesion also demonstrates clear increased signal on DWI (arrow, D) and subtle
increased T2 signal (arrow, E). The constellation of findings is consistent with HCC. The decreased uptake on the hepatobiliary phase and increased signal on DWI increased
the accuracy of HCC diagnosis in this patient with a small hypervascular nodule. HCC: Hepatocellular carcinoma; GRE: Gradient recalled echo; SSFSE: Single-shot fast
spin-echo.

from early HCCs. In this review paper, we went
over the basics of MR imaging of cirrhotic livers and
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described future directions, including the addition of
new techniques such as DWI, T2*, and hepatocyte-
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specific MRI contrast agents, in order to improve
HCC detection rate in conjunction with the reference
standard of optimized dynamic GRE T1-weighted
imaging, with individually tailored arterial phase
timing.
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Hepatitis B in healthcare workers: Transmission events and
guidance for management
Jessica D Lewis, Kyle B Enfield, Costi D Sifri
are at risk for exposure to HBV from infected patients
and, if infected, are similarly at risk of transmitting
HBV to patients. Published cases of HBV transmission
from HCW to patient are relatively rare, having dec
reased in frequency following the introduction of
standard (universal) precautions, adoption of enhanced
percutaneous injury precautions such as double-gloving in
surgery, and routine HBV vaccination of HCWs. Here we
review published cases of HCW-to-patient transmission
of HBV, details of which have helped to guide the
creation of formal guidelines for the management of
HBV-infected HCWs. We also compare the published
guidelines for the management of HBV-infected HCWs
from various governing bodies, focusing on their
differences with regard to vaccination requirements, viral
load limits, frequency of monitoring, and restrictions
on practice. Importantly, while there are differences
among the recommendations from governing bodies, no
guidelines uniformly restrict HBV-infected HCWs from
performing invasive or exposure-prone procedures.
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Core tip: Reports of transmission of hepatitis B virus
(HBV) from infected healthcare workers (HCWs) to
patients have been rare but are highly instructive
when they do occur. These events have helped instruct
formal recommendations for the management of HBVinfected HCWs. However, guidelines from various
governing bodies differ in their recommendations for
the monitoring of infected HCWs, as well as in their
restriction of the practice of invasive, exposure-prone
procedures.

Abstract
Hepatitis B virus (HBV) is the most efficiently trans
missible of the bloodborne viruses that are important
in healthcare settings. Healthcare workers (HCWs)
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center conducted over 8 mo in 1991 demonstrated
HBV core antigen (HBcAg) positivity in 6.2% of HCWs
compared to 1.8% in the comparator group of local
[6]
blood donors . Though the current prevalence of
HBV in HCWs is not known, it likely mirrors that of the
general population, significantly decreasing following
the introduction of routine infant vaccination, catchup adolescent vaccination, and pre-employment
vaccination for HCWs who may potentially be exposed
to blood or bodily fluids.

INTRODUCTION
Hepatitis B virus (HBV) is one of numerous blood-borne
pathogens known to be transmissible in healthcare
settings. HBV, among the blood-borne viruses including
hepatitis C virus (HCV) and human immunodeficiency
virus (HIV), is of particular importance because it is the
most efficiently transmissible following percutaneous
exposure. The incidence of transmission via needlestick
injury in one study was approximately 2% with HBV
e antigen (HBeAg)-negative blood and 19% with
[1]
HBeAg-positive blood . Thus, healthcare workers
(HCWs) are at risk for exposure to HBV from infected
patients, and correspondingly, HBV-infected HCWs
may potentially transmit HBV to patients. Fortunately,
reported instances of HCW-to-patient transmission of
HBV have been rare and have substantially decreased
in frequency over the past four decades. Here, we
examine the limited data available on the prevalence
of HBV infection in HCWs, review published cases of
HCW-to-patient transmission of HBV, and evaluate the
guidelines and recommendations for the management
of HBV-infected HCWs with a particular focus on the
variability of guidelines across geographic regions and
governing bodies.

REVIEW OF PUBLISHED CASES OF
HEALTHCARE WORKER-TO-PATIENT
TRANSMISSION OF HBV
Table 1 summarizes the published cases of HCW[7-39]
to-patient transmission of HBV
. Confirmed
transmissions are defined as cases where the HCW
and patient(s) were epidemiologically linked and
genetic relatedness of the viruses was confirmed
through partial or complete DNA sequencing. Probable
transmissions are defined as cases in which the
subtype of HBV infecting the HCW and patient were
identical in investigations of epidemiologically-linked
HCW and patient HBV infections. Possible transmissions
are defined as cases in which epidemiologic links
were established, infected patients had no other risk
factors for HBV acquisition but virologic subtyping data
was not available to confirm transmission. It should
be noted that, based on the availability of molecular
technology at the time, chronologically earlier reports
were limited in their ability to confirm transmission.
Additionally, earlier reports often do not include the
HBV viral burden of the transmitting HCW.
Summarizing published cases of HCW-to-patient
transmission of HBV, recognized breaches in infection
control practices were implicated in the transmission
event in a notable minority of cases. Early reports
of transmission occurred in association with dental
procedures during which the dentist or oral surgeon
[8,14,16,22]
did not wear gloves
, which was not a standard
[40]
recommended practice until the 1980s . In addition,
several early reports of HBV transmission occurred
during surgical procedures where the surgeon did
not routinely double-glove, which was not a standard
[41,42]
recommended practice until the early 2000s
.
It is also notable that transmission of HBV from
infected HCWs in primary care or other specialties
that do not perform exposure-prone procedures
(EPPs) is exceedingly rare. When transmissions did
occur with these providers, they were more likely
to be associated with breaches in infection control
practices, such as reuse of syringes for access of
[10]
indwelling arterial catheters , reuse of subdermal
[31]
electroencephalogram electrodes , or failure to wear
gloves in the setting of a skin condition involving
[10,18,20]
the hands of the provider
. Overall, in the 35
cases in which HBeAg testing results were available,

PREVALENCE OF HBV INFECTION IN
HEALTHCARE WORKERS
Since the development of a vaccine to prevent acute
HBV infection in the early 1980s, the incidence of
acute HBV infection in the general population of the
United States has sharply fallen. The Centers for
Disease Control and Prevention (CDC) estimates that
the incidence of new HBV infections had fallen 5-fold
between 1980 and 2010, from 208000 to 38000 new
[2]
infections per year .
Historically, HCWs shouldered the burden of HBV
infection in the United States. A study conducted
in the United States Army between 1972 and 1974
found a HBV seropositivity rate of 5.8% among
officers involved in direct patient care, compared
to a seropositivity rate of 2.8% in those in non[3]
patient care-oriented positions . A serologic study
conducted in physicians between 1975 and 1976
found serologic evidence of prior HBV infection in 18%
of subjects, with a higher rate among pathologists
[4]
(27%) and surgeons (28%) . Following the 1982
Advisory Committee on Immunization Practices (ACIP)
[5]
recommendation for HBV vaccination for HCWs ,
studies continued to demonstrate that HCWs were at
increased risk for HBV infection, although the rates
of seropositivity steadily declined. A voluntary study
of 943 HCWs at a large urban academic medical
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Table 1 Published cases of healthcare worker-to-patient transmission of hepatitis B virus
Type of provider HBeAg status

Year

Location

[7]

1969

United States

Nurse

Not done

Not done

No

No

[8]

1969-1974

United States

Oral surgeon

Positive

Not done

Not specified

Not
specified

[9]

1973-1977

Switzerland

Positive

Not done

Yes

[10]

1974

United States

General
practitioner
Respiratory
therapist

Positive

Not done

No

Not
specified
No

[11]

1975

United States

Oral surgeon

Not done

Not done

Not specified

[12]

1976-1979

United Kingdom Surgical registrar

Positive

Not done

No

Not
specified
No

[13]

1977-1978

Positive

Not done

No

No

[14]

1978

United Kingdom Surgical registrar,
gynecologic
surgery
United States
Dentist

Positive

Not done

Yes

Not
specified

[15]

1978

Norway

Cardiac surgeon

Positive

Not done

No

No

[16]

1978-1979

United States

Oral surgeon

Positive

Not done

No

No

[17]

1979-1980

United States

Obstetriciangynecologist

Positive

Not done

Yes

Yes

[18]

1979-1981

The Netherlands

Cardiac surgeon

Not reported

Not done

Not specified

[18]

1979-1981

The Netherlands

Perfusion
technician

Positive

Not done

Not specified

Not
specified
Not
specified

[19]

1980

United States

Oral surgeon

Not done

Not done

Not specified

[20]

1980-1983

United Kingdom

Perfusion
technician

Positive

Not done

Yes

[20]

1980-1983

United Kingdom Surgical registrar

Not reported

Not done

Not specified

[20]

1980-1983

United Kingdom

House officer

Not reported

Not done

Not specified

[21]

1984

United States

Positive

Not done

Not specified

[22]

1984-1985

United States

Obstetriciangynecologist
Dentist

Positive

Not done

No

[23]

1987

United States

General surgeon

Positive

Not done

Yes

Not
specified

[24]

1987

United Kingdom

Obstetriciangynecologist

Positive

Not done

No

No
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Not
specified
Not
specified
Not
specified
Not
specified
Not
specified
No

No. of
patients
infected

Breach in infection
control identified

11a
(11 possible)
55
(10 probable,
45 possible)
41
(41 possible)
4
(4 probable)

None
HCW did not wear
gloves
None
HCW did not wear
gloves, had an
exudative dermatitis
on hands, and reused
syringes when
accessing indwelling
arterial catheters
None

43
(43 probable)
9
None
(7 probable,
2 possible)
8
None
(6 probable,
2 possible)
6
HCW did not wear
(2 probable,
gloves
4 possible)
5
None
(5 probable)
12
HCW did not wear
(4 probable,
gloves and had a
8 possible) generalized eczematous
dermatitis, including
hand involvement
4
HCW held needle in
(1 probable,
hand rather than a
3 possible)
needle holder when
suturing, noted several
episodes of blood on
hands after removing
gloves
3
None
(3 probable)
11
Bleeding warts on
(8 probable,
HCW’s hands
3 possible)
3
None
(3 probable)
6
HCW did not wear
(6 probable)
gloves, and had cuts
and abrasions on hands
5
None
(5 possible)
1
None
(1 possible)
6
None
(6 probable)
24
HCW did not wear
(6 probable,
gloves
18 possible)
5
None
(3 probable, 2
possible)
22
None
(6 probable,
16 possible)

March 27, 2015|Volume 7|Issue 3|

Lewis JD et al . Hepatitis B in healthcare workers
1 × 107
copies/mL
4.4 × 106
copies/mL

No

No

No

No

Negative

5.5 × 106
copies/mL

Yes

Negative

2.5 × 105
copies/mL

Positive

Surgeon

Canada

1991-1992

[30]

[25]

1988

United Kingdom

General surgeon

Negative

1
(1 confirmed)
3
(3 confirmed)

None

[25]

1988

United Kingdom

Obstetriciangynecologist,
trainee
United Kingdom
Obstetriciangynecologist,
trainee
United Kingdom General surgeon,
urologist, clinical
assistant
United Kingdom Cardiothoracic
surgeon, trainee

Negative

[25]

1988

Not
specified

1
(1 confirmed)

None

[25]

1988

No

No

1
(1 confirmed)

None

[26]

1988

Not done

No

No

None

Positive

Not done

No

Orthopedic
surgeon

Positive

Not done

Yes

United States

Thoracic surgeon

Positive

1 × 109
copies/mL

Yes

1991-1993

United Kingdom

Cardiothoracic
surgeon

Positive

Not done

Yes

[31]

1991-1996

Canada

Electroencep
halogram
technician

Positive

Not done

No

17
(9 probable,
8 possible)
No
3
(3 possible)
Yes
2
(1 probable,
1 possible)
Not
19
specified (9 confirmed,
4 probable, 6
possible)
No
20
(14 confirmed,
6 probable)
No
75
(4 confirmed,
71 possible)

[27]

1991

United Kingdom

[28]

1991

[29]

[32]

1993

United Kingdom

General surgeon

Positive

Not done

No

No

[33]

1993-1994

United Kingdom General surgeon,
trainee

Positive

Not done

Not specified

Not
specified

[33]

1994

Positive

Not done

Not specified

[33]

1994

United Kingdom General surgeon,
trainee
United Kingdom Urologist, trainee

Positive

Not done

Not specified

[34]

1995-1999

The Netherlands

General surgeon

Positive

5 × 109
GE/mL

No

Not
specified
Not
specified
No

[35]

1996

United Kingdom

Orthopedic
surgeon

Yes

Yes

[36]

1999

United Kingdom

Cardiothoracic
surgeon

Yes

Yes

2
(2 confirmed)

None

[37]

2001

United Kingdom

General surgeon

No

No

None

[38]

2009

United States

Orthopedic
surgeon

No

No

[39]

2010

Japan

Obstetriciangynecologist

No

No

3
(3 confirmed)
8
(2 confirmed,
6 possible)
1
(1 confirmed)

Negative but
Not done
anti-HB e
positive (precore mutant)
Negative but
1.03 × 106
anti-HB e
GE/mL
positive (precore mutant)
Negative
> 106 copies/
mL
Positive
> 17.9
million
IU/mL
Positive
1.6 × 109
copies/mL

2
(2 confirmed)
11
(1 confirmed,
10 possible)
2
(2 possible)
1
(1 possible)
28
(8 confirmed,
20 possible)
1
(1 confirmed)

None

None
None

None

None

HCW did not wear
gloves and used
reusable subdermal
EEG electrodes
None
None

None
None
HCW noted glove
perforations
None

None

None

a

Cases included only admitted pts with a dx of icteric “serum hepatitis”. HBeAg: Hepatitis B virus e antigen; HBV: Hepatitis B virus; GE: Genome
equivalents; HCW: Healthcare worker; EEG: Electroencephalogram.

the vast majority (77%) of transmissions occurred
as a result of an HBeAg-positive HCW. The lowest
measured viral load at which transmission occurred
5
was 2.5 × 10 copies/mL, which notably occurred in
[25]
a HCW with HBeAg-seronegative chronic HBV . In
another study that included six HBeAg-seronegative
surgeons who had previously been implicated in HCW-
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to-patient transmission events, all were viremic and
4
the lowest HBV DNA viral load measured was 4 × 10
[43]
copies/mL . Accordingly, the authors suggest that
this viral load may represent a lower limit above which
HBV transmission during invasive procedures cannot
[43]
be definitively ruled out . However, confidence in this
viral load has some limitations, as it was measured at
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[45]

least 3 mo after the transmission event occurred.

revaccination . If HCWs do not achieve protective
levels of anti-HBs after a second three-dose series of
HBV vaccine, they should be tested for HBV surface
antigen (HBsAg) and HBV core antibody (anti-HBc)
to determine if previously or chronically infected. Prevaccination serology is recommended for HCWs who
were born to mothers from endemic countries, who
are sexually active men who have sex with men,
[45]
and/or who perform EPPs . CDC guidelines for
management of chronic HBV infection apply only to
those HCWs who perform EPPs. They recommend
that HBV-infected HCWs that perform EPPs may
continue to do so if a low (less than 1000 IU/mL
or 5000 GE/mL) or undetectable HBV viral load is
documented every 6 mo. If the viral load is above the
recommended threshold, performance of EPPs should
[45]
be restricted until subsequent retesting occurs . CDC
also recommends that institutions have written policies
and procedures in place for the management of HBVinfected HCWs, including the ability to form an expert
review panel to assist with management of these
[45]
providers .
In its most recent guidelines, updated in 2003, the
American College of Surgeons (ACS) recommends
that surgeons know their HBV immunization and anti
[46]
body status . Surgeons who do not have protective
anti-HBs levels should be vaccinated, with follow-up
documentation of seroconversion. Failure to seroconvert
should prompt a second vaccination series. Surgeons
with antibody to HBV should know their HBsAg status
and, if positive, their HBeAg status. ACS recommends
that surgeons who are HBeAg-positive or have high
viral loads be guided by expert panels regarding their
continuation of clinical practice. These guidelines do not
specify what constitutes a high viral load, the viral load
limit at which a surgeon’s practice should be restricted,
[46]
or what procedures constitute EPPs .
Canadian guidelines, set forth by the Laboratory
Centre for Disease Control of Health Canada in 1998,
recommend mandatory HBV immunization of HCWs
who perform EPPs with follow-up testing 4-8 wk later
[47]
for anti-HBs response . Those who are found to be
non-responders on post-immunization testing should
be screened for infection annually, with HBsAg and
anti-HBc. HCWs who perform EPPs and test positive
for HBsAg should undergo testing for HBeAg and if
positive, should be referred to an expert panel and
cease practice pending the panel’s recommendations.
If HBeAg-negative, they may continue to practice but
should still be referred to an expert panel. Provided
that the HCW follows recommendations set forth by
the expert panel, disclosure of HBV status to patients
before an EPP is not recommended.
The United Kingdom Department of Health (UKDH)
released guidelines for management of HBV-infected
[48]
HCWs in 2000 , with an update focusing on HBV[49]
infected HCWs on antiviral therapy in 2007 . UKDH
recommends that all HCWs who perform EPPs be
immunized against HBV and be tested for anti-HBs

REVIEW OF GUIDELINES FOR
MANAGEMENT OF HEPATITIS B
VIRUS-INFECTED HEALTHCARE
WORKERS
Guidelines for the management of HBV-infected HCWs
are largely based on the anecdotal data gleaned from
cases of HCW-to-patient transmission and attempt to
ethically balance the risk of viral transmission to the
patient with the right of the infected HCW to perform
his/her work in a safe manner without loss of the right
to confidentiality about his/her own health issues. Here
we summarize the guidelines on the management of
HBV-infected HCWs from various governing bodies
worldwide. Table 2 summarizes the recommendations,
allowing direct comparison of guidelines on key factors,
including screening and vaccination for HBV in HCWs,
monitoring recommendations for HBV-infected HCWs,
and restrictions on practice for those HCWs if any.
Although there are slight differences among guidelines,
it is important to note that none universally prohibits
the practice of invasive procedures by an HBV-infected
HCW. Table 3 summarizes each governing body’s
definition and categorization of EPPs where delineated.
The Society for Healthcare Epidemiology of
[44]
America, in guidelines updated in 2010 , recom
mends that HCWs with a positive HBeAg or circulating
4
HBV burden of greater than or equal to 10 genome
equivalents (GE) per mL of blood be prohibited from
performing certain pre-defined high-risk (Category
Ⅲ) EPPs and use double-gloving for all invasive
procedures, for all contact with mucous membranes
or non-intact skin, and for all instances in patient
[44]
care for which gloving is recommended otherwise .
For HCWs with a circulating HBV burden of less than
4
10 GE/mL of blood, it is suggested that providers
may perform all Category Ⅰ and Ⅱ (minimal- and
low-risk) and Category Ⅲ (high-risk) procedures as
long as they (1) have not transmitted HBV infection
to patients; (2) obtain advice from an expert review
panel; (3) undergo routine follow-up by occupational
medicine including twice yearly viral testing to ensure
4
that viral burden remains less than 10 GE/mL; (4)
receive follow-up care by a personal physician who
has expertise in the management of HBV infection and
who may communicate with the expert review panel
about the HCW’s clinical status; (5) consult with an
expert about optimal infection control procedures and
strictly adhere to them; and (6) agree to and sign a
contract or letter from the expert review panel that
[44]
characterizes their responsibilities .
CDC guidelines from 2012 recommend that all
HCWs receive HBV vaccination followed by assessment
of hepatitis B surface antibody (anti-HBs) status
and, in the case of non-response to vaccination,
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Table 2 Guidelines for management of hepatitis B virus-infected healthcare workers

Screening

Vaccination

Postvaccination
serology
Frequency
of testing/
monitoring

Viral load
limit
HBeAg
Restriction of
practice

Definition of
EPPs
Expert panel
recommended

Pre-emptive
patient
notification

CDC

SHEA

All HCWs at risk
for HBV infection
should be tested

Not addressed in
guideline

All surgeons Mandatory for
should know all HCWs who
their HBV status perform EPPs

All HCWs
susceptible to
HBV infection
should be
vaccinated
Recommended

Not addressed in
guideline

All surgeons
who are
antibody
negative should
be vaccinated
Recommended

Mandatory for
all HCWs who
perform EPPs

Mandatory for
all HCWs who
perform EPPs,
can be done postvaccination
Mandatory for
all HCWs who
perform EPPs

Recommended

Recommended

Every 6 mo

Every 6 mo

Not specified

Every 12 mo

Not addressed in
guideline

ACS

Canada

UK

Europe

Australia

Mandatory for
Annual testing
all HCWs who
recommended for
perform EPPs,
all HCWs who
can be done postperform EPPs
vaccination
Recommended for Recommended for
all HCWs
all HCWs

Recommended

Every 12 mo, or
Every 12 mo if
every 3 mo while
HBeAg negative,
on antiviral therapy
every 3 mo if
HBeAg positive
or on antiviral
therapy
Not specified
103 GE/mL
104 GE/mL

Not addressed in
guideline
Every 3 mo if on
antiviral therapy,
every 12 mo if
cleared HBsAg

1000 IU/mL or
104 GE/mL
Not specified
Undetectable by
5000 GE/mL
PCR assay
Not required to
Not required to be
Not required to Not required to Must be negative Not required to be Not addressed in
be negative
negative
be negative
be negative
negative
guideline
EPPs restricted Category Ⅲ procedures Determined by Determined by If HBeAg positive If viral load greater If HBV DNA level
if viral load
restricted if viral burden expert panel
expert panel
or if viral load
than 104 GE/mL
detectable
greater than set greater than or equal to
greater than
threshold
104 GE/mL or HBeAg
103 GE/mL
positive
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes

Yes

No

No

Yes, if HBeAg Yes, if HBsAg
No, recommend
No
positive or high
positive
monitoring by an
viral load
occupational health
physician
Not specified
No
No
Optional for HCWs
with HBV DNA
levels above the
cut-off level in
order to continue
practicing EPPs

Yes

No

CDC: Centers for Disease Control and Prevention, United States; SHEA: Society for Healthcare Epidemiology of America, United States; ACS: American
College of Surgeons, United States; Canada: Laboratory Centre for Disease Control of Health Canada; UK: Department of Health, United Kingdom; Europe:
European Consensus Group; Australia: Australian Government, Department of Health and Aging; HCW: Healthcare worker; HBV: Hepatitis B virus; IU:
International units; GE: Genome equivalents; HBeAg: Hepatitis B e antigen; EPP: Exposure-prone procedure; PCR: Polymerase chain reaction; HBsAg:
Hepatitis B surface antigen.
[50]

response post-vaccination . If there is failure to
respond to one vaccination series, the HCW should be
tested for HBsAg, and if negative, should be tested for
anti-HBc to determine if they have had prior infection
[50]
or are true vaccine non-responders . The guidelines
recommend that all HCWs who are HBsAg-positive be
[48]
tested for HBeAg . Those that are HBeAg-positive
or those who are HBeAg-negative but with a HBV
3
viral load greater than 10 GE/mL should be restricted
[48]
from performing EPPs . If HBeAg is negative and
3
viral load is less than 10 GE/mL without antiviral
treatment, annual monitoring should be conducted,
[48]
and practice should not be restricted . The 2007
guidelines, developed in response to advances in
antiviral treatment for HBV infection, recommends that
HCWs who are HBeAg-negative should be permitted

WJH|www.wjgnet.com

to perform EPPs while on antiviral therapy as long as
3
their viral load remains < 10 GE/mL on monitoring
done every 3 mo, and their pretreatment viral load
5
[49]
was < 10 GE/mL . Though the UKDH guidelines
do not recommend formation of an expert panel to
guide management of HBV-infected HCWs, they do
recommend the involvement of an occupational health
[48]
physician .
The European Consensus group guidelines pub
lished in 2003 recommend HBV vaccination of all
HCWs in contact with patients, blood, or other bodily
fluids, with vaccine response tested one month post[51]
vaccination . Non-responders should undergo
additional vaccine series and if they continue to fail
to respond, an investigation into their HBV status is
recommended based on their job functions. Specifically
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Table 3 Categories of exposure-prone procedures
CDC
Category Ⅰ. Procedures known or likely to pose an increased risk of percutaneous injury to a healthcare provider that have resulted in providerto-patient transmission of HBV. These procedures are limited to major abdominal, cardiothoracic, and orthopedic surgery, repair of major traumatic
injuries, abdominal and vaginal hysterectomy, caesarean section, vaginal deliveries, and major oral or maxillofacial surgery. Techniques that have
been demonstrated to increase the risk for healthcare provider percutaneous injury and provider-to-patient blood exposure include: digital palpation
of a needle tip in a body cavity and/or the simultaneous presence of a health care provider’s fingers and a needle or other sharp instrument or object in
a poorly visualized or highly confined anatomic site
Category Ⅱ. These procedures pose low or no risk for percutaneous injury to a HCW or, if a percutaneous injury occurs, it usually happens outside of a
patient’s body and generally does not pose a risk for provider-to-patient blood exposure. These include: surgical and obstetrical/gynecologic
procedures that do not involve the techniques listed for Category I, the use of needles or other sharp devices when the HCW’s hands are outside a body
cavity, dental procedures other than major oral or maxillofacial surgery, insertion of tubes, endoscopic or bronchoscopic procedures, internal
examination with a gloved hand that does not involve the use of sharp devices, and procedures that involve external physical touch
SHEA
Category Ⅰ. Procedures with de minimis risk of bloodborne virus transmission: regular history-taking and/or physical or dental examinations; routine
dental preventive procedures, diagnostic procedures, orthodontic procedures, prosthetic procedures, cosmetic procedures not requiring local anesthesia;
routine rectal or vaginal examination; minor surface suturing; elective peripheral phlebotomy; lower gastrointestinal tract endoscopic examinations and
procedures; hands-off supervision during surgical procedures and computer-aided remote or robotic surgical procedures; and psychiatric evaluations
Category Ⅱ. Procedures for which bloodborne virus transmission is theoretically possible but unlikely: locally anesthetized ophthalmologic surgery;
locally anesthetized operative, prosthetic, and endodontic dental procedures; periodontal scaling and root planing; minor oral surgical procedures;
minor local procedures under local anesthesia; percutaneous cardiac procedures; percutaneous and other minor orthopedic procedures; subcutaneous
pacemaker implantation; bronchoscopy; insertion and maintenance of epidural and spinal anesthesia lines; minor gynecological procedures; male
urological procedures; upper gastrointestinal tract endoscopic procedures; minor vascular procedures; amputations; breast augmentation or reduction;
minimum-exposure plastic surgical procedures; total and subtotal thyroidectomy and/or biopsy; endoscopic ear, nose, and throat surgery and simple
ear and nasal procedures; ophthalmic surgery; assistance with an uncomplicated vaginal delivery; laparoscopic procedures; thorascopic procedures;
nasal endoscopic procedures; routine arthroscopic procedures; plastic surgery; insertion of, maintenance of, and drug administration into arterial and
central venous lines; endotracheal intubation and use of laryngeal mask; and obtainment and use of venous and arterial access devices that occur under
complete antiseptic technique, using universal precautions, “no-sharp” technique, and newly gloved hands
Category Ⅲ. Procedures for which there is definite risk of bloodborne virus transmission or that have been classified previously as “exposure-prone:”
general surgery; general oral surgery; cardiothoracic surgery; open extensive head and neck surgery involving bones; neurosurgery, other intracranial
procedures, and open-spine surgery; nonelective procedures performed in the emergency department; obstetrical/gynecological surgery; orthopedic
procedures; extensive plastic surgery; transplantation surgery except skin and corneal transplantation; trauma surgery; interactions with patients in
situations during which the risk of the patient biting the physician is significant; and any open surgical procedure with a duration of more than 3 h,
probably necessitating glove change
ACS
Not provided
Canada
Procedures during which transmission of HBV, HCV, or HIV from a HCW to patients is most likely to occur and includes the following: (1) digital
palpation of a needle tip in a body cavity or the simultaneous presence of the HCW’s fingers and a needle or other sharp instrument or object in a
blind or highly confined anatomic site; (2) repair of major traumatic injuries; or (3) major cutting or removal of any oral or perioral tissue, including
tooth structures, during which there is potential for the patient’s open tissues to be exposed to the blood of an injured HCW
UK
Exposure-prone procedures are those invasive procedures where there is a risk that injury to the worker may result in the exposure of the patient’s
open tissues to the blood of the worker. These include procedures where the worker’s gloved hands may be in contact with sharp instruments, needle
tips or sharp tissues inside a patient’s open body cavity, wound, or confined anatomical space where the hands or fingertips may not be completely
visible at all times
Europe
Exposure-prone procedures are invasive procedures where there is potential for contact between the skin of the HCW and sharp surgical instruments,
needles, or sharp tissues in body cavities or poorly visualized/confined body sites
Australia
Category 1: A procedure where the hands and fingertips of the HCW are visible and outside of the body most of the time and the possibility of injury to
the worker’s gloved hands from sharp instruments and/or tissues is slight
Category 2: A procedure where the fingertips of the HCW may not be visible at all times but injury to the worker’s gloved hands from sharp
instruments and/or tissues is unlikely. If injury occurs it is likely to be noticed and acted upon quickly to avoid the HCW’s blood contaminating a
patient’s open tissues
Category 3: A procedure where the fingertips are out of sight for a significant part of the procedure, or during certain critical stages, and in which there
is a distinct risk of injury to the worker’s gloved hands from sharp instruments and/or tissues. In such circumstances it is possible that exposure of the
patient’s open tissues to the HCW’s blood may go unnoticed or would not be noticed immediately
CDC: Centers for Disease Control and Prevention, United States; SHEA: Society for Healthcare Epidemiology of America, United States; ACS: American
College of Surgeons, United States; Canada: Laboratory Centre for Disease Control of Health Canada; UK: Department of Health, United Kingdom; Europe:
European Consensus Group; Australia: Australian Government, Department of Health and Aging; HCW: Healthcare worker; HBV: Hepatitis B virus; HCV:
Hepatitis C virus; HIV: Human immunodeficiency virus.

for HCWs who perform EPPs, the group recommends
proof of anti-HBs response and if negative or unavai
lable, they should receive a booster dose of HBV
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vaccination, with vaccine response tested one month
later. Non-responders should be investigated for HBV
infection, with testing of HBsAg or anti-HBc, and only
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those who are HBsAg-negative should be permitted
to proceed with EPPs. HCWs who are HBsAg-positive
should have HBeAg tested and if HBeAg-negative, can
proceed with performing EPPs if the HBV DNA level is
4
less than 10 GE/mL. The HBV DNA level should be
monitored annually. If HBeAg-positive, the HCW should
not perform EPPs unless their viral load is below the
designated cut-off and they are evaluated by an expert
panel that has approved the performance of EPPs. In
this case, it is recommended that the HBV viral load be
monitored every 3 mo.
[52]
Finally, Australian guidelines from 2012
recom
mend that all HCWs be vaccinated against HBV and
that all HCWs who perform EPPs be tested for HBV and
other blood-borne pathogens annually. A HCW is not
permitted to perform EPPs if HBV DNA is detectable
by an approved polymerase chain reaction assay. If
the HCW is HBsAg-positive and on antiviral therapy,
they are permitted to perform EPPs as long as HBV
DNA is undetectable via testing every 3 mo. If HBsAg
becomes negative on two consecutive occasions,
the HCW may perform EPPs but will require annual
testing thereafter. The guidelines also recommend
formation of an expert review panel to advise on the
management of HBV-infected HCWs.
The majority of governing bodies recommend the
formation of an expert review panel or committee
to assist with management and monitoring of HCWs
infected with HBV and other bloodborne viruses.
Guidelines generally recommend the inclusion of
individuals who have expertise in the infected HCW’s
specialty and the procedures they perform, healthcare
epidemiologists, infectious disease specialists, hepato
logists, occupational medicine physicians, hospital
administrators, human resources personnel, and the
HCW’s primary physician. Other suggested panel
members include a public health official if such issues
are managed at the state level, legal counsel, and
experts in ethics.

feature is that no governing body uniformly prohibits
the practice of EPPs by an HBV-infected HCW. While
HBV is highly transmissible through parenteral and
mucous membrane exposures, the formal recom
mendations set forth by the various governing bodies
discussed above have helped to codify the manner in
which we manage HBV-infected HCWs, thus reducing
the risk of transmission to patients while balancing the
need to protect the private health information of HCWs
and their ability to continue to perform the work for
which they are trained to do.
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MINIREVIEWS

MiR-122 in hepatitis B virus and hepatitis C virus dual
infection
Kyoungsub Song, Chang Han, Srikanta Dash, Luis A Balart, Tong Wu
level of miR-122 is positively and negatively regulated
by HCV and HBV, respectively. Consistent with the welldocumented phenomenon that miR-122 promotes HCV
accumulation, inhibition of miR-122 has been shown as
an effective therapy for the treatment of HCV infection
in both chimpanzees and humans. On the other hand,
miR-122 is also known to block HBV replication, and
HBV has recently been shown to inhibit miR-122
expression; such a reciprocal inhibition between
miR-122 and HBV suggests an intriguing possibility
that miR-122 replacement may represent a potential
therapy for treatment of HBV infection. As HBV and
HCV have shared transmission routes, dual infection is
not an uncommon scenario, which is associated with
more advanced liver disease than either HBV or HCV
mono-infection. Thus, there is a clear need to further
understand the interaction between HBV and HCV
and to delineate the role of miR-122 in HBV/HCV dual
infection in order to devise effective therapy. This review
summarizes the current understanding of HBV/HCV
dual infection, focusing on the pathobiological role and
therapeutic potential of miR-122.

Kyoungsub Song, Chang Han, Srikanta Dash, Tong Wu,
Department of Pathology and Laboratory Medicine, Tulane
University School of Medicine, New Orleans, LA 70112, United
States
Luis A Balart, Department of Medicine, Tulane University
School of Medicine, New Orleans, LA 70112, United States
Author contributions: Wu T designed the review objective and
the review structure; Song K and Wu T collected the reference
and wrote the manuscript; Han C, Dash S and Balart LA read
through the paper and contributed edition of the manuscript.
Supported by Grants from NIDDK and NCI.
Conflict-of-interest: The authors declare no conflict of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Tong Wu, MD, PhD, Department of
Pathology and Laboratory Medicine, Tulane University School of
Medicine, 1430 Tulane Avenue, SL-79, New Orleans, LA 70112,
United States. twu@tulane.edu
Telephone: +1-504-9885210
Fax: +1-504-9887862
Received: July 16, 2014
Peer-review started: July 16, 2014
First decision: August 28, 2014
Revised: September 6, 2014
Accepted: December 16, 2014
Article in press: December 16, 2014
Published online: March 27, 2015

Key words: MiR-122; Hepatitis B virus; Hepatitis C virus;
Hepatitis B virus/hepatitis C virus dual infection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This paper summarizes direct and indirect
interactions between hepatitis B virus (HBV) and
hepatitis C virus (HCV), and the pathobiological role and
therapeutic potential of liver specific miR-122 in HBV/
HCV dual infection.

Abstract
Hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections are the most common causes of chronic
liver diseases and hepatocelluar carcinomas. Over
the past few years, the liver-enriched microRNA-122
(miR-122) has been shown to differentially regulate
viral replication of HBV and HCV. It is notable that the
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the predicted prevalence may vary depending on the
relative sensitivity of both HBsAg and HBV DNA assay
in case of occult HBV infection. Presently, the exact
global prevalence of HBV/HCV dual infection is largely
unknown.
The viral dominance and prevalence of HBV/HCV
dual infection vary depending on the ethnicity and
[11]
geographic region. Nguyen et al
analyzed 115
patients with HBV/HCV dual infection in multiethnic
study and found that HBV viral dominance pattern
is significantly higher in Asian patients than nonAsian patients (38% vs 10%; P = 0.02). In contrast,
HCV viral dominance pattern is more common in
North American and European patients than in Asian
patients. Simultaneous infection of HBV and HCV is
rare, and it is mostly found in the situations such as
accidental needle-stick injury, blood transfusion and
[12,13]
[14]
injection drug users
. Mimms et al
showed that
delayed appearance of HBsAg and decreased alanine
aminotransferase (ALT) levels in simultaneous dual
infected patients compared to mono-infected patients,
suggesting that HCV inhibits HBV activity. Occult
HBV infection, defined as the presence of HBV DNA
in the liver and/or in the serum from patients with
[15]
undetectable HBsAg , has been frequently identified
[16]
in patients with chronic HCV infection . Several
lines of evidences suggest that occult HBV infection
may accelerate the progression of liver disease
[17-20]
including HCC in chronic HCV infected patients
.
For example, the prevalence of occult HBV infection is
significantly higher (61.6% vs 36.3%) in HCV positive
patients with HCC than non-HCC chronic HCV infected
[17]
patients . The incidence of HCC is also significantly
higher (14% vs 1.4%) in chronic HCV patients with
occult HBV compared to HCV patients without occult
[19]
HBV . HCV superinfection is common in areas where
[21,22]
HBV is prevalent such as Asian countries
. Several
studies have shown that HCV superinfection results
in suppression of HBV replication and elimination of
[23,24]
HBsAg
. However, acute HCV superinfection in
patients with chronic hepatitis B is associated with
worse prognosis in terms of higher incidence of
cirrhosis and HCC compared to chronic hepatitis B
[21]
alone . Although HBV superinfection in patients with
chronic hepatitis C is less common, several studies
have shown that acute HBV superinfection leads to
[25]
suppression of HCV replication. Sagnelli et al showed
that the patients who had been HCV RNA positive for
at least 1 year before HBV superinfection became HCV
RNA negative during HBV infection, but more severe
clinical presentation (development of portosystemic
encephalopathy, ascites or prothrombin activity lower
than 25%) were observed in HBV superinfected
[25,26]
patients
.
Therefore, the evidence is compelling that HBV/
HCV dual infection exhibits reciprocal inhibition of
viral replication, yet more aggressive clinical course
of liver disease and higher risk of HCC compared to

INTRODUCTION
Hepatitis B virus (HBV) and hepatitis C virus (HCV)
infection are a major health problem globally. Ap
proximately 350 million and 170 million people are
[1]
infected with HBV and HCV worldwide, respectively .
Although the exact number of patients with HBV/HCV
dual infection is unknown, about 2%-10% of patients
with chronic HCV are found to be hepatitis B surface
antigen (HBsAg) positive and 5%-20% of patients with
[2]
chronic HBV are anti-HCV positive . Several studies
have reported that HBV/HCV dual infection accelerates
the progression of chronic liver disease including
fibrosis, cirrhosis and hepatocelluar carcinoma
[3,4]
(HCC) .
Although HBV/HCV dual infection is not uncom
mon, it is rare to have both HBV and HCV actively
[5]
replicating in the same patient . In general, HBV
DNA and HCV RNA levels are lower in dual infected
[4,6]
patients compared to their mono-infected patients .
This is in accordance with the described phenomenon
of “viral interference”, i.e., infection by a first virus
results in resistance of cells to infection by a second
[7]
virus . Indeed, there is growing evidence of reciprocal
inhibitions between HBV and HCV. These reciprocal
inhibitions may be mediated by several mechanisms
including direct interference between two viruses,
indirect inhibition through host gene regulation, and
innate/adaptive host immune responses. Recently, the
liver-enriched microRNA (miRNA)-122 (miR-122) has
been implicated in the regulation of both HBV and HCV
infections.
MiRNAs are small noncoding RNAs which are
implicated in various biological processes through
destabilization or translational inhibition of protein
encoding mRNAs. Several miRNAs have been shown to
regulate the replication and life cycle of HBV and HCV,
[8,9]
respectively . Among these, the liver-specific miRNA,
miR-122, is perhaps the best known miRNA implicated
in HCV or HBV infection. Notably, although miR-122
has been shown to enhance HCV replication, it is also
known to inhibit HBV replication. However, to date,
the role of miR-122 in HBV/HCV dual infection has not
yet been defined. This review summarizes the current
understanding of the direct and indirect reciprocal
interactions in HBV/HCV dual infection, and discusses
the emerging role of miR-122 in this intricate process.

NATURAL HISTORY OF DUAL INFECTION
WITH HBV AND HCV
HBV/HCV dual infection can be classified into four types
[2,10]
based on clinical features
: acute dual infection,
occult HBV infection, and super-infection by either
virus in patients with preexisting chronic hepatitis.
Given the different modalities of HBV/HCV dual
infection, its actual prevalence may be underestimated
on the basis of the available clinical data. For instance,
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HBV or HCV mono-infection.

rather conflicting; such an inconsistency may relate to
different experimental conditions (such as cell system,
viral genotypes, or duration of infection, etc.), although
it points toward the possibility that the documented
“viral interference” during HBV/HCV dual infection may
be largely mediated by other mechanisms (such as
indirect molecular interaction).

RECIPROCAL INHIBITION BETWEEN HBV
AND HCV
Clinical and in vivo animal studies have shown that
the HBV and HCV affect their replication each other.
Patients with HBV/HCV dual infection show significantly
lower titer of HCV RNA compared to patients with
[27]
HCV mono-infection . Decreased HBsAg and HBV
DNA levels are seen in chronic hepatitis B patients co[28]
infected with HCV . Likewise, HCV super-infection
results in significant reduction in the titer of serum
[29]
HBsAg in chronic HBV-infected chimpanzee .
Conversely, in chronic HCV-infected chimpanzee, HBV
infection is delayed and attenuated compared to HCV[30]
negative chimpanzee . These reciprocal inhibitions
between HBV and HCV may account for various viral
profiles including occult infection and viral dominance
in HBV/HCV dual infection.

Indirect molecular interaction

Infection with HBV or HCV alters host gene expression
and cellular phenotypes through diverse mechanism
such as integration into host genomes and viral-host
[35]
protein interaction . Several studies have reported
that the gene expression profiles in patients with
[36,37]
chronic HBV and HCV are different
. In patients
with chronic hepatitis B, the genes related to proapoptotic signaling and DNA repair response are upregulated, whereas the genes related to immune
reaction, lipid metabolism and epidermal growth
factor receptor signaling are up-regulated in patients
[37]
with chronic hepatitis C . While these differentially
regulated genes may reflect the difference in the
pathogenesis of chronic hepatitis B and C, it is possible
that these host genes may mediate indirect molecular
interaction between HBV and HCV in the setting of
HBV/HCV dual infection.
HCV NS5A has been shown to activate PI3K-Akt
pathway through direct binding with p85 regulatory
[38]
subunit of PI3K . HCV E2 has also been reported to
activate PI3K-Akt pathway via interaction with CD81
and claudin-1; the resulting PI3K-Akt activation further
[39]
enhances HCV infectivity . Constitutively active Akt1
results in decreased HBV replication, while inhibition
of PI3K-Akt promotes HBV RNA transcription and
[40]
DNA replication in HepG2.2.15 cells . These findings
suggest that HCV may inhibit HBV replication through
activating PI3K-Akt pathway in patients with HBV/HCV
dual infection. In addition, several studies suggest that
HCV core and NS2 proteins inhibit the transcription of
HBV through interacting with nuclear receptor family
[41,42]
and affecting other cellular transcription factors
.

Direct viral interaction

Studying the direct interaction between HBV and
HCV requires appropriate in vitro and in vivo model
systems. At present, only few cell systems are sus
ceptible to hepatotropic viral infections, even in the
case of HBV or HCV mono-infection. While human
primary hepatocytes are susceptible to both HBV and
HCV infection, they are restricted to infection with
acute phase, due to their short life span and the loss
[31]
of hepatocyte features during cell culture process .
As an alternative, heterologous overexpression of
viral proteins has been utilized to study HBV and
HCV viral protein interactions. Ectopic expression of
HCV core protein has been shown to interrupt HBV
X-protein (HBx)-mediated trans-activation of HBV
[32]
genome through direct binding to HBx . HCV core
protein has also been shown to form complex with
HBV polymerase, thereby inhibiting HBV transcription
[32]
[33]
and viral encapsidation . Recently, Bellecave et al
established an inducible HBV replicating Huh7 cell
system that has consistent replicating subgenomic
HCV RNA. In that system, tetracycline-induced HBV
replication did not alter the replication of HCV, nor the
subcellular localization of HCV proteins. Similar results
were also observed in a newly established the HCC
cell line, HLCZ01 (derived from HCC tissue of HCVinfected male patient; the HLCZ01 cells are susceptible
to the entire life cycle of both HBV and HCV including
[34]
virus entry, replication and viral particle production) .
In that system, HLCZ01 cells were infected with HBV
for 10 d and then infected with HCV for another 6 d;
following HCV infection, the intracellular HCV RNA
gradually increased while the HBV DNA copies were not
changed by HCV infection. Additionally, simultaneous
infection of HLCZ01 cells by HBV and HCV did not
[34]
affect either HBV or HCV replication . Thus, the data
on the direct interaction between HBV and HCV are
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EMERGING ROLE OF MIR-122 IN HBV/
HCV DUAL INFECTION
MiR-122 is implicated in diverse aspects of hepatic
functions, including hepatic lipid and cholesterol meta
[43]
bolism and regulation of hepatitis C and B viruses .
On the subject of HCV regulation, miR-122 is known
to positively regulate HCV replication through direct
interaction with the 5’ UTR of the HCV genome. In
contrast to the general phenomenon that miRNAmRNA complex leads to either mRNA degradation
or inhibition of translation, miR-122 is unique in
that it stabilizes HCV viral RNA by protecting the 5’
terminus of the HCV genome from degradation by
the host exonuclease, Xrn-1 and also stimulates HCV
[44]
translation . Given that the miR-122 promotes the
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affect the level of miR-122 and thereby influence
the replication of the other virus, although details
of miR-122 and HBV/HCV interactions remain to be
further defined.

accumulation of HCV, miR-122 represents an attractive
therapeutic target for the treatment of HCV infection.
Indeed, silencing of miR-122 has been shown to
significantly inhibit HCV replication in cultured liver cells
[45,46]
and chronically HCV-infected chimpanzee model
.
A recent clinical study has shown that miravirsen, an
antisense inhibitor of miR-122, significantly prolonged
the reduction of HCV RNA in patients with chronic HCV
[47]
genotype 1 infection .
On the subject of HBV regulation, miR-122 is
known to inhibit the gene expression and replication of
[48]
HBV. Chen et al showed that miR-122 binds to highly
conserved region of HBV pregenomic RNA, which is
also a bicistronic mRNA encoding the HBV polymerase
and core protein, thereby leading to inhibition of HBV
gene expression and replication. MiR-122 also inhibits
HBV replication by regulating the activity of p53 and its
association with HBV enhancer via directly targeting of
[49]
cyclin G1 . These findings suggest that liver-specific
miR-122 is a critical regulator of viral replication in
both HBV and HCV by either directly affecting viral
RNA or modulating host gene expression.
The level of miRNAs is tightly controlled by tran
scriptional or post transcriptional regulation of
[50]
biogenesis . Although the expression of miR-122
is transcriptionally regulated by liver-enriched trans
[51,52]
cription factors including HNF4 and C/EBPα
, it
can be regulated by HBV and HCV infection. Recent
studies have shown that the abundance of miR-122
is different in HCC patients with HBV versus HCV. The
levels of miR-122 in patients from HBV-associated
HCC is significantly lower compared to HCV-associated
[53]
HCC . Down-regulation of miR-122 is observed
in a stable HBV-expressing cell line, HepG2.2.15,
[54,55]
compared to its parental cell line, HepG2
. In
addition, HBV infection also decreases the levels of
[56]
miR-122 in human hepatocyte and HepaRG cells .
Recent evidence suggests that HBx is an important
negative regulator of miR-122 expression, highlighted
by the fact that HBx binds to peroxisome proliferator
activated receptor gamma and inhibits the transcription
[56]
of miR-122 . A separate study shows that HBx
decreases miR-122 level post-transcriptionally through
[55]
downregulation of Germline development 2 .
Acute HCV infection has been reported to increase
the level of miR-122 in cultured cells and chimpanzee
models. In HCV infected Huh7.5.1 cells, the level of
miR-122 increased at early time points (at day 19
post-infection), then decreased quickly and reached
minimum levels at late time points (at day 32 post[57]
infection) . In a chimpanzee model, inoculation of
HCV genotype 1 resulted in increased expression of
miR-122 at the first 4 wk (rapidly increasing HCV viral
titer), followed by declined levels of miR-122 at 10-14
[58]
wk (with elevation of serum ALT) .
The above findings provide evidence for reci
procal interactions between miR-122 and HBV/HCV
(summarized in Figure 1). It is possible that the
dominant virus in HBV/HCV dual infection may
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MIR-122 AS THERAPEUTIC TARGET
IN PATIENT WITH HBV/HCV DUAL
INFECTION
Since HBV/HCV dual infection is heterogeneous,
currently there is no standard therapy for the treat
ment of HBV-HCV dual infected patients. Although
interferon-α (IFN-α) is the only treatment option
effective for both viruses, early treatment trials
showed that HBV/HCV dual infected patients were less
[59]
responsive to IFN than HCV mono-infective patients .
Therefore, it is very important to identify virological
profiles including viral dominances in HBV/HCV dual
infection to guide treatment. A previous study report
that approximately 70% of dual infected patients
have active HCV, whereas 38% of patients have
[60]
active HBV . Multiple studies have evaluated the
efficacy of pegylated interferon-alpha (Peg-IFN-α)
and ribavirin on HBV/HCV dual infection with active
[61]
HCV infection. Potthoff et al
administered PegIFN-α/ribavirin to 19 patients with chronic hepatitis
C and positive HBsAg for 24 wk; sustained virologic
response (SVR) was achieved in 74% patients
(14/19); although HBsAg and HBeAg status remained
unchanged, HBV-DNA became negative in two of
six HBV-DNA positive patients; however, four of the
13 patients (31%) with HBV-DNA negative patients
[62]
became positive after clearance of HCV. Liu et al
conducted a larger multicenter clinical trial and found
that HCV SVR was 72.2% in dually infected patients
vs 77.3% in mono-infected patients with genotype
1 infection. For patients with genotype 2/3, SVR
were 82.8% and 84%, respectively. Notably, 11.2%
(18/161) of the dually infected patients showed HBsAg
clearance and serum HBV-DNA became undetectable
in 55.9% (38/68) of patients at the end of the followup period. In contrast, 36.3% (28/77) dually infected
patients whose pretreatment serum HBV DNA was
undetectable showed reappearance of HBV DNA. A
separate study has demonstrated the effectiveness
of IFN and lamivudin in dually infected patients with
[63]
active HBV . In that study, eight patients received
IFN plus lamivudin for 12 mo and followed by 6 mo of
lamivudin alone; HBV DNA and HBeAg clearance were
observed in 3/8 patients and serum HCV RNA became
negative in 4/8 patients. These results suggest that
targeting dominant virus through combined IFN plus
ribavirin or IFN plus nucleoside/nucleotide analog
might be effective in HBV/HCV dual infection.
Studies have shown that SVR to IFN-based therapy
is associated with single-nucleotide polymorphisms
near the IL28B gene such as rs12979860, rs12980275
and rs8099917. The IL-28B rs12979860 CC,
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in serum with strong response to treatment than the
IL28B GT or GG genotypes. Conversely, low levels of
pre-treatment miR-122 have been observed in chronic
HCV patients who had no virological response during
[71,72]
[73]
Peg-IFN-α/ribavirin therapy
. Hao et al
showed
that IFN-α treatment induced a marked decrease of
miR-122 in hepatocyte through sequestration by the
IFN-stimulated gene, NT5C3, and thereby negatively
affects the anti-HBV efficiency of IFN-α. These findings
suggest that the level of miR-122 is regulated by IFNstimulated genes and is closely related to interferon
response in patients with HBV or HCV. Given that PegIFN-α/ribavirin is also used as therapeutic drugs for
dual infected patients with active HCV, pre- and posttreatment miR-122 levels should be measured in
various types of dual infected patients; the data may
not only help predict therapeutic response, but also
provide insights into viral interaction and reactivation.
As stated in the preceding section, targeting
miR-122 using anti-sense nucleic acid is highly effec
[45-47]
tive for the treatment of chronic HCV infection
.
This approach has several advantages, including
effectiveness on all HCV genotypes (because of
highly conserved miR-122 binding sites across HCV
[74]
genotypes ), no evidence of viral resistance, and lack
[46]
of significant side effect . However, as mentioned

rs12980275 AA and rs8099917 TT genotypes are
more frequently found in chronic hepatitis C patients
(genotype 1) in SVR group than in null virological
[64-66]
response (NVR)
. In case of genotype 2/3, only IL28B rs12979860 CC genotype is associated with SVR
to Peg-INF-α/ribavirin therapy, but not rs12980275
[67]
and rs8099917 genotypes . These genotypes are
also closely associated with SVR to IFN therapy in
[68,69]
patients with HBV infection
. Consistent with their
role in mono-infection, IL-28B genotypes are also
associated with SVR to Peg-INF-α/ribavirin therapy in
[70]
HBV/HCV dual infection. Guo et al
showed that IL28B rs12979860 CC and rs8099917 TT genotypes
are frequently found in SVR group than NVR in dual
infected patients treated with Peg-INF-α/ribavirin.
Interestingly, the reactivation rate of HBV DNA was
significantly lower in IL28B rs8099917 TT genotypes
than their TG + GG genotypes (TT vs TG + GG; 13.9%
[70]
vs 41.7%, P = 0.005) . Therefore, these results
suggest that IL28B gene polymorphism can be used
to predict HBV reactivation as well as IFN response in
HBV/HCV dual infection.
Several recent studies suggest that miR-122
levels might be related to the IL28B genotype. Su
[71]
et al
found that IL28B rs8099917 TT genotypes
had significantly high pre-treatment miR-122 levels
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above, miR-122 has dual function on HBV and HCV
replication and it may play a role in reciprocal viral
inhibition between these two viruses. Thus, silencing
of miR-122 might not be suitable for the treatment
of HBV/HCV dual infected patients, even in dual
infected patients with dominant HCV, as inhibition of
miR-122 may cause reactivation of HBV. Careful testing
and screening for HBV is required before initiation
of miR-122 inhibitor in patients with positive HCV
serology.
On the other hand, evidence also suggests the
possibility of miR-122 replacement therapy for the
treatment of HBV or even late stage of HCV-associated
diseases. Several studies have shown that hepatic
level of miR-122 was significantly decreased in the late
[75,76]
stage of fibrosis and HCC
, suggesting that miR-122
may inhibit hepatic fibrogenesis and carcinogenesis;
these observations argue for miR-122 replacement
therapy in late stage of HCV-associated liver disease.
[11]
Nguyen et al found that 83% of HBV-dominant dual
infected patients had complete dominance (i.e., with
negative HCV RNA). For these cases, it remains to be
determined whether miR-122 replacement therapy
can be strategized to curtail HBV and improve HBVassociated pathology; should this be attempted, it
would be critical to continually monitor HCV replication
given the possibility of HCV reactivation. Thus, whether
or when to inhibit or enhance miR-122 for therapy
requires careful consideration of the context of the
viral infections and the stage of the liver diseases.
Given the enormous promise of direct-acting
antiviral (DAA) drugs (including NS3/4A protease
inhibitors, NS5A and NS5B polymerase inhibitors) for
successful interferon-free treatment of HCV across
[77-79]
multiple genotypes
, further investigation is
warranted to determine whether DAA drugs could be
effectively utilized for optimal antiviral therapy in HCV/
HBV dual infected patients and whether their antiviral
efficacy is dependent upon miR-122.

miR-122 is a crucial host gene that differentially
regulates the replication of both HBV and HCV. Con
versely, the expression of miR-122 is regulated
differently by these two viruses. Although silencing of
miR-122 is an attractive therapy against HCV infection,
this approach might not be suitable for the treatment
of HBV/HCV dual infection, given the potential concern
for HBV reactivation. Further studies are needed to
better understand the mechanisms for miR-122mediated hepatotropic viral replication and to devise
the optimal regimen for treatment of HBV/HCV dual
infection.
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Cirrhotic cardiomyopathy: Implications for the perioperative
management of liver transplant patients
Suehana Rahman, Susan V Mallett
β-adrenergic receptor. Diagnosis can be made using a
combination of echocardiography (resting and stress),
tissue Doppler imaging, cardiac magnetic resonance
imaging, 12-lead electrocardiogram and measurement
of biomarkers. There are significant implications of cirrhotic
cardiomyopathy in a number of clinical situations in which
there is an increased physiological demand, which
can lead to acute cardiac decompensation and heart
failure. Prior to transplantation there is an increased
risk of hepatorenal syndrome, cardiac failure following
transjugular intrahepatic portosystemic shunt insertion
and increased risk of arrhythmias during acute
gastrointestinal bleeding. Liver transplantation presents
the greatest physiological challenge with a further
risk of acute cardiac decompensation. Peri-operative
management should involve appropriate choice of graft
and minimization of large fluctuations in preload and
afterload. The avoidance of cardiac failure during this
period has important prognostic implications, as there
is evidence to suggest a long-term resolution of the
abnormalities in cirrhotic cardiomyopathy.
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Core tip: Cirrhotic cardiomyopathy is characterised by a
blunted inotropic and chronotropic response to stress,
impaired diastolic relaxation and prolongation of the QT
interval. It is only recently that it has been recognised
as a definitive clinical entity, and yet it has significant
implications in a number of clinical situations in which
there is increased physiological demand, which can lead
to acute cardiac decompensation and heart failure. Liver
transplantation is one such situation, and in this review
we discuss criteria for diagnosis, possible methods
to limit further deterioration and the perioperative
management of these patients.

Abstract
Cirrhotic cardiomyopathy is a disease that has only
recently been recognised as a definitive clinical entity.
In the setting of liver cirrhosis, it is characterized
by a blunted inotropic and chronotropic response
to stress, impaired diastolic relaxation of the
myocardium and prolongation of the QT interval in
the absence of other known cardiac disease. A key
pathological feature is the persistent over-activation
of the sympathetic nervous system in cirrhosis, which
leads to down-regulation and dysfunction of the
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expert consensus committee at the World Congress of
[1]
Gastroenterology in 2005 (Table 2).

Rahman S, Mallett SV. Cirrhotic cardiomyopathy: Implications
for the perioperative management of liver transplant patients.
World J Hepatol 2015; 7(3): 507-520 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i3/507.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i3.507

Hyperdynamic circulation of cirrhosis
[2]

Kowalski et al were the first to report the existence of
an altered circulation in 1953, describing an increased
cardiac output at rest, with an inverse relationship to
systemic vascular resistance. In addition, they noted
that the increase in cardiac output was not accompanied
by a parallel increase in oxygen consumption and that
in one third of their study population, the QT interval
was prolonged. Their findings were consistently
[3-7]
reproduced in subsequent studies
and the concept
of the “hyperdynamic circulation of cirrhosis” was
established.
An altered vascular resistance and redistribution
of plasma volume has been implicated as the cause
[8]
of this hyperdynamic circulation . The increase in
intrahepatic resistance due to fibrosis causes hyper
tension in the portal circulation, which stimulates the
release of circulating and endothelial vasodilators
(both due to a compensatory release and an impaired
hepatic degradation). The resulting peripheral arterial
vasodilatation and subsequent volume expansion leads
to an initially appropriate response of hyperkinesis in
the circulatory system.
Over time, with worsening hepatic dysfunction, the
increased volume is redistributed to the splanchnic
bed. There is a resultant relative reduction in central
blood volume (despite an increase in absolute volu
me), triggering an activation of the SNS and the
renin-angiotensin-aldosterone system in an effort
to counteract the low arterial blood pressure and
volume reduction. Thus patients with cirrhosis exhibit
enhanced activity of the SNS with increased circulating
catecholamines in direct relation to the severity of the
[9,10]
disease
.
These findings of an increased cardiac output at
rest and reduced systemic vascular resistance are not
present in all patients with ESLD, with the degree of
hyperkinesis correlating with worsening hepatocellular
[11]
insufficiency and portal hypertension .

INTRODUCTION
Cirrhotic cardiomyopathy (CCM) in a patient with
chronic liver disease is a clinical entity characterised
by a blunted inotropic and chronotropic response to
stress, impaired diastolic relaxation and prolongation
of the QT interval. These abnormalities occur in
the absence of other known cardiac disease, are
independent of liver aetiology, and occur to a variable
degree in up to 40%-50% of patients with cirrhosis.
Currently, CCM is often undetected, as it is not
widely recognised and is largely asymptomatic at rest,
with overt heart failure being rare in cirrhosis. This
latent cardiomyopathy classically only manifests itself
during periods of physiological or pharmacological
stress, but it assumes clinical importance in the setting
of events that challenge the cardiovascular system.
It is associated with an increased risk of hepatorenal
syndrome, particularly following sepsis, and insertion
of transjugular intrahepatic portosystemic shunts
(TIPS) can precipitate acute cardiac failure following
the sudden delivery of an increased volume load to
the heart. Liver transplantation presents the greatest
physiological challenge, with the significant fluctuations
in preload and afterload during the peroperative
period. Cardiac decompensation at this stage can lead
to graft failure, multi-organ failure and death.
Long term however, there is a reversal of the
abnormalities evident in cirrhotic cardiomyopathy,
with both structural and functional improvements
seen by six to twelve months post-transplantation.
It is important therefore to recognise and diagnose
this condition of impaired cardiac reserve function
to minimise the incidence of decompensation during
periods of increased demand. Careful patient selection
and additional monitoring for invasive procedures
pre-transplantation, followed by appropriate graft
allocation and tailoring of both anaesthetic and surgical
techniques at the time of transplant may improve
postoperative outcomes with improved longer-term
survival. The key points are summarised in Table 1.

Systolic dysfunction under stress

Left ventricular ejection fraction (LVEF) at rest in the
context of chronic liver disease has been reported
[12,13]
[14]
to be normal
and often higher than controls .
In patients without ascites, the increased pre-load
can compensate for cardiac dysfunction, whereas in
patients with ascites, the reduced afterload secondary
to the systemic arterial vasodilatation compensates for
[15]
both a decreased preload and contractile dysfunction .
Thus, the majority of patients are asymptomatic for
heart failure at rest.
[5,6,12-14,16]
When subjected to physiological
or
[17,18]
pharmacological
stress however, the increase
in contractility and cardiac output is significantly
blunted in comparison to matched controls. There
is an abnormal ventricular response to an increased

CLINICAL FEATURES
Cirrhotic cardiomyopathy is characterised by an
impaired contractile response to stress, diastolic
dysfunction and electrophysiological abnormalities. It
is a spectrum of cardiological impairment that has its
origin in the haemodynamic changes that accompany
end stage liver disease (ESLD). The definition and
diagnostic criteria were defined by an international
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Table 1 Cirrhotic cardiomyopathy and liver transplantation
Key points
CCM is a latent cardiac dysfunction that is independent of aetiology and may be unmasked during periods of increased cardiovascular demand
It is characterised by systolic incompetence to stress, diastolic dysfunction and electrophysiological abnormalities
The persistent over-activation of the SNS in cirrhosis leads to down-regulation and dysfunction of the β-adrenergic receptor, a key pathological feature in CCM
Clinical implications include an increased risk of hepatorenal syndrome, cardiac failure following TIPS insertion and increased risk of arrhythmias
during acute gastrointestinal bleeding
Diagnosis can be made using a combination of echocardiography (resting and stress), tissue Doppler imaging, cardiac MRI, 12 lead ECG and
measurement of biomarkers
Cardiac status should be re-evaluated regularly until liver transplant
Peri-operative management at transplantation should involve careful choice of graft and minimisation of large fluctuations in preload and afterload
Long term there is a resolution of the abnormalities in CCM
CCM: Cirrhotic cardiomyopathy; SNS: Sympathetic nervous system; TIPS: Transjugular intrahepatic portosystemic shunts; ECG: Electrocardiogram.

lead to impaired contractility. There is a resultant
[21]
increase in LV mass
with decreased compliance and
relaxation, resulting in abnormal filling of the ventricle.
The presence of LVDD has not been found to correlate
[22]
with the aetiology of liver disease , however, the
severity of LVDD correlates with worsening liver
[22,23]
disease
. Its prevalence is higher in patients with
[19,21,23]
ascites
and there is evidence to suggest that
[24]
paracentesis induces an improvement (Figure 1) .
The presence and severity of LVDD prior to
transplantation has been found to be associated with
[22,23,25]
[22]
an increased mortality
. Karagiannakis et al
evaluated the 2-year probability of patients’ survival
classified by the presence of diastolic dysfunction and
reported survival rates of patients with and without
LVDD to be 88.2% vs 96.4% at 6 mo; 70.6% vs
89.3% at 12 mo; 53% vs 85.7% at 18 mo and 47%
vs 82.1% at 24 mo (Figure 2).
The difference in survival becomes more significant
after the first year of follow-up, which is presumably
why some shorter studies cannot elucidate a trend.
In addition, survival is also related to the severity
[23]
of LVDD. Ruíz-del-Árbol et al
reported that after
a twelve month follow up period from baseline
investigations, survival was 95% in those without
LVDD, 79% in those with grade 1 LVDD and 39% in
those with grade 2 LVDD.

Table 2 2005 World Congress of Gastroenterology diagnostic
[1]
and supportive criteria for cirrhotic cardiomyopathy
A working definition of cirrhotic cardiomyopathy
A cardiac dysfunction in patients with cirrhosis characterised by
impaired contractile responsiveness to stress and/or altered diastolic
relaxation with electrophysiological abnormalities in the absence of
other known cardiac disease
Diagnostic criteria
Systolic dysfunction
Blunted increase in cardiac output on exercise, volume challenge or
pharmacological stimuli
Resting LVEF < 55%
Diastolic dysfunction
E/A ratio < 1 (age-corrected)
Prolonged deceleration time (> 200 ms)
Prolonged isovolumetric relaxation time (> 80 ms)
Supportive criteria
Electrophysiological abnormalities
Abnormal chronotropic response
Electromechanical uncoupling
Prolonged QTc interval
Enlarged left atrium
Increased myocardial mass
Increased BNP (brain natriuretic peptide) and pro-BNP
Increased troponinⅠ
BNP: B-type natriuretic peptide; LVEF: Left ventricular ejection fraction.

ventricular filling pressure, which correlates with the
severity of liver disease. During certain treatment
interventions therefore, such as liver transplantation
and TIPS, the volume and pressure load stresses
may be significant enough to overcome the “autoprotection” provided by the low systemic vascular
resistance and acutely unveil previously asymptomatic
latent cardiac disease.

Electrophysiological abnormalities

Three main electrophysiological abnormalities exist in
cirrhotic cardiomyopathy: (1) Prolongation of the QT
interval; (2) electromechanical dyssynchrony; and (3)
chronotropic incompetence.
A prolonged QTc interval (> 440 ms) is reported
to be present in up to 50% of patients with cirrhosis.
It is not related to aetiology of liver disease, worsens
in parallel with the severity of disease (Figure 3) and
[26,27]
may be associated with a reduced survival
. This
abnormality is also frequently prolonged in non-cirrhotic
[28]
patients with portal hypertension .
The QT interval represents length of ventricular
electric systole and a prolongation can lead to severe
ventricular arrhythmias, syncope and sudden death.
The coupling of electrical depolarisation to ventricular

Diastolic dysfunction

Left ventricular diastolic dysfunction (LVDD) is the most
prominent characteristic of cirrhotic cardiomyopathy
and is thought to precede systolic dysfunction. Its
prevalence has been found to be over 50% in cirrhotic
[19-21]
patients
and can be detected at rest using transthoracic echocardiography (TTE).
In the early stages of cirrhosis, the expanded blood
volume and subsequent increased cardiac preload
causes overloading of the left ventricle (LV) and can
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Figure 3 Individual values of QTc interval in patients with cirrhosis (divided
according to Child-Pugh classes) and controls. Bernardi et al[26].

0.5
Figure 1 Left ventricular diastolic function in normal subjects (A);
cirrhosis (B); cirrhosis with tense ascites (C); cirrhosis with ascites after
paracentesis (D). aP < 0.05, E/A ratio: (early peak: late peak filling velocities).
Ratio declines with worsening LVDD. Pozzi et al[24].

Cardiac autonomic dysfunction

Autonomic dysfunction is common in cirrhosis and is
characterised by an increase in baseline sympathetic
[10]
nervous system (SNS) activity
and decreased
[32]
baroreflex sensitivity . The baroreceptor and volume
receptor stimulation caused by the low arterial blood
pressure and blood volume drives this over-activity,
causing an increased cellular exposure to noradrenaline
[9]
and an eventual impairment in β-adrenergic function .
These changes play an important role in the deve
lopment of the hyperdynamic circulation and its
adverse effects.
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Multiple pathogenic mechanisms have been implicated
[33,34]
in the development of cirrhotic cardiomyopathy
.
The diminished inotropic and chronotropic responses
to sympathetic stimulation are mainly secondary to
a significant down-regulation (reduced density and
[35]
function) of the β-adrenergic receptors
following
long-term exposure to persistently high levels of
[36]
catecholamines .
In addition, there is a decrease in the fluidity of
the cardiomyocyte plasma membrane caused by
an accumulation of cholesterol and bile acid. This
adversely affects the receptor-agonist interaction of not
[37]
only the β-adrenergic receptors , but also the other
protein receptors embedded in the plasma membrane,
ultimately having the effect of compromising cardio
myocyte activation.
There is also increased activity of the cardiac
inhibitory systems in cirrhosis, involving substances such
[38]
[39]
as nitric oxide (NO) , carbon monoxide (CO)
and
[40,41]
endogenous cannabinoids (endocannabinoids)
.
The resultant effect is negative inotropy, which
further exacerbates the cardiac dysfunction in cirrhotic

24

Figure 2 Differences in survival of patients according to the presence
of left ventricular diastolic dysfunction. LVDD: Left ventricular diastolic
dysfunction. Karagiannakis et al[22].

contraction is also abnormal in cirrhosis. Henriksen and
[27]
colleagues found this electromechanical dyssynchrony
to be greater in patients with a prolonged QTc interval,
which in turn was related to systemic circulatory
dysfunction. The resultant effect of this abnormality is a
further impairment of cardiac contractility.
Finally, in CCM there is an impaired ability to
increase heart rate in response to activation of the
sympathetic nervous system and an increased demand
[13,16,29,30]
in cardiac output
. The decrease in heart
rate variability has been found to be associated with
increasing severity of cirrhosis and additionally to poor
[31]
prognosis and increased mortality . It represents an
impaired ability to maintain cardiac output at a level
that matches cellular demands.
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cardiomyopathy.

Cardiac MRI: Cardiovascular magnetic resonance
(CMR) has become the gold standard method for
assessing function and morphology in diseases of
[48]
the myocardium , and is of particular use in obese
patients where TTE may be suboptimal. It allows
repeated evaluation of disease course and detection of
subclinical changes prior to dysfunction. The addition
of gadolinium contrast (late gadolinium enhancement)
has allowed analysis of the intercellular matrix in postinfarct scars, non-ischaemic cardiomyopathies and
[48,49]
amyloidosis
. This ability to analyse myocardial
infiltration and fibrosis has diagnostic potential in the
early recognition of cirrhotic cardiomyopathy.

DIAGNOSIS
There is no single diagnostic test that can identify
patients with cirrhotic cardiomyopathy and predict
[42,43]
who will develop postoperative complications
.
Furthermore, there is no comprehensive data that
exists to guide the preoperative cardiac assessment
of patients undergoing consideration for liver
transplantation.

Diastolic dysfunction

Two-dimensional transthoracic echocardio
graphy: A number of studies to date have used
the E/A ratio to determine the presence of diastolic
dysfunction, with a ratio < 1 being considered as a
[15,24,44,45]
positive finding
. It represents the pattern of
blood flow through the mitral valve. Under normal
conditions, early rapid passive filling causes a peak
in the transmitral flow profile, known as the E wave,
and late rapid filling due to atrial contraction results in
a second smaller peak known as the A wave. In the
presence of diastolic dysfunction, early passive filling (E
wave) is reduced due to an increasingly non-compliant
left ventricle, with a greater contribution to filling from
atrial contraction during the late phase of diastole
(represented by an abnormally large A wave). The
overall effect is a reduction in the E wave to A wave
ratio.
The E/A ratio may be insufficient as a single
parameter to characterise LVDD as it can normalise
despite increasing severity of dysfunction. As LV
stiffness increases and impairs passive filling, left atrial
pressure rises (along with increasing LA dilatation)
and eventually drives the filling of the ventricle in
early diastole, thereby increasing the E wave. This
initially restores the E/A ratio to the normal range,
with eventual elevation to supra-normal values.
Other features of the TTE are subsequently used to
supplement the evaluation of LV relaxation, such as
the deceleration time (DT) and isovolumetric relaxation
time (IVRT), both of which are initially prolonged, then
shortened with increasing severity of dysfunction.
Interventricular septal and posterior wall thickness
[14,15,24,46]
have also been found to be increased in LVDD
.
In the general population left ventricular stiffness
and hence diastolic dysfunction increase with age,
so interpretation of TTE findings should be made in
[47]
context of this variable .

Systolic incompetence
Dobutamine and exercise stress echocardio
graphy: In addition to assessing for inducible
ischaemia secondary to coronary artery disease, stress
echocardiography can be used to detect underlying
chronotropic and inotropic incompetence under
conditions of increased cardiovascular demand. They
are useful screening tools prior to transplantation, but
the criteria for undertaking these tests remains varied
between institutions.
In a review of 157 pre-transplant dobutamine
[50]
stress echocardiographys (DSEs), Umphrey et al
found 37% to be inconclusive due to failure to reach
85% of their maximum predicted heart rate.
Furthermore, the inability to achieve > 82% of this
target correlated with an increased risk of having an
adverse cardiovascular event up to 4 mo post-OLT.
Another group found the incidence of chronotropic
[51]
incompetence on DSE in cirrhosis to be over 85% ,
when defined by a heart rate reserve of less than 80%.
No patient had taken medication that had an effect
on haemodynamics until the study was completed.
In contrast to this, out of the 58 patients with an
inconclusive test in the previous study, 50% had taken
a beta-blocker within 12 h of the investigation.
Since beta blockade is responsible for moderation
of the heart rate, it raises the question as to whether
or not patients undergoing DSE, in part to assess for
chronotropic incompetence, should have this drug
withheld for 24 h prior to this investigation to enable
a more accurate and comparable evaluation of their
underlying cardiac reserve function.

STRAIN AND STRAIN RATE IMAGING BY
ECHOCARDIOGRAPHY
Strain imaging using either tissue doppler or myo
cardial speckle tracking and strain rate imaging are
becoming increasingly recognised as valuable noninvasive tools for a more comprehensive and reliable
[52]
assessment of myocardial function . These modalities
can detect early changes in systolic function at rest.
The long axis sub-endocardial fibres are thought
to be more susceptible to damage than the radial-

Tissue Doppler imaging: The parameters that are
measured on conventional two-dimensional (2D)
ECHO are dependent on cardiac loading conditions and
describe fluid movements rather than tissue dynamics.
Tissue Doppler echocardiography has now been
suggested as a more accurate modality to assess for
[8,47]
diastolic dysfunction
.
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emerging for it to be a strong independent prognostic
[64]
marker for survival. Wiese et al
found that the risk
of dying within 1 year predicted by the MELD score is
increased by a factor of 1.6 if the hsTnT is 4-8 ng/L
and by a factor of 2.7 if hsTnT is more than 8 ng/L
(Figure 4).
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Proinflammatory markers: Inflammatory activation
has been shown to aggravate the circulatory failure
and worsen the prognosis in cirrhosis. There is
evidence to show that levels of soluble urokinasetype plasminogen activator receptor (suPAR) and
high-sensitive C-reactive protein (hsCRP) are
potential markers of this interaction. Levels have been
found to correlate significantly with Child class and
[64]
haemodynamic derangement .
Currently, the commonly used scoring systems for
assessment of severity of liver disease such as MELD
and Child Pugh do not incorporate the circulatory or
inflammatory state. Therefore, these markers may in
the future enable a more comprehensive assessment
of the liver transplant candidate.

A

0.2
0.1
0.0
10

15

20

25
MELD score

30

35

40

Figure 4 Estimated 1 year probability of dying as a function of: (A) MELD
score alone; (B) MELD score and hs-TnT of 4-8 ng/L; and (C) MELD score
and hs-TnT of > 8 ng/L. Taken from Wiese et al[64].

[20]

orientated ones in the midwall
so may convey the
first manifestation of cardiac impairment. In addition,
peak systolic strain rate has been found to be more
closely related to contractility than ejection fraction
[52]
determined by TTE .

CLINICAL IMPLICATIONS

Electrophysiological abnormalities

Pre-transplant

Twelve lead Electrocardiogram: Prolongation of the
QT interval, when corrected for heart rate (QTc) is
commonly quoted to be > 440 ms. In normal subjects,
QT interval is also affected by age and gender,
with the length being longer in older subjects and
females. However, in cirrhosis this gender difference is
[53]
abolished .

TIPS: Prior to liver transplantation, additional events
that take place in the clinical course of a patient with
end stage liver disease may be impacted on by the
presence of cirrhotic cardiomyopathy. In particular,
diastolic dysfunction may become clinically problematic
following procedures that involve a sudden volume
load to a stiff, non-compliant ventricle.
One such procedure is the insertion of a TIPS, in
which a high splanchnic blood flow is rapidly delivered
to the systemic circulation, resulting in an almost
two fold increase in central pressures and pulmonary
[65,66]
capillary wedge pressure
. This not only aggravates
the hyperdynamic circulation, with a sustained rise in
[49]
cardiac output for up to 1 year post procedure , but
also several cases of heart failure following TIPS have
[67-69]
been reported
. In addition, there is evidence to
suggest that those patients with diastolic dysfunction
defined by an E/A ratio ≤ 1 have a lower post-TIPS
ascites clearance and probability of survival at one
[44,45]
year than those without
(Figures 5 and 6).
The non-compliant left ventricle renders the patient
less able to adequately increase their cardiac output
in response to the sudden volume load which, in
addition to the worsening of the vasodilation following
the procedure, results in a relative under-filling of
the central blood volume and poor clearance of the
ascites. The dumping of cardioactive substances from
the splanchnic to systemic circulation post-TIPS also
causes a further prolongation of the QT interval, which
worsens post procedure at 1-3 mo and stays elevated
[28]
above the baseline value .
The above findings suggest that careful patient
selection for TIPS is needed and a consideration of

Biomarkers

Atrial natriuretic peptide (ANP) is secreted in response
to atrial stretch, with the resultant effect of lowering
blood pressure and cardiac preload. It is stored as
pro-ANP, which is cleaved to ANP and NT-proANP, the
latter of which is thought to be a better marker of LV
[54,55]
dysfunction
. ANP levels reflect volume overload
[46]
and are increased in patients with ascites .
B-type natriuretic peptide (BNP) is similarly cleaved
from its pro-peptide and released from ventricular
myocytes in response to ventricular wall stretch or
[56]
myocardial ischaemia , with the primary purpose of
[57]
reducing cardiac hypertrophy and fibrosis . Increased
concentrations have been detected in cirrhosis,
with levels correlating with the severity of liver dise
ase, presence of diastolic dysfunction, myocardial
[46,49,58,59]
hypertrophy and survival
. Preoperative levels of
BNPs (BNP and NT-proBNP) are powerful independent
predictors of cardiovascular events and mortality in
[60,61]
patients undergoing non-cardiac surgery
, with
further enhancement of this risk stratification seen
with the additional measurement of postoperative
[62,63]
levels
.
High sensitivity Troponin T (hs-TnT) is also incr
eased in decompensated cirrhosis with evidence
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Figure 5 Probability of patients still having ascites after transjugular
intrahepatic portosystemic shunts insertion in the group with diastolic
dysfunction (E/A ≤ 1) and the group without (E/A > 1). Rabie et al[45].
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Figure 6 Probability of survival in patients with (E/A ≤ 1) or without (E/A
> 1) diastolic dysfunction. Rabie et al[45].

bacterial peritonitis (SBP), those that subsequently
developed renal failure had a reduced cardiac output
both at the time of infection diagnosis and at infection
[72]
resolution . If the additional physiological demands
caused by the inflammatory mediated vasodilatation
and negative inotropy could not be met, a rapidly
progressive impairment of systemic haemodynamics
followed, with severe renal and hepatic failure,
aggravation of portal hypertension, encephalopathy
and death.

referral directly to transplantation may be warranted in
those with diastolic dysfunction. If TIPS is undertaken,
increased cardiac monitoring post-procedure may be
beneficial in those patients with suspected cirrhotic
cardiomyopathy, for early recognition and treatment of
potential cardiovascular complications.

Hepatorenal syndrome

This is a functional renal failure that occurs in the
presence of liver dysfunction, splanchnic vasodilatation
and intense activation of the endogenous vasocon
strictor systems, with important prognostic implications
in a patient with decompensated cirrhosis. There is
increasing evidence to suggest that inotropic and
chronotropic insufficiency in CCM may have a role in
the progression to hepatorenal syndrome (HRS). Krag
[70]
et al
demonstrated that the number of cirrhotic
patients with ascites who developed HRS type 1 within
three months of initial assessment was higher in
the group with a low cardiac index (< 1.5 L/min per
square meter) than in the high cardiac index group
(43% vs 5% respectively). Furthermore, patients with
the lowest cardiac index at baseline had significantly
poorer survival at 3, 9 and 12 mo.
Likewise a cardiac output < 6.0 L/min was found
to be an independent predictor of HRS in a group
of patients with cirrhosis and tense ascites who,
at baseline had normal creatinine levels (Figure
[71]
7) . The implication is that the patients who are
unable to maintain cardiac output in the presence
of systemic arterial vasodilatation at a level that
maintains a sufficient renal perfusion pressure are
predisposed to the development of renal dysfunction
and HRS.

Gastrointestinal bleeding

QT prolongation in cirrhosis is common and one of the
postulated causes is the baseline sympathetic nervous
system hyperactivity. Therefore, a sudden increase in
this activity caused by acute gastrointestinal bleeding
further lengthens this time interval with potential
[73]
adverse outcomes. Trevisani et al
showed that in a
group of cirrhotic patients with this complication, the
QT interval lengthened at the time of bleeding and
all those that died had a longer QTc than survivors.
In addition, QTc was able to independently predict
survival, with a best cut-off value of ≥ 460 ms.

IMPLICATIONS OF DIAGNOSIS AND
MANAGEMENT
When a patient displays features of CCM, this is an
indication to perform more frequent cardiovascular
reassessment, with regular TTE studies perhaps every
three months prior to transplantation. Deterioration
can then be detected earlier, enabling prompt manage
ment of symptomatic heart failure, appropriate
cardiovascular monitoring at the time of TIPs or acute
gastrointestinal bleeding and appropriate fluid therapy
and circulatory support on diagnosis of SBP.
Positive diagnosis may also affect the decision
to proceed with TIPS, as underlying CCM has been
associated with not only suboptimal ascites clearance
and LV dysfunction, but also increased mortality. In

Spontaneous bacterial peritonitis

The susceptibility of a patient with a decreased cardiac
reserve to further organ impairment becomes more
pronounced in the face of systemic infection. In a
study of patients with a diagnosis of spontaneous
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Figure 7 Probability of developing hepatorenal syndrome during followup in patients with baseline cardiac output higher and lower than 6
L/min. Ruiz-del-Arbol et al[71].
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this situation the decision may be to refer straight to
transplantation.
At the time of transplantation, the presence of an
underlying latent cardiac failure may also affect the
[74]
choice of graft. Mittal et al
followed up 970 liver
transplant recipients over an average of 5.3 years,
and found that those with pre-transplant diastolic
dysfunction were significantly more likely than those
without to develop acute cellular rejection (58.6% vs
31% respectively), graft failure and all-cause mortality,
making the initial quality of graft ever more important
(Figures 8 and 9).

thickness and may potentially improve diastolic
[77]
dysfunction .

INTRAOPERATIVE
Maintaining preload and fluid management

During liver transplantation there are significant
haemodynamic fluctuations and immense physiological
demands on the recipient. The third space losses over
the long procedure can be copious with the added
effect of substantial blood loss and on-going ascites
[43]
production . If a patient has cirrhotic cardiomyopathy,
an important intraoperative aim should be to minimise
excessive fluctuations in preload and afterload, to
avoid acute cardiac decompensation.
Surgical technique can greatly influence physio
logical status, with cross clamping of the inferior vena
cava causing the greatest cardiovascular instability.
In a patient with cirrhotic cardiomyopathy the use
of caval preservation techniques (piggyback), or the
addition of veno-venous bypass if caval cross clamp
is employed, will minimise the large variations in
preload with the maintenance of caval flow during
[78,79]
explantation
. This would decrease the reliance
on positive chronotropy to maintain cardiac output in
the face of reduced venous return, a compensation
mechanism that may be impaired in CCM. It could also
attenuate the sudden change in preload on reperfusion
of the new liver, which can precipitate acute left ven
tricular failure and pulmonary oedema if diastolic
dysfunction is present.
Reperfusion also involves the release of cold,
ischaemic metabolites and vasoactive mediators
from the graft that can further exacerbate systemic
vasodilatation and cause myocardial depression. An
impaired contractile response to stress may render the
patient unable to overcome these effects and result
in an inadequate cardiac output for tissue perfusion,
including the newly implanted liver. Techniques to

Management

There is currently no specific treatment for cirrhotic
cardiomyopathy. Patients are managed as for heart
failure due to other aetiologies, with sodium restriction,
diuretics and careful management of their preload
and afterload. Vasodilators such as ACE inhibitors are
avoided as they exacerbate the reduced systemic
vascular resistance.
Many patients with cirrhosis are beta-blocked
for the management of portal hypertension. It is
still unclear what impact this has on CCM, but the
additional negative inotropic and chronotropic effects
may have an important role in the development of and
outcome from adverse cardiac sequelae during periods
of increased physiological demand. On the other hand,
both the acute and chronic administration of betablockers have been shown to shorten the QT interval
in cirrhotic patients who have elevated baseline
[75,76]
values
. Although the improved QT interval poten
tially has preventative benefits in the context of lifethreatening arrhythmias, the deleterious effect of beta
blockade on cardiac output and hence clinical outcome
remains to be studied.
Long-term aldosterone blockade may also have
potential therapeutic benefits. In preliminary studies
it has been shown to reduce left ventricular wall
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Figure 8 Time to acute rejection for various grades of left ventricular
diastolic dysfunction. Mittal et al[74].

Figure 9 Survival analysis for patients with left ventricular diastolic
dysfunction vs patients without. Mittal et al[74].

minimise reperfusion “hit” are especially important in
the context of CCM, including normalising acid base
and electrolyte status prior to reperfusion, and the use
of as good quality grafts as possible.

use however, is the training required for competent
[83]
scanning and interpretation of images . There is also
the small risk of bleeding from oesophageal varices.
Both PAFC and TOE have important advantages
in the guidance of therapy for the CCM patient. The
choice between the two remains operator dependent
and reliant on skill base and experience.

Haemodynamic monitoring

In light of the special considerations in CCM during
OLT, additional haemodynamic monitoring may be
warranted for the early detection of cardiac decom
pensation and to guide therapy. Both aggressive
fluid administration and excessive vasoconstriction
can precipitate acute cardiac failure in this group, so
careful titration of inotropic support and the avoidance
of excess intravenous fluids are necessary.
The use of pulmonary artery flotation catheters
(PAFC) enables measurement of continuous cardiac
output and the derivation of systemic vascular
resistance and hence afterload. In addition many
PAFCs allow measurement of right ventricular end
diastolic pressures and volume. Other methods of
continuous non-invasive cardiac output (CO) moni
toring are less accurate, unless recalibrated at times
when there are significant changes in CO, i.e., after
caval cross clamping and following reperfusion.
Transesophageal echocardiography (TOE) is
an imaging modality that is becoming increasingly
popular in evaluating intraoperative haemodynamic
[80]
status during liver transplantation . It provides
the added benefit of real time assessment of the
response to fluid, direct visualisation of global and
regional myocardial performance and detection of air
[81]
and thromboembolism . In addition, it can allow an
earlier visual detection of right ventricular failure, as
the substantial compliance of the right ventricle allows
significant dilation before any pressure changes that
[82]
would be detected with a PAFC . It also permits reevaluation of the recipient’s cardiac function at the
start of surgery, which would highlight deterioration
since previous assessment. A limiting factor over its
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Electrolytes/arrhythmias

During liver transplantation, there can be further
prolongation of the QT interval with the associated
increased risk of ventricular arrhythmias. One study
reported that 54% of recipients showed a marked
prolongation of QTc (≥ 500 msec) during the anhepatic
phase, with values remaining prolonged at each stage
[84]
compared to baseline . 77% of the patients with a
pre-operative increased QTc and 36% of the group with
a normal starting value showed this abnormality.
Electrolyte imbalance is common during this proce
dure and can further precipitate cardiac instability.
Ionised hypocalcaemia can occur as a result of citrate
toxicity following the transfusion of large amounts of
citrated blood products causing further depression of
myocardial contractility. Reperfusion of the donor liver
can acutely raise serum potassium to levels that can
potentially result in fatal arrhythmias. Additionally,
hypomagnesaemia has been shown to precipitate
cardiac arrhythmias that are refractory to conventional
treatment and can also lead to hypokalaemia and
[85]
hypocalcaemia . Careful monitoring of these
electrolytes and judicious replacement should be
employed to minimise further cardiac instability in a
condition with pre-existing limited cardiac reserve.

POST OPERATIVE COURSE
Immediately after liver transplantation there is a
significant increase in blood pressure and peripheral
vascular resistance with restoration of normal liver
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Figure 10 Graft (A) and overall (B) survival in patients with highly possible (continuous line) and those with unlikely (dashed line) peri-transplant heart
failure. Josefsson et al[25].

function and portal pressure. This increase in preload
and afterload can be another stage at which cardiac
de-compensation in CCM occurs, typically in the
first week after OLT. Various authors have reported
cases of pulmonary oedema following this procedure,
a complication that can impair gas exchange and
[86,87]
stress critical oxygen delivery to the new organ
,
with incidences being reported at between 30% and
[88-90]
50%
.
Peri-transplant heart failure and myocardial depre
ssion have been found to correlate with both a
preoperative impaired cardiac reserve function and
[25,91]
increased morbidity and mortality post-operatively
.
[25]
Josefsson et al
found it to be associated with a
longer ITU stay (14.5 d vs 4 d), a longer inpatient stay
(33 d vs 21 d), a higher peri-transplant infection rate
(42% vs 19.9%) and higher long term patient and
graft mortalities (Figure 10).
In a search to identify predictors of heart failure
[92]
after liver transplantation, Dowsley et al
found
that markers of diastolic dysfunction on preoperative TTE (E/e’ > 10 and LA volume index ≥
2
40 mL/m ) were associated with a 3.4 fold and
2.9 fold increase in risk respectively. Furthermore,
Kaplan-Meier analysis of LA volume index below and
2
above 40 mL/m revealed survival differences of
82% vs 54% at 1 year and 71% vs 50% at 5 years
[93]
respectively. Therapondos et al
found elevated
baseline BNP levels in those who went on to develop
pulmonary oedema in the first 3 mo after transplant.
These pre-transplant markers that are associated
with an increased risk of heart failure may aid the
prediction of post liver transplant outcomes.

myocardial recovery in CCM. The first phase is the
aforementioned perioperative cardiac failure. Over the
next few weeks, the restoration of the portal circulation
and the hypertensive side effects of the calcineurin
inhibitors administered for immunosuppression, result
in an additional increase in afterload, potentially
leading to further decompensation. LV diastolic
function (as measured by E/A and IVRT) has been
[93]
shown to deteriorate for up to 3 mo post transplant .
In the final phase, there appears to be a recovery
of functional, structural and electrophysiological
abnormalities. Whereas the hyperdynamic syndrome
[94]
normalizes in some patients over time , it persists
[95]
in others . There is a significant improvement in
myocardial performance, with normalization of the
systolic response to stress, improvement of diastolic
dysfunction and regression of ventricular wall thickness
[30,49]
between 6-12 mo after transplantation
. In
addition, there is an improvement of QT prolongation in
approximately 50% of patients from as early as three
[96-98]
months
.

CONCLUSION
Cirrhotic cardiomyopathy describes a condition of
impaired cardiac reserve function. It is characterised by
a systolic incompetence to stress, diastolic dysfunction
and electrophysiological abnormalities. Although
mostly asymptomatic at rest, it can be unveiled during
periods of physiological or pharmacological stress
and predisposes the patient to complications such as
hepatorenal syndrome, acute cardiac failure and lifethreatening arrhythmias. Regular re-evaluation of
cardiac status should be undertaken to minimise the
risk of decompensation. Management at the time of
liver transplantation should involve careful selection
of donor grafts and tailoring of the anaesthetic and

LONG TERM POST OLT
After transplantation, there is a triphasic course of
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surgical techniques to avoid large fluctuations in preload
and afterload. If cardiac failure in the peri-operative
period can be avoided, there is potentially a good
outcome with long term reversal of the cardiovascular
abnormalities.
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Recommendations for the use of chemoembolization in
patients with hepatocellular carcinoma: Usefulness of
scoring system?
Xavier Adhoute, Guillaume Penaranda, Paul Castellani, Herve Perrier, Marc Bourliere
Cancer is a new prognostic staging system; it might
become the reference system in Asia. Transarterial
chemoembolization (TACE) is the most widely used
treatment for HCC worldwide; but it showed a benefit
only for intermediate stage HCC (BCLC B), and there
is still no consensus concerning treatment methods
and treatment strategies. In view of the highly diverse
nature of HCC and practices, a scoring system designed
to assist with decision making before the first TACE is
performed or prior to repeating the procedure would be
highly useful.
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Core tip: Despite its widespread use in hepatocellular
carcinoma, the indications for Transarterial chemoem
bolization are still debated. There are no rules about the
treatment modalities or strategy to follow. To overcome
these difficulties, a simple scoring system, including
prognostic variables, designed as a decision support,
would be useful. Deciding when we have to move from
a loco-regional treatment to a systemic option is matter
of significant interest, particularly since sorafenib now
provides us with a solution.
Adhoute X, Penaranda G, Castellani P, Perrier H, Bourliere M.
Recommendations for the use of chemoembolization in patients
with hepatocellular carcinoma: Usefulness of scoring system?
World J Hepatol 2015; 7(3): 521-531 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i3/521.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i3.521

Abstract
Several hepatocellular carcinoma (HCC) staging systems
have been established, and a variety of countryspecific treatment strategies are also proposed. The
barcelona - clinic liver cancer (BCLC) system is the
most widely used in Europe. The Hong Kong liver
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[11]

of survival .
A preliminary intermediate analysis of the inter
national Bridge study showed that transarterial chemo
embolization (TACE) is the most widely used treatment
for HCC worldwide, ahead of both surgical removal and
[12]
systemic treatments . TACE is designed to induce
necrosis of the hyperarterialised tumour with the aim
of achieving local tumour control whilst preserving
liver function. Its use has been recommended since
the publication of two positive randomised studies in
[13,14]
2002
. The technique has since been improved
with the use of calibrated drug-eluting beads, making
it possible to standardise the procedure and reduce the
[15]
systemic passage of the cytotoxic substances used ,
with comparable outcomes to those of conventional
[16]
TACE in terms of tumour control (PRECISION V trial) .

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading
[1]
cause of cancer deaths . It generally develops
secondarily to chronic liver disease, mainly after
[2]
a hepatitis B or C viral infection . It is therefore
particularly prevalent in sub-Saharan Africa and South
East Asia. It is increasingly common in Europe and the
[3]
Unites States of America . Nonalcoholic steatohepatitis
[4,5]
is a frequently reported risk factor . HCC is a complex
disease because, in addition to the characteristics of the
tumour (its dimensions, the number of lesions present,
vascular invasion and extrahepatic spread) and the
patient’s performance status, therapeutic decisionmaking also takes into account other parameters such
as liver function, since both underlying cirrhosis and
portal hypertension (PHT) complicate the treatment of
HCC and limit the available curative options which are
[6]
also impacted by delays in diagnosing the cancer .
Several HCC staging systems integrating these
prognostic variables have been established as a guide
to treatment practices, and a variety of country-specific
[7]
treatment strategies are also proposed . However, no
“universally” recognised classification exists, leading
to wide variations in treatment practices, particularly
where patients who are not eligible for curative
treatment are concerned. Several Asian countries
[8]
have their own staging system . In Europe and the
United States, the barcelona-clinic liver cancer (BCLC)
system is the most widely used and is approved by the
European Association for the Study of the Liver (EASL)
and the American Association for the Study of Liver
[9]
Diseases . This staging system has demonstrated
superiority over other systems and is based on
randomised clinical trials. The BCLC divides HCC into
four groups as a function of the number of nodules
present, their size, the Child-Pugh score, the presence
of PHT, performance status (PS), the presence of
symptoms, vascular invasion and extrahepatic spread.
It has the distinct advantage of proposing an evidencebased treatment strategy for different stages of the
disease (Figure 1). Based on local clinical experience
and expert opinions, the Asian guidelines recommend
different treatment methods including external
radiotherapy and intra-arterial hepatic chemotherapy.
The Hong Kong liver Cancer (HKLC) is a new prognostic
staging system established using the prognostic factors
[10]
of 3856 patients most of whom presented with HBV .
The HKLC might become the reference system in
Asia. It includes variables comparable to those in the
BCLC system but also takes into account the diffuse
nature of HCC. It divides HCC into 9 sub-groups and
also puts forward a treatment strategy (Figure 2). We
recently validated this scoring system in a European
cohort consisting of 665 patients most of whom had
alcoholic cirrhosis- or hepatitis C virus-related HCC;
[10]
however, unlike the results published by Yau et al ,
we found that the HKLC and BCLC classifications were
similar in their discriminatory ability for the prediction
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RECOMMENDATIONS FOR THE USE OF
CHEMOEMBOLIZATION IN PATIENTS
WITH HCC
Despite its widespread use, the indications for TACE
are still debated. The two reference randomised trials
included 112 and 80 patients, the survival benefit
[17]
was limited (4 mo)
and the results of the metaanalyses are contradictory. Unlike the earlier meta[17,18]
[19]
analyses
, Oliveri et al
did not find any benefit
for TACE, but the analysis was criticised because it
[20,21]
included inappropriate studies
. In Europe, TACE is
recommended for intermediate stage HCC (BCLC B),
but this group includes a broad spectrum of tumours
(encapsulated or infiltrating, unifocal or multifocal)
and patients with different degrees of liver function
and consequently the survival benefit is not the same,
for instance, for patients classified Child-Pugh A and
[22,23]
B
. Careful patient selection is therefore necessary,
particularly since sorafenib now provides us with a
solution for cases in which chemoembolization is
[24]
contraindicated or ineffective . Based on evidence
and experts’ opinion, the general consensus is that
TACE is appropriate for large nonresectable (> 50
mm) or multinodular, asymptomatic tumours without
vascular invasion or extrahepatic spread and when
[25]
the Child-Pugh class is A or B7 . In parallel, Raoul
[26]
et al
listed the cases of intermediate stage HCC in
which TACE was contraindicated. The factors identified
included age, comorbidities, liver function and tumour
characteristics, especially diffuse HCC and tumours
measuring in excess of 100 mm in diameter (Figure 3).
However, no consensus exists for treatment
methods, the drugs to be used, the type of beads, the
number of courses to be administered, the interval
to be allowed between sessions and the objectives
(complete response, disease stabilization). In the
[14]
randomised study by Lo et al , cisplatin-based
TACE was performed every 2 to 3 mo until disease
progression, depending on individual tolerance; the
patients treated received a mean of 4.5 sessions. In
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Hepatocellular carcinoma

Early stage (A)
Single or 3 nodules < 3 cm
Child Pugh A , PS 0

Very early stage (0)
Single < 2 cm
Child Pugh A , PS 0

Potential candidate
for Liver
transplantation

No

Intermediate stage (B)
Large multinodular
Child-Pugh A-B,
PS 0

Terminal stage
(D)
Child-Pugh C
PS 3-4

3 nodules ≤ 3 cm

Single

Portal pressure
bilirubin

Yes

Normal

Increased

Associated disease

No

Ablation

Advanced stage (C)
Portal invasion
Extrahepatic spread
Child-Pugh A-B,
PS 1-2

Resection

Liver transplantation

Yes

Ablation

TACE

Sorafenib

Best
supportive
care

Palliative treatments

Curative treatments

Figure 1 Barcelona Clinic Liver Cancer staging and treatment strategy[9]. BCLC: Barcelona Clinic Liver Cancer; PS: Performance status; TACE: Transarterial
chemoembolization.
[13]

the randomised study by Llovet et al , doxorubicinbased TACE or arterial embolization alone were
performed 2 and then 6 mo after the initial session,
and then potentially every 6 mo thereafter until
progression (vascular invasion or extrahepatic spread),
depending on individual tolerance. These patients
received a mean of 3.08 embolization sessions and 2.8
of TACE. There is currently no standardised treatment
timescale: the sessions can be given at regular
intervals or on an “as needed” basis, as a function of
the radiologic response. TACE is a potentially toxic
treatment and its efficacy can be outweighed by its
toxicity particularly since many of the patients treated
[27,28]
have underlying cirrhosis
. Two recently published
studies (on demand or selective sequential TACE)
[22,23]
report comparable results in terms of survival
.
[22]
Antoch et al
treated 124 patients with HCC graded
BCLC A (32%), B (39%) and C (29%) with 4 (± 3)
selective TACE sessions, repeated every 4 wk. There
was a 4.7% major complications rate, including 1
death. The 1 year survival rate was 79%, dropping
to 51% at the 2 year time point. In a study by Terzi
[23]
et al , 151 patients with BCLC A (51.5%), B (40%)
and C (6%) HCC were treated with on demand TACE.
The complete response rate after the first TACE was
48% for the 151 patients treated; it was 57% for the
nd
60 patients undergoing a 2 session and 55% for the
22 patients treated a third time. The median time to
progression was 8.5 mo between the first two TACE,
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and 8 mo between the second and third sessions.
The 1 year survival rate was 70%, dropping to 52%
at the 2 year time point. There are no firm data
demonstrating the superiority of one strategy over
another, but performing TACE guided by the radiologic
response and individual tolerance appears to be the
most logical option.
[26]
Raoul et al
proposed a treatment strategy
based on the radiologic response observed after
two TACE (Figure 4). A partial response or a disease
stabilization is considered sufficient justification
to interrupt treatment, since TACE is regarded as
a palliative treatment option for locally advanced
[26]
disease . Other authors believe that a response
must be obtained before treatment can be repeated
[29,30]
and equate stability with treatment failure
.
Evaluation of response is therefore a major challenge.
It is not possible to appreciate tumor response after
TACE using the conventional dimension criteria
Response Evaluation Criteria In Solid Tumor (RECIST);
a beneficial effect is not always associated with
tumor reduction and requires for its assessment the
[31]
advantages of functional imaging . Contrast uptake
criteria - both EASL and mRECIST - provide a more
accurate evaluation of response after TACE. While
the EASL and mRECIST criteria differ in terms of
target lesions (respectively all vs ≤ 2) and calculation
methods (bidimensional vs unidimensional), they
are comparable and correlated with survival. In the
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ECOG 0-1,
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ECOG 2-4/
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No EVM

Early
tumor
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no intrahepatic
venous invasion

ECOG 0,
Child A

Stage
I

EVM

Intermediate
Tumor
(1) ≤ 5 cm,
> 3 nodules
or with intrahepatic
venous invasion
(2) > 5 cm,
≤ 3 nodules
and no intrahepatic
venous invasion

(1) Locally advanced
tumor
≤ 5 cm, > 3 nodules
and with intrahepatic
venous invasion
(2) > 5 cm,
> 3 nodules
or/and intrahepatic
venous invasion
(3) Diffuse tumor

Child A

Child B

Stage
IVa

Stage
IVb

Early
tumors
no EVM

Others
tumors/
EVM

Stage
Va

Stage
Vb

LT

BSC

ECOG 1,
Child B

Stage
IIa
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LT/abaltion

Child A

Child B

Stage
IIb

Stage
IIIa

Resection

Stage
IIIb
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Systemic
therapy

Systemic
therapy/BSC

Figure 2 Hong Kong Liver Cancer prognostic classification scheme[10]. HKLC: Hong Kong Liver Cancer; LT: Liver transplantation; OS: Overall survival; PS:
Performance status; TACE: Transarterial chemoembolization; EVM: Extrahepatic vascular invasion/metastasis.
Absolute contraindications
Decompensated cirrhosis (Child-Pugh B ≥ 8) including:
Jaundice
Clinical encephalopathy
Refractory ascites
Hepatorenal syndrome
Extensive tumor with massive replacement of both entire lobes
Severely reduced portal vein flow (e.g. , non tumor portal vein occlusion or hepatopetal blood flow)
Technical contraindications to hepatic intra-arterial treatment, e.g. , untreatable arteriovenous fistula
Renal insufficiency (creatinin ≥ 2 mg/dL or creatinine clearance < 30 mL/min)
Relative contraindications
Tumor size ≥ 10 cm
Comorbidities involving compromised organ function:
Active cardiovascular disease
Active lung disease
Untreated varices at high risk of bleeding
Bile-duct occlusion or incompetent papilla due to stent or surgery

[32]

[33]

studies by Gillmore et al
and Kim et al , radiologic
response according to the EASL and mRECIST criteria
was found to be independent prognostic factor for
survival. However, these criteria are not applicable for
[34]
all types of HCC .
There is no consensus concerning the rules for
discontinuing treatment. It appears logical that
TACE should not be pursued in cases of “obvious”
[29]
tumour progression, which Bruix et al
referred
to as “Untreatable progression”, i.e., massive liver
involvement, extrahepatic spread and vascular
invasion. Other contraindications include a significant
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Figure 3 Contraindications for conventional trans
arterial chemoembolisation[26].

deterioration in liver function after the first session
and failure to achieve an objective response after
two sessions (Figure 5). In such cases, a different
treatment option will be offered if permitted by the
patient’s performance status and liver function.
In routine practice, TACE has applications beyond
intermediate stage HCC. It is a therapeutic option for
certain patients with BCLC A HCC who are not eligible
[35]
for curative treatment. In a study by Burrel et al ,
median survival in selected BCLC A patients treated
with microbeads was 54.2 mo vs 47.7 mo in patients
with intermediate stage HCC. Some authors also
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Figure 4 Proposed treatment algorithm for the repetition of
conventional transarterial chemoembolization in patients
with intermediate-stage hepatocellular carcinoma. Response
defined according to modified RECIST criteria. CR: Complete
response; CT: Computed tomography; cTACE: Conventional
TACE; EHS: Extrahepatic spread; HCC: Hepatocellular carcinoma;
MRI: Magnetic resonance imaging; PD: Progressive disease; PR:
Partial response; PVT: Portal vein thrombosis; RECIST: Response
Evaluation Criteria In Solid Tumours; SD: Stable disease; TACE:
Transarterial chemoembolization.

Patient/disease characteristics
No PVT
No EHS

Child-Pugh A or B7

First TACE
CT or MRI

Liver deterioration or
major complications

Second
TACE
Disease control
(CR or PR or SD)

Follow-up/3 mo

CT or MRI

New lesion

Consider retreatment
with TACE

Disease
progression
Growth of
existing lesion
Consider
Sorafenib

consider that TACE can be used to treat advanced
[36]
HCC, since progression to metastatic disease is rare .
[14]
In the randomised study by Lo et al , about 20%
of the patients treated with TACE presented with
segmental portal vein thrombosis but no significant
difference in survival was detected amongst these
patients whether they were treated with TACE or not.
In both the Asian Pacific Association for the Study of
the Liver (APASL) guidelines and HKLC scoring system,
TACE is a possible treatment option for patients with
[8,10]
HCC and limited portal vein thrombosis
(Figure
6). A number of Asian studies and a meta-analysis
of eight trials (including five retrospective studies)
have shown a survival benefit vs untreated control
arms, on condition that the portal vein thrombosis
[37-40]
is limited
. However, it is not possible to validate
the use of TACE in this indication on the basis of these
results. In addition to the risks related to embolization,
the recurrence rate is relatively high in patients with
vascular invasion; segmental portal vein thrombosis
was the independent prognostic factor with the
greatest impact on survival in a Japanese cohort of
[41]
8510 patients treated with TACE . A combination
of sorafenib and TACE has therefore become a viable
treatment option for patients with locally advanced
HCC. A retrospective study conducted in Austria found
comparable survival results with sorafenib and TACE
in patients with locally advanced HCC and vascular
[42]
invasion (BCLC C) . However, there are no studies
providing a definitive response for such patients at
the present time. The sorafenib-TACE combination
has been explored in two recently published metaanalyses, each including six studies. However, there
are large variations in the designs of the studies
included (randomised and retrospective cohorts), the
populations enrolled (intermediate and advanced HCC)
[43,44]
[45]
and the treatment methods
. Zhao et al suggest
using the sorafenib-TACE combination in certain BCLC
C patients as a function of a score calculated from four
independent prognostic variables: vascular invasion,
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Child-Pugh class A or B, number of nodules 1-2 or ≥ 3,
and ECOG (Eastern Cooperative Oncology Group) PS
0 or ≥ 1. These results have yet to be confirmed and
validated in a prospective study before they can be
more widely applied.

USEFULNESS OF SCORING SYSTEM?
We do not have any guidelines concerning the number
of TACE to be performed before switching to another
treatment strategy. It is evident that, in view of the
highly diverse nature of HCC and practices and the
numerous therapeutic options now available, a scoring
system designed to assist with decision making before
the first TACE is performed or prior to repeating the
procedure would be highly useful. Several prognostic
indices designed to help practitioners select appropriate
candidates for an initial or repeat conventional TACE
have been put forward in the past but none has been
formally enshrined in the guidelines since they are
difficult to implement or insufficiently discriminatory
[46,47]
and are limited to conventional TACE
. The
potentially useful staging systems published recently
include: the hepatoma arterial-embolization prognostic
[48]
(HAP) score published by Kadalayil et al
in 2013
which was also designed as an aid to selecting
appropriate candidates for TACE. In this system,
patients are awarded 1 point for each of the following
four variables if present: albumin < 36 g/L, bilirubin
> 17 mcmol/L, AFP > 400 ng/mL and tumour > 7
cm. The patients were then divided into four median
survival groups on the basis of their HAP scores: HAP A
(0 points) 27.6 mo, HAP B (1 point) 18.35 mo, HAP C
(2 points) 9.0 mo and HAP D (> 2 points) 3.6 mo. This
scoring system was developed using the prognostic
variables generated by a cohort of 114 BCLC A (35%),
B (31%), C (31%) and D (4%) patients included over
a period of more than 10 years . It was validated
in 167 patients considered to be comparable, but
more of whom presented with segmental portal vein
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Chemoembolization
No objective response
treatment failure

Objective response
(CR/PR)

nd

2 -line option

Figure 5 Diagram to define untreatable tumor
progression [29] . CR: Complete response; PR:
Partial response; HCC: Hepatocellular carcinoma.
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Figure 6 APASL guideline on the treatment
algorithm for hepatocellular carcinoma[8]. RFA:
Radiofrequency ablation; HCC: Hepatocellular
carcinoma; TACE: Transarterial chemoembolization.
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thrombosis (28% vs 6%, respectively). These authors
suggest that a strategy other than TACE is more
appropriate for C and D score patients.
The assessment for retreatment with TACE
[30]
(ART) score published by Sieghart et al
in 2013
is calculated before performing a second TACE. It is
based on three parameters (increase of ASAT by >
25%, increase in Child-Pugh score from baseline and
tumor response). Increase (+ 25%) in ASAT was
the parameter associated with the most powerful
coefficient (4 points), the lowest was allocated to
[30]
the radiological response (1 point) . Patients are
divided into two groups on the basis of the resulting
scores (0-1.5 drop in score or drop of 2.5 points and
over) with a different prognosis: 23.7 vs 6.6 mo. This
system was developed using a regression model in a
cohort of 107 patients enrolled over 10 years, most
of whom presented with alcoholic cirrhosis and were
BCLC B HCC. The authors suggest continuing TACE
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until the score changes from 0 to 1.5. This score is also
[49]
applicable to subsequent courses .
We performed a retrospective analysis of the HAP
score in a cohort of 153 Child- Pugh A (91%) or B (9%)
cirrhotic patients with BCLC A (17%) (not suitable
for curative treatment), BCLC B (69%) and BCLC C
(14%) (owing to segmental portal vein thrombosis)
[50]
HCC . These patients underwent a mean of 2.75
conventional TACE sessions. The response rate (EASL
[17-23]
criteria) was 61%. Mean follow-up was 19 mo
.
The HAP score divided the patients into three groups
each with a different survival time (Table 1); median
survival was the same for the HAP A and HAP B
groups (31 mo). The patients in the HAP C and HAP
D groups were considered to be poorer candidates for
TACE and had a median survival of 22 mo and 18 mo,
respectively, which is higher than the figures reported
[48]
for the Kadalayil et al
cohort (9.0 mo and 3.6 mo,
respectively). It should be noted that the risk of death
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Table 1 Overall survival in a cohort of 153 patients treated
by TACE using the HAP score with a cut-off value of: 0 (HAP
A) vs 1 (HAP B) vs 2 (HAP C) vs > 2 (HAP D)

Table 2 Baseline patients and disease characteristics in three
sets (%)
Characteristics

HAP
Median-survival,
mo (95%CI)
P value

HAP A
(n = 46)

HAP B
(n = 43)

HAP C
(n = 49)

HAP D
(n = 15)

31 (25-37)

31 (20-51)

22 (17-25)

18 (6-32)

Cohort 2
(n = 82)

Cohort 3
(n = 100)

Age, median, yr (95%CI)
67 (65-68) 63 (60-69) 68.5 (66-71)
Sex, M/F
84/16
90/10
88/12
Cirrhosis or advanced fibrosis (F3)
100
100
94
Aetiology:
47/35/6/10 49/29/9/7 27/46/6/8
Virus/alcohol/virus + alcohol/
NASH
Child-Pugh score: A/B
69/31
75/25
95/5
BCLC A/B/C
47/34/19 34/46/20
10/81/9
Infiltrative tumours
17
22
2
Segmental portal vein thrombosis
15
19.5
9
AFP < 200 ng/mL
78
60
77
AFP ≥ 200 ng/mL
22
40
23
Diagnosis based on: Imaging/
85/15
77/23
80/20
biopsy
Incidental/screening/symptoms 17/70/13 31/53/16 19/66/15
Previous treatments (surgery,
15
15
18
RFA)

0.0454

HAP: Hepatoma arterial-embolization prognostic; TACE: Transarterial
chemoembolization.

in the HAP B and HAP D groups was not significantly
different from that in the HAP A reference group [HR =
0.88 (0.52-1.50), P = 0.640; HR = 1.56 (0.81-2.99),
P = 0.1820, respectively]. Only the patients in the HAP
C group were at significantly higher risk of death vs the
HAP A reference group [HR = 1.69 (1.02-2.80); P =
0.0436]. In total, the ability of the score to identify good
candidates for TACE appears limited, since each variable
is allocated the same number of points (1 point), for
example, albumin < 36 g/L and AFP > 400 ng/mL; and
only HCC exceeding 70 mm are taken into account
although the success of TACE is partially dependent
on the size of the tumour (generally less than 50 mm)
[51]
and the number of lesions present .
[52]
According to Kudo et al , the ART score is only
applicable to a minority of patients in Japan, since
the interval between two sessions exceeds 3 mo;
the treated tumours being smaller as a result of a
best screening in the country. In the patients treated
twice consecutively (only 9.6% of the population), the
ART score did not highlight a significant difference in
survival between the two groups. As our TACE method
was similar to that of the Viennese team, we carried
out a retrospective analysis of ART scores before the
second TACE in a total of 321 French patients with
viral and/or alcoholic HCC enrolled in two cohorts in
[53]
Marseilles and one in Nancy . In order to create
[30]
a population similar to that of Sieghart et al , we
selected patients who had undergone at least two
successive conventional TACEs without any other
treatments, excluding patients undergoing pretransplant TACE or presenting with severe cirrhosis
(Child-Pugh ≥ 9). Our patients included BCLC B
HCC, BCLC A HCC who were not eligible for curative
treatment and unlike the study by Sieghart et
[30]
al , cases of BCLC C HCC with sectoral portal vein
thrombosis, as these patients were treated with TACE
in routine practice before the advent of sorafenib (Table
2). Radiologic response was assessed using the
EASL scoring system.
[52]
Our findings differed from those of Kudo et al
since, in our three cohorts, the ART score clearly
divided the patients into two groups with different
median survival times for an aggravation of 0-1.5 vs ≥
2.5. However, changes in the score were not correlated
with the prognosis in these three cohorts. Median
survival was lower in patients with an ART score of 1,
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Cohort 1
(n =139)

NASH: Non-alcoholic steatohepatitis; BCLC: Barcelona Clinic Liver Cancer;
AFP: α-fetoprotein; RFA: Radiofrequency ablation.

i.e., not showing a radiologic response, vs those with
an ART score of 4, i.e., an increase in AST > 25%
(Tables 3-5). Fifty-six percent (56%), 23% and 38%
of the patients with an ART score of 4 in each of the
cohorts, respectively, showed a radiologic response.
[30]
Unlike the results reported by Sieghart et al , an
increase in AST > 25% was not an independent
prognostic factor in the Marseilles cohorts. We
analysed and compared the patients showing a partial
and complete radiologic response in the ART 0-1.5 and
ART ≥ 2.5 groups (in cohorts 1 and 2) (Table 6). The
median survival times were similar, but the patients
were offered a different treatment strategy as per the
[30]
approach recommended by Sieghart et al .
rd
We assessed the ART score before the 3 TACE
in 126 cirrhotic patients with virally induced (57%)
or alcohol-induced HCC (33%); these patients were
BCLC A (45%), BCLC B (45%) and C (10%), and had
[54]
undergone an average of 4 TACE . The score also
distinguished two groups with a significantly different
median survival time, but changes in the score were
not correlated with prognosis. Once again, median
survival was lower in the patients with an ART score of
less than 1 than those whose score was evaluated at 4
(Table 7).
In view of these results, the ART score calculated
before the 2nd and 3rd TACE cannot be used to define
the treatment strategy for all patients, particularly
those whose ART score is evaluated to be 1 and 4,
poorly distributed. A prospective study is required to
further explore and establish the prognostic value of
this score.

CONCLUSION
TACE is the most widely used treatment for HCC
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Table 3 Overall survival in the first cohort of patients using the ART score calculated before the second transarterial
chemoembolisation with a cut-off value of: 0-1.5 vs ≥ 2.5
ART
ART
ART
[1.5]
[1]
[0]
(n = 67) (n = 11) (n = 18)

ART
(n = 139)
Median-survival,
mo (95%CI)

37
(31-42)

9
(7-14)
34 (28-38)

28
(25-40)

ART
[2.5]
(n = 3)

ART
[3]
(n = 2)

ART
[4]
(n = 16)

10
(5-27)

17
(12-21)

28
(7-36)

P value ART
(0, 1.5) vs

ART
[5]
(n = 5)

ART
[5.5]
(n = 5)

14
13
(12-16)
(6-15)
13 (10-16)

ART
[6.5]
(n = 3)

ART
[7]
(n = 2)

ART
[8]
(n = 7)

5
(3-5)

22
(8-36)

5
(4-11)

< 0.0001

ART ≥ 2.5

TACE: Transarterial chemoembolization; ART: Assessment for retreatment with TACE.

Table 4 Overall survival in the second cohort of patients using the ART score calculated before the second TACE with a cut-off
value of: 0-1.5 vs ≥ 2.5
ART
(n = 82)

ART
[0]
(n = 39)

Median-survival,
mo (95%CI)

27
(22-38)

ART
[1]
(n = 14)
11
(7-18)
22 (15-27)

ART
[1.5]
(n = 5)

ART
[2.5]
(n = 1)

ART
[3]
(n = 3)

ART
[4]
(n = 5)

15
(11-50)

N/A

10
(3-31)

31
(8-31)

P value ART (0, 1.5)
vs ART ≥ 2.5

ART
[5]
(n = 10)
8
(7-12)
10 (8-23)

ART
[5.5]
(n = 1)

ART
[8]
(n = 4)

N/A

8
(4-23)

0.07

TACE: Transarterial chemoembolization; ART: Assessment for retreatment with TACE.

Table 5 Overallsurvival in the third cohort of patients using the ART score calculated before the second TACE with a cut-off value
of: 0-1.5 vs ≥ 2.5
ART
(n = 100)
Median-survival,
mo (95%CI)

ART
[0]
(n = 38)

ART
[1]
(n = 30)

ART
[1.5]
(n = 3)

ART
[2.5]
(n = 8)

ART
[4]
(n = 10)

ART
[5]
(n = 8)

ART
[6.5]
(n = 2)

ART
[8]
(n = 1)

49
(36-63)

21
(17-26)
27.4 (24.7-37.8)

23
(21-23)

13
(6-15)

24
(19-35)

19
(9-20)
15.5 (13.0-23.7)

14
(13-15)

9
(-)

P value ART (0, 1.5)
vs ART ≥ 2.5

0.0001

TACE: Transarterial chemoembolization; ART: Assessment for retreatment with TACE.

Table 6 Overall survival of patients using the ART score calculated before the third TACE with a cut-off value of: 0-1.5 vs
ART
(n = 126)
Median-survival, mo
(95%CI)

ART
[0]
(n = 73)

ART
[1]
(n = 12)

ART
[1.5]
(n = 6)

ART
[2.5]
(n = 4)

ART
[4]
(n = 21)

35
(30-37)

12
(10-18)
31 (27-36)

34
(27-38)

13
(8-24)

28
(19-41)

P value ART (0, 1.5) vs ART ≥ 2.5

ART
[5]
(n = 2)

ART
[6.5]
(n = 4)

21
8
(9-32)
(5-9)
21 (13-28)

≥

2.5

ART
[7]
(n = 2)

ART
[8]
(n = 2)

28
(25-31)

6
(4-8)

0.004

TACE: Transarterial chemoembolization; ART: Assessment for retreatment with TACE.

but its efficacy has mainly been demonstrated in a
selected population of patients with intermediate
stage HCC, i.e., with large (> 50 mm) or multinodular
nonoperable tumours, without vascular invasion or
extrahepatic spread and a Child-Pugh class of A or B7.
Other “good” indications probably exist, including some
forms of limited HCC which are not eligible for curative
treatment (radiofrequency ablation or surgery), and
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even some cases of advanced HCC in combination with
other treatments, but this can only be confirmed by
randomised studies. While there is still no consensus
concerning treatment methods, including the use
of DC beads vs conventional TACE, the indications
and contraindications of TACE and the strategy to
be employed are better defined than previously, as
are the rules for discontinuation-for example, the
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Table 7 Characteristics, median survival, comparative study
of patients (first and second cohorts) with an objective
radiologic response in both ART ‘groups before the second
TACE (%)
Patients with radiologic response

AFP < 200 ng/mL
AFP ≥ 200 ng/mL
Child-Pugh A/B
BCLC A/B/C
Median TACE sessions (95%CI)
Median-survival, mo (95%CI)
Median follow-up, mo (95%CI)

ART
(0-1.5)
(n = 113)

ART ≥ 2.5
(n =28)

P value

9

81
19
77/23
55/41/4
3 (3-4)
33 (27-38)
25 (22-29)

82
18
61/39
50/42/8
2 (1-5)
28 (13-35)
21 (13-31)

1.00

10

0.05
0.14
0.17
0.04
0.42

11

BCLC: Barcelona Clinic Liver Cancer; TACE: Transarterial chemoem
bolization.

12

[29]

“untreatable progression” defined by Bruix et al . The
classification systems do not as yet take into account
the histological criteria or biomarkers correlated
with survival nor do they integrate all the patients
whose profiles differ depending on their geographical
location. Consequently, a score that combines different
prognostic markers could be a useful aid when deci
ding to perform a first or repeat TACE and also help
standardise current strategies, especially since new
treatment options are now available (biotherapies,
radioembolization in clinical trials). However, none of
the recently published scores (ART, HAP) replaces the
rigorous selection of patients on the basis of their liver
function, underlying conditions, tumour characteristics
and EASL or m RECIST radiologic response correlated
with post-TACE survival times.

13

14

15

16
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MINIREVIEWS

Hepatitis C virus reinfection after liver transplant: New
chances and new challenges in the era of direct-acting
antiviral agents
Kerstin Herzer, Guido Gerken
rates achieved with boceprevir-based and telaprevirbased triple therapy have led to better graft and
patient survival rates, but severe drug interactions
with immunosuppressants limit the feasibility of this
therapy for LT patients. With the approval of sofosbuvir
in January 2014, of simeprevir in May 2014, and of
daclatasvir in August 2014, three antiviral agents are
now available and promise to be applicable without
relevant adverse effects or negative interactions with
immunosuppressants. Thus, 2014 marks the beginning
of a new era of treatment options for HCV recurrence
after LT. Although safety and efficacy studies of seve
ral interferon-free regimens for patients with HCV
recurrence after LT have achieved good preliminary
results, reports of clinical experiences with LT patients
are scarce. The lack of randomized studies, the small
number of enrolled and carefully selected patients, and
the heterogeneity of these studies make the results
questionable. Real-life experiences are eagerly awaited
so that clinicians can estimate the usefulness and the
pitfalls of these new regimens. Additionally, the high
costs of these agents may limit their accessibility for
many patients. The aim of this review is to summarize
the current experience with and the expectations of the
new direct-acting antiviral agents for LT patients.
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Abstract

Core tip: In the liver transplant (LT) setting, graft loss
due to hepatitis C virus (HCV) recurrence is a serious
problem after LT. The former conventional treatment
with pegylated interferon and ribavirin is unsatisfying,
due to poor response rates and tolerability. With
the first interferon-free regimens that are currently
being approved for the treatment of patients with
chronic HCV, 2014 marks the beginning of a new era

The first interferon-free regimens have been approved
for the treatment of patients with chronic hepatitis
C virus (HCV). In the liver transplant (LT) setting,
these regimens are expected to have an important
effect, because graft loss due to HCV recurrence is a
serious problem after LT. The response to the hitherto
conventional treatment with pegylated interferon and
ribavirin is poor. The significantly better response
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of treatment options for HCV recurrence after LT. This
review summarizes the current experience with and the
expectations of the new direct-acting antiviral agents in
the setting of LT.

a diagnosis of HCV-related chronic hepatitis after
transplant.
It has been reported that the presence of sub
stantial portal tract fibrosis or of portal hypertension
one year after LT are predictors of a higher risk of
clinical decompensation and death; therefore, these
characteristics help determine which patients urgently
[11]
need treatment . For patients with FCH, meaning a
severe recurrence of HCV early after transplantation,
antiviral therapy would be life-saving; however, pre
vious treatment options were unable to eradicate HCV
in most cases, with the deleterious consequences of
graft loss and death.

Herzer K, Gerken G. Hepatitis C virus reinfection after liver
transplant: New chances and new challenges in the era of directacting antiviral agents. World J Hepatol 2015; 7(3): 532-538
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i3/532.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i3.532

LIVER TRANSPLANT IN THE SETTING OF
CHRONIC HCV INFECTION

PREVIOUS THERAPEUTIC STRATEGIES
[12]

Since the discovery of the HCV in 1989 , the
development of effective therapeutic strategies has
been hampered by the unavailability of cell-culture and
small-animal models for investigating the virus. During
the last decades, therapeutic approaches remained
limited to unspecific IFN-based regimens with insu
fficient efficacy. Early trials of IFN monotherapy
achieved sustained virologic response (SVR) in fewer
[13]
than 10% of cases . The introduction of combination
therapy with RBV and IFN and the modification of IFN
to PegIFN, which can be administered weekly and
is associated with improved pharmacokinetics (PK),
[14]
resulted in higher SVR rates . The PegIFN and RBV
dual combination treatment was the standard of care
for all HCV genotypes for about 10 years. For many
chronically infected patients, this treatment regimen
fails to eradicate HCV and is associated with additional
adverse effects, and it is even less efficacious for
LT patients. The overall rates of SVR with PegIFN
plus RBV are low, ranging from 30% to 40% across
[5,15]
various reports
. These poor virologic response rates
were mainly due to a high frequency of treatment
discontinuation and also dose reduction which became
necessary because of poor tolerance or adverse
[16]
effects . Moreover, as LT recipients are susceptible
to hematologic toxicities, especially anemia, RBV dose
reductions and the use of erythropoietin are common.
Hematologic toxicity necessitates a dose reduction
for nearly 70% of patients and early discontinuation
[16-18]
of treatment for nearly 30%
. Moreover, some
reports indicate that antiviral therapy may increase the
[19]
risk of acute graft rejection . The risk of rejection for
[20]
LT patients ranges from 5% to 10% . However, the
probability of survival for patients with SVR after LT is
clearly better than that for patients who do not respond
[21]
to therapy .
In May 2011, the first-generation protease inhi
bitors (PIs), boceprevir (BOC) and telaprevir (TLV),
broke this paradigm. The United States Food and
Drug Administration approved these drugs for use
[16,22]
in association with PegIFN and RBV
. Both PIs
inhibit the same viral protein (NS3/4A) that is crucial
for viral replication, and both are active against GT 1

Chronic hepatitis C virus (HCV)-induced end-stage
liver disease, with or without hepatocellular carcinoma,
is still the leading indication for liver transplant (LT),
and reinfection of grafts by HCV is the main cause of
[1,2]
allograft loss . Most patients experience recurrence
of HCV infection after LT, and such recurrence can be
associated with substantially accelerated cirrhosis of
[3,4]
the graft in as many as 30% of patients . A subgroup
of patients experience fibrotic cholestatic hepatitis
(FCH), a severe and extremely aggressive form of
HCV recurrence characterized by rapid progression to
graft failure and death. Once cirrhosis develops, the
annual risk of hepatic decompensation is approximately
40%, and 10% to 25% of patients will die or require
[5]
retransplantation within 5 years after the first LT .
Unfortunately, the outcome of patients undergoing re
transplantation is poor, and most transplant centers are
reluctant to offer a second LT for patients with cirrhosis
[6,7]
of the graft due to HCV reinfection .
The shortage of donor organs, in conjunction with
the accelerated progression of HCV in LT patients,
emphasizes the need for effective clinical strategies
aimed at treating or preventing HCV recurrence after
transplant. Three approaches have been described,
according to the timing of treatment: antiviral therapy
before LT, which is appropriate only for patients with
compensated cirrhosis; preemptive treatment after
[8]
[9]
LT ; and treatment of an established reinfection .
Thus, after transplant, HCV patients can be treated
either immediately with a preemptive approach or
with a recurrence-based approach when liver damage
is diagnosed. The advantages of preemptive or early
treatment after transplant are low serum HCV-RNA
levels and no substantial damage to the graft, as
[10]
determined by histologic studies . Although these
factors are positive predictors of a favorable outcome,
this therapeutic approach has been difficult to manage
because the combination of pegylated interferon
(PegIFN) and ribavirin (RBV) is associated with poor
[5]
tolerability and reduced efficacy . Therefore, the
preferred approach to date has been to delay antiviral
treatment until histological evidence establishes
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but not against other HCV genotypes. For the other
HCV genotypes, PegIFN plus RBV remained the
standard of care. Several studies have evaluated
the feasibility of these regimens for several hundred
[23-26]
LT patients with HCV recurrence
. About onethird of the patients received BOC and the majority
was treated with TLV. Most patients had advancedstage fibrosis, and approximately half had received
at least one previous course of antiviral treatment.
The reports described rapid virologic response rates
from 53% to 67%, and SVR rates 12 wk after the
[27,28]
end of therapy from 48% to 62%
. While these
results were quite encouraging in terms of efficacy,
the administration of direct-acting antiviral agents
(DAAs) after LT was associated with serious concerns
about tolerability and the risk of severe adverse
[24-26]
events
. Indeed, the bone marrow-suppressive
effect of TLV and BCV could amplify the anemia, neu
tropenia, and thrombocytopenia induced by RBV and
[29]
PegIFN . In addition, TLV and BCV cause severe
dermatologic effects, such as generalized pruritus
[30]
and anorectal disorders .
In addition, drug-drug interactions are a serious
obstacle of the new antiviral agents. First-generation
PIs (TLV, BCV) are not only processed by but also
inhibit the CYP3A4 isoenzyme, which is involved in the
metabolism of most drugs, including the calcineurin
inhibitors (CNIs) cyclosporin A (CSA) and tacrolimus
(TAC). BCV has been shown to cause a 2.7-fold
increase in the area under the curve (AUC) of CSA
and a 17-fold increase in the AUC of TAC, whereas
TLV causes a 4.6-fold increase in the AUC of CSA and
[31,32]
a 70-fold increase in the AUC of TAC
. Considering
the narrow therapeutic range of CSA and TAC, dose
adjustments are of imminent importance, and these
drugs must be very closely monitored when they are
[27,28,33]
combined with PIs
.
Although the first-generation PIs achieved a sub
stantial improvement in terms of efficacy, their des
cribed disadvantages and the fact that IFN is still
necessary limit the patient population for which this
treatment strategy is appropriate. For particular groups
of patients, IFN-based regimens are contraindicated
or not applicable or repeatedly failed. Those patients
depend on the development of IFN-free regimens.
In this respect, the recent introduction of secondgeneration DAAs, including PIs, polymerase inhibitors,
and nonstructural protein inhibitors has initiated a new
era of HCV treatment.

achieved, and functional studies were limited to chim
[35-37]
panzees
, what caused an important drawback to
DAA development. The ultimate breakthrough for HCV
drug development may be dated to establishment of
the HCV replicon system, what was not earlier that
[34,38]
1999
. HCV subgenomes, which compose the non
structural proteins NS3-NS5 linked to a selectable
marker, can efficiently replicate in vitro. A few years
later, a full-length isolate of HCV became available which
[34,39]
can produce infectious viral particles in vitro
. The
resulting improvement in the understanding of the viral
life cycle opened the doors for the development of the
first-generation DAAs. Drug development was further
supported by structural biology, which has provided
high-resolution images of the structures of the virus,
revealing additional crucial drug targets, such as NS3,
NS5A, and NS5B. These images have allowed modelling
of interactions between specific replication inhibitors and
[34,40,41]
their targets
.
With the advent of the NS5B polymerase inhibitor
[42]
[43]
sofosbuvir (SFV) , the NS3 PI simeprevir (SMV) ,
[44]
and the NS5A replication inhibitor daclatasvir (DCV) ,
three “second-wave” DAAs are now available and
promise to be appropriate for LT patients, without
severe adverse effects or negative interactions with
immunosuppressants.
However, reports of trials of IFN-free DAA com
binations in patients after LT are still scarce. The
combination of SFV and RBV was the first IFN-free
regimen to be tested for treating HCV recurrence in a
[45]
compassionate use program . Preliminary results of
the use of this combination for 24 wk with recurrent
HCV hepatitis after LT report a high overall SVR rate of
almost 80%. The treatment is not only well tolerated
but did also achieve a significant improvement in
liver function tests and encephalopathy as well as
[16,46]
decompensation
. Importantly, no clinically
significant interactions with common immunosuppres
sants were observed and no episodes of rejection
occurred. Overall, the preliminary analysis of experi
ences with patients in these programs indicate that
a SFV-based regimen can inhibit HCV replication in
most patients. This impairement of viral load goes in
line with an improvement in clinical parameters and
condition in the majority of those patients. However,
although these results are already very encouraging,
longer follow-up periods and a larger number of
patients are needed to assess the impact on disease
[46]
progression . In addition, SFV and RBV have been
[47,48]
successfully used to treat FCH
.
In a phase 2, open-label study, 61 patients who
were on the waiting list for liver transplant due to HCV
cirrhosis were treated with SFV and RBV for up to 48
wk. At the time of LT, 43 patients had HCV RNA below
detection levels and 30 patients (70%) had still a
negative viral load 12 wk after LT. The most frequently
reported adverse events were fatigue, headache and
[49]
anemia .
To date, only a few reports reflect experiences

FUTURE THERAPEUTIC STRATEGIES:
NEW DAAS AND IFN-FREE REGIMENS
AFTER LT
For decades, HCV has successfully escaped from all
efforts to generate more efficient drugs, although
[34]
research efforts have been intense . Viral replica
tion in vitro or in small-animal models could not be
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with the use of other IFN-free regimens other than
SFV and RBV for LT patients. Fontana et al reported
the first patients who were successfully treated with
a combination of DCV and IFN or DCV and SFV for
24 wk combatting a severe HCV recurrence after
[50,51]
LT
. In the meantime, several multicentric clinical
trials are ongoing to assess the safety and efficacy
of several oral DAA combinations for patients with
HCV recurrence: (1) ABT450/ABT267/ABT333/
RBV for 24 wk (NCT01782495); (2) SMV/DCV for
24 wk (NCT01938625); (3) SFV/RBV for 24 wk
(NCT01779518); and (4) SFV/LDV/RBV for 12 or 24 wk
(NCT01938430).
It is expected that the approval of these combi
nations for the use after LT will dramatically change
[16]
the management and outcome of LT patients . First
summary reports implement suggestions for IFN[52,53]
free treatment regimens for LT patients
. However,
there remain several challenges and uncertainties for
the use of IFN-free regimens to treat patients with
very aggressive forms of hepatitis C (such as FCH),
which occurs very early after transplantation. The
pitfall may be the early setting while patients are
[16]
still taking high doses of immunosuppressants .
Therefore, this period bears the risk of opportunistic
[54]
infections . Moreover, patients are during that period
are often recovering from or being treated for surgical
complications.
Indeed, the potential interaction of DAAs with CSA,
TAC, and other immunosuppressants is an important
issue for LT patients. Fortunately, most anti-HCV
therapeutics which currently in phase 3 development
have been successfully tested for potential interactions
with CSA and TAC, at least in healthy volunteers. Coadministration studies in healthy volunteers found no
[16,51]
clinically significant interactions with CSA or TAC
.
Another common feature of LT patients is renal
failure. Most patients exhibit a low glomerular filtration
rate (GFR) because of previous renal damage that is
[55]
aggravated by the long-term use of CSA or TAC .
In some cases, dose adjustments may be necessary
and some compounds like SFV may be excluded from
application if the GFR is lower than 30 mL/min.
A further issue that requires particular attention is
the usually high viral load in patients who underwent
[56]
LT, most likely due to the immunosuppression .
Exorbitantly high viral loads may well be a prerequisite
for the selection of drug-resistant strains that may result
in a virologic relapse if the appropriate combination
of DAAs is not used. Therefore, after LT, resistance
testing may become a necessary tool in the choice of
the appropriate antiviral combination for the benefit of
[57]
treatment efficacy and patient outcome .

while they are awaiting LT, respectively, may have
several advantages. From the experiences with succe
ssful therapy of Hepatitis B, improvement in liver
function may also be awaited for HCV clearance, and
LT may become unnecessary in some cases. However,
safety data and pharmakokinetics are not available
for all compounds when administered to patients
with cirrhosis classified as Child-Pugh B or C. Early
reports suggest that deterioration of liver function is
slightly accelerated after the administration of SFV/
DCV to patients with decompensated cirrhosis after
[58]
LT . These observations suggest that treatment
immediately after LT may be the better strategy for
decompensated and severely sick patients.
Currently still a problem concerning patients
awaiting LT is the uncertainty of treatment duration,
because the length of time that a patient must remain
[16]
on the waiting list cannot be predicted . Though we
can anticipate that, in the near future, all patients
awaiting LT will receive successful treatment with the
opportunity to receive LT after clearance of the virus,
given the historical course of HBV.
Concerning treatment of HCV infection after LT, a
few issues remain to be solved. Safety data as well
as PK analyses are needed for this special patient
population, particularly for those patients with advanced
graft damage.
As well, drug-drug interaction studies are cruci
al because of the metabolism of CSA and TAC and
a therapeutic range which is considerably narrow.
This accounts not only for interactions with immu
nosuppressants but also with other commonly used
drugs. Last but not least, a high barrier to resistance
is also relevant for the use of direct-acting antivirals,
particularly when high serum levels of HCV-RNA are
[16]
observed .

CONCLUSION
Liver transplant due to HCV is a yet unmet challenge
and a public health burden. Current developments
predict a fundamental change of this situation: a large
patient population for whom IFN-based treatment
regiments are contraindicated, will now achieve access
to potent antiviral therapies. While the use of novel
DAA-based regimens in sufficient time before LT will
prevent reinfection of the graft with HCV and avoid the
need for retransplantation, the successful treatment
of already recurred graft infection and damage in
immunosuppressed patients after LT will pave the way
to make a retransplant feasible. Most importantly, an
early enough treatment of HCV patients on the waiting
list will stabilize liver function with the consequence
that LT will be dispensable in those individuals and
HCV-related end stage liver disease can be expected
to disappear from the transplant waiting list in the near
future.
However, the efficacy of DAAs applied after LT in
terms of SVR cannot yet be quantified, nor has their

TREATMENT BEFORE OR AFTER LIVER
TRANSPLANT?
Treatment of patients while before liver transplant or
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adverse-event profile been ascertained for patients
who have undergone LT. In addition, the potential
predictors of SVR have not yet been identified.
However, the absence of drug- drug interactions
between CNIs and DCV, SMV, and SOF, in combination
with the so far reported significantly improved SVR
rate achieved with these DAAs, offers a promising
perspective. Given the potential clinical benefits, more
extensive and reliable clinical data about the effects
of these new potent HCV inhibitors on patients with
recurrence of HCV infection after LT are urgently
needed.
One of the remaining difficulties with these new
[42]
regimens is the huge increase in treatment costs .
Affordability could be the pacemaker to set up
strategies for personalization of treatment in areas
of the world with economic limitations and also in
selected patient populations. Some old but in certain
cases sufficiently effective regimens using IFN-based
regimens may find a niche in those patients with a
history of several failed DAA regiments or who harbor
multiple resistance-associated variants. While we
experience the dusk of IFNs, these substances might
stay advantageous for HCV therapy in consideration
of features like absence of viral resistances,
comparatively low costs and avoidance of drug-drug
interactions in patients who are reliant on various
concomitant medications.
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MINIREVIEWS

Hepatitis B and immunosuppressive therapies for chronic
inflammatory diseases: When and how to apply prophylaxis,
with a special focus on corticosteroid therapy
Pilar López-Serrano, Elsa de la Fuente Briongos, Elisa Carrera Alonso, Jose Lázaro Pérez-Calle,
Conrado Fernández Rodríguez
are used in a more extensive and earlier way in
patients with inflammatory bowel disease, rheumatic
or dermatologic diseases. Although these drugs have
shown a significant clinical benefit, the safety of these
treatments is a challenge. Hepatitis B virus (HBV)
reactivations have been reported widely, even including
liver failure and death, and it represents a deep concern
in these patients. Current guidelines recommend to preemptive therapy in patients with immunosuppressants
in general, but preventive measures focused in patients
with corticosteroids and inflammatory diseases are
scarce. Screening for HBV infection should be done at
diagnosis. The patients who test positive for hepatitis
B surface antigen, but do not meet criteria for antiviral
treatment must receive prophylaxis before undergoing
immunosuppression, including corticosteroids at higher
doses than prednisone 20 mg/d during more than two
weeks. Tenofovir and entecavir are preferred than
lamivudine because of their better resistance profile in
long-term immunosuppressant treatments. There is not
a strong evidence, to make a general recommendation
on the necessity of prophylaxis therapy in patients
with inflammatory diseases that are taking low doses
of corticosteroids in short term basis or low systemic
bioavailability corticosteroids such as budesonide or
beclomethasone dipropionate. In these cases regularly
HBV DNA monitoring is recommended, starting early
antiviral therapy if DNA levels begin to rise. In patients
with occult or resolved hepatitis the risk of reactivation
is much lower, and excepting for Rituximab treatment,
the prophylaxis is not necessary.
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exposure rates similar to the general population
,
[11]
while Kim et al , in South Korea, cannot find IBD as
a risk factor for HBV, with a reported prevalence of
hepatitis B surface antigen (HBsAg) of 3.7% in IBD vs
[11]
4.4% in the control group .
In rheumatic diseases, the HBV status has also
been evaluated. Irish investigators identified in a
cohort of 200 rheumatoid arthritis (RA) patients only 4
cases with positive hepatitis B core antibody (HBcAb)
and 11 with positive HBsAb, with no cases of positive
[12]
HBsAg . The prevalence of concurrent chronic
hepatitis B infection in a cohort of RA patients in China
was 11.2%, consistent with the prevalence in the
[13]
general population , although the reported rate of
[14]
HBsAg in ankylosing spondylitis (AS) by Zheng et al
was 25.4%, higher than in the general population or
patients with other spondyloarthropathies and RA. In
Japan, where approximately 20% Japanese individuals
are infected with HBV, HBsAg and HBcAb positive
[15]
occurred in 0.7% and 25.6% of patients with RA .
There are very few studies to determinate the
prevalence of HBV infection in psoriasis and no
significant differences between these patients and
[16]
general population have been found .
Therefore, we cannot say that ID patients are
a great risk population for HBV infection, at least
according to the more recent research. The Table 1
summarizes some of the more relevant studies that
have evaluated the prevalence of HBV in patients with
inflammatory diseases.

Core tip: Few reviews have been published including
data of the three more common inflammatory diseases
that require immunosuppressive therapy: inflammatory
bowel disease, rheumatic and dermatologic diseases.
This paper is focused on the risk of reactivation of
hepatitis B virus under immunosuppressants, and
particularly corticosteroids. Although most of the
guidelines do not specify the necessity of prophylaxis
in case of monotherapy with corticosteroids, the
specialists responsible of these patients are usually
concerned about this issue. Moreover, the risk with
low systemic bioavailability new corticosteroids has
not been evaluated in previous reviews. This work
summarizes the evidence of VHB reactivation in patients
with inflammatory diseases: when and how to apply
prophylaxis, with a special focus on “new” and “old”
steroids.
López-Serrano P, de la Fuente Briongos E, Carrera-Alonso E,
Pérez-Calle JL, Fernández Rodríguez C. Hepatitis B and
immunosuppressive therapies for chronic inflammatory diseases:
When and how to apply prophylaxis, with a special focus on
corticosteroid therapy. World J Hepatol 2015; 7(3): 539-547
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i3/539.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i3.539

INTRODUCTION
Hepatitis B virus (HBV) is a preventable viral infection,
but it is estimated that 2 billion persons worldwide
are infected, and a significant number of case reports
and clinical studies have pointed the risk of reactivation
of this infection in patients on immunosuppressive
[1,2]
therapies
Immunosuppressive and biological treat
ments are use more and sooner, during long periods
of time in patients with inflammatory diseases (ID),
including inflammatory bowel disease (IBD), rheumatic
or dermatologic diseases. Therefore, the safety of these
treatments is a deep concern among gastroenterologist,
rheumatologist, and dermatologist

DEFINITIONS OF HEPATITIS B INFECTION
AND REACTIVATION
The exposure to HBV can be divided broadly by the
viral load and the liver biopsy into three categories: (1)
active chronic HBV, characterized by an elevated serum
alanine transaminase (ALT) (usually more than twice
the upper limit of normal) and DNA levels above 2000
IU/mL; (2) inactive hepatitis B carrier, defined by low
HBV DNA levels, typically < 2000 IU/mL, and normal
ALT. There is not a significant necroinflammatory
activity on the liver biopsy; and (3) resolved HBV
infection. These patients are characterized by negative
HBsAg and positive HBsAb. Patients with occult HBV
[17]
infection (OBI) test positive only for HBcAb .
HBV reactivation is the reappearance of active
necroinflammatory disease, marked by a 1.5-2-fold
increase in ALT levels and DNA viral load > 2000 IU/mL
in an inactive hepatitis B carrier, or a positivization
from a previously undetectable DNA in an individual
[18,19]
with a resolved hepatitis B
.

PREVALENCE OF HBV INFECTION IN
PATIENTS WITH INFLAMMATORY
DISEASES
The prevalence of the hepatitis B infection varies
significantly worldwidely, from 1%-2% in the Western
[3-5]
countries, to more than 8% in Asia and Africa .
Among patients with inflammatory diseases,
those with IBD are assumed to have a higher risk of
HBV infection because of the potential nosocomial
[6]
[7]
transmission . Biancone et al found that IBD
population had higher prevalence of hepatitis B
[7]
surface antibody (HBsAb) than controls , and studies
conducted in endemic areas have reported a rate of
[8]
present and past HBV infection of 40% . Conversely,
recent researches in Spain and France describe
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immunosuppressant treatments . Cases of HBV
reactivation have been reported in RA patients treated
with methotrexate (MTX) generally at doses lower
[28]
than 10 mg/wk , and anti-TNF agents, specially with
[29-31]
IFX, but also with adalimumab and etanercept
.
[32]
Oshima et al
measured the risk of hepatitis B
with anti rheumatic drugs and found a significant
association between them and the occurrence of
hepatitis exacerbation {corticosteroids [OR = 2.3
(1.3-4)], MTX: [4.9 (3.9-6.0)] and rituximab: [7.2
[32]
[33]
[34]
(5.3-9.9)]} . Lee et al
and Nakamura et al
reported an incidence of viral reactivations of 5.3%
and 12% in the patients under immunosuppressive
[33,34]
treatment and inactive viral infection
.
Regarding IBD, reported cases of reactivation
of HBV with IFX have been extensively reviewed
[35-38]
elsewhere
. Most of them have occurred in patients
with co-treatment with immunomodulators such as
azathioprine or MTX. The Spanish REPENTINA study
showed that no single drug was specifically involved,
and the risk seems to be associated with the intensity
[39,40]
of immunosuppression
.
Case reports of HBV exacerbation in severe
[41]
psoriasis patients have also been published . In a
recent review in patients with rheumatic, digestive,
and dermatologic autoimmune diseases, treated with
[42]
any of the anti-TNF inhibitors, by Pérez-Alvarez et al
HBV reactivation was observed in 39% of hepatitis
B carriers in hepatitis B carriers. Reactivations were
more frequent in patients previously treated with other
immunosuppressive agents (96% vs 70%, P = 0.033)
and less in those who received antiviral prophylaxis
(23% vs 62%, P = 0.003).
Although anti-TNFs are the most common biological
therapy in patients with ID, human IgG1κ monoclonal
antibody of interleukin-12/23 (ustekinumab) has
become an emerging therapy, especially in chronic
psoriasis, but also in IBD. There are scarce data
about the safety of ustekinumab and the relationship
between IL-12 or IL-23 and HBV, but some cases of
[2,43,44]
reactivations have been described
.
Regarding patients with resolved HBV or OBI,
the risk is much lower. Reactivations following
chemotherapy or potent immunosuppressive drugs
such as Rituximab have been reported specially on
[13,45]
the onco-haematological field
, and although
some cases have also been published with anti-TNF
[46]
[47]
therapy, the rate is not relevant . Tamori et al
described the reactivation risk in 50 patients, with
positive results for hepatitis B core antibody, treated
with immunosuppresants for rheumatic diseases: the
reactivation was 10 times more likely in those with
HBsAg positive than in the HBsAg negative grupo (20%
[47]
vs 2%) .
[48]
Finally, Cassano et al
analyzed 62 psoriatic
patients with occult viral infection, treated with antiTNFs agents. There were no signs of HBV activation
after a period of 4 years, which supports the safety
of the use of immunosuppressant drugs (others than

Table 1 Studies evaluating the prevalence of hepatitis B virus
infection in patients with inflammatory diseases
Number
patients

HBcAb

HBsAg

2001

494

Spain

2009

2056

Chevaux et al[10] IBD France

2010

315

Huang et al[3]

IBD

China

2014

714

Kim et al[11]

UC 11.5%
CD 11%
UC 8%
CD 7.1%
UC 1.6%
CD 2.8%
UC 41.6%
CD 39.8%

IBD

South
Korea
China
Japan
Ireland
China
Israel

2014

513

UC 0.64%
CD 2.1%
UC 0.8%
CD 0.6%
UC 1.59%
CD 0.79%
UC 5.7%
CD 5.3%
UC 4.1%
CD 3.3%

2013
2014
2014
2011
2010

223
7650
200
439
12502

Ref.

Dise Coun Publi
ase
try
cation
year

Biancone et al[7]

IBD

Italy

Loras et al[9]

IBD

Zou et al[13]
Watanabe et al[15]
Conway et al[12]
Zheng et al[14]
Cohen et al[16]

RA
RA
RA
AS
Psori
asis

11.2%
25.6%
2%

0.7%
0%
25.4%
0.74%

IBD: Inflammatory bowel disease; HBcAb: Hepatitis B core antibody;
HBsAg: Hepatitis B surface antigen; RA: Rheumatoid arthritis; AS:
Ankylosing spondylitis.

causes a hepatocellular damage following the HBV
replication, which can result in an acute or chronic liver
necroinflammation.
Immunosuppressants lead to an increase in
DNA viral due to both a effect on the host immune
response, as to a stimulatory effect of these drugs on
[20]
hepatitis B virus . The corticosteroids may increase
the expression of HBV through a glucocorticoidresponsive element, which has been detected in viral
genoma, and stimulates viral replication in patients
[21]
under these treatments .
On the other hand, tumoral necrosis factor (TNF)
α and interferon gamma (IFNγ) are important in
the clearance of HBV from infected hepatocytes, so
the use of anti-TNF drugs in patients with chronic
HBV infections may result in an increase in viral
[22,23]
replication
.
Despite the increase in viral replication, the major
damage hardly ever appears at the time of maximal
immunosuppression and usually occurs once the
immunosuppressive therapy is withdrawn, during the
phase of immune reconstitution, when the immune
system is able to destroy the hepatitis B-infected
[5,24]
hepatocytes, producing the liver disease
. Clinically
these exacerbations can vary, ranging from a
subclinical or asymptomatic course to a severe acute
[25]
hepatitis and even death .

HBV REACTIVATIONS IN PATIENTS
WITH INFLAMMATORY DISEASES
In ID patients the risk of hepatitis B reactivation is
highest with the use of monoclonal antibodies anti[26]
CD20 (rituximab) , but it may also be fatal in inac
tive hepatitis B carriers patients undergoing other
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Table 2 Hepatitis B virus reactivations in patients treated with steroids
Disease

Study

Patients (n )

HBV status (n )

Pre-emptive
therapy

HBV reactivations (n )

Autoimmune diseases

Case report

2

No

2

Polymyositis
Mixed connective tissue disease
Rheumatoid arthritis
Idiopathic nephrotic syndrome
Connective tissue disease

Case report
Case report
Case report
Prospective
Retrospective

1
1
1
41
98

No
No
No
No
No

1
1
1
21
4

IBD

Retrospective

25

CHB (1)
RS (1)
CHB
CHB
CHB
CHB (41)
CHB (21)
Not applied (77)
CHB

No

6

Ref.
Cheng et al[58]
Nakanishi et al[57]
Zanati et al[59]
Bae et al[60]
Li et al[61]
Yang et al[62]
Loras et al[39]

Adapted from Xuan et al[63]. CHB: Chronic hepatitis B, inactive carriers included; RS: Resolved infection; HBV: Hepatitis B virus.
[48]

rituximab) in this scenario

.

Another prospective study, carried in 41 Chinese
adults with idiopatic nephrotic syndrome and inactive
hepatitis B, compared standard doses of prednisone vs
lower doses of prednisone plus mycophenolate mofetil
[61]
(MMF) . Without pre-emptive therapy, the risk of
exacerbation was lower in MMF-prednisone regimen
than the group with prednisone in monotherapy,
reflecting the major effect of higher doses on the viral
reactivation.
[62]
Yang et al
identified in a retrospective study,
four cases of viral hepatitis flares in HBV carriers,
who received at least 6 mo of high doses of systemic
[62]
corticosteroid for connective tissue diseases , and
resulted in a mortality of fifty percent.
[63]
Finally, Xuan et al
have reviewed 30 cases
of reactivation after steroids, in monotherapy or
combined with other therapies, in 144 patients with
rheumatic diseases. The mean time to reactivations
was 9.8 mo. Although the findings indicate that the
risk of hepatitis reactivation mostly relies on the
prednisone doses, as some cases of HBV reactivation
have occurred with low-dose-prednisone therapies,
[60]
caution is advisable .
In IBD there have also been reports of reactivation
in patients under corticosteroids, with or without
azathioprine or anti-TNF therapy, even resulting in
[6,64,65]
severe acute hepatitis
. The Spanish REPENTINA
study describes 6 cases of HBV reactivation in IBD
patients during conventional immunosuppressive
therapy, two of them with prednisone in monotherapy.
Fifty percent of the cases resulted in liver failure and
[39]
one of them required a liver transplantation . The
Table 2 reflects the cases of HBV reactivation with
steroid therapy.

CORTICOSTEROIDS AND
IMMUNOSUPPRESSION
The risk of infections with corticosteroids are proved
[49]
to be increased with the dose . Although it is not
clearly defined, a dose equivalent to either 2 mg/kg
of body weight or a total of 20 mg/d of prednisone
are accepted to suppress significatively the immune
[50-52]
system in treatments longer than two weeks
.
The Consortium of Rheumatology Researchers
of North America evaluated the risk for all infectious
events, which were increased with prednisone 10 mg/d
(incidence rate ratio relative:1.30; 95%CI: 1.11-1.53)
whilst any dose increased the risk of opportunistic
[53]
infections .
Concerning IBD population, there are no precise
data on the dose of corticosteroids associated with
[25]
the increased risk, but Rahier et al
in the Second
European evidence-based Consensus on the pre
vention, diagnosis and management of opportunistic
infections in inflammatory bowel disease, indicate that
doses greater than 20 mg/d of prednisolone in adults
are immunusuppressive and increase the percentage
[25]
of events .
Beyond that, the combination of two or three of
immunosuppressant drugs enhances the probability of
[54,55]
infections
.

Corticosteroids and HBV reactivation

[56]

First reactivation was described by Wands et al
in 1975, in 20 patients with lymphoproliferative and
myeloproliferative disorders receiving chemotherapy.
Subsequently, other cases were communicated in
rheumatic and autoimmune diseases: Nakanishi et
[57]
[58]
al
and Cheng et al
reported HBV reactivations
after high dose of steroids in monotherapy. None of the
cases had received prophylaxis for HBV, and developed
clinical disease in 4, 5 and 9 mo after the beginning
[59]
[60]
of the treatment. Zanati et al
and Bae et al
have
also described two fatal cases of HBV reactivations in
patients with connective tissue diseases treated with
steroids and chloroquine.
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Reactivation of HBV and “new” corticosteroids

The topically acting oral steroids are agents chara
cterized by a low systemic bioavailability due to an
important first-pass liver metabolism. So, the typical
adverse effects of steroids are partially avoided
because of a lower concentration of the drug in
[66]
plasma . The most representative are beclometasone
dipropionate (BDP) and budesonide. Many studies
have reported their efficacy compared to placebo,
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All ID patients

Specific treatment if
active chronic HVB

Check at diagnosis:
HBsAb
HBcAb
HBsAg

Vaccination if negative

Inactive
HBV + IS treatment

Resolved
1
HBV + IS treatment

2

Low dose steroids
or low
bioavailability steroids

Monitor HBV DNA
every 1-3 mo and for
6 mo after treatment

Rest of IS

Monitor HBV DNA every
1-3 mo and for 6 mo
after treatment

DNA < 2000 UI/mL

Undetectable

Detectable

DNA > 2000 UI/mL

Prophylaxis with NAs

Figure 1 Algorithm suggested for the management of patients with inflammatory diseases and hepatitis B virus infection. 1Except Rituximab, in which
antiviral prophylaxis is desirable; 2Low dose steroids ≤ 20 mg/d prednisone. Adapted from Lopez-Serrano et al[17]. ID: Inflammatory diseases; IS: Immunosuppressants
(steroids, thiopurines, methotrexate and biologics); NAs: Nucleoside/nucleotide analogues; HBcAb: Hepatitis B core antibody; HBsAg: Hepatitis B surface antigen;
Low biodisponibility steroids: Budesonide or beclometasone dipropionate; HBV: Hepatitis B virus.
[67-70]

[71]

conventional steroids and 5-ASA
. Nunes et al
reported the Spanish experience of oral BDP in a
retrospective and multicenter study that included
more than four hundred patients with active UC. Mild
secondary effects were described in 7.6% of the cases,
but no serious events either cases of HBV reactivations
were identified.
[72]
Lichtenstein et al
reviewed five trials evaluating
budesonide for up to 1 year for mild-to-moderate CD
compared to placebo. Budesonide 6 mg/d was found
to be significantly associated with mild infections (P =
0.023), but clinically important events were rare, and
no HBV reactivations were observed.

The tests must include HBsAb, HBsAg, and HBcAb, in
order to detect also OBI, and HBV vaccination or HBVDNA quantification must be done depending on the
[25]
results .
Patients with active chronic HBV should receive the
antiviral treatment applicable to immunocompetent
patients, but this is not the goal of this review.

Prophylaxis in hepatitis B resolved infection

Excepting rituximab, there is no evidence for
systematic anti-viral prophylaxis in resolved or OBI in
patients on immunosuppresants, taking into account
[78]
that the HBV reactivation occurs rarely . These
patients must be followed closely during therapy (every
1-3 mo, and for 6 mo after stopping treatment), and
considered for prophylactic therapy according to DNA
[5]
levels (Figure 1).

PROPHYLAXIS AGAINST HEPATITIS B
REACTIVATION
The aim of the diverse guidelines is to provide clear
recommendations for clinical practice. Before 2005
there were no recommendations for HVB and HCV
screening in IBD or rheumatic patients requiring
[73]
immunosuppression . The appropriate time to do
hepatitis B serologic tests is at diagnosis, better than
[74-77]
the moment of considering immunosuppression
.
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Prophylaxis in inactive hepatitis B carriers

The American Association for the Study of Liver
Diseases and the European Association for the Study
of the Liver recommend the early introduction of
pre-emptive therapy in those HBsAg carriers which
are going to start immunosuppressive therapy,
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including immunomodulators, biologic therapy and
[74,75]
corticosteroids
. As we have commented previously,
a dose of prednisone higher than 20 mg/d appears
to be sufficiently immunosuppressive, in treatments
longer than two weeks, so that prophylaxis must
be considered. It must be introduced 1-3 wk before
therapy and continue for 6 mo to 1 year after
[77,79,80]
withdrawal
.
Apart from cases reviews, there is no strong
evidence to make this recommendation in patients
with ID and low doses of corticosteroids in short
term basis. More conservative management advises
to monitor regularly HBV DNA and to start early
[6,81,82]
antiviral therapy if DNA level arises
. The same
recommendations can be made in the case of the low
systemic bioavailability steroids (budesonide and BPD).

2

Which antiviral drug must we choose?

6

3

4

5

Lamivudine has been the most frequent agent used
agent in this scenario, having proved to reduce the
reactivation risk and the associated mortality and
morbidity. However, Lamivudine resistance develops
in 53%-76% of patients after 3 years of treatment,
therefore, this agent is only appropriate when a short
course of therapy is needed. As immunosuppressants
for ID usually are used for long term, nucleoside/
nucleotide analogues (NAs) with a lower rate of
resistance must be considered. Tenofovir and entecavir
have a higher barrier to resistance, and should be used
[6,76,77,82,83]
if treatments longer than 12 mo are planned
.
In those patients with OBI with a high risk of
reactivation, lamivudine may still have a role, because
of its low cost, and the low or absent HBV viremia
[76,78]
in these cases
. Alternative antiviral medications
[20]
for lamivudine would be adefovir and telbivudine .
In all cases, but more closely if lamivudine, adefovir
or telbivudine are used, serum AST/ALT levels and
hepatitis B viral load must be monitored every 3 or 6
mo.
In conclusion, HBV reactivations are not uncom
mon in inactive HBV patients treated with immu
nosuppressive therapy for inflammatory diseases.
Current guidelines highly recommend prophylaxis
in case of immunosuppressive therapy, including
patients receiving steroids in monotherapy. However,
steroids at low doses, treatments shorter than two
weeks and low biodisponibility steroids are unlikely
to need prophylaxis, although studies are lacking in
this setting. These patients and those with occult or
resolved HBV precise regularly HBV DNA monitoring
during immunosuppressant therapy in order to detect
reactivations. Entecavir or tenofovir are recommended
as the optimal agents against HBV reactivation.
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Hepatitis C in hemodialysis patients
Smaragdi Marinaki, John N Boletis, Stratigoula Sakellariou, Ioanna K Delladetsima
milder histological features on liver biopsy. Furthermore,
the “silent” clinical course is consistent with a slower
disease progression and a lower frequency of cirrhosis
and hepatocellular carcinoma. Potential explanations for
the “beneficial” impact of uremia and hemodialysis on
chronic HCV infection are impaired immunosurveillance
leading to a less aggressive host response to the virus
and intradialytic release of “hepatoprotective” cytokines
such as interferon (IFN)-α and hepatocyte growth
factor. However, chronic hepatitis C is associated with
a higher liver disease related cardiovascular and allcause mortality of HD patients. Therapy is indicated in
selected patients groups including younger patients with
low comorbidity burden and especially renal transplant
candidates, preferably after performance of a liver
biopsy. According to current recommendations, choice of
treatment is IFN or pegylated interferon with a reported
sustained viral response at 30%-40% and a withdrawal
rate ranging from 17% to 30%. New data regarding
combination therapy with low doses of ribavirin which
provide higher standard variable rates and good safety
results, offer another therapeutic option. The new
protease inhibitors may be the future for HCV infected
HD patients, though data are still lacking.
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Core tip: Despite reduction of hepatitis C prevalence,
hemodialysis (HD) patients still comprise a high risk
group. HD individuals with chronic hepatitis C virus
infection have lower aminotransferase and viral levels,
milder histological features and a lower frequency of
cirrhosis and hepatocellular carcinoma. However, liver
disease is related to higher cardiovascular and all-cause
mortality in this patient population. According to current
recommendations, choice of treatment is interferon or
pegylated interferon, whilst low doses of ribavirin also
seem to have promising results. Data regarding new
protease inhibitors are still lacking.

Abstract
Despite reduction of hepatitis C prevalence after
recognition of the virus and testing of blood products,
hemodialysis (HD) patients still comprise a high risk
group. The natural history of hepatitis C virus (HCV)
infection in dialysis is not fully understood while
the clinical outcome differs from that of the general
population. HD patients show a milder liver disease
with lower aminotransferase and viral levels depicted by
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HCV GENOTYPE DISTRIBUTION
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A total of 6 different genotypes and multiple subtypes
of HCV, each with a different geographic distribution
have been identified. Genotype 1 is the most prevalent
genotype worldwide. Subtype 1b is more frequent
in Europe and Japan while subtype 1a in the United
States. Genotype 2 is prevalent in North America,
Europe, Japan (Subtypes a and b) and in northern
Italy (subtype c). Genotype 3a is frequently seen in
India and in European and American drug abusers
while genotype 4 is encountered in North Africa, Middle
East and among European drug abusers. Genotype 5
has been found in South Africa, genotype 6 in Hong
Kong, genotypes 7, 8, 9 in Vietnam and genotypes 10
[6-8]
and 11 in Indonesia .
There are no firm data concerning the distribution
of HCV genotype among HD patients. In studies
conducted in the Netherlands, France, Morocco, Mexico
and Turkey, there was a predominance of genotype
[9,10]
1b among patients on HD
. In a study from the
United States, subtype 1a was the most frequent
among dialysis patients while in Italian HD patients
subtypes 2a and 3a predominated. Some of these
studies showed a different genotype distribution in
dialysis patients than in the general population, some
others did not. In general, subtype 1a seems to be
more frequent among HD patients than in the general
[9]
population .
An interesting point is that dialysis patients are
susceptible to mixed genotype infections attributed
to multiple exposures in the dialysis environment.
Mixed infections are not often identified due to their
short duration and to the lack of sensitivity of the
molecular techniques. When more sensitive techniques
were applied, 13% of HCV infected HD patients were
diagnosed with a mixed infection. In these patients,
one of the transmitted subtypes usually prevails in
the course of the disease and it is in general subtype
[9,11]
1a
.

EPIDEMIOLOGY OF HEPATITIS
C: GENERAL POPULATION VS
HAEMODIALYSIS PATIENTS
The prevalence of hepatitis C virus (HCV) infection
worldwide is 3% and the infected people are estimated
at 170 millions. Prevalence rates in Africa, America,
Europe and South-East Asia are under 2.5%. In the
Western Pacific regions the average ranges between
2.5% and 4.9% while in some parts of the Middle
[1-3]
East HCV prevalence reaches 13%
. In Greece,
a survey among 7016 hemodialysis (HD) patients
conducted by the Hellenic Center for Infectious
Diseases Control and the Hellenic Society of Nephrology
in 2003, revealed a mean anti-HCV prevalence of 7.5%.
Before 1990, the main routes of HCV transmission
were blood product transfusions, intravenous drug
use and unsafe medical procedures. Since the
systematic screening of blood products, the risk of
HCV infection related to transfusions is extremely
[4]
low (1/20000000) . Currently, the main sources
of HCV infection are intravenous drug use, unsafe
medical procedures, mother-to-child transmission
and the use of unsterilized materials in activities such
as acupuncture and tattooing. Household and sexual
transmission is extremely low. The dialysis-related risk
is estimated at 2% per year. There is a wide range in
the prevalence of HCV infection among HD patients
in different parts of the world, varying from 1% to
90%. In northern Europe the prevalence rate is less
than 5%, in southern Europe and the United States
around 10% and in many countries of northern Africa,
[2]
Asia and South America ranges between 10%-70% .
With the systematic screening of blood products and
the use of erythropoiesis-stimulating agents, the
risk of transfusion related HCV infection in dialysis
patients has dramatically decreased; however, they
continue to comprise a “high-risk” group In several
studies, the prevalence of HCV infection correlated
strongly with time on dialysis, independently of the
burden of transfusions and it was higher in HD than
in peritoneal dialysis or home HD patients. These
data strongly suggest that nosocomial transmission
[5]
plays a crucial role . Therefore, the Kidney Disease
Improving Global Outcomes (KDIGO) workgroup for
the prevention of HCV transmission in dialysis patients
focused on the implementation of hygienic precautions
concerning the staff of HD units and the sterilization of
the dialysis machines. Of major importance is the fact
that isolation of HCV infected patients does not seem
to protect against HCV transmission in HD units and
[2]
therefore it is not recommended .
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NATURAL HISTORY OF HEPATITIS C
In the general population, acute HCV infection affects
1/100000 subjects per year. In 50%-90% of the
cases the infection is asymptomatic. In 30% of cases
of acute hepatitis the resolution is spontaneous.
Acute hepatitis resolves in 20%-30% of the cases
spontaneously while in the vast majority it progresses
to chronic hepatitis manifesting with variable, usually
[12,13]
mild degrees of inflammation and fibrosis
. Liver
damage is thought to be mediated by HCV-induced
host cellular immune response rather by the cytopathic
[3]
effect of the virus per se . About 10%-40% (average
20%) of patients with chronic HCV infection will end
up to cirrhosis in the second or third decade after
infection while 1%-23% will develop hepatocellular
[3,12,13]
carcinoma (HCC)
. The incidence of HCC in
cirrhotic patients is 3% per year while the incidence
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of death due to complications of cirrhosis is 4% per
year. Factors that contribute to fibrosis progression are
alcohol consumption, smoking, metabolic syndrome,
co-infection with HIV or other hepatotropic viruses
while older age at infection is considered as a major
[14]
negative prognostic factor . The role of viral load
and genotype, as risk factors of progression, is deba
[3,12,13]
table
. Chronic active HCV infection may also
have extrahepatic impact, such as cryoglobulinemiaassociated vasculitis, cutaneous manifestations, ocular
[3]
lesions, sialadenitis and B-cell lymphoma .
The natural history of HCV in dialysis patients is
difficult to assess due to inherent disadvantages.
The infection in HD patients is usually asymptomatic
and serum aminotransferase and Gamma-Glutamyl
Transpeptidase levels are typically within the normal
range. Moreover, there are concerns about performing
liver biopsy in this group of patients because of platelet
dysfunction and higher bleeding risk. Most of the
studies show a milder HCV-associated liver disease in
dialysis patients compared to the general population.
[15]
In the study by Okuda et al , none of the dialysis
patients with chronic HCV infection progressed to
cirrhosis in contrast to more than ¼ of the infected
patients in general population. In the study by Ishida
[16]
et al , including patients from 314 hemodialysis units
in Japan, the incidence rates of HCC and cirrhosis (1.8%
and 8.6% respectively) in HCV (+) dialysis patients
were much lower than in HCV (+) patients without
renal disease (15%-20% for cirrhosis and 5%-28% for
[17]
HCC). In the prospective study by Nakayama et al
among 1470 HD patients with follow up of 6 years, the
incidence rate of HCC in dialysis patients was 0.6%,
whereas in non-dialyzed patients it reached per year
1.2%. Interestingly, there is an inverse correlation
[16]
with dialysis duration. In the study by Ishida et al ,
the incidence of cirrhosis and HCC in patients who
were less than 10 years on dialysis, was higher than
for those with dialysis duration of more than 10 years.

more severe disease reflecting a longer duration of
infection, since patients affected with genotype 1b are
[8]
usually older .

DIAGNOSIS OF HEPATITIS C IN
CHRONIC KIDNEY DISEASE AND
HEMODIALYSIS
Initial testing for HCV

According to the KDIGO hepatitis C guidelilnes of
2009, it is recommended that “patients on haemo
dialysis should be tested when they first start
haemodialysis or when they transfer from another
haemodialysis facility” while for predialysis patients
with chronic kidney disease the recommendation to
test for hepatitis C is weak. Especially dialysis patients
who are candidates for kidney transplantation should
be screened, evaluated and if necessary treated for
[21]
hepatitis C before entering the waiting list .

Which is the preferable method for initial HCV testing in
dialysis patients?

According to the KDIGO guidelines, either initial testing
with enzyme immunoassay (EIA) or with nucleic acid
testing (NAT) is suggested, depending on the low or
high prevalence of the virus in the country and in the
rd
particular haemodialysis unit. Currently, 3 generation
EIA is used as the preferable immunologic assay and
[22]
has proven high sensitivity also in dialysis patients .
As in the general population, detection of the HCV
antibody by EIA in HD patients may be indicative of
acute, chronic or even resolved infection. So, it is
reasonable to perform initial screening for hepatitis
rd
C in HD patients with 3 generation EIA while the
use of recombinant immunoblotting assay (RIBA), as
the confirmatory assay in case of positive EIA, has
[23]
been largely replaced by NAT . On the other hand,
an unknown but substantial number of hemodialysis
patients will test negative for anti-HCV antibodies while
having detectable HCV viraemia. In a large multicentre
[24]
German study by Hinrichsen et al
including 2796
dialysis patients, 0.8% of the entire study population
was HCV-RNA positive but anti-HCV negative.There is
no doubt that detection of HCV-RNA by RT-PCR is the
most sensitive and specific assay for HCV detection.
Given the proportion of false negative results and the
higher prevalence of the virus in dialysis patients, the
preferential test for initial screening is NAT, but the
final decision is up to every dialysis unit and depends
on the prevalence of HCV infection and the financial
[21]
status of the particular country .

Risk factors for progression of liver disease in
HCV-positive dialysis patients

Several factors have been associated with a more
rapid progression of liver disease in the HD population.
These include alcohol abuse, tobacco consumption,
older age of HCV acquisition, duration of infection as
well as co-infection with HIV or other hepatotropic
[18]
viruses . There is no universal agreement among
authors regarding the role of genotype (especially 1b),
viral load, metabolic syndrome and AST levels as risk
factors for progression of HCV-related liver disease. On
the other hand, male gender and liver siderosis, which
are established risk factors for hepatitis progression in
HCV (+) non uremic patients, did not correlate with a
[8,19,20]
more severe liver disease in HD patients
.
In some studies, genotype 1b correlated with a
higher rate of evolution to chronicity, a more severe
liver disease and a more aggressive course. Some
others suggest that genotype 1b is just a marker of
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Retesting for HCV in dialysis patients

In initially anti-HCV negative HD patients, retesting
with EIA should be considered every 6-12 mo.
Retesting with NAT is suggested in patients with
unexplained elevation of aminotransferase levels, if
there is suspicion of an outbreak of HCV in a HD unit,
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[15,33]

in patients on the waiting list for transplantation and for
[21]
the monitoring of therapy in those who are treated .

uremic controls

Impact of hemodialysis procedure on viral load: A
number of studies have investigated HCV viral kinetics
before, during and after a regular 4-h hemodialysis
session. Most studies revealed a significant decrease in
HCV viral load during HD session with a return to basal
[33,34]
levels after 48 h, prior to the next dialysis session
.
When the effect of the type of dialysis membrane
on viral load kinetics was examined, there was a
decrease with hemophan and polysulfone membranes
[35]
but not with cuprophan . The main mechanisms for
the explanation of the intradialytic reduction of HCV
are the following.

Liver biopsy

Of major importance in clinical practice is the iden
tification of CHC severity in all patients settings
including patients on dialysis.
Besides liver biopsy, novel non-invasive techniques
are used to validate hepatic fibrosis. Transient
elastography (TE, Fibroscan) evaluates the degree of
fibrosis by liver stiffness measurement. It has been
used in non-uraemic patients with CHC with good
[25]
results . The other non-invasive method is the ASTto-platelet-index (APRI). In HD patients, despite
[26]
promising results reported in one study , TE needs
to be validated in larger cohorts, whereas APRI has
[27]
shown low diagnostic accuracy . Thus, liver biopsy
still remains the gold standard in the evaluation of CHC
and, besides concerns regarding higher bleeding risk
due to uremic platelet dysfunction, it has been shown
[28]
that it can be safely performed also in HD patients .
The question concerning the indications of liver
biopsy performance remains largely unanswered.
Ideally, liver biopsy would be useful, at least initially,
in all HCV positive HD patients with sustained viremia
in order to evaluate the severity of liver disease, the
necessity of therapy and the long term prognosis.
In fact, according to the KDIGO guidelines, the only
clearly defined subgroup of HD patients in whom
a baseline liver biopsy is recommended is this of
[2]
kidney transplant candidates . The rationale for this
recommendation is that a substantial percentage of
renal transplant candidates (up to 25%) may have
subclinical pre-cirrhotic disease which precludes
kidney transplantation. Moreover, kidney transplant
candidates with persistent viremia should be treated in
order to achieve sustained virological response (SVR)
or at least low viremic load before transplantation.
Within this context liver biopsy may guide therapy and
determine prognosis.

Passage of the virus through the membrane into the
dialysate or the ultrafiltrate

This mechanism seems rather insufficient to explain
viral load reduction during HD, since HCV virions
are larger (30-40 nm) than the pores of the dialysis
membrane (10-20 nm). Three studies failed to detect
[36-38]
HCV-RNA in the dialysis ultrafiltrate
.

Adsorption of the virus or viral particles by the dialysis
membrane

In vitro and in vivo studies evaluating this potential
mechanism of HCV reduction have revealed rather
conflicting results. The negative findings from in vitro
[39,40]
investigations render this mechanism unlikely
.

HCV reduction via host-mediated factors

The basis of this interesting concept is that the contact
of patients blood with extracorporeal circulation leads
to the release of pro-inflammatory cytokines such
as IL-6 and TNF-α as well as IFN-α and hepatocyte
growth factor (HGF), factors with potentially antiviral
[34]
properties .
Nevertheless, the impact of the dialysis mem
brane or the dialysis procedure (hemofiltration,
hemodiafiltration) on HCV viral kinetics requires further
investigation.

PRINCIPAL DIFFERENCES IN CLINICAL,
LABORATORY AND
HISTOLOGICAL PARAMETERS IN
HEMODIALYSIS PATIENTS WITH HCV
INFECTION

Lower aminotransferase levels

Several studies have shown that aminotransferase
(AST, ALT) levels are low in patients on dialysis and
this reduction appears to occur already in patients
with advanced chronic kidney disease even before
[41,42]
the initiation of renal replacement treatment
.
HD patients with CHC have serum aminotransferase
levels which are at the upper limit but still within the
normal range, although higher compared to HCV (-) HD
patients.
The diminished values of liver enzymes restrict
their diagnostic significance while their use as a tool
for hepatitis surveillance and follow-up is unreliable.
There is no definite explanation regarding the lower
transaminase levels observed in HD patients, although
several aetiologies have been postulated.
Vitamin B6 (co-factor for aminotransferase syn

Lower viral load in dialysis patients

Based on literature data, HCV load in HD patients is
usually low. However, in a few studies similar or even
higher viral loads were found compared to non-uremic
[29-31]
patients
while fluctuation of HCV-RNA as well as
[32]
intermittent viremia have also been reported .
Two prospective trials with intermediate to long
term follow up have both shown a decrease in HCVRNA levels and even clearance of the virus in some
instances over time in HD patients but not in non-
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Table 1 Histological features in hepatitis C virus infected hemodialysis patients
Ref.

Study design/
country

Barril[50]

Multicenter
n = 218 HD pts
observational/
Spain
Rebiopsy after
7 yr (n = 181)
Case-control n = 36 aHCV(+)
study/Brasil
HD pts

Trevizoli et al[48]

Mysorekar et al[51] Observational/
India
Sterling et al[31]
Prospective
case-contrrol
study/United
States

Cotler et al[30]

Case-control
study/United
States

Aslinia et al[49]

Cross sectional/
United States

Becker et al[19]

Brasil

Sakellariou et al[18]

Comparative
analysis/Greece

No. of patients

Control group

Histological features

None

70% chronic hepatitis
3% steatosis
15% cirrhosis
74% stable disease
11% progression
n = 37 aHCV(+) with
HD pts vs control group:
normal renal function
Hepatic fibrosis 47.2% vs 73% (P < 0.025)
Inflammatory activity 27.7% vs 59.5 % (P = 0.003)
n = 45 aHCV(+)
None
67% (n = 30/45) mild inflammatory activity+mild
HD pts
fibrosis (stage 0, 1, 2)
n = 50
Two
Advanced liver disease (bridging fibrosis/
aHCV(+) HD A.Normal renal function, cirrhosis) in 22% of HD pts vs 12% in group A (NS)
pts (transplant
normal ALT (n = 43)
and 48% in group B (P < 0.001)
candidates) B.Normal renal function, ↑
Mild hepatic inflammation in 62% of HD pts
ALT (n = 43)
(score1-3) vs 36% in control groups A and B
(P < 0.0001)
n = 46 aHCV(+)
n = 46 aHCV (+) with
HD pts vs control group:
HD pts
normal renal function
Less inflammatory activity (P < 0.001)
Less bridging fibrosis/cirrhosis
(13% vs 30%, P = 0.043)
n = 156
n = 138 aHCV(+) with
HD pts vs control group:
aHCV(+) HD
normal renal function
Less necroinflammation (P < 0.05)
pts
Less fibrosis (P < 0.0001)
n = 216
None
77% absence of septal fibrosis (F0, F1)
aHCV(+) HD
12% F2
pts
7% F3
n = 61 aHCV(+) n = 326 non-HD, aHCV(+)
4% cirrhosis
HD pts
pts
HD pts vs control group:
Milder stage (P = 0.033)
Lower grade (periportal activity, portal
inflammation, lobular activity) (P < 0.001)
Lower frequency of:
Lymphoid aggregates (10.2% vs 50%, P < 0.001)
Bile duct lesions (1.7% vs 22.1%, P < 0.001)
Less extent of steatosis in HD pts (P = 0.022)

Milder
histology in HD as
conclusion
(+/-)

(++)

(+/-)
(++)

(++)

(++)

(+)

(++)

HD: Hemodialysis; HCV: Hepatitis C virus; ALT: Aminotransferase.

thesis) deficiency could not be verified as a causative
[42-44]
factor due to controversial and limited data
.
[45]
In the study by Huang et al
it was hypothesized
that AST levels reflect the high metabolic activity of
homocysteine due to its high values observed in HD
patients and their correlation with low AST.
The contribution of hemodilution in the decrease of
aminotransferases has also been examined by several
[42]
investigators. Yasuda et al
observed a 15-35%
increase in serum ALT/AST after dialysis compared
[46]
to the pre-dialysis values. Sombolos et al
showed
that in patients who underwent euvolemic HD, there
were no differences in ALT/AST levels prior to and
after the procedure. On the other hand, when HD with
fluid removal or isolated ultrafiltration was performed,
there was an increase in aminotransferase levels after
the procedure, indicating that the aminotransferase
reduction during dialysis could not be attributed to
removal of enzyme inhibitors.
Low aminotransferase levels may also be ascribed
to factors related with dialysis procedure, and to
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the impact of dialysis on disease severity through
reduction of viremia, increased production of HGF and
[47]
IFN-α and lymphocyte activation .

Milder histology

There are only a few studies referring to histological
data of CHC in HD patients. Mild CHC has been
recorded in the majority of previous studies of HCVinfected HD patients with a low incidence of severe
[19,48,49]
fibrosis and cirrhosis (5.5%-13%)
. In a recent
comparative study of our group, hepatitis activity
(including portal inflammation, interface hepatitis
and lobular activity) was minimal or mild in 90%
of HD patients. In the same series, fibrosis was
usually minimal/mild (60%) or absent (26%) while
severe fibrosis and cirrhosis was found in 5% and
3.5% of the cases respectively. A significant lower
frequency compared to non-uremic patients was also
demonstrated regarding the specific CHC features such
as lymphoid aggregates (10.2% vs 50%), bile duct
[18]
lesions (1.7% vs 22.1%) and steatosis (Table 1).
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on survival is difficult to assess in HD population, so
that longitudinal studies with sufficient numbers of
patients, meta-analyses and multicenter cohorts or
national surveys are needed. It has to be stressed that
HD patients have a 4 to 5 times higher age-adjusted
death rate compared to non-uremic patients and a
30-fold increase in cardiovascular deaths, whereas
[59,60]
liver-related mortality is usually low
. This means
that HD patients may die from other causes, mainly
cardiovascular, before developing cirrhosis or HCC.
However, cumulative literature data in this field point
towards an increased mortality of anti-HCV(+) HD
patients compared to their anti-HCV (-) counterparts.
[61]
In a meta-analysis by Fabrizi et al , that included
four studies with a total of 2341 patients and a mean
follow up of 37-96 mo, the summary estimate for
adjusted relative risk (aRR) of all-cause mortality in
HCV(+) HD patients was 1.57 (95%CI: 1.33-1.86)
compared to their non-infected counterparts.
As shown in Table 2, data from four national
surveys confirm the higher HCV-associated mortality
[62-65]
in HD patients
.

PATHOGENETIC BACKGROUND
OF CHRONIC HEPATITIS C IN
HEMODIALYSIS PATIENTS
As already mentioned, in HD patients setting HCVinduced liver disease runs a more benign course
showing a lower incidence of cirrhosis compared to
[16]
non-uremic patients .
Histological findings are strongly supportive of
a particularly mild chronic hepatitis type while the
demonstration of minimal and mild necroinflammatory
activity and lack of immune-related specific features
such as lymphoid aggregates and “hepatitic” bile duct
lesions, speak in favor of a deficient immune reaction.
Although the factors that “protect” uremic patients
from immune mediated liver injury are not very well
known, there are some interesting theories for this
apparently paradox. Alterations in acquired immunity
leading to impaired immune response against patho
gens and to inadequate response to vaccinations
[52]
have been recorded in HD patients . This deficient
immune response seems to be multifactorial. There is
a defective function of antigen presenting cells (APC’s)
in means of co-stimulation via B7-2(CD86) on mono
cytes leading to ineffective T-cell proliferation and
[53]
activation . Most studies dealing with uremia and
dialysis have focused on T-cell immunity, however
B-cell function is also affected in patients with endstage renal disease. Altered B-cell subpopulations
with an imbalance between immature and memory
B-cells as well as reduced expression and signaling via
the BAFF receptor resulting in reduced B-cell survival
[54,55]
and differentiation, have been reported
. This
status of “reduced immunosurveillance” rather than
overt “immunosuppression” seems to exert an antiinflammatory protective effect on dialysis patients with
chronic HCV infection.
Another possible pathogenetic mechanism exp
laining the milder disease profile of hepatitis C in HD
patients is that hemodialysis procedure increases the
levels of HGF. HGF is a potent mitogen for hepatocytes
that promotes liver regeneration and restitution of liver
[56,57]
[58]
cell loss
. In a study by Rampino et al in 1999, a
marked and sustained release of HGF was observed in
HD compared to non-HD patients and this was further
associated with milder histological findings and a lower
degree of fibrosis. The low viral load as triggering
factor of a weak immune reaction has also to be taken
into consideration.

Impact of HCV infection on cardiovascular mortality

An increased cardiovascular risk among HD patients
with HCV infection has been reported in several
[66]
studies. Kalantar-Zadeh et al studied 2.778 HCV (+)
dialysis patients and found that hazard ratio (HR) for
cardiovascular death was 1.48 (95%CI: 1.05-2.08,
P = 0.02) and persisted after adjustment for several
case-mix parameters and for available surrogates of
the “malnutrition-inflammation syndrome”.
It has been observed that HCV infected patients on
dialysis have a greater prevalence of hypoalbuminemia
when compared to non-infected patients. In the study
[67]
of Kalantar-Zadeh et al serum levels of albumin were
significantly lower in HCV-positive dialysis patients (3.68
± 0.45 vs 3.76 ± 0.41 g/dL). The authors suggested
that the impact of HCV infection on nutritional
status and inflammation may be a main cause of
cardiovascular mortality in the dialysis population. In
[68]
another study conducted by Petit et al , HCV infection
was associated with liver steatosis, insulin resistance
and hypoadiponectinemia, factors related to the
metabolic syndrome as well as independent risk factors
[69]
for cardiovascular mortality. Oyake et al
evaluated
94 dialysis patients with measurements of aortic
stiffness by carotid-femoral pulse wave velocity (PWV).
They found that mean blood pressure and HCV viremia
were significantly and independently associated with
high PWV. Cerebrovascular and cardiovascular event
rates were significantly higher in HCV-positive dialysis
patients. The authors suggested that HCV infection
plays an atherogenic role through aggravation of the
metabolic syndrome and dyslipidemia.
In a meta-analysis of fourteen observational
studies, the adjusted relative risk for cardiovascular
mortality in HCV infected dialysis patients was 1.26
[70]
(95%CI: 1.10-1.45) . In a national wide survey

IMPACT OF HCV INFECTION ON
SURVIVAL OF HD PATIENTS
Impact on overall survival

HCV-associated mortality in HD patients is attributed to
cirrhosis complications, the development of HCC or to
the additive effect of uremia and HCV predisposing to
infections and sepsis. The true impact of HCV infection
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Table 2 Hepatitis C virus-associated mortality in hemodialysis patients: National surveys
National survey
Australia New Zealand Dialysis and Transplant Registry

Ref.

No. of HD
patients

Outcome

Relative risk

Scott et al[62]

23046
(10-yr
follow up)
173788

Independent and significant
association between a HCV(+)
and all-cause mortality
Data available for Australia,
New Zealand and Japan

206134

a HCV(+) is an independent
predictor of all-cause mortality

HR = 1.25
(95%CI: 1.07-1.46,
P = 0.004)
HR = 1.25
(95%CI: 1.07-1.46,
P = 0.004)
RR = 1.17 (P < 0.0159)

76201

a HCV(+) is an independent
predictor of all-cause mortality

National or regional dialysis registries of 10 Asia-Pacific
Johnson et al[63]
countries/areas (Australia, New Zealand, Japan, China,
Taiwan, Korea, Thailand, Hong-Kong, Malaysia, India)
Dialysis Outcomes and Practice Patterns Study (DOPPS)
Goodkin et al[64]
from the United States (in three continents: Europe, Japan,
United States)
The Japanese cohort
Japanese Society
of Dialysis[65]

RR = 1.37
(95%CI: 1.15-1.62, P = 0.003)

HD: Hemodialysis; HCV: Hepatitis C virus.

Table 3 Meta-analyses of trials with convetional and pegylated interferon-a in hepatitis C virus infected hemodialysis patients
Conventional IFN/Peg IFN
therapy

Ref.

No. of
patients

Dose

Duration SVR (%)

Withdrawal
rate (%)

Two metaanalysis studies
(IFN-α)
IFN-α
Two head-to-head comparisons
(IFN-α vs PegIFN-α)

Fabrizi et al[73]

269

1.5-6.0 MU/d to 3 times per week

24-48 wk

37

17

Russo et al[74]
Fabrizi et al[75]

213
645

24-48 wk
8-48 wk
48 wk

33
39
31

30
19
27

IFN-a vs PegIFNα
+ ribavirin

Gordon et al[76]

546

16-48 wk
24-48 wk

41
37

26
28

PegIFN-α

Fabrizi et al[77]

254

3.0-5.0 MU/d to 3 times per week
1.0-6.0 MU/d to 3 times per week (n = 529)
135-180 μg/wk (a-2a) or
0.5-1.0 μg/kg per week (a-2b) (n = 116)
1.0-6.0 MU/d to 3 times per week (n = 459)
135-180 μg/wk (a-2a) or
0.5-1.0 μg/kg per week (a-2b) (n = 87)
135-180 μg/wk (a-2a) or 0.5-1.1 μg/kg per week (a-2b)

24-48 wk

33

23

HD: Hemodialysis; HCV: Hepatitis C virus; IFN-α: Interferon-α; PegIFN-α: Pegylated interferon-α; RBV: Ribavirin.

from Autralia-New Zealand within a total of 23046 HD
patients, a significantly increased cardiovascular risk
was found among HCV infected dialysis patients which
persisted after adjustment for age and pre-existing
cardiovascular disease (HR = 1.34, 95%CI: 1.08-1.67,
[62]
P = 0.007) .

neuropsychiatric disorders) and with RBV (severe
hemolysis) represent a major barrier to successful
therapy. Even in the general population a need for dose
reduction has been reported in 35%-42% of patients
[72]
and treatment discontinuation in about 30% .
In end stage renal disease patients, although SVR
is even slightly better than for non-uremic patients,
all treatment options are associated with increased
[73]
toxicity and higher withdrawal rates . On the other
hand, given the enhanced treatment-related toxicity,
the high comorbidity and the slow progression of liver
disease, there is no rationale to treat all HD patients
with HCV viremia. According to the KDIGO Guidelines,
the ERBP Work Group considers that “treatment
should be mainly considered for younger patients
without major comorbidities and that “the decision to
treat should be thoroughly discussed with the patients,
particularly if they are infected with genotype 1”.
They also suggest to “try to clear HCV in transplant
candidates by appropriate treatment”.
Treatment options are the same as for the general
population. Conventional IFN-α, pegylated IFN-α
(α-2α or α-2b) or combination of IFN with RBV. Given
the altered pharmacokinetics in HD and the high
treatment related toxicity, the recommended doses in
HD are: conventional IFN (2a or 2b) 3MU three times

TREATMENT OF HEPATITIS C IN HD
PATIENT
Although difficult to establish, there is a true impact
of HCV infection on mortality in HD patients. The
principal goal of HCV treatment is to decrease liver
related mortality. In most studies surrogate endpoint
of therapeutic success is virological response. Among
virological responses, the most important is SVR
defined as undetectable HCV-RNA, measured by
a sensitive assay after the completion of 24 wk of
therapy.
The currently recommended therapy for CHC in
the general population is a combination of pegylated
interferon-α (PegIFN-α) and ribavirin (RBV) for 24
wk (genotypes 2 and 3) and 48 wk (genotype1) with
[71]
achievement of SVR in about 50% of patients .
Unfortunately, treatment-related toxicity with IFN-α
(influenza-like symptoms, fever, anemia, neutropenia,
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Table 4 Studies with combined Ribavirin plus Interferon-a therapy in hepatitis C virus infected hemodialysis patients (n > 10)
Combination
therapy

Ref.

No. of
patients

Dose

Duration

SVR (%)

Withdrawal
rate (%)

IFN-α + RBV

Mousa et al[78]

20

PegIFN-α + RBV

Rendina et al[79]

35

3 MU (IFN) + 200 mg (RBV) 3 times per week
3 MU (IFN) + 200 mg (RBV) 3 times per week
135 μg/wk (Peg-IFN-a-2a) + 200 mg/qd (RBV)

67
36
97

0
0
14

PegIFN-α + RBV
PegIFN-α + RBV

Carriero et al[80]
Hakim et al[81]

14
15

24 wk (n = 9)
48 wk (n = 11)
48 wk (gtp 1)
24 wk (non-gtp 1)
48 wk
48 wk

29
7

71
33

PegIFN-α + RBV

Liu et al[82]

35

60

17

135 μg/wk (Peg-IFN-a-2a) + 200 mg/qd(RBV)
135 μg/wk (Peg-IFN-a-2a) + 200 mg/wk to 3
times per week (RBV)
135 μg/wk (Peg-IFN-a-2a) + 200 mg/qd (RBV)

48 wk (gtp 1)
24 wk (non-gtp 1)

IFN-α: Interferon-α; PegIFN-α: Pegylated interferon-α; RBV: Ribavirin.

weekly or reduced doses of pegIFN2α 135 μg/wk or
2b 1 μg/kg weekly whereas RBV is not recommended,
but it has been used in clinical trials under strict
monitoring of anemia in combination with high doses
of erythropoietin. Results from five meta-analyses
with IFN therapy and from studies with more than
10 patients which received combined therapy with
RBV, are summarized in Table 3. Conventional IFN
treatment monotherapy resulted in SVR in 33%-45%
of HD patients, though with a withdrawal rate from
17%-30%. As shown in Table 3 the response to PegIFN
monotherapy is comparable to slightly better than to
conventional IFN with a reported discontinuation rate
of 23%-28% in three studies and 0%-20% in one.
Combination therapy leads to SVR in 40%-50% of
patients with genotype 1 and in 80% of patients with
genotypes 2 and 3 while the discontinuation rate is
[73-82]
about 33% (Tables 3 and 4)
.
A better understanding of the viral cycle of HCV
has resulted in the development of new antiviral
drugs, targeting specific enzymes of HCV as protease
inhibitors (telaprevir and borceprevir) entry inhibitors,
nucleosides and non-nucleosides polymerase inhibitors.
The results of phase Ⅱ and Ⅲ trials of the first
generation of protease inhibitors (telaprevir and
borceprevir) in combination with standard therapy in
the general population of HCV infected patients have
been very promising including relapsers and partial
[83,84]
or null responders
.
In patients with renal failure and hemodialysis,
data regarding these new oral antiviral drugs are not
available, though they apparently not require dose
adjustments to renal function.
Trials with combinations of the new oral antivirals
should be the next step in the improvement of care in
hemodialysis patients with HCV.

negatively impacts survival on dialysis. Therapy is
indicated in selected cases with acceptable tolerability
and clearance of the virus in about one third of the
treated patients.
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Probiotics as a complementary therapeutic approach in
nonalcoholic fatty liver disease
Silvia Marinho Ferolla, Geyza Nogueira de Almeida Armiliato, Cláudia Alves Couto,
Teresa Cristina Abreu Ferrari
that include pure steatosis without inflammation,
steatohepatitis, fibrosis and cirrhosis. The key factor
in the pathophysiology of NAFLD is insulin resistance
that determines lipid accumulation in the hepatocytes
and, thus, oxidative stress, which is followed by
inflammatory response. However, NAFLD pathogenesis
is still largely unknown and has been extensively
investigated. Although life style modification with the
aim of losing weight has been advocated to treat this
disorder, its effectiveness is limited; additionally, there
is no specific pharmacologic treatment until nowadays.
Recent evidence suggests that the gut microbiota may
play a role in the development of insulin resistance,
hepatic steatosis, necroinflammation and fibrosis.
Differences in gut microbiota between NAFLD patients
and lean individuals as well as presence of small
intestinal bacterial overgrowth in NAFLD subjects have
been demonstrated. Furthermore, some data indicate
that the immunoregulatory effects of probiotics may
be beneficial in NAFLD treatment as they modulate
the intestinal microbiota; improve epithelial barrier
function and strengthen the intestinal wall decreasing
its permeability; reduce bacterial translocation and
endotoxemia; improve intestinal inflammation; and
reduce oxidative and inflammatory liver damage. In
this article, we review the clinical trials on the use
of probiotics in the treatment of NAFLD and discuss
the effects of these agents and their efficacy as an
emerging therapeutic resource to treat NAFLD patients.
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Abstract

Core tip: Nonalcoholic fatty liver disease (NAFLD)
is an important cause of chronic liver disease. Its
pathogenesis is largely unknown, and until nowadays

Nonalcoholic fatty liver disease (NAFLD) is currently
recognized as one of the most common causes of
chronic liver disease. It involves a spectrum of conditions
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[20]

there is no effective treatment for this disorder. Recent
evidence from animal and human studies suggests
that gut microbiota may play a role in the development
of NAFLD. Furthermore, some data indicate that
probiotics may be beneficial in NAFLD treatment. In
this context, we conducted a systematic review on the
use of probiotics in the treatment of NAFLD and discuss
the effects of these agents and their efficacy as an
emerging therapeutic resource to treat NAFLD patients.

intense inflammatory reaction
that contributes to
the progression from steatosis to NASH.
Probiotics are live microbes able to modulate the
[20]
intestinal microflora . This article aimed to review the
clinical trials on the use of probiotics in the treatment
of NAFLD and to discuss the effects of these agents
and their efficacy as an emerging therapeutic resource
to treat NAFLD patients.

LITERATURE RESEARCH

Ferolla SM, Armiliato GNA, Couto CA, Ferrari TCA. Probiotics
as a complementary therapeutic approach in nonalcoholic fatty
liver disease. World J Hepatol 2015; 7(3): 559-565 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i3/559.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i3.559

The systematic review was conducted in the PubMed
and Medline databases using the following terms:
“(NAFLD or NASH or “nonalcoholic steatohepatitis” or
“nonalcoholic fatty liver disease” or “fatty liver”) and
(probiotic or prebiotic or synbiotic or microbiota)”.
From the 305 articles, we restricted the search to
clinical trials performed in humans and written in
English. Five clinical trials were initially considered for
the present review article. Then, we also searched the
reference lists of each selected study by hand, and at
the end, we included a total of 8 clinical trials and 1
meta-analysis.
Thus, there were selected all controlled clinical
trials in which probiotics or synbiotics were used to
treat NAFLD or NASH diagnosed by imaging methods
and/or histological evaluation, regardless of the age,
sex and ethnic origin of the participants. The trials in
which the hepatic function and/or the metabolic and
inflammatory parameters were not evaluated before
and after the use of the probiotic/synbiotic were ex
cluded from this review.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) has been
recognized as the most common chronic liver disease
[1]
in the western world . NAFLD defines a spectrum of
liver disosrders that can progress from simple steatosis
(nonalcoholic fat liver) to nonalcoholic steatohepatitis
(NASH) with or without hepatic fibrosis/cirrhosis.
This condition is also a risk factor for hepatocellular
[2]
carcinoma . NAFLD is a multifactorial disease with
a complex pathogenesis involving mechanisms not
fully elucidated. It is well known that this condition
is strongly associated with insulin resistance (IR),
visceral obesity and dyslipidemia. NAFLD prevalence
is increasing rapidly due to the current epidemics of
[1,2]
obesity and type 2 diabetes . There are several
[3-8]
clinical trials
on pharmacologic treatment of NAFLD/
NASH; however, no specific pharmacologic treatment
[1]
has been established until nowadays .
Although NAFLD pathogenesis has not been fully
elucidated, it has been proposed the “two-hit” theory
to explain its development. The “first hit” involves
[9]
hepatic lipid accumulation due to IR ; and, the “second
hit” is characterized by oxidative stress followed
by lipid peroxidation, secretion of proinflammatory
cytokines [e.g., tumor necrosis factor (TNF)-α] and
adipokines, and mitochondrial dysfunction, which lead
[9,10]
to the progression from simple steatosis to NASH
.
Currently, some authors have considered NAFLD a
[11]
pathogenetically “multiple-hit” disease .
Some evidence suggests that the gut-liver axis
[12-19]
could be a point of attack to treat NAFLD
. Gut
4
microbiota consists of about 10 microorganisms that
live in a symbiotic relationship with the host, and
is influenced by several factors such as diet, age,
antibiotic therapy, hygienic habit and infection. These
intestinal bacteria produce endotoxin that reach the
liver and is phagocyted by the Kupffer cells. Therefore,
the liver is constantly exposed to gut-derived
lipopolysaccharide (LPS), lipopeptides, unmethylated
DNA and double-stranded RNA, which may evoke
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CLINICAL EVIDENCE OF PROBIOTIC
EFFICACY IN THE TREATMENT OF
NAFLD IN HUMANS
[12]

Loguercio et al
provided the first evidence that
treatment with probiotics could improve some para
meters of liver damage and function in patients with
different types of chronic liver diseases including
10 biopsy-proven NAFLD males. The patients were
given a mixture containing different species of
bacteria [Lactobacillus acidophilus (L. acidophilus),
Bifidobacterium bifidum (B. bifidum), Lactobacillus
rhamnosus (L. rhamnosus), Lactobacillus plantarum
(L. plantarum), Lactobacillus salivarius (L. salivarius),
Lactobacillus bulgaricus (L. bulgaricus), Lactobacillus
casei (L. casei), Bifidobacterium lactis (B. lactis)
and Bifidobacterium breve (B. breve)] associated
with fructooligosaccharides (FOS), and vitamins
(B6, B2, B9, B12, D3, C, K) and minerals (zinc and
iron) supplementation during 2 mo, followed by a 1
month wash out period. Treatment was followed by a
reduction in the serum levels of the aminotransferases,
markers of oxidative stress (malondialdehyde and
4-hydroxynonenal) and TNF-α in the NAFLD patients.
Three years late, the same group published
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another study in a larger population (22 biopsyproven NAFLD patients) which received the probiotic
VSL≠3, a mixture containing 450 billion bacteria
of different species (Streptococcus thermophilus,
B. breve, B. longum, B. infantis, L. acidophilus, L.
plantarum, L. casei and L. bulgaricus) at a dose
of 2 sachets twice daily during 3 mo. The results
corroborate the findings of the previous study as the
authors observed improvement in the serum levels of
the lipid peroxidation markers malondialdehyde and
[13]
4-hydroxynonenal, and also S-nitrosothiols .
In 2008, another clinical trial using VSL≠3 in
NAFLD patients was published. Four patients received
one sachet of the probiotic compound daily during
4 mo. The outcome was chiefly evaluated by the
investigation of liver fat by proton magnetic resonance
spectroscopy (MRS), which was performed at baseline,
after 4 mo of treatment, and at month 7; i.e., after
a 3-mo washout. A comprehensive metabolic panel,
protime, glycosylated hemoglobin, TNF-α, interleukin
(IL)-6, IL-1β and interferon-γ were also evaluated in
blood, monthly. All subjects experienced a significant
increase in steatosis, and 3 of the 4 patients presented
a meaningful change with more than 3% increase
in liver fat. After washout, 3 of the 4 participants
presented values of liver fat similar to those observed
at baseline. There were no significant changes in any
[14]
of the blood parameters .
A double-blind, placebo-controlled pilot study,
including 20 obese children (mean age 10.7 ± 2.1
years) with persisting hypertransaminasemia and
ultrasonographic (US) bright liver who were non
compliant with lifestyle interventions, was conducted
with the aim of evaluating the effects of an 8-wk
probiotic treatment. Ten individuals received daily, 12
billion colony forming units (CFU) of L. rhamnosus,
strain GG; and 10 children received placebo. Evaluation
at baseline included: US hepatorenal ratio, standard
liver function tests, oral glucose tolerance test, serum
TNF-α and antipeptidoglycan-polysaccharide polymers
antibodies, and the glucose hydrogen breath test.
After the probiotic treatment, it was observed a
significant decrease in alanine aminotransferase (ALT)
and antipeptidoglycan-polysaccharide antibodies
levels; however, there were no alterations in the body
mass index (BMI) Z score and visceral fat. Additionally,
TNF-α and US bright liver parameters remained stable
[15]
at the end of the treatment .
In a double-blind clinical trial performed in 28 adults
[16]
with biopsy-proven NAFLD, Aller et al
evaluated
the effects of an acute treatment with a mixture of
probiotics. The patients were randomized to receive
L. bulgaricus and S. thermophilus (1 tablet daily
containing 500 million CFU) during 3 mo or 1 placebo
tablet (120 mg of starch). In the probiotic group, the
serum levels of ALT, aspartate aminotransferase (AST)
and gamma-glutamyl transpeptidade (GGT) decreased
following treatment. In the placebo group, all liver
biochemical parameters remained unchanged. The
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anthropometric parameters and cardiovascular risk
factors remained unchanged in both groups.
In 2012, it was published the first and only study
in which liver histology was assessed before and after
synbiotic treatment of a group of 66 NASH patients.
The subjects were randomly and equally separated into
2 groups receiving B. longum plus FOS associated with
lifestyle modification vs lifestyle modification alone.
The serum parameters were assessed 4 wk before
the beginning of the dietary period, and at weeks 0
(randomization), 6, 12, 18, and 24. Liver biopsies
were performed at entry and repeated after 24 wk of
treatment. A significant reduction in the serum levels
of TNF-α, C-reactive protein (CRP), AST, homeostasis
model assessment of insulin resistance (HOMA-IR),
and endotoxin was observed in the B. longum plus
FOS and lifestyle modification group when compared
to the individuals who underwent lifestyle modification
alone. Likewise, steatosis and the NASH activity index
[17]
showed a significant improvement .
[14]
Unlike the earlier results reported by Solga et al ,
[18]
a chinese group
demonstrated in a sample of 20
patients with histological-proven NASH, that probiotic
treatment was superior in reducing liver fat, measured
by MRS, when compared to the usual care. The
subjects were randomized to receive Lepicol probiotic
formula (L. plantarum, L. deslbrueckii, L. acidophilus,
L. rhamnosus and B. bifidum) (n = 10) or usual care
(n = 10) during 6 mo. The results showed a reduction
in intrahepatic triglycerides (IHTG) from 22.6% ±
8.2% to 14.9% ± 7.0% in the probiotic group (P
= 0.034) and no changes in the usual care group.
Furthermore, in most patients (n = 6) of the probiotic
group, the IHTG reduced by more than 30% from
baseline, whereas the same reduction was observed
in only 2 subjects of the usual care group (P = 0.170).
The probiotic group also presented a higher reduction
in the serum levels of AST (P = 0.008). However,
there were no significant changes in BMI, waist
circumference, and glucose and lipid serum levels.
Very recently, a novel randomized, double-blind,
placebo-controlled clinical trial conducted as a pilot
study in 52 NAFLD patients was published. The
subjects were supplemented twice daily, for 28 wk,
with either a synbiotic (n = 26) or a placebo capsule (n
= 26) to evaluate the effects on hepatic fibrosis score
(determined by transient elastography), and serum
levels of liver enzymes and inflammatory markers.
Both groups were advised to follow an energybalanced diet and physical activity recommendations.
At the end of the study, the synbiotic group presented
improvement in all the following markers: AST, ALT,
GGT, high-sensitivity CRP, TNF-α, total nuclear factor
k-B and fibrosis score with significant differences,
[19]
when compared to the placebo group .
According to a review article published in 2011 highquality preclinical studies and few randomized controlled
trials support the therapeutic use of probiotics in liver
[20]
[21]
diseases . The only meta-analysis
performed
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Table 1 Summary of clinical trials using probiotics to treat nonalcoholic fatty liver disease patients
Ref.

Sample size and underlying
hepatic disorder

Design

Intervention

Duration

Results after treatment

Loguercio et al[12]

12 chronic HCV infection
10 alcoholic cirrhosis
10 NASH (biopsyproven)

Prospective,
single-center,
nonrandomized,
noncontrolled pilot
study

2 mo

NASH patients: decreased serum ALT,
GGT, MDA, 4-HNE and TNF-α

Loguercio et al[13]

22 NAFLD (biopsyproven)
20 alcoholic cirrhosis
20 chronic HCV infection
16 liver cirrhosis (without
any other information)

Prospective,
single-center,
nonrandomized,
noncontrolled

Lactobacillus acidophilus,
Bifidobacterium bifidum,
Lactobacillus. rhamnosus,
Lactobacillus. plantarum,
Lactobacillus. salivarius,
Lactobacillus. bulgaricus,
Lactobacillus. casei, Bifidobacterium.
lactis and Bifidobacterium.
breveassociated plus FOS, vitamins
and minerals
VSL#3 - 900 billion/2 × d

3 mo

NAFLD and alcoholic cirrhosis
groups, improved MDA, 4-HNE. All
groups improved S-NO plasma levels

VSL ≠3 - 450 billion/d

4 mo

Lactobacillus rhamnosus GG (12
billion CFU/d) vs placebo

8 wk

All increase steatosis. No significant
changes in metabolic panel, protime,
glycosylated hemoglobin, TNF-α, IL-6
and 1β, and interferon-g
Improvement of ALT
antipeptidoglycan-polysaccharide
antibodies levels. No alterations in
BMI z score, visceral fat, TNF-α levels
and in US bright liver parameters
Improvement of AST, ALT and GGT
levels
No changes in anthropometric
parameters and cardiovascular risk
factors
Improvement of TNF-α, CRP, AST,
HOMA-IR and endotoxin levels,
steatosis, and the NASH activity index
Improvement of AST levels and IHTG
No differences in BMI, waist
circumference, glucose and lipid levels
Improvement of ALT, AST, GGT,
CRP, TNF-α and total nuclear factor
k-B levels, and fibrosis score

Solga et al[14]

Open label pilot
trial

Vajro et al[15]

20 NAFLD children
Randomized, double(10/10) (US + increased
blind, placeboaminotransferases)
controlled trial

Aller et al[16]

28 (14/14) NAFLD
(biopsy-proven)

Randomized, double- L. bulgaricus and Streptococcus
blind, placebothermophiles (500 million CFU/d)
controlled trial
vs placebo

Malaguarnera et al[17]

66 (34/32) NAFLD
(biopsy-proven)

Bifidobacterium longum + FOS vs
placebo

24 wk

Wong et al[18]

20 (10/10) NAFLD
(biopsy-proven)

Randomized, doubleblind, placebocontrolled trial
Randomized,
double-blind

Lepicol probiotic
formula vs nothing

6 mo

Randomized,
double-blind,
placebo-controlled
trial

Synbiotic (200 million of 7 strain
+ FOS + probiotic cultures
[magnesium stearate (source:
mineral and vegetable) + vegetable
capsule (hydroxypropyl
methyl cellulose vs placebo

28 wk

Eslamparast et al[19]

52 NAFLD (US, liver
enzymes and fibroScan)

3 mo

NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatites; HCV: Hepatitis C virus; ALT: Alanine aminotransferase; GGT: Gammaglutamyl transpeptidase; MDA: Malondialdehyde; 4-HNE: 4-hydroxynonenal; TNF-α: Tumor necrosis factor; FOS: Fructooligosaccharides; VSL#3: Mixture
of probiotics; S-NO, snitrosothiols; CFU: Colony-forming unit; BMI: Body mass index; US: Ultrasound; AST: Aspartate aminotransferases; CRP: C reactive
protein; HOMA-IR: Homeostasis model assessment of insulin resistance; IHTG: Intrahepatic triglycerides; US: Ultrasound.
[23]

to investigate the effects of probiotics in NAFLD was
recently published, and its authors concluded that
probiotic therapy can reduce liver aminotransferases,
total-cholesterol, TNF-α, and improve IR in this
condition. The authors recommend modulation of
the gut microbiota as new treatment for NAFLD.
The summary of the clinical trial described above is
presented in Table 1.

NASH is not optimistic . The promising results of
most clinical trials in which the use of probiotics were
[12,13,15-19]
evaluated in humans, strongly suggest a benefit
of these agents in the treatment of NAFLD.
In 2001, the World Health Organization defined
probiotic as a live commensal microorganism that,
when consumed in adequate quantities, confers health
benefit to the host. Lactobacilli and bifidobacteria are
normal constituents of the human gastrointestinal
[20]
microbiota , and they represent the main probiotics
[12,19]
used in the clinical trials presented above
.
Probiotic treatment aimed at modifying the colonic
flora; and, modulate the enteric flora using probiotics
are thought to produce benefit for several reasons: (1)

RESEARCH
[22]

Given the burden of NAFLD at present , the difficulty
in maintaining lifestyle interventions, and the lack of
effective treatment of this disorder, the prognosis of
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the intestinal bacterial flora favors the digestion and
absorption of nutrients; (2) gut microbiota is related to
[24,25]
overall immunity of the host
; and (3) microbiome
may alter the synthesis of intestinal hormones such
as glucagon-like peptide 1, and influences the host
[24,26]
metabolism
.
It is well known that the liver and the gut com
municate through the portal venous system; there
fore, intestinal-microorganism products may reach
[27]
and affect the liver. Miele et al
demonstrated a
high prevalence of small bowel bacterial overgrowth
(SIBO) and increased gut permeability in NAFLD
patients; furthermore, both findings were associated
with steatosis severity. Disruption of the intercellular
tight junctions was suggested by those authors as the
[27]
mechanism of the increased intestinal permeability .
This increased intestinal permeability associated with
the SIBO favors bacterial translocation, exposing the
liver to gut-derived bacterial fractions and metabolites
[20]
[24]
constantly . Zhu et al
characterized the gut
microbiomes in NASH subjects. According to their
findings, there are increased abundance of alcoholproducing microbiota in these patients as well as
elevated blood-ethanol concentration leading to
increased oxidative stress and liver inflammation due
to the alcohol metabolism.
Indeed, in addition to the increased production
of ethanol, the intestinal bacterial microbiota also
synthetizes LPS that promotes release of the proinflammatory cytokine TNF-α and IL-6 from the hepatic
macrophages, which damage the liver, disrupt normal
hepatocyte function, lead to mitochondrial oxidative
stress, and reduce the clearance of toxins by the
[17]
hepatocytes . The only clinical trial in which serum
endotoxin was measured demonstrated a decrease
[17]
in their concentrations after the probiotic use .
Likewise, in 4 of the 6 clinical trials in NAFLD patients
in which the serum markers of oxidative stress were
evaluated, the authors observed a reduction in their
[12,13,17,19]
levels after treatment with probiotics
. Serum
concentrations of ALT and AST are well-recognized
clinical markers of liver damage, and most clinical trials
showed a decrease in at least one of his parameters,
[12,13,15-19]
at the end of the probiotic use
. These findings
suggest that colonization of the gastrointestinal tract
by probiotics is followed by modification of gut flora
with subsequent reduction in pro-inflammatory species
and, then, improvement of the liver damage.
IR plays a central role in the development and
progression of NAFLD. As a consequence of IR, subjects
with NAFLD have decreased muscle glucose uptake,
impairment in suppression of hepatic endogenous
[28,29]
glucose production stimulated by insulin
, and
increased lipolytic effect in the adipose tissue resulting
[30]
in high fatty free acids release . All together these
mechanisms can lead to hepatic steatosis. Additionally,
the increase in the adipose tissue, especially the
visceral fat, has been related to inflammation,
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decreased release of insulin-sensitizing and antiinflammatory cytokines, and high expression of pro[31]
inflammatory molecules . Gut microbiota impacts on
energy metabolism participating in the homeostatic
[32]
[33]
control and insulin sensitivity . Bäckhed et al
demonstrated in germ-free mice infected with the
intestinal bacteria from conventionally raised mice,
increase in body fat content even with low food intake
(standard chow), IR, and glucose intolerance, within
14 d of the infection. Modulation of gut bacterial
flora using probiotics did not result in better glycemic
control in 2 clinical trial, evidenced by no changes
[14]
in glycosylated hemoglobin
and glucose serum
[18]
[17]
levels . However, Malaguarnera et al , observed
improvement in HOMA-IR after 24 wk of treatment
with a synbiotic. In this situation, the FOS present in
the synbiotic supplement may have helped to improve
the glycemic control. The assays of intrahepatic fat
content also presented different results: Solga et
[14]
al
verified increased steatosis measured by MRS
[15]
after probiotics; Varjo et al
did not observed any
differences in bright liver parameters using US; and
[17]
Malaguarnera et al , using histological evaluation,
described a decrease in steatosis and NASH activity
index at the end of probiotic treatment.
It has been described differences between distal
gut microbiota of obese and lean humans. Obese
people were shown to have lower Bacteroidetes and
more Firmicutes in their distal gut compared to lean
control. When obese individuals lose weight on either
a fat- or a carbohydrate-restricted low-calorie diet,
the prevalence of Bacteroidetes increases in their
[34]
gut . This finding suggests that microbiota plays
a role in increasing the capacity of hosts to harvest
energy from their diet. However, no differences
in BMI, waist circumference and visceral fat were
demonstrated in all clinical trials that evaluated the
[15,16,18]
effect of probiotics in NAFLD patients
.
The clinical trials discussed above have some
limitations, which may be summarized as followed:
(1) differences among the studies regarding the
pharmaceutical formulations. In some studies, the
mixture contained, in addition to the probiotic, other
constituents such as oligoelements, vitamins and
prebiotic, which may have influenced the results; (2)
great variety in the probiotic doses, bacterial species
and duration of treatment; (3) in the large majority,
the response to probiotic use was not evaluated by
liver biopsy; and (4) a small number of subjects in
most studies. However, despite these limitations, the
small number of clinical trials, and considering that
probiotics are low cost, present good tolerability, and
are safe, they should be considered a complementary
therapeutic approach in NAFLD patients.
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Treatment of hepatocellular carcinoma: Steps forward but
still a long way to go
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can be achieved by surveillance of at-risk populations.
For patients with non-resectable disease treatments
modalities include loco-ablative and systemic therapies.
In this review we focus on treatment options in HCC
and their allocation. Although significant research is in
progress, to this date, the results are unsatisfactory
with limited long-term survival. In the fight against this
deadly disease, there is still a long way to go.
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Core tip: We chose to focus on the aspect of treatment
modalities of hepatocellular carcinoma (HCC) and
discuss the benefits and disadvantages of each
modality. We report on the diversity of treatments and
the allocation of patients with HCC to the different
modalities according to the Barcelona-Clinic Liver
Cancer. Moreover, we discuss novel treatments currently
under investigation and not yet recommended by
acceptable guidelines.
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hepatocellular carcinoma: Steps forward but still a long way to
go. World J Hepatol 2015; 7(3): 566-574 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i3/566.htm DOI:
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Abstract
Hepatocellular carcinoma (HCC) is the fifth most
common malignancy and the third cause of tumor
associated deaths worldwide. HCC incidence rates
are increasing in many parts of the world including
developing and developed countries. Potentially
curative treatments for HCC are resection and liver
transplantation, but these are only suitable for patients
with small tumors, meeting strict pre-defined criteria, or
well-compensated liver disease. Early diagnosis of HCC
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the third leading cause of cancer[1]
related deaths . The highest HCC rates are found
in East and South-East Asia and in Middle and subSaharan Africa (age-standardized incidence rates
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35.5/100000 in men and 12.7/100000 in women
and 16.6/100000 in men and 8/100000 in women
respectively), whereas rates are low in Northern and
Eastern Europe and United States (3.8/100000 in
men and 1.6/100000 in women). Among primary
liver cancers, HCC is the most common histological
subtype, accounting for 70%-85% of all liver can
[2]
cers worldwide . Unlike most solid cancers, HCC
incidence rates are increasing in many parts of
the world including the United States and Europe,
possibly due to hepatitis C virus (HCV) associated
cirrhosis acquired via intravenous drug injection in
the sixties and the obesity epidemic leading to non[2]
alcoholic steatohepatitis (NASH) and NASH cirrhosis
Approximately 90% of HCCs are associated with
cirrhosis or a known underlying risk factor for chronic
liver disease. Worldwide, approximately 54% of cases
can be attributed to hepatitis B virus infection, 31%
to Hepatitis C virus infection leaving approximately
15% associated with other causes such as chro
nic alcohol intake, non-alcoholic steato-hepatitis
[3]
and environmental factors . Patients are usually
asymptomatic until they present with decompensation
of their cirrhosis due to venous extension or
replacement of functional liver tissue by tumor tissue.
Extra-hepatic spread is present at the time of diagnosis
in up to 15% of cases. The most common sites for
metastases are the lungs, abdominal lymph nodes,
[4]
bone, and adrenal glands .
Early diagnosis of HCC can be achieved by
[3,5]
surveillance of populations at high risk . Ultrasono
graphy (US) is the imaging modality most widely
used with sensitivity ranging from 58% to 89%
[6]
and specificity greater than 90% . Multiphase
computerized tomography (CT) (sensitivity 68% and
specificity 93%) or dynamic magnetic resonance
[7]
imaging (MRI) (sensitivity 81% and specificity 85%) ,
[3]
can be used in specific cases . Alpha-fetoprotein
(AFP) is the most widely tested biomarker in HCC.
It is generally accepted that serum levels greater
than 500 μ/L in high-risk patients are diagnostic for
HCC. However, negative values do not rule out tumor
[8]
presence . Due to its low sensitivity and specificity the
use of AFP as a surveillance tool is not recommended
by the European association for the study of the liver
(EASL) and American association for the study of liver
[3,5]
disease (AASLD) .
According to the EASL and AASLD guidelines, one
dynamic imaging technique (CT or MRI) showing
defined radiological features suffices for diagnosing
tumors > 1-2 cm in diameter. An approach utilizing
two techniques is recommended when imaging
is suboptimal or in centers not routinely treating
patients with HCC. The role of contrast-enhanced
ultrasound (CEUS) with Sonazoid for detecting
HCC is gaining popularity (sensitivity of 95% and
[9]
specificity of 93%) , while angiography and positron
emission tomography (PET)-scan are not routinely
[3,5]
used for early diagnosis , Liver biopsy is the gold
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standard for diagnosis in cases where imaging
results are equivocal.

HCC STAGING
Several staging systems have been proposed to
provide a clinical classification of HCC.
Currently, EASL and AASLD guidelines support the
Barcelona-Clinic Liver Cancer (BCLC) classification
for prognostic prediction and treatment allocation in
[10]
HCC . BCLC staging classification is comprised of 4
stages that are based on the extent of the primary
lesion, performance status, presence of constitutional
symptoms, vascular invasion, extrahepatic spread,
and Okuda stage. The Okuda classification takes
into account tumor size (imaging or surgery) and
liver function status (ascites, jaundice and serum
[11]
albumin) .
BCLC early stage (A) includes patients with asymp
tomatic small tumors suitable for resection, trans
plantation or per-cutaneous treatments. Intermediate
stage (B) comprises patients with asymptomatic multinodular HCC. Advanced stage (C) includes patients
with symptomatic tumors and/or an invasive tumoral
pattern (vascular invasion/extrahepatic spread). Endstage disease (D) contains patients with advanced
tumor and liver disease (Okuda stage Ⅲ or Eastern
Cooperative Oncology Group performance status of 3
or 4) that should receive best supportive care.

TREATMENT STRATEGIES AND
ALLOCATION
The potentially curative treatments for HCC are
resection and liver transplantation. However, most
patients with HCC present with advanced disease
and underlying liver dysfunction and are not suitable
candidates for these treatments. Thus, they generally
have a poor prognosis with median survival time of
[12]
less than 1 year . Other treatments are loco-ablative
and systemic therapies. Treatment allocation is
preferably performed through a multi-disciplinary team
according to the BCLC allocation system.

RESECTION
Hepatic resection is the treatment of choice for HCC
in non-cirrhotic patients. In well-selected candidates
the expected 5-year survival is 60%-80%. In cirrhotic
patients, the expected 5-year survival rate postresection is 60%, with a peri-operative mortality of
2%-3% and blood transfusion requirements of less
[3,13,14]
than 10%
. Patient selection was traditionally
based on the Child-Pugh classification, but this may
significantly underestimate the severity of the liver
disease. Portal hypertension is a major risk factor for
[5]
post-operative hepatic decompensation . Patients
with hepatic venous pressure gradient (HVPG) value
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< 10 mmHg have a small chance of developing
clinical decompensation (< 10%). For each 1 mmHg
increase in HVPG there is an 11% higher risk of
clinical decompensation, thus HVPG of 15 mmHg has
55% higher chance of developing decompensation
compared with a HVPG of 10 mmHg at equivalent
[15]
MELD and albumin values . Platelet count has also
been confirmed as an independent predictor of survival
[3,5]
in resected HCCs .
In patients properly selected for resection, the
main predictors of survival are tumor size, number
of tumor nodules and the presence of microsatellites
[16]
and vascular invasion . Microscopic vascular invasion
involves 20% of tumors of up to 2 cm in diameter,
30%-60% of cases in nodules 2-5 cm and up to
[16]
60%-90% in nodules above 5 cm in size . As for the
number of tumors, multivariate analyses revealed that
the presence of multiple tumors is an independent risk
[13]
factor for postoperative recurrence .
Tumor recurrence represents the major comp
lication of liver resection. Post-resection tumor
[13,17]
recurrence rate exceeds 70% at 5 years
. For
macroscopically solitary HCC, anatomic resection
aiming at 2 cm margins provides better survival
outcome and reduces recurrence rate as compared to
narrow resection margins.
Another factor that may influence recurrence rate
is the primary tumor location. HCC recurrence rates
were found to be significantly higher in left-sided
resection (41% at 1 year and up to 90% at 5 years),
compared with right-sided resection (18% at 1 year
[18]
and up to 72% at 5 years) . Long-term survival
was also significantly lower in patients with left[18]
sided resection . The hypothesized reason is the
larger size of liver remnants harboring a risk for local
recurrence, as opposed to right hepatectomy which
[5]
harbors a higher risk for hepatic decompensation .
Several adjuvant treatments to prevent post
operative recurrence have been assessed. Interferon
was the most frequently evaluated adjuvant with
conflicting results. Other strategies such as systemic
chemotherapy, chemoembolization, internal radiation,
immune therapies and retinoids were also tested with
disappointing results. According to EASL and AASLD
guidelines, pre or post-resection adjuvant therapy is
[3,5]
currently not recommended .
Recently, laparoscopic liver resection (LLR) for HCC
has been assessed. The best indications for LLR are
solitary lesions, less than 5 cm in diameter, located in
the anterior segments, at a distance from the line of
[19]
transection, the hepatic hilum, and the vena cava .
However, surgical indications have continued to evolve
and tumor size and posterior location are no longer
[14]
considered contraindication to laparoscopic surgery .
[20]
According to a recent meta-analysis , LLR had a
significantly lower hazard ratio of mortality (HR = 0.64;
P = 0.04) with similar rates of recurrence (HR = 0.79;
P = 0.37) as compared to open liver resection (OLR).
Furthermore, the LLR group had a lower operative
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blood loss and lower relative risk of total postoperative
complications, lower duration of hospital stay and fewer
days of intravenous narcotic use. A literature review of
western and Middle Eastern LLR experience concluded
that comparative studies did not demonstrate any
significant difference in terms of overall survival and
recurrence rate between LLR and OLR. No seeding was
[21]
reported . Moreover, the main clinical advantage of
laparoscopy for cirrhotic patients is a significantly lower
rate of postoperative decompensation and lower blood
[14]
transfusion requirement .

LIVER TRANSPLANTATION
Liver transplantation combines tumor removal with
treatment of the underlying liver disease and cirrhosis.
Initial enthusiasm for this modality in HCC was
hampered by high rates of tumor recurrence. In 1996,
a prospective cohort study defined restrictive selection
criteria that led to superior survival for transplant
patients in comparison to other treatment options
[22]
for HCC . Since then, these selection criteria have
become universally known as the Milan criteria.
An international consensus conference held in
2010 in Zurich, Switzerland, re-affirmed the Milan
criteria as the reference benchmark for selection of
HCC patients for liver transplantation, and the basis for
comparison with other suggested criteria. In addition,
they recommended that liver transplantation should be
reserved for HCC patients who have a predicted 5-year
[23]
survival comparable to non-HCC patients .
Currently, liver transplantation achieves excellent
results in patients with limited tumor load. Patients
fulfilling the Milan criteria (HCC nodule less than 5
cm or up to three nodules of less than 3 cm) have a
1-year survival exceeding 85% and a 5-year survival
of 75% after liver transplantation, with tumor
recurrence in less than 10%. This survival matches
post-transplant survival of most other transplantation
[24,25]
indications
. Survival is significantly reduced in
patients undergoing liver transplantation for HCVassociated HCC as compared to HCC associated
with other liver disease. The evidence of a beneficial
effect of post-transplantation antiviral treatment
and viral clearance on liver fibrosis, tumor recur
rence, and survival is encouraging but has to be
[26]
confirmed .
The model for end stage liver disease (MELD) score
is the most clinically used tool for organ allocation to
[27]
patients on the liver transplantation waiting list .
In order to give patients with HCC equal opportunity
for transplantation, those patients meeting the Milan
criteria are given 22 calculated MELD points and a
10% point increase for every 3 mo on the waiting list.
Patients on the liver transplantation waiting list
have a high cumulative probability to drop-out from
the list due to intra or extrahepatic tumor progression.
This probability has been reported to be 7%-11%
[17]
at 6 mo and 38% at 12 mo following enrollment .

568

March 27, 2015|Volume 7|Issue 3|

Mlynarsky L et al . Current treatment strategies in hepatocellular carcinoma
Adjuvant therapies for patients within the Milan criteria
while on the waiting list are used in most centers
to prevent tumor progression. However, the impact
of these treatments on drop-out rate, recurrence
and survival is only estimated from non-randomized
studies. Considering the strength of evidence avai
lable, the EASL and AASLD recommendation is
to treat patients waiting for transplantation with
percutaneous local ablation, and as a second choice
with chemoembolization when the waiting period is
[3]
estimated to exceed 6 mo .
Down staging is a term used to describe treating
tumors and decreasing their size to within the Milan
criteria to allow transplantation. Two prospective
studies showed that in patients with large tumors
that were successfully down-staged, the post
transplantation survival was similar to patients who
[28,29]
initially met the criteria for transplantation
.
Patients with progressive disease, in whom locoregional therapy intervention is not considered
appropriate or is ineffective, should be removed from
the waiting list.
In some countries, mainly in Asia, living-donor
liver transplantation (LDLT) using the right, or less
often, the left liver lobe is the only option for liver
transplantation. Currently, LDLT comprises less than
[30]
5% of adult liver transplants . Some studies have
suggested a higher risk of tumor recurrence in LDLT
as compared to deceased donors, but no difference
in outcome could be identified according to type
of graft. A higher risk of recurrence was noted in
patients with a short delay between diagnosis and
liver transplantation, not allowing enough time for the
[23]
biological behavior of the tumor to manifest .
Salvage liver transplantation (SLT) for patients with
HCC recurrence after initial liver resection is becoming
more widely accepted in centers around the world. In
a Korean multicenter study, the prognosis of patients
following SLT was affected not only by the Milan criteria
at the time of SLT, but also by the biological behavior
[31]
of the recurrent HCC after initial liver resection . The
interval between initial resection and HCC recurrence,
AFP level at the time of SLT and the Milan criteria at
SLT were independent risk factors for low overall and
recurrence-free survival of the salvage LT recipient.

necrosis of 90-100% of HCC smaller than 2 cm, 70%
[32,33]
in tumors of 2-3 cm and to 50% in HCC of 3-5 cm
.
Patients with Child-Pugh A and successful tumor
necrosis may achieve a 5-years survival of 50%,
comparable with the outcome of resection in those
[33]
candidates . PEI requires repeated injections on
separate days and is less effective in tumors larger
than 3 cm, because the injected ethanol cannot access
the entire tumor volume. This may be due to the
presence of intra-tumoral septa, resulting in 43% local
[34]
recurrence rates in lesions exceeding 3 cm .

Radiofrequency ablation

Radiofrequency ablation (RFA) induces thermal
injury to the tissue through electromagnetic energy
deposition. RFA requires fewer treatment sessions
as compared to PEI in order to achieve comparable
anti-tumoral effects. In randomized controlled trials
comparing RFA to PEI for the treatment of early-stage
HCC, RFA had a higher anti-cancer effect, leading to
a lower recurrence rate (2 year local recurrence rate:
[35-37]
2%-18% vs 11%-45%, respectively)
. The best
RFA outcomes have been reported in Child-Pugh A
patients with early-stage HCC. Five-year survival rates
as high as 51%-64%, may be reached in selected
[33]
patients . The main drawback of radiofrequency
is its higher cost and the higher rate (up to 10%)
of adverse events (mainly pleural effusion and
[5,33,37]
peritoneal bleeding)
. Procedure-related mortality
is 0%-0.3%. Sub-capsular location and poor tumor
differentiation have been associated with increased
risk of peritoneal seeding. According to EASL practice
guidelines, RFA is recommended in most instances as
the main ablative therapy in tumors less than 5 cm
while PEI is recommended in cases where RFA is not
[3]
technically feasible (around 10%-15%) . For the RFA
procedure to be considered technically successful, the
tumor and at least a 5 mm safety margin must be
[38]
[39]
included in the ablation zone . Kudo et al reported
that the local recurrence rate at 2 years after RFA was
2.6% in HCC patients with a ≥ 5 mm safety margin,
as opposed to 20.8% in HCC patients without such a
safety margin (P = 0.01).

Transarterial chemoembolization

Arterial obstruction of branches of the hepatic artery
by transarterial chemoembolization (TACE) induces
ischemic tumor necrosis with a high rate of objective
responses. The procedure combines trans-catheter
delivery of chemotherapy emulsion with lipiodol
followed by vascular occlusion with embolic agents.
TACE achieves partial responses in 15%-55% of
patients, and significantly delays tumor progression and
[3]
macro-vascular invasion . Overall, the median survival
after TACE for intermediate HCC is about 20 mo, an
improvement over conservative therapy. TACE is the
standard of care for patients with non-surgical HCC
that are ineligible for per-cutaneous ablation, provided
there is no extra-hepatic tumor spread and no portal

LOCO-ABLATIVE THERAPIES
Local ablation is considered the first line treatment
option for patients at early stages (BCLC 0-A) not
suitable for surgical therapies. Destruction of the
tumor is achieved by injection of chemical substances
(ethanol, acetic acid, or boiling saline) or by modifying
the temperature (radiofrequency, microwave, laser,
cryotherapy).

Percutaneous local injection

Percutaneous ethanol injection (PEI) is the most
studied method of local treatment. PEI can achieve
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vein thrombosis. Patients with advanced liver disease
(Child-Pugh class C) and/or intermediate-BCLC staging
should not be considered for this treatment due to
[3,5]
increased risk of liver failure and death .
Possible side effects of TACE are nausea, vomiting,
bone marrow suppression, alopecia and potentially
renal failure. “Post-embolization syndrome” appears in
more than 50% of the patients and consists of fever,
abdominal pain and a moderate degree of ileus. The
syndrome is usually self-limited and lasts less than 48
h. A minority of patients may develop severe infectious
complications such as hepatic abscess or cholecystitis.
Chemoembolization with Drug-Eluting Beads (TACEDEB) improves anti-tumoral activity and reduces
systemic exposure, via well-controlled embolization
with accurate size beads. Embolic microspheres release
chemotherapeutic agents in a controlled mode over a
1-wk period. A randomized phase II study comparing
TACE and TACE-DEB reported a significant reduction in
liver toxicity and drug-related adverse events for the
latter arm, associated with a non-significant trend of
[40]
better anti-tumoral effect .
Treatment response is assessed by the decrease
in the concentration of tumor markers and by specific
imaging characteristics on CT or MRI one month after
therapy. Persistence of contrast uptake at the tumor
edge indicates treatment failure.
Adverse outcome of TACE can be predicted by the
response to the first TACE utilizing the Assessment
for Retreatment with TACE score. An increase of
aspartate aminotransferase and Child-Pugh score
and the absence of radiologic tumor response after
the first TACE, all predict poor response to another
[41]
TACE .

(Sirtex Medical, Sydney, Australia) are made of
resin. Glass microspheres are minimally embolic with
higher specific activity and lower number of spheres
[44]
as compared to resin microspheres .
In a cohort study reporting long-term outcomes,
the median survival time following radio-embolization
was 17.2 mo for patients with Child-Pugh A disease
and 14.8 mo in patients with Child-Pugh B without
portal vein thrombosis (PVT) or extra-hepatic disease.
Evidence of PVT decreased the median survival time
to 10.4 mo in Child-Pugh A patients and to 5.6 mo in
[45]
Child–Pugh B patients . Similar results were observed
in a phase Ⅱ study where the median survival was
18 mo in non-PVT Child-Pugh A patients and 6 mo in
[46]
patients with Child-Pugh B disease and PVT .
To date, there was only one comparative study
that assessed the relative safety and efficacy of
TACE vs SIRT in patients with un-resectable HCC. In
the SIRTACE open-label study, single-session SIRT
appeared to be as safe and effective as multiple
[47]
sessions of TACE .

STEREOTACTIC BODY RADIOTHERAPY
The use of radiation therapy for the treatment of HCC
has been limited by the poor tolerance of the whole
liver to radiation, allowing no more than 30-35 Gy to
be delivered and a subsequent high risk of developing
radiation induced liver disease; a clinical syndrome
characterized by an anicteric hepatomegaly, ascites
and elevated liver enzymes, 2 wk to 4 mo after hepatic
[48]
irradiation . However, technological developments
in radiotherapy planning and treatment delivery
have offered a significant benefit for patients with
advanced HCC. The characteristics of stereotactic
body radiotherapy (SBRT) include highly conformal
radiation, iso-dose distribution around the planned
treatment volume with minimal collateral damage to
critical structures and organs by very tight margins
and rapid fall-off of the radiation dose in the normal
[49]
liver parenchyma outside of the treatment field .
Proper patient selection for this therapy includes
unresectable HCC patients with Child-Pugh class A-B8
how are able to remain immobile in the radiation suite
for a potentially extended period of time, tumors of up
to 6 cm in diameter and a distance of at least 5 mm
from neighboring organs such as the stomach wall
[50]
or the small intestine . To date, only small phase
I/II and retrospective studies have been performed,
[48,51]
but with encouraging results
. SBRT can be a
complementary treatment to TACE, since the ischemic
effects of TACE are less potent in the surrounding
well-oxygenated periphery of the HCC tumor where
radiation is the most effective. A retrospective study
suggests a survival advantage in large tumors for
the combination of SBRT and TACE as compared
[52]
to TACE alone . Due to the limited data regarding
SBRT, it is considered under investigation, and not yet
recommended by the EASL guidelines as part of the

Radio-embolization

Radio-embolization also known as selective internal
radio-embolization (SIRT) is defined as the transarterial delivery of radioactive substances in the form
90
of microspheres containing yttrium-90 ( Y), iodine-131
131
( I) iodized oil, or similar agents. Currently, the
most popular radio-embolization technique uses
90
microspheres coated with Y, a beta-emitting
[33] 90
isotope . Y microspheres have minimally embolic
effect, thus, treatment can be safely used in patients
[42]
with portal vein thrombosis . Contraindications for
90
the use of Y microspheres include significant hepatopulmonary shunting and the risk of deposition in
99m
the gastrointestinal tract. Therefore,
Tc macroaggregated albumin scan prior to treatment is man
datory. Post-radio-embolization syndrome (PRS)
can range from mild flu-like symptoms, abdominal
discomfort, and cachexia, to hepatic dysfunction,
development of portal hypertension, radiation
pneumonitis, pancreatitis and vascular injury. The
[33,43]
incidence of PRS ranges from 20% to 55%
.
There are currently two commercially available
90
Y microspheres: TheraSphere (MDS Nordion,
Ottawa, Canada) is made of glass and SIR-Spheres
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HCC therapy regimen.

Linifanib is an oral TKI targeting vascular endothelial
growth factor (VEGF) and platelet-derived growth factor.
One open-label, phase Ⅲ trial, compared Linifanib
with sorafenib as first-line therapy in advanced ChildPugh A HCC patients. Overall survival was similar
among the two groups and predefined superiority and
non-inferiority overall survival targets were not met
for Linifanib. Secondary endpoints such as time to
progression favored Linifanib while safety results favored
[60]
Sorafenib . This drug is presently not recommended
for treatment of HCC.
Brivanib, an oral VEGF receptor and fibroblast
growth factor receptors (FGFR) TKI was evaluated in
a multinational, randomized, double-blind, phase Ⅲ
trial as compared to sorafenib for first-line treatment
of HCC. Overall survival for brivanib in the per-protocol
population did not meet non-inferiority targets.
However, both agents had similar antitumor activity,
based on secondary efficacy end points. Grade 3/4
adverse events were more frequent in Brivanib
[61]
treated patients .
Everolimus (RAD001), an mTOR Inhibitor, has been
extensively studied for the treatment of HCC. The
EVOLVE-1 trial was a phase Ⅲ study that evaluated
everolimus vs placebo for advanced HCC following
sorafenib failure. Everolimus did not improve overall
[62]
survival as compared to placebo .

SYSTEMIC THERAPIES
Sorafenib, is an oral multi-tyrosine kinase inhibitor
(TKI), the first and only drug that demonstrated a
survival benefit in patients with advanced HCC. The
Sorafenib Hepatocellular Carcinoma Assessment
Randomized Protocol study was a large double-blinded
placebo controlled phase Ⅲ study that demonstrated
improved survival for treated patients. Sorafenib
increased the median overall survival from 7.9 mo
in the placebo group to 10.7 mo in the treatment
[53]
group, a 31% decrease in the relative risk of death .
A similar survival benefit was demonstrated in a
parallel phase Ⅲ trial conducted in the Asian-Pacific
[54]
population . Median overall survival was 6.5 mo in
the sorafenib group vs 4.2 mo in the placebo group.
The most common grade 3 drug-related adverse
events observed in these studies were diarrhea
and hand-foot skin reaction, which occurred in
8%-9%, and 8%-16% of patients, respectively. Drug
discontinuation due to adverse events was 15% in the
sorafenib arm and 7% in the placebo arm.
Sorafenib is indicated for patients with wellpreserved liver function (Child-Pugh A class) and with
advanced tumors (BCLC C) or tumors progressing
[3,5,55]
despite loco-regional therapies
.
Two randomized controlled trials and four cohort
studies assessed the combined treatment of TACE and
[55]
sorafenib . Despite encouraging initial results, this
treatment combination is not recommended by any of
the HCC treatment guidelines.

CONCLUSION
In conclusion, HCC is a growing cause of mortal
ity in cirrhotic patients and is one of the only solid
tumors whose incidence is rising. Currently the best
chance for prolonged survival is early diagnosis. This
can be achieved by strict adherence to surveillance
protocols. Unfortunately, only a small percentage of
[63]
eligible patients adhere to such programs , although
preliminary data imply increased adherence in recent
years. Patients with active alcohol consumption
and those with previous injection-drug abuse are
the groups with highest risk for poor adherence to
surveillance and as a result may present with more
[64]
advanced tumors at diagnosis .
The only curative therapies currently available are
hepatic resection or liver transplantation which are
only suitable for a small number of patients. RFA in
small tumors may also be curative. The large majority
of patients are not candidates for these therapies
and for them treatment is only palliative. Successful
treatmet of HCC relies on adherence to protocols and
on advancing knowledge through enrolling patients
into clinical trials. In our institution treatment decisions
are made by a multi-disciplinary team based on EASL
guidelines following the BCLC criteria for treatment
allocation. We recommend enrollment into clinical trials
with new systemic medications to any patient who has
failed conventional loco-ablative therapy and sorafenib.
Significant research is being conducted to develop
other agents and combinations that may help improve

TARGETED MOLECULES UNDER
CLINICAL DEVELOPMENT
Angiogenesis is currently the most extensively studied
therapeutic target of HCC. The efficacy of novel
anti-angiogenic TKIs for advanced HCC has been
investigated in several phase Ⅲ RCTs. However, to
date, none of these drugs has shown superior efficacy
[56]
to sorafenib .
Sunitinib is an oral multi-TKI approved for the
treatment of renal cell carcinoma, gastrointestinal
stromal tumors and pancreatic neuroendocrine tumors.
Although phase Ⅱ studies showed potential efficacy,
overall objective response rate was < 3%. Grade 3/4
adverse events were observed in 5%-10% of patients
and hematologic adverse events in approximately
20%. Treatment-related deaths due to severe liver
[57,58]
dysfunction were recorded in 5.8%-10.8%
. A
phase Ⅲ, multicenter, randomized open-label study of
sunitinib vs sorafenib was prematurely discontinued for
safety issues and futility reasons. Overall survival with
[59]
sunitinib was significantly inferior to sorafenib . This
drug is presently not recommended for treatment of
HCC.
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outcomes for these patients, but so far results have
been disappointing. In the battle against this deadly
disease, we are on the right path, but there is still a
long way to go.
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Role of diet on non-alcoholic fatty liver disease: An updated
narrative review
Dimitrios Papandreou, Eleni Andreou
with risk factors like obesity and insulin resistance have
steatosis, only few people may develop steatohepatitis.
Current treatment relies on weight loss and exercise,
although various insulin-sensitizing medications appear
promising. Weight loss alone by dietary changes
has been shown to lead to histological improvement
in fatty liver making nutrition therapy to become a
cornerstone of treatment for NAFLD. Supplementation
of vitamin E, C and omega 3 fatty acids are under
consideration with some conflicting data. Moreover,
research has been showed that saturated fat, trans-fatty
acid, carbohydrate, and simple sugars (fructose and
sucrose) may play significant role in the intrahepatic fat
accumulation. However, true associations with specific
nutrients yet to be clarified.
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Core tip: The beneficial effects of weight loss and
exercise have been well documented by many authors
in reducing the steatosis, inflammation and fibrosis.
Vitamin E can also be used with safety in adults only
with biopsy proven non alcoholic steatohepatitis.
Consumption of high fructose syrup to the development
of non-alcoholic fatty liver disease is still under debate.
The data for vitamin C shows no clear effect while the
supplementation of n-3 fatty acids and probiotics is still
conflicting but shows promise.

Abstract
The purpose of this article review is to update what
is known about the role of diet on non-alcoholic fatty
liver disease (NAFLD). NAFLD is the most common
cause of chronic liver disease in the developed world
and is considered to be a spectrum, ranging from fatty
infiltration of the liver alone (steatosis), which may lead
to fatty infiltration with inflammation known as non
alcoholic steatohepatitis While the majority of individuals
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INTRODUCTION

PATHOGENESIS

Non-alcoholic fatty liver disease (NAFLD), the spectrum
of hepatic disorders embracing uncomplicated fatty
liver and nonalcoholic steatohepatitis (NASH) is
associated with features of metabolic syndrome (MS)
[1]
and several hepatic and extra-hepatic complications .
Medications such as tamoxifen, methotrexate and
corticosteroids may be considered as a secondary
causes of MAFLD, rarely though. Additionally, rapid
weight loss, total parental nutrition and lipodystrophy
may also aggravate fatty liver disease. NAFLD may
also progressed to non-alcoholic steatohepatitis, a
term that includes symptoms of hepatocellular damage
[2]
plus inflammation and/or fibrosis . The diagnosis of
NAFLD remains under-recognized, as most patients are
asymptomatic until late stages of disease. Liver biopsy
is the gold standard in diagnosing NAFLD and the most
accurate tool for grading fibrosis however is invasive
[1]
and carries the risk of complications . Although litera
ture information is emerging, it is not clear what type
of diet is more likely to cause fatty liver. Since it is
very difficult to reduce and maintain weight loss, it
looks more feasible for someone to change the dietary
composition of a particular diet as a more realistic
method to treat NAFLD without the need of decreasing
in Kcal intake. Therefore, it is more important to look
for associations between NAFLD and specific nutrients.

Even though the pathogenesis of nonalcoholic fatty
liver disease is not clear yet, the most important factor
of the development of NAFLD is insulin resistance.
Insulin résistance increase fat breakdown from adipose
tissue, which in turn, increases circulating free fatty
acids having as a final result the retention of lipids
[10]
within the liver, called steatosis . De novo synthesis
of fatty acids is also regulated by hyperinsulinemia
and hyperglycemia. This is a result of transcription
factors such as sterol regulatory binding protein1c and carbohydrate response element binding pro
[11]
tein . Then, the mitochondrial-oxidation system is
overloaded by the extra amount of fatty acids leading
to the accumulation of free fatty acid within the
hepatocytes. Finally, production of free oxygen radicals
is generated by the cytochrome P450 4A and 2E1
[12]
isoenzymes-lypoxygenases .
Age- related data even though still undefined might
reveal some connection of alterations in cholesterol
[13]
synthesis in patients with NAFLD . Finally this lipid
peroxidation leads to the release of malondial-dehyde
and 4-hydroxynonenal, which causes cell death and
protein cross-linkage, resulting in the formation of
[14]
Mallory’s hyaline in the hepatocyte . They also
activate stellate cells, which lead to collagen synthesis
[15]
and fibrosis . Altered distribution of inflammatory
cytokines in the different body compartments may
further contribute to worsening NAFLD course in the
[16]
elderly .

EPIDEMIOLOGY
Excessive fat deposition in the liver is seen in about
thirty percent (30%) of the adult general population.
NAFLD is very common in the general population and
[3]
may effects form children to elderly . This increase
in the prevalence of NAFLD is possibly due to the fact
that the obesity rates have been also increased the
[3]
last 2 decades .
The prevalence of non-alcoholic fatty liver disease
ranges from 9% to 36.9% of the population in different
[4-6]
parts of the world .
Approximately 20% of the United States population
suffers from non-alcoholic fatty liver, and the
[7]
prevalence of this condition is increasing . NAFLD
is also high in elderly people. A chinese case-control
study examined 4226 adults above 60 years of age
from a previous cohort investigated and compared
them to 3145 randomly selected younger controls
(< 60 years) from the same cohort. NAFDL was
higher in the elderly (26.7%) than in the non-elderly
(22.8%) and similar in the elderly between men and
[8]
women (26.6% vs 27.0%, P > 0.05) . Similar results
presented by a cross-sectional study of 6905 nonobese
(BMI < 25) subjects. Risk factors for the development
of NAFLD were assessed in a subsequent prospective
study in NAFLD-free individuals at baseline, 494 of
who had developed NAFLD during the 5-year follow[9]
up. Prevalence of NAFL was found to be 7.27% .
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HISTOLOGY
Recently, information from consensus conference
defined NASH as steatosis that includes hepatocellular
.
ballooning plus lobular inflammation However, in
the absence of inflammation, subjects with steatosis
in conjunction with peri-cellular fibrosis may also
[2]
considered to present NASH . This histological
distinction between NASH and simple steatosis, yet to
be clarified. Histologically, a minimum of 5% steatosis
is required to confirm NAFLD. The histologic features of
steatohepatitis, which include steatosis, inflammation,
ballooning hepatocyte necrosis, are similar to those
of alcoholic liver disease. A new development system
for grading and staging was recently developed by
[17]
Alkhouri et al . The diagnosis of NASH was based
on Brunt’s criteria. Histological features were scored:
steatosis (0-3), lobular inflammation (0-3), ballooning
(0-2), and PI (0-2). The new score was called the
Pediatric NAFLD Histological Score or PNHS and was
found to have excellent correlation with NASH.

DIAGNOSIS
Even though significant liver disease can exist with
normal levels of transaminases, increased levels of
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the hepatic enzymes aspartate aminotransferase
and alanine aminotransferase (ALT) are usually very
good predictors of the presence of NAFLD and NASH.
Serum ALT levels can be found up to 10 times higher
than normal in general population with fatty liver
[18-21]
disease
. The last few years, different non-invasive
tests have been developed to estimate liver fibrosis
[22]
[23]
(FibroTest)
and simple steatosis (SteatoTest) .
However, both of them have not been widely ado
[24]
pted .
Histological examination of biopsy samples can
assess the presence of necro-inflammation and
[25,26]
fibrosis
, and can differentiate between macroand micro-vesicular steatosis, thus it remains the
reference standard for the grading and staging of
[27]
NAFLD . However, it is subject to sampling error
[28,29]
due to histological heterogeneity
scoring is semiquantitative, limiting its ability to detect modest
changes, and scoring systems vary between reports
precluding direct comparisons. Ultrasound provides
semi-quantitative estimates of hepatic steatosis based
[30]
on diffuse increases in echogenicity . Reported
sensitivity and specificity vary between 60%-94% and
[30]
66%-95%, respectively . Even though it is important
to diagnose NAFLD, special attention must be give
when it comes for the diagnosis of NASH. Symptoms
and physical examination may not be enough while
presence of MS most of the times will reveal the
presence of NASH. Increased liver enzymes have been
found to highly related with NASH, however, may not
[31]
be reliable . Lately, it has come to the literature a
new model namely the fragment of keratin 18 (CK18),
which is for now, the best marker for detecting NASH,
however showed lower accuracy with sensitivity
[32]
(60%) .

effect of statins in cardiovascular disease. The authors
showed that NAFLD patients with high liver enzymes
had lower cardiovascular events compared to patients
[38,39]
with normal liver enzymes
. These results are very
encouraging of using statins as a treatment for NAFLD
patients with high liver enzymes. Losartan, which is
also used in NAFLD patients as a anti-hypertensive
[40]
drug, has been found to decrease liver fibrosis .
[41]
Finally, Telmisartan et al
has been found to reduce
insulin resistance and fat deposition in the liver and
seems to be looks even more promising in the near
future.

Dietary modifications and exercise

One of the most effective method of treating NAFLD is
weight loss and exercise together. In a recent review
[42]
by Schwenger et al , the authors summarized the
effects of weight loss and exercise intervention studies
in obese patients with NAFLD. A randomized controlled
[43]
trial conducted by Promrat et al used a combination
of diet, physical activity and behavior modification to
trigger 7%-10% weight loss in obese NASH patients.
Those who achieved a minimum of 7% weight loss had
improvements in their liver histology. A similar study
used NAFLD patients with elevated liver enzymes
and central obesity to assess the effectiveness of
lifestyle interventions. Patients were randomly assig
ned to either low (3 sessions/4 wk) or moderate (6
sessions/10 wk) physical activity intensity groups
and were compared to a control group. The lifestyle
interventions included physical activity and dietary
guidance as well as behavior modification. The authors
found that there was a decrease in aminotransferases,
which was greater in the group with the moderate[44]
intensity lifestyle compared to the control one .
Exercise alone has been also found to have positive
[45]
results. Hallsworth et al
found that after 8 wk (3
times per week lasting 45-60 min) of resistance based
exercise resulted in a reduction of liver lipids, and
improvements of lipid oxidation, glucose control and
insulin resistance.
Additionally a recent review conducted by Thoma
[46]
et al
analyzed 23 studies using diet modification,
physical activity, or a combination of both. He
concluded that lifestyle modifications that led to weight
reduction and/or increased physical activity greatly
reduced liver fat and improved insulin sensitivity. More
[47]
recently a study led by Montesi et al
found that
intensive psychological counseling for physical activity
improves physical fitness and liver fat independent of
weight loss. Similar effects have been also verified by
[48]
a recent meta-analysis study .
Dietary changes for 1-3 mo have shown to reduce
[49-55]
liver enzymes and even normalize them (Table 1)
.
[50,55,56]
[56]
Many study in adults
and children
have
shown improvement in the histological profile that
underwent a weight loss program. The type of weight
loss with a traditional low fat diet or calorie restriction
is still debatable. All of these studies though, have

TREATMENT
Drug management

Improvement of insulin sensitivity remains the
main strategic treatment for NAFLD as well as the
modification of all others underlying metabolic risk
factors. One of the most common drugs, metformin,
it has been used to reduce hyperinsulinemia and
to improve insulin resistance. Data for mice studies
has been shown to reverse fatty liver in obese,
[33]
leptin deficient mice . Moreover, a trial using adults
who underwent a therapy of 4 mo with metformin
[34]
demonstrated significant reduction in serum ALT .
[35]
Nobili et al
found that metformin was no more
effective than lifestyle interventions improving liver
enzymes or histology. Additionally, other studies have
also failed to prove benefits of using metformin to
[36]
improve liver histology . Another agent, pioglitazone
[37]
was found in a metanalysis
of reducing liver
enzymes and inflammation and benefit of metabolism
of glucose, however, the review failed to reveal an
improvement of liver fibrosis. Statins are also a
promising drug agent; two large studies examine the
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particularly in lean NAFLD patients where large weight
[47,65]
loss cannot be systematically pursued
.

Table 1 Nutritional recommendations for non-alcoholic fatty
liver disease
Diet trials in NAFLD
Decrease of about 600-800 kcal per day[49]
Based on IBW, a reduction of caloric intake to < 25 kcals/kg per day[50]
Reduction of total fat intake of < 30% of energy intake with no more of
10% of saturated fatty acids[51-53]
Reduction of total Kcal per day of < 30 kcal/kg[54]
A diet low in calories and carbohydrates of 40%-45%[55]

OTHER NUTRIENTS
Vitamin C

Vitamin C and E together with weight loss or without
has been also examined in children with fatty liver
disease. The authors concluded that significant histologic
improvements (degree of steatosis, inflammation and
ballooning degeneration) were produced by a weight
loss of around 5 kg. However, the study failed to prove
and beneficial effects of Vitamin C and E on weight
[56]
loss . Data for Vitamin C and its effects on NAFLD
shows no clear beneficial effects. The statement of
the most recent consensus was that vitamin C is not
recommended for patients with NAFLD outside the
[66]
context of research protocols .

NAFLD: Non-alcoholic fatty liver disease.

failed to examine any decrease of NAFLD as the final
[57-59]
result
. However, the main outcome from these
studies was that a reduction of total body weight
between 5%-10% would have the most benefits to
these patients. This probably verify the theory where
the amount of fat that is delivered to the liver may
play very important role in the lipid metabolism as well
[55]
to the total real weight loss itself . Therefore, it is
important for dietitians and other health professionals
to direct the patients with NAFLD to lose weight, as
this interventions therapy seems to offer the most
advantages. Rapid weight loss of more than 1.6
[60]
kg/wk has been also found in studies
to cause
deterioration of the inflammation in people with NAFLD
and may increase the progression pace of the disease
by promoting increase of fatty breakdown from fatty
tissue and increasing transport to the liver. Patel et
[61]
al observed that a reduction in BMI of at least 5% is
associated with a significant decrease in liver fat and
volume in patients with biopsy-proven NASH. Even
for the normal weight people, losing weight has an
effect on the improvement of non-alcoholic fatty liver
disease. A Korean study of 180 subjects, compared
with the stable group, the loss group showed an
almost 19-fold increase in the odds of disappearance
[62]
of non-alcoholic fatty liver disease .
Even though factors that determine the severity of
[63]
NAFLD are still unclear in some studies , the exercise
component is a recommended treatment. Physical
activity intensity and histological severity of NAFLD
were evaluated in 813 adults (males = 302, females
= 511). Moderate-intensity exercise and total exercise
per week was associated with decreased levels of
NASH or stage of fibrosis. In the same study vigorous
exercise was relate with beneficial results in subjects
with NAFLD. The authors concluded that intensity of
exercise may be more important than duration or total
volume. Resistance training (RT) has been also found
to be beneficial recently. Three months of RT improves
hepatic fat content accompanied by favorable changes
in body composition and ferritin and may serve as a
[64]
complement to treatment of NAFLD . In addition,
intensive psychological counseling for PA produces
hepatic effects the same as standard cognitive
behavior counseling, improving physical fitness
and liver fat independent of weight loss. Strategies
promoting exercise are effective in motivated patients,
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Vitamin E

Oxidative stress and depletion of endogenous antio
xidants are important in the pathogenesis of disease
progression in NASH. Many drugs with antioxidant
features were tried in studies for the treatment of
NASH with variable conclusions. Vitamin E (a-toco
pherol) is a well-known antioxidant and this feature is
the best studied of its many other biological functions.
The largest randomized controlled study on vitamin E,
the PIVENS trial, demonstrated a greater histological
improvement in inflammation in non-diabetic patients
with biopsy-proven NASH compared with the placebo
and pioglitazone groups. However, only 42% of
patients receiving high dose vitamin E (800 IU/d)
for 96 wk achieved an improvement in histological
parameters compared with 19% in placebo-treated
[67]
patients . Recently, the Nonalcoholic Steatohepatitis
Clinical Research Network conducted a multicenter
study comparing metformin and vitamin E in 173
pediatric patients with NAFLD, who were followed up
for 96 wk and underwent a post-treatment biopsy
(the TONIC study). This study did not show significant
benefits of vitamin E for aminotransferase levels;
however, it did show differences in the histological
characteristics (ballooning and NAFLD activity score)
[68]
of the liver biopsy performed at 96 wk . Several
concerns have been raised regarding an increase in all[69]
cause mortality with the long-term use of vitamin E .
Thus, the statement of the consensus was that the use
of vitamin E is well supported for nondiabetic adults
[66]
with biopsy-proven NASH .

n-3 fatty acids

A decrease rate in the development of NASH has been
demonstrated by a diet high in n-3 PUFA in animal
[70]
studies . This is possibly due to the fact that n-3
PUFAs have the ability to regulate lipid processing
to the liver by reducing oxidative stress and liver
[70]
inflammation .
[71]
Capanni et al
examined the effects of n-3 PUFA
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regarding total energy intake, body weight, gut pep
tides, insulin sensitivity, serum lipids, inflammatory
[84]
markers and immune function . Despite the positive
[85]
results in animals , data of probiotics on metabolic
effect in humans is still conflicting. Further studies are
needed to identify strategies to target gut microbiota
composition as an innovative NAFLD treatment in
humans.

in non-alcoholic fatty liver disease in 42 patients
who received 1 gm n-3 PUFA per day for 1 year.
Both liver enzymes as well as ultrasound results
were improved. A 53% reduction in NAFLD was also
observed in 134 patients who received 2 gm of n-3
PUFA three times per day compared with a 35%
reduction of NAFLD group who follow a diet low in
[72]
kcal, respectively . Other similar studies using n-3
PUFA to treat NAFLD have shown pararell results
when used aminotransferases and ultrasound to asses
[73,74]
fatty liver
. A recent systematic review and meta[75]
analysis
found significant heterogeneity between
these studies and concluded that although omega-3
PUFA supplementation may decrease liver fat (with
no effects on aminotransferase levels), the optimal
dose has not been established. Additional trials are
needed to support the routine use of omega-3 PUFA
in patients with NAFLD. To date, there is insufficient
evidence to support the routine use of omega-3 PUFA
[66]
supplementation in patients with NAFLD .

CONCLUSION
NAFLD is one of the major causes of liver diseases
in the world. As the disease progresses from simple
steatosis to steatohepatitis, and finally, cirrhosis
should alarm health professionals to look over in order
to avoid high mortality rates that have been found
to related with the disease. The treatment should
lie on the management of the “insulin resistancemetabolic syndrome” and not in fatty liver disease
itself. The significant recognition of the disease will
involve a challenge in educating people as well in the
initiation of the appropriate interventions. Weight
loss and exercise has been proven in reducing the
steatosis inflammation and reversion of fibrosis in
some cases. Vitamin E can also be used with safety in
adults only with biopsy proven NASH. Consumption
of high fructose syrup to the development of NAFLD
is still under debate. The data for vitamin C shows no
clear effect while the supplementation of n-3 FA and
probiotics is still conflicting but shows promise.

Fructose

The most common sugar found in fruit and soft drinks
is high fructose corn syrup (HFCS). Sucrose is 50%
fructose and 50% glucose. In a recent study that
included health people the authors demonstrated an
increase of liver enzymes of those subjects consuming
[76]
¼ of total calories per day in the form of sucrose .
In another similar study patients with fatty liver found
to have twice the consumption of high fructose syrup
compare with those without fatty liver disease (365
[77]
kcal vs 170 kcal) .
In another study, patients that consumed a diet
high in calories and fructose were found to have an
increase in hepatic fat deposition compared to the
[78]
[79]
normal group . Most recently, Sullivan et al showed
that children with NAFLD absorbed and metabolized
fructose more effectively than lean subjects. Fructose
ingestion was associated with an exacerbated
[79]
metabolic profile . In a 4-wk randomized, controlled,
double-blinded beverage intervention study, Jin et
[80]
al demonstrated that reduction of dietary fructose in
Hispanic-American adolescents with NAFLD improved
several important factors related to cardiovascular
disease risk, including adipose insulin sensitivity,
high sensitivity C-reactive protein and low-density
lipoprotein oxidation. On the other side a recent study
[81]
by Kanerva et al
found that high fructose intake
was inversely associated with risk of NAFLD in older
Finnish adult. A latest meta-analysis of 21 intervention
studies concluded that there was insufficient evidence
to draw a conclusion for effects of HFCS or sucrose on
[82]
NAFLD .
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Variations and mutations in the hepatitis B virus genome
and their associations with clinical characteristics
Yoshihiko Yano, Takeshi Azuma, Yoshitake Hayashi
mutations and variations. This variability, called qua
sispecies, is derived from no proof-reading capacity of
viral reverse transcriptase. So far, thousands of studies
reported that the variety of genome is closely related to
the geographic distribution and clinical characteristics.
Recent technological advances including capillary
sequencer and next generation sequencer have made in
easier to analyze mutations. The variety of HBV genome
is related to not only antigenicity of HBs-antigen but also
resistance to antiviral therapies. Understanding of these
variations is important for the development of diagnostic
tools and the appropriate therapy for chronic hepatitis
B. In this review, recent publications in relation to HBV
mutations and variations are updated and summarized.
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Core tip: Hepatitis B virus infection is major global
issue. HBV spread worldwide with various mutations
and variations. So far, thousands of studies reported
that the variety of genome is closely related to the
geographic distribution and clinical characteristics.
Recent technological advances have made in easier to
analyze mutations. Understanding of these variations is
important for the development of diagnostic tools and
the appropriate therapy for chronic hepatitis B.
Yano Y, Azuma T, Hayashi Y. Variations and mutations in the
hepatitis B virus genome and their associations with clinical
characteristics. World J Hepatol 2015; 7(3): 583-592 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i3/583.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i3.583

Abstract

INTRODUCTION

Hepatitis B virus (HBV) infection is major global issue,
because chronic HBV infection is strongly associated
with liver cancer. HBV spread worldwide with various
WJH|www.wjgnet.com

Hepatitis B virus (HBV) was first discovered by
[1]
Blumberg et al in 1965, and the relationship between
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open reading frames (ORFs), which encode the
polymerase (P), core (C), surface antigen (S), and X
[8]
protein (Figure 1B) . Seven viral proteins (HBeAg,
HBcAg, LHBs, MHBs, SHBs, polymerase, and HBx) are
produced from transcripts (Table 1).
The entry of HBV into human hepatocytes is the
initial step of viral infection. It has been reported that
the pre-S1 sequence at amino acids 2-48 mediates
[9]
the attachment of the virus to its target cell . After
invading the target cells, HBV is transported to the
nucleus where covalently closed circular DNA is
constructed as the replication template of HBV.
Following infection, the HBV DNA is integrated
into the host’s cellular DNA. HBV integration induces
various kinds of secondary genetic alterations within
the host’s genome, including deletions, translocations,
[10]
and genomic instability . It has been reported that
the loss of chromosomal integrity in HCC is attributable
to deletions in some chromosomes. In particular,
losses in chromosomes 1p, 4q, 5q, 6q, 8p, 9p, 13q,
16p, 16q and 17p have been detected in 25%-45% of
patients, whereas gains occur in chromosomes 1p, 6p,
[11]
8q, and 17q in 30%-55% of patients .
Unlike other DNA viruses, reverse transcriptase
is necessary for HBV replication. Because reverse
transcriptase has no proof-reading capacity, DNA
mutations frequently occur during replication. In
general, the mutation rate of the hepadonaviruses is
4
estimated to be 2 × 10 base substitutions/site/year.
This mutation rate is approximately 100 times higher
than that of other DNA viruses, but 100-1000 times
[12]
lower than that of RNA viruses . The mutation rate
-5
of HBV is reported to be in the range of 1.4-3.2 × 10
[13]
base substitutions/site/year .
Mutations and variations that occur naturally or
during antiviral therapy play important roles in viral
latency, the pathogenesis of liver disease, immune
escape, and resistance to antiviral therapies.

Table 1 Position of hepatitis B virus regions and transcripts
ORF

Protein

Position

Amino acids

Protein

Pre-S/S

Pre-S1
Pre-S2
S
P
X
Pre-C
C

2854-3211
3211-155
155-835
2357-1623
1374-1838
1814-1901
1901-2458

119
55
226
843
154
29
183

LHBs
MHBs/LHBs
SHBs/MHBs/LHBs
Polymerase
HBxAg
HBeAg, HBcAg

P
X
Pre-C/C

ORF: Open reading frame; S: Surface protein; LHBs: Hepatitis B large
surface protein; MHBs: Hepatitis B medium surface protein; SHBs:
Hepatitis B small surface protein; P: Polymerase; HBxAg: Hepatitis B X
antigen; C: Core; HBeAg: Hepatitis B e antigen; HBcAg: Hepatitis B c
antigen.

HBV and acute hepatitis after blood transfusion was
[2]
reported by Okochi in 1968 . At that time, most
studies were based on immunological and serological
methods. Molecular-based analyses progressed rapidly
[3]
after the HBV particle was discovered and the HBV
[4]
genome cloned .
HBV infection is major global issue, and is a parti
cular concern in Asia and Africa. Although HBV itself
is not directly cytotoxic, the immune response to HBV
infection causes liver damage and eventually leads to
[5]
liver cirrhosis and hepatocellular carcinoma (HCC) .
More than 350 million people worldwide are thought
to be chronically infected with HBV and 1-2 million
people die every year from HBV-related cirrhosis and
[6]
HCC . The long-term outcomes of chronic hepatitis
B (CHB) vary among different countries. The annual
incidence of cirrhosis is estimated to range from 2% to
6% in hepatitis B e antigen (HBeAg)-positive patients
and from 8% to 10% in HBeAg-negative patients.
The annual incidence of HCC ranges from 2% to 3%
[7]
in cirrhotic patients . The goal of treating CHB is
to suppress HBV replication before significant and
irreversible liver damage occurs, such as end-stage
decompensated cirrhosis and HCC. There are currently
two main treatment options for chronic HBV infection,
interferon (IFN) and nucleos(t)ide analogues.

HBV GENOTYPES/SUBTYPES AND
MUTATIONS
The major hepatitis B s antigen (HBsAg) protein
carries a pair of mutually exclusive determinants, d
or y and w or r, which are associated with variations
in single amino acids at positions 122 and 160,
respectively. Differences in the epitope result in four
major serotypes (adr, adw, ayr and ayw) and ten
[14]
subtypes (Figure 2) . The serotypes and subtypes
show differing geographic distributions and affect the
[15,16]
antigenic characteristics of HBV
.
HBV has been classified into at least 10 genotypes
(A-J) according to the divergence of their viral DNA
sequences, with distinct geographic distributions (Table
[17-19]
2)
. In addition, many studies have revealed that
the HBV genotype is strongly associated with disease
[20,21]
progression and responses to antiviral therapies
.
HBV/A is mainly distributed in Africa (HBV/A1),

HBV GENOME AND REPLICATION
HBV is approximately 42 nm in size. It is an incom
plete double-stranded DNA virus from the genus
Orthohepadnavirus and family Hepadnaviridae. Its
genome consists of full-length coding minus strand
DNA and incomplete noncoding plus strand DNA.
The viral particle, a Dane particle, comprises an
envelope and a core particle (Figure 1). The envelope
is composed of a double lipid layer and three envelope
proteins: L (large), M (medium), and S (small). The
core particle (27 nm in size) consists of the core
protein (HBc antigen) and the incomplete doublestranded DNA genome.
The HBV genome is contained within the capsid. It
is approximately 3200 bp long, with four overlapping
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A

B

Pre-S/S
gene
(400 aa)
Minus strand

LHBs

Plus strand
MHBs
Envelope
protein
HBcAg

Genome
DNA

HBV-DNA
(Incomplete DS
DNA virus)

SHBs

DR1

Pre-C/C gene

P gene

DR2 5’

5’

(843 aa)

(212 aa)

X gene

Envelope

DNA P

(154 aa)

Figure 1 Structures of the hepatitis B virus (Dane particle) (A) and genome (B). aa: Amino acids; C: Core; DS: Double-stranded; LHBs: Hepatitis B large surface
protein; HBV: Hepatitis B virus; MHBs: Hepatitis B medium surface protein; P: Polymerase; SHBs: Hepatitis B small surface protein; HBcAg: Hepatitis B c antigen.

HBV

Lys122

Arg122

Lys160

Arg160

Lys160

Pro127

Thr127

Ile122/Leu127

adw2

adw3

adw4

Val177

Ala177

adrq+

adrq-

Ala159 or Phe134
ayw1

Pro127

Thr127
ayw3

Arg160

ayr

Ile/Leu127
ayw4

Not Ala159 and Phe134
ayw2

Figure 2 Algorithms for determining hepatitis B virus subtype from the primary structure of the S gene. HBV: Hepatitis B virus.

the United States of America, and Europe (HBV/A2).
Several reports from Africa, India, and Brazil have
shown that HBV/A1 is associated with a high incidence
[22]
of HCC in younger patients without cirrhosis . By
contrast, HBV/A2 is reported to be associated with
a lower incidence of HCC than HBV/D and HBV/
[23,24]
F
. HBV/A2 readily progresses to chronic infection
after an acute infection, and is a major genotype in
[25]
cases of vertical transmission . HBV/B is mainly
distributed in Asia, and is subclassified into HBV/B1/
Bj and HBV/B2-5/Ba. HBV/B1 is found in Japan and
is the most asymptomatic genotype. HBV/B2-5 is

WJH|www.wjgnet.com

mainly detected in South-East Asia and has similar
clinical characteristics to HBV/C. HBV/B and HBV/C
are prevalent in the Far East and in South-East Asia.
Several studies from Taiwan, Thailand, China, and
Japan have shown that HBV/C is more aggressive and
is associated with a greater risk of HCC than HBV/
[26-29]
B
. HBV/D is detected worldwide, with HBV/D1
in Central Asia, HBV/D2 in Russia, HBV/D3 in Inner
Mongolia, and HBV/D4 in Africa. HBV/D is reportedly
associated with worse clinical outcomes than HBV/
[23,30]
A
.
The therapeutic efficacy of antiviral drugs is also

585

March 27, 2015|Volume 7|Issue 3|

Yano Y et al . Variations in HBV genome
method, but it cannot detect variations in < 20%
of viral quasispecies. By contrast, line probe assays
can detect specific variants occurring in > 5% of viral
[38,39]
quasispecies
. Other highly sensitive methods
include restriction fragment length polymorphism
[40]
[41]
analysis , clone-based sequencing , and real-time
PCR. More recently, several next-generation sequencing
methods have been developed, including ultra-deep
pyrosequencing, which can detect thousands of clonally
[42-45]
amplified regions
. However, this method also has
some limitations and it is unclear whether the variants
found in different positions are actually located in the
same clones because the next-generation sequencing
read is shorter than the Sanger sequence read.
Furthermore, it is still difficult to analyze insertion and
deletion variants.

Table 2 Hepatitis B virus subtypes and genotypes and their
geographic distributions
Genotype/
subgenotype
A
A1
A2
A3
B
B1 (Bj)
B2-5
B6
C
C1-3
C4
C5
D
D1-5
E
F
G
H
I
J

Geographic location

Saharan Africa, India
Northern Europe
Western Africa
Japan
East and Southeast Asia
Alaska, Northern Canada
Taiwan, China, South Korea, Southeast Asia
Australia
Philippines, Vietnam
Africa, Europe, Mediterranean countries and India
West Africa
Central and South America
France, Germany, United States
Central America
Vietnam and Laos
Ryukyu, Japan (Kalimantan)

CHARACTERISTICS OF THE PRE-S/S
GENE
The S ORF (nt 2854-835) encodes three different
translated genes: pre-S1, pre-S2, and S domain.
The pre-S domain is essential for viral binding to
hepatocyte receptors and contains several epitopes
that are targeted by T and B cells. The S domain is
[9]
also important in the production of HBsAg . There
are three forms of HBV surface proteins (S, M, and
[46]
L), of different sizes . The 24-kDa S protein, which
contains 226 amino acids, is the major component
of the envelope protein and is involved in particle
budding. The 33-kDa M protein contains the S protein
and an additional 55 amino acids encoded by the
pre-S2 gene. Finally, the 39-kDa L protein contains the
M protein and an additional 108 or 119 amino acids,
[47]
the sequence of which depends on the genotype .
The three HBsAg types share a common region,
consisting of the main antigenic loop (amino acids
124-147), which is called the “a” determinant region.
The “a” determinant region is the main epitope to
induce a protective immune response. It is located in
the major hydrophilic region (MHR) of the S protein,
which is between amino acids 103 and 173. The MHR
forms a two-loop structure. Mutations and variations in
[48]
the S gene have been reported in many countries .
Although these mutations occur naturally, they are also
generated during immunoglobulin therapy or vaccineinduced immunity. Variations in the “a” determinant
region cause changes in HBsAg antigenicity and may
prevent the detection of HBsAg in HBsAg screening
[49,50]
assays (Figure 3)
. These mutations also occur
naturally in developing countries where nucleos(t)ide
analogues are less frequently used than in developed
[51,52]
countries
.
HBsAg is an important diagnostic marker and
its expression level is related to the efficacy of an
antiviral treatment. Recent studies have revealed that
the HBsAg titer correlates with the level of HBV DNA

related to the HBV genotype. HBV/A and HBV/B had
better persistent response to IFN than HBV/C and
HBV/D. A meta-analysis revealed that the response to
IFN, including HBeAg seroconversion, loss of HBeAg
and loss of HBV DNA, is better in HBV/A compared
with HBV/D, and the response of HBV/B is better than
[31]
that of HBV/C . Whereas the HBeAg seroconversion
rate by one-year treatment were respectively HBV/A
47%, HBV/B 44%, HBV/C 28%, and HBV/D 25%,
HBsAg seroclearance rates were respectively HBV/A
[32]
14%, HBV/B 9%, HBV/C 3%, and HBV/D 2% .
It has also been reported that the HBs and HBe
seroconversion rates are higher for HBV/A than for
[33]
other genotypes . A recent study reported that the
response to IFN in HBV/E was worse than that in other
[34]
genotypes . However, the therapeutic responses
to nucleotide analogue have been shown as mostly
similar. Several meta-analyses revealed that HBV/B
[35,36]
had no different response to lamivudine as HBV/C
.
Though few studies were available, the therapeutic
efficacy to other nucleos(t)ide analogues except
[37]
lamivudine was same among genotypes . It would
be because the genomic variety in relation to antiviral
resistance within polymerase region were mostly same
among genotypes (Table 3).

METHODS AVAILABLE FOR DETECTING
MUTATIONS
Recent technological advances have made it easier to
detect mutations in HBV DNA. Several approaches can
be used to detect HBV genomic mutations. Polymerase
chain reaction (PCR) amplification with direct Sanger
sequencing is perhaps the most commonly used
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The P gene encodes the 843-amino-acid virus-specific DNA polymerase and partially overlaps the other three genes. The DNA polymerase is located in the core of the
virus. It acts as the DNA primer and exhibits reverse transcriptase, RNaseH, and DNA-dependent DNA polymerase activities.
A tyrosine (Y)-methionine (M)-aspartic acid (D)-aspartic acid (D) motif (YMDD) starting at codon 203 forms the enzyme activity center of the polymerase There are
several well-known hot spots in the HBV DNA where mutations lead to the emergence of antiviral drug resistance. In particular, long-term treatment with lamivudine
[61]
sometimes leads to the emergence of YMDD variants and breakthrough hepatitis . Nucleos(t)ide analogues approved for the treatment of CHB include lamivudine,

CHARACTERISTICS OF THE P GENE

and hepatocarcinogenesis. However, mutations in the pre-S/S region are strongly related to HBs antigenicity, and it is reported that the presence of pre-S/S variants
[53]
correlates negatively with the HBsAg titer . Mutations in the S region result in antigenic variations and may allow HBV to escape vaccination. Such mutations are
known as “vaccine escape mutations”. A study of HBsAg-negative patients from Hong Kong revealed that a variety of mutations, including deletions in the promoter
region, abolition of the pre-S2/S start codon, disruption of the pre-S2/S mRNA splice site, nucleotide duplications, and missense mutations in the “a” determinant
[54]
region, contribute to defects in HBsAg production (Table 4) .
[55]
The HBs antigen was discovered pathologically as ground glass hepatocytes (GGH) in 1973 . Different types of GGHs are associated with the expression patterns
of surface/core antigens and the stage of virus replication. Type Ⅰ GGHs express an inclusion-like pattern of HBsAg and carry mutants with deletions in the pre-S1
region. By contrast, type Ⅱ GGHs are distributed in clusters, emerge in the late replicative phase, and contain mutants with deletions in the pre-S2 region. Because the
[56]
pre-S2 region includes an epitope targeted by cytotoxic T lymphocytes, type Ⅱ GGHs may represent an immune escape mutant . It has also been reported that pre-S
[57,58]
mutants could induce endoplasmic reticulum stress, followed by oxidative DNA damage and genomic instability
. Recent studies have also shown that the pre-S2
[59]
region upregulates human telomerase reverse transcriptase expression and transactivates forkhead box P3 expression, which may promote the development of HCC .
[60]
Clinical studies have revealed that pre-S deletions, pre-S2 start codon mutations, and the T53C mutation in the pre-S2 region are related to the development of HCC .

Indicated the known antiviral resistant against nucleos(t)ide analogue.

1

I

1

169 173 180

Consensus

Position

Table 3 Nucleotide alignment of polymerase region among different genotypes
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“a” determinant 124-147
Loop 2

Loop 1
G145R

Translate to
PreS/S protein

Translate to
polymerase

COOH

NH2

Pre-S1

Terminal
protein

HBsAg

Pre-S2

Spacer

HBV DNA

Reverse transcriptase

RNase H
COOH

NH2
Lamivudine/
entecavir resistance

rt1
G F

L180M

A

Adefovir/tenofovir resistance
Entecavir resistance

rt344

M204V/I
B

C

E

D

N236T

A181V
T184G

S202I

M250V

Figure 3 Structures of the overlapping P and S genes. HBsAg: Hepatitis B s antigen; P: Polymerase; S: Surface.
[67]

adefovir, entecavir, telbivudine, and tenofovir. Nuc
leos(t)ide analogues have a similar structure to natural
nucleotides and compete with natural nucleotides for
binding sites on the polymerase during DNA synthesis.
Incorporation of nucleos(t)ide analogues instead of
natural nucleotides disrupts DNA synthesis and sup
presses viral replication.
M204M/I is a well-known mutation that confers
resistance to l-nucleosides, including lamivudine and
telbivudine. The M204V/I mutation is also associated
with compensatory mutations, such as L80V/I, I169T,
[62]
V173L, L180M, T184S/G, S202I, and Q215S .
Mutations A181T and N236T, which are located outside
the YMDD motif, are major mutations that confer
resistance to alkyl-phosphonates, such as adefovir and
[63]
tenofovir . The mutations T184G/S, S202I/G, and
M250V in combination with L180M and M204V confer
resistance to d-cyclopentanes, including entecavir
[64]
(Tables 4 and 5) .
The overlapping region of the P and S genes is
important for drug resistance and HBs antigenicity
(Table 3). A triple mutation in the P protein (V173L
+ L180M + M204V) is accompanied by a double
mutation in the S protein (E164D + I195M). This
mutant may confer antiviral resistance and promotes
[65,66]
vaccine escape
. Furthermore, the introduction of
an rtA181T (A181T in reverse transcriptase) surface
nonsense mutation (rtA181T/sW172*) reduced viral
replication and increased drug resistance compared
with the introduction of an rtA181T surface missense
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mutation (rtA181T/sW172S)

.

CHARACTERISTICS OF THE X GENE
The X ORF (nt 1374-1838) encodes HBx, a 154-aminoacid 16.5 kDa protein. HBx is a multifunctional protein
that modulates transcription, signal transduction, cellcycle progression, protein degradation pathways,
apoptosis, and genetic stability by interacting with a
[68,69]
variety of host factors
.
HBx protein is strongly associated with the
development of HCC. HBx activates cAMP and several
transcription factors, including nuclear factor κB and
activating transcription factor 2. It also stimulates RAS,
SRC, and c-JUN, resulting in activation of the RAS–RAF
[70]
oncogenic pathways .
Deletion of the basal core promoter (BCP) causes
a frame shift in the X gene, leading to the production
of a truncated X protein. The truncated X protein is
frequently detected in HCC, and is thought to con
tribute to hepatocarcinogenesis by upregulating RAS
and MYC. Despite the deletions of nt 1637-1667,
which regulate p53-dependent transcription, and nt
1733-1754, corresponding to the SP1-binding region
in the CP domain, truncated X protein is still capable of
regulating various transcription factors and competes
with protein p53. Moreover, because amino-acid
mutations at positions 130 and 131 of the X protein
overlap the core promoter region, these mutations
are associated with the progression of CHB and
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Table 4 Representative mutations and clinical characteristics
Region

Mutation

Clinical characteristics

Pre-S/S

P120S/E, K122R, T126A, P127T,
Q129H/R, L134S, K141E, P142S,
D144A/E/V, G145R/A
Pre-S deletion

OBI/HBsAg decrease

A1896T, G1899A

HBe seroconversion
HCC
HCC

Pre-C/C
X
P

C1653T, T1753C, A1762T,
G1764A
L180M, A181V, T184G, S202I,
M204V/I
N236T, M250V

Table 5 Mutations associated with resistance to nucleos(t)ide
analogues
Nucleos(t)ide analogue
Lamivudine

HCC

Adefovir
Entecavir
Telbivudine

NA resistance

Tenofovir

CONCLUSION

S: Surface; OBI: Occult hepatitis B virus infection; HCC: Hepatocellular
carcinoma; HBe: Hepatitis B e; HBsAg: Hepatitis B s antigen.

The treatment of CHB has changed dramatically in
recent years. However, there is increasing evidence
that viral variations and mutations that allow the virus
to escape antiviral therapies are clinically important.
HBV mutations are also closely related to the sero
logical status of the patients. Understanding the viral
mutations and their associations with the clinical
characteristics of HBV infection should contribute to
improvements in diagnostic procedures and thera
peutic guidelines. Recent technological advances have
made it easier to assess the HBV genome and detect
possible variations or mutations in it. We believe it
is important to discuss and implement generalized
methods that are suitable for use worldwide.

hepatocarcinogenesis.
Several mutations in the X gene are reported to
be are associated with hepatocarcinogenesis. Liao et
[71]
al
reviewed 85 case–control studies and reported
that G1896A (OR = 1.46), G1899A (OR = 3.02), the
pre-S1 deletion (OR = 2.94), and pre-S2 deletion
(OR = 3.02) were significantly associated with the
development of HCC. The A1762T/G1764A double
mutant, T1753V and C1653T in the BCP were also
associated with HCC. Similar results have reported in
[72]
another meta-analysis of case–control studies , and
several other mutations in the X gene are associated
[73,74]
with hepatocarcinogenesis
.
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Prevention of hepatocellular carcinoma: Focusing on
antioxidant therapy
Koji Miyanishi, Toshifumi Hoki, Shingo Tanaka, Junji Kato
or chronic liver disease, such as NASH, the treatment of
which remains unestablished, it is important to reduce
serum alanine aminotransferase levels and prevent liver
fibrosis and development of hepatocellular carcinoma.
This also suggests the importance of antioxidant
therapy. Among treatment options where it would be
expected that anti-inflammatory activity plays a role
in their confirmed efficacy for chronic hepatitis, iron
depletion therapy, glycyrrhizin, ursodeoxycholic acid,
Sho-Saiko-To, and vitamin E can all be considered
antioxidant therapies. To date, however, the ability of
these treatments to prevent cancer has been confirmed
only in CHC. Nevertheless, anti-inflammatory and antifibrotic effects have been demonstrated in other liver
diseases and these therapies may potentially be effective
for cancer prevention.
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Core tip: Among treatment options where it would be
expected that anti-inflammatory activity plays a role
in their confirmed efficacy for chronic hepatitis, iron
depletion therapy, glycyrrhizin, ursodeoxycholic acid,
Sho-Saiko-To, and vitamin E can all be considered
antioxidant therapies. In chronic liver diseases, it has
been demonstrated that antioxidant therapy may
potentially be effective for suppressing inflammation and
liver fibrosis and expected to prevent carcinogenesis.

Abstract
Oxidative stress has been investigated in the context of
alcoholic liver injury for many years and shown to be a
causal factor of chronic hepatitis C (CHC), nonalcoholic
steatohepatitis (NASH), drug-induced liver injury, Wilson’
s disease, and hemochromatosis. In CHC, it has been
demonstrated that oxidative stress plays an important
role in hepatocarcinogenesis. In cases with persistent
hepatitis due to failure of hepatitis C virus eradication,
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metabolism are involved in chronic liver diseases. We
have shown previously that in Long-Evans cinnamon
rats, an abrupt accumulation of iron in the liver causes
spontaneous hepatitis and subsequent development of
[8]
HCC . Free iron in the liver is believed to catalyze the
[4]
formation of ROS . In particular, the Fenton reaction,
3+
in which Fe , •OH and OH are produced in the
2+
presence of Fe and H2O2, generates large amounts
of highly toxic promutagenic ROS hydroxyl radicals (•
[9,10]
OH)
.
Iron overload in the setting of hereditary hemoch
romatosis has long been known to be associated
[11]
with an increased risk for HCC . Standard of care
is phlebotomy to reduce total body iron levels and
achieve normal ferritin levels. Although for ethical
reasons the beneficial effect of phlebotomy has never
been formally demonstrated in controlled trials,
[12]
Bomford et al
reported that the percentage survival
5 years after diagnosis was 66% in 85 patients
treated by phlebotomy, and 18% in 26 untreated
patients who died before phlebotomy had become
widely accepted. Hepatic iron accumulation has
[13]
also been reported in patients with CHC
but the
mechanisms responsible for this have not been fully
elucidated. Possibly, inflammatory cytokines stimulate
iron uptake via up-regulation of transferrin receptor
[14]
expression in hepatocytes, as described previously .
[15]
Nishina et al
demonstrated in mice that HCVinduced reactive oxygen species may down-regulate
hepcidin transcription which leads to increased
duodenal iron transport and macrophage iron release,
causing hepatic iron accumulation. We have reported
previously that iron depletion improves serum ALT
levels as well as hepatic oxidative DNA damage in
patients with CHC, and that long-term phlebotomy
together with a low-iron diet lowers the risk of
[3,16]
developing HCC
. In this cohort study, we undertook
weekly phlebotomy (200 g) until the patients achieved
a state of mild iron deficiency, and we followed this
by monthly maintenance phlebotomy for 107 mo
(median). Patients were advised to consume a low-iron
diet (5-7 mg iron/d). We have continuously followed
these patients, with the result shown in Figure 1. If
dietary iron intake is not restricted, phlebotomy may
lead to enhanced iron absorption; therefore, a lowiron diet is essential for a successful outcome of this
treatment.
It was recently reported that a high frequency of
patients with NASH develop HCC. NASH is a severe
[17]
form of nonalcoholic fatty liver disease (NAFLD)
[18]
suggested by Day et al
to require two hits for its
development, (1) excess accumulation of triglyceride
in the hepatocyte; and (2) factors such as free
radicals capable of inducing oxidative stress. Slight
increases of hepatic iron concentration have been
[19]
reported in NAFLD/NASH patients . Although the
exact mechanisms involved in iron overload remain
to be clarified, it can be hypothesized that insulin
plays a role by stimulating cellular iron uptake through

INTRODUCTION
Oxidative stress has been investigated for many
years as a possible cause of alcoholic liver injury.
Recently, it has attracted attention as one of the
causal factors for a variety of liver diseases, such as
chronic hepatitis C (CHC), nonalcoholic steatohepatitis
(NASH), drug-induced liver injury, Wilson’s disease,
and hemochromatosis. Furthermore, it has been
demonstrated that oxidative stress plays an important
role in hepatocarcinogenesis in CHC.
Recent studies have shown that excess hepatic
iron accumulation in CHC patients contributes to
[1-3]
liver injury . It is believed that free iron in the liver
facilitates the formation of reactive oxygen species
(ROS), including hydroxyl radicals (•OH), which cause
oxidative damage to numerous cellular components,
including lipids, proteins and nucleic acids, and also
[4]
cause an up-regulation of collagen synthesis . Further,
•OH is known to generate promutagenic bases such
as 8-hydroxy-2’-deoxyguanosine (8-OHdG), which
has been implicated in spontaneous DNA mutagenesis
[5,6]
and carcinogenesis . Although the mechanism of
hepatocarcinogenesis due to hepatitis C virus (HCV)
infection remains unclear, long-term follow-up studies
indicate that most patients with progressive liver
disease who develop cirrhosis and/or hepatocellular
carcinoma (HCC) have persistently elevated or fluc
tuating serum alanine aminotransferase (ALT) levels,
suggesting that they have a background of chronic
[7]
active inflammation and regeneration of the liver .
Further, we have demonstrated in a 6-year followup study of CHC patients that iron depletion therapy,
consisting of intermittent phlebotomies and a lowiron diet, significantly reduced serum ALT levels, the
histological hepatic fibrosis grade, and hepatic 8-OHdG
[3]
levels .
In cases with persistent hepatitis due to failure
of HCV eradication and chronic liver disease, such as
NASH, the treatment of which remains unestablished,
it is important to reduce serum ALT levels and prevent
liver fibrosis and development of HCC. This also
suggests the importance of antioxidant therapy. To
date, reported effective treatment options expected
to exert anti-inflammatory activity for chronic hepa
titis include iron depletion therapy, glycyrrhizin, urso
deoxycholic acid, and Sho-Saiko-To, which can be
considered as antioxidant therapies. Cancer prevention
by antioxidants such as vitamin E has also been
investigated (Table 1). Here, we review iron depletion
as an antioxidant therapy for the treatment of the
inflammatory effects of chronic hepatitis to reduce
fibrosis and prevent cancer, as illustrated in this paper
by an analysis of own cases.

IRON DEPLETION THERAPY
The liver is the major iron storage organ in the
body; thus, it is not surprising that disorders of iron
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Table 1 Clinical trials of chemoprevention effects in hepatocarcinogenesis
Therapy

Ref.

Year Study design

Treated
patients/control

Disease

Combined
medication

Hepatocarcinogenesis rate

Phlebotomy

Kato et al[16]

2007 Open labeled

35/40

Chronic
hepatitis C

None

Glycyrrhizin

Ikeda[29]

2007 Case-control

244/102

Chronic
hepatitis C

None

Glycyrrhizin

Arase et al[32]

1997 Case-control

84/109

Chronic
hepatitis C

None

Ursodeoxycholic
Acid

Tarao et al[44]

2005 Case-control

56/46

Kakizaki et al[48] 2001 Randomized
controlled

44/39

Hepatitis C
virus
-associated
liver cirrhosis
Chronic
hepatitis C

Sho-saiko-to,
Ursodeo
xycholic
acid
None

Cirrhosis from
chronic
liver disease

None

Hepatocarcinogenesis rates in iron depletion
and control were 5.7% and 17.5% at the end of
the fifth year, and 8.6% and 39% in the tenth
year, respectively (P = 0.018)
Crude carcinogenesis rates in the treated and
untreated group were 13.3%, 26.0% at the fifth
year, and 21.5% and 35.5% at the 10th year,
respectively (P = 0.021)
The 10th-year rates of cumulative HCC
incidence for the treated and untreated group
were 7% and 12%, and the 15th-yr rates were
12% and 25%, respectively (P = 0.032)
The cumulative 5-yr incidence of HCC in the
patients treated with UDCA was 17.9% and
was significantly lower than that in patients not
treated with UDCA (39.1%; P = 0.025)
Cumulative tumor-free survival tended to be
higher in the Vit E group than in controls, albeit
statistically insignificant
The cumulative incidence curve for 5 yr of
the trial group was lower than that of the
control group (P = 0.071), albeit statistically
insignificant

Vitamin E

Sho-saiko-to

Oka et al[64]

1995 Randomized
open
controlled

130/130

HCC: Hepatocellular carcinoma; UDCA: Ursodeoxycholic acid.

Carcinogenesis rate (%)

100

80

56.1%

60
Control

P = 0.0053

40
24.8%

20
Iron reduction
5

Period (year)

10

15

Figure 1 Crude hepatocarcinogenesis rate in iron reduction and control groups.
[20]

increased transferrin receptor expression . Facchini
[21]
et al
reported an improvement in ALT levels and
plasma insulin concentrations following phlebotomy in
17 NAFLD patients with impaired glucose tolerance.
[22]
Riquelme et al
reported histological resolution of
NASH after iron depletion therapy in a case report.
[23]
According to Fargion et al , HOMA-IR and ALT
were significantly reduced after phlebotomy in 42
[24]
patients with NAFLD. Sumida et al
also reported
that aspartate aminotransferase (AST) and ALT were
reduced by phlebotomy in 9 Japanese patients with
[25]
NASH. Valenti et al reported that 64 NAFLD patients
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treated by phlebotomy achieved significant reduction
in insulin resistance compared with 64 NAFLD patients
who underwent lifestyle modifications only. Fujita
[26]
et al
showed that iron reduction resulting from
a-combination of phlebotomy and a low iron diet
resulted not only in improvement of ALT levels but also
normalization of hepatic levels of 8-OHdG in 11 NASH
patients. In a phase Ⅱ trial on 31 patients with NAFLD,
phlebotomy resulted in a significant improvement
[27]
in the NAFLD activity score (NAS), AST and ALT .
[28]
In a phase Ⅲ trial, Valenti et al
studied 38 NAFLD
patients randomized to phlebotomy (n = 21) or
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lifestyle changes alone (n = 17). It was concluded that
phlebotomy was associated with improvement in NAS,
AST, ALT and γGT without adverse events.
Because it has been reported that iron depletion
therapy has anti-inflammatory effects in NASH, it
may also contribute to the prevention of hepato
carcinogenesis in these patients. However, it has
[25]
been reported that it is not effective in all cases . It
would therefore be valuable to establish a method for
selecting those NASH patients most likely to benefit
clinically from iron depletion therapy.

trial in humans is actually difficult from both ethical and
[29]
medical viewpoints. Therefore, Ikeda
retrospectively
analyzed 346 patients with chronic hepatitis with high
alanine transaminase, 244 of whom had received
glycyrrhizin injections. Carcinogenesis rates in the
treated and untreated groups were 13.3% and 26.0%
th
at the fifth year, and 21.5% and 35.5% at the 10 year,
respectively.

URSODEOXYCHOLIC ACID
Ursodeoxycholic acid (UDCA) is a hydrophilic bile
acid which has cytoprotective effects not only in
chronic cholestatic liver disease, but also in various
other liver diseases. The therapeutic properties of
UDCA include hypercholeresis, protection of cell
membranes by replacing hydrophobic bile acids, and
[36-38]
[39]
immunomodulation
. Ljubuncic et al reported that
UDCA can act as an antioxidant blocking hydrophobic
bile acids which otherwise oxidatively activate Kupffer
cells to generate reactive oxygen species in vitro.
[40]
Mitsuyoshi et al
also proposed the antioxidant effect
of UDCA in cultured rat hepatocytes. They demonstrated
that UDCA increased thiol-containing proteins such
as metallothionein, and activated γ-glutamylcysteine
synthetase, which regulates glutathione.
A decrease of serum transaminase levels in patients
with chronic hepatitis after UDCA administration
was first reported from a pilot study by Leuschner
[41]
et al . The effect was confirmed in a double-blind
[42]
[43]
study by Crosignani et al
and Bellentani et al ,
who also established efficacy in long-term treatment.
[44]
A retrospective study by Tarao et al
implied an
association of UDCA use with lower incidence of
hepatocellular carcinoma in hepatitis C virus-associated
liver cirrhosis.
[42]
Crosignani et al
reported that 250 mg/d of
UDCA was effective in improving biochemical markers
of liver function, but no further improvement could
be attained with higher doses in patients with chronic
hepatitis. By contrast, according to a large multicenter
randomized controlled dose study of UDCA for chronic
[45]
hepatitis C, Takano et al
suggested that UDCA at a
dose of 600 mg/d was optimal.

GLYCYRRHIZIN (GLYCYRRHIZIC ACID),
STRONGER NEO-MINOPHAGEN C
Glycyrrhizin is a triterpene glycoside from licorice root
(Glycyrrhiza glabra) and consists of one molecule
of glycyrrhetinic acid (GA) and two molecules of
glucuronic acid. Glycyrrhizin is widely used in patients
with chronic viral hepatitis because of its antiinflammatory action and beneficial effects on ALT
[29]
levels and histology . The anti-inflammatory action
of glycyrrhizin is believed to be due to its protective
effect on the hepatic cellular membrane, which may
explain its ability to lower the serum transaminase
[30]
level in patients with chronic hepatitis. Kiso et al
demonstrated that GA inhibited free radical generation
and lipid peroxidation in vitro. Stronger neominophagen C (SNMC, Minophagen Pharmaceutical,
Tokyo, Japan), was first reported by Yamamoto et al
in 1958, and has now been used in the treatment of
chronic liver disease for more than 50 years. SNMC is a
compound GA tablet that includes GA (2 mg) together
with glycine acid (20 mg) and L-cysteine hydrochloride
[31]
[32]
(1 mg) . In 1977, Arase et al
confirmed its ability
to reduced aminotransferase levels in patients with
histologically-documented chronic hepatitis in a doubleblind randomized controlled trial using a dose of 40
mL daily for a month. According to a retrospective
study of 84 patients (Group A) who had been treated
with SNMC at a dose of 100 mL daily and 109 patients
(Group B) who could not be treated with SNMC or
interferon, 36% of Group A achieved ALT normalization.
The 10-year HCC rates in Groups A and B were 7%
and 12%, respectively, and the 15-year rates 12% and
[32]
[33]
25% . van Rossum et al
performed a double-blind
randomized placebo-controlled trial in which glycyrrhizin
was administered three times per week for 4 wk, but
reported that only 10% of the European patients so
treated normalized their ALT levels. These investigators
also performed an open study in which SNMC was
administered six times per week at a dose of 100 mg
for 4 wk. At the end of treatment, 20% (3 of 15) of the
[34]
[35]
patients achieved normal ALT levels . Shiota et al
demonstrated in mice treated with diethylnitrosamine
as a model of hepatocarcinogenesis due to viral
hepatitis that AST and albumin values were significantly
improved and the occurrence of HCC decreased in the
glycyrrhizin group. A long-term prospective randomized
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VITAMIN E (a-TOCOPHEROL)
Vitamin E, an essential lipid-soluble nutrient, is a
potent peroxyl radical scavenger that prevents the
propagation of free radicals in membranes and in
[46]
plasma lipoproteins . Vitamin E has been shown to
protect against liver damage induced by oxidative
[47,48]
stress in animal experiments
. In 1997, von
[49]
Herbay et al
treated 23 chronic hepatitis C patients
refractory to interferon therapy with high doses of
vitamin E (2 x 400 IU α-tocopherol/d) for 12 wk. In
11 of these patients, ALT and AST levels improved
[50]
during treatment. Mahmood et al
also suggested
that Vitamin E can act as a supportive therapy to
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protect the liver from damage caused by oxidative
stress. In their study, 17 CHC patients, receiving antiinflammatory drug therapy at least 6 mo prior to
Vitamin E administration, were given α-tocopherol
500 mg/d, orally, for a period of 3 mo. The ALT level
was lowered in those patients initially with high levels
(ALT > 70 IU/L). The thioredoxin (TRX) level was
[51]
reduced in all patients. Houglum et al
showed that
treatment of 6 interferon-refractory patients with
α-tocopherol (1200 IU/d for 8 wk) decreased the level
of carbonyl modification of plasma proteins, a sensitive
index of oxidative stress, but it did not significantly
affect serum ALT levels, hepatitis C virus titers, or the
histologically-determined degree of hepatocellular
inflammation or fibrosis. These results suggest that
the treatment may need to be prolonged. In 2000,
the effect of vitamin E against NASH/NAFLD was first
[52]
reported in a cohort . Eleven children < 16 years old
with NAFLD were prescribed oral vitamin E (400-1200
IU/d for 4-10 mo) with the result that serum ALT,
AST and alkaline phosphatase decreased significantly
during treatment. However, liver histology was not
assessed. In a small, uncontrolled pilot trial, Hasegawa
[53]
et al
demonstrated improvement in fibrosis in 66%
of NASH patients who took vitamin E in doses of 300
mg/d for 1 year. In 2003, according to a prospective,
double-blind, randomized, placebo-controlled trial
with 45 NASH patients, combination vitamin E and C
(1000 IU and 1000 mg per day, respectively) was well
[54]
tolerated and effective in improving fibrosis scores .
Nonetheless, no improvement in inflammatory
activity or ALT was seen with this combination. Two
[55]
subsequent studies by Kugelmas et al
in 16 NASH
[56]
patients and Vajro et al
in 28 NAFLD children also
[55,56]
showed no improvement in ALT levels
. Dufour et
[57]
al
showed that two years of treatment with UDCA
(12-15 mg/kg per day) and vitamin E (400 IU twice
a day) improved laboratory values (AST, ALT) and
hepatic steatosis of NASH patients compared with
[58]
UDCA alone or placebo. Sanyal et al
concluded that
vitamin E therapy was associated with a significantly
higher rate of improvement in hepatic steatosis,
lobular inflammation, ALT and AST.

diethylnitrosamine-induced ROS, resulting in reduction
of 8-OHdG formation and hepatocarcinogenesis in
rats. A double-blind multicenter trial reported an
improvement in AST and ALT values in 116 chronic
[63]
hepatitis patients treated with TJ-9 for 12 wk . Oka
[64]
et al
showed a weak not statistically significant
benefit of TJ-9 treatment at a daily dose of 7.5 g and
decreased hepatic carcinogenesis rate in a randomized
study of patients with cirrhotic chronic liver disease.

CONCLUSION
In CHC cases with persistent inflammation where
HCV eradication is difficult, it has been reported that
a combination of antioxidant therapies is an effective
method to prevent the onset of liver cirrhosis and
HCC. In other chronic liver diseases, in particular
NASH, it has been demonstrated that antioxidant
therapy may potentially be effective for suppressing
inflammation and liver fibrosis and expected to prevent
carcinogenesis.
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Occult hepatitis B virus infection and blood transfusion
Dong Hee Seo, Dong Hee Whang, Eun Young Song, Kyou Sup Han
have been introduced. Studies of anti-HBc-positive
donors have revealed an HBV DNA positivity rate of
0%-15%. As of 2012, 30 countries have implemented
HBV NAT. The prevalence of OBI in blood donors was
estimated to be 8.55 per 1 million donations, according
to a 2008 international survey. OBI is transmissible by
blood transfusion. The clinical outcome of occult HBV
transmission primarily depends on recipient immune
status and the number of HBV DNA copies present in the
blood products. The presence of donor anti-HBs reduces
the risk of HBV infection by approximately five-fold. The
risk of HBV transmission may be lower in endemic areas
than in non-endemic areas, because most recipients
have already been exposed to HBV. Blood safety for
HBV, including OBI, has substantially improved, but the
possibility for OBI transmission remains.
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Core tip: Hepatitis B surface antigen negative but
hepatitis B virus (HBV) DNA positive blood products
can evoke hepatitis in blood recipients. Anti-hepatitis B
core and HBV nucleic acid testing screening tests are
necessary to prevent occult HBV infection transmission
by transfusion. Anti-HBs antibody in donors and
recipients can protect against hepatitis B infection.

Abstract
Seo DH, Whang DH, Song EY, Han KS. Occult hepatitis B
virus infection and blood transfusion. World J Hepatol 2015;
7(3): 600-606 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i3/600.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i3.600

Transfusion-transmitted infections including hepatitis B
virus (HBV) have been a major concern in transfusion
medicine. Implementation of HBV nucleic acid testing
(NAT) has revealed occult HBV infection (OBI) in blood
donors. In the mid-1980s, hepatitis B core antibody
(HBc) testing was introduced to screen blood donors
in HBV non-endemic countries to prevent transmission
of non-A and non-B hepatitis. That test remains in
use for preventing of potential transmission of HBV
from hepatitis B surface antigen (HBsAg)-negative
blood donors, even though anti-hepatitis C virus tests
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INTRODUCTION
Hepatitis B virus (HBV) infection via blood transfusion
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[1-4]

is a major concern in transfusion medicine
.
Screening tests for hepatitis B surface antigens
(HBsAg) and anti-hepatitis B core (HBc) antibodies
detect HBV transmissible blood and prevent recipient
HBV infection. After the introduction of HBV nucleic
acid tests (NAT) in blood donor screening, the residual
[5,6]
risk of HBV infection by transfusion decreased .
Implementation of this test revealed occult hepatitis B
virus infection (OBI) in blood donors. OBI is defined as
the presence of HBV DNA in the liver (with detectable
or undetectable HBV DNA in the serum) of individuals
[7]
who tested negative for HBsAg . The amount of viral
DNA in the serum is typically very low in cases of true
OBI. Because testing liver tissue is not always practical
or possible, OBI is often diagnosed through serum HBV
[8,9]
DNA and viral marker tests .
A positive OBI test may be found in blood donors
as a result of various clinical conditions, including:
(1) the incubation period of acute infections; (2) the
tail-end stage of chronic hepatitis B; (3) low-level
viral replication after recovery from hepatitis; and
(4) escape mutants not detected by current HBsAg
[10,11]
tests
. HBV transmission by blood transfusion
[12]
from an OBI donor was first reported in 1978 . An
increasing number of studies on OBI infectivity of
[13,14]
blood products have recently been published
. In
this review, we summarize the role of blood screening
tests for HBV infections and update the known risks of
OBI transfusion transmission.

for transfusion. Cases of posttransfusion hepatitis
B from positive carrier blood and posttransfusion
fulminant hepatitis B from blood containing precoredefective HBV mutants have been reported in Norway
and Japan, respectively, countries that did not screen
[22,23]
donors for anti-HBc
. In 1989, Japan introduced
anti-HBc testing with a modified algorithm in which
anti-HBc-reactive blood with titers < 1:32 or ≥
1:32 with anti-HBs ≥ 200 mIU/mL were used for
[24]
transfusion .
Anti-HBc prevalence is related to regional hepatitis
B prevalence, and both are typically proportional to
one another. The prevalence rates of anti-HBc in blood
[25]
donors in the United States are 0.23% ; United
[21]
[26]
Kingdom, 0.56% ; Denmark, 0.70% ; Japan,
[27]
[28]
[29]
1.1% ; Germany, 1.88% ; Italy, 4.85% ; India,
[30]
[31]
[32]
10.82% ; South Korea, 13.5% ; Egypt, 14.2% ;
[33]
[34]
Greece, 14.9% ; and Pakistan, 17.28% (Figure
[35]
1). O’Brien et al
reported 5585 (1.13%) anti-HBc
repeat-reactive blood donors among 493344 blood
donors in Canada, of which 29 (0.52%) were HBsAg[35]
negative but HBV DNA-positive . The anti-HBc test
lacks specificity and reactivity of the test reagents
varies by manufacturer. Therefore, comparison of
anti-HBc positivity should be conducted with caution;
it is better to describe general features rather than
directly comparing studies. Efforts to improve test
specificity have included the addition of reductants
[36]
such as dithiothreitol and cysteine . High donor
HBsAg antibody (anti-HBs) levels (> 100 mIU/mL)
are assumed to be putatively protective against the
[37]
transfusion transmission of HBV . Anti-HBc only or
isolated anti-HBc are defined as anti-HBc positive
without HBsAg and anti-HBs. An HBV DNA positivity
of 0%-15% among those donors positive for antiHBc only was reported in studies performed in
[10]
Greece, China, Japan, and Germany . Therefore, the
presence of anti-HBc only does not necessarily indicate
active viral replication and transmission potential.

ANTI-HBC ANTIBODY
Hepatitis B core antigen (HBcAg) appears in hepa
tocytes within 2 wk after HBV infection; infectious
viremia including HBsAg and polymerase are present
in the blood after 3 wk. Anti-HBc IgG forms during
the recovery phase of infection and is persistent
for life, thus, the presence of this antibody in blood
[15]
indicates past HBV infection . The analytic sensitivity
of HBsAg tests in the 1980s was lower than that of
[16]
current assays. In 1983, Nath et al
found that 1 of
16 samples with anti-HBc in the absence of anti-HBs
was found to have HBsAg when tested with a more
sensitive test. Therefore, additional screening for HBV
and surrogate tests for non-A, non-B hepatitis were
necessary in the 1980s until the anti-hepatitis C virus
[17]
(HCV) antibody test became available . The anti-HBc
test was introduced in the mid-1980s for screening
of blood donors in HBV non-endemic countries, such
as the United States. Even after the introduction of
the anti-HCV test in the early 1990s, the anti-HBc
test continues to be used for donor screening in many
countries to prevent potential transmission of HBV
[18,19]
from HBsAg-negative donors
. Several studies have
[20,21]
reported effective screening of blood for anti-HBc
.
However, HBV endemic countries were unable to
implement anti-HBc screening because many blood
products would be discarded due to positive screening
tests even though most of the blood would be safe
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NAT IN BLOOD SERVICE
Improved molecular methods for the detection of viral
nucleic acids made it possible to introduce NAT for
[38]
donor screening in the late 1990s . By 1997, several
countries in Europe had initiated voluntary screening
of pooled plasma donations using NAT, and a directive
was issued by the EU requiring HCV RNA testing for
all plasma intended for fractionation in Europe by July
1, 1999. Routine NAT for HBV was first introduced
in German blood transfusion services in January of
[39]
1997 . The United States began screening source
plasma pools for HCV and human immunodeficiency
virus (HIV)-1 RNA in early 1998 under the Food and
Drug Administration’s Investigational New Drug (IND)
program. Currently, more than 90% of whole blood
and nearly all source plasma are screened for HCV
and HIV by NAT. NAT for blood screening is typically
conducted using a multiplex polymerase chain reaction
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Figure 1 Prevalence of anti-hepatitis B core in blood
donors.
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method that simultaneously detects the presence of
[40]
HIV, HCV and HBV . And a multiplex reaction positive
[41]
case requires discrimination testing . NAT can be
performed on pooled samples to reduce running
[42]
costs . In pooling test system, primary NAT positive
cases require a secondary confirmation procedure
for identification of positivity of individual donation
samples. The American Red Cross implemented
automated triplex NAT for HIV, HCV, and HBV in June
[25]
of 2009 . Japan implemented NAT in November 1997
and all donations have been screened since October
1999. Japanese Red Cross Blood Centers serologically
screened 500 samples that were pooled and tested
for HBV, HCV and HIV-1. To increase HBV detection
sensitivity in Japan, the sample pooling size was
[43]
reduced to 50 in 2000, and 20 in 2004 .
As of 2012, 30 countries have implemented
[44,45]
HBV NAT
, as shown in Table 1. According to
international survey results, there were a total of
170 HBV NAT-only positive donors among 19887649
blood donations in 2008, and the prevalence of OBI
among blood donors was an estimated 8.55 per 1
[44]
million donations . In Taiwan, 8 (0.13%) HBV NATonly positive donors were identified among 5,973
[46]
random donor samples . In China, 22 among 165371
HBsAg-negative plasma samples were identified as
OBI-positive; their alanine aminotransferase levels
were normal and their viral loads low, with a median
[47]
of 14 IU/mL . In Iran, 4% of 1000 healthy blood
donors were anti-HBc- and OBI-positive, and 8.23%
of 11,240 volunteer donors were anti-HBc positive and
[48,49]
OBI-positive in Mexico
. To detect OBI, the HBV
DNA test is substantial, and minipool NAT can be used
to reduce the cost of testing in developing countries.
However, in HBV endemic areas, minipool NAT can
result in many primary positive cases, which means
that many blood products must be retained until the
positivity of individual sample is resolved through a
secondary confirmation test. Therefore, it is better
to implement NAT for individual–donations rather
[50-53]
than minipools for NAT in HBV endemic areas
.
HBV replicates more slowly than HIV or HCV, and
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its doubling time during the ramp-up phase was
[54]
estimated to be 2.56 d by Biswas et al . Therefore,
minipool NAT for HBV detection is less effective
than for HIV or HCV detection. Each country should
develop its own blood screening strategy based on
HBV prevalence, yields of infectious units by different
screening methods and cost-effectiveness of testing
methods.

OBI TRANSMISSION BY BLOOD
TRANSFUSION
Occult HBV is transmissible by blood transfusion,
although the transmission rate is considered to be
very low. The clinical outcome of OBI transmission
mainly depends on the immune status and copies of
HBV DNA in blood products of the recipient. A lookback program by the Japanese Red Cross showed
that window period-derived blood components evoked
50% (11/22) seroconversion in recipients, but tailend chronic hepatitis B infections caused only 3%
[55]
[55]
(1/33) seroconversion in recipients . Satake et al
concluded that the blood infectivity rate during the
window period was 10-fold higher than the transmission
rates from occult carriers with low-titer anti-HBc. In
Canada, a look-back study identified 9.7% anti-HBcpositive recipients and 4 HBV DNA-positive, HBsAg[35]
negative, anti-HBc-positive donors . However,
hepatitis cases were reported to have occurred as the
result of transfusion of anti-HBc-positive, anti-HBspositive (12 IU/L), HBV DNA-positive (180 IU/mL) blood
[56]
product .
A study on blood component infectivity by
[14]
Allain et al
reported that the presence of antiHBs in donors reduces the risk of HBV infection by
approximately five-fold, while therapeutic fresh frozen
plasma over platelet concentrate increases the risk
by approximately three-fold by logistic regression
[14]
analysis . A case of OBI transmission by plasma has
[57,58]
been reported, but not by red blood cells
. Because
the amount of plasma containing viral particles is
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window periods. Therefore, despite higher costs,
HBV NAT is more suitable for screening in areas with
endemic HBV.
Although OBI infectivity depends on recipient
immunity and blood product type, it is transmissible
by transfusion. One study observed higher genetic
diversity in occult HBV genotype B and C strains from
[62]
South East Asian blood donors . Epigenetic factors
have also been identified in HBV cccDNA molecules,
and studies to understand OBI immunopathogenesis
[63-68]
are currently underway
. Even with HBV NAT
screening, there is a risk of false-negative results.
NAT using sample pooling systems in particular
cannot detect low-level viremia. Pathogen inactivation
technologies that destroy viral DNA or RNA in blood
products using chemical agents and ultraviolet
illumination have been introduced as alternatives
[69,70]
in blood services
. HBV vaccination of potential
recipients is also an important preventive measure. In
conclusion, following the implementation of anti-HBc
and HBV NAT screening, blood safety for HBV including
OBI has improved substantially, but the potential for
OBI transmission remains.

Table 1 Introduction of hepatitis B virus nucleic acid testing
in donor screening
Year

Country

1997
1999
2004
2005
2006
2007

Germany
Austria, Japan
Singapore, Spain
Poland, France (OT + army), South Africa
Greece, Italy, Portugal, Thailand
Hong Kong, Kuwait, Malaysia, New Zealand, Slovenia,
Switzerland
Finland, Israel, Latvia, Netherlands, Taiwan
United States, Denmark, Ireland, United Kingdom
(England and Wales)
Australia, United Kingdom (Scotland), Canada
South Korea

2008
2009
2010
2012

very small in RBCs, they are considered to be less
infective than plasma products. In a look-back study in
[59]
Taiwan, Su et al
identified 12 (0.11%) OBI-positive
donors among 10824 repository samples; they also
identified no post-transfusion hepatitis cases among
the recipients. They suggested that the risk of HBV
transmission is lower in hyperendemic areas such
as Taiwan than in non-endemic areas, because most
recipients have already experienced an HBV infection.
In a look-back study in Hyogo-prefecture, one of
12 recipients was diagnosed with post-transfusion
hepatitis B. Of the remaining 11 recipients, 7 were lost
[60]
to follow-up, and 4 were negative for HBV .
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MINIREVIEWS

Staging of liver fibrosis or cirrhosis: The role of hepatic
venous pressure gradient measurement
Ki Tae Suk, Dong Joon Kim
hypertension which is hemodynamic complication of
chronic liver disease. Currently, liver fibrosis has been
known as a reversible dynamic process in previous
literatures. Although liver biopsy is a gold standard
for assessing the stage of liver fibrosis, it may not
completely represent the stage of liver fibrosis because
of sampling error or semi-quantative measurement.
Recent evidences suggested that histologic, clinical,
hemodynamic, and biologic features are closely
associated in patients with chronic liver disease. Hepatic
venous pressure gradient (HVPG) measurement has been
known as a modality to evaluate the portal pressure.
The HVPG measurement has been used clinically
for fibrosis diagnosis, risk stratification, preoperative
screening for liver resection, monitoring the efficacy of
medical treatments, and assessing the prognosis of liver
fibrosis. Therefore, the HVPG measurement can be used
to monitor areas the chronic liver disease but also other
important areas of chronic liver disease.
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Core tip: Hepatic venous pressure gradient (HVPG)
measurement has been used in the clinical fields such
as diagnosis of fibrosis, risk stratification, preoperative
screening for liver resection, monitoring of the efficacy
of medical treatment, and assessing the prognosis of
liver fibrosis. HVPG measurement, along with monitoring
stage the liver fibrosis, will play important roles in the
field of chronic liver disease.
Suk KT, Kim DJ. Staging of liver fibrosis or cirrhosis: The
role of hepatic venous pressure gradient measurement. World J
Hepatol 2015; 7(3): 607-615 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i3/607.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i3.607

Abstract
Liver fibrosis is a common histological change of
chronic liver injury and it is closely related with portal
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clinical implications in the management of chronic
[16]
liver disease . As such, there is a strong demand for
reliable liver fibrosis biomarkers that provide insight
into the disease etiology, diagnosis, therapy, and
[17]
prognosis . Currently, diagnostic modalities range
from blood biomarkers to genomics as well as to even
more advanced techniques such as elastography, or
[17]
magnetic resonance imaging .
The mechanism of liver fibrosis is thought to
be associated with the hepatic damage of various
etiologic factors followed by the activation of hepatic
stellate cells (HSC) within the liver that develop into
[18]
myofibroblasts . HSCs are resident peri-sinusoidal
cells in the subendothelial space between hepatocytes
[19]
and sinusoidal endothelial cells . The main cells
affected by liver fibrosis are the HSCs and fibroblasts,
which are activated by soluble mediators produced
by activated Kupffer cells or inflammatory cells in the
[20,21]
course of chronic liver disease
.

INTRODUCTION
Liver fibrosis is one of the leading causes of mortality
because it changes the architecture of certain organs
[1,2]
and disrupts normal function . Liver fibrosis is a
histological consequence of the wound-healing process
resulting from chronic liver diseases such as viral
hepatitis, alcoholic liver disease, non-alcoholic fatty
liver disease, and other liver disorders. Deposition of
excess extracellular matrix (ECM) that is rich in fibril[3]
forming collagens is a typical finding of liver fibrosis .
The excess deposition of the ECM changes the normal
architecture of the liver resulting in pathophysiologic
damage to the organ.
Liver cirrhosis (LC) is defined as an advanced
stage of liver fibrosis with distortion of the hepatic
vasculature and architecture. Histologically, regen
erative nodules with fibrous tissues form in response
[4,5]
to chronic injury and lead to LC . Consequently,
disruption of the liver architecture due to liver fibrosis
and/or cirrhosis causes hemodynamic instability
and portal hypertension. The development of portal
hypertension is a hallmark of LC.
Portal hypertension is a clinical syndrome defined
by an increase in the hepatic venous pressure gra
dient (HVPG) above 5 mmHg due to increased
[6]
hepatic resistance . Portal hypertension occurs in
patients with fibrosis in the sinusoid of the liver, and
portal hypertension is one of the causes of several
severe complications of LC (variceal bleeding, ascites,
peritonitis, or hepatic encephalopathy) that are
[7,8]
associated with its mortality .
The concept of wedged hepatic venous pressure
(WHVP) was described by Myers and Taylor. WHVP
can be measured by occlusion of hepatic vein using
[9]
catheterization . For many years, a safe, simple,
reproducible, and less invasive method has been used
to measure the HVPG. HVPG means the difference
between the portal vein pressure and the hepatic vein
pressure. Measuring both the free hepatic venous
pressure (FHVP) and the WHVP has been the standard
[10-12]
method for estimating HVPG
.
It has been proposed that serial HVPG measure
ments can estimate the stage of fibrosis or cirrhosis
[13,14]
regardless of the etiology
. In addition, the HVPG
measurement has been used clinically for fibrosis
diagnosis, risk stratification, preoperative screening
for liver resection, monitoring the efficacy of medical
treatments, and assessing the prognosis of liver
fibrosis. Therefore, the HVPG measurement can be
used to monitor areas the chronic liver disease but also
[15]
other important areas of chronic liver disease . This
review presents the role of the HVPG measurement in
staging liver fibrosis and LC.

HSC activation

HSCs activation consists of 3 phases (initiation,
perpetuation, and final resolution phase when liver
[19]
injury resolves) . Initiation is the first phase occurred
during HSC activation resulting from paracrine activation
by all other cells such as sinusoid endothelium,
hepatocytes, cholangiocyte, and platelets. Hepatocyte
apoptosis caused by injury also promotes HSCs
initiation through a process mediated in part by Fas,
tumor necrosis factor-related apoptosis-inducing ligand,
[19,22,23]
endothelial cells, platelets, and Kupffer cells
.
The perpetuation phase of HSCs results from the
chronic stimulation that signals for cell maintenance
[24]
of the activated form and induces liver fibrosis .
The perpetuation of HSC activation causes changes
in cell behavior, including proliferation, chemotaxis,
fibrogenesis, contractility, matrix degradation,
and retinoid loss. The perpetuation phase involves
autocrine and paracrine loops. The effect of these
changes leads to the accumulation of the ECM in
the liver. Activated HSCs become directly fibrogenic
by increasing the synthesis and deposition of ECM
[24]
proteins . The contractility of HSCs may be one of
the main causes of elevated portal resistance during
liver fibrosis. The collagen bands in LC contain a large
[25]
numbers of activated HSCs . Liver fibrosis is caused
by an unbalance between matrix production and
degradation. A main component of ECM remodeling is
[26]
the family of matrix-metalloproteinases . In addition,
the tissue inhibitors of metalloproteinases and the
uroplasminogen activator receptor or its inhibitor as
well as other components of the plasmin system are
[26-28]
closely related to ECM degradation
. In the case
of liver fibrosis resolution, HSCs are either driven
to apoptosis or prompted to revert to a quiescent
[5,24]
HSC
.

LIVER FIBROSIS AND CIRRHOSIS

LC

Because liver fibrosis is positively related to prognosis,
accurate staging of liver fibrosis gives important
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A

liver fibrosis and has been used for the diagnosis of
fibrosis, risk stratification, prognosis evaluation, and
differential diagnoses. In the 1960s, the introduction
of the liver biopsy brought about substantial change
[34]
in the field of liver disease . Currently, several
semi-quantitative scoring systems are available for
the diagnosis of liver fibrosis (METAVIR, Knodell,
[35]
and the Ishak score) (Table 1) . Typically, liver
fibrosis is scored in stages and necro-inflammation
is evaluated by grade. Liver fibrosis is histologically
staged by assessing the amount of fibrosis and level
of architectural disorganization. Until now, these semiquantitative scoring systems have been used in many
clinical trials and for the evaluation of chronic liver
disease. Though the current scoring systems apply
a common principle to assess the status of chronic
liver disease, none of them specifically describes the
relation between these scoring systems and the level
[36]
of liver fibrosis . Because LC is defined as a diffuse
process in which the normal lobules are replaced
by architecturally abnormal nodules separated by
fibrous tissue, the semi-quantitative nature of these
histologic scoring systems do not fully represent
the actual state of the liver nor do they include the
histologic features of LC have been traditionally linked
[37]
to clinical outcomes . In addition, tissue obtained
by liver biopsy is only a small portion of the entire
liver (1/50000); therefore, sampling error may be
[38]
inevitable .
Taken together, liver histology may be the beststandardized method for evaluating the status of
chronic liver disease. However, a comprehensive study
of chronic liver disease requires data that combine
all histological, hemodynamic, and clinical features
as well as clinical endpoints, such as the onset of
complications of cirrhosis related to LC and the
[33,39,40]
incidence of death
.

Liver
Balloon
catheter

Hepatic vein

Sinusoid

Portal vain

WHVP = Sinusoidal pressure
FHVP = Hepatic vein pressure

B
Liver
Balloon
catheter

Hepatic vein

Fibrosis

Sinusoid

Portal vain

Fibrosis
Fibrosis
WHVP = portal pressure

Figure 1 Increase of hepatic venous pressure gradient in liver fibrosis.
A: In normal liver, wedge pressure is equivalent to hepatic sinusoidal pressure;
B: In cirrhosis, pressure is equivalent to that in the portal vein, and then wedge
pressure can be considered equivalent to the portal vein pressure. WHVP:
Wedged hepatic venous pressure; FHVP: Free hepatic venous pressure.

inflammation and activation of HSCs with subsequent
fibrogenesis, angiogenesis, and parenchymal disruption
[29]
caused by vascular occlusion . Histologically, LC is
characterized by a vascularized fibrosis septum that
allows for communication between portal tracts and
to the central veins, resulting in liver nodules that are
devoid of a central vein and surrounded by a fibrotic
[30]
band . This vascular distortion leads to shunting of
the blood supply between the portal vein and artery
and disrupts the exchange between hepatic sinusoids
and the liver parenchyma. The hepatic sinusoids are
lined by endothelium that is located on a sheet of
permeable connective tissue in the space of Disse, in
[31]
which HSCs and other cells also rest . Hepatocytes,
perform most of the known liver functions and line the
other side of the space of Disse. In LC, the space of
Disse becomes occupied with fibrous tissue, and the
endothelium loses its functions, a process known as
[32]
sinusoidal capillarization .
Increased resistance to portal blood flow is the
main cause of increased portal pressure in LC. Portal
hypertension results from the structural distortion
that is associated with advanced fibrosis and LC
(Figure 1). LC and the resultant vascular distortion
were previously regarded as irreversible. However,
recent reliable data suggest that LC regression or even
[33]
reversal is possible .

HEPATIC VENOUS PRESSURE GRADIENT
Methods

Hemodynamically, the sinusoidal connection dissipates
the pressure backup from the wedged catheter.
Consequently, WHVP is slightly lower than the directly
measured portal pressure. In LC, the inter-sinusoidal
communication becomes disrupted by the fibrosis
septum and tissue, thus the reduction of WHVP
becomes blocked. Therefore, the WHVP accurately
[41]
represents the portal pressure (Figure 1) . The use of
a balloon catheter allows for the occlusion of a branch
of the large hepatic vein at the lobar and sub-lobar
levels. As a result, the hemodynamic stage of a large
portion of the liver can be measured via the HVPG.
Three veins (antecubital, femoral, or right jugular
vein) have been commonly used as route for catheter
insertion for the HVPG measurement. A 6 or 7 French
balloon catheter is placed in the hepatic vein through a
guide track made in the vein to measure the FHVP and
FHVP. The WHVP is measured by inflating the balloon.
And then, the HVPG is calculated by subtracting the

LIVER BIOPSY
Liver biopsy is currently the gold standard for assessing
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Table 1 Scoring system of liver fibrosis in liver biopsy
Score
METAVIR
score

Ishak score

0

1

1

No fibrosis

Portal fibrosis
without septa
1
Some portal tract
fibrotic ± short
fibrous
septa

Portal fibrosis
without septa
2
Most portal tract
fibrotic ± short
fibrous
septa

No fibrosis

2

3

Septal fibrosis
Septal fibrosis
(portal-portal)
(portal-central)
3
4
Portal tract fibrotic
Portal tract fibrotic
with occasional portal with marked portal to
to portal bridging
portal and portal to
central bridging

4

4

Cirrhosis

Cirrhosis

5
Marked portal to
portal and/or portal
to central with
occasional nodules

6
Cirrhosis

Figure 2 Method for hepatic venous pressure
gradient measurement. HVPG: Hepatic venous
pressure gradient; WHVP: Wedged hepatic venous
pressure; FHVP: Free hepatic venous pressure.

Balloon

HVPG (18 mmHg) = WHVP (22 mmHg) - FHVP (4 mmHg)

WHVP

35

140

30

120

25

100

20

80

15

60

10

40

5

20

0

0

FHVP

[11,42]

FHVP from the WHVP (Figure 2)

.

13 mmHg revealed a sensitivity of 79% and specificity
[51]
of 89% in the prediction of advanced fibrosis . In
another study, the HVPG showed a good AUROC of
0.85 for the prediction of advanced fibrosis among
patients with chronic viral hepatitis and a sensitivity
and specificity of 80% and 77%, respectively, which
[52]
were superior to that of other serologic biomarkers .
In addition, it has been demonstrated that the HVPG
is associated with critical complications such as portal
[53,54]
hypertension, HCC, and survival
. Repeated HVPG
measurements might assess the progression of
fibrosis to cirrhosis despite the lack of other etiologic
[13,55]
factors
.
Currently, liver stiffness measurements by tran
sient elastography have been a promising and safe
method used to monitor fibrosis progression and to
predict portal hypertension in patients with chronic
[56-58]
liver disease
. In patients who had undergone liver
transplantation, the HVPG score was correlated with the
[56]
liver stiffness measurement in the overall population .
The positive relation between liver stiffness and the
HVPG score has been found in patients with LC,
[56]
especially those with an HVPG < 10 mmHg . The
AUROC for predicting HVPG values of 10 mmHg and 12
mmHg is reported as 0.76 and 0.99 (cutoff value 13.6
[56,59]
kPa and 34.9 kPa), respectively
. In another study,
HVPG scores of > 6 mmHg and > 10 mmHg were

Clinical implications

The HVPG measurement has been a useful tool for the
diagnosis, evaluation and assessment of the severity
and prognosis of chronic liver disease and cirrhosis,
including the risk assessment of the LC related comp
[43]
lications . Compensated LC is defined according
[44]
to the presence of varices . Patients with an HVPG
≤ 10 mmHg had a 90% possibility of maintaining
compensated LC during a median follow-up of four
[45]
[46]
years . Ripoll et al
demonstrated that an HVPG >
10 mmHg increases the risk of clinical decompensation
such as bleeding, ascites, hyperbilirubinemia, or
encephalopathy. In other reports, patients with LC and
an HVPG > 16 mmHg or > 20 mmHg showed a poor
[47-49]
prognosis
.

Liver fibrosis

In patients with stage 1 compensated LC, the
sensitivity and specificity of the HVPG in predicting
stage 1 compensated LC were 78% and 81% at an
[50]
HVPG of 6 mmHg, respectively . Other reports have
also suggested a significant correlation between the
[51]
HVPG and fibrosis stage . The area under receiver
operating characteristic (AUROC) curve of HVPG for the
diagnosis of advanced fibrosis was 0.906. The HVPG >
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predicted by a cutoff value of 8.7 kPa and 21 kPa,
[60]
respectively .

If patients with LC do not receive pharmacologic
treatment, the risk of rebleeding increases to
55%-67%. The use of endoscopic therapy (EIS
or EBL), a transjugular intrahepatic portosystemic
shunt, or other types of shunts also reduce the
[72,73]
risk of rebleeding
. However, the likelihood that
a patient will fail to hemodynamically respond to
[74]
treatment varies between from 45% to 63% .
Another study has suggested that HVPG monitoring
was more effective when used with EBL and secondary
prophylaxis therapy for variceal rebleeding than it
[75]
was with EBL alone . The HVPG has been shown to
predict bleeding outcome such as variceal rebleeding
[48,49,76]
and mortality
.

Variceal bleeding

In patients with LC, the annual incidence rate of
variceal bleeding is estimated to be 4%. However, this
bleeding risk might be as high as 15% according to
[61]
the size of the varices , and an HVPG > 10 mmHg
is considered a good predictor of the development of
[45]
varices . In one study, an HVPG score of 11 mmHg
had sensitivity and specificity for variceal hemorrhage
[62]
of 92.4% and 27.7%, respectively .
In patients with LC, the probability of incidenct
bleeding at 3 years after being diagnosed with LC
was significantly higher in poor responders than in
good responders to therapy with beta-blockers alone
[63]
or beta-blockers with isosorbide mononitrate .
Regarding the primary prophylaxis, few studies
have investigated the hemodynamic response to
pharmacological therapy because of the difficulties in
creating this kind of clinical trials.
In cases of acute variceal bleeding, the HVPG
measurement was a good predictor of the prognosis
and therapeutic efficacy of medication. Previous
studies have suggested that an HVPG of > 12 mmHg
is a good indicator of variceal bleeding in patients with
[64,65]
LC
. In patients with acute variceal bleeding, the
early prognosis in patients with alcoholic LC was closely
related to the HVPG score measured within two days of
[66,67]
hospital admission
. In addition, an HVPG of > 20
mmHg was significantly related to a long hospital stay,
numerous blood transfusion, and a lower one-year
[49]
[66]
mortality of 64% . Albrades et al
demonstrated
that an HVPG > 20 mmHg is independently related
to the early prognosis of patients with acute variceal
bleeding and should be treated with a vasoactive,
antibiotic, or endoscopic therapy.
In patients with acute variceal bleeding, emergent
endoscopic treatment [endoscopic injection sclero
therapy (EIS) or endoscopic band ligation (EBL)]
has been commonly used. In one study, the HVPG
was estimated to have significantly increased after
endoscopic therapy compared to the pre-treatment
HVPG score in the EBL (pre-treatment, 18 mmHg;
post-treatment, 21 mmHg) and EIS groups (pre[68]
treatment, 18 mmHg; post-treatment, 22 mmHg) .
However, in the EBL group, the HVPG recovered to
the pretreatment values within two days after the
endoscopic therapy, while in the EIS group, the HVPG
score remained high during the five days of follow-up.
As a result, the EIS was associated with a continued
increase in HVPG in patients with acute variceal
bleeding. It is well known that a reduction of 12 mmHg
or more or at least than 20% from baseline HVPG
score leads to decreased the risk of rebleeding and
[69,70]
mortality
. Another report suggested that an HVPG
reduction of > 10% from the baseline value is the
best target to induce the greatest response to primary
[71]
prophylaxis .
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Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the main cause of
[77]
death in patients with LC . A recent report proposed
that non-selective beta-blockers decrease the inci
dence and progression of HCC via a reduction of the
inflammatory materials from the gut to the liver and by
[78]
[79]
inhibiting translocation . Ripoll et al suggested that
portal hypertension is a significant predictor of HCC
and an HVPG > 10 mmHg increase the risk of HCC by
a six fold. In patients with decompensated alcoholic
LC, the HVPG may be a predictor for the development
[80]
[81]
of HCC . Bruix et al
suggested that a high HVPG
score is significantly related with decompensation after
HCC operation. Another study demonstrated that a
high HVPG score was related with mortality after liver
[82]
resection for HCC . However, in the field of HCC,
few data are available about on role of HVPG. Further
studies are needed.

Prognosis

Until now, the HVPG measurement has been used
[10]
for the evaluation of LC prognosis in many studies .
The HVPG is a useful tool for the evaluation of viral
[83]
recurrence after transplantation . In viral LC,
lamivudine monotherapy for chronic viral hepatitis
has been found to reduce the HVPG effectively in
patients with virologic suppression and biochemical
[84]
remission . One study demonstrated that the
HVPG was positively associated with mortality and
liver dysfunction after liver resection in patients with
[85]
HCC . They also concluded that preoperative HVPG
measurements should be taken routinely for the
[86]
evaluation of the prognosis. Moreover, Suk et al
demonstrated that a repeated HVPG measurement
was necessary for the prediction of mortality in
patients with decompensated LC. Measurement of
the HVPG and albumin have been considered as
significant predictors for the development of clinical
[87]
decompensation in patients with compensated LC .
[86]
Suk et al
also reported that the HVPG mea
surement was better at predicting mortality than the
model for end-stage liver disease (MELD) or MELD
including serum sodium (MELD-Na) were. In patients
with portal hypertension, monitoring the HVPG
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were calculated according to the clinical stage of
[44]
[90]
LC . Recently, D’Amico et al
proposed that the
development of varices and decompensating events in
cirrhosis should be divided into five prognostic stages
with significantly increasing mortality risks. However,
no definite staging system is yet widely accepted
for clinical practice in chronic liver disease and there
is little evidence available regarding the correlation
between hemodynamic (exact score according to
stages), pathologic (Laennec fibrosis scoring system
according to stages), and clinical staging (complications
[91-94]
of LC according to stages) of chronic liver disease
.
Therefore, further studies on the recent classification
system that combines histologic, clinical, hemodynamic
and biologic findings are needed in the future.

Table 2 Pathologic, hemodynamic, and clinical stage of liver
fibrosis
Classification
METAVIR score
HVPG (mmHg)
Clinical class

1-yr mortality (%)

Stages
F0-F3

F4
>6

F4
> 10

F4
> 12

Stage 1 Stage 2
Stage 3
Compen Compen Decom
sated
sated
pensated
Varices Varices
Ascites

1

3

10-30

F4
> 16
> 20
Stage 4-5
Decom
pensated
Variceal
bleeding
Ascites
Other
complications
60-100

This table was modified from ref.[54]. HVPG: Hepatic venous pressure
gradient.

CONCLUSION
The HVPG measurement is a safe, simple, and
reproducible method of quantifying liver fibrosis.
The recent concept considers LC as a dynamic and
potentially reversible disease. There are many stages
in liver fibrosis of chronic liver disease. Of these
stages, HVPG measurement is a method of evaluating
the presence and severity of liver fibrosis. The HVPG
measurement has been used clinically for fibrosis
diagnosis, risk stratification, preoperative screening
for liver resection, monitoring the efficacy of medical
treatments, and assessing the prognosis of liver
fibrosis. HVPG measurement, along with monitoring
stage the liver fibrosis, will play important roles in the
field of chronic liver disease. Therefore, measuring
HVPG in addition to monitoring hemodynamic effects
or staging liver fibrosis will play an important role in
the management of chronic liver disease.

after the treatment provides substantial prognostic
[70]
information . However, other studies have suggested
that the MELD-Na is the most predictive of one year
[88]
mortality in patients with decompensated cirrhosis .
However, the combined use of the HVPG and the
MELD/MELD-Na score does not improve the prognostic
accuracy. To properly evaluate the prognostic accuracy
of the MELD, MELD-Na, and HVPG, future studies are
[86]
needed .

A NEW CLASSIFICATION SYSTEM FOR
LIVER FIBROSIS
Recently, a new classification system for LC that
combines histologic, clinical, hemodynamic and
[14,43,54]
biologic features has been suggested (Table 2)
.
This system classifies liver fibrosis according to the
presence of compensation or decompensation which is
[44,89]
mainly defined by clinical findings
.
At the METAVIR F1-F3 stages (the non-cirrhosis
stage of chronic liver disease) without histologic or
clinical evidence of LC, the HVPG is expected to be
within the normal range (1-5 mmHg). The cirrhotic
stage of METAVIR F4 is sub-classified into two
stages: compensation and decompensation. Clinical
decompensation is defined as the development of
ascites, a variceal hemorrhage, encephalopathy, and/
or jaundice. The compensated stage can be further
classified into stage 1 without varices or stage 2 with
[54]
varices . Portal hypertension is considered moderate
or subclinical when 6 mmHg < HVPG ≤ 10 mmHg
[54]
(stage 1 compensated LC) . A clinically significant
case is defined when the HVPG is > 10 mmHg (stage
2 compensated LC). A severe case is defined when the
HVPG is > 12 mmHg (stage 3 or 4 decompensated LC)
(Table 2).
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Evidence-based consensus on the diagnosis, prevention and
management of hepatitis C virus disease
Mahrukh Akbar Shaheen, Muhammad Idrees
assay, have been used to detect HCV RNA and core
antigen. Advanced technologies such as nanoparticlebased diagnostic assays, loop-mediated isothermal
amplification and aptamers and Ortho trak-C assay
have also come to the front that provides best detection
results with greater ease and specificity for detection
of HCV. It is of immense importance to prevent this
infection especially among the sexual partners, injecting
drug users, mother-to-infant transmission of HCV,
household contact, healthcare workers and people who
get tattoos and piercing on their skin. Management of this
infection is intended to eradicate it out of the body of
patients. Management includes examining the treatment
(efficacy and protection), assessment of hepatic con
dition before commencing therapy, controlling the
parameters upon which dual and triple therapies work,
monitoring the body after treatment and adjusting the
co-factors. Examining the treatment in some special
groups of people (HIV/HCV co-infected, hemodialysis
patients, renal transplanted patients).
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Core tip: The present review describes the evidencebased consensus on the diagnosis, prevention and
management of hepatitis C virus (HCV) disease.
Besides the conventional techniques more advanced
technologies have come to the front that provides
best detection with greater ease and specificity. It is of
immense importance to prevent this infection among
the sexual partners, injecting drug users, motherto-infant transmission of HCV, household contact,
healthcare workers and people who get tattoos and
piercing on their skin. Management includes examining
the treatment, assessment of hepatic condition before

Abstract
Hepatitis C virus (HCV) is a potent human pathogen
and is one of the main causes of chronic hepatitis round
the world. The present review describes the evidencebased consensus on the diagnosis, prevention and
management of HCV disease. Various techniques, for the
detection of anti-HCV immunoglobulin G immunoassays,
detection of HCV RNA by identifying virus-specific
molecules nucleic acid testings, recognition of core
antigen for diagnosis of HCV, quantitative antigen
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commencing therapy, controlling the parameters upon
which dual and triple therapies work, monitoring after
treatment and adjusting the co-factors.

anti-HCV antibodies). At the time of diagnosis, both
of HCV RNA and anti-HCV antibodies can be found
in patients with acute hepatitis. In this case, it is not
easy to distinguish acute hepatitis C with chronic
hepatitis C exacerbating acute infection. If both antiHCV antibodies and HCV RNA are absent then acute
infection is improbable. When HCV RNA is absent
but anti-HCV antibodies are present acute infection
of HCV is unlikely. As HCV RNA can be undetectable
temporarily so retest should be taken of these patients
after a few weeks. It is mainly because immune
response partially takes control of replication of virus
[10]
before chronic hepatitis C infection occurs . This case
is observed also in the patients who have recovered
from long-ago HCV infection.
In case of chronic hepatitis C, both HCV RNA
and anti-HCV antibodies (detecting 50 IU/mL or less
[11,12]
with a sensitive technique) must be present
.
Replication of HCV is detectable only by the thirdgeneration EIAs that has been profoundly observed
[13,14]
in hemodialysis and immunodepressed patients
.
In a research study, B-cell epitopes and antigenic
regions were recognized after cloning the genome of
[6]
the HCV . The development of screening tests for
anti-HCV IgG, requires synthetic peptides including the
epitopes that were immunodominant and recombinant
[15,16]
proteins
. Recently, Food and Drug Administration
approved an anti-HCV IgG assay for clinical use in
[17]
United States . However, these tests are unable to
identify active HCV infection in IgG positive patient. As
this antibody may be detected in patients who have
evaded viral infection. In order to diagnose active HCV
infections, nucleic acid testing (NAT) can be carried out
for the detection of HCV RNA. But it cannot be used
in laboratories frequently as it requires specialized
technical staff and expensive tools. However, it can be
used to detect HCV RNA. For that matter, serological
assays independent of NAT are mostly used for easy
[18]
identification of HCV infection .

Shaheen MA, Idrees M. Evidence-based consensus on the
diagnosis, prevention and management of hepatitis C virus
disease. World J Hepatol 2015; 7(3): 616-627 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i3/616.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i3.616

INTRODUCTION
Hepatitis is a viral infection of the liver that ultimately
causes liver to become swollen thus inflammation
occurs. Hepatitis C is caused mostly due to viral
agent, smoke, pollution and unhygienic condition of
[1]
the surrounding . Hepatitis C virus (HCV) is an infec
tious particle that causes cirrhosis and carcinoma of
[2]
hepato-cellular components round the globe . HCV
prevalence is 4.95% in general and 57% in injecting
[3]
drug use (IDU) population of Pakistan . HCV is small
in size measuring 55-65 nm. It is a positive stranded
RNA virus and belongs to the family of Flaviviridae. Its
RNA genome constitutes a single open reading frame
made up of 9600 nucleotide bases long. In addition to
envelope proteins E1 and E2, core protein comprises
structural proteins and non-structural proteins include
[4]
NS1, NS2, NS3, NS4a, NS4b, NS5a and NS5b .
Mainly, six genotypes exist for HCV isolates having
a difference of 30%-35% in their nucleotide sequences
[5]
and multiple subtypes differ up to 20% to 25% .
1a and 1b genotypes are the most prevalent ones in
the Western Europe and United States then 2 and 3
genotypes come next in the order. While genotype
4 is widespread in Egypt, genotype 5 is common in
[6]
South Africa, and genotype 6 is in Southeast Asia . In
patients from Canada and Belgium, another seventh
[7]
genotype has also been identified .
Three common assay procedures have been used
to diagnose the infection. These comprise some antiHCV antibody assay, detection of HCV-RNA and very
[8]
recently Hepatitis C Virus core antigen assay .
This review will focus on the diagnosis, prevention
and management of HCV infection.

Detection of IgG against HCV

Several immunoassays have been developed for
the detection of anti-HCV IgG in plasma or serum
samples. A recombinant protein expressed in yeast
containing an epitope from NS4 section of HCV
genome was used to carry out first-generation assays.
These were successful in identifying anti-HCV IgG in
posttransfusion HCV patients (80%) and caused a
significant decrease in the infections. But due to their
[19]
lack in specificity and sensitivity , there was a need
to establish second- and third-generation assays.
These assays involved use of multiantigens and
antigens of core, NS3 and NS4. These modifications
[16]
proved good for enhanced sensitivity and specificity .

DIAGNOSIS
Enzyme immunoassay (EIA) and HCV RNA assay
are performed to detect the presence of anti-HCV
antibodies in suspected patients of acute hepatitis C.
HCV RNA assay is a sensitive technique with a lower
detection limit of 50 IU/mL or it can be less than
[9]
this value . In the absence of anti-HCV antibodies,
the presence of HCV RNA is a pinpoint of acute HCV
infection. It is further confirmed after a few days or
weeks through seroconversion (i.e., the emergence of
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for diagnosis HCV infection. HCV RNA is detectable
within 1 wk after its exposure in serum or plasma. As
described earlier, NATs recently in use for detecting
its RNA work on the principle of polymerase chain
reaction (PCR), transcription mediated amplification,
and branched DNA signal amplification. Another set
of assays named as Qualitative and quantitative PCR
assays have been accepted for use in laboratory by
regular authorities in Europe and United States for
diagnosing HCV RNA. The qualitative assay is not used
now but ultrasensitive quantitative NATs have a broad
range and can even detect RNA as little as 5 IU/mL.
Moreover, HCV genotyping is also applicable in this
regard. It is done through restriction fragment length
polymorphism analysis, direct sequencing and reverse
hybridization to genotype-specific oligonucleotide
[20]
probes .

specific and 80% to 99% sensitive. This assay has an
advantage that it is an immunoassay and works like
molecular assays in that it does not require processing
of samples and active infection is confirmed through
positive result. It has one disadvantage of being lower
sensitive than NAT; approximately 1000 IU/mL of HCV
RNA is its lower limit of detection. This assay is not
available in United States yet.

Up-coming technologies for HCV detection

A research study showed that biomarkers can
be detected by the recently developed prototype
nanoparticle-based diagnostic assays in diseases like
HCV. Gold nanoparticles and quantum dots (QDs)
[25]
are the most commonly used nanoparticles . QDs
are composed of semiconductor substances that
[26]
upon excitation give off light at different spectra .
Using biochip-based assay 1 ng/mL was obtained.
An oligonucleotide probe containing RNA conjugated
with quantum dots targeting NS5B protein of hepa
[27]
titis C virus . Moreover, gold nanoparticles varying
from 2 to 50 nmol/L in size have been used to
[28]
detect HCV RNA and anti-HCV . Antibodies to
HIV, HBV, HCV, have been detected through a
multiplex platform that uses a micro-fluidic chip and
quantum dots coated with antigen are embedded
in beads made of polystyrene having a sensitivity of
[29,30]
pM concentration
. Another important method
working on the principle of amplification, named loopmediated isothermal amplification (LAMP) has been
[31,32]
used for detection of HCV RNA
. Several other
techniques have been estimated for the diagnosis of
HCV. Currently used technology is aptamers which are
used as capture molecules. These are small, singlestranded oligonucleotides that can be folded into threedimensional structures and able to identify target
[33]
molecules including proteins, cells, and chemicals .
They have the potential to bind with their targets with
[34]
high specificity and attraction .

Role of core protein in HCV diagnosis

This is another very prominent technique for the
diagnosis of HCV infection. Core protein is an RNAbinding protein that makes the viral nucleocapsid. A
host signal peptidase cleaves it from polyprotein at the
C-terminus, generating an immature form of the core
[21]
protein , and further processing of signal peptide
present at the C-terminus of the core is done by a host
[22]
signal peptide peptidase, yielding its mature form . It
is highly antigenic in its nature as it can evoke immune
responses. HCV nucleocapsid (core) may participate
valuably in the vaccine development as it is the most
conserved viral antigen. Various studies showed the
presence of core protein in nearly 80%-92% of HCV
[8]
positive patients with anti-HCV antibody . Therefore
it can be used as a diagnostic marker. In few studies,
HCV core assay is less sensitive than anti-HCV anti
body assay or HCV-RNA assay. Quantification of total
core antigen of HCV is a precise indirect marker of its
replication in the infected people. The sensitivity of
HCV-RNA test was found to be 99% that of HCV core
[23]
assay was noted as 98% . In fact, more studies
are required to further validate the beneficial aspect
of HCV core estimation over HCV-RNA detection for
the identification of the infection. The role of the core
protein can be determined more extensively relating
to HCV entry, replication and virion production. The
culture system may be proved to help in developing
antiviral agents targeting different stages of virus
cycle, and these may be potential therapeutic agents.

Ortho trak-C assay

Quantitative antigen assay

In Europe, the Architect HCV Ag assay (Abbott) is
commercially available. It employs an automated
platform and is an immunoassay based on a chemilu
minescence in which monoclonal antibody specific to
[24]
the HCV core antigen are coated on microparticles .
It has been found from many studies that HCV core
antigen can be detected within the first 2 wk of
acute infection. It has shown to be 96% to 100%
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[35]

According to a research conducted by Fabrizi et al ,
an immunoassay that quantitatively measures the total
HCV core Ag irrespective of the presence or absence
of anti-HCV antibodies in human serum or plasma
was used. It is a manual method that uses several
monoclonal antibodies specific to various regions of
the core antigen of HCV. It employed a microwell plate
and onto which monoclonal antibodies were coated
that bound with antigen. Horseradish peroxidase
was conjugated with Fab segments of monoclonal
antibodies and bound with captured antigen. The
method comprised four steps: In the first step,
incubation of the control material or patient sample
(100 μL) in an uncoated microwell was done with a
pretreatment reagent (50 μL) at 56 ℃ for 30 min. So
as to facilitate the liberation of the core antigen of HCV
to be detected, this pretreatment step was undergone
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for the dissociation of any immune complexes. In the
second step, the dilution and incubation of pretreated
sample (100 μL) was done at 25 ℃ for 60 min in a
monoclonal antibodies coated microwell that captured
the immunoreactive core antigen. In order to remove
any unbound material the wells were washed. In the
third step, the conjugate (200 μL), containing Fab
fragments of monoclonal antibody conjugated to hor
seradish peroxidase, was added into the microwell.
The mixture was incubated at 25 ℃ for 30 min. The
conjugate got bound with the core antigen that was
bound to the capture antibody coating the surface of
microwell. The core antigen connected the capture
and conjugate antibody reagents. Again washing was
done at the end of the step to remove any unbound
antigen. The fourth step was based on an enzyme
detection system consisted of hydrogen peroxide and
o-phenylenediamine (OPD) that was added to the
microwell. The o-phenylenediamine was oxidized,
in the presence of bound conjugate that produced
a colored end product. In this reaction, hydrogen
peroxide divalently oxidized the peroxidase producing
an intermediate compound that was reduced to initial
state after interacting with hydrogen-ion-donating
OPD. As a result, orange coloration of oxidized form
of OPD was produced. In order to stop the reaction,
sulfuric acid was added. The intensity of the color is
proportional to the amount of bound conjugate and
thus it can be said that it is a function of the amount of
core antigen of HCV in the sample.
Through a microwell reader (photometer) designed
to measure absorbance of light in a microwell (at 490
nm, using a 620 nm reference), the intensity of the
color is measured. The samples and controls were
tested in duplicate, and the mean optical density (OD)
of the duplicate tests was used. Variation more than
25% between the optical densities of two samples
pointed towards invalidity of those samples and they
were allowed to be re-tested. If optical density more
than recommended cut off corresponding sample of
was obtained only then the sample was considered
positive. The concentration of core antigen of HCV was
[35]
measured through a standard curve .

the virus or avoid re-infection. Third is that there is no
cell culture system developed so far or small animal
model to develop vaccines. Thus so far, the vaccines
developed have been tested on chimpanzees but they
[37]
are unable to avoid HCV infection in them .
As there is no vaccine available for HCV so its
prevention is even more difficult than HBV. It needs
to have an integrated strategy including safe injection
[38]
practices, and screening of blood donations . The
incidence of HCV infection is at its elevated level
[39]
among the people who inject drugs (PWID) . Nelson
[41]
et al
estimated that in 2010, almost 10 million
PWID were positive with HCV antibody and the global
[40]
prevalence of HCV was 67% in that population .
Martin et al has used mathematical modeling to obtain
the consequence of collaborative high-coverage needle
and syringe programs (NSPs), opiate substitution
treatment (OST) among PWID and treatment of
HCV on its incidence and prevalence. For the preven
tion of HCV Page et al has emphasized upon the
[39]
challenges of behavioral interference . Many of the
researchers have discerned about less effectiveness of
harm-reduction programs in the prevention of human
immunodeficiency virus (HIV) and HCV infection among
the people who inject drugs. Many other strategies
are still required. Results from their work have shown
that from the last 10 years the prevalence of chronic
HCV can be reduced up to more than 45% further
needs antiviral treatment combined with the NSPs and
OSTs that can reduce the rate of treatment to a large
extent to get reduction in prevalence of HCV. In order
to prevent HCV infection, its vaccine should become
available. Two researchers named Cox and Thomas
have stressed upon the development of HCV especially
for people who inject drugs. Advanced research would
[42]
be required for vaccine production .
Following are the modes of transmission of hepatitis
C which cause people at risk of acquiring this infection:

Transmission of HCV infection through sexual contact

People at threat: Sexual transmission of HCV does
not appear to be so common, as the studies has
proved its spread in < 1% of couples yearly, among
monogamous heterosexual partners. Meanwhile,
researchers have currently discovered several cases
of male sex partners (MSM) infected acutely with HCV
and found it to be among men. Majorly these male
sex partners had also HIV co-infection. However, the
risk factor that is considered to be the strongest in the
acquisition of HCV is injecting drug use. Many of the
cohort and case studies have identified the prevalence
and incidence of HCV among HIV-negative MSM, noninjecting drug users to be low apparently.

PREVENTION OF HCV
Approximately 3% of the population of world is
affected by HCV and according to estimation last
[36]
stage of liver disease develops in 30% of patients .
Several research studies are being conducted for
developing new therapeutic and prophylactic vaccines
for hepatitis C virus. However, these efforts to produce
effective vaccines have been damaged due to some
of characteristics in common with many RNA viruses
and the reasons are: First is RNA viruses display high
antigenic and genetic diversity thus the mutation rate
is very high inside the host. Second is the induction
of strong immune responses that cannot eradicate
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Factors related to elevated threat of sexually
transmitted HCV: Acquisition of HCV has an enhanced
risk associated with it in case of heterosexuals that
have multiple sexual partners. Several risk factors have
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Table 1 Approaches to prevent intra-venous drug users
infection among hepatitis C virus

Table 2 Ways to prevent hepatitis C virus infection among
intra-venous drug users

Reduce the risk of viral transmission among IDUs
Doctors should be educated properly
Lessen the use of injecting drug use
Use of sterilized syringes and other instrument even for diagnosis
Medical staff should be informed to inject safely
Hepatic disorder should be decreased in infected IDUs
Proper counseling should be undergone
Antiviral therapy for HCV
Combination of all kinds of services should be provided to infected patients

Already used needles and syringes should not be used
New and sterilized needle should be used for injecting drug
Illegal drugs should not be used
Disinfected equipment should be used to make drugs
Always wash hands before and after injecting
Carefully throw the syringes after using it
Safely cleanse the place of injecting drugs

[50]

the environment it cannot survive after 4 d . Table
2 indicates different ways to prevent HCV infection
among IDUs.

IDUs: Intra-venous drug users; HCV: Hepatitis C virus.

been identified by investigators that are related to HCV
transmitted sexually among male sex partners: (1) HIV
co-infection; (2) during sex, use of leisure drugs, e.g.,
methamphetamine and gamma-hydroxybutyric acid
(GHB); (3) unprotected intercourse through anus; (4)
the sexual attempts that cause damage or bleeding
from genital mucosa, group sex and fisting; and (5)
ulcerative diseases that are transmitted sexually
(syphilis, lymphogranuloma venereum proctitis) co[43-46]
incidently
.

Transmission of HCV from mother-to-child

Risk of mother-to-child transmission: Transmission
of infection from mother-to-child is more common in
cases of hepatitis B or HIV than that in hepatitis C, but
it occurs in its case also. This type of transference is
apparent mostly in HCV viremic women. These women
have detectable amount of RNA in the peripheral blood.
According to research, the transmission of HCV through
mother-to-infant was found to be 4.3% from year 1992
[51]
to 2000 and a study conducted by Pembrey et al
depicted the rates of transmission from 3%-10%.

Transmission of HCV via injection drug use

Infection of HCV among IDUs: In several parts of
the world, injection drug use has become the most
widespread threat factor for current cases especially
in the United States. Acquisition of HCV is quite rapid
when IDU is started meanwhile within short time
interval a person becomes easy prone towards HCV
infection. The occurrence of antibody of hepatitis
C virus HCV antibody in IDUs enhances with many
factors including age, intensity of injection, frequency
of use and time from when injecting was initiated. As
per a potential survey done form 2000-2007, HCV
infection has an incidence of 27 out of 100 persons
[47]
annually . Re-infection has been observed in 26%
patients who had previously eliminated the initial
infection. Many co-researchers have demonstrated re[48]
infection and super-infection . Table 1 shows different
approaches to prevent HCV infection among IDUs.

Factors associated with HCV transmission from
mother-to-child: The most common risk factor
that becomes the cause of HCV transference from
mother-to-child is co-infection of HIV in mother
[52-54]
with HCV viremia detectable during pregnancy
.
Several other factors have also been observed and
they are; injection drug use by mother, if infant is a
female, intrapartum events leading to exposure of
infant maternal blood infected with HCV, rupture of
membrane for a long time while managing labor and
obstetric procedures like vaginal/perineal lacerations.
Contrary to it this transmission has not been found
to be related to breast feeding or type of delivery
[55]
whether Cesarean or vaginal . If breast feeding is
being done safely (if there is no damage or bleeding
to the nipples) then it can reduce the risk of HCV
transmission or breast feeding can be halted if there is
any crackled nipple) until it gets healed.

Factors Related to Transmission of HCV via
Injection Drug Use: Injection Drug Use is considered
to be a risk factor for the transmission of HCV. It
spreads through sharing of syringes and needles.
Moreover, many researchers have described that
the equipment (e.g., drug cookers, rinse water and
filtration cottons) shared with the infected person
is used in the making and injecting drugs. There is
a dire need for counseling so to evade the use of
contaminated syringes, needles and already prepared
drug along with equipment. As an interesting fact, the
persistency of HCV in syringes that are contaminated
[49]
and having a large residual volume is very high .
According to a research study the survival of HCV is
16 h at room temperature outside the body but in
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Transmission of HCV through household

Risk of transmission: Some studies related to
epidemiology have proved that HCV infection can also
be caused by having family contacts of seropositive
persons. Exposure to shared parenteral things is a
critical factor that includes vertical transmission from
mother to infant; dental or medical processes or
injections; or if spouses and partners have any sexual
exposure. HCV infection was found to increase among
siblings and family members of patients that were
infected with chronic liver disease. In case if children
were infected with HCV there was no elevated threat

620

March 27, 2015|Volume 7|Issue 3|

Shaheen MA et al . Consensus on HCV management
[63]

explained by long-term follow up SVR studies

of this infection was found in parents or siblings. In
several research studies the increased risk among
partners and family members had a correspondence
with the intensity of liver disease in the infected
patient, any sexual contact with him, the period of
exposure to him and the number of contacts infected
[56]
with hepatitis c virus .

Pre-therapeutic estimation

In order to establish a connection between liver
disease and HCV infection, baseline virological charac
teristics should be determined so to assess the
severity of liver disease. This assessment is suggested
before commencing the treatment. It is important
that cirrhosis must be identified in patients as the
treatment and post-treatment response is related to
the fibrosis phase. As proposing the type and duration
of therapy is based on the absence of major fibrosis. If
cirrhosis has been clinically evidenced then there is no
need to do biopsy for assessment of fibrosis. If patients
suffer from cirrhosis then they need to be screened
for hepato-cellular carcinoma. The two tests can be
applied to identify cirrhosis and they are; Liver stiffness
measurement (LSM) and biomarkers. Both LSM and
biomarkers can be used to measure the fibrosis of liver
in patients suffering with chronic infection of HCV. This
combination therapy can decrease the requirement to
[64,65]
do biopsy of liver
.

Transmission in healthcare units

Hepatitis C virus has been a serious problem in
[57,58]
centers where hemodialysis is done
. Many steps
have been taken by these centers in order to prevent
hepatitis C virus infection, which are: HCV infected
patients are grouped or isolated in separate rooms of
dialysis center, adherence to infection-control rules
has been increased for example the screening for
HCV at regular intervals, not to reuse the shared vials
or syringes and regularly vaccinating HCV infected
[57]
patients with hepatitis A and B virus . Resultantly,
HCV infection has been reduced in dialysis centers. But
the problem is that every healthcare setting has not
taken these steps. Another factor which is challenging
for most developing countries is that there is no viral
hepatitis control program at the Ministry of Health
level. Due to the absence, indirect and distorted trials
for prevention are undergone for all types of hepatitis
not just for HCV. Therefore, to counter transmission
of HCV especially in healthcare units, infection control
programs are required.

Quantification of HCV

Quantification of HCV is recommended to the patients
who are willing to receive anti-viral therapy. The quan
tification is made with the help of a sensitive tech
nique, and the concentration should be given in IU/mL.
Genotyping should also be done before starting the
treatment. The rate of response to treatment depends
[66]
on specific genotypes and then subtypes . Every
genotype and subtype shows different response to
therapy. Then genetics of host should be determined
as IL28B genotyping helps in identifying infected
persons who will achieve rapid virological response
(RVR) and possess a considerable probability to get
[67,68]
cured by dual therapy
. For any treatment to be
applied, patient’s preferences must be considered
primarily. In case when patients infected with HCV
genotype 1 become unable to remove virus when
treated with dual therapy then should be treated with
triple therapy. For other genotypes, Interferon-alpha
based therapy should be used along with dual therapy.

Transmission through tattooing and piercing

In United States, there is no outburst of HCV infection
has been notified by CDC as per licensed tattooing or
[59]
piercing commercially. Urbanus et al
observed it
for several years and pointed out that these practices
[59,60]
seemed to be safe
. However, like everywhere else,
[61]
exceptions are also here. Miller et al
and Sameul
[62]
et al
separately found that in United States and
Australia, the prisoners who got handmade tattooing
[60]
were infected with HCV. Tohme et al , thus, declared
that noncommercial tattoos if received in places like
homes, unsterile environment or friends might become
the cause of transmitting this infection.

Contra-indication to interferon-alpha and ribavirin
therapy

MANAGEMENT OF HCV INFECTION
Aim of treatment of hepatitis C virus

[69]

Hezode et al
found that pegylated interferon-α/
Ribavirin containing schedule of treating chronic HCV
infection showed contra-indication in the following
infected groups of patients; people suffering from
epilepsy or psychosis, depression, couples who do not
comply with the rules of contraception or pregnant
women, concomitant severe diseases; disastrous liver
disease.

It is the aim of this therapy to wipe out HCV infection
so to avoid various liver and extra-hepatic disorders
e.g., cirrhosis, fibrosis, hepato-cellular carcinoma,
inflammation due to necrosis and mortality.

Endpoint of HCV treatment

Sustained virological response (SVR) is the endpoint of
th
HCV treatment; it is characterized by 24 week nondetection of HCV RNA. It was assessed by a molecular
method that had detection limit of < 15 IU/mL (SVR24).
Approximately 99% of cases have been cured as
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Triple therapy based on telaprevir or boceprevir

Usually, both above mentioned dual therapy con
taining pegylated interferon-α/Ribavirin and triple
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therapy based on TVR or BOC offer common contraindications. In case of compensated cirrhosis, intense
care is required for its treatment due to emergence
of dangerous side effects after getting treated. As
incidence of severe infections and hematological
disorders is enhanced largely in case of triple versus
dual therapy, particularly if serum albumin level is less
than 3.5 g/dL or concentration of platelets becomes
less than 100000 even sooner than commencing
[69]
treatment .

SVR so the therapy should be discontinued
.
When detection tests were less sensitive than modern
assays, the futility rule was defined at that time.
By using modern assays, treatment should not be
discontinued for people showing undetectable RNA. In
BOC triple therapy, SPRINT-2 study has been analyzed
order to derive futility rules. If level of RNA is greater
th
than 100 IU/mL at 12 week of treatment then all
medications should be stopped even also if that is
th
detectable at 24 week and also when there is a viral
breakthrough (reappearance of HCV RNA during the
course of treatment post to virological response). For
TVR triple therapy, ADVANCE database has been used
to derive stopping rules. It its case the drugs should
th
be discontinued at 4 week of treatment if RNA level
is greater than 1000 IU/mL and also when there is
breakthrough.

Examining treatment

To monitor the treatment requires checking the
efficiency, safety and side effects of treatment.

Efficiency of treatment

The efficiency of treatment can be monitored by
repeating quantification of levels of HCV RNA.
Monitoring of treatment efficacy is based on repeated
measurements of HCV RNA levels. A precise and
sensitive test should be used in order to get dynamic
range in quantification. To ascertain the reliability of
results, RNA can be measured in each patient using
[70-72]
the same assay at various time points
. But to
examine the efficiency of treatment and directions to
follow for the duration of treatment, measurements of
RNA levels should be taken at particular time points.
If in case the result of quantification has some effect
on the treatment only then measurements should
be made. The treatment should be curtailed as
response-guided therapy if it is to be discarded as it
has uselessness and if it becomes successful then it
is end of treatment and post- treatment SVR test. In
order to measure SVR, Baseline assessment of HCV
RNA levels should be done in dual therapy (pegylated
th
th
th
interferon-α/Ribavirin), i.e., 4 , 12 , 24 week, at the
end of treatment or 12/24 wk after the completion of
therapy. While in case of triple therapy with boceprevir,
RNA should be quantified with the same schedule as
that of dual therapy. It is referred in many Guidelines
that the quantification of RNA with BOC therapy should
be done after several weeks of dual therapy. TVR
therapy acts on the same guidelines and schedule of
treatment as BOC therapy uses.

Dual therapy guided by virological response

The infected persons showing an undetectable HCV
2
th
RNA and decrease of > log 10 in the 12 week can
be grouped into three as per virological response: First
is the RVR that defines an undetectable HCV RNA in
th
the 4 week of therapy. Second is early virological
response (EVR) or cEVR (complete EVR) that describes
th
undetectable HCV RNA in the 12 week of therapy.
2
Third that defines decrease of > log10 with HCV
RNA detectable at week 12 and undetectable in the
th
24 week is thus referred to as delayed virological
response (DVR) or pEVR (partial virological response).

Evaluation of safety post-treatment

It is necessary to monitor the patients after treatment
so to avoid side effects and if they have encountered
with them then they should be controlled. For instance,
after peg-interferon-α injections sometimes flu-like
symptoms start appearing. So paracetamol should
be prescribed to control the symptoms. Other clinical
side effects like irritability, allergic reactions, and
severe fatigue should be checked with routine visit.
Dermatological and hematological adverse reactions
should be assessed both during and after treatment.
Levels of thyroid stimulating hormone (TSH) should
[82]
be quantified during treatment after every 12 wk .
Even the dosage of peg-IFN-a should be decreased
when concentration of platelets and neutrophils drops
3
3
lower than 50000/mm and 750/mm respectively.
Even the medication can be stopped when there is a
remarkable decrease in the amount of platelets and
3
3
neutrophils, i.e., less than 25000/mm and 500/mm
respectively and severe depression. Treatment should
be discontinued in case if any bacterial infection is
[73,83,74]
detected during treatment
.

On-treatment virological response

Depending on on-treatment virological response,
kind of baseline, a low versus high, for HCV RNA level
might be used for the guidance of decision-making
for treatment during dual therapy is going on. Still
there is no best discerning value of HCV RNA level
has been agreed upon, while the range lies from
[73-80]
400000-800000 IU/mL
. If decrement in the value
2
of HCV RNA is < log10 IU/mL with dual therapy,
th
then the treatment should be stopped at 12 week
and the rate of SVR is < 2% if treatment remains
th
continued. At 24 week if the level of HCV RNA is
still detectable then there is only 1%-3% chance of
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Adjustment of cofactors

Cofactors such as body weight, lipids, alcohol and
growth regulators should be adjusted. High value of
body mass index (BMI) badly affects the response to
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treatment (PegIFN/RBV) . It should be suggested
to reduce body weight before starting treatment. It
can be co-related with the concentration of lipids as
high body weight can be due to high level of lipids.
The life cycle of hepatitis C virus is associated with
the metabolism of lipids. Consumption of alcohol can
have a severe impact on treatment actually it affects
[85]
adherence to treatment . Growth regulators limit the
need for reducing drug dosage, e.g., EPO (recombinant
erythropoietin) improves the levels of hemoglobin by
avoiding the decrease in the dose of ribavirin. Then a
metabolic syndrome, type 2 diabetes and resistance
to insulin, enhance the development of liver disease
thus also can lead to hepato-cellular carcinoma.
Furthermore, they may also be responsible for dam
[86]
pening the response to dual therapy .

combination to the existing standard of care (pegylated
interferon and ribavirin) for chronic hepatitis C infected
patients with genotype 1 infection. Of these DAAs,
2 protease inhibitors, telaprevir and boceprevir, are
[92]
in use for HCV treatment since 2011 . Other DAAs
recently in use are TMC-435, vaniprevir, BI-201335,
BMS-650032, Mericitabine (RG-7128), Tegobuvir
(GS-9190), Daclatasvir (BMS-790052) and danoprevir.
However, treatment outcome shows an overall efficacy
rates between 70%-90% in no improvement in side
effects.
Recently several other anti-viral agents are deve
loped that directly target various stages of HCV
replication and are proved very effective interferon[93]
free therapy for HCV-infected patients . Of these, the
most important is oral nucleotide analogue “Sofosbuvir”
(also known as GS-7977) that is an inhibitor of the
HCV nonstructural protein 5B (NS5B) RNA-dependent
RNA polymerase enzyme and is very effective against
HCV. Sofosbuvir was recently approved for use in
combination with ribavirin and/or pegylated interferon
for chronic HCV infection, depending on the genotype.
The recommended regimens and duration of therapy:
(1) for genotype 1 or 4 chronic hepatitis C: Sofosbuvir,
peginterferon alfa, and ribavirin for 12 wk; (2) for
genotype 2: Sofosbuvir and ribavirin for 12 wk; (3)
for genotype 3: Sofosbuvir and ribavirin for 24 wk;
and (4) for hepatocellular carcinoma awaiting liver
transplantation: Sofosbuvir and ribavirin for up to 48
wk or until liver transplantation (whichever occurs
first). Sofosbuvir and ribavirin oral therapy is very
[94]
effective against genotypes 2 and 3 HCV infections .

Transplantation of liver

In case when liver is at the last stage of disease then
only one treatment, liver transplantation (LT), is left.
But there are still chances of recurrence of hepatitis
[87]
C . In order to achieve SVR, antiviral therapy should
be initiated as quickly as possible in the patients
who are suffering from acute liver disease but their
[88]
treatment is probable before transplanting liver .

Treating the unusual groups

HIV-HCV co-infection: The rate of development
of liver inflammation increases when HCV patients
are co-infected with HIV. It happens especially in
patients with weaken immune system and a low cell
count of CD4-positive cells. These patients should be
given antiretroviral treatment before starting anti[89]
HCV treatment . The use of these antiviral drugs,
stavudine, zidovudine and didanosine should be evaded
[90]
during PegIFN/ribavirin therapy . Non-invasive
techniques or biopsy should be used to measure
severity of liver disorder.

Renal transplant recipients infected with HCV

Recipients of kidney transplant when become infected
with Hepatitis C might develop fibrosis of liver. If
transplant is improperly carried out then the patients
can become HCV positive and can be threatening for
[95]
the life of the person . The measurement of fibrosis
should be ensured in these renal-transplant patients
having HCV in serum.

Treatment of hemodialysis patients

As the risk of HCV infection development is enhanced
in the patients undergoing hemodialysis. Actually this
infection becomes the major cause of death in these
patients. These patients require highly specialized
antiviral therapy so ensure the survival of the person.
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AIM: To investigate the survival rates after transarterial
embolization (TAE).
METHODS: One hundred third six hepatocellular
carcinoma (HCC) patients [90 barcelona clinic liver
cancer (BCLC) B] were submitted to TAE between
August 2008 and December 2013 in a single center
were retrospectively studied. TAE was performed via
superselective catheterization followed by embolization
with polyvinyl alcohol or microspheres. The date of the
first embolization until death or the last follow-up date
was used for the assessment of survival. The survival
rates were calculated using the Kaplan-Meier method,
and the groups were compared using the log-rank test.
RESULTS: The overall mean survival was 35.8 mo
(95%CI: 25.1-52.0). The survival rates of the BCLC A
patients (33.7%) were 98.9%, 79.0% and 58.0% at
12, 24 and 36 mo, respectively, and the mean survival
was 38.1 mo (95%CI: 27.5-52.0). The survival rates of
the BCLC B patients (66.2%) were 89.0%, 69.0% and
49.5% at 12, 24 and 36 mo, respectively, and the mean
survival was 29.0 mo (95%CI: 17.2-34). The survival
rates according to the BCLC B sub-staging showed
significant differences between the groups, with mean
survival rates in the B1, B2, B3 and B4 groups of 33.5
mo (95%CI: 32.8-34.3), 28.6 mo (95%CI: 27.5-29.8),
19.0 mo (95%CI: 17.2-20.9) and 13 mo, respectively (P
= 0.013).
CONCLUSION: The BCLC sub-staging system
could add additional prognosis information for postembolization survival rates in HCC patients.
Key words: Hepatocellular carcinoma; Barcelona clinic
liver cancer; Transarterial embolization; Subclassification
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Table 1 Barcelona clinic liver cancer B sub-stage categories
BCLC sub staging

Core tip: This is the first study to apply the barcelona
clinic liver cancer (BCLC) B subclassification in a survival
analysis for hepatocellular carcinoma patients after
transarterial embolization. Were observed significant
differences in the mean survival rates among B1, B2, B3
and B4 patients. The BCLC B sub-staging system could
be an additional tool for accessing prognosis in the postembolization survival rates of hepatocellular carcinoma
patients.

Child Pugh class
Beyond Milan and within up-to-7
ECOG PS

B2

B3

B4

5-6-7
In
0

5-6
Out
0

7
Out
0

8-9
Any
0-1

BCLC: Barcelona clinic liver cancer; ECOG PS: The Eastern Cooperative
Oncology Group performance status.

hepatic disease, portal vein thrombosis (or thrombosis
of one of its branches), or hepatofugal portal flow were
excluded. Patients with a definitive diagnosis of extrahepatic metastasis, difficult to control ascites, other
active malignant diseases or the following laboratorial
anomalies were also excluded: serum creatinine above
1.5 mg/dL, total bilirubin above 3.0 mg/dL, platelets
3
lower than 50000 mm or a prothrombin time less
than 50%.
The BCLC B patients were sub-staged into four
categories (Table 1). Group 1 comprised patients with
Child-Pugh class A or B with a score of no more than
7, without current or previous decompensation, an
Eastern Cooperative Oncology Group (ECOG) PS score
of 0 and meeting the up-to-seven criteria. Group 2
comprised Child-Pugh A patients exceeding the up-toseven criteria, without ascites or jaundice and an ECOG
PS score of 0. Group 3 comprised patients with ChildPugh class B exceeding the up-to-seven criteria and
who had an ECOG PS score of 0. Group 4 comprised
decompensated Child-Pugh B patients with severe
ascites or jaundice, an ECOG PS score of 0 or 1 and who
[8]
either did or did not exceed the up-to-seven criteria .

Scaffaro LA, Stella SF, Alvares-Da-Silva MR, Kruel CDP.
Survival rates according to BCLC sub-staging system after
transarterial embolization for intermediate hepatocellular
carcinoma. World J Hepatol 2015; 7(3): 628-632 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i3/628.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i3.628

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common cancer worldwide and the third leading cause
[1,2]
of cancer-related death . Locoregional treatments,
such as transarterial chemoembolization (TACE) and
transarterial embolization (TAE), have been used for
intermediate HCC patients, promoting an increase
[3-7]
in overall survival . An updated meta-analysis and
a systematic review of randomized controlled trials
comparing TACE with TAE did not proved significant
[6,7]
difference in survival between this two techniques .
The intermediate stage of HCC affects a highly
heterogeneous patient population and can present
with varying tumor burdens and liver functionality that
are usually staged in the same level as barcelona clinic
[1,2,8]
liver cancer (BCLC) B
.
Recently, some authors have proposed a substaging of BCLC B patients to facilitate therapeutic
decisions, especially due to wide differences in
response rates after transarterial treatments among
[8]
intermediate HCC patients . We analyzed the survival
rates based on this sub-staging after TAE.

Procedure

TAE was performed by the same interventional rad
iologist through a common femoral access. Selective
catheterization of the celiac trunk and the superior
mesenteric artery were performed with a Cobra or
Mikaelson 5F catheter to facilitate the liver blood flow
study. The hepatic artery was selectively catheterized,
followed by a superselective feeding branch tumor
catheterization with a 2.8 F microcatheter (Progreat®,
Terumo). In the PVA-TAE, a superselective injection
of PVA (Cook, Bloomington, Indiana) was performed
in the feeding artery as distal as possible. The METAE injection was performed with ME embospheres
(Biosphere medicals™, Rockland, MA, United States).
The particle sizes were 100-300 microns for tumors up
to 5 cm and 300-500 microns for tumors equal to or
larger than 5 cm.

MATERIALS AND METHODS
We retrospectively analyzed a historical cohort of
American Association for the Study of Liver Diseases
[9]
diagnosis-based HCC patients treated from June
2008 to December 2013 at the Gastroenterology
Division of the Hepatology Unit of the Hospital de
Clínicas de Porto Alegre.
TAE was indicated for patients with HCC BCLC
A with nodules greater than 3 cm or without safe
percutaneous access to ablative therapies and BCLC B
[9]
with no signs of extra-hepatic disease .
BCLC D or BCLC C patients with evidence of extra-
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B1

Statistical analysis

The categorical variables were described using
frequency and percentages. The quantitative variables
with symmetric distribution were expressed using
their mean values and standard deviation; those with
asymmetric distribution were described using the
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Table 2 Baseline and tumoral characteristics
Characteristics
Age (yr)
Gender (male,%)
Caucasians (%)
HCV positive (%)
Alcohol (%)
PS (0) (%)
AST (U/L)
ALT (U/L)
GGT (U/L)
Platelets (× 1000/UL)
PT (%)
Albumin (U/L)
BT (mg/dL)
Creatinine
No. of TAE session

B1
62
66
95
81
33
100
35
64
133
110
73
3.5
1.2
0.93
1.7

B2
61
73
99
77
33
95
36
67
136
110
73
3.4
1.3
0.94
1.9

Table 3 Survival rates according to barcelona clinic liver
cancer classification and subclassification

B3
60
76
96
76
34
95
37
69
144
105
77
3.3
1.3
0.95
1.9

B4

P value1

60
50
100
100
0
50
38
70
155
90
79
3.3
1.4
0.97
1.9

0.77
0.48
0.28
0.79
1.00
0.27
0.90
0.80
0.79
0.35
0.72
0.28
0.22
0.73
0.20

Overall
BCLC A
BCLC B
BCLC B1
BCLC B2
BCLC B3
BCLC B4

Mean survival rate (mo) (95%CI)

136 (100)
46 (33.7)
90 (66.2)
48 (52.8)
27 (30.2)
13 (15.1)
2 (1.9)

35.8 (25.0-52.0)
38.1 ( 25.0-52.0)
29.0 ( 17.2-34.3)
33.6 ( 32.9-34.3)
28.6 (27.5-29.8)
19.0 ( 17.2-20.9)
13.0 ( 25.0-52.0)

BCLC: Barcelona clinic liver cancer.

Table 4 Barcelona clinic liver cancer B substaging response
rates according to mRECIST n (%)

1

P value analysis excluded B4 subgroup (only 2 patients). HCV:
Hepatitis C virus; PS: Performance status; AST: Aspartate transaminase;
ALT: Alanine transaminase; GGT: Gamma-glutamyl transferase; PT:
Prothrombine time; BT: Total bilirubin; TAE: Transarterial embolization.

B1
B2
B3
B4

th

median and inter-quartile interval (25 percentile th
75 percentile). The χ 2 test or Fisher’s Exact Test was
used to compare the categorical variables. Quantitative
variables with symmetric distribution between
groups were compared using Student’s t test for the
independent samples. Variables with asymmetric
distribution were compared between the groups using
the Mann-Whitney U test.
The date of the first embolization until death or
the last follow-up date was used in the assessment of
survival. The survival rates were calculated using the
Kaplan-Meier method, and the groups were compared
using the Log-Rank test.
Analyses were performed using SPSS software
version 19.0 by a biomedical statician. The statistical
level of significance was set at 0.05.

CR

PR

PD

SD

12 (25)
6 (22.2)
1 (7.6)
-

29 (60.4)
13 (48)
4 (30.7)
-

3 (6.25)
1 (3.7)
1 (7.6)
1 (50)

3 (6.25)
7 (26.1)
7 (53.8)
1 (50)

CR: Complete response; PR: Partial response; PD: Progressive disease; SD:
Stable disease.

were 89%, 69% and 49.5% at 12, 24 and 36 mo,
respectively, and the mean was 29.0 mo (95%CI:
17.2-34.3).
The survival rates according to BCLC B subclassi
fication showed a significant difference between the
groups, with mean survival rates for B1, B2, B3 and
B4 of 33.6 mo (95%CI: 32.9-34.3), 28.6 mo (95%CI:
27.5-29.8), 19.0 mo (95%CI: 17.2-20.9) and 13 mo,
respectively (P = 0.013). The median survival rates
for B1, B2, B3 and B4 was 33, 28, 19 and 13 mo,
respectively. Table 3 summarizes the survival rates,
and Figure 1 shows the survival Kaplan-Meier curves
according to BCLC B subclassification.
There was no differences in the response rates
according to mRECIST among the BCLC B substaging,
as demonstrated in Table 4.

RESULTS
One hundred third six patients, 46 BCLC A (33.7%)
and 90 BCLC B (66.25%), were treated with TAE.
Among the BCLC B group, 48 (52.8%) patients were
BCLC B1, 27 (30.2%) were BCLC B2, 13 (15.1%)
were BCLC B3 and 2 (1.9%) was BCLC B4.
There were no significant differences at baseline
in regard to demographic data, staging, laboratory or
HCC characteristics according to the embolic agent.
Table 2 summarizes the characteristics.
Throughout the analysis, the follow up time was 1
to 52 mo, with overall survival rates at 12, 24 and 36
mo of 98.5, 78.0 and 55.5%, respectively. The mean
overall survival rate was 35.8 mo (95%CI: 25.1-52.0).
The survival rates of the BCLC A patients (33.7%)
were 98.9%, 79.0% and 58.0% at 12, 24 and 36 mo,
respectively, and the mean was 38.1 mo (95%CI:
25.0-52.0).
The survival rates of the BCLC B patients (66.2%)
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n (%)

DISCUSSION
The difficulty in finding an ideal treatment modality
for BCLC B patients was been evaluated. Some
authors showed a significant difference in survival
between Child-Pugh B7 and B8 with survival means
[10]
after TACE of 22 and 6 mo, respectively . Survival
differences between BCLC A and B patients after TACE
were also demonstrated after drug-eluting beads
chemoembolization (DEB-TACE), with survival rates
after 12, 24 and 36 mo of 93.6%, 83.8% and 62%,
respectively, in BCLC A, and 91.5%, 75% and 50.7%
[11]
in BCLC B .
[8]
Therefore, Bolondi et al proposed a refinement
of intermediate HCC staging based on the Child-Pugh
score, up-to-seven criteria, performance status and
portal vein patency.

630

March 27, 2015|Volume 7|Issue 3|

Scaffaro LA et al . Survival rates for intermediate hepatocellular carcinoma
of heterogeneous characteristics related to tumor burden and clinical aspects.
Therefore, the standard embolization treatment proposed for intermediate stage
could have different responses in this group.

Cumulative survival (%)

100

Research frontiers

80
b

B2

B1

Given the potential differences in patients in stage B, is not yet known the
survival rates of patients divided into four subcategories of barcelona clinic liver
cancer (BCLC) stage B, that underwent transarterial embolization (TAE).

60

Innovations and breakthroughs

40

The TAE is a minimal invasive technique that has been applied to patients in
intermediate stage hepatocellular carcinoma (HCC). In the literature however
there is debate about its role in patients in stage B of BCLC, given heterogeneity
at this stage. This study aims to better characterize these patients by determining
survival in the different sub stages.

20
b

0

B1-B2 Log Rank P = 0.013
d
B1-B3 Log Rank P < 0.0001
0

12

d

B3

24
Follow (mo)

36

Applications

48

This approach aim to predict prognosis in terms of survival in an attempt to
optimize the therapeutic approach in this group of patients.

Terminology

Figure 1 Kaplan-Meier curves.

BCLC is a classification used to guide therapeutic for patients with hepatocellular
carcinoma. One of the available treatments, especially for patients with
intermediate stage HCC, TAE is a non invasive trans catheter technique in
which are injected embolizing agents aimed at restricting arterial tumor supply.

Our study also applied the BCLC B sub-staging, and
significant survival differences were observed in
subgroups, with mean survival rates for B1, B2, B3
and B4 of 33.6 mo (95%CI: 32.9-34.3), 28.6 mo
(95%CI: 27.5-29.8), 19.0 mo (95%CI: 17.220.9) and
13 mo respectively (P = 0.013).
Some authors also have been validated that
proposal, depicting significant differences in median
[12]
survival time between B1 and B2 and B2 and B3 .
Another recently study also showed differences in
5-year survival rates using sub-stages, and had
proposed a modification of this system based on
[13]
alpha-fetoprotein (AFP) levels . According to AFP
levels (200 ng/mL), B1 was classified into B1a and
B1b and B2 into B2a and B2b, without differences in
survival among this subgroups, but a re-classification
into modified mB1 (B1a), mB2 (B1b + B2a) and mB3
[13]
(B2b + B3) provided better prognostic prediction .
Since AFP levels were available in a small number
of our sample, we did not performed this modified
evaluation.
Even not considering the AFP levels, this differ
ences in survival rates among the B sub-staging
patients stressed distinct clinical conditions and
tumor characteristics, even though it could represent
a measure of interaction between underlying liver
disease and tumor burden.
The present study has some limitations. It is
single-centered, retrospective, and the choice of the
embolizing agent was not standardized. Nevertheless,
the survival rates we found suggest that this issue
warrants further investigation.
In conclusion, the BCLC sub-staging system could
be an additional tool for accessing prognosis in the
post-embolization survival rates, having potential to
better select the therapeutic approach for intermediate
HCC patients.

Peer-review

This is an interesting manuscript where the authors have analysed the difference
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The infection caused by the tapeworm Echinococcus
granulosus leads to the development of hydatic disease. It

is the most frequent mediterranean parasitic infection that
commonly affects the liver and rarely involves multiple
organs. Herein, we report an exceptional and confusing
presentation of hepatopulmonary and splenic hydatidosis
due to Echinococcus granulosus that caused diagnostic
problems occuring in a 70-year-old man, treated with
chemotherapy, with favorable outcome. This was a very
unusual case of disseminated hydatid cyst highlighting the
interest of keeping a high level of clinical suspicion of this
diagnosis every time we have a cystic lesion of the liver.
Key words: Hydatid cyst; Echinococcus granulosus ;
Disseminated echinococcosis; Albendazole
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The infection caused by the tapeworm

Echinococcus granulosus (E. granulosus) leads to the

development of hydatic disease. It is the most frequent
mediterranean parasitic infection that commonly affects
the liver and rarely involves multiple organs. The diagnosis
is usually based on ultrasonography and serological
markers. This paper reports an exceptional and confusing
presentation of hepatopulmonary and splenic hydatidosis
due to E. granulosus that caused diagnostic problems
treated with chemotherapy, with favorable outcome.
Hammami A, Hellara O, Mnari W, Loussaief C, Bedioui F,
Safer L, Golli M, Chakroun M, Saffar H. Unusual presentation
of severely disseminated and rapidly progressive hydatic cyst:
Malignant hydatidosis. World J Hepatol 2015; 7(3): 633-637
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i3/633.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i3.633
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were negative twice. Laboratory studies indicated
negative amoebic antibodies. A guided puncture of
cysts content was performed under scenographic
control. The fluid aspirated from the hepatic cyst
was limpid. The smears demonstrated the absence
of protoscolices. Pathologic reports were negative for
malignant cells. Bacteriological examination showed
a gram positive Cocci. Then, the diagnosis of hepatic
abscess secondary to staphylococcus septicemia from
cutaneous wound in diabetic patient was retained.
Thus, our patient was treated with antibiotics during
3 wk. The course of his disease was marked by the
occurrence of fever, icterus and extensive edema.
Upon examination, we noticed the increase of the
hepatomegaly. Biological tests revealed icteric
cholestasis [conjugated bilirubin (CB): 19 N, GGT:
30N]. CT scan control showed no improvement of
hepatic lesions despite an appropriate treatment;
otherwise, we noted a dissemination of pulmonary
lesions and occurrence of spleen cysts. The volume
of the liver was enlarged, causing compression of the
inferior vena cava without thrombosis, leading to the
diffuse edema. Therefore, we suspected a malignancy
with hepatic and pulmonary metastasis despite the
absence of typical radiological signs. Upper and lower
endoscopy showed no tumor. The bone scintigraphy
was normal. At this stage, considering the absence of
formal radiological and biological features of hydatid
cyst and the lack of solid arguments for tumor,
we decided to enlarge the spectrum of antibiotics
associated to anticoagulant treatment and lymphatic
drainage, with close monitoring. The patient was
followed by routine biochemistry, CRP, procalcitonin
measurement with abdomino-pelvic ultrasonography.
Another hydatic serology was performed, after 6 wk,
as we have no idea about the origin of these lesions.
This time, the serology was positive for E.granulosus
with total serum antibodies by hemagglutination assay
at the level of 2560 (n < 10), and Immunoglobulin G
(IgG) by ELISA test at the level of 58 kU/L (n <10).
Serology tests for Echinococcus multilocularis were
negative. Then, the diagnosis of CE was confirmed,
and chemotherapy was decided. Our patient was
treated with oral albendazole (400 mg twice daily) in
association with praziquentel 50 mg/kg per day during
15 d. This treatment was well tolerated and led to
clinical and biological improvement with especially the
decrease of cholestasis (GGT: 9N, CB: normal). After
3 wk of anti-parasitic chemotherapy, transabdominal
ultrasound showed a significant reduction in the
number and the size of hepatic cysts with appearance
of detached membrane and daughter vesicles within
some cysts (Figure 2A). These findings are typical of
hydatid disease. On the 2 mo CT scan control; there
was a significant regression of the hepatomegaly
and the cystic liver involvement (Figure 2, Panel B).
Currently, the condition of our patient is very well. He
will be maintained on Albendazole with regular followup. He was discharged from the hospital after 4 mo.

INTRODUCTION
Hydatidosis due to Echinococcus granulosus (E. gra
nulosus) is an endemic parasitic zoonosis characterized
by worldwide distribution particularly in Mediterranean
countries. It remains a major public health problem in
developing countries. The disease commonly affects the
[1]
liver (> 65%), and less frequently the lungs (> 25%) .
Disseminated hydatidosis is an infrequent condition
that usually results from the rupture of a liver cyst, with
subsequent seeding of protoscolices in the abdominal
[2]
cavity . Hydatid disease may be asymptomatic or
present with complications. Sometimes unusual
locations as well as cyst metastasis can produce a
diagnostic dilemma and make differential diagnosis from
other abdominal cystic lesions sometimes difficult. The
particularity of this case is related to its unusual clinical
presentation. The purpose of this paper is to emphasize
the fact that hydatid disease can involve any organ
of the body and can have an unusual presentation;
therefore, a high index of suspicion and correct diag
nosis is justified in order to prevent complications and
chances of recurrence.

CASE REPORT
A 70-year-old man had had intermittent abdominal
pain in the right hypochondrium, for 2 wk, with no
radiation, associated to fever that appeared one day
before the admission. He had a medical history of
diabetes and hypertension and was followed for benign
prostatic hyperplasia. He had, in the past year, an
abdominal ultrasound which was absolutely normal
except for the prostatic hypertrophy. He was engineer
in agriculture and he had been in Australia, for 6
mo, 30 years ago. There was no history of vomiting,
weight loss, change in bowel habit, or urinary
symptoms. Clinical examination revealed apyrexia,
absence of icterus, normal blood pressure and heart
rate, mild tenderness in the right hypochondrium
with hepatomegaly, and a scar of a recent injury in
the ankle. Hematological tests showed a slight anemia
3
and a mild leukocytosis (10800/mm ). Renal function
and serum electrolytes tests were within normal
limits. Liver function tests initially revealed anicteric
cholestasis [alkaline phosphatase (ALP): 1.2N, gammaglutamyl transferase (GGT): 19N] without cytolysis.
The hepatic function was normal (Factor V: 100%).
The C-reactive protein (CRP) was elevated to 85 mg/L.
The abdominal computed tomography scan showed
multiple thin wall cystic mass with homogeneous
fluid density contains in the liver (Figure 1A). There
was non wall enhancement. Basal chest sections
revealed smaller cystic lesion in the lung (Figure 1B).
Abdominal MRI confirmed the simple cystic nature of
the hepatic lesions (Figure 1C). The liver cysts was
then suspected as infectious or tumor. His tumor
markers were normal. A serum Western blot and
Elisa tests for hydatidosis (Echinococcus granulosus)
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A

B

C

Figure 1 A: Abdominal computed tomography scan shows multiple cyst lesions in the liver and one cyst in the spleen (arrow); B: Axial scanning plane of
the lung base shows a small cystic lesion in the right side (arrow); and C: magnetic resonance imaging of the liver with axial T2 weighted image shows
homogeneous fluid signal intensity masses related to the cystic nature of hepatic lesions.

A

B

C

Figure 2 (A) Image from the liver ultrasound shows specific features of hydatid disease with detached membrane (arrows) and daughter vesicles
(arrowheads); and (B and C) Images from the abdominal computed tomography scan demonstrate a significant regression of the number and the size of
cysts in the liver. Note the almost complete regression of the spleen cyst (arrow, B).

rupture. Simultaneous development of pulmonary
and hepatic hydatid cysts is an unusual manifestation
of hydatid disease that could be observed in less
[9]
than 10% of cases . It represents a specific entity
called hepatopulmonary hydatidosis (HPH). The most
common symptoms identified in patients with HPH
are from the respiratory system, including cough,
[10]
chest pain, dyspnea and hemoptysis . Secondary
splenic hydatid disease usually occurs after systemic
dissemination or intraperitoneal spread complicating
ruptured hepatic hydatid cyst.
Herein, we report an exceptional and confusing
presentation of hepatopulmonary and splenic hydati
dosis due to E. granulosus that caused diagnostic
problems. The review of the literature revealed that
it was the first case characterized by a fulminant
dissemination of hydatid cysts through organs.
Appropriate clinical diagnosis of CE is necessary
for early and adequate management of hepatic
echinococcosis. It is generally approved that the
combined use of ultrasonography and immuno
diagnosis facilitate the distinction of echinococcal cysts
[1]
from other hepatic cystic lesions . The differential
diagnosis of hepatic hydatid cyst includes abscess,

DISCUSSION
Hydatid disease (HD) is a parasitic infection caused
[1]
by Echinococcus granulosus that represents a major
[3]
public health problem in the Mediterranean region .
Humans are not included in the parasitic life cycle of
Echinococcus granulosus. They can be intermediate
hosts who become infected by accidental ingestion of
food contaminated with eggs of E. granulosus shed by
[4]
definitive hosts .
The liver is the major organ of echinococcal cysts
(CE) involvement (60%-70% of cases) followed by the
lungs (10%-25%), and less frequently, other organs
[5]
[6]
[7]
such as brain , bones , and heart . HD is usually
asymptomatic and diagnosed incidentally, because cyst
growth rate is commonly slow and progressive, ranging
from 1 to 5 mm in diameter per year. Most primary
infected patients have single cyst, but up to 20%-40%
[8]
of them can develop multiple cysts . Symptoms
depend on organs affected, cyst size and number, the
mass effect within adjacent organs and structures.
The most frequent symptoms include asthenia and
abdominal pain. Patients may also present jaundice,
hepatomegaly or anaphylaxis due to cyst leakage or
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hemangioma, and non-parasitic cysts such as solitary
bile duct cyst, polycystic disease, hepatobiliary
cystadenoma. Unilocular hydatid cysts appear on
ultrasound as anechoic unilocular fluid-filled space
with imperceptible walls and posterior acoustic
enhancement. Ultrasonography is not always able to
differentiate hydatid cysts from other hepatic lesions,
like tumors or liver abscesses, which reflect the lack
of pathognomonic radiological signs. On ultrasound, a
bile duct cyst appears as a well-circumscribed anechoic
lesion with increased through-transmission of sound
and no evidence of mural nodularity. There are no
specific radiological features for hemangioma. They
are typically well defined hyperechoic lesions. However,
a small proportion are hypoechoic. They may or may
not show peripheral feeding vessels. In autosomal
polycystic liver disease, the numerous hepatic cysts of
various sizes have identical features to those described
for benign developmental hepatic cyst. On CT scan
and MRI, the simple hydatid cyst is defined as a
well-demarcated water attenuation lesion that does
not enhance after the administration of intravenous
[11,12]
contrast
. Ultrasound may detect detached endocyst
membranes and daughter cysts (vesicles within the
mother cyst), which are highly specific for hydatid
disease. Detachment of the membranes inside the
cyst is referred to as “the water lily” sign. Among
serologic tests, immunoelectrophoresis has been
reported to be the most specific for the primary
[13]
diagnosis and postsurgical follow-up , and enzymelinked immunosorbent assay (ELISA) represents a
[1]
valuable diagnostic test for the initial screening .
In the present case, the first Serological tests were
negative for specific IgG antibodies to E. granulosus
by ELISA. The negative serology made the diagnosis
of hydatid cysts more complicated. This test is
limited by the high percentage of false-negative
results and the large variability in its sensitivity and
specificity between laboratories. Serologic tests do not
supplant clinical or imaging investigations but they
can, however, confirm the hydatid origin of a cyst.
In doubtful cases, for example undetectable antiEchinococcus antibodies or in patients whose hepatic
cysts cannot be differentiated from liver abscess
or neoplasms, ultrasonography-guided fine needle
puncture may represent an additional diagnostic
option. The demonstration of protoscolices or hydatid
membranes or echinococcal antigens/DNA in the
aspirated cyst fluid can confirm, in fact, the diagnosis
of CE. In the current case, the content of the aspirated
fluid showed no protoscolices with made the diagnosis
more complicated. Anthelmintic coverage is important
to reduce the risk of dissemination of CE: albendazole
should be prescribed for 4 d before the procedure and
continued for at least 1 mo after having punctured
[14,15]
an E. granulosus cyst
. In the current case, the
puncture of the cyst fluid, done without anthelmentic
prophylaxis, did not show any protoscolices which
made the diagnosis more difficult.
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The main goal the treatment of hepatic hydatid
disease should be the complete elimination of the
parasite and prevention of recurrence of the disease
with minimum morbidity and mortality risks. Three
therapeutic modalities are validated in the treatment
of hepatic CE: medical treatment, surgery (with
open or laparoscopic approach) and percutaneous
[16]
treatments (PTs) . For many years, surgery was
[1]
the first therapeutic option for hydatid disease .
Puncture, aspiration, injection, re-aspiration (PAIR) is
a relatively recent and minimally invasive therapeutic
option, introduced in the two past decades, and
developed as an interesting alternative to surgery. It is
a percutaneous treatment that consists of puncture of
the cyst, aspiration of cyst fluid, injection of hypertonic
saline and absolute alcohol that had a scolicidal effect,
and re-aspiration of the cyst contents (PAIR) under
[17]
sonographic guidance . This treatment is considered
in case of single or multiple cysts, which cannot be
[1]
operated . PAIR represents an effective and safe
[1]
[18]
with low rates of complications and
procedure
is the unique method that provides direct diagnosis
concerning the parasitic nature of the cysts in doubtful
[18]
cases . Chemotherapy based on benzimidazole
carbamate compounds (albendazole and mebendazole)
have, for a long time, remained the cornerstone of
[1]
medical therapy for echinococcosis . It has very
effective results in patients with multiple or inoperable
[19]
cysts and those with peritoneal hydatid cysts .
Albendazole, an oral benzimidazole antihelmintic
agent, is a drug of choice for the medical therapy of
[20]
echinococcal disease . The dose of drug is 10 to 15
mg/kg per day in 2 divided doses given in cycles of 4
wk, without drug therapy for 2 wk. This regimen should
be maintained for several cycles depending on the
[20,21]
severity of disease or the improvement of patients
.
Praziquantel, an isoquinoline anthelmintic, is a potent
[19,20]
protoscolicidal agent in vitro
. The usage of
albendazole with praziquantel together may be more
effective than albendazole alone.
In conclusion, despite the progress made in
imaging techniques and therapeutic modalities, the
diagnosis of hydatid disease remains a problematic
issue. The diagnosis of non complicated hepatic
hydatidosis is based on clinical suspicion, combined
to suggestive factors such as the patient’s origin and
occupation in order to identify high-risk patients. Many
unresolved problems are still waiting for a solution; for
instance, there is a need for prevention programs able
to monitor and control parasite spreading. The present
report describes clinical findings of very unusual and
rapidly progressive case of malignant CE which caused
a diagnosis dilemma.
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Non-invasive methods for the diagnosis of nonalcoholic
fatty liver disease
Marianthi Papagianni, Areti Sofogianni, Konstantinos Tziomalos
and sampling bias, stress the need for developing
alternative diagnostic methods. Accordingly, several
non-invasive markers have been evaluated for the
diagnosis of simple steatosis and NASH, including both
serological indices and imaging methods. The present
review summarizes the current knowledge on the role
of these markers in the diagnosis of NAFLD. Current
data suggest that ultrasound and the fibrosis-4 score
are probably the most appealing methods for detecting
steatosis and for distinguishing NASH from simple
steatosis, respectively, because of their low cost and
relatively high accuracy. However, currently available
methods, both serologic and imaging, cannot obviate
the need for liver biopsy for diagnosing NASH due
to their substantial false positive and false negative
rates. Therefore, the current role of these methods is
probably limited in patients who are unwilling or have
contraindications for undergoing biopsy.
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Core tip: Current data suggest that ultrasound and
the fibrosis-4 score are probably the most appealing
methods for detecting steatosis and for distinguishing
nonalcoholic steatohepatitis from simple steatosis,
respectively, because of their low cost and relatively
high accuracy. However, currently available methods,
both serologic and imaging, cannot obviate the need for
liver biopsy for diagnosing nonalcoholic steatohepatitis
due to their substantial false positive and false negative
rates. Therefore, the current role of these methods is
probably limited in patients who are unwilling or have
contraindications for undergoing biopsy.

Abstract
Nonalcoholic fatty liver disease (NAFLD) is the
commonest chronic liver disease and includes simple
steatosis and nonalcoholic steatohepatitis (NASH).
Since NASH progresses to cirrhosis more frequently
and increases liver-related and cardiovascular disease
risk substantially more than simple steatosis, there is a
great need to differentiate the two entities. Liver biopsy
is the gold standard for the diagnosis of NAFLD but
its disadvantages, including the risk of complications
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(0.77) . Similar results were observed in a smaller
[22]
cohort from Germany . Different CK18 fragments
reflecting total hepatocellular death do not appear to
[20,22]
be more accurate
(Table 1).
Fibroblast growth factor 21 (FGF21) is involved in
[23-26]
the regulation of glucose and lipid metabolism
.
Patients with steatosis have elevated FGF21 levels,
[23-26]
which also correlate with the degree of steatosis
.
Moreover, in a recent prospective study, elevated
FGF21 levels independently predicted the development
[23]
of steatosis . However, in a comparative study,
measurement of FGF21 levels was less accurate in
[25]
diagnosing steatosis than CK18 fragments .
In addition to these isolated markers, several
algorithms incorporating multiple clinical and biochemical
parameters have been evaluated for the diagnosis
of simple steatosis. Perhaps the most promising is
the fatty liver index (FLI), which incorporates readily
available parameters [body mass index (BMI), waist
circumference and serum levels of triglycerides and
γ-glutamyl-transpeptidase (GGT)] to detect hepatic
steatosis. In a study in the general population, this
[27]
algorithm had an AUROC of 0.84 for detecting steatosis .
The Lipid Accumulation Product (LAP) is an even simpler
algorithm that takes into account gender, waist circum
ference and fasting triglyceride levels. However, in the
same population where the FLI was developed, LAP had
[28]
a smaller AUROC for identifying steatosis (0.79) . In
addition, the diagnostic accuracy of the FLI was reported
to be similar to that of a model including BMI and FGF21
[23]
levels .
The Hepatic Steatosis Index is another panel of
simple biomarkers [gender, history of T2DM, BMI, alanine
transaminase (ALT) and aspartate transaminase (AST)]
and had an AUROC of 0.81 for diagnosing NAFLD [defined
as presence of fatty liver in ultrasound (US) in the
absence of other causes of chronic liver disease] in the
[29]
derivation study (n = 5362 Korean patients) . However,
this algorithm had poor agreement with magnetic
resonance spectroscopy (MRS) in the assessment of
[30]
steatosis . Finally, the SteatoTest includes levels of α2macroglobulin, apolipoprotein Α-Ι, haptoglobin, total
bilirubin, GGT, fasting glucose, triglycerides, cholesterol
[31]
and ALT adjusted for age, gender and BMI . In addition
to the cost of measuring the parameters included in
the SteatoTest, this index has limited sensitivity and
specificity for detecting steatosis (69% and 74%,
[31]
respectively) . Moreover, the SteatoTest showed poor
[30]
agreement with MRS in the assessment of steatosis .
In summary, among the serologic markers that
have been evaluated for the detection of steatosis,
measurement of CK18 levels and the FLI appear to be
the most accurate. Since the FLI is inexpensive and
readily available in clinical practice, it appears to be
more appealing than measuring CK18 levels. However,
available data for this algorithm are rather limited
and it should be validated in large studies in different
populations.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is defined as
the presence of hepatic steatosis in the absence of
[1-3]
other causes of hepatic fat accumulation . NAFLD
includes simple steatosis, steatosis accompanied by
varying degrees of inflammation and fibrosis [non
[3]
alcoholic steatohepatitis, (NASH)] and cirrhosis .
NAFLD is the commonest chronic liver disease; the
prevalence of simple steatosis and NASH in the general
population is approximately 20%-30% and 5%-12%,
[4-7]
respectively . However, in patients with obesity and
type 2 diabetes mellitus (T2DM), NAFLD is substantially
[8,9]
more common, affecting up to 70% of patients .
Simple steatosis is associated with a relatively
[10-12]
low risk for progression to cirrhosis
. Moreover,
it is unclear whether patients with simple steatosis
have increased mortality compared with the general
[13-15]
population
. On the other hand, approximately 7%
of patients with NASH will progress to cirrhosis within
[10-12]
3 years
. In addition, several prospective studies
showed that NASH is independently associated with
increased mortality, from both liver disease-related and
[15,16]
cardiovascular causes
. Therefore, there is a clear
need for differentiating patients with simple steatosis
from those with NASH.
Liver biopsy remains the golden standard for the
diagnosis of NAFLD and for distinguishing simple
steatosis from NASH. However, biopsy is an invasive
method carrying a small but not negligible risk of
[17,18]
complications
. Sampling bias has also been reported
in patients with NAFLD and might affect both diagnosis
[19]
and staging of the disease . Given these limitations of
liver biopsy, several non-invasive markers have been
evaluated for the diagnosis of simple steatosis and
NASH, including both serological indices and imaging
methods. The present review summarizes the current
knowledge on the role of these markers in the diagnosis
of NAFLD.

SEROLOGIC MARKERS
Serologic markers for detecting hepatic steatosis

Cytokeratin-18 (CK18) is the major intermediate
filament protein in the liver and plasma levels of caspasegenerated CK18 fragments reflects hepatocellular
apoptosis, which is implicated in the pathogenesis of
[20-22]
NAFLD
. In an early study (n = 157 patients from
Hong-Kong with biopsy-proven NAFLD), CK18 levels had
an area under the receiving-operating characteristics
[20]
curve (AUROC) 0.90 for detecting steatosis . However,
a very recent large study (n = 318) performed in the
United States reported a considerably lower AUROC
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[40]

are needed to validate these findings . Another
marker used to detect steatosis, FGF21, is elevated
[25]
in patients with NASH compared with controls .
However, in a comparative study, measurement of
FGF21 levels was less accurate in diagnosing NASH
[25]
than CK18 fragments . Nevertheless, combining
the measurement of FGF21 and CK18 improved the
[25]
accuracy of CK18 alone .
Given the suboptimal diagnostic performance of
isolated markers for distinguishing NASH from simple
steatosis, several algorithms that combine different
parameters have been developed. Some of these
panels include readily available variables. The BMI, AST/
ALT ratio, diabetes (BARD) score takes into account
BMI, AST/ALT ratio and the presence of T2DM and had
a high negative predictive value for excluding advanced
fibrosis (stages 3-4) in a population of obese patients
[41]
from the United States . This score was validated
in a Polish population where it showed similarly high
[42]
negative predictive value (97%) . The NAFLD fibrosis
score incorporates age, BMI, hyperglycemia (fasting
glucose levels ≥ 110 mg/dL or previously diagnosed
T2DM), platelet count, albumin and AST/ALT ratio and
had an AUROC of 0.82 for detecting advanced fibrosis
in the study in United States where it was developed
[43]
(n = 733) . In a validation study in 162 Chinese
patients with NAFLD, this score had 91% negative
predicted value and obviated the need for 79% of liver
[44]
biopsies . The Nippon score includes gender, age and
history of T2DM or hypertension and had an AUROC
of 0.78 for detecting severe fibrosis (stages 3-4) in
the derivation study (n = 182 Japanese patients with
[45]
biopsy-proven NAFLD) .
Fibrosis-4 (FIB-4) appears to be the most promising
simple scoring system for distinguishing NASH from
steatosis and incorporates age, AST, ALT and platelet
count. Indeed, in a comparative study from the United
Kingdom (n = 145), FIB-4 had greater AUROC for
detecting advanced fibrosis compared with the AST/
ALT ratio, NAFLD fibrosis score, BARD score and APRI
[46]
(0.86, 0.83, 0.81, 0.77 and 0.67, respectively) .
In another study in 165 Caucasian patients with
NAFLD, the FIB-4 score had similar accuracy with
the NAFLD fibrosis score and greater than the BARD
[47]
score (AUROC 0.96, 0.94 and 0.84, respectively) .
In a larger study performed in the United States (n =
541), FIB-4 again was more predictive of advanced
fibrosis than the latter scores, even though reported
[48]
AUROCs were smaller (0.70-0.80) . Moreover,
accuracies for detecting significant fibrosis (stage
[48]
2-4) were even lower (AUROC 0.68-0.75) . In a
more recent large comparative study in 576 Japanese
patients with NAFLD, FIB-4 again had better accuracy
than the NAFLD fibrosis score, APRI, age/platelet
index, AST/ALT ratio, BARD score and Nippon score
for the diagnosis of advanced fibrosis (0.87, 0.86,
[49]
0.82, 0.81, 0.79, 0.76 and 0.71, respectively) .
In the above-mentioned studies, the sensitivity and

Table 1 Accuracy of the most-well studied serologic markers
for detecting steatosis and for differentiating simple steatosis
from nonalcoholic steatohepatitis
Marker

AUROC

n

Ref.

Serologic markers for detecting steatosis
CK18

0.90
157
[20]
0.77
318
[21]
FLI
0.84
496
[27]
LAP
0.79
588
[28]
Hepatic steatosis index
0.81
5362
[29]
SteatoTest
0.79
69
[31]
Serologic markers for differentiating simple steatosis from nonalcoholic
steatohepatitis
APRI
0.60
190
[34]
CK18
0.82
838
[39]
NAFLD fibrosis score
0.82
733
[43]
Comparative studies of serologic markers for differentiating simple
steatosis from nonalcoholic steatohepatitis
FIB-4
0.86
145
[46]
NAFLD fibrosis score
0.81
BARD score
0.77
APRI
0.67
FIB-4
0.96
165
[47]
NAFLD fibrosis score
0.94
BARD score
0.84
FIB-4
0.80
541
[48]
NAFLD fibrosis score
0.77
BARD score
0.70
APRI
0.73
FIB-4
0.87
576
[49]
NAFLD fibrosis score
0.86
APRI
0.79
BARD score
0.76
AUROC: Area under the receiving-operating characteristics curve; AST:
Aspartate transaminase; CK18: Cytokeratin-18; FLI: Fatty liver index; LAP:
Lipid accumulation product; APRI: AST/platelet ratio index; NAFLD:
Non-alcoholic fatty liver disease; FIB-4: Fibrosis-4; BARD: BMI, AST/ALT
Ratio, Diabetes; BMI: Body mass index; ALT: Alanine transaminase.

Serologic markers for differentiating simple steatosis
from NASH

Isolated markers have limited accuracy for the diagnosis
of NASH. Thus, normal ALT levels do not exclude the
presence of advanced fibrosis or cirrhosis and ALT levels
[32,33]
do not correlate with the severity of fibrosis
. Other
simple markers, such as the AST/platelet ratio index
(APRI), defined as (AST/upper limit of normal AST
levels)*100/platelet count, also have very low accuracy
[34,35]
(AUROC < 0.60)
. In contrast with its satisfactory
performance in detecting steatosis, CK18 fragments
also have moderate accuracy (AUROC = 0.70-0.83) in
[20-22,36-38]
the diagnosis of NASH
. Moreover, measurement
of CK18 has limited accuracy in distinguishing fibrosis
[21,22,37]
stages
. Different CK18 fragments reflecting
total hepatocellular death do not appear to be more
[20,22]
accurate
. In a recent meta-analysis of 10 studies in
patients with NASH (n = 838), uncleaved and caspasecleaved CK18 fragments had an AUROC of 0.82 and
[39]
0.84 for diagnosing NASH, respectively . A recent
study suggested that measuring serum levels of Fas,
a regulator of apoptotic death, might improve the
ability of CK18 to diagnose NASH but additional studies
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specificity of a cut-off value of 1.30-1.45 of the FIB-4
score for detecting advanced fibrosis was 74%-90%
and 64%-88%, respectively, whereas a cut-off value
of 3.25 had sensitivity of 26%-40% and specificity of
[46-49]
95%-100%
. However, in a retrospective study in
320 Caucasian patients with NAFLD, the NAFLD fibrosis
score appeared to be a better indicator of the risk for
development of liver-related complications or death
[50]
than the FIB-4 and BARD scores and the APRI .
Other simple algorithms for the detection of fibrosis
have been studied less extensively. FibroMeter NAFLD
includes age, weight, platelet count and ferritin,
glucose, AST and ALT levels and had better accuracy
than the NAFLD fibrosis score and the APRI for detecting
significant fibrosis (AUROC 0.91, 0.86 and 0.84,
[51]
respectively) in a French study (n = 235) . The KoelnEssen index includes age, AST, AST/ALT ratio and total
bilirubin levels and had similar AUROC with the FIB-4
score and the NAFLD fibrosis score (0.97, 0.93 and
0.96, respectively) but greater than the AST/ALT ratio
and the BARD score (0.81 and 0.67, respectively) in a
[52]
German study (n = 267) .
In addition to these simple algorithms, other scoring
systems incorporate more sensitive but less readily
available and therefore more expensive variables.
However, the latter scores do not appear to be more
accurate in detecting NASH than the simple algorithms.
The NAFLD liver fat score includes the history of T2DM
or metabolic syndrome and serum ALT, AST and insulin
levels and had an AUROC of 0.87 for detecting NAFLD
(either simple steatosis or NASH) in the derivation
[53]
study (n = 470 Caucasian patients) . This score
showed similar accuracy in an independent cohort of
[36]
Caucasian patients with NAFLD . The NASH score
includes AST and fasting insulin levels as well as
the patatin-like phospholipase domain containing-3
genotype and had an AUROC of 0.76 in a cohort of
[54]
380 obese Caucasian patients . FibroTest-FibroSURE
is composed of α2-macroglobulin, apolipoprotein A-I,
haptoglobin, GGT and total bilirubin levels adjusted
[55]
for sex and age . In the derivation study in 267
patients with NAFLD, the FibroTest had an AUROC of
0.81 for detecting significant fibrosis but only 0.59 for
[55]
differentiating NASH from simple steatosis . Moreover,
a more recent study (n = 190 Caucasian patients)
reported a considerably smaller AUROC for detecting
[34]
significant fibrosis (0.59) . The NashTest includes
age, gender, height, weight and serum levels of
triglycerides, total cholesterol, ALT, AST, total bilirubin,
GGT, α2-macroglobulin, haptoglobin and apolipoprotein
AI and had an AUROC of 0.79 for detecting NASH in the
[56]
derivation study (n = 257 French patients) . Another
[57]
composite index developed by Palekar et al
includes
age, gender, BMI, AST, AST/ALT ratio and hyaluronic
acid levels. In the small derivation study performed in
the United States (n = 80), this index had an AUROC of
[57]
0.76 for distinguishing NASH from simple steatosis .
Very few studies compared algorithms based
on simple parameters and scoring systems that
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incorporate more elaborate variables. The Antwerp
NAFLD significant fibrosis score includes waist, AST and
[58]
fasting C-peptide levels . In the Caucasian population
were it was developed (n = 313), it had greater
AUROC than the NAFLD fibrosis score, the FIB-4
[58]
score, the BARD score and the APRI . Interestingly,
measurement of CK18 levels did not improve the
[58]
accuracy of this algorithm . The enhanced liver
fibrosis panel (ELF) consists of tissue inhibitor of matrix
metalloproteinase 1, hyaluronic acid and aminoterminal
[59]
peptide of pro-collagen Ⅲ . In a pivotal study in
192 patients with NAFLD, ELF had an AUROC of 0.82
[59]
for identifying significant fibrosis . In a subgroup of
patients (n = 91), the ELF and the NAFLD fibrosis score
had comparable AUROCs (0.90 and 0.86, respectively)
whereas the combination of the 2 scores marginally
[59]
increased the AUROC to 0.93 . Another algorithm,
the NAFIC score, including serum ferritin, insulin and
type Ⅳ collagen 7S levels, had an AUROC of 0.85 and
0.78 for distinguishing NASH from simple steatosis in
the derivation and validation studies, respectively, in
Japanese patients with biopsy-proven NAFLD (n = 177
[60]
and 442, respectively) . The AUROC for detecting
significant and advanced fibrosis was 0.83 and 0.86,
[60]
respectively . In the same study, the NAFIC score had
greater AUROC for distinguishing NASH from simple
steatosis than the BARD score, the Nippon score,
the NAFLD fibrosis score and the score developed
[57]
by Palekar et al
(0.80, 0.63, 0.67, 0.68 and 0.73,
respectively).
In summary, a large number of algorithms have
been developed for differentiating between simple
steatosis and NASH. Among the existing algorithms, the
FIB-4 score appears to be the most accurate. Moreover,
this algorithm has been validated in several studies and
consists of readily available and inexpensive variables.
More elaborate and costly algorithms appear to be less
accurate than the FIB-4 score but comparative studies
are limited.

IMAGING METHODS
Imaging methods for detecting hepatic steatosis

US: US is a widely available and inexpensive method
for evaluating the presence of steatosis that does not
expose the patient to radiation and allows repeated
examinations. However, US has several drawbacks: it
is operator-dependent and cannot provide information
[61-63]
regarding fibrosis
. In US, a diffuse increase in
hepatic echogenicity (bright liver) suggests the presence
[61]
of steatosis . Additional sonographic features, such as
hepatorenal contrast (i.e., the difference in echogenicity
between liver and right kidney cortex) or blurring
of hepatic vein have similar sensitivity with hepatic
echogenicity whereas other characteristics such as
portal vein blurring or posterior attenuation have lower
[61]
sensitivity . However, the combined evaluation of
hepatic echogenicity and portal vein blurring improved
[61]
the sensitivity of US . In a recent study in 79 patients
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(21 with NAFLD) who underwent both US and liver
biopsy, the sensitivity and specificity of the US for
detecting macrovesicular steatosis ≥ 5% of total
hepatocyte area were 82% and 100%, respectively, but
the sensitivity and specificity for detecting microvesicular
[61]
steatosis were only 59% and 74%, respectively .
In patients with steatosis ≥ 20% of total hepatocyte
area, sensitivity increased to 96% for macrovesicular
steatosis but only to 67% for microvesicular steatosis;
[61]
specificity decreased to 98% and 66%, respectively .
In contrast, a larger study in 94 patients with NAFLD
reported an AUROC of 0.98 of US for detecting
steatosis; the sensitivity and specificity was 92% and
[64]
100%, respectively . In a meta-analysis of 49 studies
(n = 4720), US had an AUROC of 0.93 for detecting
steatosis; the sensitivity and specificity was 85% and
[65]
94%, respectively . Moreover, in 5 small comparative
studies (n = 215), US was as accurate as computed
tomography (CT), magnetic resonance imaging (MRI)
and MRS for detecting steatosis and had a sensitivity
[65]
and specificity of 94% and 80%, respectively .

resonance spectroscopy is an accurate method for
[66,72,73,78,79]
evaluating hepatic steatosis
. Furthermore,
[66,78,79]
MRS is operator-independent and fast
. However,
MRS has some important disadvantages, including
[66,78,79]
limited availability and high cost
. The results
might also be affected by respiratory movements,
[66]
since MRS is a free-breathing method . Some studies
also suggested that advanced fibrosis is also associated
[73]
with less accurate evaluation of steatosis using MRS .
Claustrophobia and the presence of implanted devices
[66,78,79]
are additional limitations in the use of MRS
.
In summary, the different imaging methods for
detecting steatosis appear to have comparable accuracy.
Since US is the least expensive, readily available, does
not expose the patient to radiation and can be used for
repeat evaluations, it appears to represent the most
useful imaging method for detecting steatosis.

Imaging methods for differentiating simple steatosis
from NASH

Transient elastography: In transient elastography
(TE), an M-probe that includes an ultrasonic transducer
is used. The transducer is placed above the right lobe
of the liver through an intercostal space and produces
a vibration that generates a wave, which is transmitted
through the skin into the liver. The velocity of the
wave correlates directly with liver stiffness. In turn,
liver stiffness correlates inversely with the degree
[80-82]
of fibrosis
. In a large study (n = 246 patients
with NAFLD), TE had an AUROC of 0.84 and 0.93 for
[83]
detecting significant and severe fibrosis, respectively .
In the same study, TE was more accurate in identifying
fibrosis than APRI, FIB-4 score, NAFLD fibrosis score
[83]
and BARD score . Other smaller studies in Caucasian
and Japanese patients with NAFLD also reported
similarly high accuracies of TE in detecting significant
[79,82,84,85]
and severe fibrosis
(Table 2).
Liver stiffness evaluation with TE is considered
reliable when the interquartile range/median ratio of
[86]
measurements is ≤ 0.30 . Unreliable measurements
are more frequent in older subjects and in overweight
[83,87,88]
or obese patients
. In a large study that analyzed
13369 examinations of liver stiffness using TE (13.7%
with NAFLD), 15.8% of the examinations yielded
[89]
unreliable measurements . In overweight and obese
patients, 24% and 35% of measurements, respectively,
[89]
were considered unreliable . Obesity not only
hampers the measurement of liver stiffness but also
increases liver stiffness independently of the presence
[90]
of fibrosis . The presence of steatosis also appears
to affect liver stiffness evaluation, particularly in non[80,81,88]
cirrhotic patients
. To overcome these limitations,
another probe has been developed, the XL-probe,
which provides more reliable measurements in obese
[84,87,91,92]
patients
. The XL-probe generates a lower
frequency (1.75 MHz vs 3.5 MHz with the M-probe)
and higher amplitude (3 mm and 2 mm, respectively)
vibration resulting in greater measurement depth
(3.5-7.5 cm vs 2.5-6.5 cm, respectively) and yields

CT: CT provides an objective evaluation of the
presence of steatosis but is more expensive than US
and exposes the patient to radiation. Similar to US, CT
[63]
cannot distinguish NASH from simple steatosis . In
a comparative study, CT was less accurate than dual
gradient-echo MRI and MRS for identifying steatosis ≥
5% whereas the latter 2 methods had similar accuracy
[66]
(AUROC 0.65, 0.88 and 0.85, respectively) . Notably,
at higher degrees of steatosis (≥ 30%), the accuracy
of the 3 methods was similar (AUROC 0.92, 0.99
[66]
and 0.91, respectively) . In the same study, CT
[66]
was also less accurate than US . However, other
studies reported similar accuracy of MRI, CT and US in
[63,65]
assessing steatosis
.
MRI: In patients with NAFLD, MRI has shown excellent
[67-70]
accuracy for detecting steatosis
, which is similar
[66,71-73]
with the accuracy of MRS
and superior or similar
[63,65,74]
compared with US and CT
. However, in patients
with advanced fibrosis or cirrhosis, MRI appears to be
[67,73]
less reliable for grading steatosis
. Compared with
CT, MRI has the advantage that it does not expose
the patient to radiation and can therefore be used for
follow-up. On the other hand, MRI is more expensive
than CT, it cannot be performed in patients with
claustrophobia and the measurements are affected by
hepatic iron deposition, which is frequently present in
[75,76]
patients with NAFLD
. MRI also does not provide
information regarding the presence of fibrosis. Indeed,
in a small study in 10 patients with NAFLD, chemicalshift MRI was very accurate in identifying steatosis
but could not differentiate between NASH and isolated
[77]
steatosis . A larger study in 25 patients with NAFLD
also showed that MRI is not useful in distinguishing
[63]
NASH from simple steatosis .
1

1

H-magnetic resonance spectroscopy: H-magnetic
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[100]

for detecting advanced fibrosis was 0.90 . Compared
with TE, ARFI has similar accuracy but lower rates of
[101-104]
measurement failures
.

Table 2 Accuracy of imaging methods for differentiating
simple steatosis from nonalcoholic steatohepatitis
Imaging method

AUROC

n

Ref.

Real-time shear wave elastography: Real-time
shear wave elastography (RTE) is based on the same
principle with TE but provides real-time measurements
[105]
of liver stiffness . In a recent study in 181 patients
with NAFLD, RTE had an AUROC of 0.85 and 0.88 for
[106]
detecting advanced and severe fibrosis, respectively .
In the same study, RTE had similar accuracy with the
FIB-4 score for detecting all stages of fibrosis and
better accuracy than the NAFLD fibrosis score, BARD
[57]
score and the score developed by Palekar et al .
[107]
Smaller studies reported similar accuracy rates
.
However, in a small comparative study that included
13 patients with NAFLD, RTE had lower accuracy in
detecting advanced fibrosis than TE and ARFI, whereas
the latter two methods had comparable accuracy
[108]
(AUROC 0.51, 0.73 and 0.71, respectively) . Failure
[105]
rates are similar with RTE and TE .

Imaging methods for differentiating simple steatosis from nonalcoholic
steatohepatitis
TE
0.84
246
[83]
0.87
75
[84]
ARFI
0.86
77
[101]
0.90
172
[100]
RTE
0.85
181
[106]
MRE
0.93
58
[110]
0.95
142
[111]
Comparative studies of imaging methods for differentiating simple
steatosis from nonalcoholic steatohepatitis
TE
0.99
54
[104]
ARFI
0.97
TE
0.73
13
[108]
ARFI
0.71
RTE
0.51
TE: Transient elastography; ARFI: Acoustic radiation force impulse;
RTE: Real-time shear wave elastography; MRE: Magnetic resonance
elastography; AUROC: Area under the receiving-operating characteristics
curve.

Magnetic resonance elastography: Magnetic
resonance elastography (MRE) evaluates fibrosis by
estimating liver elasticity through the application of
mechanical excitation and motion-sensitive magnetic
[109]
resonance sequences . In a study in 72 patients with
biopsy-proven hepatic fibrosis (8 with NASH), MRE
had an AUROC of 0.91, 0.92 and 0.97 for detecting
[109]
fibrosis stage ≥ 1, ≥ 2 and ≥ 3, respectively . In
a more recent study in 58 patients with NAFLD, MRE
had an AUROC of 0.93 for discriminating NASH from
[110]
isolated steatosis . In a larger study in 142 patients
with NAFLD, MRE had superior accuracy for detecting
advanced fibrosis than the FIB-4 score, NAFLD fibrosis
score, APRI and BARD score (AUROC 0.95, 0.83,
[111]
0.79, 0.74 and 0.71, respectively)
. Compared
with RTE, MRE has similar accuracy in excluding the
presence of fibrosis and lower rates of unreliable
[112]
measurements .
In summary, among the different imaging methods
for distinguishing simple steatosis from NASH, TE
has been studied more extensively and appears to
be more or equally accurate compared with the other
techniques. However, very few studies compared these
imaging methods with serological markers and it is
unclear whether imaging is more accurate than the
less expensive and more widely available serological
algorithms.

reliable results in approximately 57%-63% of patients
[84,87,92,93]
with unreliable M-probe measurements
.
Therefore, the combined use of both probes enables
[87]
assessment of liver stiffness in > 90% of patients .
Even though liver stiffness values are lower when the
XL probe is used, both probes yield similar results
[84,87,92,94]
regarding the presence of fibrosis
. However,
even when the XL probe is used, both the reliability of
measurements and the accuracy of detecting fibrosis
[87,91,93,95]
are decreasing with the increase of BMI
.
Transient elastography can also be used in the
evaluation of steatosis by calculating the controlled
attenuation parameter (CAP) using an algorithm
included in the system. CAP has an AUROC of 0.79-0.93
and 0.76-0.94 in identifying steatosis ≥ stage 1 and
≥ stage 2, respectively[79,94,96-98]. In comparative
[79]
studies, it had similar accuracy with MRS
and
[97]
better accuracy than US . CAP also had better or
similar accuracy with the FLI and better accuracy than
[97,98]
the hepatic steatosis index and the SteatoTest
.
However, the accuracy of CAP appears to be lower in
[98]
patients with more advanced fibrosis .
Acoustic radiation force impulse imaging: Acoustic
radiation force impulse (ARFI) imaging is an US-based
elastography method integrated in conventional US
machines where a region of interest in the liver is
mechanically excited with an acoustic pulse inducing
localized tissue displacement, which results in shear
[99]
wave propagation . The velocity of wave propagation
[100]
correlates with liver stiffness and fibrosis
. In a
meta-analysis of 4 early studies in patients with NAFLD
(n = 77), ARFI imaging had an AUROC of 0.86 for
[101]
diagnosing both significant and advanced fibrosis
.
In a more recent large study in 172 patients with
biopsy-diagnosed NAFLD, the AUROC of the method
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CONCLUSION
A large number of serologic markers and imaging
methods have been evaluated for the diagnosis of
simple steatosis and NASH. However, most serologic
markers have not been validated in independent cohorts
whereas very few studies compared the different
imaging methods. Current data suggest that US and the
FIB-4 score are probably the most appealing methods
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for detecting steatosis and for distinguishing NASH
from simple steatosis, respectively, because of their low
cost and relatively high accuracy. However, currently
available methods, both serologic and imaging,
cannot obviate the need for liver biopsy for diagnosing
NASH due to their substantial false positive and false
negative rates. The current role of these methods is
probably limited in patients who are unwilling or have
contraindications for undergoing biopsy.
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REVIEW

Strategies to improve outcome of patients with
hepatocellular carcinoma receiving a liver transplantation
Marta Guerrero-Misas, Manuel Rodríguez-Perálvarez, Manuel De la Mata
However, tumour recurrence rates are as high as 20%,
and once the recurrence is established the therapeutic
options are scarce and with little impact on prognosis.
Strategies to minimize tumour recurrence and thus to
improve outcome may be classified into 3 groups: (1) An
adequate selection of candidates for liver transplantation
by using the Milan criteria; (2) An optimized management
within waiting list including prioritization of patients at
high risk of tumour progression, and the implementation
of bridging therapies, particularly when the expected
length within the waiting list is longer than 6 mo; and
(3) Tailored immunosuppression comprising reduced
exposure to calcineurin inhibitors, particularly early after
liver transplantation, and the addition of mammalian
target of rapamycin inhibitors. In the present manuscript
the available scientific evidence supporting these
strategies is comprehensively reviewed, and future
directions are provided for novel research approaches,
which may contribute to the final target: to cure more
patients with hepatocellular carcinoma and with an
improved long term outcome.
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Core tip: Liver transplantation is the only therapeutic
option which allows to treat both, the hepatocellular
carcinoma and the underlying liver disease. However,
tumour recurrence rates are 15%-20% with a very poor
prognosis. Strategies to minimize tumour recurrence
and thus to improve outcome are focused in a careful
selection of candidates for liver transplantation, an
optimized management within waiting list and a tailored
immunosuppression. The available scientific evidence
supporting these strategies is reviewed, and future
directions are provided for novel research approaches,
which may contribute to the final target: to cure more

Abstract
Liver transplantation is the only therapeutic option which
allows to treat both, the hepatocellular carcinoma and
the underlying liver disease. Indeed, liver transplantation
is considered the standard of care for a subset of
patients with cirrhosis and hepatocellular carcinoma.
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patients with hepatocellular carcinoma with an improved
long term outcome.

SELECTION OF HCC PATIENTS FOR LT
The initial experiences of LT to treat HCC were dis
appointing since the tumour recurrence was frequent,
and survival was shorter when compared with other
[12]
LT aetiologies (5-year survival rates 18%-40%) .
Many institutions included the HCC as a formal
contraindication for LT until the early 90’s, when some
studies showed that patients with small HCC under
going LT had reduced tumour recurrence rates when
compared to liver resection. Clinicians soon became
aware of the improved outcomes when LT was restricted
to patients with a limited tumour burden. Indeed in a
cohort of 221 consecutive LT patients [38 patients with
small HCC (< 5 cm) and 136 with cirrhosis without
HCC], the survival rates were similar irrespective of
whether HCC was present or not (63% vs 68% at 5
years respectively; P = 0.84). In 1996 Mazzaferro et
[13]
al prospectively analyzed a cohort of 48 patients with
small unresectable HCC undergoing LT. The authors
considered LT when there was a single nodule ≤ 5 cm
or up to 3 nodules, ≤ 3 cm each, in the absence of
macrovascular invasion or extrahepatic metastases. The
4-year survival rate was 75%, with a recurrence-free
survival rate of 83%. These premises, currently known
as Milan criteria, found a wide acceptance and most LT
institutions implemented them as the standard of care
[10]
to select HCC patients for LT . However according to
the Milan criteria, only 6% of patients with HCC would
[14]
be eligible for LT , and therefore these criteria may
be considered too restrictive. A significant proportion of
patients above Milan criteria could still benefit from LT
[15]
without increasing HCC recurrence rates .
There have been many attempts to expand Milan
criteria, being the most frequently used summarized
in Table 1. The expansion of the Milan criteria may be
performed by increasing the diameter and/or the number
of nodules allowed, and in some cases with additional
criteria such as histological tumour differentiation, serum
PIVKA-Ⅱ or α-fetoprotein.
One of the most popular criteria is the so called
“up-to-seven”, according to which patients without
macrovascular invasion could be candidates for LT as
long as the sum of the number of nodules and the
diameter of the largest nodule is ≤ 7. These criteria
were derived from a retrospective multicenter study
with 1556 patients with HCC, from which 1070 had a
HCC beyond Milan criteria. Patients outside Milan criteria
but within the up-to-seven criteria had an overall 5 yearsurvival rate of 71.2%, similar to those found in patients
within Milan criteria (73.3%). HCC recurrence rates
were also similar provided that microvascular invasion
[16]
was absent . However this study had important
limitations. The tumour was evaluated in the explanted
liver rather than by using radiological techniques, and a
certain grade of disagreement between both approaches
is expected in clinical practice. Most importantly, the
favorable outcome showed by patients within the up-toseven criteria was only present after excluding patients
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequent
primary liver cancer, which accounts for 70%-80%
[1]
of the hepatic malignancies . It generally appears
on a cirrhotic liver, and thus the common causes of
cirrhosis are also involved in the oncogenesis of HCC,
being particularly relevant hepatitis B virus (HBV) and
[2-4]
HCV chronic viral infections . It has been estimated
that HBV is responsible for 50%-80% of HCC cases,
[1]
whereas 10%-20% of cases are related to HCV .
HCC represents the fifth most common malignancy
(554000 cases worldwide) and the second leading
cause of cancer-related mortality, (746000 deaths
[5]
annually) . HCC rates are 2-4 fold increased in male
population. The incidence is higher in developing
countries, although its incidence in developed countries
[6]
is increasing, mainly due to HCV infection . Among
developed countries the highest incidence rates are
found in North America (9.3 cases/100000) and
[5]
southern Europe (9.5 cases/100000) . However this
picture may change in the next decades given the
exponential raising of infant obesity in United States
and Europe which may trigger the number of HCCs
[7-9]
attributable to non-alcoholic fatty liver disease .
Liver Transplantation (LT) is the only therapeutic
option able to treat both the HCC and the underlying
liver disease, and it is currently considered the standard
of care for patients with small unresectable HCC.
The proportion of patients diagnosed at early stage,
who potentially would benefit from LT, is expected to
increase due to the screening programs with ultrasound
[10]
implemented for patients with chronic liver disease .
Compared to liver resection and locoregional ablative
therapies, LT offers an improved long term survival
(70% at 5 years). However the tumour recurrence
rates after LT are 15%-20%, and the therapeutic
[11]
options are very limited in this situation .
Current strategies to minimize HCC recurrence
after LT are grouped in: (1) Adequate selection of
candidates for LT; (2) Waiting list management and
bridging locoregional therapies; and (3) Tailored
immunosuppression. In the present manuscript the
scientific evidence supporting these strategies is
comprehensively reviewed, and future directions are
drawn in order to improve long term outcome of LT
patients with HCC.
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Diameter

≤ 5 cm or ≤ 3 cm each

Kyoto criteria

Ito et al[24]

≤ 10

No

≤6

≤ 5 cm

No

≤ 5 cm

-

+

-

-

-

-

+

-

-

-

-

+[139-141]
+[21]

+

Not reported

4-yr survival rate 75%
4-yr recurrence free
survival rate 83%
5-yr survival rate 73.3%
5-yr survival rate 72.4%

Outcomes within Milan criteria

5-yr survival rate 71.2%
5-yr survival rate 75.2%

NA

Outcomes within proposed criteria

5-yr survival rate 79%
3-yr recurrence free survival rate
70%
221
5-yr survival rate 76%
5-yr survival rate 81.6%
3-yr recurrence rate 13.6%
3-yr recurrence rate 9.1%
294
5-yr overall survival rate 72%
5-yr overall survival rate 70%
5-yr disease free survival rate 70%
5-yr disease free survival 66%
125
Not reported
5-yr survival 86.7%
5-yr recurrence 4.9%

47

1556
70

48

n

0.334
0.554
0.63
0.25
-

-

> 0.05
0.87

P

with microvascular invasion, which cannot be assessed pre-LT . Thus the up-to-seven criteria cannot be considered a safe approach to expand Milan criteria.
[18]
The UCSF criteria were described in 2001 by Yao et al , who prospectively analyzed the outcome of 70 patients with HCC undergoing LT in a single institution.
Patients with a solitary tumor ≤ 6.5 cm, or up to 3 nodules, being the largest lesion ≤ 4.5 cm and the total tumor diameter ≤ 8 cm, had 1-year survival rates of
90% (vs 50% for patients exceeding these criteria; P = 0.0005). Athough the tumour assessment was performed in the explanted liver, the UCSF criteria have been
[19-22]
subsequently validated in independent retrospective studies, some of them based on pre-LT imaging techniques
.
[23]
The criteria from the University of Navarra include a single tumor ≤ 6 cm or 2-3 nodules up to 5 cm, without macrovascular invasion or extra-hepatic disease . The
original study included 160 LT patients from a single institution (47 patients had HCC, and 12 were above Milan criteria). There were no differences between patients
within Milan criteria and above Milan criteria but within the Navarra criteria. The limitations of this proposal are the limited number of patients included, the retrospective
design and the lack of external validation.
[24]
In the Kyoto criteria up to 10 nodules, less than 5 cm each, were permitted if serum PIVKA-Ⅱ was < 400 mU/mL . These factors were obtained by a multivariate
approach in a retrospective study with 125 LT with HCC (70 patients met the Milan criteria, and 55 patients did not). Patients above Milan criteria but within the Kyoto
criteria had similar 5-year tumour recurrence rates when compared with patients within the Milan criteria (7.3% vs 9.7%; P = 0.87). When serum PIVKA-Ⅱ, which is a
tumour marker related to an aggressive histological behavior of HCC, was included in the selection criteria the patients within Kyoto criteria showed reduced 5-year HCC
recurrence rates (4.9%) when compared to patients above Kyoto criteria (60.5%) (P = 0.0001). Similarly, 5-year survival rates significantly differed between these
[25,26]
groups (86.7% vs 34.4%, respectively; P = 0.0001). Similar results were described in independent cohorts
.
In the Toronto criteria there were no limits in terms of diameter of the main nodule or the number of nodules, provided that extrahepatic metastasis, macrovascular
[27]
invasion and poor histological differentiation were ruled out, and there was a preserved performance status . There were similar 5-year survival rates and 5-year
disease-free survival rates between the patients within the Milan criteria and patients beyond Milan criteria but within Toronto criteria. Interestingly, a histological
[28]
parameter was implemented in the Toronto criteria, as it is histological differentiation according to the Edmonson scale . Far from being a limitation, the addition of
[29,30]
histological differentiation may add relevant information
and it can be assessed, although with some limitations, in a regular liver biopsy performed before the LT.
However most of the patients with HCC are diagnosed by imaging techniques and the liver biopsy would not be performed otherwise. The risk of needle track seeding

[17]

-

-

-

-

-

Tumour different PIVKA-Ⅱ Prospective validation

TTN: Total tumor nodules; DLN: Diameter of the largest nodule; TTD: Total tumor diameter; NA: Not applicable.

Toronto criteria

Asan criteria

DuBay et al[27]

Lee et al[32]

Herrero et al[23]

Up-to-seven
UCSF criteria

Mazzaferro et al[16]
Yao et al[18]

1 or ≤ 3

TTN + DLN ≤ 7
1 or ≤ 3
≤ 6.5 cm or ≤ 4.5 cm the largest
one but with a TTD ≤ 8 cm
Universidad de
1 or 2-3
≤ 6 cm or ≤ 5 cm
Navarra criteria

Milan

Name of criteria No. of nodules

Mazzaferro et al[13]

Ref.

Table 1 Summary of the most relevant criteria used to select candidates with hepatocellular carcinoma for liver transplantation
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after the liver biopsy casts doubts on recommending
this procedure to all patients with HCC before LT. Unfor
tunately the Toronto criteria have not been validated in
independent cohorts.
In the Asan criteria ≤ 6 tumors with a maximum
tumor diameter of ≤ 5 cm, and without macro
vascular invasion or extra-hepatic involvement were
[32]
considered . The original study analyzed the outcome
of 221 patients with HCC undergoing LT in a single
institution. The 5-year survival rates within Milan
criteria were 76%, similar to those found in patients
above Milan criteria and within Asan criteria (76.3%) (P
= 0.334).
Hitherto these attempts to expand Milan criteria
had a little impact in clinical practice because of
inherent methodological limitations. Further studies are
needed to identify the best approach to expand Milan
criteria safely. Although there is a general agreement
to exclude HCC patients with macrovascular invasion
or extrahepatic spreading, the intrahepatic tumour
burden allowed is a matter of debate, as they are
the additional parameters to be included. The ideal
criteria to select candidates with HCC for LT should be
based on solid data, and future studies addressing this
issue should fulfill the following premises: (1) Enough
sample size and statistical power; (2) Criteria based
on objective parameters with prognostic capability,
easily measured before LT; (3) Cut-off points derived
from robust statistical methods; (4) Similar overall and
disease free survival rates as Milan criteria; and (5)
External validation in a prospective multicentric cohort.
On the other hand the expansion of the Milan
criteria should be tempered. A liberal policy would not
only impair outcomes, but would also limit the access
to LT of patients with other liver diseases, particularly
in areas with increased incidence rates of HCC. Thus
any attempt to expand Milan criteria need to provide
similar long term outcome when compared to other
aetiologies for LT, and specific studies will be needed in
each area considering the HCC prevalence, the number
of donors available, and the impact of this strategy on
the waiting list.
The idea of expanding Milan criteria by using only
the size of the tumour and the number of nodules
is too simplistic. Each series may show a different
threshold for the maximum tumour diameter or for
the number of nodules permitted, but the results
may not be reproducible in other countries, or even
in a different institution within the same country. The
reason may be that the biological tumour behavior
is widely variable between patients with similar HCC
burden. There are many surrogate markers related to
an aggressive tumour behavior in HCC, which can be
categorized into histological and serum markers.
Microvascular invasion (mVI) occurs when the
tumour phenotype is sufficiently evolved to degrade
extracellular matrix which surround vascular structures,
and invades the vascular lumen. HCC cells are then free
to metastasize either in a different location of the liver
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(multinodular disease), or in other organs (extrahepatic
spreading). Thus mVI is a critical hallmark in HCC
progression, and the strongest prognostic factor as
demonstrated in a metaanalysis of observational
studies (RR = 3.41 for tumour recurrence and RR =
[17]
2.41 for mortality at 3 years) . However the diagnosis
of mVI has proven to be difficult even for experienced
[33]
pathologists with the whole HCC specimen . The
mVI assessment in a regular liver biopsy has not been
validated, but implementing this information to the
selection of HCC patients for LT would allow to expand
[10,34]
safely the Milan criteria
. Hitherto there have been
many attempts to identify surrogate biomarkers of
mVI, including serum markers [i.e., alpha-fetoprotein
[35-38]
(AFP), PIVKA-Ⅱ, neutrophil to lymphocyte ratio]
,
histological markers (i.e., poor differentiation and
[39-41]
extranodular growth)
, and imaging techniques (i.e.,
presence of capsule in an magnetic resonance imaging,
smooth margin in computed tomography scan or
[42-44]
positive positron emission tomography)
, but none
of them are reliable enough to impact on the decisionmaking process. Further studies are needed either
to identify new not invasive biomarkers of mVI, or to
validate its diagnosis in a regular liver biopsy. There
are other histological features related to poor prognosis
in HCC patients such as capsular invasion, lymphatic
permeation, presence of satellite nodules and tumour
differentiation, being the later the only one able to be
detected in a liver biopsy before LT. Many studies have
shown that patients with poorly differentiated tumours
have increased risk of recurrence and reduced survival
[39-41]
rates
.
Among serum markers, AFP is the most widely
used. Monitoring AFP levels was used in the past as an
screening to detect early HCC in patients with chronic
liver disease, but in the most recent guidelines the only
[10]
recognized screening technique was liver ultrasound .
AFP was abandoned because of its suboptimal sen
sitivity. In patients with HCC candidates to LT there is
controversy about what is the best threshold to exclude
[45,46]
a patient from the waiting list
. In addition AFP
serum levels may be modified within waiting list by
the use of locoregional therapies such as transarterial
[47]
chemoembolization (TACE) . Serum PIVKA-Ⅱ, also
known as Des-gamma-carboxyprothrombin, is preferred
to AFP in some LT institutions, particularly in eastern
countries, because of an increased accuracy reported in
[48]
some studies . However AFP appears more sensitive
[49]
than PIVKA-Ⅱ for early HCC . Increased serum
PIVKA-Ⅱ concentrations are found in patients with
[50-52]
more advanced HCC, and in patients with mVI
. The
combination of PIVKA-Ⅱ and AFP provided increased
[53]
accuracy than any of them alone . Other biomarkers
related to systemic inflammation such as neutrophilto-lymphocyte ratio, platelet-to-lymphocyte ratio and
inflammation-based index have been associated with
[54,55]
poor survival in HCC
, but their role in predicting
[29,56,57]
HCC recurrence after LT is controversial
, probably
because these parameters are highly influenced by
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many environmental factors different from tumour
progression.
The combination of demographic features, the
underlying liver disease, tumour burden, histological
characteristics and serum biomarkers by using novel
multivariate approaches allowing to manage an in
creased amount of information such as machine learning
classifiers or artificial neural networks, which have
[58]
already proven their utility in other LT scenarios , might
be the key for a safe expansion of the Milan criteria.

AFP and provided the same priority for HCC patients
as the equivalent of conventional MELD score did for
[65]
other LT aetiologies . The main limitations were the
lack of consideration of tumour volume at listing and
tumour progression within the waiting list. In addition
changes in AFP after bridging therapies may decrease
the HCC-MELD score in patients with positive response
to therapy, and these patients have shown particularly
reduced tumour recurrence rates.
Neoadjuvant locoregional therapies are recom
mended when the expected time to LT is longer than 6
mo in order to prevent drop-out and increase long term
survival, while minimizing the risk of tumour recurrence
[23,66-72]
after LT
. However many LT institutions treat most
of the patients within the waiting list, since the actual
time to LT may be unpredictable, and this strategy
[73]
has demonstrated a favourable cost-effect balance .
The radiological response to bridging therapy may
[74-76]
also help to assess the HCC biological behavior
,
[77-81]
and to prioritize HCC patients for LT
. Patients with
tumour growth beyond Milan criteria after locoregional
therapies should not undergo LT.
There are different modalities of locoregional
therapies to be used as bridging for LT. The most
frequently applied are liver resection (LR), TACE and
radiofrequency ablation (RFA). None of these therapies
have shown to be superior to the others and the
selection should be tailored according to the BCLC
[72]
schema . LR can be used as a first line-bridging
therapy procedure to LT in experienced units, with a
[82]
morbidity of 39%, and an early mortality rate of 3% .
The main advantage of LR is that the whole HCC
specimen will be available for histological examination.
The information coming from the histology is very
valuable as noted above, and may serve to identify
predictors of poor outcome. In the presence of these
factors the tumour recurrence is almost universal and
many LT teams include high-risk patients within waiting
list for LT immediately after LR. Other authors would
consider LT only in patients with tumour recurrence
after LR (salvage LT), but this strategy may result in
worse survival rates and increased recurrence rates,
[83-87]
unless a careful selection of cases is carried out
.
TACE is the most frequently used locoregional
bridging therapy for LT. It has been hypothesized an
increased risk of arterial and biliary complications after
LT in patients with a previous TACE due to an endothelial
damage, but this was not confirmed in a recent study
[88]
with 456 HCC transplanted patients . The use of TACE
with drug eluting beads has improved the performance
of the technique with complete tumour necrosis rates
[67,89]
as high as 76.2%, and with a better safety profile
.
In spite of this, RFA is preferred for single tumours
[80]
less than 5 cm . The available studies comparing
RFA vs TACE suggested that complete response is
more frequent with RFA, while drop-out rates are
[80,90]
diminished
. In addition, RFA is a safer procedure
[91,92]
with reduced rates of adverse events (4.6%)
.
However the new protocols of TACE with drug eluting

WAITING LIST MANAGEMENT AND
BRIDGING THERAPY
The shortage of donors is universal and causes an
imbalance between candidates for LT and number of
organs available. The patients included in the waiting list
should face a risk of drop-out, either because of death
or due to a significant worsening of the underlying
liver disease. In patients with HCC the drop-out is
usually related to tumour progression. The waiting list
management should be programmed carefully, and
adapted to each clinical scenario in order to guarantee
an equal access to LT for patients with different
aetiologies of liver disease.
From 2002 the Model for end stage liver disease
(MELD) was widely accepted as the standard of care
to predict short term survival within waiting list, and
has been adopted to prioritize the sickest patients for
LT. However the MELD score does not reflect the risk of
HCC progression. The proposal to palliate this problem
consisted in adding extra-MELD points on an empirical
basis according to the time within the waiting list. First
experiences resulted in an increased benefit to patients
with HCC, with more patients transplanted, decreased
[59,60]
waiting list mortality and drop-out rates
. Indeed
this was a very positive picture for HCC patients but it
was linked to an imbalance in the access to LT between
[59-63]
HCC patients and patients with other liver diseases
.
A moderate delay within the waiting list would
allow for a better selection of HCC candidates for LT
according to some authors. The patients with the most
aggressive tumours would experience an early tumour
progression and they would not be transplanted. Indeed
a recent analysis of a nationwide American database
showed that a longer waiting time for LT resulted in
improved survival rates after LT for HCC patients, while
the disparities in the access to LT among different
[64]
aetiologies were reduced . The optimal balance
between the length within waiting list and the outcome
after LT for HCC patients has not been established yet.
The current allocation policy for patients with HCC is to
add extra-MELD points only when there is a significant
risk of drop-out (i.e., T2 HCC stage). This may palliate
the problem but it is far from solving it. A recent study
used Monte-Carlo simulations and multiple logistic
regression to calculate a corrected MELD score for HCC
patients. The so called HCC-MELD formula included also
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[103]

beads have not been tested against RFA in a randomized
fashion. The heterogeneity in reporting outcome and in
the inclusion criteria among the available studies make
impossible to perform pooled data analysis, and no
recommendation can be made of which is the optimal
bridging protocol in HCC patients candidates for LT.
Other locoregional therapies have been evaluated with
promising results (i.e., percutaneous ethanol injection,
percutaneous laser ablation, microwave ablation, and
[72,91,93]
radioembolization)
, but further studies are needed
to confirm their utility, and to describe which patients
may benefit the most of these novel approaches.
Sorafenib is an oral multi-tyrosine kinase inhibitor
with antiangiogenic properties which has shown to
[94]
prolong survival in patients with advanced HCC .
The role of sorafenib in the LT setting has been nicely
[95]
reviewed by Castelli et al . Theoretically, sorafenib
would be used as an adjuvant therapy to locoregional
ablation to reduce tumour recurrence after LT, and
this approach is thought to be cost-effective for T2
[96]
HCC patients . However the antiangiogenic effects
of sorafenib could be deleterious in the perioperative
period, and important safety concerns were arisen
in the available series including biliary complications
[97]
and hepatic artery thrombosis . The combination of
radioembolization and sorafenib as bridging for LT was
poorly tolerated in a pilot prospective study with 23
patients, and the risk of biliary complications after LT
[98,99]
was enhanced
. The combination of sorafenib with
locoregional therapies as bridging for LT should not be
recommended.

to detect tumour cells and to destroy them . However
the use of high doses of immunosuppressants may
abolish the immune surveillance in the early post-LT
[104-108]
period
, as happens in other immunosuppressive
[109]
conditions such as HIV chronic infection .
In LT patients with HCC the relationship between
immunosuppression and tumour recurrence is poorly
understood, but it is attracting more attention in the
recent years. However the variability in the immu
nosuppression protocols among different institutions
make it difficult to design studies addressing this issue
[106]
with reduced risk of bias
. The current evidence
is mainly based in observational studies, most of
them retrospective and with a limited sample size,
and thus their results should be taken with caution.
Among immunosuppressive drugs used in LT patients,
only calcineurin inhibitors and mammalian target of
rapamycin (mTOR) inhibitors have shown to influence
HCC recurrence, increasing and decreasing the risk
respectively. Azathioprine is preferred in some centres
for patients transplanted with HCV claiming for ame
lioration of viral recurrence and prevention of graft
[110]
loss
. Long term use of azathioprine increases the
[111]
risk of non-melanoma skin cancer
and lymphoma,
the later when high doses are used especially in elderly
[112]
patients
, but there is no proved role on HCC. On
the other hand mycophenolate seems to be protective
[113,114]
against malignancy in the transplant population
but again there is no evidence supporting any significant
effect on HCC. With regard to induction agents, the
anti-interleukin-2 receptor basiliximab does not increase
the risk of cancer, but anti-thymocyte globulins have
[115]
been associated with an increased risk of lymphoma .
The use of calcineurin inhibitors, which are the
mainstay of immunosuppression protocols after LT, is able
to activate proto-oncogenes and pathways of cancer
in a dose-dependent fashion such as transforming
growth factor beta, thus promoting tumour proliferation,
[116,117]
resistance to apoptosis and metastasis
. In a
retrospective study with 70 LT patients receiving
cyclosporine, the drug exposure calculated with the
trapezoidal rule was increased in patients with HCC
recurrence (trough concentrations 278.3 ng/mL vs
[118]
169.9 ng/mL; P < 0.001) . However there were only
7 patients with HCC recurrence in this cohort, and it
was not possible to control for confounding factors. In
another study from the same group, 139 LT patients
with HCC were analyzed, being 60 patients under
[119]
tacrolimus and 79 patients under cyclosporine . The
rates of HCC recurrence were increased in patients
with higher exposure to calcineurin inhibitors defined
as tacrolimus > 10 ng/mL or cyclosporine > 220
ng/mL (RR = 4.01; P = 0.014). However the wide
interval of recruitment with patients transplanted
before and after the implementation of the Milan
criteria, the heterogeneous length of drug exposure
considered for each patient, and the lack of control
for concomitant immunosuppression weakened the

STRATEGIES TO IMPROVE OUTCOME
AFTER LIVER TRANSPLANTATION
Despite a careful selection of candidates for LT by
the Milan criteria, and an optimization of bridging
locoregional therapies within the waiting list, HCC
[100]
recurrence rates are 15%-20% . In addition pre-LT
imaging techniques may lead to misdiagnosis either
by not detecting HCC nodules (incidental HCC), or
by inducing a wrong staging, which usually means
patients transplanted above Milan criteria and increased
[16]
tumour recurrence rates . Even in some patients
fulfilling Milan criteria the histological evaluation
shows features of poor prognosis such as mVI, poor
differentiation or capsular invasion. In these situations
the implementation of post-LT strategies to minimize
HCC recurrence may be the only option to improve
[101]
outcome .
The whole concept of tumour recurrence requires
that a remnant of circulating HCC cells should be left
behind after the LT, and remained unnoticed by the
immune system. The use of immunosuppressive drugs
after LT is needed to prevent the consequences of acute
cellular rejection, including chronic rejection and graft
[102]
loss . In normal conditions the immune system is able
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conclusions. Another study with 219 LT patients from
two European institutions evaluated the exposure to
calcineurin inhibitors within the first month after LT
[120]
with respect to HCC recurrence . After controlling for
possible confounding factors such as tumour features
and concomitant immunosuppression, the increased
exposure to calcineurin inhibitors within the first month
after LT (tacrolimus > 10 ng/mL or cyclosporine >
300 ng/mL) was an independent predictor of HCC
recurrence (RR = 2.82; P = 0.005), either if the patient
was within or above Milan criteria. The exposure to
calcineurin inhibitors after the first month post-LT was
similar in patients with and without tumour recurrence,
highlighting the early post-LT period as one in which
the minimization of calcineurin inhibitors should be
encouraged.
The mTOR is a serine/threonine kinase involved
in cellular growth, proliferation, metabolism and
angiogenesis. The mTOR pathway is up-regulated in
[121]
approximately half of patients with HCC . The mTOR
inhibitors sirolimus and everolimus have shown anti[121-123]
cancer properties in animal models including HCC
.
The mTOR inhibitors are able to prevent acute cellular
rejection after LT, and allow for reducing the exposure to
calcineurin inhibitors, and thus acting as renal sparing
[124]
agents
. Regarding prevention of HCC recurrence
[125-129]
there are five retrospective studies with sirolimus
,
whose results have been recently summarized in
[130,131]
two meta-analyses
with the same conclusion:
sirolimus may protect against HCC recurrence after LT,
and patients treated with sirolimus showed improved
overall survival rates. However the level of evidence is
poor. These studies are heterogeneous, retrospective,
and with an increased risk of reporting bias. There are
no randomized controlled trials evaluating the role of
mTOR inhibitors in preventing HCC recurrence. The
SILVER study is a multicentre randomized controlled trial
which preliminary results are expected to be available
in 2016, and may shed some light in the actual role of
[132]
sirolimus in LT patients with HCC . The major concern
with sirolimus relies in its safety profile. A large phase Ⅱ
randomized trial (n = 222) evaluated de novo sirolimus
and reduced tacrolimus after liver transplantation
compared with a control arm composed by conventional
[133]
tacrolimus . The study had to be prematurely stopped
due to an imbalance of adverse outcomes between
groups. Patients under sirolimus experienced increased
rates of graft failure (26.4% vs 12.5%) and mortality
(20% vs 8% at 24 mo; P = 0.010), and a trend
towards more hepatic artery thrombosis (8.3% vs 2.7%;
P = 0.065). In addition the analysis of the Scientific
Registry of Transplant Recipients (SRTR) database (n =
26414) showed an increased risk of all-cause mortality
in patients with hepatitis C treated with sirolimus (HR
[134]
= 1.29; 95%CI: 1.08-1.55)
. Everolimus has a
selective effect on mTOR complex 1, and it has been
[135]
proposed to be more potent than sirolimus
, and
[136]
with an improved metabolic profile
. Unfortunately

WJH|www.wjgnet.com

the evidence linking everolimus and HCC recurrence
after LT is lacking. In the current scenario the syste
matic use of mTOR inhibitors after LT to prevent
HCC recurrence may not be justified, but selected
patients either with features of poor prognosis in the
explanted liver (i.e., above Milan criteria, poor tumour
differentiation and/or microvascular invasion), or with
up-regulated mTOR pathway may benefit of combining
early tacrolimus minimization and de novo everolimus.
Future randomized controlled trials should evaluate the
convenience, efficacy and safety of this approach.
Sorafenib have shown to delay HCC recurrence and
[137]
metastasis after LT in a rat model . In a prospective
not randomized pilot study, 7 patients with HCC above
Milan criteria were treated with sorafenib after LT,
and compared with 12 matched historical controls
[138]
in whom sorafenib had not been used
. Sorafenib
was well tolerated with no severe adverse effects and
there was a trend to less HCC recurrence in the group
treated with sorafenib (29% vs 75%; P = 0.07). The
combination of sorafenib and mTOR inhibitors should
be avoided because of increased risk of severe adverse
[95]
events . At any rate these are very early experiences
and no further recommendations should be derived
until larger randomized controlled trials are performed.

CONCLUSION
The efforts to improve outcome of patients with HCC
undergoing LT should be driven to prevent tumour
recurrence by combining the following approaches: (1)
Adequate selection of candidates for LT by using Milan
criteria. A moderate expansion of the Milan criteria
may be possible without a significant increase in HCC
recurrence rates, but this expansion should be based in
objective criteria strongly associated with the biological
tumour behavior; (2) Optimization in waiting-list
management. Bridging locoregional therapies should
be used whenever possible to prevent drop-out and to
minimize HCC recurrence after LT, particularly when
the expected time to LT is longer than 6 mo. The best
protocol to be used remains as a matter of debate; and
(3) Tailored immunosuppression protocols: Currently,
early minimization of calcineurin inhibitors combined
with an mTOR inhibitor may be the most rationale
schema, but specific randomized controlled trials are
needed for a general recommendation.
Taken as a whole the scientific evidence regarding
strategies to prevent HCC recurrence after LT needs
to be strengthened. Research projects addressing this
issue face important caveats such as the increased
sample size needed, prolonged length of recruitment
and follow up of patients, and increased costs. Further
studies are needed to identify non-invasive biomarkers
of HCC with prognostic capability, to establish the
optimal management within waiting list, and to develop
new immunosuppressive drugs with antiproliferative
properties, able to prevent tumour recurrence in high-
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Arrhythmia risk in liver cirrhosis
Ioana Mozos
impaired autonomic function, hepatorenal syndrome,
metabolic abnormalities, advanced age, inflammatory
syndrome, stressful events, impaired drug metabolism
and comorbidities. Close monitoring of cirrhotic patients
is needed for arrhythmias, particularly when QT intervalprolonging drugs are given, or if electrolyte imbalances
or hepatorenal syndrome appear. Arrhythmia risk may
persist after liver transplantation due to possible QT
interval prolongation, persistence of the parasympathetic
impairment, post-transplant reperfusion and chronic
immunosuppression, as well as consideration of the
fact that the transplant itself is a stressful event for
the cardiovascular system. The aims of the present
article were to provide a review of the most important
data regarding the epidemiology, pathophysiology,
and biomarkers of arrhythmia risk in patients with liver
cirrhosis, to elucidate the association with long-term
outcome, and to propose future research directions.
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Core tip: Arrhythmias and electrocardiographic changes
occur in several non-cardiac diseases, including liver
cirrhosis. Supraventricular and ventricular arrhythmias,
including atrial fibrillation and flutter, and premature
atrial and ventricular contractions, have been reported
in cirrhotic patients. It is questionable whether the
prevalence of atrial fibrillation and flutter is high in
patients with liver cirrhosis, or if liver cirrhosis protects
against supraventricular arrhythmias.

Abstract
Interactions between the functioning of the heart and
the liver have been described, with heart diseases
affecting the liver, liver diseases affecting the heart,
and conditions that simultaneously affect both. The
heart is one of the most adversely affected organs in
patients with liver cirrhosis. For example, arrhythmias
and electrocardiographic changes are observed in
patients with liver cirrhosis. The risk for arrhythmia is
influenced by factors such as cirrhotic cardiomyopathy,
cardiac ion channel remodeling, electrolyte imbalances,
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that the disease is latent, and becomes apparent
when the patient is subjected to a stressful event,
including exercise, drugs, hemorrhage, infections, and
[9,13]
surgery
. At least one feature of cardiomyopathy
is present in the majority of patients with severe or
moderate liver failure, though the association between
liver disease severity and cardiac dysfunction is
[9,12]
controversial
. Cirrhotic cardiomyopathy is reversible
[14]
after liver transplantation
and may contribute to the
[9]
pathogenesis of hepatorenal syndrome .
Structural and histologic changes in cardiac chambers
and subsequent structural myocardial heterogeneity
may contribute to electrical instability. Increased left
ventricular wall thickness was described as a supportive
[15]
criterion in patients with cirrhotic cardiomyopathy ,
and it is known to impair myocardial oxygen demand.
Myocardial hypertrophy (left ventricular hypertrophy
and increased interventricular septum) and fibrosis
cause diastolic dysfunction and contribute to structural
[2]
heterogeneity and arrhythmia risk . Autopsy studies
have described subendocardial and myocyte edema and
[16]
patchy fibrosis, in addition to myocardial hypertrophy .
However, further studies are needed to confirm the
relationship between cardiac structural heterogeneity
and arrhythmic events in cirrhotic patients.

INTRODUCTION
Interactions between the functioning of the heart and
the liver have been described, with heart diseases
affecting the liver, liver diseases affecting the heart, and
[1,2]
conditions that simultaneously affect both . Thus, it
is important for both hepatologists and cardiologists
to understand the relationship between the liver and
the heart. Indeed, involvement of the cardiovascular
system in end-stage liver disease is well recognized,
and there are reports of cardiovascular symptoms
in patients with liver cirrhosis, including chronotropic
incompetence, cardiomyopathy, prolonged QT intervals,
hyperdynamic circulation with an increased cardiac
output and decreased peripheral vascular resistance,
and impaired ventricular contractility in response to
[3,4]
physiologic and pharmacologic stimuli .
Liver cirrhosis is a fatal condition, and is most often
caused by harmful alcohol consumption, metabolic
syndrome related to being overweight or obese, or
[5,6]
hepatitis B or C virus infection . Arrhythmias and
electrocardiographic changes can occur with liver
cirrhosis, for which cases of atrial fibrillation and
flutter, premature atrial and ventricular contractions,
[7]
and ventricular arrhythmias have been reported . The
most important risk factors for arrhythmias in patients
with cirrhosis include cirrhotic cardiomyopathy, cardiac
ion channel remodeling, electrolyte imbalances,
impaired autonomic function, hepatorenal syndrome,
metabolic abnormalities, advanced age, inflammatory
syndrome, and comorbidities. The aims of the present
article were to provide a review of the most important
data regarding the epidemiology, pathophysiology and
biomarkers of arrhythmia risk in patients with liver
cirrhosis, to elucidate the association with long-term
outcome, and to propose future research directions.

VENTRICULAR ABNORMALITIES IN LIVER
CIRRHOSIS
Multiple electrophysiologic abnormalities have been
described in liver cirrhosis, including prolonged QT
intervals, increased QT dispersion, chronotropic incom
petence, and electromechanical uncoupling. These
signs occur in the absence of known cardiovascular
disease, and are related to autonomic dysfunction,
severe portal hypertension, liver dysfunction, cytokines
and endotoxins, and are independent of the cause of
[1,7,17-19]
cirrhosis
.
The QT interval varies from daytime to nighttime due
to the diurnal variations in autonomic tone, circulatory
[18,20]
status and oxygen demands
; the minimum value
of the corrected QT (QTc), rather than the maximum
[20]
value, shows a significant diurnal variation . The
Bazett formula incompletely corrects the QT interval
for heart rate, and the Fridericia method is therefore
[7]
suggested to be the most reliable and valid .
Chronotropic incompetence refers to lack of heart rate
response to physiologic and pharmacologic demands,
including exercise, head tilt, inotropes, and increased
[8]
norepinephrine concentrations , which limits exercise
capacity. Electromechanical uncoupling leads to the
dyssynchrony between electrical and mechanical
[8]
systole .

CIRRHOTIC CARDIOMYOPATHY
The heart is one of the most adversely affected organs in
[8]
patients with liver cirrhosis . Cirrhotic cardiomyopathy
can appear in all forms of cirrhosis due to physical or
pharmacologic stress, and includes increased cardiac
output, decreased response to physiologic and phar
macologic stimuli, systolic and diastolic dysfunction, and
electrophysiologic abnormalities in the absence of any
[1,9-11]
known cardiac disease
. Cirrhotic cardiomyopathy
involves changes affecting the cardiomyocyte plasma
membrane, attenuated stimulatory pathways, and
[3]
increased activities of inhibitory systems . In order to
differentiate between cardiomyopathy resulting from
cirrhosis with cardiomyopathy due to the underlying
[8]
cause of cirrhosis, Zaky et al prefer the term “cirrhosisassociated cardiomyopathy”.
Diastolic dysfunction at rest is present in most cirrhotic
[12]
patients, is more prevalent in those with ascites ,
[9]
and precedes the development of systolic dysfunction .
Although severe heart failure due to cirrhotic cardio
myopathy is rare, its prevalence is unknown, considering
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Long QT intervals

A prolonged QT interval, found incidentally by Kowalski
[21]
et al , is the electrophysiologic hallmark of cirrhotic
cardiomyopathy. It represents the most common
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Table 1 Factors associated with QT prolongation in liver cirrhosis
Factor

Example

Autonomic neuropathy
Liver dysfunction
Serum markers
Volume overload
Coronary heart disease
Left ventricular hypertrophy
Stressful events
Drugs: excessive accumulation, impaired metabolization, distribution,
or excretion

Plasma norepinephrine, diurnal variations
Child-Pugh class, portal hypertension, pediatric end-stage liver disease score
Electrolytes, serum uric acid, serum bile salts, creatinine, plasma renin activity,
aldosterone, atrial natriuretic factor, gonadal hormones, norepinephrine
Left ventricular end diastolic dimensions
Risk factors: older age, male gender, smoking, arterial hypertension, diabetes
mellitus
Acute gastrointestinal bleeding
Erythromycin, fluoroquinolones, telipressin, sevoflurane

electrocardiographic finding in patients with liver
[4,10,22,23]
cirrhosis, appearing in half of cirrhotic patients
,
with a higher incidence than in patients with mild
[24]
chronic active hepatitis . Prolongation of the QT
interval predisposes the patients to a potentially fatal
polymorphic ventricular tachycardia called torsade
de pointes, which can degenerate into ventricular
[25]
fibrillation and cause sudden cardiac death . Delayed
repolarization of cardiomyocytes due to potassium
channel abnormalities and sympathoadrenergic
hyperactivity may contribute to QT interval prolon
[17,18,26]
gation
. The main factors associated with QT
interval prolongation in cirrhotic patients are reviewed
in Table 1. Gender difference in the QTc interval is
abolished in cirrhosis, which is not influenced by gonadal
[27]
hormones nor restored after liver transplantation .
QT prolongation in liver pathology was first described
[28]
in alcoholic liver diseases , and has since been associated
[10,19,29]
with alcoholic etiology in patients with liver cirrhosis
.
Chronic, heavy alcohol consumption affects both the
heart and the liver, increases the mass and impairs the
[1,30]
function of the left ventricle
, and causes subclinical
heart muscle injury, patchy delays in conduction and
[31]
cardiac arrhythmias . Delays in intraventricular
conduction and nonuniform myocardial involvement have
[30]
been described in alcoholic cardiomyopathy , and
life-threatening ventricular arrhythmias are found in
[32]
alcoholics without heart disease . Alcohol alters the
resting membrane potential due to inhibition of sodiumpotassium-ATPase, delays calcium binding and transport
by the cardiac sarcoplasmic reticulum, and impairs
[33]
calcium channels . Acute alcoholic states, including
binge drinking and the “holiday heart syndrome,”
are also associated with an increased prevalence of
[34]
cardiac arrhythmias and sudden cardiac death . The
amount and duration of alcohol intake is related to
life-threatening arrhythmias, though small quantities
[35]
can be significant in susceptible individuals . On the
other hand, a protective effect of moderate alcohol
consumption against sudden cardiac death has also
[36,37]
been demonstrated
, likely related to polyphenols,
increased concentrations of high-density lipoprotein
cholesterol, fibrinolysis, and polyunsaturated fatty acids,
decreased platelet aggregation and coagulation factors,

WJH|www.wjgnet.com

with beneficial effects on endothelial function and
[38]
inflammation . Arrhythmogenesis may be attributed
to the hyperadrenergic state of drinking and withdrawal,
electrolyte imbalances, impaired vagal heart rate
control, repolarization abnormalities with prolonged QT
intervals, worsening of myocardial ischemia, or sleep
[31]
apnea .
Prolonged QT intervals have been reported in patients
with primary biliary cirrhosis and other chronic nonalcoholic liver diseases, and were shown to be associated
with the severity of autonomic neuropathy and increased
[39]
cardiovascular risk , as well as with the pathophysiology
[17,40,41]
of cirrhosis and liver dysfunction
. A prolonged
QT interval is common in children with chronic liver
[42]
disease , where it is related to the pediatric endstage liver disease score, portal hypertension, and high
[43]
mortality . QT interval prolongation is proportional
[10,17,16]
to the Child-Pugh class
, and is related to the
presence of portal hypertension, including mild portal
[18,22,44,43]
[44]
hypertension
, liver dysfunction , hepatic venous
[22]
pressure gradient , and markers of hyperdynamic
[40]
[22]
circulation . Furthermore, plasma calcium level ,
[10]
serum uric acid , serum bile salts, electrolytes,
creatinine, plasma renin activity, aldosterone, atrial
natriuretic factor, and gonadal hormones are associated
with prolonged QT intervals in patients with liver
[17,45]
cirrhosis
. QT interval is also related to cardiac serum
markers, but not to vasodilator (endothelin-3, calcitonin
gene-related peptide) or vasoconstrictor (endothelin-1)
[46]
markers . A multivariate analysis showed that plasma
norepinephrine was independently correlated with QTc
duration, demonstrating that sympathoadrenergic
[17,47]
hyperactivity is a risk factor for QT prolongation
.
Disturbances of excitation-contraction coupling have
been reported in cirrhotic patients with QT interval
prolongation, attributable to defective potassium
[18,40]
channel function in ventricular cardiomyocytes
.
[13]
Moaref et al showed a positive correlation between QT
prolongation and left ventricular end diastolic dimensions
in cirrhotic patients, indicating a direct relationship
between electrophysiologic changes and the severity
of volume overload. Volume overload is related to the
progression of liver cirrhosis and prolongation of the
repolarization time by the stretching of myofibers, and
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volume control is recommended in cirrhotic patients to
[13]
prevent decompensation .
Prolonged QTc is related to an increased mortality
[48]
rate in patients with chronic liver diseases . Among
these, patients with a QTc longer than 440 ms have a
significantly lower survival rate than those with normal
[17]
QTc . The clinical significance of QT prolongation in
liver cirrhosis is unclear, considering that sudden cardiac
[9]
death and torsade de pointes are rare . However, acute
gastrointestinal bleeding further prolongs QTc in patients
with liver cirrhosis, which predicts bleeding-induced
[49]
mortality . QT prolongation and electromechanical
dyssynchrony have not been observed in septic
cardiodepression, the inflammatory phenotype of cardiac
[15]
dysfunction that is mediated through cytokines .

an analogue of vasopressin.

Ventricular repolarization

The Tpe corresponds to the transmural dispersion
of repolarization, and is a predictor of ventricular
[60-62]
arrhythmias and sudden cardiac death
. The Tpe/
QT ratio is also used as an index of ventricular arrhy
[63]
thmogenesis . A prolonged Tpe interval and Tpe/QT
interval ratio have been reported in patients with chronic
hepatitis B infection, indicating an increased ventricular
[64]
repolarization heterogeneity . Liver cirrhosis affects
ventricular repolarization via electrolyte imbalances,
impaired autonomic function, subclinical cardiomyopathy,
reduced β-adrenergic receptor function, post-receptor
pathway defects, altered physical properties of myocyte
plasma membranes, elevated levels of cardiotoxins,
ion channel remodeling, portosystemic shunting, and
[10,16,22,44,65,66]
systemic circulatory disturbances
.

Drug-induced QT prolongation

Child-Pugh and model for end-stage liver disease scores
[50]
correlate with drug clearance . As a result, patients
with liver disease often require dosage adjustments in
order to prevent adverse effects caused by excessive
[51]
drug or metabolite accumulation . Accumulation results
from altered activity of drug-metabolizing enzymes
and drug distribution, as well as from impaired renal
excretion. For example, the activity of cytochrome
P450 3A, the most abundant hepatic drug-metabolizing
[51,52]
enzyme, is reduced in liver cirrhosis
. The activity
of this enzyme varies according to the etiology and
[51,53]
severity of liver disease
. Patients with transjugular
intrahepatic portosystemic shunts are at increased
risk for abnormal QT prolongation when exposed to
oral cytochrome P450 substrates with QT-prolonging
[54]
effects .
Drugs affecting the QT interval should be avoided
in patients with liver cirrhosis, or used with caution
[2]
under close ECG monitoring . For example, the use
of fluoroquinolones as secondary prophylaxis for
spontaneous bacterial peritonitis in cirrhotic patients can
[19]
predict QT prolongation . Drug administration should
be critically reviewed, with consideration of indications,
interactions and adverse reactions, to prevent drug[55]
induced torsade de pointes
and QT prolongation,
[56,57]
particularly in patients with hepatic failure
. Werner
[55]
et al described a case of secondary torsade de pointes
tachycardia in a 50-year-old patient with alcoholic
liver cirrhosis who was admitted for hematemesis
and melena after administration of QT-active drugs.
[58]
Chung et al
reported a case of torsade de pointes
after induction of anesthesia for liver transplantation
with QT prolonging drugs: sevoflurane (to maintain
anesthesia) and palonosetron (for postoperative nausea
[45]
and vomiting). Faigel et al
also reported prolonged
QT intervals and torsade de pointes in three cirrhotic
patients with bleeding esophageal varices who received
endoscopic sclerotherapy, vasopressin and neuroleptics.
[59]
Lehmann et al
presented a patient with newly
diagnosed cirrhosis and kidney failure who underwent
cardiopulmonary resuscitation twice after terlipressin,
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Late ventricular potentials

Chronic alcoholics exhibit late ventricular potentials, lowamplitude and high-frequency waveforms appearing
in the terminal part of the ECG QRS complex, which
are predictors of re-entry ventricular tachycardia and
[35,67]
sudden cardiac death
. Late ventricular potentials
are associated with histologically significant fatty liver
caused by chronic alcohol intake, revealing preclinical
myocardial lesions and identifying alcoholic patients at
[68]
risk of lethal arrhythmias .

Ion channel remodeling

Cardiac ion channel remodeling, particularly of pota
[26]
ssium channels, occurs in patients with liver cirrhosis .
Moreover, reduced transient outward and delayed
rectifier potassium currents have been detected in
[26]
ventricular myocytes from cirrhotic animals , which
[7]
prolong the action potential and the QT interval . Ionic
channels, as well β-adrenergic receptors and G proteins,
are altered by endotoxins and increased biliary acids in
[16]
patients with cholestasis .

AUTONOMIC FUNCTION
Patients with liver cirrhosis show impaired autonomic
cardiovascular reflexes, with the parasympathetic
system more commonly affected than the sympathetic
[7]
system . The escape of systemic and intestinal
vasodilators from degraded, diseased liver and the
formation of new blood vessels in the gut explain
arteriolar vasodilation of the systemic and splanchnic
[8]
circulations . The reduction in circulating blood volume
and hyperdynamic circulation enhances the activities
of the sympathetic nervous and renin-angiotensinaldosterone systems. The resulting increased cardiac
output and reduced systemic vascular resistance may
induce myocardial remodeling and left ventricular
hypertrophy, causing systolic and diastolic dysfunction
[7,8]
and cardiomyopathy . Sympathetic overactivity is
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associated with an increase in inflammatory cytokines,
such as interleukin-1b, -6 and -8, tumor necrosis
[8]
factor (TNF)-α, and transforming growth factor-β ,
[18]
which is a profibrogenic and proapoptotic stimulant .
Cardiovascular autonomic dysfunction has also been
described in chronic alcoholic liver disease and chronic
[64]
hepatitis B and C virus infections .

levels of N-terminal pro-brain natriuretic peptide (BNP)
are useful markers of increased cardiovascular risk,
cardiac subclinical dysfunction, atrial volume, and
early decompensation of cirrhosis, and are increased
[78]
proportionate to the stage of chronic liver disease .
Elevated levels of BNP are related to interventricular
septal thickness and the impairment of diastolic function
in asymptomatic patients with cirrhosis, and may be a
[80]
marker of the presence of cirrhotic cardiomyopathy .
[81]
Henriksen et al also reported that circulating pro-BNP
and BNP are related to severity of liver disease (Child-Pugh
score, serum albumin, coagulation factors and hepatic
venous pressure gradient) and markers of cardiac
dysfunction (QT interval, heart rate and plasma volume),
but not to indicators of hyperdynamic circulation.

CARDIAC MANIFESTATIONS WITH
HEPATITIS
Palpitations, dyspnea, angina chest discomfort, electro
cardiographic changes, tachycardia and bradycardia
[69]
have all been described in patients with viral hepatitis ,
[70-72]
myocarditis, acute pericarditis and cardiomyopathy
.
Sinus tachycardia occurs in most patients and is
[72]
related to the febrile response . Myocarditis may be a
serious extrahepatic complication, and hepatitis B virus
antigens have been detected in small intramyocardial
[71]
vessels . The cardiac abnormalities may be caused
by viral infection, hyperbilirubinemia, hemorrhage in
the myocardium and pericardium, or by immune me
[69,71]
chanisms
. Chronic hepatitis B infection triggers
autoimmune disorders and several extrahepatic disorders
[73]
may appear, including of the ganglia and the heart .
Endothelial progenitor cells may serve as a virus carrier,
enabling transinfection in injured endothelial cells
[73]
to cause hepatitis B virus-associated myocarditis .
[69]
Hayashi et al
reported a case of fulminant hepatitis
complicated with myocarditis, with myocardial infarctionlike electrocardiographic changes. Hepatitis C virus
infection has been detected often in patients with
dilated and hypertrophic cardiomyopathy, and may
be an important causal agent in the pathogenesis of
[72,74]
the disease and cause arrhythmias
. Interferon,
successfully used to treat patients with chronic hepatitis
C infections, may induce several cardiovascular com
plications, such as tachycardia, myocardial infarction and
[75]
congestive heart failure .

RELATED COMPLICATIONS AND
CONDITIONS
Cirrhotic patients also have an increased risk and pre
valence of coronary heart disease, which is also a cause
[1,82,83]
of QT prolongation
. Risk factors for coronary heart
disease, such as older age, male gender, smoking and
[82,84]
arterial hypertension
, are independent predictors
of several electrocardiographic abnormalities in cirrhotic
[19]
patients . Moreover, liver disease severity is associated
with many electrocardiographic features of coronary
[19]
heart disease . Considering low serum cholesterol, low
blood pressure values and higher levels of circulating
estrogens, cirrhosis should protect against coronary
[82]
atherosclerosis . However, recent reports have
demonstrated an increased prevalence of major risk
factors for atherosclerosis and cardiovascular disease in
liver cirrhosis, especially in nonalcoholic steatohepatitis[19,85]
cirrhosis
. Hypercholesterolemia in patients
with primary biliary cirrhosis should be considered
a cardiovascular risk factor, and further studies are
needed to confirm if arrhythmias are related to it.
Arrhythmias are also associated with hypoxia
and orthodeoxia due to hepatopulmonary syndrome.
Hepatorenal syndrome may be another important
contributor, influenced by systolic dysfunction and insu
[2,86]
fficient ventricular contractile reserve
. Ventricular
arrhythmia risk and sudden cardiac death are increased
in patients with renal failure, and even mild reductions in
kidney function can alter the electrophysiologic properties
[87]
of the myocardium . Arrhythmia risk is related not
only to renal function, but also to electrolyte imbalances,
sympathetic activity, and levels of parathyroid hormone,
[87]
hemoglobin, hematocrit and inflammatory markers .
Accumulation of bile acids in the liver due to obstructed
[88]
ducts results in high circulating concentrations ,
[89]
with immunosuppressive effects . In addition to the
concentration, the composition of bile acids is important
[90]
for arrhythmogenesis . Taurocholic acid, a conjugated
primary bile acid, has a negative inotropic effect and
reduces the duration of the action potentials in the
ventricular myocytes by reducing inward sodium and

MARKERS OF CARDIAC DYSFUNCTION
Cell death is a central mechanism involved in liver
damage, for which several promising noninvasive
biomarkers have been associated with QT prolongation,
including soluble cytokeratin 18, TNF and TNF-related
apoptosis-inducing ligand receptors and their ligands,
various isoforms of high mobility group box-1, small
non-coding RNAs (microRNAs) and microparticles
[76]
(extracellular vesicles) . These biomarkers could
be utilized in future studies to assess arrhythmia risk
in liver cirrhosis. Fibrosis serum markers, such as
[77]
hyaluronic acid and laminin , may also be indicators
of electrophysiologic abnormalities in cirrhotic patients.
Natriuretic peptides are produced by the cardiac atrial
[78]
and ventricular myocytes , and are higher in myocardial
ischemia, heart failure and left ventricular tachycardia,
[79]
as well as in liver cirrhosis and renal failure . Plasma
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[88]

[97,98]

calcium and increasing outward potassium currents .
The increased level of non-ursodeoxycholic acids in
patients with arrhythmias suggests that ursodeoxycholic
acids provide cardioprotective and hepatoprotective
[90]
effects . Although the exact intracellular effects of bile
salts are not clear, they may act on muscarinic or cellsurface bile acid receptors involved in the regulation
[89]
of macrophage functions
or directly damage cardiac
[91]
calcium channels due to the detergent-like properties .

reducing QT interval duration
. Beta-blockers are
given as prophylaxis for variceal bleeding, such as for
large esophageal varices, resulting in vasoconstriction
in the splanchnic compartment, which increases
[78]
preload and improves diastolic function . Betablocker therapy may also prevent bleeding from portal
hypertensive gastropathy and the development of
spontaneous bacterial peritonitis. However, recent
studies have warned about their use in decompensated
[99,100]
cirrhosis, as they are associated with poor survival
.
Beta-blockers decrease chronotropy and depress
atrioventricular conduction, resulting in bradycardia or
[100]
high-grade heart block .
[98]
Myocardial fibrosis is dysrhythmogenic , and atrial
interstitial fibrosis is associated with changes in the
electrical properties of the atria, including depressed
excitability, increased refractoriness and conduction
[96,101]
slowing or block
. Angiotensin-converting enzyme
(ACE) inhibitors protect against myocardial fibrosis and
[102]
[103]
prevent cardiac remodeling
and atrial fibrillation .
Drugs that interfere with the renin-angiotensin
system, such as angiotensin Ⅱ-receptor blockers, also
[103]
prevent atrial remodeling . However, ACE inhibitors
and other afterload-reducing drugs should be used
with caution considering the risk for aggravating the
[2]
vasodilatory state .
Statins are known for their pleiotropic and antihypertrophic effects, suppressing arrhythmogenesis
[104]
and improving endothelial function . Desensitization
of cardiac myocytes to catecholamines due to down
regulation of beta-adrenergic receptors in the myocardium
of cirrhotic patients could also be a protective mechanism
against occurrence of tachyarrhythmia and atrial
[96]
fibrillation .
The main mechanisms explaining the influence of
cirrhosis on the higher prevalence or the protection
against atrial fibrillation are reviewed in Table 2.

SUPRAVENTRICULAR ARRHYTHMIAS
AND CONDUCTION DISORDERS IN LIVER
CIRRHOSIS
Atrial fibrillation and flutter are arrhythmias that
are more frequently diagnosed in cirrhotic patients,
and are significantly associated with arteriosclerosis,
[92]
hypercholesterolemia and diabetes mellitus . Atrial
fibrillation after septic shock and sinus bradycardia
with cardiac arrest were reported after living-donor
liver transplantation in a 58-year-old man diagnosed
with hepatocellular carcinoma and liver cirrhosis,
[93]
which required resuscitation and temporary pacing .
[19]
Josefsson et al
reported several supraventricular
arrhythmias in cirrhotic patients, such as atrial and
junctional premature beats, atrial flutter or fibrillation,
sinus tachycardia or bradycardia. Pre-transplant evaluation
of cirrhotic patients also revealed atrioventricularconduction defects, such as complete or incomplete
right or left bundle branch block and intraventricular
blocks.
Inflammation may promote cardiac and arrhyth
mogenic complications in non-alcoholic fatty liver
[94]
disease . Patients with liver fibrosis have elevated
plasma levels of inflammatory markers, and several
studies have indicated that inflammation plays a
significant role in the generation, maintenance, and
[95]
perpetuation of atrial fibrillation . However, Zamirian
[96]
et al
suggested that liver cirrhosis has a protective
effect against atrial fibrillation, despite significant
metabolic abnormalities, inflammatory syndrome and
enlarged left atria. The low prevalence of atrial fibrillation
observed in their study may be the result of the
accumulation of anti-arrhythmic or anti-inflammatory
substances that are normally metabolized by an intact
functioning liver; this would explain the development of
[96]
atrial fibrillation after liver transplantation . However,
no data concerning the influence of inflammation in the
relationship of arrhythmias and liver cirrhosis have been
reported, which should be the aim of future studies.
The low prevalence atrial fibrillation in cirrhotic
[96]
patients reported by Zamirian et al
may also
have been related to the low prevalence of systemic
hypertension in their patients or the administration
of medications (spironolactone and beta-blockers)
that reduce atrial excitability. Spironolactone reduces
myocardial fibrosis of dilated atria and P-wave duration,
producing an antifibrotic effect in the ventricles and
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THERAPY
No specific therapy can be recommended for cirrhotic
patients with heart conditions, but it should be supportive
and directed against heart failure and pulmonary
[1,15]
stasis
. Surgical stress, including transjugular intra
hepatic portosystemic shunt insertion, surgical porto
systemic shunting and liver transplantation can facilitate
[15,103]
heart failure
. However, severe heart failure can be
prevented by vasodilated peripheral circulation, which
unloads the heart, and a compensatory decrease of
[15]
some negatively inotropic regulatory mechanisms .
Aldosterone antagonists may reduce left ventricular
dilatation and wall thickness, and improve diastolic
[15]
function . QT interval prolongation may be improved
by beta-blockers, which also lower portal pressure
and reduce the hyperdynamic load, but their effect
on contractile dysfunction and mortality should be the
[15,105]
focus of further studies
.
Liver transplantation is currently the only proven
[11]
treatment for patients with cirrhotic cardiomyopathy
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Table 2 Atrial fibrillation in patients with liver cirrhosis
Higher prevalence due to
Enlarged left atria (cirrhotic cardiomyopathy)
Electrolyte imbalances
Hepatorenal syndrome
Serum bile acid concentration
Metabolic abnormalities
Inflammatory syndrome
Atrial interstitial fibrosis

Lower prevalence due to
Accumulation of antiarrhythmic and anti-inflammatory substances
Low prevalence of hypertension
Medication: diuretics, beta-blockers, ACE-inhibitors, statins
Downregulation of beta-adrenergic receptors in the myocardium

ACE: Angiotensin-converting enzyme.

for arrhythmias after liver transplantation are included
[112]
in Table 3. Zaballos et al
reported the case of
a man with severe hemodynamic alterations who
developed atrioventricular re-entry tachycardia related
to dual nodal conduction during liver transplantation.
[93]
Kobayashi et al
reported complete atrioventricular
block and cardiac arrest with diffuse myocardial
abscesses after liver transplantation in a woman with
liver cirrhosis and hepatocellular carcinoma, which
required resuscitation and temporary cardiac pacing.
[113]
Chin et al
described a case of torsade de pointes and
a prolonged QTc after liver transplantation in a 39-yearold male patient with hepatitis B-related cirrhosis, which
was due to low hematocrit and a low arterial blood
pressure, demonstrating the importance of an optimal
coronary perfusion to prevent sudden cardiac death.
Cardiovascular disease also contributes to late mortality
after transplantation, due to the secondary development
of hypertension, hyperlipidemia, diabetes and obesity
[82]
from chronic immunosuppression .

Table 3 Risk factors for arrhythmias after liver transplantation
Risk factor
Stress of major surgery
Advanced age
Comorbidities: low blood pressure, anemia, limitation of the cardiac
reserve
Hydroelectrolytic and acid-base imbalances
Hypothermia
Secondary development of hypertension, diabetes mellitus, obesity

and can improve cardiac hypertrophy, diastolic and
[1,2,14,15,29,41,106,
systolic function, and autonomic dysfunction
107]
. The prolonged QT interval reverses in approximately
half of the patients after liver transplantation, likely a
consequence of diminished portosystemic shunting,
[27,108]
but can also be prolonged
. Total cardiac events
after liver transplantation, particularly arrhythmias,
and post-transplant mortality are associated with
[19]
prolonged QTc and the presence of a Q wave . A
prolonged QTc interval also predicts post-transplant atrial
[19]
[109]
arrhythmias
and peri-transplant heart failure
.
However, liver transplantation is a stressful event for
the cardiovascular system of the patients with advanced
liver disease, considering also the advanced age and
[110]
comorbidities
. Furthermore, liver transplantation
highlights the limitation of the cardiac reserve, even in
[15]
patients with no previous history of cardiac disease .
Although autonomic dysfunction, measured by heart
rate variability, is partially corrected 2-6 years after liver
transplantation, parasympathetic impairment is not
[107]
improved .
Considering the high prevalence of cirrhotic cardio
myopathy and coronary heart disease and the high
perioperative mortality, a careful cardiac evaluation of
patients with liver cirrhosis is required before liver trans
plantation, including electrocardiography, cardiopulmonary
exercise testing, dobutamine stress echocardiography,
coronary angiography and myocardial perfusion imaging,
and coronary multidetector computed tomography
[1,105,111]
angiography
. Post-transplant reperfusion may
result in cardiac death due to arrhythmias, acute heart
[15,110,112]
failure, and myocardial infarction
. Risk factors
for arrhythmia occurring during reperfusion of the graft
are severe hydroelectrolytic and acid-base imbalances
[112]
and hypothermia . The most important risk factors
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CONCLUSION
The latency of cirrhotic cardiomyopathy requires
careful assessment of arrhythmia risk in cirrhotic
patients. To evaluate the predictive value of ventricular
repolarization indices in liver cirrhosis, further followup studies are needed. In particular, future studies
should focus on the relationships between arrhythmia
risk and structural heterogeneity of the cirrhotic heart,
markers of inflammation, fibrosis and immunologic
syndromes, and biomarkers of liver cell death and
active infection. Close monitoring of cirrhotic patients is
needed for arrhythmias, particularly when QT intervalprolonging drugs are given, or if electrolyte imbalances
or hepatorenal syndrome appear. Arrhythmia risk may
persist after liver transplantation due to possible QT
interval prolongation, persistence of the parasympathetic
impairment, post-transplant reperfusion and chronic
immunosuppression, as well as consideration of the
fact that the transplant itself is a stressful event for the
cardiovascular system.
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Recent advances in multidisciplinary management of
hepatocellular carcinoma
Asmaa I Gomaa, Imam Waked
team should decide clinical management of HCC,
according to tumor characteristics and stage of liver
disease. Potentially curative treatments are suitable
for very-early- and early-stage HCC. However, the vast
majority of HCC patients are diagnosed in later stages,
where the tumor characteristics or progress of liver
disease prevent curative interventions. For patients with
intermediate-stage HCC, TACE and radioembolization
improve survival and are being evaluated in addition to
potentially curative therapies or with systemic targeted
therapy. There is currently no effective systemic
chemotherapy, immunologic, or hormonal therapy for
HCC, and sorafenib is the only approved moleculartargeted treatment for advanced HCC. Other targeted
agents are under investigation; trials comparing new
agents in combination with sorafenib are ongoing.
Combinations of systemic targeted therapies with
local treatments are being evaluated for further
improvements in HCC patient outcomes. This article
provides an updated and comprehensive overview of
the current standards and trends in the treatment of
HCC.
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Core tip: This article reviews the available treatment
options for hepatocellular carcinoma. The recent clinical
trials of molecular-targeted therapies, as single agents
or in combination with other treatments, are reviewed,
and some future study directions are addressed.
The importance of a multidisciplinary approach to
management is highlighted.

Abstract
The incidence of hepatocellular carcinoma (HCC)
is increasing, and it is currently the second leading
cause of cancer-related death worldwide. Potentially
curative treatment options for HCC include resection,
transplantation, and percutaneous ablation, whereas
palliative treatments include trans-arterial chemoem
bolization (TACE), radioembolization, and systemic
treatments. Due to the diversity of available treatment
options and patients’ presentations, a multidisciplinary
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The minimal critical remnant liver volume for
safe resection is approximately 25% (15%-40%)
for patients without cirrhosis and 50% (25%-90%)
for patients with cirrhotic livers. Preoperative portal
vein embolization is occasionally performed when
the estimated remnant liver volume is less than the
[12]
minimal requirement , aimed at diverting portal flow,
with its content of growth factors, to the non-tumorous
lobe to sufficiently increase its size to permit resection.
However, the effectiveness of portal vein embolization
in cases of HCC with a cirrhotic liver has not been
[3]
sufficiently tested in large controlled studies .
Portal hypertension in cirrhotic patients is considered
a relative contraindication for surgical resection, and
a hepatic venous pressure gradient > 10 mmHg is
reportedly the best predictor of postoperative liver
decompensation and poor long-term outcome in
[2,13]
compensated cirrhotic patients undergoing resection
.
In practice, resection for patients with significant portal
hypertension is still a subject of debate. Similarly,
the presence of splenomegaly (major diameter > 12
cm) or esophageal varices with a platelet count of
3
< 100000/mm was correlated with hepatic venous
pressure gradient, postoperative decompensation, and
[14]
[15]
poor survival . However, Cucchetti et al
reported
that patients with the same model for end-stage liver
disease (MELD) score and extent of hepatectomy had
similar outcomes regardless of portal hypertension.
Resection has been refined with the use of the RFAbased resection device, the Habib 4X sealer (a new
bipolar RF device designed specifically for liver resection).
It releases controlled RF energy between two pairs of
electrodes, producing a plane of coagulative necrosis
along the intended line of parenchymal resection,
avoiding over-coagulation of liver parenchyma. The
heat produced seals biliary and blood vessels, resulting
in minimal blood loss. With this device, morbidity and
mortality rates are superior to other methods of liver
[16]
resection .
Laparoscopic resection, though a more sophisticated
surgical procedure, is associated with reduced operative
[17]
and postoperative morbidities . A recent meta-analysis
showed that laparoscopic hepatectomy decreases
blood loss, transfusion requirement, postoperative
morbidity, recovery time, and hospital stay compared
to open hepatectomy, with no difference in recurrence
[18]
or survival . However, no randomized controlled trials
(RCTs) were reported in this meta-analysis.
An important postoperative concern is the high
risk of HCC recurrence. Five-year recurrence rates of
68% have been reported after liver resection of veryearly-stage HCC. The presence of satellite nodules,
cirrhosis, the use of non-anatomic resection, and
elevated α-fetoprotein (AFP) levels are independently
[14,19]
associated with tumor recurrence
. Late recurrence
can be predicted using molecular biomarkers and gene
[20]
signatures that are used for the selection of patients
amenable to hepatic resection. The 5-gene score,
based on combined expression levels of HN1, RAN,
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INTRODUCTION
The incidence of hepatocellular carcinoma (HCC) is
increasing, and is currently is the second leading cause
of cancer-related death worldwide, accounting for
[1]
approximately 800000 deaths every year . Clinical
management of HCC is tailored according to tumor
characteristics, stage of liver disease, and condition of
the patients (age, performance status, and presence
or absence of comorbidities). The American Association
[2]
for the Study of Liver Diseases and the European
[3]
Association for the Study of the Liver (EASL) endorse
the use of Barcelona clinic liver cancer (BCLC) staging
for the classification and management of patients with
HCC. Therapeutic options are stage dependent and can
be classified into three categories: curative, palliative,
and symptomatic. However, curative treatment
options, including resection and percutaneous ablation,
are only suitable for early-stage tumors, and are
[4]
associated with five-year survival rates of up to 75% .
Recently, treatment indications have been refined;
patients who are not candidates for the first-line therapy
for their stage can be shifted to the treatment option
for the next BCLC stage (treatment stage migration
[3,5]
concept) . Trans-arterial chemoembolization (TACE)
can be performed at an early stage in patients for
whom radiofrequency ablation (RFA) or percutaneous
ethanol injection (PEI) cannot be performed because of
tumor location (proximity to a gallbladder, biliary tree,
or blood vessel), unresectability of the tumor, failed
[6]
prior curative treatments, or medical comorbidities .
The presentations of HCC are variable within each
patient. Although the management guidelines for HCC
recommend monotherapies as a treatment option,
combined or sequential treatment modalities are
effective in improving the outcome of patients with HCC.
In practice, a multi-modal approach combining various
treatments is used, and a multidisciplinary team, where
the roles are intertwined and complimentary, should be
[7,8]
involved in the management of every case .

SURGICAL RESECTION
Surgical resection is the recommended treatment for
patients with a single nodule, preserved liver function,
and good performance status. It is associated with
[9]
five-year survival rates up to 70% and a 2%-3%
perioperative mortality in cirrhotic patients. Some
centers report five-year survival rates above 50%
in patients undergoing resection for multiple tumors
fulfilling Milan criteria (up to three nodules, each ≤ 3
[10]
cm), who are not suitable for transplantation , and
resection in patients with more advanced stages of
[11]
HCC has been reported with acceptable outcomes .
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RAMP3, KRT19 and TAF9, was associated with disease[20]
specific survival .

prognosis prediction in an analysis of data of 6478
patients from the Scientific Registry of Transplant
Recipients, and performed better than tumor size
and number characteristics for predicting post-LTx
[31]
prognosis .

LIVER TRANSPLANTATION
Liver transplantation (LTx) is the best treatment option
for patients with decompensated cirrhosis. HCC is
the only solid tumor where transplantation plays an
important role in management, due to the fact that it
allows removal of the primary tumor and treats hepatic
[21]
insufficiency . The main obstacles for HCC patients
amenable to LTx are the organ shortage and the
long waiting time for transplantation. Increasing the
donor pool by live donation, using bridging therapy,
and applying prioritization policies can help overcome
[22]
this problem . A MELD exception was developed to
assign extra points to HCC patients due to their high
dropout rate and mortality while on the waiting list.
However, no extra points are assigned to patients with
compensated cirrhosis and small HCC tumors (< 2 cm)
[3]
because of the improved survival with local ablation .
In practice, LTx is recommended for patients with
tumors within the Milan criteria (a single lesion ≤ 5
[23]
cm, or up to three lesions ≤ 3 cm each) . Restriction
of LTx to patients within the Milan criteria results in a
five-year overall survival rate of 75%, with a risk of
[24]
recurrence < 15% . The perioperative mortality and
one-year mortality are approximately 3 and ≤ 10%,
respectively. For patients with early-stage HCC, LTx
offers the best chance of survival (106 mo), compared
with surgical resection (52 mo), RFA (62 mo), PEI (44
[25]
mo), and TACE (34 mo) .
A systematic review of 90 studies over 15 years,
including 17780 patients, identified the Milan criteria
as an independent prognostic factor for outcome after
LTx, with five-year survival rates comparable to non[24]
HCC patients (65%-78%) . An expansion of the Milan
criteria to “up-to-seven” criteria (the sum of the size of
the largest tumor and the number of tumors in patients
[23]
without microvascular invasion) was proposed
[26]
and externally validated in an independent series ,
[3]
but requires larger prospective validation studies .
Although listing criteria for LTx currently depend on
tumor number and size, the use of molecular markers
and gene signatures for determining tumor behavior
[27]
are under development .
The presence of vascular invasion, high AFP level,
and transplant waiting time of more than 6 mo, are
considered accurate predictive factors for poor survival
and recurrence risk. Increased AFP was associated
with higher risk of progression and dropout while
[28,29]
waiting for a transplant
, and a steady increase of
AFP > 15 ng/mL per month was considered the most
[30]
significant prognostic determinant . In a large French
multicenter study, incorporation of AFP in a prognostic
score model for post-LTx outcome significantly improved
the predictive performance of the Milan criteria in
[29]
prioritization for LTx . Moreover, adding AFP > 400 to
a total tumor volume of 115 cm as a cutoff improved
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LOCAL ABLATIVE THERAPY
Tumor ablation can be obtained using either chemical
(alcohol and acetic acid) or physical (heating or
cooling) methods. The first technique used to locally
[32]
treat HCC was PEI , which involves the intralesional injection of absolute alcohol. Temperature
ablative techniques have advanced, including heating
[33]
techniques such as RFA , microwave ablation
[34]
[35]
[36]
(MWA) , laser ablation , and cryoablation .

PEI

PEI is indicated for the treatment of nodular HCC ≤
5 cm in diameter, and achieves complete necrosis in
90% of tumors < 2 cm, 70% in those 2- < 3 cm, and
[37]
50% in those between 3 and 5 cm . Patient outcome
was improved with the use of a specific needle with
three retractable prongs, achieving an 80%-90% rate
[38]
of sustained complete response in tumors < 4 cm .
The major limitation of PEI is the high incidence of
local recurrence (33%-43%).

RFA

RFA is superior to other local ablative therapies, and is
currently the most commonly used ablative method,
replacing PEI as the locoregional therapy of choice for
[37]
early HCC . RFA is considered the standard of care
for patients with very early- and early-stage tumors,
as well as those not suitable for or that refuse surgery.
RFA is recommended as the main ablative therapy for
tumors < 5 cm, whereas PEI is recommended in cases
[3]
where RFA is not technically feasible .
In a cohort study, complete ablation was achieved
in more than 90% of cases, with a local recurrence
rate of < 1% and five-year survival rate ranging from
[39]
40% to 70% for lesions < 2 cm in diameter . Three
independent meta-analyses, including five RCTs,
showed better results regarding local tumor control
and survival benefits in patients treated with RFA,
compared to ablation with PEI. In addition, patients
with tumors 2-5 cm had better survivals if treated by
[40-42]
RFA rather than by PEI
.
Some groups have suggested that RFA should be
considered as a first-line therapy, even when resection
is possible, because it is associated with fewer side
[39]
effects . The main advantages compared to surgical
intervention are that it is less invasive and provides
[39,43]
an increased possibility for parenchymal sparing
.
Whether surgical resection for very early HCC is superior
to RFA remains controversial. Whereas a Markov
model analysis indicated that surgical resection was
[44]
preferable to RFA in terms of overall survival , Peng
[45]
et al reported that RFA was better. A survey in Japan
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lesions without evidence of vascular invasion or extra[3]
hepatic spread . In Japan, TACE is recommended even
for HCC patients with vascular invasion if radiologic portal
invasion is distal to, or in the second-order branches
[59]
of, the portal vein . The main contraindications to
TACE are extended portal vein thrombosis, diffuse
tumor, extra-hepatic spread, and decompensated liver
[22,60]
cirrhosis
. TACE improves survival compared to
[61]
supportive care or suboptimal therapies , observed
as an increase in the median survival of patients
[62]
with intermediate-stage HCC to 20 mo . However,
a meta-analysis that included nine trials (six trials
assessing TACE and three trials assessing trans-arterial
embolization) has shown that trans-arterial therapy
does not significantly increase survival in patients with
[63]
unresectable HCC compared to controls .
Proper patient selection is crucial to prevent postTACE-induced liver failure. Patients with total bilirubin
> 3 mg/dL were excluded from TACE in several
[64,65]
studies
, and an AFP > 200 ng/mL and a MELD score
[66]
> 10 were associated with greater risk of mortality .
[67]
Bolondi et al proposed a substaging of intermediatestage HCC (BCLC-B) patients from B1 to B4, taking into
account the tumor burden and Child-Pugh score (A5
to B9). BCLC-B includes disease ranging from variable
tumor burden, which can be a multifocal HCC affecting
both lobes, extending up to near replacement of the
liver, and includes patients with a wide range of liver
function impairment (Child-Pugh score from 5 to 9).
Substaging revealed decreasing survival for higher B
substages, and thus TACE was recommended for early
[67]
subgroups only .
Drug-eluting beads (DEB)-TACE involves the use
of embolic microspheres with the ability to sequester
and release chemotherapeutic agents in a controlled
manner over a one-week period, which subsequently
increases the local concentration of the drug with
[68]
minimal systemic toxicity . A randomized phase Ⅱ
study (the PRECISIONV trial) reported that DEB-TACE
is a valuable alternative and may be preferred over
[69]
conventional TACE .

including 1235 patients with very early HCC (≤ 2 cm)
who underwent resection and 1315 patients who
received RFA showed no significant difference in overall
survival between the two groups (one-year, 98% vs
99%; two-year, 94% vs 95%), over a median follow[46]
up of 37 mo . However, the disease-free survival rate
was significantly better after resection than after RFA
(one-year, 91% vs 84%; two-year, 70% vs 58%; P <
[47]
0.001). Similarly, Wang et al suggested that surgical
resection was equivalent to RFA in terms of overall
survival, and was associated with better disease-free
survival.
The size limitation of RFA has been overcome with
the use of expandable tipped or cool-tip electrodes,
allowing effective ablation of areas ≥ 5 cm in
[48]
diameter . However, RCTs with a large sample size
are needed before ablation therapy can be confirmed
as an alternative to surgery for potentially resectable
HCC.

Other ablative therapies

MWA is an alternative to RFA for thermal ablation of HCC.
[49]
Only one RCT
compared the effectiveness of MWA
to RFA, which revealed a tendency to favor RFA with
respect to rates of local recurrence and complications,
likely due to the small volume of coagulation obtained
[50]
with a single probe insertion . However, newer devices
may have overcome this limitation. One advantage of
MWA over RFA is that treatment outcome is not affected
by the heat-sink effect of vessels in proximity to the
[49]
tumor .
Laser ablation refers to thermal tissue destruction
[51]
by conversion of absorbed light into heat . The only
randomized prospective study comparing laser ablation
with RFA reported no significant difference in overall
survival rates, with cumulative rates of 91.8%, 59.0%
and 28.4% at one, three and five years respectively,
without significant complications. However, a signifi
cantly better survival rate was reported for RFA in
[52]
patients with Child-Pugh A stage disease .
Cryoablation uses the extreme cold of liquid
[53]
nitrogen or argon gas to destroy abnormal tissue .
Cryoablation showed better local control than RFA or
[54]
MWA for tumors > 2 cm . A multicenter RCT in China
that included 360 patients with one or two tumors < 4
cm in diameter found that cryoablation is safe and as
[55]
effective as RFA, with a similar five-year survival .

Assessment of response to TACE

The use of locoregional options to induce tumor
necrosis necessitated a refinement of the conventional
criteria to evaluate treatment response. Extent of
tumor necrosis has been correlated with outcome after
ablation, TACE and systemic therapy. A modification
of the response evaluation criteria in solid tumors
(modified RECIST) takes into account the degree
of tumor necrosis, evaluated by dynamic computed
[70]
tomography or magnetic resonance imaging
and
has been adopted by the latest EASL guidelines for
[3]
evaluating locoregional therapies for HCC .

TACE
HCC receives 90% of its blood supply from the hepatic
[56]
artery and only 10% from the portal vein . Thus, the
purpose of trans-arterial therapy is to block the blood
supply and induce tumor necrosis, without significantly
[57]
affecting hepatic blood supply . Trans-arterial therapies
include TACE, trans-arterial embolization, trans-arterial
[57,58]
chemotherapy, and trans-arterial radioembolization
.
TACE is currently the standard of care for patients
with compensated liver function and large multifocal
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Failure of TACE

There is no established definition for TACE refrac
toriness, nor is there a consensus for when to consider
TACE failure and refer the patient to an alternative
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therapy. Despite the absence of solid evidence, however,
panels of experts have proposed treatment migration
to sorafenib (downward treatment stage migration) for
intermediate-stage patients if they demonstrate disease
progression or poor tolerance after first or second
[71,72]
TACE
. The current EASL guidelines recommend
switching to sorafenib if intermediate-stage patients are
[3]
non-responsive to at least two cycles of TACE .
Repetition of TACE should be considered based on
evidence using mRECIST and the risk of adverse events.
The response to the first TACE and its effect on the
underlying liver disease help in identifying patients at
risk of adverse outcome with repeated TACE. Sieghart
[73]
et al conducted a multivariate analysis to investigate
TACE repeated for a second or third session and
identified three prognostic factors: increase in aspartate
aminotransferase by > 25%, increase in Child-Pugh
score, and absence of tumor response. These factors
were incorporated into an “ART” score, and patients
with an ART score of 0-1.5 points benefitted from a
second TACE, whereas those with a score ≥ 2.5 did
[74]
not .

treatments can be completed in one to five sessions.
[81]
Louis et al
treated 25 patients with CyberKnife
stereotactic radiotherapy using respiratory motion
tracking, which enables the radiation beam to track
tumor movement in real time and allows patients to
breathe normally during their treatment sessions. The
actuarial one- and two-year local control rates were
95%, and the one- and two-year survival rates were
79% and 52% respectively, with good clinical tolerance.
CyberKnife and SRT (though currently still very
expensive) offer a local therapy for HCC patients who
are not eligible for surgery, embolization, chemotherapy
or radiofrequency ablation, without significant
complications.

SYSTEMIC CHEMOTHERAPY
HCC is among the most chemoresistant tumors,
and until 2007, no systemic chemotherapy was
[3]
recommended for patients with advanced tumors .
Systemic chemotherapy with cytotoxic agents, such
as doxorubicin, gemcitabine, cisplatin, 5-fluorouracil or
combined regimens for palliative care, was associated
with low response rates (< 10%) with only marginal
[85]
improvements in survival . Moreover, these drugs
are poorly tolerated in patients with underlying liver
[85-87]
cirrhosis
.
[87]
Interferon (IFN) therapy , anti-androgens, or
[88]
tamoxifen used in the treatment of advanced HCC
show contradictory results without obvious benefit. A
meta-analysis of seven RCTs, including 898 patients,
evaluated tamoxifen vs conservative management and
showed neither anti-tumor effects nor survival benefits
[89]
for tamoxifen . Subsequent large RCTs reported
[90,91]
negative results in terms of survival
.
Cisplatin, IFN, doxorubicin, and fluorouracil (PIAF)
used in combination showed promising activity in a phase
[92]
Ⅱ study . A randomized phase Ⅲ study including 188
patients with HCC was conducted to investigate the effect
[87]
of PIAF combination compared to doxorubicin alone .
The median survival rate of the PIAF group did not
significantly differ from the doxorubicin group (8.67 mo
vs 6.83 mo), and patients treated with the PIAF regimen
experienced a significantly higher rate of myelotoxicity.

RADIOEMBOLIZATION
Radioembolization, or selective internal radiation
therapy (SIRT), has recently emerged as a therapeutic
option for intermediate-stage HCC. Unlike TACE, SIRT
delivers local radiation to the tumor or liver tissue
without causing ischemia. β radiation from radioactive
yttrium-loaded glass or resin microspheres is applied
to the tumor through the arteries that feed it, so that
tumor nodules are treated irrespective of their number,
[75]
size, or location . The procedure is well tolerated
with survival rates similar to TACE. Moreover, it is as
safe and effective as sorafenib in patients with more
advanced-stage HCC, including patients with portal
[76-79]
vein thrombosis and large tumor burden
.
In a study comparing radioembolization to TACE,
radioembolization was associated with fewer side effects,
better response rate, and longer time to progression
(13.3 mo vs 8.4 mo), without difference in median
[80]
survival time (20.5 mo vs 17.5 mo) . Another study
[76]
reported similar safety profile and response rates .
However, the cost associated with radioembolization
may limit the applicability of this technique.
Stereotactic radiotherapy (SRT) allows the delivery
of a high dose of radiation in a single (radio-surgery) or
limited number (hypo-fractionation) of sessions, while
[81]
sparing surrounding structures and healthy tissue .
[82]
Blomgren et al
first introduced SRT for liver tumors
in 1995, with treatment doses ranging from 15 to 45
Gy, in one to five fractions. In a phase Ⅰ/Ⅱ study using
a single dose ranging from 14 to 26 Gy, the treatment
was well tolerated in all patients, with no major side
[83]
effects , and the tumor control rate at 6 wk was
[84]
98% .
The CyberKnife Radio-surgery System is able to
deliver very high doses of radiation to both primary and
metastatic liver tumors with extreme accuracy, and
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TARGETED THERAPY FOR HCC
Hepatocarcinogenesis is associated with epigenetic and
genetic alterations that eventually lead to uncontrolled
growth of hepatocytes. Signal transduction pathways,
oncogenes, and growth factors and their receptors are
considered new potential therapeutic targets for systemic
targeted therapies, limiting widespread systemic
[93]
toxicity . Several targeted agents are currently in
clinical development.

Sorafenib

Sorafenib is an orally administered multikinase inhibitor
[94]
with antiproliferative and antiangiogenic activity .
Sorafenib mediates downregulation of anti-apoptotic
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Table 1 Phase III trials of some systemic targeted agents in advanced hepatocellular
carcinoma
Ref.
Zhu et al[109]
(SEARCH trial)
Cheng et al[105]
(SUN1170 trial)
Cainap et al[106]
(LIGHT trial)
Johnson et al[107]
(BRISK-FL trial)
Llovet et al[108]
(BRISK-PS trial)

Study design

Patients, n

Overall survival, mo

Sorafenib vs sorafenib + erlotinib

358 vs 362

Sorafenib vs sunitinib

544 vs 530

Sorafenib vs linifanib

517 vs 518

Sorafenib vs brivanib

578 vs 577

Brivanib vs placebo

263 vs 132

Sorafenib: 8.5
Sorafenib + erlotinib: 9.5
Sorafenib: 10.2
Sunitinib: 7.9
Sorafenib: 9.8
Linifanib: 9.1
Sorafenib: 9.9
Brivanib: 9.5
Brivanib: 9.4
Placebo: 8.3

proteins, leading to enhanced cytotoxicity of HCC cells
to tumor necrosis factor-related apoptosis inducing
[95]
ligand . Two phase Ⅲ randomized placebo-controlled
[96]
trials, the SHARP multicenter trial
and the Asia[97]
Pacific trial , reported improved overall survival and
better outcome for patients who received sorafenib,
which was generally well tolerated with mild toxicity.
The two most common grade 3 adverse reactions with
sorafenib were the hand-foot-skin reaction (8%) and
diarrhea (8%). The overall incidence of serious adverse
events in the sorafenib and placebo groups was
comparable (52% and 54%, respectively).
Based on these findings, sorafenib was approved
for treatment of advanced HCC, including patients with
unresectable Child-Pugh A or B HCC with performance
[3]
status 0-2 and vascular invasion or distant metastasis ,
as well as for patients intolerant to TACE or in whom
[98,99]
the procedure is technically difficult
. However, the
prognosis for patients with this stage of HCC is still poor,
[96]
with a median overall survival rate of 6.5-10.7 mo .
[100]
In addition, Cammà et al
recently concluded that
sorafenib at full dose was not a cost-effective treatment
compared to best supportive care in intermediate- and
advanced-stage HCC.
Sorafenib is currently being tested as an adjuvant
after resection, with local ablation for early-stage
HCC, in combination with chemoembolization for inter
[101]
mediate stages
, in combination with erlotinib or
systemic doxorubicin in advanced stages. Additionally,
sorafenib was effective as a first-line treatment in
[3]
Child-Pugh B patients with lower survival . In a large
retrospective study, the median survival with sorafenib
was 5.5 mo compared to 11.3 mo for Child-Pugh A
[102]
patients
. The prospective GIDEON trial confirmed
that the median overall survival was shorter in ChildPugh class B patients (5.2 mo vs 13.6 mo in Child A),
although the time to progression was similar across
subgroups. Serious adverse events were more common
[103,104]
in Child-Pugh class B patients
.

sorafenib in sorafenib-naïve advanced HCC patients, or
[110]
as a second-line therapy
(Table 1). This may be due
to the fact that inhibition of a single signaling pathway
can induce feedback activation of other pathways.
Therefore, combination therapies may demonstrate
[111]
beneficial synergistic activity .
Many molecular-targeted agents other than
sorafenib, used in combination or with sorafenib, are
in different stages of clinical development, with encou
[112-115]
raging results from phase Ⅰ-Ⅱ studies
. The first
phase Ⅲ study of combination therapy in advanced
HCC was SEARCH, a randomized trial testing sorafenib
with the epithelial growth factor tyrosine kinase inhibitor
erlotinib, which found no survival benefit over sorafenib
[109]
alone .

PREVENTION OF HCC RECURRENCE
Persistence of chronic viral hepatitis in patients treated
for HCC is associated with increased rates of recurrence
and poor survival, thus control of hepatitis C virus (HCV)
replication is an important factor for infected patients.
IFN therapy following successful ablation of HCC was
shown to be safe and lead to a reduction in recurrence,
and patients who continued IFN therapy after tumor
[116]
ablation had better survival . Long-term, intermittent
standard IFN therapy successfully delayed recurrence
[117]
of HCC after RFA, PEI, and surgical resection
.
A meta-analysis evaluating the effect of adjuvant
standard IFN treatment following resections showed
significant improvement in three-year recurrence-free
[118]
survival (54% vs 30%)
, and other studies have
[3,119,120]
shown similar results
. The use of pegylated-IFN
was more effective, and postoperative administration in
combination with ribavirin for ≥ 16 wk was associated
with reduced recurrence of HCC in patients with HCV
[121]
infection
. Further improvement in prognosis may
be expected with the higher efficacy of direct antiviral
therapy.
Patients with hepatitis B virus (HBV)-related HCC,
even after successful treatment of the initial tumor,
usually have multiple recurrences or metastases. High
viral load is one of the most important risk factors for
HCC development and recurrence following surgical

Other molecular targeted agents

The antiangiogenic tyrosine kinase inhibitors, suni
[105]
[106]
[107,108]
tinib , linifanib , brivanib
, or the combination
[109]
of sorafenib with erlotinib
are not superior to
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[122]

resection
. Similar to HCV, antiviral therapy for
HBV following curative HCC ablation improved patient
survival and decreased HCC recurrence. In their
[123]
study, Hann et al
followed patients for 12 years
who underwent local tumor ablation with or without
concomitant antiviral therapy with lamivudine. Although
initially there was no difference between the treatment
groups with respect to tumor size (all ≤ 7 cm), levels
of AFP and albumin, antiviral therapy was significantly
associated with increased median survival (36 mo vs
[123]
16 mo) .
No other modality has demonstrated equivalent
effectiveness for decreasing recurrence after curative
treatment of HCC as antiviral therapy has for viral
[124]
hepatitis-related tumors. Chemoembolization , internal
[125,126]
[127]
[128]
radiation
, immune therapies
, retinoids
,
[129]
and the heparanase inhibitor PI-88
have been
investigated as methods of reducing postoperative
recurrence; however, none can be recommended as
a preoperative/postoperative adjuvant/neo-adjuvant
therapy for improving prognosis and diminishing the
incidence of recurrence following curative therapy.

stage of progression, and evaluates tissue markers. This
multidisciplinary team also involves nurses, supportive
[130]
care specialists, and palliative physicians .

MULTI-MODAL THERAPIES
With the multidisciplinary approach, various treatments
are being delivered simultaneously or sequentially,
as first- or second-line therapies, to improve patient
outcome.

Transplantation and locoregional treatment

Patients whose tumors exceed the Milan criteria can
undergo locoregional treatment (TACE or RFA) to
down-stage the tumor to within the Milan criteria to
allow LTx. Two prospective studies showed similar
survival after LTx for patients with successfully downstaged HCC compared with those who initially met the
[131,132]
Milan criteria
.
Neo-adjuvant therapies for patients while on the
waiting list are used in most centers. Systemic and
interventional treatments are used to bridge patients in
order to control disease and prevent tumor progression
[133,134]
when the waiting time exceeds 6 mo
. Percutaneous
treatments are more cost-effective than surgical
[135]
resection . Moreover, a poor response to TACE before
transplantation is an indicator of post-transplantation
[136]
recurrence .

MULTIDISCIPLINARY TEAM
HCC has diverse presentations that are compounded
by the status of liver disease, and the multiple
treatment options available make choosing the first
line of treatment for a given patient a difficult task.
Treatment of HCC patients should be undertaken by a
multidisciplinary team that includes all the specialties
involved in delivering the different therapies. In addition,
simultaneous or sequential multi-modal therapies for
patients with HCC show promise for improving patient
outcome, further emphasizing the importance of a
multidisciplinary approach to HCC management.
The multidisciplinary team should include hepa
tologists, medical and surgical oncologists, transplant
surgeons, diagnostic and interventional radiologists,
[130]
radiation oncologists, and pathologists . All members
should play an active role, as their expertise is required
to provide optimal care for patients with HCC. The
hepatologist should assess underlying liver disease,
identify patients at risk for HCC, and monitor for early
detection. Hepatologists are essential for managing
liver disease and its complications, arranging for and
monitoring treatment, and referring eligible patients for
LTx. Oncologists are responsible for assigning systemic
or targeted therapy as initial treatment or adjuvant
therapy, and for managing associated side effects. The
diagnostic radiologist makes and confirms the diagnosis,
stages the tumor, its spread and vascular invasion, and
assesses the radiologic response to treatment. The
interventional radiologist delivers ablative therapy in
early stages, and palliative therapy for intermediatestage tumors. The hepatobiliary surgeon evaluates
for and performs resection or transplantation. The
pathologist assesses the grade of tumor differentiation,
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Surgery and sorafenib

Sorafenib following curative surgery in a phase Ⅱ
trial including 30 patients resulted in a lower tumor
recurrence rate compared to surgery alone (33.3% vs
[137]
73.6%) .

TACE and ablative therapy

Combining PEI with TACE has been shown to be effective
[138]
for unresectable HCC . The three-year survival rate
was longer in patients with large and unresectable HCC
treated with a combination of TACE and PEI than with
TACE alone (22% vs 4%, respectively).
Combining RFA with TACE was evaluated in a RCT
[139]
for patients with tumors between 3 and 5 cm . The
local tumor progression rate was significantly lower
with combined treatment compared to RFA only (6%
vs 39%).

Sorafenib and locoregional treatment

There are more than 20 clinical trials in progress
evaluating locoregional treatments combined with
molecular-targeted agents, and some have demonstrated
[140-142]
promising results
. A large phase Ⅲ, randomized,
placebo-controlled trial (the STORM trial) evaluating
sorafenib as an adjuvant therapy after curative treatment
[143]
(resection or local ablation) is ongoing .

Sorafenib and TACE

Following TACE, the tumor microenvironment becomes
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Table 2 Clinical studies on combined sorafenib and transcatheter arterial chemoembolization for intermediate and advanced
hepatocellular carcinoma
Ref.

Study design

Kudo et al[155]
Lencioni et al[151]
(SPACE trial)
Martin et al[158]
Sansonno et al[154]
Han et al[156]
(subgroup analysis of START)
Chung et al[150]
(subgroup analysis of START)
Park et al[149]
(COTSUN Korea)
Pawlik et al[148]
Cabrera et al[153]

Timing of sorafenib Patients, n BCLC stage Child-Pugh class Primary endpoint results

Sorafenib + TACE vs TACE
Sorafenib + DEB-TACE vs
DEB-TACE + placebo
Sorafenib + DEB-TACE vs
DEB-TACE
Sorafenib + TACE vs TACE
Sorafenib + TACE

Sequential
Continuous

229 vs 229
154 vs 153

NR

30 vs 120

Sequential
Sequential

Sorafenib + TACE

B
B

A
A

B, C

B

40 vs 40
63

B
A, B, C

A
A

Sequential

63

A, B, C

A

Sorafenib + TACE

Interrupted

50

B, C

A, B

Sorafenib + DEB-TACE

Continuous

35

B, C

A, B

Sorafenib + DEB-TACE or
Y-90

Continuous

47

B, C

A, B

TTP (5.4 mo vs 3.7 mo)
TTP
(169 d vs 166 d; P = 0.072)
OS (12 mo vs 10 mo)
TTP (9.2 mo vs 4.9 mo)
TTP (10.6 mo)
OS (16.5 mo)
DCR (52%)
TTP (7.1 mo)
PFS (52% at 6 mo)
DCR (95%)
OR (58%)
At 6 mo
DCR (68%)
OS (8.5 mo)

BCLC: Barcelona clinic liver cancer; TACE: Transcatheter arterial chemoembolization; DBE: Drug-eluting beads; NR: Not recorded; TTP: Time to
progression; DCR: Disease control rate; OR: Objective response; OS: Overall survival; PFS: Progression-free survival.

unbalanced due to increased hypoxia, leading to
upregulation of hypoxia inducible factor-1, which in turn
upregulates vascular endothelial and platelet-derived
[144,145]
growth factors, thus increasing tumor angiogenesis
.
Studies have shown a significant association between
poor prognosis after TACE and risk of extrahepatic
metastasis with upregulation of vascular endothelial
[146,147]
growth factor
. Efforts to improve the outcome
of TACE include the use of adjuvant or concurrent
[142]
antiangiogenic agents to block the neovascularization .
Sorafenib can be used a few days to weeks after
the first TACE (sequential introduction) or started prior
to the planned TACE and only interrupted for a few
days around the time of the procedure (interrupted
scheduling). Studies that evaluated the effects of
sequential sorafenib treatment after TACE revealed
inconsistent results. In phase Ⅱ studies, sorafenib
concomitant with TACE or DEB-TACE was well tolerated
[148-151]
and effective in unresectable HCC
. Synchronous
therapy with sorafenib and TACE has also been
retrospectively analyzed: the median overall survival for
the combined sorafenib and TACE was 27 mo compared
[152]
to 17 mo for TACE alone .
Several prospective controlled studies have evaluated
[153-158]
the efficacy of combination treatment
(Table 2).
However, there is a diversity of study designs, including
various primary endpoints, patient populations,
TACE procedures, timing of randomization and drug
administration, which may account for the observed
[157]
conflicting results . Overall, the results of combined
TACE and sorafenib in intermediate- and advancedstage HCC appear promising. The results of ongoing
trials will define the role of this combination in clinical
practice, whether it can overcome TACE refractoriness
in intermediate-stage HCC patients, and whether it
will have an additive role for advanced-stage HCC
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treatment.

Sorafenib and radioembolization

Several ongoing clinical trials are evaluating the
combination of radioembolization and sorafenib in
patients with HCC. A retrospective analysis of ChildPugh class A and B HCC patients who received sorafenib
first, followed by yttrium-90, then resumed sorafenib
post-treatment, showed that the overall survival was
higher than has been previously reported for sorafenib
[159]
alone
. Further prospective studies are being
conducted to evaluate this combination.

Sorafenib and systemic chemotherapy

Several combinations of sorafenib with systemic
chemotherapeutic agents have been evaluated,
[160]
[161]
including sorafenib with doxorubicin , octreotide ,
[162]
[163]
oxaliplatin
, 5-fluorouracil
, S-1 fluoropy
[164]
[165]
[166]
rimidines , PR-104 , tegafur/uracil , cisplatin and
[167]
gemcitabine , and AVE 1642 (a human monoclonal
antibody inhibiting the insulin-like growth factor-1
[168]
receptor)
(Table 3). Other ongoing phase Ⅱ trials
include the combination of sorafenib with gemcitabine/
[169]
[170]
oxaliplatin
, modified FOLFOX
, or capecitabine/
[171]
oxaliplatin .
A randomized, double-blind phase Ⅱ trial in
advanced HCC that compared the efficacy of sorafenib
and doxorubicin vs doxorubicin plus placebo showed
encouraging results (median overall survival 13.7 mo
vs 6.5 mo; median time to progression 6.4 mo vs
2.8 mo; and progression-free survival 6.0 mo vs 2.7
[160]
mo) . A phase Ⅲ randomized study of sorafenib plus
doxorubicin compared with sorafenib alone (CALGB
[172]
80802) is ongoing in patients with advanced HCC .
In a systematic review of eight studies with sorafenib
combined with other anti-cancer agents for therapy of
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Table 3 Combined sorafenib plus systemic anticancer therapy for unresectable hepatocellular carcinoma
Chemotherapeutic agent

Type of study

Patients, n

Median OS, mo

DCR, %

Median PFS, mo

Abou-Alfa et al[160]

Doxorubicin

47 vs 49

13.7 vs 6.5

62

6.0 vs 2.7

Hsu et al[166]
Prete et al[161]
Abou-Alfa et al[165]
Lee et al[164]
Petrini et al[163]

Tegafur/uracil
Long-acting octreotide
PR-104
S-1 fluoropyrimidines
5-Fluorouracil

Multicenter randomized
prospective phase Ⅱ
Prospective phase Ⅱ
Prospective phase Ⅱ
Prospective phase Ⅰ
Prospective phase Ⅰ
Prospective phase Ⅱ

53
50
14
20
39

7.4
12
NR
10.4
13.7

Ref.

57
76
50
52.9
48.7

3.7
7
NR
3.9
7.5

DCR: Disease control rate; NR: Not recorded; OS: Overall survival; PFS: Progression-free survival.

advanced HCC, the disease control rate was 50%-70%,
median progression-free survival was 3.7-7.5 mo, and
[173]
median overall survival was 7.4-40.1 mo
. Xie et
[174]
al
performed a systematic review of 21 prospective
studies with sorafenib treatment alone (seven studies)
or combined with other treatment (14 studies) and
found that sorafenib increased overall survival by 2.3-2.8
mo, prolonged the time to tumor progression by 1.4-2.7
mo, and increased disease control rate by 11%-19%.
Advanced cirrhosis and combined treatment of sorafenib
with 5-fluorouracil drugs were the major risk factors for
developing adverse events.
These results are promising, and suggest that
sorafenib in combination with some agents (particularly
mammalian target of rapamycin inhibitors) is an
effective and tolerable treatment option for advanced
[171]
HCC . However, these trials included small numbers
of patients, and although some reported survival
advantage over sorafenib alone, combination therapy
cannot be recommended for routine practice outside
the setting of clinical trials. Large RCTs are needed to
establish the efficacy and safety of these combination
regimens.

2
3

4

5
6

7

8
9

CONCLUSION
Treatment of patients with HCC represents a major
challenge in clinical practice. HCC patients require
multidisciplinary clinical management and selection
of tailored treatments according to disease stage,
patient age, and comorbidities. Earlier diagnosis will
allow therapies to be more effective, leading to a
better prognosis. Several areas in management of
HCC still need further evaluation, including the use of
neoadjuvant/adjuvant therapies to decrease recurrence
after resection or ablation, combinations of local and
systemic therapies, combinations of systemic targeted
therapies, and second-line therapies. Analysis of the
cost-effectiveness of the treatments under investigation
should also be an important consideration in future
trials.
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Cirrhosis and portal hypertension: The importance of risk
stratification, the role of hepatic venous pressure gradient
measurement
Vincenzo La Mura, Antonio Nicolini, Giulia Tosetti, Massimo Primignani
for any stage of risk. Experts recommend to move
toward a pathophysiological classification of cirrhosis
that considers both structural and functional changes.
The hepatic venous pressure gradient HVPG, is the
reference gold standard to estimate the severity of
portal hypertension in cirrhosis. It correlates with
both structural and functional changes that occur in
cirrhosis and carries valuable prognostic information
to stratify the mortality risk. This article provides a
general overview of the pathophysiology and natural
course of cirrhosis and portal hypertension. We propose
a simplified classification of cirrhosis based on low,
intermediate and high mortality stage. The prognostic
information provided by HVPG is presented according to
each stage. A comparison with prognostic models based
on clinical and endoscopic variables is discussed in order
to evidence the additional contribute given by HVPG on
top of other clinical and instrumental variables widely
used in clinical practice.
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Core tip: Recently a pathophysiological classification
of cirrhosis has been strongly encouraged. Hepatic
venous pressure gradient (HVPG) measurement is the
most reliable tool to estimate the severity of portal
hypertension in cirrhosis but several methodological
concerns have limited its use in clinical practice. The
article summarizes the results published about the
prognostic value of HVPG and originally offers a critical
revision of the information provided by this hemodynamic
parameter on top of the most widely used models based
on non-hemodynamic parameters.

Abstract
Portal hypertension is the main prognostic factor in
cirrhosis. The recent emergence of potent antiviral drugs
and new algorithm of treatment for the management
of complications due to portal hypertension have
sensibly changed our perception of cirrhosis that can
be now considered as a multistage liver disease whose
mortality risk can be reduced by a tailored approach
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[10]

natural history of cirrhosis . In the earliest stages
of the disease, portal pressure is determined by the
increase of liver resistance to portal blood flow caused
by histological changes of the liver, like fibrosis and
[6-11]
nodules
. On top of these histological features, there
is an over-activation of contractile elements at the
portal and sinusoidal level (e.g., hepatic stellate cells,
hepatic myofibroblasts, vascular smooth muscle cells)
that weakens the ability of the liver to accommodate
[12]
the vascular tone to portal blood flow . Along with
the progression of the disease, extrahepatic vascular
[13]
changes occur . Indeed, arterial vasodilation and
neo-angiogenesis at the splanchnic circulation creates
a condition of “effective hypovolemia” featured by a
discrepancy between the relatively low blood volume
flowing into the great central vessels and the increased
vascular filling capacity. Effective hypovolemia is
the trigger of a hyperkinetic syndrome that causes
[2]
portal venous blood flow increase . Hallmarks of the
hyperkinetic syndrome are a high cardiac output and
a low peripheral vascular resistance. Along with these
changes, an activation of neuro-humoral vasoactive
systems occurs that, finally, causes hydro-electrolyte
[14]
retention by the kidney . The final consequence is
a major increase of blood volume flowing through
the splanchnic circulation. The inability of the liver to
accommodate sinusoidal resistance to this high blood
flow fosters a further increase of portal pressure that
determines fluid escape into the peritoneal cavity
(ascites) and induces the development of collateral
vessels (varices). In the latest stages of cirrhosis, the
extreme consequences of vasodilation and hydroelectrolyte imbalance are type-2 hepato-renal syndrome
[15,16]
(HSR-2) and/or hyponatremia
. Recently, a reduction
of cardiac output, and the consequent reversal of the
hyperdynamic syndrome into a (relative) hypodynamic
circulatory state has been shown to trigger type-1
[17]
HRS . Given the importance of splanchnic vasodilation
in the genesis of effective hypovolemia and the
hyperdynamic circulation, and the consequent further
increase of portal pressure, any superimposed condition
able to further reduce the vascular tone and/or the
cardiac function is, potentially, life-threatening, as it
could irreversibly impair organ perfusion. This may
occur either in the presence of SBP (or, potentially, other
infections), or in the case of large volume paracentesis
without adequate volume expansion with albumin
[18-22]
(post-paracentesis circulatory dysfunction)
. All
in all, along with the development of severe portal
hypertension, the control of vascular homeostasis and
organ perfusion becomes frail and this is among the
main pathogenic mechanisms underlying the high
[23]
mortality rate of acute on chronic liver failure . The
occurrence of hepato-cellular insufficiency is another
important pathogenic mechanism clinically manifested
in advanced stages of cirrhosis. We know that portal
[24]
pressure reduction can ameliorate liver function .
[25]
Further emergent factors such as cytokine release ,
[26]
the prothrombotic imbalance described in cirrhosis ,

portal hypertension: The importance of risk stratification, the
role of hepatic venous pressure gradient measurement. World J
Hepatol 2015; 7(4): 688-695 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i4/688.htm DOI: http://dx.doi.
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INTRODUCTION
Advanced chronic hepatitis, whatever the etiology,
accounts for the development of regenerative nodules
surrounded by fibrotic septa that are the histological
[1]
hallmark of liver cirrhosis . These architectural
changes are associated with a relevant increase of
intra-hepatic resistance to portal blood flow and, as
[2]
a consequence, an increase of portal pressure . In
particular, a portal pressure gradient (the difference
between the portal pressure and the inferior cava vein
pressure) greater than 5 mmHg defines the condition
[3]
of portal hypertension . The hepatic venous pressure
gradient (HVPG) (the difference between wedged
and free hepatic venous pressure measurement)
accurately reflects the portal pressure gradient in the
[4,5]
most common causes of cirrhosis .
No specific symptoms are associated with chronic
hepatitis, even in the early phases of cirrhosis, up to
the development of clinical significant portal hyper
[6]
tension (CSPH, HVPG ≥ 10 mmHg) . Ascites and
gastroesophageal varices are the most frequent
manifestations of CSPH. Other complications as variceal
bleeding (VB), spontaneous bacterial peritonitis (SBP),
and infections other than SBP, hepato-renal syndrome
(HRS) and hepatic encephalopathy (HE) parallel the
severity of portal hypertension and substantially
worsen the prognosis. As a consequence, cirrhosis
should no longer be considered “per se” an end-stage
liver disease, but a multi-stage disease with different
[7]
outcomes according to the mortality risk . By contrast
hepato-cellular carcinoma (HCC) can occur at any
stage of liver disease although the severity of portal
[8]
hypertension influences the therapeutic options .
In the last years, the development of very effective
antiviral drugs and new therapeutic strategies to prevent
or manage acute complications of portal hypertension
[9]
have changed our general perception of cirrhosis .
At present, cirrhosis should be regarded as a disease
whose mortality risk can be significantly reduced by a
[7]
specific tailored approach for any stage of risk .
This article is focused on the clinical implications
of cirrhosis as a multistage liver disease with low,
intermediate and high mortality risk (Table 1) and
discusses the use of HVPG measurement as a surrogate
indicator of clinical outcome for any stage.

THE PATHOPHYSIOLOGY OF CIRRHOSIS
(SHORT OVERVIEW)
Portal hypertension is the main driving factor in the
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Table 1 Natural history of cirrhosis
Stages of cirrhosis
Mortality risk at 1 yr
Low
≤ 1%
Asymptomatic no varices

Clinical features

HVPG of risk
Main outcome to prevent
Main pathophysiologic factor

Intermediate
1%-20%
Varices/ascites or both

10 mmHg
Decompensation and/or HCC and/or varices Decompensation and/or HCC mortality
Intrahepatic structural and hemodynamic
Extrahepatic hemodynamic changes
changes
Portal pressure
Portal pressure

High
> 20%
Bleeding/re-bleeding
SBP
Refractory ascites
HRS/AKI
Infection other than SBP
12/16/20 mmHg
HCC and/or mortality
Hepatocellualr dysfunction
Portal pressure
Cytokine release
Peripheral perfusion
Coagulopathy?
Other?

Each category of risk is presented with the clinical features, the hepatic venous pressure gradient value, the main outcome to prevent, the main
pathophysiologic factor related with that category of risk. SBP: Spontaneous bacterial peritonitis; HRS: Hepato-renal syndrome; AKI: Acute kidney injury;
HCC: Hepatocellular carcinoma; ACLF: Acute on chronic liver failure; HVPG: Hepatic venous pressure gradient.
[27,28]

[34]

the increased levels of von Willebrand factor
and
the intra- and extrahepatic changes induced by bacterial
[29-31]
derived byproducts
could, in our opinion, play a
relevant role in determining the outcome of advanced
cirrhosis.

the accuracy of the classification . Moreover, the
categorization of continuous laboratory parameters,
characteristic of this classification system, reduces
the discriminative power of the model. A further,
important inadequacy of the Child-Pugh classification
is that it does not take into account the renal function,
whose impairment is associated with a high mortality
rate in patients with liver cirrhosis. The more recently
introduced MELD score, firstly devised to predict the
outcome of patients undergoing transjugular intra
[35]
hepatic porto-systemic shunt (TIPS) , but currently
used in daily practice to prioritize patients for liver
transplantation, is certainly more objective and repro
[34]
ducible .
All these systems are widely used in clinical practice.
They simplify the work-up of physicians to define the
degree of liver dysfunction and prognosis of patients by
using the most common clinical and laboratory findings
and are, for that, very easy-to-use.
However, these models ignore the problems related
with the presence or not of endoscopic signs of portal
hypertension, whose detection indicate the use of
pharmacologic and/or endoscopic therapy to manage
the bleeding risk. Indeed, according to international
guidelines, all patients diagnosed with cirrhosis should
be screened for the presence of gastro-esophageal
[10]
varices every 2-3 years . The presence of varices and
a history of previous bleeding define different clinical
scenarios, each associated with a specific mortality risk:
prevention of varices development and first bleeding
episode (pre-primary and primary prophylaxis) in
compensated patients; treatment of acute variceal
bleeding and prevention of recurrent bleeding (secondary
prophylaxis) in decompensated patients. In this
respect, a further discrimination of patients at high risk
of bleeding and bleeding related mortality has been
encouraged since a good pre-selection of patients may
determine better results on survival by using more

PROGNOSTIC INDICATORS IN CLINICAL
PRACTICE: ADVANTAGES AND
LIMITATIONS
The appearance of any among ascites, variceal bleeding,
hepatic encephalopathy, hepato-renal syndrome,
spontaneous bacterial infection or jaundice heralds
the passage from compensated to decompensated
[32,33]
cirrhosis
. This distinction is commonly used to
establish two conditions with different prognosis,
however it has both advantages and drawbacks. It is
easy to use in clinical practice and appears rationale,
as several studies have consistently demonstrated
that such events are associated with a relevant
mortality rate and worsen the prognosis. However,
major drawbacks rely on considering at similar risk
episodes of decompensation of diverse severity (e.g.,
the first appearance of ascites responsive to diuretics
or spontaneous bacterial peritonitis, that is an infective
complication of ascites), or including in the same
prognostic group complications strictly related with the
degree of portal hypertension and complications due to
hepato-cellular insufficiency (such as jaundice).
Some of these limitations were overcome by the
Child-Pugh classification that distinguishes between
compensated (Child-Pugh class A) and decompensated
patients and subgroups the latter category of patients
in intermediate (Child-Pugh class B) or high degree
of liver dysfunction (Child-Pugh class C). However,
some of the parameters of Child-Pugh classification are
subjective and influenced by therapy, thus decreasing
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Low risk cirrhosis

[36]

aggressive strategies of treatment .
In recent years, the availability of non-invasive tools
to diagnose cirrhosis, together with the development
of potent antiviral drugs able to reduce fibrosis, has
significantly increased the proportion of patients with
chronic liver disease diagnosed in the asymptomatic
stage of cirrhosis with the ultimate result that the
surveillance schedule for the presence of varices should
be revised in order to reduce the number of unnecessary
[37]
endoscopies performed in daily clinical practice .
Another clinical outcome that sensibly influences the
outcome of patients with cirrhosis is the possibility of
predicting the response to pharmacologic therapy to
prevent variceal bleeding/rebleeding. Unfortunately,
the low intra- and inter-observer reproducibility of the
endoscopic features does not allow recommending the
[38]
use of this technique systematically .
In summary, the natural history of cirrhosis is
strongly dependent on portal hypertension related
complications. The use of several clinical and/or instru
mental signs, in particular, upper gastro-intestinal
endoscopy, characterizes the work-up of physicians
to predict and manage the risk of portal hypertension
related complications in several stages of risk mainly
[39]
based on varices, ascites and bleeding . However,
recently, a pathophysiological classification of cirrhosis
has been evoked to promote a system that better
reflects the dynamic state of cirrhosis and provides
a useful tool to predict outcomes and individualize
[7]
therapy .

With the term of low risk cirrhosis we defined the
condition of asymptomatic cirrhosis without neither
gastroesophageal varices nor other gastro-intestinal
signs of portal hypertension with a mortality rate at
one year less than 1%. In this context the main clinical
outcome to be predicted is the appearance of the first
decompensation, that, often, is the appearance of
ascites, but another clinical outcome to predict is the
development of varices at risk of bleeding. At this stage,
HVPG significantly reflects structural and functional
[6,11]
changes occurring in the liver
. However, above the
threshold of 10 mmHg, the high correlation of HVPG
[50]
with intrahepatic changes is blunted
and the degree
of portal pressure is determined by the concomitant
activation of extrahepatic hemodynamic and humoral
changes that foster a state of hyperdynamic circula
[13]
tion . A large longitudinal study including patients with
compensated cirrhosis without varices demonstrated
that patients with a HVPG < 10 mmHg carry a neg
ligible risk of developing varices and a very low risk
of decompensation where a HVPG ≥ 10 mmHg is
associated with 28% rate of varices development
[51,52]
and 20% of first decompensation at two years
.
This demonstrates that patients with asymptomatic
cirrhosis, classically defined as compensated and/or
Child-Pugh class A, are a heterogeneous population
at different risk of becoming symptomatic. However,
opportunely designed studies are warranted to translate
this prognostic information into the decision making
process. Interesting, from the same cohort of patients,
it was also demonstrated that HVPG ≥ 10 mmHg is
[53]
associated with a 6-fold increase of HCC risk . In
this context, 10 mmHg was, again, the threshold able
to identify the candidates to liver resection at risk of
decompensation. Such valuable prognostic information
allows considering HVPG as the strongest surrogate
marker of clinical outcome to guide the decision making
in this setting.

THE ADDITIONAL PROGNOSTIC
INFORMATION PROVIDED BY HVPG
Given the importance of portal hypertension in the
natural history of patients with cirrhosis, it would be
expected that HVPG measurement hold prognostic
information in this setting. Theoretically, the use of
HVPG as a prognostic tool has several advantages: (1)
it is an objective and continuous variable; (2) it changes
in presence of specific therapeutic interventions and/or
[40-42]
an improvement of liver function
; and (3) it has
been widely studied in cross sectional-, longitudinalstudies, randomized controlled trials and metanalysis
to consider it as one of the most reliable surrogate
[43]
markers of clinical outcome in Hepatology . However,
[3,44,45]
there are several disadvantages limiting its use
:
(1) the costs associated with the methodology; (2) the
need of trained physicians to get a reliable measurement;
and (3) the relatively invasiveness of the methodology.
Since its introduction, evidence has been accumulated
that HVPG correlates with the degree of liver dys
[46-49]
function
. Due for that, it has been recommended to
test the prognostic value of the HVPG in the context of
multivariable analysis in order to quantify the additional
prognostic information provided on top of that achieving
by common clinical and instrumental parameters.
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Intermediate risk cirrhosis

The diagnosis of varices, with or without ascites, or
ascites alone is the hallmark of CSPH. The need at this
step is to predict the risk of portal hypertension related
complications (e.g., bleeding, SBP, refractory ascites,
etc.), and the hemodynamic response to non-selective
beta-blockers (NSBBs), the mainstay of pharmacologic
treatment to reduce portal pressure. We know that
esophageal varices, whatever the diameter, are at
[54,55]
risk of bleeding for HVPG ≥ 12 mmHg
. Moreover
a second hemodynamic study that demonstrates
the achievement of a HVPG below this value or a
reduction ≥ 20% of the basal value is highly specific
[3]
of a good clinical response to NSBBs treatment . At
this stage, a reduction of HVPG also correlates with a
[42]
reduced risk of SBP or bacteremia . Importantly, the
prognostic contribution provided by HVPG appears to be
independent by the degree of liver insufficiency and the
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bleeding risk assessed by endoscopy markers of risk
such as variceal diameter and the presence of red wale
[56]
markers of risk (North Italian Endoscopic Club) , thus
suggesting that the degree of portal hypertension is the
main determinant of prognosis, and its reduction should
[41,42]
be the principal aim at this stage of the disease
.
One limitation of monitoring response to NSBBs
treatment by HVPG is that two measurements are
needed. This doubles the costs, but also the invasive
procedures for the patients. Moreover, not all patients
classified as non-responders to NSBBs will bleed in the
follow-up, while some patients can bleed before the
[57]
second HVPG measurement . To overcome these
limitations, a single HVPG measurement by testing
the acute hemodynamic response to intra-venous
propranolol has been proposed and proved to correlate
with the chronic response to NSBBs. Moreover, such
single measurement seemed to be able to predict the
prognosis of candidates to NSBBs treatment more
accurately than the HVPG response to NSBBs requiring
[58,59]
two hemodynamic sessions
. Further clinical
studies to confirm the role of acute HVPG response to
propranolol in the decision making are waited.

threshold of 16 mmHg would allow an early detection
of patients at high mortality risk, and is a promising
threshold to be tested in the clinical decision process.
Acute variceal bleeding is the complication of
advanced cirrhosis with the highest mortality reduction
achieved in the last decades, from 40%-50% to
[65]
10%-20% . In acute variceal bleeding, an HVPG
≥ 20 mmHg identifies patients at high risk of early
[66]
rebleeding and bleeding related mortality . Recently,
two randomized trials have shown that the reduction
of portal pressure achieved by an early TIPS (within 72
h from bleeding) significantly decreases the mortality
[67,68]
rate of “high risk patients”
(those with a HVPG ≥
20 mmHg or patient in Child-Pugh class C or in class
B who have persistent bleeding at endoscopy). The
positive effect on survival achieved by TIPS in patients
at high risk of mortality during acute variceal bleeding
confirms the importance of the degree of portal
pressure in this clinical setting.

Beyond HVPG measurement: Liver/spleen stiffness

Several clinical studies have tried to demonstrate that
portal pressure can be indirectly estimated by also
non-invasive techniques, in particular, measurement of
liver stiffness and, more recently, splenic stiffness by
[69,70]
transient elastography
. Moreover, several attempts
have been made in order to test the ability of these
parameters (alone or in combination with other clinical
variables) to predict the presence of varices, the risk
of decompensation, the presence of CSPH in order to
facilitate the sub-classification of cirrhosis by a non[71,72]
invasive methodology
.
Liver stiffness is mainly determined by fibrosis that
plays a determinant role in the pathogenesis of portal
hypertension in the earliest stages of cirrhosis. Due for
that, it shows a good correlation with HVPG only before
extrahepatic hemodynamic changes determine the
increase of portal pressure over the threshold of CSPH.
The accuracy of this parameter to detect CSPH is high,
good for the detection of varices, however the cut-offs
proposed to predict these clinical conditions differs from
[69]
one study to another . In our opinion this sensibly
reduces the possibility of introducing liver stiffness
measurement in the clinical decision process neither
allows to detecting the response to pharmacological
reduction of portal pressure. Theoretically, splenic
stiffness would be a better candidate for the noninvasive assessment of portal pressure since spleen
congestion and fibrosis are both effects related with
[73]
portal pressure increase . At now the most interesting
results have been achieved in hepatitis c virus positive
cirrhotic patients. In this clinical subset splenic stiffness
has been showed promising results for the non-invasive
assessment of portal hypertension, the detection of
[74,75]
varices, the prediction of the first decompensation
.

High risk cirrhosis

This stage includes all patients experiencing a first or
further episode of decompensation at high mortality risk
such as VB, refractory ascites, SBP, HRS, hyponatremia
[60]
and HE. Recently, a metanalysis
showed that any
kind of bacterial infection is dramatically associated with
a 67% mortality rate at one year, even though patients
overcome the infection. The role of a prognostic
marker, at this stage, is to help in identifying, among
patients with decompensation, those at the highest
mortality risk in order to implement more aggressive
therapeutic strategies.
In several studies HVPG disclosed an independent
predictive value on mortality in decompensated
[39]
[61]
patients . Ripoll et al
in a series of 393 patients,
mostly with previous decompensation, showed that the
HVPG, independently by MELD, had an overall effect
of 3% increase of mortality for each 1 mmHg of HVPG
increase. Unfortunately, the addition of the HVPG to the
MELD score augmented very little the discriminative
power of the MELD score alone to rank the mortality
risk of decompensated patients. Then, although portal
hypertension can further increase at this advanced
stage of cirrhosis, hepato-cellular dysfunction, and,
probably, other factors related to acute on chronic
liver failure, like inflammatory cytokine release or the
impairment of cardiac function and peripheral organ
perfusion, probably play a major prognostic role in this
clinical setting.
Another important aspect is that the relationship
between HVPG and the risk of death could be non-linear.
This can be evidenced by considering dichotomization of
the HVPG value. In this respect, several studies found
an increased mortality risk in patients with HVPG beyond
[48,62-64]
the threshold of 16 mmHg
. The biological rationale
behind this finding is intriguing but still unclear. The
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CONCLUSION
The introduction of potent antiviral drugs and the
definition of new algorithms of treatments to prevent
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and manage complications due to portal hypertension
has revealed that cirrhosis is a multi-stage disease
featured by different survival risks. The HVPG mea
surement is, at present, the most reliable tool for
clinicians to predict the clinical outcome and dictate
the decision making in several complications. HVPG
is particularly promising in low risk cirrhosis for any
complication related to portal hypertension and for
HCC screening and management. HVPG is a useful
tool to predict the response to NSBBs in primary and
secondary prevention of variceal bleeding, respectively,
in intermediate and high risk cirrhosis. The occurrence
of critical complications of portal hypertension and the
increasing hepato-cellular insufficiency in this stage of
high mortality risk apparently reduce the prognostic
contribution of HVPG measurement. Probably, at this
clinical stage, other clinical variables may substitute
HVPG with a good level of accuracy.
Liver/spleen stiffness are new non-invasive emerging
tools to, potentially, estimate the degree of portal
hypertension. They might resemble in several aspects
the HVPG measurement with the additional advantage
of a higher tolerability and reduced costs. However,
further studies are needed before a non-invasive “portal
sphygmomanometer” can substitute the prognostic
information provided by HVPG in cirrhosis.
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Host cellular microRNA involvement in the control of
hepatitis B virus gene expression and replication
Yoshiaki Mizuguchi, Toshihiro Takizawa, Eiji Uchida
(miRNAs), their growth factors and their downstream
agents is required for the initiation and completion of
pathogenesis in the liver. miRNAs are thought to exert a
profound effect on almost every aspect of liver biology
and pathology. Accumulating evidence indicates that
several miRNAs are involved in the hepatitis B virus
(HBV) life cycle and infectivity, in addition to HBVassociated liver diseases including fibrosis, cirrhosis
and hepatocellular carcinoma (HCC). In turn, HBV can
modulate the expression of several cellular miRNAs, thus
promoting a favorable environment for its replication
and survival. In this review, we focused on the involve
ment of host cellular miRNAs that are directly and
indirectly associated with HBV RNA or HBV associated
transcription factors. Exploring different facets of the
interactions among miRNA, HBV and HCV infections, and
the carcinogenesis and progress of HCC, could facilitate
the development of novel and effective treatment
approaches for liver disease.
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Core tip: A large number of studies have demonstrated
that the synergistic collaboration of a number of
microRNAs (miRNAs), their growth factors and their
downstream agents is required for the initiation and
completion of pathogenesis in the liver. miRNAs are
thought to exert a profound effect on almost every
aspect of biology and pathology. In this review, we
focused on the miRNAs that play an important role in
hepatitis B virus replication and gene expression, and
summarized the involvement of host cellular miRNAs
that are directly and indirectly associated with hepatitis
B virus (HBV) RNA or HBV associated transcription
factors.

Abstract
A large number of studies have demonstrated that
the synergistic collaboration of a number of microRNAs
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complementarity with its target gene sequence, mature
miRNA principally induces either translational repression
[13]
or mRNA degradation . However, several reports have
indicated that miRNAs and their associated protein
complexes (micro-ribonucleoproteins or microRNPs) can
also post-transcriptionally stimulate gene expression via
[14,15]
direct and indirect mechanisms
. miRNAs primarily
regulate mRNAs by interacting with their 5’ end (5p)
and 3’-UTR, although it has recently been suggested
that the miRNA target sites may be located in the 5’-UTR
or even at simultaneous 5’-UTR and 3’-UTR interaction
[16]
sites .
In the following section, we review recent advances
in the understanding of the involvement of miRNA in
the control of hepatitis B virus (HBV) gene expression
and replication.

involvement in the control of hepatitis B virus gene expression
and replication. World J Hepatol 2015; 7(4): 696-702 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i4/696.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i4.696

INTRODUCTION
MicroRNAs (miRNAs) participate in crucial biological
processes, including development, differentiation,
[1,2]
apoptosis, and proliferation , by either inhibiting
target mRNA translation or inducing its degradation
by pairing with complementary sequences within the
3’-untranslated regions (3’-UTRs) of targeted transcripts
[3]
at the post-transcriptional and/or translational level .
There are more than 2500 homo sapiens miRNAs (1881
precursors, 2588 mature; data taken from miRbase 21;
http://www.mirbase.org/), each of which can influence
[4]
hundreds of gene transcripts . Several miRNAs can
regulate a specific mRNA, engendering substantial
complexity with respect to their capacity to modulate
fundamental biological processes.
[5]
MiRNAs are crucial in normal liver development
and biological processes, including liver differentiation,
hepatocyte development, and many metabolic functions.
Recent studies have demonstrated that the profiling
of miRNAs facilitates the classification of various tumors
(whereas mRNA profiles are relatively inaccurate),
which suggests that miRNAs possess a high potential
[6]
for facilitating cancer diagnosis . Another study
using sequencing demonstrated that a set of miRNAs
account for the majority of the differences in miRNA
[7]
profiles among cell lineages and tissues . A large
number of miRNAs are expected to be involved in critical
aspects of liver physiology, because the liver serves
as an endocrine and exocrine organ with numerous
functions, including carbohydrate, lipid and amino-acid
metabolism, urea synthesis, detoxification of drugs
and toxic endogenous compounds, bile production and
[8]
plasma protein secretion . The dysregulation of tissue
and serum miRNA expression has also been observed
in the context of specific liver pathologies, including
hepatitis, cirrhosis, and liver cancers, as well as chronic
[9]
cholestasis .
MiRNAs are typically transcribed from genes in the
nucleus by RNA polymerase Ⅱ into initial transcripts of
either monocistronic or polycistronic primary-miRNAs
(pri-miRNAs; Figure 1). These pri-miRNAs are further
processed via the canonical pathway (by Drosha[10]
DGCR8)
into hairpin-shaped precursor miRNAs (premiRNAs). These pre-miRNAs are exported via Exportin-5/
[11]
RanGTP
from the nucleus into the cytoplasm, where
they undergo cleavage by the RNase Ⅲ enzyme
[12]
known as Dicer, as well as TBRP , which produces an
imperfect miRNA duplex. This duplex then splits, thereby
generating a single-stranded mature miRNA that is
[12]
loaded onto the RNA-induced silencing complex ,
which is then guided to the target mRNA through
interactions with members of the Argonaute family. Due to
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HBV INFECTION
The estimated number of new hepatocellular carcinoma
(HCC) cases rose to 564300, with 548600 of these
patients dying (i.e., 97.2% of those receiving a diagnosis
of HCC). The World Health Organization estimates that
2 billion people worldwide have been infected with the
HBV, which represents the most common cause of HCC
and, furthermore, that 350 million people have chronic[9]
type HBV infection . Because the current therapeutic
options for HCC patients are limited, there is an urgent
need to analyze the molecular oncogenic mechanisms
of HCC, to determine novel targets for specific systemic
therapy and to detect novel biomarkers for early
diagnosis. The biology and lifecycle of the HBV remains
to be elucidated, but it is presumed to involve the
[17]
following processes : (1) entry into hepatocytes via
the fusion of viral and cellular membranes, such that
the viral capsid is transported into the nucleus; (2)
the HBV-relaxed circular genome is released into the
nucleus and converted to 1-50 covalently closed circular
DNA (cccDNA); (3) 3.2 kb cccDNA contains four major
open reading frames of the pre-core/core gene, the
polymerase gene, the preS1/L-, preS2/M-, and Surface/
S- gene, and the X gene. The genes are transcribed
into subgenomic RNA (sgRNA) and pregenomic RNA
(pgRNA), HBV surface antigen, HBV core protein,
viral reverse DNA polymerase, and X protein, as well
as pgRNA; (4) following nuclear export, the pgRNA is
translated into the core protein and viral polymerase.
The sgRNA is translated into regulatory X-protein and
three envelope proteins; and (5) complex formation
and reverse transcription of pgRNA produces an RNAcontaining nucleocapsid. RNA-containing nucleocapsids
mature into DNA-containing nucleocapsids within the
cytoplasm.
Accumulating evidence indicates that several
miRNAs are involved in the HBV life cycle and infectivity,
in addition to HBV-associated liver diseases including
fibrosis, cirrhosis and HCC. In turn, HBV can modulate
the expression of several cellular miRNAs, thus pro
moting a favorable environment for its replication and
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Figure 1 Schematic illustration of microRNA biogenesis. mRNA: Messenger RNA; RISC: RNA-induced silencing complex; AGO: Argonaute; Pre-miRNA:
Premature-microRNA; Pri-miRNA: Primary-microRNA; RNA pol Ⅱ: RNA polymerase Ⅱ.

Table 1 Direct interactions of microRNAs with hepatitis C virus and hepatitis B virus RNA
Host miRNA

Binding location

Function

Expression

Ref.

miR-20a
miR-92a-1
miR-122
miR-125a-5p
miR-199a- 3p
miR-205
miR-210
miR-1231

X and polymerase
X and polymerase
Core and DNA polymerase
HBsAg
HBsAg
HBx
PreS1
HBx/HB core

Inhibits HBV replication
Inhibits HBV replication
Inhibits HBV replication
Inhibits HBV replication
Inhibits HBV replication
Suppresses HBx production
Inhibits HBV replication
Inhibits HBV replication

Up
Up
Down
Up
Up
Down
Up
Up

[23]
[23]
[20]
[22]
[21]
[25]
[21]
[26]

HBsAg: Hepatitis B surface antigens; HBV: Hepatitis B virus; HBx: HBV X.

survival. Several studies exploring the involvement of
HBV in hepatocytes utilized HepG2.2.15 cells, derived
from HepG2 and containing a stable transfected fulllength HBV genome (ayw subtype), hepatitis B surface
antigens (HBsAg) and hepatitis B e antigens (HBeAg),
[18]
thereby supporting full HBV replication .

by targeting sequences located at the coding region of
the mRNA for viral polymerase and the 3’-UTR region
for the core protein of the HBV genome, via base-pairing
[20]
interactions. Chen et al also demonstrated an inverse
linear relationship in vivo between miR-122 levels and
viral load in the peripheral blood mononuclear cells of
[21]
HBV-positive patients. Zhang et al
demonstrated
that miR-199a-3p and miR-210 effectively reduced
HBsAg expression in HepG2 2.2.15 cells containing
an integrated HBV genome. Bioinformatics analysis
indicated a putative binding site for miR-199a-3p in
the HBsAg coding region and a putative binding site for
[21]
miR-210 in the HBV pre-S1 region . Comparison of the
expression levels of miR-199a-3p and miR-210 between
HepG2 2.2.15 cells and the parent cell line (i.e., HepG2
cells) revealed a 9-fold increase in miR-199a-3p and
miR- 210 in HepG2 2.2.15 cells compared with HepG2
[21]
[22]
cells . Potenza et al
reported that miR-125a-5p
can interact with the HBV surface antigen and interfere
with its expression, thus reducing the amount of HBsAg
[23]
secreted. A recent study by Jung et al demonstrated
that HBV infection transactivates c-Myc, after which it
up-regulates the miR-17-92 cluster. Conversely, miR20a and miR-92a can down-regulate HBV pregenomic

DIRECT INTERACTION BETWEEN HBV
TRANSCRIPTS AND HOST miRNAs
Although HBV is a DNA virus, its transcripts may be
targeted and regulated by several cellular miRNAs similar
to those of HCV (Table 1). The direct interaction between
HCV RNA and miR-122, which results in a stable
heterotrimeric structure, enhances HCV translation and
[19]
protects against HCV RNA degradation . Conversely,
all of the interactions reported thus far between host
cellular miRNAs, including miR-122, and HBV RNA
[20]
transcripts inhibit HBV genome replication. Chen et al
demonstrated that miR-122, a liver-specific miRNA,
down-regulates HBV gene expression and replication,
as determined using HBsAg and HBeAg. MiR-122 can
inhibit HBV gene expression by interacting with the
target sequence coding for nucleotides 2738-2760 and
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[27]

RNA by directly targeting its X and polymerase gene,
indicating that these miRNAs suppress HBV replication
by creating a negative feedback loop. HBV X protein
(HBx) plays a crucial role in the development of HCC
by inducing epigenetic changes within host genetic
and epigenetic architecture, including aberrations in
DNA methylation, histone modifications, and miRNA
[24]
[25]
expression . Zhang et al
demonstrated that HBx
can down-regulate miR-205, otherwise known as downregulated miRNA in HCC, by inducing hypermethylation
of the miR-205 promoter within cells. In turn, miR-205
suppresses HBx expression by directly targeting HBx
[26]
mRNA. Kohno et al
recently demonstrated that in
HBV-transfected HepG2 cells, the overexpression of
hsa-miR-1231 is associated with the suppression of HBV
replication and HBV core reduction. The mechanism by
which these interactions between host cellular miRNAs
and HBV RNA transcripts affect infectivity could involve
the maintenance of a suitable reduction in virus antigen
level and virion production, thereby contributing to a
persistent, chronic HBV infection or latent HBV state.

HBV replication . The transcription of HBV cccDNA is
tightly regulated according to epigenetic mechanisms,
such as DNA methylation, acetylation, and histone
[28]
modifications . HBV utilizes a number of ubiquitous
and liver-enriched transcription factors, in addition to
nuclear receptors in hepatocytes, to cause the efficient
transcription of the HBV gene by binding to HBV
[27]
promoter/enhancer elements . The control of HBV
during transcription thus influences both HBV gene
[29]
expression and replication. Zhang et al demonstrated
that miR-1 enhanced HBV core promoter transcription
activity by augmenting the expression of farnesoid X
receptor alpha (FXRα), a liver-enriched transcription
factor activated by bile acids. FXRα can function as a
transcription factor by binding to the HBV enhancer
Ⅱ and core promoter in heterodimers with retinoid X
[29]
receptor α (RXRα). Zhang et al
also demonstrated
that miR-1 targets deacetylase 4 and E2F transcription
factor 5, thus suppressing HBV replication. Liver-specific
miR-122 is part of a complicated signaling network for
HBV infectivity, through which it can down-regulate
HBV replication as discussed above. For instance, the
inhibition of miR-122 causes an increase in cellular
heme oxygenase-1, which can decrease HBV cccDNA
[30]
levels . Cyclin G1 is one target of miR-122 and is
involved in the regulation of HBV replication. Wang et
[31]
al
demonstrated that interactions between cyclin
G1 and p53 block the specific binding of p53 to HBV
enhancer elements and simultaneously abrogate p53[32]
mediated inhibition of HBV transcription. Fan et al
reported an inverse correlation between the expression
levels of miR-122 and NDRG3 (a member of the N-myc
downstream-regulated gene) in HBV-related HCC
specimens, which might accelerate HBeAg and HBsAg
secretion and HBV DNA replication. miR-372/373
represses PRKACB and NFIB by targeting its 3’-UTR,

CELLULAR miRNAs CONTROL HBV
TRANSCRIPTION BY TARGETING
TRANSCRIPTION FACTORS
In addition to direct interactions, several miRNAs
regulate HBV replication by targeting HBV-associated
genes, including transcription factors (Table 2 and
Figure 2).
HBV contains a 3.2-kb partially double-stranded
DNA genome with four promoters (i.e., core, pre-S1,
pre-S2/S, and X promoters) and two enhancer regions
(ENI and ENII), which are involved in viral transcription
regulation and thus play a central role in the control of
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Table 2 MicroRNAs that control hepatitis B virus gene replication and expression through cellular targets
MiRNAs

Cellular targets

miR-1
miR-15b
miR-29c
miR-122

HDAC4/E2F5
HNF1α
TNFAIP3
Cyclin G1
(HO-1)
NDRG3
SCNN1A
PPARA
C/EBP
NFIB
CREB
HBIP (HBx inhibitor)

miR-125b
miR-141
miR-155
miR-372/373
upmiR-372
miR-501

Effects on HBV biology or pathogenesis
Increases HBV replication by augmenting FXRA activity
Promotes HBV replication and expression of HBV antigens, including HBx protein
Suppresses HBV DNA replication and cell proliferation and inhibits apoptosis of HCC
Suppresses HBV replication
Promotes HBV expression by inhibiting HO-1 expression
Inhibits viral replication and HBV HCC proliferation
Inhibits HBV expression
Suppresses HBV replication by inhibiting PPARA-HBV promoter interaction
Elevates HCC levels/promotes HCC cell growth
Promotes HBV replication
Promotes HBV replication
Promotes HBV replication

Expression

Ref.

Down
Down
Down (HCC)
Down

[29]
[39]
[41]
[31]
[30]
[32]
[42]
[44]
[46]
[33]
[34]
[45]

Down
Up
Up
Up

HBV: Hepatitis B virus; HBx: HBV X; CREB: cAMP-response element binding protein; C/EBP: CCAAT/enhancer binding protein beta; HCC:
Hepatocellular carcinoma; HNF1α: Human hepatocyte nuclear factor 1 α.

[33,34]

resulting in reduced expression of HBV
. PPKACB
induces the phosphorylation of cAMP-response element
binding protein (CREB) and dissociates CREB from its
promoter. CREB is required for the expression of all HBV
[35]
transcription units in the binding of viral enhancer Ⅰ .
NFIB is significantly down-regulated in HBV-associated
liver cirrhosis (LC), compared with non-LC tissues, whereas
pre-miR-372 is increased significantly in liver cirrhosis.
Together, these independent findings confirm that
HBV genomic nuclear factorⅠsites play important and
[36-38]
complex roles in the regulation of HBV expression
.
Conversely, a recent study has reported that peroxisome
proliferator-activated receptor (PPAR)-γ and the HBx
down-regulate miR-122 transcription. Dai X reported
that miR-15b promotes HBV replication by augmenting
HBV enhancer Ⅰ activity via direct targeting of human
hepatocyte nuclear factor 1α, while HBV replication
and antigen expression, particularly of the HBx protein,
[39]
repress the expression of miR-15b .
The miR-29 family members miR-29a, miR-29b,
and miR-29c exert a suppressive action on tumors and
are downregulated in several types of cancer, in which
miR-29 directly targets DNA methyltransferase 3A and
-3B, two key enzymes involved in DNA methylation,
in addition to methylation-silencing tumor suppressor
genes, such as fragile histidine triad and WW domain
[40]
[41]
containing oxidoreductase . Wang et al
reported
that miR-29c functions as a tumor-suppressive gene by
targeting TNFAIP3, a key regulator in inflammation and
immunity. Furthermore, this interaction results in the
suppression of HBV replication, as indexed by HBsAg/
HBeAg secretion and HBV DNA replication.
[42]
Zhang et al
used a miRNA microarray to assess
miRNA expression during HBV infection in vitro. miR125b expression was decreased in both HepG2HBV1.3 (a HepG2 cell line transiently transfected with
an HBV expression plasmid) and HepG2.2.15 cells.
Furthermore, the ectopic expression of miR-125b
inhibited HBV DNA intermediates and the secretion of
HBsAg and HBeAg. miR-125b also reduced SCNN1A
mRNA and protein levels. Using a dual luciferase assay,
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SCNN1A was shown to be one of the targets of miR125b, indicating that miR-125b inhibits HBV expression
by targeting the SCNN1A gene. These results suggest
a potential role of miRNA in HBV infection.
The core promoters pre-S1 promoter, X promoter,
ENI and ENII all contain a PPARα binding site; these
regions are transactivated in the presence of RXRα
[27]
and PPARα , suggesting that PPARα likely plays a
critical role in HBV biogenesis. miRNA 141, a member
of the miR-200 family, plays a central role in epithelial
[43]
[44]
mesenchymal transition . Hu et al
demonstrated
that miR-141 can repress HBV replication effectively, and
further that miR-141 inhibitor transfection precipitates a
marked increase in HBsAg/HBeAg expression, which had
no significant effect on HBV DNA replication, through
direct targeting of the PPARα mRNA 3’-UTR.
MiR-501 expression was significantly up-regulated
in hepatocellular carcinoma tissues, in which the level
[45]
of HBV replication remained high . Down-regulating
miR-501 significantly inhibited HBV replication but
[45]
did not influence the growth of HepG2.2.15 cells .
Luciferase reporter and western blot assays revealed
that HBx-interacting protein, an HBV replication
[45]
inhibitor, is a potential target of miR-501 .
Although the association between miR-155 and
HBV replication remains to be demonstrated, it has
been reported that CCAAT/enhancer binding protein
beta, which can bind to HBV promoters and enhancers,
[46]
is one target of miR-155 .

CONCLUSION
In this review, we focused on the role of miRNAs in
HBV gene expression and replication. The available
evidence suggests that several miRNAs mediate HBV
RNA accumulation. miRNAs might have other functions
specific to individual miRNAs, cell types or tissue
environments and may also play a suppressive role in
multi-target gene expression, thereby suggesting that
miRNAs may serve as novel targets for therapeutic
interventions. Despite progress in drug discovery and
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development, as evidenced by novel protease inhibitors
and polymerase inhibitors, the clinical use of direct-acting
antivirals is limited due to poor compliance and rapidonset drug resistance. The use of imatinib mesylate,
a platelet-derived growth factor receptor, and other
tyrosine kinase inhibitors, as molecular targets against
[47,48]
HCC progression, has been proposed
; however,
clinical trials have indicated a lack of efficacy using this
[49]
approach . The development of more effective, cost
efficient, and better-tolerated novel treatments is crucial
to control the development of hepatitis, cirrhosis, and
hepatocellular carcinoma. Exploring different facets of
the interactions among miRNA, HBV and HCV infections,
and the carcinogenesis and progression of HCC could
facilitate the development of novel and effective
treatment approaches for liver disease.
Although relatively poorly understood in the context
of human cancers, evidence continues to accumulate
indicating that long non-coding RNAs play a crucial role
in regulating numerous developmental and biological
[50]
genomic pathways .
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Abstract
AIM: To evaluate pre-treatment factors associated
with sustained virological response (SVR) in patients
with hepatitis C virus (HCV) genotype 3 treated with
peginterferon and ribavirin (RBV).
METHODS: We retrospectively analyzed treatment
naive, mono-infected HCV genotype 3 patients treated
with peginterferon and RBV. Exclusion criteria included
presence of other liver disease, alcohol consumption
and African American or Asian ethnicity. The variables
collected and compared between patients who achieved
an SVR and patients who did not were as follows:
gender, age, fibrosis stage, diabetes, body mass index,
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steatosis, INFL3 polymorphism, pre-treatment HCVRNA, type of peginterferon, RBV dose and adherence.

the prevalence of HCV genotype 3 (HCV-3) is as high
[3]
as 30% .
Traditionally, HCV-2 and HCV-3 have been grouped
together as “easy to treat” genotypes. However we
now know that sustained virological response (SVR)
rates of HCV-3 patients treated with peginterferon plus
ribavirin (RBV) are sub-optimal. The global SVR rates
for HCV-3 patients treated with peginterferon plus RBV
[5,6]
are around 65%-70% . Since these data mainly
arise from randomized trials, SVR rates are expected
[7]
to be lower in real-life patients with adverse factors .
Several host and viral factors have an impact on
the SVR rate of patients infected with HCV-3 treated
with peginterferon plus RBV. Pre-treatment factors
that have been proposed to have a negative impact on
SVR are advanced fibrosis or cirrhosis, male gender,
non-Caucasian race, high body weight, diabetes
[7-12]
mellitus, and high pre-treatment HCV-RNA
. More
recently, INFL3 (formerly IL28B) polymorphisms
were evaluated, but a clear association between the
favorable INFL3 genotypes and SVR could not be
[13-15]
established
.
A major limitation of the studies that assessed
predictors of SVR in HCV-3 patients lies in the fact
that they evaluated HCV-2 and HCV-3 together, and
difficulties arise when trying to draw conclusions for
HCV-3 individually.
By the end of 2013, sofosbuvir was approved for the
treatment of chronic HCV-3, being the standard of care
in a minority of countries at the moment this manuscript
was submitted. However, in regions like Latin America
and Middle East/Africa, payer-related barriers were
[16]
reported , which might hamper adequate treatment
delivery.
When new treatments become globally available,
a careful selection of candidates will be mandatory,
particularly for cost-related reasons. Therefore, it
will be necessary to identify patients at higher risk of
fibrosis progression and treatment failure to current
therapies.
Thus, we decided to conduct this study that eva
luates pre-treatment variables associated with SVR in
patients with chronic HCV-3 treated with peginterferon
plus RBV.

RESULTS: A total of 107 patients treated between
June, 2004 and March, 2013 were included. Mean
treatment duration was 25.1 (± 1.8) wk. Overall, 58%
(62/107) of the patients achieved an SVR and 42%
(45/107) did not. In the multivariate logistic regression
analysis, pre-treatment HCV-RNA ≥ 600000 UI/mL
(OR = 0.375, 95%CI: 0.153-0.919, P = 0.032) and
advanced fibrosis (OR = 0.278, 95%CI: 0.113-0.684,
P = 0.005) were significantly associated with low SVR
rates. In patients with pre-treatment HCV-RNA ≥
600000 UI/mL and advanced fibrosis, the probability
of achieving an SVR was 29% (95%CI: 13.1-45.2).
In patients with pre-treatment HCV-RNA < 600000
UI/mL and mild to moderate fibrosis, the probability of
achieving an SVR was 81% (95%CI: 68.8-93.4).
CONCLUSION: In patients with HCV genotype 3
infections the presence of advance fibrosis and high
pre-treatment viral load might be associated with poor
response to peginterferon plus RBV. These patients
could benefit the most from new direct antiviral agentsbased regimes.
Key words:Sustained virological response; Direct
antiviral agents; Sofosbuvir; Cirrhosis; Viral load
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study evaluates pre-treatment factors
associated with sustained virological response in
patients with hepatitis C virus genotype 3 treated
with peginterferon plus ribavirin. We identified a subgroup of patients with high pre-treatment viral load
and advanced fibrosis whose chance of achieving a
sustained virological response is as low as 29%. We
believe these patients should be prioritized to access
new treatment strategies.
Marciano S, Borzi SM, Dirchwolf M, Ridruejo E, Mendizabal
M, Bessone F, Sirotinsky ME, Giunta DH, Trinks J, Olivera PA,
Galdame OA, Silva MO, Fainboim HA, Gadano AC. Pre-treatment
prediction of response to peginterferon plus ribavirin in chronic
hepatitis C genotype 3. World J Hepatol 2015; 7(4): 703-709
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i4/703.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i4.703

MATERIALS AND METHODS
This is a retrospective multicenter study performed in
7 Liver Units from Argentina.
The centers involved in the study were, Hospital
Italiano from Buenos Aires, Hospital R. Rossi from La
Plata, Hospital F. J. Muñiz, Centro de Educación Médica
e Investigaciones Clínicas Norberto Quirno (CEMIC),
Hospital Universitario Austral, Sanatorio Parque from
Rosario, and the HEPATOSUR Group representing the
Patagonia.
The survey was discussed by all the participating
centers. The local institutional review board of each
center approved the study. The study was conducted

INTRODUCTION
Hepatitis C virus (HCV) is a major health problem
[1]
affecting more than 180 million people worldwide . It
is estimated that at least 350000 HCV infected people
[2]
die annually due to liver-related causes .
Six genotypes of HCV have been identified. In Latin
America, genotype 1 is the most prevalent, followed
[3,4]
by genotypes 2 and 3 . In some areas of this region
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according to the principles of the Declaration of Helsinki.
Patients included in this study were aged ≥ 18
years and received their first treatment with pegin
terferon plus RBV for chronic hepatitis C genotype 3.
Patients received weekly peginterferon alfa-2a 180
μg or peginterferon alfa-2b 1.5 μg/kg of body weight.
Ribavirin dose could be either fixed (800 mg/d) or
adjusted to weight (1000 mg/d in patients ≤ 75 kg;
1200 mg/d in patients > 75 kg).
Exclusion criteria included alcohol intake greater
than 20 g/d, history of organ transplantation, creatinine
clearance < 50 mL/min, co-infection with hepatitis B
virus or human immunodeficiency virus and African
American or Asian ethnicity. Patients were also excluded
if they presented evidence of other liver disease, such
as autoimmune hepatitis, primary biliary cirrhosis,
sclerosing cholangitis, Wilson’s disease or alfa-1antitrypsin deficiency.
Each center provided detailed information of
patients included in the study. Patient management and
treatment candidacy were determined in each center.
All data records were checked for missing values and
inconsistencies, queries were sent to all participating
institutions, and corrections were made at the data
coordinating center, namely Hospital Italiano.

or endoscopic findings of cirrhosis were included in the
advanced fibrosis group.
The presence of steatosis was evaluated either by
ultrasound or histology.
Since most patients did not have data regarding
INFL3 polymorphism, they were contacted and invited
to participate in this study in order to determine the
genotype. Patients signed an informed consent before
INFL3 genotyping. Genomic DNA was extracted from
oral swabs using QIAamp DNA Blood Mini Kit (QIAGEN,
GmbH, Hilden, Germany) following the manufacturer’s
protocol.
SNP rs12979860 (INFL3) was PCR-amplified from
isolated genomic DNA with standard Taq polymerase
[19]
(Inbio-Highway, Tandil, Argentina) . The PCR-amplified
fragments were bi-directionally sequenced using BigDye Termination chemistry system (Applied Biosystems,
Life Technologies Corp., Foster City, CA, United States).
The sequencing chromatogram was analyzed by using
the BioEdit Sequence Alignment Editor version 7.1.3.0
in order to discriminate between homozygotes and
heterozygotes. Patients were grouped as INFL3 CC and
INFL3 non-CC (including patients with INFL3 TT and
CT).

Efficacy assessment

In order to generate a predictive model including
four variables, at least 40 patients without SVR had
to be included. Assuming an SVR rate of 65%-70%
in patients with HCV-3 treated with peginterferon
plus RBV, between 100 and 110 patients had to be
[5,6]
included .

Sample size calculation

Pre-treatment and follow-up blood samples were
collected for virologic testing in each participating
center. Serum HCV-RNA was either qualitatively or
quantitatively evaluated.
The primary end-point was SVR, defined as an
undetectable serum HCV-RNA at 24 wk after the end
of treatment. Rapid virological response was defined
as an undetectable HCV-RNA by treatment week four.
Virologic relapse was defined as a detectable HCV-RNA
during follow-up in patients who had had undetectable
HCV-RNA at the end of treatment. Those patients who
never achieved a negative on-treatment HCV-RNA
were classified as non-responders.

Statistical analysis

We presented data as percentages or medians and
interquartile ranges. We evaluated the association
of pre-treatment characteristics with SVR using the
2
Mann-Whitney test for continuous variables and the χ
test for categorical variables.
In order to identify independent predictors of SVR
we used a logistic regression model for the variables
that showed a level of significance lower than 0.1 in
the univariate analysis. We compared different models
by estimating the area under the receiver operating
characteristic (ROC) curve as a measure of predictive
accuracy. We chose the model with the greatest
area under the ROC and we presented the estimated
probabilities predicted by the regression model with
their 95%CI. Tests were two-sided and significance
was accepted at P < 0.05. Statistical analysis was
performed using software SPSS, version 17.0 (Chicago,
IL).

Pre-treatment characteristics

The variables that were collected and compared
between patients who achieved an SVR and patients
who did not were as follows: gender, age, fibrosis
stage, diabetes, body mass index (BMI), steatosis,
INFL3 polymorphism, pre-treatment HCV-RNA, type of
peginterferon, RBV dose and adherence.
For the purpose of this study, high HCV-RNA was
defined as ≥ 600000 UI/mL.
Fibrosis grade was staged either by biopsy or
Transient Elastography (Fibroscan®). In patients without
fibrosis evaluation, the aspartate aminotransferase
[17]
to Platelet Ration Index (APRI) was calculated .
Patients were divided into two groups: patients with
mild to moderate fibrosis, including patients without
fibrosis and patients with up to METAVIR F2 fibrosis;
and patients with advanced fibrosis, including patients
[18]
with METAFIR F3 and cirrhosis . Patients with clinical
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RESULTS
Table 1 provides an overview of the patients’ char
acteristics. A total of 122 HCV-3 patients treated with
peginterferon plus RBV patients were identified. Fifteen
were excluded because of missing data, whereas
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122 HCV-3 infected patients
treated with peginterferon plus RBV

Table 1 Characteristics of the study population n (%)
Characteristic

15 patients excluded
because of missing data

Age, yr (mean ± SD)1
Gender
Male
Female
INFL3 polymorphism2
CT
CC
TT
Pre treatment HCV-RNA3
< 600000 UI/mL
≥ 6000000 UI/mL
Pre treatment elevated ALT4
Fibrosis5
Mild to moderate6
Advanced7
Steatosis
BMI (kg/m2) > 27
Diabetes
Type of peginterferon
alfa 2a
alfa 2b
RBV dose
Fix8
Weight-Based9
80/80/80 adherence10

107 patients included

62 (58%) patients
achieved SVR

32 (71%) patients
were relapsers

45 (42%) patients
did not achieve SVR

4 (9%) patients were
non-responders

9 (20%) patients not
possible to determine

Figure 1 Inclusion, exclusion and outcome of patients. HCV: Hepatitis C
virus; RBV: Ribavirin; SVR: Sustained virological response.

107 were included (Figure 1). Patients were treated
between June/2004 and March/2013. The mean
age at treatment was 47.5 (± 8.8) years, and 68%
(73/107) of the patients were male. In 93% (103/107)
of the patients, a pre-treatment serum sample was
collected. Of those patients, 55% (57/103) had high
HCV-RNA. Pre-treatment fibrosis could be determined
in 97% (104/107) of the patients, either by biopsy
(62%), Fibroscan® (26%) or by a combination of
clinical or endoscopic features and the APRI score
(12%). Of these patients, 40% (41/104) had advanced
fibrosis. Steatosis and a BMI > 27 were reported in
48% (51/107) and 54% (58/107) of the patients,
respectively. Data regarding INFL3 polymorphism was
available in 60% (64/107) of the patients, of whom
28% (18/64) were CC.
Mean treatment durations was 25.1 (± 1.8) wk. Fix
dose RBV was prescribed in 64% (68/107) patients,
while the remaining ones received a weight-adjusted
approach. More than 80% of the peginterferon and
RBV planned doses were received by 94% (101/107)
of the patients.

47.5 (± 8.8)
68.2 (73)
31.8 (34)
56.2 (36)
28.1 (18)
15.7 (10)
44.7 (46)
55.3 (57)
88.5 (92)
59.8 (61)
40.2 (41)
47.6 (51)
54.2 (58)
5.6 (6)
75.7 (81)
24.3 (26)
63.6 (68)
36.4 (39)
94.4 (101)

1

Available for 105 patients; 2Available for 64 patients; 3Available for 103
patients; 4Available for 104 patients; 5Available for 102 patients; 6Mild to
moderate fibrosis includes patients without fibrosis and patients with
up to METAVIR F2 fibrosis; 7Advanced fibrosis includes patients with
METAFIR F3 and cirrhosis; 8800 mg/d; 91000 mg/d in patients ≤ 75 kg
weight, 1200 mg/d in patients > 75 kg weight; 10Patients received at least
80% of the peginterferon and RBV doses, and completed at least 80% of
the expected treatment duration. ALT: Alanine aminotransferase; HCV:
Hepatitis C virus; RBV: Ribavirin; BMI: Body mass index.

advanced fibrosis (OR = 0.278, 95%CI: 0.113-0.684,
P = 0.005) had a statistically significant negative
association with SVR.
The SVR rate was estimated according to the
fibrosis grade and to the pre-treatment HCV-RNA. In
patients with low pre-treatment HCV-RNA and mild
to moderate fibrosis, the probability of achieving an
SVR was 81% (95%CI: 68.8-93.4). In patients with
high baseline HCV-RNA and advanced fibrosis, the
probability of achieving an SVR was 29% (95%CI:
13.1-45.2) (Table 3).

Virologic response

Overall, 58% (62/107) of the patients achieved an
SVR. Of the 45 patients who did not achieve an SVR,
71% (32/45) were relapsers and 9% (4/45) were nonresponders. In 20% (9/45) of the cases, the type of
treatment failure was not possible to characterize due
to lack of precise viral kinetic information (Figure 1).
In the univariate analysis, SVR rate was significantly
lower in patients with high baseline HCV-RNA (OR =
0.330, 95%CI: 0.145-0.755, P = 0.009), advanced
fibrosis (OR = 0.274, 95%CI: 0.145-0.755, P = 0.001)
and BMI > 27 (OR = 0.422, 95%CI: 0.149-0.892, P =
0.033) (Table 2).
These variables were included in the multivariate
logistic regression analysis and only high HCV-RNA
(OR = 0.375, 95%CI: 0.153-0.919, P = 0.032) and
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Patients
(n = 107)

DISCUSSION
In the present study, we assessed pre-treatment
predictors of SVR in patients infected with HCV-3
who were treated with peginterferon and RBV. We
identified high HCV-RNA and advanced fibrosis to be
independently associated with treatment failure.
Advanced fibrosis or cirrhosis have consistently
been associated with lower rates of SVR in patients with
[9-11,20]
HCV-3 treated with peginterferon plus RBV
. The
chances of achieving an SVR after a 24-wk treatment
[21-23]
for these patients are 49%-57%
. Besides, it is
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Table 2 Association between pre-treatment characteristics and sustained virological response - univariate
analyses n (%)
SVR (n = 62)
Age, yr (mean ± SD)1
Male
INFL3 polymorphism CC2
3
HCV-RNA ≥ 600000 UI/mL
Pre treatment elevated ALT4
Advanced fibrosis5,6
Steatosis
BMI (kg/m2) > 27
Diabetes
Peginterferon alfa 2a
RBV fix-dose7
80/80/80 adherence8

No-SVR (n = 45)

47.8 (± 9.1)
61.3 (38)
31.4 (11)
44.1 (26)
86.7 (52)
26.7 (16)
46.8 (29)
46.8 (29)
2 (1)
75.8 (47)
64.5 (40)
95.2 (59)

47.1 (± 8.3)
77.8 (35)
24.1 (7)
70.5 (31)
90.9 (40)
59.5 (25)
48.9 (22)
64.4 (29)
11 (5)
75.6 (34)
62.2 (28)
93.3 (42)

OR

95%CI

P

1
0.425
1.44
0.33
0.65
0.247
0.919
0.422
0.131
0.986
1.104
0.75

0.965-1.055
0.190-1.079
0.475-4.372
0.145-0.755
0.183-2.312
0.107-0.573
0.426-1.981
0.149-0.892
0.015-1.165
0.403-2.413
0.498-2.447
0.113-2.552

0.696
0.093
0.585
0.009
0.553
0.001
0.847
0.033
0.08
1
0.841
0.919

Available for 105 patients; 2Available for 64 patients; 3Available for 103 patients; 4Available for 104 patients; 5Advanced fibrosis
includes patients with METAFIR F3 and cirrhosis; 6Available for 102 patients; 7800 mg/d; 8Patients received at least 80% of the
peginterferon and RBV doses, and completed at least 80% of the expected treatment duration. ALT: Alanine aminotransferase;
HCV: Hepatitis C virus; RBV: Ribavirin; BMI: Body mass index; SVR: Sustained virological response.
1

population. In line with our results, most studies re
ported no impact of steatosis on SVR for patients with
[27,28]
HCV-3
. Although the BMI was previously reported
[8]
to have an impact on SVR , prior studies proposed
different cut-off points and results were discordant. We
selected a cut-off point of 27, and no association with
SVR was found. Even though diabetes is associated with
[20]
higher relapse rates in HCV G3 patients , we did not
find this association, probably due to the low number of
patients with diabetes that were included in the study.
INFL3 polymorphisms were more recently evaluated
in patients with HCV-3 treated with peginterferon plus
RBV. Putting together all the available information, it
seems that INFL3-CC is not globally associated with
SVR in HCV-3 patients. Nevertheless, it does predict
SVR in the sub-group of patients who do not achieve
[13,15]
a rapid virological response
. We did not find an
association between INFL3-CC and SVR.
No differences in the SVR rates were found in
patients who received fixed-dose or weight-adjusted
RBV. This was an expected finding, since mean
treatment duration was 25.7 (± 1.8) wk, and RBV dose
does have an impact on SVR when treatment duration
[21]
is reduced, but not for the 24-wk regimen .
In order to evaluate treatment adherence we used
the 80/80/80 rule. Overall, 94% of the patients were
adherent. No differences were found in SVR rates
between patients who were adherent and patients
who were not. This was most likely due to the low
proportion of patients who were non-compliant.
Until the end of 2013, the only treatment for HCV-3
was peginterferon plus RBV. At that time, sofosbuvirbased regimens were approved and released. With this
new approach, more than 90% of the HCV-3 treatmentnaïve patients achieve an SVR, regardless of the fibrosis
[29,30]
stage
. When this manuscript was submitted for its
publication, sofosbuvir was only approved and available
in a minority of countries. Numerous barriers related to
patient, provider, government and payers are known

Table 3 Probability of sustained virological response
according to fibrosis grade and pre-treatment hepatitis C
virus-RNA
HCV-RNA ≥
600000 UI/mL
No
Yes
No
Yes

Advanced fibrosis

1

No
No
Yes
Yes

Probability (%)

95%CI

81.1
62.2
51.8
29.2

68.8-93.4
46.6-77.8
31.3-72.3
13.1-45.2

1

Advanced fibrosis includes patients with METAFIR F3 and cirrhosis. HCV:
Hepatitis C virus.

estimated that the likelihood of achieving an SVR is
reduced by 59% in comparison with patients with lower
[20]
fibrosis grades . The impact of the pre-treatment
HCV-RNA on SVR is more difficult to determine, since
different cut-off points were selected in prior studies
(400.000-800.000 IU/mL). Even though it has not
been consistently associated with lower SVR rates,
HCV-3 patients with high pre-treatment viral load do
[24]
have lower rapid virological response rates .
In our study, we found that by combining baseline
HCV-RNA and fibrosis stage, SVR rates could be
accurately predicted. In patients with low HCV-RNA,
and without advanced fibrosis, the SVR rate was 81%.
On the contrary, in patients with high baseline HCVRNA and advanced fibrosis, the SVR rate was 29%.
Other variables that were assessed in our study
included age, gender, INFL3 polymorphism, steatosis,
adherence, RBV dose, type of peginterferon, diabetes
and BMI. None of these were associated with SVR.
Steatosis is known to be more frequent in patients
[25,26]
infected with HCV-3 than in other genotypes
. In our
series, 48% of the patients presented steatosis, which
was diagnosed either by biopsy or by ultrasonography.
Even though HCV-3 is known to cause steatosis through
specific viral mechanisms, in our study, 58% of the
patients had a BMI > 27, reflecting an overweight
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[31]

RBV.

to affect HCV treatment accessibility . In developing
countries, treatment-related costs constitute a major
concern. In fact, in some Latin American countries,
after more than three years of the release of Boceprevir
and Telaprevir for the treatments of HCV genotype 1,
accessibility is still limited.
In our study, we identified a sub-group of HCV-3
infected patients with very low chances of achieving
an SVR after treatment peginterferon plus RBV. These
patients with high baseline HCV-RNA and advanced
fibrosis are in urgent need for new therapeutic
approaches and should be prioritized when sofosbuvir
or other antivirals become available. A similar approach
was recently proposed to identify a sub-group of
patients infected with HCV genotype 1 who might
[32]
benefit from peginterferon plus RBV therapy .
Owing to its retrospective nature, our study has
several limitations. First, since patients were not
consecutive, selection bias is possible, and therefore
the SVR rate of our population cannot be extrapolated
to the general population. Second, on-treatment
virologic kinetics was not evaluated. Rapid virological
response is probably the most important predictor of
[24]
SVR across all genotypes . A major limitation of rapid
virological response to predict SVR, lies in the fact
that being an on-treatment variable, it is not useful to
determine treatment candidacy. Third, even though
the number of patients included is small, it adequately
represents the sample size estimated to provide the
specific power. Finally, although differences regarding
treatment protocols between the participating centers
might have existed, treatment duration and adherence
were globally homogeneous.
In conclusion, our study identified a sub-group of
patients with chronic HCV-3 with high baseline viral
load and advanced fibrosis whose chances of achieving
an SVR with peginterferon plus RBV were poor. These
patients are in urgent need for direct antiviral agentbased regimes.

Applications

In the authors’ study, they identified a sub-group of HCV-3 infected patients
with very low chances of achieving an SVR after treatment peginterferon plus
RBV. In patients with both high baseline HCV-RNA and advanced fibrosis, the
probability of achieving an SVR was 29%. They believe that these patients are
in urgent need for new therapeutic approaches and should be prioritized when
sofosbuvir or other antivirals become available.

Terminology

Genotype refers to the genetic relatedness of the different HCV species. Six
genotypes of HCV have been well characterized. Fibrosis is a process in which
scarring occurs in the liver, ultimately leading to cirrhosis, which is the greatest
degree of fibrosis. Sustained virological response means viral eradication or
cure.

Peer-review

This study was intended to find some factors associated with SVR in patients
with HCV-3 treated with peginterferon and ribavirin. Both high viral load and
advanced fibrosis were concluded to be associated with low SVR rates. The
authors think this manuscript is well written.
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SYSTEMATIC REVIEWS

Endotipsitis: A case report with a literature review on an
emerging prosthetic related infection
Annalan MD Navaratnam, Matthew Grant, David B Banach
out, reviewing all papers with specific words in the title
or abstract, and excluding appropriately. Of 283 papers
that were reviewed, 22 papers reporting 53 cases in
total were included in the analyses.
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RESULTS: No predominant etiology for endotipsitis
was identified, but gram-positive organisms were more
common among early-onset infections (P < 0.01). A
higher mortality rate was associated with Staphylococcus
aureus and Candida spp infections (P < 0.01). There
was no trend in choice of antibiotic based on the
microorganisms isolated and treatment varied from the
guidelines of other vegetative prosthetic infections. In
endotipsitis “high risk” organisms have been identified,
emphasizing the importance of ensuring optimal
antimicrobial therapy and adjunctive management
strategies.
CONCLUSION: Higher mortality rate was associated
with Staphylococcus aureus and Candida spp infections.
A prospective multicenter trial is needed before specific
treatment can be recommended.
Key words: Transjugular intrahepatic portosystemic
shunts; Transjugular intrahepatic portosystemic shunt
infection; Persistent bacteremia; Tipsitis; Antimicrobial
therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We present a case of a rare disease entity
called endotipsitis, vegetative infection of a transjugular
intrahepatic portosystemic shunt (TIPS). This case has
the longest latency, from insertion to infection, reported
in the literature. The literature review supplementing this
case report demonstrates an association between onset
of infection from TIPS insertion and the etiological agent
causing the disease. Furthermore, we demonstrate
significantly poorer outcomes in specific infections.

Abstract
AIM: To investigate the etiology and management
of a poorly understood complication of transjugular
intrahepatic portosystemic shunt; “endotipsitis”.
METHODS: A MEDLINE database search was carried
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before his admission his family noted confusion and
impaired cognitive function.
His past medical history also included resection of
a right hepatic lobe mesenchymal hemangioma at age
6, non-bleeding esophageal varices, TIPS insertion 38
mo prior to admission and splenic artery embolization
to ameliorate hypersplenism. TIPS insertion was
carried out in an elective setting to prevent esophageal
variceal bleeds.
On examination, there was evidence of tender
hepatomegaly and right flank tenderness. Although
his abdomen was distended, there was no evidence
of shifting dullness. He had track marks secondary to
injections on both arms, symmetrical peripheral edema
and tattoos on his back and arms. No abnormalities
were found on neurological examination, other than
impaired cognition.
Laboratory tests revealed a white blood cell count of
9
10.7 × 10 /L with 86% neutrophils, hemoglobin of 93 g/L,
9
platelet count of 63 × 10 /L, aspartate transaminase
819 U/L, alanine aminotransferase 148 U/L, alkaline
phosphatase of 2210 U/L, total bilirubin of 23.4 mg/dL
(19.8 direct) and a markedly elevated erythrocyte
sedimentation rate of 111 mm/h. Blood cultures drawn
at admission grew both Klebsiella oxytoca, only resistant
to ampicillin, and Escherichia coli (E. coli) (resistant to
ampicillin and sulfamethoxazole/trimethoprim).
He was initially treated with piperacillin-tazobactam
and gentamicin. Diagnostic workup included doppler
ultrasound of the liver showing a patent TIPS with
markedly decreased velocity at the portal aspect (17
cm/s, decreased from 104 cm/s two years prior),
and computed tomography imaging revealed a nonocclusive filling defect in the superior segment of the
TIPS. A transthoracic echocardiogram showed mild
mitral and tricuspid regurgitation but no vegetations
were seen.
The patient slowly improved despite blood cultures
remaining persistently positive for six days and fever
continuing for nine days despite appropriate treatment.
He subsequently completed a six-week course of
combination intravenous antibiotic therapy, at which
point antibiotics were changed to oral ciprofloxacin
500 mg daily. In light of the high risk and complication
of relapsing bacteraemia and inability to remove the
suspected infected TIPS, the relatively inexpensive and
well tolerated use of suppressive oral ciprofloxacin was
decided until transplant. He was followed for the next
14 mo without infection relapse. Unfortunately the
patient was lost to follow up, so was not possible to
conduct repeat imaging.

Navaratnam AMD, Grant M, Banach DB. Endotipsitis: A case
report with a literature review on an emerging prosthetic related
infection. World J Hepatol 2015; 7(4): 710-716 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i4/710.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i4.710

INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS)
insertion is a minimally invasive procedure that is used
for the decompression of elevated portal pressure.
Technical complications to this procedure include
capsular perforation affecting up to 33% of cases,
with 1%-2% leading to significant intraperitoneal
haemorrhage as well as stent misplacement in 20% of
[1]
cases . Although initially employed to treat refractory
variceal bleeding and ascites, its list of indications has
[2]
broadened . Increasing experience with this procedure
has led to the recognition of multiple complications
including hepatic failure, encephalopathy, sepsis and
death. Sustained or relapsing bacteraemia secondary
to endovascular vegetative infection of the prosthesis
[3]
is a rare but serious complication .
[3]
In 1998, Sanyal et al proposed the term “endo
tipsitis” to describe this disease entity, along with
[4]
a proposal for diagnostic criteria . They defined a
“definite” infection as continuous clinically significant
bacteraemia with vegetative/thrombi inside TIPS and
“probable” infection sustained bacteraemia with no
[3]
other source of infection in a patient with TIPS . Since
this proposal, there have been several suggestions to
improve the diagnostic accuracy and sensitivity of the
disease.
Incidence and risk factors of endotipsitis are poorly
understood due to difficulty in diagnosis and lack of a
[2]
uniform disease definition . There are no extensive
studies on this topic, the most recent and thorough
being a single centre, retrospective study in 2010,
which found the incidence of endotipsitis in patients
[3]
with TIPS to be approximately 1% . Furthermore, no
unified agreement on the best management strategy
for these cases to prevent relapses or mortality has
been reached. The authors report a case of endotipsitis
supplemented with an analysis on a literature review
of this disease process and antimicrobial therapy.

Case report

In July 2013 a 30-year-old male with a history of
intravenous drug use, chronic liver disease secondary
to congenital hepatic fibrosis and alcohol dependence
presented with a one month history of fevers, weakness,
confusion and rigors. He described a four day history of
intermittent stabbing right-sided abdominal pain, nonproductive cough, headache and constant fever - all of
which had been gradually worsening. He also reported
a three-week history of worsening peripheral edema
treated with furosemide and spironolactone. Two days

WJH|www.wjgnet.com

MATERIALS AND METHODS
We performed a MEDLINE database search, January
1956 to November 2013, using terms “infection”,
“vegetation”, “bacteraemia”, “sepsis”, “tipsitis” and
“endotipsitis” combined with the term transjugular
intrahepatic portosystemic shunt, TIPSS or TIPs. The
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infections (of which 6 were E. coli), 5 polymicrobial and
6 Candida spp infections (4 Candida glabrata and 2
Candida albicans). The mean onset of endotipsitis from
insertion of TIPS was 277 d, with bacterial being 304 d,
and the longest overall being our case report 1158 d
(range 6-158 d; 3 unrecorded). Among monomicrobial
bacterial infections gram-positive organisms were
significantly more common in early-onset infections
(less than 120 d following TIPS insertion) than lateonset infections [18/19, (94.7%) vs 9/18 (50%) P <
0.01]. The average duration of bacteraemia was 43 d
(range 3-20 d; 14 unrecorded).

283 papers
246 papers excluded after
reviewing title and abstract
37 papers

15 excluded after reviewing full article
22 papers

53 cases

Treatment

Figure 1 Number of papers excluded and include from the results of the
literature review.

Of the 54 cases reported, 30 (56%) were treated
successfully with antimicrobials, 4 (7%) underwent
transplantation and 17 (31%) died (Table 1). The
average duration of treatment for fungemia and
bacteremia was 28 (range 6-51 wk, 3 unrecorded) and
13.5 (range 1-101 wk; 10 unrecorded) wk respectively.
Of those with bacteremia, 25 cases were treated with
a single antibiotic (19 cases resolved; 2 outcome not
recorded), where as 14 were managed with combi
nation antibiotic therapy (1 case patient received 6
different antibiotics; 8 cases resolved). Comparing
gram-positive and gram-negative infections, there was
no significant difference in mortality [9/30 (30%) vs
4/12 (33%), P = 0.57]. Of the 39 antibiotic therapies
recorded for bacterial endotipsitis, 7 cases used an
aminoglycoside (gentamicin) and 2 used rifampin.
None of the staphylococcal cases were treated with
gentamicin.
The organisms associated with the highest mortality
rates were S. aureus (63% mortality) and Candida
spp (67% mortality). Patients with infections caused
by S. aureus and Candida spp had significantly higher
mortality than those infections caused by all other
organisms [9/14 (64.3%) vs 8/36 (22.2%) P < 0.01].
There was no difference in mortality rate between
early and late-onset infections [8/22 (36.4%) vs 7/23
(30.4%) P = 0.67].

titles and abstracts of all papers that appeared on
this search were reviewed and excluded accordingly.
All data was entered in Microsoft Excel spreadsheet
software. Univariate analysis was performed using
2
a χ or Fisher’s exact test, as appropriate. Data was
[4]
analyzed in SPSS, version 16.0 . P-values less than
0.05 were considered statistically significant.

RESULTS
Our literature search produced 283 papers, 246 of
which were excluded on the basis of their title and
abstract. Of the 37 remaining articles, another 15 were
excluded after reviewing the contents of the full article.
There were 22 papers that reported a sum of 53 cases
of “endotipsitis”; 15 case reports and 7 case series
(Figure 1). Based on the demographics of the cases,
including, age, gender, co-morbidities and aetiological
agent, it was possible to exclude any duplications.
Analysis includes the case reported by the authors.

Patient characteristics

The mean age was 54.3 years (range 30-69 years;
14 cases unrecorded), with a predominance of males
(70.4% vs 17%). The most common underlying
disease process was alcoholic liver disease (n = 32),
6 of which were also positive for hepatitis B (HBV)
(n = 1), hepatitis C virus (HCV) (n = 4) or both (n
= 1). HCV cirrhosis (n = 10) was the second most
common etiology of chronic liver disease, followed by
cryptogenic cirrhosis (n = 9), HBV (n = 1), primary
sclerosing cholangitis (n = 1) and one case was
not recorded. There was no record of whether viral
hepatitis positive cases were undergoing treatment at
the time of diagnosis of endotipsitis.

DISCUSSION
The authors have reported a case of Klebsiella oxytoca
and E. coli polymicrobial endotipsitis with the longest
latency of time between TIPS insertion and TIPS
infection ever reported. A case of endotipsitis with
similar bacteriology was reported previously but was
managed quite differently (ceftriaxone monotherapy
for 4 wk). Our literature review reviews the largest
number of reported endotipsitis cases to date and
provides a window into a rare disease, heterogeneous
in both its microbiologic etiology and management
approaches.
Endotipsitis is suspected in the setting of unex
plained bacteremia in a patient with TIPS, supported by
abnormalities in TIPS flow or the presence of vegetation

Microbiology

Of the 54 cases (including our case report); there were
30 monomicrobial gram-positive infections [of which
14 were Enterococcal spp and 7 were Staphylococcus
aureus (S. aureus)], 11 monomicrobial gram-negative
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Table 1 Demographics for each case identified in the literature review as well as microorganisms isolated and duration and type of
antimicrobials
Etiological agent

Outcome

Duration of
bacteremia (d)

Gram positive, monomicrobial infections
Staphylococcus aureus
R

6

Tx
D

15

D
D

-

D
R

46

R
R
R
R

25
30
14
10

R

3

R
D
Tx
D
D
R

21
90

R
R
Tx
R
R
R
R
R
R

100
10
10
10
6
5
60
6
-

D
D

4
3

Gram negative, monomicrobial infections
Escherichia coli
R
R
R
D

6
6
31
-

Staphylococcus aureus (MRSA)
Staphylococcus epidermidis
Enterococcus spp. (unspecified)

Enterococcus faecalis

Enterococcus faecium
Streptococcus sanguis
Gemella morbillorum
Streptococcus bovis
Lactobacillus rhamnosus
Lactobacillus acidophillus

Klebsiella pneumonia
Klebsiella (unspecified) MDR
Serratia marcescens
Enterobacter cloacae

5

D

-

D

-

R
R
R
R

6
9
49
-

WJH|www.wjgnet.com

Treatment

Duration of
treatment (wk)

Cirrhosis
etiology

Onset (d)

Ref.

Vancomycin
Rifampin
Ciprofloxacin
Penicillin
Vancomycin
Teicoplanin
Rifampin
Flucloxacillin
Vancomycin

6

EtOH

110

[3]

9

HCV
HCV

38
8

[17]
[6]

2
1

663
100

[2]
[18]

6

EtOH
EtOH, HBV,
HCV
HCV
Cryptogenic

38
300

[17]
[5]

6
6
6
28

EtOH
EtOH
Cryptogenic
EtOH, HCV

7
120
47
10

[19]
[5]
[5]
[20]

2

EtOH

60

[18]

7
6

HCV
EtOH
HCV
HCV
HCV
EtOH

60
38
38
38
420

[20]
[20]
[20]
[20]
[20]
[21]

14
8
4
28
1
4
2
44
6
12

Cryptogenic
Cryptogenic
Cryptogenic
EtOH
EtOH
EtOH
PSC
EtOH
Cryptogenic
EtOH

60
90
10
375
416
6
56
416
730

[22]
[23]
[16]
[20]
[2]
[3]
[18]
[24]
[3]
[2]

4
6

EtOH
EtOH

732
146

[18]
[18]

4
4
16
12

EtOH
EtOH
EtOH
EtOH

183
532
1065
282

[3]
[3]
[6]
[2]

12

EtOH

1092

[2]

3

EtOH

765

[2]

4
98
12

EtOH, HCV
EtOH
EtOH
EtOH

329
1095
21
1065

[3]
[25]
[26]
[2]

Vancomycin
Linezolid
Daptomycin
Vancomycin
Vancomycin
Vancomycin
Gentamicin
Vancomycin
Gentamicin
Vancomycin
Vancomycin
Gentamicin
Amphotericin
Quinupristin
Vancomycin
Vancomycin
Vancomycin
Vancomycin
Penicillin
Vancomycin
Ampicillin
Vancomycin
Netilmicin,
Clarithromycin
Ampicillin
Ampicillin
Gentamicin
Ceftriaxone
Ceftriaxone
Ciprofloxacin
Ceftriaxone
Gentamicin
Ceftriaxone
Vancomycin
PiperacillinTazobactam
Amoxicillin
Meropenem
Amikacin
Ceftriaxone
Tigecycline
Imipenem
Ceftriaxone
Gentamicin
Vancomycin
PiperacillinTazobactam
Meropenem
Ciprofloxacin
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Salmonella typhi
Fungal infections
Candida glabrata

-

-

-

-

-

-

[27]

R
D
D
D
R
D

1700
27
60
-

Amphotericin
Amphotericin
Fluconazole
Posaconazole
-

51
27
6
-

HCV
Cryptogenic
EtOH
EtOH
HBV
HCV

180
27
150
38
38

[28]
[29]
[30]
[31]
[18]
[18]

D

14

-

EtOH, HBV

35

[6]

Escherichia coli/Klebsiella oxytoca
Escherichia coli/Acinetobacter
Escherichia coli/Klebsiella oxytoca

R
R
R

6
6
6

EtOH
EtOH
Cryptogenic,
EtOH

235
285
1158

[3]
[3]
-

“Polymicrobial”
“Polymicrobial”
Unknown

R
Tx
-

720
90
-

Ticarcillin-clavulanic
acid
Gentamicin
Amikacin
Ciprofloxacin
Ceftriaxone
Ceftriaxone
PiperacillinTazobactam
Gentamicin
-

HCV
HCV
-

100
180
-

[32]
[15]
[2]

Candida albicans
Polymicrobial infections
Staphylococcus aureus/
Pseudomonas aeruginosa

4
6
6

101
-

D: Death; Tx: Transplant; R: Resolved; EtOH: Alcoholic liver disease; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

and remains a diagnosis of exclusion, but there have
been propositions to improve the diagnostic accuracy.
[5]
Bouza et al suggested using quantitative bacteriology,
where by comparison of colony counts of peripheral
venous blood and portal blood will show a substantial
increase in bacteria of the latter sample. The gold
standard would be to take a biopsy from the pseudoepithelium of the TIPS, which can only be done at
autopsy or after transplantation and is therefore not a
[6]
viable option in clinical practice .
It is evident from our review that no single micro
organism is the predominant etiological agent, but most
[5,6]
infections were caused by gram-positive organisms .
This trend has also been reported in studies investigating
spontaneous bacterial peritonitis and nosocomial
infections in cirrhotic patients and may be attributed
to widespread use of fluoroquinolone prophylaxis in
[7,8]
[5]
this population . Bouza et al suggested however
that etiology of the infection could be influenced by
the onset of infection post TIPS insertion, which can
be categorised as early-onset (within 120 d) or lateonset (over 120 d post insertion). In their review of 36
cases, they found that all Enterococcus spp exclusively
occurred in early infections, which was not confirmed in
our review, with no significant difference between the
groups in number of Enterococcus spp cases isolated
(P = 0.23; 95%CI: 0.08-1.77). There was also no
significant difference in mortality between early and late
infections (P = 0.76; 95%CI: 0.35-0.44). Our data also
reflect an association between early-onset infections
and gram-positive organisms.
Due to the wide variety of causative pathogens and
overall rarity of this disease, it is highly unlikely that
prospective data will guide management decisions of this
clinical entity. As there is a variation in antibiotic choice
and duration of treatment on review of the literature, the
evidence base is too limited to support specific antibiotic
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recommendations. It may be reasonable that patients
diagnosed with endotipsitis should be treated based
on the principles of prosthetic valve endocarditis (PVE)
management, as in many ways the two disease entities
are analogous. Both are endovascular infections involving
difficult to remove prosthetic material that confer a
high rate of treatment failure and relapse. We found
antimicrobial management strategies that were overall
quite divergent from the pathogen specific treatment
guidelines for PVE. For example, staphylococcal PVE
is generally treated with a cell wall active agent (e.g.,
[9]
oxacillin or vancomycin) plus rifampin and gentamicin .
Of the 9 cases of staphylococcal endotipsitis reported
here, 7 treatment courses were previously published
with none including gentamicin and only 2 including
rifampin. It is impossible to know whether addition of
these agents would have improved the poor response
rate we saw in this subgroup (44%). Acknowledging the
reluctance of using drugs with potential hepatotoxicity
and nephrotoxicity, in the face of treatment response
rates below 50%, the potential benefits may outweigh
the risks, when administering in a monitored setting.
S. aureus and Candida spp are both known to be
able to resist the antimicrobial effects of antibiotics
[10]
through the formation of biofilms . This propensity
underlies the rationale to remove medical devices such
as central venous catheters when infected with these
[11]
organisms, thus reducing the attributable mortality .
When comparing the treatment of monomicrobial
infections in endotipsitis cases, there was a significantly
lower response rate to antimicrobials alone in those
with S. aureus or candidal infection compared to other
pathogens. Therefore, when managing these patients,
transplantation should be considered as a means of
cure, as there is a significantly lower chance that they
will respond with antibiotics and retention of the TIPS.
Of the 6 cases of fungal endotipsitis (all Candida
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in diagnosis and lack of a uniform disease definition. Furthermore, no unified
agreement on the best management strategy for these cases to prevent
relapses or mortality has been reached.

spp), only 2 responded to antifungal treatment.
Similarly, Candida spp are the most common cause of
fungal infective endocarditis (IE), with these patients
[12]
more likely to have prosthetic intravascular devices .
[12]
Baddley et al found persistently positive blood cultures
were associated with this group as well as a significantly
higher rate of mortality when compared to non-fungal
[13]
cases of IE . With the accumulating evidence of dismal
outcomes in patients with candidal endotipsitis, strong
consideration for urgent transplantation needs to be
[14,15]
contemplated in appropriate patients
.
In patients who are ineligible for transplantation
aggressive medical therapy and potentially chronic
suppressive antibiotics should be considered acknow
ledging the prognosis is poor. In general, the role
and timing of liver transplantation in the setting of
endotipsitis is poorly understood. In our review we
identified four patients who underwent transplantation.
[1]
Mizrahi et al did report clearance of blood cultures
[16,17]
[15]
prior to transplant in their 2 cases
. Jawaid et al
described a case with repeat episodes of bacteraemia, 1
mo after TIPS insertion, with 9 different microorganisms
isolated from blood cultures over the period of 11
[16]
mo. Willner et al
reported persistent polymicrobial
bacteraemia 4 d after a TIPS revision, which resulted in
a transplant 3 mo later (after 3 episodes of bacteraemia).
It unclear whether the patients had negative blood
cultures leading up to their transplant. In both cases,
a biliary-venous fistula was not identified until after
the assessment of the explant. Among patients with
suspected endotipsitis and persistent or relapsing
bacteremia, biliary-venous fistula should be considered
and in this setting transplantation would be warranted
to achieve cure.
Optimal treatment of endotipsitis remains elusive
given the difficulty of studying a rare disease without a
broadly accepted definition and caused by a variety of
microbes. Our data suggests that infections caused by S.
aureus and Candida spp is associated with particularly
poor outcomes. Based on the treatment of PVE,
addition of gentamicin and rifampin to cell wall active
antimicrobials may improve outcomes of S. aureus
endotipsitis cases. Transplantation should be strongly
considered in the setting of relapsing disease and
infections caused by difficult to eradicate pathogens.
More data on the epidemiology and management
outcomes of endotipsitis will be needed to determine the
most appropriate prevention and treatment strategies.

Innovations and breakthroughs

The authors’ data reflects an association between early-onset infections
and gram-positive organisms. It also suggests that infections caused by
Staphylococcus aureus (S. aureus) and Candida spp are associated with
particularly poor outcomes. The evidence base is too limited to support specific
antibiotic recommendations, but it may be reasonable to treat based on the
principles of prosthetic valve endocarditis (PVE) management.

Applications

Transplantation should be strongly considered in those with infections associated
with particularly poor outcomes, such as Candida spp. Based on the treatment
of PVE, addition of gentamicin and rifampin to cell wall active antimicrobials
may improve outcomes of S. aureus endotipsitis cases.

Terminology

TIPS insertion is a minimally invasive procedure that is used for the decom
pression of elevated portal pressure. Although there is no universally accepted
definition of “endotipsitis”, it is generally agreed that it can be defined as “definite”
infection (continuous clinically significant bacteraemia with vegetative/thrombi
inside TIPS) and “probable” infection (sustained bacteraemia with no other
source of infection in a patient with TIPS).

Peer-review

The manuscript presents an interesting case of “endotipsitis” and reviews the
literature on a rare disease. In this paper Navaratnam et al present a case
of “endotipsitis” and performed a review of the existing literature on this field.
They identified 22 papers reporting 54 patients with endotipsitis. The great
majority had monomicrobial infections (gram positive agents were the majority).
Infections with S. aureus and Candida spp were associated higher mortality.
No homogeneous management was applied for the treatment of this condition
and guidelines on antibiotics use are usually derivate from the treatment of
endocarditis.
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Abstract
Liver transplantation (LT) is a widely-accepted, definitive
therapy of irreversible liver diseases including hepatitis
C, alcoholic liver disease and metabolic liver disease.
After transplantation, patients generally use a variety
of immunosuppressive medications for the rest of their
lives to prevent rejection of transplanted liver. Mortality
after LT is mainly caused by recurrence of alcoholic
hepatitis which is mostly seen in the patients who
resume heavy drinking. On the other hand, de-novo
malignancies after LT are not seldom. Skin cancers make
up 13.5% of the de-novo malignancies seen in these
patients. Malignancies tend to affect survival earlier in
the course with a 53% risk of death at 5 years after
diagnosis. We aimed to report a case who underwent
LT secondary to alcoholic liver disease and developed
squamous cell carcinoma of the skin eighteen years
after transplantation. In summary, transplant recipients
are recommended to be educated on self examination
for skin cancer; health care providers should be further
suspicious during routine dermatological examinations of
the transplant patients and biopsies of possible lesions
for skin cancer is warranted even many years after
transplantation.
Key words: Alcoholic liver disease; Skin cancer; Nonsquamous; Liver transplantation; Sirolimus
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We presented a case who underwent liver
transplantation due to alcoholic liver disease and
developed a skin cancer after 18 years of follow-up,
which is exceptionally rare as malignancies tend to
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developed calcineurin inhibitor induced end stage renal
insufficiency and switched to sirolimus from tacrolimus
in 2003 and a combination therapy with mycophenolate
was continued.
Previous medical and surgical history included
uncomplicated diabetes mellitus, hyperlipidemia and
hypertension for 15 years and aortic valve replacement
due to vascular thrombosis that occurred over the
course of treatment. His co-morbidities were under
control with antihypertensives and lipid lowering
statins and his renal insufficiency related anemia was
managed with erythropoietin.
Two years after treatment with sirolimus was
started, the patient had recurring acneiform eruptions
with pustules on his face, ears, and scalp. He was
therefore referred to a dermatology unit for further
evaluation and follow up.
A definitive diagnosis consistent with squamous
cell carcinoma of the skin was made five years later.
In September 2010, the patient underwent a resection
of a tumor from his left temple, sacrificing the frontal
branch of left facial nerve. He had multiple surgeries
including left superficial parotidectomy due to relapses
at different sites such as left auricle, preauricular area
and occipitofrontal region of the scalp. Histological
evaluations after each surgery revealed surgical
margins wider than 6 mm. Identification of atypical
tumor cells and keratinous pearls in microscopical
evaluation supported the diagnosis. Despite multiple
surgeries, chemotherapy and radiotherapy, patient
was diagnosed with stage 4 squamous cell carcinoma
due to metastatic lesions in his brain in 2012, and died
in February 2013.

affect survival earlier in the course with a 53% risk of
death at 5 years after diagnosis.
Unlu O, Roach EC, Okoh A, Olayan M, Yilmaz B, Uzunaslan
D, Shatnawei A. Skin cancer in immunosuppressed transplant
patients: Vigilance matters. World J Hepatol 2015; 7(4): 717-720
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i4/717.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i4.717

INTRODUCTION
Alcoholic liver disease (ALD) is known to be the
number one cause of cirrhosis in western countries.
Twenty percent of the liver transplants in United States
and forty per-cent in Europe are performed due to ALD
which makes it the second most common indication
for liver transplantation (LT), a definitive treatment
option for patients with cirrhosis and end stage liver
[1-3]
disease .
Patient survival rates after LT for alcoholic cirrhosis
have been reported to be 73%-86% at 5 years after
[4,5]
diagnosis . Mortality after LT is mainly caused by
recurrence of ALD and alcoholic hepatitis which are
mostly seen in the patients who resume heavy drinking.
Other causes of mortality in patients who stay abstinent
are cardiovascular diseases or events, infection and
malignancies. Of note is the high incidence of de-novo
malignancies after LT. This has been associated with
the use of post LT immunosuppressants and the history
of heavy alcohol use. Other reported risk factors for
de-novo malignancies include older age, male gender,
and Epstein Barr virus reactivation or infection for
lymphoproliferative malignancy, and exposure to sun
for non-melanoma skin cancer. Skin cancers make up
the 13.5% of the de-novo malignancies seen in the
[6-8]
patients with LT . Malignancies tend to affect survival
early after LT with a 53% risk of death at 5 years after
[9]
diagnosis .
Herein, we present a case underwent LT (ALD
etiology) who is followed up for 18 years without develop
ment of any malignancy. The patient consequently
developed skin cancer at different sites 7 years after
change of immunosuppressive regimen.
A high index of clinical suspicion together with routine
dermatological examinations and biopsies of possible
lesions for skin cancer is warranted in LT patients even
eighteen years after transplant.

DISCUSSION
Patient survival rates after LT for alcoholic cirrhosis
have been reported to be 81%-92%, 78%-86%, and
[4,5]
73%-86% at 1, 3, and 5 years respectively . In an
European Liver Transplant Registry which enrolled
patients between 1988 and 2009, survival rates were
reported as 73% and 59% for 5 and 10 years of
follow-up respectively. These rates were shown to be
higher compared to non-alcoholic etiology associated
liver transplants, thus confirming ALD as an acceptable
[4,5,10]
indication for LT
.
Malignancy has been shown to significantly affect
survival in LT patients with about 38% and 53% risk
[9]
of death at 1 and 5 years after diagnosis . Among
LT recipients who survive the first year after trans
plantation, De novo malignancy is reported to account
[9,11]
for 30%-40% of all deaths
. Although, intensive
surveillance protocols in the post-transplant period
have been shown to improve survival by detection of
malignancy, clear guidelines including the frequency of
work-up have not been developed yet. In this report, we
describe the case of an LT patient who was followed up
for 18 years after LT due to ALD. Renal insufficiency that
occurred secondary to immunosuppressive therapy with

CASE REPORT
This is a 74-year-old male patient, who was under
follow up for LT due to ALD at our center for 18 years.
He was first diagnosed with cirrhosis secondary to ALD
in 1993 and had a liver transplant two years later. Early
post-transplant immunosuppressive treatment regimen
included mycophenolate and tacrolimus for which he
showed moderate clinical response. Afterwards, he
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Table 1 Causes of death after liver transplantation n (%)
Years postimplantation

1

2

3

4

Patient at risk (n)
4000
2940
2665
2478
Infection (bacterial, viral, fungal)
372
38
13
16
Malignancy (recurrent/de novo)
42
45
28
18
Cardiovascular
42
14
6
1
Respiratory
37
20
14
7
Intraoperative
99
4
1
2
Multisystem organ failure
45
16
9
5
Liver failure (recurrent)
21
15
15
7
Gastrointestinal
31
6
2
4
Central nervous system
20
2
2
4
PTLD
8
5
6
Renal failure
8
Rejection (acute/chronic)
4
2
1
1
Primary nonfunction
13
1
Miscellaneous
27
15
7
12
Unknown
55
20
18
5
Total
816 (20.4) 197 (6.7) 122 (4.5) 96 (3.8)

5

6

7

8

9

10

> 10

2261
4
11
13
8
4
6
10
5
1
2
5
1

2018
6
19
17
3
2
9
6
1
5
3
1
2

1732
8
12
13
3

1511
1
6
9
4
1
7
2
1

1238
3
3
6
5

958
1

735
2
6
9
9

3
1
1
1
1

1
2

10
5
85 (3.7)

12
7
93 (4.6)

8
4
62 (3.5)

5
3
3
1

1
3

2

5
4

1
4
2
1
4

1
10
5
50 (3.3)

7
4
36 (2.9)

3

5
1
19 (1.9)

5
11
57 (7.7)

Total
464 (28.4)
190 (11.6)
135 (8.3)
114 (7.0)
113 (6.9)
109 (6.7)
82 (5.9)
52 (3.2)
42 (2.6)
29 (1.8)
18 (1.1)
18 (1.1)
14 (1.1)
118 (6.1)
135 (8.3)
1633

PTLD: Posttransplant lympthoproliferative disease.

tacrolimus required a switch to sirolimus. Unfortunately,
the patient consequently developed squamous cell
carcinoma of the skin at multiple sites. In spite of
surgical, chemo and radiation therapy, the patient died
due to metastatic lesions in the brain.
Non melanoma skin cancer is the most common
malignancy (NMSC) among the LT recipients with an
overall incidence of 16% to 22.5%. Previous studies
[9,11]
have shown NMSC as a factor effecting mortality
.
The factors that alter the risk of skin cancer are
patient’s age, skin type, lifetime sun exposure and
[12]
male sex . Immunosuppressant agents were shown
to increase the risk of skin cancers, with no evidence of
superiority over one another. On the other hand, there
are randomized controlled trials suggesting antitumor
effects of sirolimus on skin cancer in renal transplant
patients. Although studies on sirolimus in LT recipients
had high discontinuation rates, similar results with
[13,14]
studies on renal transplant patients are anticipated
.
[15]
Jain et al
demonstrated that LT recipients with
non-alcoholic liver disease had significantly longer
survival rates compared to those with an ALD history.
Moreover, another review suggested that while 5 year
survival rates in ALD patients were similar between
the ones who resumed drinking and those who didn’t,
10 year survival rates were significantly different (45.1%
[8]
vs 85.5%, respectively) . In these studies, mortality
was mainly caused by cardiovascular events and de
novo neoplasms. This may indicate that there are
factors causing malignant changes other than immuno
suppressants.
Management of short and long term complications of
LT is challenging and the choice of immunosuppressant
agent is controversial. The causes of mortality may alter
[16]
in short and long term follow-up after LT
(Table 1).
In order to decide which immunosuppressant should
be used as a first choice, further controlled randomized
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data are needed.
LT recipients are recommended to be educated
on self examination for skin cancer and health care
providers should be further suspicious during patients’
routine dermatological examinations even many years
[6]
after transplantation .
ALD is a good indication for LT. In the long term
follow up, de novo malignancies and particularly skin
cancer are long term complications of LT. Therefore,
there is a need for particular vigilance of LT recipients.
Further investigation into effects of immunosuppressant
agents on de novo malignancies after LT is warranted
to clarify the first choice of therapy.

COMMENTS
COMMENTS
Case characteristics

This is a 74-year-old male patient, who was under follow up for 18 years for
liver transplantation due to alcoholic liver disease. He presented with recurring
acneiform eruptions with pustules on his face, ears, and scalp.

Clinical diagnosis

Physical examination was normal for all systems except that the patient had
acneiform eruptions with pustules on his face, ears, and scalp.

Differential diagnosis

Keratoacanthoma, Basal Cell Carcinoma, Malignant melanoma, Solar (actinic)
keratosis. A definitive diagnosis of squamous cell carcinoma was made with an
excisional biopsy.

Laboratory diagnosis

Laboratory diagnosis was not necessary for the definitive diagnosis of
squamous cell carcinoma.

Imaging diagnosis

Computed tomography scan revealed multiple metastatic lesions in the brain.

Pathological diagnosis

Pathology revealed atypical tumor cells, keratinous pearls and surgical margins
wider than 6 mm.

Treatment

He took sirolimus and a combination therapy with mycophenolate for immuno
suppression. His co-morbidities were under control with antihypertensives and
lipid lowering statins. His renal insufficiency related anemia was managed with
erythropoietin. After the definitive diagnosis of squamous cell carcinoma, he
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had multiple surgeries and took chemotherapy and radiotherapy.

Related reports

6

De novo malignancies and non melanoma skin cancers were shown to develop
in liver transplant patients under immunosuppressive therapy. However, the
case is highly unique to develop a squamous cell carcinoma after 18 years of
follow up.

7

Term explanation

A focus of central keratinization found within concentric layers of abnormal
squamous cells, occurring in squamous cell carcinoma. Also called epithelial
pearl.

8

Experiences and lessons

Transplant recipients are recommended to be educated on self examination for
skin cancer; health care providers should be further suspicious during routine
dermatological examinations of the transplant patients and biopsies of possible
lesions for skin cancer is warranted even many years after transplantation.

9

Peer-review

The article reports a case of a patient who developed a squamous cell carcinoma
7 years after liver transplant following the change of immunosuppressive therapy.
It is interesting.
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CASE REPORT

First jejunal artery, an alternative graft for right hepatic
artery reconstruction
Bibek Aryal, Teruo Komokata, Jun Kadono, Hiroyuki Motodaka, Tetsuya Ueno, Akira Furoi, Yutaka Imoto
safe reconstruction of the artery with suitable graft
is essential. Arterial reconstruction with autologous
saphenous vein graft is the preferred method practiced
routinely. However the right hepatic artery reconstruction
has also been carried out with several other vessels
like gastroduodenal artery, right gastroepiploic artery
or the splenic artery. We report a case of 63-year-old
man presenting with history of progressive jaundice,
pruritus and impaired appetite. Following various
imaging modalities including computed tomography,
endoscopic retrograde cholangiopancreatography,
magnetic resonance cholangiopancreatography, intra
ductal ultrasound extrahepatic bile duct cancer was
diagnosed; however, none of those detected vessel
invasion. Intraoperatively, right hepatic artery invasion
was revealed. Right hepatic artery was resected
and reconstructed with a graft harvested from the
first jejunal artery (JA). Postoperative outcome was
satisfactory with a long-term graft patency. First JA
can be a reliable graft option for right hepatic artery
reconstruction.
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Core tip: Common bile duct (CBD) cancers frequently
invade the surrounding vessels like the right hepatic
artery (RHA). The arterial excision with tumor free
margins followed by the reconstruction remains the
mainstay treatment for a better outcome and long-term
survival. Various grafts including saphenous vein, splenic
artery, right gastroepiploic artery or gastroduodenal
artery have been practiced for RHA reconstruction. In
our case, the RHA invasion by CBD cancer was detected
intra-operatively. We performed the RHA reconstruction
using the autologous first jejunal artery (JA) graft. The
use of first JA graft during RHA reconstruction seems

Abstract
Common bile duct cancer invading right hepatic artery
is sometimes diagnosed intraoperatively. Excision and
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ligament, we perceived that the bile duct cancer had
directly invaded RHA. No invasion or metastasis to
duodenum, portal vein, gall bladder, common hepatic
artery or other surrounding structures were observed.
After dividing RHA and CBD, we resected RHA, 2.8
cm in length. Frozen section revealed cancer cells in
adventitia of RHA extending to 15 mm in depth with
grossly negative stump’s margins.
The back flow from the cut end of the RHA was
noted to be poor, so the collateral circulation between
RHA and left hepatic artery in the hilar plate was
considered to be inadequate. Preoperatively we were
not prepared for RHA resection; hence, saphenous vein
had not been arranged for reconstruction. We selected
the first JA as an alternate graft. A graft of 2 cm from
first JA was harvested after transection of jejunum. We
interposed the JA in an end-to-end fashion with 7-0
prolene using interrupted suturing technique (Figure 3).
Doppler blood flow study displayed a good flow in the
graft at a rate of 120 mL/min. SSPPD was completed
with pancreatogastrostomy and hepatico-jejunostomy.
Total intraoperative blood loss was 2420 mL and time
of reconstruction of RHA with first JA was about an
hour.
Anticoagulant therapy with heparin was started
from fourth postoperative day for a week, and aspirin
was continued until 6 mo after operation. Histological
examination showed moderately differentiated tubular
adenocarcinoma with pancreatic invasion; stage Ⅲ-B
(T3N1M0) (Union for International Cancer Control/
UICC classification). No postoperative complications
were noted. Following operation, the patient was
put on adjuvant chemotherapy with Gemcitabine.
After 2 years of surgery, the JA graft was noted to be
patent on CT examination with no signs of stenosis.
Unfortunately, the patient had evidence of recurrence
with multiple para aortic lymph node metastases and
died 3 years after the surgery.

to be technically feasible leading to an acceptable
outcome.
Aryal B, Komokata T, Kadono J, Motodaka H, Ueno T, Furoi A,
Imoto Y. First jejunal artery, an alternative graft for right hepatic
artery reconstruction. World J Hepatol 2015; 7(4): 721-724
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i4/721.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i4.721

INTRODUCTION
Common bile duct (CBD) cancers invading hepatic
artery are sometimes diagnosed intraoperatively.
Resection of the artery should be considered with
efforts to perform a safe reconstruction procedure. A
good reconstruction procedure is expected to preserve
the blood flow and ensure long-term patency. Arterial
reconstruction with an autologous saphenous vein graft
(SVG) has been the method of choice for decades.
Hepatic artery reconstruction has also been carried
[1]
out with gastroduodenal artery , right gastroepiploic
[2,3]
[4]
artery (RGEPA)
or splenic artery .
Here, we report a case of advanced extrahepatic bile
duct cancer invading right hepatic artery (RHA). Subtotal
stomach preserving pancreaticoduodenectomy (SSPPD)
accompanied by resection of RHA was performed.
Arterial reconstruction was performed with the auto
logous first jejunal artery (JA) graft. Postoperative
course was satisfactory with no complications. The first
JA can be considered as an alternative graft for RHA
reconstruction.

CASE REPORT
A 63-year-old male patient presented to a private
hospital with a history of progressive jaundice,
pruritus, and loss of appetite. He underwent computed
tomography (CT) scan where bile duct stenosis from
superior (Bs) to inferior (Bi) duct was evident. The
patient was referred to our department for further
evaluation and management.
We carried out diagnostic imagings; endoscopic
retrograde cholangiopancreatography (ERCP), mag
netic resonance cholangiopancreatography (MRCP),
intraductal ultrasound (IDUS). MRCP displayed bile
duct cancer from Bs to middle duct. ERCP showed
an irregular stricture extending from Bs to Bi (Figure
1A). IDUS revealed pancreatic invasion of the tumor.
However, there was no evidence of tumor invasion to
the portal vein and RHA (Figure 1B) nor the CT showed
any signs of RHA invasion (Figure 2). Preoperative
diagnosis of CBD cancer with positive pancreatic
invasion was made and SSPPD was proposed.
Following opening of the peritoneal cavity, ascites,
liver metastasis and peritoneal dissemination were
ruled out. We could palpate the hard tumor in the
CBD. While scrutinizing around the hepatoduodenal

WJH|www.wjgnet.com

DISCUSSION
The pancreatic or biliary cancers potentially invade
hepatic artery either by direct extension or by
lymphatic metastasis, and the invasion is sometimes
detected intraoperatively. Additionally, during radical
resection of the pancreatic or biliary tumors the
hepatic artery may require excision to achieve tumorfree margins. Various methods for reconstruction
of the hepatic artery have already been described:
interposition of venous [greater saphenous vein (GSV)]
and prosthetic grafts; transposition of the native
arteries to the distal stump of the hepatic artery, i.e.,
splenic artery, right gastroepiploic artery, and even
primary repair to avoid prosthetics with combined
[5-9]
major visceral resections . The suitable technique
should be adapted in regard to the specific situation
posed by the resection.
In our case, preoperative imagings including IDUS
didn’t clue the hepatic artery invasion, and by the
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A

grafting (CABG). Radial artery (RA) was introduced in
[10]
1971 , and the use was soon discouraged for higher
occlusion rates as compared to SVG. The propensity
of the RA to go into spasm along with severe intimal
hyperplasia contributed to poor results obtained with RA
[11]
grafting . At the same time the use of SVG is limited
with its poor patency following intimal hyperplasia and
accelerated atherosclerosis. There are growing evidences
and it is now clear that SVG deteriorates with time and
the occlusion rate reaches up to 50% in 10 years after
CABG, mainly due to atherosclerosis in the graft called
[12]
“vein graft disease” . Subsequently internal mammary
[13]
[14]
[15]
artery , internal thoracic artery and RGEPA grafts
emerged as better choices for their markedly superior
long-term patency.
Specific to JA, one review has demonstrated JA of
Roux-en-Y limb being used in hepatic artery reconstruction
during living related liver transplantation as an insitu graft. The report together presents successful HA
reconstruction with the JA of the Roux-en-Y limb (in
[16]
pediatric living donor liver transplantation) . Likewise,
use of JA graft with anastomosis to neck vessels like
carotid artery during pharyngo-jejunostomy has been
[17]
practiced .
This is the first report to describe the utility of
isolated JA graft in arterial reconstruction for malignant
invasion. The postoperative course was uneventful,
and the graft had been patent for more than 2 years.
When the use of SVG is restricted in conditions like
varicose vein, vasculitis, or it has already been used for
bypass conduit, as an interposition graft, or patch graft,
JA can be considered as a preferable graft of choice
for the RHA reconstruction. JA can also be preferred
in the conditions precluding the use of other candidate
vessel RGEPA, such as prior resection for gastrectomy
or lymph node metastasis around RGEPA. JA graft
is readily accessible, is of adequate length to access
the hepatic artery, and has an adequate diameter to
facilitate the anastomoses. In cases like ours when
the RHA invasion is detected intraoperatively, the JA
graft can ensure a fast, easy, and safe reconstruction
procedure with an extendable patency. Meantime, the
caliber discrepancy between the RHA and the JA should
always be considered during the reconstruction.
Although SVG has been the preferred graft, this
report concludes that the first JA may provide a local
autologous graft for RHA reconstruction when an
alternative is required.

B

RHA

Figure 1 Imaging findings suggestive of bile duct cancer. A: Endoscopic
retrograde cholangiopancreatography shows an irregular stenosis from superior
to inferior bile duct; B: Intraductal ultrasound showing no cancer invasion to the
right hepatic artery (arrow). RHA: Right hepatic artery.

RHA

Figure 2 Computed tomography showing right hepatic artery with no
signs of cancer invasion. RHA: Right hepatic artery.

Proximal
anastomosis
CHA

Distal
anastomosis

Graft

RHA

Figure 3 First jejunal artery graft interposed to the right hepatic artery.
RHA: Right hepatic artery; CHA: Common hepatic artery.

time RHA invasion was detected, RGEPA had already
been resected. We decided to use the first JA for RHA
reconstruction. Our concern regarding the anastomosis
was a relatively small caliber of the JA. However,
no broad caliber discrepancy between the graft and
recipient artery made it acceptable. To our knowledge,
this is the first case in the literature where JA was used
as a free graft in reconstruction of hepatic artery.
The histological disparities between the wall of
artery and vein with the long-term patency have been
frequently discussed in context of coronary artery bypass
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Case characteristics

A 63-year-old male with a history of progressive jaundice presented with
pruritus and loss of appetite.

Differential diagnosis

Pancreatic carcinoma, gallbladder cancer.

Laboratory diagnosis

White blood count: 5300/uL; Hemoglobin: 14.20 gm/dL; Total bilirubin: 1.2 mg/
dL; Direct bilirubin: 0.6 mg/dL; Gamma-glutamyl transferase: 168 IU/L; Aspartate
transaminase: 18 IU/L; Alanine transaminase: 21 IU/L; Albumin: 4.1 g/dL;
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Carcinoembryonic antigen: 2.1 ng/mL; CA19-9: 20 IU/mL.

6

Magnetic resonance cholangiopancreatography showed bile duct cancer from
superior (Bs) to middle duct. Endoscopic retrograde cholangiopancreatography
showed an irregular stricture extending from Bs to inferior. Intraductal ultrasound
revealed pancreatic invasion of the tumor.

7

Histological examination showed moderately differentiated tubular adeno
carcinoma with pancreatic invasion.

8

Imaging diagnosis

Pathological diagnosis
Treatment

Subtotal stomach preserving pancreaticoduodenectomy accompanied by
resection of right hepatic artery.

Related reports

9

Jejunal artery (JA) of Roux-en-y limb has been previously used for hepatic
artery reconstruction.

Experiences and lessons

This case report presents the applicability of first JA in right hepatic artery
reconstruction. The hepatic artery reconstruction with graft from first JA should
be a feasible and promising procedure.

10

Peer-review

This article demonstrates the use of first JA graft in right hepatic artery
reconstruction.

11
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Hepatitis C virus: Is it time to say goodbye yet?
Perspectives and challenges for the next decade
Heidi Barth
worldwide. Clinical trials are evaluating the best anti-viral
drug combination, treatment doses and duration. The
new treatments are better-tolerated and have shown
success rates of more than 95%. However, the recent
breakthrough in HCV treatment raises new questions
and challenges, including the identification of HCVinfected patients and to link them to appropriate health
care, the high pricing of HCV drugs, the emergence of
drug resistance or naturally occurring polymorphism in
HCV sequences which can compromise HCV treatment
response. Finally, we still do not have a vaccine against
HCV. In this concise review, we will highlight the progress
made in understanding HCV infection and therapy. We
will focus on the most significant unsolved problems and
the key future challenges in the management of HCV
infection.
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Core tip: Twenty-five years after the discovery of
hepatitis C virus (HCV) as the major cause of non-A,
non-B post-transfusion hepatitis, we have entered a
new era in HCV treatment that indicates the prospect of
eradication of this important human pathogen. In this
article, we will discuss the promising opportunities ahead
and key future challenges in the era of new hepatitis
C treatments, i.e. , barriers in identifying HCV infected
individuals, access to new HCV drugs, emergence of
drug resistance, and the current status of HCV vaccine
development.

Abstract
The majority of individuals exposed to hepatitis C virus
(HCV) establish a persistent infection, which is a leading
cause of chronic liver disease, cirrhosis and hepatocellular
carcinoma. Major progress has been made during the
past twenty-five years in understanding the HCV life
cycle and immune responses against HCV infection.
Increasing evidence indicates that host genetic factors
can significantly influence the outcome of HCV infection
and the response to interferon alpha-based antiviral
therapy. The arrival of highly effective and convenient
treatment regimens for patients chronically infected with
HCV has improved prospects for the eradication of HCV
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develop highly effective anti-HCV compounds. In this
article, we summarize the current state of knowledge
and future perspectives for the management of HCV
infection.

INTRODUCTION
Hepatitis C virus (HCV) is a member of the Flaviviridae
family, which also includes classical flaviviruses such
as those of yellow fever and dengue. HCV is an enve
loped virus with a single stranded RNA of positive
polarity. The virus has a restricted host range, naturally
infecting only humans and chimpanzees, though the
origin of HCV still remains elusive. HCV is classified in
the genus Hepacivirus of the Flaviviridae family, and
the closest genetic relative to HCV is a non-primate
[1]
hepacivirus, which infects horses . Phylogenetic and
sequence analysis of entire viral genomes splits HCV
into seven major genotypes. HCV genotypes have been
further classified into 67 confirmed and 20 provisional
[2]
subtypes . The HCV genotype 1 is the most prevalent
genotype worldwide (46% of all HCV cases), followed
by genotype 3 (30%). Genotypes 2, 4 and 6 are
responsible for 23% of all HCV cases and genotype
5 is responsible for less than 1% of all HCV cases. At
present, HCV genotype 7 has been isolated only in a
[3]
patient from Central Africa . Global distribution of HCV
genotypes shows geographic variations, which reflect
differences in mode of transmission and ethnic variability.
In a recently conducted meta-analysis, the number of
people with anti-HCV antibodies has been estimated at
185 million in 2005, or 2.8% of the human population,
with an estimation of 130-170 million people chronically
[4]
infected . HCV transmission occurs through bloodto-blood contact. In the early 1990s, introduction of
modern anti-HCV screening tests, including the detection
[5]
of HCV-specific antibodies and HCV RNA , almost
completely eliminated transmission of HCV through
blood transfusions and organ transplants. Injection drug
use is currently the primary transmission route for HCV,
which usually occurs when blood-contaminated needles
and syringes are shared. Unsafe medical procedures,
including the reuse of single-use medical devices,
remain a major mode of HCV transmission in developing
[6]
countries .
HCV has often been referred to as the “silent virus,” as
most HCV infections are clinically silent until the disease
reaches a late stage, which often occurs several decades
after initial infection. Chronic HCV infection is among the
most common causes of cirrhosis and hepatocellular
carcinoma, and the most frequent indication for liver
[7]
transplantation . Recurrence of HCV infection after
liver transplantation is universal and a leading cause of
[8]
graft failure . Efforts to develop direct-acting antivirals
(DAAs) for HCV treatment have long been hampered
by the absence of an efficient cell culture system for
propagation of HCV. Intensive research efforts over the
last two decades have resulted in the development of
HCV subgenomic replicons, capable of autonomous
[9]
replication , and robust infectious cell culture models for
[10-12]
HCV infection
that not only provide the opportunity
to dissect mechanisms of the viral life cycle, but also
facilitate the development of large-scale, high-throughput
screening assays to identify antiviral targets and to
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NATURAL HISTORY OF HCV INFECTION
AND ANTIVIRAL IMMUNE RESPONSE
Approximately 25 percent of patients exposed to hepatitis
C surmount the infection naturally, but the remaining
75% face persistent or life-long HCV infection. Chronic
HCV infection can cause severe liver disease, including
cirrhosis, hepatic decompensation and hepatocellular
carcinoma (HCC), with an interval of 20-30 years after
[7]
being exposed to HCV . The World Health Organization’s
Global Burden of Disease 2000 project estimated in
2002 that the attributable cirrhosis and liver cancer
deaths due to HCV infection globally were 211000 and
[13]
155000 respectively . In addition, chronic HCV infection
is associated with several extrahepatic manifestations,
including mixed cryoglobulinemia vasculitis, type 2
diabetes, lymphoproliferative disorders, renal disease
[14]
and rheumatic disorders . Considerable research
effort has been devoted to understanding the hetero
geneous clinical outcome of HCV infection. Comparative
immunological studies in HCV-infected patients and
experimentally infected chimpanzees demonstrated that
clearance of HCV infection is associated with a strong and
+
+
sustained HCV-specific CD4 and CD8 T cell response.
Antibody-mediated depletion of either T cell population
in chimpanzees provided further evidence that T cellmediated immunity is crucial for clearance. During the
chronic phase of HCV infection, HCV-specific T cells
are down-regulated and display an exhausted and
dysfunctional phenotype. Chronic liver inflammation,
induced by HCV, promotes the generation of T regulatory
cells, which contributes to further suppression of the HCV[15]
specific T cell response . HCV infection induces a strong
B cell response and antibodies target epitopes within
structural and non-structural HCV proteins. Neutralizing
antibodies (nAb) arise during HCV infection and the
majority of nAb targets epitopes on the envelope
[16]
glycoproteins . The relevance of neutralizing antibodies
in HCV clearance is still unclear. It is important to know
that HCV particles interact with serum lipoproteins to
form so-called lipo-viro-particles (LVP). Although the
overall architectural design of LVP is still unidentified, LVP
can facilitate virus entry into hepatocytes and protect
[17]
the virion from antibody-mediated neutralization . The
majority of chronically infected patients have high-titre
[18]
and cross-reactive neutralizing antibodies , suggesting
that neutralizing antibodies are unable to clear the
infection. Long-term persistence of these antibodies
in chronic HCV infection, however, may regulate viral
replication and modulate chronic disease. Finally, the host’s
immune system is confronted with a highly mutable virus
-5
-4
(mutation rate: 10 -10 nucleotides per replication cycle)
due to an error-prone viral RNA polymerase that lacks
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a proofreading activity. Thus, apart from the described
genotypes, HCV circulates in infected individuals as a
collection of closely related but distinct genomes, called
[19]
the “quasispecies” . High genetic variability confers an
important advantage for HCV, facilitating escape from
neutralizing antibodies and cytotoxic T cell recognition.
Human hepatocytes are the primary target cell for
HCV infection. A highly sensitive detection system for
HCV RNA in the liver demonstrated that the proportion
of infected hepatocytes ranges from 1% to 54% and
[20]
correlated positively with HCV RNA viremia . The
first line of immune defense in HCV infection comprises
activation of cell-intrinsic innate immunity following
HCV recognition. Local production of interferons (IFNs)
triggers the expression of hundreds of IFN-stimulated
genes disrupting HCV genome replication and spread in
[21]
the liver parenchyma . Knowledge of viral dynamics
and evolution during the early phase of acute HCV
infection is still limited because the majority of HCV
infections are asymptomatic. The Baltimore Before-andAfter Acute Study of Hepatitis enrolled and followed up
monthly HCV-negative injection drug users to address
these important issues. In this study, high initial HCV
RNA viremia level strongly predicted spontaneous
[22]
clearance of HCV infection . Thus, it is likely that high
level HCV replication makes the virus more visible to
the innate immune system and, hence, rapidly activates
innate immune signaling that result not only in efficient
innate anti-viral effector functions but also supports the
development of anti-HCV T cell immunity. However,
HCV has developed efficient strategies to circumvent
innate immune signaling and effector functions. The
HCV NS3/NS4A protein - a serine protease responsible
for the proteolytic cleavage of the HCV polyprotein
precursor - is a key component of the HCV evasion
strategy. For example, NS3/NS4A targets and cleaves
the mitochondrial antiviral signaling protein, resulting in
disruption of innate antiviral signaling and attenuation
of IFN production. Furthermore, HCV E2 and NS5A
proteins inactivate the double-stranded RNA-dependent
protein kinase R, which is a critical mediator of the
[21]
antiviral effects exerted by IFNs .

which do not allow immune escape mutations because
of profound negative effects on viral replication fitness,
[23,24]
resulting in a highly crippled virus
. Genome-wide
association studies that allow the detection of associations
between mapped single nucleotide polymorphisms
(SNP) and traits have become the standard approach
to discovering the genetic basis of human disease. In
2009, a major breakthrough in the understanding of
host genomics in HCV infection has been the discovery
of several SNPs upstream of the interleukin-28B (IL28B)
locus, in particular the SNP rs12979860, which can
predict both spontaneous recovery from HCV infection
and therapy-induced viral clearance in patients infected
[25,26]
with genotype 1
. The IL28B gene encodes the
cytokine IFN-lambda3 (IFN-λ3), which belongs to the
type Ⅲ IFN family (IFN-λ). IFN-λ is rapidly induced
during HCV infection and has antiviral activity against
[27]
HCV . Patients carrying rs12979860 CC genotype had
a clearance rate three times higher compared to patients
[25]
carrying the CT or TT genotype . Interestingly, the
frequency of the favorable CC genotype differs markedly
across ethnic groups, reaching over 90% in certain
North and Eastern Asian populations, an intermediate
frequency in Europe, and the lowest frequencies in
[25]
Africans . Understanding the mechanism of IL28B
polymorphism in HCV control is still limited. IL28B
polymorphism appears to affect IFN-λ3 expression, with
the unfavorable genotypes resulting in reduced IFN-λ3
expression. Patients with the unfavorable genotypes
also had a lower induction of innate immunity genes,
suggesting that IL28B polymorphism may regulate
[21]
innate immune functions .

ANTIVIRAL TREATMENTS
Until 2011, the standard-of-care (SOC) treatment for
chronic hepatitis C was the combination of weekly
pegylated interferon-alpha (pegIFNα) and daily doses
of ribavirin (RBV) in a 24- or 48-wk course. PegIFNα/
RBV dual therapy is associated with several important
side effects, including anemia, depression and
nausea, which can lead to discontinuation of therapy.
Cure of chronic HCV infection is tantamount to the
sustained virological response (SVR), which is defined
as undetectable HCV RNA in the blood at the end of
[28]
treatment and again six months later . SVR rates vary
according the HCV genotype involved, with SVR rates
of 70%-90% for genotypes 2, 3, 5 and 6, but with less
[26,29]
than 50% for genotypes 1 and 4
. In addition to its
substantial role as a predictive factor for spontaneous
HCV clearance, the IL28B genetic background has
been reported as the strongest predictor of response
to SOC treatment among patients infected with HCV
[26,30]
genotypes 1 and 4
. Analyses of SOC treatment
outcomes in the largest cohort, with more than 1000
patients infected with HCV genotype 1, demonstrated
that patients carrying the favorable rs12979860 CC
genotype were associated with a more than twofold

Host genetic factors in HCV
infection
The genetic background of the host has an important
+
impact on the natural course of HCV infection. CD8
T cells are the major effector cells that mediate viral
+
clearance. CD8 T cells recognize viral peptides bound
to HLA class Ⅰ molecules on virus-infected cells. HLA
genes display a high degree of genetic variation among
individuals, which is reflected in the variations in binding
and presentation of viral epitopes. HLA-B27, HLA-B57
and HLA-A3 alleles have been significantly associated
with spontaneous clearance of HCV infection. The protective
role of these alleles has been linked to viral epitopes,
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greater chance of achieving SVR than patients with
[26]
the unfavorable TT genotype . The discovery of
IL28B genetic polymorphism, as a factor predictive of
SOC treatment, rapidly stimulated the development
of a commercial test to define the IL28B genotype
status in HCV genotype 1-infected patients. Although
implementation of advanced diagnostic tools - which
facilitate personalized medicine approaches - has been
long awaited by clinicians, the rapid move in HCV
therapy toward DAAs has weakened the relevance of
IL28B genotyping in clinical prediction and management
of chronic HCV infection.
In 2011, the arrival of first-generation DAAs pro
foundly changed the landscape of HCV therapy and SVR
rates. Though virtually every step of the HCV life cycle
- including receptor binding and virus release - can be
a target for drug development, DAA targeting of key
steps of viral replication and subsequent viral polyprotein
processing succeeded in clinical trials. The first available
oral DAAs telaprevir (Incivek, Vertex) and boceprevir
(Victrelis, Merck) were linear ketoamide inhibitors,
which form a reversible but covalent complex with the
HCV NS3/4A serine protease catalytic site. Adding one
of two NS3/4A inhibitors to dual pegIFN/RBV therapy
increased SVR rates up to 75% in treatment-naïve
patients and up to 64% for previous non-responders to
[31-34]
pegIFN/RBV dual therapy
. Analysis of SVR rates in
the context of IL28B genotype demonstrated that the
rs12979860 CC genotype IL28B genotype remained
predictive of a favorable response in triple therapy
[35]
patients . Though the introduction of HCV protease
inhibitors was a major milestone in HCV therapy, there
are considerable drawbacks of these first-generation
protease inhibitors: (1) The unfavorable pharmacokinetic
profile of protease inhibitors, which necessitates doses
on a thrice-a-day basis; (2) Drug interactions with
other medicaments, since HCV protease inhibitors are
metabolized by the liver via the cytochrome P450 3A;
(3) Protease treatment-related adverse events, including
severe skin rashes/pruritus, anemia and dysgeusia;
and (4) the treatment option that is limited to HCV
genotype 1 infected patients. Drug development has
been focused on HCV genotype 1 because of its high
prevalence in Europe and the United States, and the low
SVR rates in HCV genotype 1 infected patients following
[3]
pegIFNα/RBV dual therapy . Enormous efforts have
been made to overcome these shortcomings, resulting
in the development of numerous so-called second-wave
protease inhibitors with pan-genotypic effect, improved
pharmacokinetic profiles, and tolerability. In 2013,
simeprevir (Olysio, Janssen), a once daily administered
second-wave protease inhibitor, was approved in
combination with pegIFNα/RBV dual therapy. This
triple combination increased SVR rates up to 85% in
treatment-naïve HCV genotype 1 infected patients,
without worsening the known side effects associated
[36,37]
with pegIFNα/RBV dual therapy
.
Viral polymerases are prime targets for the deve
lopment of antiviral drugs since their enzymatic sites
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are highly conserved between different genotypes. In
addition, mutations in the active site of viral polymerases
are rarely well tolerated, because they are often
associated with reduced viral replication. However, the
clinical use of numerous developed nucleoside and
nucleotide NSB5 polymerase inhibitors has been halted
for toxicity reasons. In 2014, the marketing approval of
the first nucleotide NS5B polymerase inhibitor Sofosbuvir
(Sovaldi, Gilead Sciences) represented a major milestone
in the treatment of chronic hepatitis C. Considered safe
and well-tolerated with pan-genotypic activity and a
high barrier to resistance, Sofosbuvir - once daily in
combination with pegIFNα/RBV dual therapy for 12 wk
- improved SVR rates to 82%-100% in treatment naïve
[38]
patients infected with genotypes 1, 4, 5 or 6 .
A further step forward toward the next generation of
HCV treatment represented the first DAA only regimes
(pegIFNα-free, RBV-free). Daclatasvir (Daklinza, BristolMyers Squibb) and ledipasvir (Gilead) are inhibitors of
the HCV NS5A protein, which play an important role in
HCV replication and assembly. Both molecules possess
[39]
high potency, with a broad coverage of genotypes .
The combination of ledipasvir and sofosbuvir in a oncedaily, single-tablet regime (Harvoni, Gilead) resulted
in high rates of SVR (93%-99%) in treatment naïve
HCV genotype 1 patients and previous non-responders
[40-43]
to pegIFNα/RBV dual therapy
. In October 2014,
Harvoni was approved for the treatment of patients with
chronic HCV genotype 1. The combination sofosbuvir
and daclatasvir once daily in a two-tablet regime in
patients infected with HCV genotypes 1, 2 or 3 revealed
SVR rates ranging from 89% to 100% in previously
[44]
treated or untreated chronic HCV infection
and
received also marketing authorization. Impressive SVR
rates (> 90%) have been also reported for the dual
regime of daclatasvir (Daklinza, Bristol-Myers Squibb)
and the second-wave NS3/NS4A protease inhibitor
[45]
asunaprevir (Sunvepra, Bristol-Myers Squibb) . The
first regulatory approval for this combination in patients
with HCV genotype 1 infection has been obtained in
[46]
Japan . Similarily, a combined regimen of simeprevir
(Olysio, Janssen) and sofosbuvir (Sovaldi, Gilead
Sciences) was efficacious, well tolerated and approved
[47]
for HCV genotype 1 . The so-called 3D combination
containing the protease inhibitor ABT-450 with ritonavir
(ABT-450/r, AbbVie), the NS5A inhibitor ombitasvir
(ABT-267, AbbVie), the nonnucleoside polymerase
inhibitor dasabuvir (ABT-333, AbbVie) was associated
with cure rates of 99% and is expected to gain approval
[48]
in 2015 . Grazoprevir (MK-5172, Merck) a secondgeneration protease inhibitor in combination with the
NS5A inhibitor elbasvir (MK-8742, Merck) in a single
[49,50]
tablet and once-daily regimen
demonstrated
also impressive SVR rates and is expected to file for
regulatory approval.
The arrival of potent DAAs has revolutionized
chronic hepatitis C treatment, and all-oral pegIFNα-free
and RBV-free therapy, achieved by combining two or
three DAAs, is no longer science fiction. DAAs promise
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a highly effective, pan-genotypic, well-tolerated HCV
therapy with once-daily single-tablet regimens and
shorter courses of treatment (8-12 wk or probably
less). The rapid and dramatic reduction in plasma HCV
RNA levels observed during DAA treatment (negative
HCV-RNA 2-3 wk after starting DAA therapy) will
probably also facilitate the management and clinical
care of patients with chronic HCV infection. At present,
DAA treatments have not been sufficiently studied in
genotypes other than genotype 1 and patients who are
more difficult to treat, such as patients with advanced
fibrosis and cirrhosis or severe liver disease, patients
with HIV or HBV co-infection, patients with an indication
for liver transplantation and recipients, and patients
with renal failure and other co-morbidities. Results from
these clinical trials are impatiently awaited to evaluate
SVR rates, risk of drug-drug interactions, and rates of
side effects in these subsets of patients. Finally, recent
advances in high-throughput technologies assessing
simultaneously inhibitor potency and specificity may
guide to the development of anti-viral drugs with a high
safety profile. Analysis of first-generation NS3 protease
inhibitors using a high-throughput, super-family wide
specificity profiling revealed that telaprevir (Incivek,
Vertex) - but not boceprevir (Victrelis, Merck) - potently
inhibited two human proteases that are exclusively
[51]
expressed in the skin suggesting that the serious skin
reactions associated with telaprevir (Incivek, Vertex) is
mediated by an off-target inhibition of a human protein.
The SVR response is commonly used to describe the
successful treatment of HCV infection. SVR is regarded
as being equivalent to long-term viral eradication,
though there is still an ongoing debate whether nondetectable serum HCV RNA, following spontaneous
clearance or secondary to therapy, represents “true”
[52]
viral eradication . Reports of HCV reappearance have
been described for patients who had developed a SVR
[53]
following pegIFNα/RBV dual therapy . Although the
possibility of re-infection cannot be entirely excluded as a
cause of HCV recurrence, HCV RNA sequence comparison
studies in patients with late relapse demonstrated the
presence of the original HCV sequence before treatment
[54]
and after relapse , suggesting a “true” relapse of the
original virus rather than re-infection. Interestingly,
[55]
Veerapu et al
reported trace amounts of HCV RNA
that reappeared sporadically in the circulation within
eight years in some patients who experienced a SVR
after pegIFNα/RBV dual therapy. Although reappearance
of HCV RNA seems to be a rare event and did not result
[55]
in high-level viremia, Veerapu et al
demonstrated
in subsequent studies that these minimal amounts of
HCV RNA can cause infection in the chimpanzee model,
[56]
indicating the presence of replication-competent virus .
It is unclear how HCV achieves low-level persistence for
several years after successful pegIFNα/RBV dual therapy.
In contrast to HBV and human immunodeficiency virus
(HIV), HCV does not integrate into the host genome.
Whether HCV persists in the liver in a form that is also
refractory to eradication by successful DAA treatment
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has to be evaluated in long-term follow-up studies.

FUTURE CHALLENGES IN HCV
INFECTION
Highly effective DAA-based regimes for the treatment
for chronic hepatitis C are available. In addition, current
drugs in the anti-HCV pipeline promise further DAA
with excellent potency, improved tolerance and safety
[57]
profiles . The burden of HCV-related cirrhosis and
[58]
HCC is expected to rise over the next two decades ,
suggesting that advances in HCV therapy have arrived
at just the right time. Undoubtedly, introduction of DAAbased treatment regimes will have a long-term effect
on HCV prevalence and HCV mortality and morbidity.
However, the real impact of DAA-based treatment on
the rising burden of HCV-related liver disease is currently
difficult to estimate and depends on the number of
patients who are receiving treatment. To increase
this population, a process of identifying HCV-infected
patients and effectively linking them to appropriate care
and DAA-based treatment will be essential.

HCV screening

In many countries, testing for HCV is recommended
for persons who are at high risk, such as injection drug
users, persons who received blood transfusions or organ
transplants before July 1992, and HIV-infected patients.
However, a national health and nutrition examination
survey of United States households from 2001 through
2008 revealed that half of the HCV-infected individuals
were unaware of their HCV infection status, indicating
limited effectiveness of current HCV testing recom
[59]
mendations . Thus, despite highly effective DAA-based
treatment regimes, there might be a modest impact on
the rising burden of HCV-related liver disease due to the
large pool of unidentified HCV-infected individuals. The socalled “hidden HCV population” may include individuals
who deny past risk behaviors for HCV infection, individuals
who had been exposed to blood products or invasive
procedures in countries with high HCV endemicity or poor
precautionary measures to prevent infections, former
healthcare workers at risk for occupational exposure
to blood or body fluids and, finally, recipients of blood
products or organs before 1992 who had not yet been
tested for HCV infection. To increase the identification
of individuals with chronic hepatitis C and link them to
appropriate care and treatment, the United States Centers
for Disease Control and Prevention now recommend
that adults born during 1945 and 1965 should receive a
one-time testing for HCV without prior ascertainment of
HCV risk (the so-called “birth-cohort screening”) because
several studies have shown that this cohort has the
[60]
highest prevalence of anti-HCV antibodies . Additional
innovative HCV screening approaches and health policies
to better identify those chronically infected by HCV are
urgently needed. HCV screening programs in developed
countries should also consider the epidemiological
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changes around the world caused by immigration from
countries with high HCV prevalence, such as those in
[61]
Africa . HCV testing requires both an antibody test and
HCV RNA follow-up testing. While simple and rapid tests
[62]
for HCV-specific antibodies have been developed ,
HCV RNA testing still requires a specialized laboratory.
Complete testing is critical to ensure that those who are
chronically infected receive the care and treatment they
need. Simplification of HCV diagnosis is warranted to
reduce the number of patients lost before the HCV-RNA
follow-up testing. The development of highly sensitive
and specific tests for detection of the HCV core antigen,
in combination with the detection of anti-HCV specific
[63]
antibodies , may help identify patients with current
infection more rapidly, and guide them to therapy in
particular in countries where state-of-the-art molecular
diagnostic methods are not widely available. The
majority of HCV-infected individuals live in low-income
or resource-limited regions of the world, where unsafe
medical procedures and injections remain risks for HCV
and where access to HCV testing is still limited. The key
challenge for the next decade is to initiate appropriate
HCV screening and counseling programs for countries
with political and economic instability.

HCV drug development, such as HCV replicons, have
been discovered or developed in public research sectors.
It is hoped the current costs of hepatitis C treatment
would spur new political debates over patents, pricing for
DAAs and government-owned industrial corporations,
as well as the establishment of national and global
HCV programs facilitating access to HCV treatment, in
particular for patients who are not covered by health
insurance. The key challenge for the next decade is
widespread and affordable access to DAA treatment to
everyone infected with HCV, irrespective of liver disease
status. A broader implementation of DAAs will have a
much larger impact on HCV prevalence and HCV-related
morbidity and mortality.

Viral resistance

Selective pressure exerted by antiviral drugs can lead
to the emergence of drug-resistant viral variants. In
fact, resistant variants are selected rapidly during DAA
monotherapy with first generation protease inhibitors
[67]
(PIs) . PIs were, therefore, approved in a pegIFNα/
RBV backbone to minimize the development of viral
breakthroughs due to resistance mutations. Mutations
alone, or in combination at amino acid positions V36,
T54, V55, R155, A156, and V/I170, within the NS3/
NS4A sequence, have been associated with resistance
to first generation PIs. The pattern of resistance
mutation depends on the drug and differs according
the viral subtype. Nucleotide-heterogeneity leads to a
[68]
lower genetic-barrier in HCV genotype 1a vs 1b . A
retrospective study determined the frequency of PIresistant variants in patients, who did not achieve an
SVR following a telaprevir-containing pegIFNα/RBV
regime. Resistant variants were frequently observed
after the failure to achieve an SVR (86% for genotype 1a
and 56% for genotype 1b). Selected resistant variants
were replaced in the absence of an NS3/NS4A inhibitor
by the wild type virus within approximately 16 mo in
[69]
most patients , indicating that in contrast to HIV, DAAresistant variants are not archived. The recently approved
second-wave PI simeprevir is a macrocyclic compound
that non-covalently binds to the proteolytic activity of
NS3. Although first-generation and second-wave PIs
belong to different classes, viral variants carrying the
[68]
R155K mutation confer marked cross-resistance .
In HIV infection, antiviral drug resistance testing
before antiretroviral therapy initiation has become
an essential part of clinical care. Like HIV, resistanceassociated variants are naturally produced during the
HCV life cycle and their frequency mainly depends on
their replication efficacies relative to other pre-existing
[70]
variants. Bartels et al reported a low prevalence (< 3%
of patients) of naturally occurring resistance variants with
decreased sensitivity to first generation PIs. However,
the presence of a natural polymorphism Q80K is
clinically relevant and frequently found in HCV genotype
1a sequences. For this variant, an approximately tenfold
reduction in susceptibility to simeprevir has been

Cost of DAA-based treatments

Everything has a price, and the price of new HCV
medicaments is currently too high, though DAAs are
cheap to produce. In high income countries, the list
price of Harvoni is US $1125 per pill, which corresponds
to US $94000 for a 12-wk course of therapy. Although
several countries negotiate price discounts, prolongation
of treatment to 24 wk, as recommended in patients
[64]
with cirrhosis, further explodes health care costs .
High HCV treatment costs have stimulated an ethical
debate on whom to treat and whom not to. The highest
priority is given to patients with advanced liver fibrosis
and cirrhosis since, for these patients, the clock is ticking.
It is expected that HCV drug prices will decrease over
time due to approval processes of several other DAAs,
competition from other drug manufacturers, and growing
political pressure on drug companies. However, to allow
widespread access to HCV therapy in low- and middleincome countries, a significant drop in HCV drug prices
is necessary. The Egyptian government has negotiated a
deal with Gilead to buy Sovaldi at a 99% discount to the
United States price, which would imply a cost of about
US $900 if Sovaldi is used as part of a 12-wk treatment
course. Similar deals for lower prices are expected by
other countries with high HCV prevalence, such as India
[65]
[66]
and China. Hill et al and van de Ven et al calculated
that within the next 15 years, with a large-scale
manufacture of two or three DAAs, the cost for a 12-wk
course could be as low as US $100-$200, indicating
that HCV drug prices can be dramatically lowered.
High drug pricing has been often justified by the need
to compensate for intense research and development.
However, it is important to note that essential tools for
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[71]

[75]

observed . HCV genotype 1a Q80K polymorphism is
heterogeneously distributed around the world, which
probably reflects the different geographical distribution
of two genotype 1a clades. A high prevalence of Q80K
has been observed in NS3 protease sequences from
HCV genotype 1a infected patients in North America
[72]
compared to those in Europe (48.1% vs 19.4%) .
Baseline Q80K mutation has a negative impact on
treatment outcome. Patients with Q80K mutation
showed reduced SVR rates in combination with PegIFN/
[73]
RBV compared to patients without baseline Q80K .
Thus, Q80K genotyping should be performed in HCV
genotype 1a infected patients before treatment with
simeprevir is initiated. Natural HCV sequence variations
are likely to play an important role in the context of
future antiviral drug development with pan-genotypic
activity. This is evidenced by the fact that natural
polymorphisms in genotypes 2b (i.e., S122R) and 3
(i.e., D168Q) render these virus isolates resistant to
[72]
simeprevir .
Pan-genotypic NS5A inhibitors daclatasvir and
ledipasvir will play an important role in all-oral DAA
combinations, although their specific mechanism of
action remains poorly defined. The NS5A protein is
organized into three domains and the principal resistance
mutations have been mapped on to the first 100 amino
acids within the amino-terminal DomainⅠ. The structure
of DomainⅠis dimeric and contains a conserved zinc[74]
binding site required for HCV replication . Patterns
of resistance-associated mutations of NS5A inhibitors
differ among genotypes. For example, resistance to
the NS5A inhibitor daclatasvir is primarily associated
with amino acid substitutions at residues M28, Q30,
L31, and Y93 for genotype 1a and L31 and Y93 for
genotype 1b. The prevalence of natural polymorphism
at positions associated with resistance to NS5A inhibitors
[40,41]
ranges from 10% to 14%
. Preexisting NS5Aresistant variants have been associated in some NS5Abased regimes with lower SVR rates. In one study, half
of the patients who had had a relapse after treatment
with the DAA combination ledipasvir and sofosbuvir
(Harvoni) NS5A-resistant variants were already present
[40]
at baseline . Similarily, the presence of baseline
NS5A-resistant variants decreased SVR rates to 76%
in a treatment regimen of grazoprevir (MK-5172) and
[49,50]
elbasvir (NS5A inhibitor, MK-8742)
.
The pangenotypic inhibitor sofosbuvir is a uridine
nucleotide analogue inhibitor of the HCV NS5B polymerase
and has a high genetic barrier for resistance. The
S282T mutation is the principal mutation that confers
decreased susceptibility to sofosbuvir. However, S282T
mutation has not been detected in treatment naïve
patients and is rarely observed in sofosbuvir-treated
patients, since S282T mutation induces a general cost in
terms of polymerase efficiency, which may translate into
[72]
decreased viral fitness . However, low frequency NS5B
substitutions at various amino acid positions (i.e., L159F,
V321A, C316N) were observed and associated with
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treatment failure in a subset of patients , indicating
that further studies are needed to understand the clinical
significance of these substitutions.
General drug resistance testing before DAA treat
ment and following treatment failure is currently not
recommended for HCV patients. More complete resistance
data and analyses from genotypic and phenotypic
resistance assays are needed to determine the clinical
impact of potential resistance-associated substitutions
and naturally occurring polymorphisms in HCV genotypes
that can confer differences in clinical response or complete
resistance to DAAs. Based on the results of these studies,
a defined drug resistance interpretation system can
be developed, and help decide retreatment strategies
for those subsets of patients who failed first-line DAA
treatments. Finally, medication adherence is expected to
be lower in real-word setting which may cause treatment
failures due to the emergence or spread of resistant
variants.

Vaccine development

Vaccines play a crucial role in controlling infectious
diseases and remain the most powerful tool to protect
against viral diseases. Eradication of smallpox by
worldwide vaccination represents the most crucial
[76]
achievement . Recent progress in poliovirus eradication
further underlines the fundamental role of vaccination
[77]
in combating viral diseases . Major progress has
been made in vaccine development for hepatotropic
viruses, allowing the application of efficient vaccines
against hepatitis A and B worldwide and, most recently,
[78]
the first vaccine against hepatitis E virus
has been
approved in China. However, despite major advances
in understanding immunity against HCV, a prophylactic
anti-HCV is still missing. Barriers that limit HCV vaccine
development are multifaceted and also include limited
efforts on part of the pharmaceutical industry. This is
illustrated by the fact that only a few promising HCV
candidate vaccines entered Phase 1 and Phase 2 clinical
[79]
trials . One of the major challenges in developing an
effective HCV vaccine is the high level of genetic diversity
among the different HCV strains and its high mutation
[2]
rate . The elicitation of a broad and durable neutralizing
antibody response, which prevents HCV infection
irrespective of the genotype, was first considered the
most appealing vaccine strategy; however, due to high
variability of HCV envelope glycoproteins, it is a difficult
approach. Furthermore, extensive glycosylation of HCV
envelope glycoproteins or their interaction with host
lipoproteins can attenuate the effect of neutralizing
[80]
antibodies . Currently, we are beginning to reveal the
crystal structures of the HCV envelope glycoprotein E2
[81,82]
alone and in its complex with a neutralizing antibody
.
More of these studies are needed to identify sites in HCV
envelope glycoproteins that are targets for neutralizing
antibodies. The observation that the humoral immune
response alone is insufficient to control HCV infection
and that HCV rapidly accumulates mutations in envelope
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glycoproteins, facilitating escape from neutralizing
[83]
antibodies , has shifted the primary focus in HCV
vaccine development to T cell-based vaccines. The
objective of an HCV T cell vaccine is to generate a
+
functional and long-lived HCV-specific memory CD4
+
and CD8 T cell response that confers protection from
chronic hepatitis C. Studies in humans have shown
+
+
that HCV-specific memory CD4 and CD8 T cells are
detectable for up to 20 years after spontaneous viral
[84]
clearance . To investigate the protective role of HCVspecific T cell memory responses, chimpanzees were
re-challenged with HCV, or cohorts of injection drug
users at high risk of HCV infection were followed up
at close intervals to detect HCV re-infections. These
studies demonstrated that resolution of HCV infection
does not prevent the risk of HCV re-infection. However,
HCV reinfection was characterized by attenuated
HCV replication and high rates of spontaneous viral
clearance of reinfection. Resolution of HCV reinfection
was associated with a rapid recall of HCV-specific T cell
immunity, indicating that HCV-specific memory T cells
play an important role in protection against secondary
[85]
HCV infection . Although these findings are considered
encouraging, the development of T cell-based HCV
vaccines is challenged by the fact that we still do not
have defined immunological correlates that predict a
protective anti-HCV T cell response.
The most promising HCV vaccine candidates are
currently viral vectors, such as adenovirus and vaccinia
virus, encoding HCV structural and non-structural
[86-90]
proteins
. Some of these vaccine candidates have
been applied in combination with plasmid DNA encoding
the same HCV proteins, the so-called “prime-boost
+
strategies”, to enhance the breadth of the elicited CD4
+
and CD8 T cell response. Protective effects of T cellbased vaccines have been tested in chimpanzees, which
remain the only reliable model for preclinical studies
[86]
of HCV vaccines. Folgori et al
demonstrated that
vaccination with adenoviral vectors and plasmid DNA
protected four of five vaccinated chimpanzees from
acute hepatitis induced by challenge with a heterologous
virus. Though these results are encouraging, it is difficult
to draw any definite conclusion regarding the perfor
mance of these vaccines in humans, because there are
important differences in the outcome of HCV infection
in chimpanzees compared with humans. Chimpanzees
clear HCV infection more frequently than humans and
chronic hepatitis C is less severe in chimpanzees since
[91]
they do not develop progressive hepatic fibrosis . To
advance HCV vaccine development, a Phase Ⅰ study,
assessing the safety and immunogenicity of adenoviral
vectors engineered to express viral proteins of HCV
genotype 1b (ClinicalTrials.gov NCT01070407), has
been tested in healthy volunteers. Vaccination was safe
+
and well-tolerated, and induced long-lived CD4 and
+
CD8 T cell response with cross-genotype recognition,
indicating the potential of cross-genotypic protection
[89]
of this vaccine candidate . However, the boosting
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effect of adenoviral vectors was limited due to the
induction of adenovirus-neutralizing antibodies and T cell
responses after the first immunization. To circumvent
this negative effect, alternative boosting vectors,
such as vaccinia virus, are used to maintain a long[92]
term memory response. Recently, Swadling et al
tested an HCV T cell vaccination strategy composed on
heterologous viral vectors (adenovirus 3 and modified
vaccinia virus Ankara) in a phaseⅠhuman study. This
+
+
approach generated high levels of both CD8 and CD4
HCV-specific T cells targeting multiple HCV antigens
irrespective of the host HLA background. Currently, HCVuninfected active injection drug users are vaccinated
with adenoviral vectors and a modified vaccinia virus
Ankara in a phase Ⅰ/Ⅱ, double-blinded, placebocontrolled study (NTC01436357). Results of this vaccine
trial are expected to be available in 2016.
Progress in HCV vaccine development is also
hampered by the lack of a small and suitable animal
model for the study of protective HCV-specific immunity
and efficiency of HCV candidates. Mice and rats are
naturally resistant to HCV infection. Engraftment of
human hepatocytes into the liver of immunodeficient
[93]
mice
has been proven to be an important model
to study the HCV life cycle and the evaluation of anti[94]
HCV drug candidates . However, due to the immuno
deficient background needed to prevent transplant
rejection, these mice are not suitable to study HCVspecific immunity. A fully immunocompetent mouse
model, which is susceptible to HCV infection, is urgently
needed to spur testing and prioritizing of HCV vaccine
candidates for clinical trials. Current concepts include the
development of so-called humanized mouse models,
in which human hepatocytes and immune cells are
grafted in highly immunodeficient mice. Although various
humanized mouse models engrafted with human
hematopoietic stem cells have already been developed,
[95]
dual engraftment of mice remains a difficult challenge .
Furthermore, there are a number of limitations in the
currently available humanized models. The development
and function of certain immune cell types have been
shown to be defective or immature. The defects are
probably due to the absence of human factors and
cytokines required for the differentiation and maturation
[95,96]
of immune cells
. Another approach toward a small
animal model for HCV infection and immunity consists in
the creation of a transgenic mouse model susceptible to
HCV infection. Identification of human factors required
[97]
for HCV uptake, such as human CD81 and occludin ,
has paved the way for the development of a transgenic
mouse model. Expression of human CD81 and occludin
in fully immunocompetent inbred mice rendered mice
[98,99]
susceptible to HCV infection
. However, a sustained
and prolonged HCV replication was observed only in
[99]
a profoundly impaired innate immune background .
Though in the short term there will be no mouse model
that accurately mimics the important hallmarks of HCV
infection in humans, these models may give some clues
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Figure 1 Milestones in hepatitis C virus basic research and treatment. HCV: Hepatitis C virus; DAA: Direct-acting antiviral; IFN: Interferons; IL28B: Interleukin28B; RBV: Ribavirin; pegIFNα: Pegylated interferon-alpha.
[100]

progression, including liver failure, cirrhosis and HCC .
Nevertheless, it is important to note that a virologic
cure does not necessarily reflect a cure from risk of
liver disease. Persistent hepatic inflammation and/or
progression to cirrhosis have been reported in a small
subset of patients following viral clearance. There is also
evidence that patients with advanced fibrosis or cirrhosis
remain at increased risk of HCC even several years after
[101,102]
viral clearance
. HCV-related cirrhosis or HCC is
projected to sharply climb in the next decade in most
countries. It is hoped that the recent breakthrough in
HCV treatment reaches the patient most in need, on
time.

Table 1 Key elements in future hepatitis C virus management
Innovative HCV screening programs
Education and counseling programs to reduce HCV transmission
Development and implementation of a global coordinated HCV action
plan
Rapid, accurate and cost-effective diagnostic testing methods to detect
HCV
Affordable prices of DAAs to allow widespread access to HCV
treatment
HCV drug resistance interpretation tools
Detailed understanding of cellular and molecular mechanisms involved
in liver regeneration after HCV cure
Reinforcement of vaccine research and development
HCV: Hepatitis C virus; DAAs: Direct-acting antivirals.
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REVIEW

Radioembolization with Yttrium-90 microspheres in
hepatocellular carcinoma: Role and perspectives
Cristina Mosconi, Alberta Cappelli, Cinzia Pettinato, Rita Golfieri
therapy for hepatocellular carcinoma (HCC); however,
current data are all based on retrospective series or
non-controlled prospective studies since randomized
controlled trials comparing it with the other liver-directed
therapies for intermediate and locally advanced stage
HCC are still underway. The data available show that
TARE provides similar or even better survival rates when
compared to transarterial chemoembolization (TACE).
First-line TARE is best indicated for both intermediatestage patients (staged according to the barcelona clinic
liver cancer staging classification) who have lesions
which respond poorly to TACE due to multiple tumors
or a large tumor burden, and for locally advanced-stage
patients with solitary tumors, and segmental or lobar
portal vein tumor thrombosis. In addition, emerging
data have suggested the use of TARE in patients who
are classified slightly beyond the Milan criteria regarding
radical treatment for downstaging purposes. As a secondline treatment, TARE can also be applied in patients
progressing to TACE or sorafenib; a large number of
phase Ⅱ/Ⅲ trials are ongoing with the purpose of
evaluating the best association with systemic therapies.
Transarterial radioembolization is very well tolerated and
has a low rate of complications which are mainly related
to unintended non-target tissue irradiation, including the
surrounding liver parenchyma. The complications can be
additionally reduced by accurate patient selection and a
strict pre-treatment evaluation including dosimetry and
assessment of the vascular anatomy. Since a correct
treatment algorithm for potential TARE candidates is
not clear and standardized, this comprehensive review
analyzes the best selection criteria for patients who really
benefit from TARE and also the new advances of this
therapy, which can be a very important weapon against
HCC.
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Abstract
Transarterial radioembolization (TARE) is a form of
brachytherapy in which intra-arterially injected yttrium90-loaded microspheres serve as a source for internal
radiation purposes. On the average, it produces disease
control rates exceeding 80% and it is a consolidated
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This scenario has led to new therapies for the best
management of intermediate/advanced-stage HCC
and, in this setting, available data have shown that
transarterial radioembolization (TARE) could be an
effective therapeutic option.
In the present review, the recent results of TARE
regarding technical aspect, tumor response, survival
rates, adverse events and safety have been summarized.
The potency of TARE has been focused on, with the aim
of providing its optimal use in daily practice in different
settings and for conducting effective clinical trials on
patients with intermediate/locally advanced-stage HCC.
The new dosimetric advances affecting tumor response
and safety have also been reviewed and the future
direction for TARE has also been discussed.

Core tip: Transarterial radioembolization (TARE) is a
consolidated therapy for hepatocellular carcinoma.
TARE is best indicated for both intermediate-stage
patients (according to the Barcelona clinic liver cancer
staging classification) who have lesions which respond
poorly to chemoembolization due to multiple tumors
or large tumor burden, and for locally advanced-stage
patients with solitary tumors, and segmental or lobar
portal vein tumor thrombosis. Moreover, emerging data
have suggested the use of TARE in patients who are
classified slightly beyond the Milan criteria regarding
radical treatment for downstaging purposes. This
review analyzes the best selection criteria for patients
who really benefit from TARE.
Mosconi C, Cappelli A, Pettinato C, Golfieri R. Radioembolization
with Yttrium-90 microspheres in hepatocellular carcinoma: Role
and perspectives. World J Hepatol 2015; 7(5): 738-752 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i5/738.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i5.738

TECHNICAL ASPECTS
The aim of TARE is to selectively target a high radiation
dose to tumors within the liver, regardless of their
cell of origin or location, while radiation to the normal
liver is kept at tolerable levels. This is achieved by the
preferential deposition of microspheres carrying a high
energy radiation source [Yttrium-90 (90Y), 0.97 MeV],
a beta-emitter, within the tumor capillary bed so that
a tumoricidal dose of radiation (100 to 1000+ Gy) is
absorbed over a limited range (mean tissue penetration
2.5 mm; maximum 11 mm) for a limited time; 90Y
decays to stable zirconium-90 with an average half-life
[18]
of 2.67 d (64.2 h) .
Transarterial radioembolization is defined as the
injection of micron-sized embolic particles loaded with
a radioisotope by means of percutaneous transarterial
techniques in order to deliver high focal doses of
radiation to tumors.
Transarterial radioembolization is similar to TACE
as regards the technical aspects of the procedure since
both require selective or superselective catheterization of
the tumor-feeding vessels; however, both the principles
and the mode of action of radioembolization are
fundamentally different from conventional embolization
or TACE. For the latter to be effective, the vessels feeding
the tumor are filled with chemotherapeutic agents and
are subsequently embolized with particles to ensure
a static, ischemic environment in order to maximize
exposure to those agents, and to promote ischemic
necrosis. In contrast, for intra-arterial radioembolization
to be effective, optimal perfusion and blood flow are
required to allow the generation of free radicals by
ionization of the water molecules near the DNA of the
tumor cells. In the presence of normal oxygen tension,
permanent DNA damage is caused to one or both DNA
strands, and apoptosis is initiated or reproductive death
[18]
is eventually achieved . Maximal cytoreduction by
radiation requires not only normal oxygen tension in the
target cells but also sufficient microsphere coverage of
the tumor nodule to avoid gaps in cumulative radiation
due to crossfire ‘‘cold spots’’ or a low total dose of
[18]
radiation in the tumor . For this reason, the particles

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common
malignancy worldwide, with more than 700000 cases
[1]
diagnosed yearly and is the third most common cause
[2,3]
of cancer-related mortality .
The current staging system, the barcelona clinic
liver cancer (BCLC) staging classification recommends
transarterial chemoembolization (TACE) as the standard
of care for intermediate HCC (BCLC-B stage) and
[4,5]
systemic therapies for advanced HCC (BCLC-C stage) .
[6]
Albeit a systematic review by Llovet et al has
reported an increased survival rate in patients treated
with TACE; its low efficacy has however been demon
[7-10]
strated in large (> 5 cm) and in multinodular tumors
.
[11]
A multicentric Japanese
study showed a significant
decrease in 3-year survival after superselective TACE for
lesions > 5 cm and multiple lesions (four or more) and
an inverse correlation between survival and tumor size
and number; in fact they obtained, in group of ChildPugh A, the highest 3-year survival (80%) in patients
with single lesion ≤ 2 cm and the lowest 3-year survival
(30%) in patients with more than 4 lesions ≥ 5.1
cm and, in the group of Child-Pugh B, highest 3-year
survival (65%) in patients with 2 lesions ≤ 2 cm, and
the lowest (0%) in patients with three lesions ≥ 5.1 cm.
Regarding Sorafenib, a receptor tyrosine kinase
[12,13]
inhibitor, two large randomized trials
, together with
[14-16]
other studies
, have reported a benefit in terms of
survival rate in advanced HCC with distant metastasis
and/or vascular invasion. However, in a subsequent
subanalysis of these trials, the tolerability of Sorafenib
was revealed to be suboptimal; it was down-dosed in
more than half of the patients and interrupted in 45%
of patients due to severe adverse events (AEs) or liver
[17]
function deterioration .
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Table 1 Characteristics of commercially available Yttrium-90-microspheres for transarterial radioembolization (modified from
[72]
Sangro et al )
SIR-Spheres
Isotope 90Y
Half-life (h)
Microsphere material
Microsphere diameter (μm)
Average size (μm)
Approximate activity per microsphere (Bq)
Number of microspheres per 3 GBq
Specific gravity (g/mL)
Activity per commercially available vial (GBq)
Activity calculation
Estimated dose to the central vein area (Gy) in the
montecarlo simulation3
Embolic effect
Contrast agent injection
Indication

1

TheraSphere

2

Attached to the surface
64.1
Resin
20-60
32.5
50
40-80 × 106
1.6
3 (can be divided)
Compartmental MIRD macrodosimetry or empirical
formula based on liver volume and tumor volume
59

Incorporated into the glass matrix
64.1
Glass
20-30
25
2500
1.2 × 106
3.6
3, 5, 7, 10, 15, 20
Non-compartmental MIRD
macrodosimetry
58

Moderate
During infusion
United States (FDA PMA): colorectal liver metastases

Mild
None
United States (FDA HDE):
hepatocellular carcinoma

1

Sirtex Medical, North Sydney, Australia; 2BTG International Canada Inc., Ottawa, Ontario, Canada; 3From Gulec et al[40]. 90Y: Yttrium-90; MIRD: Medical
Internal Radiation Dosimetry; FDA: Food and Drug Administration; PMA: Pre-Market Approval; HDE: Humanitarian Device Exemption.

used for radioembolization must be small enough
(approximately 20 to 40 mm) to allow optimal access
into the tumor nodules and deposition within the tumor
plexus, without creating ischemia, but large enough
to prevent the passage of microspheres through the
capillary bed into the venous circulation leaving the liver.
Two types of microspheres loaded with 90Y are
commercially available, one made of resin (SIR-Spheres;
Sirtex Medical, Sidney, N.S.W., Australia) and an
alternative made of glass (TheraSpheres, MDS Nordion,
Toronto, Ont, Canada); the differences include the amount
of activity contained in each microsphere and the number
of microspheres injected in a single treatment (< 5
million to 10-30 million for glass and resin microspheres,
respectively); however, their efficacy, toxicity and clinical
outcome are similar (Table 1).
[19]
An HCC is a radiosensitive tumor
but external
beam radiation therapy (EBRT) is not widely used due
to severe liver toxicity [radiation induced liver disease
(RILD)] when the dose absorbed by the liver is greater
[20,21]
than 35 Gy
and lower doses, in order to spare the
liver parenchyma, do not obtain a tumoricidal effect;
[22,23]
an effective dose must exceed 70 Gy
.
In both resin and glass microspheres, the primary
mechanism of action is to the result of a localized
radiotherapeutic effect (brachytherapy) rather than to
[24-26]
microvascular embolization and tumor ischemia
.
The radiation dose absorbed depends on the micro
sphere distribution within the tumor, mainly resulting
from the arterial hepatic hemodynamic and tumor
vascularization. In this way, tumors can be exposed
to a higher radiation dose than with EBRT. In TARE,
dosimetry planning, the administration and delivery of
the radiation, modification of the dose on the basis of
tumor and hepatic volume, and the knowledge required
regarding radiation effects on tissue make this therapy
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a brachytherapy procedure as well.

TARE PROCEDURE
Patient selection

The specific technical aspects of the TARE procedure
have recently been addressed by an International
[27]
Working Group , and a detailed review of the method
ological and technical aspects of the procedure was
[28]
undertaken by Salem et al .
A multidisciplinary team consisting of professionals
from interventional radiology, hepatology, medical,
surgical and radiation oncology, and nuclear medicine
is involved in selecting patients suitable for radio
embolization. The patients are selected according to
the following criteria.
Inclusion criteria: (1) confirmed diagnosis of
unresectable HCC; (2) age > 18 years; (3) Eastern
Cooperative Oncology Group performance status ≤
2; (4) adequate hematologic parameters (granulocyte
count < 1.5 × 109/L, platelet count > 60 × 109/L),
renal function (serum creatinine level < 2.0 mg/dL) and
liver function (serum total bilirubin level < 2.0 mg/dL);
and (5) the ability to undergo angiography and selective
visceral catheterization. The majority of patients have a
Child-Pugh score ≤ 7 even though a Child-Pugh score
> 7 is not an absolute contraindication.
Exclusion criteria: (1) any other liver-directed therapy
planned for cancer treatment; (2) uncorrectable flow
to the gastrointestinal tract; (3) lung shunting > 20%
(resin microspheres) or estimated radiation doses to
the lungs > 30 Gy (with a single administration) or 50
Gy (with multiple administrations); and (4) significant
extrahepatic disease.
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In cirrhotic patients, the tumor volume has to be

TARE is the possible deposition of microspheres in
extrahepatic sites, in particular into the lungs due to
hepato-pulmonary shunts. Since doses to the lungs
can represent a limitation of the 90Y injected activity,
evaluation of the lung shunt is mandatory before TARE
(Figure 1D). Just after the pre-treatment angiography
150-200 MBq of 99mTc labeled macroaggregated
albumin (99mTc-MAA) are intra-arterially administered
into the arterial branch selected for the treatment.
Macroaggregated albumin particles, considered a
surrogate of microspheres, can be used to simulate
their distribution to the liver, lungs and, possibly, the
extrahepatic abdominal organs. The lung shunt fraction
is evaluated by means of antero-posterior planar or
whole body scintigraphy while the 3D distributions of
the microspheres inside the tumor and normal liver can
be evaluated by acquiring single photon emission CT
[32]
(SPECT) images . Scintigraphy is usually performed
within one hour after the injection of 99mTc-MAA in
order to avoid redistribution of free technetium and MAA
particles, causing false-positive extrahepatic findings.
The lung shunt fraction is obtained by planar
99mTc-MAA imaging as follows:

≤ 50% of the total liver volume while, in patients with

normal liver function, the tumor volume should not
exceed 70% of the total liver volume.

Pre-treatment evaluation

All patients undergo pretreatment assessment, con
sisting of history, and a laboratory and imaging workup, approximately 1/3 wk before the first planned
treatment. Pretreatment cross sectional imaging is
essential for treatment planning and post-treatment
response assessment.
Treatment with 90Y microspheres is a 2-stage
process involving an extensive work-up procedure to
assess the appropriateness of the patient for treatment
and to prepare the liver for radiation treatment, and
[29]
the treatment procedure itself . The pretreatment
work-up includes.
Imaging work-up: Three-phase contrast computed
tomography (CT) and/or gadolinium-enhanced
magnetic resonance imaging (MRI) of the liver should
be conducted for the assessment of tumor and nontumor volume, portal vein patency and the extent of
extrahepatic disease (Figure 1A and B).

LSF = Total countslungs/(Total countslungs + Total countsliver)
where:
(Total counts)lungs is the geometric mean of the
total counts in a region of interest (ROI) positioned
on the lungs in the anterior and posterior views of the
99mTc-MAA scan.
(Total counts)liver is the geometric mean of the
total counts in a ROI positioned on the liver in the
anterior and posterior views of the 99mTc-MAA scan.
The dose absorbed in the lungs, due to the shunt,
can be calculated using the following formula:

Pre-treatment angiography: Given the high
propensity for arterial variants and hepatic tumors
to exhibit arteriovenous shunting, all patients being
evaluated for 90Y must undergo pretreatment
[30]
angiography (Figure 1C) . This permits tailoring the
treatment plan according to each patient’s individual
anatomy and helps to assess the possibility of any
inadvertent spread of the microspheres to non-target
organs; this can be mitigated by the prophylactic
embolization of aberrant vessels to non-hepatic
[30]
targets . The superior mesenteric and celiac trunk
angiograms provide the interventional radiologists an
opportunity to study the hepatic vascular anatomy. The
patency of the portal vein and the presence of arterioportal shunting are also assessed. In some cases,
prophylactic embolization of the gastroduodenal artery
and right gastric artery is recommended as a safe and
efficacious mode of minimizing the risks of hepatoenteric
flow since this can lead to the inadvertent deposition of
microspheres in the gastrointestinal tract causing severe
ulcers which are highly symptomatic and difficult to
[31]
manage . Other vessels which need to be investigated
and potentially embolized are the falciform, inferior
esophageal, left inferior phrenic, accessory left gastric,
supraduodenal and retroduodenal arteries. Diagnostic
angiography is essential for ensuring that the blood
supply to the tumor(s) has been adequately identified
since incomplete identification of the blood supply to the
tumor may lead to incomplete targeting and treatment.
This facilitates accurate calculations of the target volume.

D (Gy)lungs = A (GBq)injected × LSF × 50/M (kg)lungs
A radiation absorbed dose limit of 30 Gy per
[33]
radioembolization treatment session is recommended .
The published upper limit for hepatopulmonary shunt
fraction is 20% for resin-based microspheres (SIR[31]
Spheres; Sirtex) .

90Y treatment

The 90Y treatment is carried out using well-known
[27,28,34]
guidelines
based on the experience of more than
900 90Y infusions carried out over a 5-year period.
The tumor is approached under fluoroscopic
guidance; the first part of the procedure is similar to
the pretreatment angiography after which the activity
vial is injected into the vessel feeding the tumor. The
device for administering the 90Y is designed to minimize
the radiation exposure of the personnel involved in
the procedure. A physicist is present throughout the
procedure to ensure that proper protocols are followed
in order to minimize accidental radiation exposure. In
some hospitals, immediately after the treatment, a

99mTc-macroaggregated albumin scintigraphy:
one of the most important complications related to
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A

B

C

D

E

F

G

H

Figure 1 Treatment with Yttrium-90 and response of infiltrative hepatocellular carcinoma. A and B: The pretreatment computed tomography (CT) showing
infiltrative hepatocellular carcinoma in the Ⅳ segment with associated tumor thrombosis of the left portal branch as visualized in the arterial phase and in the portalvenous phase; C: The pretreatment angiogram carried out with selective catheterization of the left hepatic artery, arising from the left gastric artery, confirms the
hypervascularization of the venous thrombus; D: The pretreatment 99mTc-MAA single photon emission computed tomography images showing the corresponding
uptake of MAA in the region of interest (tumor thrombus); E and F: The CT performed 1 mo after treatment showing both a significant decrease of the enhancement of
the portal venous thrombus and a reduction in the enlargement of the portal branch as a sign of response, better visualized at 1 year (G and H). Note the significant
“shrinkage” of the left lobe and the compensatory hypertrophy of the contralateral hepatic lobe. 99mTc-MAA: 99mTc labeled macroaggregated albumin.

Bremsstrahlung (gamma) scan or positron emission
tomography-CT is performed to evaluate 90Y distribution.

Personalized treatment planning is desirable for TARE and
can be carried out using 99mTc-MAA SPECT images and
volumes obtained from CT scans. The image fusion of
the CT and the SPECT images can help in the delineation
of volumes involved in the treatment.
An important limitation of TARE is the dose to the
normal liver because an excessive dose to the normal

DOSIMETRY
The main goal of TARE is to deliver a curative therapeutic
[35]
dose to the tumor while sparing normal tissues .
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parenchyma could induce radiation hepatitis and liver
[36]
failure . The spatial distribution of the microspheres
is crucial and may be very different for the two types
of spheres. When using resin microspheres, the dose
absorbed by the normal liver should be kept lower than
40 Gy to minimize the risk of liver failure, especially in
[36]
patients having compromised liver function . Although
personalized dosimetry would be the best approach
to TARE, it has not been standardized and is often not
attainable.
For these reasons, the majority of TARE treatments
are performed calculating the injected activity based
on empiric formulas suggested by the manufacturers
instead of following scrupulous dosimetric formalism.
In the following paragraphs, the standard methods for
activity assessment have been briefly described for both
glass and resin microspheres.

A (GBq) = (BSA - 0.2) + Vtumor/(Vtumor + Vnormal liver)
Where: BSA (m ) = 0.20247 × height (m) 0.725 ×
weight (kg) 0.425.
The BSA formula is considered safe for patients
with compromised liver function or for particularly small
patients. A reduction of the amount of activity up to 20%
is recommended for lung shunts greater than 15%.
2

Dosimetric approach

The empiric methods suggested by both manufacturers
do not represent a real dosimetric approach to the
treatment because the distribution of the 90Y micro
spheres and the uptake ratio between the tumor and
the normal parenchyma are never considered, thus
preventing any accurate dosimetric evaluation.
A dosimetric approach based on Medical Internal
radiation Dosimetry (MIRD) formalism was proposed
by SIRTEX as a “partition model” and has been
[40]
formalized with MIRD equations by Gulec et al . The
MIRD formalism is based on the determination of the
fraction of activity (fractional uptake) which is trapped
by the tumor, normal liver and lungs, respectively, by
the masses of each compartment which are calculated
using CT images. The fractional uptake, representing
the fraction of activity reaching each compartment, is
measured by 99mTc-MAA SPECT images, calculating
the tumor to liver ratio and the lung shunt fraction.
Because the dose to the normal parenchyma is the
most important limiting factor, the administered activity
can be calculated as the activity delivering the selected
nominal dose to the liver, as follows:

Glass microspheres

The activity determination for glass microspheres,
proposed by the manufacturer (TheraSphere 90Y
Glass Microspheres Users Manual. BTG cercare nuovo
indirizzo), is based on a nominal target dose (80-150 Gy)
to the treated mass (M), which can be measured by CT
images. This approach assumes a uniform distribution
of the microspheres throughout the treated volume,
including the tumor and the normal parenchyma:
A (GBq)glass = D (Gy) × M (kg)/50
Lung dose should be kept to less than 30 Gy for a
single injection and less than 50 Gy as a cumulative
[37]
dose for multiple injections .
Using the above formula, the dose delivered to the
tumor is not known; however, going on the assumption
that tumors have an higher vascularity as compared to
the normal parenchyma, it is reasonable to predict that
the prescribed dose be at least that which is absorbed
by the tumor in order to prevent liver fibrosis.

A (GBq)injected = D (Gy)liver × M (kg)liver/50
where:
A(GBq) is the 90Y injected activity;
D(Gy) is the nominal dose to the liver;
M(Kg) is the liver mass;
and 50 is a constant which depends on the physical
characteristics of 90Y.
Once the fraction of activity reaching each compart
ment/tissue is measured, the corresponding absorbed
dose is evaluated using the following formula:

Resin microspheres

Two methods are proposed by SIRTEX to determine
the activity of 90Y to be injected: the empiric method
[38]
and the body surface area (BSA) method .
The empiric method suggests a standard amount of
activity based on tumor involvement only, considering
three varying degrees of tumor involvement.
Tumor ≤ 25% of the total mass of the liver by CT
scan = 2 GBq whole-liver delivery.
Tumor ≥ 25% but ≤ 50% of liver mass by CT
scan = 2.5 GBq whole-liver delivery.
Tumor ≥ 50% of liver mass by CT scan = 3 GBq
for whole liver delivery.
It is important to point out that this method is not
[39]
recommended by the scientific community .
The BSA method is a variant of the empiric method
which calculates the injected activity, taking into account
the patient’s BSA and the fraction of liver volume
involved by the tumor:
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D (Gy)tissue = 50 × A (GBq)tissue/M (kg)tissue
The 99mTc-MAA particles are considered a surrogate
of the microspheres, and their distribution inside tissues
is representative of the microsphere distribution. It is
very important to point out that, using 99mTc-MAA
SPECT images, it is possible to carry out provisional
dosimetry before the 90Y infusion, although it presents
several limitations. In particular, the major limitations of
this approach are the different size and specific gravity
of 99mTc-MAA and the 90Y microspheres, the different
volume and velocity of injection, the reproducibility of the
exact site of injection and the hemodynamic conditions
inside the tumor which can be considerably different
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between the 99mTc-MAA and the 90Y treatments.
Furthermore, the MIRD approach assumes the uniform
distribution of the microspheres and measures average
doses while, especially in tumor masses, the dose is
strongly dependent on heterogeneous vessel density.
However, despite the limitations listed above, the
higher mean dose absorbed by the tumor masses,
calculated with 99mTc-MAA SPECT images, was predictive
of a better tumor response in patients affected by HCC
[41]
[35]
for both resin and glass microsphere treatments.
Furthermore, the intrinsic differences between
the two types of microspheres and, in particular, their
different numbers and specific activities, are responsible
for the different distribution of the microspheres inside
the tissues, more uniform for resin than for glass micro
spheres. Consequently, the published data regarding
dosimetry have reported higher values of the tumor
dose response for glass microspheres than for resin
[42]
microspheres .

necrosis.
Magnetic resonance imaging, especially using
diffusion-weighted imaging (DW-MRI) and gadoliniumethoxybenzyl-diethylenetriamine pentaacetic acid
imaging (Gd-EOB-DTPA-MRI) identifies necrosis and
[44]
cell death
earlier (6-8 wk post-procedure in some
[34,45]
cases) and better than CT
.
Regarding the assessment of treatment response,
the clinical studies conducted have mainly used modified
[46]
Response Evaluation Criteria in Solid Tumors
or the
European Association for the Study of the Liver (EASL)
criteria, the former measuring the diameter and the
[47]
latter the area of the enhancing tumor .

RESPONSE AND SURVIVAL ACCORDING
TO TUMOR STAGES
Tumor response after treatment

The benefits of 90Y TARE in patients with HCC have
[48-53]
been widely described
. Current data report a
response rate which varies among published studies,
mainly due to the heterogeneous populations enrolled
(Table 2).
[54]
In an early study , a 50% reduction in tumor volume
was reported in 19 (26.7%) out of 71 patients after the
first treatment. More recently, a German multicenter
[55]
study (carried out on 108 patients) reported complete
response (CR) in 2 (3%) patients, partial response in 23
(37%) and stable disease in 33 (53%) patients 3 mo after
treatment, using the EASL criteria.
In a European prospective study involving 52 patients
[56]
with a median follow-up of 36 mo, Mazzaferro at al
reported an objective response and a disease control rate
of 40.4% and 78.8%, respectively, according to the EASL
response criteria; there was a CR in 5 patients (9.6% of
cases).

POST-TREATMENT ASSESSMENT AND
FOLLOW-UP
To monitor tumor response and to identify any toxicity,
clinical, laboratory and radiologic follow-ups are
necessary. A regular follow-up includes liver function
tests, a complete blood count, tumor marker analysis
and cross-sectional imaging (CT and/or MRI) one
month post-treatment and then every three months.
Imaging after TARE is required to monitor the tumor
response but it is not always easy to interpret. Imaging
usually shows a change in both the appearance of
the tumor and the surrounding liver. Since the effect
of the radiation may not be manifested until after 30
d, imaging at 1 mo after the procedure is usually not
representative of the tumor response (Figure 1E and F).
However, a common early feature is the appearance of
rim enhancement surrounding the lesion; this is an early
sign of a fibrotic capsule and it is fundamental not to
[43]
erroneously consider it as a residual tumor . Instead,
in a period ranging from 8 to 12 wk after TARE (Figure
1G and H), there is noticeable tumor shrinkage and the
parenchyma also becomes atrophic as a consequence
of hepatic fibrosis and capsular retraction of the treated
area; atrophy of the treated area induces a compensatory
hypertrophy of the contralateral lobe especially after
lobar procedures (rather than after a segmental or
subsegmental approach). Another common feature is
the appearance of transient perfusion abnormalities in
the treated area, which should be differentiated from
residual or recurrent tumors. Furthermore, transient
hypoattenuating perivascular edema near the hepatic
and portal veins can also be observed on imaging.
Computed tomography is capable of identifying
changes in the size of the lesions, alterations in vascularity
and enhancement; the appearance of new intra or
extrahepatic lesions are well defined with this technique
but may limit the capability of documenting the tumor
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TARE in intermediate- and early-stage patients

According to the BCLC staging system recommendation,
in the intermediate stages, TACE is the first-line
therapy for asymptomatic patients with multinodular
[6,57-59]
unresectable HCC
. However, these data come from
trials which enrolled a large number of patients in the
early stage or patients in the intermediate stage but with
single-lobe involvement. Moreover, the TACE procedure
was performed with very different modalities all over
the world; the above-mentioned reasons explain the
wide differences in the 2-year survival rates observed in
prospective randomized trials (24%-63%) as well as in
[8]
retrospective series (11%-47%) .
Patients in intermediate-stage HCC who are treated
with TARE as a first-line therapy are generally patients
with a normal performance status for whom TACE is not
suitable due to voluminous disease with more than 5
nodules in both lobes or a single large nodule. In these
patients (BCLC-B stage), survival was approximately
[8]
15.4-16.6 mo , not very different from the median overall
survival (OS) of 15.6-17.4 mo observed in patients treated
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Table 2 Outcomes after transarterial radioembolization from recent studies (modified from Kim et al
Ref.

No. of patients

Response rate

Survival (mo)

Carr et al[48]

65

OR = 38%

Salem et al[50]

43

PR = 47%

Sangro et al[91]
Young et al[80]

24
41

PR = 24%; SD: 64%

Kulik et al[92]
Salem et al[63]
Sangro et al[8]
Mazzaferro et al[56]

71
123
325
52

PR = 42%; SD: 35%
RR = 72%

Okuda et al[90] Ⅰ: 21
Okuda et al[90] Ⅱ: 10
Okuda et al[90] Ⅰ: 24
Okuda et al[90] Ⅱ: 13
7
Okuda et al[90] Ⅰ: 21.7
Okuda et al[90] Ⅱ: 14.2
15.5
20.5
12.8
15

CR = 9.6%; OR = 40.4%

[89]

)

Prognostic factors

Main PVTT; AFP > 400 ng/mL tumor burden > 25%

Sex (female); Child-Pugh class; UNOS
ECOG; nodules > 5; INR > 1.2; extrahepatic disease
Response; Child Pugh class

PVTT: Portal vein tumour thrombosis; AFP: Alpha-fetoprotein; OR: Odds ratio; PR: Partial response; RR: Response rate; CR: Complete response; SD: Stable
disease; UNOS: United Network of Organ Sharing; ECOG: European Cooperative Oncology Group; INR: International Normalized Ratio.

Table 3 Comparison of response and median survival after transarterial radioembolization and transarterial chemoembolization from
[93]
recent studies (modified from Lau et al )
Ref.

Treatment

Lewandowski et al[69] TARE (TheraSphere1)
TACE
Kooby et al[88]
TARE (SIR-Spheres2)
TACE
Carr et al[68]
TARE (TheraSphere1)
TACE
Salem et al[63]
TARE (TheraSphere1)
TACE

n
43
43
27
44
99
691
123
122

OS (mo) TTP (mo) Response (CP/PR) % RR (CP/PR) % Downstaged/ Mean days in hospital
WHO/RECIST criteria EASL criteria
LT %
per treatment
35.7
18.7
6
6
11.5
8.5
20.5
17.4

33.3
18.2
NR

61
37
11
6
41
60
49
46

NR
13.3
8.4

86
71
NR

58a
31
NR

NR

NR

0a
3
1.7a
6
NR

72
69

25
36

0a
1.8

1

BTG International Canada Inc., Ottawa, Ontario, Canada; 2Sirtex Medical, North Sydney, Australia. aP < 0.05, response and median survival after
transarterial radioembolization vs transarterial chemoembolization. OS: Overall survival; TTP: Time to tumor progression; CP: Complete response; PR:
Partial response; RR: Response rate; WHO: World Health Organization; RECIST: Response Evaluation Criteria in solid tumors; TARE: Transarterial
radioembolization; TACE: Transarterial chemoembolization; EASL: European Association for the Study of the Liver; LT: Liver transplantation; NR: Not
reported.
[60-62]

with TACE
. Survival was even better after TARE than
after TACE in patients who were ideal candidates for
[8]
TACE as reported by Sangro et al with a median OS of
22.8 mo in patients with 1-5 nodules and 23.2 mo for
those with unilobar disease.
It has been widely reported that TACE is not
effective for large tumors, especially for tumors > 5
[10]
cm
or in the presence of multiple satellite nodules;
in this setting, TARE could be the first line treatment.
Numerous studies have compared TARE to TACE
in matched patient cohorts; Table 3 summarizes the
largest and the most noteworthy series reported in the
literature.
[63]
In a recent study, Salem et al , comparing TARE
and TACE in the entire cohort of patients achieved
a median OS for TACE and TARE patients (53%
intermediate-stage HCC and 35% early-stage HCC)
which did not significantly differ (17.4 mo for the TACE
group and 20.5 mo for the TARE group); moreover the
same study, analyzing only the survival of the BCLC
B group, showed similar results between TARE and
[64]
TACE (17.5 mo vs 17.2 mo, P = 0.42). Lance et al ,
in a recent retrospective study, did not report any
significant differences in survival when comparing 38
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patients treated with TARE and 35 treated with TACE
(median 8.0 mo vs 10.3 mo, P = 0.33, respectively).
However, significant data regarding comparison
between TARE and TACE are lacking because of the
well-known heterogeneity of the BCLC-B stage, which
includes different tumor characteristics in terms of
[65]
tumor number and size ; at the moment, in fact,
the data available are not sufficient to demonstrate a
significant difference between these two therapies. In
order to power a head-to-head equivalence trial with
TACE having overall survival as the main endpoint,
more than 1000 patients would have to be recruited,
and this would represent too large a sample, even for
[63]
a multicenter study .
Moreover, it is also necessary to evaluate the costeffectiveness of these two therapies considering, on
the one hand, the higher cost of TARE and, on the
other hand, the longer hospital stay and the cumulative
charges involved in repeated TACE procedures.
The shorter time to tumor response and the longer
time to tumor progression after TARE as compared to
TACE are two important considerations; these data
suggest a potential advantage of using TARE as a bridge
therapy in patients waiting for liver transplantation
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[63]

(LT) .
In fact, in the early stage, 90Y treatment is most
usually employed as a bridge to liver transplantation.
[66]
Riaz et al
have recently demonstrated that none of
the 15 patients treated with TARE prior to LT progressed
from United Network for Organ Sharing T2 to T3, and
8 out of 10 were downstaged from the T3 to the T2
stage; moreover, histology showed 100% necrosis in
89% of the lesions < 3 cm and 65% of the lesions 3-5
cm in size. The same authors and others had previously
[67,68]
analyzed
similar data in patients treated with TACE
prior to LT, showing 35%-57% complete necrosis in
lesions < 3 cm and 17%-42% in lesions 3-5 cm in
[9,67]
size
. A retrospective analysis by Lewandowski et
[69]
al
showed that TARE achieved better downstaging
than TACE (58% vs 31%, P = 0.023) in patients with
HCC beyond the Milan criteria, among which as many
as two-thirds were downstaged.
[70]
Gramenzi et al
have very recently reported that,
among the patients treated with TARE in the series
analyzed, two patients were successfully downstaged,
free from HCC recurrence and listed for LT.

(95%CI: 6.7-15.7; P = 0.392) but only in the TARE arm
were 2 patients fully downstaged to LT.
Even if liver failure or intrahepatic tumor growth
are the reasons for nearly 90% of deaths among HCC
patients, the presence of extrahepatic disease has
however been demonstrated to have a negative impact
on survival after TARE; the median OS was 7.4 mo in
[72]
a European series
and 5.4 mo in a United States
[71]
series . Evaluating this aspect, the fundamental aim
of the emerging studies was the combination of TARE
[73,74]
and sorafenib
. There was only one study which
evaluated the combination of TARE with sorafenib
[75]
published by Kulik et al ; this randomized study
compared the safety of combining TARE with sorafenib
to TARE alone in 20 patients intended for LT; seventeen
patients underwent liver transplantation, 9 patients
in the TARE group and 8 in the other arm. This study
showed that the combination of sorafenib and TARE
did not appear to influence complete pathological
necrosis and had similar survival rates (70% and 72%
at 3 years); moreover, the combination was associated
with more peri-transplant biliary complications and
potentially trended towards more acute rejections.

TARE in advanced stage patients

Sorafenib is the mainstay for treating advanced HCC,
defined by the presence of vascular invasion, extra
hepatic disease or deteriorated performance status in
a patient with at least partially preserved liver function;
it has been shown to improve survival in these patients
[12,13]
with or without portal vein tumor thrombosis (PVTT)
;
however, it is not without severe side effects.
Patients in the advanced stage treated by radioe
mbolization have median overall survivals ranging from
[71]
6-10 mo very similar to the 6.5-10.7 mo of the SHARP
and Asia-Pacific populations. Due to the lack of significant
macroembolic effect causing liver decompensation, PVTT
is not a contraindication for radioembolization; however,
prognosis is closely correlated to the PVTT extension; in
fact, patients with main PVTT have a poor prognosis (OS
ranging from 3 to 6 mo) as compared to the patients with
segmentary or lobar PVTT (OS ranging from 10 to 14
mo). Patients with PVTT and Child-Pugh B have a median
[72]
survival of 2-5 mo due to liver decompensation .
Currently, there is increasing evidence that TARE
can be delivered safely and effectively in patients with
lobar or segmentary PVTT. Table 4 reports several
studies with a median OS rate of approximately 10
mo. Therefore it is evident that TARE in BCLC-C stage
patients with PVTT could be an alternative to sorafenib
but a phase Ⅲ trial comparing TARE with sorafenib in
locally advanced HCC would be necessary to define the
role of these two therapeutic strategies in advancedstage HCC.
However, to date, only one retrospective series with
[70]
a propensity analysis has compared the outcomes of
two groups of patients treated with TARE and Sorafenib,
and it showed that these therapies provided similar
survival; the median OS of the Sorafenib arm was 13.1
mo (95%CI: 1.2-25.9) and of the TARE arm 11.2 mo
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SAFETY, TOLERABILITY AND TOXICITY
The safety of TARE in HCC has been well documented
[54,76,77]
in the literature
. In fact, this therapy has excellent
tolerability and a low incidence of complications resulting
from the irradiation of non-target tissues, including
the non-tumor liver compartment. The incidence of
complications can be additionally reduced by patient
selection and by rigorous pretreatment assessment,
including dosimetry models and the thoroughness of the
[66]
technique applied .
The main complications occurring after radioe
mbolization can be broadly classified into the following
groups: postradioembolization syndrome, hepatic
dysfunction, biliary sequelae, gastro-intestinal (GI)
[66]
ulceration, radiation pneumonitis and lymphopenia .
The majority of current reports in the literature use the
Common Toxicity Criteria of Adverse Events 3.0.
The most common side effect is postradioembolization
[50,78]
syndrome; its incidence ranges from 20% to 55%
.
Postradioembolization syndrome consists of the following
clinical symptoms: fatigue (54%-61%), nausea and
vomiting (20%-32%), fever (3%-12%), abdominal
[8,71]
discomfort (23%-56%), cachexia and anorexia
. The
degree of symptoms is reported to be less severe when
[71]
compared to TACE and, after TARE, they are generally
transient.
RILD is defined by the presence of jaundice, mild
ascites, a marked increase in bilirubin and alkaline
phosphatase, no change in transaminase levels and liver
[36]
function tests, the latter ranging from 15% to 20% .
It is described as a form of sinusoidal obstruction
[36]
syndrome which usually occurs 4-8 wk after TARE ;
[36]
Sangro et al , who described it for the first time,
performed in some patients affected by suspected
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Table 4 Response and median survival after transarterial radioembolization in hepatocellular carcinoma with or without portal vein
[90]
tumour thrombosis from recent studies (modified from Okuda et al )
PVTT

n

Child-Pugh A
No PVTT
PVTT (mixed)
First-order
Main
Child-Pugh B
No PVTT
PVTT (mixed)
First-order
Main
All patients
No PVTT
PVTT [mixed: main (12); first/second order (12); unknown (9)]
All patients
No PVTT
PVTT [mixed: main (32); first order (44)]
PVTT [mixed: main (6); first/second order (19)]

116
81
35
19
16
122
65
57
27
30
108
75
33
325
249
76
25

52
53
50
58
40
39
47
28
28
28
15
NR

69
77
50
58
40
52
67
32
40
24
40
NR

NR

NR

NR

NR

PVTT
Main
First order
No PVTT
PVTT [mixed: main (10)]
All patients
No PVTT
PVTT main
First order

22
12
10
20
15
108
71
12
25

NR

NR

NR

NR

42

70

Ref.
Salem et al[71]
TheraSphere1
no EHS

Hilgard et al[55]
TheraSphere1
30% EHS
Sangro et al[8]
SIR-Spheres2
9% EHS
Iñarrairaegui et al[94]
TheraSphere1 and SIR-Spheres2
Tsai et al[95]
TheraSphere1 and SIR-Spheres2
13% EHS
Woodall et al[96]
TheraSphere1
Kulik et al[92]
TheraSphere1
12% EHS

Response (CR/PR) % RR (CR/PR) %
WHO/RECIST criteria
EASL criteria

OS
17.2
22.1
10.4
16.6
7.7
7.7
14.8
5.6
6.5
4.5
16.4
16.4
10
12.8
15.3
10.7/9.7
10
7
4.4
7
13.9
3.2
NR
15.4
4.4
9.9

1

BTG International Canada Inc., Ottawa, Ontario, Canada; 2Sirtex Medical, North Sydney, Australia. PVTT: Portal vein tumor thrombosis; CR: Complete
response; PR: Partial response; WHO: World Health Organization; RECIST: Response Evaluation Criteria in solid tumors; RR: Response rate; EASL:
European Association for the Study of the liver; EHS: Extrahepatic disease; NR: Not reported; OS: Overall survival; Main: Main portal vein trunk; First
order: Right and/or left portal vein; Second order: Segmental branches of portal vein.

RILD the liver biopsy that showed extensive sinusoidal
congestion affecting perivenular areas with focal hepatic
atrophy, areas of necrosis around central veins with
fresh thrombosis, and some cholestasis in periportal
areas. These findings were consistent with hepatic
[18]
veno-occlusive disease. RILD ranges from 0%-4% ;
however, it is difficult to establish the actual incidence
of this complication, mainly due to the fact that the
majority of published series report the changes in
laboratory tests over different periods of time (from 30
d to the entire follow-up period).
The incidence of biliary sequelae after radioembo
[66]
lization is less than 10% . These complications may
result from the microembolic effect of the therapy or
radiation-induced injury to the biliary structures. The
majority of biliary complications are not manifested
clinically; clinical correlation with imaging findings is
recommended.
[79]
According to Atassi et al , < 2% of patients
required drainage of bilomas, treatment of abscesses
and cholecystectomies. However, the treatment is
not recommended in patients with main biliary duct
obstruction or stenting. Radiation cholecystitis requiring
[66]
surgical intervention occurs in less than 1% of cases .
Transarterial radioembolization can lead to severe
toxic effects as a result of the non-targeted distribution
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of 90Y-microspheres, such as radiation-induced
gastroduodenal ulcerations (less than 5% if proper
[66]
percutaneous techniques are used) . Severe epigastric
pain after treatment should be aggressively managed
as early management could prevent more serious
complications from occurring. Endoscopy may be required
to confirm the diagnosis. Cases refractory to proton
pump inhibitors may require surgical management. As
opposed to a normal ulcer which develops at the mucosal
surface, 90Y-induced ulcers originate from the serosal
surface. This may theoretically decrease the ability of the
ulcer to heal and complicate the surgical field from scars/
adhesions should surgery be required. Pretreatment
angiography is essential to identify vessels which may
supply the GI tract. However, gastrointestinal toxicities
can be avoided by using meticulous techniques.
Pneumonitis is a rare event due to the mandatory
[36,37]
quantification of pretreatment lung shunting
.
Monitoring of the development of pneumonitis is necessary
[37]
if the lung shunt fraction is greater than 13% . If standard
dosimetry models are used, the incidence of radiation
[66]
pneumonitis is well below 1% . Radiation pneumonitis
manifests as a restrictive ventilatory dysfunction. It is
radiologically seen as having a bat-wing appearance on
chest CT. Lung doses less than 30 Gy per treatment and
less than 50q Gy cumulatively are recommended.
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Mild to moderate lymphopenia may be experienced
in patients after TARE, but an association with increased
[48]
susceptibility to infections has not been demonstrated .
Other side effects to be expected after treatment are
a transient elevation in liver function tests, specifically in
alkaline phosphatase, bilirubin and alanine transferase
[36,80]
levels
.
In a retrospective analysis involving 325 patients
conducted on the database of the European Network on
Radioembolization with 90Y resin microspheres study
[81]
group , the clinical outcomes of elderly as compared to
younger patients were evaluated. The authors showed
that TARE was equally well tolerated in all cohorts and
that the common procedure-related AEs were of mildto-moderate intensity and of short duration. Moreover,
in the elderly cohort (≥ 75 years), no AEs were of
grades ≥ 3. The difference in the occurrence of severe
AEs was not statistically significant in the two cohorts.
Gastrointestinal ulceration was predominantly mild or
moderately severe in both the younger and the elderly
patients (P = 0.320); severe increases in total bilirubin
(to grade ≥ 3) at 3 mo as compared to baseline were
observed in 4.3% and 6.9% of the elderly and the
younger populations, respectively (P = 0.432) and in
4.2% of the very elderly population. A greater number
of elderly patients experienced hypoalbuminemia (P =
0.018) and elevated alanine transaminase (P = 0.015)
at 3 mo, although these changes were mild (grades 1-2).

of HCC.
The PREMIERE trial (NCT00956930), a United States
randomized trial, compares TARE with radiofrequency
ablation, TACE or their combination in patients with
unresectable HCC and well preserved liver function.
To date, as described above, no significant differences
between TACE and TARE have been found in terms
of survival rates, but TARE seems to be significantly
better tolerated regarding post-procedural abdominal
pain, length of hospital stay and post-embolization
syndrome.
Two important multicenter randomized-controlled
trials in advanced-stage patients are the Asia-Pacific
SIRveNIB trial (NCT 01126645) and the European
SORAMIC trial (NCT01126645); they compare TARE
and Sorafenib in HCC patients without extrahepatic
disease who are not suitable for TACE and also in
HCC patients with extrahepatic disease. The trials
are ongoing but preliminary results report that TARE
should be considered as good an option as sorafenib
in the same setting of patients. The YES-P trial (NCT
00537514) has recently begun; it is a large prospective
randomized clinical trial comparing TARE with glass
microspheres (TheraSphere®) vs sorafenib for the
treatment of advanced HCC with PVTT, involving up to
25 sites in Europe, Asia and North America.
Another important aspect to evaluate is the
[86]
quality of life after TARE; Salem et al
have recently
compared the quality of life (QoL) of HCC patients
treated with TACE (29 patients) vs those treated with
TARE (27 patients), using the FACT-Hep questionnaire (a
45-item self-report instrument specifically designed with
patient and clinician input to measure health-related
[87]
QoL in patients with hepatobiliary cancer) .
They did not observe any significant differences in
overall FACT-Hep health-related QoL scores between
the two groups, even if the TARE group had significant
improvement in several aspects of QoL as compared to the
TACE group. Currently, there is only one ongoing European
randomized trial, the SIRTACE study (NCT00867750),
which analyses the quality of life after TACE and TARE.
Finally, it is very important not to forget the cost
of the TARE procedure; a recent study by Kooby et
[88]
al , comparing the costs of TARE to those of TACE,
has demonstrated that the first is less expensive than
multiple TACE sessions, especially if drug-eluting beads
are used.
In conclusion, regarding TARE treatment, a multi
disciplinary team of experts is necessary to ensure the
best patient selection and to obtain optimal results; this
is possible only in tertiary level centers having certified
expertise, after thorough training of the staff.

CONCLUSION
Three categories of patients are potential candidates
for Y-TARE: (1) patients in the intermediate stage who
are not good candidates for TACE due to numerous or
bulky tumors; (2) patients in the advanced stage with
solitary HCC tumors and segmental or lobar PVTT; and
(3) patients with HCC in potential downstaging for a
radical approach.
[82]
Indeed, the European Society for Medical Oncology ,
[83]
the European Society of Digestive Oncology , and the
National Comprehensive Cancer Network have recently
included 90Y-TARE in their guidelines as a “bridge” option
before other treatment modalities (partial hepatectomy,
LT) as the principal therapy for patients with diffuse
intrahepatic tumor spread or as an alternative to TACE
[81,83]
in selected patients with contraindications for TACE
.
Moreover, the Consensus Recommendations of the
[84]
National Cancer Institute Clinical Trials Planning Meeting
stated that TARE may be used in selected patients with
HCC without extrahepatic disease who are amenable to
radical therapies.
Nevertheless, the American Association for the
[85]
Study of Liver Disease , EASL and the European
Organization for Research and Treatment of Cancer do
not include TARE in their guidelines.
For this reasons, relevant clinical trials are now
underway to establish the precise role of TARE in the
treatment of HCC, in particular multicenter RCTs re
garding both the intermediate and the advanced stages
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Influence of cirrhosis in cardiac surgery outcomes
Juan C Lopez-Delgado, Francisco Esteve, Casimiro Javierre, Josep L Ventura, Rafael Mañez, Elisabet Farrero,
Herminia Torrado, David Rodríguez-Castro, Maria L Carrio
cardiac surgery population. The presence of contributing
factors for a poor outcome, such as coagulopathy, a
poor nutritional status, an adaptive immune dysfunction,
a degree of cirrhotic cardiomyopathy, and a degree of
renal and pulmonary dysfunction, have to be taken into
account for surgical evaluation when cardiac surgery is
needed, together with the degree of liver disease and its
primary complications. The associated pathophysiological
characteristics that liver cirrhosis represents have a great
influence in the development of complications during
cardiac surgery and the postoperative course. Despite
the population of cirrhotic patients who are referred
for cardiac surgery is small and recommendations come
from small series, since liver cirrhotic patients have
increased their chance of survival in the last 20 years due
to the advances in their medical care, which includes liver
transplantation, they have been increasingly considered
for cardiac surgery. Indeed, there is an expected rise of
cirrhotic patients within the cardiac surgical population
due to the increasing rates of non-alcoholic fatty liver
disease and non-alcoholic steatohepatitis, especially
in western countries. In consequence, a more specific
approach is needed in the assessment of care of these
patients if we want to improve their management. In
this article, we review the pathophysiology and outcome
prediction of cirrhotic patients who underwent cardiac
surgery.
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Core tip: Cardiovascular risk factors are the same
for the development of cardiomyopathy and chronic
liver disease. Despite cirrhosis is not a recognized risk
factor within the risk scores for cardiac surgery, it is
well known that its pathophysiological characteristics
have the potential for a higher surgical risk and poor
prognosis in the perioperative course. In addition,

Abstract
Liver cirrhosis has evolved an important risk factor for
cardiac surgery due to the higher morbidity and mortality
that these patients may suffer compared with general
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to select manuscripts addressing outcome based on
the degree of LC, such as MELD and/or CTP scores.
Almost all the selected studies were retrospective,
[5,6]
with only two of prospective profile . The selection
of articles addressing the pathophysiology of cirrhotic
patients and the implications in CS was done based on
the importance, the latest publication and the citation
of the manuscripts. Note that morbidities are not
reported in detail in all the series and that the cause
of death is reported in only approximately 60% of the
dead patients.

these types of patients are increasingly considered for
cardiac surgery. Thus, there is a challenge in order
to improve the outcome of these patients based on
advances in procedures for cardiac surgeons and clinical
perioperative management for physicians.
Lopez-Delgado JC, Esteve F, Javierre C, Ventura JL, Mañez
R, Farrero E, Torrado H, Rodríguez-Castro D, Carrio ML.
Influence of cirrhosis in cardiac surgery outcomes. World J
Hepatol 2015; 7(5): 753-760 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i5/753.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i5.753

Epidemiology of LC in CS

The frequency of LC patients who are referred for CS
is low because of their compromised health status and
poor expected survival. On the other hand, in recent
years, increased longevity has contributed to the
increased incidence of hepatocellular carcinoma and
[7]
coronary artery disease in cirrhotic patients .
Demographic characteristics of the series described
in the literature and its aetiologies are showed in Tables
1 and 2. The aetiology of LC in those patients seems
to be linked with the aetiology of LC in the general
population and geographical differences: alcoholic LC is
more frequent in western series while viral LC is more
frequent in Asian series. One major problem is the
absence of series from other countries or regions, such
as Arabic countries or India.
The aetiology of LC is expected to change due to
the global obesity epidemic, which is associated with
the increasing prevalence of metabolic syndrome.
In consequence, a large cohort of patients that will
develop non-Alcoholic Steatohepatitis (NASH)-/nonalcoholic fatty liver disease (NAFLD)-related LC is
[8]
expected in CS . In future series, we would have to
consider the emergence of this phenomenon, which
have the same risk factors of cardiovascular disease.

INTRODUCTION
Despite liver cirrhosis (LC) is not included within
the most important cardiac surgery scores, such as
European system for cardiac operative risk evaluation
(EuroSCORE) or Parsonnet, it is considered a major
preoperative risk factor in cardiac surgery (CS), and
the outcome is strongly related to the severity of
[1]
liver disease in those patients . The risk of mortality
is higher compared with patients without cirrhosis,
[2,3]
especially with advanced liver disease .
The different anatomical and pathophysiological
characteristics that cirrhosis represents have a signi
ficant influence in their perioperative course. Mortality
has been widely studied among different series in the
literature. It is recommended that CS can be done
safely in patients with Child-Turcotte-Pugh (CTP) class B
and C or with a higher model for end-stage liver disease
[1-5]
score (MELD) with a cut-off ranging from 13 to 18 .
However, complications involving different features
from the basis of different pathophysiological conditions
are poorly described. Thus, further understanding is
necessary to significantly modulate the current surgical
results, and definitive recommendations and indications
for CS in the cirrhotic population have to be reviewed.
The understanding and evaluation of different score
systems is also an area of interest to identify patients
at risk. This review summarizes the influence of LC in
CS based on current literature, including their clinical
implications from a pathophysiological point of view.
This is important since the advancement in the medical
management and life expectancy of LC has led to the
increased eligibility of those patients for CS in the past
decades.

Pathophysiological considerations of LC in CS

The estimation of liver functional reserve and the
identification of coexisting pathophysiological disorders
associated with LC are key issues in the evaluation of
those patients before CS.
The occurrence of portal hypertension in LC leads
to variceal bleeding, ascites and spontaneous bacterial
peritonitis, and hepatic encephalopathy. Patients with LC
are at higher risk of liver-related complications during
[9]
the postoperative course of CS . In Tables 3 and 4
we show respectively the postoperative complications
and the mortality causes of these patients. Morbidities
are poorly studied in the majority of the series and LC
predisposes to other complications in CS in addition to
those liver-related complications. However, mortality is
higher when liver-related complications occur.
Regarding the diagnosis of LC, despite liver biopsy
remains the “gold standard”, it is not imperative in clinical
practice due to the advances in laboratory tests and
imaging tools, such as abdominal ultrasound, computed
[10]
tomography and magnetic resonance imaging . It

RESEARCH
Methods

The review of the indexed articles of series of patients
with LC who underwent CS was performed by means
of MEDLINE 1950 to March 2014 using the OVID
interface. Only one manuscript was excluded from
general LC analysis because it included patients from
[2]
a past described series . The present review aim
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Table 1 Demographic characteristics of cirrhotic patients undergoing cardiac surgery
Ref.

Country

Age (yr)

Sex (male)

Liver cirrhosis aetiology

Mean MELD/

Alcohol Viral (Hep B/Hep C) PBC/autoinmune Congestive Others
Klemperer et al[48]
United States 65 ± 8.3 11 (84.6%)
Suman et al[49]
United States 63.6 ± 12.6 27 (61.3%)
Filsoufi et al[9]
United States 58 ± 10
20 (74%)
Lin et al[51]
China
56
14 (77.7%)
An et al[44]
China
53 ± 13
10 (41.6%)
Hayashida et al[50]
Japan
64 ± 12
11 (61.1%)
Murashita et al[52]
Japan
69.9 ± 9.4
5 (41.6%)
Morisaki et al[45]
Japan
69 ± 8.5 31 (73.8%)
Sugimura et al[55]
Japan
61.1 ± 11.2 11 (84.6%)
Morimoto et al[56]
Japan
69.8 ± 9.4 21 (65%)
Thielmann et al[1]
Germany
62 ± 10
38 (66.7%)
Gundling et al[3]
Germany
65.4 ± 11.7 33 (70.2%)
Arif et al[54]
Germany
64 ± 10
82 (75.2%)
Bizouarn et al[6]
France
58.8 ± 13.9 8 (66.7%)
Vanhuyse et al[53]
France
65 ± 11
26 (76%)
Lopez-Delgado et al[5]
Spain
64.9 ± 11.6 10 (69%)

10
11
8
5
1
3
NA
5
4
7
NA
25
60
7
20
20

2
6 (3/3)
18 (5/13)
13
15
12
NA
27 (1/26)
4 (0/4)
25 (17/8)
NA
6 (3/3)
6
2
11
30 (4/26)

1
2
1
1
NA
2
1
NA
1
3
2
2
-

2
1
7
1
NA
7
1
NA
1
7
-

23
4
1
1
NA
7
1
NA
14
33
1
1
8

mean CTP
NA
11.5 ± 4.2/6.29
14.2 ± 4.2/NA
NA/NA
NA/NA
NA/NA
NA/6.3
11.8 ± 6/5.9 ± 1.6
8.6 ± 2.5/6.7 ± 2
11.5 ± 5.1/7.2 ± 1.9
13 ± 6/NA
NA/NA
11.6 ± 5.1/6.4 ± 1.5
NA/NA
12 ± 3.5/NA
16 ± 5.4/NA

Hep: Hepatitis; PBC: Primary biliary cirrhosis; MELD: Model for end-stage liver disease; CTP: Child-Turcotte-Pugh; NA: Not available.

Table 2 Demographic characteristics of liver cirrhosis aetiologies by region
Region

LC etiology

United States
China
Japan
Germany
France
Spain
Total (EU)
Total (Asia)

Alcohol

Viral

29 (32.6%)
6 (14.3%)
19 (17.4%)
75 (51%)
27 (60%)
20 (34.5%)
122 (48.8%)
25 (16.5%)

26 (29.2%)
28 (66.6%)
68 (62.4%)
12 (8.2%)
13 (28.8%)
30 (51.7%)
55 (22%)
96 (63.5%)

Total

PBC/autoinmune
4 (4.5%)
4 (3.6%)
4 (2.7%)
4 (9%)
8 (3.2%)
4 (2.6%)

Congestive

Others

3 (3.4%)
7 (16.8%)
9 (8.3%)
9 (6.1%)
9 (3.6%)
16 (10.8%)

27 (30.3%)
1 (2.3%)
9 (8.3%)
47 (32%)
1 (2.2%)
8 (13.8%)
56 (22.4%)
10 (6.6%)

89
42
109
147
45
58
250
151

PBC: Primary biliary cirrhosis; LC: Liver cirrhosis.

Table 3 Postoperative complications of cirrhotic patients undergoing cardiac surgery
Ref.

Morbidities

RI-AKI

Klemperer et al[48]
Suman et al[49]
Filsoufi et al[9]
Lin et al[51]
An et al[44]
Hayashida et al[50]
Murashita et al[52]
Morisaki et al[45]
Sugimura et al[55]
Morimoto et al[56]
Thielmann et al[1]
Arif et al[54]
Bizouarn et al[6]
Vanhuyse et al[53]
Lopez-Delgado et al[5]
Ranges

44% (7)
52% (14)
50% (9)
75% (18)
66.7% (12)
75% (9)
31.7% (13)
77% (10)
53% (17)
> 50%
58% (7)
43.1% (25)
31%-77%

23% (3)
13% (6)
15% (4)
5% (1)
29% (7)
28% (5)
15% (2)
9% (3)
39% (22)
53% (58)
21% (7)
79% (46)
5%-79%

RRT needs

Sepsis

15% (4)
15% (2)
39% (22)
24% (26)
9% (5)
9%-39%

38% (5)
11% (5)
18% (5)
22% (4)
17% (4)
33% (6)
23% (3)
9% (3)
9% (5)
58% (63)
25% (3)
50% (17)
21% (12)
11%-58%

Pulmonary
30% (4)
22% (6)
6% (1)
29% (7)
28% (5)
15% (2)
29% (10)
9% (10)
9% (3)
6%-30%

Bleeding
30% (4)
7% (2)
22% (4)
25% (6)
17% (3)
26% (9)
28% (16)
18% (6)
2% (1)
2%-30%

Liver
23% (3)
27% (12)
15% (4)
11% (2)
12% (3)
22% (4)
8% (1)
11% (4)
14% (8)
33% (4)
12% (4)
8%-23%

RI-AKI: Renal insufficiency or acute kidney injury; RRT: Renal replacement therapies.

would be advisable to perform a preoperative evaluation
of liver function in patients at risk with confirmed or
suspected liver disease in order to stage the severity. The
indocyanine green plasma disappearance rate (ICG-PDR)
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is useful for assessing hepatic functional reserve and
perfusion in the setting of CS. A lower preoperative ICGPDR value (e.g., below 8.2%/min) is an independent
predictor for mortality after CS and a marker of
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Table 4 Mortality causes of cirrhotic patients undergoing cardiac surgery
Ref.
Klemperer et al[48]
Filsoufi et al[9]
Lin et al[51]
An et al[44]
Hayashida et al[50]
Sugimura et al[55]
Morimoto et al[56]
Thielmann et al[1]
Gundling et al[3]
Bizouarn et al[6]
Vanhuyse et al[53]
Lopez-Delgado et al[5]
Total

Liver

Sepsis

Bleeding

4
3
1

2

1

5
2

1

2
5
2

2
1

1
1
1
8
2
1
4
1
38.5% (27)

3
6
38.5% (27)

Cardiovascular

Other
1-Bowel ischaemia

1
2
1-Bowel ischaemia
2

2
3

1; 1-Bowel ischaemia
7.1% (5)

7.1% (5)

8.6% (6)

1

Thirty-day mortality or in-hospital mortality.
[11,12]

prolonged intensive care unit (ICU) treatment

.

cirrhosis-associated immune dysfunction syndrome,
predisposes to an increased occurrence of systemic
infections, having a simultaneous substantial impact
on the development of liver dysfunction. Paradoxically,
depression and overstimulation of immune system
exist, resulting in an enhanced susceptibility to acute
inflammatory processes. There is also a shift towards the
persistence of inflammation leading to the progression of
LC and the development of different complications, such
[16-18]
as portal hypertension and hepatic encephalopathy
.
Sepsis is an important cause of mortality when is
produced after CS leading to multi-system organ failure,
[5]
especially impacting short-term outcome . In addition,
the surgical invasiveness that cardiac surgery represents
is an added risk factor for infections susceptibility,
especially when cardiopulmonary bypass (CPB) is
[19]
used . Septic problems range from 11% to 58% of
the postoperative complications in these patients, being
the main cause of known death together with liverrelated repercussions.

Coagulopathy

Coagulopathy is a routine concern during CS, because
the liver is the principal source of coagulation protein
synthesis, including thrombopoietin, coagulation factors
(Ⅱ, Ⅴ, Ⅶ, Ⅸ, Ⅹ, XI, and XII), anticoagulation protein C,
protein S, and antithrombin. In LC there is a decrease
in both pro- and anti-coagulants. Thrombocytopenia
due to poor nutritional status, hypersplenism and/or
bleeding from varices may adversely influence bleeding
problems. However, primary haemostasis may not be
defective in LC and a low platelet count, if not severe,
should not necessarily be considered as an automatic
[13]
index of an increased risk of bleeding .
Prothrombin time-derived international norma
lized ratio (PT-INR) is used to assess bleeding risk,
prognosis in MELD score and to guide treatment of
coagulation disturbances in clinical practice. The lack of
improvement of PT-INR to the administration of vitamin
K may reflect a poor hepatic reserve and a worse
prognosis in CS of LC patients. Despite PT-INR provides
a good measure of liver function, it only measures the
activity of procoagulants. Thromboelastography provides
better assessment of patient’s degree of coagulopathy
and offers information enabling immediate transfusion
therapy, being useful in CS for guiding transfusion
[14]
therapy . Thus, correction of severe thrombocytopenia
and replenishment of vitamin K storages is mandatory
before surgery, together with the assessment of
coagulopathy status before and during surgery. Despite
bleeding is a major concern during CS, it has shown
an incidence of only 30% of significant postoperative
bleeding and a low mortality in LC patients.

Poor nutritional status

Nutritional status of LC is poor and the correct functioning
of the immune and metabolic response systems is
[20]
dependent on each other . As a result, LC patients
do not have a sufficient nutritional reserve and may
be functioning in a worse efficient metabolic state with
an inadequate inflammatory and immune response to
surgery. Preoperative serum albumin levels can be used
to quantify nutritional status and underlying disease,
with levels of albumin < 25 g/L being independently
associated with an increased risk of reoperation for
[20]
bleeding . Hypoalbuminaemia, a common condition in
[21]
LC, also increased the risk of infection in CS patients .
Sepsis is an important risk factor for mortality after CS,
which produces a sepsis-induced cardiac dysfunction
[22]
per se . Higher blood transfusion requirements after
CS, which are associated with poor outcome, are also
associated with an increased risk of infection at multiple
[23]
sites, suggesting a system-wide immune response .
The lack of response to the preoperative nutritional

Immune dysfunction

Infections are an important cause of death in hospi
talized cirrhotic patients, especially in the presence of
advanced clinical stages of LC, and most of these are
[15]
nosocomial infections . The presence of an innate
and adaptive immune dysfunction in LC, the so called
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AKI

support may be considered a surrogate marker of
minimal hepatic reserve and poor prognosis in CS of LC
patients.

Oliguria is a feature of AKI and renal dysfunction,
a complication which is frequently present after CS
and which has a strong influence on morbidity and
[30]
mortality, even in long-term scenario . It leads to a
[31]
positive fluid balance, resulting in vital organ edema .
Having an appropriate renal function is closely related
[32]
with a good cardiac output performance . LC leads
to development of renal dysfunction and HRS which
occurs in conjunction with microcirculatory dysfunction
in other organs, including the heart and the peripheral
[33]
vascular bed . Lower urine output in the first 24 h
following surgery may be a valuable predictor of long[34]
term outcome in patients with LC undergoing CS . It is
difficult to compare AKI rates between series due to the
differences in AKI definitions. However, assessment of
preoperative renal function is of paramount importance
due to the higher incidence of AKI after CS in those
patients. AKI can be present in almost 80% of LC
patients after CS and approximately 50% of them will
need renal replacement therapies.

Cardiac dysfunction

The evaluation of cardiovascular dysfunction in LC
is crucial and it should be addressed preoperatively.
The emergence of an underscored NASH/NAFLD,
especially in western countries, has the same risk
factors for cardiovascular disease that other chronic
[24]
liver disease . In addition, cardiovascular diseases
are a common cause of mortality in LC because the
severity of liver injury and inflammation is strongly
associated with an increased cardiovascular risk and
[25]
an atherogenic lipid profile . LC is associated with
peripheral arterial vasodilatation, and activation of
sodium and water retentive pathways which produces
blood volume expansion and redistribution within
the splanchnic bed. Thus, the resting hyperdynamic
circulatory state with increased cardiac output is a
response to splanchnic arterial vasodilatation. These
changes increase with the progression of liver disease
leading to cardiac failure. Cirrhotic cardiomyopathy
develops a variety of progressive clinical manifestations
being characterized by diastolic dysfunction along with
impaired inotropic and chronotropic incompetence,
leading to a suboptimal ventricular contractile response
[26]
during stressful conditions, such as CS . Thus, hemo
dynamic postoperative management is crucial after
CS and higher Central Venous Pressure is associated
[5]
with worse short-term outcome . It seems that the
assessment of preoperative cardiac function, even
from a dynamic point of view with a dobutamine stress
echocardiography, may play a role in the indication for
CS and postoperative management in the setting of LC.
Cirrhotic cardiomyopathy may also play a role in the
pathogenesis of hepatorenal syndrome (HRS) or the
[27]
development of acute kidney injury (AKI) in LC .
If we exclude recurrent diseases, graft loss resulting
from technical complications, and malignancies, cardiac
complications are the most common cause of death
after liver transplantation (LT). More than 50% of
cirrhotic patients undergoing LT show a degree of cardiac
[26]
dysfunction . There is a greater risk of cardiac deaths
and ischemic events in LT patients as compared to age[28]
and sex-matched population . A history of coronary
artery disease, prior stroke, postoperative sepsis, and
increased interventricular septal thickness are risk
predictors after LT for early postoperative adverse
cardiac events, such as myocardial infarction. These
patients benefit from the use of perioperative β-blockers
[29]
regardless of their risk profile . Theoretically, the same
could be applied to cirrhotic patients who underwent CS,
especially if we consider that those who underwent LT
are patients with advanced cirrhosis. Cardiac dysfunction
due to LC is poorly addressed after CS in those patients
because the disease overlaps with other scenarios, such
as low cardiac output syndrome.
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Pulmonary dysfunction

Ascites and fluid overload may cause or aggravate
pulmonary function due to atelectasias and pulmonary
edema. The end-expiratory lung volume can be
decreased, leading to impairment in the mechanics of
the respiratory system, lung and chest wall, as well as
gas-exchange. Thus, initial use of moderate Positive
End Expiratory Pressure is an advisable approach to
improve oxygenation and compliance without causing
[35]
adverse effects in the respiratory function .
In advanced LC, hepatopulmonary syndrome,
portopulmonary hypertension and hepatic hydrothorax
are typical pulmonary complications. Whereas hepato
pulmonary syndrome and portopulmonary hypertension
represent pulmonary vascular diseases, the development
of hepatic hydrothorax is associated with the presence of
ascites and phrenic lesions. For severe hepatopulmonary
syndrome and refractory hepatic hydrothorax, LT is
the treatment of choice. In severe portopulmonary
hypertension specific medical treatment is indicated. In
selected patients, besides intravenous prostanoids, oral
endothelin receptor antagonists and phosphodiesterase
[36,37]
type-5 inhibitors are possible treatment options
.
These complications need to be screened in CS
candidates, especially those with medical past history
of respiratory failure and/or moderate or advanced LC
patients because pulmonary complications can achieve
an incidence of about 30%.

Pathophysiological considerations of CS

CS involves a systemic inflammatory response with
the accumulation of both pro-and anti-inflammatory
cytokines, which may be clinically irrelevant but may
also lead to a worse outcome in many cases. Poor
hepatosplanchnic perfusion affects intestinal mucosa,
predisposing to endotoxemia, proinflammatory cytokine
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Table 5 Operative characteristics of cirrhotic patients undergoing cardiac surgery
Ref.

Mean CPB (min)

Klemperer et al[48]
Suman et al[49]
Filsoufi et al[9]
Lin et al[51]
An et al[44]
Hayashida et al[50]
Murashita et al[52]
Morisaki et al[45]
Sugimura et al[55]
Morimoto et al[56]
Thielmann et al[1]
Gundling et al[3]
Arif et al[54]
Bizouarn et al[6]
Vanhuyse et al[53]
Lopez-Delgado et al[5]

102
114 ± 48
142 ± 68
138
160 ± 53
151 ± 63
147 ± 41
157 ± 50
242 ± 77
145 ± 98
125 ± 55
101 ± 43
85
100 ± 66
107 ± 37

Urgent-emergent

Type of surgery
CABG

Valve surgery

CABG + valve

Aortic

6
16
8
4
2
6
3
11
1
6
24
21
55
1
13
9

4
16
12
13
19
9
9
20
7
18
11
14
36
10
20
42

3
10
1
2
1
5
1
2
19
9
10
2
7

3
1
1
2
3
6
2
-

9 (69.2%)
1 (2.3%)
4 (15%)
7 (29.1%)
3 (16.7%)
0
7 (16.7%)
6 (46.1%)
7 (22%)
10 (18%)
23 (21%)
2 (6%)
3 (5.1%)

Other Off pump (% mortality)
2
4
1
4
1
3
3
6
-

5 (0%)
2
3 (0%)
2
5
3
6
2
1
6 (0%)

CPB: Cardiopulmonary bypass; CABG: Coronary artery bypass graft.

release, and the systemic inflammatory response
[38]
syndrome . Contact activation of factor XII by the
extracorporeal circuit stimulates inflammation by the
activation of the intrinsic coagulation pathway, kallikrein,
and complement, worsening the coagulopathy status
[39]
of LC . In addition, those physiologic risks associated
with all major CS procedures (e.g., anesthesia, large
volume transfusion) are amplified in the presence of LC
due to the immunologic and metabolic higher demands
that CPB imposes to the liver. The hemodynamics
of CPB are non-physiological, with nonpulsatile flow
and low cardiac output, leading to the ischemiareperfusion hepatic injury. There is a decrease of the
hepatic perfusion of approximately 20% and of the
hepatic arterial blood flow of 20%-45% through
vasoconstriction during CPB, resulting in an imbalanced
[40]
oxygen supply . However, we should take into
account that haemodilutional anaemia produced during
CPB, even when below to a haematocrit of 20%,
[12]
does not impair hepatic function and perfusion . In
consequence, perioperative strategies that minimize or
[3]
avoid, such as off-pump CS , the duration of CPB and
transfusion requirements together with higher perfusion
flow rates (≥ 2.3 L/min), the addition of pulsatile
perfusion, and more efficient circuits have a beneficial
effect on hepatic function reducing injury and improving
[41,42]
organ perfusion
. Albumin, as priming solution for
CPB, could have a more favourable profile in terms of
[43]
bleeding in this scenario . Operative characteristics
of cirrhotic patients undergoing CS described in the
literature are shown in Table 5.

preoperative serum cholinesterase concentrations,
prolonged CPB time, central venous pressure, preo
perative and postoperative thrombocytopenia, operative
time and age have all been identified as potential
[5,44]
predictors of mortality after CS in LC patients
.
Although the European system for cardiac operative
risk evaluation (EuroSCORE) is widely accepted in
Europe as a valuable score in CS, in populations such
as LC patients, do not have acceptable discriminatory
ability. In addition, it does not take into account surgical
[45]
prognosis factors such as CPB time . The development
of local mortality risk scores corresponding to local
epidemiological characteristics or a specific patient’s
population may improve the prediction of outcome and
[46]
LC patients may benefit from it . Furthermore, the
Parsonnet score does not consider specific liver variables.
Because mortality in cirrhotic patients undergoing CS
is associated with liver function, liver scores such as
[1]
the MELD or CTP score are associated with outcome .
MELD score most reliably identifies cirrhotic patients
at high risk for CS. With regard to CTP class scores,
mortality is higher in patients with a CTP score of class B
[1,5]
and C . ICU scores such as simplified acute physiology
score Ⅲ provide an acceptable level of sensitivity and
specificity, comparable with MELD results of other series,
[1,5,47]
. The postoperative
even in the long-term scenario
long-term mortality rates reported in the literature are
high for cirrhotic patients undergoing CS ranging from
40% to 70% at approximately six years. Comparing
patients according to CTP score, mortality ranged from
45% to 80% in the Child A group and from 25% to
approximately 50% in the Child B group. Mortality is
extremely high in the Child C Group with a mean rate
[1-3,5]
of 69.2%
. In consequence, CS can be performed
safely in CTP class A and in some class B patients or with
[1,3-5]
a MELD cut-off ranging from 13 to 18
. Regarding
CTP class C patients, due to the higher mortality in these
patients, liver function should be optimized prior to CS,

Predictors of outcome in LC patients undergoing CS

The survival and long-term outcomes of LC patients
who underwent CS are related to the severity of
their liver disease and also to the complications after
cardiac surgery; especially those produced during ICU
[34]
stay . Higher preoperative total plasma bilirubin, low
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even performing LT.

11

CONCLUSION
There are physiological characteristics of LC and pro
perties of CS itself that predispose to complications
when LC patients undergo the surgical procedure. The
occurrence of organ related dysfunctions is crucial for
the development of post-CS complications and outcome,
being closely related with preoperative status and the
degree of surgical injury. Apart from the degree of liver
disease, cardiovascular function, immune and nutritional
status, renal function, degree of coagulopathy, and
pulmonary function need to be also evaluated in order to
perform an adequate prognosis, including postoperative
management, and surgical approach. This is especially
important in those patients with high risk profile, such
as Child B and C, and/or high MELD. Since advanced
LC represents a contraindication for CS, LT may be
considered before CS in those patients.
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Is hemodialysis a reason for unresponsiveness to hepatitis
B vaccine? Hepatitis B virus and dialysis therapy
Dede Sit, Bennur Esen, Ahmet Engin Atay, Hasan Kayabaşı
high as 80% in patients on renal replacement therapies.
This is because HBV vaccination is essential to eliminate
chronic HBV infection. However, response rates of HD
patients to HBV vaccination vary between 10%-50%.
Dialysis adequacy and early vaccination before the
onset of dialysis therapy seem to be major determinants
of high seroconversion rates. Older age, male gender,
duration of dialysis therapy and nutritional status are
other well-known factors associated with seroconversion
rate. There are controversial reports regarding the role
of the presence of diabetes mellitus, HCV positivity,
erythropoietin resistance, hyperparathyroidism, and
vitamin D inadequacy. The role of genetic alteration in
the functions or production of cytokines still needs to be
elucidated.
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Core tip: Due to immunesuppresive effect of uremia
and dialyser membranes, chronicity of hepatitis B
virus (HBV) infection is frequently observed. Rates of
seroconversion induced by HBV vaccine is diminished
in chronic kidney disease patients when compared
to the general population, which gradually decrease
as renal functions deteriorates. Efficient dialysis is a
major determinant of response to HBV vaccination.
In contrast to three doses of 20 µg HBV vaccine for
the general population, patients on hemodialysis or
peritoneal dialysis usually require four doses of 40 µg
HBV vaccine.

Abstract
Impaired renal function is associated with a high risk of
chronicity of hepatitis B virus (HBV) infection. Patients
on hemodialysis (HD) or peritoneal dialysis are at an
increased risk of viral transmission due to frequent
necessity of blood product transfer as well as use of
contaminated dialysate or dialysis materials. Additionally,
health professionals may cause viral spread via con
taminated hands and carelessness against hygiene
rules. The frequency of chronic HBV infection may be as
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INTRODUCTION
Hepatitis B virus (HBV) infection is an important public
health problem affecting approximately 500 million
[1-3]
people worldwide
. According to 2010 data, 360
million people have chronic HBV infection that leads to
more than 1 million deaths/year due to acute hepatitis,
[4,5]
cirrhosis or hepatocellular carcinoma .
Patients with chronic kidney disease (CKD) exhibit an
impaired immune response against host agents including
HBV due to bone marrow suppression caused by uremia
and loss of CD4 T cells by use of bio-incompatible
[6,7]
dialysate and membranes . Patients on hemodialysis
(HD) or peritoneal dialysis (PD) have an increased risk
of HBV related complications. On the other hand, the
rates of seroconversion induced by HBV vaccination in
patients with CKD is significantly lower than those in the
[8,9]
general population .

ADMINISTRATIONS OF HEPATITIS B
VACCINE
Former vaccines were derived from human plasma;
however, as a consequence of innovations in vaccine
technology, vaccines produced by recombinant DNA
[23]
technology were introduced . Recombinant HBV
vaccine composed of HBsAg is associated with high
[24]
seroconversion rates . Recombinant HBV vaccine
contains 20 μg HBsAg solution and 0.5 mg aluminium
[25]
salt . A number of adjuvants including levamisole,
zinc, interferon, interleukin-2 (IL-2) and thymopoietin
[26-32]
were added to increase the effectiveness
.
Neutralizing antibodies against HBsAg indicate
prior infection with HBV or triggered immune response
[33-37]
against HBsAg in HBV vaccination
. Exposure to
HBV is defined as appearance of HBsAg with or without
antibody to hepatitis B e antigen (HBeAg) and hepatitis
[38]
B core antigen (HBcAg) . A group of patients may
be in the window period which is associated with sole
[39]
appearance of IgM class antibody against HBcAg .
Seroconversion of HBV is defined as appearance of
antibodies to HBsAg (antiHBs) in the absence of HBsAg,
[40]
HBeAg, HBcAg and undetectable HBV DNA . Table 1
summarizes the interpretation of serologic results.
HBV vaccination should be started before the initiation
[41]
of RRT . Currently, intramuscular administration HBV
vaccine at 0, 1, 2 and 6 mo at a dose of 40 μg is recom
mended. Instead of gluteal region which contains muscle
and fat, deltoid muscle is a preferable area to increase
[42]
response rates .
There are variable response rates to HBV vaccination
among HD patients. Inadequate seroconversion rates in
the general population and patients on RRT are 5%-10%
[43]
and 40%-50%, respectively . According to another
report, 20% of vaccinated patients on HD still does not
[44]
achieve antibody formation against HBsAg .
Lack of consensus exists regarding determining
optimal vaccination schedule for patients with CKD at
predialysis stage. For patients on RRT, the recommended
vaccination schedule contains twice the dose of the
general population (40 μg) in 4 cycles at intervals of 0, 1,
2 and 6 mo administered by intramuscular route at one
[45]
site . Additional three cycles of HBV vaccine should be
administered to patients who do not respond to primary
[46,47]
schedule
(Figure 2).

THE EPIDEMIOLOGY OF HBV INFECTION
Chronic HBV infection is associated with high morbidity
and mortality by leading to carrier state or chronic
[10-14]
infection
. Pediatric population, especially newborns,
as well as individuals at an advanced age are at an
[15]
increased risk of chronicity of HBV infection . Clinical
course of chronic HBV infection may vary from asymp
tomatic carrier state to cirrhosis or even hepatocellular
[16]
carcinoma .
Recently, the rates of hepatitis B surface antigen
[17]
(HBsAg) positivity is 0.1% in Western countries .
However, it is significantly higher in some areas like
southeastern Asia and Middle East. The majority of
southeast Asia and Middle East countries have an
[18]
intermediate or high endemicity of HBV infection .
Based on the data in 2009, the rate of HBsAg positivity
was 4.4% in the Turkish population (ranging from 2.5%
[19]
to 9.1%) . Figure 1 shows the geographic distribution
of chronic HBV infection.

THE RISK OF CHRONICITY IN THE
GENERAL POPULATION AND DIALYSIS
PATIENTS
The chronicity rate of HBV infection is 5%-10% in
the general population, whereas it may be as high
as 60%-80% in patients receiving renal replacement
[20]
therapy (RRT) . Nucleoside analogues and interferon
(IFN) are choices of treatment; however, a sustained
viral response is achieved in only 30%-40% of patients
[21]
on dialysis . Owing to the fact that the chronicity rate of
HBV infection is high and success rate of antiviral therapy
is low in dialysis population, preventive measures against
HBV infection is of vital importance.
Since the first recommendation of HBV vaccination
by the Center for Disease Control and Prevention, the
United States in 1982, administration of recombinant
HBV vaccine which is composed of HBsAg is routinely
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THE RATES OF RESPONSIVENESS AND
NONRESIVENESS TO HBV VACCINATION
IN DIALYSIS PATIENTS
Because patients on RRT have blunted immune
response, they exhibited an unsatisfactory response
to HBV vaccination when compared to healthy indivi
[48]
[49]
duals . Dacko et al
concluded that efficient
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Table 1 Interpretation of serologic markers of hepatitis B virus
HBsAg
+
+
+
-

Total anti HBc

IgM anti HBc

AntiHBs

Interpretation

+
+
+
+
+
-

+
+
-

+
+

Noninfected
Acute infection (early phase)
Acute infection
Recovering acute infection
İmmunized patient, past infection
Chronic infection
Chronic infection with low level viremia or false positive
Immunized

HBsAg: Hepatitis B virus surface antigen; antiHBs: Antibodies to HBsAg.

Standard hepatitis B vaccine
schedule: at 0, 1 and 6 mo

Antibody concentration
at 7 mo < 10 IU/L
Check HBsAg and antiHB core
Give 1 extra hepatitis B vaccine
series at 8, 9 and 10 mo

Figure 1 Distribution of chronic hepatitis B virus infection (From
Weinbaum et al[96]).

Antibody concentration
at 11 mo < 10 IU/L

hemodialysis, age, nutritional status and systemic
inflammation are determinants of an adequate response
[49]
[50]
to HBV vaccination . Similarly, Hashemi et al stated
that duration of dialysis, hemoglobin, and parathyroid
hormone level and accompanying HCV infection do not
[50]
affect immune response to HBV vaccination .
Seroconversion and adequate response are defined
as anti-HBs > 10 IU/mL and > 100 IU/mL, respectively.
[51]
Buti et al
stated that seroconversion was achieved
in 76.7% of HD patients whereas adequate response
was observed only in 53.5% at the third month of
[51]
vaccination . In a report from Saudia Arabia, adequate
[52]
response rates reached 89.5% in HD patients .
Similarly, some reports determined satisfactory sero
[53]
conversion rates among HD patients. Jadoul et al
showed that the seroconversion rate among HD patients
[53]
was 89.65% . A suboptimal response to HBV vaccine
in HD patients is probably related to immunologic
factors and poor nutritional status. Patients on RRT have
impaired humoral and cellular immune response leading
to underproduction of antibody.
Seroconversion rates may vary in different stages of
[47]
CKD. Agarwal et al
performed a study to determine
response rates to HBV vaccine in mild (creatinine 1.5
mg/dL to 3.0 mg/dL), moderate (creatinine 3.0 mg/dL to
[47]
6.0 mg/dL) and severe (creatinine > 6.0 mg/dL) CKD .
They pointed that seroconversion rates by three doses
of 20 μg HBV vaccine in mild, moderate and severe
CKD were 87.5%, 66.6% and 35.7%, respectively,
which were significantly lower than seroconversion
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If hepatitis B seronegative
Give 2 doses of Twinrix® (total
HBsAg 40 μg, total hepatitis B
antigen 1440 U)

If hepatitis B seropositive
Give 1 doses of Fendrix® (total
HBsAg 20 μg with AS04 adjuvant)

Check antibody concentration 1 and
6 mo after administration, if < 10
IU/L repeat previous step

Figure 2 Schedule of hepatitis B vaccine (Schillie et al[97]). HBsAg: Hepatitis
B virus surface antigen; antiHB: Antibodies to HBsAg.

rates achieved by four doses of 40 μg (100%, 77% and
36.4%, respectively).
There are some reports with regard to the role of
administration route on the rate of serconversion in HD
patients. In a meta-analysis including 14 studies and
[54]
718 adult patients on HD, Fabrizi et al
concluded
that seroconversion rate associated with intramuscular
administration of HBV vaccine is significantly lower
than that with intradermal administration [odds ratio
[54]
(OR) = 0.454, 95%CI: 0.30-0.67, P = 0.001) .
There are controversial reports regarding success
rate of HBV vaccination in patients at predialysis stage
[55]
and patients on dialysis therapy. Taheri et al indicated
that response rate to HBV vaccination in predialysis
patients is similar to that in dialysis patients. In contrast,
[56]
Seaworth et al
observed that patients at predialysis
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stage have a more favorable outcome than patients at
dialysis stage, suggesting that vaccination should be
given as early as possible.
In conclusion, several factors including advanced
age, DR3, DR7 and DQ2 positivity and the absence
of A2 alleles may influence a response to hepatitis B
vaccine in HD patients. Natural HBV infection achieves
higher seroconversion rates than HBV vaccination;
however, current HBV vaccination schedule provides
remarkable seroconversion rates.

of antiHBs level is quicker in older patients, suggesting
defective function of T lymphocytes and inadequate
production of interleukins. In a study from Egypt, rate
of seroconversion caused by HBV vaccination may be
as high as 89% while it was only 51% in patients above
[67]
60 years of age . Seroconversion rates significantly
decline in older patients. The mean age of responders
was 40.6 years while that of nonresponders was 59.6
years in the same study.
Also, male patients on dialysis have a significantly
diminished antibody response to HBV vaccine when
compared to female patients. Male gender is associated
with an impaired response to vaccine. Seroconversion
rates in female and male dialysis patients were 85.6%
and 68.3%, respectively, and only 29% of patients
[21]
with seroconversion were male .
Body weight, diabetes mellitus, hyperparathyroidism,
erythropoietin resistance, vitamin D deficiency, use of
low bio-incompatible dialysis material, iron overload,
high number of blood product transfer, vitamin deficiency
and hepatitis C positivity are well-known factors that
[68-71]
are associated with poor response to vaccination
.
[72]
On the other hand, Roozbeh et al
stated that age,
gender, body mass index and serum albumin level do
not significantly affect seroconversion rates.
Dialysis adequacy is probably a globally validated
determinant of seroconversion rates. Seroconversion
rates significantly correlate with renal function. Ghadiani
[73]
et al
reported that seroconversion rates in patients
with GFR < 15 mL/min, 15 to 60 mL/min and > 90 mL/
min are 44%, 90% and 96%, respectively.
Controversy exists about the role of diabetes
[52]
mellitus in response to HBV vaccine. Al Saran et al
concluded that the presence of diabetes mellitus has
no significant effect on seroconversion rates. However,
[74]
Chin et al
stated that dialysis patients with diabetes
mellitus have a poor response to HBV vaccine.
[69]
Afsar et al
carried out a study in dialysis patients
to evaluate the relation of erythropoietin resistance and
response to HBV vaccine, and observed that erythropoietin
resistance inversely influences the response to HBV
vaccine.
A vast majority of reports determined that HCV
positivity is related with a poor response to HBV vac
[75]
cination . However, some recent reports failed to
demonstrate a negative impact of HCV positivity on
[76]
response to HBV vaccination . Table 2 summarizes the
factors involved in the pathogenesis of unresponsiveness
to HBV vaccination.

PATHOGENESIS OF UNRESPONSIVENESS
TO HBV VACCINATION
HBV vaccination stimulates specific antibody production
by the activation of B cells, which is mediated by
+
+
[57]
CD8 cytotoxic T cells and CD4 helper T cells .
As previously known, uremia is associated with an
impaired immune response via several ways including
cellular and humoral immune mechanisms. Patients on
dialysis have lymphocytopenia, shortened life duration
of lymphocytes and/or dysfunctional lymphocytes.
+
Adequate CD4 lymphocyte count is essential to provide
[58,59]
antibody production subsequent to vaccination
.
[60]
Sengar et al
showed that an impaired immune
response to HBV transmission is linked to a group
[61]
of human leukocyte antigens (HLAs). Alper et al
determined an association between an inadequate
response to HBV vaccine and HLA-DR3 and HLA-B8 in the
Caucasian population. Some HLA groups were identified
[62]
as predictors of low response to HBV vaccine. Pol et al
[63]
and Höhler et al showed that low responders to HBV
vaccine have enhanced expression of DRB 1 × 3, DRB 1
[62,63]
× 7 and DRB 1 × 14
.
[64]
Walker et al
pointed out that nonresponders to
HBV vaccine exhibit excess of HLA-DR7 and absence of
HLA-DR1. In accordance with this study, patients with
HLA-DR1, -DR5, -DR2, -DQ5 and-DP4 usually well
[63]
respond to HBV vaccine and usually seroconvert .
Albumin level as a nutritional marker has been
shown to directly affect antibody response to HBV
[65]
vaccination. Brown et al
showed that patients with
hypoalbuminemia are unable to produce adequate titers
of antiHBs. Creatinine level is an indicator of protein
intake and nutrition in the general population; however,
due to lower excretion rate in patients with CKD, it is
not a suitable marker for the assessment of nutritional
status.
Age is another factor that may affect antibody
[66]
response to vaccination . Owing to the fact that bone
marrow depression by aging, humoral and cellular
responses are impaired in elderly patients. Patients at an
advanced age have lymphocytopenia, monocytopenia
and neutropenia as well as functional deterioration of
these cells. Lymphocytes mediate humoral response
against viral antigens in different steps. Only 15% of
responders were older than 60 years; however, 55% of
[47]
nonresponders were above 60 years of age . Decline
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ROLE OF DIALYSIS THERAPY ON
RESPONSE TO HBV VACCINATION
Patients on dialysis therapy have functionally and/or
numerically defective regulatory T cells, leading to
immunodeficiency and dysintegration between antigen
[77]
presenting cells and CD4 T cells . Accordingly, patients
on HD had deteriorated neutrophil and macrophage
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booster vaccination at 1 year and at 5 years of primary
[73]
vaccination schedule .
The antibody titer < 10 IU/mL is defined as hy
poresponse and > 10 IU/mL is accepted as positive
[87]
seroconversion . However, anti-HBs titer below 100
IU/mL is evidence of a low response.
Positive seroconversion (antiHBs > 10 IU/mL) does
not always warrant protection against HBV infection
[88]
in dialysis patients. Lombardi et al
suggested that
antiHBs titer of at least 50 IU/mL should be a target
level in HD patients.
Because the exact reason of lower serconversion
rates to HBV vaccine is not known, the best strategy
to overcome the unresponsiveness is to administer
[89]
additional HBV vaccine. Wismans et al
showed that
seroconversion rates after one and three additional
20 µg dose of HBV vaccine were 38% and 75%,
respectively. Similarly, another study demonstrated a
[90]
61% seroconversion rate after additional vaccination .

Table 2 Factors related to unresponsiveness to hepatitis B
virus vaccination in the general population and patients with
chronic kidney disease
General population

Patients with chronic kidney disease

Obesity
Smoking

Dialysis
Inflammation
Administration route of vaccine

Diabetes mellitus
Hyperparathyroidism
Lymphomas
Newborns and advanced age
Inflammation
Celiac disease

Co-existing HCV
Advanced age
Vitamin D deficiency
Male gender
Hypoalbuminemia
Erythropoietin resistance
IL-18 and IFN-y gene polymorphisms

HCV: Hepatitis C virus; IFN: Interferon; IL-18: Interleukin-18.

functions resulting from inhibited chemotaxis and
opsonization, both of which play a reactive role against
host antigens. Selective T cell depletion is a frequently
observed immunologic defect in dialysis patients, which
causes diminished production of IL-1, IL-2, IL-6 and
[78]
tumor necrosis factor-α . In addition, interferongamma is produced by T cells and induces endocellular
lysis of microorganisms and antigens.
Immunodeficiency is less frequently detected in
patients receiving PD. They generally have depressed
bactericidal activities of macrophages like opsonization,
phagocytosis and lymphocytopenia, which reflects
[79]
diminished peritoneal host defense . Dialysis membranes
and use of reaginic dialysis material are associated with
[80]
excessive but non-effective immune response .
Regulation of immune response and interaction of
mediators involved in immune response are complex
processes and some unknown factors may influence
[81]
[82]
their functions . Roy et al
stated that decreased
levels of cytokines that mediate the function of T helper
cells may be associated with a low response to HBV
vaccine. Deficiency of Th-1 like cells and defective
or inadequate production of some cytokines by Th-1
cells are associated with immunosupression and a low
[83]
response to viral agents . IL-1, IL-2, IL-6, IL-12 and
IFN-gamma are major cytokines involved in response to
viral agents. Genetic polymorphisms and polymorphic
variant of specific cytokines are associated with
[84]
unresponsiveness to HBV vaccine .

DECREASE OF ANTIHBS TITERS
On the other hand, a group of dialysis patients who well
respond to HBV vaccination and produce neutralizing
antibodies against HBsAg do not maintain the antibody
level with time. Although a decline in antiHBs titer by
time is globally known in the general population as
well as dialysis patients, it is significantly frequent and
quicker in patients on RRT.
At the first year of vaccination, antiHBs > 10 IU/
mL is induced in 82.5% of the general population by
three doses of 20 µg, however, it was only 53% in
[91]
dialysis patients by four doses of 40 µg . At the third
year of vaccination, the vast majority of HD patients
have undetectable antiHbs level. American Association
for the Study of Liver Diseases recommends annual
screening of antiHBs titers and booster vaccination as
[40]
antiHBs titer is around 10 IU/mL .

NEW INSIGHTS TO IMPROVE
SEROCONVERSION RATES
Innovations in recombinant DNA vaccine technology
may be hopeful to increase seroconversion rates and
sustained response. IL-12-based vaccination therapies
may restore HBV-specific CD4(+) T cell responses
[92]
and augment seroconversion . In agreement with
[92]
[93]
Zeng et al , Lau et al
showed that combination
of HBV vaccine with interferon-gamma or IL-12 may
[93]
enhance therapeutic efficacy . Accordingly, Somi et
[94]
al
mentioned that IFN-adjuvanted HBV vaccination
may be beneficial for hyporesponsive patients. In
addition, nano-adjuvants seem to be frequently used
[95]
to overcome unresponsiveness .

FOLLOW-UP OF SEROCONVERSION OF
HBV INFECTION
The recommended antibody titer to HBsAg should be
[85]
> 100 IU/mL . An important proportion of dialysis
patients who achieve an adequate response (> 100
IU/mL) require a booster dose in every 5 years to
[86]
maintain antiHBs titer . Patients who failed to produce
an adequate antibody response should undergo
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Despite increased awareness against HBV and impro
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vement in hygiene preservations, patients receiving
RRT are still at an increased risk of HBV transmission.
Additionally, due to immunosuppresive effect of uremia
and dialyser membranes, chronicity of HBV infection is
frequently observed. Rates of seroconversion induced
by HBV vaccine is diminished in CKD patients when
compared to the general population, which gradually
decrease as renal functions deteriorate. Efficient dialysis
is a major determinant of response to HBV vaccination.
That is why early vaccination against HBV as soon as
possible is essential to overcome unresponsiveness to
HBV vaccine. In contrast to three doses of 20 µg HBV
vaccine for the general population, patients on HD or PD
usually require four doses of 40 µg HBV vaccine. Patients
with CKD should be screened annually to detect decline
of antiHBs titer and administered additional doses of
HBV vaccine.
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diagnosis of nonalcoholic fatty liver disease
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tomography, magnetic resonance imaging with chemical
shift imaging and especially magnetic resonance
spectroscopy and elastography have been increasingly
approved as noninvasive alternative methods. The aim
of this review is to analyze the diagnostic accuracy
and limitations of the imaging methods and recent
developments in the diagnosis of NAFLD.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is one
of the most common causes of chronic liver disease.
Although liver biopsy is still the gold standard for diagnosis
and staging of NAFLD, particularly for the diagnosis of
nonalcoholic steatohepatitis (NASH), imaging methods
have been increasingly accepted as noninvasive methods.
Magnetic resonance spectroscopy is one of the most
correct imaging methods for noninvasive evaluation of fatty
liver. Elastography is primarily used for the noninvasive
evaluation of liver fibrosis and NASH.
Koplay M, Sivri M, Erdogan H, Nayman A. Importance of
imaging and recent developments in diagnosis of nonalcoholic
fatty liver disease. World J Hepatol 2015; 7(5): 769-776
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i5/769.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i5.769

Abstract
Nonalcoholic fatty liver disease (NAFLD) is one of the
most common causes of chronic liver disease and
is a major public health problem worldwide. It is a
spectrum that includes simple steatosis, nonalcoholic
steatohepatitis (NASH), fibrosis and cirrhosis. Recently,
NAFLD prevalence in children and adolescents has
increased too. The increasing prevalence has resulted
in NASH-related chronic liver disease. Therefore, early
diagnosis and treatment is quite important. Although
liver biopsy is still the gold standard for diagnosis and
staging of NAFLD, particularly for the diagnosis of NASH,
imaging methods such as ultrasonography, computed
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is one of the
most common causes of chronic liver disease and is a
[1-3]
major public health problem worldwide . It is defined
as accumulation of lipid deposits in the hepatocytes
[4]
that are not due to excessive alcohol use . NAFLD
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encompasses a spectrum of diseases ranging from
simple fatty liver (hepatosteatosis) to nonalcoholic
steatohepatitis (NASH), which in its most severe form
can lead to liver fibrosis, cirrhosis and hepatocellular
[3,5-7]
carcinoma
.
The pathophysiology of NAFLD has still not been
[8]
exactly clarified. In 1998, Day et al put forward the
widely known “two-hit” hypothesis. The ‘‘two-hit”
hypothesis is the commonly accepted model to explain
the development of NAFLD and the progression from
simple steatosis to NASH. The ‘‘first hit’’ is the collection
of lipids in the hepatocytes and insulin resistance is
the key pathogenic factor for the development of
hepatosteatosis. The ‘‘second hit’’ leads to inflammation,
hepatocyte injury and fibrosis. Oxidative stress, adi
pokines, proinflammatory cytokines and mitochondrial
[5,8,9]
dysfunction are factors that induce the second hit
.
However, there is growing evidence that this hypothesis
is likely incorrect. It has been shown that simple
steatosis and NASH are two distinct entities with different
pathogenetic pathways. Nowadays, one of the accepted
theories is “multiple parallel hits”. The initial hypothesis
was based on insulin resistance causing increased
uptake and synthesis of free fatty acids; on the other
hand, “multiple parallel hits” theory includes oxidative
stress from reactive oxygen species and varying
production of adipokines which plays a major role in the
pathogenesis of NASH. Another theory for explaining
the progression from NAFLD to NASH is named “distincthit” pathogenetic heterogeneity obtained via at least
two different ways. Genetic predisposition and timing
seem to lead to activation of different ways which
[10]
causes simple steatosis and NASH .
The prevalence of NAFLD has been reported to be
10%-46% in the United States and 6%-35% in the
[11]
rest of the world . With the increasing prevalence
of obesity, type 2 diabetes mellitus and metabolic
syndrome, there is a dramatic increase in the frequency
of NAFLD. The prevalence of NAFLD in children and
adolescents is also increasing. The increasing prevalence
has resulted in an increasing need for NASH-related
[12]
liver transplantation in the last 10 years . Therefore,
early diagnosis and treatment is quite important.
The diagnosis of NAFLD requires evidence of fatty
infiltration of the liver in the absence of excessive
alcohol consumption and other secondary causes of
chronic liver disease. According to all recent guidelines,
liver biopsy is still the best standard for diagnosis
and staging of NAFLD. It is also a reliable method
[3,4,11]
for differentiating NASH from simple steatosis
.
However, biopsy is an invasive and impractical method
for assessment of at risk patients with NAFLD due to
the high disease prevalence. It is highly dependent on
the experience of the operator and major complications
[11]
occur in 0.1%-2.3% of cases . Furthermore, this
method is unsuitable for screening and follow-up of
patients with NAFLD. If biopsy samples are small in size,
they are subject to sampling error and interobserver
[13,14]
variability
. Nonexpert physicians and patients are
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waiting for an almost perfect noninvasive test which
is a biomarker with less than 10% of false positive or
false negative results and more than 99% applicability.
Therefore, it is an illusion to wait for an almost perfect
biomarker with an adjusted area under the receiver
operator curve greater than 90% for the diagnosis of
NASH. For this reason, noninvasive and simple imaging
methods came into use in the diagnosis and evaluation
of NAFLD, such as ultrasonography (US), computed
tomography (CT), magnetic resonance imaging (MRI)
with chemical shift imaging (CSI) and magnetic
resonance spectroscopy (MRS) and elastography with
US and MRI. This article will review the importance of
these imaging methods and recent developments in the
diagnosis of NAFLD.

IMAGING MODALITIES
US

US is the primary imaging method used to determine
[15]
and identify the fatty liver . US is widely used for
screening asymptomatic patients with increased liver
enzymes and suspected NAFLD. It is safe, non-invasive,
non-radiation, widely available, cost effective and
[16]
an accurate tool in the detection of fatty liver . The
convex probe (2-5 MHz) can be used in the examination.
Right kidney echogenicity is used for the identification
of liver parenchyma echogenicity. Nonsteatotic liver
parenchyma shows homogeneous echo texture with
similar or a bit higher echogenicity when compared to the
kidney cortex and spleen parenchyma. Fatty liver shows
echogenicity (bright liver) greater than the kidney cortex
and spleen parenchyma due to intracellular accumulation
[3,15,17]
of fat vacuoles
. In addition, US findings of fatty liver
include hepatomegaly and vascular blurring of the portal
[4]
or hepatic vein .
The grades of fatty liver (hepatosteatosis) described
previously at US are qualitatively defined using a fourpoint scale as follows: normal, mild, moderate or
[14,17-20]
severe
. With the same kidney cortex and liver
parenchyma echogenicity, it is evaluated as: normal,
no fatty liver (grade 0); mild (grade 1; Figure 1A),
mildly diffuse increase in liver echogenicity and clear
visualization of the diaphragm and intrahepatic vessel
walls; moderate (grade 2; Figure 1B), moderate grade
diffuse increase in liver echogenicity obscuring the
intrahepatic vessel walls and the diaphragm; severe
(grade 3; Figure 1C), prominent liver echogenicity
increment in liver echogenicity and poor or nonvisu
alization of the hepatic vessels and diaphragm.
US is often useful for characterization of grade 2 or
grade 3 hepatosteatosis but less effective for diagnosing
grade 1 hepatosteatosis. Furthermore, it is difficult to
[17,18,21]
distinguish liver fibrosis from hepatosteatosis
. In
studies, the sensitivity and specificity of US in detecting
hepatosteatosis have been found to be 60%-94% and
[16,18,22,23]
[24]
84%-95%, respectively
. Hamaguchi et al
reported that US has a high sensitivity (91.7%) and
specificity (100%) for fatty liver detection. Palmentieri
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Figure 1 Ultrasonographic images show the hepatosteatosis stages. A: Grade 1: mild fatty liver; B: Grade 2: moderate fatty liver; C: Grade 3: severe fatty liver.
[25]

et al reported the finding of 235 patients undergoing
US with liver biopsy and found the sensitivity, specificity,
positive predictive value and negative predictive value
to be 91%, 93%, 89% and 94%, respectively, for
calculating at least 30% steatosis.
Hepatorenal sonographic index is known as the
ratio between the mean brightness level of the right
kidney and the liver and has also been suggested as a
measure of hepatosteatosis. A study found very high
sensitivity (100%) and specificity (91%) with a cut-off
[26]
of 1.49 for the diagnosis of hepatosteatosis > 5% .
Quantitative methods of measuring liver echogenicity
[27,28]
are always unreliable
but quantitative calculation of
hepatosteatosis is more accurate than the qualitative
assessment of hepatosteatosis on US. The ratios of the
quantitative assessment were 77%, 77% and 71%
as the sensitivity, specificity and diagnostic accuracy,
respectively, in comparison with 60%-100%, 77%-95%
[15,17,28]
and 96% for qualitative assessment
.
Despite the benefits of US, such as being noninvasive, widely available, low cost, ease of clinician
use and interpretation, it has some limitations, such
as a small field of view, limited use in accompanying
chronic liver disease, inability to distinguish degree of
fibrosis, cirrhosis and NASH, operator and equipment
dependence, limited use in obese patients and low
sensitivity when hepatosteatosis is less than 20%[15,29]
[30]
30%
. In a recent study, Iijima et al
used an
US contrast matter (Levovist; Sherling, Berlin) to
distinguish between simple hepatosteatosis and NASH.
They found a significant decrease in the uptake of
Levovist associated with fibrosis in NASH patients.
Further clinical and technical investigations are needed
to overcome the limitations of US.

unenhanced CT is measured. The degree of decrease in
attenuation on unenhanced CT is the most decisive of
[31]
the degree of liver fat content . Due to the attenuation
characteristics that are based on various factors
regarding to the contrast material and scan timing,
unenhanced CT is more commonly used than enhanced
[3,15,32]
CT
.
Unenhanced CT can be especially used for evaluating
the fatty liver in a transplant donor. It has an important
place in diagnosing hepatosteatosis of ≥ 30%, with
[15,33]
100% specificity and 82% sensitivity
. Three
techniques are used to evaluate fatty liver with CT:
the absolute measurement of attenuation values (in
HUs); the difference in attenuation values between liver
and spleen; and the ratio of these values of the liver
[31,33,34]
attenuation index
. Normal liver has an attenuation
value of about 50-65 HU, which is about 8-10 HU higher
[15]
than a normal spleen . If the liver attenuation is less
[35]
than 48 HU, fatty liver infiltration is diagnosed . With
unenhanced CT, liver attenuation values less than 40
HU or a liver-to-spleen attenuation difference > 10 HU
[16,36]
is highly predictive of hepatosteatosis
(Figure 2).
[31]
Kodama et al
reported that 40 HU liver attenuation
shows fatty infiltration of about 30%. They found that
attenuation values of liver CT of 64.4 HU, 59.1 HU, 41.9
HU and 25.0 HU at unenhanced scanning correlated
with the fatty infiltration degrees of 0%, 1%-25%,
26%-50% and more than 50%. Furthermore, a liverto-spleen ratio of less than 1 is sometimes used to
[34]
[33]
diagnose fatty liver infiltration . Park et al
reported
that a liver-to-spleen attenuation ratio of < 0.8 and the
liver-to-spleen attenuation difference less than -9 HU
has a high specificity (100%) for the diagnosis of grade
[16]
2 to 3 hepatosteatosis . However, the sensitivity of
the two measures (liver-to-spleen attenuation ratio and
liver-to-spleen attenuation difference) for the diagnosis
of grade 2-3 macrovesicular hepatosteatosis of more
[15,33,37]
than 30% is between 73%-82%
.
Dual energy CT has great potential and quite a
few conceivable clinical indications. It can differentiate
between several chemical components in tissue and also
be used to quantify fatty liver and includes acquisition
at two tube potentials with 80-140 kVp. The theoretical

CT

CT evaluation of hepatosteatosis is dependent on the
attenuation values, called Hounsfield units (HUs),
[3]
of the liver parenchyma . The best CT method for
the calculation of fatty liver is unenhanced CT which
allows for a more quantitative evaluation of liver
[4,31]
attenuation
. Based on the physical characteristics
of X-ray penetration of tissue, the attenuation in
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A

B

Figure 2 Computed tomography evaluation of fatty liver using a liver-to-spleen attenuation difference with unenhanced computed tomography. A: Diffuse
fatty infiltration of liver with attenuation much lower than the spleen on visual analysis; B: Multiple regions-of-interest (white circles, ROIs) show mean hepatic
attenuation (25 HU) and splenic attenuation (51 HU) with -26 HU liver-to-spleen attenuation difference, pointing to moderate-to-severe hepatosteatosis.

advantages of it have been unsettled clinically until now.
There is a decline in CT liver attenuation at low energy
level in hepatosteatosis. When the tube potential
increases, the fat attenuation increases. Studies have
reported that an attenuation alteration of > 10 HU with
the increment of the tube potential from 80 to 140
kVp is considered to have fatty liver infiltration of >
[16,38]
25%
.
Although CT is a quick, non-operator dependent
imaging method, radiation exposure should be always
kept in mind. CT was quite accurate for the diagnosis of
grade 2-3 steatosis but was not as accurate for detecting
grade 1 steatosis. In addition, liver parenchymal
attenuation in CT may be affected by some factors,
including the presence of excess iron and glycogen in
the liver and the certain drugs such as amiodarone and
methotrexate, acute hepatitis or acute toxic hepatic
[15,39,40]
injury and cirrhosis
. Therefore, in patients with
hemochromatosis and hemosiderosis, liver attenuation
[37]
values are unreliable for detecting fat infiltration .

of-phase (OP) images. The loss in signal intensity can
be observed when out-of-phase images are compared
to the in-phase images (Figure 3). Whereas the normal
liver parenchyma shows similar signal intensity on inphase and out-of-phase images, fatty liver exhibits
decreased signal intensity on out-of-phase images in
[43]
the presence of severe fatty infiltration .
On the 1.5 Tesla MRI, the frequency shift between
fat and water is approximately 220 Hz, which results
in OP phase condition at a TE of about 2.4 ms and IP
condition at a TE of about 4.8 ms. With the introduction
of 3 Tesla MRI, the evaluation of fatty liver has
increased. The chemical shift difference between fat
[15,44]
and water at 3 Tesla is about 415 Hz
. With this
frequency difference, both İP and OP images can be
obtained in a single breath hold by helping to avoid
motion artifacts.
Magnetic resonance spectroscopy is one of the most
correct imaging methods for noninvasive evaluation
[45]
of fatty liver . Single-voxel MRS gives significant
information regarding the chemical composition of the
normal organ and chemical changes in the fatty liver
such as NAFLD. Small fat amounts can be quantified
by this method. In addition, it is particularly useful in
some cases, such as the elimination of liver biopsy
necessity during the presurgical assessment of liver
transplant donors and evaluation of the response to
treatment of longitudinal follow-up of patients with
metabolic disorders or obesity.
MRS evaluates proton signals as a function of
their resonant frequency and shows multiple peaks
at different locations (Figure 4). On MRS spectra of
the liver, most of the visible peaks are produced from
water and fat. The water occurs as a single peak at
4.7 ppm and fat occurs as multiple peaks due to the
presence of various chemical components in fat (e.g.,
at 1.3 ppm a methylene (CH2) peak and other smaller
[3]
peaks at different locations) . The values obtained with
MRS display show a good correlation with the results
of liver biopsy. Hence, it is proposed as an optimal
imaging method for calculating the content of hepatic
[46]
triglyceride .

MRI

MRI is one of the most sensitive imaging methods
for detection and characterization of fatty liver. It is
a radiation-free modality to detect fatty liver, even in
microscopic quantities. The degree of fatty infiltration
can be calculated with CSI or MRS. A good correlation
has been found between MRI and histology in patients
with NAFLD. It may detect steatosis at a level as low
[41]
as 3% . The principal MRI physics used in both
techniques to differentiate protons in fat from those in
water is the chemical shift phenomenon.
Chemical shift imaging is a method commonly used
because of its easy applicability and high accuracy.
Chemical shift techniques are caused by the difference
between the mobility frequencies of fat and water
protons in order to accurately detect and quantify fatty
[42,43]
infiltration
. The said frequency difference produces
tissues that contain fat and water in order to lose signal
intensity when the proton magnetizations are opposed
in out-of-phase imaging. The normal liver parenchyma
shows similar signal intensity on in-phase (IP) and out-

WJH|www.wjgnet.com

772

April 18, 2015|Volume 7|Issue 5|

Koplay M et al . Imaging in nonalcoholic fatty liver disease

A

B

Figure 3 Magnetic resonance imaging evaluation of fatty liver using chemical shift imaging. A: In-phase image; B: Out-of-phase image. When out-of-phase
image is compared with in-phase images, it shows the signal intensity decrease.

quantitative index.
MRI with CSI have several advantages over MRS.
The acquisition and analysis of MRS information requires
expertise and is time consuming and complex. Because
single-voxel MRS accumulates information from a
small portion of the liver it may cause a sampling error.
By comparison, MRI is easily applicable, commonly
available and it may evaluate the entire liver within a
[7]
short breath hold .
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Although imaging methods such as US, CT and MRI can
evaluate hepatosteatosis, none of them can evaluate
[11,52]
liver fibrosis and NASH
. Noninvasive evaluation of
liver fibrosis and NASH can be mainly performed by US
elastography and MR elastography. Both techniques
evaluate liver stiffness by measuring the velocity of
shear wave using US or MRI. Several US elastography
techniques have been defined. These includes transient
elastography, supersonic shear wave elastography,
acoustic radiation force impulse elastography (ARFI)
and real-time tissue elastography.
Transient elastography (FibroScan) is performed
with pulse-echo US and measures liver stiffness as a
function of the extent of liver infiltration. It can detect
liver cirrhosis with high accuracy but the accuracy is
[53,54]
decreased at lower fibrosis stages
. Studies have
reported highly accurate rates in distinguishing severe
liver fibrosis from mild liver fibrosis, with 88.9%-100%
[54-57]
sensitivities and 75%-100% specificities
. In a
study of 246 NAFLD patients, using US elastography
for the diagnosis of moderate fibrosis, bridging fibrosis
and cirrhosis were found to be 0.84, 0.93 and 0.95,
[58]
respectively . Controlled attenuation parameter (CAP)
has been proposed as a noninvasive method for the
determination and measurement of hepatic steatosis.
The mechanism of CAP is the reduction in amplitude
of ultrasound that can be estimated as it is amplified
through the liver tissue using the same radio-frequency
data used for estimation of liver stiffness using
Fibroscan (Echosens, Paris, France), an ultrasound
based vibration-controlled transient elastography
[59]
device . The shear stiffness of normal liver is between

0

Figure 4 Magnetic resonance spectroscopy image shows a lipid peak in a
case of grade 3 hepatosteatosis.

Technically, either a stimulated echo acquisition mode
(STEAM) or a point-resolved spectroscopy (PRESS)
sequence can be used. PRESS sequences provide a
higher signal-to-noise ratio than STEAM sequences.
However, STEAM is believed more suitable for fat
quantification as it is less sensitive to a J-coupling
[3,47]
effect
. MRS sequences should be optimized to
minimize relaxation effects. A long repetition time (TR),
typically longer than 3000 ms at 1.5 Tesla MRI, can
minimize T1-relaxation effects. T2-relaxation effects
can be decreased by using the shortest possible echo
times (TE).
In evaluating fatty liver, apart from CSI and MRS,
other methods such as fat saturation and fat-selective
[42,48,49]
excitation approaches can be used
. The signal
intensity loss of liver on T2-weighted fat-saturated
rapid SE images in comparison with T2-weighted nonfat-saturated rapid SE images is indicative of fatty
infiltration.
The MRI sensitivities and specificities in detecting
histological steatosis ≥ 5% were 76.7%-90.0% and
87.1%-91%, respectively, and the MRS performances
[50,51]
were 80%-91% and 80.2%-87%, respectively
.
MRI with CSI and MRS have a higher diagnostic
accuracy than US or CT and these methods can evaluate
hepatosteatosis in an objective manner using the
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6.5 and 7 kPa. ARFI is also performed in a similar form
and measures shearing velocity. Normal velocity of the
liver is 1 m/s. This velocity is reduced when there is
[16]
fatty infiltration . The other alternative methods to
transient elastography are rarely used currently.
MR elastography appears to be superior to transient
elastography in evaluating liver fibrosis. It evaluates
[60]
larger liver volumes and is unaffected by obesity .
However, data are so far limited in NAFLD patients.
Furthermore, its low availability and high cost limits
its use in clinical practice and more studies of MR
elastography are needed.
In conclusion, imaging methods allow both quali
tative and quantitative evaluation of fatty liver. US is
a safe, relatively cheap, easily accessible technique
with no contraindications for screening of NAFLD.
Even so, limited sensitivity for mild steatosis, operator
dependency, patient factors (gas and obesity) are the
main disadvantages. CT has excellent specificity but low
sensitivity for mild hepatic steatosis. Especially for the
longitudinal follow-up of patients, radiation exposure
is the main disadvantage of CT. MRS is currently the
most accurate imaging method used to diagnose
hepatosteatosis. Technical optimization of MRS and
MRI with CSI may result in a highly accurate diagnostic
rate and these methods may replace the liver biopsy as
the reference standard for research investigations. US
elastography and MR elastography can diagnose liver
fibrosis associated with NAFLD and may play a role in
the characterization of NASH. However, further studies
are needed to increase the sensitivity and specificity of
imaging methods in the diagnosis of hepatosteatosis
and steatohepatitis.
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Hepatitis D and hepatocellular carcinoma
Zaigham Abbas, Minaam Abbas, Sarim Abbas, Lubna Shazi
progression to cirrhosis. In spite of some controversy
in the epidemiological studies, HDV infection does
increase the risk of hepatocellular carcinoma (HCC)
compared to hepatitis B virus (HBV) monoinfection.
Hepatic decompensation, rather than development
of HCC, is the first usual clinical endpoint during the
course of HDV infection. Oxidative stress as a result of
severe necroinflammation may progress to HCC. The
large hepatitis D antigen is a regulator of various cellular
functions and an activator of signal transducer and
activator of transcription (STAT)3 and the nuclear factor
kappa B pathway. Another proposed epigenetic mechanism
by which HCC may form is the aberrant silencing of
tumor suppressor genes by DNA Methyltransferases. HDV
antigens have also been associated with increased histone
H3 acetylation of the clusterin promoter. This enhances
the expression of clusterin in infected cells, increasing cell
survival potential. Any contribution of HBV DNA integration
with chromosomes of infected hepatocytes is not clear
at this stage. The targeted inhibition of STAT3 and
cyclophilin, and augmentation of peroxisome proliferatoractivated receptor γ have a potential therapeutic role in
HCC.
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Core tip: Role of hepatitis D virus (HDV) in the onco
genesis of hepatocellular carcinoma (HCC) has not
been thoroughly investigated. Many epidemiological
studies favour the increased risk of HCC with HDV
superinfection. Oxidative stress as a result of severe
necroinflammation may trigger the development of
HCC. Epigenetic mechanisms like DNA methylation and
histone modification may also be operating.

Abstract
Hepatitis D virus (HDV) is a defective circular shape
single stranded HDV RNA virus with two types of
viral proteins, small and large hepatitis D antigens,
surrounded by hepatitis B surface antigen. Superinfection
with HDV in chronic hepatitis B is associated with a
more threatening form of liver disease leading to rapid
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secondary effect of severe necroinflammation leading
to cirrhosis. In this study, decreased liver size was
noticed more in cases of HDV HCC compared to an HBV
monoinfection group where the liver size was normal or
increased. HDV patients had lower platelets and larger
varices on endoscopy as an indirect evidence of more
severe portal hypertension. HCC presented at an earlier
[11]
TNM stage compared with HBV monoinfection .
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INTRODUCTION
Hepatitis D virus (HDV) is a small virus, often compared
to viroids because of its unique characteristics. It is a
defective virus with a circular shape single stranded
HDV RNA and two types of viral proteins, small (sHDAg
or p24) and large hepatitis D antigens (lHDAg or p27),
surrounded by hepatitis B virus (HBV) surface antigen
[1]
(HBsAg) . The virus does not code any enzyme to
replicate its genome and takes the help from hepatocyte
RNA polymerase Ⅱ for synthesizing its RNAs with
positive and negative polarities. Both the smaller
sHDAg, which is required for HDV genomic replication,
and the larger lHDAg, which represses replication,
[2]
colocalize with delta RNA throughout the nucleoplasm .
HDV is highly pathogenic. Whereas coinfection
evolves to chronicity in only 2% of the cases, super
infection results in chronic infection in over 90% of the
[3]
cases . Superinfection with HDV in chronic hepatitis
B is associated with a more threatening form of liver
disease exacerbating the pre-existing liver damage
leading to more rapid progression to cirrhosis in 70%
[4]
to 80% of the cases . It may lead to cirrhosis within
[5]
2 years in 10%-15% of patients . HBV DNA levels
are low in both hepatitis B e antigen (HBeAg)-negative
and HBeAg-positive patients, suggesting suppressive
effects of HDV on HBV irrespective of the phase of HBV
infection. The clinical long-term outcome of HBeAgpositive patients is not different to HBeAg-negative
[6]
patients infected with the HDV .

EPIDEMIOLOGICAL STUDIES
Some controversy exists in the epidemiological studies
on the role of HDV infection in increasing the risk of
HCC. Early studies did not find an increased incidence
of HCC in HDV co-infected individuals. But recent
studies show an increased incidence of the tumor.
The risk of HCC should be reconsidered according to
the changing natural history of chronic HDV disease.
Though the incidence of HDV infection has decreased in
many Western countries, it is still very much prevalent
in many parts of the world specially the Asia Pacific
[12]
Region .
The European Concerted Action on Viral Hepatitis
(Eurohep) study done on hepatitis B patients and
published in 1995 failed to show any significance of
HDV (anti-HDV) markers at presentation on prognosis.
However, a later study done by the same group on
200 HDV patients with a median follow up of 6.6 years
showed that the adjusted estimated five year risk for
HCC was 13% for anti-HDV positive and 2%-4% in antiHDV negative/HBsAg positive cirrhotics. HDV infection
increases the risk for HCC threefold and for mortality
[13,14]
two fold in patients with hepatitis B cirrhosis
. Analysis
of retrospective data from South London showed that
the risk of hepatocellular carcinoma was similar in anti[15]
HDV positive and negative patients .
Two studies from Turkey show prevalence of antidelta antibodies in 18.8% to 23.0% of HBsAg positive
[16,17]
HCC
. In an older Jordanian study the prevalence
of anti-HDV in a small group of HBsAg positive HCC
patients was 67% (10/15). However, they were
significantly older than patients without hepatitis D viral
[18]
infection . In another similar study from Greece done
on 87 HBsAg positive HCC patients, 9 were positive for
serum anti-delta (10%) whereas among the HBsAg
positive controls none was positive for this antibody
[19]
(P = 0.067) . In a Romanian study, 166 consecutive
patients with compensated HDV-related cirrhosis
diagnosed since 1994 were followed up. HDV-related
cirrhosis in Romania is an aggressive disease with a
median time to decompensation less than 2 years and
a median survival less than 5 years. Jaundice, the main
clinical consequences of portal hypertension and HCC
were the most frequent causes of decompensation.
[20]
HCC developed in 12% cases .
A study from Mongolia considered the seroepidemiological and social-historical background of the
country, and compared HCV related and HDV related
[21]
HCC prevalence . In Mongolia co-infection with

HEPATOCELLULAR CARCINOMA IN HDV
INFECTION
Hepatocellular carcinoma (HCC) is the second most
[7]
common cause of cancer-related death in men worldwide .
Persistent HDV replication and hepatic inflammation end
[8]
up with cirrhosis and HCC formation . Active replication
of both HBV and HDV may be associated with a more
progressive disease pattern leading to early cirrhosis
[5]
[9]
and HCC . Wu et al described three phases of HDV
superinfection: acute phase, active HDV replication and
suppression of HBV with high alanine transaminase (ALT)
levels; chronic phase, decreasing HDV and reactivating
HBV with moderate ALT levels; and late phase, develop
ment of cirrhosis and hepatocellular carcinoma caused
by replication of either virus or remission resulting from
the marked reduction of both viruses. Therefore, HBV
replication, in spite of being inhibited by HDV, appears to
play a major role sustaining HDV pathogenicity.
Hepatic decompensation, rather than development
of liver cancer, is the first clinical endpoint that develops
[10]
during the course of HDV infection . A clinical study
has suggested that HCC in HDV infection may be a
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[41,42]

HCC at the chronic stage as compared to genotypeⅠ
.
The outcome of patients with genotype Ⅳ (Ⅱb) HDV
infection is more like of genotype Ⅱ HDV infection. HBV
of the genotype C is also a significant factor associated
with adverse outcomes (cirrhosis, HCC or mortality)
in patients with chronic hepatitis D in addition to
[42,43]
genotypeⅠHDV and age
.

HBV and HDV had a stronger association with HCC
development at a younger age while patients with HCV
mono-infection were older. Their results demonstrated
that the viruses had different epidemic dynamics in
Mongolia; HCV was characterized by earlier epidemic
expansion, whereas HDV spread with approximately 50
years lag. Keeping this in mind, there was a comparable
contribution of the HCV-monoinfection and HBV + HDV
co-infection in the current HCC rate.
In a study from the Kure district in Japan, where
HDV infection of persons infected with HBV in 1990s
was about 6%, such superinfection increases the risk
of cirrhosis and HCC. The proportion of HCC per 1000
person years was 7.84 among cases with anti-HDV
and 2.73 among those without anti-HDV. The overall
[22]
relative risk of HCC was 2.87, 95%CI: 1.03-6.23 .
A study from Taiwan failed to show any acceleration
in the development of HCC in patients with HDV
superinfection. Nevertheless, the numbers of patients in
HDV group were small compared to HBV monoinfection
[23]
group (42 vs 255) .
In a Spanish study, One hundred and fifty-eight
patients with chronic HDV were followed for a median
period of 158 mo. 18% had hepatic decompensation,
[24]
3% developed hepatocellular carcinoma . Romeo et
[25]
al tracked the course of HDV infection in 299 patients
over a mean period of 233 mo; 46 developed HCC.
Persistent HDV replication led to cirrhosis and HCC at
annual rates of 4% and 2.8%, respectively, and was the
only predictor of liver-related mortality.
A recent study calculated the standardized incidence
ratios (SIRs) for hepatitis D patients. The risk of
hepatocellular carcinoma was greatly increased in
patients with HBV and HDV (SIR = 137.17, 95%CI:
62.19 to 261.51) when compared with the general
population. The risk of HCC among patients with HDV
was increased (SIR = 6.11, 95%CI: 2.77 to 11.65)
when patients with chronic HBV monoinfection were
[26]
used as the reference population . High levels of HDV
viremia in non-cirrhotic patients were associated with
a considerable likelihood of progression to cirrhosis and
the development of HCC; multivariate analysis: OR =
1.42, 95%CI: 1.04-1.95; P=0.03. Once cirrhosis has
developed, the role of HDV replication as a predictor of
[27]
a negative outcome lessens . Table 1 summarizes the
epidemiological studies on the role of HDV infection in
increasing the risk of HCC.

ONCOGENESIS
The mechanism by which HDV causes HCC remains to
be elucidated, but recent advances seem to suggest
a number of pathways that result in pathogenesis.
HCC development itself is a complex process involving
cumulative gain and loss of function mutations affecting
[44]
tumor suppressor and oncogenic products .
HDV seems to exert epigenetic control over HBV
transcription and replication. A possible explanation may
be that p24 and p27 both repress HBV enhancers, pIIE1
and PIIE2 inhibit replication, thus accounting for the low
[45]
serum levels of HBV DNA in co-infected patients . P27
also inhibits interferon-α signaling by interfering with
janus kinase, tyrosine kinase 2, signal transducer and
activator of transcription (STAT)1 and STAT2, impairing
the transcription of 2’, 5’ oligoadenylate synthase and
protein kinase R but upregulating myxovirus resistance
A gene transcription, which causes HBV replication
[46,47]
inhibition
. In fact HDV has been shown to repress
HCV replication as well and chronic HCV infection has
been reported to be cleared in the presence of HBV and
[1]
HDV superinfection . This implies that HCC is caused
by HDV alone in a conviction, but it may not be so, as
the active proliferation of both HBV and HDV leads to
[5]
more aggressive disease and HCC .
It is believed that the pathogenic effects of HDV
arise from replication-associated cytopathogenecity
rather than a direct effect, since there is little injury
[48]
observed in liver tissues expressing HDAg alone . An
investigation by Taylor confirmed that the expression
of the antigen alone had no cytopathic effect, however
high levels of the antigen and viral RNA caused cell
cycle arrest in the G1 phase within two days and cell
[49]
death in six . This experiment models the acute phase
of infection wherein a high replicative rate is responsible
for tissue injury. However, in chronic infection, wherein
adequate levels of the large antigen are built up to
suppress HDV RNA synthesis, the problem shifts to the
development of HCC.

HDV AND HBV GENOTYPES

Oxidative stress

Hepatitis D is an immune-mediated disease. Though it
is more aggressive than HBV monoinfection, the rate of
disease progression may vary, as with other immune
mediated diseases. Active replication of both HBV
and HDV may be associated with a more progressive
disease pattern. HDV and HBV genotypes may play a
role in various disease outcomes. Genotype Ⅱ HDV
infection is relatively less frequently associated with
fulminant hepatitis at the acute stage and cirrhosis or
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Oxidative stress as a result of severe necroinflammation
in HDV infection may progress to HCC. Large hepatitis D
[50]
antigens or p27 was shown by Williams et al to be a
regulator of various cellular functions and an activator of
STAT3 and the nuclear factor kappa B (NF-κB) pathway
(Figure 1). Studies on HCV and HBV have linked the
activation of NF-κB and STAT3, via the overproduction
of reactive oxygen species (ROS), to the pathology of
[51-58]
the virus
. These proteins have been implicated in
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Table 1 The epidemiological studies on the role of hepatitis D virus infection in increasing the risk of hepatocellular carcinoma
1

Romeo et al[27]

1

Romeo et al[25]
Oyunsuren et al[28]

1

1

Fattovich et al[14]
(EUROHEP study group)
1
Cenac et al[29]
1

Oliveri et al[30]

1

Tamura et al[22]

Verme et al[31]
Smedile et al[32]
1
Trichopoulos et al[19]
1
Toukan et al[18]
1
Ji et al[26]
1
1

2

Huang et al[33]

2

Abbas et al[11]
Heidrich et al[6]

3

3

Huo et al[23]

3

Fattovich et al[13]
(EUROHEP study group)
3
Realdi et al[34] (EUROHEP)
3
Kage et al[35]
3
Tzonou et al[36]
3
Tassopoulos et al[37]
3
Chen et al[38]
3

Govindarajan et al[39]

3

Negro et al[40]

193 patients with HDV co-infection were investigated for a median of 9.5 yr. HDV RNA levels appeared significantly
associated with HCC
299 HDV infected patients invstigated over 28 yr. Persistent HDV leads to cirrhosis and HCC at annual rates of 4% and 2.8%
292 chronic hepatitis patients were investigated retrospectively. HDV co-infection has a stronger association with HCC
development at a younger age than HCV mono-infection
A retrospective cohort study of 200 Western European patients was carried out with a follow-up median period of 6.6 yr.
HDV infection increases the risk of HCC three-fold
89 Sahelian African patients were tested alongside 47 controls. 55% of HDV patients had HCC compared to the 17% who
had HBV mono-infection with HCC
Patients with HDV co-infection developed HCC at a significantly younger age than those affected by HBV alone, by about
10 yr
1127 patients were followed for atleast 3 yr. The prevalence was 4.05 per thousand person years in HDV co-infection
patients compared to 2.73 in patients with HBV alone
62 patients were investigated. The findings suggest that HDV co-infection causes HCC at an earlier age
85 patients were investigated. The outcome in patients with HDV co-infection was significantly worse than others
116 patients were investigated. There is a higher prevalence of HCC amongst HDV co-infected patients
The highest prevalence of HCC was found in those patients co-infected with HDV
650 out of 9160 HBV patients had HDV. The median follow up was 11 yr. The risk of HCC was increased. HDV was a
strong risk factor
114 HCC patients were investigated prior to surgery. A higher prevalence of hepatic inflammation was observed in HCV
patients and also, possibly, in HDV patients
92 HDV positive and 92 negative patients with HCC were compared. HDV causes HCC in a different manner to HBV
71 out of 534 patients had HBV and HDV co-infection. The median follow-up period was 4.25 yr. The long-term outcome
for HBeAg positive and negative was the same
42 HDV co-infected patients were compared to 255 HBV patients, all with HCC, over a period of 8 yr. HDV co-infection
does not accelerate HCC development, and the outcomes are the same as HBV mono-infection
349 Western European patients were investigated for 5 yr. HDV co-infection had no prognostic value for the development
of HCC
366 caucasian patients were investigated for 6 yr. HDV infection did not influence the prognosis
58 patients were investigated. HDV is unlikely to have a role in the development of HCC
185 cases with HCC and 432 hospital controls were investigated. HDV was not a significant cause of HCC
47 patients with HCC were investigated. None of the 47 had any evidence of HDV infection
60 patients were investigated. However, the study indicated that HDV co-infection does not lead to a rise in HCC
development amongst Chinese living in Taiwan
Sera from 39 patients with HBV associated with HCC were studied for the presence of HDV. Only one patient tested
positive
Liver tissues of 19 patients with chronic HDV were investigated and compared to tissues from 16 patients with chronic
HBV, and 3 normal patients. Hepatocyte proliferation in HDV was similar to HBV, but higher than normal

1

Studies favoring role of HDV in HCC; 2Inconclusive; 3Studies against role of HDV in HCC. HDV: Hepatitis D virus; HCC: Hepatocellular carcinoma; HBV:
Hepatitis B virus; HBeAg: Hepatitis B e antigen; HCV: Hepatitis C virus.
[66,67]

cell transformation and tumorigenesis, indeed STAT3
over expression is associated with leukemia, prostate
[59-62]
cancer and melanoma
. The ROS are produced
by endoplasmic reticulum (ER) stress, the NADPH
oxidase (Nox) family (HCV induces Nox1 and Nox4
[63]
in hepatocytes) , the direct action of the HBV and
HCV proteins and the ER overload response. Williams
[50]
et al
found that in the presence of antioxidants
(PDTC, NAC) or calcium inhibitors (TMB-8, BAPTA-AM,
Ruthenium Red), p27-induced activation of STAT3 and
NF-κB was dramatically reduced. They described that
p27 caused an increase in ROS production, partly due
to the isoprenylation process. P27 has a prenylation
site on C211, which binds to farnesyl residues, and a
nuclear export signal, which allows transport of the
[64,65]
neosynthesized ribonucleoprotein to the ER
. HDV
proteins also cause some ER stress, as p27 activates
ER stress elements present in the promoter of target
genes, GRP78 and GRP94, and the antigen also triggers
Nox4 activity via transforming growth factor (TGF)b1.
TGFb1 and c-Jun signaling cascades may also induce
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epithelial-mesenchymal transition and fibrogenesis
and cause cirrhosis. Isoprenylation inhibitors, still in
early development, may play a key role in preventing
[11]
these undesirable outcomes .
In a dose dependent manner, p27 also significantly
[50]
increases (3.2 fold) NF-κB activity . NF-κB complex
activation requires the phosphorylation of the serine 32
and 36 (and possibly Tyr42) residues by an Inhibitor of
kappa B kinases, IêB kinase (IKK)α and IKKβ, of I-κB
(which is then proteosomally degraded), hence allowing
the nuclear translocation and DNA binding of the active
[50]
[68]
dimmer (p50/65) . Park et al demonstrated that
p27 might also increase NF-κB activation via tumor
necrosis factor α (TNF-α) induction. TNF-α is involved
in a wide range of inflammation and immunity related
[69-71]
actions
. The study also found that the large antigen
increased TNF receptor associated factor (TRAF2), IKKβ
and p65 mediated NF-κB activation. The investigators
found TRAF2 (a protein involved in early signal trans
duction events) to interact with both SHDAg and
LHDAg. An interesting parallel can be drawn to HCV,
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Carcinogen
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PKR
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PKR
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Figure 1 The influence of large hepatitis D antigen in activating oncogenic pathways. JAK: Janus kinase; SRC: Proto-oncogene tyrosine-protein kinase Src;
TRADD: Tumor necrosis factor receptor type 1-associated DEATH domain protein; FADD: Fas-associated protein with death domain; TRAF2: TNF receptor associated
factor 2; TNF: Tumor necrosis factor; RIP: Receptor-interacting protein; STAT3: Signal transducer and activator of transcription 3; NF-κβ: Nuclear factor kappa beta;
ROS: Reactive oxygen species; MEKK: Mitogen-activated protein kinase kinase kinase (MEK kinase); PKR: Protein kinase R; IKK: IêB kinase; CBP: CREB-binding
protein.

which via NS5A and NS5B proteins also modulates
[72,73]
TNF-α induced NF-κB activation
. Furthermore, the
HBX protein directly interacts with I-κB, preventing its
[74]
[50]
association with NF-κB . However Williams et al
showed that HDV proteins could not directly interact
with NF-κB and STAT3 but could act to transcribe various
unknown genes by binding to endoplasmic reticulum
stress response element (ERSE) motifs in target genes.
The discussion above demonstrates some of the
possible mechanisms by which the HDV induces HCC.
Furthermore, clinical observations seem to reinforce the
view that HCC in HDV infection may be a secondary to
[11]
the necroinflammation and cirrhosis of the liver . The
investigators noted a decrease in liver size with HDV
as opposed to HBV monoinfection and saw that HDV
patients had lower platelets and larger varices.

possible epigenetic links. The study did not identify the
mechanism of pathogenesis, but noted that HMGB1 (over
expression of which is associated with metastasis in
various cancer types) was over expressed in Huh7-D12
cells while NASP, TPI and PABP2 (which interact with
DNMT 3a and 3b) were found to be down regulated,
hence promoting cell proliferation. Proteins involved
in cellular metabolism, transport, signal transduction
and growth (PCNA and FEN1 Endonuclease) were also
[77]
[40]
found to be affected . Indeed Negro et al
found
that in the cirrhotic tissue of patients with HCC, HDV
RNA occasionally co-localized with PCNA (a marker of
hepatocyte proliferation).
It has been established that DNMT1 and DNMT 3b
knockdown causes a global methylation reduction of
over 95%, causing the loss of insulin-like growth factor
2 imprinting and the loss of silencing of the vital tumor
[76]
suppressor p16INK4a . Hence their roles in human
[75]
cancers are clear. Benegiamo et al went on to show
the large antigen activates STAT3 via phosphorylation
of Tyrosine 705 residue. STAT3 in turn regulates
DNMT1 and causes the over expression of DNMT3b.
Among the 24 genes investigated by the study, the
promoter of E2F1, a vital regulator of the cell cycle
(bound by the Retinoblastoma protein) was found to
be hypermethylated. It has been proposed that E2F1
may also be responsible for Nox4 activation. E2F1 is

DNA methylation

It has been suggested that another mechanism by which
HCC forms is the aberrant silencing of tumor suppressor
genes by DNA methyltransferases (DNMT1) and DNMT
[75]
3b . DNMT1 is responsible for the maintenance
of methylation patterns whereas DNMT 3a and 3b
[76]
catalyze new methylation events . Hence DNMT 3b is
[77]
potentially oncogenic. Indeed, a study by Mota et al
noted that at least 32 proteins had differential expression
in the presence of HDV components, pointing towards
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[92]

often targeted by other small DNA and RNA viruses
as well. The virus was thus found to cause cell cycle
disruption and a 2-fold increase in G2/M phase arrest
[75]
was observed . It has been suggested by Kannan
that following arrest, the cell acquires further mutations
that allow it to proceed with the cycle, giving rise to
[78]
cancerous cells .

HCC . It was previously thought that HBV DNA
integration with chromosomes of infected hepatocytes
would be responsible for HCC. However, the process
of integration has been noted to be entirely random
rather than targeted to specific genes and the length
and components of the integrant has found to vary
[93]
considerably . Interestingly, when Woodchuck hepatitis
virus targets the intronless N-myc2 gene as a site of
[94]
integration, it predisposes to HCC . Together with the
activity of the protein product, the increased expression
of mechanistic of rapamycin (mTOR) and PI3K/Akt were
[95]
found to be responsible for cancer development .
Indeed mTOR promotes cell proliferation, apoptosis
[96]
resistance and vascularization of tumors by regulating
the transcriptional activity of FOXO1-3a and protein
[95]
translation by pS6 and eIF-4E . To the authors’
knowledge, no study has yet investigated the association
of the HDV antigens with mTOR or the downregulation of
[97]
MiR-101 (which is done by HBX protein and interacts
with DNMT3A) and this could be a potential area of
research.

Histone modification

HDAgs have also been associated with increased histone
[79]
H3 acetylation of the clusterin promoter . This enhances
the expression of clusterin in infected cells, increasing
cell survival potential. Histone acetyltransferases, CREB[80]
binding protein and p300
are key to this process, as
they interact with the antigens while the linker histone H1e
[81]
[82]
binds to the small antigen . Kang et al reported that
clusterin is over expressed in HCC, with the expression
[83]
increasing with metastatic HCC . Indeed, it has already
been noted that increased levels of the protein is an
important factor in determining the aggressiveness of
[84]
a breast tumor . It is believed that at least in human
renal cell carcinoma clusterin contributes to a phenotype
[85]
resistant to Fas-mediated apoptosis . However, some
conflicting results have been noted in the literature
regarding the roles of clusterin, which has been involved
[86]
[87]
in cell cycle arrest , cell death
and inhibition of
[84]
proliferation . An explanation suggested is that although
clusterin may initially cause senescence in problematic
cells, over time the molecule may be responsible for
survival and with the accumulation of further mutations,
[88]
may allow tumorigenesis .

Peroxisome proliferator-activated receptor and HCC

Peroxisome proliferator-activated receptor (PPAR) has
[98]
been shown to play a role in the development of HCC .
PPARα (which normally has a role in lipid metabolism),
found in the liver, kidney, heart, and small intestine,
has been shown to be involved in the regulation of the
cell cycle. In mice, knocking down PPARα led to HCC
[99]
suppression . However, conflicting reports of the role
of PPARα exist. Meanwhile PPARγ, found in adipose
[100-102]
tissue and macrophages, inhibits HCC
. These
control epithelial-mesenchymal transition and prevent
[103]
metastasis by increasing E-cadherin through TIMP3 .
[103]
PPARγ is also involved in cell cycle arrest
and induces
Fas dependent apoptosis, hence combating HCC. PPARδ
(a gene derived from the TCF/β-catenin pathway) is
found universally and has been reported to be involved
[104]
in highly malignant colon cancer . It is thus necessary
to explore in the future whether PPAR are somehow
exploited by HDV in the development of HCC. If so,
thiazolidinediones, which act on PPARγ, could be used
to treat HCC. Together with retinoic acid, PPAR agonists
and antagonists could become the frontline therapeutic
drugs in HCC treatment.

Metabolic and autoimmune changes

Another factor to consider is the down-regulation of
the Rho GDP dissociation inhibitor and guanine binding
[74]
proteins . These proteins are involved in the regulation
of the mitogen activated protein kinase (MAPK) pathway,
[89]
which is frequently implicated in cancer . A lower
availability of Triosephosphate Isomerase and Pyruvate
Carboxylase, which lead to an abnormal retention of
lipids may also be responsible for microvesicular steatosis
[77]
during HDV infection .
[45]
Furthermore, Wedemeyer et al
suggest that
hepatitis D is an immune mediated disease, noting a
+
rise in CD4 T cells in individuals with a HDV infection.
Although the role of the host’s immune system seems
unlikely, various autoantibodies have been detected
in infected patients. Prominent amongst them is liverkidney microsomal antibody type 3, directed against
[90]
uridine diphosphate glucoronyl transferase . The
disruption of metabolism in this way could contribute
[91]
to HCC. Indeed Hanahan et al
have already labeled
some changes in cellular metabolism as hallmarks of
cancer.

TOWARDS THERAPEUTICS AND A
BETTER UNDERSTANDING OF HDV
A better understanding of the molecular events
underlying HCC development following HDV infection
is vital to not only the approach to the virus but
also for the development of new drugs, which can
target specific parts of the pathways involved if not
the virus itself and prevent development of HCC in
patients infected with HDV. For example the targeted
inhibition of STAT3 with a decoy 15-mer doublestranded oligonucleotide, which corresponds to the

HBV DNA integration

It is interesting to note that the HBX product has
been found to directly interact with p53 and has been
associated with the MAPK pathway and hence causes
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STAT3 response element in the c-fos promoter region,
has been experimentally proven to abrogate head and
[105]
neck cancer growth
and could eventually be used
to prevent or treat HCC as well.
Cyclophilins are a class of proteins localized in various
cellular compartments, involved in metabolism and
homeostasis and are upregulated during inflammation
and cancer. Cyclophilin A (CypA), in the cytoplasm,
is involved in the virus life cycle, while extracellular
CypA and CypB are pro-inflammatory in nature.
Cyclosporins are potential cyclophilin inhibitors and
could have therapeutic potential for the treatment
of virus induced liver diseases. Indeed cyclosporin A
(CsA) has been shown to inhibit HBV and HDV entry
via sodium taurocholate co-transporting polypeptide.
There is a direct interaction between the drug and the
NTCP receptor (which is also a bile salt transporter),
with overlap at the preS1 domain (which mediates
viral entry). CsA also has immunosuppressive effects,
exercised via cyclophilin dependent inhibition of
[106]
calcineurin .
Interestingly, HDV can, in vivo, infect the cells of
hepadnavirus-induced hepatocellular carcinoma in
[107]
Woodchucks . Since it had been previously hypothe
sized that hepadnavirus-induced HCCs are resistant to
reinfection, the experiment proves that the cells still
have functioning woodchuck hepatitis virus receptors
and if a resistance does exist, it occurs downstream
[108]
of the receptor
. This information may facilitate
development of novel strategies further dissecting the
mechanism of liver carcinogenesis associated with HDV
infection
The spread of HDV can be prevented by depriving
the defective HDV of HBV necessary to propagate its
infection. Countries with effective vaccination programs
have shown a dramatic decrease in the incidence of
[109]
HCC
. As there is no effective treatment for HDV
and the only treatment available is interferon, which is
[110]
of limited efficacy , vaccination against HBV should
be stressed. Carriers of HBs should be informed of the
risk of superinfection from carriers coinfected with HDV
and educated about preventive practices.
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REVIEW

Chemotherapy and target therapy for hepatocellular
carcinoma: New advances and challenges
Gan-Lu Deng, Shan Zeng, Hong Shen
metastatic HCC, conventional chemotherapy is of limited
or no benefit. Sorafenib is the only systemic treatment
to demonstrate a statistically significant but modest
overall survival benefit, leading to an era of targeted
agents. Many clinical trials of targeted drugs have been
carried out with many more in progress. Some drugs like
PTK787 showed potential benefits in the treatment of
HCC. Despite these promising breakthroughs, patients
with HCC still have a dismal prognosis. Recently, both a
phase Ⅲ trial of everolimus and a phase Ⅱ clinical trial
of trebananib failed to demonstrate effective antitumor
activity in advanced HCC. Sorafenib still plays a pivotal
role in advanced HCC, leading to further explorations
to exert its maximum efficacy. Combinations targeted
with chemotherapy or transarterial chemoembolization is
now being tested and might bring about advances. New
targeted agents such as mammalian target of rapamycin
inhibitors are under investigation, as well as further
exploration of the mechanism of hepatocarcinogenesis.
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Core tip: Sorafenib is the first drug and now the only
systemic treatment to prolong overall survival benefit in
patients with hepatocellular carcinoma. In recent years,
many molecular targeted agents have been developed
and tested. This review article aims to summarize the
efforts of systemic therapeutic options and explore the
potential new systemic options for this disease.

Abstract

Deng GL, Zeng S, Shen H. Chemotherapy and target therapy for
hepatocellular carcinoma: New advances and challenges. World J
Hepatol 2015; 7(5): 787-798 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i5/787.htm DOI: http://dx.doi.

Primary liver cancer is one of the commonest causes of
death. Hepatocellular carcinoma (HCC) accounts for 90%
of primary liver cancers. For patients with unresectable or

WJH|www.wjgnet.com

787

April 18, 2015|Volume 7|Issue 5|

Deng GL et al . Therapy for hepatocellular carcinoma
bination regimens have been studied. The combination
PIAF [cisplatin, interferon, doxorubicin and 5-fluorouracil
(5-FU)] regimen received, a combination of cisplatin,
interferon, doxorubicin and 5-FU, received positive results
[4]
with a median overall survival (OS) of 8.9 mo . However,
results of a subsequent study comparing PIAF with
doxorubicin alone were disappointing. This study failed
to meet its primary endpoint (OS: 8.6 mo vs 6.8 mo,
[3]
P = 0.83), displaying meaningless survival benefit .
In a retrospective multicenter study of combination
gemcitabine with oxaliplatin (GEMOX) in advanced HCC,
GEMOX demonstrated effective antitumor effects by
obtaining 8 mo OS with manageable toxicity. An overall
response rate (ORR) of 22% and disease control rate
[5]
(DCR) of 66% were observed . Another phase Ⅲ study
was conducted to evaluate the role of FOLFOX4 (infusional
fluorouracil, leucovorin and oxaliplatin) in terminal HCC
patients. This palliative chemotherapy was disappointing
and failed to meet its primary endpoint. FOLFOX4,
compared with doxorubicin alone, displayed no survival
[6]
benefit (OS: 6.40 mo vs 4.97 mo, P = 0.07) .
To date, chemotherapy (single agents or combination)
has been tested in abundant clinical studies in advanced
HCC, but no conspicuous persuasive efficacy in prolonging
survival, usually a few months, has been shown. This
abominable prognosis and the weak tolerance make
new medical therapies an urgent need. Various studies
have been conducted to test targeted agents, single or
in combination, to improve the outcome of patients with
HCC. In a randomized phase Ⅲ trial in patients with
advanced HCC (Child-Pugh A) treated with doxorubicin
plus sorafenib or doxorubicin alone, the combination
chemotherapy resulted in a greater median time to
progression (TTP) (6.4 mo vs 2.8 mo; P = 0.02), OS (13.7
mo vs 6.5 mo; P = 0.006) and PFS (6.0 mo vs 2.7 mo; P
[7]
= 0.006) when compared to doxorubicin monotherapy .
Results from another combination therapy (phase Ⅱ,
bevacizumab, capecitabine and oxaliplatin) also revealed
an encouraging efficacy, with 6.8 mo PFS and 9.8 mo
[8]
OS . This improvement implied that target agents and
chemotherapy probably act synergistically but we need
further investigations to be clear about the effectiveness
of these treatments.

org/10.4254/wjh.v7.i5.787

INTRODUCTION
Liver cancer is a dominant health problem around the
world. It was estimated as the sixth most common
cancer in 2012 (782000 new cancer cases worldwide,
5.6% of the total) and the second major cause of
cancer death in 2012 (746000 deaths, 9.1% of the
total), in accordance with the World Health Organization
GLOBOCAN database. Hepatocellular carcinoma (HCC)
accounts for 90% of primary liver cancer. The incidence
is geographically related, as is the mortality, with
Eastern and South-Eastern Asia and Western Africa
having a high incidence.
HCC can be treated curatively with surgical resection
or liver transplantation if diagnosed early; however,
since the majority of HCC patients are diagnosed at
an advanced stage, their median survival times are
generally less than 1 year, leading to a poor prognosis.
[1]
Only 15% are eligible for curative treatment . The
2 year recurrence rate can reach up to 50%, even
for patients undergoing surgery, with a 10 year rate
[2]
of 76% . One of the primary reasons for the poor
prognosis in HCC patients is the absence of potent
therapies, particularly in the advanced stage. Cytotoxic
and hormonal agents, parts of systemic treatment,
have been studied previously and benefited these
patients rarely. Not until the recognition of sorafenib
have unresectable or advanced patients of HCC had a
global standard treatment. With the advent of sorafenib,
systemic therapy for these patients has entered a
new era of molecular targeted therapy. While initial
responses have been observed, a loss of efficacy is
apparent over time, which may be due to “resistance”
via escape/compensatory mechanisms. The prognosis
of HCC is still poor. Thus, new treatments and agents
are eagerly needed. In this review article, we will take
a journey through the history of systemic therapeutic
options for HCC, passing through the current standard
options and exploring the potential new systemic
options for this disease.

MOLECULAR TARGETS IN HCC

CHEMOTHERAPY

Without standard treatment, evaluating novel therapeutic
options for patients with advanced HCC has become an
interesting area for further investigation due to a high
unmet medical need. Basic science researchers have
made efforts to delineate a better profile of the oncogenic
processes and signaling pathways that regulate tumor
cell proliferation, differentiation, angiogenesis, invasion
and metastasis, which has resulted in the promotion of
molecular targeted therapies progress. Within the past
several years, many new targeted agents have been
researched in clinical studies, some available for medical
treatment. However, sunitinib, brivanib, linifanib and

In terminal stage HCC, chemotherapy treatment is not
routinely used as it is chemorefractory and because of
adverse events (AEs). Numerous research has reported
10%-20% response rates for chemotherapeutic agents
in HCC. However, chemotherapeutic agents have shown
their limited usage because of toxicities. Poor hepatic
reserves make it more difficult to endure. Anthracyclines,
such as doxorubicin, demonstrated response rates
ranging from 0% to 79% but the elevated toxicity restricts
[3]
its use .
Lacking advantage as a monotherapy, several com
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[14,15]

TSU-68 have all had disappointing results in advancedstage HCC. Efficacies of targeted agents are listed in
Table 1.

the systemic drug
. It appears to significantly exceed
the antitumor efficacy of conventional TACE, with higher
response rates ranging from 70% to 80%, meanwhile
[16,17]
decreasing the AEs
. A high incidence of recurrence
is a limitation of TACE, probably because of the upregulation of VEGF and PDGFR, which in turn increases
tumor angiogenesis. As a result, the combination of
TACE with antiangiogenic targeted drugs has emerged
as an improvement, aiming to reduce post-TACE
angiogenesis and the incidence of systemic disease and,
as much as possible, improving locoregional therapy
efficacy. A clinical trial of sorafenib combined with DEBTACE (A phase Ⅱ study) in patients with advanced HCC
showed considerable efficacy, with a 90% to 100% DCR
and 58% objective response and tumor size reduced
by 4% (from 6.0 to 5.8 cm; P = 0.05) after one cycle
[18]
combination therapy . Several clinical trials have also
shown promising results for combination targeted agents
with TACE. One prospective non-randomized controlled
trial comparing the efficacy of sorafenib in combination
with TACE with TACE alone in unresectable or advanced
HCC revealed that the coactions of sorafenib prolonged
TTP (6.3 mo vs 4.3 mo; P = 0.004) and the median OS
[19]
(7.5 mo vs 5.1 mo; P = 0.009) . Likewise, another
retrospective large scale multicenter study of 222
patients showed antitumor efficacy, with a 12 mo OS
and 8.5 mo TTP for the sorafenib combination with TACE
for advanced HCC. With these exciting positive results,
sorafenib in combination with TACE appears to be a
[20]
potent treatment for advanced HCC patients .

VASCULAR ENDOTHELIAL GROWTH
FACTOR/VASCULAR ENDOTHELIAL
GROWTH FACTOR RECEPTOR,
PLATELET-DERIVED GROWTH FACTOR
RECEPTOR AND FIBROBLAST GROWTH
FACTOR RECEPTOR
Vascular endothelial growth factor (VEGF), plateletderived growth factor (PDGF) and fibroblast growth
factor (FGF)-2 are established proangiogenic factors and
have a key role in the development of HCC, a hyperva
scularized tumor that may be especially vulnerable to
angiogenesis inhibition.

Sorafenib

Sorafenib, a multikinase inhibitor targeting the Raf
serine/threonine kinases and the VEGF receptor 1-3
(VEGFR1-3), PDGF receptor (PDGFR)-b, c-Kit, fms-like
[9]
tyrosine kinase-3 (FLT-3) and p38 tyrosine kinases ,
was the first approved molecular targeted agent
that demonstrated survival benefits in patients with
advanced HCC in 2007. Two landmark phase Ⅲ studies,
SHARP and the Asia-Pacific trials, showed sorafenib to
be a significant progress in the treatment of HCC. The
SHARP trial demonstrated that sorafenib (400 mg bid)
benefited 602 patients with advanced HCC who had
received no systemic treatment previously. Sorafenib
prolonged OS when compared with placebo (10.7 mo
vs 7.9 mo, P < 0.001), as well as the median time to
radiological progression (5.5 mo vs 2.8 mo; P < 0.001).
Drug-related AEs were diarrhea, weight loss, hand-foot
[10]
skin reaction and hypophosphatemia . In the AsiaPacific region study of sorafenib, 226 patients who had
not received previous systemic therapy in advanced HCC
were randomly assigned to receive either sorafenib (400
mg) or placebo twice per day in 6 wk cycles. In this trial,
sorafenib showed an antitumor effect with prolonging
OS (6.5 mo vs 4.2 mo, sorafenib vs placebo, P = 0.014)
and the TTP (2.8 mo vs 1.4 mo, sorafenib vs placebo, P
[11]
= 0.0005). AEs were accordance with references .

Sorafenib combined with chemotherapy or targeted
agents

In studies of sorafenib compared with placebo, sorafenib
decreased tumor size less obviously. However, chemo
therapy shrinks the true volume of tumor, in spite of
the lack of compelling evidence in benefiting survival
for advanced patients. This implies the benefit of
the combination regimen of sorafenib with a chemo
therapeutic agent. Accordingly, many phase Ⅱ/Ⅲ
clinical trials have been launched globally to compare
[7]
“sorafenib plus’’ combination to sorafenib monotherapy .
Unfortunately, the “sorafenib plus’’ combination has failed
to show superiority in clinical trials. The Nexavar-Tarceva
combination therapy, a phase Ⅲ study of combination
sorafenib with erlotinib (SEARCH) (NCT00901901), had
no survival benefit (OS: 9.5 mo vs 8.5 mo, P = 0.204),
according to the study report at the European Society for
Medical Oncology (ESMO) Congress in 2012 in Vienna.

Sorafenib combined with transarterial
chemoembolization

Other antiangiogenic therapies

Despite initial responses to sorafenib and similar to other
targeted agents, most HCC patients experience loss of
efficacy and the situation of advanced HCC treatment
was still dismal, with less than 1 year of survival.
Conventional transarterial chemoembolization (cTACE) is
[12,13]
a method that improves
survival, with rates of 75%
[12]
at 1 year, 47% at 2 years and 26% at 3 years . Drugeluting bead (DEB)-TACE is an improvement of cTACE
in drug delivery to raise drug concentration and reduce
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Beyond sorafenib, sunitinib is a fresh multi-targeted
tyrosine-kinase inhibitor showing efficacy in gastro
[21]
intestinal stromal tumors (GIST) , advanced renal cell
[22]
carcinoma
and advanced pancreatic neuroendocrine
[23]
tumors . Sunitinib shows evidence of modest antitumor activity with manageable AEs in several clinical
[24-26]
trials in patients with advanced HCC
. The futility
and safety reasons of sunitinib forced a phase Ⅲ trial
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6 mg/kg weekly
5 mg/d or 10 mg/d
7.5 mg/d
20 mg/wk
360 mg bid
cMet-high

Phase Ⅱ

Phase Ⅰ/Ⅱ
Phase Ⅲ vs placebo
Phase Ⅱ

Phase Ⅱ vs placebo

45 mg /d
30 mg /d
1500 mg/d
1500 mg/d
250 mg/m2
250 mg/m2 + 1000 mg/m2 + 100 mg/m2
1500 mg/d
1500 mg/d

6.6 vs 6.2
7.2 vs 3.8

8.4
7.56 vs 7.33
26.4 wk

8.0

5.8
11.7
13
10.75
9.6
9.5
6.2
12.6

9.4 vs 8.2
9.5 vs 9.9
7.3
9.7
13.1

800 mg/d
800 mg/d

Phase Ⅱ
Phase Ⅱ
Phase Ⅱ
Phase Ⅱ
Phase Ⅱ
Phase Ⅱ (+ gemcitabine + oxaliplatin)
Phase Ⅱ
Phase Ⅱ

9.79

800 mg/d

0.25 mg/kg
400 mg bid

10.7 vs 7.9
6.5 vs 4.2
7.5 vs 5.1
12
9.8
8.0
5.8
7.9 vs 10.2
10

OS (mo)

400 mg bid
400 mg bid
400 mg bid
400 mg bid
37.5 mg/d
50 mg/d
50 mg/d
37.5 mg/d
800 mg/d

Dosage

Phase Ⅲ (SHARP) vs placebo
Phase Ⅲ (Asian)
+ TACE vs TACE alone
+ TACE
Phase Ⅱ
Phase Ⅱ
Phase Ⅱ
Phase Ⅲ vs sorafenib
Phase Ⅱ
First-line
Phase Ⅱ
Second-line
Phase Ⅲ (BRISK-PS) vs placebo
Phase Ⅲ (BRISK-FL) vs sorafenib
Phase Ⅰ/Ⅱ (+ doxorubicin)
Phase Ⅱ
Phase Ⅰ/Ⅱ

Trial

1.6 vs 1.4
2.7 vs 1.4

PFS 3.8 mo
2.96 vs 2.6
15.3 wk

4-mo-PFS 30%

PFS 1.4 mo
PFS 4.7 mo
PFS 2.3 mo
PFS 1.9 mo

2.8
PFS 5.3 mo

4.2 vs 2.7
4.2 vs 4.1
PFS 5.4 mo
3.7
2.1

2.7

5.5 vs 2.8
2.8 vs 1.4
6.3 vs 4.3
8.5
TTP 4.1
5.3
2.8
4.1 vs 3.8
2.8

PFS/TTP (mo)

Neutropenia, anemia, asthenia

Fatigue, ascites, acne, mucositis

Lymphopenia, hyponatremia aspartate transaminase,

Diabetes, elevated of AST/ALT, hyponatremia

Fatigue, anorexia and hypertension
Hypertension hyponatremia and hyperbilirubinemia
Skin rash, diarrhea, fatigue
Diarrhea, folliculitis, fatigue
Elevated AST, fever, hypomagnesemia
Thrombocytopenia, neutropenia, and anemia
Diarrhea, fatigue, and elevations of AST/ALT
Diarrhea, nausea and rash

Fatigue, asthenia, hypertension
Hyponatremia, AST elevation, fatigue
Mucositis, alopecia, neutropenia and neutropenic sepsis
Diarrhea, hypertension and fatigue
Hypoalbuminemia, diarrhea, anorexia

Fatigue, hypertension, nausea and diarrhea

HFSR, hypophosphatemia, diarrhea
HFSR, diarrhea, hypertension
HFSR, alopecia, diarrhea
HFSR, diarrhea, rash
Leukopenia/neutropenia, thrombocytopenia, AST elevation
HFSR, neutropenia, asthenia, thrombocytopenia,
Fatigue, nausea, liver failure, encephalopathy
HFSR, thrombocytopenia and neutropenia
Fatigue, hypertension, and diarrhea

AEs

[87]

[70]
[71]
[72]

[59]

[42]
[43]
[51]
[52]
[48]
[49]
[54]
[55]

[32]
[33]
[38]
[35]
[40]

[31]

[10]
[11]
[19]
[20]
[24]
[25]
[26]
[27]
[30]

Ref.

OS: Overall survival; PFS: Progression-free survival; TTP: Time to progression; VEGF: Vascular endothelial growth factor; VEGFR: Vascular endothelial growth factor receptor; mTOR: Mammalian target of rapamycin; PI3K:
Phosphatidylinositol-3-kinase; Met: Met proto-oncogene; EGFR: Epidermal growth factor receptor; HFSR: Hand-foot skin reaction; EGF: Epidermal growth factor; TACE: Transarterial chemoembolization; AEs: Adverse events;
BRISK-PS: Brivanib study in patients at risk-post sorafenib; AST: Aspartate transaminase; ALT: Alanine transaminas; IGF: Insulin-like growth factor; IGFR; Insulin-like growth factor receptor.

Sirolimus
Met
Tivantinib

IGF/IGFR
Cixutumumab
PI3K/Akt/mTOR
Everolimus

Lapatinib

Cetuximab

Erlotinib

Vatalanib (PTK787)
Linifanib
TSU-68
EGF/EGFR
Cediranib

Brivanib

Sunitinib

VEGF/VEGFR
Sorafenib

Table 1 Efficacy results of targeted therapies used in advanced hepatocellular carcinoma treatment
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(NCT00699374) to stop, which compared sunitinib (37.5
mg/d) with sorafenib (400 mg bid) in patients with
advanced HCC. In this study, for sunitinib and sorafenib,
respectively, median OS was 7.9 mo vs 10.2 mo, median
progression-free survival (PFS) was 3.6 mo vs 3.0
mo and TTP was 4.1 mo vs 3.8 mo. The trial revealed
that sunitinib failed to demonstrate superiority or noninferiority to sorafenib in extending patients’ lives with
advanced HCC and was associated with more frequent
[27]
and severe AEs than sorafenib .
Brivanib inhibited both VEGFR and FGF receptor
[28]
(FGFR) signaling pathways and revealed encouraging
anti-tumor activity in a preclinical study in which brivanib
significantly suppressed five of six patient-derived
xenograft HCC models resistant to sorafenib and phase Ⅱ
[29-31]
clinical trials
. Brivanib as first-line agent in advanced
HCC patients did not reach the planned primary endpoint
with a 6 mo PFS rate of 18.2% and 2.7 mo PFS but
demonstrated an encouraging OS of 10 mo and 51%
DCR, respectively. The 2.8 mo TTP in this study was
comparable with that reported in the Asia-Pacific region
sorafenib study (2.8 mo). Notably, the 10 mo OS was
[30]
higher than the 6.5 mo OS in the Asia sorafenib study .
Nevertheless, the large randomized phase Ⅲ brivanib
study in patients at risk (BRISK) HCC trials conducted
to evaluate the role of brivanib was disappointing again.
The BRISK-PS (brivanib-post sorafenib) trial evaluated
brivanib vs placebo in patients who progressed on/after
or were intolerant to sorafenib (NCT00825955) and
failed to meet the primary endpoint of improving OS
[32]
statistically (9.4 mo vs 8.2 mo, P = 0.3307) . The
BRISK-FL study (NCT00858871) compared the efficacy
and safety of brivanib with sorafenib in patients with
advanced HCC who had not received systemic therapy
before. This research was also disappointing. It failed to
meet the primary endpoint in improving OS (9.5 mo vs
9.9 mo, brivanib vs sorafenib), showing non-inferiority
for brivanib vs sorafenib. Secondary endpoints of TTP,
[33]
ORR and DCR were similar in both study arms .
Linifanib (ABT-869), a multitargeted tyrosine kinase
inhibitor, inhibits the members of the VEGFR and
[34]
PDGFR families . Linifanib as single agent showed
clinical antitumor activity in OS (9.7 mo) and TTP (3.7
[35]
mo) . ABT-869 appeared to benefit HCC patients,
with an acceptable safety profile. Accordingly, a
randomized phase Ⅲ trial to evaluate the efficacy and
tolerability of linifanib as first-line therapy vs sorafenib
(NCT01009593) was conducted and is ongoing in 1035
advanced HCC patients who had no prior systemic
therapy. This trial failed to meet its primary endpoint,
showing a similar OS in linifanib and sorafenib (9.1 mo
for linifanib vs 9.8 mo for sorafenib). Longer TTP favored
[36]
linifanib (5.4 mo vs 4.0 mo) .
Vatalanib (PTK787), a tyrosine kinase inhibitor
that binds directly to the ATP-binding sites of VEGFR,
inhibits both FLT-1 and Flk-1/KDR and other class Ⅲ
receptor tyrosine kinases, such as PDGFR-β, FLT-4,
[37]
c-kit and c-fms . A phaseⅠ/Ⅱ research of vatalanib
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combined with intravenous doxorubicin in advanced
HCC was conducted, resulting in a 7.3 mo OS and 5.4
mo PFS. This was the first coactions trial of protein
tyrosine kinase (PTK) and intravenous doxorubicin
that demonstrated potent efficacy in advanced HCC
patients and provided the basis for further clinical
trials combining antiangiogenic agents together with
[38]
chemotherapy to augment the efficacy . A preclinical
trial showed that the coactions of PTK/ZK and interferon/
5-FU markedly controlled tumor growth both in cell lines
[39]
and a xenograft HCC model . Attempting to combine
vatalanib with another agent may be a potent agent in
HCC management.
TSU-68, a tyrosine kinase inhibitor of PDGFR, FGFR
and VEGFR, has revealed promising preliminary efficacy
in a phase Ⅰ/Ⅱ trial of heavily pretreated advanced
[40]
HCC patients, with a 13.1 mo OS and 2.1 mo TTP .
Another trial combining TSU-68 with TACE in patients
with advanced HCC showed a trend towards prolonged
PFS; however, this observation was not statistically
[41]
significant . A subsequent randomized phase Ⅲ
study of combining TACE with either TSU-68 or placebo
conducted in Japan, South Korea and Taiwan is currently
recruiting patients with unresectable HCC.
Cediranib (AZD2171) is another multitargeted
inhibitor of VEGFR, c-kit, PDGFR-β and FLT-4. In a phase
Ⅱ clinical trial of cediranib (45 mg/d) in advanced HCC
patients, cediranib was not effective at this dose and
schedule due to the high incidence of toxicity reactions.
[42]
A 5.8 mo OS and 2.8 mo TTP were observed . A
subsequent phase Ⅱ study of a reduced cediranib
dosage (30 mg/d) showed modest antitumor efficacy
in advanced HCC with a different tolerability profile.
Results of the 5.3 mo PFS and 11.7 mo OS in this group
were compared favorably to data reported with 45 mg/d
dosing of cediranib in advanced HCC (2.8 mo TTP and
5.8 mo OS). Longer duration of treatment at 30 mg/d
dosing and patient selection bias might have contributed
[43]
to different results .
Bevacizumab, an anti-VEGF monoclonal antibody,
was the first angiogenesis inhibitor to be approved
as an antineoplastic agent. Bevacizumab has shown
encouraging effects both as a single agent and in
combination with cytotoxic drugs (gemcitabine, oxaliplatin
and capecitabine) or erlotinib in several phase Ⅱ
[8,44-46]
trials in patients with advanced HCC
. One trial of
bevacizumab combined with erlotinib resulted in a 9.0
mo PFS and 15.65 mo OS, showing significant, clinically
meaningful antitumor activity. A 62.5% 4 mo PFS
[45]
(primary endpoint) was observed . Another phase Ⅱ
randomized trial (NCT00881751) is now ongoing, testing
sorafenib vs bevacizumab and erlotinib.
Ramucirumab (IMC-1121B, LY3009806), a fully
humanized monoclonal antibody directed against the
extracellular domain of VEGFR-2, is a new therapeutic
option that selectively inhibits human VEGFR-2 with
a much greater affinity than its natural ligands. An
early phase Ⅱ clinical trial of ramucirumab has shown
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its encouraging anticancer effect, demonstrating a
69% DCR, 4.0 mo median PFS and 12.0 mo OS in
42 patients with advanced or metastatic liver cancer.
The majority of patients enrolled in this trial have wellpreserved liver function. An interesting aspect in this trial
is the observed OS stratified by liver function difference,
showing longer OS favoring ramucirumab Child-Pugh
B group than Child-Pugh A group (18.0 mo vs 4.4 mo,
[47]
both are barcelona clinic liver cancer-C) . This positive
study spurred the initiation of REACH (NCT01140347).
REACH is a large, second-line, randomized phase
Ⅲ trial testing ramucirumab in pretreated patients
with advanced stage HCC. Five hundred and fortyfour hepatocellular carcinoma patients whose disease
progressed during or following first-line therapy with
sorafenib who were randomized to either ramucirumab
or placebo. However, according to the preliminary results
released at the ESMO Congress in 2014, ramucirumab
was disappointing as it failed to show superiority in
terms of OS when compared with placebo (9.2 mo vs 7.6
mo, ramucirumab vs placebo).

study of erlotinib alone showed modest efficacy with
43% DCR in HCC, as well as a weak prolonged OS (10.75
[52]
mo) . In contrast to previous positive results with
erlotinib, the SEARCH trial, a randomized trial protocol
that combined sorafenib with erlotinib for HCC patients,
failed to exhibit positive results, revealing that erlotinib
when added to sorafenib did not prolong OS in advanced
HCC, according to the report of the ESMO Congress in
2012.
Lapatinib, inhibitor of EGFR and HER2/NEU by
docking into the ATP binding site of the two receptors,
showed no or little efficacy in advanced HCC patients
[53]
in clinical trials . In one study, lapatinib did not meet
the predefined efficacy rate, with the response rate of
5%, and likely did not have significant activity in HCC,
[54]
with a 2.3 mo PFS and 6.2 mo OS . Results from the
other study revealed modest activity of lapatinib based
on the lack of objective responses (primary endpoint of
this study), short median PFS (1.9 mo) and relatively
modest proportion of patients with stable disease
[55]
(40%). A 12.6 mo OS was observed .
Insulin-like growth factor (IGF) signaling has been
widely studied in preclinical trials and its dysregulation in
liver cancer by up-regulating IGF-2 and down-regulating
[56]
IGF-2 receptor has been witnessed . Strategies to
target this signaling consisting of monoclonal antibodies
and small molecule inhibitors against IGF-1R are still
being researched. To date, unfortunately all IGF-R
antibodies demonstrate no benefit in advanced HCC.
Equally disappointing results were also reported from
a phase Ⅱ clinical trial of cixutumumab (IMC-A12),
a fully human IgG1 monoclonal antibody that binds
[57]
specifically to IGF-R1 . It inhibits tumor cells growth
and apoptosis in a human tumor xenograft model by
[58]
effectively blocking ligand-induced phosphorylation .
However, results from the phase Ⅱ study indicated
that IMC-A12 monotherapy is ineffective, with a 8.0
[59]
mo OS and a 4 mo PFS rate of 30% . BIIB022 is a
[60]
non-glycosylated monoclonal antibody for IGF-1R .
A phase Ⅰ/Ⅱ research was halted early because of a
business decision by the sponsor company.

EPIDERMAL GROWTH FACTOR
RECEPTOR, INSULIN-LIKE GROWTH
FACTOR RECEPTOR AND HEPATOCYTE
GROWTH FACTOR/CELLULARMESENCHYMAL TO EPITHELIAL
TRANSITION FACTOR SIGNALING
Epidermal growth factor receptor (EGFR) is frequently
overexpressed in HCC, confirmed by many preclinical
trials. Drugs targeting EGFR consist of anti-EGFR
antibodies (like cetuximab) and inhibitors of EGFR
tyrosine kinases (like erlotinib, lapatinib).
Cetuximab (IMC-C225, ERBITUX) is a recombinant
chimeric immunoglobulin G1 monoclonal antibody targeting
the extracellular domain of EGFR. A phase Ⅱ clinical
trial of cetuximab was conducted to test its safety and
efficacy in patients with advanced stage liver cancer.
This study failed to show satisfactory results, with
no patients obtaining a complete or partial response.
Despite its safe toxicity profiles, this trial was also not
sufficiently powered to demonstrate a significant benefit
given its premature termination due to poor accrual (OS:
[48]
9.6 mo, PFS: 1.4 mo). Patients showed good tolerance .
The results of another research comparing GEMOX in
[49]
combination with cetuximab are awaited .
Erlotinib (Tarceva, OSI-774) specifically inhibits the
EGFR/human epidermal-growth-factor receptor 1 (HER1)
which proved to have an important role both in cell
[50]
lines and animal models of hepatocellular carcinoma .
Results of a phase Ⅱ clinical trial testing erlotinib
monotherapy in patients with advanced stage liver
cancer suggested a benefit with erlotinib manifested
by 59% disease control. A 13 mo OS was observed,
[51]
supporting its anticancer activity . The other clinical
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Mitogen-activated protein kinase pathway (retrovirusassociated DNA sequences/rapidly accelerated
fibrosarcoma/mitogen-activated protein kinase kinase/
extracellular signal-regulated kinase)

The rapidly accelerated fibrosarcoma (RAF)/mitogenactivated protein kinase (MAPK)/extracellular signalregulated kinase (ERK) pathway primarily participates
in cell growth, survival and differentiation and is up[61,62]
regulated in HCC
. Targeting RAF kinase is one of
the most promising targeted approaches for the medical
management of HCC. Sorafenib is also a strong inhibitor
against the Raf serine/threonine kinases, the proangiogenic receptor tyrosine kinases VEGFR, PDGFR and
[63]
FGFR1, and tyrosine kinases . Selumetinib (AZD6244)
is a non-ATP competitive small molecular inhibitor of the
MAPK mitogen-activated protein kinase kinase (MEK)
[64]
1/2 . A phase Ⅱ trial of selumetinib, the first study of
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an inhibitor of MEK in HCC, conducted in patients with
advanced or metastatic liver cancer pretreated with
systemic therapy showed depressing results due to a
lack of response in radiography and short PFS (8 wk).
There was no difference in TTP and a 4.2 mo OS was
observed. This research was discontinued prematurely
[65]
when a planned interim analysis was conducted .

tumor growth and angiogenesis in a xenograft model
and exhibited relatively mild effects on HCC cell lines in
[73-75]
vivo
. Results from a phase Ⅲ study in patients with
advanced recurrent non-small cell lung cancer who had
failed with first-line chemotherapy showed that nintedanib
notably benefited patients with adenocarcinoma in
median PFS and OS, including those with a poor prognosis
[76]
(NCT00805194) . Combination regimen of nintedanib
with carboplatin and paclitaxel for medical management
of advanced ovarian cancer is ongoing (NCT01015118).
As for hepatocellular carcinoma, nintedanib is still being
researched to compare the safety and efficacy with
sorafenib (NCT00987935 and NCT01004003).
Regorafenib (BAY 73-4506) is a structurally unique
inhibitor targeting multiple cancer-associated kinases,
including angiogenic (VEGFR1-3, TIE2), stromal (PDGFR-β,
FGFR) and oncogenic receptor tyrosine kinases (KIT, RET
[77,78]
and RAF)
. Regorafenib improved the management
of metastatic colorectal cancer patients who failed with
[79]
standard treatments , thus leading to the FDA approval
of regorafenib. Regorafenib treatment demonstrated
a notable benefit in PFS when compared to placebo in
[80]
metastatic GIST that failed with standard management .
A phase II clinical trial testing the efficacy of regorafenib
as a second-line drug in patients with liver cancer who
progress after prior sorafenib treatment showed positive
[81]
results in terms of TTP (4.3 mo) and OS (13.8 mo) . A
phase Ⅲ study is currently ongoing (NCT01774344).
The hepatocyte growth factor (HGF)/mesenchymal
to epithelial transition factor (Met) pathway is well known
to involve in tumor growth, angiogenesis and invasion in
various types of cancer. Cellular-Met is a tyrosine kinase
receptor for the HGF ligand. HGF inducing activation of
c-Met ultimately results in the activation of downstream
effecter molecules, including phospholipase C, PI3K and
ERK. In early gene array studies, elevated expression
of c-Met was demonstrated to be related to the poor
[82-84]
accrual and short OS in patients with liver cancer
.
A current focus of interest for HCC drug development
is the c-Met inhibitor tivantinib (ARQ197). Tivantinib,
a selective MET receptor, inhibits MET activation and
demonstrated antitumor activity in human HCC and other
tumor cell lines, as well as in human tumor xenograft
[85,86]
models
. A highly publicized phase Ⅱ trial has
provided hope for tivantinib as a potential second line
candidate after sorafenib failure, particularly in high
c-Met HCC. Results from this study demonstrated
nearly doubling the median PFS in high c-Met patients
(2.7 mo vs 1.4 mo tivantinib vs placebo; P = 0.03)
and the median OS (7.2 mo for high c-Met patients on
tivantinib vs 3.8 mo for high c-Met patients on placebo;
P = 0.01). Longer TTP was observed in the tivantinib
arm than placebo (1.6 mo vs 1.4 mo; P = 0.04). There
was no difference in median OS (6.6 mo vs 6.2 mo,
tivantinib vs placebo, P = 0.63). Initially a high incidence
of neutropenia in this study led to a dose reduction
[87]
from 360 mg bid to 240 mg bid . This study provides
a proof of concept that personalized targeted therapy
is paving its way in the field of HCC research. In the

PI3K/Akt/mammalian target of rapamycin pathway

The PI3K/AKT/mammalian target of rapamycin target
protein (mTOR) signal pathway is especially active in HCC
and indirectly modulates angiogenesis through regulation
of VEGF expression and translation of proteins involved in
[66]
angiogenesis . mTOR exists widely in various biological
cells and is considered to regulate tumor proliferation
[67]
and metabolism directly or indirectly . mTOR inhibitors
(such as everolimus and sirolimus) are not traditionally
considered as direct angiogenesis inhibitors; rather,
they have well-known immunosuppressive properties
and are applied to prevent rejection in organ transplant
[68]
recipients .
Everolimus (Certican, RAD 001), an oral specific
mTOR, showed antineoplastic properties in both cell
lines and patient tissues derived HCC tumors in murine
xenograft models via mTOR regulation of tumor
[69]
proliferation and metabolism . In phaseⅠ/Ⅱ testing,
everolimus resulted in a 3.8 mo PFS and 8.4 mo OS in
advanced HCC patients, showing preliminary antitumor
[70]
activity. This study had a 44% DCR . Everolimus has
different antitumor activities and signaling pathway
compared to sorafenib and it should be effective in
patients who do not respond to sorafenib. However, the
latest results from a phase Ⅲ trial combining everolimus
with placebo (EVOLVE-1 study) declared the failure of
everolimus with non-improvement of OS in advanced
HCC patients failed with or intolerant to sorafenib. In
this study, the median OS in the everolimus arm was
7.56 mo vs 7.33 mo in the placebo arm (P = 0.675).
The median TTP was 2.96 mo vs 2.6 mo (everolimus
vs placebo). There was no benefit in the median TTP,
in the overall population or in any of the pre-stratified
[71]
subgroups . A phase Ⅰ/Ⅱ research comparing
the combination of everolimus and sorafenib with
sorafenib alone was conducted to test the efficacy of the
everolimus combination regimen and the results of this
trial are awaited (NCT01035229).
Sirolimus exhibited some antitumor activity in a
phase Ⅱ study in patients with advanced liver cancer,
showing an OS of 26.4 wk. The median time to
[72]
radiological progression was 15.3 wk . Further trials
are needed to assess the value of sirolimus in HCC.

COMPOUNDS IN DEVELOPMENT FOR
TREATMENT OF HCC
Nintedanib (BIBF 1120) is an orally available, small,
multiple receptor tyrosine kinase inhibitor of VEGFR
1-3, FGFR and PDGFR. BIBF 1120 clearly inhibited
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two currently ongoing phase Ⅲ trials (NCT01755767
for the European/United States trial, NCT02029157 for
the Japanese trial), tivantinib is being tested in patients
with sorafenib failure against best supportive care and
placebo. Despite initial problems with severe neutropenia
in the European/United States trial due to a change in
the drug formulation used in the phase Ⅲ trial compared
to the phase Ⅱ trial, this study is currently ongoing and
is actively recruiting patients.
Besides tivantinib, there are other c-Met inhibitors
undergoing clinical testing, such as cabozantinib,
Inc-280 and refametinib. Cabozantinib (XL184), a
dual blockade of VEGFR2 and MET, inhibited tumor
growth in HCC by decreasing angiogenesis, inhibiting
proliferation and promoting apoptosis, but it exhibited
more profound efficacy in phosphorylated-MET positive
[88]
HCC xenografts . A phase Ⅲ study of cabozantinib
vs placebo in HCC patients who have received prior
sorafenib (NCT01908426) is ongoing. A similar
targeted approach is being taken with the MEK-inhibitor
refametinib (BAY 86-9766) in Ras-mutated HCC.
Refametinib, a highly selective and potent small molecule
allosteric (non-ATP-competitive) inhibitor of MEK 1 and
MEK 2, showed potent single agent antitumor activity
and acted synergistically in combination with sorafenib in
preclinical HCC models, albeit with potential application
[89-91]
for only a small subgroup of HCC patients
. Refa
metinib in two single-arm phase Ⅱ trials (first line
combined with sorafenib: NCT01915602 and second
line vs placebo: NCT01915589) and another c-Met
inhibitor Inc-280 in a first-line phase Ⅱ trial are under
investigation (NCT01737827).

Unfortunately, HCC are refractory to many targeted
therapies. For this reason, resistance to molecular
targeted agents is a major challenge for now and in the
future. Combination therapy, including various drugs
or a single inhibitor of cellular pathways, may provide
improvement to overcome this resistance challenge.
Targeted agents, combined with either multiple targeted
agents or conventional chemotherapeutic agents, may
be more effective and require to be further explored.
Combination regimens of sorafenib with other targeted
drugs are being researched. Sorafenib was a major
breakthrough and is still effective, ignoring the drug
resistance. To move beyond sorafenib monotherapy,
a potential role for this agent in the adjuvant setting
following surgical resection, radiofrequency ablation,
TACE or in combination with other targeted agents or
chemotherapy is under investigation.
Novel pathways and molecular targets undergoing
clinical trials are required to define its efficacy in the
adjuvant, neoadjuvant and metastatic setting. Exploring
the mechanism of hepatocarcinogenesis is also needed
to expound its molecular pathogenesis and to confirm
other key targets for intervention. Future development
of genomic analysis of HCC for the identification of both
specific predictive and prognostic biomarkers will be a
leap, increasing promise for HCC patients.
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MINIREVIEWS

Diagnosis and management of primary sclerosing
cholangitis-perspectives from a therapeutic endoscopist
Kunjam Modha, Udayakumar Navaneethan
in the diagnosis and management of PSC. In patients
presenting with a cholestatic profile, endoscopic retro
grade cholangiopancreatography (ERCP) is warranted
for a definite diagnosis of PSC. Dominant strictures of the
bile duct occur in 36%-57% of PSC patients. Endoscopic
balloon dilatation with or without stenting have been
employed in the management of dominant strictures. In
addition, PSC patients are at increased risk of developing
cholangiocarcinoma with a 20% lifetime risk. Brush
cytology obtained during ERCP and use of fluorescence
in situ hybridization forms the initial diagnostic step in the
investigation of patients with dominant biliary strictures.
Our review aims to summarize the current evidence
supporting the role of a therapeutic endoscopist in the
management of PSC patients.
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Core tip: A therapeutic endoscopist plays a key role
in the diagnosis and management of patients with
primary sclerosing cholangitis (PSC). Endoscopic
balloon dilation of dominant strictures with or without
stenting is performed. Brush cytology obtained during
endoscopic retrograde cholangiopancreatography and
use of fluorescence in situ hybridization forms the
initial diagnostic step in the investigation of patients
with dominant biliary strictures. Our review aims to
summarize the current evidence supporting the role of
a therapeutic endoscopist in the management of PSC
patients.
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Primary sclerosing cholangitis (PSC) is a chronic, chole
static liver condition characterized by inflammation,
fibrosis, and destruction of the intra- and extrahepatic
bile ducts. The therapeutic endoscopist plays a key role
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aimed at assessing the progression of histological
stages of PSC over time reported that biopsy findings
could be patchy and that more than one histological
stage could be present in a single liver at a given time
[6]
thus indicating high sampling variability . Although
[7]
using prognostic models for PSC is discouraged , it
is important to know that none of the recent models
developed for this purpose have included histological
stage as one of its variables. Usefulness of liver biopsy,
[8]
although limited, was emphasized in a study that
looked at 138 patients out of which 79 had a liver
biopsy after the diagnosis of PSC. In 78/79 patients,
liver biopsy did not provide additional information. In
one patient, findings of autoimmune hepatitis led to
modification in treatment. Thus, the role of liver biopsy
lies in diagnosing other co-existent liver disorders
as in overlap syndrome that could potentially lead
to adoption of a different treatment approach. It is
also useful in diagnosing small duct PSC in which by
definition, the cholangiogram is normal.
Cholangiography has been the diagnostic modality
of choice for visualization of the biliary tree. Endoscopic
retrograde cholangiography (ERC) was long considered
the gold standard for this. However, due to the invasive
nature of the procedure and the risk of adverse events
with ERC, magnetic resonance cholangiography (MRC)
has been suggested as a safer alternative. One of the
[9]
earliest studies comprising of 73 patients examined
the performance of MRC using ERC findings as the
reference. It reported a diagnostic accuracy of 90%
compared to 97% of ERC. A meta-analysis that
compared 6 studies reported a high sensitivity of 86%
and specificity of 94%. In addition, positive predictive
value and negative predictive value were found to be
[10]
15.3 and 0.15 respectively .
ERC and MRC have comparable diagnostic accuracy,
although the visualization of bile ducts may not be
optimal for all patients with MRC. In patients with early
changes of PSC, MRC may miss the diagnosis and ERC
still has to be performed to exclude PSC. Also, in a large
cohort of patients with PSC who had ERC performed
in our institution, the overall risk of adverse events
was very low at 4.3% including both diagnostic and
[11]
therapeutic ERC . Although MRC is recommended
as the initial imaging test for diagnosis of PSC, ERC is
required in patients with non diagnostic MRC and for
therapeutic intervention on bile duct strictures. We
follow the similar protocol in our institution and perform
MRC as the first step and ERC as the next step even for
diagnosis of PSC when MRC is normal or non-diagnostic.
We will discuss the role of the advanced endoscopist in
the management of PSC patients.

INTRODUCTION
Primary sclerosing cholangitis (PSC) is a chronic,
cholestatic liver condition characterized by inflammation,
fibrosis, and destruction of the intra- and extrahepatic
bile ducts. It tends to run an unpredictable course,
although it slowly progresses to biliary cirrhosis and end[1]
stage liver disease in a majority of patients . PSC occurs
more commonly in men and often presents in the third
and fourth decades of life. There is no proven treatment
for PSC and liver transplantation is the only intervention
[1,2]
known to improve survival . About 60%-80% patients
have coexisting inflammatory bowel disease (IBD)
[3]
most likely ulcerative colitis . PSC remains a challenge
because its etiology and pathogenesis are still largely
unknown.
The therapeutic endoscopist is often consulted in
the evaluation of a patient with abnormal liver function
tests in the setting of IBD. The endoscopist is thus
faced with the responsibility for diagnosing PSC in
these patients. The endoscopist is also consulted when
these patients develop worsening liver function tests on
follow-up. Screening these patients for the development
of dominant strictures and treating them constitutes
the responsibility of a therapeutic endoscopist. In
addition, cholangiocarcinoma (CCA) needs to be ruled
out when evaluating dominant strictures. A therapeutic
endoscopist plays an integral part in the diagnosis and
management of PSC patients and the endoscopist forms
an important pillar in the therapeutic armamentarium of
patients with PSC.
In this review, we discuss the role of therapeutic
endoscopist in the various clinical settings in the
management of PSC patients including the diagnosis
and management. We review the current literature
and present our experience in a tertiary care center
proposing the management algorithm for patients with
PSC.

DIAGNOSIS OF PSC
PSC is diagnosed based on typical cholestatic bio
chemical profile and visualization of the biliary tree.
The characteristic cholangiographic findings include
multifocal, short, annular strictures alternating with normal
or slightly dilated segments producing a “beaded” pattern
[4]
of multifocal strictures and segmental dilations . Both
intra and extra hepatic bile ducts are involved. Less
than 25% patients have intra-hepatic disease alone.
PSC confined to extrahepatic bile ducts is rare (< 5%).
The gall bladder, cystic and pancreatic ducts may also
be involved.
Contrary to several other liver disorders, liver
biopsy has not been useful in the diagnosis of PSC. It
fell out of favor for numerous reasons. The histological
features seen on liver biopsy specimens of PSC patients
[5]
are non-specific in most cases . Periductal fibrosis or
“onion skinning” which is considered pathognomonic
[5]
for PSC is not commonly seen . Besides, a study
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THE DOMINANT STRICTURE
The presence of worsening symptoms in patients
with PSC typically warrants investigation to exclude a
dominant extrahepatic biliary stricture. A “dominant
stricture” has been defined as a stenosis with a
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diameter of 1.5 mm in the common bile duct or of 1
[12]
mm in the hepatic duct . Dominant or major bile duct
[12]
stenoses have a prevalence of 36%-57% . It has been
recommended that right upper quadrant pain, jaundice,
pruritus, cholangitis are all acceptable indications for
initiating treatment. High bilirubin level, presence
of a common bile duct stricture and any dominant
stricture have been found to be predictors of successful
outcomes with clinical and laboratory improvement
after endoscopic retrograde cholangiopancreaticography
[13]
(ERCP) . This may help in the selection of patients
more likely to benefit from an ERCP than those without
these features in whom conservative management
can be pursued. Endoscopic balloon dilatation with or
without stenting have been used. The efficacy of these
[14]
techniques were analyzed recently . The effect of
ursodeoxycholic acid with or without endoscopic therapy
on survival has been difficult to ascertain due to the
retrospective nature of these studies. One of the earliest
[15]
small studies that analyzed effects of endoscopic
balloon dilatation in 12 symptomatic patients noted
improvements in serum bilirubin, alkaline phosphatase
and average radiographic stricture score, all results
being statistically significant. On the other hand,
[16]
another study that analyzed outcomes after operative
and non operative management of biliary strictures
found that difference in bilirubin levels in 54 out of 146
patients who received endoscopic balloon dilation with
or without stenting was not significant. Most patients
in this study received percutaneous stenting. Moreover,
none of the patients with serum bilirubin level of 5
mg/dL or higher was found to have a decrease in their
[17-19]
level at 1 year. Some studies
have attempted to
emphasize the prognostic value of cholangiographic
findings. Intrahepatic strictures seem to have a poor
[18,19]
prognosis
. This would theoretically go against
therapeutic intervention on extrahepatic strictures.
Definite indications and ideal candidates for therapeutic
endoscopy remain to be elucidated in future long term
outcome studies.
The search for an ideal endoscopic treatment has
[20]
been ongoing for several years. A retrospective study
of 71 patients had found no significant difference
between those patients who received endoscopic
dilation alone vs those who received stenting in addition
to dilation in achieving improvement in cholestasis. It
found a significantly higher rate of complications and
cholangitis in the stent group. It was suggested that the
group that received both dilation and stenting possibly
represented a cohort with more severe disease as
stenting was only done when dilatation alone did not
[21]
achieve adequate biliary drainage . Besides, half of
the stents were placed percutaneously and the authors
reported a significantly higher rate of complications
with percutaneous placement of stents as compared
to the endoscopic approach. A randomized control
study comparing short term stent therapy and balloon
dilatation of dominant strictures is currently under
way and is estimated to be completed in 2015 (www.
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clinicaltrials.gov) (NCT01398917) and will hopefully
answer the question of the right approach to dominant
strictures. Also, plastic stents have been reported to be
the best approach for intervening on benign dominant
[22]
extrahepatic biliary strictures .
Favorable outcomes have been reported with
endoscopic therapy. A group of authors reported a
positive long term outcome with repeated endoscopic
dilations in 171 patients that were followed for 20 years
with a survival rate of 81% at 5 years and 52% at 10
[23]
years . Short term stenting up to 11 d was found
to have a lower rate of complications of cholangitis/
jaundice (7% vs 50%) while producing significant
effects in symptom reduction and biochemical resolution
[24]
of cholestasis . These complications were attributed
to stent occlusion. The same authors found that 81%
of patients in the short term stent group remained
asymptomatic over a 19 mo follow up period with
[25]
zero recurrence of clinical/biochemical cholestasis .
Similar results in favor of short term stent therapy were
reported with regards to amelioration of symptoms and
biochemical cholestasis with 80% of patients remaining
[26]
re-intervention free at the end of 1 year . One study
aimed at assessing a survival benefit of endoscopic
treatment of strictures reported a 5 year survival that
was significantly (P = 0.027) higher than the predicted
[27]
5-year survival as calculated by the Mayo risk score .
The authors suggested that these results only be used
as indirect evidence. Other studies have supported this
[28,29]
finding
.
[11]
A study
that retrospectively studied 129 patients
did not find a difference in bilirubin and alkaline phos
phatase levels between those with dominant strictures
and those without. Patients with small duct PSC which
by definition has a normal cholangiogram was not
found to have bilirubin and alkaline phosphatase levels
[30,31]
different from those with large duct PSC
. Studies
that randomize patients with dominant strictures to
endoscopic and non endoscopic therapy are needed to
clarify this and are lacking at this time.
It is important to note that in premalignant conditions
like PSC, risk of cancer would likely increase with longer
duration of the disease. However, there are several
caveats to generalizing this. If endoscopic treatment
of biliary strictures in some way abates ongoing inflam
mation, this may delay cancer development or offset
it. Secondly, newer methods at cancer detection as
discussed below along with increased awareness of
the nature of cancer progression in dominant strictures
probably results in early diagnosis of CCA causing
lead-time bias in survival studies involving endoscopic
[27]
[27]
therapy . Thus, the same study
that reported the
survival benefit of endoscopic treatment did not find an
increased frequency of cancer. Similarly, another multi[32]
center case-control study did not find that duration of
PSC incurred an increase in CCA incidence.
Regardless of endoscopic treatment, dominant
strictures have been found to carry a poor prognosis
[33]
in general. A prospective study
that followed 171
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we have published our experience on the role of ERCP
in PSC patients in our institution. The overall risk of
adverse events was low at 4.7% and cholangitis was
still the most common adverse event.

SCREENING FOR CCA
The risk of developing CCA in PSC patients after 10
[37]
years and 20 years is 9% and 19% respectively .
Thus a therapeutic endoscopist plays a key role in
screening/surveillance for CCA in patients with PSC who
have dominant strictures. Guidelines for screening/
surveillance are not concrete but tumor markers and
imaging modalities have been proposed. A cut off value
of cancer antigen 19-9 (CA19-9) of > 130 U/mL in
symptomatic patients has a sensitivity and specificity of
[38]
79% and 98% respectively . A study that followed 230
patients over 6 years reported sensitivity of ultrasound,
computed tomography, magnetic resonance imaging
(MRI) as 57%, 75% and 63% respectively when imaging
alone was considered. The positive predictive value of
ERCP, magnetic resonance cholangiopancreaticography
(MRCP) and MRCP + MRI was 23%, 21% and 23%
[39]
respectively . Bile duct brushings have been routinely
employed for tissue sampling during ERCP (Figure
1). Studies on the utility of bile duct brushings in the
diagnosis of CCA have reported a wide range of results.
A meta-analysis performed by us found a high specificity
of 97% but only a modest sensitivity of 43% across
[40]
54 studies . Further studies using special cytology
techniques have been done which have shown promising
results in augmenting the sensitivity of brush cytology
tissue specimens.
One such technique is fluorescence in situ hybridi
zation (FISH). It detects chromosomal abnormalities
with the help of fluorescent labeled DNA. Aneuploidy
or abnormalities in the number of chromosomes in a
cell is seen in a majority of cancers. Aneuploidy causes
chromosomal instability that may lead to carcinogenesis
[41]
by lending the cells the ability to expand incessantly .
Patients with CCA associated with PSC have a higher
(80%) prevalence of DNA aneuploidy than those
[42]
with PSC and without CCA (12%) . A study that
analyzed 86 strictures in PSC patients using different
techniques reported a higher sensitivity of FISH as
compared to routine cytology in diagnosing malignant
pancreaticobiliary strictures with a somewhat lower
[43]
specificity . These results were also reproduced in
another report of 131 patients. FISH had a higher
sensitivity (34%) that conventional cytology (15%) (P
[44]
< 0.01) . In a small proportion of patients who do not
have a discrete mass on imaging and in whom equivocal
cytology results are obtained, a high (CA 19-9 level
> 129 mg/dL) along with presence of FISH polysomy
[45]
highly predicts the risk of malignancy . Also, all FISH
abnormalities do not predict risk of cancer. This was
also concluded in another study in which patients with
tetrasomy and trisomy abnormalities had similar clinical
[46]
outcomes to patients with negative FISH results .

Figure 1 Brushing of a left hepatic duct dominant stricture for cytology.

patients for 20 years reported a reduced liver transplant
free survival in those with dominant stenoses (25%)
compared to those without (73.1%) (P = 0.011) at 18
[34]
years. Additionally, a study
found the presence of
dominant stenoses when accompanied with IBD to be
associated with an increased risk of carcinomas including
biliary, gall bladder and colorectal malignancies as
compared to those without coexisting IBD. The survival
in the former group was also reported to be reduced
but with a weaker statistical significance (P = 0.045).
It is important to know that all but one patient with
dominant stenoses in this study had strictures treated
[35]
endoscopically. Another study
that followed 128
patients with PSC reported several important findings. A
proportion of the 128 patients with PSC also underwent
liver biopsies and patients with dominant stenoses
had a more advanced stage of PSC on histology than
those without. Survival was reduced in patients with
dominant stenoses (13%) as compared to those
without (23%). These studies suggest that patients
with dominant stenoses may represent a sicker group
of people with a worse outcome. Also, it appeared that
development of CCA was mainly responsible for this
finding. After excluding those patients with CCA, the
survival difference ceased to be statistically significant.
All of the CCA developed in patients with dominant
stenoses and none developed in those without dominant
stenoses (P < 0.001). Close to half of these cancers
occurred within 4 mo of diagnosis of PSC. In addition,
CCA in PSC has an extremely poor prognosis with a
[36]
median survival of 5 mo . This not only emphasizes
the need for early detection of these strictures, ideally at
the time of diagnosis but also underlines the importance
of adequate differentiation of benign from malignant
strictures.
In our experience, we do not routinely place stents
in PSC patients at the time of ERCP. Balloon dilation
alone is preferred. In patients in whom the strictures
are refractory or in patients with cholangitis, we place
stents on a short term basis and will remove the stents
within 10-14 d. We also recommend oral antibiotics
for a minimum of 5 d after dilatation and/or stenting
to reduce the risk for cholangitis. With this protocol,
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75%, specificity of 55% and negative predictive value
of 92% in a subgroup of PSC patients. Narrow band
imaging (NBI) has been used for better visualization of
the mucosal surface by filtering light in the green and
[58]
blue spectrums. A recent study
comprising a small
number of patients found an increased biopsy rate
when using NBI as a result of finding more suspicious
lesions but did not lead to increased detection of
dysplasia. More studies in this area are needed. Table
1 summarizes the various techniques used in the
diagnosis of CCA in PSC patients.
Recently, we have studied bile aspirated at the time
of ERCP in the surveillance for CCA. We have studied
oxidized phospholipids and volatile organic compounds
in bile to screen for CCA and found them to be clinically
[59,60]
very useful
.
Our clinical experience is to do two sets of brushings,
one for cytology and the other for FISH. In addition, we
aspirate bile for ongoing research studies.
In conclusion, our review highlights the important
role played by a therapeutic endoscopist in the diagnosis
and management of PSC. As newer diagnostic and
therapeutic interventions emerge, this role will continue
to expand.

Table 1 Screening for cholangiocarcinoma: Performance
characteristics of different tests
Sensitivity (%) Specificity (%)
CA19-9[38]
Ultrasound[39]
CT[39]
MRI[39]
Bile duct brushings[40]
FISH[47]
FISH polysomy[47]
pCLE[54]
Cholangioscopy[56]
IDUS[55]

79
57
75
63
43
68
51
100
92
87

98
94
80
79
97
70
93
61
93
90

PPV

NPV

56
48
38
40
78
22
79
70

99
95
95
91
87
100
97
96

CA19-9: Cancer antigen 19-9; CT: Computed tomography; MRI: Magnetic
resonance imaging; FISH: Fluorescence in situ hybridization; pCLE: Probe
based confocal laser endomicroscopy; IDUS: Intraductal ultrasound; PPV:
Positive predictive value; NPV: Negative predictive value.

Although earlier studies reported modest sensitivity
and specificity of FISH, a meta-analysis conducted by
[47]
us found modest sensitivity with a high specificity .
Thus, the sensitivity and accuracy of FISH in diagnosing
CCA remains debatable. A study that followed 30
patients with serial polysomy testing found that only
18% of patients with follow up negative polysomy result
developed CCA compared to 69% of those who had a
[48]
subsequent positive polysomy test (P = 0.01) . This
highlights the limitations of the positive predictive values
of a FISH testing.
Meanwhile, newer methods for improved detection
of malignancy continue to emerge. These methods are
based on clinicopathogenesis of cancers. Thus, one
of the recent techniques relies on angiogenesis being
an important component of cancer progression. Probe
based confocal laser endomicroscopy (pCLE) detects
neovascularization and abnormal vessels in biliary
strictures. This method has been utilized in diagnosing
[49]
gastrointestinal neoplasia
and has been recently
[50-53]
applied to biliary malignancies. Studies
have
reported sensitivity of pCLE ranging from 83%-98% and
[54]
specificity of 33%-75%. However, a study
reported
to be the first series studying pCLE in PSC patients
analyzed 20 strictures and reported a sensitivity and
negative predictive value of 100% with a somewhat
lower specificity of 61%. Intraductal ultrasonography
(IDUS) has been used to analyze dominant strictures
in 40 PSC patients. IDUS was reported to be superior
to ERC with regards to sensitivity (87.5% vs 62.5%,
P = 0.05), specificity (90.6% vs 53.1%, P < 0.001),
accuracy (90% vs 55%, P < 0.001), positive predictive
value (70% vs 25%, P < 0.001), and negative
[55]
predictive value (96.7% vs 85%, P = 0.049) .
Peroral cholangioscopy has recently been employed
[56]
in the approach to PSC patients . A recent study
that looked at 53 patients with PSC and dominant
stenoses found a specificity of 93% compared to 51%
for that of ERC (P < 0.001) and negative predictive
value of 98% compared to 84% to that of ERC (P =
[56]
[57]
0.025) . A recent study
reported a sensitivity of
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META-ANALYSIS

Impact of all oral anti-hepatitis C virus therapy: A metaanalysis
Siddharth Bansal, Ashwani K Singal, Brendan M McGuire, Bhupinder S Anand
METHODS: MEDLINE was searched for randomized
controlled trials (RCT) using DAAs for HCV treatment.
Phase 1 trials and studies with investigational drugs on
genotype 2 or 3, and on human immunodeficiency virus
patients were excluded. Data were pooled for sustained
virologic response (SVR), serious adverse effects,
and drug discontinuation rate on various treatment
st
arms in trials: P + R; 1 generation DAA (telaprevir or
nd
boceprevir) + P + R; 2 generation DAA (sofosbuvir or
nd
nd
simeprevir) + P + R; 2 generation DAA + R; two 2
nd
generation DAA + R; and two 2 gen DAA. Data were
analyzed separately for each arm for treatment naive
and non-responders (NR) to previous treatment. The
cost of treatment with each regimen for achieving one
SVR was also compared.
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RESULTS: Twenty three RCTs (n = 9354, 62% male,
11% cirrhosis) were analyzed. All oral (P free) regimens
with combination of 2 DAA achieved SVR above 95%.
The cost of treatment to achieve an SVR with DAA
based regimens was lower for NR compared to P+R
regimen. However, the cost per SVR remained higher
for treatment naive patients.
CONCLUSION: Second generation and emerging DAAs
are promising agents in HCV treatment, with a very
high level of safety and efficacy. An important drawback
is their high cost. However, the present meta-analysis
shows that the cost per SVR for non responders (but
not for naive patients) was lower compared to P + R.
This finding together with the superior safety profile and
better compliance makes these drugs highly attractive.
It is possible that further reduction in treatment
duration may make them even more cost effective.
Key words: Hepatitis C; Meta-analysis; Direct acting
antivirals; Oral agents; Newer agents; Hepatitis C virus

Abstract
AIM: To investigate the efficacy, safety, and cost of
treatment of direct acting antivirals (DAAs) with and
without peg interferon alfa2a (P), and/or ribavirin (R) in
treating hepatitis C virus (HCV) genotype 1 patients.
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with peg interferon alfa2a (P), which is an immunomo
dulatory agent administered as subcutaneous injection.
Subsequently, ribavirin(R), an oral antiviral nucleoside
analog, was added to the regimen. These regimens
have variable success rates. The newer agents, DAAs,
target various stages of the HCV life cycle. They target
HCV proteins, particularly the NS proteins, e.g., NS3/
4A by telaprevir, boceprevir, simeprevir, faldaprevir,
asunaprevir, and danoprevir [not Food and Drug
Administration (FDA) approved]; NS5A by daclatasvir,
and ledipasvir; and NS5B by sofosbuvir. DAAs can
st
also be categorized as: 1 generation which includes
nd
telaprevir and boceprevir, and 2 generation which
include-sofosbuvir (SOF), simeprevir, ledipasvir, and
daclatasvir.
There are several recent good quality clinical trials
on DAAs for the treatment of HCV. But there is a paucity
of good quality articles on comparison of efficacy and
safety of these agents or meta-analysis on the data
outcome of these newer agents. Moreover data on
[8-10]
cost effectiveness is very limited
. We performed
this study to examine the efficacy, safety, and cost
of treatment of DAAs with and without P, and/or R in
treating HCV genotype 1 patients.

safety of newer oral direct acting antivirals (DAAs)
for treating hepatitis C virus (HCV) infection. Second
generation and emerging DAAs are promising agents
in HCV treatment, with a very high level of safety and
efficacy. An important drawback is their high cost.
However, the present meta-analysis shows that the cost
per sustained virologic response for non responders
(but not for naive patients) was lower compared to peg
interferon alfa2a + ribavirin. This finding together with
the superior safety profile and better compliance makes
these drugs highly attractive.
Bansal S, Singal AK, McGuire BM, Anand BS. Impact of all
oral anti-hepatitis C virus therapy: A meta-analysis. World J
Hepatol 2015; 7(5): 806-813 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i5/806.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i5.806

INTRODUCTION
World Health Organization estimates that about 3% of
the world’s population is infected with hepatitis C virus
(HCV) and that there are more than 170 million chronic
carriers who are at risk of developing liver cirrhosis
[1]
and/or liver cancer . Natural history suggests that
amongst acute hepatitis C infected patients, 70%-90%
go on to develop chronic hepatitis C infection. Of those
with chronic HCV, 10%-20% progress to cirrhosis. HCVassociated cirrhosis leads to liver failure and death in
about 20%-25% patients, and 1%-5% of persons
with chronic hepatitis C will develop hepatocellular
[2,3]
carcinoma . Treatment for HCV infection is undergoing
a rapid evolution, offering new hope to both treatment
naïve HCV patients and patient who have not responded
well to previous treatment. Numerous highly effective,
but expensive, direct acting antiviral (DAA) drugs active
against different targets are now available.
HCV is an enveloped, small, single-stranded RNA
virus of the family Flaviviridae. Its genome was cloned
in 1989. The virus undergoes co- and post translational
cleavage by proteases of the host and virus to yield
[4]
individual viral proteins . The N-terminal consists
of the nucleocapsid proteins and a small ion channel
[5]
protein . These are followed by the non-structural (NS)
proteins NS2-NS5, which mediate intracellular aspects
of viral functions. NS3 facilitates unwinding of the viral
genome for replication. NS5b is the RNA-dependent
RNA polymerase needed for viral replication. NS2,
NS3, and NS4a proteins interact to mediate polyprotein
processing. Based on genetic differences between
isolates, the HCV species is classified into seven
genotypes (1-7) with several subtypes within each
genotype, which differ by 30%-35% of the nucleotide
[6]
sites over the complete genome . HCV subtypes 1a
and 1b are most common and cause 60% of all HCV
[7]
infection cases .
Before the introduction of DAAs, HCV was treated
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MATERIALS AND METHODS
Search strategy and study selection

The MEDLINE, National Library of Medicine through
PubMed was searched for hepatitis C treatment, DAAs,
and randomized control trials. The search was later
expanded using MeSH terms telaprevir, boceprevir,
sofosbuvir, simeprevir, and ledipasvir. The search was
conducted for studies published in the English language
between January 1, 1975, and April 15, 2014. In addition,
we searched Scopus, and Google Scholar databases
for the terms hepatitis C, and DAA and randomized
control trial. References of identified articles were
searched for additional relevant articles. Studies were
included if they were randomized control trials in phase
Ⅱ, Ⅲ or Ⅳ, on HCV genotype 1, published in English,
used FDA-approved therapies that included SVR as a
primary or secondary end point, and defined treatmentexperienced patients using American Association for
the Study of Liver Diseases definitions. Phase 1 trial,
studies with investigational drugs or drugs not approved
by FDA, patients with genotype 2 or 3, and human
immunodeficiency virus were excluded.

Outcome measures

The success rate for HCV treatment is measured as
the sustained viral response (SVR), which is defined
as the absence of detectable RNA of the HCV in blood
or serum for at least 24 wk after discontinuing the
treatment. Serious adverse events (SAE) were defined
as side effects that lead to serious outcomes, and
drug discontinuation rate (DDR) as the rate of drug
discontinuation due to any cause.
Treatment naïve were defined as patient who have
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is shown in Figure 1. One hundred thirty four relevant
studies were screened and assessed for eligibility. After
applying the inclusion and exclusion criteria, 23 studies
[11-33]
were selected for analysis
.
Table 1 summarizes the description of treatment
regimen, number of participants, demographics, previous
treatment status, and number of study arms, SVR, SAE
and DDR. Baseline characteristics of the patients enrolled
in the study demonstrated highly variable sample size,
ranging from 40 to 1097 patients. Including all the
studies, there were a total of 9354 patients, with 62%
males and 11% cirrhotics. The average age of the study
population was 50 years and the average body mass
index was 27.

Hepatitis C treatment: 37910
Excluded-not dealing with DAA: 35535
DAA, sofosbuvir, semeprevir,
telaprevir, faldaprevir, daclatavir,
donaprevir, boceprevir: 2375
Excluded-duplicate: 895
DAA net (-duplication): 1480
Excluded-non RCT: 1356
Randomized Control Trials: 134

Efficacy and safety analysis

Table 2 summarizes the pooled outcome data. Data
is expressed separately for treatment naïve and NR.
Regimens were divided into P based regimens vs
all oral, i.e., P free regimen, as regimen based on P
requires weekly subcutaneous injections, while R and
DAA are orally administered. Each subgroup was divided
st
into regimens based without DAA, with 1 generation
nd
DAA and 2 generation DAA.

Excluded-Phase 1, HCV genotype 2, 3,
HIV, Not comparing head to
head in different arms: 111
RCTs selected for analysis: 23

Figure 1 Flow chart of the study selection for inclusion in the metaanalysis. DAA: Direct acting antivirals; RCT: Randomized controlled trial; HIV:
Human immunodeficiency virus.

Treatment naïve

P based regimen: Analysis of the pooled data of the
traditional P + R regimen showed only 49.4% of patients
with a CI of (42.7%-56.2%) had absence of detectable
HCV RNA for at least 24 wk after discontinuing the
treatment. This was associated with a high SAE of
10.1 (7.2%-14.0%) and DDR of 9 (5.3%-14.9%).
Analysis favored DAA based regimens by showing that
st
the addition of 1 generation DAA, i.e., boceprevir or
telaprevir, increases the SVR to 74.5 (67.8%-80.2%),
although it still had a high SAE of 9.4 (6.7%-13.0%)
and higher DDR 11.9 (6.5%-20.7%). Regimens with a
nd
2 generation DAA showed a further increase in SVR
to 90.3 (813.6%-94.4%), was associated with fewer
side effects and less discontinuation rate with SAE of 5.4
(1.9%-12.5%) and DDR of 2.5 (1.1%-5.4%).

never received treatment for HCV and non-responders
(NR) were defined as patient who have received prior
treatment but have not responded to treatment in terms
of not achieving SVR (include failed, partial responder
and relapse).

Data collection and analysis

Data including study design, participant demographics,
stage of liver disease, treatment regimen and duration,
SVR, SAE, and DDR were extracted and recorded on
electronic data collection sheet. Data were pooled for
various arms in trials: (1) Traditional only P + R; (2)
st
nd
1 generation DAA + P + R; (3) 2 generation DAA
nd
+ P + R; (4) 2 generation DAA + R (without P); two
nd
different 2 generation DAAs + R (without P); and (5)
nd
Two different 2 generation DAAs (without P or R).
Individual data for each outcome were entered into
the Comprehensive meta-analysis software (Biostat,
Englewood, NJ, United States). Pooled effects with
95%CI are reported. Data were analyzed separately
for each arm for treatment naive and NR to previous
treatment. The best SVR rate was used for analysis.
Cost effectiveness analysis was performed using the
prevalent cost of DAAs as per our institutional pharmacy
drug accrual cost. Cost of treatment for each regimen
was calculated per week of treatment and was also
compared for achieving one SVR. Data was reported in
dollar amount.

All oral regimens: This group included regimens with
DAA with or without ribavirin. All medications were
taken as oral only without any subcutaneous injections.
nd
2 generation DAAs, i.e., sofosbuvir, simeprevir, and
ledipasvir, with R (either as single DAA or in combination
of two DAAs showed a SVR of 92.3 (82.9%-96.7%)
with a low SAE 3.1 (1.3%-6.8%) and low DDR of 0.9
(0.3%-2.6%). Pooled analysis showed that combining
two DAAs without R, leads to a further increase in cure
rates with SVR reaching 96.4 (93.6%-98.0%) with low
SAE 1.9 (0.6%-5.7%) and lower DDR 0.9 (0.3%-2.7%).
Comparing regimens with or without the use of ribavirin
showed that the addition of R to DAAs did not change
the SVR much, but added to the side effect profile with
an increase in SAE.

RESULTS

NR

Characteristics of the included studies

P based regimens: Pooled data analysis demonstrated

A flow diagram illustrating the study selection process
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Table 1 Characteristics on studies included in analysis
Previous treatment No. of arms Study arms/types No. of patients (n ) Males (n ) Age median (yr) Median BMI Cirrhosis (n )

Ref.
Afdhal et al[12]

Naïve

4

Afdhal et al[11]

NR

4

Bacon et al[13]

NR

3

Flamm et al[14]

NR

2

Fried et al[15]

Naïve

5

Hézode et al[16]

Naïve

4

Jacobson et al[17]

Naïve

3

Kowdley et al[19]
Kowdley et al[18]

Naïve
Naïve

3
3

Kumada et al[20]

Naïve

2

Kwo et al[21]

Naïve

5

Lawitz et al[22]

Naïve

3

Lawitz et al[23]

NR

2

Lawitz et al[23]

Naïve

3

Marcellin et al[24]
McHutchison et al[25]

Naïve
Naïve

4
4

McHutchison et al[26]

NR

4

Osinusi et al[27]

Naïve

2

Pearlman et al[28]

Naïve

2

Poordad et al[29]

Naïve

3

Sherman et al[31]

Naïve

3

Rodríguez-Torres et
al[30]
Zeuzem et al[32]

Naïve

4

NR

3

NR

7

Zeuzem et al[33]

LED + SOF vs
LED + SOF + R
LED + SOF vs
LED + SOF + R
P + R vs P + R +
BOC
P + R vs P + R +
BOC
P + R vs P + R +
SIM
P + R vs TEL + P
vs TEL + P + R
P + R vs P + R +
TEL
SOF vs SOF + R
LED + SOF vs
LED + SOF + R
P + R vs P + R +
TEL
P + R vs P + R +
BOC
P + R vs P + R +
SOF
SOF + LED vs SOF
+ LED + R
SOF + LED vs SOF
+ LED + R
TEL + Palfa + R
P + R vs TEL + P +
R
P + R vs TEL + P
vs TEL + P + R
SOF + R vs SOF +
low dose R
P + R vs P + R +
BOC
P + R vs P + R +
BOC
TEL + P + R (diff
dur)
P + R vs P + R +
SOF
P + R vs P + R +
TEL
P + R vs P + R +
SIM

865

513

53

27

136

440

287

56

28

88

403

268

53

28

49

201

140

53

28

33

386

213

46

25

0

323

192

45

24

1

1088

636

49

26

68

332
647

214
375

50
52

28
28

0
0

189

99

54

23

0

520

305

45

121

73

49

27

0

40

29

53

31

22

60

37

48

29

0

161
250

80
157

45
49

24
27

4
51

453

306

52

28

74

50

33

55

29

13

101

62

53

29

20

1097

656

49

100

440

271

51

42

63

43

45

28

0

662

460

51

27

169

462

311

50

27

83

37

BMI: Body mass index; P: Peg interferon; R: Ribavirin; TEL: Telaprevir; BOC: Boceprevir; LED: Ledipasvir; SOF: Sofosbuvir; SIM: Simeprevir; NR: Nonresponders.

Table 2 Pooled outcome data
Regimen

Type

n

SVR (%)

SAE (%)

DDR (%)

Cost/wk ($)

Cost/SVR ($)

P+R
P+R
TEL or BOC based with P/R
TEL or BOC based with P/R
SOF or SIM based with P/R
SOF or SIM based with P/R
DAA + R
DAA +R
2 DAA, No P/R
2 DAA, No P/R

Naïve
NR
Naïve
NR
Naïve
NR
Naïve
NR
Naïve
NR

14
5
8
4
9
4
5
4
4
3

49.4 (42.7-56.2)
18.5 (15.2-22.4)
74.5 (67.8-80.2)
62.6 (55.9-68.7)
90.3 (83.6-94.4)
95.9 (91.5-98.1)
92.3 (82.9-96.7)
95.9 (91.5-98.1)
96.4 (93.6-98.0)
94.1 (88.9-97.0)

10.1 (7.2-14.0)
7.9 (5.5-11.3)
9.4 (6.7-13.0)
13.7 (11.3-16.5)
5.4 (1.9-12.5)
6.8 (1.1-12.8)
3.1 (1.3-6.8)
3.3 (1.1-9.9)
1.9 (0.6-5.7)
2.3 (0.6-8.8)

9 (5.3-14.9)
3.5 (2.1-5.7)
11.9 (6.5-20.7)
12.5 (9.8-15.8)
2.5 (1.1-5.4)
1.9 (0.5-7.1)
0.9 (0.3-2.6)
1.9 (0.5-7.1)
0.9 (0.3-2.7)
1.4 (0.3-6.5)

900
900
2300
2300
6900
6900
12200
12200
12000
12000

87449
233514
148188
176358
91694
86340
158613
152659
149378
153029

DAA: Direct acting antivirals; P: Peg interferon; R: Ribavirin; TEL: Telaprevir; BOC: Boceprevir; SOF: Sofosbuvir; SIM: Simeprevir; NR: Non-responders;
SVR: Sustained viral response; SAE: Serious adverse events; DDR: Drug discontinuation rate.
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that all the above noted effects were more profound in
treatment experienced individuals who had previously
not responded to traditional P + R regimen. Repetition
of another course of traditional P + R regimen showed
a very low cure rate, with SVR of 18.5 (15.2%-22.4%)
with a high SAE of 7.9 (5.5%-11.3%) and DDR 3.5
st
(2.1%-5.7%). The addition of a 1 generation DAA
increased the SVR dramatically to 62.6 (55.9%-68.7%)
but was associated with higher side effects, SAE of 13.7
(11.3%-16.5%) and higher DDR 12.5 (9.8%-15.8%).
nd
Similarly, regimens with 2 generation DAA showed
superior efficacy with an increase in SVR to 95.9
(91.5%-98.1%) with high SAE of 6.8 (1.1%-12.8%)
and DDR of 1.9 (0.5%-7.1%).

although with a considerable side effect profile.
nd
The newer, 2 generation DAAs, sofosbuvir,
simeprevir, ledipasvir, and daclatasvir, have even higher
cure rates. Several other DAAs are in development,
some of them are awaiting approval by FDA while
others are in the investigational stage. The analysis of
pooled data favored DAA based regimens, with better
efficacy rate and lower side effect profiles. The addition
of a DAA to the traditional regimen in treatment naïve
patients showed an improvement in cure rate in terms
of SVR, from 50% to 75%. This improvement in SVR
was even higher with the second generation DAAs, of
around 90%.
The impact on SVR was even more profound with the
addition of two second generation DAAs raising the cure
rate above 95%. The all oral regimens not only increased
the SVR above 90%, they are easier to administer
and hence are likely to have better compliance. This
beneficial effect was associated with a reduction in
the serious side effect profile with decreasing SAE,
from 10% to 1.5% with two DAAs. This resulted in
better treatment completion rate and decreased drug
discontinuation rates of DDR from 9.0% to 0.9% with
two DAAs.
These differences were more evident in patients who
have not responded favorably to previous treatment
as compared to naïve patients, given the low SVR with
traditional P + R regimen. SVR improved from 18.5%
to 62.6%-95.9% with a single DAA and to around 95%
with two DAAs. This provides new hope especially for
patients who are intolerant or are ineligible to P based
regimen.
Amongst all the oral regimens, DAA only regimens
appear to be superior since the addition of R does
not increase the SVR much, (94.1%-95.9%) but
increases the SAE in both naïve (1.9%-3.1%) and
NR (2.3%-3.3%), without altering DDR much. This
analysis supports the recent AASLD/IDSA guidelines
[34]
for the treatment of HCV infection .
The benefits of the second generation DAA are
believed to be associated with an increase in the cost
of treatment. On initial analysis it seems that the cost
of treatment may go up by multiple folds from $900/
wk without DAA to around $6000/wk for a single DAA
based regimen and around $12000/wk for double DAA
regimens. However, further analysis of the pooled data
for cost per SVR showed only a doubling in the cost for
naive patients ($87449 for P + R to $149378 for double
DAA). By contrast, this analysis favors DAAs for NR
($233514 for P + R as compared to only $153029 for
double DAA), perhaps due to the high cost of recurrent
treatments for NR. The cost of combining two DAAs
has gone down further, with the newer combination pill
(sofosbuvir + ledipasvir) costing $121148 per SVR (as
compared to $153029) in non responders. Also, it is
important to note that this cost analysis has only taken
into account the direct cost burden (with upfront cost of
therapy only) and does not taken into consideration the
indirect cost of the disease, its complications, treatment

All oral regimens: Analysis revealed that regimens
nd
with 2 generation DAA with R in NR resulted in a
marked increase in SVR of 95.9 (91.5%-98.1%), with
an improvement in side effect profile if P was eliminated,
as evident by low SAE of 3.3 (1.1%-9.9%) and low DDR
1.9 (0.5%-7.1%). Similar to naïve patients, combining
two DAAs without R in NR lead to greater increase in
SVR of around 95% (considering that the SVR was only
18% with the traditional regimen) with a value of 94.1
(88.9%-97.0%) with SAE 2.3 (0.6%-8.8%) and low
DDR of 1.4 (0.3%-6.5%).

Cost effectiveness

The efficacy and safety benefit of DAA did come with
an added cost. Analysis of cost revealed that the
overall cost of treatment was substantially higher
with the newer DAA based regimens, around $6000
with single DAA and around $12000 with two DAAs
as compared to $900 for P + R only per week. The
cost for the newer combination pill of sofosbuvir +
ledipasvir was around $9500 per week (as compared
to adding 2 DAA separately, with a price tag of $12000).
Further cost effectiveness analysis of pooled data
demonstrated that the cost per SVR was similar and
even better for DAA based regimens, especially in NR
(around $153k with two DAAs vs $233k for P + R for
NR), likely related to the low SVR with the traditional
regimen and high cost of recurrent treatments.

DISCUSSION
The traditional approach to treat hepatitis C infection
was to use weekly injections of P with oral Ribavirin.
This treatment was associated with low efficacy and
significant side effect profile, often leading to high
drug discontinuation rates. Analysis of the pooled
data of traditional P + R regimen showed only 50% of
patients achieved cure. This was also associated with
a high rate of serious adverse events, 10% and drug
discontinuation rate of 9.0%.
DAAs are exciting new treatments that target NS3/
NS4a serine proteases, NS5a or the NS5b polymerase.
The first generation DAAs, telaprevir and boceprevir
significantly improved the SVR rates to over 60%,
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reduction in treatment duration may make DDAs even
more cost effective.

Table 3 Various direct acting antivirals: Approved and
investigational
Currently FDA approved DAA
TEL
BOC
LED
SOF
SIM
SOF/LED (Harvoni)
Ombitasvir/Paritaprevir/Ritonavir with
Dasabuvir (Viekira Pak)1

Under development but
currently non-FDA approved

COMMENTS
COMMENTS
Background

Daclatasvir,
Asunaprevir,
Beclabuvir
Faldaprevir
Mericitabine
Tegobuvir
Grazoprevir with Elbasvir

The newer all oral direct acting antivirals (DAAs) are promising agents for
treating hepatitis C virus (HCV) infection. Data comparing efficacy, safety and
cost of different drug regimens are limited.

Research frontiers

In the era of new therapeutic options for hepatitis C, the current research
hotspot is evaluate the efficacy and safety of these newer all oral direct acting
antivirals.

Innovations and breakthroughs

1

FDA has approved Ombitasvir/Paritaprevir/Ritonavir with Dasabuvir
(Viekira Pak) on December 19, 2014, i.e., after submission of our manuscript
and is not included in our analysis. FDA: Food and Drug Administration;
TEL: Telaprevir; BOC: Boceprevir; SOF: Sofosbuvir; SIM: Simeprevir; LED:
Ledipasvir.

Second generation and emerging DAAs are promising agents in HCV
treatment, with a very high level of safety and efficacy. An important drawback
is their high cost. Superiority is higher for non-responders.

Applications

This study suggests that emerging DAAs are promising for treatment of
hepatitis C.

side effects and disease burden on the patient and
society in terms of quality-adjusted life year (QALY). A
recent article on cost effective analysis suggested that
after taking the total duration of therapy and QALY,
the shorter (12 wk) course of SOF/SMV is a more cost
effective treatment (despite higher individual cost of
drugs) for genotype 1 HCV then 24 wk SOF/RBV in IFN[35,36]
ineligible/intolerant individuals
.

Terminology

Direct antiviral agents are newly developed drugs against hepatitis C. They
target various stages of the HCV life cycle and are taken orally.

Peer-review

The review is well done and interesting.
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Lymphomas may be induced by the systemic immuno
suppressive therapies used to treat psoriasis, such as
ciclosporin, methotrexate and tumour necrosis factor
(TNF)-α blockers. The biologic agents currently used in
psoriasis include alefacept, efalizumab, and the TNF-α
antagonists etanercept, infliximab, and adalimumab.
Infections and cancer are the main possible consequences
of intended or unexpected immunosuppression. We
report a 59-year-old man with a history of severe psoriasis
vulgaris treated with traditional immunosuppressant
drugs followed by anti-TNF-α therapy; the patient was
firstly hospitalized for an acute cholestatic toxic hepatitis,
which we supposed to be related to adalimumab. The
first liver biopsy showed active disease with severe
hepatocellular damage caused by heavy lymphocytes
infiltrate in portal tracts at in the interface with a not
conclusive diagnosis of lymphoproliferative disease.
The correct diagnosis of T cell/histiocyte- rich large B
cell lymphoma (T/HRBCL) was only reached through a
gastric biopsy and a second liver biopsy. T/HRBCL is an
uncommon morphologic variant of diffuse large B-cell
lymphoma not described until now in psoriatic patients
receiving immunosuppressive biologic agents. In psoriatic
patients, treated with biologic immunosuppressive agents,
the suspect of abdominal lymphoma should always be
included as differential diagnosis. Abdominal ultrasound
evaluation need therefore to be included in the pretreatment screening as in the follow-up surveillance.
Key words: Psoriasis; Tumor necrosis factor-α blocker;
Immunosuppressant; Diffuse large B-cell lymphoma;
Lymphoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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tract and spleen in a patient with psoriasis treated with
traditional immunosuppressant drugs followed by antiTNF-α therapy. Liver and spleen involvement mimicked
an inflammatory disease causing a delayed diagnosis
of the malignancy.

large B cell lymphoma localized to liver, gastro-intestinal
tract and spleen in a patient with psoriasis treated
with traditional immunosuppressant drugs followed by
anti-tumor necrosis factor-α therapy. Liver and spleen
involvement mimicked at the beginning an inflammatory
disease causing a delayed diagnosis of malignancy. We
think that abdominal ultrasound evaluation need to be
included in the pre-treatment screening as in the followup surveillance in psoriatic patients treated with biologic
immunosuppressive agents.

CASE REPORT
In February 2009 a 59-year-old man with a 39 years
history of moderate to severe psoriasis vulgaris
(involving 20% of the patient body surface and nails),
treated in the past with several cycles of CsA and a
cycle of MTX with partial improvement, was seen at a
dermatological centre at the San Gallicano Dermatologic
Institute.
The past medical history was consistent for bilateral
degenerative maculopathy diagnosed at the age of 49
and essential hypertension diagnosed at the age of 54.
In March 2009 a treatment with etanercept (50 mg
twice weekly for 12 wk, followed by 50 mg weekly)
was started and stopped in September 2009 due to the
complete clearing of psoriasis.
In December 2009 a new cycle of etanercept (50
mg twice weekly) was started due to a relapse of
psoriasis. After 1 mo etanercept therapy was stopped
because psoriasis continued to worsen. Therefore in
February 2010 a therapy with adalimumab (induction
dose of 80 mg) was started.
At this stage liver function tests were completely
normal as well as all other routine analyses. Two weeks
after starting adalimumab therapy the patient presented to
the dermatologic outpatient psoriasis centre complaining
of generalized malaise and weakness. At the physical
examination a jaundice of the sclera was evident. At this
stage adalimumab was stopped and the patient was
referred to the National Institute for Infectious Diseases “L.
Spallanzani”.
Liver function tests showed a grade Ⅲ increase of
both total bilirubin and liver enzymes. Hepatitis A, B
and C and auto-antibodies were all negative.
Notwithstanding adalimumab interruption in the
following days liver function values continued to rise
together with the worsening of the jaundice and the
patient physical condition.
An abdominal ultrasound documented an enlarged
steatotic liver, cholelithiasis with no dilatation of the bileducts and spleen enlargement with several hypoechogenic
areas. Total body computed tomographic scan revealed
multiple enlarged celiac and lumbar-aortic lymph nodes,
cholangio-nuclear magnetic resonance confirmed the
absence of dilatation of the bile-ducts. Total-body bone
scan highlighted the presence of a small osteolytic area
of uncertain nature at D10 level. Due to the worsened
clinical picture (total bilirubin values reaching 20 mg/dL
and severe pancytopenia) the patient underwent bone
marrow and liver biopsies. The bone histology revealed
a hypocellular marrow but no evidence of lymphoma.
The liver biopsy showed active disease with severe
hepatocellular damage caused by heavy lymphocytes

Nosotti L, Baiocchini A, Bonifati C, Visco-Comandini U,
Mirisola C, Del Nonno F. Unusual case of B cell lymphoma
after immunosuppressive treatment for psoriasis. World J
Hepatol 2015; 7(5): 814-818 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i5/814.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i5.814

INTRODUCTION
Psoriasis is a common chronic inflammatory disease
of the skin and joints, which affects approximately
1%-2% of the population. It has been shown that
patients with psoriasis are at higher risk of developing
malignancies and this risk is greater for patients with
[1,2]
severe disease . The oncogenic risk is partly related
to the immunologic nature of psoriasis and partly to
the multiple immunosuppressants used for its treat
ment. Experimental evidence suggests a primarily T
lymphocyte-based immunopathogenesis, with excessive
Th1 and Th17 lymphocyte activity in psoriatic lesions.
Chronic antigenic stimulation in psoriasis may lead, after
a variable period of time, to a dominant clone in the
skin and possible evolution towards a cutaneous T-cell
[3]
lymphoma (CTCL) .
Nowadays multiple therapeutic options are available
for the treatment of moderate to severe psoriasis. The
process of choosing among potential treatment options
requires the necessity to weigh the benefits of individual
modalities of therapy against their potential risks.
Systemic immunosuppressive therapies used to treat
psoriasis, such as methotrexate (MTX), cyclosporine
(CsA) and mycophenolate mofetil have been associated
with an increased risk of lymphoma during treatment,
demonstrated in clinical trials involving patients with
rheumatoid arthritis and documented in case reports
[1,4]
concerning psoriasis patients .
Furthermore, over the past several years, biologic
therapies targeting T cells (e.g., efalizumab, alefacept)
or cytokines such as tumor necrosis factor-α (TNF-α)
(e.g., infliximab, etanercept, adalimumab) have been
introduced for the treatment of moderate-severe psoriasis
with a great clinical impact. However, the potential risk
to induce serious infections and lymphomas by biologic
[4]
agents has recently emerged .
We report a case of a rare extranodal diffuse large
B cell lymphoma localized to liver, gastro-intestinal
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chain reaction for bacillus koch and atypical mycobacteria
resulted negative and seric angiotensin converting
enzyme was normal.
In October 2010, due to reappearance of jaundice
(total bilirubin 12 mg/dL) and hepatitis the patient was
treated with prednisone (1 mg/kg per die for 1 wk
followed by tapered doses) which led to progressive
reduction of cholestasis and cytolysis levels.
In November 2010, gastroscopy was performed
for dyspepsia and hematemesis, showing a large
ulcerated lesion in the middle portion of the stomach,
near the greater curvature. Microscopic examination
revealed a diffuse proliferation of large cells with round
irregular nuclei, with distinct nucleoli and a narrow rim
of cytoplasm (Figure 1B). Immunophenotyping revealed
+
CD20 B cells (Figure 1C) co-expressing CD43 and B-cell
lymphoma 2 (BCL-2). Cells were negative for EBV- LMP1
and CD30. A diagnosis of gastric diffuse large B cell
lymphoma was made.
A second liver biopsy was performed, showing a
diffuse lymphocytic infiltrate (Figure 2A) composed of
+
predominantly small, mature T lymphocytes (CD3 )
+
(Figure 2B) and histiocytes (CD68 ) (Figure 2C) with
scattered large neoplastic B lymphocytes, consisting of
less than 10% of total cells, containing vescicular nuclei,
prominent nucleoli and moderate amount of cytoplasm.
These neoplastic cells expressed CD20 (Figure 2D),
CD43, BCL-6, BCL-2, but not EBV-LMP1, CD10, CD138 or
CD23, allowing further characterization of the lymphoma
as “T cell/histiocyte- rich large B cell lymphoma”.
These findings prompt pathologists to revaluate with
immunohistochemical stain of the previously collected
splenic specimens, revealing focal scattered large
neoplastic lymphocytes in the red pulp, highlighted by
CD20 stain (Figure 3). Sarcoid granulomas composed
of clusters of epithelioid histiocytes with proliferating
lymphocytes hided the neoplastic cells causing the first
misdiagnosis.
The described lymphoma was assigned, according
to the Ann Arbor Staging System, at group 4 with
gastric, splenic, hepatic, abdominal lymph node and
vertebral (dorsal column) localizations. The patient
immediately started systemic chemotherapy.
Six cycles of CHOP-R have been administered until
now with clinical remission and reduction of cholestasis.

A

B

C

Figure 1 Liver biopsy with heavy lymphocytes infiltrate in portal tract
(A, × 100) and gastric mucosa with diffuse infiltrate with scattered large
neoplastic cells (B, × 200) positive to CD20 (C, × 100).

infiltrate in portal tracts at in the interface (Figure 1A).
Bridging necrosis was common and surviving hepatocytes
often formed hepatic rosettes. Liver lymphocytes were
+
+
represented mainly by T lymphocytes (CD3 , CD5 ,
CD56 ) sometimes infiltrating the biliary epithelium and
+
+
the sinusoid, with scanty B lymphocytes (CD20 , BCL-6 ,
+
BCL-2 ). No large cell or blasts were observed. CD30
immunohistochemistry was negative. The morphological
pattern was suggestive but not conclusive for a diagnosis
of lymphoproliferative disease.
In the absence of any specific treatment, blood
pancytopenia and bilirubin regressed to almost normal
values. However, due to the persistence of morphological
and clinical suspicion of lymphoma, the patient under
went splenectomy in July 2010. Surprisingly, spleen
histology described sarcoid like granulomas without
lymphomatous infiltration.
Leishmania and Bartonella serology, polymerase
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DISCUSSION
All patients with psoriasis faced an increased risk of
lymphoma with higher relative risks for Hodgkin’s lym
[5]
phoma and CTCL .
In addition to skin cancer, the incidence of lymphoma
in those patients employing PUVA therapy in combination
with MTX for at least 36 mo was more than 7 times
higher than that of cohort members earlier in the study
[6]
who had less exposure to MTX .
A higher incidence of lymphoma with the use of
the two monoclonal antibody agents (adalimumab
and infliximab) than with the soluble-receptor agent
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A

B

C

D

Figure 2 Second liver biopsy with diffuse mononuclear infiltrate (A, × 100) composed of predominantly small T lymphocytes (B, × 100) and histiocytes (C,
× 200) with scattered large neoplastic B cells (CD20+) (D, × 400).

A

B

Figure 3 Granulomas of the spleen (A, × 100) composed of clusters of epithelioid histiocytes, small lymphocytes and large B cells (B, × 40).
[7]

(etanercept) was found in a large case-control study .
The etiology of non-Hodgkin lymphoma (NHL) remains
largely unexplained, despite its dramatic worldwide rise
[8,9]
in incidence in recent decades . The heterogeneity of
[10]
this group of malignancies is well established , whereas
etiologic variation among subtypes has only recently
been recognized. Classical risk factors for NHL include
[10]
conditions of severe immunosuppression . However,
the role for chronic immune stimulation is also suggested
from studies showing the occurrence of specific NHL
[11]
subtypes in inflammatory and infectious conditions .
T-cell/histiocyte-rich B-cell lymphoma (T/HRBCL)
is an uncommon morphologic variant of diffuse large
B-cell lymphoma, accounting for about 40% of all
NHL. T/HRBCL has not been described until now in
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psoriatic patients receiving immunosuppressive biologic
agents. Pathologically, it is distinguished by < 10%
malignant B cells amid a majority population of reactive
T lymphocytes and histiocytes. The large amount of
surrounding inflammatory T lymphocytes may mask
the lymphomatous cells, mimicking an hepatitis, or
sarcoid like granulomas in the spleen. Accurate diagnosis
therefore rests on careful immunohistochemical
analysis of the tumour cells and the inflammatory micro
[12]
environment .
In our case, the patient was firstly hospitalized for
an acute cholestatic toxic hepatitis, that we supposed to
be related to adalimumab, and the liver findings were
unclear. Our patient underwent splenectomy, but also in
this occasion the histology interpretation (performed by
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hepatitis, that the authors supposed to be related to adalimumab, and the liver
findings were unclear. The patient underwent splenectomy, but also in this
occasion the histology interpretation (performed by a different group in another
hospital) was misleading. The correct diagnosis was only reached through
a gastric biopsy and a second liver biopsy. In psoriatic patients, treated with
biologic immunosuppressive agents, the suspect of abdominal lymphoma
should always be included as differential diagnosis. Abdominal ultrasound
evaluation need therefore to be included in the pre-treatment screening as in
the follow-up surveillance.

a different group in another hospital) was misleading.
The correct diagnosis was only reached through a
gastric biopsy and a second liver biopsy.
In psoriatic patients, treated with biologic immuno
suppressive agents, the suspect of abdominal lymphoma
should always be included as differential diagnosis.
Abdominal ultrasound evaluation need therefore to be
included in the pre-treatment screening as in the followup surveillance.
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EDITORIAL

Role natural killer group 2D-ligand interactions in hepatitis
B infection
Teresa Pollicino, Lemonica Koumbi
propelled by complex interactions between the virus and
the host immune system. Natural killer group 2D (NKG2D)
is a well-characterized activating receptor, expressed on
+
natural killer (NK) cells, NK T cells and CD8 cytotoxic T
cells. This receptor is present in both humans and mice
and binds to a diverge family of ligands that resemble the
MHC-class Ⅰ molecules. Increasing evidence shows that
NKG2D-ligand interactions are critical in the establishment
of HBV persistence and the development of liver injury
and HCC. The expression of NKG2D ligands depends
on the presence of several polymorphisms and is also
modulated post-transcriptionally by HBV. While it is
known that HBV circumvents host’s innate immunity
via the NKG2D pathway but the exact mechanisms
involved are still elusive. This letter discusses previous
accomplishments on the role of NKG2D ligand regulation
in the development of chronic HBV, liver injury and HCC.
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Core tip: Hepatitis B virus (HBV) infection is the leading
cause of liver disease and hepatocellular carcinoma
(HCC) worldwide. HBV persistence involves complex
interactions between the virus and the immune system
of the host. Natural killer group 2D (NKG2D) is an
activating receptor, expressed on natural killer (NK), NK
+
T and CD8 T cells. NKG2D-ligand interactions are critical
in the establishment of chronicity and the development
of liver injury and HCC. However, the exact mechanisms
involved are still elusive. Here previous studies are
discussed on how HBV modulates the NKG2D activity to
result in viral clearance, susceptibility to liver injury and
tumour evasion.

Abstract
Hepatitis B virus (HBV) infection is the leading cause
of liver disease and hepatocellular carcinoma (HCC)
worldwide, in spite of prophylactic vaccination and
antiviral treatment modalities. The immunopathogenesis
of HBV infection has been intensively studied and is
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presented by the major histocompatibility complex
(MHC)-like molecule CD1d. HBV infection has been
shown to induce alterations in CD1d expression and NK
[17]
T activation in CHB patients . Moreover, NK T cells are
shown to regulate NK cell activation via the production
of cytokines IFN-γ and interleukin 4 (IL-4) in the livers of
[18]
HBV-transgenic mice .
The effector functions of NK cells are determined
by the dynamic and coordinated balance of activating
and inhibitory signals through their array of receptors.
A well characterized activating receptor expressed in
all NK cells is the natural killer group 2D (NKG2D), a
type Ⅱ transmembrane-anchored glycoprotein that
[19,20]
plays a key role in immune mediated diseases
. In
addition to NK cells, it is expressed on the surface of
+
NK T cells, activated CD8 T lymphocytes, γ/δ T cells,
[21,22]
and some myeloid cells
. NKG2D receptor binds to
a diverge family of ligands that are distantly related
homologues to MHC class Ⅰ molecules. In contrast to
classical MHC molecules, NKG2D ligands (NKG2DL)
do not require association with β2 microglobulin for
expression or function, and do not bind antigenic
[23]
peptides . In humans, these proteins are divided into
two families: the MHC class-Ⅰpolypeptide-related chain
(MIC) protein family that contains MICA and MICB;
and the cytomegalovirus UL16-binding proteins (ULBP)
family, which consists of five members, ULBP1-4 and
[24]
RAET1G . In mice, there are five retinoic acid early
transcript 1 (RAET-1) proteins, H60 and murine ULBP[24]
like transcript 1 (MULT-1) . In addition to membranebound NKG2DLs, secreted forms of the ligands have
been also identified in humans.
NKG2DL are expressed on diseased or stressed
cells, and numerous stress pathways induce their upregulation, including viral and bacterial infection, cellular
[25]
transformation, oxidative or genotoxic stress . A
large body of evidence indicates that HBV infection
modulates NKG2D-mediated immune responses. The
engagement of NKG2D to its ligands is a sufficient
stimulus to activate cytolysis and cytokine production
by NK cells, to promote antitumor or antiviral immune
responses and autoimmune diseases, to provide a co+
stimulatory signal for the activation of CD8 T cells and
probably other T cells and contributes to apoptotic cell
[18,21,22,26]
death
. NKG2DL also participate in the cross-talk
between immune cells, which can regulate innate and
adaptive responses. Increased expression of NKG2DL
induces NK cell-mediated cytotoxicity to eliminate over[27]
stimulated macrophages , while in response to Tolllike receptor stimulation NKG2DL expressed on myeloid
cells are up-regulated, contributing to T cell and NK cell
[28]
activation .

INTRODUCTION
Despite the availability of an effective vaccine and
significant progress in antiviral therapy, hepatitis B
virus (HBV) remains a serious global health problem.
Currently about one-third of the world’s population
is having markers of current or past infection, far
exceeding the numbers of people infected with human
immunodeficiency virus and hepatitis C virus together[1].
Infection with HBV can cause a wide spectrum of
clinical manifestations, ranging from asymptomatic
infection to acute self-limiting or fulminant hepatitis, or
chronic infection (CHB), which is presented as distinct
immunological stages, including immune tolerance and
immune activation phases. CHB infection may eventually
progress to chronic liver injury, cirrhosis or hepatocellular
carcinoma (HCC)[2]. The risk of HCC in chronic infection
is 100-fold higher compared with non-carriers and is
[3]
directly proportional to high levels of HBV replication .
Most healthy adults raise effective immune responses
against HBV that clear the virus. The adaptive immune
system mounts a multiprolonged immune response,
but its effectiveness depends on the quality of the
earlier innate immune response that begins within
hours of infection. Natural killer (NK) cells are enriched
markedly in the liver and play a pivotal role in selflimiting infection. In addition to the direct killing of viralinfected cells without antigen-specific priming, NK cells
regulate the adaptive immune response by producing
interferon (IFN)-γ, tumor necrosis factor (TNF)-α and
immunoregulating cytokines. In acute HBV infection of
primates and humans, NK activity has been positively
[4-6]
while IFN-γ production
correlated with viral clearance
by NK cells has been shown to contribute to the initial
[5,7-9]
. In CHB infection, the function
control of infection
and numbers of intrahepatic NK cells are reported to be
higher in the immunotolerant stage than in the immuno
active stage and are accompanied with an increase of
[10-12]
. High NK cell
HBV-specific T cells and low viremia
activity early in infection and in the immunotolerant
stage reflects the time for the host to mount efficient
adaptive response. However, NK cells also negatively
regulate specific antiviral immunity in CHB infection
by contributing in the liver inflammation through TNFrelated apoptosis-inducing ligand- and Fas-mediated
[13,14]
+
and by the direct killing of HBV-specific CD8
death
T cells, which triggers the recruitment of inflammatory
[15,16]
.
cells that sustain and amplify the hepatic damage
NK T cells comprise about one-third of intrahepatic T
cells and are known to contribute to the outcome of HBV
infection. They express T cell receptors (TCR) but, unlike
conventional T cells, recognize lipid-based antigens
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NKG2D PATHWAY IN HBV INFECTION
There is increasing evidence that activation of the
NKG2D-ligand pathway contributes to the outcome of
HBV infection. Studies in a transgenic mouse model
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of acute infection, demonstrated that the blockage
of NKG2D receptor on only NK T cells prevents HBV
infection by raising efficient acute immune responses
and that the interaction between NKG2D and its RAET-1
[18]
ligand is essential in inducing HBV immunity . These
findings suggest that in the early stages of infection,
NK T cells may be activated first in an HBV-specific
and NKG2D-dependent manner that may in turn lead
to the activation of NK cells. Furthermore, early in
HBV infection there is an overexpression of the soluble
form of MICA (sMICA) in comparison to later stages of
infection, leading to the internalization and degradation
of NKG2D receptor and hence to defective NK and
[26,29]
. Other studies demonstrated that
NK T activity
sMICA levels increase together with progression of liver
[30]
disease . Consequently, the persistence of high sMICA
levels from the early to later stages may result in the
establishment of CHB infection and the initiation of liver
cirrhosis and HCC.
In CHB infection, NKG2D expression on intrahepatic
+
virus-specific CD8 T cells is shown to be essential in the
recognition of virus-infected hepatocytes through the
[31]
up-regulation of IL-15 . More specifically, increased
NKG2D expression provides a co-stimulatory signal in
+
TCR-mediated CD8 T cell activation. Enhanced NKG2D
and IL-15 expression may act in a way to lower the
+
activation threshold of effector CD8 T cells, and hence
to allow the efficient recognition of hepatocytes that
[31]
express low levels of viral antigens . In accordance
with these findings, down-regulation of NKG2D and costimulatory receptor 2B4 on circulating NK cells has
been associated with the impaired function of NK cells
[32]
in CHB patients . On the other hand, hepatic NK cellmediated killing through NKG2D recognition in CHB
infection induces the development of liver fibrosis and
hepatic damage. NKG2D activation through the overexpression of NKG2DL on the infected hepatocytes
is shown to prime them to become a target for NK
cell-mediated killing and to lead to the subsequent
[33]
development of liver injury . In addition, in a transgenic
mouse model, NK cell activation via the up-regulation
of RAET-1 or MULT-1 on hepatocytes was shown to
account for the oversensitive autoimmune hepatocyte
injury, with NK T cells working as helpers necessary for
[34]
NK cell activation .

others demonstrated that HBV infection represses MICA
expression in the liver of CHB patients and on hepatic
[37,38]
. Inhibition of viral replication in HBVtumor cell lines
expressing HCC cells in transgenic mice is reported to
restore MICA expression and to induce NK-cell mediated
[38,39]
. In addition, increased levels of sMICA
cytolysis
released from the surface of tumor cells in CHB patients
have been shown to sequester NKG2D in the cytoplasm
and to inhibit cell-surface NKG2D expression and
[19,30,40]
. Therefore,
effector functions in malignant tumors
a tumor-specific expression pattern of MICA exists in
HBV-induced HCC, while NK cells recognize hepatoma
cells via MICA-NKG2D interaction. The reduced MICA
expression by HBV weakens the immune surveillance
of NK cells in chronic infection while the overexpression
of sMICA by HCC cells inhibits NKG2D function leading
to the impairment of NK and T cells. The persistence
of high sMICA levels at the late stages of CHB infection
[30]
contributes to liver cirrhosis and HCC evasion .

NKG2DL POLYMORPHISMS ASSOCIATE
WITH HBV PERSISTENCE
NKG2DL are highly polymorphic, more than 70 alleles
have been identified for the MICA gene and more than
[24]
30 alleles for the MICB gene . Interestingly, allelic
variants of these ligands have been shown to bind to
NKG2D receptor with different affinities resulting in
different degrees of activation to promote NKG2Dmediated responses. Differential distribution of MICA
alleles affects the outcome of HBV infection and HCC
development. Homozygous genotype MICA-175Ser/
Ser, allele MICA-175Ser, haplotypes, as well as the
microsatellite polymorphisms associate with CHB
infection[29]. Among the MICA variants, MICA*015 allele
is characterized by high affinity to NKG2D and has been
correlated with HBV persistence in a small cohort of
[41]
patients . A non-synonymous substitution in exon 3
(MICA-129Met/Val) is known to play a distinct role in
NKG2D binding: MICA-129Met is strong binder while
[42]
MICA-129Val is a weak binder . The genotype MICA129Met/Met and the allele MICA-129Met are reported
[29]
to increase the risk of HBV-induced HCC . Notably,
strong binding of the MICA-129 Met allele to NKG2D can
induce the shedding of sMICA and subsequent NKG2D
inhibition, resulting in impaired NK and T cell activity
and promoting tumor evasion. However, alleles that
contribute to lower sMICA levels are also risk factors
for HCC occurrence. This could be explained by the
fact that individuals with these risk alleles would also
express low levels of membrane-bound MICA leading
to a poor recognition of tumor cells[43] or the shedding
of sMICA may be influenced by these risk alleles during
immune surveillance. Nevertheless, differential binding
between NKG2D and the MICA protein as well as the
MICA shedding process plays a pivotal role in tumor
surveillance in HBV infection.

NKG2DL EXPRESSION IS INHIBITED IN
HBV-INDUCED HCC
NK and T cell activity is repressed during HCC
progression and NKG2D recognition of tumor cells is
implicated in the process. MIC molecules are highly
expressed in transformed cells and contribute in tumor
immune surveillance by promoting antitumor NK and
[35]
T cell responses . Tumor cells have also developed
strategies to escape NKG2D immunity by the down[36]
regulation of NKG2DL . Our unpublished data and
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tissues is the consequence of down-regulation of HBVencoded proteins, such as HBsAg, which can control the
expression of the cellular miRNAs. Post-transcriptional
regulation of miRNAs has the advantage that NKG2DL
are already transcribed and thus, upon infection, they
can be rapidly expressed. In human cytomegalovirus
(HCMV) infection, immediate-early proteins are able
to display histone deacetylases, which induce the
transcription of MICA and MICB mRNA[48]. HBV is known
to compromise host’s epigenetic processes and particularly
to induce the recruitment of histone deacetylases onto
[49]
HBV covalently closed circular DNA minichromosome .
Similar to HCMV, is possible that HBV can influence
NKG2DL expression post-transcriptionally by modulating
the accumulation of histone deacetylases. A detailed
characterization of the molecular players that link the
HBV stimuli to the transcription of NKG2DL will be critical
to advance our knowledge on how HBV circumvents the
host’s immunity. The manipulation of ligand expression
shows many promises therapeutically. Understanding
the mechanisms of NKG2D pathways will provide new
insight on chronic HBV immunopathogenesis and HCC
development and can lead to possibilities of developing
effective treatment strategies.

NKG2DLS POST-TRANSCRIPTIONAL
REGULATION BY HBV
Numerous finding including our own observations
show that different cells and tissues express mRNA
for NKG2DL but may lack the expression of NKG2DL
proteins, indicating that at least some NKG2DL are
regulated post-transcriptionally. Indeed, a group of
endogenous cellular microRNAs (miRNAs) have been
identified that bind to the 3’-untranslated region (3’-UTR)
of MICA and MICB and repress their translation[44,45].
In addition, MICA and MICB expression is upregulated
upon silencing of Dicer, a key protein in the miRNA
[39]
processing pathway . HBV as well as HBsAg and HBx
viral proteins are reported to deregulate a number of
[46,47]
cellular miRNAs
. HBsAg was shown to repress
the expression of MICA and MICB in HCC cells by
inducing 142 cellular miRNAs via targeting 3’-UTRs of
their mRNAs and therefore enhancing the resistance
[39]
of HCC cells to NKG2D-mediated cytolysis . This
down-regulation was shown to be partially restored by
[39]
inhibiting the activities of HBsAg-induced miRNAs .
These findings suggest that HBsAg prevents NKG2Dmediated elimination of HCC cells by inducing cellular
miRNAs to inhibit MIC expression.
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EDITORIAL

Hepatitis B virus reactivation during immunosuppressive
therapy: Appropriate risk stratification
Wai-Kay Seto
factor (anti-TNF) and hematopoietic stem cell trans
plantation (HSCT). HBV reactivation could also occur in
HBsAg-negative, antibody to hepatitis B core antigen
(anti-HBc) positive individuals during therapies containing
rituximab, anti-TNF or HSCT.For HBsAg-positive patients,
prophylactic antiviral therapy is proven to the effective
in preventing HBV reactivation. Recent evidence also
demonstrated entecavir to be more effective than
lamivudine in this aspect. For HBsAg-negative, antiHBc positive individuals, the risk of reactivations differs
with the type of immunosuppression. For rituximab, a
prospective study demonstrated the 2-year cumulative
risk of reactivation to be 41.5%, but prospective data
is still lacking for other immunosupressive regimes. The
optimal management in preventing HBV reactivation
would involve appropriate risk stratification for different
immunosuppressive regimes in both HBsAg-positive and
HBsAg-negative, anti-HBc positive individuals.
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Core tip: Hepatitis B virus (HBV) reactivation not only
occurs in hepatitis B surface antigen (HBsAg)-positive,
but also in HBsAg-negative, antibody to hepatitis B
core antigen positive individuals. Immunosuppressive
therapies with increased risk of HBV reactivation include
corticosteroids, anthracyclines, rituximab, antibody
to tumor necrosis factor and hematopoietic stem cell
transplantation. The decision between prophylactic
antiviral therapy vs routine clinical monitoring would
involve appropriate risk stratification for individual types
of immunosuppressives regimes.

Abstract
Our understanding of hepatitis B virus (HBV) reactiva
tion during immunosuppresive therapy has increased
remarkably during recent years. HBV reactivation in
hepatitis B surface antigen (HBsAg)-positive individuals
has been well-described in certain immunosuppressive
regimens, including therapies containing corticosteroids,
anthracyclines, rituximab, antibody to tumor necrosis
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against tumor necrosis factor (anti-TNF), e.g., infliximab,
adalimumab and etanercept have been demonstrated
to have a 35% HBV reactivation rate in HBsAg-positive
patients with rheumatoid arthritis, inflammatory bowel
disease and other non-malignant conditions[18]. Other
agents proven to increase the risk for HBV reactivation
include transarterial chemo-embolization (TACE) for
[19]
hepatocellular carcinoma , hematopoietic stem cell
[20]
[21]
transplantation (HSCT) , methotrexate , anthra
[22]
cyclines , and other biologic agents including tyrosine
[23]
[24]
kinase inhibitors and ustekinumab (Table 1).

INTRODUCTION
The introduction of nucleoside analogue therapy has
revolutionized the management of chronic hepatitis B
(CHB). The current first-line therapies of entecavir and
tenofovir, if taken long-term, can bring about potent
[1]
[2,3]
virologic suppression , improve liver histology , and
[4,5]
reduce cirrhotic complications , with low risk of resistance
[6,7]
development . Nonetheless, the efficacy of nucleoside
analogue therapy remains suboptimal in one distinct
clinical entity: hepatitis B virus (HBV)-related acute-on[8]
chronic liver failure , in which the 3-mo survival rates
[9,10]
were only 40%-57%
. Reactivation of HBV during
immunosuppressive therapy, if caught unaware, could
present as acute-on-chronic liver failure, signifying the
importance of management strategies directed towards
preventing HBV reactivation.
The dangers of HBV reactivation are not only limited
to hepatitis B surface antigen (HBsAg)-positive patients,
but could also involve HBsAg-negative, antibody to
hepatitis B core antigen (anti-HBc) positive individuals.
Unfortunately, despite the accumulating evidence in this
field, the global oncology community remains divided
on the need of routine screening of HBV serology prior
to immunosuppressive therapy[11,12]. This editorial aims
to provide a literature update as well as management
recommendations for preventing and controlling HBV
reactivation during immunosuppressive therapy.

HBSAG-NEGATIVE, ANTI-HBC POSITIVE
HBV REACTIVATION
HBV reactivation is also possible in HBsAg-negative
individuals who have occult HBV infection - defined
as HBsAg-negativity but with detectable HBV DNA
[25]
in serum or liver . Such individuals could had CHB,
achieved HBsAg seroclearance, but with intrahepatic
[26]
HBV DNA remaining . They may or may not possess
serum antibody to the hepatitis B surface antibody
(anti-HBs), with the only positive serologic marker
being anti-HBc, indicating past HBV exposure.
HBV reactivation in HBsAg-negative, anti-HBc
positive patients has been extensively reported in
rituximab-containing chemotherapy (Table 2). Previous
retrospective studies reported a reactivation rate of 8.9%
to 23.8%[17,27,28]. This large variability could be due to
the lack of regular serologic and virologic monitoring,
with only HBV reactivation noted when biochemical
hepatitis (a late event) occurred. Two recent prospective
studies described the risk of HBV reactivation in better
detail. The first, when using multiple virologic endpoints,
found the rate of reactivation to vary from 11.3% to
18.9%[29]. The second, when defining detectable HBV
DNA (> 10 IU/mL) as HBV reactivation, found the
cumulative 2-year reactivation rate to be 41.5%. This
second study also found patients with negative anti-HBs
to have a higher cumulative rate of reactivation than
those with positive anti-HBs (68% vs 34% at 2 years
respectively)[16]. Patients with detectable HBV DNA all
responded well to entecavir, with no cases of hepatitic
flares.
HBV reactivation has also been reported in HBsAgnegative anti-HBc-positive patients undergoing HSCT.
Retrospective studies again found variable rates of
reactivation (8.9% to 19.7%)[30-32], again limited by the
lack of routine clinical monitoring. Nonetheless, HBV
reactivation could occur many months (up to 47 mo)
after HSCT, indicating prolonged clinical monitoring
would be needed post-HSCT to ensure early detection of
HBV reactivation. The preliminary results of an ongoing
prospective study found HBsAg-negative, anti-HBc
positive HSCT recipients developing graft-vs-host disease
to have an increased chance of HBV reactivation[33] these results would need further validation.
Anti-TNF therapy could also increase the risk of

IMMUNOSUPPRESSIVE THERAPIES
WITH INCREASED RISK OF HBV
REACTIVATION
Not all immunosuppressive therapies have been proven
to be associated with HBV reactivation - the asso
ciation is in fact limited to a selected few regimens.
Corticosteroids is a well-known risk factor, in which the
presence of prednisolone in chemotherapy regimens for
HBsAg-positive lymphoma patients would increase the
risk of HBV reactivation by 36%[13]. HBV reactivation is
also possible in patients treated with steroids for nonmalignant conditions, especially when the therapy
duration is at least 3 mo or when the steroid dose is
equivalent to 20 mg of prednisolone per day[14]. The
monoclonal antibodies against B cell surface antigen
CD20 (anti-CD20), rituximab and ofatumumab, could
also enhance the chances of HBV reactivation, with
rituximab resulting in more than five-fold increase[15].
More importantly, HBV reactivation could occur up to
[16,17]
one year or more after cessation of rituximab
.
Other biologics, including monoclonal antibodies
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recommended first-line treatment for CHB. Hence, the
two first-line therapies, i.e., entecavir or tenofovir, both
with a high genetic barrier to resistance should be used
[6,7]
instead . This is supported by a recent randomized
controlled trial demonstrating entecavir to be superior
to lamivudine in the prevention of HBV reactivation
among HBsAg-positive individuals undergoing rituximab[41]
containing chemotherapy .
Prophylactic nucleoside analogue therapy with a
finite therapy duration should be only for CHB patients
with quiescent disease, as indicated by baseline HBV
DNA < 2000 IU/mL. For CHB patients with baseline
HBV DNA ≥ 2000 IU/mL, long-term nucleoside
analogue therapy should be considered to reduce the
risk of liver-related complications associated with high
[42,43]
viral loads
.

Table 1 Immunosuppressive regimens known to increase risk
of hepatitis B virus reactivation
HBsAg-positive

HBsAg-negative
Anti-HBc positive

Corticosteroids
Anti-CD20 (e.g., rituximab)
Anti-CD20 (e.g., rituximab)
HSCT
HSCT
Anti-TNF
Anti-TNF
TACE for hepatocellular carcinoma
Anthracyclines
Methotrexate
TACE for hepatocellular carcinoma
Methotrexate
Ustekinumab
Tyrosine kinase inhibitors
HBsAg: Hepatitis B surface antigen; Anti-HBc: Antibody to hepatitis B
core antigen; Anti-CD20: Antibody against CD20; Anti-TNF: Antibody
against tumor necrosis factor; TACE: Transarterial chemo-embolization;
HSCT: Hematopoietic stem cell transplantation.

Monitoring HBsAg-negative, anti-HBc positive
individuals

HBV reactivation in HBsAg-negative, anti-HBc positive
patients, although when compared to HBsAg-positive
patients, reactivation rates were much lower (1.7%
[18,34]
to 5%)
. Other regimens known to be associated
with HBV reactivation among HBsAg-negative, antiHBc positive patients include TACE for hepatocellular
[35]
[21]
carcinoma and methotrexate (Table 1).

Defining the optimal management strategy for HBsAgnegative, anti-HBc positive individuals is more difficult. A
randomized controlled trial did demonstrate the efficacy
of prophylactic nucleoside analogue therapy during
[44]
rituximab-containing chemotherapy . Nonetheless,
within the HBsAg-negative anti-HBc positive population,
HBV reactivation seemed to occur only among specific
immunosuppressive regimes (Table 1). The risk of HBV
reactivation among certain therapies is also low (e.g., <
5% during anti-TNF therapy). Another factor to consider
is the seroprevalence of anti-HBc, which could be >
40% among HBV-endemic regions in East Asia[45,46].
Hence, the universal provision of prophylactic nucleoside
analogue therapy for all immunosuppressive regimens
might not be cost-effective.
Currently, the regular monitoring of serum HBV DNA
would probably be the preferred strategy. The optimal
interval of monitoring is uncertain - a suggestion would
be for every 1-3 mo[36], although there is no high-quality
data to support this. Prophylactic nucleoside analogue
therapy can still be considered for specific population
groups, e.g., anti-HBs negative patients undergoing
[16]
rituximab-containing chemotherapy .

RECOMMENDED STRATEGY TO
MANAGE HBV REACTIVATION
Screening for HBsAg and anti-HBc prior to
immunosuppressive therapy

Despite the lack of consensus among the global
[11,12]
oncology community
, current guidelines from inter
[36,37]
national liver societies
recommend mandatory
screening for serum HBsAg and anti-HBc prior to all
forms of immunosuppressive therapy. Screening would
be particularly important in HBV-endemic regions, and
[38]
is cost-effective .

Prophylactic nucleoside analogue therapy for HBsAgpositive individuals

The provision of concomitant nucleoside analogue
therapy at the commencement of immunosuppression
has been demonstrated to be effective in reducing
the risk of HBV reactivation for both hematological
malignancies and solid-organ tumors[39]. For most
immunosuppressive regimes, nucleoside analogue
therapy should be kept until at least 6 mo after the last
dose of immunosuppressive therapy. The exception is
rituximab, with nucleoside analogue therapy continued
until at least 12 mo after completion of rituximabcontaining chemotherapy[15].
In terms of the choice of nucleoside analogue for
prophylactic therapy, lamivudine has been used most
extensively, achieving a 79% risk reduction on HBV
reactivation[40]. The disadvantage of lamivudine is its low
[4]
genetic barrier to resistance , such that it is no longer a
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FUTURE DIRECTIONS
More studies would be needed for risk stratification.
Can the current data in HBsAg-positive patients be
extrapolated to all forms of immunosuppressive therapy?
There is a paucity of data concerning HBV reactivation
among traditional immunomodulators, e.g., azathioprine,
thalidomide or methotrexate. Other immunosuppressive
agents lacking HBV reactivation data include non-steroid
or anthracycline-containing chemotherapeutic regimens,
monoclonal antibodies other than anti-CD20 or antiTNF, epidermal growth factor receptor inhibitors and
proteasome inhibitors. If current guidelines continue
to emphasize prophylactic HBV therapy for all forms of
immunosuppression, then cost-effective studies would be
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Table 2 Rates of hepatitis B virus reactivation during rituximab-containing chemotherapy in
hepatitis B surface antigen-negative, antibody to hepatitis B core antigen positive individuals
as described by various studies
Study region

Study nature

No. of patients

Hong Kong[17]
Japan[27]
Asia-Pacific[28]
Taiwan[29]
Hong Kong[16]

Retrospective
Retrospective
Retrospective
Prospective
Prospective

23
56
178
150
63

HBV reactivation rate Definition of HBV reactivation
23.8%
8.9%
9.6%
11.3%-18.9%
41.5%

HBsAg seroreversion
HBsAg seroreversion
HBsAg seroreversion
Multiple virologic endpoints
Detectable HBV DNA

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

needed to justify their usage.
For HBsAg-negative, anti-HBc positive individuals
undergoing rituximab-containing chemotherapy, the
discrepancies in reactivation rates from previous studies
(Table 2) could indicate not all cases of HBV reactivation,
when defined as detectable serum HBV DNA, would end
up being clinically relevant. In addition, prospective data
is still needed to clearly define the risk of HBV reactivation
among HSCT and anti-TNF therapy, as well as to identify
additional risk factors besides anti-HBs status.
Hopefully, future studies in these directions would
help in stratifying the risk of HBV reactivation among
different immunosuppressive regimes and improve
disease outcomes of HBV-infected individuals undergoing
immunosuppressive therapy.
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Hepatitis C virus (HCV) has infected over 170 million
people worldwide and creates a huge disease burden
due to chronic, progressive liver disease. HCV is a singlestranded, positive sense, RNA virus, member of the
Flaviviridae family. The high error rate of RNA-dependent
RNA polymerase and the pressure exerted by the host
immune system, has driven the evolution of HCV into
7 different genotypes and more than 67 subtypes. HCV
evolves by means of different mechanisms of genetic
variation. On the one hand, its high mutation rates
generate the production of a large number of different
but closely related viral variants during infection, usually
referred to as a quasispecies. The great quasispecies
variability of HCV has also therapeutic implications since
the continuous generation and selection of resistant or
fitter variants within the quasispecies spectrum might
allow viruses to escape control by antiviral drugs. On
the other hand HCV exploits recombination to ensure its
survival. This enormous viral diversity together with some
host factors has made it difficult to control viral dispersal.
Current treatment options involve pegylated interferon-α
and ribavirin as dual therapy or in combination with a
direct-acting antiviral drug, depending on the country.
Despite all the efforts put into antiviral therapy studies,
eradication of the virus or the development of a preventive
vaccine has been unsuccessful so far. This review focuses
on current available data reported to date on the genetic
mechanisms driving the molecular evolution of HCV
populations and its relation with the antiviral therapies
designed to control HCV infection.
Key words: Recombination; Quasispecies; Hepatitis C
virus; RNA; Evolution; Antiviral therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV) is the major causative
agent of parenterally-acquired hepatitis. To date there is
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translation products (F protein) have been detected
from a reading frame overlapping the core gene (core
[16,17]
+ 1/ARFP)
. Possible roles in regulation of gene
expression, cell signalling and apoptosis have been
[18-20]
suggested
. Short untranslated regions at each
end of the genome (5’-NCR and 3’-NCR) are required
[21,22]
for its translation and replication
. The mechanism
of translation initiation is dependent on an internal
ribosomal entry site in the 5’-NCR, which interacts
[23]
directly with the 40S ribosomal subunit .
The high error rate of RNA-dependent RNA poly
merase and the pressure exerted by the host immune
system, has driven the evolution of HCV towards the
development of a global diversity that revealed the
existence of seven genetic lineages (genotypes 1 to
[24]
7) (Figure 2) . On average, the complete genome
[4]
differs in 31%-33% of nucleotide sites . Genotypes
1 to 6 of HCV contain a series of more closely related
sub-types (67 accepted subtypes and many more to
be confirmed) that typically differ from each other by
at least 15% in nucleotide positions within the coding
region[24]. Subtypes 1a, 1b and 3a are widely distributed
and account for the vast majority of infections in Western
[1]
countries .
HCV genetic variability is not evenly distributed
across the viral genome. The regions of the genome
that correspond to essential viral functions (such as
those involved in translation and replication) or those
with major structural domains (5’-NCR and 3’-NCR)
are the most conserved. The 5’-NCR region is the most
conserved region of the genome with 90% sequence
identity between distant strains[25,26]. The region encoding
the viral capsid is also highly conserved with 81%-88%
sequence identity between different isolates. The most
variable region of the genome is the one that codes
[27]
for the membrane glycoproteins E1 and E2 . The
sequences belonging to the hypervariable regions 1
and 2 (HVR1 and HVR2) of E2 gene are the ones that
show less sequence homology with only 50% identity
[28]
between different isolates . Factors that may contribute
to high genetic variability of these viruses include large
population sizes, short generation times and high
[29]
replication rates .
An important breakthrough in the treatment of
chronic HCV infection was undoubtedly the introduction
of alpha interferon (IFN-α) plus RBV as combination
[27]
therapy . However, the rate of sustained virological
[30,31]
response is still unsatisfactory
, particularly in
[32]
patients infected with genotype 1 , the most prevalent
[4,33]
in many geographic regions of the world
. Although
IFN-α is effective in reducing the viral load, complete
eradication of the virus is achieved in less than 20% of
[32]
patients treated with IFN-α alone . In those patients
who initially respond to IFN-α, ribavirin helps increasing
the frequency of virus eradication, yet its effect on
[7]
non-responder patients is still limited . Although
viral genotype and viral load, as well as serum HCV
RNA clearance during therapy are definitely related to
response, further insight into viral factors involved in

no preventive vaccine, and though antiviral therapy has
been improved in the past few years, not all patients
eradicate the virus as a result of it. The main reason
lies in the intrinsic genetic variability that characterises
RNA viruses, such as HCV, whose RNA polymerase
lacks proof-reading activity, leading to a high mutation
rate and the generation of a wide range of genome
variants better known as a quasispecies. Therefore this
review summarises current data on HCV quasispecies
dynamics, antiviral therapy and recombination events.
Echeverría N, Moratorio G, Cristina J, Moreno P. Hepatitis C
virus genetic variability and evolution. World J Hepatol 2015;
7(6): 831-845 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i6/831.htm DOI: http://dx.doi.org/10.4254/
wjh.v7.i6.831

INTRODUCTION
Hepatitis C virus (HCV) has infected over 170 million
people worldwide and therefore creates a huge disease
[1]
burden due to chronic, progressive liver disease .
Infections with HCV have become a major cause of liver
cancer and one of the most common indications for liver
[2-4]
transplantation . The fact that chronic infection with
HCV can lead to cirrhosis and hepatocellular carcinoma
creates the need to develop drugs that effectively
[5]
eradicate the infection and a prophylactic vaccine that
prevents its dissemination. Unfortunately, to date there
[6]
is no effective vaccine available . Currently, the standard
of care (SOC) therapy involves pegylated interferon α
[7]
(INF-α-peg) and ribavirin (RBV) . In addition, the new
SOC (NSOC) therapy of protease inhibitors boceprevir or
telaprevir in combination with INF-α-peg and RBV have
been approved for the eradication of HCV genotype 1 in
[8-11]
. Unfortunately,
the United States, Europe and Japan
interferon is not widely available globally, not always
well tolerated and some genotypes of HCV respond
better than others causing that not all patients achieve
[12]
a sustained virological response (SVR) . Other adverse
events such as rash have also been associated with the
[13]
NSOC .
The main route of transmission is direct or indirect
exposure to contaminated blood, either through blood
transfusions or blood products, through the consumption
of intravenous drugs, use of surgical material poorly
sterilized, organ transplants, accidents in health centres,
[12]
vertical transmission from mother to child, etc. .
HCV is a member of the family Flaviviridae, although
it differs from other members of this family in many
[1]
details of its genome organization . HCV is a singlestranded, positive sense, RNA virus with a genome
of approximately 9600 nucleotides in length. Most of
the genome carries a single open reading frame that
encodes three structural (core, E1, E2) and seven
non-structural (p7, NS2, NS3, NS4A, NS4B, NS5A,
[14,15]
. In addition, alternative
NS5B) proteins (Figure 1)
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Figure 1 Organisation of hepatitis C virus genome and hepatitis C virus polyprotein processing. Schematic representation of the 9.6 kb positive-stranded
RNA genome. Simplified RNA secondary structures in the 5’ and 3’ non-coding regions (NCRs) are shown. Internal ribosome entry site (IRES)-mediated translation
produces a polyprotein precursor that is processed into the mature structural and non-structural proteins. Nucleotide positions are shown by numbers on the
upper part of the scheme. Amino acid positions are shown by numbers in the lower part of the scheme. The coding region is depicted by rectangles showing the
corresponding encoded proteins. Solid arrowheads denote cleavages by the endoplasmic reticulum signal peptidase. The open arrowhead indicates further C-terminal
processing of the core protein by signal peptide peptidase. Red stars indicate cleavages by the hepatitis C virus NS2 and NS3-4A proteases.

new advances in what respects to triple therapy, it is
worth to note that a wide range of different DAAs are
currently under clinical trials aiming at all-oral IFN-free
[43-47]
regimens
.

Genotype 6
Genotype 3

Genotype 7

MUTATIONS AND QUASISPECIES
DYNAMICS

Genotype 4
Genotype 2
Genotype 5

[48]

HCV evolution is a highly dynamic process . Like most
RNA viruses, HCV exploits all possible mechanisms of
genetic variation to ensure its survival. Mutation at the
nucleotide level seems to be the main cause of genetic
variation in RNA viruses, such as HCV. These mutations
are primarily generated by an error-prone, non-pro
ofreading RNA-dependent RNA-polymerase which directs
[1,49]
. The
the replication of the virus genetic material
-4
mutation rate of HCV, estimated at 10 substitutions per
[50]
site and round of replication , is among the highest for
[51]
RNA viruses including retroviruses , and would seem
to be high enough to generate all the genetic variation
found in this virus. Due to this feature and to the high
replication rate of HCV, a large number of different but
closely related viral variants are continuously produced
during infection. These circulate in vivo as a complex
[52-58]
.
population commonly referred to as a quasispecies
The idea of quasispecies was first used by Eigen et
[59,60]
to refer to the first self-replicating structures.
al
Originally conceived as a mathematical framework
formulated to explain the evolution of life in the ‘‘pre[61]
cellular RNA world” , quasispecies theory is based
on classical population genetics, but seeks to explore
the consequences of error-prone replication and
near-infinite population sizes for genome evolution.
More recently, quasispecies theory has been used to
[62]
describe the evolutionary dynamics of RNA viruses .
These structured populations also possess a high
mutation rate which would lead to the existence of
a complex mixture of different but related genomes
that would behave as a selection unit (Figure 3). At a
particular point of infection, the HCV quasispecies viral
distribution reflects the balance between the continued
generation of new variants, the need to preserve
essential viral functions and the positive selective

Genotype 1

Figure 2 Evolutionary tree of the seven genotypes and all known subtypes
of hepatitis C virus. The tree was constructed using the maximum likelihood
method using GTR + I + G (general time-reversible substitution model considering
invariable sites and gamma distribution) as the nucleotide substitution model
that best fitted the data using a 307-nucleotide sequence from the NS5B-coding
region. Sequences used for the construction of this phylogenetic tree were
extracted from Yusim et al[155].
[27]

therapeutic responsiveness is still necessary . The
different genotypes and subtypes vary in their responses
to treatment with INF-α or INF-α/RBV. As mentioned
above, only 10%-20% of individuals chronically infected
with HCV genotype 1 treated with IFN-α monotherapy
and 40%-50% of those treated with combination
therapy (INF-α/RBV) exhibit a complete and permanent
disappearance of the virus. These percentages are
lower than rates of 50 and 70%-80%, respectively,
observed in the treatment of patients infected with
[3,34]
HCV genotypes 2 or 3
. Despite these facts, the use
of INF-α-peg has been associated with a significant
[35]
increase in these rates .
Two inhibitors of the NS3/4A serine protease,
boceprevir (BOC) and telaprevir (TVR) have demon
strated potent inhibition of HCV genotype 1 replication
and markedly improved SVR rates in treatment-naïve
[36]
and treatment-experienced patients . Nowadays the
NSOC therapy for genotype 1, chronic HCV infection is
the use of BOC or TVR in combination with INF-α-peg
[37-40]
and RBV
. Additionally, two other direct antiviral
[41]
and
drugs (DAAs), simeprevir (protease-inhibitor)
sofosbuvir (nucleotide analogue of the NS5B RNA[42]
polymerase)
have been recently approved for triple
therapy in the United States and Europe. Despite these
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[62,64,66]

the selection process
.
As mentioned before, low fitness variants can be
preserved at higher than expected frequencies just
because they are coupled to a well represented higher
fitness genotype in sequence space. One of the defining
characteristics of a quasispecies is the phenomenon
of mutational coupling, as it places individual mutants
[62]
within a functional network of variants . The elevated
mutation rates in RNA viruses mean that a fast replicator
will generate genetically diverse progeny, many of which
will be significantly less fit than the parent. As a result,
quasispecies theory predicts that slower replicators will
[67]
be favoured if they give rise to a fitter progeny .
One of the consequences of quasispecies dynamics
is the existence of a threshold error to the preservation
[64]
of genetic information . When the error rate exceeds
a tolerable limit (related to genome size, fitness and
population size of the quasispecies) distribution collapses
and the nucleotide sequence loses its information. This
transition is known as the entrance to catastrophic
error and its application to viral extinction through
[64]
mutagenesis is called lethal mutagenesis . There are
experimental evidences that show that RNA viruses
replicate very closely to this threshold error and that an
increase in mutation rates can have a negative impact on
the viability of viral populations.
The theory of evolution predicts that, in a dynamic
environment, high mutation rates are favoured, and
therefore viral error rates may have been optimized by
[68,69]
. For RNA viruses, low replicative
natural selection
fidelity generates a diverse population of variants.
Even though many of these variants are generally less
fit, they may take over if an unexpected change in
environment occurs, such as immune pressure, shifting
the corresponding fitness landscape. On the contrary, a
homogeneous population, generated by high replicative
fidelity, would lack this flexibility and might be less
successful in the dynamic host environment. Experimental
support for this hypothesis has been provided by two
[70,71]
. They isolated a poliovirus variant,
different groups
resistant to ribavirin, which had a single amino acid
substitution in the viral polymerase. This mutant exhibited
a moderate resistance to lethal mutagenesis and assays
for selectable markers indicated that this population had
a lower mutation rate and it consequently displayed less
[72]
genetic diversity. More recently, Vignuzzi et al (2008)
proposed that this attenuated high fidelity variant could
be employed for vaccine development.
High mutation rates and quasispecies dynamics
confer great adaptability to RNA viruses and represent
one of the major obstacles for the control and prevention
[15,73]
. The great quasispecies
of RNA viral diseases
variability of HCV has also therapeutic implications since,
by means of generating and selecting fitter variants
within the quasispecies cloud, viruses might escape
[74]
control by antiviral drugs . The way HCV quasispecies
evolves is highly dynamic, and for this reason, the
complexity of the genetic information gathered from
quasispecies populations cannot be accurately analysed

"Parental" viral genome

Genome variants
with point mutations

st

1 replication cycle

nd

2 replication cycle

Quasispecies "Cloud"

n replication cycle

Figure 3 Viral quasispecies. A virus replicating with a high mutation rate will
generate a diverse mutant repertoire over the course of a few generations.
In this schematic representation, a “parental” viral genome (black filled circle)
gives rise to different variants (coloured squares, prisms and stars), each linked
to another one by a point mutation. The concentric circles represent replication
cycles. The resulting distribution is often referred to as quasispecies “Cloud”.
[63]

pressure exerted by the environment . It is important
to highlight that multiple viral quasispecies co-exist in
infected individuals at different replicative sites and in
consecutive times, which offers a rich environment for
intra and inter quasispecies interactions.
The theory of quasispecies predicts that a particular
mutant surrounded by a more favourable mutant spectrum
(more related) can dominate another one with better
fitness. This phenomenon has been called suppressive
effect. This suppressive or interfering effect of the mutant
spectrum rises along with the mutation rates in viral
quasispecies, as has been suggested by the strong
suppressive effect in infectivity that viral populations
[64]
have near to extinction . It has been proposed that
interference generated by defective genomes contributes
to viral extinction due to an increased mutagenesis
rate. We can also see the opposite effect: genome com
plementation between different components of the
mutant spectrum, which demonstrates that the behaviour
of quasispecies cannot be understood solely as the sum
[65]
of individual behaviours . Because of this, quasispecies
is defined as a dynamic distribution of genomes subject
to variation, competition and selection, and that act as
a selection unit. This means that the quasispecies as a
whole, instead of a particular viral variant, is the target of
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[75]

have been reported near the interleukin 28B gene
(IL-28B) that influence response to dual antiviral
[89-94]
therapy
. However, it was not until 2011 that the
relationship between HCV quasispecies diversity and
[95]
the host IL-28B genotype was investigated . Their
results evidenced a clear association between IL-28B
risk allele (SNP rs8099917 - G allele) and a lower
NS3 protease amino acid quasispecies diversity in
infected patients, hence suggesting that IL-28B risk
allele carriers exert less positive selection pressure
[95]
on the NS3/4 protease . However, it would be
interesting to address whether the lower amino acid
quasispecies diversification in patients with an IL-28B
risk allele is restricted to the NS3 coding region or if
it affects other viral genomic regions. Interestingly,
also unfavourable rs8099917 genotypes were found
linked to time-dependent changes in the core coding
region, specifically the shift to residue 70Q associated
with hepatocellular carcinoma[96]. These results might
indicate that the IL-28B genotype influences viral
evolution and disease outcome in addition to the
behaviour of the innate immune system. More recently,
[94]
Yuan et al
(2012) found that, despite exhibiting
similar baseline viral loads, more chronically-infected
patients with the rs12979860-CC polymorphism had
amino acid substitutions in NS5A compared to non-CC
patients. This result suggests that patients with the CC
genotype undergo early viral evolution probably as a
consequence of the selective pressure exerted by the
use of interferon at the beginning of treatment. These
studies raise the question of whether host genetics
shapes viral evolution in response to immunity, and
if the differences observed in the evolution of HCV
quasispecies are implicated in the mechanism by
which the IL-28B genotype influences the outcome of
acute HCV infection and treatment response[97].
As previously mentioned, RNA virus populations
exist as a cloud of sequence variants (continuously
being generated by mutation) strongly related,
therefore a better understanding of these populations
within infected individuals is needed in order to apply
antiviral strategies and to define critical parameters to
the development of new and more effective antiviral
therapies[62]. Nevertheless, to date, our ability to
know in depth the quasispecies cloud from the study
of isolated clones is limited. The recent techniques
of deep sequencing allow us, for the first time to
overcome these obstacles and observe quasispecies as
a whole. These techniques are already being used on
[98-100]
clinical samples to study different viral models
.

by a unique analytical tool . The three parameters
most commonly used to determine the complexity of the
quasispecies mutant spectrum are: mutation frequency
(defined as the proportion of mutated nucleotides
within a genome distribution relative to the consensus
sequence), Shannon entropy (defined as the proportion
of different genomes within a mutant distribution) and
Hamming distance (defined as the number of mutations
that differentiate two sequences within the mutant
[27,64]
. The average of all the comparisons
spectrum)
between possible pairs reflects the genetic complexity
[62]
of quasispecies . As stated previously, a fundamental
feature of viral quasispecies, predicted from quasispecies
theory, is that the target of selection is the mutant
distribution as a whole rather than an individual genome.
Selective transmission of predominant and minor HCV
[76-80]
and in
quasispecies has been shown in humans
[81,82]
. Further
experimentally infected chimpanzees
understanding of quasispecies dynamics in infected
individuals is necessary to gain knowledge on how to
apply virus-specific drugs and to identify key parameters
that are critical for the development of effective antiviral
[55]
strategies . The genetic variability within quasispecies
level has been frequently used as a predictor of the
[83]
response to antiviral therapy . Several studies have
reported that genetic diversity within different regions
of HCV genome before combined therapy with INF/RBV
[53,83-86]
.
was higher in non-responders than in responders
[15]
(2007) showed that
Nevertheless, Cristina et al
the response to antiviral therapy is independent from
genetic variability within quasispecies populations at the
[86]
beginning of therapy. Ueda et al (2004) reported that
during combined therapy with INF/RBV, HCV quasispecies
significantly decreased in non-responders. However,
another study showed that populations fluctuate along
therapy, in treated patients that achieved a sustained
virological response as well as in those non-responders.
This would indicate that these fluctuations are intrinsic
to each patient and that HCV follows different evolution
[15]
paths in different patients . The variations in the results
obtained by the different research groups might be
caused by different methodological approaches used to
study the real variability within circulating quasispecies
[87]
populations . Another explanation to this might be
that in viral populations with a high degree of genetic
variability, the probability of finding variants that would
replicate effectively in the presence of antiviral drugs is
high. Despite this, those populations with lower variability
degree might also present these types of resistant
variants, though in lower probability. Likewise, given
the stochastic nature of this phenomenon, the opposite
[88]
situation might as well occur in these two same cases .
These correlations can probably mask the expected one
between genetic variability and response to treatment,
thus providing no conclusive results on these matters.
In addition to the multiplicity of viral genetic factors
reported so far, host factors have also shown to be
involved in the development of HCV infection. Since
2009, several single nucleotide polymorphisms (SNP)
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NEXT GENERATION SEQUENCING IN
HCV QUASISPECIES ANALYSIS
Since 2005, the development of high throughput, or socalled next generation sequencing technologies (NGS),
has allowed a huge increase in capacity to sequence
genomes at a reasonably low cost and in a short time
[101]
frame
. NGS comprises a set of high-throughput
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2 × 100
2 × 150
50 × 35

700, up to 1000

Read length (bp)

1000

400000
< 600000
71000

700

Throughput per run (Mb)

Main biological applications

[102]

Microbial genome sequencing, human genome
sequencing, transcriptomics, metagenomics
Microbial genome sequencing, human genome
sequencing, transcriptomics, metagenomics
End of read substitution errors Microbial genome sequencing, human genome
sequencing, transcriptomics, metagenomics
Indels at homopolymer regions Microbial genome sequencing, human genome
sequencing, transcriptomics, metagenomics
Random indel errors
Full-length transcriptomics, discovering large
structural variants and haplotypes

Typical errors
Insertions/deletions (indels) at
homopolymer regions
Indels, especially end of reads

Company URL

http://www.pacificbiosciences.com/

http://www.appliedbiosystems.com/
absite/us/en/home.html
http://www.iontorrent.com/

http://www.illumina.com/systems.ilmn

http://www.my454.com/

sequencing technologies, which make it possible to sequence several genomes from individual templates in a parallel fashion . The current NGS technologies are known
as second generation technologies (Table 1), to distinguish them from the first generation (Sanger sequencing), and the third generation (based on single molecule
[103]
sequencing) .
-3
As it is mentioned before, RNA viruses have very high mutation frequencies. The error rate of viral RNA-dependent RNA polymerases is estimated to be between 10
-6
-8
-11
[72]
and 10 per nucleotide copied compared to 10 -10 for DNA polymerases . Consequently, an RNA virus population consists not of a single genotype but of an ensemble
of closely related genotypes, termed as a quasispecies, centred on a master sequence. This genetic diversity creates a cloud of potentially beneficial mutations, which is
[52]
thought to allow rapid adaptation to a constantly changing environment . Quasispecies theory makes a number of predictions about the behaviour of viral populations
and the consequences of altering diversity.
NGS technologies have redefined the modus operandi in virus genetics research, allowing the unprecedented generation of very large sequencing datasets on a short
[101]
time scale and at affordable costs . A significant technical challenge to address how we can measure viral diversity could be NGS technology. Ultra-deep sequencing has
the sensitivity and quantitative nature required for this kind of investigations into viral genetic drift, natural selection and response to antiviral drugs. The analysis of viral
quasispecies has been greatly enhanced by the recent emergence of these powerful technologies that allow the simultaneous sequencing of 400000-10000000 individual
[104]
target sequences .
As previously reported, drug-resistant variants may already exist previous to a particular antiviral treatment embedded in a predominantly wild-type virus quasispecies
population. Consequently, as they may be present at different low-level frequencies, this may lead to varying degrees of viral response and therefore the mutant genome
will become enriched upon treatment with HCV inhibitors. Hence, determining the natural levels of low frequency resistant variants before starting a treatment might be
[105]
relevant to better predict viral response to HCV inhibitors .
The classic method for detecting these drug-resistant variants in infected patients is population-based DNA sequencing, in other words: bacterial cloning. This method
[106]
provides a good idea of the major sequences present, but unfortunately it cannot detect minor variants that are present at a frequency below 20%-25% . With the
development of deep sequencing technologies, detection of drug-resistant variants became more sensitive allowing the identification of variants present at very low frequencies
[107-109]
(about 0.1%-1%)
. For HCV, the deep sequencing method was first used to detect emergence of NS3 mutants. This way it was clearly demonstrated that de novo
[108]
telaprevir-resistant NS3 mutants arose in mice injected with wild-type HCV only 2 wk after the beginning of treatment . Deep sequencing was also used to confirm results of
[107]
naturally occurring drug-resistant HCV mutants detected by a novel mismatch amplification mutation assay polymerase chain reaction .
As can be noted, deep sequencing technology provided a comprehensive view of the viral population dynamics during monotherapy with NS3 protease inhibitors.
It allowed the estimation of pre-treatment levels of NS3 drug resistant mutants, suggesting therefore a limitation of HCV viral suppression with NS3 protease inhibitor
[105]
monotherapy caused by the pre-existence of drug resistant mutants. This finding strongly evidences the need for a combined therapy to durably treat HCV infection .

Pacific Biosciences

3

8
10
12

Illumina HySeq 1000 MySeq
2000 V3
SOLiD 4

Ion torrent PGM 318 Chip

23

Run time (h)

Roche 454 FLX +

Platform

Table 1 Representative next generation sequencing platforms and their characteristics
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other hand, aberrant or non-homologous recombination
will occur if the copying process is not as precise[112]. This
template strand exchange mechanism of recombination
is known as “copy choice”. The exact mechanism of
exchange of strand is not known, but could be promoted
by the pause of the polymerase during chain elongation.
Thus far, nearly all studies on the mechanisms of
recombination in RNA viruses support a copy-choice
model, originally proposed for poliovirus[114]. It is of note,
that this template-switching mechanism greatly differs
from the enzyme-driven breakage-rejoining mechanism
of homologous recombination in DNA, mainly because
it resorts to replication as an essential step of the
process[112].
Recombination in RNA virus was first discovered in
poliovirus infected cells in which the frequent recovery
of poliovirus that results from recombination has the
potential to produce “escape mutants” in nature as well
as in experiments[115]. Subsequently, recombination was
found to occur in other RNA viruses positive and negativestranded and more recently, recombination between
unrelated groups of RNA and DNA viruses was discovered
in a novel virus genome isolated from an extreme
environment[116]. The presence of recombination in several
members of the family Flaviviridae such as Pestivirus,
[117-122]
Flavivirus and Hepacivirus has been demonstrated
.
Regarding HCV, recombination has been reported
both inter and intragenotypic in populations in different
geographic locations (Table 2). Some earlier reports
described some HCV strains from Honduras in which
the study of partial sequences from different regions of
the viral genome resulted in HCV discordant genotype,
providing first evidence for the possible existence of
HCV recombination[123]. However it was not until 2002
that the first convincing report of an intergenotypic HCV
[124]
recombinant strain was published by Kalinina et al
[49,124]
(2002) in Saint Petersburg (Russia)
. These authors
described six different natural HCV strains that belonged
to different subtypes, 2k and 1b. They found that
the 5’ untranslated region and the core coding region
belonged to subtype 2k, whereas the NS5B region
corresponded to subtype 1b[124]. Sequencing the E2-p7NS2 region, they were able to map the crossover point
within the NS2 region, estimating it most likely between
positions 3175 and 3176 (according to the numbering
system for strain pj6CF). The reported recombinant was
cautiously designated RF1_2k/1b, in agreement with
the nomenclature used for human immunodeficiency
virus (HIV) recombinants[124]. This same recombinant
strain has since then been isolated in other countries,
[125]
[126]
[127]
[128]
like Ireland
, Uzbekistan
, Cyprus
, France
[129]
and Estonia
which would suggest that, although its
generation might not be favoured by natural selection,
[49]
it would also not be selected against . Additionally,
at least ten other different intergenotypic recombinant
forms (RFs) of HCV have been described and are
totally or partially characterised (Table 1). Within this
group of recombinants, we can observe the presence
of recombinant forms between genotypes 2 and 6

In addition, NGS technology has already been
implemented in order to study the transmission event
of HCV among injection drug users. In this case NGS
was used to determine intra-host viral genetic variation
by deep sequencing the HCV hypervariable region,
which allowed a detailed analysis of the structure of
the viral quasispecies in the patients’ population under
study[110].
NGS approaches are powerful methods that allow
a rather comprehensive analysis of the intra-host viral
[107]
genetic variation
. Moreover, these technologies
are becoming rapidly accessible all around the world
which will likely revolutionise the field of molecular
[110]
epidemiology .
It is worth mentioning that these technologies
offer, as already discussed, several advantages over
conventional methods, such as consensus sequencing,
[107]
bacterial cloning, and endpoint limiting dilution
.
Furthermore, as the development of a variety of software
and algorithms capable of handling the massive amount
of data generated by NGS platforms is increasing in
parallel with the advances in these technologies, it will
likely expedite the implementation of such approaches
in a variety of settings in the near future[110]. Taking
this into consideration, the use of NGS in HCV outbreak
investigations will presumably improve molecular
epidemiology studies as well as provide a vast amount
of information that will need to be handled appropriately
both for the benefit of infected patients and the
management of public health systems.

RECOMBINATION
In addition to mutations, it is widely accepted that
recombination plays an important role in the evolution
of RNA viruses by creating genetic variation through the
exchange of nucleotide sequences between different
[111]
genomic RNA molecules . Therefore it is considered
as a key mechanism for the production of new genomes
[112]
with selective growth advantage
. Homologous
recombination occurs, in some cases of RNA virus
recombination, when the donor sequence neatly replaces
a homologous region of the acceptor sequence leaving
its structure unchanged. In these cases, not only the
parental RNAs are homologous, but also crossovers
occur at homologous sites[112,113]. Nevertheless, hybrid
sequences may originate as a result of aberrant homolo
gous recombination (when similar viruses exchange
sequence without maintaining strict alignment) and nonhomologous recombination (recombination between
[112,113]
unrelated RNA sequences)
. RNA recombination
involves replication of genomic RNA as a necessary
component of the process. If in the middle of the replication
process, the viral RNA-dependent RNA polymerase
complex switches from one RNA parental strand to
another, hybrid complementary RNA strands will be
formed. Yet, if the replicase continues to copy the new
strand at the same site where it left the parental one, this
constitutes a homologous recombination event. On the
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Table 2 Main features of intergenotype, intersubtype and intrapatient recombination in hepatitis C virus published cases
Strain

Genotype

Country

Recombination breakpoint(s)

Ref.

2k/1b

NS2, positions 3175-3176

[124-129]

2i/6p

Russia, Ireland, Uzbekistan,
Georgia, France, Cyprus, Estonia
Viet Nam

SE-03-07-1689
HC10-0804
B5808, M2123, M4430, M4416,
M4414, M4431, M2777, M8774
R1

RF3_2b/1b
2b/1b
2b/1b

Philippines
Japan
Japan

2/5

France

D177

RF_2b/6w
RF_3a/1b
RF_2a/1a
2b/1a
Subtypes
RF2_1b/1a
1b/1a
1a/1c
1a/1c

Taiwan
Taiwan, China
Taiwan
United States

4a/4d
6a/6o
6e/6o
6n/6o
6e/6h
Subtype
1b
1a, 1b, 3a
4a

Intergenotype
RF1_2k/1b
D3

JF779679
Intersubtype
PE22
H23
HC-J1
Khajal
R49
EU246930
EU246932
EU246937
EU246931
Intrapatient

NS2/NS3 junction, between positions 3405 and
3464
NS3, positions 3466-3467
NS2/NS3 junction, positions 3443-3444
NS2, putative position 3301

[130]
[137]
[135]
[136]

NS2/NS3 junction, between residues 3420 and
3440
NS2/NS3 junction, position 3429
Undetermined
Undetermined
NS2/NS3 junction, positions 3405-3416

[132]

[141]
[111]
[142]
[143]

Portugal
Viet Nam
Viet Nam
Thailand
Viet Nam

NS5B, position 8321
Core, at position 387
2 sites in E1-E2, at positions 1407 and 2050
5 sites, from core to NS3, at positions 801
1261, 2181, 3041 and 3781
Undetermined
NS5B, between positions 8345-9073
NS5B, between positions 8358-8977
NS5B, between positions 8372-9033
NS5B, between positions 8356-9019

Spain
Spain
Ireland

NS5B, at residue 286
1 or 2 sites within E1-E2 or NS5A
E2 glycoprotein, HVR1 region

[145]
[146]
[147]

Peru
Uruguay
Japan
India

[131,133]

[134]

[140]
[144]
[144]
[144]
[144]

Modified from ref. [49].
[130]

[49]

[131]

either gene NS2 or NS3 . An apparent hotspot has
been identified between amino acids 1022 and 1042
(corresponding to the vicinity of the NS2/NS3 junction).
Considering how short this region seems to be, and
despite the existence of only a few reports inquiring into
RNA secondary structures involved in the recombination
process[130,139], all seems to indicate that a copy choice
mechanism might be responsible for the generation of
[49]
these recombinant forms .
With respects to intragenotypic recombination,
nine recombinant forms have been described. As we
mentioned before, each of the six major genotypes
of HCV (except for genotype 7 for which there is
only one complete-genome sequence available) can
be subdivided into closely related sub-types that
differ from each other by at least 15% in nucleotide
sequences[24]. Therefore, the same methodological
procedures based on phylogenetic incongruence used to
detect intergenotypic recombinants are also applicable
to detect intragenotype/intersubtype RFs. Only one
of the intragenotype recombinants described involved
genotype 4[140], four involved different subtypes of
genotype 1 and the remaining four involved different
subtypes of genotype 6. Examples of recombinants
(1a/1b) have been identified in Peru as well as in
[111,141]
[142,143]
Uruguay
and (1a/1c) in Japan and in India
.
Interestingly, although the recombinants reported in

described in Vietnam
and Taiwan
, between
[132]
genotypes 2 and 5 described in France
, between
[131]
[133]
genotypes 3 and 1 in Taiwan
and China
, and
between genotypes 2 and 1 reported in Japan, the
[134-137]
United States and the Philippines
. It is interesting
to note that recombinant forms found so far have a
wide geographic distribution. Besides, all HCV genotypes
except for genotype 4 and 7 have been found in them.
Other interesting feature is that all these recombinants
but one (RF_3a/1b) originated by the combination
of a 5’-end of genotype 2 and a 3’-end of a different
genotype. The 3’-end of subtype 1b seems to be the
only one appearing in more than one recombinant
form[49]. Oddly enough, genotype 2 is present in the
majority of the recombinants found to date, which
might suggest a critical role in order for the process to
[138]
take place
or even for the stability and functionality
of the resulting recombinant genome. The fact that
some recombinants involving genotype 2 and subtype
1b have been frequently found in older patients and
in cases not usually related to the epidemic spread
associated to a higher use of intravenous drugs, makes
it difficult to assess whether this pattern derives from
adaptive selection or is simply due to chance[1,49]. As we
can observe in Table 2, another characteristic feature
of intergenotypic recombination in HCV seems to be
that the crossover points appear to be located within
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Uruguay and Peru are (1a/1b), their recombination
breakpoints were found in different regions of the
genome as shown in Table 2. The same happens in
the case of the recombinant forms described in India
and in Japan. Therefore, unlike what it is observed
in intergenotype recombination, where all shared a
common genome region in which recombination occurs,
in this case these points are highly variable in their
location. Only two of the intragenotype 1 RFs have
been fully sequenced[142,143] and both involve the same
subtypes (1a and 1c). Interestingly, they revealed
the existence of more than one cross-over point,
resulting in mosaic recombinant forms. In addition, the
sequences showed a very dissimilar size, exhibiting
relatively short segments of one subtype embedded
within a genome of the other subtype[49]. The most
recent description of intersubtype recombinant forms
involves genotype 6, and these were identified thanks
[144]
to full-genome sequence analysis
. The remaining
three cases of intersubtypic RFs reported have only
[49]
been partially characterised at the genome level . One
of the cases was detected by discordant phylogenetic
analysis of the regions coding for E1 and NS5B isolated
[140]
from an intravenous drug user from Portugal . This
case should be considered as a putative example since
no recombination breakpoint has been mapped for this
RF. The two remaining cases are different as they have
been described only by sequencing one single portion
of the HCV genome. Contrary to what occurred with the
other example, the corresponding breakpoints for these
two were identified within the core and NS5B genes
each[111,141], genes that are relatively conserved and are
therefore suitable for phylogenetic typing and subtyping
[49]
of HCV isolates .
When we talk about recombination in HCV we can
not forget to mention the existence of intrapatient or also
called intra quasispecies recombination. With respect
to this matter, three reports have been published thus
far. Two of them involve intrapatient recombination
in individual patients undergoing therapy[145,146]. The
most recent one involves quasispecies evolution from
[147]
a chronically infected, treatment naïve individual
.
In the first report of intra-quasispecies recombination,
analysed sequences were obtained from the NS5A
gene of HCV quasispecies populations from six patients
[145]
being treated with IFN + RBV combined therapy
.
Only one recombinant strain was detected in all patient
quasispecies populations studied and its recombination
crossover point was found within the protein kinase R
[145]
(PKR)-binding region of NS5A
. This region has a
particular importance since previous work by Enomoto
[148]
et al
(1995) suggested that the genetic heterogeneity
of the interferon sensitivity determining region domain of
HCV NS5A (IFN sensitivity-determining region), linked to
[148]
response to therapy in Japanese patients . Although
[85]
there seems not to be a consensus on this issue , the
published information supports the hypothesis that an
association indeed exists between NS5A and response
[149-151]
to therapy
. Some reports suggest that HCV NS5A
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protein can act in vivo repressing PKR function, and
presumably allowing HCV to escape the antiviral effects
[1,3,152,153]
of interferon
. Analysing NS5A protein sequences
of both the recombinant and putative parental-like
virus provided evidence in favour of the possibility that
the recombinant isolate might have acquired amino
acids already known for being present in HCV strains
resistant to interferon treatment[145]. The results of these
studies support the fact that recombination cannot be
denied as an evolutionary mechanism for generating
diversity in HCV in vivo in patients undergoing antiviral
[145]
therapy
. In spite of this fact, recombination does
not seem to play a major role in the evolution of HCV
quasispecies populations; at least this is what can be
extrapolated from the study of NS5A genes, since only
one recombinant isolate was found among all HCV
quasispecies populations studied. Contrary to this finding,
Sentandreu et al[146] (2008) identified a high frequency
of intra-patient recombination events (18.01% of the
111 analysed patients) analysing a large data set of
HCV sequences (around 17700) from intra-patient viral
[146]
population . They retrospectively studied NS5A and
E1-E2 coding regions from samples isolated from two
different sets of groups: HCV mono-infected patients,
both naïve and non-responders to antiviral treatment;
and HCV/HIV co-infected patients, both treatment-naïve
and under HAART[146]. These authors found recombination
within the E1-E2 region (9.1%), and within the NS5A
region (9.6%), with specific areas being proposed as the
crossover points. Although no structural analyses were
performed in this study, these results are consistent with
the implication of RNA secondary structure in favouring
the hotspots or zones where recombination can occur
within the HCV genome[49]. As per these results, where
recombination intra-patient was found in 18% of
the HCV infected patients studied, intra-quasispecies
recombination events seem relatively frequent. Moreover,
this might be an underestimation of the real frequency
of HCV recombination due to the difficulty in detecting
recombination events if they occur between genetically
very similar variants as is the case of variants within a
quasispecies[49,146]. More recently, Palmer et al[147] (2012)
detected putative intra-subtype recombinants, as well
as the likely ancestral parental donors. By retrospective
clonal analysis they explored quasispecies evolution
evaluated at the HVR1 region from serum samples
isolated from the same chronically infected, treatment
naïve individual which were collected over 9.6 years[147].
Their detailed analysis clearly documents the emergence,
maintenance and final removal of HCV variants, which
in this case has been demonstrated in a patient who did
not undergo antiviral therapy highlighting the importance
of HCV quasispecies dynamics even in absence of a clear
selective pressure.
Even though the regions apparently involved in the
crossover events seem to be different when comparing
intergenotype vs intraquasispecies recombination, they
seem to be quite conserved within each of the different
categories. This might represent another indication
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The evolution of the HCV quasispecies is a highly
dynamic process that has therapeutic implications due
to the continuous generation and selection of fitter
variants within the quasispecies spectrum which might
allow viruses to escape control by antiviral drugs and
treatment[15,74]. Further studies on HCV quasispecies
is needed in order to develop appropriate strategies
[55]
for effective antiviral control . HCV utilizes all
known genetic mechanisms, including mutation and
recombination. NGS technologies may represent an
important improvement to identify key parameters in
our understanding of HCV evolution in relation to current
and new therapies against HCV.

of the importance of RNA secondary structure for
recombination events to take place and might as well
hint at a possible factor determining their occurrence.
Having detected so many recombinant strains (Table
2) proves that HCV is capable of successfully completing
all the steps leading to this event: simultaneous infection
of the same cell by different viral strains, simultaneous
replication of both viral genomes, strand shift by the
viral RNA polymerase without disturbing the correct
reading frame, and encapsidation and release of the
recombinant genomes as viable viral particles[49]. The
resulting products will then be subjected to the same
population processes governing the maintenance, growth
or disappearance of new variants in a heterogeneous
[49,146]
viral population
.
If we analyse in depth the recombination events,
we can consider that recombination in HCV may be
underestimated. Why? Three different factors might
account for this: Firstly, in recombination events between
subtype viral strains, there is a trade-off between the
capability of homologous recombination event to occur,
and the intra-patient viral diversity, since homologous
recombination requires a minimum length of sequence
identity. Secondly, another trade-off occurs between the
intra-patient viral diversity and the discrimination power
to detect recombination with the different methods
available. Finally, despite recombination events between
different genotypes/subtypes co-infecting the same
patient are probably easier to detect, they are less likely
to occur, since the strains of different subtypes differ
more between them than between those from the same
subtype; this would imply a lower probability of template
switching and moreover, if a recombination event does
indeed happen, it will likely generate recombinant
sequences less viable than the parental ones. Some or
even all these factors acting in concert might explain why
the frequency of recombinant HCV sequences reported
[49,111,124-137,140-147]
.
to date is so low
How relevant recombination for HCV long term
evolution and its incidence in HCV infection is, has not
been thoroughly investigated yet, but these findings
support a potentially significant role for recombination
by creating genetic variation through the reshuffling
[146]
of independent variants
. Recombination may
serve two opposite purposes: simply to explore a new
genomic combination or to rescue viable genomes
[29,154]
from debilitated parental ones
. Considering that
recombination may influence vaccine development,
virus control programs, patient management as well as
antiviral therapies, it is clearly important to determine
the extent to which this mechanism plays a role in
HCV evolution[111].
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Non-alcoholic fatty liver disease: The diagnosis and
management
Shehab M Abd El-Kader, Eman M Salah El-Den Ashmawy
to inflammatory nonalcoholic steatohepatitis, fibrosis, and
cirrhosis. The majority of hepatocellular lipids are stored
as triglycerides, but other lipid metabolites, such as free
fatty acids, cholesterol, and phospholipids, may also be
present and play a role in disease progression. NAFLD
is associated with obesity and insulin resistance and is
considered the hepatic manifestation of the metabolic
syndrome, a combination of medical conditions including
type 2 diabetes mellitus, hypertension, hyperlipidemia,
and visceral adiposity. Confirmation of the diagnosis
of NAFLD can usually be achieved by imaging studies;
however, staging the disease requires a liver biopsy.
Current treatment relies on weight loss and exercise,
although various insulin-sensitizing agents, antioxidants
and medications appear promising. The aim of this
review is to highlight the current information regarding
epidemiology, diagnosis, and management of NAFLD as
well as new information about pathogenesis, diagnosis
and management of this disease.

Shehab M Abd El-Kader, Eman M Salah El-Den Ashmawy,
Department of Physical Therapy, Faculty of Applied Medical
Sciences, King Abdulaziz University, Jeddah 21589, Saudi Arabia
Shehab M Abd El-Kader, Department of Physical Therapy for
Cardiopulmonary Disorders and Geriatrics, Faculty of Physical
Therapy, Cairo University, Giza 12316, Egypt
Author contributions: Abd El-Kader SM and El-Den Ashmawy
EMS contributed to this paper.
Conflict-of-interest: No conflict of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Shehab M Abd El-Kader, Professor,
Department of Physical Therapy, Faculty of Applied Medical
Sciences, King Abdulaziz University, PO Box 80324, Jeddah
21589, Saudi Arabia. profshehab@live.com
Telephone: +966-56-9849276
Received: May 20, 2014
Peer-review started: May 20, 2014
First decision: July 27, 2014
Revised: November 26, 2014
Accepted: January 15, 2015
Article in press: January 19, 2015
Published online: April 28, 2015

Key words: Non-alcoholic fatty liver disease; Nonalcoholic steatohepatitis; Liver disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD) is a
serious and growing clinical problem due to the growing
prevalence of obesity and overweight. Histologically, it
resembles alcoholic liver injury but occurs in patients
who deny significant alcohol consumption. NAFLD en
compasses a spectrum of conditions, ranging from benign
hepatocellular steatosis to inflammatory nonalcoholic
steatohepatitis, fibrosis, and cirrhosis. The majority of
hepatocellular lipids are stored as triglycerides, but other
lipid metabolites, such as free fatty acids, cholesterol,
and phospholipids, may also be present and play a role
in disease progression. NAFLD is associated with obesity
and insulin resistance and is considered the hepatic
manifestation of the metabolic syndrome, a combination
of medical conditions including type 2 diabetes mellitus,

Abstract
Non-alcoholic fatty liver disease (NAFLD) is now the most
frequent chronic liver disease that occurs across all age
groups and is recognized to occur in 14%-30% of the
general population, representing a serious and growing
clinical problem due to the growing prevalence of obesity
and overweight. Histologically, it resembles alcoholic
liver injury but occurs in patients who deny significant
alcohol consumption. NAFLD encompasses a spectrum of
conditions, ranging from benign hepatocellular steatosis
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for aminotransferase levels, the estimated prevalence
of NAFLD in the general United States population
ranges from 5.4% to 24%, but these values may be
underestimations because aminotransferase levels have
[11,12]
. Histologic estimates
limited sensitivity for steatosis
of NAFLD prevalence via preoperative or intraoperative
liver biopsy, mainly obtained from individuals evaluated
as donors for living-donor liver transplantation, are 33%
[13-15]
. In children, NAFLD prevalence has been
to 88%
estimated to be 9.6%; of great concern, 2% to 8% of
[16,17]
children with NAFLD progress to cirrhosis
.
Obesity is the most important risk factor for NAFLD;
the prevalence of NAFLD is 4.6 times greater in the
obese population, and up to 74% of obese individuals
[18]
have fatty livers . Among morbidly obese patients
undergoing bariatric surgery for weight loss, 84% to
96% have NAFLD and 2% to 12% have severe fibrosis
[19-22]
. NAFLD is also strongly associated
or cirrhosis
with hepatic and adipose tissue insulin resistance and
[23]
metabolic syndrome . Although NAFLD is clearly
linked to obesity and metabolic syndrome, it may occur
in up to 29% of lean patients lacking associative risk
[24]
factors . The prevalence of NAFLD is estimated to be
at least twice as common among individuals who meet
[25]
criteria for metabolic syndrome . Among individuals
with NAFLD, it is estimated that over 90% have some
[26]
features of metabolic syndrome . Diabetes is reported
in 33% to 50% of patients with NAFLD, whereas insulin
[27]
resistance may occur in as many as 75% .
Other factors that influence the development of
[28-30]
. The
NAFLD include age, sex, race, and ethnicity
prevalence of NAFLD increases with age in both adults
[31]
and children . NAFLD is more common among men
than women younger than the age of 50; however,
higher prevalence rates are seen in women older than
the age of 50, perhaps related to hormonal changes
[11]
occurring after menopause . The prevalence of NAFLD
across the globe varies but in some populations, half of
all people may be affected. Among the Asian population,
the prevalence of NAFLD diagnosed by ultrasound varies
[32]
between 5% and 40% .

hypertension, hyperlipidemia, and visceral adiposity.
Confirmation of the diagnosis of NAFLD can usually
be achieved by imaging studies; however, staging the
disease requires a liver biopsy. Current treatment relies
on weight loss and exercise, although various insulinsensitizing agents, antioxidants and medications appear
promising. The aim of this review is to highlight the
current information regarding epidemiology, diagnosis,
and management of NAFLD as well as new information
about pathogenesis, diagnosis and management of this
disease.
Abd El-Kader SM, El-Den Ashmawy EMS. Non-alcoholic
fatty liver disease: The diagnosis and management. World J
Hepatol 2015; 7(6): 846-858 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i6/846.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i6.846

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a common
clinicopathological condition characterized by signi
ficant lipid deposition in the hepatocytes of the liver
parenchyma and persistent abnormalities in liver
enzyme. The rising prevalence of NAFLD is related to
[1]
the epidemic of obesity . Although the histologic picture
resembles that of alcohol-induced liver injury, NAFLD
[2]
occurs in patients who do not abuse alcohol . NAFLD
comprises a wide spectrum of liver damage, ranging
from simple macrovesicular steatosis to steatohepatitis,
[3]
advanced fibrosis, and cirrhosis . NAFLD is now
increasingly being recognized as a cause of end-stage
liver disease and is associated with increased rates of
hepatocellular carcinoma (HCC), liver transplantation,
[4-6]
and death . Significant research endeavors are being
directed toward understanding the pathogenesis of
NAFLD and designing therapeutic strategies. This article
provides a clinical overview of NAFLD, focusing on its
epidemiology, etiology, pathogenesis, diagnosis, natural
history and treatment.

ETIOLGY

PREVALENCE AND EPIDEMIOLGY

NAFLD encompasses a group of conditions, ranging from
benign hepatocellular steatosis to inflammatory NASH,
[9]
fibrosis, and cirrhosis . The causes may be divided into
two main categories: (1) acquired or congenital metabolic
[26]
abnormalities; and (2) toxins and drugs . Potential
causes of NAFLD are listed in Table 1.
Obesity is often associated with NAFLD as the
degree of steatosis was found to be correlated with body
[33,34]
mass index (BMI)
; however, there is a significant
correlation between the degree of steatosis, waist-to-hip
[35-37]
ratio and the risk of metabolic syndrome
. Also, there
is a strong correlation between glucose intolerance, type
[38]
2 diabetes mellitus (T2DM) and NAFLD . Moreover,
Diabetes mellitus may be an independent predictor of
[24,39-41]
.
advanced liver cirrhosis, HCC and NAFLD

NAFLD is defined as either excessive fat accumulation in
the liver with more than 5% of hepatocytes containing
visible intracellular triglycerides or steatosis affecting
at least 5% of the liver volume or weight in patients
consuming less than 30 g (three units) of alcohol per
day for men and less than 20 g (two units) of alcohol
per day for women. One unit of alcohol (10 g) is defined
as one glass of beer (25 cL), one glass of wine (20 cL)
or one glass of whisky (3 cL)[7,8].
Globally, NAFLD is the most common form of chronic
[9,10]
liver disease among adults and children
. However,
the prevalence of non-alcoholic steatohepatitis (NASH)
in the general population is not known. Depending on
the cutoff values used to define the upper limit of normal
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Table 1 Causes of nonalcoholic fatty liver disease

[43]

through a ‘‘two hit’’ process . The first “hit” includes
accumulation of fat in liver cells, which is usually
associated with insulin resistance, central obesity along
with triglyceride accumulation inside the liver, and fatty
acid metabolism dysregulation that leads to steatosis.
The second “hit” causes hepatocyte inflammation and
necrosis, which lead to cirrhosis and fibrosis in some
patients with NAFLD[43].

[69]

Acquired metabolic disorders
Diabetes mellitus
Dyslipidemia
Kwashiorkor and marasmus
Obesity
Starvation
Cytotoxic and cytostatic drugs
L-asparaginase
Azacitidine
Azaserine
Bleomycin
Methotrexate
Puromycin
Tetracycline
Other drugs and toxins
Amiodarone
4,4'-diethylaminoethoxyhexestrol
Dichlorethylene
Ethionine
Ethyl bromide
Estrogens
Glucocorticoids
Highly active antiretroviral therapy
Hydrazine
Hypoglycin
Orotate
Perhexilene maleate
Safrole
Tamoxifen
Metals
Antimony
Barium salts
Chromates
Phosphorus
Rare earths of low atomic number
Thallium compounds
Uranium compounds
Inborn errors of metabolism
Abetalipoproteinemia
Familial hepatosteatosis
Galactosemia
Glycogen storage disease
Hereditary fructose intolerance
Homocystinuria
Systemic carnitine deficiency
Tyrosinemia
Weber-Christian syndrome
Wilson disease
Surgical procedures
Biliopancreatic diversion
Extensive small bowel resection
Gastric bypass
Jejunoileal bypass
Miscellaneous conditions
Industrial exposure to petrochemicals
Inflammatory bowel disease
Partial lipodystrophy
Jejunal diverticulosis with bacterial overgrowth
Severe anemia
Total parenteral nutrition

ROLE OF OXIDATIVE STRESS
Oxidative stress has a principal role in the pathogenesis
of NAFLD as levels of lipid peroxide are increased in
[44]
both NASH and hepatic steatosis .
Oxidative stress plays a key role in the second
“hit”, which also involves lipid peroxidation in steatotic
hepatocytes. Induction of hepatic CYP2E1 promotes
oxidative stress and lipid peroxidation[45] and mitochondrial
[46]
dysfunction leads to reactive oxygen species formation .
Moreover, immune responses to lipid peroxidation
[47,48]
products may share in NAFLD progression
.

IMMUNE AND INFLAMMATORY
PATHWAYS IN NASH
Adaptive and innate immune dysfunction along with
inflammatory pathways is involved in the development
[49]
of NAFLD . Neutrophils, kupffer cells (KCs), natural
killer (NK) cells and dendritic cells play an important
role in the pathogenesis of NASH.
KCs are activated in acute or chronic liver disease,
and this activation increases the pro-inflammatory
cytokines, e.g., interleukin-6 (IL-6), tumor necrosis
factor-α (TNF-α) and IL-1b, which activate T cells and
[50]
induce hepatocytes apoptosis . Also, activation of
neutrophils increases the release of pro-inflammatory
cytokines and leads to oxidative damage to hepatic
[51,52]
cells
. Moreover, NK cells are abundant in liver
[53]
tissue and have an anti-fibrotic effect in the liver , and
reduction of NK cell activity and levels may increase
susceptibility to liver cirrhosis among obese subjects.
Therefore, NK cells have a role in the development of
liver injury and fibrosis and contribute to NASH and
[54]
NAFLD development .

NATURAL HISTORY
NAFLD is the most common liver disorder worldwide,
affecting 20%-40% of population in Western countries
and 5%-40% of the general population across the Asia[55,56]
Pacific region
. The prevalence of NAFLD, including
NASH, is rising in parallel with the obesity, T2DM, and
[57]
metabolic syndrome . A certain proportion of NASH
[58]
patients progress to cirrhosis and HCC . Previous
studies showed that 10%-29% of NASH patients may
have liver cirrhosis within 10 years, and 4%-27% of
[59]
these patients may have HCC (Figure 1) . Therefore,
NAFLD/NASH will gradually become the major etiology

PATHOGENESIS
The pathogenesis of NAFLD is fully understood, however,
[42]
no single pathogenic mechanism has been identified .
Currently, the development of NASH is considered to be
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Normal liver

20%-40% of the general population (West)
5%-40% of the general population (East)
tosis
Stea
LD
A
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LABORATORY FEATURES OF NAFLD
Suspicion for NAFLD is triggered by abnormalities of
liver chemistry tests that are usually performed for nonliver-related reasons. About 50% of patients with simple
steatosis have higher liver biochemical test levels, which
occur in 80% of patients with advanced NAFLD. Also,
serum aspartate aminotransferase or ALT level, or both
is usually increased up to 1.5- to 4-fold and levels rarely
exceed 10 times the upper limit of normal. However, the
gamma glutamyl transpeptidase and alkaline phosphatase
levels may be elevated, but the serum prothrombin
time, bilirubin level and serum albumin level are normal,
except in patients with NAFLD-associated cirrhosis[69].
Moreover, about one fourth of NAFLD patients may
have antinuclear antibodies (ANA) in low titers (less
[70]
than 1:320) . Serum ferritin level may be higher in
20% to 50% of NAFLD patients and can be considered
[24,71]
a marker for advanced disease
. Hyperglycemia and
dyslipidemia may be detected in 30% to 50% of NAFLD
[40]
subjects . Laboratory and clinical findings do not
[68]
correlate with NAFLD histologic severity .

6%-13% prevalence
Hepatitis
/NASH

10%-29% in 10 years

is

Cirrhos

4%-27%

HCC

Figure 1 Natural history of nonalcoholic fatty liver disease. Data adapted
from Hsu et al[59]. NAFLD: Non-alcoholic fatty liver disease; HCC: Hepatocellular
carcinoma; NASH: Non-alcoholic steatohepatitis.
[60]

of chronic liver disease worldwide

.

CLINICAL FEATURES OF NAFLD
Most subjects with NAFLD are clinically silent and
asymptomatic, but can manifest with non-specific
symptoms such as right upper quadrant discomfort or
fatigue. Liver enzymes are usually minimally perturbed
with mostly increased levels of alanine aminotransferase
(ALT) and gamma-glutamyl transpeptidase. The
diagnosis is often made incidentally in these individuals
because of either abnormal liver enzyme levels or
radiological features of a fatty liver. In others, NAFLD may
be diagnosed either as a result of an unusual appearance
of the liver during abdominal surgery or because of
persistent hepatomegaly. It is important to recognize that
only a minority of subjects has NAFLD been diagnosed
and that it currently remains undiagnosed in the great
[61]
majority of afflicted individuals . NAFLD is a diagnosis
of exclusion, so its workup needs to exclude other causes
such as significant alcohol consumption (defined as >
30 g/d of ethanol for men and 20 g/d of ethanol for
women), hepatitis B and/or C infection, drug abuse,
autoimmune liver disease, haemochromatosis or Wilson’s
[62]
disease .
The principal risk factors for developing NAFLD are
obesity and insulin resistance. More generally, any
elements constituting the metabolic syndrome such as
type 2 diabetes, dyslipidaemia and hypertension are
linked to the development of NAFLD, and approximately
85% of patients with NAFLD have at least one such
constituent. The metabolic syndrome itself is present
[62]
in 30% of patients with NAFLD . The association of
NAFLD with obesity, diabetes, hypertriglyceridemia, and
hypertension is well known. However, other associations
[63-65]
,
include cardiovascular morbidity and mortality
[66]
[62]
sleep abnormalities , psychiatric illness , chronic
[67]
and abnormalities of the
fatigue and pain syndrome
[68]
coagulation cascade .

WJH|www.wjgnet.com

IMAGING FEATURES OF NAFLD
The radiologic features of fatty liver disease stem from
the increased fat content of the liver parenchyma. The
spatial pattern may be diffuse and homogeneous or
heterogeneous, with focal fat deposition in an otherwise
normal liver or areas of focal fat sparing in a diffusely
fatty liver. The homogeneous form is the most common;
the heterogeneous and focal forms may simulate
perfusion abnormalities, diffusely infiltrative disease,
nodular lesions, or masses[72,73]. Therefore, it is not only
important to recognize fatty liver on imaging but also to
discriminate it from other pathologic processes. The most
important modalities used in the assessment of hepatic
steatosis are ultrasonography, computed tomography
(CT), and magnetic resonance (MR) imaging and
MR spectroscopy. However, plain radiography has no
significant role in the assessment of NAFLD[74].
CT has been widely used in evaluation of NAFLD
in adults. Use of ionizing radiation precludes its use as
a research tool in children, although fatty liver may be
observed in children on scans done for clinical purposes[75].
Deposition of fat in the liver is characterized by a reduc
tion in the attenuation of the hepatic parenchyma. On
unenhanced CT, normal liver parenchyma has slightly
greater attenuation than the spleen or blood. However,
with increasing hepatic steatosis, liver attenuation
decreases and the liver may become less dense than
the intrahepatic vessels, simulating the appearance on a
contrast-enhanced scan (Figure 2)[76]. Liver attenuation
may be affected by a variety of factors other than liver
fat, such as iron, copper, glycogen, fibrosis, edema,
or amiodarone use. Assessment of liver fat by CT
attenuation may be unreliable, and CT methods are
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Figure 2 Axial unenhanced computed tomography scan reveals diffuse
liver steatosis. Data adapted from Charatcharoenwitthaya et al[76].

Figure 3 Axial enhanced computed tomography scan reveals diffuse liver
steatosis. Data adapted from Rofsky et al[75].

Liver SAG RT_

Figure 4 T1-weighted magnetic resonance imaging of fatty liver,
demonstrating a bright liver. Data adapted from Mazhar et al[74].

Figure 5 Sagittal ultrasound image of the liver shows diffuse liver
steatosis. Data adapted from Yokoo et al[79].

insensitive to mild steatosis. The reported sensitivity and
specificity of unenhanced CT for detection of moderate/
severe steatosis (> 30% on histology) range from 73%
[75]
to 100% and 95% to 100%, respectively .
At enhanced CT, the presence of iodine contrast
interferes with attenuation, adding a new confounding
factor. Perfusion alterations, timing of acquisitions,
and contrast type, dosage, and injection rate all may
influence hepatic and splenic attenuation. Nevertheless,
criteria have been proposed to detect hepatic steatosis
at enhanced CT, including a liver-spleen attenuation
difference of at least 20 HU between 80 to 100 s, or at
least 18.5 HU between 100 to 120 s, after intravenous
contrast injection (Figure 3). Sensitivity and specificity of
these attenuation differences range from 54% to 93%
and 87% to 93%, respectively. Ultimately, however,
the quantitative criteria for diagnosing fatty liver at
enhanced CT are protocol specific and have significant
overlap of liver-spleen attenuation values between
[75]
normal and fatty liver, thereby limiting its clinical role .
MR imaging is more sensitive than CT for hepatic
steatosis assessment. Recently, MR imaging provides
a highly validated and reproducible hepatic triglyceride
[77]
content measurement . MR imaging is generally
considered the most definitive radiologic modality for
the qualitative and quantitative assessment of fatty

liver disease but is relatively costly (Figure 4) .
However, proton MR spectroscopy is evolving to detect
not only the full spectrum of steatosis but also other
[13,78]
features such as the degree of fibrosis
.
Transabdominal ultrasonography is the most common
imaging technique to diagnose hepatic steatosis due
to its widespread availability, noninvasiveness and
[76]
low cost . At ultrasonography, diffuse fatty liver is
characterized by hyperechogenicity of the liver paren
chyma relative to the adjacent right kidney or spleen (the
so-called bright liver). Focal fat deposition appears as a
hyperechoic area in an otherwise normal liver, whereas
focal fat sparing is represented by a hypoechoic area
[73]
within diffusely hyperechoic liver parenchyma . Other
frequently described ultrasound features of fatty liver
include decreased visualization of vascular margins,
attenuation of the ultrasound beam, loss of definition of
[79]
the diaphragm, and hepatomegaly (Figure 5) .
Ultrasonography has several limitations in the
detection of both diffuse and focal hepatic steatosis.
It is highly operator dependent, nonreproducible, and
limited by abdominal gas and patient body habitus. The
last inadequacy is highlighted in this patient population
because the majority of cases of fatty liver disease
occur in overweight or obese individuals. Similar to CT,
however, ultrasonography is not a quantitative method
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Figure 6 Histologic features of simple steatosis (fatty liver). Data adapted
from Feldman et al[69].

Figure 7 Histologic features of nonalcoholic steatohepatitis. Data adapted
from Cortez-Pinto et al[83].

remains in the fatty tissue after blood pool clearing. The
133Xe hepatic retention ratio is increased in patients
[82]
with fatty liver .

Elevated serum aminotransferase
levels and/or hepatomegaly

HISTOLOGICAL FEATURES OF NAFLD

Exclude excessive alcohol
use and other forms of liver
disease by history and
laboratory tests

The main histologic features of NAFLD are similar to
those of alcohol-induced liver disease and include
steatohepatitis (fatty liver plus parenchymal inflammation
with or without accompanying focal necrosis), steatosis
(fatty liver) and varying degrees of fibrosis, including
cirrhosis. Steatosis is predominantly macrovesicular
and usually is distributed diffusely throughout the liver
lobule, although prominent microvesicular steatosis
and zone 3 (perivenular) steatosis have been reported
occasionally (Figure 6). Mild neutrophilic, lymphocytic,
or mixed inflammatory infiltrates also may be observed,
[69]
and glycogenated nuclei are common . NASH, which
is an advanced form of NAFLD, is indistinguishable
[83]
histologically from alcoholic hepatitis (Figure 7) .
Literature reviews indicate that similar factors and
markers of inflammation are present in paediatric
[84-86]
. However, many differences are
NAFLD as in adults
noted in comparison to adult histology and include: (1)
greater severity of steatosis; (2) less or no ballooning
or Mallory-Denk bodies; (3) less lobular inflammation;
(4) few or no polymorphonuclear leukocytes; and (5)
[87]
increased portal tract inflammation and fibrosis .
[88]
Moreover, cirrhosis in children is rare but is reported .

Image liver with US, CT, or MRI

Normal

Fatty liver present

Liver biopsy

Consider liver biopsy
to stage disease and
define risk of
progression

Figure 8 Diagnostic approach to patients with suspected nonalcoholic fatty
liver disease. Data adapted from Feldman et al[69]. CT: Computed tomography;
MRI: Magnetic resonance imaging; US: Ultrasound.

and may be unable to distinguish simple steatosis from
advanced fibrosis or early cirrhosis. Ultrasonography
has low sensitivity and specificity for detecting small
[75]
amounts of fat in the liver .
Transient elastography, a recently developed technique
based on ultrasound monitoring of the passage of a low
frequency pressure wave through tissues, has been
found to be a promising non-invasive technique for the
detection of advanced fibrosis caused by chronic viral
[80]
hepatitis and NASH , although abdominal obesity may
[81]
compromise its utility in the NASH patient population .
Scintigraphy with xenon-133 (133Xe) as a nuclear
medicine imaging technique was used to detect hepatic
steatosis in the 1980s and 1990s but is now no longer
incorporated in diagnostic algorithms. 133Xe is a highly
fat-soluble gas that, after being inhaled or injected,
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DIAGNOISIS
Establishing a definitive diagnosis of NAFLD requires
both clinical and histologic data (Figure 8). Most patients
with NAFLD are evaluated because of chronically
elevated liver biochemical test levels, with or without
hepatomegaly. The combination of the patient’s history,
clinical examination, radiologic findings and blood test
results is essential for accurate diagnosis of NAFLD[89].
Anti-smooth muscle antibodies and ANA are common
in patients with NASH and most frequently represent
a nonspecific antibody response that is not associated
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Table 2 Brunt schema for grading nonalcoholic steatohepatitis
Severe (grade 3)
Typically > 66% (panacinar); commonly
mixed steatosis
Predominantly zone 3; marked
Scattered acute and chronic
inflammation; polymorphs may
appear concentrated in zone 3 areas of
ballooning and perisinusoidal fibrosis
Mild or moderate

[99]

Moderate (grade 2)

Mild (grade 1)

Any degree and usually mixed
macrovesicular and microvesicular
Obvious and present in zone 3
Polymorphs may be noted associated with
ballooned hepatocytes, pericellular fibrosis;
mild chronic inflammation may be seen

Predominantly macrovesicular; involves <
33%-66% of the lobules
Occasionally observed; zone 3 hepatocytes
Scattered and mild acute (polymorphs)
inflammation and occasional chronic
inflammation (mononuclear cells)

Mild to moderate

None or mild

[90]

Ballooning
Lobular
inflammation

Portal
inflammation

conditions are often, but not always, easily distinguished
clinically. A major challenge in the differential diagnosis of
hepatic steatosis occurs when the radiologic findings of
focal fat deposition or focal fat sparing simulate hepatic
nodular lesions such as abscess, benign neoplasm, or
primary or metastatic malignancy. The diagnosis of focal
fat deposition or sparing is supported by their occurrence
in typical locations, a wedge shape, the lack of mass
effect, and the absence of vascular displacement or
distortion inside the lesion. When there is still doubt, MR
[74]
imaging may be performed .
Certain drugs may produce de novo steatohepatitis
(e.g., amiodarone, perhexiline maleate, diethylam
inoethoxyhexestrol) and others may exacerbate NASH
(tamoxifen, corticosteroids, diethylstilbestrol, estro
[96]
gens) . Oxaliplatin and irinotecan administered as preop
erative chemotherapy before surgical resection of hepatic
metastases have been associated with steatohepatitis,
with irinotecan-associated steatohepatitis associated
[97,98]
with poorer outcomes after hepatic resection
. Other
conditions capable of eliciting fatty liver include intestinal
bypass surgery for weight loss (classically seen with
jejunoileal bypass surgery), human immunodeficiency
virus (HIV) infection with lipodystrophy, and parenteral
[3]
nutrition . If any of the these secondary causes of fatty
liver are excluded (alcohol, viral hepatitis, drug-induced,
jejunoileal bypass surgery, HIV infection, and parenteral
[74]
nutrition support), a diagnosis of NAFLD can be made .

with the pattern or severity of injury on liver biopsy .
However, alcoholic liver disease must be excluded in
order to establish NAFLD diagnosis.

DIFFERENTIAL DIAGNOSIS
The diagnosis of fatty liver is confirmed by imaging
studies and the clinician is challenged with establishing
the etiology of hepatic steatosis. Among patients with
elevated serum aminotransferase values, the etiology
is usually established through a careful evaluation
of their history (medication use, risk factors for viral
hepatitis, history of alcohol and drug use, and review
of comorbidities), a series of screening blood tests for
causes of chronic liver disease (viral serologic studies,
iron studies, autoimmune markers, ceruloplasmin,
and α1-antitrypsin), supportive imaging studies (initial
evaluation usually by ultrasonography), and, sometimes,
[91,92]
liver biopsy
.
Alcoholic liver disease includes a spectrum of
conditions provoked by alcohol ingestion, including
alcoholic hepatitis, fatty liver disease and cirrhosis. It
has been estimated that almost all patients with heavy
alcohol consumption develop fatty liver, although only
10% to 35% develop alcoholic hepatitis and 8% to 20%
[93]
progress to alcoholic cirrhosis . In individuals who
admit to moderate alcohol intake, the differentiation
between NAFLD and alcoholic fatty liver disease is
difficult because laboratory, imaging, and histologic
findings are similar. Unfortunately, strong data are
lacking to determine accurate thresholds for alcohol
consumption required to cause fatty liver. Historically,
daily alcohol intake of 30 g in men and 20 g in women
has been used to distinguish NAFLD from alcoholic fatty
liver disease, although the validity of these thresholds
[94]
is unknown . If liver biopsy specimens are obtained,
individuals with alcoholic liver disease tend to have
more Mallory’s hyaline and acidophil bodies and less
glycogenated nuclei than those with NAFLD, although
[74]
these are not reliable findings .
Because the radiologic findings of hepatic steatosis
are common to its diverse causes, the differential
diagnosis is largely discriminated on clinical and labo
[95]
ratory grounds . Special attention needs to be given to
the possible imaging overlap between simple steatosis
and advanced fibrosis or early cirrhosis; these disparate
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Steatosis

GRADING AND STAGING
The standardized schema of NAFLD staging and
grading was published by Brunt and associates in 1999,
who assigned the overall grade of mild, marked, or
severe (grades 1, 2, and 3, respectively), based on
the degree of ballooning degeneration, steatosis and
lobular and portal inflammation as listed in Table 2[99].
The Pathology Committee of the National Institute of
Diabetes and Digestive and Kidney Diseases sponsored
NASH Clinical Research Network maintained features of
the Brunt schema for NAFLD grading as found in Table
3[9].

TREATMENT
To date, there are no established treatment guidelines
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Table 3 Non-alcoholic fatty liver disease activity score
Score

adult and pediatric studies, with varying results. In all
studies, vitamin E was well tolerated, and most studies
showed modest improvements in ultrasonographic
appearance of the liver, serum aminotransferase levels
[97,104,105]
. In one published series
and histologic findings
of 11 pediatric patients with NASH who received vitamin
[105-107]
E (d-α-tocopherol), 400 to 1200 IU, ALT improved
.

[9]

Steatosis

0
1
2
3
Lobular inflammation (counted in 20 × fields)
1
2
3
Ballooning
1
2

< 5%
5%-33%
> 33%-66%
> 66%
< 2 foci
2-4 foci
> 4 foci

Lipid-lowering agents

Few small trials assessed the usefulness of lipidlowering and cytoprotective drugs for NAFLD treatment,
with varying results. In one controlled trial, gemfibrozil
improved liver chemistry in 74% of NAFLD patients in
the treatment group, compared with 30% of untreated
control subjects with no available histologic data. So,
in general, lipid-lowering agents are not used for NASH
[108]
treatment .

Few
Many

and no single approved therapy for NAFLD treatment.
Historically, the principal treatment for NAFLD consisted
of removal of offending drugs and toxins, weight
loss, and control of associated metabolic disorders
as hyperlipidemia and diabetes. The focus of NAFLD
management is to ameliorate the NASH risk factors (i.e.,
insulin resistance and obesity), with the objective of
preventing disease progression or regression of already
established fatty liver or NASH. Lifestyle changes and
dietary modification are the main methods for weight
management.

Insulin sensitizers

The association between hyperinsulinemic insulin resistance
and NAFLD provides a logical target for treatment. Two
classes of drugs have been shown to correct insulin resis
tance: biguanides (e.g., metformin) and thiazolidinediones.
Metformin, a biguanide that reduces hyperinsulinemia and
improves hepatic insulin sensitivity, reduces hepatomegaly
[109]
and hepatic steatosis in ob/ob mice , but results in
[110,111]
human studies have been less impressive
as in
human studies, although ALT improved and liver size
decreased, metformin was not consistently found to
[110,112]
improve liver histology
.

Weight management

The ultimate weight management goal is to achieve
the ideal body weight. However, significant insulin
resistance improvement could be attained by modest
[100]
weight loss .
The National Heart, Lung, and Blood Institute
guidelines for weight management in obsess subjects
are the best evidence-based treatment guidelines,
which generally recommended that the diet should be
planned to achieve a daily caloric deficit of 500 to 1000
calories along with an increase in everyday activities[101].
Furthermore, for subjects with a BMI higher than 30
2
kg/m or with a BMI higher than 27 along with other
comorbid conditions (e.g., sleep apnea), pharmacologic
weight management with orlistat or sibutramine may be
considered as these agents could produce a beneficial
effect on NAFLD[99]. However, both vertical banded gastro
plasty and proximal gastric bypass have been shown to
[102]
be safe in NASH subjects . Moreover, the severity of
hepatic steatosis, fibrosis and cell injury regresses once
[103]
the weight stabilizes following these operations .

Ursodeoxycholate

Ursodeoxycholate (UDCA) is a hydrophilic bile acid that
is associated with hepatoprotective properties. In one
study, UDCA produced improvement in liver enzymes
and a decrease in hepatic steatosis. The long-term
benefits of UDCA and the optimal dose of UDCA remain
[113]
to be established .

Taurine

Taurine is believed to function as a lipotropic factor and to
improve the mobilization of hepatic fat. In another single
uncontrolled series, 10 children treated with taurine
supplements orally had radiologic resolution of their fatty
[114]
liver .

Betaine

Betaine is a hepatoprotective factor, and liver histology
and aminotransferase activity were improved in ten
[115,116]
NAFLD subjects who received betaine for one year
.
In a recent randomized placebo-control study, 55
NASH patients received betaine (20 g daily). Patients
randomized to betaine had a decrease in steatosis grade
without a significant change in intragroup or intergroup
differences in NAS or fibrosis stage. Moreover, there was
no significant change in adiponectin, insulin, glucose,
proinflammatory cytokines, or oxidant stress in NASH

Pharmacologic treatment of NASH

Several drug therapies have been tried in both research
and clinical settings, yet no agent has been approved by
the Food and Drug Administration for the treatment of
[61]
NAFLD .

Vitamin E

Vitamin E, an inexpensive potent antioxidant, has been
examined as a treatment agent for NAFLD in many
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[116]

patients receiving betaine therapy

.

7
8

Pentoxifylline

Pentoxifylline antagonizes TNF-α and is orally available
for long-term use. In two small pilot studies, ALT
improved after several months of treatment at a dose
of 400 mg three times a day. In addition, although the
drug was well tolerated in one study, 9 of 20 subjects
in the other study dropped out because of side effects,
[117,118]
especially nausea
.

9

10

Losartan

Angiotensin Ⅱ has been implicated in hepatic stellate
[119]
. In a small
cell activation and matrix production
pilot study of an angiotensin receptor blocker, losartan,
[120]
an improvement in ALT was noted .

11
12

Surgical treatment

Bariatric surgery is the primary surgical intervention
2
for NAFLD in patients with an BMI more than 40 kg/m
2
[121]
or of 35 kg/m with comorbidities . Current bariatric
surgical techniques include vertical banded gastroplasty,
adjustable gastric banding, Roux-en-Y gastric bypass,
biliopancreatic bypass, and biliopancreatic diversion
with duodenal switch. Based on a recent meta-analysis,
bariatric surgery is associated with significant histologic
improvements in steatosis, steatohepatitis, and
fibrosis, with more than 50% of patients experiencing
complete resolution of their fatty liver disease after
surgery. Although these results are compelling, these
observational studies showed no relationship between
histologic improvement and the amount of weight
[122]
loss .
As with other causes of cirrhosis, liver transplantation
is a viable option for patients with end-stage liver
[123]
. The outcome of
disease due to fatty liver disease
liver transplantation in these patients is good, although
[124,125]
.
NAFLD can recur after liver transplantation

13

14

15

16

17
18
19
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Progress and prospects of engineered sequence-specific
DNA modulating technologies for the management of liver
diseases
Samantha A Nicholson, Buhle Moyo, Patrick B Arbuthnot
hepatitides, are complex and currently difficult to treat.
The maturation of gene therapy has heralded new
avenues for developing effective intervention for these
diseases. DNA modification using gene therapy is now
possible and available technology may be exploited
to achieve long term therapeutic benefit. The ability
to edit DNA sequences specifically is of paramount
importance to advance gene therapy for application to
liver diseases. Recent development of technologies that
allow for this has resulted in rapid advancement of gene
therapy to treat several chronic illnesses. Improvements
in application of derivatives of zinc finger proteins (ZFPs),
transcription activator-like effectors (TALEs), homing
endonucleases (HEs) and clustered regularly interspaced
palindromic repeats (CRISPR) and CRISPR associated
(Cas) systems have been particularly important. These
sequence-specific technologies may be used to modify
genes permanently and also to alter gene transcription
for therapeutic purposes. This review describes progress
in development of ZFPs, TALEs, HEs and CRISPR/Cas
for application to treating liver diseases.
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Core tip: The treatment of liver diseases is varied and
often complicated. Gene editing is being developed to
treat a variety of chronic disorders and has exciting
potential for curing hepatic diseases. Engineering of
derivatives of zinc finger proteins, transcription activatorlike effectors, homing endonucleases and clustered
regularly interspaced palindromic repeats potentially
enables sequence-specific gene editing. These DNA
binding proteins may be used to alter genes permanently
or to influence the epigenetic status of liver cells for

Abstract
Liver diseases are one of the leading causes of mortality
in the world. The hepatic illnesses, which include
inherited metabolic disorders, hemophilias and viral
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and result in hepatic accumulation of toxic metabolites.
Other hereditary monogenic diseases such as hemophilia
A and B, caused by gene mutations in coagulation
[8]
[9]
factors Ⅷ and Ⅸ respectively, result in excessive
[10]
bleeding and associated extra hepatic manifestations .
[11]
Viral infections of the liver include hepatitis B
and
[12]
hepatitis C . These viral hepatitides are major risk
factors for chronic liver diseases, with carriers exhibiting
increased susceptibility to cirrhosis and hepatocellular
[11,12]
carcinoma
. Gene therapy can be applied to treating
these diseases by altering gene expression through gene
editing, augmentation of gene expression, transcriptional
[3]
repressive or activational mechanisms (Figure 1) .
Availability of DNA editing tools will expand the
application of gene therapy to the treatment of liver
diseases. Currently available technologies have limi
tations. For example, application of RNA interferencebased silencing to treatment of HBV infection may not
be sufficiently durable and specific to achieve a safe
curative effect. Genome modification technologies
provide the means for overcoming some of these short
comings. Currently gene editing tools are based on
[13]
engineered derivatives of zinc finger proteins (ZFPs) ,
[14]
transcription activator-like effectors (TALEs) , homing
[15]
endonucleases (HEs)
and clustered regularly
interspaced palindromic repeat (CRISPR) and CRISPR
[16,17]
associated (Cas) protein arrays
. This review will
explore the application of these sequence-specific DNA
modification technologies to treatment of liver diseases.

therapeutic benefit.
Nicholson SA, Moyo B, Arbuthnot PB. Progress and prospects
of engineered sequence-specific DNA modulating technologies
for the management of liver diseases. World J Hepatol 2015;
7(6): 859-873 Available from: URL: http://www.wjgnet.
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LIVER DISEASES AND THE APPLICATION
OF GENE THERAPY
The liver plays an important role in metabolism and the
etiology of numerous inherited and acquired disorders
and can be traced to this organ. Liver diseases are varied
[1]
and suitable options for therapy are often limited .
Treatment outcomes are dependent not only on patient
history and disease type, but also disease progression
[2]
and prior treatment . Gene therapy, which offers the
potential for improving currently available therapy for
liver diseases, is defined as the introduction of nucleic
acids into cells to treat a disease. Gene therapy may
cause: (1) substitution or correction of genetic material;
(2) changes in gene expression through augmentation;
(3) post-transcriptional regulation; (4) cell death as a
result of expression of toxic genes; and (5) transcriptional
repression or activation (Figure 1)[3]. Applications of
the approach may be expanded through use in concert
with cell-based therapies. Collectively these versatile
technologies have the potential to improve efficacy and
expand the repertoire of strategies for management
of liver diseases. Gene therapy is a rapidly developing
field of research that has application to treatment and
prophylaxis of many liver diseases, such as is caused
by persistent hepatitis B virus (HBV) infection. Selected
examples of gene therapy for various liver diseases are
shown in Tables 1 and 2.
Although the application of gene therapy is far
reaching, not all liver diseases are currently amenable
to this type of treatment. Reversal of certain hepatic
disorders, such as alcohol induced cirrhosis, is not feasible
at present. With other diseases, such as tuberculosis of
the liver, suitable technology is not yet available to effect
treatment. For these reasons gene therapy is focused
on developing treatment for hereditary monogenic
diseases, certain viral infections, some acquired and
complex genetic cellular gene defects. Complex genetic
diseases are caused by multiple gene mutations which
accumulate over time. An example of such a disease is
hepatocellular carcinoma (HCC)[4]. Hereditary monogenic
diseases are the result of a single inherited gene
[5,6]
defect
and include disorders such as Crigler-Najjar
[5]
[6]
syndrome type 1 and tyrosinemia type 1 . These
diseases are caused by mutations in the genes encoding
[7]
uridine 5’-diphospho-glucouronosyl transferase and
[6]
fumarylacetoacetate hydrolase (Fah) respectively ,

WJH|www.wjgnet.com

SEQUENCE-SPECIFIC DNA EDITING
TECHNOLOGIES: A TOOL FOR GENE
THERAPY
The ability to sequence entire genomes has facilitated
identification of genetic defects that underlie diseases,
and this has assisted with prevention and cure of
illness. Sequence-specific DNA editing technologies thus
present a novel, versatile tool for modifying the genome
and treating disease. Early applications of this approach
were hampered by several factors. These included low
efficiency, the need for complicated screening to identify
suitable gene editors and the potential for adverse
effects caused by lack of specificity[16,26]. During the past
decade, characterization of derivatives of sequence[27]
specific proteins and RNA-guided nucleases , which
[28]
[29]
[30,31]
[17]
include ZFPs , TALEs , HEs
CRISPR/Cas
has
allowed investigators to develop tools to edit almost any
gene.

ZFPs

ZFP arrays rely on the sequence-specific interaction of
the His2-Cys2 protein motif present in individual fingers
[32]
with specific sequences in the target DNA . Zinc finger
(ZF) domains constitute one of the most common DNAbinding motifs in eukaryotes and prokaryotes. Moreover
they are the second most commonly encoded family
of proteins in the human genome. Each finger consists
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Table 1 Selected examples of liver-specific gene therapies for complex genetic and hereditary monogenic disorders
Disease

Therapy

Gene therapy for complex genetic diseases
Hepatocellular
Recombinant human
carcinoma
adenovirus type 5
administration followed by
TACE
Gene therapy for hereditary monogenic diseases
Crigler-Najjar
AAV neonatal mouse
syndrome type Ⅰ
hUGT1A1 gene transfer

Familial hypercholesterolemia

Hemophilia A

Rationale

Stage of development

Ref.

Adenovirus is highly infectious and when it is used in
conjunction with TACE it improves tissue penetration and
thus tumor shrinkage

Clinical (phase Ⅰ and Ⅱ)

[18]

Preclinical

[19]

Clinical (phase Ⅰ)

[20]

Clinical (phase Ⅲ)

[21]

AAV has low immunogenicity and is highly infectious in
hepatocytes. Thus, in this study expression of bilirubin UDP
glucuronosyl-transferase was augmented a large number of
hepatocytes following transduction with hUGT1A1
Hepatocytes corrected with
The transplantation of hepatocytes allows the slow
retroviruses expressing the
repopulation of the liver with a desirable phenotype. In
low-density lipoprotein
this study this method was used to introduce hepatocytes
receptor
expressing the low-density lipoprotein receptor
Recombinant factor Ⅷ fused Coagulation factor replacement therapy requires the regular
to Fc domain of IgG1 (rFⅧFc) replacement of factor Ⅷ (FⅧ) with recombinant FⅧ products
or plasma-derived concentrates. The use of a long-lasting
recombinant FⅧ protein would reduce the need for frequent
injections. The fusion of the human Fc domain of IgG1 to F
Ⅷ extends the half-life of FⅧ and may reduce the injection
frequency by 50% when compared with current treatments

TACE: Trans-catheter arterial chemoembolization; AAV: Adeno-associated virus; UDP: Uridine 5’-diphospho.

Table 2 Selected examples of liver-specific gene therapies for viral hepatitides
Disease
HBV

HBV

Therapy

Rationale

Disadvantages

Expression of anti-HBV
primary microRNA (primiR)-122- and pri-miR31-based mimics
Administration of
increasing doses of
HB-110 DNA vaccine
with fixed doses of
adefovir dipivoxil

Using artificial HBV-targeting pri-miRNAs it was
possible to silence viral genes selectively, thus reducing
their expression and causing inhibition of viral replication

Expression of pri-miRs
must be maintained over
prolonged periods

HBV

Administration of a
single dose ARC-520
with entecavir

HCV

Administration
of Miravirsen to
target miR-122 with
LNA–modified
oligonucleotide

HB-110 is a DNA vaccine used in chronic hepatitis B
Possibility of escape
infections. This vaccine induces antigen production and
mutants and viral
stimulates the immune response; helping to clear infected rebound after therapeutic
cells from the liver. Adefovir dipivoxil is a chemical
withdrawal
therapeutic which blocks reverse transcriptase preventing
viral replication. When used in conjunction, adefovir
dipivoxil prevents viral replication and thus infection of
healthy hepatocytes while the stimulated immune system
clears infected hepatocytes, thus reducing the symptoms of
chronic HBV
ARC-520 is an RNAi therapeutic that will be used in
The efficacy of RNAicombination with the inhibitor of HBV DNA polymerase,
therapeutics must
entecavir, in patients with chronic HBV infection. The decline
be maintained over
of HBsAg along with other measures will be evaluated to
prolonged periods
determine the efficacy of treatment in response to a single
dose of ARC-520
miR-122 expression is specific to the liver and plays an
LNA-oligonucleotide
important role in the regulation of HCV replication.
expression needs to be
Disrupting miRNAs can be difficult but one of the tools used
maintained for long
to silence their activity are LNA-modified oligonucleotides.
periods
Their bridge modification significantly increases their
hybridization properties, making disassociation more
difficult. In this study they produced a LNA-oligonucleotide
which is complementary to miR-122, inhibiting its activity;
this decreases HCV replication and reduces infection

Stage of development Ref.
Preclinical

[22]

Clinical (phase Ⅰ)

[23]

Clinical (phase Ⅱa)

[24]

Clinical (phase Ⅱ)

[25]

HBV: Hepatitis B virus; HCV: Hepatitis C virus; RNAi: RNA interference; HBsAg: Hepatitis B surface antigen; LNA: Locked nucleic acid.

three fingers, and thus allow recognition of up to 9 bp
of the target sequence. The ability to link more than 3
adjacent fingers together has been useful for application
of this technology and was made possible through the

of 30 amino acids with 3 amino acids from an α-helical
region interacting with 3 consecutive base pairs (bp) in
[13]
the major groove of the target DNA . Naturally DNAbinding domains comprise tandem repeats of up to
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A

Mutated gene
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Promoter
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Augmentation
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NLS

Fokl

Mutant

Mutant
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NLS
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Figure 2 Schematic representation of transcription activator-like effector
nuclease interaction with DNA. A pair of transcription activator-like effector
(TALE) nucleases interacts with its target through a tandem arrangement of
DNA-binding modules, represented by oval structures in the schematic. Each
DNA-binding module comprises 34 amino acids, with a repeat variable diresidue
(RVD), in blue, at amino acids 12 and 13. The RVD specifies the DNA base to
be targeted. There is a nuclear localisation signal on the N-terminal and a FokI
effector bound to the C-terminal. As well as FokI nuclease domains, TALEs may
also be bound to transcriptional regulators such as Krüppel-associated box or
VP16/64. NLS: Nuclear localisation signal.
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Corrected gene
Activation of target genes

B
Promoter

pA
Repression of target genes

Promoter

pA

affinity of ZFPs for G-rich sequences, not all DNA
sequences are suitable targets for binding by ZFPs.
It has been estimated that one pair of efficient ZFPs
may be generated for approximately every 100 bp of
[16]
the human genome . The context dependency of the
ZFs also has implications for off-target activity. Tools
that aid in target selection and prediction of off-target
activity have been developed to assist with generating
[28,39]
functional ZFPs
. Despite the difficulties associated
with use of ZFPs they are currently the most widely
applied of the genome editing technologies. This is
illustrated by their recent application in preclinical and
clinical settings in which ZF nucleases (ZFNs) were used
to disrupt the human immunodeficiency virus (HIV) coreceptor CC-chemokine receptor 5 gene in CD4+ T cells
[40-42]
to produce cells that are resistant to HIV infection
.

Figure 1 Potential outcomes of gene therapy. A: Correction of mutations or
augmentation of gene function by introduction of a second copy of the gene of
interest into a safe harbor locus; B: Changes to transcriptional regulation of a
gene of interest, allowing for correction of gene function either by transcriptional
activation or suppression. The grey boxes represent exons and linking lines
represent introns.

discovery of a structurally conserved linker region of
[33]
sequence amino acid TGEKP . This conserved linker
region provides additional stability to the protein-DNA
[33]
complexes . It is possible to build modular arrays
that recognize 9-18 bp, which would provide sufficient
[34,35]
specificity for targeting within the human genome
.
Through use of libraries consisting of combinations of
ZFs that recognize almost all 64 possible nucleotide
triplets, it was possible to select ZFPs with the intended
[13,36]
target binding specificity
. A drawback of the
approach was that combinations of the fingers did not
[13,36]
always bind to targets with intended affinity
. This
phenomenon is the result of context dependency of
[13,36]
the individual fingers
. That is, binding affinity of
individual fingers is influenced by neighboring modules,
and strength of interaction of the fingers with their
intended cognates depends on properties of surrounding
[13,36]
sequences of the ZFP
. The development of the
Oligomerized Pool ENgineering protocols, which provides
a publically available tool for the development of ZFPs,
improved the ability of researchers to select proteins
[37]
with good target-binding properties . Subsequently,
an approach was developed that takes into account the
effect of neighboring individual ZFs when generating
an array. This method, context dependent assembly
(CoDA), selects for active arrays by using combinations
derived from known existing functional ZFPs[38]. In
CoDA the N and C-terminal fingers from different
arrays, which have a common middle finger, can be
joined together to make new active ZFPs. The method
is rapid and does not require a selection process, thus
reducing the screening required for identification of
functional ZFPs[35,38]. As a result of the influence of
context dependency, and the experimentally observed
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TALEs

TALEs are a unique family of DNA-binding proteins that
have been isolated from the phytopathogenic bacteria
[43]
of Xanthomonas species and Ralstonia solanacearum .
The characterization of native TALEs led to discovery
of the DNA-binding region, which is a highly repetitive
[43-45]
protein sequence
. Each repeat comprises 33-35
[43]
amino acids
that collectively constitute a protein of
[46]
approximately 122 kDa . The repeats of the TALE
each recognize and bind to a single nucleotide. The
nucleotide specificity is conferred by two consecutive
variable residues at positions 12 and 13 of the repeated
unit, and are termed the repeat variable diresidues
(RVDs) (Figure 2). Each RVD interacts specifically with
either A, T, G or C nucleotides[47], and a simple code
determines nucleotide binding. There are 20 known
RVDs and certain RVDs are found more commonly than
[47]
others in native TALEs . Individual RVD recognition
of its cognate nucleotide is independent of both the
[43,47]
preceding and succeeding RVDs
. This lack of
context dependence is a distinct advantage over ZFPs,
and allows for convenient construction of TALE subunits
that recognize specific DNA sequences. A requirement of
efficient TALE binding is the presence of a T nucleotide
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[43,53,54]

. This makes them significantly larger than
4 kb
ZFPs and considerably larger than HEs. Although the
TALE binding arrays have been shown to be robust and
easily programmable, the size of the TALEs makes their
delivery challenging for therapeutic application.

PAM

RuvC

HNH
gRNA

TracrRNA

CRISPR/Cas

CRISPR/Cas systems are naturally RNA-mediated
adaptive defense mechanisms that are found in some
prokaryotic organisms. Using short CRISPR RNAs (crRNAs)
and Cas proteins, the prokaryote is able to identify
[55]
and eliminate invading DNA elements . CRISPR/Cas
complexes identify targeted genomic loci using a 20
nucleotide RNA guide (gRNA), which is complementary
to its target DNA sequence. CRISPR/Cas systems are
classified into three types (Ⅰ-Ⅲ) on the basis of the
[56]
structure and sequence of their Cas proteins . All three
have three essential components: the CRISPR array,
[57]
the upstream leader sequence and the cas genes .
The most commonly used CRISPR/Cas system for gene
[58]
editing applications is type Ⅱ CRISPR/Cas . The CRISPR
array is composed of identical repeats that are 23-47
[59]
bp in length . The CRISPR/Cas leader region acts as
[60]
a promoter for the transcription of the CRISPR array .
The cas genes encode the Cas proteins. This protein
contains RuvC-like and HNH-like catalytic domains, which
cleave the targeted DNA. The HNH-like domain cleaves
the strand that is complementary to the gRNA, while the
RuvC region cuts the other non-complementary DNA
[61]
strand of the target . Recognition of the target sequence
by the Cas proteins is facilitated by presence of the protospacer-associated motif (PAM). This sequence is usually
2-4 nucleotides long and flanks the target site. It is absent
from the endogenous loci and thus prevents CRISPR/Cas
[60]
auto cleavage and adds specificity to targeting .
The type Ⅱ CRISPR/Cas systems use the Cas9
protein, which recognizes a PAM sequence of 5’NGG3’.
In type Ⅱ systems a small non-coding RNA, known as
the trans-activating crRNA (tracrRNA), which is partially
complementary to the CRISPR repeats, forms an RNA
duplex with crRNA. This RNA hybrid is recognized and
processed to form mature gRNA and, subsequently,
associates with Cas9. The complex, including the
tracrRNA, recognizes invading DNA and inactivates it
by cleavage[60,62] (Figure 3). When using an engineered
CRISPR/Cas system cognates for new gRNAs are
identified within the targeted gene. Binding sites for
these artificial gRNAs are preceded by the PAM, which
is required by the associated Cas protein. Optimization
of the CRISPR/Cas guide architecture, to enhance
specificity and broaden their application, is a highly
[63]
active field of research . As with other gene editing
technologies, the CRISPR/Cas system faces several
developmental challenges, including potential off-target
activity which may result in adverse mutation.

Figure 3 Schematic representation of the clustered regularly interspaced
palindromic repeats/clustered regularly interspaced palindromic repeats
associated 9 complex and its interaction with DNA. With the CRISPR/Cas
system, a 20 nucleotide guide RNA is processed and bound to the Cas9
protein. When adjacent to a proto-spacer–associated motif element, the guide
recognises and binds a complementary sequence in the DNA to direct target
cleavage by the Cas9 protein. A catalytically inactive Cas9 protein may also be
coupled to other effectors such as Krüppel-associated box or VP16/64 domains.
CRISPR/Cas: Clustered regularly interspaced palindromic repeats/CRISPR
associated. CRISPR: Clustered regularly interspaced palindromic repeats; Cas:
CRISPR associated; tracrRNA: Trans-activating CRISPR RNA; gRNA: RNA
guide.
0 [48]

at the base 0 position of the cognate (T ) . Substitution
0
of T with another nucleotide reduces the binding of the
[49]
TALE and places a minor restriction on the number of
target sites within the genome that can be recognized
by custom TALEs. TALE recognition sequences are up
to 18 nucleotides in length and alterations at a single
nucleotide can have a significant impact on binding
efficiency. However, the average binding contribution of
individual RVDs is minimal. Nevertheless, choice of RVD
may have an impact on the electrostatic interactions
between the TALE and DNA, which in turn may influence
the stability of the DNA-TALE complex. The length of
the target sequence is approximately equal to the
number of RVD repeats and single repeats each bind
[48]
to 1 nucleotide of DNA . Mismatches at the 5’ end
of the recognized sequence are more detrimental to
[47]
TALE binding than they are at the 3’ end of a target .
This suggests that the generation of synthetic designer
TALEs should be biased to favor selection of unique
[47]
targets within 5’ regions . Apart from RVD choice and
target sequence selection, other factors influencing TALE
binding efficacy include modifications to the DNA target
[47]
[50]
and chromatin structure variations . Valton et al
showed that TALE arrays cannot bind 5-methylcytosine
(5mC) residues, which may pose barrier to application in
mammalian systems where DNA methylation commonly
[51]
occurs as a transcriptional regulatory mechanism . The
RVDs NG and N* both have some affinity for 5mC, and
these RVDs may thus be incorporated into engineered
[50]
TALEs to target DNA that is methylated . Development
of web-based tools, which take all of these parameters
into account, has simplified TALE array design and
[52]
facilitated their more wide spread application . TALEs
are large proteins, and with addition of the nuclease or
transcriptional regulation domains, DNA encoding the
engineered DNA binding proteins may be as long as
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HEs

HEs are named as a result of their native endonuclease
and homing activities. Homing is the transfer of introns
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[16]

difficult than it is for ZFPs, or TALEs . This is because
enzymatic and target recognition sequences are located
within the same domains of the HEs, and altering target
specificity without compromising enzymatic function
[15]
is complicated to achieve . Despite these limitations,
studies continue to advance the development of
[68,69]
HEs
. It is possible that improvements in use of HEs
may lead to their use for gene editing purposes and for
liver-specific applications. However, with advances in
other gene editing technologies use of HEs are currently
not in favor.

Fokl
Fokl

Figure 4 Schematic representation of zinc finger nuclease interactions
with DNA. Each zinc finger interacts with 3-4 bp in the major groove of the
DNA double helix. The Hys2Cys2 side chains (depicted as the loop) bind to the
DNA, which is facilitated by the interaction between the zinc finger protein (ZFP)
and a Zinc ion (depicted as green circle) which stabilizes the protein structure.
As well as FokI nuclease domains, ZFPs may also be bound to other effectors
such as Krüppel-associated box or VP16/64.

USE OF SEQUENCE-SPECIFIC GENE
EDITING TECHNOLOGIES FOR
TREATMENT OF LIVER DISEASES
Although gene editing as a mode of treating liver
diseases is still limited, application of the technologies to
management of other diseases has useful implications
for hepatology. Gene editing initially focused on creation
[28,70]
of DNA-modifying nucleases derived from ZFPs
,
[29,71]
[17,58]
[15]
TALEs
, CRISPR/Cas
and HEs . The native
endonuclease activity of CRISPR/Cas and HEs means that
no additional effectors are required for their application
as nucleases. However TALEs and ZFPs require that
nuclease domains be added to the DNA-binding regions,
and FokI is most commonly used. FokI is a type Ⅱ
S restriction enzyme that recognizes its target site as
[72]
a monomer and nicks a single-strand of DNA , but
requires dimerization for double-stranded DNA-cleaving
[73]
activity . The implication of this is that a ZFN and TALE
nuclease (TALEN) pairs are required to effect complete
cleavage of the duplex. To engineer a site-specific ZFN
or TALEN, independent subunits need to be designed to
nick each strand of the DNA target. To achieve intended
cleavage of the DNA duplex, the subunits need to be
delivered to a target cell simultaneously[16] (Figures 2 and
4). This is not necessarily a limitation as the addition of a
second nuclease improves sequence-specificity, which is
especially desirable in a clinical setting.
DNA-modifying nucleases enable genome modi
fication by introducing DSBs in the DNA and stimulation
of the mutagenic non-homologous end joining (NHEJ)
[26]
and high fidelity HDR pathways (Figure 5). Repeated
activation of NHEJ typically results in generation of
small insertions or deletions (indels) at a targeted site
that may be used to disable specific genes (Figure
[26]
5) . Introduction of a gene modifying nuclease along
with donor DNA (plasmid, single-stranded or doublestranded oligonucleotides), which has homology to sites
[74,75]
flanking the target, induces HDR
. By activating
HDR it is possible to make precise alterations to the
genome: correction of single point mutations, facilitation
of integration of single and multiple transgenes into
[76,77]
specific loci can be achieved
(Figure 5). As a result
permanent correction, silencing or augmentation of
cellular genes may be achieved. When two duplex
DNA-cleaving nucleases are simultaneously introduced

or inteins into alleles that themselves do not have
[64]
introns or inteins . These endonucleases are encoded
by open reading frames (ORFs) within the mobile
sequence. They avoid disrupting the genetic function of
the host by exclusively moving the mobile sequences
into inteins and introns. HEs have an ability to recognize
DNA target sites of 14-44 bp, which correspond to
the intron/intein insertion site. They create a doublestrand break (DSB) or single-stranded nick to promote
insertion of sequences encoding the HEs within introns
or inteins into the target allele[15]. Group I introns,
large self-splicing ribozymes, encode the most well
characterized HEs. In the case of group I introns, the
HEs are translated prior to transposition of the mobile
element[15]. The resulting endonuclease is specific for
the “intronless” target site. Host-mediated homologydirected repair (HDR) results in the unidirectional
transfer of the HE-encoding intron into the cleaved
allele with disruption of the homing site. Although less
well studied, the process for HEs comprising inteins
is likely to be similar to that of HEs encoded within
group Ⅰ introns[65]. Six families of group Ⅰ HEs have
been identified, namely: LAGLIDADG; GIY-YIG; HNH;
[15]
His-Cys box; EDxHD and PD-(D/E) xK . These families
are classified according to the presence of conserved
amino acid sequence motifs within their active sites.
The largest family of the HEs is the LAGLIDADG HEs
(LHEases). LHEases generate staggered DSBs in the
DNA at the target site to produce four nucleotide 3’
overhangs[15] which induce DNA repair.
HEs are attractive gene editing tools because of their
high sequence specificity and were applied as gene
[66]
modifiers in murine cells 20 years ago . Since then,
[67]
studies have been performed targeting human genes
[30]
and certain monogenic diseases . Theoretically, their
high sequence specificity should reduce off-target
effects, which is supported by their limited toxicity
[31]
when expressed in cells over prolonged periods . A
further advantage to HEs is that they are significantly
smaller than ZFPs and TALEs, which simplifies their
delivery. However, engineering HEs is significantly more
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A

Possible outcomes of DSB repair

such as KRAB or VP64, it is able to alter the epigenetic
[85]
state of its target .
In addition to deciding on which type of gene
modifier to apply for therapy, there are disease-specific
considerations that must be evaluated before a new
treatment may be developed. These include an assess
ment of the proportion of hepatocytes that needs to
be treated, duration of expression of a gene modifier,
the potential for off-target activity and the type of gene
alteration that is required to attain a therapeutic effect.
Thus, treatment of a viral hepatitis would be vastly
different from that required for a hereditary or complex
genetic disorder.

Cleavage producing DSB

Repair by HDR

Correction

B

Repair by NHEJ
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Deletion
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Double cleavage
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APPLICATION OF GENE EDITING
TECHNOLOGIES TO THE TREATMENT OF
VIRAL HEPATITIS

Translocations

[86]

Zimmerman et al
investigated the ability of ZFPs
to target the episomal covalently closed circular DNA
(cccDNA) reservoir of duck HBV (DHBV). This replication
intermediate is a template for the transcription of viral
[86]
genes and the production of pre-genomic RNA . The
persistence of cccDNA is responsible for chronic HBV
infection and currently there are no available therapies
that directly target this replication intermediate. The
anti-DHBV ZFPs were designed to target the enhancer
1 region of the cccDNA, as this element controls
transcription from both the core and surface promoters.
After introduction of the ZFPs into cells in culture, a
decrease in total viral RNA and pre-genomic RNA with
ZFPa (61.2% and 57.2% respectively) and ZFPb (45.3%
and 73.5% respectively) was observed. Furthermore, a
reduction in DHBV core and surface protein expression
and production of virus progeny was also reported.
Importantly, the introduction of the ZFPs did not result
[86]
[87]
in any significant toxicity . In 2010 Cradick et al
evaluated the ability of ZFNs to target and disrupt HBV
DNA. The ZFNs used were designed by searching the
HBV genome for recognition sites for pairs of threefinger ZFNs separated by six nucleotides. One pair of
ZFNs was selected from 18. This ZFN pair cleaved within
the HBV core ORF and reduced the pre-genomic RNA by
29%. About 26% of targeted DNA was linearized in the
presence of the ZFNs and approximately 10% showed
aberrant re-ligation. The re-ligated products all showed
indels and subsequent disruption of viral replication
[87]
markers . Although this study demonstrated the
ability of ZFNs to cleave HBV DNA targets, there was
no evidence to suggest that the ZFN pair was able to
disable the HBV cccDNA.
[88]
Zhao et al
evaluated the use of a ZF-artificial
repressor (ATF) to down-regulate an integrated hepatitis
B X gene (HBx) in the Hep3B hepatocellular carcinoma
cell line. During normal HBV infection, HBx gene
integration is associated with the progression of chronic
HBV to HCC and is responsible for the dysregulation

Figure 5 Potential effects of using genome editing endonucleases. A:
Nuclease induced double strand breaks (DSB) may be repaired by homology
directed repair (HDR), resulting in corrections that may be to a single base pair
or thousands of base pairs. Repair by non-homologous end joining (NHEJ) may
result in non-specific insertions and deletions (indels); B: The introduction of
two nucleases targeting the same chromosome may result in large deletions or
inversions of the DNA. Chromosomal translocations may occur when two DSBs
are introduced on different chromosomes.

into a cell, inversions, translocations, large insertions
and deletions may be induced within the intervening
sequences (Figure 5).
Early investigations focused on the nuclease activity
of gene modifiers. However, their potential for off-target
mutagenic effects, accumulation of cytotoxic DSBs and
reliance on host repair machinery, led investigators to
explore therapeutic utility of transcriptional activators
and repressors[16] to modulate genes selectively without
[71]
changing the sequence of the DNA . A commonly
used transcriptional repressor is the Krüppel-associated
box (KRAB) domain, which is a 75 amino acid motif
[78,79]
originally found on the N-terminus of ZFPs
. The
[80]
Herpes simplex virus type l-derived 65 kDa VP16
[81]
domain, or its synthetic tetrameric derivative VP64 ,
are commonly used to effect transcriptional activation.
TALEs, ZFPs and CRISPR/Cas constructs have all
[82,83]
been used to create artificial transcription factors
.
ZFPs or TALEs may be fused to an activator or repressor
domain to create ZF-transcription factors or TALEtranscription factors. These transcription factors have
the advantage of functioning as monomeric proteins,
although multiple transcription factors might improve
their efficacy. Modification of CRISPR/Cas arrays to act
as artificial transcription factors is achieved by modifying
the Cas9 endonuclease to render it catalytically inactive,
and form the so-called dead Cas9 (dCas9). dCas9
may still be recruited by gRNAs to target specific DNA
sites[84], but when modified with an effector domain
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[91]

A subsequent study by Chen et al
supported the
[89]
[91]
findings made by Bloom et al . Chen et al designed
a unique set of TALENs against conserved regions within
HBV genomic DNA. Application of their TALEN pairs
resulted in the reduction of HBV core, surface and e
antigen expression; viral knockdown and a reduction
in the cccDNA. cccDNA was produced at low levels in
Huh7 cells using a transfection method. cccDNA levels
were evaluated by quantitative polymerase chain
reaction using HBV cccDNA specific primers, which
were designed to amplify DNA across the gap that is
present in relaxed circular DNA (rcDNA). This allowed
for discrimination between the two HBV replication
intermediates. cccDNA was reduced by approximately
10%-20% with TALENs-L1/R1 and twofold in
TALENs-L2/R2. Furthermore, a synergistic effect on
the inhibition of HBV transcription was observed when
TALENs and interferon-á were co-administered[91]. The
[89]
[91]
studies by Bloom et al
and Chen et al
provide
evidence for TALEN applications to treating chronic
diseases that have a DNA reservoir within the human
liver. While the findings of these studies are promising
the need to test TALEN efficacy in a model that
simulates the human condition more closely remains
important. The prolonged nuclease activity required,
which would ensure eradication of all of the cccDNA,
and thus successful elimination of HBV infection may
also result in unwanted side effects. Therefore, the
development complementary technologies to combat
HBV such as TALE transcriptional regulators which may
be used in their place or in conjunction with their TALEN
counterparts should also be considered.
Most recently, Lin et al[92] evaluated the potential of
a CRISPR/Cas approach to eradicating HBV replication
intermediates (rcDNA and cccDNA) both in vitro and in
vivo. The investigators designed gRNAs to the HBV A
genotype and of the eight gRNAs, four had good antiHBV activity. Improved efficacy was observed when
the gRNAs and Cas9 were co-expressed from the
same plasmid, with the most active gRNA reducing
intracellular HBsAg levels by 96%. This gRNA targeted
the surface region and was designated as the S1
guide. When Lin et al[92] evaluated effects of gRNAs in
combination, anti-HBV efficacy was augmented and
large deletions in the viral DNA could be introduced
between the two gRNA recognition sites. The ability to
delete larger sections of DNA has implications for the
eradication of integrated HBV genomes, and has been
successful when using a set of CRISPR/Cas gRNAs to
eliminate HIV-1 provirus infection[92]. To evaluate the
ability of the CRISPR/Cas gRNAs to eliminate HBVcccDNA, the investigators used a DHBV replication
model with new DHBV-specific gRNAs. With this avian
model of HBV replication, more cccDNA is formed in
transfected cells. Results indicated that cccDNA and
rcDNA production was significantly diminished. This
study is the first to demonstrate the application of
CRISPR/Cas constructs against HBV. This early evidence
suggests that as with TALENs and ZFNs, CRISPR/Cas

of expression of a number of cellular genes. The ZFPbased artificial repressor recognized 18 bp in the
enhancer 1 region of the HBx gene and used the KRAB
domain to effect knockdown. Investigators saw a
marked decrease in luciferase production from an HBx
reporter construct. When the ATF was stably expressed
in the Hep3B cell line there was significant cell cycle
arrest. In a cell lines without the integrated HBx gene
no cell cycle arrest was observed[88]. This study presents
a novel approach to inhibiting HCC progression caused
by HBV and illustrates the potential of applying gene
editing technologies to the functional repression of
disease associated genes.
In 2013, Bloom et al[89] were the first group to
demonstrate the potential of anti-HBV TALENs for
treatment of chronic HBV infection. The investigators
successfully designed four pairs of TALENs. Two of
these pairs target the surface (S) and core (C) ORFs of
HBV. The S and C targeting TALENs efficiently caused
indels in these ORFs including those found within the
cccDNA of HepG2.2.15 cells which stably replicates
HBV[90]. In this assay, the cccDNA was isolated using a
hirt extraction coupled to use of an ATPase dependent
nuclease, which selectively degrades nicked or linear
DNA. Following this isolation, deep sequencing was used
to evaluate targeted disruption of the TALEN cleavage
sites. The S TALEN disrupted 31% of the cccDNA,
while the C TALEN disrupted 12% of the HBV cccDNA.
Hydrodynamic injection (HDI) was used to introduce
HBV DNA into mice to simulate HBV replication in vivo.
A significant reduction in markers of viral replication
following the HDI-mediated introduction of the TALENs
was observed in this model. The S TALEN effected
knockdown of HBV surface antigen (HBsAg) by more
than 90% on both days 3 and 5 after HDI. Circulating
viral particle equivalents decreased by approximately
70% with the introduction of either the S or C TALEN.
Immunohistochemical detection of the HBV core antigen
in the liver of treated mice was only decreased with the
addition of the C TALEN. These results not only showed
that the TALENs had an effect in a murine model of
HBV infection but that the effect of each TALEN was
limited to its specific target. Furthermore, intrahepatic
mRNA concentrations remained constant after TALEN
treatment, demonstrating that inhibition of viral
replication markers was the result of inactivating the
targeted genes rather than transcriptional repression. It
was noted that the other two pairs of TALENs, targeting
the polymerase ORF (P1 and P2) did not result in target
cleavage despite reducing HBsAg expression. These
observations suggested that the P1 and P2 TALENs may
function through a different mechanism of action, such
as by targeted transcriptional repression. Measurements
of aspartate aminotransferase and alanine amino
transferase activity in the murine liver indicated that
there were minimal toxic effects associated with TALEN
[89]
treatment . However, as cccDNA is not produced
by mice, the evaluation of TALEN mediated cccDNA
disruption in vivo could not be carried out in this study.
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[93]

may be a useful tool against viral hepatitis

[98]

.

APPLICATION OF GENE EDITING
TECHNOLOGIES IN VIVO AND EX VIVO
[94]

In 2011, Li et al investigated the potential of ZFNs for
gene editing of liver progenitor cells and the correction
of gene mutations responsible for hemophilia B in the
murine model. In this study ZFNs targeting intron 1 of
the human F9 gene were shown to induce DSB and HDR
at the intended sites in both the human erythroleukemia
[94]
K-562 cells and the Hep3B human hepatocyte line .
An in vivo study was performed in which the ZFNs and
a gene targeting vector with a donor sequence were
delivered to the liver using an adeno-associated virus
(AAV), serotype 8 vector. The ZFNs and gene targeting
vector mediated correction and resultant prolonged
clotting times of the mice. When liver regeneration was
induced in these animals, the effects of the treatment
[94]
were maintained .
The ability to repair genetic defects has been furthered
by improvements in technologies related to use of induced
pluripotent stem cells (iPSCs). There is potential for the
application of patient-derived iPSCs for the correction of
underlying genetic errors while autologous transplant
[95,96]
.
reduces problems of immune-mediated graft rejection
Coupling this methodology to gene editing may be used
to correct gene defects and induce disease-resistant
phenotypes. After modification ex vivo, differentiation
into hepatocytes and autologous transplant, it may be
feasible to generate livers that no longer manifest a disease
phenotype.
[97]
Rio et al were the first to demonstrate the potential
of DNA modification technologies to correct DNA repair
deficiency syndromes. In this study, a pair of ZFNs
targeting the AAV 1 locus were introduced into iPSCs
using recombinant AAVs. These ZFNs, introduced by an
integrase defective lentiviral vector, induced cleavage of
the target and improved integration of a new Fanconi
anemia, complementation group A cassette by HDR. The
ZFNs were central to the correction of fanconi anaemia
(FA) phenotype. Corrected human iPSCs were reprogrammed, re-differentiated and introduced into the
bone marrow of FA sufferers. These re-differentiated cells
[97]
were able to produce disease-free liver cells .
[98]
In an earlier study, Yusa et al , used the piggyBac
transposon and ZFN-based genome modification in
human iPSCs to achieve the biallelic correction of the Z
mutation (342Glu to Lys) associated with á1-antitrypsin
deficiency. ZFN pairs were designed to target the site
of a single point mutation in the á1-antitrypsin gene.
Following expression of the ZFN pair and introduction
of donor constructs, 11% of the screened iPSC colonies
exhibited biallelic excision and repair. Subsequent
sequencing analyses showed that the Z mutation had
been corrected on both alleles in these colonies. When
the human iPSCs were transplanted and differentiated
they produced normal liver cells, with no á1-antitrypsin
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[99]

compared the
deficiency . In 2013, Choi et al
efficacy of the ZFN pair used in the study by Yusa et
[98]
al
to the efficacy of TALEN pairs in patient-derived
iPSCs. The TALEN pair was designed to target regions
adjacent to the Z mutation of the á1-antitrypsin gene.
Following introduction of the TALEN pair and donor
sequences, all 66 iPSC clones showed the desired
corrective integration. Twenty five to thirty three percent
of these clones lacked the endogenous allele, suggesting
the simultaneous targeting of both alleles, which was
confirmed by subsequent sequence analyses. When
comparing the efficacy of the TALENs to the ZFNs, Choi
et al[99] demonstrated that their TALEN pair achieved
comparable or higher gene targeting efficiencies
(100% single allele cleavage efficiency with 25%-33%
biallelic targeting) than were observed with ZFNs pair
(54% single allele cleavage efficiency with 4% biallelic
targeting). These studies highlight the potential for gene
editing technologies in the correction of inborn genetic
disorders while illustrating the point that gene editor
choice has an impact on therapeutic outcome.
In a study by Yin et al[100] the CRISPR/Cas system
was used to correct a Fah U1 mutation in the hepa
tocytes of a murine model for the hereditary monogenic
disease, tyrosinemia. The correction of the G to A splicing
mutation, which restores correct processing of mRNA
transcripts, in the endogenous Fah locus was achieved
by HDR. A single guide RNA targeting the Fah gene,
was introduced in conjunction with the Cas9 protein
and a 199 nucleotide single-stranded DNA donor. The
DNA donor contained the correcting wild-type sequence
which was flanked on both sides by sequences that
were homologous to the DNA of the mutant gene.
The correction of the Fah gene resulted in expression
of the wild-type Fah protein in murine hepatocytes.
Subsequent proliferation of the Fah-positive hepatocytes
and replacement of diseased cells in mice improved their
survival[100].

CURRENT LIMITATIONS AND FUTURE
PROSPECTS OF SEQUENCE-SPECIFIC
DNA MODIFYING TECHNOLOGIES FOR
THE TREATMENT OF LIVER DISEASES
The treatment of liver diseases is often complex, which has
been a motivating factor for new and better technologies.
While gene editing does not provide a cure-all therapeutic
for liver diseases, the approach has potential for application
to monogenic disorders and some viral hepatic infections.
However, three significant challenges need to be addressed
before clinical application of gene editing for hepatic
diseases is realized: ensuring (1) specific targeting; (2)
safe and efficient delivery to target cells; and (3) limited
immunogenicity of the gene modifier and its delivery agent
are all important.
Off-target activity by gene modifiers may result in
cytotoxicity and the repair of DSBs generated from this
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modifiers. Studies have shown potential for the use of
lentivirus-, adenovirus- and baculovirus-based delivery
methods, and AAV vectors have also been used to
deliver gene editing tools successfully[109,110]. These viral
vectors have some limitations with respect to the type
of gene editing technology that may be delivered, the
specific circumstance under which the vectors may be
used and whether delivery may be carried out in vivo or
ex vivo[109,110]. Challenges, such as immunogenicity and
potential mutation or integration that may be associated
with the use of viral vectors, have led to the exploration
[111]
of other avenues for delivery. Liu et al
explored the
possibility of conjugating TALENs to cell penetrating
peptides such as the Tat protein to facilitate the systemic
[112]
delivery of TALENs in vitro. Gaj et al
have assessed
the applicability of a Salmonella-derived delivery system.
Both of these studies were moderately successful.
mRNA delivery offers another potential solution, which
has the advantage of improving the regulation of the
duration of transgene expression. mRNA needs only
to be delivered to the cytoplasm, does not need to be
transcribed, and therefore enables realization of the
therapeutic effect more quickly. Moreover, since mRNA is
unable to integrate into the host genome concerns about
exogenous DNA integration are alleviated[113]. mRNA
may be delivered using non-viral vectors which are
less immunogenic than viral vectors and recombinant
[114]
proteins
. They are also amenable to large scale
preparation that is required for clinical use. There are
some TALEN and ZFN studies which have applied this
[115,116]
approach, although with moderate success to date
.
The vectors used for delivery of sequences encoding
gene editors may be engineered to target specific
tissues. Using different serotypes, receptors or lipids it
is possible to ensure specific delivery of the transgene
payload. This flexibility also allows for modification of
the delivery vehicle to avoid immune detection, should
repeat administrations be necessary in a clinical setting.
The choice of delivery system will eventually depend on
a combination of the type of gene editing technology
being used, its specific application, requirements for
dose regulation, duration of expression and minimizing
of off target effects.
The potential of an immune reaction to gene editors
may be a concern for application of the technology. This
immunostimulation may result from either the gene
modifier itself[117] or from the mechanism of delivery[118].
In either case it is important to assess immune
activation as it may diminish efficacy following repeat
administrations and cause toxicity. Immune stimulation
has significantly hampered gene therapies in the
past[119] and will be important for clinical application of
gene editing.

activity may result in undesired deletions, inversions,
[28]
and translocations . Furthermore, the off-target
activity from gene modifiers is potentially carcinogenic.
When fused to activator, repressor and/or nuclease
domains, gene editors may cause inactivation of
tumor suppressor genes or activation of oncogenes. To
alleviate these concerns, a number of studies evaluating
the off-target effects of gene editing technologies have
been carried out[101,102]. These investigations have
sought to improve the design of the DNA recognition
[103]
motifs. Pattanayak et al
developed new design rules
to alleviate off-target activity of ZFNs. Other groups
have investigated improvement of the architecture,
length and composition of the CRISPR/Cas chimeric
[63,102,104]
gRNAs
. New tools which evaluate potential off[105]
target activity in silico have also been described , and
more sensitive methods of identifying and characterizing
[102]
off-target activity in vivo have been reported . When
using exome and deep sequencing, TALENs have been
shown to have significantly fewer off-target effects than
[29,106]
ZFNs
. This was corroborated in 2014 when a study
[107]
by Suzuki et al
found that TALENs did not increase
the overall mutation load of a targeted genome. In
[108]
2014 Smith et al
demonstrated that both CRISPR/
Cas and TALENs had almost no off-target mutagenic
effects in iPSCs. These studies suggest that off-target
activity of TALENs and CRISPR/Cas may be more
limited than originally anticipated. However, guidelines
for acceptable levels of off-target activity need to be
developed. Currently, limited off-target activity in
introns and non-coding sections of DNA are considered
acceptable[29,107,108], but with advancing understanding
of the functional roles of non-coding DNA this may not
always be true. Development of tools of bioinformatics
which aid target choice has simplified the design of
recognition sequences with low homology to exons
and important regulatory elements[52,105]. It should
also be noted that these studies focus on developing
technologies with off-target activity below the detection
of deep sequencing technologies. Deep sequencing
technologies are currently the most sensitive tool
available for evaluating off target effects[29,102]. Current
limitations in technologies for DNA sequencing mean
that this requirement is presently sufficient but will need
to be re-examined as more sensitive technologies are
developed. Potential off-target activity of therapeutic
artificial transcription factors still needs to be evaluated.
The growing body of evidence and tools for design and
analysis suggests that while off-target effects will need
to be evaluated for any clinical application, this need not
be a universally limiting factor.
The second obstacle to efficient application of gene
editing technologies is their specific delivery to intended
target cells. This specific delivery may be further
complicated by the need for multiple administrations of a
targeted therapy due to their lower efficacy rates (around
50%) in a clinical setting. Viral vectors, which have been
widely used in other gene therapy applications, may be
employed as an efficient delivery mechanism for gene
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CONCLUSION
This review has discussed ZFPs, TALEs, CRISPR/Cas and
HEs highlighting their advantages and disadvantages
for applications to the treatment of liver diseases.
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Gene editing has a promising future as a clinical
therapeutic and as these techniques continue to be
refined, off-target activity will become more limited and
delivery more feasible. Several studies have already
demonstrated that these technologies may be used
in a tissue- and patient-specific manner to disable,
augment and correct gene function. Other studies have
established their potential to expand the use of iPSCs
in the treatment of disease. Ultimately gene modifiers
and cell-based therapies will increase the number of
disorders that may be permanently corrected and alter
the way in which inborn liver diseases and viral hepatic
infections are treated. These technologies present a
novel, versatile tool for the treatment and cure of many
hepatic illnesses.
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REVIEW

Liver cirrhosis in hepatic vena cava syndrome (or
membranous obstruction of inferior vena cava)
Santosh Man Shrestha
and is followed by development of cavo-caval collateral
anastomosis. The disease is characterized by long
asymptomatic period and recurrent acute exacerbations
(AE) precipitated by clinical or subclinical bacterial
infection. AE is managed with prolonged oral antibiotic.
Development of LC and HCC in HVCS is related to the
severity and frequency of AEs and not to the duration of
the disease or the type or severity of the caval obstruction.
HVOO that develops during severe acute stage or AE is a
pre-cirrhotic condition. Primary BCS on the other hand is
a rare disease related to prothrombotic disorders reported
mainly among Caucasians that clinically manifest as
acute, subacute disease or as fulminant hepatic failure;
and is managed with life-long anticoagulation, portosystemic shunt/endovascular angioplasty and stent or
liver transplantation. As epidemiology, etiology and
natural history of HVCS are different from classical BCS,
it is here, recognized as a separate disease entity, a
third primary cause of HVOO after sinusoidal obstruction
syndrome and BCS. Understanding of the natural history
has made early diagnosis of HVCS possible. This paper
describes epidemiology, natural history and diagnosis
of HVCS and discusses the pathogenesis of LC in the
disease and mentions distinctive clinical features of HVCS
related LC.
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Abstract

Key words: Hepatic venous outflow obstruction; BuddChiari syndrome; Hepatic inferior vena cava disease;
Bacterial infection; Hepatocellular carcinoma

Hepatic vena cava syndrome (HVCS) also known as
membranous obstruction of inferior vena cava reported
mainly from Asia and Africa is an important cause of hepatic
venous outflow obstruction (HVOO) that is complicated by
high incidence of liver cirrhosis (LC) and moderate to high
incidence of hepatocellular carcinoma (HCC). In the past
the disease was considered congenital and was included
under Budd-Chiari syndrome (BCS). HVCS is a chronic
disease common in developing countries, the onset of
which is related to poor hygienic living condition. The initial
lesion in the disease is a bacterial infection induced localized
thrombophlebitis in hepatic portion of inferior vena cava
at the site where hepatic veins open which on resolution
transforms into stenosis, membrane or thick obstruction,
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Core tip: Previously considered congenital and diagnosed
late hepatic vena cava syndrome (HVCS) is a dynamic
life-long disease related to bacterial infection that begins
insidiously often in childhood and leads to development
of cirrhosis and hepatocellular carcinoma. Localized
stenosis, the sequel of the initial lesion persists life-long
makes it vulnerable to subsequent bacterial infection
which is followed by thrombosis in inferior vena cava
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hepatocellular carcinoma (HCC).
HVCS at present is diagnosed late after development
of complete obstruction of the IVC or after development
[12-14]
of LC or HCC
. Understanding of the natural history of
the disease and use of ultrasonography and color Doppler
(USG) examination of IVC and liver in people with
bacterial infection has helped to recognize the disease
[26]
[22]
at early stage . The disease is endemic in Nepal ,
and may also be common in other developing countries.
The aim of this article is to draw attention to this underdiagnosed bacterial infection induced disease that is
complicated by LC and HCC. Pathogenesis of LC and its
distinctive features in HVCS are described, and difference
between classical BCS and HVCS are mentioned.

(IVC) and intra-hepatic veins resulting in recurrent
ischemic liver damage. As it frequently occurs as a comorbid condition in patients with chronic hepatitis B
or C infection or alcohol use, patients with cirrhosis in
developing countries should be assessed for presence of
HVCS by ultrasonography of IVC.
Shrestha SM. Liver cirrhosis in hepatic vena cava syndrome
(or membranous obstruction of inferior vena cava). World J
Hepatol 2015; 7(6): 874-884 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i6/874.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i6.874

HVCS AND BUDD-CHIARI SYNDROME
ARE TWO DIFFERENT DISEASES

INTRODUCTION
Cirrhosis develops in liver diseases where recurrent loss
of hepatocytes is followed by fibrosis and formation
of regenerative nodules. The process distorts the
architecture of the liver, and results in porto-systemic
shunting of blood and impairment of hepatic function.
Alcoholic liver disease and chronic hepatitis B and
hepatitis C viral infections are common causes of
cirrhosis in the world. These diseases cause venoportal type of cirrhosis where bridging fibrosis develop
between hepatic veins (HV) and portal tract (PT).
Hepatic venous outflow obstruction (HVOO) is an
interesting condition associated with a distinctive type
of liver cirrhosis (LC) where fibrous bridges develop
between terminal hepatic veins, with minimal fibrosis
between HV and PT called reversed lobulation or non[1,2]
portal or veno-centric cirrhosis . Both veno-centric
and veno-portal cirrhosis occur in HVOO but veno[2]
centric cirrhosis is not seen in other conditions . Three
primary diseases of HVOO are sinusoidal obstruction
syndrome (SOS), caused by toxic damage of sinusoids
[3]
by pyrrolizidine alkaloid or myeloablative therapy ;
Budd-Chiari syndrome (BCS) caused by thrombosis of
[4]
HV related to prothrombotic disorders ; and bacterial
infection initiated primary disease of the hepatic portion
of the inferior vena cava (IVC) the hepatic vena cava
[5]
syndrome (HVCS) .
[1]
SOS was previously called veno-occlusive disease .
Till 1950s before the advent of chemotherapy the only
cause of SOS was pyrrolizidine alkaloid ingestion as
herbal tea or food contaminated with seeds of plants
like Senecio, Crotalaria and Heliotropium. The disease
then occurred in developing countries as sporadic
[6,7]
cases and as outbreaks . The disease is now rare
[3]
and is seen in persons with myeloablative therapy .
BCS is also a rare disease, often occurs as acute or
[8]
fulminant type reported mainly from the West with a
[4]
prevalence of 1:10000 that occurs predominantly in
young Caucasian female. HVCS is an important cause
[9-25]
and is associated with
of HVOO in Asia and Africa
high incidence of LC and moderate to high incidence of

WJH|www.wjgnet.com

HVCS is often described under BCS or under various
names as membranous obstruction of inferior vena
cava (MOVC), hepatic vena cava disease, or coarctation
of inferior vena cava or hepatocavopathy. The popularly
used term MOVC is a misnomer as the lesion in the
chronic disease reported from Asia and Africa had either
[12,24,27]
.
thick localized stenosis or thick obstruction
BCS reported from the West is caused by prothrombotic
[28]
where thrombosis occurs predominantly in
disorders
hepatic veins. Some prothrombotic conditions like factor
V Leiden cause thrombosis at the supra-hepatic portion
of the IVC that transformed into a thin membrane on
[29]
resolution . The natural history of BCS is different
from HVCS. Classical BCS manifest clinically as acute
[4,8]
and subacute disease or as fulminant hepatic failure
and is managed with lifelong anticoagulation, portosystemic shunt/endovascular angioplasty and stent or
[30,31]
[32,33]
. Its inclusion under BCS
has
liver transplantation
caused much confusion and led to adoption of treatment of
[15]
BCS in HVCS .
[15,34]
.
HVCS is not related to prothrombotic disorders
The disease occurs in people living in poor hygienic
[17,22,26]
and affects both sexes of all age
condition
[23,35-37]
. It is a chronic disease
groups including children
characterized by insidious onset, long asymptomatic
period, recurrent acute exacerbations (AE) and
development of cavo-caval collaterals. Thrombolytic or
[38,39]
.
anticoagulant therapy is not effective in HVCS
Acute disease and AEs are managed with prolonged
high dose oral antibiotic with diuretics where necessary.
Developments of extensive collaterals in chronic patients
results in establishment of circulatory equilibrium making
surgery or endovascular procedure to correct obstructive
lesion in the IVC superfluous. The etiology, natural
history and management of HVCS are thus different
[40]
from BCS. Okuda et al in 1998 proposed to separate
it from BCS. It is here recognized as a third primary
disease causing HVOO, after SOS and BCS under the
name “HVCS”.
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feature of the disease is the occurrence of recurrent
[10,22,54-56]
AE
precipitated by clinical or subclinical bacterial
[53,54]
infection
. During AE fresh thrombus is deposited at
[10,45]
the site of the lesion in IVC (Figure 2)
. AE may be
subclinical or when thrombus so formed obstructs the
hepatic orifices it manifests as HVOO with hepatomegaly
and ascites (Figure 2D). Resolutions of thrombosis formed
during recurrent AEs eventually convert the segment of
the IVC into a thick obliteration of various types[12,51,57].
During AE thrombus is also deposited in intra-hepatic
veins, resolution of which leads to development of intimal
thickening, segmental stenosis or membrane within the
vein and at orifices of big veins. These changes that
had been described in autopsy studies[51,52] are also
observed in USG examination of the patients (Figure
3). The obliterative lesion in the IVC and HV is followed
by development of collaterals anastomosis. Deep cavocaval collaterals like dilated ascending lumbar, azygos
and hemiazygos veins are most constant and are better
outlined by cavogram[57]. Superficial cava-caval collaterals
are seen as dilated superficial veins in the body trunk
with upward flow. It is observed only in about 25% of
the patients. Collaterals also develop between obstructed
and patent intra-hepatic veins and veins around the liver
(Figure 4).

EPIDEMIOLOGY OF HVCS
The incidence of congestive cirrhosis due to HVCS in
autopsied cases of HCC in Japan in 1921 was 8.1% (9
[41]
out of 110 cases) , which in 1986-1987 dropped to
[42]
0.1% among 2982 cases . An epidemiological survey
conducted in Japan in 1989 by a national study group
detected 300 cases in the whole country, with 21 new
[42]
cases occurring annually . These studies indicated to
occurrence of the disease in Japan, whose prevalence
had declined recently. An epidemiological survey of the
disease carried out in Dongping county of Shandong
province in China in 1980s showed the prevalence of
the disease to be 6.5 per 100000[43]. And large series
[16,17]
of surgically operated cases in China
till recently
showed that IVC disease (94.4%) predominated in that
country compared to hepatic vein obstruction (5.5%).
In South Africa the frequency of HVCS diagnosed
indirectly from liver biopsy was 7.1% among black
patients with liver disease[24]. HVCS is endemic in Nepal,
[44]
[37,45]
where it is a common cause of ascites
and LC
.
Liver biopsies performed in 430 patients in 1990 to
1997 showed evidence of HVCS in 158 (36.7%),
126 had congestive changes and 32 had congestive
[34]
[46]
cirrhosis . Okuda
observed that the prevalence of
HVCS in different countries was inversely related to the
standard of hygiene and suggested that the causative
factor of the disease perhaps lay in opportunity for
[27]
frequent bacterial infection . In India besides HVCS,
recently BCS related to prothrombotic disorders had
[47,48]
been described
.

NATURAL HISTORY OF HVCS
The acute stage of the disease is frequently unre
cognized or misdiagnosed. The disease becomes
chronic with long asymptomatic period and recurrent
AE. Intermittent upper abdomen discomfort usually
after food or exertion or intermittent mild ankle edema
is common. The disease is usually diagnosed following
fortuitous detection of hepatomegaly or splenomegaly
or dilated superficial veins in the body trunk, or during
AE[58,59]. Features of AE include fever, mild jaundice
or mild alanine transaminase (ALT) elevation. Severe
AE is characterized by prolonged fever or jaundice
followed by ascites (due to HVOO), edema legs, or
[60]
pleural effusion or puffy face or variceal bleeding (due
to transient portal hypertension). Ascites in HVCS is
[44]
associated with bacterial peritonitis . In between AEs
patients remain well with normal or minimal elevation
of bilirubin or ALT.
Patients with long standing disease may develop
varicose veins or signs of poor circulation in legs
like increase pigmentation or poorly healing ulcer in
sheen. Other features of the chronic disease include
proteinurea, sterility or failure to sustain pregnancy to
full term[10,17]. Clinical manifestation of the HVCS is thus
protean and its diagnosis depends on the detection of
the localized lesion in hepatic portion of the IVC.
[9,37]
The disease is compatible with long survival
.
Death in early stage is from AE related septicemia,
renal failure or bleeding from esophageal varices and in
[9,11,26]
later stage is from HCC or natural cause
. HVCS is
complicated by high incidence (70%) of liver cirrhosis
(Table 1) and moderate (about 10%) to high (> 20%)

PATHOGENESIS OF HVCS
HVCS was previously considered a congenital dise
[12,15,19,25,49]
ase
. Much discussion ensued on the subject
and consensus had developed on the acquired nature of
[5,34,40,50,51]
the disease
. Observation of transformation of
[40]
thrombosis in IVC into a membrane led Okuda et al to
propose thrombosis theory. Thrombosis was considered
idiopathic, as it was not related to prothrombotic
[40,52]
disorders
. Later recognition of acute stage of the
[34]
disease associated with bacteremia or bacterial infection
and transformation of acute localized thrombosis formed
during bacterial infection into stenosis and complete
[5]
obstruction , and high prevalence of the disease among
people living in poor hygienic conditions in China and
[17,22]
Nepal
led to suggestion that the initial lesion probably
[5]
was bacterial infection induced thrombophlebitis .
Occurrence of fever chills and bacteremia within a few
hours after cavogram, absence of thrombo-embolic
[53]
phenomenon ; and past autopsy studies that detected
[35,54]
bacteria in the thrombus in IVC
and the histology of the
[55]
lesion in IVC that showed features of thrombophlebitis ,
all supported the hypothesis.
The initial localized thrombophlebitis in IVC occurred
[5,34]
typically at the site where hepatic veins open
.
Subsequent resolution transformed the lesion into
stenosis or complete obstruction (Figure 1). An important
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Figure 1 Inferior vena cava obstruction. A: Ultrasonography showing stenosis of inferior vena cava (IVC) at cavo-atrial junction. Note patent orifices hepatic vein
(HV)-right HV (RHV), middle HV (MHV) and left HV (LHV); B: Color Doppler ultrasonography of a patient with liver cirrhosis showing IVC stenosis, membranes in HV;
C: Ultrasonography of a patient with liver cirrhosis showing complete obstruction of IVC at cavo-atrial junction and obstruction at orifices of MHV and LHV. Note dilated
hepatic veins; D: Cavogram showing complete obstruction of the IVC. PV: Portal vein; RA: Right atrium.

Early diagnosis before development of complete IVC
obstruction is possible. Ultrasonography and color
Doppler is specific and sensitive in the diagnosis of
the lesion and is the investigation of first choice. The
procedure is not only non-invasive and cost-effective
but is easily available in developing countries where the
disease is common. It yields better result when used
by the clinician himself as a part of initial and followup clinical examination. Detection of intra-hepatic veins
thrombosis and its sequel intimal thickening, stenosis or
membrane (Figure 3) and collaterals in and around the
liver (Figure 4), and detection of cava-caval collaterals
supports the diagnosis.
Inferior vena cavogram (cavogram) and other
imaging procedures as MRI; or liver biopsy are used to
confirm the diagnosis. Cavogram may miss the diagnosis
in patients with minimal stenosis or in advanced stage
when contrast medium rapidly runs off into large
[24]
collaterals and fails to outline the caval obstruction .
Liver biopsy during AE may show acute centrilobular
congestion. Biopsy findings vary greatly depending
on the phase of the disease. It varies from normal or
minimal changes like sinusoidal dilatation, central vein
dilatation or fibrosis or obstruction; to thrombosis or
endophlebitis of sublobular vein; or congestive fibrosis or
[36,51,52,58]
.
cirrhosis
Recognition of AE is important. USG is sensitive in
the diagnosis of AE. Detection of “recent” thrombus
in the IVC at the site of old lesion indicates AE (Figure

Table 1 Incidence of liver cirrhosis in hepatic vena cava
syndrome
Ref.
Nakamura et al[9]
Nakamura et al[9]
Takeuchi et al[10]
Nakamura et al[11]
Ono et al[12]
Gentil-Kocher et al[36]
Kage et al[51]
Shrestha[45]
Shrestha et al[37]

Country

No. of patients

Japan
From Japanese
literature
Japan
Japan
Japan
France
Japan
Nepal
Nepal4

7
64
7
131
18
22
17
561
178

LC (%)
7 (100)
64 (100)
5 (71)
13 (100)
17 (94.0)2
3 (13.6%)
6 (35.2)3
44 (78.5)
49 (27.5)

1
Long term follow-up cases; 2Of 18 biopsied cases 17 showed LC and 1
congestion; 3Autopsied cases, reminder 4 had congestion and 7 congestive
fibrosis; 4Children. LC: Liver cirrhosis.

[9,24,45,46]

. HVCS thus is a lifelong disease
incidence of HCC
with a potential to develop recurrent ascites, portal
hypertension and LC or HCC. In endemic areas HVCS
occurs as co-morbid conditions with other acute and
chronic liver diseases as chronic hepatitis B, chronic
hepatitis C and alcoholic liver disease[14,61].

DIAGNOSIS OF HVCS
Diagnosis is made by identification of the obliterative
lesion in the hepatic portion of the IVC-thrombosis,
stenosis or complete obstruction by imaging procedure.
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Figure 2 Ultrasonography showing thrombi of different ages in inferior vena cava due to recurrent acute exacerbations. A: Ultrasonography showing mild
stenosis of inferior vena cava (IVC) with thick echoic posterior wall at cavo-atrial junction. It shows recent thrombus (T) and old organized thrombus (OT) deposited
during recurrent acute exacerbation (AE); B: Ultrasonography showing stenosis of IVC at cavo-atrial junction, with OT along posterior wall just distal to it. Middle
hepatic vein (MHV) and left hepatic vein (LHV) hepatic veins are patent; C: Ultrasonography showing mild stenosis of IVC at cavo-atrial junction and thrombus of
different ages along the posterior wall of the IVC; D: Ultrasonography showing features of HV outflow obstruction-hepatomegaly and ascites (ASC) in a patient with
IVC stenosis near cavo-atrial junction and IVC filled with recent and old organized T; E: Ultrasonographic evidence of recurrent AE; Color Doppler ultrasonography
showing layers of linear old OT along posterior wall of the hepatic portion of the IVC narrowing its lumen. Arrow indicates to the site of initial lesion in IVC. USG also
shows segmental stenosis of HV. PV: Portal vein; HV: Hepatic vein; RA: Right atrium; GB: Gall bladder.

2A). Presence of old organized thrombi of different ages
along posterior wall of the IVC just distal to the initial
lesion indicates to occurrence of recurrent AE (Figure 2).
Severe AE is recognized in USG by presence of ascites,
hepatomegaly and recent thrombus in IVC obstructing
hepatic vein orifices (Figure 2D). Ascitic fluid has high
protein content, high serum ascitic albumin gradient
and evidence of bacterial peritonitis[44]. Neutrophil
leukocytosis, increased level of C-reactive protein and
bacteremia occur during severe AE. Severe AE is a precirrhotic condition. Severe AE is followed by development
[45]
of LC within 6 mo . Recognition and early treatment of
severe AE is thus important.
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CIRRHOSIS IN HVCS
Clinical features of cirrhosis are determined by three
vectors: (1) portal hypertension (PH); (2) extent of
parenchymal failure; and (3) features of the original
disease that had caused cirrhosis. Relative importance
of these three vectors differs in different diseases
causing cirrhosis and in the stage of the cirrhosis. In
alcoholic cirrhosis, symptoms of parenchymal failure
or PH dominate the clinical picture. Vascular spiders,
gynaecomastia and coagulopathy are common. In
LC due to chronic viral infection ascites, jaundice and
bacterial infection develop late and their presence often
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Figure 3 Ultrasonography showing thrombosed intra-hepatic veins. A: Ultrasonography showing diffuse thrombosed and echoic walls of large and medium-sized
intra-hepatic veins (one of which is indicated by an arrow) that occurred during acute exacerbation. Right hepatic vein (RHV) orifice is narrowed; B: Color Doppler
Ultrasonography of patient with cirrhosis. It shows long segment stenosis of inferior vena cava (IVC) with recent thrombus (T) and old organized thrombi (OT) on thick
posterior wall. Arrow shows thrombosed large and medium-sized intra-hepatic veins. HV: Hepatic vein; PV: Portal vein; PVR: Portal vein radical.
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Figure 4 Ultrasonography showing collaterals. A: Ultrasonography of a patient with liver cirrhosis due to complete inferior vena cava (IVC) obstruction at cavoatrial junction showing obstruction of middle hepatic vein (MHV) and a intra-hepatic collateral (c); B: Ultrasonography of a young girl with liver cirrhosis: IVC is filled
with old organized thrombi of different ages, right hepatic vein (RHV) is thrombosed and a large intra-hepatic collateral is seen; C: Ultrasonography showing dilated
collaterals on the surface of liver (LIV) close to right kidney (R. KID) in a patient with liver cirrhosis. PV: Portal vein.

and presence of thick or thick edematous gall bladder
wall and thick visceral and parietal peritoneum (Figure
5D). These signs are related to infection and infection
induced vascular obstruction. Thick or thick edematous
gall bladder wall had been reported earlier and was
labeled as acalculous cholecystitis[8]. Color Doppler
study showed that calcified focus occurred at the wall of
the hepatic vein.

indicates presence of severe hepatocellular damage
[62,63]
. In
and an indication for liver transplantation
HVCS related LC vascular spiders, palmer erythema,
coagulopathy are uncommon. Hepatomegaly is seen in
75% and splenomegaly in 25% of the cases. Symptoms
of AE dominate the clinical picture. Recurrent jaundice,
ascites with bacterial peritonitis and pleural effusion is
common and occur early. These are related to AE and
not to severity of hepatocellular damage, and responds
to medical treatment. Even patient with advanced
cirrhosis develop ascites due to bacterial infection
induced AE (Figure 5A) that responds to medical
treatment. LC due to HVCS in general has better
prognosis with long survival[45] if infection is prevented
or AE treated with prolonged high dose oral antibiotic.
HVCS related LC is characterized by a few distinctive
USG features that help in its diagnosis. Hepatic veins
are frequently dilated (Figures 1C and 5B), whereas in
LC due to other causes these appear attenuated. Other
distinctive features include presence of echoic intrahepatic vein wall (Figure 4A and B), intra-hepatic and
extra-hepatic collaterals (Figure 4), membrane in HVs
(Figure 1B), obstruction at the ostia of hepatic veins
(Figure 1B and C), calcified foci in liver (Figure 5C)
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CIRRHOSIS IN CHILDREN DUE TO HVCS
Cirrhosis in children is interesting, as alcohol, chronic
hepatitis B and C the common causes of the disease
in adult are often not the important issue in children.
There is a distinct geographical pattern in the etiology
of cirrhosis in children. Common cause of cirrhosis in
children in 1950s in West Indies was SOS caused by
pyrrolizidine alkaloid[64], and in India in 1950-1990s it
[65,66]
was Indian childhood cirrhosis
. Chronic hepatitis and
metabolic disorders such as Wilsons’s disease are rare
[67]
causes of cirrhosis in children the world over . HVCS
occurs in children and LC (Figure 6) had been reported
[23,36]
among them
. In Nepal it was a common cause of
cirrhosis in children and affected predominantly children
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Figure 5 Ultrasonography showing ascites and evidence of chronic peritonitis in a patient with cirrhosis. A: Acute exacerbation in a patient with liver cirrhosis
showing hepatic portion of the inferior vena cava (IVC) filled with organizing thrombus and ascites with thick visceral peritoneum-indicating presence of bacterial peritonitis; B:
Ultrasonography of a patient with liver cirrhosis due to HVCS: showing long segment stenosis of IVC with thick old organized thrombus (OT) along the posterior wall of the
hepatic portion of the IVC. Note the presence of ascites (ASC) and irregular margin of the liver indicated by an arrow. Middle hepatic vein (MHV) is obstructed at its orifice
and shows distal segmental stenosis; C: Ultrasonography of a patient with liver cirrhosis due to HVCS showing inferior vena cava stenosis, a calcified focus (c) in the liver
and ascites; D: Ultrasonography of patient with liver cirrhosis due to HVCS showing IVC stenosis with organized thrombus on posterior wall and ASC and thick visceral
peritoneum, suggestive of chronic bacterial peritonitis. PV: Portal vein; HVCS: Hepatic vena cava syndrome; RA: Right atrium; HV: Hepatic vein.

Table 2 Comparison of frequency of acute exacerbations in
hepatic vena cava syndrome: Among patients who did and did
1
not develop liver cirrhosis and hepatocellular carcinoma

Liver
MHV
HV
RA

Incidence of AE

LHV

Who did not develop LC/HCC
3.2 ± 3.2
Patient who developed LC
6.5 ± 4.5
Patients who developed HCC
11.5 + 3.01
56 patients of HVCS seen in the period 1990-1997
Followed up for 14.8 ± 9 yr
LC developed in 44 (78.5%). HCC developed in 6 (10.7%)

PV
IVC

Figure 6 Liver cirrhosis in a young girl due to hepatic vena cava syndrome.
Note long segment obstruction of the inferior vena cava (IVC) at cavo-atrial
junction and irregular narrowing of its hepatic portion. Middle hepatic vena (MHV)
and left hepatic vena (LHV) are dilated with irregular caliber. PV: Portal vein; HV:
Hepatic vein; RA: Right atrium.

0.017
< 0.001

1

Quarter of the AE in HCC group was severe. Severe AE: Development of
ascites due to HVOO. Modified from Shrestha et al[45]. HVCS: Hepatic vena
cava syndrome; HCC: Hepatocellular carcinoma; AE: Acute exacerbation;
LC: Liver cirrhosis; HVOO: Hepatic venous outflow obstruction.

prolonged congestion with loss of hepatocyte followed
by failure to regeneration because of continued high
[27]
intra-hepatic venous pressure . Liver damage in
HVCS occurs periodically during AE and there is no
prolonged continued damage because of development
efficient collateral circulation. Development of cirrhosis
is not related to the duration of the disease or the type
of caval lesion but to the severity and frequency of
[45]
the AEs (Table 2) . Further, surgical or endovascular
procedures to treat caval obstruction did not prevent
[15,36]
.
development of LC or HCC

of poor socio-economic background or those with history
[37]
of chronic diarrhea or prolonged intermittent fever .

PATHOGENESIS OF LIVER CIRRHOSIS IN
HVCS
Occurrence of LC in HVCS was recognized since
[57]
1878 . But its pathogenesis was not clearly under
stood. Okuda assumed that cirrhosis in HVCS is a late
event in the course of the disease, and it resulted from
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Figure 7 Mechanism of development of cirrhosis in hepatic vena cava syndrome. IVC: Inferior vena cava; HVOO: Hepatic venous outflow obstruction; PH:
Portal hypertension; AE: Acute exacerbation; RE: Recurrent AE; HVCS: Hepatic vena cava syndrome.
[45,58]

of hepatocytes drained by the vein
. Extinction of
large areas of hepatocytes is followed by development
[2,68]
of fibrous septa within a few weeks
. Obstruction of
hepatic vein branch is more injurious. Combined portal
vein and HV obstruction leads to veno-portal cirrhosis.
Obstruction of portal vein radicals alone lead to atrophy
and secondary nodular hyperplasia but no extinction
of hepatocytes as ischemic insult is compensated by
arterial flow. This however may lead to development
of large regenerative nodules[2]. Development of LC
in steatohepatitis and chronic viral infection was also
considered to be due to obstruction of small hepatic veins
[69]
adjacent to hepatic necroinflammation . Mechanism of
development of cirrhosis in HVCS thus is more explicitischemic necrosis and extinction of hepatic parenchyma
secondary to obstruction of hepatic vein and sinusoids by
thrombosis or phlebitis during AE.

Severe AE is a pre-cirrhotic condition. Severe AE
associated with HVOO and/or thrombosis or endo
phlebitis of medium-sized intra-hepatic veins are followed
by development of cirrhosis within a few months. Two
mechanisms (Figure 7) of development cirrhosis in
[45]
HVCS are described : (1) HVOO: Large thrombosis
formed in IVC close to hepatic veins orifices during acute
stage or AE results in HVOO (Figure 2D). Severe HVOO
causes sudden increases in the sinusoidal pressure
that result in sinusoidal congestion and hemorrhage in
the space of Disse (Figure 8A). Increase in sinusoidal
pressure is followed by reflex reduction of hepatic
arterial blood flow. The combined effect of sinusoidal
congestion and decrease arterial flow results in ischemic
necrosis of hepatocytes around central vein. Apoptosis
of the hepatocytes in the congested region is followed
by fibrosis (Figure 8B) and regenerative activity in
periportal areas which eventually leads to development
of venocentric or reversed lobulation cirrhosis within a
few months[2,45]; (2) Thrombosis or thrombophlebitis
of sublobular or medium-sized hepatic vein (Figure
8C) that occurs in AE is associated ischemic necrosis
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CONCLUSION
Geo-cultural factors determine the etiology of cirrhosis
in a community. In Japan and recently in the West
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Figure 8 Histology showing fibrosis in centri-lobular areas. A: Histology of liver of a patient with hepatic vena cava syndrome during acute exacerbation showing
acute congestive changes around central vein (c) and sparing of liver around portal tract (P) due to hepatic venous outflow obstruction; B: Histology of liver of patient
with hepatic vena cava syndrome a few months after development of hepatic venous outflow obstruction during acute exacerbation showing fibrosis around central
vein. Histology of liver of a patient with hepatic vena cava syndrome showing the wall of a thrombosed medium sized intra-hepatic vein that occurred during acute
exacerbation. HE: Hematoxylin eosin stain.

beside alcohol, chronic hepatitis C related to drug abuse
nd
that followed social upheaval following 2 World War
or Vietnam War is an important cause of cirrhosis and
[70]
HCC . In Asia and Africa besides chronic hepatitis
B infection, bacterial infection initiated HVCS is an
important cause of cirrhosis both in children and adults.
Patients with LC and HCC in developing countries may
have two or more co-morbid condition like alcohol,
[14,61]
hepatitis B or C and HVCS co-existing together
.
Therefore careful assessment of the cause of cirrhosis
is mandatory before planning treatment. This is done
based on the understanding of the natural history of the
etiologic factors. History of recurrent AE with jaundice
and ascites and presence of USG features of IVC lesion
and the distinctive features of HVCS related cirrhosis
mentioned above helps in the diagnosis of LC due to
HVCS. Ascites due to HVOO that occur during AE is a
pre-cirrhotic condition. Prognosis of LC due to HVCS
is improved by prevention or adequate treatment of
AE. AE is precipitated by clinical or subclinical bacterial
infection and is treated with high dose prolonged
antibiotic.
HVCS still remains an underdiagnosed entity in
[71]
or is often diagnosed late
developing countries
[12-14]
after development of cirrhosis or HCC
. Routine
examination of IVC and liver by color Doppler ultra
sonography in patients with bacterial infection and liver
disease in developing countries is expected to provide a
better assessment of its prevalence in the community.
Recognition of the early stage of the disease provides
opportunity for prevention of cirrhosis and HCC in this
disease.
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Hepatitis C infection in hemodialysis patients: A review
Digdem Ozer Etik, Serkan Ocal, Ahmet Sedat Boyacioglu
determining optimal treatment for HCV. Studies have
been demonstrated that with conventional interferon
(IFN) monotherapy or pegylated IFN monotherapy are
similar efficacy and safety in HCV-infected hemodialysis
patients. Sustained viral responses (SVRs) with these
monotherapies have ranged approximately 30% to
40%. Limited reports support the use of IFN and
ribavirin combination therapy as antiviral treatment for
ESRD patients or patients on hemodialysis. Ribavirin
can be started at low dose and careful monitoring for
side effects. Patients that show SVR after treatment are
strong candidates for KT. It is also generally accepted
that ESRD patients with decompensated cirrhosis and
portal hypertension should be referred to the liver
transplant team for consideration of combined liver-KT.
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Core tip: Hepatitis C virus (HCV)-related liver disease is
a significant cause of morbidity and mortality in patients
with end-stage renal disease who are treated with dialysis
or KT. Early diagnosis and treatment of HCV infection
prior kidney transplantation (KT) prevent complications
after transplantation and reduces mortality. Issues with
current mode HCV therapy include lack of tolerability and
suboptimal response rates.

Abstract
Hepatitis C virus (HCV)-related liver disease is a
significant cause of morbidity and mortality in patients
with end-stage renal disease (ESRD) who is treated with
dialysis or kidney transplantation (KT). The survival rate
for HCV-infected renal transplant recipients is better
than that for HCV-infected hemodialysis patients on
transplant waiting lists. Early diagnosis and treatment
HCV infection prior to KT prevents complications posttransplantation and reduces mortality. In addition to
screening for anti-HCV antibodies and detecting HCV
RNA, percutaneous liver biopsy is particularly valuable
for assessing the stage of liver damage in HCV-infected
patients, because the stage of fibrosis is important
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positivity for a Belgian cohort of HD patients (n = 1710)
dropped steadily from 13.5% in 1991 to 6.8% in 2000,
and the same survey revealed significant drops in many
other countries including France (42% to 30%), Italy
(27% to 16%), and Sweden (16% to 9%)[2].

is a significant cause of morbidity and mortality in
hemodialysis (HD) patients and kidney transplant
recipients. In developed countries, the prevalence of
anti-HCV seropositivity among patients on maintenance
HD ranges between 5% and 60%. Patients on HD
are at high risk for HCV, with frequency of infection
several times higher than that in non-uremic patients[1].
The spread of HCV in HD units is declining, but the
[1]
prevalence of HCV in HD patients remains high .
Several observational studies have demonstrated
a significant and independent relationship between
anti-HCV seropositive status and lower survival rate
in patients with end-stage renal disease (ESRD). The
two major complications of HCV-related chronic liver
disease are cirrhosis and hepatocellular carcinoma, and
these are suspected causes of higher mortality among
HCV-positive patients.
Management of HCV-positive ESRD patients is
complicated. There are unknowns related to prevention
of HCV spread in dialysis units, anti-viral therapy in
dialysis patients, and effects of HCV infection after renal
transplantation. A wide range of studies have been
published on HCV in ESRD patients, but clinical evidence
is lacking with respect to most of the important issues,
and most existing evidence is from uncontrolled clinical
trials or retrospective surveys[2-4].

IMPACT OF HCV ON SURVIVAL
One study that involved the database of more than
13000 HD patients in the United States revealed that
HCV infection was more strongly associated with all
[16]
causes of mortality than with HCV-negative status .
[17]
Lee et al
identified HCV infection as an independent
risk factor for the transition from chronic kidney disease
[18]
to ESRD. A meta-analysis by Fabrizi et al revealed that
HD can negatively modify the course of HCV infection.
The authors found that the estimated relative risk of
liver-related mortality in anti-HCV-positive patients on
HD was 1.57 times (95%CI: 1.33-1.86; P < 0.001) than
that observed for anti-HCV-negative counterparts. The
authors concluded that, in HD patients, the presence
of anti-HCV antibodies is an independent risk factor
for death, because of increased risk of cirrhosis and
hepatocellular carcinoma. Other research has shown
that kidney transplantation (KT) improves the longterm survival of ESRD patients with HCV infection[19,20].
While there is considerable evidence that HCV infection
threatens the success of KT, the survival of HCVinfected renal transplant recipients is better than that
for HCV-infected HD patients who are on transplant
waiting lists[21]. This survival advantage may reflect
systemic effects of well-functioning renal allografts that
is clearing uremic toxins, and may also reflect reduced
inflammatory responses and oxidative stress. HCVrelated deterioration of renal transplant recipients may
be linked to the immunosuppressive treatment that is
required after KT. This can result in flares of HCV infection
and can increase liver- and kidney-related morbidity and
mortality from conditions such as cirrhosis, hepatocellular
carcinoma, transplant glomerulopathy, and graft
dysfunction[22].

EPIDEMIOLOGY OF HCV INFECTION
Serologic testing has clearly demonstrated that HCV
infection is highly prevalent among ESRD patients and is
a serious cause of increased morbidity and mortality in
this group. Failures of HCV screening, excessive exposure
to blood and blood products, nosocomial transmission of
HCV in HD units, and long dialysis duration are the main
determinants of increased risk of HCV infection in the
HD patient group[5]. The worldwide prevalence of HCV
infection among HD patients varies widely, with estimates
ranging from 5% to approximately 60% depending on
[6-9]
geographic location . In 2002, the prevalence of HCV
infection across HD centers of the United States was
approximately 8%, nearly five times greater than that
[10,11]
of the general population in that country
. In some
European dialysis centers, the yearly incidence of HCV
[12]
infection reportedly ranges from 0.4% to 16.0% . In
2011, the Turkish Society of Nephrology documented
7.9% anti-HCV seropositivity and 1.7% HCV-RNA
[13]
seropositivity among Turkish HD patients . Introduction
of stricter blood bank screening rules, widespread use
of erythropoiesis-stimulating agents instead of blood
transfusions, and stronger adherence to infection control
practices in dialysis units have reduced the prevalence of
HCV infection in the HD patient group[14]. For example,
Spain observed a decline from 24% in 1992 to 9.2% in
[15]
2002 . Anti-HCV prevalence among patients on chronic
HD in the United States decreased from 10.4% in 1995
[2]
to 7.8% (i.e., 164632 Americans) in 2002 . A recent
multicenter survey revealed that prevalence of anti-HCV
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PREVENTION OF HCV TRANSMISSION
Health care procedures related to nosocomial infections,
unsafe drug injection practices, and blood transfusions
are key factors in HCV transmission. In HD facilities,
the most common lapses of healthcare quality are
contamination of dialysis systems, inadequate disinfection
and cleaning of environmental surfaces, improper
contact of health care staff with equipment and patients,
and mishandling of parenteral medications[23,24]. The
guidelines for preventing HCV infection in HD settings
recommend fundamental infection control practices, and
routine screening of HD patients for HCV. Isolating-HCVinfected patients or using dedicated machines for such
patients are not advocated, except as necessary during
local outbreaks[12,24].

886

April 28, 2015|Volume 7|Issue 6|

Ozer Etik D et al . Hepatitis C in hemodialysis patients
identified HCV genotype 1b as the most prevalent subtype
in patients receiving HD or continuous ambulatory
[1]
[30]
peritoneal dialysis in Turkey . In study of Perez et al
reported findings that HCV genotype 1a was the most
prevalent subtype in patients receiving HD, with genotype
1b the next most frequent, followed by genotype 3,
and other less prevalent genotypes (genotypes 2, 4,
and 5). This observation may reflect differences in the
epidemiology of HCV infection, viral characteristics, and
host factors in ESRD patients[31].
Percutaneous liver biopsy constitutes the most
reliable tool for examining the effects of HCV infection
(i.e., stage of liver disease) and ruling out possible other
[31]
concomitant liver diseases . Neither HCV RNA viral
load nor liver enzymes reflect the severity of liver injury
[32,33]
decisively
. Liver enzyme activity and quantity of
HCV RNA can fluctuate during HCV infection, whereas
fibrosis is progressive and largely irreversible. There is
strong evidence that the stage of liver fibrosis during
HCV infection predicts survival for kidney transplant
candidates and for renal grafts. In addition, determining
stage of fibrosis is important for planning the treatment
of HCV[34]. According to one report, up to 25% of HCVinfected patients exhibit bridging fibrosis or cirrhosis on
[31]
liver biopsy . Presence of advanced fibrosis does not
exclude a candidate from KT, but it is inevitable that such
patients will develop the comorbidities and complications
[35]
of portal hypertension after transplantation .
Although liver biopsy is reliable tool, it has significant
limitations including serious bleeding events, and
sampling and interpretation errors. Coagulopathy,
thrombocytopenia, platelet dysfunction, anticoagulation
during HD and anti-platelet therapy all pose increased
bleeding risk in ESRD patients or patients on HD.
In these individuals with increased bleeding risk, a
transjugular or transfemoral route for liver biopsy may
be recommended. Note that even when an experienced
physician performs the biopsy and an experienced
pathologist interprets the findings, this gold-standard
technique is associated with up to 20% error in staging
liver disease[34,35]. Ahmad et al[36] compared the results
for 46 HD patients with chronic liver disease who
underwent transjugular liver biopsy and 32 HD patients
who had undergone percutaneous liver biopsy at the
same institution. The authors found that both techniques
obtained adequate specimens for histological diagnosis
in all patients; however, the complications differed.
There were no major complications in the transjugular
liver biopsy group, whereas 12% of the patients in
the percutaneous liver biopsy developed bleeding
complications[36]. Some authors have reported the
progression of HCV-related liver disease in HD patients
who are on transplantation waiting lists. One study
concluded that patients whose liver biopsy show Metavir
fibrosis score 1 or 2 should undergo a repeat liver biopsy
every 5 years, whereas those with Metavir score 3
should be followed more intensely, with biopsies every 3
years[14].
There are also novel non-invasive techniques for

DIAGNOSIS OF HCV INFECTION IN
PATIENTS WITH ESRD
Infection with HCV normally leads to increased serum
alanine aminotransferase (ALT), and laboratory blood
testing for ALT is used to screen for liver disease in the
general population. However, this test has weak diagnostic
value in ESRD patients because ALT tends to be below
reference range in this patient group. The potential causes
of this are vitamin B6 deficiency, presence of uremic
toxins, or presence of blood components that absorb
[25]
ultraviolet light . To detect HCV viremia in HD patients,
new thresholds for serum ALT have been proposed that
are less than half (approximately 0.4 to 0.45 times) the
[26]
conventional threshold . Serial testing of serum ALT
level might be valuable for monitoring patients on HD
with known HCV infection.
Enzyme-linked immunoassays (EIAs) are commonly
used to detect HCV antibodies. Third-generation EIAs for
anti-HCV antibody detection have high sensitivity and
specificity because these tests are based on antigens
in the core, non-structural 3-4-5 proteins of the virus.
Screening for anti-HCV antibodies by EIA remains a
simple method, but this type of test is only meaningful
for ruling out HCV infection in ESRD patients in lowprevalence settings. In the ESRD patient group, the
proposed interval for HCV screening via antibody test is 6
[27]
to 12 mo .
One disadvantage of this serologic test is falsenegative result, which can present challenges for distin
[2]
guishing acute from chronic HCV infection . In a case
where HCV infection is strongly suspected but the HCV
antibody EIA is negative, blood testing for HCV RNA
should be done directly using polymerase chain reaction
[28]
technique . Detection of HCV RNA indicates HCV
replication. In populations with known higher prevalence
of HCV infection, a negative EIA result does not rule out
HCV infection, and testing for HCV RNA is appropriate in
[27]
such cases to avoid missing HCV infections . When EIA
reveals that an ESRD patient is anti-HCV positive, the
next step is quantitative determination of viral load. This
helps confirm the antibody test result and is also useful
for assessing the patient’s prognostic risk stratification
[28]
prior to antiviral treatment . There are two main
reasons why blood for HCV RNA testing should be drawn
prior to a dialysis procedure: (1) presence of heparin in
the blood sample can lead to false-positive PCR result
for HCV; and (2) a patient’s HCV RNA level can decrease
during the HD session (though it will return to baseline
within 48 h). Adsorption of HCV to dialysis membrane,
destruction of HCV particles during the HD session, and,
rarely, escape of HCV into the dialysate are other reasons
[29]
why a patient’s HCV RNA could be falsely low .
In addition to detecting HCV RNA, HCV genotyping
is also required to predict response to treatment and
to specify the duration and dosage of treatment. HCV
genotypes 1, 4, 5, and 6 are more resistant to treatment
and require longer courses of therapy. One study
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Pre-transplantation
Screening and monitoring of HCV infection

In low-prevalence settings

Anti-HCV

Repeat test every 6-12 mo
Test for HCV RNA if high suspicion
Infection control and prevention

-

In high-prevalence settings
+

HCV RNA

Liver biopsy

-

Repeat test in local HCV outbreaks
or if ALT elevated until transplantation

Cirrhosis, severe fibrosis,
hepatocellular carcinoma

Mild to moderate fibrosis

Anti-HCV treatment

+

Kidney transplantation

Consider liver/kidney transplantation

Figure 1 Decision tree for follow-up of hepatitis C virus-positive end-stage renal disease patients. HCV: Hepatitis C virus; ALT: Alanine aminotransferase.

assessing liver fibrosis in ESRD patients with HCV
infection. Two of these are the aspartate aminotrans
ferase to-platelet ratio index (APRI) and transient
elastography (TE) which is performed with a Fibroscan®
machine. Studies have demonstrated that APRI and TE
are effective for evaluating hepatic fibrosis in HD patients
with chronic HCV infection, but both methods have
[37,38]
. The predictive values and cut-off
some limitations
values for these methods as optimized for the healthy
[39]
population may not be valid for ESRD patients . As
well, the HD procedure and the presence of uremic
toxins may alter blood levels of apolipoprotein A1 and α-2
[37]
macroglobulin, which can influence Fibroscan® results .
An APRI score cannot precisely predict the histological
severity of liver disease, particularly the intermediate
[38]
fibrosis stage .

risk due to higher incidence of hepatic and non-hepatic
complications. It is essential that each dialysis center
carefully follows every HCV-infected ESRD patient
to determine viral load, do HCV genotyping, assess
the extent of hepatic fibrosis, and establish optimal
treatment strategies. A decision tree for the follow-up
process is shown in Figure 1. Treating HCV infection prior
to KT helps to prevent post-transplantation complications
and reduce mortality[3,39-42].
There is general agreement that ESRD patients
with decompensated cirrhosis and portal hypertension
should be removed from the KT list and referred to the
liver transplant team to be considered for combined
liver-KT[43].
It is also generally accepted that every HCV-positive
ESRD patient who is being evaluated for KT should
undergo a liver biopsy to assess the stage of liver disease,
unless there is clear radiological or clinical evidence
of portal hypertension or decompensated cirrhosis[35].
Patients with Metavir fibrosis score ≤ 3 on histologic
examination should be considered for antiviral treatment.
Patients with successful sustained viral response (SVR)
are definite candidates for KT, and those on the waiting
list should be tested at least annually to confirm the
[35,41,44]
durability of the SVR prior to transplantation
. Those
who have ready living-related donors could be referred
for KT immediately. There is some largely anecdotal
evidence that inducing an SVR prior to KT reduces the
risk of post-transplantation complications. For patients
who have attained SVR, some authors consider the
probability of HCV reactivation to be extremely low,
however, this is controversial, especially when aggressive

NATURAL COURSE OF HCV IN ESRD
PATIENTS
In patients with ESRD, chronic HCV infection usually
takes an insidious clinical course. Early diagnosis and
identification of individuals at greater risk for fibrosis
progression should be the clinician’s main concern.
Evidence clearly indicates that ESRD patients who
undergo KT have more favorable results than those who
do not, and that this also applies for ESRD patients with
HCV infection. Every ESRD patient should be evaluated
as a candidate for KT as soon as possible after diagnosis.
This is important because during the interval between
diagnosis and transplantation there is increased mortality
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[45]

immunosuppression is administered .
The growing number of ESRD patients with HCVrelated compensated cirrhosis is a major problem. In
this group, treatment is a dilemma because interferon
and ribavirin carry potential risk of decompensation
and serious adverse effects[3,45]. Some authors consider
these patients “too healthy” for liver transplantation, and
yet their limited liver reserve, poor nutritional status,
and increased susceptibility to infections puts these
individuals at risk for increased perioperative morbidity
and mortality if they undergo KT[44]. These patients
require comprehensive and detailed evaluation. Presence
of portal hypertension should be carefully evaluated to
decide whether KT alone or combined kidney and liver
[42,43]
transplantation is appropriate
. It is recommended
that patients with wedge hepatic vein pressure > 10
mmHg may be listed for combined kidney and liver
[43]
transplantation . Some transplantation centers use
different criteria to make this decision, such as platelet
[44]
count or presence of varices on endoscopy . Making
the correct treatment decision in these cases in this
challenging. To improve decision-making in future,
transplant centers need to report incremental experiences
and long-term post-transplantation observations.
The other problematic patient group with respect to
treatment decisions is ESRD patients with HCV who do
not respond to antiviral treatment or who have been
assessed as ineligible for antiviral treatment. As HCV
replication progresses, there is greater risk of accelerated
liver disease, including hepatic failure and hepatocellular
carcinoma[46]. KT is not contraindicated for these indivi
duals, but each such candidate must be informed of all
difficulties (i.e., those related to progression of HCV and
[47]
restricted antiviral treatment) after transplantation . It
should also be kept in mind that extending waiting time
for KT will likely result in poorer liver status for these
[46,47]
individuals
. However, any ESRD patient with HCV
who remains viremic while on a KT waiting list should
be placed on hold status. These patients should be
evaluated carefully and frequently to assess HCV disease
status and their suitability for KT as time on the waiting
list extended[44].

term survivors of KT. Increased risk of cardiovascular
disease, post-transplantation diabetes mellitus, and
sepsis are considered the primary causes of death after
[49]
KT .
A patient’s HCV viral load will increase in the setting
of immunosuppression, which usually develops within
[50]
the first months after KT , but there is no evidence
that progression of liver disease is correlated with HCV
RNA load.
[47]
investigated natural course of HCVKamar et al
related liver fibrosis after KT. They observed that liver
biopsy samples from HCV-positive patients after KT
showed progression of fibrosis in 21 patients, stable
phase in 21 patients, and regression of fibrosis in 10
patients. The risk factor most strongly associated with
progression of hepatic fibrosis was severity of liver
[47]
disease prior to KT .
In HD patients with HCV who undergo KT, antiviral
treatment is mandatory after renal transplantation only
if the individual develops advanced fibrosis or severe
cholestatic hepatitis. Both these conditions are associated
with high mortality, and antiviral therapy can be life
[46,51]
saving
. For such patients, the decision regarding
when to provide antiviral therapy should be made
based on a risk-benefit assessment for each individual
[51]
case . The main concern about interferon (IFN)
[45,46]
.
treatment is that it can trigger acute graft rejection
The optimal approach for antiviral treatment of HCV
after KT is unclear. A recent meta-analysis by Fabrizi
[52]
evaluated 12 clinical trials. In three of these,
et al
a combination of IFN and ribavirin was used, and the
estimated rates of SVR and dropout were 18% (95%CI:
7.0%-29%) and 35% (95%CI: 20%-50%), respectively.
The most frequent reason for discontinuing the
combination treatment was graft dysfunction (71.7%).
There is no evidence that the IFN-ribavirin combination
[52]
[52]
is superior to IFN monotherapy . Overall, Fabrizi et al
agree that treating these patients with anti-viral therapy
before KT is safer and more effective than administering
this treatment post-transplantation.
The risk for acute rejection in HCV-infected patients
is higher during the first year after KT. In cases where
anti-viral therapy is necessary after KT, some authors
recommend waiting at least 1 year after the surgery to
[51]
initiate this treatment . In contrast, other research has
shown that anti-viral treatment may be more effective
during the first year after transplantation if the patient
[53]
has stable renal function and no acute rejection occurs .
Renal transplant recipients with HCV who have stable
renal and liver function should be carefully monitored, as
should those receiving anti-viral therapy. In all cases liver
function tests should be done every 3 mo and viral load
should be measured every 6 mo. Liver biopsy should be
[54]
repeated every 3 years .

HCV infection after KT

The natural history of HCV infection after non-liver solid
organ transplantation is still not fully understood. One
study revealed that HCV-positive kidney transplant
recipients had lower survival than HCV-negative
[42]
patients . As noted previously, KT is associated with
better long-term survival for ESRD patients, even those
diagnosed with HCV infection. In other words, anti-HCV
[48]
positivity must not preclude HD patients from KT .

After KT: Progression and treatment of HCV-related liver
disease

After KT: Immunosuppression in patients with HCVrelated liver disease

Patients with HCV infection who undergo KT can ex
perience progression of liver disease after the operation.
This has been identified as the fourth most frequent
cause of mortality (reported range, 8% to 28%) in long-
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In patients with HCV who undergo KT, immuno
suppressive therapy is required to prevent rejection of
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nervous system, respiratory system, urinary tract and
[41,63]
bloodstream
. Research has identified a significant
relationship between development of tuberculosis and
[64]
presence of HCV infection in renal transplant recipients ,
but it is not clear why HCV-positive recipients are more
susceptible to this infection. Immunosuppression and
[63]
diabetes are two possible explanations .

the renal graft, but this may cause a more rapid and
[55]
aggressive course of HCV infection . In addition to the
severity and duration of HCV infection, at the time of KT,
the choice of immunosuppressive drug combination and
doses can significantly affect the course of HCV infection
after KT. There is still controversy regarding what
constitutes the most appropriate immunosuppressive
combination.
Induction immunosuppressive therapies for kidney
transplant recipients typically contain T-cell-depleting
antibodies (OKT3, anti-thymocyte globulin). Induction
therapies with non-depleting antibodies (i.e., antibodies
that block interleukin-2) have also been debated.
There are conflicting reported outcomes regarding the
hazardous or beneficial effects of these induction immu
nosuppressive drugs on the course of HCV infection and
on survival of the renal graft. Earlier studies suggested
[56]
that OKT3 was not a good choice for induction ,
[21]
whereas a recent report by Roth et al
indicated that
patients who received OKT3 had better liver fibrosis
scores than those who received daclizumab (an agent
that binds the interleukin-2 receptors of T-cells). At
minimum, HCV-infected patients who have undergone
KT should receive a short course of induction therapy.
Glucocorticosteroids are given in wide range of
doses to prevent rejection after KT. This treatment is
[55]
associated with increased HCV replication ; however,
[57]
Luan et al
demonstrated no significant difference
in mortality between patients who received steroids
[58]
and those who did not. Akalin et al
pointed out that
rapid discontinuation of steroid treatment was not
associated with worse outcome in HCV-positive renal
transplant recipients.
Cyclosporin might inhibit HCV replication through
mediating a blockage of interaction between cyclophilins
[59,60]
and non-structural protein 5B (HCV-RNA polymerase)
.
[61]
investigated kidney recipients with
Kahraman et al
HCV, and observed no significant differences between
a group that received tacrolimus and a group that
received cyclosporin with respect to viral replication and
development of hepatic fibrosis.
Mycophenolate mofetil is known to have antiviral effects in HCV patients, and acts by inducing the
[59,62]
expression of anti-viral IFN-related genes
. In, there
is no evidence of a specific destructive effect on either
[55]
the renal graft or the HCV infection .
There are scarce data on the influence of sirolimus
and everolimus [both inhibitors of the mammalian target
of rapamycin (mTOR)] in renal transplant recipients
[57]
with HCV. Luan et al found that mTOR inhibitors were
associated with 13% increased risk of mortality in this
patient group. These drugs are not yet recommended
as standard regimen for renal transplant recipients with
[55]
HCV .

After KT: HCV-related glomerular disease

HCV infection has been directly linked to glomerular
[65]
disease in both native and transplanted kidneys .
The most common renal diseases associated with HCV
infection are membranoproliferative glomerulonephritis
with or without cryoglobulinemia and membranous
[66]
[65]
glomerulonephritis . Meyers et al hypothesized that
these relationships are explained by increased HCV
viral load and decreased immunoglobulin synthesis in
the setting of immunosuppression, and an imbalance
of antigen and antibody complex status and deposition
of these complexes in the allograft. Kamar et al[67]
proposed that these diseases were explained by higher
cytokine production rather than direct cytotoxic effects
of HCV on kidney cells.

After KT: HCV-related new-onset diabetes mellitus

HCV-related new-onset diabetes after KT in patients
with chronic HCV is an interesting and relatively frequent
[35]
complication . Reported prevalences of this in HCVpositive and HCV-negative kidney transplant recipients
[68]
are 39.4% and 9.8% respectively . Unfortunately, it
has been shown that new onset of diabetes after KT
[69]
impairs graft function . The mechanisms proposed for
HCV-related diabetes mellitus include increased insulin
resistance, direct cytopathic action of HCV on beta cells,
[70,71]
and side effects of immunosuppressive drugs
.

After KT: HCV-related extrahepatic neoplasia

The role of HCV in the pathogenesis of post-trans
[72]
plantation hematologic malignancies is obvious . Posttransplant lymphoproliferative disorder was found to
be significantly more frequent in HCV-positive kidney
[73]
recipients than in HCV-negative kidney recipients .

TREATMENT OF HCV INFECTION IN
PATIENTS WITH ESRD
Carefully treating HCV and achieving SVR prior to KT
should be primary goals to reduce the likelihood of
HCV-related complications in the liver and other organs/
[74]
systems . Another reason it is important to attain SVR
before KT relates to the concern that anti-viral therapy
administered post-transplantation is associated with
[75]
high risk of graft rejection .
The document entitled Improving Global Outcomes
recommended that HCV-infected HD patients awaiting
KT should be treated for HCV, and that attending
clinicians should decide whether to treat other HCVinfected patients (i.e., those not on the KT waiting list)

After KT: Infections

Several studies have confirmed that HCV-positive kidney
recipients are at increased risk for infections of the central
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have similar efficacy and safety, many studies have
[27]
shown that pegIFN is superior . For example, one
study revealed that patients with renal dysfunction who
were treated with pegIFN had a higher HCV eradication
rate than HCV patients with normal kidney function
who received this treatment. This can be attributed to
decreased renal clearance of pegIFN in the setting of
ESRD. In practice once weekly dosing of pegIFN is more
convenient for the patients with renal dysfunction[82].

on case-by-case basis. However, HD patients with HCV
[76]
infection rarely receive antiviral therapy .

Monotherapy with standard interferon or pegylated
interferon

Several forms of IFN are available for therapeutic use,
including α-2a, α-2b, α-n1. In ESRD patients with HCV,
the recommended administration of IFN ranges from 1-6
mU as a/daily dose or up to three times weekly. A longacting IFN α, namely pegylated IFN (pegIFN), has been
used safely and effectively for more than a decade.
Peg IFN α-2a administered at 135 μg weekly and peg
IFN α-2b administered at 0.5-1 μg/kg are currently
approved for HCV treatment and are administered
weekly in stage 3-5 ESRD. Treatment duration is 24
wk for HCV genotypes 2 or -3 and 48 wk for HCV
genotypes 1-4[77,78].
Three recently published meta-analyses have
indicated that SVR, side effects and withdrawal rates in
patients with ESRD vary according to treatment with
IFN and pegIFN.
The meta-analysis by Fabrizi et al[79] evaluated results
from 645 patients the overall SVR rate was 40%; in the
subset with HCV genotype 1, the SVR rate was 33% and
dropout rates were 19% in the group that received IFN
and 27% in the group that received pegIFN. A typical flulike syndrome was the most common side effect. This
occurred in 41% of patients and required withdrawal of
anti-viral treatment in 11%. However, the meta-analysis
[79]
by Fabrizi et al
was criticized because the studies
examined were somewhat heterogeneous with regard to
viral response and dropout rates.
[80]
A meta-analysis by Gordon et al in 2008, involved
546 chronic HD patients with HCV infection who were
either treated with IFN or pegIFN, with or without
ribavirin. Only 49 individuals received pegIFN and
ribavirin. The overall SVR rates were 41% for the IFN
group (95%CI: 33%-49%) and 37% for the pegIFN
group (95%CI: 9%-77%). The frequencies of treatment
discontinuation were 26% for the IFN group (95%CI:
20%-34%) and 28% for the pegIFN group (95%CI:
12%-53%). The main side effects were fatigue/weakness
and loss of appetite. The authors also found that higher
dose of IFN, lower HCV RNA load prior to treatment, early
stage of hepatic fibrosis, and HCV genotype other than
genotype 1 were associated with higher SVR rates[80].
A more recent meta-analysis evaluated data from
770 HD patients with chronic HCV infection, 491 of
whom received IFN-alfa2a or IFN-alfa2b and 279 of
whom received pegIFN-alfa2a or PegIFN-alfa2b. The
corresponding SVR rates for these two groups were
39.1% (95%CI: 32.1%-46.1%) and 39.3% (95%CI:
26.5%-52.1%), and the corresponding dropout rates
were 22.6% (95%CI: 10.4%-34.8%) and 29.7%
(95%CI: 21.7%-37.7%). Age younger than 40 years
was significantly associated with SVR (OR = 2.17;
95%CI: 1.03-4.50)[81].
Although the above three meta-analyses suggest
that conventional IFN treatment and pegIFN therapy
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Combination therapies: Interferon or pegIFN with
ribavirin

The combination of pegIFN and ribavirin is considered
the gold standard therapy for patients with chronic HCV
[77]
who have normal renal function . Some physicians
are reluctant to use ribavirin in patients with ESRD or in
those who are on HD due to fear of hemolytic anemia
which can be exacerbated in the presence of kidney
dysfunction. Because ribavirin is filtered by the kidneys,
its clearance is impaired in patients with ESRD, and
this agent is not removed by dialysis. Despite the fact
that ribavirin is contraindicated in the setting of renal
failure, this drug can be used at markedly reduced daily
doses and with careful monitoring for anemia. Patients
can be started on a low dose of ribavirin, and doses
can be increased gradually as long as side effects are
manageable[82-84].
Only a few reports support the combined use of
pegIFN and ribavirin in ESRD patients or patients on HD
[88]
(Table 1). Rendina et al
published the largest series
to date on the combined use of pegIFN α-2a (135 μg/
wk) plus ribavirin (200 mg daily to every other day) for
48 wk in 35 HD patients. They observed an SVR rate of
97% (34 of the/35 patients) and a dropout rate of 14%.
Only one patient developed severe anemia and had to
be weaned off treatment.
The dose of ribavirin should be adjusted based on
target plasma level which has been identified as 10-15
mcmol/L in patients with normal kidney function. For
patients with ESRD, the average dose of ribavirin can
be 200 mg daily, but some individuals can only tolerate
[46]
200 mg every other day . Assays for monitoring
plasma ribavirin levels are not routinely available. Even
when therapeutic ribavirin levels are maintained the
potential for anemia in HD patients cannot be ruled out.
Recombinant human erythropoietin or blood transfusions
can be while maintaining the desired ribavirin dosage,
for these patients, as these measures can correct
anemia and improve quality of life during treatment[83].

Direct-acting anti-viral agents

Direct-acting anti-viral agents (DAA) have yielded
exciting results in ESRD patients. When combined with
IFN and ribavirin, DAA increase SVR rates in patients
with intact kidney function. However, anemia is an
important potential side effect of DAA even in patients
with normal glomerular filtration rate. Further information
and experience are needed with respect to using DAAbased therapy in patients with ESRD[89]. More aggressive
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Table 1 Results from trials: Interferon-ribavirin combined treatments in patients with end-stage renal disease and hepatitis C virus
ınfection
Ref.

Year
[85]

No. of patients Proportion with HCV genotype 1 (%)

Tan et al

2001

5

NA

Mousa et al[86]

2004

20

60-66

Bruchfeld et al[87]

2006

6

66

Rendina et al[88]

2007

35

45.7

Treatment

SVR (%) Dropout (%)

IFN-3.0 MU/d to 3 times/wk + RBV 200
mg/d, 3 times/wk for 40 wk
IFN-3.0 MU/d to 3 times/wk + RBV 200
mg/d, 3 times/wk
For 24 wk
For 48 wk
PegIFN - 50 μg/wk + RBV 200-400 mg/d
for 24-48 wk (depending on genotype)
PegIFN-α2a 135 μg/wk + RBV 200 mg/d
for 24-48 wk (depending on genotype)

NA

40

66
55
50

0
0
50

97

15

IFN: İnterferon; NA: Not available; PegIFN: Pegylated IFN; RBV: Ribavirin; SVR: Sustained virological response; HCV: Hepatitis C virus.

in HD patients with HCV infection. Well-designed
prospective studies are needed to evaluate the efficacy
and safety of the new IFN- free regimes in this patient
group.

therapy maybe considered for HD patients who are
eligible for KT, as HCV eradication prior to transplantation
[90]
can improve outcomes .
Two new HCV drugs were approved in 2011: telaprevir
and boceprevir. Both these are first-wave, first-generation
NS3-4A protease inhibitors. Two other drug were
approved in 2013/2014: simeprevir, a second-wave, firstgeneration NS3-4A protease inhibitor, and sofosbuvir, a
[91]
nucleotide analogue inhibitor of viral polymerase .
Triple therapy for HCV infection currently may have
several opportunities including a better therapeutic
schedule in patients with renal failure, which apparently
do not require dose adjustments to the kidney function,
yet the detailed data regarding the new drugs in these
[92]
patients are not available .
Sofosbuvir and simeprevir are not recommended for
patients with ESRD or patients who require HD. While
no dose reduction is necessary when sofosbuvir or
simeprevir are administered to patients mild to moderate
HCV infection, a lower dose is needed when this drug
is administered to patients with severe HCV infection.
Renal insufficiency has no impact on the pharmacokinetic
profile of asunaprevir[93].
The development of IFN-free or IFN-sparing regimens
represents a breakthrough in the history of anti-HCV
treatment. It ıs expected that treatment scenarios for
chronic HCV patients will change radically in the next
few years, as safe and potent therapies become more
accessible. This will simplify the mangement of these
cases, and will open possibilities to include patient
populations for which pegIFN is currently contrain
[94]
dicated .
In conclusion, HCV infection remains a major
health problem that can cause substantial liver-related
morbidity and mortality in patients with ESRD. Various
forms of IFN with or without ribavirin can be used to
treat ESRD patients with HCV infection prior to KT;
however, only approximately one-third of these patients
will achieve SVR. After an HCV-infected patient has
undergone KT, IFN-based treatments are generally not
recommended owing to the high risk of graft rejection.
Recently introduced IFN- free treatment options are
promising, but data are lacking regarding their use

WJH|www.wjgnet.com

REFERENCES
1

2
3
4
5

6

7

8

9

10

892

Selcuk H, Kanbay M, Korkmaz M, Gur G, Akcay A, Arslan
H, Ozdemir N, Yilmaz U, Boyacioglu S. Distribution of HCV
genotypes in patients with end-stage renal disease according to
type of dialysis treatment. Dig Dis Sci 2006; 51: 1420-1425 [PMID:
16868830 DOI: 10.1007/s10620-005-9025-9]
Mangia A, Burra P, Ciancio A, Fagiuoli S, Guido M, Picciotto
A, Fabrizi F. Hepatitis C infection in patients with chronic kidney
disease. Int J Artif Organs 2008; 31: 15-33 [PMID: 18286451]
Perico N, Cattaneo D, Bikbov B, Remuzzi G. Hepatitis C infection
and chronic renal diseases. Clin J Am Soc Nephrol 2009; 4:
207-220 [PMID: 19129320 DOI: 10.2215/CJN.03710708]
Aoufi Rabih S, García Agudo R. Management of HCV infection
in chronic kidney disease. Nefrologia 2011; 31: 260-267 [PMID:
21407274 DOI: 10.3265/Nefrologia.pre2011.Jan.10768]
Goodkin DA, Bragg-Gresham JL, Koenig KG, Wolfe RA, Akiba T,
Andreucci VE, Saito A, Rayner HC, Kurokawa K, Port FK, Held
PJ, Young EW. Association of comorbid conditions and mortality
in hemodialysis patients in Europe, Japan, and the United States:
the Dialysis Outcomes and Practice Patterns Study (DOPPS). J
Am Soc Nephrol 2003; 14: 3270-3277 [PMID: 14638926 DOI:
10.1097/01.ASN.0000100127.54107.57]
Fissell RB, Bragg-Gresham JL, Woods JD, Jadoul M, Gillespie B,
Hedderwick SA, Rayner HC, Greenwood RN, Akiba T, Young EW.
Patterns of hepatitis C prevalence and seroconversion in hemodialysis
units from three continents: the DOPPS. Kidney Int 2004; 65:
2335-2342 [PMID: 15149347 DOI: 10.1111/j.1523-1755.2004.00649.
x]
Di Napoli A, Pezzotti P, Di Lallo D, Petrosillo N, Trivelloni C,
Di Giulio S. Epidemiology of hepatitis C virus among longterm dialysis patients: a 9-year study in an Italian region. Am J
Kidney Dis 2006; 48: 629-637 [PMID: 16997059 DOI: 10.1053/
j.ajkd.2006.07.004]
Sun J, Yu R, Zhu B, Wu J, Larsen S, Zhao W. Hepatitis C infection
and related factors in hemodialysis patients in china: systematic
review and meta-analysis. Ren Fail 2009; 31: 610-620 [PMID:
19839861 DOI: 10.1080/08860220903003446]
Alavian SM, Kabir A, Ahmadi AB, Lankarani KB, Shahbabaie
MA, Ahmadzad-Asl M. Hepatitis C infection in hemodialysis
patients in Iran: a systematic review. Hemodial Int 2010; 14:
253-262 [PMID: 20491973 DOI: 10.1111/j.1542-4758.2010.00437.
x]
Finelli L, Miller JT, Tokars JI, Alter MJ, Arduino MJ. National

April 28, 2015|Volume 7|Issue 6|

Ozer Etik D et al . Hepatitis C in hemodialysis patients

11

12

13
14

15

16

17

18

19

20

21

22

23
24

25
26

surveillance of dialysis-associated diseases in the United States,
2002. Semin Dial 2002; 18: 52-61 [PMID: 15663766 DOI:
10.1111/j.1525-139X.2005.18108.x]
Patel PR, Thompson ND, Kallen AJ, Arduino MJ. Epidemiology,
surveillance, and prevention of hepatitis C virus infections in
hemodialysis patients. Am J Kidney Dis 2010; 56: 371-378 [PMID:
20570422 DOI: 10.1053/j.ajkd.2010.01.025]
Zampieron A, Jayasekera H, Elseviers M, Lindley E, DeVos
JY, Visser R, Harrington M. European study on epidemiology
and management of hepatitis C virus (HCV) infection in the
haemodialysis population. Part 3: prevalence and incidence.
EDTNA ERCA J 2006; 32: 42-44 [PMID: 16700168 DOI: 10.1111/
j.1755-6686.2006.tb00445.x]
Süleymanlar G, Altıparmak MR, Seyahi N, Trabulus S. National
hemodialysis, transplantation and nephrology registry report of
Turkey. İstanbul: Turkish Society of Nephrology, 2012
Gordon CE, Balk EM, Becker BN, Crooks PA, Jaber BL, Johnson
CA, Michael MA, Pereira BJ, Uhlig K, Levin A. KDOQI US
commentary on the KDIGO clinical practice guideline for the
prevention, diagnosis, evaluation, and treatment of hepatitis C in
CKD. Am J Kidney Dis 2008; 52: 811-825 [PMID: 18971009 DOI:
10.1053/j.ajkd.2008.08.005]
Espinosa M, Martn-Malo A, Ojeda R, Santamara R, Soriano
S, Aguera M, Aljama P. Marked reduction in the prevalence of
hepatitis C virus infection in hemodialysis patients: causes and
consequences. Am J Kidney Dis 2004; 43: 685-689 [PMID:
15042545 DOI: 10.1053/j.ajkd.2003.12.030]
Kalantar-Zadeh K, Kilpatrick RD, McAllister CJ, Miller LG,
Daar ES, Gjertson DW, Kopple JD, Greenland S. Hepatitis C virus
and death risk in hemodialysis patients. J Am Soc Nephrol 2007;
18: 1584-1593 [PMID: 17429053 DOI: 10.1681/ASN.2006070736]
Lee JJ, Lin MY, Chang JS, Hung CC, Chang JM, Chen HC,
Yu ML, Hwang SJ. Hepatitis C virus infection increases risk of
developing end-stage renal disease using competing risk analysis.
PLoS One 2014; 9: e100790 [PMID: 24971499 DOI: 10.1371/
journal.pone.0100790]
Fabrizi F, Martin P, Dixit V, Bunnapradist S, Dulai G. Metaanalysis: Effect of hepatitis C virus infection on mortality in
dialysis. Aliment Pharmacol Ther 2004; 20: 1271-1277 [PMID:
15606388 DOI: 10.1111/j.1365-2036.2004.02290.x]
Sezer S, Ozdemir FN, Akcay A, Arat Z, Boyacioglu S, Haberal
M. Renal transplantation offers a better survival in HCV-infected
ESRD patients. Clin Transplant 2004; 18: 619-623 [PMID:
15344970 DOI: 10.1111/j.1399-0012.2004.00252.x]
Ruhı Ç, Süleymanlar İ, Koçak H, Yilmaz VT, Çolak D, Dınçkan
A, Gürkan A, Ersoy F, Yakupoğlu G, Süleymanlar G. The impact
of hepatitis C virus infection on long-term outcome in renal
transplant patients. Turk J Gastroenterol 2011; 22: 165-170 [PMID:
21796553]
Roth D, Gaynor JJ, Reddy KR, Ciancio G, Sageshima J, Kupin W,
Guerra G, Chen L, Burke GW. Effect of kidney transplantation on
outcomes among patients with hepatitis C. J Am Soc Nephrol 2011;
22: 1152-1160 [PMID: 21546575 DOI: 10.1681/ASN.2010060668]
Ingsathit A, Kamanamool N, Thakkinstian A, Sumethkul V.
Survival advantage of kidney transplantation over dialysis in
patients with hepatitis C: a systematic review and meta-analysis.
Transplantation 2013; 95: 943-948 [PMID: 23425817 DOI:
10.1097/TP.0b013e3182848de2]
Recommendations for preventing transmission of infections among
chronic hemodialysis patients. MMWR Recomm Rep 2001; 50: 1-43
[PMID: 11349873]
Bianco A, Bova F, Nobile CG, Pileggi C, Pavia M. Healthcare
workers and prevention of hepatitis C virus transmission: exploring
knowledge, attitudes and evidence-based practices in hemodialysis
units in Italy. BMC Infect Dis 2013; 13: 76 [PMID: 23391009 DOI:
10.1186/1471-2334-13-76]
Tang S, Lai KN. Chronic viral hepatitis in hemodialysis patients.
Hemodial Int 2005; 9: 169-179 [PMID: 16191066 DOI: 10.1111/
j.1492-7535.2005.01129.x]
Lopes EP, Gouveia EC, Albuquerque AC, Sette LH, Mello

WJH|www.wjgnet.com

27

28

29

30

31

32

33

34

35

36

37

38

39

40

893

LA, Moreira RC, Coelho MR. Determination of the cut-off
value of serum alanine aminotransferase in patients undergoing
hemodialysis, to identify biochemical activity in patients with
hepatitis C viremia. J Clin Virol 2006; 35: 298-302 [PMID:
16290052 DOI: 10.1016/j.jcv.2005.09.010]
Liu CH, Kao JH. Treatment of hepatitis C virus infection in
patients with end-stage renal disease. J Gastroenterol Hepatol
2011; 26: 228-239 [PMID: 21261711 DOI: 10.1111/j.1440-1746.2
010.06488.x]
European Association for the Study of the Liver. EASL Clinical
Practice Guidelines: management of hepatitis C virus infection.
J Hepatol 2011; 55: 245-264 [PMID: 21371579 DOI: 10.1016/
j.jhep.2011.02.023]
Kaiser T, Damerow HC, Tenckhoff S, Finger A, Böttcher I, Hafer
C, Schwarz A, Lüth JB, Schmidt Gürtler H, Colucci G, Manns MP,
Wedemeyer H, Tillmann HL. Kinetics of hepatitis C viral RNA
and HCV-antigen during dialysis sessions: evidence for differential
viral load reduction on dialysis. J Med Virol 2008; 80: 1195-1201
[PMID: 18461613 DOI: 10.1002/jmv.21190]
Perez RM, Ferraz ML, Figueiredo MS, Contado D, Koide S,
Ferreira AP, Cendoroglo Neto M, Medina Pestana JO, Silva AE.
Unexpected distribution of hepatitis C virus genotypes in patients
on hemodialysis and kidney transplant recipients. J Med Virol
2003; 69: 489-494 [PMID: 12601756 DOI: 10.1002/jmv.10336]
Martin P, Carter D, Fabrizi F, Dixit V, Conrad AJ, Artinian
L, Peacock V, Han S, Wilkinson A, Lassman CR, Danovitch
G. Histopathological features of hepatitis C in renal transplant
candidates [see comment]. Transplantation 2000; 69: 1479-1484
[PMID: 10798774 DOI: 10.1097/00007890-200004150-00045]
Boyacioğlu S, Gür G, Yilmaz U, Korkmaz M, Demirhan B,
Bilezikçi B, Ozdemir N. Investigation of possible clinical and
laboratory predictors of liver fibrosis in hemodialysis patients
infected with hepatitis C virus. Transplant Proc 2004; 36: 50-52
[PMID: 15013298 DOI: 10.1016/j.transproceed.2003.11.066]
Canbakan M, Senturk H, Canbakan B, Toptas T, Tabak O, Ozaras R,
Tabak F, Balcı H, Sut N, Ozbay G. Validation of biochemical markers
for the prediction of liver fibrosis and necroinflammatory activity in
hemodialysis patients with chronic hepatitis C. Nephron Clin Pract
2011; 117: c289-c295 [PMID: 20847572 DOI: 10.1159/000320751]
Gürsoy M, Bilezikci B, Colak T, Köksal R, Demirhan B,
Karavelioğlu D, Boyacioğlu S, Bilgin N, Arslan G. Histologic
outcome of hepatitis C virus infection in renal transplant recipients
and the effect of pretransplantation interferon treatment. Transplant
Proc 2000; 32: 558-560 [PMID: 10812112 DOI: 10.1016/S0041-134
5(00)00889-7]
Tang IY, Walzer N, Aggarwal N, Tzvetanov I, Cotler S, Benedetti
E. Management of the kidney transplant patient with chronic
hepatitis C infection. Int J Nephrol 2011; 2011: 245823 [PMID:
21603155 DOI: 10.4061/2011/245823]
Ahmad A, Hasan F, Abdeen S, Sheikh M, Kodaj J, Nampoory MR,
Johny KV, Asker H, Siddique I, Thalib L, Al-Nakib B. Transjugular
liver biopsy in patients with end-stage renal disease. J Vasc Interv
Radiol 2004; 15: 257-260 [PMID: 15028810]
Liu CH, Liang CC, Huang KW, Liu CJ, Chen SI, Lin JW, Hung
PH, Tsai HB, Lai MY, Chen PJ, Chen JH, Chen DS, Kao JH.
Transient elastography to assess hepatic fibrosis in hemodialysis
chronic hepatitis C patients. Clin J Am Soc Nephrol 2011; 6:
1057-1065 [PMID: 21393486 DOI: 10.2215/CJN.04320510]
Liu CH, Liang CC, Liu CJ, Hsu SJ, Lin JW, Chen SI, Hung PH,
Tsai HB, Lai MY, Chen PJ, Chen JH, Chen DS, Kao JH. The ratio
of aminotransferase to platelets is a useful index for predicting
hepatic fibrosis in hemodialysis patients with chronic hepatitis C.
Kidney Int 2010; 78: 103-109 [PMID: 20357753 DOI: 10.1038/
ki.2010.74]
Kellner P, Anadol E, Hüneburg R, Hundt F, Bös D, Klein B,
Woitas RP, Spengler U, Sauerbruch T, Trebicka J. The effect of
hemodialysis on liver stiffness measurement: a single-center series.
Eur J Gastroenterol Hepatol 2013; 25: 368-372 [PMID: 23114792
DOI: 10.1097/MEG.0b013e32835ad180]
Botero RC. Should patients with chronic hepatitis C infection

April 28, 2015|Volume 7|Issue 6|

Ozer Etik D et al . Hepatitis C in hemodialysis patients

41
42
43

44

45
46

47

48
49
50

51
52

53

54

55

56

57

58

be transplanted? Transplant Proc 2004; 36: 1449-1454 [PMID:
15251356 DOI: 10.1016/j.transproceed.2004.06.003]
Morales JM, Bloom R, Roth D. Kidney transplantation in the
patient with hepatitis C virus infection. Contrib Nephrol 2012; 176:
77-86 [PMID: 22310783 DOI: 10.1159/000332385]
Carbone M, Cockwell P, Neuberger J. Hepatitis C and kidney
transplantation. Int J Nephrol 2011; 2011: 593291 [PMID:
21755059 DOI: 10.4061/2011/593291]
Eason JD, Gonwa TA, Davis CL, Sung RS, Gerber D, Bloom
RD. Proceedings of Consensus Conference on Simultaneous
Liver Kidney Transplantation (SLK). Am J Transplant 2008; 8:
2243-2251 [PMID: 18808402 DOI: 10.1111/j.1600-6143.2008.024
16.x]
Roth D, Bloom R. Selection and management of hepatitis C
virus-infected patients for the kidney transplant waiting list.
Contrib Nephrol 2012; 176: 66-76 [PMID: 22310782 DOI:
10.1159/000333774]
Kim E, Ko HH, Yoshida EM. Treatment issues surrounding
hepatitis C in renal transplantation: a review. Ann Hepatol 2011;
10: 5-14 [PMID: 21301003]
Terrault NA, Adey DB. The kidney transplant recipient with
hepatitis C infection: pre- and posttransplantation treatment. Clin
J Am Soc Nephrol 2007; 2: 563-575 [PMID: 17699464 DOI:
10.2215/CJN.02930806]
Kamar N, Rostaing L, Selves J, Sandres-Saune K, Alric L, Durand
D, Izopet J. Natural history of hepatitis C virus-related liver fibrosis
after renal transplantation. Am J Transplant 2005; 5: 1704-1712
[PMID: 15943629 DOI: 10.1111/j.1600-6143.2005.00918.x]
Morales JM, Aguado JM. Hepatitis C and renal transplantation.
Curr Opin Organ Transplant 2012; 17: 609-615 [PMID: 23111646
DOI: 10.1097/MOT.0b013e32835a2bac]
Pereira BJ, Levey AS. Hepatitis C virus infection in dialysis
and renal transplantation. Kidney Int 1997; 51: 981-999 [PMID:
9083262 DOI: 10.1038/ki.1997.139]
Izopet J, Rostaing L, Sandres K, Cisterne JM, Pasquier C, Rumeau
JL, Duffaut M, Durand D, Puel J. Longitudinal analysis of hepatitis
C virus replication and liver fibrosis progression in renal transplant
recipients. J Infect Dis 2000; 181: 852-858 [PMID: 10720504
DOI: 10.1086/315355]
Du LY, Tang H. Treatment of HCV patients before and after renal
transplantation. Hepat Mon 2011; 11: 880-886 [PMID: 22308151
DOI: 10.5812/kowsar.1735143X.712]
Fabrizi F, Lunghi G, Dixit V, Martin P. Meta-analysis: anti-viral
therapy of hepatitis C virus-related liver disease in renal transplant
patients. Aliment Pharmacol Ther 2006; 24: 1413-1422 [PMID:
17081162 DOI: 10.1111/j.1365-2036.2006.03151.x]
Kamar N, Sandres-Saune K, Selves J, Ribes D, Cointault O,
Durand D, Izopet J, Rostaing L. Long-term ribavirin therapy in
hepatitis C virus-positive renal transplant patients: effects on renal
function and liver histology. Am J Kidney Dis 2003; 42: 184-192
[PMID: 12830471 DOI: 10.1016/S0272-6386(03)00422-0]
Sharma RK, Bansal SB, Gupta A, Gulati S, Kumar A, Prasad N.
Chronic hepatitis C virus infection in renal transplant: treatment
and outcome. Clin Transplant 2006; 20: 677-683 [PMID:
17100715 DOI: 10.1111/j.1399-0012.2006.00534.x]
Manuel O, Baid-Agrawal S, Moradpour D, Pascual M. Immu
nosuppression in hepatitis C virus-infected patients after kidney
transplantation. Contrib Nephrol 2012; 176: 97-107 [PMID:
22310785 DOI: 10.1159/000332387]
Rosen HR, Shackleton CR, Higa L, Gralnek IM, Farmer DA,
McDiarmid SV, Holt C, Lewin KJ, Busuttil RW, Martin P. Use of
OKT3 is associated with early and severe recurrence of hepatitis C
after liver transplantation. Am J Gastroenterol 1997; 92: 1453-1457
[PMID: 9317061]
Luan FL, Schaubel DE, Zhang H, Jia X, Pelletier SJ, Port FK,
Magee JC, Sung RS. Impact of immunosuppressive regimen
on survival of kidney transplant recipients with hepatitis C.
Transplantation 2008; 85: 1601-1606 [PMID: 18551066 DOI:
10.1097/TP.0b013e3181722f3a]
Akalin E, Murphy B, Sehgal V, Ames S, Daly L, Bromberg JS.

WJH|www.wjgnet.com

59
60

61

62

63

64

65
66

67

68

69

70

71

72
73

894

Rapid steroid withdrawal in hepatitis C virus-positive kidney
transplant recipients. Clin Transplant 2004; 18: 384-389 [PMID:
15233814 DOI: 10.1111/j.1399-0012.2004.00177.x]
Hsu SH, Yeh ML, Wang SN. New insights in recurrent HCV
infection after liver transplantation. Clin Dev Immunol 2013; 2013:
890517 [PMID: 23710205 DOI: 10.1155/2013/890517]
Nakagawa M, Sakamoto N, Tanabe Y, Koyama T, Itsui Y, Takeda Y,
Chen CH, Kakinuma S, Oooka S, Maekawa S, Enomoto N, Watanabe
M. Suppression of hepatitis C virus replication by cyclosporin a is
mediated by blockade of cyclophilins. Gastroenterology 2005; 129:
1031-1041 [PMID: 16143140 DOI: 10.1053/j.gastro.2005.06.031]
Kahraman A, Witzke O, Scherag A, Pütter C, Miller M, Dechêne
A, Ross SR, Gerken G, Hilgard P. Impact of immunosuppressive
therapy on hepatitis C infection after renal transplantation. Clin
Nephrol 2011; 75: 16-25 [PMID: 21176747]
Pan Q, de Ruiter PE, Metselaar HJ, Kwekkeboom J, de Jonge J,
Tilanus HW, Janssen HL, van der Laan LJ. Mycophenolic acid
augments interferon-stimulated gene expression and inhibits
hepatitis C Virus infection in vitro and in vivo. Hepatology 2012; 55:
1673-1683 [PMID: 22213147 DOI: 10.1002/hep.25562]
López-Medrano F, Fernández-Ruiz M, Morales JM, San-Juan R,
Cervera C, Carratalá J, Torre-Cisneros J, Gavaldá J, Muñoz P, Len
O, Martín-Dávila P, Ramos A, Montejo M, Lumbreras C, Moreno
A, Aguado JM. Impact of hepatitis C virus infection on the risk of
infectious complications after kidney transplantation: data from
the RESITRA/REIPI cohort. Transplantation 2011; 92: 543-549
[PMID: 21869745 DOI: 10.1097/TP.0b013e318225dbae]
Torres J, Aguado JM, San Juan R, Andrés A, Sierra P, LópezMedrano F, Morales JM. Hepatitis C virus, an important risk factor
for tuberculosis in immunocompromised: experience with kidney
transplantation. Transpl Int 2008; 21: 873-878 [PMID: 18482173
DOI: 10.1111/j.1432-2277.2008.00694.x]
Meyers CM, Seeff LB, Stehman-Breen CO, Hoofnagle JH. Hepatitis
C and renal disease: an update. Am J Kidney Dis 2003; 42: 631-657
[PMID: 14520615 DOI: 10.1016/S0272-6386(03)00828-X]
Sandri AM, Elewa U, Poterucha JJ, Fervenza FC. Treatment of
hepatitis C-mediated glomerular disease. Nephron Clin Pract
2011; 119: c121-129; discussion c129-130 [PMID: 21757949 DOI:
10.1159/000325220]
Kamar N, Rostaing L, Boulestin A, Sandres K, Dubois M,
Ribes D, Modesto A, Durand D, Izopet J. Evolution of hepatitis
C virus quasispecies in renal transplant patients with de novo
glomerulonephritis. J Med Virol 2003; 69: 482-488 [PMID:
12601755 DOI: 10.1002/jmv.10335]
Fabrizi F, Martin P, Dixit V, Bunnapradist S, Kanwal F, Dulai
G. Post-transplant diabetes mellitus and HCV seropositive status
after renal transplantation: meta-analysis of clinical studies. Am J
Transplant 2005; 5: 2433-2440 [PMID: 16162192 DOI: 10.1111/
j.1600-6143.2005.01040.x]
Bloom RD, Lake JR. Emerging issues in hepatitis C virus-positive
liver and kidney transplant recipients. Am J Transplant 2006; 6:
2232-2237 [PMID: 16869798 DOI: 10.1111/j.1600-6143.2006.014
57.x]
Bloom RD, Rao V, Weng F, Grossman RA, Cohen D, Mange KC.
Association of hepatitis C with posttransplant diabetes in renal transplant
patients on tacrolimus. J Am Soc Nephrol 2002; 13: 1374-1380 [PMID:
11961026 DOI: 10.1097/01.ASN.0000012382.97168.E0]
Kasiske BL, Snyder JJ, Gilbertson D, Matas AJ. Diabetes mellitus
after kidney transplantation in the United States. Am J Transplant
2003; 3: 178-185 [PMID: 12603213 DOI: 10.1034/j.1600-6143.20
03.00010.x]
Zignego AL, Giannini C, Gragnani L. HCV and lympho
proliferation. Clin Dev Immunol 2012; 2012: 980942 [PMID:
22852020 DOI: 10.1155/2012/980942]
Burra P, Buda A, Livi U, Rigotti P, Zanus G, Calabrese F, Caforio
A, Menin C, Canova D, Farinati F, Luciana Aversa SM. Occurrence
of post-transplant lymphoproliferative disorders among over
thousand adult recipients: any role for hepatitis C infection? Eur
J Gastroenterol Hepatol 2006; 18: 1065-1070 [PMID: 16957512
DOI: 10.1097/01.meg.0000231752.50587.ae]

April 28, 2015|Volume 7|Issue 6|

Ozer Etik D et al . Hepatitis C in hemodialysis patients
74
75
76

77

78
79

80

81

82
83
84

85

Esforzado N, Campistol JM. Treatment of hepatitis C in dialysis
patients. Contrib Nephrol 2012; 176: 54-65 [PMID: 22310781
DOI: 10.1159/000332383]
Rostaing L, Weclawiak H, Izopet J, Kamar N. Treatment of hepatitis
C virus infection after kidney transplantation. Contrib Nephrol 2012;
176: 87-96 [PMID: 22310784 DOI: 10.1159/000333775]
Goodkin DA, Bieber B, Gillespie B, Robinson BM, Jadoul M.
Hepatitis C infection is very rarely treated among hemodialysis
patients. Am J Nephrol 2013; 38: 405-412 [PMID: 24192505 DOI:
10.1159/000355615]
Weclawiak H, Kamar N, Ould-Mohamed A, Cardeau-Desangles
I, Izopet J, Rostaing L. Treatment of chronic hepatitis C virus
infection in dialysis patients: an update. Hepat Res Treat 2010;
2010: 267412 [PMID: 21152180 DOI: 10.1155/2010/267412]
Ghany MG, Strader DB, Thomas DL, Seeff LB. Diagnosis,
management, and treatment of hepatitis C: an update. Hepatology
2009; 49: 1335-1374 [PMID: 19330875 DOI: 10.1002/hep.22759]
Fabrizi F, Ganeshan SV, Lunghi G, Messa P, Martin P. Antiviral
therapy of hepatitis C in chronic kidney diseases: meta-analysis of
controlled clinical trials. J Viral Hepat 2008; 15: 600-606 [PMID:
18444984 DOI: 10.1111/j.1365-2893.2008.00990.x]
Gordon CE, Uhlig K, Lau J, Schmid CH, Levey AS, Wong JB.
Interferon treatment in hemodialysis patients with chronic hepatitis
C virus infection: a systematic review of the literature and metaanalysis of treatment efficacy and harms. Am J Kidney Dis 2008;
51: 263-277 [PMID: 18215704 DOI: 10.1053/j.ajkd.2007.11.003]
Alavian SM, Tabatabaei SV. Meta-analysis of factors associated
with sustained viral response in patients on hemodialysis treated
with standard or pegylated interferon for hepatitis C infection. Iran
J Kidney Dis 2010; 4: 181-194 [PMID: 20622305]
Okoh EJ, Bucci JR, Simon JF, Harrison SA. HCV in patients with
end-stage renal disease. Am J Gastroenterol 2008; 103: 2123-2134
[PMID: 18796105 DOI: 10.1111/j.1572-0241.2008.01981.x]
Carrion AF, Fabrizi F, Martin P. Should ribavirin be used to treat
hepatitis C in dialysis patients? Semin Dial 2011; 24: 272-274
[PMID: 21480995 DOI: 10.1111/j.1525-139X.2011.00851.x]
Liu CH, Huang CF, Liu CJ, Dai CY, Liang CC, Huang JF, Hung
PH, Tsai HB, Tsai MK, Chen SI, Lin JW, Yang SS, Su TH, Yang
HC, Chen PJ, Chen DS, Chuang WL, Yu ML, Kao JH. Pegylated
interferon-α2a with or without low-dose ribavirin for treatment-naive
patients with hepatitis C virus genotype 1 receiving hemodialysis:
a randomized trial. Ann Intern Med 2013; 159: 729-738 [PMID:
24297189 DOI: 10.7326/0003-4819-159-11-201312030-00005]
Tan AC, Brouwer JT, Glue P, van Leusen R, Kauffmann RH,
Schalm SW, de Vries RA, Vroom B. Safety of interferon and

86

87

88

89

90

91
92

93

94

ribavirin therapy in haemodialysis patients with chronic hepatitis C:
results of a pilot study. Nephrol Dial Transplant 2001; 16:193-195
[PMID: 11209032]
Mousa DH, Abdalla AH, Al-Shoail G, Al-Sulaiman MH, AlHawas FA, Al-Khader AA. Alpha-interferon with ribavirin in the
treatment of hemodialysis patients with hepatitis C. Transplant
Proc 2004; 36: 1831-1834 [PMID: 15350490]
Bruchfeld A, Lindahl K, Reichard O, Carlsson T, Schvarcz R.
Pegylated interferon and ribavirin treatment for hepatitis C in
haemodialysis patients. J Viral Hepat 2006; 13: 316-321 [PMID:
16637862]
Rendina M, Schena A, Castellaneta NM, Losito F, Amoruso AC,
Stallone G, Schena FP, Di Leo A, Francavilla A. The treatment
of chronic hepatitis C with peginterferon alfa-2a (40 kDa) plus
ribavirin in haemodialysed patients awaiting renal transplant. J
Hepatol 2007; 46: 768-774 [PMID: 17383045 DOI: 10.1016/
j.jhep.2006.12.016]
Lee LY, Tong CY, Wong T, Wilkinson M. New therapies for
chronic hepatitis C infection: a systematic review of evidence
from clinical trials. Int J Clin Pract 2012; 66: 342-355 [PMID:
22420497 DOI: 10.1111/j.1742-1241.2012.02895.x]
Kawaoka T, Aikata H, Miyaki D, Murakami E, Azakami T, Takaki S,
Nagaoki Y, Hashimoto Y, Katamura Y, Hiramatsu A, Waki K, Hiraga
N, Miki D, Tsuge M, Imamura M, Kawakami Y, Takahashi S, Ochi
H, Tashiro H, Ohdan H, Chayama K. Eradication of hepatitis C virus
genotype 1 after liver transplantation by interferon therapy before
surgery: Report of three patients with analysis of interleukin-28
polymorphism, hepatitis C virus core region and interferonsensitivity determining region. Hepatol Res 2011; 41: 1126-1131
[PMID: 22032680 DOI: 10.1111/j.1872-034X.2011.00853.x]
Pawlotsky JM. New hepatitis C virus (HCV) drugs and the hope for
a cure: concepts in anti-HCV drug development. Semin Liver Dis
2014; 34: 22-29 [PMID: 24782255 DOI: 10.1055/s-0034-1371007]
Fabrizi F, Penatti A, Messa P, Martin P. Treatment of hepatitis C
after kidney transplant: a pooled analysis of observational studies.
J Med Virol 2014; 86: 933-940 [PMID: 24610278 DOI: 10.1002/
jmv.23919]
Zimner-Rapuch S, Janus N, Deray G, Launay-Vacher V. New
therapies for hepatitis C: considerations in patients with renal
impairment. Drugs 2014; 74: 1307-1313 [PMID: 25060981 DOI:
10.1007/s40265-014-0268-7]
Degasperi E, Aghemo A. Sofosbuvir for the treatment of chronic
hepatitis C: between current evidence and future perspectives. Hepat
Med 2014; 6: 25-33 [PMID: 24822024 DOI: 10.2147/HMER.
S44375]
P- Reviewer: Jin B, Komatsu H, Trigka K S- Editor: Tian YL
L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

895

April 28, 2015|Volume 7|Issue 6|

World J Hepatol 2015 April 28; 7(6): 896-902
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i6.896

MINIREVIEWS

Lamivudine resistance in children with chronic hepatitis B
Erhun Kasırga
Erhun Kasırga, Department of Pediatric Gastroenterology, Celal
Bayar University, 45030 Manisa, Turkey
Author contributions: Kasırga E designed research, performed
research, contributed new reagents or analytic tools, analyzed
data and wrote the paper.
Conflict-of-interest: None.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Erhun Kasırga, Professor, Department of
Pediatric Gastroenterology, Celal Bayar University, Uncubozköy
Mh., Mimarsinan Bulv., No:173, 45030 Manisa,
Turkey. hekasirga@hotmail.com
Telephone: +90-236-4444228
Fax: +90-236-2338040
Received: August 26, 2014
Peer-review started: August 27, 2014
First decision: September 16, 2014
Revised: October 31, 2014
Accepted: January 18, 2015
Article in press: January 20, 2015
Published online: April 28, 2015

treatment induced the higher seroconversion rate, the
risk of viral resistance increased through the selection
of YMDD (tyrosine, methionine, aspartate, aspartate)
motif. Insufficient suppression of viral replication leads
to the emergence of resistant strains that could result
in virological breakthrough which is usually followed
by biochemical breakthrough. Mutant strains affects
additional resistance and cross resistance, leading to
drug resistance in a significant number of CHB patients.
In this case, efficacy of more powerful anti-viral agents
with higher genetic barrier against development of
resistance is diminished. Furthermore, strains that are
resistant to LAM could bring about vaccine escape
mutants, decreasing the efficacy of HBV vaccine. A more
potent drug with a high genetic barrier to resistance
needs to be approved as the first-line treatment option
for CHB in children.
Key words: Children; Chronic hepatitis B; Lamivudine;
Lamivudine-resistant mutants; YMDD mutation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In present day, antiviral drugs with higher
genotypic barrier to resistance cannot be used for
children with chronic hepatitis B since these drugs are
not covered by the general health insurance in many
countries. Therefore, lamivudine (LAM) which is not
used for adults due to its many drawbacks has been
used as a first-line of treatment for children out of
necessity. Even though long term treatment results with
LAM appear to be good, long term treatment increases
the possibility of occurrence of resistant strains. These
strains which are resistant to LAM could develop cross
resistance to other anti-viral agents.

Abstract
Currently, although lamivudine (LAM) has a low genetic
barrier, only interferon-alpha and LAM are available as
a first-line treatment in children with chronic hepatitis
B (CHB). LAM is a potent inhibitor of hepatitis B virusdeoxyribonucleic acid (HBV-DNA) polymerase replication
by termination of the proviral HBV-DNA chain. LAM has
a good safety and tolerability profile in CHB patients
with hepatic decompensation. However, the main
disadvantages of this HBV reverse transcriptase inhibitor
are: (1) pre-existing covalently closed circular DNA
cannot be eradicated by LAM, thus relapse after therapy
withdrawal is frequent; and (2) although the longer LAM
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controlled LAM trial in children. Hagmann et al found
relapse rate of 25% after cessation of LAM treatment.
It is likely that duration of LAM treatment would be a
[3]
culprit for the variations in relapse rates. Choe et al
reported long term LAM treatment increased HBeAg
seroconversion rates more than IFN treatment. This is
especially seen in pre-school children. High relapse rates
have been observed when LAM treatment is discontinued
before and right after HBeAg seroconversion. Because
of this, treatment should continue possibly 12 mo after
HBeAg seroconversion is observed. Nevertheless, major
limitation of prolonged LAM therapy is formation of
resistant mutants[1,5]. It is recognized that resistance to
LAM develops as a result of emerging mutations which
are formed in catalytic part of the reverse transcriptase
YMDD [(Y) tyrosine, (M) methionine, (D) aspartate, (D)
aspartate]. In YMDD mutation formations, methionine is
replaced with valine (rtM204V), isoleucine (rtM204I) or
rarely serine (rtM204S). In these mutations, rtM204V is
always together with rtL180M which is a compensating
mutation. This mutation partially restores replication
fitness of HBV. However, it has been shown that
rtM204I differentiation is independent from rtL180M.
In addition, rtV173L differentiation which is found in
some samples resistant to LAM, increased replication
capacity of HBV[11]. Resistance to LAM causes absence
of HBV-DNA suppression and eventually advancement
of liver disease. However, replication capacity of YMDD
mutants is less than the wild virus. Because of this,
lower aminotransferase and HBV-DNA levels can be
found in YMDD mutant virus infections[12]. Hartman
[13]
et al
showed that 54% of the YMDD mutants were
maintained normal aminotransferase values. After
development of LAM resistance, usually serum HBVDNA becomes positive (virologic breakthrough) and
then serum alanine aminotransferase level increases
(biochemical breakthrough). Mutant strains generally
emerge after 6 mo of therapy with LAM. Resistance
rates of 38%, 49% and 65% have been reported at 2,
3 and 5 years of therapy with LAM[14]. In a multicenter
[9]
trial carried out by Jonas et al , the YMDD mutation
was detected in 19% of children who had undergone
LAM therapy for 52 wk. No LAM resistance mutations
were identified in the placebo group during the first
[15]
year of this study. Sokal et al
found YMDD mutation
rates of 49% and 64% in second and third year of
[16]
treatment, respectively. Hartman et al
found LAM
resistant mutants in 11 of 17 (65%) children at the end
of the first year of LAM treatment. Interestingly, YMDD
mutation rate of this study was extremely higher than
[10]
other studies. Hagmann et al reported development of
clinical resistance to LAM in 3 children (19%) in the first
year of therapy. Furthermore, in this study, frequency
of drug resistance is found to be low in children with
[5]
high HBV-DNA suppression level. Hong et al reported
breakthrough in 25.9% (21 out of 81) of patients treated
with LAM. These patients were followed up for more
[17]
than 1 year. Lee et al
reported viral breakthrough in
12 children (27%) during the therapy and documented

INTRODUCTION
Approximately 400 million human are globally affected
by chronic hepatitis B virus (HBV) infection. There is a
high risk of developing serious complications such as
cirrhosis and liver cancer in these people. Despite the
development of new therapies using antiviral agents
fighting chronic hepatitis B (CHB) remains to be a major
clinical challenge. Interferon-alpha (IFN-α), lamivudine
(LAM), adefovir, entecavir and lately tenofovir are
all amongst the approved drugs for medical care of
children affected by CHB. IFN-α for 12 mo and older
children; LAM initiating at 3 years of age; adefovir and
tenofovir in children 12 years and older; and entecavir
initiating from 16 years of age are used[1]. Even though
LAM is the primary antiviral drug officially accepted in
present day for children with CHB less than 12 years
old, use of antiviral drugs with a high genetic barrier
against the emergence of resistance (such as entecavir
and tenofovir) are not practiced for children with HBV
because these drugs are not covered by the general
health insurance in many countries.

CLINICAL ASPECTS OF LAM
RESISTANCE IN CHILDREN
LAM, a nucleoside analogue has been officially
accepted for treatment of CHB infection by United
States Food and Drug Administration in 1998. LAM
is found to be effective in suppression of HBV-DNA,
normalizing aminotransferase values and improving
histologic activity index. However, hepatitis B e antigen
(HBeAg) seroconversion is not always resulted from
[1,2]
[3]
LAM treatment . Choe et al found that HBeAg
seroconversion developed in 34% of children with CHB
within one year after initiation of LAM treatment. The
probability of response to LAM treatment increases with
high aminotransferase levels and high histologic activity
[4]
index at baseline. Hom et al found out that there is
no significance of age, gender, previous IFN therapy,
baseline weight, HBV-DNA, and body mass index in
prediction of response to LAM treatment in children
[5]
with CHB. However, Hong et al showed that high
aminotransferase levels affect the HBeAg seroconversion
as well as younger age in children with long-term LAM
[6]
treatment. Figlerowicz et al reported that pretreatment
serum HBV-DNA level is related to seroconversion of
HBeAg and sustained viral response rate. Although LAM
is a potent antiviral drug in the treatment of HBV, it does
not help to purify liver from covalently closed circular
DNA integrated into the cell nuclei. Covalently closed
circular DNA brings about continued presence of HBV in
[1,2]
liver cells . Therefore, after stopping LAM treatment
HBV replication may return to pretreatment levels. In
fact, it has been reported that relapse rates varied from
[7]
19% to 62% after cessation of treatment with LAM .
[8]
Kansu et al reported that relapse rates of 6.8% in
children treated with combined IFN-α2a and LAM. Jonas
[9]
et al determined a relapse rate of 17.5% in a placebo
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YMDD mutation in 11 children (25%). In this study,
average time for development of mutation was 22.7 mo.
[18]
found mutant strains in 34% of the children
Ni et al
after 12 mo of therapy with LAM. In this study, higher
resistance rates were found compared to other studies.
[19]
Akman et al reported YMDD mutants in 58.4% of the
total 24 children treated with LAM for 30 ± 10 mo. Choe
[3]
et al found viral breakthrough developed 10% in the
first year and 23% in the second year of LAM treatment.
In this study, YMDD mutation was found in 9 of 11
patients who have developed breakthrough. Liberek et
[20]
determined mild and temporary aminotransferase
al
increase in 4 out of 59 children with CHB and 2 children
with YMDD mutation between third and twelfth months
[21]
reported breakthrough
of LAM treatment. Koh et al
and relapse rates in 10% and 3.3% of children with CHB
after 52 mo with LAM therapy. In this study, although
the exact reason of lower breakthrough and relapse
rates are not known, clinical characteristics of patients
and differences in treatment schedule could be reasons
for this phenomenon.
Resistance to LAM increases with longer treatment
periods. Therefore, LAM therapy should be discontinued
6 mo after HBeAg seroconversion or appearance of
[1]
YMMD mutations . On the other hand, higher proportion
of LAM resistance is associated with higher viral load after
[22]
first 6 mo of therapy . It has been shown that complete
virologic response reduces the risk of resistance to LAM.
[23]
established a relationship between high
Yuen et al
HBV-DNA level and alanine aminotransferase level at
beginning with the emergence of YMDD mutations. Paik
[24]
determined a significant relationship between
et al
the YMDD mutations emerging at three months with
viral breakthrough. In another study, after 12 mo of
[25]
showed no significant
LAM treatment, Yuen et al
differences exist in virologic response and YMDD mutant
rates between patients with genotypes B and C. Contrary
[26]
showed development
to this study, Kobayashi et al
of YMDD mutants was influenced by HBV genotypes
in patients with CHB. Numerous studies have been
performed to determine whether a combination regimen
with LAM and IFN-α prevents or delays the emergence
of YMDD mutants. There are conflicting results in
literature regarding this matter. In accordance with a
[27]
study conducted by Chan et al , a lower LAM resistance
was found in combination treatment with pegylatedIFN and LAM (21%) compared with LAM monotherapy
[28]
showed risk for
(40%). However, Marrone et al
emergence of LAM resistance was not reduced with IFN
and LAM combination treatment. It is possible that older
patients and moderately high aminotransferase levels
[27]
could
prior to treatment in the study of Chan et al
have caused the differences between these two studies.
Furthermore, results may have been affected in favor of
[27]
conducted
the combination therapy since Chan et al
combination of LAM with IFN eight weeks longer than
[29]
monotherapy with LAM. Ozgenç et al determined high
breakthrough incidence in children with partial response
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to long-term LAM therapy. In this study, reported
breakthrough rates of LAM were 13.3%, 69.4%, and
[8]
82.4% in 1, 2, and 3 years, respectively. Kansu et al
reported breakthrough rates of 17.9% in simultaneous
therapy group and 24.6% in sequential therapy group.
[30]
Yilmaz et al did not find breakthrough in any patient
[31]
that could suggest YMDD mutation. Selimoglu et al
reported breakthrough in 11 (23.4%) children treated
with IFN-α and LAM combination therapy. In another
[32]
combination treatment of IFN-α and LAM, Dikici et al
demonstrated no viral breakthrough with the exception
of one patient during the follow-up period after the
treatment. The viral breakthrough for this child was
[33]
accepted as an YMDD mutation. Kuloğlu et al reported
breakthrough and YMDD mutant rates of 65.8% and
55.2% respectively with combined IFN-α and long
[34]
term LAM therapy. Saltik-Temizel et al
provided no
information about viral breakthrough rates in their article
on combination therapy with LAM and high-dose IFN-α.
Results from different treatment regimens are presented
in Table 1.
In accordance with the results of these studies,
avoiding unnecessary use of antiviral drugs can help to
reduce resistance. Therefore, LAM should be prescribed
only for patients with good predictors of response. If
there is no finding for resistance to LAM, children should
be treated for one year. However, there may be a need
for longer treatment[35]. Although the optimal duration
of therapy is not well-established, patients should
be treated for at least six more months after HBeAg
[36]
seroconversion . Treatment may be discontinued
in those who have HBV-DNA replication or mutant
[37]
strains . High HBV-DNA load before treatment was
shown to be an important factor causing virologic
breakthrough. Early suppression of viral replication plays
a key role for prevention of LAM resistance. Insufficient
response to LAM therapy with persistence of viremia
can increase the resistance[38]. On the other hand,
an elevated pretreatment alanine aminotransferase
level (more than twofold the upper normal limit) is
[39]
a key factor reducing the LAM resistance . Patients
who have not achieved a complete virologic response
(partial response) to LAM at week 24, switching to a
more potent antiviral agent or add-on another antiviral
agent without cross-resistance profile is the only
useful treatment approach[40]. Treatment guidelines for
children have not been established yet. However, in
case of failure with LAM therapy, addition of adefovir
or switching to either adefovir or entecavir therapies
should be considered in older children.

LAM RESISTANCE IN PREVIOUSLY
UNTREATED PATIENTS WITH CHB
Because HBV polymerase lacks of proofreading
mechanism, spontaneous polymerase mutations occur
[1,2]
naturally
. Therefore, YMDD motif variants can
develop not only as secondary to LAM usage, but also
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Table 1 Outcomes of different therapeutic regimens in children with chronic hepatitis B
Ref.

Therapeutic regimen

Jonas et al[9]
Hagmann et al[10]
Sokal et al[15]

LAM
LAM
LAM

Hartman et al[16]
Hong et al[5]
Lee et al[17]
Ni et al[18]
Akman et al[19]
Choe et al[3]

LAM
LAM
LAM
LAM
LAM
LAM

Liberek et al[20]
Koh et al[21]
Kansu et al[8]

LAM
LAM
LAM + IFN

Ozgenç et al[29]

LAM + IFN

Dikici et al[32]

LAM + IFN

Kuloğlu et al[33]

LAM + IFN

Saltik-Temizel et al[34]

LAM + IFN

Duration of treatment

HBeAg seroconversion rate (%)

52 wk
126 mo
24 mo
36 mo
126 mo
12 mo
12 mo
12 mo
32.3 ± 8.3 mo
126 mo
12 mo
126 mo
6 m IFN
24 mo LAM
6 mo IFN
12-36 mo
LAM
6 mo IFN
12 mo LAM
6 mo IFN
126 mo LAM
6 mo IFN
12 mo LAM

Relapse rate (%)

Breakthrough rate (%)

26
50
25
35
18
60.5
60
38
20.8
65

18
25
11
0
0
NA
0
0
NA
4

27.1
42
60.21
39.42
15.63
5.64
05
37

NA
3.3
6.81
02
6.83

3.7

19
19
49
64
65
25.9
27
34
58.4
103
234
3.38
10
17.91
24.62
13.33
69.44
82.45
3.3

34.2

NA

65.8

60

NA

NA

1
Simultaneous therapy; 2Sequential therapies; 3First year; 4Second year; 5Third year; 6Until HBeAg seroconversion or evidence of resistance. NA: Information
was not given in the study; IFN: Interferon; LAM: Lamivudine; HBeAg: Hepatitis B e antigen.

it can naturally occur with a relatively high incidence
[41]
in previously untreated patients with CHB . Recently,
the incidence of YMDD mutants in previously untreated
[42]
patients from eight countries was found to be 12.2% .
It is important to investigate these mutations in
primary LAM-nonresponsive patients. Although some
correlation between virologic breakthrough during
LAM therapy and previously presence of LAM-resistant
mutants in untreated patients has been found, its
clinical significance during LAM therapy is still unknown.
However, there is a small possibility for these mutants
to be dominant during HBV infection and CHB can
[43]
effectively be treated with LAM. Lee et al
indicated
that previously presence of LAM resistant mutants was
rapidly cleared with LAM therapy in untreated CHB
patients. Further researches are necessary to evaluate
the influence of LAM-resistant mutants in previously
untreated patients with CHB.

additional substitution at T184, S202, and/or M250
is enough to emergence of entecavir resistance, the
development of entecavir resistance occurs more
easily in LAM-resistant patients than treatment-naïve
[11]
patients . After two years therapy, the resistance
rates of entecavir have been increased (8%) in LAM[1]
[44]
resistant patients . Tenney et al
reported a low
rate of entecavir resistance (0.8%) and a high rate of
entecavir resistance (43%) in LAM-resistant patients
after five years of therapy.

TREATMENT OF LAM-RESISTANT CHB
IN CHILDREN
In case of virologic breakthrough, to avoid the emer
gence of cross resistance, a second antiviral agent
[1]
without cross-resistance is added to LAM . There have
been no beneficial effects of using adefovir in children
between 2 and 12 years of age. Therefore, adefovir was
[45]
licensed for use in adolescents. Jonas et al
reported
that early virologic response was a good predictor
for emergence of resistance against adefovir. Both
the combination of LAM with adefovir and entecavir
monotherapy were found to be more effective by Chu
et al[46] in suppressing HBV replication compared to
adefovir monotherapy in LAM-resistant children. Ryu et
[47]
al
reported that high baseline viral load was rapidly
declined with entecavir monotherapy in LAM refractory
children. However combination of LAM with adefovir
was more effective in suppressing the viral load than
entecavir.

CROSS-RESISTANCE
Presently, medications such as adefovir, entecavir and,
recently, tenofovir have been used for the treatment of
[1]
adolescents with CHB . However, only IFN-α and LAM
are still available as a first-line treatment especially
in young children at this time. In patients with LAMresistance, sufficient suppression of HBV-DNA is not
obtained and the incidence of resistance to adefovir is
increased. It has been observed that adding adefovir
to continued LAM therapy is found to be linked with
lower adefovir resistance rates. Because only one
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LAM-ASSOCIATED VACCINE-ESCAPE
MUTATIONS

4

Currently, there are two types of LAM-associated HBV
mutants with antigenically modified HBsAg. In the
genome organization of HBV, surface and polymerase
genes overlap; and changes in the polymerase reverse
transcriptase which involve LAM resistance substitutions
may cause mutations [first type hepatitis B surface
antigen (HBsAg) mutant] in the surface gene of HBV. A
triple substitution pattern (V173L + L180M + M204V) of
LAM resistance is associated with the changes (sE164D
+ sI195M) in the overlapping surface gene[48]. These
mutants may act as a vaccine escape mutants (sG145R).
As a result, those viruses which have mutated cannot
be recognized and eliminated by existing monoclonal
antibodies (anti-HBs). Because of the prolonged viral
suppression with LAM treatment, the second type
HBsAg mutants are emerged from the selection of
surface antigen escape mutants[49]. The development of
LAM resistant and HBsAg escape mutants is associated
with decreased attachment of anti-HBs antibodies
[50]
to HBsAg . LAM-resistant HBV mutants with the
capability to escape from anti-hepatitis B surface
antibodies have the ability to infect individuals both
vaccinated and unvaccinated for HBV. Therefore, it is
imperative that physician weigh up the possible benefits
and harms of treatment with LAM carefully.

5

6

7
8

9

10

11

CONCLUSION
12

Currently, LAM monotherapy is not used in adults
because of very high recalcitrance rates. Similarly,
most potent antiviral agents with optimal resistance
profile should be used as first-line therapy in children.
It is important to monitor early detection of virologic
breakthrough and determine genotypic resistance to
decide the optimal intervention. Monitoring the levels of
HBV-DNA and determination of types of resistant strains
would be necessary to establish therapeutic strategies.
Because the LAM resistant viruses appear to be more
prevalent in population, these mutants may become a
potential serious public health problem.
In conclusion, there is a need to conduct further studies
and new arrangements in general health insurance policies
for use of the antiviral drugs which have strong antiviral
effects and low resistance rates as first-line treatment in
children with CHB.
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Abstract
AIM: To study the clinical presentation of Budd-Chiari
syndrome (BCS) and identify the aetiologies of this
disease in Algeria.
METHODS: Patients with BCS, hospitalised in our unit
from January 2004 until June 2010 were included and the
aetiological factors were assessed. Patients presenting
a BCS in the setting of advanced-stage cirrhosis or a
liver transplantation were excluded from the study. The
diagnosis was established when an obstruction of hepatic
venous outflow (thrombosis, stenosis or compression)
was demonstrated. We diagnosed myeloproliferative
disease (MPD) by bone marrow biopsy and V617F
JAK2 mutation. Anti-phospholipid syndrome (APLS) was
detected by the presence of anticardiolipin antibodies,
anti-β2 glycoprotein antibodies and Lupus anticoagulant.
We also detected paroxysmal nocturnal haemoglobinuria
(PNH) by flow cytometry. Celiac disease and Behçet
disease were systematically investigated in our patients.
Hereditary anticoagulant protein deficiencies were also
assessed. We tested our patients for the G20210A
mutation at Beaujon Hospital. Imaging procedures were
performed to determine a local cause of BCS, such as a
hydatid cyst or a liver tumour.
RESULTS: One hundred and fifteen patients were
included. Mean follow up: 32.12 mo. Mean age: 34.41
years, M/F = 0.64. Chronic presentation was frequent:
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obstruction of hepatic venous drainage pathways, but
in most cases, it is related to a venous thrombosis. This
is referred to as primary BCS. Heart failure, constrictive
pericarditis and veno-occlusive disease are excluded
from this definition[1].
BCS is a rare disease, with an estimated prevalence
of 2 per 100000 inhabitants and an annual incidence
[2]
of approximately 0.2 cases per million inhabitants .
The clinical presentation of BCS depends on the
extent and the acute or progressive occurrence of venous
thrombosis. We distinguish asymptomatic forms of
BCS, which are discovered fortuitously, and symptomatic
forms, which can be acute or chronic. The acute form is
characterised by abdominal pain, ascites and hepatomegaly,
without evidence of portal hypertension. This form can
be complicated by fulminant hepatitis. The chronic form
is difficult to distinguish from cirrhosis regardless of the
aetiology. The subacute form is characterised by features
of acute BCS with portal hypertension. It reflects an
extension of a previous occurrence of thrombosis in the
HV.
Primary BCS is the clinical expression of an under
lying thrombotic condition that should be identified by
an exhaustive aetiological investigation.
The causal mechanism of venous thrombosis, which
is frequently multifactorial, often involves a myelo
[1,2]
proliferative disorder (MPD) . The purpose of this work
was to identify causal factors of BCS in Algeria. We also
sought to study the anatomic aspects and the clinical
presentation of BCS in our patients.

63.5%. The revealing symptoms for the BCS were
ascites (74.8%) and abdominal pain (42.6%). The
most common site of thrombosis was the hepatic veins
(72.2%). Involvement of the inferior vena cava alone
was observed in 3 patients. According to the radiological
investigations, BCS was primary in 94.7% of the cases
(n = 109) and secondary in 5.2% (n = 6). An aetiology
was identified in 77.4% of the patients (n = 89); it
was multifactorial in 27% (n = 31). The predominant
aetiology of BCS in our patients was a myeloproliferative
disease, observed in 34.6% of cases. APLS was found
in 21.7% and celiac disease in 11.4%. Other acquired
conditions were: PNH (n = 4), systemic disease (n = 6)
and inflammatory bowel disease (n = 5). Anticoagulant
protein deficiency was diagnosed in 28% of the patients
(n = 18), dominated by protein C deficiency (n = 13).
Secondary BCS was caused by a compressing hydatic
cyst (n = 5) and hepatocellular carcinoma (n = 1).
CONCLUSION: The main aetiologic factor of BCS in
Algeria is MPD. The frequency of celiac disease justifies
its consideration when BCS is diagnosed in our region.
Key words: Algeria; Etiologie; Celiac disease; Budd-Chiari;
Thrombosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Budd-Chiari syndrome (BCS) is a rare disease,
but it seems quite common in our country and in
North Africa in general. However, we do not know the
etiological features of this disease in our region. We
collected 115 cases of BCS in 6 years. A fairly complete
etiologic assessment was achieved. We identified the
cause of BCS in 77%. It was multifactorial in 27%. The
etiologies were dominated by the myeloproliferative
disease 34%, followed by antiphospholipid syndrome in
21%. Finally, the etiological distribution in our patients
does not differ too much from what is reported in
Western countries.

MATERIALS AND METHODS
This was a prospective study that included consecutive
patients, over the age of 16 years with BCS, who were
hospitalised in our unit from January 2004 until June
2010. Patients who presented with BCS complicating
advanced-stage cirrhosis and transplantation were
excluded from the study. At inclusion, Doppler ultrasound exploration, triphasic computed tomography (CT)
and/or magnetic resonance (MR) angiography were
performed in all patients, to confirm the diagnosis.
The diagnosis was established when a thrombosis, a
stenosis or a compression of hepatic venous outflow (HV
and/or suprahepatic IVC) was demonstrated. We also
looked for indirect signs of BCS, such as HV dilatation
upstream of a stenosis, spiderweb collateral venous
circulation between HV, enlarged segmentⅠof the liver
or patchy enhancement of hepatic parenchyma.
For the aetiological work-up, we looked for acquired
causes of thrombosis, especially MPD, with a bone
marrow biopsy (BMB) and a test for V617F JAK2 mutation
by real-time polymerase chain reaction (RQ-PCR) (JAK2
MutaQuant kit, Ipsogen). In doubtful cases, a second
examination of the BMB was performed in the pathology
unit of Beaujon Hospital in Paris. The diagnosis of MPD
was established using the World Health Organization
2008 revised criteria[3]. MPD was considered latent
if BMB was abnormal and/or if a JAK2 mutation was
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INTRODUCTION
Budd-Chiari syndrome (BCS) has been characterised by
a panel of European experts as a group of disorders that
results from an obstruction of hepatic venous outflow
at any level from the small hepatic veins (HV) to the
junction of the inferior vena cava (IVC) and the right
atrium. BCS may be secondary to a non-thrombotic
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2

test and the χ test were used for the comparison of
qualitative variables and the Fisher-Snedecor test was
used for the comparison of quantitative and qualitative
variables.

Table 1 Revealing symptoms
Symptoms

n

%

Ascites
Abdominal pain
Jaundice
Bleeding
Hepatic encephalopathy
Fever
Lower limb edema

86
49
16
14
6
18
15

74.8
42.6
13.9
12.2
5.2
15.7
13

RESULTS
A total of 115 patients were included in this study. The
mean time from the onset of symptoms to the diagnosis
was 13.03 ± 4.5 mo (range: 4 d-10 years). The mean
patient age was 34 years; the M/F sex-ratio was 0.64.
The majority of patients were aged from 20 to 29
years at the time of diagnosis. The chronic form of BCS
predominated, which was observed in 63.5% of the
patients (n = 73). In contrast, the acute form was found
in 8.7% of the patients (n = 10) and the fulminant form
was observed in 3 patients.
BCS was latent and was discovered fortuitously in
9.6% of the patients (n = 11). In the majority of cases,
BCS was revealed by ascites and abdominal pain, as
observed in 74.8% and 42.6% of patients respectively.
Revealing symptoms are reported in Table 1.
Ascites and gastrointestinal bleeding were more
frequent in patients with the chronic form of BCS, however,
as might be expected, pain, fever and an elevated
transaminase level were predominantly observed in the
acute and sub-acute forms of the disease. This difference
was highly significant (P < 0.001). Demographic, clinical
and laboratory features are reported in Table 2.
The Child-Pugh classification scores at admission
were: B (n = 62, 53.9%); A (n = 34, 29.6%); C (n =
19, 16.5%).
Doppler ultrasound was performed in 90% of
patients (n = 104) and established the diagnosis in
87%. For the remaining cases, the diagnosis was
based on the CT-scan. MR-angiography completed the
work-up in 46% of patients (n = 53). According to the
radiological investigations, BCS was secondary in 5.3%
(n = 6) and primary in 94.7% (n = 109). Secondary
BCS was caused by a hydatic liver cyst (n = 5) or
hepatocellular carcinoma (n = 1). Isolated involvement
of the HV was observed in 72% of patients and both the
HV and IVC were involved in 25.2%. Involvement of
the IVC alone was observed in 3 patients. Thrombosis
in other venous areas was observed in 32.7% of the
cases (Table 3). Thoraco-abdominal collateral venous
circulation (CVC) was predominant in patients with an
isolated HV thrombosis (P = 0.05), whereas lumbar
CVC was prevalent in patients with combined HV and
IVC thrombosis (P = 0.007). A dysmorphic liver was
found in 64.3% of patients (n = 74). Hypertrophy of the
caudate lobe was noted in 86.1% of the cases (n = 99).
Intrahepatic collateral veins typical of BCS were found
in 81.7% (n = 94) and hypervascular regenerative
macronodules were observed in 27.8% of the patients (n
= 32).
The aetiologies of BCS are reported in Table 4. At
least one cause of BCS was found in 77.4% of the cases
(n = 89) and a combination of several prothrombotic

found while the blood count was normal.
Tests were conducted to detect anticardiolipin
(ACL) IgG and IgM antibodies, anti-β2 glycoprotein
antibodies and lupus anticoagulant to determine the
presence of anti-phospholipid syndrome (APLS). Patients
were considered positive when the results from two
successive tests performed within a 2 to 3 mo interval
exceeded the cutoff levels of 20 U/L for ACL antibodies
and 10 U/mL for A2βGP antibodies. Autoantibody
tests were also performed to distinguish primary and
secondary APLS that may be associated with Lupus.
The classical diagnostic criteria were used to identify
Behçet’s disease[4]; genotyping for the Human Major
Histocompatibility Complex (HLA) B51 was performed in
doubtful cases. To identify paroxysmal nocturnal haem
oglobinuria (PNH) in patients with haemolytic anemia
and elevated lactate dehydrogenase (LDH) levels, flow
cytometry was performed to detect CD55/CD59 deficient
peripheral blood cells.
The systematic assessment for celiac disease included
tests for anti-endomysium and/or anti-transglutaminase
antibodies and duodenal biopsies in patients without
major coagulation disorders. PCR for HLA class Ⅰ and
class Ⅱ antigens was performed in seven patients with
both celiac disease and BCS. The work-up included an
examination of other acquired prothombotic disorders
including hyperhomocysteinaemia, inflammatory bowel
disease and tuberculosis.
We also looked for an inherited cause of thrombosis
(i.e., proteins C, S or antithrombin Ⅲ deficiency).
When a family survey was not available, the deficiency
in anticoagulant proteins was considered to be a
primary disorder in the absence of severe liver failure
(prothrombine time > 60%), nephrotic syndrome, acute
thrombosis or anticoagulant treatment. Activated protein
C resistance was used to diagnose a factor V mutation,
because genetic testing (Leiden mutation) was not
available. The prothrombin gene was sequenced in 21
patients in the molecular biology unit of Beaujon Hospital,
to detect the G20210A mutation.
We also looked for oral contraceptive use or the
occurrence of BCS during or after pregnancy. Appropriate
imaging procedures were performed to search for a local
cause of BCS, notably a hydatid cyst or a liver tumour.
The statistical analysis was performed with SPSS
13.0 (SPSS Inc., Chicago, IL). Estimated variables are
reported with the 95% confidence interval. P < 0.05
was considered statistically significant. Fisher’s exact
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Table 2 Clinical and laboratory characteristics at diagnosis

Table 3 Radiological features

Demographic parameters
Age (yr)
M/F (n)
Distribution by age, n (%)
< 20 yr
20-40 yr
> 40 yr
Clinical parameters n (%)
Disease onset
Acute
Chronic
Subacute
Ascites
Hepatomegaly
Splenomegaly
Thoraco-abdominal venous collaterals
Lumber venous collaterals
Hepatic encephalopathy
Jaundice
Lower limb oedema
Biological parameters
ALT (ULN)
Bilirubin (mg/dL)
Prothrombin time (%)
Haemoglobin (g/dL)
RBC (106/mm3)
WBC (103/mm3)
Platelet count (/mm3)
Albumin (g/L)
Thrombocytosis n (%)
Erythrocytosis n (%)
Hyperleucocytosis n (%)
Cholestasis n (%)
Hyperbilirubinaemia n (%)
Elevated liver enzymes n (%)
Liver failure n (%)
Renal failure n (%)

Thrombosis site
34 (16-72)
45/70

Hepatic veins
IVC
IVC and HV
Associated thrombosis
Retrohepatic IVC
Portal vein
Mesenteric vein/splenic vein
Renal veins
Iliac veins

8 (9)
63 (72)
29 (34)

8.7 (10)
63.5 (73)
27.8 (32)
62.6 (72)
62.6 (72)
42.6 (49)
43.5 (50)
11.3 (13)
3.5 (4)
40 (46)
24.3 (28)

n

%

83
3
29
37/113
7
26
4
4
3

72.2
2.6
25.2
32.2
6.0
22.6
3.4
3.4
2.6

IVC: Inferior vena cava; HV: Hepatic veins.

Table 4 Budd-Chiari syndrome aetiologies
Aetiologies
MPD
Patent
Latent
APL syndrome
Protein C deficiency
Protein S deficiency
Antithrombin deficiency
APCR
Celiac disease
Hyperhomocysteinaemia
PNH
Systemic disease1
Inflammatory bowel disease2
Gene Ⅱ mutation
Liver hydatic cyst
Hepatocellular carcinoma
Hormonal factors
Oral contraception
Pregnancy
Hormonal treatment
Unknown aetiology

2.5 (1-60)
20.58 (3-265)
57 (14-98)
11.7 (3-17)
4.5 (1.7-7.9)
7.7 (1.3-21.5)
263212 (29000-695000)
29.4 (16.7-45)
20 (23)
11.3 (13)
25.2 (29)
73.9 (85)
41.7 (48)
49.6 (57)
61.7 (71)
9.5 (11)

ALT: Alanine aminotransferase; ULN: Upper limit of normal; M/F: Male/
female; RBC: Red blood cells; WBC: White blood cells.

Tested patients

n

% (n /tested n )

104

36
19
17
20
13
5
0
7
10
5
4
6
5
1
5
1
25
24
3
1
24

34.6

92
67
59
68
68
88
42
11
106
60
21
115
115
70
70
70
70

21.7
19.4
8.5
0
10.3
11.4
11.9
5.6
8.3
4.7
4.3
0.8
35.7
34.3
4.3
1.4
20.9

1

Systemic lupus erythematosus (n = 1), granulomatosis (n = 1), sarcoidosis
(n = 1), Behçet disease (n = 3); 2Ulcerative colitis (n = 1), Crohn’s disease
(n = 4). PNH: Paroxysmal nocturnal haemoglobinuria; APL: Antiphospholipid syndrome; APCR: Activated protein C resistance; MPD:
Myeloproliferative disease.

conditions was noted in 27% (n = 31). The most
common aetiological association was MPD and APLS.
Secondary BCS was often associated with an underlying
thrombophilia.
MPD was the predominant causal factor of BCS and
was observed in 34% (n = 36) of the tested patients.
A BMB was performed in 95 cases (83%) and testing
for the JAK2 mutation was performed in 53 patients
(46%). The MPD was patent in 19 cases (polyglobulia
n = 5; essential thrombocytaemia n = 9; myelofibrosis
n = 5) and latent in 17 cases. Fourteen patients were
positive for the JAK2 mutation and 30 patients had signs
of MPD on BMB. Among patients with JAK2 mutation,
8 had histological features of MPD. The BMB was not
contributive otherwise (n = 6). Patients with and without
MPD were comparable; no statistically significant
differences were observed between the groups with
respect to the mean age, sex ratio, disease onset or site
of thrombosis.
ACL antibodies were detected in 21% of the tested
patients (n = 20), and were associated with systemic
lupus in one patient. A second cause of thrombophilia
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was associated with APLS in 79% of these patients.
Celiac disease was found in 10 patients and was
diagnosed during the work-up for BCS in most cases (n
= 6). In these patients, an underlying thrombophilia,
apart from celiac disease was noted in only 40% of
cases. The immunogenetic study failed to disclose any
HLA class Ⅰ specificity. With respect to the HLA class
Ⅱ antigens, the patients were positive for DQβ1*02
and/or DQβ1*03, two alleles strongly linked with celiac
disease and for alleles DRβ1*04 and/or DRβ1*07
which are known to be in linkage disequilibrium with
DQβ1*03 and DQβ1*02.
PNH was found in 4 patients and had been undetected
prior to the BCS work-up in 3 of them. Severe anaemia
with an elevated LDH level was found in 3 patients;
the flow cytometry results were positive in all of
these patients (n = 4). An associated splanchnic vein
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found in 87%, 72% and 84% of the cases presented
in recent studies from India[8], Turkey[19] and Europe[9]
respectively. The causes encountered in our work
were similar to those observed in Europe, with a clear
predominance of MPD. In Southeast Asian countries,
bacterial and parasitic infections have been suggested to
[8,20,21]
be risk factors for IVC thrombosis
. In recent studies
from India, the aetiological profile of SBC has changed.
Prothrombotic states are now found in more than 60%
[22,23]
of the cases in those series
, which is similar to the
rates reported in Western series. This could be linked to
the widespread availability of diagnostic tests, including
the essays to detect the JAK2 mutation.
In our series, the rate of MPD-related BCS did not
reach 50% as reported in the Western literature, but was
most likely underestimated because only 46% of our
patients were tested for JAK2 mutation. The concordance
of the JAK2 mutation with BMB was not strong in our
study: among the 14 patients with a positive mutation,
only 8 (57%) had histological features of MPD on BMB.
This finding is most likely related to the poor sample
quality of the BMB.
In accordance with the data from the literature[2,9],
the second leading cause of BCS in our patients after
MPD was APLS. ACL antibodies were detected in 21.7%
of the tested patients. An associated thrombophilia
was observed in 75% of these patients. This result is
comparable with data published by Espinoza from a
series of 43 patients with APLS-associated BCS, where
ACL antibodies were often associated with another
thrombophilic disorder[24].
The rate of factor V Leiden mutation, the most
common inherited cause of thrombophilia, was unusually
low in our study. However, the only test available for the
diagnosis of this condition at our centre was the activated
protein C resistance test, which lacks diagnostic reliability,
and most likely underestimates the frequency of this
condition.
A high rate of celiac disease was also noted in our
patients with BCS. This association seems to be frequent
in North Africa. We found 16 published cases in the
literature until 2012[25-35], and noted that 12 of them
were originated from Algeria or Tunisia. Environmental
factors, particularly geophagia or special diets might
be involved, although they were not demonstrated.
These factors were excluded in our patients. The
immunogenetic study that was performed did not show
any association with a specific major histocompatibility
complex antigen in these patients[36]. Further information
from a broader genetic study might be useful.
The frequency of celiac disease in Maghreb might
also explain the high number of the association of celiac
disease with BCS. An epidemiological study conducted
in Oran (west Algeria) gave an estimated rate of 2.34 ±
1.3 celiac disease cases per 1000 live births[37]. In our
setting, we thus propose a systematic search for celiac
disease in the aetiological work-up for BCS.
All of patients with PNH died. The management of
these patients was challenging in our setting because

thrombosis was also found in 100% of cases (n = 4).
Other acquired causes of thrombosis were: systemic
disease (n = 6) and inflammatory bowel disease (n = 5).
Anticoagulant protein deficiency was observed in 28%
of patients (n = 18), dominated by protein C deficiency
(n = 13). Only 5 patients demonstrated a protein S
deficiency, one had a mutation in the prothrombin gene
and no patient demonstrated an antithrombin deficiency.
In 3 cases, BCS occurred during pregnancy or
during the post-partum period. Nevertheless, a general
cause of thrombosis was found in the majority of these
patients.

DISCUSSION
This series collected 115 cases of BCS over a period of
seven years in a single centre, which corresponds to
approximately 18 cases annually. This is comparable
with the data provided by the French national BCS
[5]
observatory (20 new cases/year) . The present series
is the largest reported to date in North Africa.
Except for a few series in Asia, where the mean
[6,7]
age was less than 30 years
and the M/F sex-ratio >
[8]
1 , BCS has generally been observed in young female
[9-11]
patients
. This was the case in our series where the
M/F ratio was 0.6, and the mean age was 34 years.
The diagnosis of BCS depends on the results of
non-invasive imaging techniques. Though the results
of Doppler-ultrasound are operator-dependent, its
estimated diagnostic yield is 90%, according to recent
studies[12-14], or even greater with advanced technical
[15]
devices such as contrast ultrasound . The diagnostic
yield was estimated to be 87% in our series. MRangiography should be proposed if the diagnosis by
Doppler ultrasound is doubtful, because it avoids the
radiation exposure associated with CT-angiography. In
our work, MR-angiography was performed in only 46.1%
of the patients because it was not available before
October 2007.
Isolated HV involvement occurred in 72% of our
patients. This same pattern is generally reported in
European series[11,16], but not in Asian series, particularly
[5,17]
those from Japan, where IVC obstruction is frequent
.
Splanchnic thrombosis, which worsens the prognosis
of patients with BCS, was observed in 23% in our
series, which contrast with the literature, where this
[8,9,11]
association is noted in less than 14%
. The number
of aetiological factors has been significantly related to
the extension of the thrombosis into the splanchnic
[18]
territory . Indeed, in our patients, multifactorial
thrombophilia was more frequently observed among
patients with combined BCS and portal vein involvement
(34% vs 24% for isolated BCS). An earlier and wellconducted anticoagulant regimen would most likely
reduce the rate of this complication which compromises
the efficacy of the therapeutic options for BCS.
Our work-up, although incomplete, enabled an
etiological diagnosis in 77.4% of cases.
In the literature, the cause of thrombophilia was
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oral anticoagulants were often discontinued when
haemolytic events occurred. This led to an extension
of the thrombosis to the splanchnic veins. It should be
noted, however, that Eculizumab was not yet available
when this study was conducted. This treatment has
significantly improved the prognosis of patients with
[38]
PNH by reducing the rate of thromboembolic events .
Furthermore, in specialised centres, patients with PNHBCS currently have the same prognosis as other patients
[39]
with BCS .
As mentioned above, the aetiological workup was
not exhaustive. The lack of molecular biolgy techniques
constitutes the main limitation of our work. Tests for
mutations in JAK2 and prothrombine genes were not
performed in all patients, whereas tests for factor V
Leiden mutation were simply unavailables. We used
indirect methods for the diagnosis of this last condition,
which may be insufficient. An improvement in the
diagnostic tools should most likely enhance the results
of the aetiological investigation in our patients.
In conclusion, this study demonstrates that BCS is
not rare in Algeria and that the predominant cause of
thrombophilia is MPD, as reported in Western countries.
There is however one particular aspect that concerns
the presence of celiac disease and hydatid cysts of
the liver that should be systematically included in the
aetiological work-up of BCS in our geographic location.
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Abstract
Advanced cholangiocarcinoma is associated with poor
prognostic survival and has limited therapeutic options
available at present. The importance of angiogenesis and
expression of pro-angiogenic factors in intrahepatic forms
of cholangiocarcinoma suggest that therapies targeting
angiogenesis might be useful for the treatment of this
disease. Here we report three cases of patients with
advanced intrahepatic cholangiocarcinoma progressive
after standard chemotherapy and treated with sunitinib
50 mg/d in 6-wk cycles of 4 wk on treatment followed
by 2 wk off treatment (Schedule 4/2). In all three
patients, sunitinib treatment was associated with a
sustained disease control superior to 4 mo, patients
achieving either a partial response or stable disease. A
reduction in tumor size and density was observed in all
cases, suggesting tumor necrosis as a result of sunitinib
treatment in these patients. In addition, sunitinib was
generally well tolerated and the occurrence of side effects
was managed with standard medical interventions, as
required. Our results suggest that sunitinib therapy may
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of cholangiocarcinoma are associated with high VEGF
expression in comparison to hilar cholangiocarcinoma
and that VEGF expression level correlates with poor
[7,8]
prognosis . Anti-angiogenic agents, such as the
humanized anti-VEGF receptor (VEGFR) monoclonal
antibody, bevacizumab, in combination with the receptor
tyrosine kinase inhibitor erlotinib, have demonstrated
activity in biliary tract carcinomas. In one study, among
49 patients with unresectable biliary tract cancer treated
with bevacizumab 5 mg/kg intravenously on days 1 and
15 and erlotinib 150 mg by continuous daily dosing, time
to progression was 4.4 mo and 6 patients demonstrated
a partial response (PR)[9]. Targeted agents, such as
sorafenib, are now commonly used in HCC, another
disease in which angiogenesis plays an integral role,
[10]
yielding prolonged survival with acceptable toxicity .
Recent advances in the knowledge of molecular
alterations underlying cholangiocarcinoma support the
need of better patient selection for appropriate medical
[11]
therapy in this disease . Together, those data suggest
that anti-angiogenic therapy may confer benefits in the
treatment of particular subtypes of cholangiocarcinoma.
We report here three cases of patients with recurrent
intrahepatic cholangiocarcinoma who showed promising
results under therapy with sunitinib, in the absence of
other validated therapeutic options.

be associated with favorable outcomes and tolerability
in patients with advanced cholangiocarcinoma. Those
observations contributed to launch a prospective phase
Ⅱ multicenter trial investigating sunitinib in advanced
intrahepatic cholangiocarcinoma (SUN-CK study; NCT017
18327).
Key words: Biliary tract tumors; Antiangiogenic therapy;
Hypodensity; Tumor response; Vascular endothelial
growth factor receptor inhibitors; Chemoresistance
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: No systemic therapy after progression on
platinum-based chemotherapy is currently approved.
Based on imaging hypervascular pattern and molecular
expression of vascular endothelial growth factor, we
evaluated sunitinib, a multikinase inhibitor as second
line treatment in patients with advanced intrahepatic
cholangiocarcinoma. We report 3 cases of disease control
lasting 4-16 mo that provide the rational for developing
prospective clinical trials with sunitinib in second line for
advanced intrahepatic cholangiocarcinoma.
Dreyer C, Sablin MP, Bouattour M, Neuzillet C, Ronot M, Dokmak
S, Belghiti J, Guedj N, Paradis V, Raymond E, Faivre S. Disease
control with sunitinib in advanced intrahepatic cholangiocarcinoma
resistant to gemcitabine-oxaliplatin chemotherapy. World J Hepatol
2015; 7(6): 910-915 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i6/910.htm DOI: http://dx.doi.org/10.4254/
wjh.v7.i6.910

CASE REPORT
Case 1: A 39-year-old woman

The patient, referred to our center for an intrahepatic
tumor in the right lobe of the liver revealed by abdominal
pain and was treated with surgical resection. Pathological
examination showed a 10 cm cholangiocarcinoma, with
multiple satellite nodules and vascular, perineural, and
regional lymph node involvement. Given the presence of
multiple risk factors for recurrence, including large tumor
size, multifocal nature, and lymph node involvement,
adjuvant combination chemotherapy with 6 mo of
gemcitabine 1000 mg/m² and oxaliplatin 85 mg/m²
every two weeks was initiated after multidisciplinary
consultation and patient consent. Four months after
completion of adjuvant chemotherapy, intrahepatic
recurrence in liver right lobe was diagnosed on computed
tomography (CT) scan, and second-line chemotherapy
with irinotecan plus 5-fluorouracil (5-FU) and leucovorin
(FOLFIRI) (irinotecan 180 mg/m², 5-FU 400 mg/m² bolus,
leucovorin 400 mg/m² then 5-FU 2400 mg/m² as a 47-h
infusion every two weeks) was initiated. After three
months of treatment, the patient exhibited stable disease
(SD) and therapy was continued for an additional three
months. At the time of second evaluation (following 6
mo of FOLFIRI therapy; 18 mo after initial diagnosis),
a CT scan showed tumor progression with peripheral
rim enhancement suggesting hypervascular lesions
(Figure 1A). As the patient was young with excellent
performance status (PS) and with vascularized lesions
on CT scans, treatment with sunitinib 50 mg/d on

INTRODUCTION
While cholangiocarcinoma is the second-most common
primary hepatic tumor after hepatocellular carcinoma
(HCC), it is a rare disease for which there are few
[1]
therapeutic options . The only curative treatment is
surgical resection; however, this is only viable for
localized disease. Resectable cholangiocarcinoma is
associated with frequent recurrences and a five-year
[1]
survival rate of 20%-40% following surgery . Treatment
with cisplatin plus gemcitabine is associated with
[2]
moderate efficacy when disease recurs ; however, for
patients presenting with disease progression following
first-line therapy, there is currently no consensus on the
best treatment option.
Angiogenesis and the expression of pro-angiogenic
factors, such as vascular endothelial growth factor
(VEGF) and platelet-derived growth factor (PDGF),
play an important role in the pathogenesis of biliary
tract cancers, including cholangiocarcinoma[3-5]. In
addition, an association between microvessel density
and inferior curative resection rate and local recurrence
[6]
has also been observed . In addition, our pathology
team and other have showed that intrahepatic forms
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A

B

Figure 1 Computed tomography scans (A) prior to and (B) 4 mo after initiating sunitinib treatment, demonstrating density variation of three target lesions
(arrows) in the liver. Baseline computed tomography (CT) shows heterogeneous lesions with contrast-enhanced peripheral ring, while post-treatment CT shows
disappearance of the hypervascular aspect of the three lesions.

A

B

Figure 2 Computed tomography scans (A) prior to and (B) 4 mo after initiating sunitinib treatment, showing a partial response according to the response
evaluation criteria in solid tumors criteria of a retroperitoneal lymphadenopathy (arrow), and a decrease in tumor density.

schedule 4/2 (4 wk on treatment followed by two weeks
off treatment) was initiated. An early CT scan was
performed after one month of treatment and showed
the lesions to be hypodense, suggesting decrease tumor
vasculature induced by anti-angiogenic treatment. After
two months of treatment, the dose of sunitinib was
reduced to 37.5 mg/d due to treatment-related grade
3 thrombocytopenia, asthenia and peripheral edema.
Following four months of treatment, the patient had SD
with disappearance of the hypervascular aspect of the
tumor lesions (Figure 1B). In the context of persistent
tumor stabilization in a young patient with excellent,
sustained PS (0), surgical resection of the recurrent
tumor was performed, consisting of repeated right
hepatectomy associated with resection of segment Ⅳ.
Sunitinib was stopped 3 wk before surgery. Pathological
examination confirmed the diagnosis of a multifocal
cholangiocarcinoma, consisting of tumor nodules with a
fibro-hyaline center with multifocal vascular involvement.
Sunitinib treatment was resumed three weeks after
surgery at a dose of 37.5 mg/d but had to be stopped
two months later due to a biliary fistula. Since the
performance status of the patient further deteriorated,
she was transferred to a palliative care unit in a primary
center care close her home; the last news being available

WJH|www.wjgnet.com

eight months after the second surgery.

Case 2: A 64-year-old man

The patient complained for 6 mo of intermittent abdominal
pain; imaging including CT-scan and MRI revealed a
6 cm tumor of the segment 6 of liver. A biopsy was
performed and showed a low-differentiated carcinoma
proliferation but immunohistochemistry staining was
inconclusive. A right hepatectomy was performed. Final
pathological examination and immunoassaying of the
surgical specimen confirmed the diagnosis of an 8 cm
intrahepatic cholangiocarcinoma with satellite nodules,
vascular embolism and perineural involvement. Given
the risk factors of recurrence, 6 mo of adjuvant combi
nation chemotherapy with gemcitabine 1000 mg/m²
and oxaliplatin 85 mg/m² (GEMOX) every 15 d was
administered. One month after completion of adjuvant
chemotherapy, a 6 cm retroperitoneal lymphadenopathy
was detected by CT scan (Figure 2A). As this was a
unique recurrence in a patient with excellent PS (0),
lymph node dissection was scheduled. However during
the explorative laparotomy, the lesion was deemed
unresectable due to regional tumor adherences. After
multidisciplinary discussion and patient consent, systemic
therapy with sunitinib 50 mg/d on schedule 4/2 was
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initiated. After one month of treatment, CT scan showed
extensive hypodensity of the lesion suggesting tumor
necrosis, although sunitinib dose reduction to 37.5
mg/d was required due to treatment-related grade 3
thrombocytopenia. No further major toxicity was observed
following dose reduction of sunitinib. After three months
of treatment, CT scan showed a 25% reduction in tumor
size, and sunitinib was recommenced at 37.5 mg/d with
good tolerability. After four months of treatment, a PR,
according to the response evaluation criteria in solid
tumors (RECIST) criteria, was observed with increased
necrosis of the tumor (Figure 2B). Sunitinib treatment was
maintained for a total of 18 mo before disease progression
was observed. The patient further developed jaundiced
due to biliary compression requiring biliary stents.
Gradually his general condition deteriorated and he died 7
mo after sunitinib interruption.

results are promising in a setting where few therapeutic
options are available. Our results support the investigation
of sunitinib in clinical trials in patients with good PS who
are not responsive to chemotherapy, and especially in
those with an intrahepatic type of cholangiocarcinoma
displaying hypervascular features.
Cholangiocarcinoma represents a tumor type with
many unmet medical needs[12]. Recent data have
demonstrated the efficacy of chemotherapy in other
related tumors for which limited treatment options are
available. As a reference for first-line treatment, the
ABC-02 randomized trial of 410 patients with locally
advanced or metastatic cholangiocarcinoma, gallbladder
cancer, or ampullary cancer, showed that cisplatin
combined with gemcitabine was associated with a
significant survival advantage, vs gemcitabine alone,
for up to 24 wk [median overall survival (OS) 11.7 mo
vs 8.1 mo, respectively; hazard ratio = 0.64; 95%CI:
0.52-0.80; P < 0.001][2].
Angiogenesis plays an important role in tumor
growth and survival. The negative prognostic value of
angiogenesis has been shown in cholangiocarcinoma,
although vascular density is lower in this disease
than in HCC[13]. In a study in 22 patients undergoing
surgical resection for intrahepatic cholangiocarcinoma,
increased microvessel density was associated with
both poor prognosis and the presence of intra-hepatic
[14]
metastases . Moreover, there was a correlation
between microvessel density and the levels of both VEGF
[13]
and angiopoietin-2 . In addition, VEGF expression is
especially important in intrahepatic cholangiocarcinoma,
suggesting a potential benefit of anti-angiogenic agents
[7]
in this particular subtype of tumors .
Thrombospondin 1 (TSP1) is also implicated in
angiogenesis, although its role remains controversial.
TSP1 was found to be overexpressed in tumor cells
[11]
when compared with normal cells . However, the
risk of intrahepatic metastasis was found to be higher
[15]
in cholangiocarcinomas with low levels of TSP1 .
Moreover, a correlation was shown between levels of
VEGF and lymph node involvement in a series of 36
[16]
intrahepatic cholangiocarcinomas .
Sunitinib is an oral multi-tyrosine kinases inhibitor
targeting VEGFR, PDGF receptor, stem-cell factor receptor
and fetal liver tyrosine kinase receptor 3. Sunitinib has
shown potent antitumor and antiangiogenic activities
with acceptable safety profile in patients with advanced
solid tumors[17,18]. Adverse events related to sunitinib are
generally manageable, the most common side effects
including asthenia, hand-foot syndrome, and hema
tological toxicities. Taken together, there is a strong rational
to evaluate antiangiogenics, including sunitinib, in patients
with intrahepatic forms of cholangiocarcinoma.
Three previous phase Ⅱ trials in unselected subtypes
of cholangiocarcinoma report disparate results. In the
first study, where 31 eligible patients were treated
[19]
in the first-line setting with sorafenib , median OS
was nine months and median PFS was 3 mo. Two
patients achieved an unconfirmed PR and ten patients

Case 3: A 36-year-old woman

The third patient was diagnosed with an intrahepatic
cholangiocarcinoma, associated with epigastric pain.
Ultrasound examination revealed a 6 cm tumor in the left
lobe of the liver, and a 9 mm satellite nodule in the right
lobe. The patient was treated with six cycles of GEMOX
(gemcitabine 1000 mg/m², oxaliplatin 85 mg/m²),
which was well tolerated. CT scan demonstrated stable
disease in the left lobe of the liver but the occurrence
of new lesions in the right lobe. Because of this tumor
progression, treatment was changed to a combination
of cisplatin and epirubicin. After nine treatment cycles, a
further CT scan revealed again tumor progression. As the
patient had a good PS (0), treatment was initiated with
sunitinib 50 mg/d on Schedule 4/2 after multidisciplinary
discussion and patient consent. A CT scan performed
three weeks after initiating sunitinib treatment demon
strated tumor hypodensity and a 15% reduction in lesion
size. Following three months of treatment, the lesions
were stable and the patient experienced moderate
toxicity with grade 1 asthenia, grade 1 hypertension,
and grade 3 thrombocytopenia. Subsequently, sunitinib
treatment was continued at a dose of 37.5 mg/d. After
a total of eight months of sunitinib treatment with
good tolerability, progression of the right liver lesions
was observed, and the treatment was interrupted. The
patient general condition further deteriorated, therefore
she returned to her original country for palliative care
management; the last news being available at the time
of the end of sunitinib treatment.

DISCUSSION
Here we report the cases of three patients treated
with sunitinib for intrahepatic cholangiocarcinoma with
progressive disease following surgery (two patients)
and chemotherapy. Sunitinib-associated toxicity was
acceptable after dose reduction from 50 mg/d to 37.5
mg/d. Treatment duration was prolonged (6-12 mo),
and was associated with a PR in one patient, and SD with
tumor hypodensity on CT scans in two patients. These
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demonstrated SD. In another trial of 46 patients treated
with sorafenib, one patient achieved PR and nine
[20]
exhibited SD . The third study investigated combination
therapy with bevacizumab and erlotinib as first-line
[6]
therapy . Of 20 evaluable patients, four achieved PR and
seven achieved SD lasting more than four months.
Of note, evaluation of tumor response is difficult in
patients treated with anti-angiogenic agents for primary
liver tumors. The most common evaluation criteria
(RECIST) are based exclusively on tumor size. Other
composite criteria, such as the Choi criteria, provide an
alternative as they consider both tumor size and tumor
density, particularly as anti-angiogenic agents may
[21,22]
render a tumor hypodense without size modification
.
However, these criteria require validation in large patient
cohorts.
Based on the rationale to target VEGF pathways and
those encouraging results in selected cases, our team
has launched a prospective multicenter phase Ⅱ trial
to investigate the activity of sunitinib in second line for
patients with advanced intrahepatic cholangiocarcinoma
previously treated with chemotherapy (SUN-CK trial;
NCT01718327).

pretreated patients with advanced cholangiocarcinoma. These results support
the concept to target deregulated signaling pathways in this disease, here
vascular endothelial growth factor receptor signaling pathway in the intrahepatic
subtype of cholangiocarcinoma. Based on these observations, a prospective
phase Ⅱ study has been launched in France evaluating sunitinb as second-line
treatment in patients progressive and/or intolerant to chemotherapy.
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Core tip: There is a growing prevalence of multiresistant
bacteria in nosocomial and in health-care associated
settings worldwide. Nowadays, it is necessary that all
liver units assess the presence of antibiotic resistance
in their population. The classical empirical antibiotic
therapy, third generation cephalosporins, can no longer
be employed in areas with high prevalence of multire
sistant bacterial infections. The current editorial focuses
on the different patterns of resistance across countries
and on its therapeutic implications.
Acevedo J. Multiresistant bacterial infections in liver cirrhosis:
Clinical impact and new empirical antibiotic treatment policies.
World J Hepatol 2015; 7(7): 916-921 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i7/916.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i7.916

Abstract
Recently, important changes have been reported
regarding the epidemiology of bacterial infections in
liver cirrhosis. There is an emergence of multiresistant
bacteria in many European countries and also worldwide,
including the United States and South Korea. The
classic empirical antibiotic treatment (third-generation
cephalosporins, e.g. , ceftriaxone, cefotaxime or
amoxicillin-clavulanic acid) is still effective in infections
acquired in the community, but its failure rate in
hospital acquired infections and in some health-care
associated infections is high enough to ban its use in

WJH|www.wjgnet.com

INTRODUCTION
Liver cirrhosis carries a big burden for health care
worldwide. In Europe around 29 million people have
a chronic liver disease, and mortality rate is 170000/
year. Bacterial infection represents one of the main
causes of decompensation. Patients with cirrhosis have
alterations in the immune system and therefore they
are more susceptible to develop bacterial infection,
[1-5]
sepsis, and death . Infection is present at admission
or develops during hospitalization in around 25%-30%
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40

of emerging of quinolone-resistant and cotrimoxazoleresistant bacteria. Around 50% of GNB were resistant
[7]
to these antibiotics in a big study performed in 2000 .
Multiresistant (MR) bacteria are resistant to 3 or more
[12]
of the principal antibiotic families, including β-lactams .
The most common are extended-spectrum β-lactamaseproducing Enterobacteriaceae (ESBL-E), Pseudomonas
aeruginosa, methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-susceptible Enterococcus (VSE)
and vancomycin-resistant Enterococcus (VRE).
In 2000, only 1.2% of bacteria were resistant to
third generation cephalosporins (TGC). Unfortunately,
many recent studies from different countries show a
growth in the prevalence of MR bacterial infections in
[7]
cirrhosis. Fernández et al reported a steady growth in
the prevalence of MR bacterial infections, this prevalence
rose from 10% to 23% during the period 1998-2011 in
[7]
a single Spanish center (Figure 1). MR bacteria were
extremely frequent in the nosocomial setting, causing
35%-39% of infections, but the prevalence was very
low in the CA setting, 0%-4%; and prevalence of MR
bacteria in the HCA setting was intermediate, between
[7]
14% and 20% (Figure 2).

%

23%
18%

20
a
10%

0

1998-2000

2005-2007

2010-2011

Figure 1 Increasing prevalence of multiresistant bacterial infections in a
single center in Spain. Prevalence of multiresistant bacteria has doubled in
the last decade (original work of the author). aP < 0.05 vs other periods.

[5-7]

of patients . The most frequent infections in cirrhosis
are spontaneous bacterial peritonitis (SBP), urinary tract
infections (UTI), pneumonia, cellulitis and spontaneous
[1-3]
bacteremia . Bacterial infections are not only more
frequent but also more severe in cirrhosis. Infection
increases the probability of death 4 fold reaching 38%
[8]
at 1 mo . Infection can accentuate the preexisting
circulatory dysfunction present in advanced cirrhosis
leading to the development of hepatorenal syndrome
and can also induce an excessive pro-inflammatory
response that could contribute to develop multiple
organ failure (acute-on-chronic liver failure) and septic
[9]
shock . Thus, prompt diagnosis and appropriate
treatment of infection is crucial in the management of
[10,11]
patients with cirrhosis
.

DIVERSITY OF MR BACTERIA TYPES
ACROSS COUNTRIES
Epidemiology of multiresistance differs among different
countries and even among hospitals located in the same
area. ESBL-E are predominant in Southern Europe and
[7,13-25]
Asia
, meanwhile MRSA and VRE are prevalent
[26]
in the United States . Carbapenemase-producing K.
pneumoniae is a current problem described in some
[27]
hospitals in Italy . Table 1 shows the prevalence of
different MR bacterial infections across countries in
the cirrhotic population. The marked epidemiological
differences observed among countries and centers
suggest that local epidemiology should be evaluated
regularly and that empiric antibiotic treatment of
nosocomial infections in cirrhosis should be adjusted
in accordance with the specific local pattern of multire
sistance.

GRADUAL EPIDEMIOLOGICAL CHANGES
The most common origin of infection is the communityacquired (CA) setting. The definition of healthcare
associated (HCA) infection is infection which occurs
previous to admission or during the first two days of
hospitalization in patients in contact with the hospital
[7]
setting during the last 3 mo .
Classically, gram-negative bacilli (GNB) accounted
for the vast majority of infections (80%), but this
preponderance of GNB changed at the start of the
new millennium and the prevalence of gram-positive
cocci (GPC) increased, accounting for almost half of
the infections (47%). When infections were classified
according to the origin of infection, GNB were still the
most frequent bacteria causing CA infections (60%),
while GPC were more prevalent in nosocomial infections
(60%). This fact was explained by the increasing
degree of instrumentalization of the cirrhotic patient (i.e.,
variceal ligation, transjugular intrahepatic portosystemic
shunt, and arterial chemoembolization or percutaneous
ablation of hepatocellular carcinoma), and by the fact
that cirrhotic patients with a critical illness are admitted
into intensive care units which implies the insertion of
[6,7]
central lines and other invasive procedures .
Furthermore, the need for long term antibiotic
prophylaxis, usually with norfloxacin, also carries the risk

WJH|www.wjgnet.com

FAILURE OF TGC TREATMENT IN
NOSOCOMIAL INFECTIONS AND
CLINICAL OUTCOME
Early and appropriate antibiotic therapy is fundamental in
the management of infections in patients with cirrhosis.
Since the late 1980’s, TGC have been recommended
as empirical antibiotic therapy of the main infections in
cirrhotic population because they cover a wide variety of
[28-31]
bacteria and they are safe
.
Nevertheless, recent studies demonstrate that βlactams are not effective in an important part of infections
[7]
in cirrhosis, especially in nosocomial infections . TGC
have scarce efficacy in nosocomial infections (40%). This
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2005-2007

100

2010-2011

100

80

80
60

20

14%

%
40

n = 507
P = 0.001

n = 162
P = 0.002

%

60
35%

40

39%

20%

20

4%
0

Communitary

HCA

Nosocomial

0

Communitary

HCA

Nosocomial

Figure 2 Prevalence of multiresistant bacterial infections according to the site of acquisition. Multiresistant bacteria are present predominantly in the
nosocomial and healthcare associated (HCA) infections. P value in both graphics refers to χ 2 linear-by-linear association statistic (original work of the author).

an appropriate antibiotic treatment is one of the main
[7]
explanations for this fact .

Table 1 Prevalence of different multiresistant bacteria across
countries
Type of multiresistant bacteria
ESBL

MRSA

Pseudomonas aeruginosa

VSE

VRE

Prevalence rate

RISK FACTORS FOR MR BACTERIAL
INFECTIONS

South Korea, 4%-29%[13,14,19,20,24]
Italy, 8%-20%[17,21]
Spain and United States, 6%-9%[7,15,26]
France, Denmark and
Germany, < 5%[22,23,25]
Italy, 7%[17,21]
United States, 5%[26]
Spain, 3%-4%[7,15]
France, 2%[23]
Denmark, Germany, 0%[22,25]
Spain, South Korea, 2%-3%[7,13-15,19,20,24]
Germany, 1%[22]
Denmark, France, 0%[23,25]
Denmark, 12%[25]
Germany, 10%[22]
France, 5%[23]
Spain, 1%-7%[7,15]
United States, 9%[26]
Spain, France, Denmark, Germany,
0%[7,15,22,23,25]

Risk factors for MR bacteria constitute an important tool
to identify the group of infected patients who would
benefit from changing the empirical antibiotic therapy
in order to cover MR bacteria. The main risk factors
for the development of MR bacterial infections in the
general population are current or recent hospitalization,
healthcare contact (i.e., hemodyalisis) and prior
[33-37]
exposure to β-lactams or quinolones
. The same
risk factors have been reported in cirrhosis. Hospital
acquired and healthcare associated infections, long-term
norfloxacin prophylaxis, recent infection by MR bacteria,
recent use of β-lactams within the last 3 mo or systemic
antibiotics in the past 30 d, upper gastrointestinal
[7,15,26]
bleeding and diabetes mellitus
.

ESBL: Extended-spectrum β-lactamase-producing Enterobacteriaceae (bacteria
with chromosomal β-lactamases are also included); MRSA: Methicillinresistant Staphylococcus aureus; VSE: Vancomycin-susceptible Enterococcus;
VRE: Vancomycin-resistant Enterococcus.

CHANGING THE EMPIRICAL ANTIBIOTIC
TREATMENT OF BACTERIAL INFECTIONS
IN CIRRHOSIS

fact is reproduced in the main types of infections as
SBP, UTI and spontaneous bacteremia with efficacies
of 26%, 29% and 18%, respectively. Efficacy of
empirical antibiotic therapy is also lower in HCA infections
compared to community-acquired infections (73% vs
83%), especially in pneumonia and UTI. Other groups
from Italy, Germany and Turkey have also reported a
reduced efficacy of TGC in SBP, with rates of failure from
[21,22,32]
18% to 41%
.
MR bacterial infections have a poor outcome
because they entail a higher incidence of treatment
failure (70% vs 92%, P < 0.0001), they lead more
frequently to septic shock (26% vs 10%; P < 0.0001),
and cause a much higher hospital mortality rate (25%
vs 12%; P = 0.001) than those infections produced
by susceptible bacteria. The delay in the initiation of

WJH|www.wjgnet.com

Taking into account the high failure rate of TGC in a
large percentage of nosocomial infections and in a
subgroup of healthcare associated infections due to the
emergence of MR bacteria in these settings, it is clear
that empirical antibiotic treatment in cirrhosis should be
chosen in accordance with severity and type of infection,
and also according to the origin of infection and to the
[38-40]
existence of risk factors for MR bacterial infection
.
[41]
The AASLD guideline was updated in 2012
and an
[42]
EASL position statement came into light in 2013 ,
both recommending substantial changes to empirical
antibiotic treatment in the nosocomial setting.
Regular epidemiology assessment should be carried
out in all centers and policies regarding empiric antibiotic
treatment in cirrhosis should be updated and tailored
according to the specific epidemiological pattern of
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Table 2 Suggested empirical antibiotic therapy of bacterial infections in cirrhosis
1

Type of infection

Community-acquired infections

Nosocomial and HCA infections

Local epidemiological pattern

SBP, SBE and SB

Third generation cephalosporin
Or amoxicillin/clavulanic acid

Urinary tract infections

Third generation cephalosporin
Or amoxicillin/clavulanic acid

Piperacilin/tazobactam
Or carbapenem
Plus glycopeptides (or linezolid)
Without sepsis:
Nitrofurantoin or fosfomycin
With sepsis:
Piperacilin/tazobactam
Or carbapenem
Or plus glycopeptides (or linezolid)
Piperacilin/tazobactam
Meropenem or ceftazidime + ciprofloxacin
Plus vancomycin (or linezolid)

Low prevalence of MR bacteria
ESBL-E
MRSA and VSE (when VRE)
VSE

Meropenem or ceftazidime + oxacillin
Plus glycopeptides (or linezolid or daptomycin)

ESBL-E and P. aeruginosa
MRSA and VSE (when VRE)

Pneumonia

Skin and soft tissue infections

Amoxicillin/clavulanic acid
Or ceftriaxone + macrolide
Or levofloxacin
Or moxifloxacin
Amoxicillin/clavulanic acid
Or third generation cephalosporin
plus oxacillin

Low prevalence of MR bacteria
ESBL-E
MRSA and VSE (when VRE)
Low prevalence of MR bacteria
ESBL-E and P. aeruginosa
MRSA and VSE (when VRE)

1

HCA infections with at least two of the following risk factors for MR bacteria: long-term norfloxacin prophylaxis, recent infection by MR bacteria in the last
6 mo, recent use of β-lactams in the last 3 mo. SBP: Spontaneous bacterial peritonitis; SBE: Spontaneous bacterial empyema; SB: Spontaneous bacteremia;
HCA: Health-care associated; ESBL-E: Extended-spectrum β-lactamase producing Enterobacteriaceae; MRSA: Methicillin-resistant Staphylococcus aureus; VSE:
Vancomycin-susceptible Enterococcus; VRE: Vancomycin resistant Enterococcus.

TGC are still effective in infections acquired in the
community in cirrhosis with resolution rates of around
[7]
80% . Quinolones should not be used in patients
on norfloxacin prophylaxis or in zones with a high pre
[1,6]
valence of quinolone-resistant bacteria . For the
empirical therapy of UTI we can employ trimethoprimsulfamethoxazole, quinolones or β-lactams. β-lactams
are the baseline treatment of pneumonia (in combination
with levofloxacin, moxifloxacin or a macrolide) and
[38-42]
cellulitis as well
(Table 2).

Nosocomial UTI without sepsis should be treated
with oral nitrofurantoin or fosfomycin. UTI with sepsis
should be treated with carbapenems plus glycopeptides
[38-42]
to cover ESBL-E and VSE (Table 2)
. Again, in zones
with a scarce prevalence of MR bacteria, piperacillintazobactam can be employed in UTI with sepsis (Table
2).
In zones with a high prevalence of MR bacteria,
nosocomial cellulitis should be covered against MRSA
and Pseudomonas aeruginosa. Thus, ceftazidime or
carbapenem plus a glycopeptide can be employed.
In areas with low rate of MR bacteria, cloxacillin or
[38-42]
amoxicillin-clavulanic acid can be employed
(Table
2).
Empirical treatment of hospital acquired pneumonia
should follow the local guidelines recommended for the
general population.

CURRENT EMPIRICAL TREATMENT OF

CURRENT EMPIRICAL TREATMENT OF

NOSOCOMIAL INFECTIONS

HEALTHCARE-ASSOCIATED INFECTIONS

Empirical antibiotic therapy should be selected in
accordance with the local epidemiological pattern of
[38-42]
multiresistance
. In zones with a high prevalence of
ESBL-E, carbapenems should be employed as empirical
treatment of spontaneous infections such as SBP,
spontaneous bacteremia and spontaneous empyema.
A glycopeptide (vancomycin or teicoplanin) should also
be added to this empirical treatment in zones with a
high prevalence of MRSA or VSE. In the United States
and other countries with a high prevalence of VRE,
glycopeptides should be substituted for linezolid or
[38-42]
daptomycin
. However, in zones with a low rate of
MR bacteria, piperacillin-tazobactam can be employed
[38-42]
to treat spontaneous infections
(Table 2).

TGC and amoxicillin-clavulanic acid are effective when
employed in SBP (resolution rate: 71% compared
to 78% in CA infections) or cellulitis (resolution rate:
81% vs 82% in CA infections). However, their efficacy
[7,38]
is low in HCA pneumonia (33%) and UTI (59%)
.
Therefore, empirical antibiotic therapy for HCA UTI and
pneumonia and for patients with HCA spontaneous
infections with two or more risk factors of infection
caused by MR bacteria or those patients with severe
sepsis or septic shock should follow the same scheme
[38,40]
recommended in nosocomial infections (Table 2)
.
In general, de-escalation to the most suitable
antibiotic should be done soon after the report from
microbiological tests (about 50% of cases) in order to

multiresistance in the area.

CURRENT EMPIRICAL ANTIBIOTIC
TREATMENT OF COMMUNITYACQUIRED INFECTIONS

WJH|www.wjgnet.com
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[38,40]

reduce the emergence of antibiotic resistance

.

CONCLUSION

13

In conclusion, recent data demonstrate that TGC
are not appropriate for the treatment of nosocomial
infections in cirrhosis because of the high prevalence
of MR bacteria in this setting. New antibiotic strategies
for these infections should be adjusted in accordance
with the local epidemiological pattern of multiresistance.
In areas with high prevalence of ESBL-E, guidelines
should include the use of carbapenems. In zones with
high prevalence of MRSA and VSE glycopeptides are
needed and in zones with high prevalence of VRE
linezolid or daptomycin are needed as initial treatment
of nosocomial infections in cirrhosis. Early de-escalation
of antibiotics according to the microbiological results is
also mandatory.
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EDITORIAL

Cognitive dysfunction and hepatitis C virus infection
Antonio Solinas, Maria Rita Piras, Angelo Deplano
patients with different etiologies are unclear. It is also
unknown how the metabolic alterations of advanced
liver diseases interact with the HCV-induced cognitive
dysfunction, and whether these alterations are reversed
by antiviral therapies. HCV replication in the brain may
play a role in the pathogenesis of neuroinflammation.
HCV-related brain dysfunction may be associated with
white matter neuronal loss, alterations of association
tracts and perfusion. It is unclear to what extent, in
patients with cirrhosis, HCV triggers an irreversible
neurodegenerative brain damage. New insights on this
issue will be provided by longitudinal studies using the
protocols established by the diagnostic and statistical
manual of mental disorders fifth edition for cognitive
disorders. The domains to be evaluated are complex
attention; executive functions; learning and memory;
perceptual motor functions; social cognition. These
evaluations should be associated with fluorodeoxyglucose
positron emission tomography and magnetic resonance
imaging (MRI) protocols for major cognitive disorders
including magnetic resonance spectroscopy, diffusion
tensor imaging, magnetic resonance perfusion, and
functional MRI. Also, the characteristics of portal
hypertension, including the extent of liver blood flow and
the type of portal shunts, should be evaluated.
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Abstract

Core tip: Cognitive dysfunction in patients with chronic
hepatitis C virus (HCV) infection is a distinct form of
minimal hepatic encephalopathy. It is unclear to what
extent HCV triggers an irreversible neurodegenerative
brain damage. New insights on this issue will be provided
by longitudinal studies using the protocols established
by the DSM-5 for cognitive disorders associated with
FDG-PET and magnetic resonance imaging protocols
for major cognitive disorders. Also, the characteristics

Cognitive dysfunction in patients with chronic hepatitis
C virus (HCV) infection is a distinct form of minimal
hepatic encephalopathy (MHE). In fact, the majority of
HCV-positive patients, irrespective of the grading of liver
fibrosis, display alterations of verbal learning, attention,
executive function, and memory when they are evaluated
by suitable neuropsychological tests. Similarities between
the cognitive dysfunction of HCV patients and MHE of
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endothelium expresses HCV receptors, and HCV
[12]
replicates within endothelial cell lines . These findings
support the hypothesis that HCV distinct viral strains
replicate in the brain. Although the level of viral replication
is generally low (apart from the cases with alterations
of the blood-brain barrier), it may play a significant
role in the pathogenesis of the neuroinflammation.
Compared with HCV-negative controls, HCV-positive
patients demonstrated significantly higher levels of
[13,14]
proinflammatory cytokines within the brain
. Additional
evidence of neuroinflammation in HCV positive patients
is suggested by magnetic resonance spectroscopy
[15,16]
studies
. In fact, choline/creatine ratios (a putative
indicator of inflammation) were significantly higher
in the basal ganglia and white matter of HCV positive
patients compared to HBV positive patients and normal
[17]
controls . This finding was associated with elevated
myo-inositol/creatine ratios (a putative marker of glial
[18]
density) . Subsequent quantitative analysis of brain
[19]
metabolites showed that the spectra related to choline
and myo-inositol were significantly higher in the basal
ganglia of patients with HCV chronic hepatitis. Compared
to controls, the spectrum of N-acetyl aspartate (NNA)
and NNA-glutamate, which is related to the neuronal
density and nitrogen removal, was also significantly
higher in basal ganglia of HCV patients. When the same
metabolites were evaluated according to the Fatigue
Impact Scale Score, it was found that both markers
of inflammation and neuronal density were inversely
related to the grade of fatigue. Similar to the elevated
NNA/creatine ratio observed in the contra-lesional
[20]
pre-frontal regions of stroke patients , a possible
explanation of this finding is a compensatory mechanism
of HCV-related brain inflammation. When compensatory
mechanisms fail, fatigue, and possibly other signs of
neurocognitive impairment, take place. HCV-related
brain dysfunction does not seem limited to functional
alterations. Evidence of white matter neuronal loss,
alterations of several commissural and association tracts,
cortical hypoperfusion, and basal ganglia hyperperfusion
was recently provided by magnetic resonance (MR)
spectroscopy associated with perfusion weighted imaging
[21]
and diffusion tensor imaging . Of note, this study was
conducted in patients without cirrhosis. Scanty data
are available on the natural history of neurocognitive
dysfunction when chronic hepatitis progresses to cirrhosis.
In patients with cirrhosis unrelated to HCV, MHE was
associated with widespread microstructural disintegration
of the white matter, and with focal cortical damage.
These findings have been related to hyperammonaemia[22-24]
induced neuroinflammation
. It is unclear to what
extent HCV infection exacerbates this condition, and
whether it triggers an irreversible neurodegenerative
brain damage.

of portal hypertension, including the extent of the liver
blood flow and the type of portal shunts, should be
evaluated.
Solinas A, Piras MR, Deplano A. Cognitive dysfunction and
hepatitis C virus infection. World J Hepatol 2015; 7(7): 922-925
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i7/922.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i7.922

INTRODUCTION
Minimal hepatic encephalopathy (MHE) is defined
as the presence of test-dependent brain dysfunction
in patients with chronic liver disease who are not
[1,2]
disoriented and do not display asterixis . MHE is
clinically relevant, as it affects the quality of life and the
job performance of patients with chronic liver disease,
and because it is a recognized risk factor of overt
[3-5]
hepatic encephalopathy . Cognitive dysfunction in
patients with chronic hepatitis C virus (HCV) infection
is a distinct form of MHE. In fact, the majority of HCVpositive patients, irrespective of the grading of liver
fibrosis, display alterations of verbal learning, attention,
executive function, and memory when they are
[6-8]
evaluated by suitable neuropsychological tests .

WHAT WE KNOW
Recent years have witnessed significant insights into
the pathogenesis and management of this disorder.
However, several questions remain unanswered. In
particular, commonalities between the cognitive dys
function of HCV patients and MHE of patients with
different etiologies are unclear. It is also unknown how
the metabolic alterations of advanced liver diseases
interact with the HCV-induced cognitive dysfunction,
and whether these alterations are reversed by antiviral
therapies.
HCV sequences were detected in the cerebrospinal
fluid of 8 of 13 patients in whom a lumbar puncture had
[9]
been performed for diagnostic purposes . Ten of these
patients were co-infected with human immunodeficiency
virus, and were affected by aseptic meningitis (5 cases),
reactive meningitis (1 case), neurotoxoplasmosis (3
cases), tuberculosis (2 cases), neurosyphilis (1 case)
and multiphocal leukoencephalopathy (1 case). In 4
patients different virus strains were found in serum
and in peripheral mononuclear blood cells (PBMC). Of
note, virus strains detected in cerebrospinal fluid were
similar to those detected in PBMC. This finding led to
the hypothesis that infected PBMC cross the blood
brain barrier and, by this mechanism, HCV infects the
[10,11]
brain. Subsequent studies
confirmed the tissue
compartmentalization of HCV quasispecies, and showed
that microglial cells and, to a lesser extent, astrocytes
harbored HCV-RNA sequences and HCV specific proteins.
Recently, it has been shown that brain microvascular
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needed. Such studies should be based on extended
neuropsychological evaluation, standard and advanced MR
imaging (MRI) protocols, and accurate characterization
of portal hypertension. In the current clinical practice the
[1,2]
diagnosis of MHE is not uniform. Current guidelines
recommend that this diagnosis should be based on
at least two of the following tests: the portosystemic
[25]
encephalopathy syndrome test , the critical flicker
[26]
[27]
test , the continous reaction time test , the inhibitory
[28]
[29]
[30]
control test , the the Stroop test , the SCAN test .
These tests are mostly aimed at evaluating attention,
working memory, and visuospatial ability. However, if
we assume that HCV-related brain impairment could
also represent the harbinger of a slowly progressing
[31]
neurodegenerative alteration , when evaluating these
patients we should apply the protocols established
[32]
by the DSM-5 for cognitive disorders . Accordingly,
cognitive domains to be evaluated are the following:
complex attention (including sustained attention,
divided attention, selective attention and processing
speed); executive functions (including planning, decision
making, working memory, mental flexibility, abstract
reasoning skills, and judgment); learning and memory;
perceptual motor functions; social cognition. In addition,
further study should be performed, using FDG-PET and
MRI protocols for major cognitive disorders including
magnetic resonance spectroscopy, diffusion tensor
imaging, magnetic resonance perfusion, and functional
[33]
MRI . Finally, the characteristics of portal hypertension
should also be evaluated. In this regard, it is worth to
mention that not only the amount of blood diverted from
the liver, but also the type of shunting is of relevance
[34,35]
in the pathogenesis of hepatic encephalopathy
. In
conclusion, the mechanisms of neurocognitive disorders
in patients with chronic HCV infection have been partially
elucidated. The impact of this condition on the long-term
outcome of these patients should be further clarified.
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Primary biliary cirrhosis: Pathophysiology, clinical
presentation and therapy
Treta Purohit, Mitchell S Cappell

Abstract

of nonsuppurative destructive cholangitis and interlobular
bile duct destruction. About 10% of PBC patients,
however, lack AMA. A variant, called PBC-autoimmune
hepatitis (AIH) overlap, is characterized by the above
findings of PBC together with findings of elevated
serum alanine aminotransferase, elevated serum imm
unoglobulin G, and circulating anti-smooth muscle
antibodies, with liver biopsy demonstrating periportal
or periseptal, lymphocytic, piecemeal necrosis. PBC is
hypothesized to be related to environmental exposure
in genetically vulnerable individuals. It typically occurs in
middle-aged females. Prominent clinical features include
fatigue, pruritis, jaundice, xanthomas, osteoporosis, and
dyslipidemia. The Mayo Risk score is the most widely
used and best prognostic system. Ursodeoxycholic acid
is the primary therapy. It works partly by reducing the
concentration and injury from relatively toxic bile acids.
PBC-AIH overlap syndrome is treated with ursodeoxycholic
acid and corticosteroids, especially budesonide. Obeticholic
acid and fibrate are promising new, but incompletely
tested, therapies. Liver transplantation is the definitive
therapy for advanced disease, with about 70% 10-year
survival after transplantation. Management of pruritis
includes local skin care, dermatologist referral, avoiding
potential pruritogens, cholestyramine, and possibly
opioid antagonists, sertraline, or rifaximin. Management
of osteoporosis includes life-style modifications, admini
stration of calcium and vitamin D, and alendronate. Statins
are relatively safe to treat the osteopenia associated with
PBC. Associated Sjogren’s syndrome is treated by artificial
tears, cyclosporine ophthalmic emulsion to stimulate tear
production; and saliva substitutes, cholinergic agents, and
scrupulous oral and dental care. Complications of cirrhosis
from advanced PBC include esophageal varices, ascites,
spontaneous bacterial peritonitis, hepatorenal syndrome,
and hepatoma formation.

Primary biliary cirrhosis (PBC) is an autoimmune, slowly
progressive, cholestatic, liver disease characterized by a
triad of chronic cholestasis, circulating anti-mitochondrial
antibodies (AMA), and characteristic liver biopsy findings

Key words: Primary biliary cirrhosis; Ursodeoxycholic
acid; Cirrhosis; Liver transplantation; Cholestatic liver
disease
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There is significant geographic variation, with a much
higher prevalence in the United States, at 400 per
[8]
million , or northern Europe, at 200-250 per million,
[9]
than in Africa, Asia, or Australia, at 20 per million . This
difference, however, could largely arise from detection
bias; far more epidemiologic studies have been con
ducted in North America and Europe than in Africa and
[10]
Asia . Though differences in case-finding methodology,
disease awareness, and access to health care may have
confounded these studies, the immense geographic
disparities suggest that environmental and/or genetic
factors affect PBC. Environmental agents, including
exposure to sunlight, chemicals, toxins, bacteria and
viruses, may differ across geographic regions, and such
[11]
differences may play a role in pathogenesis . The
educational level of individuals with PBC is similar to
that of controls, but PBC is apparently more prevalent in
patients who belong to higher socioeconomic strata for
[12]
unclear reasons .
PBC is strongly associated with recurrent urinary
[10,12-14]
tract infections
. In an epidemiologic study,
48% of PBC patients had prior recurrent urinary tract
infections vs 31% of controls; this difference was
[12]
statistically significant . Escherichia coli (E. coli),
the most frequent cause of recurrent urinary tract
infections in women, has been studied in relation with
PBC. E. coli infections trigger autoimmune responses,
perhaps by molecular mimicry of proteins in E. coli
with the human pyruvate dehydrogenase complex
(PDC-E2), which induces B- and T-cell cross-reactive
responses that characteristically occur in patients with
[10,12,14,15]
PBC
. Other microorganisms implicated in PBC
include Novosphingovium aromaticivorans, Lactobacillus
delbrueckii, Toxoplasma gondii, Mycobacteria and
retroviruses, though these associations are weaker than
[14]
that for E. coli . Numerous studies in the United States
and United Kingdom suggest a significant relationship
[10,12,15-17]
between smoking tobacco and PBC
. Chemicals
inhaled in tobacco smoke are postulated to decrease
[11]
immunologic tolerance . Some data suggest patients
[15]
who use hair dyes are at increased risk of PBC ,
[10]
but the evidence is conflicting . PBC is apparently
[15]
negatively correlated with alcohol consumption .
Genetic and familial factors play a major role in
[18]
PBC . The concordance rate is 63% in monozygotic
[19]
twins , and the concordance rate is 4% in first degree
relatives of patients with PBC. Moreover, sisters of a
woman with PBC have a 14-fold higher risk of PBC
[12]
compared to the general population .
Autoimmune disorders occur more frequently in
patients with PBC, including autoimmune thyroid dis
[12]
orders, Raynaud syndrome, and Sjogren syndrome .
These disorders generally precede the onset of PBC by
about 4 years. Patients with thyroid disorders should be
tested for the presence of AMA. A recent meta-analysis
suggested that human leukocyte antigen (HLA)-DR 7
and -DR 8 are risk factors for PBC, whereas HLA-DR
[20]
11 and -DR 13 are protective factors . Other genetic

Core tip: Primary biliary cirrhosis (PBC) is an autoimmune,
slowly progressive, cholestatic, liver disease characterized
by a triad of chronic cholestasis, circulating antimitochondrial antibodies, and characteristic liver biopsy
findings of nonsuppurative destructive cholangitis and
interlobular bile duct destruction. Prominent clinical
features include fatigue, pruritis, jaundice, xanthomas,
osteoporosis, and dyslipidemia. Ursodeoxycholic acid
is the primary therapy. Obtecholic acid and fibrate are
promising new, but incompletely tested, therapies. Liver
transplantation is the definitive therapy for advanced
disease, with about 70% 10-year survival after trans
plantation. Complications of cirrhosis from advanced
PBC include esophageal varices, ascites, spontaneous
bacterial peritonitis, hepatorenal syndrome, and hepatoma
formation.
Purohit T, Cappell MS. Primary biliary cirrhosis: Pathophysiology,
clinical presentation and therapy. World J Hepatol 2015; 7(7):
926-941 Available from: URL: http://www.wjgnet.com/1948-5182/
full/v7/i7/926.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i7.926

INTRODUCTION
Primary biliary cirrhosis (PBC) is an autoimmune,
[1]
slowly progressive, cholestatic, liver disease . A triad
of chronic biochemical cholestasis, circulating antimitochondrial antibodies (AMA), and characteristic
liver biopsy findings, as described below, is diagnostic
[2]
of PBC . Development of PBC is hypothesized to
be related to environmental exposure in genetically
vulnerable individuals, but further studies are needed
[3]
to understand its complex etiology . This work reviews
the epidemiology, pathophysiology, clinical presentation,
treatment, and prognosis of PBC, with a focus on recent
advances.

HISTORY
PBC, as it is now known, was first reported by Addison
[4]
et al in 1851. The term PBC was, however, coined by
[5]
[6]
Ahrens et al in 1950. Walker et al first described the
association between AMA seropositivity and PBC.

EPIDEMIOLOGY
[1]

PBC is ten-fold more common in women than men .
The reason for this difference is unknown, but a
relatively recent study revealed that X chromosome
monosomy was more common in women with PBC.
This finding suggests that genes related to X-linked
immunodeficiencies can lead to granuloma formation
[7]
and elevated IgM levels, both of which occur in PBC .
[8]
The median age of diagnosis is about 50 years .
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A

B

Figure 1 Lower (A) and higher (B) magnification photomicrographs of a liver biopsy sample in a patient with early primary biliary cirrhosis shows a
moderately severe, mixed inflammatory infiltrate consisting mostly of lymphocytes and plasma cells concentrated around small bile ducts in the portal
area. Note the absence of inflammation around hepatocytes (H and E stains). Both figures obtained with permission (granted under the GNU Free Documentation
License, Version 1.2) from: http://commons.wikimedia.org/wiki/File:Primary_biliary_cirrhosis_intermed_mag_2.jpg. Accessed March 10, 2015.

variants associated with PBC include polymorphisms
[21,22]
of cytotoxic T-lymphocyte antigen
, tumor necrosis
[23]
[24]
factor (TNF) , vitamin D receptor , and HLA loci 11
and 12.

retrograde cholangiopancreatography may be necessary
to exclude primary sclerosing cholangitis (PSC) or other
[33]
alternative etiologies for cholestatic liver disease . PSC
is strongly suspected in a patient with elevated serum
[34]
AP who has inflammatory bowel disease .
The time from detection of AMA to development of
[35]
PBC is about 6 years (range 1-19 years) . Only about
10% of patients who are AMA seropositive, but lack
clinical features of PBC, subsequently develop PBC. A
recent Greek study examined the significance of AMA,
ANA-specific antibodies (anti-gp210 and anti-sp100),
[36]
and antichromatin antibodies . Autoantibody positivity,
with increased autoantibody titers of anti-gp210 and
anti-sp100 during follow-up, were related to advanced
PBC. Mildly elevated anti-sp100 titers were associated
with improved long-term prognosis (P = 0.025), and
better response to ursodeoxycholic acid (UDCA) (P =
[35]
0.016) .

DIAGNOSIS
PBC is diagnosed provided two of the following three
criteria are satisfied: (1) AMA titer > 1:40; (2) alkaline
phosphatase (AP) > 1.5 times the upper limit of
normal for > 24 wk; and (3) compatible liver histology,
demonstrating nonsuppurative destructive cholangitis
[25-27]
and interlobular bile duct destruction
.

AMA
AMA is the most specific serological marker among >
[28,29]
60 autoantibodies analyzed in PBC patients
. It is
detected in > 90% of patients with PBC, whereas it is
[1,29]
detected in < 1% of the general population
. Patients
with hepatitis C virus infection, however, have an 8%
prevalence of AMA positivity. The antibody targets
are members of a family of enzymes, the 2-oxo-acid
dehydrogenase complexes, which include PDC-E2,
branched chain 2-oxo-acid dehydrogenase complex,
and 2-oxo-glutaric acid dehydrogenase complex. These
enzymes catalyze oxidative decarboxylation of ketoacid
substrates and are located on the inner mitochondrial
[27,30,31]
membrane
.
AMA is routinely detected in clinical laboratories
by enzyme-linked immunoassay. Its titer does not
correlate with PBC severity or activity. It is reasonable
to determine serum liver function tests annually in
seropositive individuals who initially have normal serum
[25]
liver function tests . When PBC is strongly suspected
in AMA-negative patients, PBC-specific antinuclear
antibodies (ANA), should be determined, including
[7,32]
sp100 and gp210
. Elevated serum AP levels and
characteristic liver histology, as aforementioned, also
[25]
help in diagnosing PBC . Occasionally, magnetic
resonance cholangiopancreatography or endoscopic

WJH|www.wjgnet.com

LIVER HISTOLOGY
Though liver biopsy is not mandatory for diagnosis, it
helps stage the disease and differentiate PBC from other
[27,37,38]
cholestatic liver disorders
. PBC has 4 histologic
stages: (1) portal inflammation with or without florid bile
duct lesions; (2) increase in size of periportal lesions with
interface hepatitis; (3) distortion of hepatic architecture
with numerous fibrous septa; and (4) cirrhosis. These
stages occur sequentially with disease progression. The
term “florid bile duct lesion” describes focal lesions that
exhibit intense inflammatory infiltration and necrosis
around bile ducts (Figure 1). The inflammatory infiltrate
consists primarily of lymphocytes and mononuclear
cells closely apposed with the basal membrane of
cholangiocytes undergoing necrosis. The infiltrate may
also contain macrophages and polymorphonuclear cells,
and occasionally epithelioid granulomas, especially in
[39]
early PBC . The inflammatory infiltrates often compress
and occlude portal venules. Generally, terminal hepatic
venules are retained in their central location with
progression to fibrosis and sometimes even to cirrhosis.
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[41-43]

histological characteristics of PBC or PSC
. These two
overlapping conditions rarely present simultaneously;
[43]
PBC generally precedes AIH by 6 mo to several years .
No stringent criteria exist for this overlap syndrome. In
the most widely accepted criteria, overlap syndrome is
diagnosed when PBC is diagnosed by the aforementioned
criteria and AIH by the presence of the following criteria:
(1) serum alanine aminotransferase ≥ 5 × upper limit
of normal, serum immunoglobulin G (IgG) levels ≥ 2
× upper limit of normal, or positive test for anti-smooth
muscle anti-bodies; and (2) liver biopsy demonstrating
moderate or severe periportal or periseptal, lymphocytic,
[44,45]
piecemeal necrosis
. The simplified International
Autoimmune Hepatitis Group criteria for diagnosis of
[43]
overlap syndrome are not currently recommended .
The Paris criteria for diagnosis of PBC-AIH overlap include
an AP-to-aminotransferase ratio < 1.5, elevated serum
IgG level, and anti-smooth muscle antibody (anti-SMA)
[25,26,46]
titer > 1:80
.

Table 1 Primary biliary cirrhosis - autoimmune hepatitis
overlap can present in the following ways
Immunoserological overlap: e.g., positive ANA/anti-smooth muscle
antibody titers and elevated IgG in conjunction with AMA-positive
PBC; or AMA positivity in AIH
Biochemical overlap: AST/ALT > 5 times upper limit of normal in
patients with PBC or PSC; or AP > 3 times upper limit of normal in
patients with AIH (or GGT > 5 times upper limit of normal in children)
Radiological overlap: clinical features of AIH with cholangiographic
abnormalities indicative of inflammatory cholangiopathy;
cholangiographic features of primary sclerosing cholangitis are
randomly distributed annular strictures out of proportion to upstream
dilatation[33]
Histological overlap: lymphoplasmacytic infiltrate and interface
hepatitis on liver biopsy with bile duct lesions indicative of either PBC
or PSC
Varying combinations of the above, including sequential presentations
ANA: Antinuclear antibodies; PBC: Primary biliary cirrhosis; AMA: Antimitochondrial antibodies; AIH: Autoimmune hepatitis; PSC: Primary
sclerosing cholangitis; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; GGT: Gamma glutamyl transpeptidase.

AMA negative PBC

AMA-negative PBC and classic PBC have similar clinical
[40,47-49]
findings and laboratory characteristics
. They have
similar age and sex distributions, similar incidence of
complications, and similar time-to-liver-transplantation
and survival. The relationship between AMA-negative
PBC and autoimmune cholangiopathy is controversial.
[49,50]
Some authorities use these terms interchangeably
,
whereas other authorities view them as disparate
entities, with autoimmune cholangiopathy representing
PBC with negative AMA titers, but positive ANA or
[40]
anti-SMA titers . Before labeling individuals as AMAnegative PBC, methods to detect circulating AMA should
be assiduously employed, including sensitive immuno
chemical testing with bead microassays, use of three
[51]
[52]
mitochondrial autoantigens , and serial testing . Liver
biopsy is mandatory to diagnose PBC in the setting of
[50]
AMA seronegativity . Other etiologies of liver disease in
the differential diagnosis should be excluded, including
sclerosing cholangitis, IgG4 cholangitis, drug induced
[50]
liver injury, etc. . Additionally, other causes of elevated
serum AP should be investigated, including hepatic
causes such as infectious hepatitis, granulomatous liver
disease, infiltrative liver disease, and idiopathic adult
ductopenia; and non-hepatic causes such as pregnancy,
bone disease, heart failure, renal failure, leukemia,
[53]
lymphoma, etc. .

Table 2 Clinical features of primary biliary cirrhosis
Clinical features

Prevalence

Mechanism

Fatigue

20%-85%[55,56,58]

Pruritus
Jaundice
Xanthomas

20%-75%[35,58]
10%-60%[58]
15%-50%[58]

Osteoporosis

35%[59]

Excessive manganese deposits
in globus pallidum, elevated
inflammatory cytokines
Cholestasis, increased opiodergic tone
Cholestasis
Hypercholesterolemia and
hyperlipidemia[56]
Disturbances in bone remodeling due
to metabolic changes in PBC
Reduction in biliary secretion
of cholesterol. Toxic effects of
unconjugated bilirubin

Dyslipidemia

> 75%[60]

PBC: Primary biliary cirrhosis.

Ductopenia, or bile duct paucity, is defined as presence
[27]
of bile ducts in < 50% of portal tracts . Interface
hepatitis consists of lymphocytic piecemeal necrosis
and biliary piecemeal necrosis which is associated with
[27]
cholestasis . Lymphocytic piecemeal necrosis consists
of hepatocellular necrosis or apoptosis associated with
lymphohistiocytic cells. This lesion is similar to that found
in autoimmune hepatitis (AIH). Biliary piecemeal necrosis
exhibits a striking reaction of ductular proliferation,
accompanied by edema, neutrophil infiltration,
periductular fibrosis, and necrotic hepatocytes.

CLINICAL FEATURES
The clinical features and epidemiology of PBC are
[54-60]
described in Table 2
. The most common clinical
symptoms are fatigue and pruritus. Patients with fatigue
and pruritus at onset are more likely to progress to
[61]
cirrhosis and are less likely to respond to UDCA .
Pruritus is often severe and disabling, and associated
with a poor quality of life. Both symptoms are described
in detail below.
Most patients with PBC have mildly elevated serum

PBC VARIANTS
[40]

PBC variants constitute about 5% of cases . The five
[33]
types of variants are listed in Table 1 . The two major
variants are PBC-AIH overlap and AMA-negative PBC.

PBC-AIH overlap

The PBC-AIH overlap syndrome consists of a range of
clinical entities of AIH together with clinical, laboratory, or
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Table 3 Drug therapy for primary biliary cirrhosis
Drug
Ursodeoxycholic acid
Corticosteroids
Budesonide
Obeticholic acid
Fibrates

Mechanism(s) of action

Adverse effects

Protection of cholangiocytes, stimulation of
biliary secretions of bile acids
Anti-inflammatory, especially useful for interface hepatitis

Diarrhea, hepatic decompensation (rare)

Cataracts, hyperglycemia, osteoporosis,
immunosuppression, poor wound healing, weight gain
Anti-inflammatory, especially useful for interface hepatitis
Nausea, dyspepsia; systemic toxicity is much less than for
other corticosteroids[73]
Reduces bile acid synthesis, downregulates bile acid uptake proteins
Pruritus
Activates peroxisome proliferator-activated receptors
Myalgias, rhabdomyalysis, elevated liver enzymes[72]

[62,63]

aminotransferase levels
, and increased level of
immunoglobulins, especially IgM. A study of 25 patients
with PBC vs age- and sex-matched controls revealed
[64]
that IgM was uniformly elevated in patients with PBC .
The increase in aminotransferase levels primarily
reflects the degree of periportal and lobular necrosis and
inflammation, whereas hyperbilirubinemia reflects the
[27]
degree of ductopenia and biliary piecemeal necrosis .

initially promote hepatocyte proliferation, but sub
sequently cause liver damage, and ultimately cause
[74]
hepatocyte apoptosis, biliary fibrosis, and cirrhosis .
UDCA has three mechanisms of action: (1) protection of
cholangiocytes from cytotoxicity of hydrophobic bile acids
by modulating the composition of mixed phospholipidrich micelles, reduced bile acid cytotoxicity, and, possibly,
reduced concentration of hydrophobic bile acids in
cholangiocytes; (2) stimulation of biliary secretion of
bile acids; and (3) protection of hepatocytes against
bile acid-induced apoptosis, by inhibiting mitochondrial
[75,76]
membrane permeability transition (MMPT)
. UDCA
consists of water insoluble crystals that are absorbed by
passive nonionic diffusion mostly in the small intestine
with a small amount absorbed in the colon, reabsorbed
from portal blood via first-pass metabolism, conjugated
mainly with glycine and taurine, and actively secreted
into bile. Administration of UDCA increases bile acid
saturation in bile in a dose-dependent manner, resulting
in increased clearance of bile acids from blood, and
reduced symptoms from cholestasis, particularly pruritus.
These beneficial effects occur with the recommended
daily-administered dose of 13-15 mg/kg per day which
increases the solubility of bile acids in bile by 40%-50%.
However, efficacy is not established beyond this
[74]
recommended dose .
UDCA is the only therapy approved by the United
[77]
States Food and Drug Administration (FDA) . It is well
tolerated at the recommended dose. Diarrhea occurs
[78]
in 2%-9% of cases . Hispanics reportedly respond
[79]
less well to UDCA than non-Hispanics . UDCA can
occasionally cause right upper quadrant pain, and
rarely hepatic decompensation, when administered to
[78]
patients with end-stage PBC . A prospective study
of 297 Dutch patients with PBC showed that UDCA,
when administered to patients with early histologic
disease, significantly improved transplant-free survival
(1 year = 99.7%, 5 year = 87%, and 10 year = 71%)
[80]
than that predicted by the Mayo model . The AASLD
recommends administration of UDCA in patients with
PBC with abnormal liver function tests, regardless
[36]
of histological stage . A meta-analysis of 1038
patients in seven randomized clinical trials with longterm follow-up demonstrated UDCA decreased the
incidence of liver transplantation [odds ratio (OR) =
0.65, P = 0.01], and decreased the combined rates

NATURAL HISTORY
The natural history of PBC, including the percentage
of patients requiring liver transplantation or dying, has
[25]
recently become less severe due to earlier diagnosis ,
[65,66]
and introduction of UDCA therapy
.

PROGNOSTIC MODELS
The Mayo Risk score is the most widely used and
[67]
best prognostic system . It is superior to the Child[67]
Pugh score in predicting prognosis . It incorporates
patient age, serum bilirubin concentration, albumin
concentration, prothrombin time, and degree of edema.
The Mayo Risk score = 0.04 (Age) + 10.87 Loge (Bilirubin)
- 22.53 Loge (Albumin) + 12.38 Loge (Prothrombin
time) + 10.86 (Edema score). An edema score of 0=no
edema without diuretics, 1 = edema with diuretics,
and 0.5 = otherwise. This risk score is used to calculate
expected patient survival for up to 7 years of follow[68]
up . A Mayo Risk score of 7.8 is considered the optimal
[69,70]
time to evaluate a patient for liver transplantation
.

TREATMENT
The aim of PBC therapy is to reverse injury from
bile duct inflammation to relieve symptoms, prevent
disease progression, relieve laboratory abnormalities,
and prevent the consequences of chronic cholestasis,
including pruritus, fatigue, osteoporosis, and fat-soluble
[71]
vitamin deficiencies . The mechanism of action and
therapeutic effects of drugs for PBC are summarized in
[72,73]
Table 3
.

Ursodeoxycholic acid

Chronic cholestasis results in intrahepatic and systemic
accumulation of potentially cytotoxic bile acids that
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of mortality or liver transplantation (OR = 0.76, P =
0.05). A meta-analysis of French, Canadian, and Mayo
[81]
Clinic trials
demonstrated beneficial effects of UDCA
on patient survival and time-to-liver transplantation.
This benefit was observed in patients with moderateto-severe disease, but not in patients with mild
disease (serum bilirubin concentration < 1.4 mg/dL,
[81]
stage Ⅰ or Ⅱ histological abnormalities) . After liver
transplantation, UDCA, compared to placebo, does not
affect retransplantation rates, acute cellular rejection, or
[77]
mortality related to allograft rejection .
UDCA protects against hepatoma development in
patients with PBC, as demonstrated in a study of 930
[82,83]
patients
. Patients with PBC treated with UDCA
experience an approximately three-fold decline in risk of
hepatoma as compared to untreated patients. However,
failure to improve liver function test abnormalities after
one year of UDCA therapy represents a risk factor for
[84]
hepatoma development .

of fibrosis in study patients and the finding of marginal
improvement might reflect poor prognosis of PBC patients
[93]
with cirrhosis . Patients with cirrhosis administered
budesonide have worse side effects than those without
cirrhosis, and have an increased risk of portal venous
thrombosis. Hence, patients with grade Ⅳ fibrosis or
[94]
cirrhosis are generally not administered budesonide .

Obetocholic acid

Obetocholic acid, a farnesoid-X-receptor (FXR) agonist,
is present in liver, intestine, kidneys, and adrenals. It
plays an important role in the enterohepatic circulation
of bile acids. It reduces bile acid synthesis by its action
on 7 alpha hydroxylase, down-regulates bile acid uptake
proteins, and increases expression of bilirubin exporter
[95,96]
pumps
. An international, double-blind, placebocontrolled clinical trial in patients with PBC showed
substantial improvement in various liver enzyme levels
including AP, gamma glutamyl transpeptidase, and
[97-99]
alanine aminotransferase with various drug doses
.
A long-term, phase Ⅲ trial of obetocholic acid in UDCAtreated patients is currently in progress (EudraCT
[71]
Number: 2011-004728-36) .

Biochemical response to UDCA

A biochemical response to UDCA has been variably
described as: (1) a Mayo risk score < 4.5, or serum
AP level < 2 × upper limit of normal after 6 mo of
[85]
treatment ; (2) a reduction in serum AP level to < 40%
[86]
of baseline or to within normal limits at one year ; or (3)
serum AP < 3 × upper limit of normal, AST < 2 × upper
limit of normal, and bilirubin < 1 mg/dL after 1 year of
UDCA therapy. Patients satisfying criterion 3 had a 90%
[87]
rate of transplant-free survival at 10 years .

Fibrates

Fibrates can benefit patients who respond suboptimally
to UDCA, as reflected by significant improvement
in cholestasis, cytolysis, and pruritus after adding
[71,100-105]
fibrates
. Its mechanisms of action are incom
pletely understood. Fibrates activate the peroxisome
proliferator-activated receptors, and apparently stimulate
multidrug resistance protein 3 located primarily in
liver, which in turn protects the hepatobiliary system
by inducing phosphatidylcholine transport across the
[100]
bile canalicular membrane to render bile less toxic .
Fibrates substantially improve serum biochemical tests of
liver function, especially serum AP, though improvement
in survival is yet to be demonstrated.

Corticosteroids

UDCA alone may not produce a biochemical response
in patients with features of AIH, and such patients often
require concomitant immunosuppressive therapy. Metaanalysis of seven randomized, controlled trials of patients
with PBC with features of AIH showed that UDCA
combined with corticosteroids significantly improved
serum parameters of liver function and histologic grades,
but did not significantly improve mortality or liver trans
[88]
plantation rate . Long term use of corticosteroids
can cause adverse effects, including hyperglycemia,
osteoporosis, cataracts, weight gain, increased risk of
[89]
opportunistic infections, etc. .

Other therapies

As PBC presumably has an immunologic component,
numerous immunosuppressants and immunomodulators
other than corticosteroids have been tested for treating
[106-120]
PBC. No evidence supports their efficacy (Table 4
).
Similarly, numerous other drugs have failed to demon
strate efficacy in clinical trials and are not currently
[26,27]
recommended
.
Rituximab, an anti-CD20 monoclonal antibody,
produces selective B-cell depletion that could potentially
ameliorate autoimmune disease by decreasing auto
antibody production and antigen presentation by
[121]
B cells
. However, this biologic therapy has little
[121,122]
efficacy
. A human monoclonal antibody directed
against interleukin 12 (IL-12)/IL-23 (ustekinumab) is
currently being investigated in PBC in a phase Ⅱ trial
[71]
(EudraCT Number: 2011-000554-31) . Definitive data
about safety and efficacy of ustekinumab in PBC are
currently lacking.

Budesonide

Budesonide is a corticosteroid that demonstrates
first-pass metabolism in the liver, decreases systemic
exposure to corticosteroids by 90% and reduces syste
[90]
mic toxicity as compared to other corticosteroids .
Randomized clinical trials have shown that budesonide
at 6-9 mg/kg per day in combination with UDCA can
improve serum biochemical parameters of liver function
and liver histology, especially in patients with gradeⅠ[91,92]
. One study, however, showed only
Ⅲ fibrosis
marginally significant improvement in serum AP levels
with budesonide at the cost of increased systemic
toxicity. This study did not, however, assess the grade
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Diagnosis of recurrent PBC after liver transplantation is
often challenging because AMA is persistently positive in
[134]
most patient after transplantation , and elevated serum
AP can be due to various etiologies after transplantation
including acute rejection, chronic rejection, viral infection,
drug toxicity, graft vs host disease, bile duct pathology,
or hepatic vein/artery pathology, in addition to recurrent
PBC. Liver biopsy is essential for diagnosing recurrent
[128]
PBC . Diagnostic criteria for recurrent PBC include: (1)
PBC was an indication for liver transplant (obligatory); (2)
graft histopathology suggests recurrent PBC, including:
epithelioid granulomas, mononuclear inflammatory
infiltrate, formation of lymphoid aggregates, and bile duct
damage; and (3) other causes of graft failure have been
excluded. Recurrent PBC is definitively diagnosed when
all 3 criteria are met, including the presence of at least
3 of the 4 histologic features in criterion 2. Recurrent
PBC is likely diagnosed when only 2 histologic features in
[128,132]
criterion 2 are present
. Anti-parietal cell antibodies
[135]
may be a marker for recurrent PBC
. There are
conflicting data about whether donor’s age, recipient’s age,
cold ischemic time, warm ischemia time, number of HLA
mismatches, and specific immunosuppressive regimens
[136-140]
are risk factors for recurrence
.
The appropriate therapy for recurrent PBC is unclear.
[141,142]
UDCA has been advocated as a therapy
. Anecdotal
evidence suggests improvement in serum biochemical
parameters of liver function following UDCA administration.
UDCA most likely acts in recurrent PBC just like it acts on
the native liver before transplantation.

Table 4 Drugs without efficacy in primary biliary cirrhosis as
demonstrated in clinical trials
Drug

Ref.

Azathioprine
Chlorambucil
Methotrexate
Mycophenolate mofetil
Cyclosporine
Penicillamine
Colchicine
Malotilate
Thalidomide
Silymarin
Statins

[106]
[107]
[108-110]
[111]
[112]
[113,114]
[115,116]
[117]
[118]
[119]
[120]

PBC-AIH overlap is treated with UDCA and immuno
suppression using corticosteroids or azathioprine.
These agents produce a favorable serum biochemical
[43,44,123-125]
response
. In such patients, UDCA alone
[124]
increases the rate of fibrosis .

Liver transplantation

Liver transplantation is the only definitive treatment for
[126]
PBC. It improves survival . As per the United Network
for Organ Sharing (UNOS) database, between 1995
and 2006, the number of liver transplants increased by
a mean of 249 per annum in the United States, but the
number of liver transplants performed for PBC decreased
[127]
steadily by a mean of 5.4 cases per annum
. In
Europe, PBC is still the third most common reason for
[128]
liver transplantation, with a relative rate of 9% . One-,
5- and 10-year survival for PBC in Europe are 86%, 80%
[128]
and 72%, respectively . These rates are higher than
those for patients transplanted for hepatitis B, hepatitis C,
alcoholic cirrhosis, or other autoimmune liver diseases.
As per European Association for the Study of the
Liver (EASL) guidelines, any PBC patient with a serum
bilirubin > 5.9 mg/dL, a Mayo Risk score > 7.8, and/or a
Model for End-Stage Liver Disease (MELD) score of > 12
[129]
should be evaluated for potential liver transplantation .
Potential liver transplant candidates should be referred
early for evaluation at a liver transplantation center to
determine eligibility and assure timely listing as a liver
transplant candidate.
As for all patients with end stage liver disease,
clinical indications for liver transplantation in PBC include
refractory ascites, recurrent spontaneous bacterial
peritonitis, recurrent variceal hemorrhage, hepatic ence
phalopathy, hepatorenal syndrome typeⅠ, and hepato
[130]
cellular carcinoma, subject to the Milan criteria
.
Indications specific to PBC include refractory pruritus
[128]
and chronic fatigue . After determining that a patient
is a liver transplant candidate, patients are assigned to
receive donor livers from UNOS in America according to
the MELD score.
The incidence of recurrent PBC after liver trans
plantation is about 30% at 10 years and about 40% at 15
[127,131-133]
years
. Median time to recurrence is 3-5.5 years.
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SYMPTOMATIC THERAPY
Fatigue

[55]

Fatigue occurs in up to 70% of patients . It is associated
with excessive daytime sleepiness and autonomic
dysfunction. Cerebral structural abnormalities, related to
excessive manganese deposits in the globus pallidum,
[143-146]
may be a contributing factor
. Patients with fatigue
[143]
had significantly higher serum levels of manganese ,
and increased manganese deposits in the brain, likely
secondary to impaired biliary excretion. Other implicated
factors include elevated inflammatory cytokines (IL-1,
[147]
[148,149]
IL-6, TNF) , elevated progesterone levels
, and
[150,151]
impaired peripheral muscle function
. Fatigue
at clinical presentation may be associated with an
aggressive clinical course, rapid progression to cirrhosis,
[61]
and poor response to UDCA .
Fatigue severity is measured according to the fatigue
[152]
impact scale (FIS)
or PBC-40 (PBC-40 question
[153]
profile) . The FIS is a detailed and cumbersome tool,
which takes approximately 3 min to complete in a nonfatigued person, but may take considerably more time
in severely fatigued patients. There are 40 items on the
scale, each of which is scored from 0 (no problem) to 4
(extreme problem), providing a continuous scale score
[154]
of 0-160 .
There is no specific treatment for the fatigue. Some
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data suggest that modafinil improves fatigue symptoms
[155]
in PBC patients, without major side effects , but it is
currently not approved by the FDA for this indication.
Randomized, prospective studies are needed to establish
efficacy. Some PBC patients experience a symptom
complex of fatigue, symptoms of cognitive dysfunction,
[156]
and social and emotional dysfunction . Various agents
such as ondansteron, fluoxetine, and antioxidants have
been studied to ameliorate this fatigue, but none have
[147]
demonstrated efficacy .

the dose of intravenous infusion for several hours
before introducing it orally to reduce the risk of opiate
[168-170]
withdrawal
. If a patient exhibits signs of withdrawal
during dosage increases, the dose can be maintained
at the prior dose for a day or two with subsequent
increases, until the pruritus is relieved.
Review of patient diaries in a clinical trial of PBC
therapy revealed that sertraline was associated with relief
[171]
of pruritus . In a subsequent randomized, placebocontrolled study, sertraline was again associated with
relief of pruritus, as determined by a visual analogue
scale, and associated with improved skin appearance, as
[172]
determined by physical examination .
Antibiotics have been used to treat the pruritus. In
clinical trials, rifampicin has relieved pruritus in some
[173-175]
patients with liver disease
. Rifampicin stimulates
PXR, which induces drug-metabolizing enzymes and
[176,177]
transporters
. A meta-analysis of controlled,
randomized clinical trials demonstrated that rifampicin
[178,179]
was generally safe, but is occasionally hepatotoxic
.
Thus, follow-up of serum tests of liver function is
necessary when patients are initiated on this drug, and
this drug should be stopped if drug hepatotoxicity is
suspected. Metronidazole may ameliorate refractory
[180]
pruritus in patients with PBC . It is best used as shortterm therapy because long-term administration can
[181]
cause peripheral neuropathy .

Pruritus

Pruritus from cholestasis is mostly generalized,
associated with scratching, sometimes violent, and sleep
deprivation. It may even lead to suicidal ideation in
[157]
extreme cases . Intensity of pruritus is not correlated
[157]
with PBC severity . Treatment of this pruritus involves
a multifaceted, individualized approach. Proper skin care
is essential. Patients with pruritus from liver disease do
not have primary pruritic skin lesions. However, lesions
secondary to scratching, including excoriations, and
sometimes prurigo nodularis (formation of localized or
generalized, eroded, excoriated, and intensely pruritic
[158]
cutaneous nodules from the scratching) can occur .
Patients have difficulty avoiding scratching because
the pain induced by the scratching often relieves the
pruritus. Patients should be referred to a dermatologist
to exclude primary skin diseases that can contribute to
the pruritus. All potential pruritogens should be removed
from the body. Cholestyramine is commonly used to
[159]
treat this type of pruritis . The mechanism of action
of cholestyramine to relieve pruritus is incompletely
understood. It is a non-absorbable resin that binds
anions, including bile acids and cholesterol, in the small
intestine thereby promoting their fecal excretion. Its side
effects, most commonly bloating, are generally minor.
Cholestyramine should be administered immediately
before and after breakfast to bind pruritogens that
accumulate in the gallbladder during an overnight fast
and that are otherwise poured into the small bowel after
breaking the overnight fast. Physical removal or plasma
separation of pruritogens have been attempted to treat
extreme, refractory pruritus. A transient relief from
pruritus has been reported with anion adsorption and
[160]
plasma separation , using extracorporeal liver support
systems such as Prometheus or MARS (molecular
[160-165]
adsorbent recirculating system
). Analysis of
plasma removed via MARS from patients suffering from
refractory pruritus revealed 60 proteins, one of which,
SLURP1, was three times higher in samples extracted
from patients with cholestasis than in those extracted
from controls. Nasobiliary drainage can help relieve the
[166]
pruritis by removing bile salts .
Pruritus may have a central component, and is
[167]
associated with increased opioidergic tone
. Opioid
antagonists, including naloxone and naltrexone, have
[157]
been used to relieve the pruritus
. Treatment with
opiate antagonists is initiated by progressively increasing
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Osteoporosis

Hepatic osteodystrophy refers to metabolic bone disease
[182]
in patients with chronic liver disease . PBC patients
have a 20%-44% prevalence of osteoporosis. The
prevalence increases with disease progression, and up
to 80% of patients with cirrhosis have osteoporosis. As
in the general population, risk factors for osteoporosis in
PBC include old age, female gender, smoking, excessive
alcohol consumption, underweight physique (body mass
2
index < 19.0 kg/m in adults), early menopause (< 45
years of age), positive family history of osteoporosis,
[182]
and corticosteroid therapy .
The mechanism of osteoporosis is unclear. PBC
apparently produces metabolic changes that affect
osteoprotegerin (OPG)-receptor activator of nuclear
factor-κB - ligand (RANKL), the major mechanism of
bone remodeling. Cirrhosis of any etiology, including
PBC, impairs the function of osteoblasts, reduces
the production of growth factors (especially insulinlike growth factor-1), and increases the synthesis of
oncofoetal fibronectin. Unconjugated bilirubin and
lithocholic acid, which accumulate in cirrhosis, may be
directly toxic to bone precursors and osteoblasts. This
subject has been extensively reviewed by Raszeja[182]
Wyszomirska et al . Malnutrition, vitamin deficiencies,
especially of vitamins D and K, could also increase the
risk of osteoporosis. Osteoporosis is diagnosed by dual
energy X ray absorptiometry (DEXA) scans of lumbar
spine and femur. These scans should be performed at
disease diagnosis with surveillance annually thereafter
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according to EASL guidelines or surveillance every 2-3
[27]
years as per AASLD guidelines .
Treatment guidelines for the osteoporosis is not
established. Treatment is begun at an early phase (DEXA
score: -1 SD to -2.5 SD). Patients should be advised about
[183]
lifestyle modifications , including regular weight-bearing
exercises, avoidance of smoking, alcohol, etc. Patients
should be prescribed calcium at 1000-1500 mg/d and
vitamin D at 400-800 IU/d. Bisphosphonates, particularly
alendronate, are commonly administered. Alendronate
at 70 mg/wk significantly improves bone mineral density
[184]
after 1 year of therapy . Patients should not lie down
for at least 30 min after ingesting alendronate to avoid
esophageal reflux or ulcers induced by this medication. In
a pilot study, 9 patients administered raloxifene exhibited
a slight increase in bone mineral density in the lumbar
[185]
spine . Therapies including zoledronic, ibandronic acid,
anabolic therapy with strontium ranelate or recombinant
human parathormone 1-34, and denosumab-IgG2
monoclonal antibody against RANKL have not been
studied for osteoporosis in PBC.

dysmotility. Drinking plenty of water while in the upright
[27]
position is helpful . Patients with Sjogren’s syndrome
may experience vaginal dryness. Vaginal lubricants,
such as K-Y jelly or vaginal inserts, are helpful. Cortisone
creams should be avoided. Estrogen preparations are
recommended in postmenopausal women.

Pregnancy

A case control study of 267 pregnant patients with PBC
and 367 healthy pregnant controls revealed that most
[195]
PBC patients have uneventful pregnancies
. Up to
[196]
60% of patients develop post-partum flares . UDCA
is safe to administer during pregnancy in patients with
pruritus (FDA pregnancy category B).

Hyperlipidemia

Complications of chronic cholestasis include osteoporosis
(described above) and hyperlipidemia. The hyperlipidemia
in PBC is, however, apparently not associated with adverse
[60,197-199]
cardiovascular effects
. It is unusual for cholesterollowering agents to be needed, but statins (3-hydroxy-3methylglutaryl coenzyme A reductase inhibitors) are a
safe therapy, even when serum liver function tests are
[200]
abnormal . Fibrates have been used safely in some
[201]
patients , but occasionally cause paradoxical elevations
[202]
of serum cholesterol .

SPECIAL SITUATIONS
Associated autoimmune disorders

Prevalence of autoimmune disorders associated with PBC
[44,186-190]
ranges from 2% to 20%
. Sjogren’s syndrome
and Raynaud’s syndrome are strongly associated with
[27]
PBC . Clinical symptoms of Sjogren’s syndrome include
ocular and oral dryness for > 3 mo, use of artificial
tears > 3 times per day, and the need to drink liquids
to swallow solid food. All PBC patients with suspicious
symptoms should undergo Schirmer’s test, a highly
[191]
specific test for Sjogren’s syndrome
. Patients with
PBC should also undergo tests to exclude celiac disease,
[192]
rheumatological disorders, and thyroid disease .
Management of Sjogren’s syndrome includes
general measures to improve eye care, such as house
hold humidification, use of artificial tears, including
hydroxypropyl methylcellulose or carboxymethylcellulose,
or cyclosporine ophthalmic emulsion to increase tear
[193]
production . General measures to improve oral health
include regular visits to the dentist, mouth rinsing
with water, use of fluoride-containing toothpaste, daily
dental flossing, and avoidance of eating sugars between
[27]
meals . Patients with xerostomia are prescribed saliva
substitutes. Cholinergic agents, such as pilocarpine
and cevimeline, are empirically used in Sjogren’s
[194]
syndrome
. Cevimeline, a cholinergic agent with a
high affinity for M3 muscarinic receptors, relieves the
perception of dry mouth and decreases the need for
[194]
artificial saliva
. Oral candidiasis, a complication of
dry mouth, requires specific antifungal therapy. Care must
be exercised when swallowing esophagotoxic pills, such
as potassium supplements, tetracycline, or alendronate,
because of the sicca syndrome and occasional esophageal
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COMPLICATIONS FROM CIRRHOSIS
FROM ADVANCED PBC
Patients with cirrhosis from advanced PBC are subject to
all the usual complications of cirrhosis, including hepatoma
development, spontaneous bacterial peritonitis, hepatic
encephalopathy, hepatorenal syndrome, and esophageal
variceal bleeding. The diagnosis and treatment of these
[126,189,203-222]
complications are briefly listed in Table 5
,
which includes references for further reading on these
complications.

FUTURE TRENDS
The future of PBC promises to be exciting. Genetic,
immunologic, and epidemiologic data should further
elucidate the pathogenesis of PBC, especially in the era of
genome-wide association studies and epigenetics. Such
advances may help hepatologists screen and diagnose
PBC early, to improve survival, and institute preventive
measures to reduce exposure to environmental factors
that accelerate the disease. New drugs with molecular
targets, such as obeticholic acid and ustekinimab, show
considerable promise. Great advances have recently
been made in improving transplant-free survival and this
trend should continue for the next several years. Also,
the prognosis after transplantation should continue to
improve with improved immunosuppression and surgical
techniques. Future agents might reverse advanced
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Table 5 Complications of cirrhosis or portal hypertension in patients with primary biliary cirrhosis
Complication
Hepatoma

Spontaneous bacterial peritonitis

Hepatic encephalopathy

HRS

Esophageal varices

Special considerations in PBC

Ref.

Like other cirrhotics, patients with PBC have increased risk of developing hepatomas
In patients with PBC who have not undergone a liver biopsy to document the diagnosis of cirrhosis,
hepatoma screening should be initiated when the Mayo score > 4.1
Surveillance for hepatoma in patients with cirrhosis from PBC should be performed every six months
by abdominal ultrasound or an alternative modality of abdominal imaging
Diagnosed by abdominal paracentesis revealing > 250 polymorphonuclear leukocytes/mm3 in ascitic
fluid
Treated with a short course of multiple antibiotics, generally including either a third-generation
cephalosporin or flouroquinolones
Diagnosed clinically by confusion, delirium, or stupor on physical examination, depending on degree
of hepatic encephalopathy; possible presence of asterixis on physical examination; and elevated serum
ammonia level in a cirrhotic patient
Treatment options include rifaximin, lactulose, supportive care, and reversal of underlying
precipitating causes, such as dehydration, infection, or gastrointestinal bleeding
Type 1 HRS defined as doubling of serum creatinine level, reaching a level > 2.5 mg/dL in < 2 wk.
Type 2 HRS defined as a less severely elevated serum creatinine level. Must exclude other causes of
renal failure, especially hypovolemia in both types of HRS
Treatment includes avoidance of nephrotoxic medications; short-term trial of volume expansion;
and administration of vasopressin analogues, such as terlipressin, and α-adrenergic agonists, such
as norepinephrine or midodrine. Ultimate treatment for type 1 HRS refractory to therapy is liver
transplantation
Usually occur only after Mayo score becomes > 4.1. Patients with advanced PBC can develop portal
hypertension before developing established cirrhosis from nodular regenerative hyperplasia
Esophageal varices usually diagnosed and graded by esophagogastroduodenoscopy
Specific therapies for esophageal varices include: endoscopic banding, endoscopic injection therapy,
and non-selective beta-blockers. Transjugular intrahepatic shunt is recommended for refractory
variceal bleeding, especially when the MELD score < 18

[189,203-205]
[126]
[206]
[207]
[208]
[209]

[209-211]
[212,213]

[213-215]

[216-220]

[221,222]

PBC: Primary biliary cirrhosis; MELD: Model for end-stage liver disease; HRS: Hepatorenal syndrome.

fibrosis in PBC, thereby reducing complications from
portal hypertension and cirrhosis.
11
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REVIEW

Incidence, risk factors and outcome of de novo tumors in
liver transplant recipients focusing on alcoholic cirrhosis
Carlos Jiménez-Romero, Iago Justo-Alonso, Félix Cambra-Molero, Jorge Calvo-Pulido, Álvaro García-Sesma,
Manuel Abradelo-Usera, Oscar Caso-Maestro, Alejandro Manrique-Municio
reported to be between 52% and 83.3% in AC patients
before OLT. Other risk factors that contribute to the
development of malignancies are dose-dependent
immunosuppression, advanced age, viral infections,
sun exposure, and premalignant lesions (inflammatory
bowel disease, Barrett’s esophagus). A significantly
more frequent incidence of upper aerodigestive (UAD)
tract, lung, skin, and kidney-bladder tumors has
been found in OLT recipients for AC in comparison
with other etiologies. Liver transplant recipients who
develop de novo non-skin tumors have a decreased
long-term survival rate compared with controls. This
significantly lower survival rate is more evident in AC
recipients who develop UAD tract or lung tumors after
OLT mainly because the diagnosis is usually performed
at an advanced stage. All transplant candidates,
especially AC patients, should be encouraged to cease
smoking and alcohol consumption in the pre- and postOLT periods, use skin protection, avoid sun exposure
and over-immunosuppression, and have a yearly
otopharyngolaryngeal exploration and chest computed
tomography scan in order to prevent or reduce the
incidence of de novo malignancies. Although still under
investigation, substitution of calcineurin inhibitors for
sirolimus or everolimus may reduce the incidence of de
novo tumors after OLT.
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Abstract

Core tip: Incidence of de novo tumors is significantly
increased in patients who undergo liver transplantation
for alcoholic cirrhosis. The association of alcohol and
tobacco consumption and immunosuppression contribute
to the development of de novo malignancies, mainly
located in upper aerodigestive tract, lung and skin.

Orthotopic liver transplantation (OLT) is an established
life-saving procedure for alcoholic cirrhotic (AC)
patients, but the incidence of de novo tumors ranges
between 2.6% and 15.7% and is significantly increased
in comparison with patients who undergo OLT for other
etiologies. Tobacco, a known carcinogen, has been
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addition, we analysed the incidence of de novo tumors
in comparative studies between alcoholic and nonalcoholic recipients of OLT.

Jiménez-Romero C, Justo-Alonso I, Cambra-Molero F, CalvoPulido J, García-Sesma Á, Abradelo-Usera M, Caso-Maestro O,
Manrique-Municio A. Incidence, risk factors and outcome of de
novo tumors in liver transplant recipients focusing on alcoholic
cirrhosis. World J Hepatol 2015; 7(7): 942-953 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i7/942.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i7.942

INCIDENCE
Overall incidence of de novo tumors after OLT ranges
[1,2,5-8,11,12,16,17,25,26,32-44]
between 2.6% and 33.6%
(Table 1).
The disparity of de novo tumors incidence among these
series is attributed to exclusion of some type of tumors,
[26]
such PTLD in the study of Saigal et al (incidence of
2.6%). The increased incidence of de novo tumors after
OLT is mainly due to the intensive surveillance, and the
life-long immunosuppressive therapy the transplant
[1,5]
recipients receive . In our series of 528 adult transplant
recipients with a mean follow-up of 6.7 years, the
cumulative risks for development of non-cutaneous
malignancies at 5, 10, and 15 years post-OLT, were 9%,
[45]
18%, and 25%, respectively . A recent series reports
a 15-year cumulative incidence of de novo tumors of
34.7% as compared to 8.9% for the non-transplant
population, and emphasizes the continuously increasing
[44]
incidence of tumors over time following OLT . The mean
interval between OLT and tumor diagnosis was reported
to be between 19.2 and 82.7 mo, and the mean age of
recipients at the time of diagnosis was between 53 and
[14,32,37,38,44]
59.5 years
. A significantly higher incidence has
been observed in patients who underwent OLT for AC in
[9,11-13,15,23,24,26,28,29]
comparison with other non-AC diseases
(Table 2). In our series of 701 adult recipients of OLT,
the incidence of de novo tumors in AC patients was
significantly higher (25% in AC patients vs 9.4% in non[28]
AC recipients; P < 0.001) .

INTRODUCTION
The occurrence of de novo tumors is considered the
second cause of late mortality after orthotopic liver
[1-3]
transplantation (OLT) . Initially, similar frequency
of de novo tumors (carcinomas of the lung, prostate,
breast, colon, and uterine cervix) was published
among transplant recipients in comparison with the
[4]
non-transplant population . Subsequently, a higher
incidence of posttransplant lymphoproliferative disease
(PTLD) and skin cancer was established in OLT patients
[2,5-7]
vs non-immunosuppressed population
. Moreover,
the incidence of other tumors is controversial so that,
depending on the series of OLT, an increased incidence of
[1,5,6,8-16]
[5,6,17]
upper aerodigestive (UAD) tract
, colon
, and
[5]
kidney tumors can be found. It has been reiterated that
the most important contributing factors for increased
incidence of de novo tumors are the long period of followup of the recipients and the presence of risk factors,
such as abuse of alcohol and tobacco, sun exposure,
overimmunosuppression, advanced age, inflammatory
bowel disease, hepatitis B virus (HBV) and hepatitis C
virus infections, Epstein-Barr virus, herpes virus 8, and
[5,8,11,14,18-21]
human papilloma virus
. Alcoholic cirrhosis (AC)
constitutes the leading cause of end-stage liver disease
in Western countries, and many of these patients may
potentially benefit from OLT if they fulfill the usual criteria
[22]
for this technique . However, the OLT patients for AC
show an increased incidence of de novo malignancies
[9,11-16,23-32]
after transplant
.
The objective of this review is to analyze the
incidence, risk factors, location and characteristics of de
novo tumors in AC patients who underwent OLT, and also
to evaluate the prognosis and survival after diagnosis of
malignancies.

RISK FACTORS AND PREDISPOSING
CONDITIONS FOR DE NOVO TUMORS
AFTER OLT FOR AC PATIENTS
Recipient age

Liver transplant series showed recipients older than 40
[5]
[25]
years , and older than 51 years old at the time of OLT
as having independent risk for de novo malignancies.
In two recent studies it was also observed that older
age and smoking were independently associated with a
[38,46]
higher risk of malignancy
, especially lung, head and
[46]
neck, kidney and urinary tract .

RESEARCH
We performed MEDLINE search considering the most
important series related with de novo tumors after OLT
that were reported in English literature. We analysed
the incidence of de novo malignancies in OLT recipients
in comparison with the non-transplant population as
control group, and also we will mainly focuss on the
different series which studied the incidence, risk factors
and predisposing conditions for developing de novo
tumors, locations, survival after diagnosis, surveillance,
and immunosuppression changes as prevention or
therapeutics measures for control these tumors. In
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Tobacco and alcohol consumption

Prevalence of tobacco use among the non-transplant
population is between 20% and 30%, and as high as
[47]
40% in OLT recipients .
Smoking fewer cigarettes over a long period seems
more damaging than smoking more cigarettes over
[47]
a shorter period . Tobacco discontinuation is usually
required for heart and lung transplantation candidates,
but in OLT candidates the requirement of smoking
discontinuation is less clear and remains controversial.
The association of alcohol and tobacco consumption
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Table 1 Overall incidence of de novo tumors after liver transplantation n (%)
Ref.

No. OLT

Follow-up period

Time from OLT-DNT

Pts with DNT

DNT incidence

Overall SIR

458
1000
888
251
1827
121
174
137
505
1140
1421
772
187
1778
540
2034
417
534
6846
385
6291
1221
43216
1675
2000
609

50/22 mo
78 mo
29.3 ± 25.2 mo
50.5 mo
20 ± 18 mo
499 persons/yr
61 mo
69 mo
8-168 mo
69 mo
67 mo
51 mo
65 mo
3222 persons/yr
81.6 mo
68 ± 38.4 mo
> 4 mo
61.2 mo
62.4 mo
57.3 mo

43 mo
36 mo
24 ± 16.8 mo
24.3 mo
30.7 ± 22 mo
19.2 mo
12-104 mo
47.8 mo
45 mo
40 mo
49.5 mo
57 mo
61 mo
42.2 ± 33.8 mo
51 mo
48 ± 26.4 mo
31.2 mo
38.4 mo
82.7 mo
68.4 ± 44.4 mo

33
57
39
11
70
18
21
22
57
30
125
41
49
141
47
113
43
73
50
150
1923
98
115
71

34 (7.2)
58 (5.7)
43 (4.8)
12 (4.8)
70 (3.8)
19 (15.7)
23 (13.2)
30 (21.9)
62 (12.2)
30 (2.6)
125 (8.8)
41 (5.3)
63 (33.6)
141 (7.9)
50 (9.2)
113 (5.5)
43 (10.3)
80 (14.9)
66 (17.1)
150 (12.3)
1923 (4.4)
100 (5.9)
120 (6)
87 (14.3)

7.6 (UAD)
3.9
2.07
2.59
2.5
2.7
3.1
2.2
2.2
2.2
3.4
1.4
1.94
-

Jonas et al[18]
Jain et al[1]
Kelly et al[33]
Peyrègne et al[8]
Galve et al[34]
Sheiner et al[2]
Haagsma et al[5]
Xiol et al[25]
Jiménez et al[35]
Saigal et al[26]
Sanchez et al[6]
Benlloch et al[11]
Herrero et al[36]
Oo et al[12]
Aberg et al[7]
Jiang et al[17]
Baccarani et al[37]
Chatrath et al[38]
Collett et al[39]
Tjon et al[40]
Engels et al[41]
Krynitz et al[42]
Sampaio et al[43]
Ettorre et al[32]
Schrem et al[16]
Wimmer et al[44]

OLT: Orthotopic liver transplantation; DNT: De novo tumors; UAD: Upper aerodigestive tumor.

Table 2 Comparative studies between alcoholic cirrhotic and non-alcoholic cirrhotic patients who underwent orthotopic liver
transplantation, incidence of de novo tumors n (%)
Ref.
[9]

Duvoux et al
Jain et al[23]
Bellamy et al[24]
Saigal et al[26]
Benlloch et al[11]
Oo et al[12]
Dumortier et al[13]
Jiménez et al[28]
Biselli et al[29]
Zanus et al[15]

No. OLT

Follow-up period

90
834
513
1140
772
1778
594
701
147
638

45.2 ± 21.2 mo
9 4 ± 11 mo
81.7 mo
69 mo
40 mo
9-206 mo
48 mo

DNT overall incidence
11 (12.2)
81 (9.7)
57 (11.3)
30 (2.6)
41 (5.3)
141 (7.9)
42 (7)
109 (15.5)
11 (7.5)
43 (6.3)

DNT-AC
8 (26.7)
36 (19.4)
33 (26)
10 (7.5)
18 (9.4)
15 (8.8)
37 (12.1)
69 (25)
7 (14.3)
16 (11)

DNT-non-AC

P -value

DNT excluded

3 (5)
45 (6.9)
24 (6.1)
20 (1)
23 (3.9)
126 (7.8)
5 (1.7)
40 (9.4)
4 (4)
27 (5)

0.01
< 0.05 (UAD)
0.0001
0.001
0.01
0.001
0.05
0.001
0.042
0.02

PTLD
Skin DNT
-

AC: Alcoholic cirrhosis; OLT: Orthotopic liver transplantation; PTLD: Post-transplant lymphoproliferative disease; DNT: De novo tumors; UAD: Upper
aerodigestive tumor.

has been published to be as high as 90% in alcoholic
[48,49]
patients
. It has been documented that 52% of AC
patients were active smokers before OLT and 44% after
[50]
OLT . In our series of OLT for AC, 83.3% of patients
[28]
were smokers vs 43% of non-AC patients . Smokers
show an increased risk of cardiovascular disease, stroke
[51]
and cancer . Moreover, tobacco consumption has also
been associated with squamous cell carcinoma (SCC)
[52]
of the skin in the non-transplant population
and
[20,27]
OLT recipients
. In addition, malignancies seem to
[50]
develop much earlier after OLT in tobacco users . In a
comparative study among active smokers, ex-smokers,
and non-smokers who underwent OLT, a significantly
increased cardiovascular-specific mortality and sepsis

WJH|www.wjgnet.com

mortality but not malignancy-related mortality was
[53]
demonstrated in the active smokers group . On the
other hand, other authors showed a significantly higher
10-year cumulative rate of de novo tumors in active
smokers (12.7%) vs non-smokers (2.1%), but without
an effect of smoking on skin cancer or cardiovascular
[50]
disease . Liver transplant recipients who ceased
smoking had a lower incidence of such tumors in
[46]
comparison with patients who continued to smoke .
A synergistic effect has been demonstrated when
patients are exposed to combined alcohol and tobacco
consumption, resulting in a more than 7-fold increased
[54,55]
risk of tumors
. In the general population, tobacco
and alcohol abuse are well-known risk factors for oral,
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[21,74]

pharyngeal, laryngeal, esophageal, upper airway, bladder
[54,56-60]
and cervix tumors
. In a more recent review of
the non-transplant population, a causal association was
established between alcohol intake and cancers of the
oral cavity, pharynx, larynx, esophagus, liver, colon,
[61,62]
rectum, and in women, breast
; an association
[61]
is suspected for cancers of the pancreas and lung .
However, the carcinogenic effects of alcohol have not
been fully defined and probably differ by target organ.
Alcoholic drinks might act as a solvent for carcinogens
(e.g., tobacco-derived), facilitating penetration through
[63]
the mucosa of the upper aerodigestive organs . Heavy
alcohol intake seems to affect folate metabolism which
changes DNA methylation and the control of expression
of genes with a potential role in carcinogenesis (colon,
[64]
rectum and breast) . For breast cancer, alcohol
carcinogenicity is thought to be due to increased estrogen
[65]
concentration . Production of reactive oxygen species
and nitrogen species is a possible mechanism of alcohol[66]
related liver carcinogenesis .
Alcoholic cirrhotic patients have a longer history of
[67]
tobacco use than the general population
and also a
higher tobacco consumption than patients undergoing
[9,35]
OLT for other etiologies
. Multivariate analysis of
a series from the Mayo Clinic showed an increased
probability of developing any solid organ de novo
malignancy with increased age, a history of smoking,
and AC or primary sclerosing cholangitis as indications
[14]
for OLT . In our experience, there is a significantly
higher incidence of de novo tumors (overall and partial
incidence of skin, upper aerodigestive, and lung tumors)
in AC patients compared with non-AC patients, a feature
that is also related with a significant consumption of
[27,28,35]
alcohol and tobacco in the AC group
.
After 10 years of smoking, OLT recipients presented
[51]
a significantly higher risk of non-skin tumors . It has
also suggested that alcohol abuse can produce genetic
alterations that potentiate those induced by tobacco
[60]
smoke , and tobacco can also alter the cellular
immune system by decreasing the number of natural
[68,69]
killer cells
.
The association of immunosuppressive drugs and
smoking may have adverse additive effects, mainly in
liver transplant patients for AC with a long history of
alcohol and tobacco abuse, where there has been a
demonstrated higher incidence of UAD and lung de novo
[1,9-11,14,18,23-25,27,28,45,46,70,71]
[46]
tumors
and even bladder
or
[23,27]
skin tumors
.

and 4% after OLT
. The incidence of PTLD is lower
in OLT recipients in comparison with other solid organ
[74]
transplants .

Immunosuppression

The influence of immunosuppression on the develop
ment of de novo tumors has been directly related
to the intensity as well as the cumulative dose of
[75]
immunosuppressive drugs .
Cyclosporine (CyA) and tacrolimus promote the
spread of tumors in immunodeficient mice, probably by
increasing the production of growth factors that enhance
[76]
angiogenesis, tumor growth and metastasis . The
pathogenic process triggered by immunosuppressors
consists of direct damage to the host DNA and
impairment of the recipient’s immunosurveillance, which
[77,78]
reduce their antitumor and antiviral immunity
.
A retrospective study suggested a dose-dependent
immunosuppressive drug relationship with de novo
[11]
tumor development . By contrast, other authors did
not find that immunosuppression is an independent risk
[26]
factor for de novo malignancy . Several studies found
[33,38,45]
a higher de novo tumor risk for CyA-based
or
[36,44]
tacrolimus-based
, whereas others did not observe
significant differences between CyA- and tacrolimus[18,38,79]
based immunosuppressive therapy
. It was pointed
out that CyA therapy increased malignancy risk when
C2 monitoring (blood concentration at 2 h post-dose)
was performed and the patient consequently received a
[40]
significantly higher CyA dose . Azathioprine has also
been described as an independent risk factor for higher
incidence of de novo malignancy, mainly due to inhibition
of DNA repair, and its metabolite 6-thioguanine has been
[80]
shown to accumulate in skin cells in vitro . A recent
report revealed that standardized incidence ratio for
de novo tumors were similar for patients who received
tacrolimus- or CyA-based immunosuppressive protocols
as long-term immunosuppression (mean = 7.4 years)
with or without mycophenolate mofetil, azathioprine, or
[16]
prednisolone as a co-medication . As summary, there
are no randomized control studies designed to evaluate
the influence of different immunosuppression schedules
over the development of post-OLT de novo malignancies.

Premalignant conditions

Barrett’s esophagus is a premalignant condition with
increased risk for development of esophageal tumor; a
rapid progression to high-grade of dysplasia has been
[81]
reported after OLT , as well as the development of
[82]
esophageal carcinoma .
There has been suggested an increased incidence
in colorectal de novo tumors in patients with ulcerative
[19,83]
colitis or sclerosing cholangitis who underwent OLT
.
Screening for premalignant conditions should be
performed in a pre-OLT evaluation, and patients with
evidence of a premalignant state should be followed
[84]
carefully after OLT for detection of malignancy .
Because of the increased incidence of de novo tumors

Infections

Kaposi’s sarcoma (KS) is a tumor exclusively seen in the
immunocompromised patients and is clearly related with
[72]
type 8 human herpes virus . Human papillomavirus
increases the risk for anal, genitourinary, oropharyngeal,
and skin tumors, and even for cervical cancer in kidney
[73]
transplant recipients . PTLDs are associated with
Epstein-Barr virus-infected B-lymphocytes and have
been reported to have an incidence between 1.7%
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[23]

than in patients with other etiologies . The mean time
from OLT to diagnosis of UAD tract tumors was reported
[1,6,10,11,18,33]
to be between 24 and 62 mo after OLT
. In
one series, UAD tract malignancies occurred exclusively
[9]
in patients transplanted for AC . In one of our studies,
the incidence was also significantly higher in the AC
group (8.1%) vs the non-AC group (0.8%), and among
the patients who suffered UAD tract tumors 70%
were heavy smokers and 75% had a history of heavy
[10]
drinking . In patients who underwent OLT for AC,
immunosuppressors may enhance the effects of alcohol
and tobacco, which are well-known risk factors for the
[85,86]
development of UAD tract tumors
.
The pathogenic mechanism of esophageal carcinoma
remains unclear. However, experimental studies in
animals suggest that oxidative damage from smoking
and alcohol intake, or gastroesophageal reflux, which
produces inflammation, esophagitis, and increased cell
[87]
turnover, might initiate the carcinogenic process .
Esophageal de novo tumors have been diagnosed
between 8 and 96 mo after transplant in patients
[8,88,89]
who smoke and who underwent OLT for AC
.
[89]
In a German series
of 10 de novo esophageal
tumors, diagnosed at a mean time of 51 mo after
OLT, all patients were males, 9 underwent OLT for AC
and 1 for hepatocarcinoma, 3 were smokers, 9 were
immunosuppressed with CyA, whereas 7 patients
revealed SCC and 3 adenocarcinoma. Five of these
patients were treated with chemo-radiotherapy and the
other 5, who had a better general condition, underwent
Ivor Lewis esophagectomy. In our published experience
of 5 patients with de novo esophageal SCC, all were
male and smokers, and underwent OLT for AC; diagnosis
of SCC was performed at a mean time of 36 mo after
OLT, and four patients were treated by transhiatal
esophagectomy, showing a 3-year patient survival of
[90]
40% . In spite of the elevated risk of OLT patients who
suffer esophageal tumors, the mortality after surgical
[89,90]
resection was reported as zero in both series
. To
date, there is no experience of neoadjuvant chemoradiotherapy associated with esophagectomy for the
treatment of esophageal tumors after OLT, but the
results for surgery are comparable with non-transplant
[89,90]
patients who present with an esophageal cancer
.

Table 3 Location and risk factors for the most frequent de
novo tumors in patients who underwent orthotopic liver
transplantation for alcoholic cirrhosis
Tumor location
UAD

Lung
Skin

Kidney and genitourinary tract

Risk factors
Alcoholic cirrhosis[9-11,13-15,23,24,30]
Tobacco consumption[9,14,38,46]
Barrett's esophagus[82]
Alcoholic cirrhosis[14,28]
Tobacco consumption[1,28,38,46]
Alcoholic cirrhosis[24,26,27]
Tobacco consumption[20,27,51]
Age > 40 yr[20] or age > 51 yr[25]
Male, red hair, brown eyes[20]
Sun exposure[20,36]
Sclerosing cholangitis[20]
CyA immunosuppression[20]
Tobacco consumption[46]

CyA: Cycosporine A; UAD: Upper aerodigestive tumor.

in AC (frequently smokers), these candidates should
be subjected to thorough evaluation to rule out tumor
[15]
or premalignant condition before OLT . Thus, these
patients should be screened for oropharyngeal/laryngeal,
esophageal, lung, bladder, and skin tumors as the most
frequent tumors associated with alcohol and tobacco
consumption.

LOCATION OF DE NOVO TUMORS IN
OLT RECIPIENTS FOR AC
We analyzed the subset of de novo tumors that are
usually developed in patients who undergo OLT because
of AC. Thus, a significantly more frequent incidence has
been published of UAD tract, lung, skin, and bladder
tumors in liver transplant patients for AC. PTLD is the
second most frequent de novo tumor after OLT, but it
is not associated with AC. Other types of solid tumors,
such as gastric, pancreatic, colorectal, prostate, breast,
and uterine cervix tumors show a similar incidence after
OLT for AC and non-AC recipients. Risk factors for most
frequent de novo tumors after OLT for AC are shown in
Table 3.

Upper aerodigestive tract tumors

Lung tumors

In this group a subset of tumors located in the floor
of the mouth, tonsil, tongue, pharynx, larynx and
esophagus is included, which are significantly more
frequent in male and smoker recipients who underwent
[1,9,10,14-16,23,24,30,33,36]
OLT for AC
. In some series, the
most common solid tumors were tumors of the UAD
[32,38]
tract
. The incidence of UAD tumors in OLT recipients
was published to be between 0.3% and 3.5% in
[1,6,10,11,18,33]
several series
. The risk of the development
of oropharyngeal/laryngeal malignancies was highest
in AC patients, with 5- and 10-year risks of 3.2% and
4.6%, respectively, vs 0.16% and 0.32%, respectively,
[14]
for non-AC patients . In patients who underwent OLT
for AC, the rate of UAD tumors was 25.5 times higher
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The incidence of de novo lung tumors after OLT is
[1,11,18,
increased, and ranges between 0.1% and 2.4%
25,28,36,38,91,92]
. Our incidence of these malignancies is
40-fold higher than that of the non-transplant population
[28]
in Spain . The main risk factors for post-OLT lung
[3]
tumors are the longer time elapsed since transplant ,
[1,11,24,28,32,46]
AC as indication for OLT
, and a long period
[1,14,28,36,38,91,92]
of tobacco consumption
. The risk of
developing a lung cancer was highest in AC patients, with
5- and 10-year risks of 2.0% and 4.8%, respectively,
compared to non-AC patients with 0.15% and 1.3%,
[14]
respectively .
[91-93]
In several small series
all patients with de novo
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lung malignancies had indicated the antecedent of heavy
smoking, and this addiction was also present in 62.5%
[1]
of patients in Pittsburgh series and in 83.3% in our
[28]
series . According to our experience, the continuation
of smoking after OLT represents an additional risk
[28]
factor for lung cancer . The mean time from OLT to
tumor diagnosis was reported to be between 42 and 83
[1,6,18,28,92]
mo
. The mean age of our patients at the time
of lung tumor diagnosis was significantly lower than a
[94]
Spanish non-transplant population .
Patients with lung tumors after OLT show similar
[1,28,93]
symptoms to non-transplant patients
. These lung
[1,18,28,
tumors are usually diagnosed at advanced stages
36,95]
[28,93]
in almost two-thirds of cases
. To obtain early
diagnosis of a potentially curable stage of lung cancer,
the goal is to perform screening with a computed
tomography (CT) scan every year of recipients at
increased risk, especially in the subset of older recipients,
over-immunosuppressed patients and smokers of more
than 20-30 pack-year who have undergone OLT for
[28,46,93,95-98]
AC
.
[1,18,28,33,91]
According to OLT series
, lung tumor resection
can only be performed at early stages (Ⅰ or Ⅱ) and when
the patients are in good general condition. In several
[1,28,33,36,91-93]
reported series
, there is little information
about surgical resection of de novo lung tumors after
OLT, but among 58 collected cases of these series there
were only 13 resected cases (20.6%). In unresectable
patients, palliative chemo and/or radiotherapy is an
[1,8,18,28,93]
alternative option
.

series failed to find significant differences between CyA
[18]
and tacrolimus . Nonmelanoma skin cancer does not
[40]
affect mortality .
The incidence of KS ranges from 0.14% to 2.8%
[99]
after OLT . Viral infections, such as HBV, cytome
galovirus, and Epstein-Barr virus infections have been
reported as risk factors for KS, but the main risk factor
[104,105]
is human herpes virus 8
. Kaposi’s sarcoma has
been related with the degree of immunosuppression,
and the lesions disappeared after immunosuppressive
[106]
drugs were discontinued . Almost all reported cases of
KS are located on the skin, but some visceral cases with
[72]
bad prognosis have also been described . Full-skin
examination may detect every kind of skin malignancy,
such as melanoma, nonmelanoma cancer, KS or
[107]
cutaneous lymphoma .

Genitourinary and gynecological tumors

Regular and current cigarette smokers in the nontransplant population have a higher risk of bladder
cancer than those who never smoked, and there is a
statistically significant dose-response relationship in
bladder cancer risk between smoking duration, intensity
[48]
and pack-year consumption . People who discontinued
smoking for 20 years or more remain at a higher risk
of bladder cancer than people who never smoked,
suggesting an early-stage irreversible effect of cigarette
[108,109]
smoke
.
Considering the frequent consumption of tobacco
among AC patients, the incidence of bladder tumors
after OLT must be increased in this group of patients.
However, there is little information about the increased
incidence of bladder tumors in smokers, except for
a recent report where smoking and older age were
associated with a higher risk of urinary tract and kidney
[46]
tumors . An earlier series of OLT reported a 30-fold
[5]
increase in de novo kidney tumors .
It appears that the rate of non-prostate genitourinary
tumors is increased in OLT patients, but the rate of
prostate cancer may be comparable to that in the non[31]
transplant population . The incidence of non-prostate
genitourinary cancer in OLT patients ranges between 0%
[11,91]
and 0.4%
. Other authors did not find an increased
incidence of breast, cervix or bladder tumors in OLT
[12,32]
compared with the non-transplant population
.

Skin tumors

Nonmelanoma skin cancer is the most common tumor in
the post-OLT population, with an up to 70 times higher
[5,10,25,
incidence in comparison with non-transplant patients
99-101]
. Tobacco constitutes a risk factor for skin malignancies
[53]
in non-transplant patients . The overall incidence in
[1,5,11,18,27,33]
most OLT series ranges from 1% to 6.9%
.
Skin tumors represent between 16% and 55% of all
[20,27,36,40]
tumors and can develop at any time after OLT
. The
cumulative incidence of nonmelanoma skin malignancies
5, 10, and 15 years after OLT has been reported to be
[40]
5.1%, 10.2% and 19.7%, respectively .
A long history of sun exposure, personal or family
history of actinic keratosis or skin cancer, human
papillomavirus, male sex, patient age, red hair, brown
eyes, primary sclerosing cholangitis, hepatocarcino
[14,20,25,36,102]
[1,24,27]
ma
, AC and smoking
are described as
risk factors for the development of skin tumors. The most
frequent sites for de novo skin tumors were the face,
[1,20,27]
lips, head, neck, and ears
. As in the non-transplant
population, in some series the most common histologic
[27,103]
tumor type was basal cell carcinoma
, in contrast to
[1,20]
other experiences where SCC was the most frequent
.
Immunosuppressors increase the risk of skin cancer,
but whether CyA shows a higher risk in comparison with
tacrolimus is unclear. Thus, in one series CyA-treated
patients have been associated with a higher incidence
[20]
and earlier development of skin tumors , but another
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SURVIVAL AFTER DIAGNOSIS OF DE
NOVO TUMORS
The increased mortality associated with de novo
tumors is thought to be the consequence of aggressive
immunosuppression that may give rise to increased
proliferation and spread of the tumor, which in turn results
in more advanced stages of disease at presentation,
[14]
precluding surgical or chemo-radiotherapy options .
Patients with de novo non-skin cancer after OLT
have diminished long-term survival in comparison with
[23,37,40,110]
controls
. Aerodigestive tract malignancies

947

May 8, 2015|Volume 7|Issue 7|

Jiménez-Romero C et al . Posttransplant tumors in alcoholic recipients
after OLT are greater causes of morbidity and mortality
[10,13]
than recurrent alcohol liver disease
. De novo
cancer-related death accounted for 21% of all deaths
in patients surviving more than six months after OLT,
and post-OLT survival was significantly lower in patients
who developed de novo malignancy in comparison with
[38]
patients without cancer (70% vs 82% at five years) .
In a series of 21 UAD and lung tumors diagnosed in 20
OLT recipients, 1-, 2-, and 3-year survival rates were
[10]
47.6%, 37.0% and 19.7%, respectively . Moreover,
in our series of 15 de novo lung tumors all patients
died, and mean survival after tumor diagnosis was
[28]
only 5.4 mo . A recent study considering smokingrelated malignancies (lung, head and neck, esophageal,
kidney and urinary tract tumors) reports a significantly
higher mortality in OLT recipients vs the non-transplant
[46]
patients .
Once the tumor was diagnosed, and according to
the specific site of the de novo tumors, the probability of
death at 1 and 5 years was 33% and 48%, respectively,
for gastrointestinal tumors; 59% and 84%, respectively,
for lung tumors; 22% and 44%, respectively, for
oropharyngeal/laryngeal tumors; and 21% and 29%,
[14]
respectively, for genitourinary tumors .

IMMUNOSUPPRESSION CHANGES AS
PREVENTION OR TREATMENT OF DE
NOVO TUMORS
In long-term follow-up the maintenance drugs (CyA
and tacrolimus) are associated with side effects
such as cardiovascular complications, nephrotoxicity,
neurotoxicity, diabetes, hepatocarcinoma recurrence, and
[1,115,116]
the development of de novo malignancies
. The
main objective is to get effective immunosuppression,
[117]
while no promoting cancer development .
Higher degrees of immunosuppression increase
the risk of tumor after transplant in a dose-dependent
[118]
manner
. Recently, two immunosuppressive drugs,
[119,120]
mycophenolate mofetil
, and the inhibitors of
mammalian target of rapamycin (mTORi: sirolimus
[121-123]
and everolimus)
have shown protective effects
against the development of cancer. However, there are
no published controlled trials evaluating the effect of
mTORi in preventing de novo tumors or recurrence of
[117,124]
hepatocarcinoma after OLT
.
Although much additional research is needed, several
studies indicate that m-TORi may be effective in the
prevention of malignancies, since a significantly reduced
incidence of de novo malignancies was demonstrated
when rapamycin was used alone or in combination with a
[125]
reduced dose of CyA or tacrolimus , or combined with
[126]
steroids only . In addition, there is clinical evidence of
the ability of sirolimus to suppress cancer progression
in humans, as has been demonstrated in several
kidney transplant series, 2 cases of complete remission
[127]
of cutaneous Kaposi’s sarcoma
, and 12 cases of
[128]
remission of de novo lymphoma
. A multicenter
prospective clinical trial assessing the effectiveness of
mTORi in avoiding the development of malignancies after
OLT is currently under way in patients transplanted for
[129]
hepatocarcinoma .
Nevertheless, the remarkable reduction of all de
novo posttransplant malignancies and the excellent
regression/control of the most common tumors in the
early stages with mTORi immunosuppression is a strong
reason to expand the role of mTORi in maintenance
[130]
immunosuppressive therapy
. Immunosuppression
protocols using sirolimus or everolimus monotherapy
to replace calcineurin inhibitors (CNI) in patients
who underwent OLT for hepatocarcinoma or who
developed de novo tumors have been recommended
because of their antitumor properties, absence of
nephrotoxicity, well tolerated adverse events, and potent
immunosuppressive effect, which prevents rejection,
especially in recipients with long-term follow-up who
[123,131-134]
have developed some tolerance
. In our preli
minary experience using sirolimus monotherapy in 16
patients who developed post-OLT malignancies we did
not see any case of acute rejection during a mean followup of 15.7 mo. The mean period elapsed from OLT
to sirolimus monotherapy was 86 mo, and the mean

SURVEILLANCE OF TRANSPLANT
PATIENTS FOR AC
While smoking and alcohol use, age and existence of
premalignant conditions generate suspicion for de novo
tumor development, prevention and screening after
[14,30,31]
OLT is of paramount importance
. Thus, preOLT screening is advised for candidates with Barrett’s
[111]
esophagus
. Moreover, all transplant patients who
undergo OLT for AC and have a long history of smoking
must be carefully reviewed for malignancy in the postOLT setting, particularly in the oropharyngeal, laryngeal,
[14,28,30,32,46]
[46]
[27]
lung
, esophageal , skin , and kidney[46]
bladder locations .
Periodic patient controls in outpatient clinic and patient
education on the importance of preventive screenings are
of vital importance. Thus, all OLT candidates should be
encouraged to cease smoking and alcohol intake (for a
minimum period of 6 mo to be included on the transplant
waiting list). After OLT for AC, the recipients should
continue with complete alcohol abstinence, avoidance
of tobacco consumption, using sun protection with
sunscreen and limiting sun exposure, undergo regular
skin assessments, and routinely adhere to cancer
[112,113]
screening tests
. Annual oto-pharyngo-laryngeal
evaluation is advised in order to obtain early tumor
[113]
detection . Smokers of more than 20 pack-years who
are actively smoking or have ceased tobacco abuse less
than 10 years before OLT should be subjected every
year to otolaryngeal evaluation and low-radiation CT
[114]
scan . Other authors only recommend annual chest
[113]
X-rays for lung tumor screening .
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[131]

trough level of sirolimus was 8.9 ng/mL . Recently, we
published our experience of 57 patients using everolimus
monotherapy (24 patients) or everolimus combined with
low doses of CNI (33 patients) mainly in patients who
underwent OLT for hepatocarcinoma (monotherapy,
9 patients; combined, 21 patients), or who developed
de novo malignancies after OLT (monotherapy, 13
patients; combined, 6 patients); we observed only one
case of acute rejection, improved renal function, and
[123]
good tolerance of adverse effects
. In summary,
independently of their antineoplastic efficacy, sirolimus
and everolimus, in combination with low doses of CNI
or as monotherapy at least one year after OLT, are safe
and effective immunosuppresive drugs, which may be
especially indicated in patients who underwent OLT for
hepatocarcinoma or who are at high risk for development
of de novo tumors (premalignant lesions, smokers or
patients transplanted for AC).

6

7

8

9

10

CONCLUSION
Liver transplant recipients for AC are at higher risk than
recipients with other etiologies for the development of
post-OLT tumors, mainly due to frequent association of
alcohol and tobacco consumption among these patients.
De novo tumors related to AC patients are mainly located
in the UAD tract, lung, skin and bladder-kidney. With the
exception of skin tumors, these malignancies have very
poor prognosis. Thus, strict surveillance (otolaryngeal
exploration and yearly chest CT scan), and avoidance of
alcohol and tobacco consumption should be advised to
AC recipients in order to prevent the development of de
novo malignancies or to obtain an early tumor diagnosis.
Although the clinical antineoplastic efficacy of mTORi is
not yet unambiguously demonstrated, a decreased CNI
dose or substitution with mTORi after a minimun period
of one year after OLT has been proposed in order to
avoid hepatocarcinoma recurrence or the development
of de novo tumors.
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REVIEW

Hepatitis B reactivation in the setting of chemotherapy and
immunosuppression - prevention is better than cure
Venessa Pattullo
in the setting of chemotherapy and immunosuppression
may lead to fulminant liver failure and death, but there is
a cumulative body of evidence that these are potentially
preventable adverse outcomes. As chronic hepatitis B
is largely asymptomatic but also endemic worldwide,
clinicians caring for patients requiring chemotherapy or
immunosuppression need to be vigilant of the potential
for HBVr in susceptible individuals. Serological screening
and prophylactic and pre-emptive antiviral treatment
with a nucleos(t)ide analogue should be considered in
appropriate settings. Hepatitis B prevalence is examined
in this review article, as are the risks of HBVr in patients
receiving chemo- and immunosuppressive therapy.
Recommendations regarding screening, monitoring
and the role of antiviral prophylaxis are outlined with
reference to current international associations’ guidelines
and the best available evidence to date.
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Core tip: Hepatitis B virus reactivation is a potentially
fatal but preventable complication of chemotherapy
and immunosuppression. Both chronically infected
[hepatitis B surface antigen (HBsAg) positive] and
previously exposed (HBsAg negative/anti-HBc positive)
patients are susceptible, the risk observed to be strongly
associated with the potency of the immunosuppressive
drug regime and the baseline virological status. The
knowledge gaps that require further investigation in
the optimal management of this phenomenon are
discussed in this review. Recommendations regarding
screening, monitoring and the role of antiviral prophylaxis
are outlined with reference to current international
associations’ guidelines and the best available evidence
to date.

Abstract
Due to the inherent relationship between the immune
system and the hepatitis B virus (HBV) in exposed and
infected individuals, immunomodulation associated
with the treatment of solid tumours, haematological
malignancies and inflammatory disorders has been linked
to HBV reactivation (HBVr). Reactivation of HBV infection
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as six months after the cessation of chemotherapy. In
the case of certain treatment regimens (e.g., rituximab
due to prolonged immunosuppression and immune
reconstitution phases) reactivation can occur as late as
[7,8]
12 mo post-treatment . HBVr presents clinically as a
spectrum of asymptomatic biochemical hepatitis through
to the more concerning acute symptomatic hepatitis
[9]
with the potential for liver failure and death .

Pattullo V. Hepatitis B reactivation in the setting of chemotherapy
and immunosuppression - prevention is better than cure. World J
Hepatol 2015; 7(7): 954-967 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i7/954.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i7.954

HEPATITIS B EPIDEMIOLOGY

HBsAg negative, anti-HBc positive patients

It is estimated that 2 billion people have been infected
with hepatitis B worldwide; of these, 350 million of these
[1]
are chronically infected [chronic hepatitis B (CHB)] .
Seventy-five percent of the chronically infected reside in
[2,3]
the Asia-Pacific region, where the disease is endemic .
Across the globe, northern, western, and central Europe,
North America and Australia have the lowest prevalence
of chronic hepatitis B virus (HBV) infection [hepatitis
B surface antigen (HBsAg) positive 0.2%-0.5%] and
HBV exposure (HBsAg negative but anti-HBc positive
4%-6%); Eastern Europe, the Mediterranean, Russia,
Southwest Asia, Central and South America have higher
rates (2%-7% chronically infected and 20%-55%
exposed) and the highest rates are documented in
China, Southeast Asia and tropical Africa (8%-20%
[1]
chronically infected and 70%-95% exposed) . The
Centre for Disease Control (CDC) advises the high-risk
groups in the general population (Table 1) who should
[4]
be screened and managed for chronic HBV infection .

Individuals known to have CHB (HBsAg positive)
may spontaneously lose HBsAg at an annual rate of
[10]
0.5%; this is defined as “spontaneous clearance” .
Alternatively, patients may have serological evidence
of past HBV exposure, both scenarios leading to an
HBsAg negative/anti-HBc positive state. These patients
[1]
by far outnumber those with CHB across the globe .
The HBV may persist in hepatocytes and other tissues
in the form of covalently closed circular DNA. Although
the HBV DNA may not be detectable in serum, they
remain at risk of HBVr in the setting of chemo- or
immunosuppressive therapy, and the clinical adverse
[11,12]
outcomes as described above
.

The significance of anti-HBs

Anti-HBs antibodies may develop in HBsAg negative/
anti-HBc positive individuals indicating the development
of natural immunity or in anti-HBc negative individuals
who have been immunised against HBV. There is limited
evidence to date that the presence of anti-HBs protects
against HBVr. In one small study of 29 lymphoma
patients, no patient (0/10) with an anti-HBs titre of >
100 IU/mL experienced HBVr, and lower anti-HBs titre
[13]
was independently associated with HBVr . In patients
receiving haematopoetic stem cell transplantation, the
donor anti-HBs titre was associated with a decreased
[14]
risk of HBVr . These findings are yet to be validated.
Until then, management decisions on the prophylaxis of
HBVr cannot be made on the basis of the presence or
titre of anti-HBs.

HBV INFECTION AND THE IMMUNE
SYSTEM
HBsAg positive patients

Chronic HBV infection is characterised by the interaction
between the virus, the immune system and the
liver itself. This interaction is one that may change
spontaneously over time, resulting in the 4 phases of
CHB infection [the Hepatitis B e-antigen (HBeAg) positive
phases of immune tolerance and immune clearance; the
HBeAg negative phases of immune control and immune
[5]
escape] and the corresponding hepatic consequences .
This interaction between virus and host may also be
disrupted by any drug-induced modulation of the
immune system resulting in HBV reactivation (HBVr),
which has the potential to cause significant liver injury.
The liver injury that occurs as a result of a HBVr may
[6]
arise from two mechanisms . Loss of immune control of
the virus during chemo- or immunosuppressive therapy
may result in uncontrolled viral replication, with rapid
rises in HBV-associated proteins causing overwhelming
direct cytolytic destruction of hepatocytes. Alternatively,
after cessation of chemotherapy, reconstitution of the
immune system may cause severe immune-mediated
injury to infected hepatocytes. The exaggerated immune
response against hepatocytes expressing hepatitis B
viral proteins may cause overwhelming necrosis of liver
cells. The reactivation may be delayed, occuring as late
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DEFINITIONS OF HBVR AND
ASSOCIATED CLINICAL ENDPOINTS
HBVr has been variably defined across the existing
studies examining this phenomenon. The HBV DNA
assays used have varied in their lower limits of
detection, potentially underestimating the prevalence
of HBVr and delaying the time point at which HBVr
may be first detected thereby limiting the ability to
directly compare the results across studies. “Hepatitis”
has been variably reported as alanine aminotransferase
(ALT) elevation above upper limit of normal, or by
“fold” increases from baseline; whether the hepatitis
is symptomatic or asymptomatic is inconsistently
documented. Suggested definitions for HBVr are listed
beneath, however a consensus is yet to be reached for
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death.
Another important clinical outcome (and relevant
endpoint for future studies) is the interruption of chemoor immunosuppressive therapy, which may be indicated
upon the occurrence of HBVr. In a study of 41 patients
with breast cancer, HBVr was diagnosed in 17 (41%),
and treatment interruption occurred in 71% of these
cases (compared with only 33% of those that did not
[18]
experience HBVr, P = 0.019) . Treatment interruption
has the potential to increase morbidity and mortality
associated with the underlying malignancy or disease
process. Due to a lack of reporting of the occurrence of
treatment interruption and the long-term outcomes of
cancer- or disease-related morbidity and mortality in
the majority of studies of HBVr, the impact of treatment
interruption due to HBVr across diseases is not clear
and requires further evaluation.

Table 1 Populations at high risk for hepatitis B virus infection
[4]
that should be screened
Individuals born in areas of high (≥ 8%) or intermediate prevalence
(2%-7%) for HBV (HBsAg positive) including immigrants and adopted
children
Asia, Africa, South Pacific Islands: All countries
Middle East (except Cyprus and Israel)
Eastern Europe: All countries except Hungary
European Mediterranean: Malta and Spain
The Arctic (indigenous populations of Alaska, Canada, and Greenland)
South America: Ecuador, Guyana, Suriname, Venezuela, and Amazon
regions of Bolivia, Brazil, Colombia, and Peru
Caribbean: Antigua and Barbuda, Dominica, Granada, Haiti, Jamaica,
St. Kitts and Nevis, St. Lucia, and Turks and Caicos
Central America: Guatemala and Honduras
Other groups recommended for screening
United States born persons not vaccinated as infants whose parents
were born in regions with high HBV endemicity (8%)
Household and sexual contacts of HBsAg-positive persons
Persons who have ever injected drugs
Persons with multiple sexual partners or history of sexually
transmitted disease
Men who have sex with men
Inmates of correctional facilities
Individuals with chronically elevated ALT or AST
Individuals infected with HCV or HIV
Patients undergoing renal dialysis
All pregnant women
Persons needing immunosuppressive therapy

THE MAGNITUDE OF THE RISK OF HBVR
Clinically significant reactivations of HBV have been
documented in both cancer and non-cancer patients
receiving chemo- or immunomodulating pharmaco
therapy. The majority of the studies reporting the rates of
HBVr are case reports or small case series using variable
definitions of HBVr, hence leading to a broad range of
prevalences cited.
Reactivation of HBV has been reported in patients
treated for lymphoma, other haematological malig
nancies and in the setting of haematopoetic stem cell
[14,19-22]
transplant
. The prevalence of CHB in patients
[15]
with lymphoma has been reported as high as 26% .
HBVr can occur in 38%-73% of HBsAg positive patients
being treated for lymphoma, the higher HBVr rates seen
in patients being treated with chemotherapy regimes
[9,23,24]
including high dose corticosteroids
. Patients who
receive a bone marrow transplant (BMT) or haematopoetic
stem cell transplant (HSCT) for haematological malignancy
are a special population that experience prolonged
immunosuppression related to the conditioning chemo
therapy leading up to the transplant, post-transplant
immunosuppressive therapy as well as a potentially
protracted immunodeficient state while engraftment
occurs. Fatal HBVr has been observed in HBsAg positive
patients, as well as HBsAg negative/anti-HBc positive
[25,26]
patients
. In a multicentre retrospective study of
patients receiving both autologous and allogeneic stem
cell transplantation, the rates of HBVr at 2 years posttransplant were 66% and 81% respectively; the majority
of the reactivations occurred within the first 12 mo post[27]
transplant .
Therapy for solid tumours including breast, naso
pharyngeal and hepatocellular cancer (the latter in the
setting of either systemic chemotherapy or trans-arterial
chemoembolisation) has also been associated with
[28-36]
HBVr
. Amongst a cohort of oncology patients with
[15]
solid tumours, CHB was documented in 12% of patients .
These investigators observed that approximately 20% of

HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HCV: Hepatitis C
virus; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HIV:
Human immunodeficiency virus.

the purposes of future studies.
In HBsAg positive patients: Detectable HBV DNA in
individual who previously had undetectable HBV DNA
by highly sensitive assay (lower limit of detection <
20 IU/mL); ≥ 1 log rise in HBV DNA in individual who
[15]
previously had a detectable HBV DNA ; biochemical
hepatitis (ALT flare): ≥ 3 fold rise in ALT from baseline
levels exceeding the reference range or an absolute ALT
≥ 100 IU/mL[15], preceded by a rise in HBV DNA.
Consensus is needed as to a grading of the severity
of biochemical hepatitis and associated clinical symptoms
for the purposes of reporting in future studies. A 5-point
grading system was proposed at a recent single topic
[16]
conference : (1) Without change in ALT level (silent); (2)
Increased ALT level without jaundice (mild); (3) Increased
ALT level and concomitant jaundice (moderate); (4)
Jaundice and signs of liver failure (severe); and (5) Fatal.
In HBsAg negative, anti-HBc positive patients:
Sero-reversion (or reverse seroconversion) is the
redevelopment hepatitis B surface antigenemia, HBV DNA
viremia with or without hepatitis as a result of reactivation
of “occult” infection triggered by chemotherapy or
[17]
immunosuppression .
Clinical endpoints associated with the virological
and biochemical changes: Jaundice, liver failure and
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Table 2 Immunosuppressive drug classes and corresponding risk estimates of hepatitis B virus reactivation
Drug class
B-cell depleting agents
Anthracycline derivatives
TNF-α inhibitors

Cytokine inhibitors
and integrin inhibitors

Tyrosine kinase inhibitors
Corticosteroids

Traditional immunosuppression

[63,80]

Drug

Risk estimate of HBVr
for HBsAg positive

Risk estimate of HBVr for
HBsAg negative/anti-HBc positive

Rituximab (anti-CD20)
Ofatumumab (anti-CD20)
Doxorubicin
Epirubicin
Infliximab
Etanercept
Adalimumab
Abatacept (anti-CD80, -86)
Ustekinumab (anti-IL-12, -23)
Natalizumab (binds α4-integrin)
Vedolizumab [binds integrin α4β7 (LPAM-1)]
Imantinib
Nilotinib
High dose, e.g., prednisone ≥ 20 mg for ≥ 4 wk
Moderate dose, e.g., prednisone < 20 mg for ≥ 4 wk
Low dose, e.g., prednisone for < 1 wk
Intra-articular corticosteroids
Azathioprine
6-mercaptopurine
Methotrexate

High (30%-60%)

High (> 10%)

High (15%-30%)

High (> 10%)

Moderate (1%-10%)

Moderate (1%)

Moderate (1%-10%)

Moderate (1%)

Moderate (1%-10%)

Moderate (1%)

High (> 10%)
Moderate (1%-10%)
Low (< 1%)
Low (< 1%)
Low (< 1%)

NA
Moderate (1%-10%)
Low (<< 1%)
Low (<< 1%)
Low (<< 1%)

TNF: Tumour necrosis factor; IL: Interleukin; LPAM: Lymphocyte Peyer’s patch adhesion molecule; NA: Not available; HBVr: Hepatitis B reactivation;
HBsAg: Hepatitis B surface antigen.

CHB patients receiving chemotherapy for their malignancy
[15]
experienced HBVr . Forty-one percent of breast cancer
patients positive for HBsAg have been reported to
[18]
experience HBVr .
HBVr has been reported in patients receiving
[37,38]
immunosuppression for inflammatory bowel disease
,
rheumatological diseases (rheumatoid arthritis, ankylosing
[39-44]
[45]
spondylitis)
, dermatological disorders (psoriasis) ,
[46,47]
autoimmune disorders
and in those following solid
[48-52]
organ transplantation (e.g., renal and liver)
.

genotypes in these geographical regions and requires
further investigation.
[60]
Mutations of the HBsAg may confer risk of HBVr .
In a recent study of 93 patients with CHB (29 of whom
developed HBVr) the HBsAg genetic features were
analysed. HBsAg-mutations localised in immune-active
HBsAg regions were observed in 76% patients who
experienced HBVr (vs 3.1% controls, P < 0.001). Of the
13 HBsAg-mutations found in these patients, 8 are known
to block HBsAg-recognition by the humoral immune
pathway and the remaining 5 mutations were identified
within in Class-Ⅰ/Ⅱ-restricted T-cell epitopes (potentially
[60]
influencing T-cell mediated responses to HBV-escape) .
These observations suggest that patients infected with
HBV expressing such HBsAg-mutations may be more able
to overcome the normal immune response, thereby being
more at risk of HBVr with chemotherapy. The clinical
application of these findings is yet to be determined.

FACTORS ASSOCIATED WITH HBVR
Elucidating the risk factors for HBVr amongst those
receiving chemo- or immunosuppressive therapy may
help to identify cases that should receive antiviral
prophylaxis. Patient-specific risk factors associated with
reactivation include younger age, male gender and the
[9,53,54]
type of treatment regimens prescribed
.

Chemotherapy/Immunosuppression drug class

Virological and serological status

The pharmacotherapy used to manage malignant and
inflammatory conditions is rapidly evolving with new
and targeted agents being developed. Several of these
newer agents have the potential to disrupt the control
that the immune system has over any underlying HBV
exposure or chronic infection. Clinical evidence of HBVr
with these agents has subsequently been apparent in
case reports and case series. A list of the drug classes
listed from most potent to least potent of the agents
appears in Table 2.
The B-cell depleting agents appear to be the most
potent immunosuppressants (and thereby associated
with the highest risk of HBVr). Rituximab and ofatu
mumab are two B-cell depleting agents predominantly

Detectable HBV DNA, HBsAg, HBeAg and anti-HBc are
important virological and serological markers strongly
[10-12,17,55]
associated with HBVr
. High HBV DNA is the
strongest of these risk factors, and HBsAg positive
patients are up to 8 times more likely to experience HBVr
[30,56,57]
than HBsAg negative/anti-HBc positive patients
.
Amongst HBsAg positive patients, HBeAg positive
patients have been observed to be more likely to
[56]
experience HBVr than HBeAg negative patients . The
HBV genotype appears to be significant in that HBV
genotypes C and B (prevalent in East Asia but rare
[9,58,59]
in Caucasians) correlate with HBVr
. The latter
observations may simply be a reflection of the prevalent
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used to treat haematological malignancy, however
rituximab has been used for non-malignant autoimmune
[61,62]
and neurological diseases
. Both HBsAg positive and
HBsAg negative/anti-HBc positive patients who receive
these agents appear to be susceptible to HBVr. The
rate of HBVr with these agents in HBsAg negative/antiHBc positive patients has been reported at 16.9%, and
[63-65]
seroreversion rate of 20%-40%
. HBVr has occurred
up to 12 mo after cessation of B-cell depleting drugs
(and in a small number of cases delayed beyond 12
mo) indicating the potency of the immunosuppressive
effect of this drug class and the prolonged immune
reconstitution phase. A study of 63 HBsAg negative/antiHBc positive patients with haematological malignancy
who received rituximab without antiviral prophylaxis has
[20]
been reported . At 2 years, 41.5% had experienced
HBVr which occurred at a median of 23 (range 4-100) wk
[20]
after rituximab treatment . These observations would
indicate that any monitoring or antiviral prophylaxis
prescribed to these patients may require longer duration
than other classes of immunosuppressive drugs.
Tumor necrosis factor (TNF)-alpha inhibitor agents
include infliximab, etanercept and adalimumab, which
have been used in the management of inflammatory
bowel disease, rheumatological disease and psoriasis
(amongst other disorders). All 3 drugs have been
[66]
associated with HBVr . The absolute risk of HBVr with
these agents is not clear owing to the heterogeneity
of the cases and cohorts reported. A larger study of
257 cases exposed to anti-TNF agents for a variety
of indications reported a HBVr rate of 39% in HBsAg
positive patients and 7 fold lower rate of HBVr in anti[67]
HBc positive patients .
Cytokine and integrin inhibitors, by virtue of their
interaction with the immune system, have also been
associated with HBVr. Drugs of this class and their
target molecules are listed in Table 2. Evidence of role
of these drugs in HBVr exists largely as case reports
[54,55,68]
and small case series
.
Tyrosine kinase inhibitors including imantinib and
nilotinib are used to treat chronic myeloid leukaemia
and gastrointestinal stromal tumours. Evidence of
HBVr is limited, again, to case reports and small case
[69-74]
series
.
Corticosteroids are the most longstanding and hence
most commonly used of the immunosuppressants
across all the aforementioned disease processes. In
addition to their effect on T-cell function, corticosteroids
directly enhance HBV replication through their interaction
with the HBV glucocorticoid responsive element (a
[75]
transcriptional regulatory element) . Although steroids
are administered at a range of dosages and durations
for a variety of indications, it has been observed that
a 4-wk course of prednisone has been associated with
HBVr in the post-withdrawal (immune reconstitution)
[76]
phase and worsened liver histology . Chronic steroid
use in the setting of chronic airways disease is associated
with HBVr in 11.1% of those treated with oral steroids
[77]
and 3.2% of those treated with inhaled steroids .
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In the aforementioned study (including 198 patients
with asthma or chronic obstructive pulmonary disease)
continuous oral corticosteroid therapy (> 3 mo) and
high-dose (defined as > 20 mg prednisone/day) were
associated with HBVr with OR of 5.7 and 4.9 respectively,
when compared with HBVr in those receiving inhaled
[77]
corticosteroids . Low dose, short term (< 2 wk)
administration of oral (systemic) corticosteroids,
intraarticular injection and topical therapies have not
been associated with HBVr. These data taken together
indicate that corticosteroids have the potential to induce
HBVr, but that the risk varies according to the dose,
duration and route of administration of the drug.
“Traditional” immunomodulating drugs such as
azathioprine, 6-mercaptopurine and methotrexate appear
to have the lowest potential for HBVr. There are no
documented cases of HBVr with the use of azathioprine
or 6-mercaptopurine monotherapy. Cases of HBVr have
been reported with methotrexate, however corticosteroids
or other immunomodulators were co-administered in
[78,79]
most instances, compounding the risk of HBVr
.
The risk of HBVr associated with each of the drug
classes administered to HBsAg positive or HBsAg
negative/anti-HBc positive patients has been estimated
by the American Gastroenterological Association (AGA)
based on a thorough systematic review of the existing
[63,80]
literature
. This risk stratification is summarised in
Table 2. The risk of HBVr may be stratified to high (>
10% risk of HBVr), moderate (1%-10%) and low (<
1%). The current AGA recommendations are based
on the risk of HBVr according to the combination of
serological markers of HBV and the chemotherapy/
immunosuppression regimen prescribed and, to date,
are the most detailed and specific recommendations
with regard to the patient risk groups in whom antiviral
[63,80]
prophylaxis should be considered
.

Hepatitis B and delta co-infection

To date, only a single case report of hepatitis delta
[81]
(HDV) reactivation in association with HBVr exists .
This patient was co-infected with hepatitis C (HCV RNA
positive), HBV (HBsAg positive, HBV DNA undetectable
at baseline) and had evidence of cleared HDV infection
(anti-HDV positive). A rituximab-CHEOP regime was
prescribed to treat lymphoma; HBV DNA became
detectable during chemotherapy. Subsequently, 15 mo
after chemotherapy, HDV RNA was detected at a level
of 77.6 million copies/mL. The patient was managed
successfully with lamivudine, which was in turn switched
to emtricitabine/tenofovir. Given the singularity of this
report, there is no real evidence base to guide the
management of HBV-HDV co-infection in this setting
and patients should be managed according to their HBV
status.

MANAGEMENT OF HBVR
HBVr occurring during chemo- or immunosuppressive
therapy, if detected, may be an indication to delay
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or cease therapy. Withholding chemotherapy may
halt or reduce the rate of HBV replication potentially
abrogating the HBVr. As discussed, in the absence of
antiviral prophylaxis, HBVr may also occur in the postchemotherapy immune reconstitution phase.
The role of antiviral therapy once HBVr is already
established has been investigated by several groups.
In a prospective study of patients treated for nonHodgkin’s lymphoma, lamivudine therapy started when
ALT elevation was detected did not change the natural
course of HBVr; 2 patients in this cohort died despite
[8]
lamivudine use at the onset of HBVr . Numerous case
reports and series describe death due to liver failure
despite the introduction of lamivudine at the onset of
[82-86]
HBVr
. Only a few cases of successful treatment
[87-89]
of HBVr with entecavir have been published
.
Despite the paucity of data regarding the efficacy of
entecavir to treat established HBVr (and no data to
date regarding tenofovir), the ability of these drugs
to rapidly reduce HBV DNA make them attractive
alternatives to lamivudine in patients who experience
HBVr to potentially abrogate the risk of liver failure and
mortality. Data on the efficacy and cost-effectiveness of
these approaches to management are needed.

of HBVrs, the use of lamivudine prophylaxis has been
deemed to be a cost-effective intervention. The cancer
death rate in patients who receive prophylaxis is
also reduced, presumably due to the reduced rate of
[96]
chemotherapy interruption or curtailment . The costeffectiveness of entecavir and tenofovir have not, as yet,
been evaluated.
The duration of antiviral prophylaxis remains under
debate. As discussed, delayed HBVr has been observed
in patients 6-12 mo after completion of chemotherapy
(in the absence of antiviral prophylaxis) in both
HBsAg positive and HBsAg negative/anti-HBc positive
patients, and also when the antiviral prophylaxis has
been curtailed to 2 mo post-completion of antiviral
[8]
therapy . The duration of risk of HBVr appears to be
strongly related to the potency of treatment regime,
again mentioning that patients who have received B-cell
depleting agents appear to be susceptible to delayed
[20]
HBVr (up to 12 mo post-treatment and beyond) .
Hence, antiviral prophylaxis may be required for at least
6 mo after cessation of chemo- or immunosuppressive
therapy and for at least 12 mo for those receiving B-cell
depleting agents; subsequent monitoring for delayed
HBVr after cessation of antiviral prophylaxis is essential.
Mention must be made of the role of antiviral pro
phylaxis in recipients of bone marrow or haematopoetic
stem cell transplants. Both lamivudine and entecavir
have been used with the aim of preventing HBVr in
[97-101]
these cases
. The optimal timing of withdrawal of
antiviral prophylaxis, however, remains unclear. HBVr has
been observed as early as 12 wk post-discontinuation of
[98]
lamivudine in the bone marrow transplant setting . In a
study of 16 patients who received lamivudine for a median
of 73 wk (range 19-153) after stem cell transplantation,
the cumulative rate of HBVr at 30 mo follow-up was
20%; 63% of the patients developed documented
lamivudine resistance and one patient had virological
[99]
breakthrough during the study period . HBVr has been
diagnosed as late as 4 years after transplantation in a
[102]
patient who was anti-HBs positive at baseline . It would
appear that BMT/HSCT recipients are potentially at risk
of HBVr for years after the transplant and consideration
must be given to whether these patients require antiviral
therapy long term. If therapy were to continue long
term, then consideration must be given to the risk of
lamivudine resistance, and hence entecavir and tenofovir
may be more suitable choices for antiviral prophylaxis
due to their high barrier for drug resistance. The current
evidence base to address these issues is weak, and
further study is required. Of the major international
associations’ guidelines, only the European Association
for the Study of Liver Disease (EASL) guidelines (2009)
provide a recommendation for this patient population:
that nucleos(t)ide analogue prophylaxis is recommended
for anti-HBc positive patients receiving bone marrow or
stem cell transplantation (grade of recommendation C2);
[103]
a duration of therapy is not specified .
Based on the available data, prophylactic antiviral

PREVENTION OF HBVR
Given the poor outcomes associated with reactionary
treatment of HBVr (i.e., antiviral treatment once HBVr
is already established), strong consideration must
be given to the role of antiviral prophylaxis in at-risk
patients who will receive chemo- or immunosuppressive
therapy.
A systematic review of studies examining the role of
antiviral prophylaxis in chemotherapy patients concluded
that lamivudine prophylaxis (vs no prophylaxis) is
associated with a relative risk of 0.0-0.21 for HBVr and
[90]
0.0-0.2 for death attributable to HBV . Liver failure was
not observed in any patient who received lamivudine
[90]
prophylaxis . In line with these observations, a
subsequent systematic review reported that patients
given lamivudine prophylaxis during chemotherapy
showed an 87% decrease in HBVr compared to patients
[91]
not given prophylaxis . It is noteworthy to mention
that the number needed to treat to prevent one
[91]
reactivation was just 3 patients . Treatment delay and
early cessation of chemotherapy due to HBVr were also
[91]
reduced by 92% in those who received lamivudine .
Most recently, a systematic review and metanalysis
of 5 randomised controlled trials comparing antiviral
prophylaxis to treatment at the onset of HBVr has been
[63]
published . Lamivudine was used in 4 studies and
[8,92-95]
entecavir was used in 1 study
. The overall risk
ratio (RR) favoured the prophylactic use of antivirals
[63]
over no antivirals [RR = 0.13 (0.06-0.30)] . Antiviral
prophylaxis was also associated with a significant risk
[63]
reduction of hepatitis flare [RR = 0.16 (0.06-0.42)] .
Owing to the fewer occurrences and lower severity
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therapy in the appropriate candidates appears to
reduce the risk of HBVr and morbidity. Further studies
are required to determine the impact on overall and
cancer-related survival and the cost effectiveness of the
strategies employed (drug choice, duration of therapy).

recommended as first line drugs for prophylaxis of HBVr
in the context of chemotherapy or immunosuppression.

CHOICE OF ANTIVIRAL AGENT

SCREENING FOR HBV PRIOR
TO CHEMOTHERAPY OR
IMMUNOSUPPRESSION

The drugs currently available for the management
of chronic hepatitis B include lamivudine, adefovir
dipivoxil, entecavir, telbivudine and tenofovir disoproxil
fumarate. By far, the largest body of literature on the
prevention of HBVr examines the role of lamivudine,
the first of these drugs to be available. The downside
of lamivudine use is the high rate of drug resistance
(and potential for virological breakthrough or relapse)
reported to be 20% within the first 12 mo of use. Fatal
HBVr despite lamivudine prophylaxis owing to the
development of the M204 drug resistance mutation
has been reported in a patient who received R-CHOP
[104]
for lymphoma . Lamivudine may have a role where
total chemotherapy and post-chemotherapy follow-up
duration spans less than 12 mo (thereby reducing risk
of drug resistance and virological breakthrough), the
HBV DNA is undetectable at baseline and the patient is
not receiving any of the “high risk” treatment regimes.
The latter approach requires further evaluation, but may
be an attractive strategy, e.g., in countries with high
prevalences of HBV where the cost of the more potent
antivirals may be prohibitive.
With substantially lower antiviral resistance rates
than lamivudine, entecavir and tenofovir may be a
more suitable first line for HBV DNA suppression in
those with high pre-chemotherapy HBV DNA levels in
order to mitigate HBVr. There are five studies to date
comparing entecavir to lamivudine or no prophylaxis in
patients with haematological malignancy or lymphoma
[92,105-108]
alone
. Lower rates of HBVr are generally
observed with the use of entecavir in these studies,
however these studies vary in their design (ranging
from retrospective audit to randomised-controlled
study) and hence the strength of their findings. In
the single randomised controlled study (published in
abstract form), 61 patients who received entecavir
prophylaxis were compared to 60 patients who received
[92]
lamivudine . Entecavir was associated with a relative
risk reduction of 0.22 (0.08-0.61) for HBVr and had
significantly fewer chemotherapy interruptions (1.6%
[92]
vs 18.3%) . Further data is awaited, as are studies
on the role of tenofovir in this setting, but it is expected
that given the limitations of lamivudine, entecavir and
tenofovir will have a greater role in the prevention of
HBVr in the future.
The data regarding adefovir and telbivudine in the
prevention and management of HBVr is limited to
the liver transplantation setting and is outside of the
scope of discussion of this review. These drugs are not

Given the risk of HBVr in patients previously exposed
or chronically infected with HBV and receiving chemo
therapy or immunosuppression, it is essential for
clinicians caring for such patients to be aware of this
risk and screen for HBV in order to institute appropriate
prophylactic therapy or monitoring. Additionally,
screening may uncover previously unrecognized chronic
hepatitis B infection and subsequently the complications
of cirrhosis and hepatocellular cancer. These liverrelated complications require long-term and directed
management and may influence the management
underlying malignancy/disease.
There are several approaches to screening for HBV
in this patient population: (1) Screen all patients prior
[103,109]
to chemotherapy/immunosuppression
. This
strategy would identify patients who would potentially
benefit from: Antiviral prophylaxis; HBV serology and
HBV DNA monitoring (without antiviral prophylaxis);
Immunisation against HBV; Evaluation for complications
of CHB; Contact tracing of family members for CHB
and their subsequent management; (2) Screen only
patients at risk of HBV according to CDC “high risk”
[4,110]
groups (Table 1)
; and (3) Screen only patients who,
if serological testing was positive, would be prescribed
[63,80,111]
antiviral prophylaxis
.
Consideration must also be given to the serological
test(s) to be used for screening. The approaches to
serological screening for HBV include: (1) Test HBsAg,
anti-HBc and anti-HBs. Test HBV DNA if HBsAg or
anti-HBc are positive (the latter in case of occult HBV
infection); (2) Test HBsAg, anti-HBc only. The role of
anti-HBs in HBVr is unclear. Furthermore, immunisation
against HBV may not be efficacious during immuno
suppression. Therefore, one may argue that anti-HBs
status may not be relevant prior to chemotherapy; and (3)
Test anti-HBc only. If positive, proceed to test for HBsAg
and HBV DNA.
There is a paucity of data on the best and most costeffective approach to screening for HBV in patients at risk
of HBVr. Each of the major international associations has
made screening recommendations (summarised in Table
3), which vary across the associations. The most recent
and complete of the systematic reviews performed (as
at 2014) has estimated risk of HBVr according to specific
chemotherapy/immunosuppressive regime, and hence
recommends HBV serological screening in patients
[63,80]
with moderate to high risk
. The clinical decision on
who and how to screen will likely be influenced by the
characteristics of the population being managed and
the resources available to the individual, the institution
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American Association
for the Study of Liver
Disease 2009[110]

American
Gastroenterological
Association 2014[63,80]

Association guidelines

HBsAg and anti-HBc; HBV
DNA if serology + ve

Screening test

961

Intra-articular corticosteroids
Systemic corticosteroids
for < 1 wk
Anyone at high risk of HBV
infection; Table 1 (Ⅱ-3)

Traditional
immunosuppression

Tyrosine kinase inhibitors
High dose corticosteroids
(≥ 20 mg prednisone for
≥ 4 wk)
Low risk of HBVr (< 1%)

Cytokine or integrin inhibitors

TNF-a inhibitors

HBsAg and anti-HBc

Routine screening not
recommended
Screen for HBV as per
CDC guidelines[4]; manage
accordingly

Anthracycline derivatives
High dose corticosteroids
(≥ 20 mg prednisone for
≥ 4 wk)
Moderate risk of HBVr (1%-10%) HBsAg and anti-HBc; HBV
DNA if serology + ve

B-cell depleting agents

High risk of HBVr (> 10%)

HBV screening population

If baseline HBV DNA > 2000
IU/mL, continue antiviral
until endpoints as per
immunocompetent patients (Ⅲ)

Maintain for 6 mo completion of
chemotherapy (Ⅲ)

Yes (regardless of HBV DNA
level)

Not recommended (B2)

Continue until at least 6 mo after
completion of chemotherapy

Yes (B2)

Continue until at least 6 mo after
completion of chemotherapy

Yes (B1)

HBsAg + ve, anti-HBc + ve
Drug with high barrier to
resistance is favoured over
lamivudine (B2)

for prophylaxis

Antiviral drug recommended

Not applicable

No recommendation
(knowledge gap)

No recommendation
(knowledge gap)

No recommendation
(knowledge gap)

anti-HBc + ve patients

Monitoring in untreated

No recommendation (knowledge Lamivudine (Ⅰ) or telbivudine Monitoring recommended;
gap)
(Ⅲ) if the anticipated treatment no specific test/frequency
duration is short (< 12 mo)
provided
and baseline HBV DNA is not
detectable
Tenofovir or entecavir if
anticipated treatment duration >
12 mo (Ⅲ)

Not recommended (B2)

Cytokine or Integrin
inhibitors
Tyrosine kinase inhibitors
Continue until at least 6 mo after
completion of chemotherapy

Anthracycline derivatives
Continue until at least 12 mo after
completion of chemotherapy for
B-cell depleting agents
Yes (B2) if taking
Drug with high barrier to
resistance is favoured over
lamivudine (B2)
TNF-a inhibitors

B-cell depleting agents

Yes (B1) if taking:

HBsAg - ve, Anti-HBc + ve

Antiviral prophylaxis

Table 3 Comparison of International Associations’ guidelines on the management of hepatitis B virus in the setting of chemotherapy and immunosuppression
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High risk of HBV exposure;
evidence of liver disease
Therapeutic regimen with
high risk of HBVr including
all patients undergoing
rituximab therapy
Haematopoetic stem cell
transplant

Advise against routine
serological screening. Screen
those with

All patients prior to receiving
immunosuppression or
chemotherapy

All candidates for chemo- and
immunosuppressive therapy
(A1)

Yes

Continue until 12 mo after
cessation of chemotherapy

Regardless of HBV DNA level

Yes (A1)

Bone marrow or stem cell
transplantation (C2)
Treat as per HBsAg + ve
No if:
HBV DNA undetectable;
monitor
No; monitor

Taking rituximab (C2)

HBV DNA detectable

Yes if:

Do not delay chemotherapy

HBVr prophylaxis with
lamivudine; Continue until
6 mo after end of
chemotherapy (ⅠA)
Alternatively use entecavir
or tenofovir (ⅢA)
Continue HBV treatment if
clinically indicated (ⅠA)
HBsAg; anti-HBc if receiving Consider role of antiviral therapy No specific recommendation
rituximab
provided

Test anti-HBc if patient due
to receive biological agent

HBsAg (IVA)

HBsAg and anti-HBc; HBV
DNA if serology + ve

No specific recommendation
provided

Lamivudine if HBV DNA <
2000 IU/mL and the treatment
duration is short/finite (B1)
Entecavir or tenofovir if HBV
DNA is high, lengthy or repeated
cycles of immunosuppression
(C1)

No specific recommendation
provided

HBV DNA should be closely
monitored and treated with
nucleos(t)ide analogue when
needed (IVA)

Treat upon evidence of HBVr
(C1)

ALT and HBV DNA every 1-3
mo

The grade of recommendation and/or level of evidence have been noted where available. AGA and EASL guidelines: evidence grade A: High quality; B: Moderate quality; C: Low quality. Recommendation grade 1: Strong;
2: Weak. Ⅰ: Randomised controlled trials; AASLD guidelines: Ⅱ-1: Non-randomised controlled trials; Ⅱ-2: Cohort or case-control studies; Ⅱ-3: Case series; Ⅲ: Expert opinion. APASL guidelines: Quality of evidence ranked
from Ⅰ (highest) to Ⅴ (lowest); strength of recommendations ranked A (strongest) to D (weakest). HBV: Hepatitis B virus; HBVr: Hepatitis B virus reactivation; CDC: The Centre for Disease Control; + ve: Positive; - ve: Negative;
ALT: Alanine aminotransferase.

American Society of
Clinical Oncology
Provisional Clinical
Opinion 2010[111]

Asian-Pacific
Association for the
Study of Liver Disease
2012[109]

European Association
for the Study of Liver
Disease 2012[103]
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and nation to fund the serological testing and manage
positive results. Studies evaluating the efficacy and
cost-effectiveness of the various screening strategies as
relevant to the main global regions are needed.

A COMPARISON OF THE
INTERNATIONAL GUIDELINES ON THE
PREVENTION AND MANAGEMENT OF
HBVR

MONITORING IN ANTI-HBC POSITIVE
PATIENTS WHO DO NOT RECEIVE
ANTIVIRAL PROPHYLAXIS

The guidelines of the major international associations for
the HBV screening, antiviral prophylaxis and monitoring
have been referenced, where relevant, throughout
this review and are summarised in Table 3, the most
recent being the technical review and guidelines of the
[63,80]
American Gastroenterological Association
. It must
be noted that some of these recommendations span
back to 2009, and as such more recent data would
not have been included when older recommendations
were made. The application of these guidelines by the
clinician warrants consideration of clinical circumstances,
resources available and cost-effectiveness, which are
patient and region/nation specific.

The data presented in this review thus far indicate that
not all HBsAg negative/anti-HBc positive patients will
benefit from antiviral prophylaxis, e.g., patients with
undetectable HBV DNA who are prescribed lower potency
or limited duration immunosuppressive drug regimes. In
those who do not receive antiviral prophylaxis, monitoring
for features of HBVr is intuitive, however there is a paucity
of data as to how this monitoring should be carried out.
There is a general consensus from the international
associations that some form of monitoring is required. The
EASL recommends ALT and HBV DNA testing every 1-3
mo and treatment upon any evidence of HBVr, but this
is based on relatively weak level of evidence (C1, Table
3). An alternative approach may be to test for HBsAg in
HBsAg negative/anti-HBc positive patients to monitor
for seroreversion, which may occur prior to detection
of HBV DNA or ALT rise. The remainder of the major
societies do not make specific recommendations owing to
the knowledge gap in this area. Further data is required
to determine the method, frequency and duration of
monitoring. Similar to issues arising regarding screening
for HBV, the monitoring for HBVr in patients who do not
receive prophylaxis will be guided by the prevalence of
HBV and HBVr, cost-effectiveness as well as the access to
testing and follow-up that varies across the globe.

CONCLUSION
Clinicians managing patients with malignancy need to
be vigilant of the potential for HBVr as a complication
of chemotherapy in susceptible cases. Those at risk
for HBVr must be screened serologically for the virus
according to international guidelines, which are based
on the best available evidence. Prophylactic antiviral
therapy with lamivudine or other nucleos(t)ide analogue
should be instituted prior to the start of chemotherapy.
Prevention is better than cure.
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Control of oxidative stress in hepatocellular carcinoma:
Helpful or harmful?
Akinobu Takaki, Kazuhide Yamamoto
stress, causing a high rate of hepatocarcinogenesis
among patients with cirrhosis. Non-alcoholic steatohepatitis
is also associated with oxidative stress although its
hepatocarcinogenic potential is lower than that of chronic
hepatitis C. Analyses of serum markers and histological
findings have shown that hepatocellular carcinoma
correlates with oxidative stress and experimental data
indicate that oxidative stress increases the likelihood
of developing hepatocarcinogenesis. However, the
results of antioxidant therapy have not been favorable.
Physiological oxidative stress is a necessary biological
response, and thus adequate control of oxidative stress
and a balance between oxidative and anti-oxidative
responses is important. Several agents including metformin
and L-carnitine can reportedly control mechanistic
oxidative stress. This study reviews the importance of
oxidative stress in hepatocarcinogenesis and of control
strategies for the optimal survival of patients with CLD
and hepatocellular carcinoma.
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Core tip: Oxidative stress is a key biological response
that correlates with the progression of chronic liver
disease. However, oxidative stress is an essential
survival mechanism and thus to erase it is an unsuitable
approach to disease control. As hepatocarcinogenesis
is closely associated with increased oxidative stress
via viral proteins or chronic inflammation and lipids,
controlling oxidative stress should be effective against
progressive liver disease. Agents that can control oxidative
stress might represent a more effective approach than
reactive oxygen species-scavenging agents.

Abstract
Oxidative stress is becoming recognized as a key factor
in the progression of chronic liver disease (CLD) and
hepatocarcinogenesis. The metabolically important
liver is a major reservoir of mitochondria that serve as
sources of reactive oxygen species, which are apparently
responsible for the initiation of necroinflammation. As a
result, CLD could be a major inducer of oxidative stress.
Chronic hepatitis C is a powerful generator of oxidative
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has recently increased and it progresses to HCC. Nonalcoholic steatohepatitis is an advanced stage of nonalcoholic fatty liver disease (NAFLD) that is involved
in metabolic syndrome, a condition that becoming
[14]
increasingly prevalent . Both NASH and related HCC
require urgent investigation because obesity is wide
spread in first-world countries. Oxidative stress is a
key factor in NASH progression and NASH-related
[15,16]
hepatocarcinogenesis
. The standard treatment
for NASH is supplementation with the representative
[17]
antioxidant, vitamin E .
The administration of antioxidant therapies for
diseases involving oxidative stress is controversial
because reactive oxygen species (ROS) are essential for
maintaining defense by anti-pathogenic microorganisms,
or by anti-carcinogenic mechanisms. Although many
antioxidants are already on the market, their proven
antioxidant activities in vitro have not been confirmed
[18]
in vivo . Many studies of cerebrovascular diseases and
mortality have associated vitamin E with unfavorable
[14]
outcomes . Therefore, the notion of controlling oxidative
stress in this manner requires re-evaluation. This article
reviews current understanding of oxidative stress in viral
hepatitis- and NASH-related HCC and the controversy
surrounding antioxidant therapy for these diseases.
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INTRODUCTION
The risk and pathogenesis of hepatocellular carcinoma
(HCC) has been investigated in detail because about
80% of this type of cancer is due to chronic infection
[1]
with hepatitis B (HBV) and C (HCV) viruses . Hepato
cellular carcinoma differentiates from low- and highgrade dysplastic nodules and sequentially advances
into well-, moderately- and poorly differentiated
HCC. Such multistep carcinogenesis associated with
chronic inflammation suggests that numerous complex
pathogeneses are involved in hepatocarcinogenesis.
Whole exome sequencing has revealed that HCC
contains many oncogene and tumor suppressor gene
[2]
mutations . The most common pathways can be p53-,
[3]
Wnt- and RB1-dependent . Poor outcomes of HCC
include p53 signaling-related genes such as the protein
[4]
kinase TTK . Activation of the Wnt-catenin pathway
is frequently anomalous in HCC and high expression
[5]
levels correlate with poor outcomes . Mutations in RB1
are associated with cancer-specific and recurrence[6]
free survival after resection . Such changes could be
induced via HBV, HCV and lipid-induced cellular stress
and chronic inflammation.
The pathogenic mechanisms of HBV- and HCVrelated chronic liver disease (CLD) and hepatocarcino
genesis include viral protein-related immune function
interference, tumor initiation or suppression interference
[1]
and CLD-related environmental changes . Tumorrelated gene methylation is induced via HBV and HCV
infection without inflammation and it is increased
stepwise under conditions of chronic hepatitis, dysplastic
[7,8]
nodules and HCC . Oxidative stress is included in
this process via the direct effects of viral proteins or
[1]
secondarily to chronic inflammation .
Recent advances in HBV- and HCV-targeted anti-viral
[9,10]
therapy have enabled control of HBV and HCV
. So
far, the HBV load can only be decreased by nucleos(t)ide
[11]
analogues that cannot eradicate the virus . Pegylated
interferon (IFN) combined with ribavirin and HCV NS3
protease inhibitor, can eradicate HCV in nearly 80% of
therapy recipients. However, patients with liver cirrhosis
have difficulties enduring the many side-effects of these
[12]
drugs such as anemia, leukocytopenia, and skin rash .
New treatment modalities with IFN-free oral directacting antiviral agents combined with other types of
therapy do not generate many of the side effects that
are associated with IFN, but they are not indicated for
decompensated liver cirrhosis because metabolism is
[13]
decreased in patients with defective liver function .
Therefore, the direct hepatocarcinogenic activities of
HBV and type C liver cirrhosis remain a major threat in
endemic areas.
The incidence of non-alcoholic steatohepatitis (NASH)
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OXIDATIVE STRESS INVOLVEMENT IN
HEPATOCARCINOGENESIS
The mechanisms of hepatocarcinogenesis include several
common functions such as oncogene activation, oxidative
stress and tumor suppressor function attenuation, but
the upstream functions differ. HBV related HCC can be
found in non-cirrhotic carriers, whereas HCV-related HCC
[19]
is found mainly in patients with cirrhosis . The incidence
of NASH related HCC is increasing and more clinical
evidence is needed.
Oxidative stress could be induced via chronic hepatic
inflammation regardless of etiology. Acute liver injury
and hepatic inflammation induce ROS via neutrophils
and Kupffer cell activation. As these cells invade liver
parenchyma, hepatocytes could also be affected by the
induced ROS. Although the free diffusion of superoxide
is blocked by the plasma membrane, superoxide
dismutase in the membrane can convert superoxide
[20]
anions to H2O2 after internalization into hepatocytes .
The ROS in mitochondria are by-products of the beta
oxidation pathway for fatty acid metabolism and they
are generated via electron leakage from mitochondrial
electron transport resulting in the activation of oncogenic
[21]
pathways .

Mechanisms of HBV-related HCC and oxidative stress
involvement

Enveloped HBV is a DNA virus containing a relaxed
[22,23]
circular DNA genome enclosed by envelope protein
.
After envelopment and the release of mature virions,
HBV converts into a covalently closed circular DNA
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that persists in the nucleus of infected cells as mini
[24]
chromosomes that are difficult to eradicate . After
initial infection, HBV persists in the liver for life, even if
a patient achieves a clinical cure with seroclearance of
HBV envelope antigen (HBsAg) and the emergence of
[25]
anti-HBs antibody . Chronic inflammation and liver
fibrosis caused by chronic HBV infection contributes
[26]
to the development of HCC . However, in addition to
these host factors, HBV itself plays a direct role in the
[27,28]
development of HCC
. A significant proportion of
[19,29]
HBV-related HCC arises in otherwise normal livers
,
and animal models transfected with this virus genome
develop HCC, which confirms the oncogenic potential of
[27,30]
HBV in the liver
. Gene expression profiles of HBVrelated HCC indicate that several genes related to signal
transduction, transcription and metastasis play direct
[31]
hepatocarcinogenic roles . Despite a considerable
amount of research, the molecular basis of HBV-related
[32,33]
hepatocarcinogenesis remains unclear
.
Chronic inflammation is a common feature of chronic
hepatitis B and C that results in induction of oxidative
stress. The HBV evades immune surveillance resulting
in altered viral-specific and non-specific immune
[34]
responses . Kupffer cells or macrophages exert both
immunostimulatory and immunoregulatory activities
upon exposure to HBV. The addition of HBV particles
and HBsAg induces production of the proinflammatory
cytokines interleukin (IL)-1β, IL-6, CXCL-8 and tumor
+
necrosis factor (TNF)-α by human CD68 macrophageenriched cells via nuclear factor kappa-light-chain[34]
enhancer of activated B cells (NF-κB) activation .
However, another study did not find cytokine production
with immunoregulatory cytokine transforming growth
[35]
factor-β production . The immune system activates
Kupffer cells to eradicate HBV, while HBV evades the
Kupffer cell-related pathway to reduce the inflammatory
pathway and render the environment favorable for
survival. Such persistent atypical cytokine production
and the resulting ROS affect hepatocarcinogenesis.
The HBV genome encodes several gene products such
as DNA polymerase (Pol), capsid protein (core), envelope
proteins L, M and S, and the multifunctional protein HBx.
Among these products, the oncogenic potential of HBx
protein has been analyzed in detail. Transactivating HBx
protein stimulates viral gene expression and replication,
and also protects virally-infected cells against immune[36]
mediated destruction . High and low levels of HBx
protein are expressed in the cytoplasm and nucleus,
[37]
respectively, of hepatocytes infected with HBV . HBx
protein regulates some oncogenes and affects several
[36]
apoptosis-related signaling pathways . Through binding
to transcription factors such as CREB, RPB5, TFIIB,
XAP-1, C/EBPalpha and XAP3, HBx can upregulate
[38,39]
oncogenes such as Rab18 or Yes-associated protein
.
HBx induces apoptosis by upregulating FasL protein
through activating MLK3/MKK7/JNKs signaling and
[40,41]
interacting with Bcl-2/CED-9 signaling
.
Concentrated cytoplasmic HBx co-localizes with
[42]
mitochondria that are sources of ROS . The C-terminal
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region of HBx produced by HBx truncation is required
[37]
for ROS production and it is found in 46% of HCC, but
[43]
not in non-tumor tissues . The C-terminal truncated
HBx found in HCC suggests that ROS are involved and
that it is significantly associated with increased venous
invasion and metastasis. The stable expression of
C-terminal truncated HBx in vitro results in increased
C-Jun kinase transcriptional activity and the enhanced
invasiveness of hepatoma cell lines.
Integration of the HBV gene into the house genome
is an important mechanism that is responsible for HCC
development. The frequency of integration is reportedly
higher in tumors than in adjacent liver tissues (86.4%
vs 30.7%). Several cancer-related genes such as TERT,
MLL4, and CCNE1 are integrated by HBV, especially in
[44]
tumors
and among these, HBx is most frequently
integrated into the human genome.
Several studies have analyzed mutations within
the HBV genome that might be associated with HCC.
Genotypic diversity is related to differences in clinical and
virological characteristics. For example, patients infected
with genotype C have more severe chronic liver disease,
[29,45]
including cirrhosis and HCC
. Deletions and point
mutations, which are more subtle genetic variations
than genotypes, have been identified, such as codon 38
in the X gene, the core promoter region, G1613A and
C1653T, basal core promoter region A1762T/G1764A
[46-49]
mutations and deletions of pre-S and X protein
.
The analytical findings of HCC-related HBV mutations
emphasized the importance of HBx and suggested the
involvement of oxidative stress. The envelope protein
pre-S is also involved in HCC development. The pre-S
region might affect the pathway of hepatocarcinogenesis
via oxidative stress.
The HCC-associated HBV variant pre-S has been
identified in the pre-S2 start codon and/or in deletions of
the 5’-terminal of the pre-S2 region and pre-S1 mutation
[50,51]
with deletions of the 3’-terminal of pre-S1
. These
pre-S region mutant products induce the accumulation of
mutated L protein in the endoplasmic reticulum (ER) of
hepatocytes. The ER plays a major role in the synthesis,
folding and trafficking of secretory and membrane
proteins that correlate with the cellular response known
as ER stress. A considerable amount of experimental
data have confirmed the potential pro-oncogenic role of
pre-S mutated gene products via accumulation in the ER
[51]
with enhanced ER stress and ROS . The pre-S mutated
proteins accumulating in the ER can trigger c-Raf-1/Erk2
signaling, which results in AP-1 and NF-kB activation,
enhanced proliferative activity of hepatocytes and an
[52]
increased incidence of liver tumors in transgenics .
Pre-S2 mutated proteins also have non-ER related
functions such as interacting with Jun activation domainbinding protein 1, which results in cyclin-dependent kinase
[53]
inhibitor p27 degradation and cell cycle progression .
Oxidative stress must be involved to some degree
in HBV-related hepatocarcinogenesis, possibly via HBx
and pre-S-related functions. Relatively weak oxidative
stress has been defined in HBV-related hepatocar
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cinogenesis in vitro. HBV with HBx protein expressed
in mitochondria, binds to voltage-dependent anion
channels 3 and alters the mitochondrial transmembrane
potential resulting in ROS generation and the activation
[54]
of several transcription factors . Analyses of serum
from patients have shown that oxidative stress-related
markers are significantly increased in HCV-, but not in
[55]
HBV-related HCC . One reason for this might be that
HBV has other prevailing features such as the induction
of mutations in oncogenic and tumor suppressor genes
by viral proteins. Anti-oxidant therapy is seemingly
logical for HBV-related HCC as HBx and pre-S proteins
have promising effects on oxidative stress. However the
inferior outcomes of oxidative stress in human serum
and in vitro indicate that expectations should not be too
high.

Stat3 pathways that are associated with cell proliferation,
[63,64]
apoptosis, transformation and immortalization
.
Transgenic mice expressing HCV core protein exhibit
hepatocarcinogenesis via fatty metamorphosis and
[65,66]
increased oxidative stress
. The glutathione pool is
oxidized and NADPH content is decreased via the direct
interaction of HCV core and mitochondria from the
[67]
livers of transgenic mice expressing HCV proteins .
Patients with HCV-related HCC have more oxidative
stress in the liver and higher levels of serum oxidative
stress markers such as 8-hydroxy-2’-deoxyguanosine
or reactive oxygen metabolites than those with HBV[55,68,69]
related HCC
. A weak, direct carcinogenic effect
of HCV core protein might coordinate with oxidative
stress, chronic inflammation and damage to apoptosis
regeneration cycle DNA to result in hepatocarcinogenesis
at a more advanced age than patients with HBV-related
[70]
infection . Oxidative stress is associated with aging that
also drives hepatocarcinogenesis in patients with HCV[71]
related HCC .
Serum markers and hepatocyte deposition associated
with iron especially in lysosomes are frequently elevated
[72]
in patients with chronic hepatitis C infection . Reticu
loendothelial systems including Kupffer cells are also
targets of iron deposition that might affect chronic
[73]
inflammation . Excess divalent iron atoms are highly
toxic, as they induce the Fenton reaction and produce
highly toxic ROS, hydroxyl radicals. Because some
investigators have reported that phlebotomy and a lowiron diet lowers the risk of HCC developing in patients
with chronic hepatitis C infection, iron toxicity is thought
[74,75]
to be involved in hepatocarcinogenesis
. Oxidative
stress induced by HCV reduces hepcidin transcription
followed by ferroportin expression in enterocytes and
[72,76]
increases duodenal iron uptake
. An excess of
dietary iron fed to HCV transgenic mice induces excess
[77]
hepatocarcinogenesis . Iron and resultant oxidative
stress closely correlate with the progress of chronic
hepatitis C and related HCC development that should
be incorporated as treatment options. As described
above, the lipid-related, direct pro-oxidant functions of
HCV proteins, especially the core and iron accumulating
functions, indicate the importance of the relationship
between oxidative stress and hepatocarcinogenesis in
patient with chronic hepatitis C.

Mechanisms of HCV-related HCC and involvement of
oxidative stress

Since HCV, like HBV, is not a cytopathic virus, immune
reactions play a central role in the development of
[56,57]
chronic hepatitis
. However, the clinical course
and direct viral and hepatitis-related effects on hepato
carcinogenesis differ. The expression of several genes
associated with detoxification and the immune response
suggest that indirect and immune or detoxifying
response-related hepatocarcinogenic roles are involved
[31]
in HCV-related HCC .
Immune systems are disrupted by HCV proteins.
Antigen-presenting cells such as Kupffer cells, macro
phages, or dendritic cells exhibit both immunosti
mulatory and immunoregulatory activities upon exposure
[58]
to HCV . The HCV core and Kupffer cells affected by
NS3 secrete pro-inflammatory cytokines such as IL1β, IL-6, TNF-α and the immunosuppressive cytokine,
[59]
IL-10, in vitro . The release of pro-inflammatory
cytokines might explain the induction and persistent
inflammation of patients with chronic hepatitis C,
while immunosuppressive cytokine release explains
the difficulty of eradicating HCV-infected hepatocytes.
The direct effects of HCV on the inflammatory signal
in Kupffer cells upregulates the immunoregulatory
[60]
molecule PD-L1 . In addition to interference with
Kupffer cell-related anti-viral activities, HCV induces a
sufficient amount of inflammatory cytokines to result in
chronic inflammation. Kupffer cells accumulate around
inflammatory foci and express cytotoxic molecules
such as granzyme B, perforin and ROS that induce
[61]
inflammation and fibrosis . Sustained inflammation
results in hepatocyte apoptosis and repeated regeneration
cycles followed by spontaneous DNA mutation and
[1]
damage resulting in HCC .
HCV antigens, especially core protein, play
major roles in chronic hepatitis C pathogenesis and
[62]
hepatocarcinogenesis . Because microarray analysis
has not suggested a direct hepatocarcinogenic pathway
in HCV-related HCC, the direct effects of viral proteins
are seemingly less powerful than HBV. However, HCV
core protein seems to play direct roles in TNFR, PKR and
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Mechanisms of NASH-related HCC

The pathophysiology of NASH has been considered to
[78]
comprise a “two hit” theory . The first hit is hepatocyte
steatosis, which is characterized by the accumulation
of triglyceride in hepatocytes. The second hit consists
of various types of cellular stresses, such as apoptosis,
oxidative stress, ER stress, and intestinal circumstances.
The recent genome-wide association study discovered
that the patatin-like phospholipase 3 (PNPLA3) gene
[79]
correlates with NASH progression . This genetic
mechanism might be involved in the first hit and fatty
deposition could be the second hit; nonetheless, this
two-hit theory is too simple to explain all aspects of
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[15,80]

NASH
. Other studies have found that inflammation
induces fatty deposition in hepatocytes. Such findings
have recently led to a “multiple hit” theory to explain
the fact that inflammation promotes steatosis or that
genetic factors such as PNPLA3 correlate with disease
[80]
progression . Lipid droplets were originally thought to
function simply as cellular energy-storage structures.
However, they now considered to be complicated
organelles that are involved in many processes such as
metabolic, inflammatory and immunological responses.
Lipid toxicity induces multiple hits such as oxidative
[14]
stress, ER stress, and immune reactions . These
cellular stresses are also involved in carcinogenesis.
Obesity-related symptoms such as hypertrigly
ceridemia and hypertension are established risk factors
[81]
for NAFLD . Central obesity presenting as visceral fat
accumulation is associated with various pathologies such
as cerebrovascular diseases, type 2 diabetes, NASH and
gastrointestinal cancers. Visceral obesity induces several
[82]
cytokines including the inflammatory cytokine IL-17 ,
which induces neutrophil chemokine expression via
IL-17 receptor A which is extensively expressed in the
liver. Controlling the IL-17-related pathway effectively
[83]
prevents NASH progression in mouse models .
Elevated pre-therapy serum IL-17 levels in patients with
HCC correlate with risk of early recurrence after curative
[84]
hepatectomy . Co-cultured HCC cell lines and T cells
producing IL-17 in vitro augment the proliferation of
HCC cells, suggesting the importance of IL-17 for HCC
pathogenesis. Neutrophil infiltration might be involved
in NAFLD progression in human NASH. Therefore,
visceral adipocytes that accumulate in patients with
central obesity are related to such cytokines and should
be involved in the pathogenesis of NAFLD.
Visceral fat accumulation correlates with increased
adipokine levels, significant risks for HCC and recurrence
[85,86]
after curative treatment
. Adiponectin is a “good”
adipokine that modulates many metabolic processes
including glucose regulation and fatty acid oxidation.
Adiponectin is the most abundant adipokine mainly
secreted from mature, white adipose tissue, and levels
of expression and secretion increase during adipocyte
differentiation. Adiponectin levels inversely correlate with
BMI, visceral obesity contents and insulin resistance.
Serum adiponectin is significantly higher in females
than in males, in whom serum androgens become
[87]
more evident during puberty . Adiponectin has antiinflammatory, anti-diabetic and anti-lipid storage effects.
Furthermore, weight-loss induces adiponectin synthesis,
whereas proinflammatory adipokines such as TNF-α
[88]
and IL-6 suppress adiponectin . Adiponectin increases
the expression of CXCL-8 in primary hepatocytes that
functions in cell survival and in anti-apoptotic activities
to guard cells; however, this also induces uncontrolled
[89]
cell survival resulting in malignant transformation .
High levels of serum adiponectin are associated with
reduced risk for several cancers such that prostate,
[90,91]
breast, colorectal and pancreatic cancers
. However,
higher levels of low- and medium-molecular weight
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adiponectin are also associated with a higher risk of
HCC through a relationship with the inflammatory
[92]
response . Increased levels of adiponectin might be
induced via a compensatory mechanism to dampen
inflammation. However, several studies have also found
that adiponectin has direct proinflammatory activities.
More evidence is needed to confirm this.
The relationship between hepatic iron deposition and
[93]
disease progression in NASH remains controversial .
Iron accumulation in hepatocytes correlates with more
[94]
severe damage . The iron metabolic pathway is
implicated in the insulin resistance and hepatic cholesterol
synthesis pathways. Hepatic lipid-induced ER stress
results in an unfolded protein response and hepatic iron
[95]
accumulation . Several reports describe the risk of iron
[96]
overload in NASH .

TREATMENTS FOR HCC THAT TARGET
OXIDATIVE STRESS
Oxidative stress in HCC

Oxidative stress closely correlates with HCV- and NASHrelated hepatocarcinogenesis, but relatively weakly
with HBV-related HCC. Thus, anti-oxidant therapy
would seem reasonable for controlling HCV- and NASHrelated hepatocarcinogenesis. Liver inflammation is
definitely associated because hepatocarcinogenesis
arises mostly in patients with chronic hepatitis. The
major inflammatory cytokine TNF-α alters mitochondrial
integrity by mimicking a mild uncoupling effect in liver
cells, as indicated by a reduction in membrane potential
[97]
and ATP depletion . The TNF-α induced ROS activation
of NF-κB and downstream target genes such as CXCL1,
Iκ Bα and A20 results in enhanced migration activity of
hepatoma cell lines. Reduced hepatic inflammation via
nucleos(t)ide analogues in hepatitis B and interferon
in hepatitis C correlates with reduced oxidative
stress. However, preventing or controlling HCC using
antioxidants is a matter of debate.
Oxidative stress is increased through the generation
of ROS and defects in redox defense mechanisms with
glutathione (GSH), catalase or superoxide dismutase
[98]
(SOD) . Mitochondria comprise the most important
and abundant source of intracellular ROS. Mitochondrial
dysfunction therefore plays a central role in the patholo
gical mechanisms of chronic hepatic inflammation
and subsequent hepatocarcinogenesis (Figure 1). An
imbalance in the mitochondrial respiratory chain is the
main source of ROS, O2 , H2O2 and hydroxyl radicals
(•OH). The transport of high-energy electrons through the
mitochondrial electron transport chain (ETC; complexesⅠ,
Ⅲ and Ⅳ) is an important step for ATP production. This
energy-producing pathway also produces ROS. Highenergy electrons in ETC complexesⅠ-Ⅲ react with O2
and produce superoxide (O2 ) which accounts for up to
4%-5% of the consumed O2. The amount of resulting O2
increases in damaged mitochondria. The tricarboxylic acid
cycle and the β-oxidation of fatty acids generate reduced
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Figure 1 Oxidative stress production and treatment targets in hepatocytes. High levels of plasma free fatty acids increase levels of hepatic free fatty acids.
Long-chain fatty acids taken up by mitochondria as complexes with L-carnitine are subsequently metabolized in β-oxidation pathway. Under oxidative stress, oxidative
reactions convert oxidized cofactors (NAD+ and FAD) into reduced cofactors (NADH and FADH2) and deliver electrons to respiratory chain. Imbalance between
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superoxide dismutase (SOD), glutathione peroxidase (GPx) or catalase can metabolize O2- and H2O2 to non-toxic H2O. However, Fenton and/or Haber-Weiss reactions
generate highly reactive, toxic, hydroxyl radicals (•OH). Vitamin E and hydrogen as general and selective cytotoxic ROS scavengers erase oxidative stress. L-carnitine
supports mitochondrial function to increase long-chain fatty acid uptake. Metformin or thienopyridone activates AMPK and induces antioxidant gene transcription and
AICAR activates Nrf2, possibly like metformin. AICAR: 5-aminoimidazole-4-carboxamide-1-b-D-ribofuranoside; AMPK: AMP-activated protein kinase; Keap1: Kelchlike ECH associating protein; Nrf2: Nuclear factor erythroid 2-related factor.
+

(NADH and FADH2) cofactors from oxidized (NAD and
FAD) cofactors. The NADH uses two electrons from the
oxidation pathway in the inner membrane to supply the
rest of the ETC for the reduction of O2 to water. As the
substrates and cofactors of complexⅠhave the lowest
reduction potential in the mitochondrial respiratory chain,
side reactions could occur such as nonspecific electron
transfer to species in solution. Under physiological
conditions, reactive and incompletely reduced forms of
oxygen such as superoxide (O2 ) are detoxified into water
by anti-oxidant defenses and repair enzymes to maintain
[14]
a low steady state of toxic oxidants .
The mitochondrial capacity to control the oxidative
balance would be destroyed under conditions of con
tinuous oxidative stress. Excess O2 could be produced
within damaged mitochondria through electron leakage
and SOD would convert the resulting excess O2 into
H2O2. Glutathione plays an important role in the balance
between pro- and anti-oxidants correlating with the
detoxification of H2O2 and other ROS. Glutathionedependent enzymes as glutathione peroxidase,
glutathione reductase (GR), and glutathione S-transferase
(GST) play important roles in the stimulation of
glutathione function. Glutathione peroxidase catalyzes
H2O2 to non-toxic H2O, GR regenerates the pool of
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reduced glutathione and GST catalyzes glutathione
reactions. Despite such anti-oxidant mechanisms, the
Fenton and/or Haber-Weiss reactions generate the highly
reactive toxic ROS, •OH from H2O2 and oxidative stress
produced by Fenton reactions is mediated by iron.
Iron loading of the liver causes further hepatic
[99]
oxidative stress that is a main cause of HCC . Iron
overload can induce hepatocarcinogenesis in animals
and is associated with the high incidence of HCC among
[100,101]
African and Taiwanese individuals
. Iron depletion
in HCV- and NASH-related hepatocarcinogenesis should
play a more important role in the prevention of HCC.

Preferential antioxidative drugs to treat HCC

Several antioxidant agents and foods are widely available
and the effects of several of them in vitro and in vivo
are under investigation. The optimal choice of agents to
control chronic hepatitis or related hepatocarcinogenesis
without suppressing the physiological roles of oxidative
stress is difficult to determine.
Phlebotomy is a method of reducing iron overload that
has been effective against chronic hepatitis C and NASH in
[102,103]
selected patients
. Iron depletion improves not only
iron overload but also insulin resistance, suggesting that
[104]
iron toxicity is involved in several metabolic pathways .
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[117]

Iron depletion for NASH remains a matter of debate but
it could nevertheless function as an antioxidant treatment
strategy.
Candidate antioxidant treatments for HCC include
antioxidant genes, inducible transcriptional factors such
as AMP-activated protein kinase (AMPK) or nuclear
factor erythroid 2-related factor (Nrf2) activators, ROS
scavengers and agents that support mitochondrial
uptake. The following are representative drugs that
are associated with reducing oxidative stress.

which exists in the cytoplasm in an inactive form .
The AMPK activator 5-aminoimidazole-4-carboxamide1-b-D-ribofuranoside (AICAR) induces an increase
in Nrf2 protein and antioxidant enzyme expression
in endothelial cells, whereas AICAR activates Nrf2 in
hepatoma cell lines resulting in antioxidant enzyme
[118]
expression . A combination of metformin and AICAR
might activate AMPK and Nrf2 to control HCC. A more
detailed analysis in a basic approach with clinical trials
might be needed to determine the value of this new
type of drug.

Metformin: Metformin is an anti-diabetic drug, but it
also has an anti-oxidative function. Metformin increases
intracellular levels of AMP after activating AMPK, which
is a highly conserved heterodimeric serine-threonine
kinase that serves as an energy sensor in eukaryotic
[105]
cells and bridges metabolism to carcinogenesis
.
It is activated by an increase in the cellular AMP/ATP
ratio under hypoglycemia, hypoxia, ischemia and
[106]
heat shock . The activation of AMPK suppresses cell
proliferation in non-malignant and malignant cells via
regulation of the cell cycle, apoptosis, autophagy and
[107]
the inhibition of fatty acid synthesis . Phospho (p)AMPK is down-regulated in HCC tissues from patients
and low levels of p-AMPK expression correlates with
a poor prognosis, indicating the importance of AMPK
[108]
signaling in HCC
. Adding metformin to hepatoma
cell lines results in AMPK activation as well as doseand time-dependent growth inhibition. Metformin also
induces cell-cycle block, apoptosis, STAT3-induced
[109]
IL-6 production
and the antioxidant enzyme heme
oxygenase-1 (HO-1) in human endothelial cells via the
[110]
Nrf2 signaling pathway
. The recently-discovered
direct AMPK activator thienopyridone also activates
[111]
AMPK through distinct mechanisms with metformin .
This might be a future approach to activate AMPK.
A meta-analysis of anti-diabetic drugs found that
metformin, sulfonylurea and insulin induce a 50%
reduction, and 62% and 161% increases, respectively
[112]
in HCC incidence
. However, randomized controlled
trials have not shown significant effects. Metformin
reduced the occurrence of HCC and liver-related death,
and increased survival rates in patients with diabetes
and HCC who underwent radiofrequency ablation without
[113]
any severe side effects
. The standard treatment
for NASH according to the guidelines of the American
Association for the Study of Liver Disease (AASLD)
is vitamin E. This was derived from the findings of a
clinical trial that has shown improvements in the clinical
profile and histological findings of NASH activity within
[114]
two years . Metformin improves histological activity
in the livers of mouse models of non-diabetic NASH, but
[115]
not in human NASH . Thus, metformin is preferential
[116]
for treating NASH-related HCC in mouse models
,
but clinical trials are needed to confirm the effects of
metformin on HCC management.

Vitamin E: Controversy surrounds the value of ROSscavenging agents because ROS have essential functions
for life. Scavengers of ROS consistently exert effective
[18]
chemical activities in vitro, but not often in vivo .
Scavenging ROS is considered effective in preventing the
development of cancer and cancer stemness, yet ROS
[119]
also contribute to the prevention of cancer
. Stem
cell-like cancer cells that express the CD44 variant have
an antioxidative phenotype. The CD44 variant protects
cancer stem-like cells from oxidative stress and prevents
[120]
their apoptosis . Oxidative stress upon normal cells
might induce transition to a cancer cell phenotype that is
highly resistant to further oxidative stress. Several clinical
trials are presently investigating the induction of oxidative
[121]
stress under these conditions as a cancer treatment .
The AASLD recommends treating NASH with vitamin E
at a dose of 800 IU/d, which is higher than that usually
[17]
administered to treat NASH . This recommendation
is based on a two-year randomized study of NASH that
demonstrated improved alanine transaminase and
[114]
histological activity . However, that trial did not find an
[122]
improvement in liver fibrosis . Further investigations of
longer duration are required to determine the effects of
vitamin E on hepatocarcinogenesis.
Peroxisome proliferator-activator-γ agonist
(pioglitazone): The transcription factor peroxisome
proliferator-activator (PPAR)γ regulates lipid metabolism
and its activation suppresses hepatic lipoperoxide and
reduces the production of the hepatic pro-inflammatory
[123]
cytokines, TNF-α and IL-6 . The effects of PPARγ on
a model of diethylnitrosamine (DEN)-induced HCC via
cyclin-dependent kinase inhibitor p27 expression are
[124]
favorable
. Pioglitazone serve as an anti-oxidant
to treat NASH. A large clinical study has shown fair
results of using pioglitazone to treat NASH with respect
[114]
to serum alanine aminotransferase levels . Although
an improvement in histological activity was not proven,
this drug will be assessed for patients with NASHrelated diabetes. A long observational assessment of
hepatocarcinogenesis will be needed later.
Hydrogen: Molecular hydrogen (H2) has powerful and
[125]
selective antioxidant effects with unique features
.
Hydrogen scavenges toxic hydroxyl radicals, but not
O2 , H2O2 or nitric oxide in cultured cells. This selective
reduction of ROS has been explained by the strong

Nrf2-acting agents: Under basal conditions, Nrf2
binds to Kelch-like ECH associating protein 1 (Keap 1)
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oxidative activity of hydroxyl radicals reacting with mild
anti-oxidative function of hydrogen. The easy distribution
of hydrogen is one characteristic of the effects. Most
hydrophilic compounds are retained at membranes and
cannot pass into the cytoplasm, whereas hydrophobic
compounds such as vitamin E need specific carriers or
receptors to penetrate biomembranes. However, H2 can
penetrate biomembranes, diffuse into the cytosol and
easily reach the nucleus where it can protect nuclear
DNA and prevent mitochondrial damage. Hydrogen is
effective against DEN-induced HCC and HCC associated
[126,127]
with type 1 diabetes and NASH
. Data from
patients with NASH are not yet available and thus
clinical trials are required to further evaluate the effects
of molecular hydrogen on HCC.

3

4

5

L-carnitine: L-carnitine is an essential nutrient that
converts fat into energy in mitochondria and ameliorates
liver damage. It acts as a fatty acid carrier across the
mitochondrial membrane and it also exists as free or
[128]
acyl forms in plasma . L-carnitine plays an important
role in lipid metabolism as it is an essential cofactor
for the β-oxidation of fatty acids through facilitating
the transport of long-chain fatty acids and its ability to
activate carnitine palmitoyltransferase, the key enzyme
[129]
in fatty acid oxidation . L-carnitine has recently been
proposed as treatment for various diseases, including
liver damage. Several studies have shown that L-carnitine
can ameliorate or prevent liver damage with various
etiologies. Animal studies have shown that dietary
supplementation with L-carnitine prevents chemically
induced hepatitis and subsequent HCC, as well as NASH[130,131]
related HCC
. L-carnitine supplementation greatly
improves plasma glucose levels in patients with NASH,
[132]
lipid profiles and histological manifestations
. The
results of these clinical trials were fair, and more clinical
trials of larger populations are required to further evaluate
the effects of L-carnitine on hepatocarcinogenesis.

6

7

8

9

CONCLUSION

10

Because oxidative stress is an essential survival
mechanism, erasing it is not a feasible approach to
disease control. Rather, controlling oxidative stress
should be effective because hepatocarcinogenesis is
closely associated with increased oxidative stress via
viral proteins or chronic inflammation and lipids. Agents
that can control oxidative stress such as the AMPK
activator metformin or the mitochondrial support agent
L-carnitine probably comprise a more effective approach
than ROS scavengers such as vitamin E.
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REVIEW

Immunotherapy for hepatocellular carcinoma: From basic
research to clinical use
Yu-Peng Hong, Zi-Duo Li, Pankaj Prasoon, Qi Zhang
been proven efficient in HCC treatment, particularly for
those patients not indicated for curative resection or
transplantation. Immunotherapy has been developed for
decades for cancer control and is attaining more attention
as a result of encouraging outcomes of new strategies
such as chimeric antigen receptor T cells and immune
checkpoint blockade. Right at the front of the new era of
immunotherapy, we review the immunotherapy in HCC
treatment, from basic research to clinical trials, covering
anything from immunomodulators, tumor vaccines and
adoptive immunotherapy. The mechanisms, efficacy
and safety as well as the approach particulars are
unveiled to assist readers to gain a concise but extensive
understanding of immunotherapy of HCC.
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Core tip: This paper supplies a comprehensive review
of immunotherapy for hepatocellular carcinoma from
basic experiments to clinical trials. The development
of interferon, chemokines, tumor vaccines, adoptive
immunotherapy, including natural killer, natural killer
T and T cells armed with chimeric antigen receptor, as
well as regulatory T cell is summarized.
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Abstract

INTRODUCTION

Hepatocellular carcinoma (HCC) is a common cancer
worldwide with a poor prognosis. Few strategies have
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Hepatocellular carcinoma (HCC) accounts for 95%
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[1]

of primary liver cancer , the second most common
cause of cancer-associated death worldwide and
estimated to be responsible for around 746000 deaths
[2]
in 2012 . Only liver resection and liver transplantation
are considered curative, with poor efficiency of other
modalities such as radiofrequency ablation (RFA) and
transarterial chemoembolization (TACE). However,
very few patients are indicated for liver resection and
donors of liver are usually exceptional. Postoperative
recurrence frequently occurs, resulting in a dismal
[3]
prognosis in most affected individuals .
Immunotherapy has been explored in HCC for
[4]
decades and carries high expectations due to the
recent progress in other malignancies such as mela
noma. Different from other organs, liver shows its
distinguished characteristics, such as an “immune
organ”, and patients with HCC present with unique
anti- or pro-tumor responses during the development
[5]
and progression of HCC . Immunotherapy can be
categorized into several types according to their distinct
strategies. For instance, immunomodulators and tumor
vaccines are used to enhance the immune response
to HCC in an indirect way; adoptive immunotherapy
introduces a great amount of effective immune cells
to directly remove tumor cells. In this review, we
summarize the critical immune characteristics of liver
and cover the immunotherapy of HCC in animal models
as well as clinical trials (Figure 1).

17 (IL-17) promote angiogenesis of HCC and recruit
[8,9]
neutrophils to enhance angiogenesis . The effector
+
function of CD8 T cells is prone to be impaired by
increased Tregs, which predicts a poor prognosis of HCC
[10]
patients . In addition, the functional impairment of
other cells like natural killer (NK) cells also contributes
[11]
to tumor progression .

IMMUNOMODULATORS
Cytokines

Various cytokines are involved in immune responses.
Certain cytokines can directly inhibit tumor cell growth
or enhance the capacity of relevant immune cells to
delay tumor development.
Interferon is well known for immunomodulation, antiproliferation and anti-angiogenesis. They were found to
be decreased in serum of patients with HCC. All three
types of interferon (IFN-α, IFN-β, IFN-γ) have been
proved to be effective in inhibiting HCC by inducing
[12-14]
tumor cell apoptosis or autophagy
. However, the
efficiencies among different types of interferon are under
debate. Although some investigators have addressed
[15]
that IFN-β showed better anti-HCC effects , the use
of IFN-α in HCC treatment have been more frequently
reported. However, IFN-α alone did not show satisfactory
survival benefit in patients with unresectable HCC,
[16,17]
confirmed by randomized controlled trials (RCTs)
.
IFN-α-2b also failed to decrease the risk of postoperative
[18]
recurrence . In contrast, interferon showed some
benefits when combined with other modalities such as
[19-22]
chemotherapy, curative resection and TACE
. Two
meta-analyses revealed that adjuvant interferon therapy
after curative therapy for HCC could improve both overall
[23,24]
survival and recurrence-free survival
. Combination
of IFN-α with sorafenib was also reported to be efficient
[25]
in a mouse model
but this has not been tested in
humans. In addition, interferon treatment may gain
further benefits for HCC patients with hepatitis B or C
[26,27]
virus infection from removing the viruses
. Currently,
two registered clinical trials regarding IFN-α are still
recruiting participants. One multicenter RCT is planning
to test IFN-α as an adjuvant therapy in HCC with low
miR-26 expression (NCT011681446) and the other
phase Ⅱ trial is trying to combine IFN-α with fluorouracil
to treat HCC patients who underwent liver resection
(NCT01834963). Generally, IFN-α showed demonstrated
equivocal effects and should only be applied to selected
patients as supportive or adjuvant therapy within the
assumption of the current evidence.

ROLES OF THE IMMUNE SYSTEM IN
CARCINOGENESIS AND PROGRESSION
OF HCC
The inherent immune tolerance of liver hinders immune
surveillance and therefore makes the carcinogenesis
of HCC possible. Liver confronts abundant xenogenous
antigens within blood from the gut via the portal vein.
Specific mechanisms with regards to immune tolerance
are activated to inhibit unneeded immune responses.
Unfortunately, these mechanisms, such as recruitment
of regulatory T cells (Tregs) and myeloid-derived
suppressor cells, as well as overexpression of inhibitory
ligands such as programmed death ligand 1 (PD-L1),
[6]
contribute to weaken anti-tumor immune responses .
As an “immune privileged” organ, multiple pathways
exist within liver to maintain its function. Not only can
hepatocytes cause T cell anergy in certain conditions,
but many other nonparenchymal cells, including
stellate cells, hepatic dendritic cells and liver sinusoidal
endothelial cells, also induce tolerance or apoptosis of
effective or naive T cells. In particular, HCC lacks major
histocompatibility complex (MHC) class Ⅱ, the activator
+
[6]
of CD4 T helper (Th) cells .
Clinically, various cytokines dysregulate and
[7]
contribute to HCC progression . Increased immuno
suppressed cells in patients are in parallel with a poorer
prognosis. Th17 and its secretory product interleukin
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ILs

ILs have been applied to enhance anti-tumor responses
of the immune system. However, few studies concerning
these ILs have been performed in humans. Small scale
clinical studies evaluated the efficacies of IL-2 or IL-12
alone or combined together in HCC treatment but the
[28,29]
results were inconclusive
. Other sorts of ILs were
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also studied. For instance, IL-37 was found to selectively
recruit NK cells to conduct anti-tumor activity in HCC
[30]
patients . IL-24 was reported to show in vivo anti[31]
tumor activity in the presence of apoptin . However,
clinical trials are lacking to determine the therapeutic
effects of ILs in human.

IMMUNE CHECKPOINT BLOCKADE
THERAPY
Due to the great achievements in melanoma, immune
checkpoint blockade therapy sheds light on other solid
tumors, including HCC. Co-inhibitory signals diminish
the intensity of anti-tumor response even although HCC
specific antigen has presented with MHC receptors.
To overcome these, immune checkpoints should be a
promising approach to restore anti-tumor function of
immune cells. Many immune checkpoints have been
identified in the lab. In addition to PD-1 and CTLA-4
which have been intensively studied, there are also
other potential checkpoints, like TIM-3, OX40, VISTA,
[37]
LAG-3 and BTLA .
Anti-CTLA-4 antibody blocks the binding of CTLA-4
and CD80/86, which is a defunct antigen-presenting
cell (APC) and results in suppressed anti-tumor immune
[38,39]
responses mediated by T cells
. Basically, the efficacy
of CTLA-4 blockade correlates with the immunogenicity
of the tumor. A phase Ⅰ trial of tremelimumab (antiCTLA-4 monoclonal antibody) in HCC patients was
[40]
reported in 2013 . The study enrolled 21 patients
with advanced HCC not amenable to percutaneous
ablation or TACE and showed that tremelimumab was
well tolerated. Partial response was found in 17.6% of
the patients and 45% of the cases had stable disease
for more than 6 mo. Another phase Ⅰ clinical trial of
tremelimumab combined with RFA or TACE is now
ongoing (NCT01853618; Table 1).

Chemokines

Chemokines regulate activities and behavior of cells,
including hepatocytes, immune cells and the tumor micro
environment. By mediating pro- and anti-inflammatory
responses, chemokines can regulate leukocyte recruitment,
[32]
angiogenesis and tumor progression . Several chemokineassociated signaling, including CXCR4/CXCL12, CCR6/
[33,34]
CCL20 axes, were evident in promoting HCC
. Blockade
of these signalings by relevant receptors seems logical to
control HCC.
Chemokines can regulate the function of immune
cells by interacting with the receptors on the membrane
of these cells. Tumor infiltrating anti-tumor cells,
including T cells, NK cells and natural killer T (NKT) cells,
showed enhanced expression of certain chemokine
[35]
receptors . Consistently, overexpression of certain
chemokine genes, such as CXCL10, CCL5 and CCL2, in
HCC tissue correlated with Th1, cytolytic T lymphocyte
[36]
(CTL) and NK cells and predicted a better prognosis .
Regulated release of chemokines or genetic modification
of chemokine receptors in immune cells may enhance
anti-tumor immune response. Unfortunately, only
preclinical data can be found in this field.
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Table 1 Information of clinical trials of checkpoint blockade on hepatocellular carcinoma after 2008
Interventions
CP-675,206: anti-CTLA-4
antibody
CT-011 (Pidilizumab): antiPD-1 antibody
Nivolumab: anti-PD-1
antibody
Tremelimumab: anti-CTLA-4
antibody, combined with
TACE or RFA

Design

Start year

Main inclusion criteria

Primary outcomes

Registered No.

Status

Phase Ⅱ

2008

Tumor response

NCT01008358

Completed

Phase Ⅰ/Ⅱ

2009

Unresectable disease not amenable
to loco regional treatment, HCV
chronic infection
HCC not eligible for surgery, TACE,
or other systematic treatments

Safety and
tolerability

NCT00966251

Phase Ⅰ

2012

NCT01658878

Terminated
because of
slow accrual
Recruiting

Phase Ⅰ

2013

NCT01853618

Recruiting

Advanced HCC, failed in previous
Adverse events
one line therapy
Not amenable to curative resection, Safety and feasibility
transplantation or ablation

HCV: Hepatitis C virus; RFA: Radiofrequency ablation; TACE: Transarterial chemoembolization; HCC: Hepatocellular carcinoma; PD-1: Programmed
death 1.

that might be candidates for a vaccine involving
antigens include squamous cell carcinoma antigen, heat
[46,47]
shock protein 70, NY-ESO-1b, etc
.
AFP is rare in healthy adults but can be highly
expressed in HCC, making it an ideal target for antiHCC immunotherapy. Actually, AFP is currently the most
well studied target antigen for HCC immunotherapy.
The earliest relevant clinical trial was more than a
decade ago, testing AFP-specific T cell response to an
[48]
AFP-derived peptide in six patients . GPC3 (144-152)
(FVGEFFTDV) and GPC3 (298-306) (EYILSLEEL)
+
peptides were proven to induce specific CD8 CTLs in
HCC patients with HLA-A2 and HLA-A24 restriction,
[49]
respectively . Encouraged by this result, a phase Ⅱ
trial of a GPC3-based vaccine as adjuvant therapy for
patients after surgery or RFA was registered and is now
ongoing (UMIN-CTR: 000002614).
Proper design of epitopes with cross-recognition of
wild-type antigens can enhance immune responses.
To overcome the limitation of weak immune responses
[50]
induced by native TAAs, Hong et al
created a highly
immunogenic AFP via computer-guided methodical
epitope optimization. This genetic modified AFP vaccine
showed amazing anti-tumor effects in xenograft and
diethylnitrosamine-induced mouse model of HCC by
+
[50]
means of activating CD8 T cells . Polypeptide or
fusion peptide was another method to amplify antitumor immune responses. A combination of full-length
HBV core protein, HBV-X protein (HBx)52-60, HBx140-148,
AFP158-166 and melanoma antigen gene-A271-279 is an
[51]
example for a HCC vaccine . Innovative creation of a
fusion peptide containing different epitopes that involve
multiple steps of the immune response was also proved
[52]
to inhibit HCC in animals .
For a peptide-based tumor vaccine, the choice of
peptide is critical for clinical response. Not all proteins
that contribute to tumor progression are suitable for
vaccine development. For instance, although expression
and activity of telomerase was found up-regulated in
[53,54]
most HCCs
, telomerase peptide did not lead to any
complete or partial responses in a phase Ⅱ study on
[55]
advanced HCC . Additionally, the origin of the peptide

Anti-PD-1 and anti-PD-L1 antibodies interfere with
the binding of PD-1 and PD-L1/2 which inhibits T cell
[41]
proliferation and cytokine release . Although CTLA-4
and PD-1 were found predominantly expressed in T cells
[42,43]
with anti-tumor function
and showed similar effects
when used alone, different mechanisms and indicated
patients regarding the two pathways were suggested by
[44]
clinical observations . Unfortunately, the phaseⅠ/Ⅱ
trial (NCT00966251) of a new PD-1 blockade CT-011 was
terminated because of slow accrual. Another phaseⅠtrial
of nivolumab (anti-PD-1 monoclonal antibody) is ongoing.
This trial plans to recruit three cohorts of patients stratified
by viral infection hepatitis C virus, hepatitis B virus (HBV)
and no viral infection.
With the satisfactory effects in animal models, more
and more trials are being conducted to investigate the
role of immune checkpoint blockade therapy in HCC
treatment (Table 1). Immune checkpoint blockade
therapy is considered to be a strategy with a bright future
and is cast into the limelight by oncologists worldwide.

TUMOR VACCINES
Although prophylactic vaccines for HCC such as HBV
[45]
vaccine contributed to the decrease of HCC patients ,
a therapeutic vaccine for HCC is still awaited. Numerous
approaches have been investigated, seeking to trigger the
host immune system to remove cancer cells. The most
important constraint for progression of a tumor vaccine
is the lack of tumor specific antigens or tumor associated
antigens (TAA). With all the evolving understanding of
tumor heterogeneity, it appears to be unprecedentedly
challenging to exterminate cancer cells by a tumor
vaccine alone. On the other hand, it could possibly be an
effective approach to exhibit positive aspects in certain
patients and play important roles in regimens.

Peptide-based vaccine

Alpha-fetoprotein (AFP) and glypican-3 (GPC3) are two
frequently used TAAs in HCC vaccines. GPC3 can be
overexpressed in more than 80% of HCC and AFP can
be positive in 60%-80% of HCC. Other HCC biomarkers
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affects induction efficiency of CLTs and consequent antitumor effects. Peptides originated from endogenously
presented antigen are thought to be sparse on tumor
[56]
cells and inefficient in inducing CTLs . Intratumoral
peptide injection was thus developed to enhance
[56]
tumor cell antigenicity ; however, this needs further
investigation.

with total RNA of cancer cells or transfected with
designed plasmids were all able to mature and prime
[69-71]
Th1 cells and CTLs
.
Based upon these characteristics and success in
preclinical studies, many clinical trials were carried out
to evaluate the efficacy of DC-based immunotherapy
to treat HCC patients. Two phase Ⅰ studies showed
immunization by tumor lysate pulsed DCs was feasible
[72,73]
for end stage HCC patients
. Another clinical trial
of a DC vaccine pulsed with autologous tumor lysate
addressed that 12.9% of advanced HCC patients had
[74]
partial response (PR) and 54.8% had SD . Notably,
a monthly boost vaccination resulted in a significantly
[74]
better 1 year survival . In another RCT on advanced
HCC, DCs pulsed with HepG2 cell lysate resulted in
13.3% patients with PR and 60% with SD after 6 mo of
[75]
treatment . However, the proportion of clinical response
with this therapy is relatively low. As an illustration, one
phase Ⅱ study using DCs pulsed with tumor lysate
in HCC revealed only one out of 39 patients exhibited
[76]
PR . Furthermore, a phaseⅠ/Ⅱ study using a multiple
TAA-pulsed DC vaccine showed clinical response in only
[77]
one out of five patients with advanced HCC . Some
studies also evaluated the efficacy of DC immunotherapy
[78]
[79,80]
combined with local radiation
or TACE
but the
results showed that DC infusion could not prevent HCC
recurrence. Therefore, further studies are needed to
increase the efficacy of this therapeutic approach. A new
phaseⅠtrial on DC vaccine for HCC was registered last
year and is now recruiting participants (NCT 01974661;
Table 2).

DNA-based vaccine

A DNA-based vaccine assumes that DNA directly
injected into the body undergoes transcription and
translation in host cells and that the expressed peptide
induces immune responses. Theoretically, all peptide
vaccines can be transformed into DNA vaccines. AFP
and GPC3 DNA vaccines were both developed and
tested in the lab and showed tumor growth inhibition
[57-59]
and survival improvement in mouse models
. In a
recent small scale clinical observation, two HCC (stage
Ⅱ) patients after locoregional therapy underwent AFP
DNA vaccine and adenovirus boost immunization. This
approach was confirmed to be safe and well tolerated;
however, both patients experienced HCC recurrence
[60]
after a mere nine and eighteen months, respectively .
To our best information, no clinical trial regarding DNA
vaccines on HCC has been reported or is currently
ongoing.

Tumor vaccine using antigen-presenting cells

APCs play a key role in anti-tumor function of immune
responses. Dendritic cells (DCs) are the most potent
APC and are closely related to HCC. Numerous studies
have proved that DCs from peripheral blood and
lymph nodes of HCC patients were decreased, with an
[61-63]
immature phenotype and an impaired function
.A
study revealed that the more DCs that were detected
in HCC nodules, the better the prognosis would
be. Infiltration of DCs in HCC nodules was strongly
associated with the prognosis of HCC patients after
[64]
surgical resection . The composition of DCs in the
hepatic lymph nodes of HCC patients was aberrant
which may be one of the causes of the inadequate
[65]
T cell response against HCC in these patients . In
addition, some tumor-derived factors, such as vascular
endothelial growth factor, granulocyte macrophage
colony-stimulating factor, IL-6 and IL-10, influence the
[66]
differentiation, number and phenotype of DCs .
Given the importance in cancer development,
DCs are increasingly applied to vaccination in various
cancers, including HCC. A DC-based vaccine was
reported to not only induce tumor antigen-specific
[67]
CTLs , but also to activate NK cells and inhibit Tregs
[51,68]
in HCC patients
. Logically, DCs pulsed with tumor
tissue of an individual patient should be used. However,
the tumor tissue is not always available. Therefore,
peptides or cell line lysate was commonly used to
substitute tumor tissue by many investigators. At least
in HCC, this replacement strategy proved to be feasible
[69]
and safe . DCs infused with cancer cells, transfected

WJH|www.wjgnet.com

ADOPTIVE IMMUNOTHERAPY
Adoptive immunotherapy is now promising in the
scenario of potential approaches for the treatment of solid
tumors which are refractory to conventional therapies.
An increasing amount of the literature discusses the
efficacy of adoptive immunotherapy to control tumors.
Meanwhile, many clinical trials have demonstrated that
adoptive immunotherapy showed potentially promising
anti-tumor effects on various cancers, including HCC.

Lymphokine-activated killer cells

First reported in the early 1980s, lymphokine-activated
killer (LAK) cells are cytotoxic effector lymphocytes
whose cytolytic activities are not restricted by MHC
and are capable of killing tumor cells as well as NKresistant tumor cell lines. There are actually constrained
studies concerning the effectiveness of LAK cells for
HCC treatment. A report stated that dealing with LAK
cells cultivated by IL-2 reduced the recurrence rate in
[81]
postoperative HCC patients . Another study found
that LAK cell-based immunotherapy was not an ideal
[82]
adjuvant strategy after hepatic resection . Results
from a clinical trial indicated that tumor-specific CTL
therapy is more effective than LAK cell therapy in
[83]
advanced HCC patients . The enthusiasm of study on
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Table 2 Information of clinical trials of tumor vaccine on hepatocellular carcinoma after 2008
Interventions

Design

Start year

Main inclusion criteria

Phase Ⅰ/Ⅱ

2008

Locoregionally treated HCC

Phase Ⅱ

2008

Phase Ⅰ/Ⅱ

2009

DEC-205-NY-ESO-1 fusion
protein vaccine
COMBIG-DC: allogeneic DC
cancer vaccine

Phase Ⅰ

2012

Phase Ⅰ

2013

In-situ therapeutic cancer
vaccine

Phase Ⅰ

2013

V5 therapeutic vaccine

Phase Ⅲ

2014

AFP + GM-CSF plasmid prime
and AFP adenoviral vector
boost
DC loaded with autologous
tumor
DC loaded with specific
peptides of AFP

Primary outcomes

Dose, toxicity, and
immunological response
rate
Metastatic HCC, available of
2-mo response rate
tumor tissue
Patients with previous
Adverse events
treatment, AFP ≥ 40 ng/mL,
HLA A 0201 group
After resection and TACE for
Adverse events
HCC
Not eligible for curative
Adverse events
treatment or TACE, BCLC
stage B and C
Refractory HCC, not eligible
Safety
for or failed any treatment,
AFP > 30
Advanced HCC
Changes in plasma AFP

Registered No.

Status

NCT00669136

NCT00610389

Terminated
because of poor
accrual
Unknown

NCT01128803

Terminated

NCT01522820

Recruiting

NCT01974661

Recruiting

NCT01923233

Recruiting

NCT02232490

Not yet recruiting

AFP: α-fetoprotein; DC: Dendritic cell; GM-CSF: Granulocyte macrophage colony-stimulating factor; HCC: Hepatocellular carcinoma; HLA: Human
leukocyte antigen; TACE: Transarterial chemoembolization; BCLC: Barcelona clinic liver cancer classification.

LAK for HCC treatment has significantly declined over
the last decade.

therapy after TACE or TACE plus RFA and showed that
CIK therapy combined with TACE plus RFA treatment
was associated with a higher 1 year recurrent free
[103]
survival rate and 1, 2 year OS rates . However, due to
the limited number of patients in this field, the efficacy of
CIK immunotherapy for HCC is still not convincing.
CIK cells are an encouraging tool within cancer
adoptive immunotherapy but more basic research and
clinical trials with high quality are urgently desired. To
date, we have witnessed at least four ongoing registered
clinical trials regarding CIK therapy for HCC (Table 3).

Cytokine-induced killer cells

Cytokine-induced killer (CIK) cells exhibit potent, nonMHC restricted cytolytic activities against susceptible
[84]
tumor cells of both autologous and allogeneic origins .
CIK cells are characterized by expression of both T cell
[85]
biomarker CD3 and NK cell biomarker CD56
and
can be generated from the human peripheral blood
mononuclear cells (PBMC) induced by IFN-γ, anti-CD3
[84,86,87]
antibody and IL-2
.
Compared with other immune cells, CIK cells possess
some advantages. Firstly, CIK cells have a higher
proliferation rate and can be obtained from cancer
[88]
patients by in vitro culture . Secondly, CIK cells have
strong cytolytic activities and cover a broad spectrum of
targeted tumors, including those that are insusceptible
[89]
to LAK cells or NK cells . Finally, CIK cells show minimal
[84,90]
toxicity and do not cause graft-vs-host disease
.
These merits make CIK cells a preferential adoptive
[91]
immunotherapy for selected cancer patients .
Recently, escalating proof from clinical trials demon
strated that CIK cells adoptive transfer demonstrated
a substantial anti-tumor effect in patients with solid
[92-94]
tumors and hematological malignancies
. Some
reports showed that CIK adjuvant immunotherapy
[95-101]
significantly improved the outcomes of HCC patients
.
In these studies, CIK cell transfusion reduced the
relapse rate of HCC in patients after TACE and RFA
therapy and prolonged the disease-free survival and
OS for HCC patients after radical resection or TACE. A
meta-analysis including 13 RCTs evaluated the efficacy
of CIK immunotherapy in the treatment of HCC and
revealed a significant superiority in prolonging the OS
[102]
and progressive-free survival of patients . Recently,
another meta-analysis assessed the efficacy of CIK
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NK cells

NK cells belong to the innate immune system, pre
dominantly reside in the liver and play a critical role
[104,105]
in the host defense against tumorigenesis
.
Carcinogenesis is under close surveillance of NK cells
and other members of immune system. In addition to
the capability of killing tumor cells directly, NK cells are
able to release immunomodulatory cytokines which
can activate leukocytes of both the innate and adaptive
[105]
immune system
. Unfortunately, cytotoxicity of NK
cells was significantly inhibited in patients with advanced
[104]
HCC
. In line with this, NK cells derived from HCC
patients displayed a reduced cytotoxicity against HCC cell
[106]
lines after stimulation with IL-2 in vivo . The authors
suggested that functional defects of NK cells might
be responsible for the failure of anti-tumor immune
responses. The NK cells from HCC patients were also
impaired in their IFN-γ production and cytotoxicity and
this functional impairment was found to be associated
[107]
with increased Tregs
. Meanwhile, myeloid-derived
suppressor cells inhibited NK cell cytotoxicity and
[108]
cytokine secretion
. This evidence suggested that
HCC patients could benefit from reactivation of NK
cells. In a mouse model, administration of IL-12 and
IL-18 increased NK cells in the liver and resulted in
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Table 3 Information of clinical trials of adoptive therapy on hepatocellular carcinoma after 2008
Interventions

Design

Start year

Immuncell-LC: activated T
lymphocyte
CIK

Phase Ⅲ

2008

Primary outcomes

Registered No.

Status

Stage Ⅰ and Ⅱ, complete resection Efficacy and safety
within 12 wk
After radical resection of HCC, no Time to recurrence
prior anti-cancer therapy
After radical resection, no prior
Time to recurrence
anti-cancer treatment
Never receive TACE treatment,
2-yr reduction of
BCLC stage B and C
tumor cells

Phase Ⅲ

2008

CIK

Phase Ⅲ

2008

NCT00699816

Completed

NCT01749865

Recruiting

NCT00769106

Recruiting

Phase Ⅱ/Ⅲ

2009

NCT01024530

Unknown

Phase Ⅰ

2010

After liver transplantation for HCC

Side effect

NCT01147380

Phase Ⅱ

2010

Phase Ⅰ

2011

Tumor regression
rate
Safety and
tolerability

NCT01174121

Autologous tumor infiltrating
lymphocytes, combined with
IL-2
CIK, combined with Licartin
Dendritic and cytokine-induced
killer cells
CTL induced by DC loaded with
multiple antigens
DC incubated with irradiated
autologous tumor stem cells +
GM-CSF
Cord blood-derived CIK

Metastatic HCC with at least one
lesion resectable
Metastatic HCC

Ongoing, but
not recruiting
Recruiting

NCT01462903

Unknown

Phase Ⅳ
Phase Ⅱ

2012
2013

Postoperative patients
After complete resection or TACE

1-yr PFS
PFS

NCT01758679
NCT01821482

Phase Ⅰ

2013
2013

NCT01828762

Completed

Phase Ⅰ

2013

After radical resection

2-yr PFS and
adverse events
Vital signs, physical
examinations and
adverse events
Adverse events

NCT02026362

Phase Ⅰ

Complete tumor resection
within 8 wk
Candidates for HCC resection

Recruiting
Not yet
recruiting
Recruiting

NCT01914263

Autologous NKT cells

Phase Ⅰ

2013

Adverse events

NCT01801852

Immuncell-LC, combined with
Nexavar
MG4101: ex vivo expanded
allogeneic NK cell

Phase Ⅱ

2013

2-yr PFS

NCT01897610

Recruiting

Phase Ⅱ

2013

Advanced HCC, refractory to
standard treatments
Stage Ⅲ and Ⅳ, receiving or ready
for Nexavar treatment
Stage Ⅲ, after curative resection

Not yet
recruiting
Recruiting

1-yr DFS

NCT02008929

Recruiting

Ex vivo expanded autologous
immune killer cell, combined
with TACE
NK cells, combined with liver
transplantation
Young TIL

Main inclusion criteria

CIK: Cytokine-induced killer; CTL: Cytolytic T lymphocyte; DC: Dendritic cell; DFS: Disease-free survival; NK: Natural killer; NKT: Natural killer T;
PFS: Progression-free survival; TACE: Transarterial chemoembolization; TIL: Tumor infiltrating lymphocyte; HCC: Hepatocellular carcinoma; GM-CSF:
Granulocyte macrophage colony-stimulating factor; IL-2: Interleukin 2; BCLC: Barcelona clinic liver cancer classification.

[109]

[112,113]

reduction of intrahepatic tumor nodules
. A similar
outcome was obtained in additional research which
established that activation of NK cells increased survival
[110]
in a xenograft mouse model
. Thus, the approach
of enhancing the function of NK cells could possibly
be accomplished in human HCC treatment. Although
much solid evidence showed the role of NK cells in an
anti-tumor reaction, there are, however, insufficient
clinical studies to corroborate the efficacy of NK cell
immunotherapy in HCC. Recently, a study demonstrated
that RFA could activate the peripheral blood circulating
[111]
NK cells in HCC patients . Two ongoing clinical trials
are trying to assess NK cell therapy combined with
liver resection (NCT02008929) or liver transplantation
for HCC (NCT01147380; Table 3). In the future, it
would be of great interest to investigate the efficacy
of NK cells combined with other strategies to improve
immunotherapy in HCC.

(0.02%)
; however, they are critical players in the
[114-116]
regulation of anti-tumor immunity
. NKT cells are
best known for their immunosuppressive functions;
however, they can interact with many other immune
cells, such as DCs, macrophages as well as NK cells,
and the outcome of NKT cell stimulation depends on
[115]
these interactions and the cytokine milieu
. NKT
cells can manifest anti-tumor effects mediated by their
reactivation with exogenous cytokines or ligands but
recently the natural role of NKT cells in anti-tumor
[112,115]
immunity was reported
. A phase Ⅰ trial using
autologous NKT cells to treat advanced HCC is now
ongoing (NCT01801852; Table 3). Further investigation
is needed to elucidate the role of NKT cells in human
HCC.

Chimeric antigen receptor-T cells

One of the most important aims of T cell engineering is
to generate tumor-targeted T cells through the genetic
transfer of antigen specific receptors. T cell engineering
consists of either physiological, MHC-restricted T cell
receptors (TCRs) or non-MHC-restricted chimeric
antigen receptors. The conception of the chimeric
antigen receptor (CAR) originally generated from the

NK T cells

NK T (NKT) cells are a heterogeneous group of T
cells with a range of characteristics different from
conventional T cells. Human NKT cells are found in
small numbers in healthy liver (0.5%) and blood
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growing understanding of the barriers to effective
immune therapy of various types of cancers. T cells
armed with CARs (CAR-T cells) are able to recognize
the cell surface antigens directly and are not blunted by
tumor variations possessing lower surface expression of
major MHC antigens which are considered a common
[117,118]
mechanism of tumor immune escape
. The three
basic elements of CAR are an extracellular antigen
binding domain, a transmembrane domain and a
cytoplasmic signaling domain.
To date, three generations of CARs have been
developed. The first generation CAR only contains a
T cell signaling domain that transmits the activation
signal. It owns a feature of a single signaling domain
most commonly derived from the CD3ζ component
of the TCR/CD3 complex. The full activation of T
cells needs multiple signals and it is obvious that
the signaling from these first-generation CARs only
provided the so-called “signal one” that could drive T
cell effector functions; however, due to the absence of
further signals, the T cells are unable to fully engage
[119]
their effector machinery . Considering this modular
nature of the CAR, later designs aimed to add additional
signaling domains which would increase the potency
of the CARs and the consequent effector function of T
cells. The second generation CARs incorporate a single
co-stimulatory molecule endodomain, such as the
[120]
endodomain of CD28 or 4-1BB . The third generation
CARs incorporate at least two co-stimulatory molecule
endodomains, such as the endodomains of CD28 and
[121]
4-1BB . Ligation of CD28 on CAR-T cells through the
expression of B7 co-stimulatory ligands on target cells
or co-expression of the CD28 molecule together with the
scFv (specific monoclonal antibody) and CD3ζ domain of
the CAR was shown to promote the proliferation of CAR[122-124]
modified T cells and anti-tumor activity
.
Plenty of studies have evaluated the efficacy of
CAR-T cell treatment in hematological malignancies
[125,126]
such as lymphoid leukemia
and acute myeloid
[127,128]
leukemia
. Nonetheless, the clinical efficacy of
CAR-T cells continues to be marginal in solid tumors
compared to leukemia. So far, as we have acknowledged,
there are no reported clinical trials evaluating the
efficacy of CAR-T in HCC. Only one research stated that
genetically modified T cells could be used to reconstitute
virus-specific T cell immunity in chronic HBV patients
and target tumors in HBV-related HCC. They found TCR
re-directed HBV-specific T cells produced from PBMC
of hepatitis B related HCC patients were capable of
[129]
recognizing HCC tumor cells .
Besides the failed clinical trials of CAR-T cells in renal
[130-132]
cell cancer and ovarian cancer
, the safety and
tolerance of CAR-T cells likewise need further assessment
since the trial ceased and the demise of patients was
[124,133,134]
often documented
. In a clinical trial of renal cell
cancer, a maximum of 10 infusions of a total 0.2 to 2.1
9
× 10 CAR-T cells administered to patients manifested in
liver enzyme disturbances and the treatment was finally
[133]
stopped . A patient receiving CAR-T cells based on a
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Her2/neu-specific CARs died soon after the treatment .
These data from renal carcinoma seemed to indicate
a dim future for CAR-T applications in solid tumors. To
achieve a better clinical response, CAR-T cells need to
overcome two major barriers, which are insufficient T-cell
migration into the lesions and highly immunosuppressive
[118,135,136]
microenvironments within the tumors
.
Considered collectively, the original studies high
lighted two important lessons. To begin with, clinical
anti-tumor responses of T cells seem to be proportional
to T cell persistence. Consequently, we ought to
enhance the T cell persistence and then try to efficiently
traffic adequate quantities of CAR-T cells from the
peripheral blood towards tumor tissues. Once there,
these CAR-T cells must functionally respond against
tumor cells within such an immunosuppressive context.
Secondly, understanding and defining the specific target
is crucial for the safety of CAR-T treatment. Increasing
evidence demonstrates that a careful choice of target
antigen, including an understanding of accessibility and
expression level, must be under consideration for future
CAR-T clinical trials.

Treg-based immunotherapy

Treg mediated immunosuppression is the essential
mechanism accountable for tumor immune evasion and
[137]
could be the primary hurdle of tumor immunotherapy .
+
+
+
Tregs, characterized by CD4 CD25 FoxP3 , play a critical
role in immune homeostasis and suppress function of
+
+
immune cells, such as CD8 T cells, CD4 T cells and NKT
cells. Many reports have demonstrated that the amount
of Tregs in solid tumor decreased and was inversely
[10,138-141]
related to the prognosis of HCC patients
.
Targeting Tregs has been of great interest to change
the immune suppression milieu and enhance tumor
specific immune responses. Depletion of Tregs using
anti-CD25 monoclonal antibody has been shown to
have substantial anti-tumor effects in murine tumor
[142]
+
models
. Nonspecific approach of CD25 T cell
depletion by injection of PC61 antibody was also tested
on an orthotropic HCC model and led to a significant
[143]
protection against tumor development
. No such
strategy has been performed on humans yet.

CONCLUSION
An array of translational research and pilot clinical trials
have revealed that immunotherapy is safe and tolerated
by patients with cancers. The efficacies are also offered
in some types of immunotherapy in selected patients. In
HCC, more studies, including basic and clinical research,
are urgently required to improve the outcomes of im
munotherapy with best cost performance. Currently,
immune checkpoint blockade and CAR-T strategies are
specifically expected. In addition, it is become obvious
that incorporating standard anti-tumor therapies with
immunotherapy is the most likely effective alternative.
Ultimately, more substantial randomized, controlled
trials are required to authenticate the efficacy of
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Acute kidney injury in patients with chronic liver disease
Nicolas Rognant
for which earlier intervention could improve patients’
survival; and (2) to promote more intensive monitoring
of renal function in these patients with high risk of AKI.
Finally, recent practice guidelines about the prevention
and treatment of general AKI have been published
which should be useful in optimising the management
of AKI in cirrhotic patients.
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Core tip: Acute kidney injury (AKI) is associated with
detrimental effect on early survival in hospitalised
cirrhotic patients. Due to several hemodynamic modifi
cations, both at the systemic and renal level, induced by
cirrhosis, these patients are at increased risk to present
acute kidney injury. Recently, new diagnostic criteria
have been developed to insure early detection and
allow severity assessment of AKI and to optimize the
patient’s treatment. The studies available so far, showed
that these criteria could have a clinical interest in the
management of renal dysfunction but additional data are
needed to ascertain their clinical benefit.

Abstract

Rognant N. Acute kidney injury in patients with chronic
liver disease. World J Hepatol 2015; 7(7): 993-1000 Available

Acute kidney injury (AKI) is a frequent clinical event in
patients with liver disease, compounding their prognosis.
Furthermore, it is likely that the occurrence of AKI has
a detrimental impact on the subsequent renal function
and the long-term survival of these patients. Recently,
some authors advocated the use of new diagnostic
criteria for detecting acute kidney injury in patients with
cirrhosis. These criteria are based on the rapidity and
extent of the creatinine increase comparing to the basal
creatinine and also on the kinetics of diuresis decrease.
Although their validity in this population requires
further studies to be clearly established, these new
criteria could have two advantages: (1) to allow earlier
diagnosis of AKI and, thus, hepatorenal syndrome
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INTRODUCTION
The acute kidney injury (AKI) occurring in patients
with liver disease (LD) is due to an external causative
agent, with little or no influence of concomitant LD, or
is related to the disorders induced by the underlying
LD. Because of the elevated frequency of liver cirrhosis,
cirrhotic patients are, by far, the largest proportion
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of patients suffering from LD who experience AKI.
Indeed, portal hypertension (PH) is associated with
[1]
hemodynamic systemic disorders that favour AKI .
In this context, the occurrence of AKI negatively
impacts the patient’s prognosis. This review will focus
on conventional diagnostic criteria of AKI and on new
criteria that have been recently proposed in order to
diagnose and assess the severity of AKI. It will also
address the pathophysiology, prevention and treatment
of AKI in patients with cirrhosis.

of AKI: RR = 4.15 for stage 2 (also called Injury or
1 stage) and RR = 6.37 for stage 3 (or Failure or F
[6]
stage) .
Among patients hospitalised for at least 24 h in
[7]
non-ICU department, Uchino et al showed that the
risk of mortality was multiplied by 2.5, 5.1 and 10.4
for patients presenting stages 1, 2 and 3 of the RIFLE
classification respectively, compared to patients without
AKI. Lastly, by using the classification RIFLE/AKIN in
patients hospitalised in ICU, AKI stages 1, 2 and 3 were
independently associated with a relative risk of early
mortality of 2.07, 1.93 and 2.99 respectively, compared
[5]
to the patients without AKI .
Apart from the impact on early mortality, some
studies suggest that AKI is responsible for the increased
risk of chronic kidney disease (CKD) incidence or the
[8,9]
increased development of an initial CKD . Also, it is
not excluded that AKI could have a detrimental effect
[2]
on longer-term mortality .
In 2012, the KDIGO international initiative published
guidelines concerning the diagnosis, prevention and
treatment of AKI in the general population based on an
exhaustive review of the literature and the opinion of
some experts in the field. The results of the studies cited
above (showing the clinical interest of the RIFLE/AKIN
classification to predict increased mortality risk in patients
with AKI) led the authors to advocate the use of the
RIFLE/AKIN staging system, notwithstanding a couple
of minor changes in the criteria (Table 1). However, the
authors underline some limitations regarding these criteria,
in particular the need to confirm their clinical relevance
[2]
among patients hospitalised in non-ICU departments . In
these guidelines, the use of biomarkers other than the SCr
is not recommended because the results of studies did not
clearly prove their clinical relevance so far.
Apart from the relevance of these criteria in the early
diagnosis of AKI, these guidelines stress the importance
of the initial evaluation of the risk of developing AKI
based on the detection of AKI susceptibility factors (that
include the presence of chronic hepatic disease). Finally,
they also underline the importance of determining the
cause(s) of AKI in order to start specific treatment when
[2]
this is possible .

DIAGNOSTIC CRITERIA OF AKI
AKI is defined as a brutal reduction in the renal
function, which is generally reversible. Until recently,
no standardised criteria existed to define this disease
and its severity. This led to some heterogeneity in the
clinical situations described as acute renal insufficiency
or acute renal failure. This in turn caused difficulty in
the interpretation of results, particularly concerning
the frequency and the impact of AKI on the patients’
[2]
outcomes . During the last decade, an attempt to
establish a standard definition, based on evidences
arising from the literature was undertaken, leading to
the development of the RIFLE classification, published
[3]
in 2004 . The main goal was to gather under the same
name (AKI) some clinical situations, which present a
quick and potentially reversible decrease of the renal
function. Another goal was to stratify AKI by level
[2]
of severity . Therefore this classification proposes
diagnostic criteria for AKI, and a staging system of its
severity, based on changes in the levels of three renal
markers: the relative increase in serum creatinine (SCr)
and/or the relative decrease of the glomerular filtration
rate (GFR) in the previous 7 d and the decrease of
the diuresis. These RIFLE criteria were then slightly
modified to produce the classification RIFLE/AKIN:
in this staging system, a new criterion defined as an
absolute increase in the SCr (0.3 mg/dL or 26.5 μmol/L)
within a period of 48 h was introduced for diagnosing
stage 1 AKI and the criterion based on relative decrease
[4]
of GFR was dropped (Table 1). In a study on patients
hospitalised in intensive care units (ICU), the use of this
additional criterion allowed to detect patients previously
undetected by the RIFLE classification (especially stage
1 AKI). These newly detected patients exhibited double
the early mortality rate compared to patients without
[5]
AKI according to the AKIN classification .
Concerning the clinical relevance of these classifi
cations, various studies on hospitalised patients found
an independent link between the occurrence of AKI and
a higher patient early mortality, with increasing severity
stages of AKI associated with decreased survival. In
2008, a systematic review, including approximately
71000 patients (mostly hospitalised in ICU) showed
a relative risk (RR) of mortality of 2.4 in patients
diagnosed with stage 1 AKI (also called Risk or R stage)
compared to non-AKI patients. Moreover, there was a
regular increase in the RR for the more severe stages
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AKI AND LDS
As the presence of a chronic hepatic disease is a factor
of susceptibility for AKI, the patients suffering from such
a disease constitute a population with increased risk
of developing AKI. Therefore, these patients require
reinforced clinical and biological monitoring, particularly
during hospitalisation for one or several complications,
some of which are well known as triggering factors for
[10]
AKI .
The AKI occurring in patients with cirrhosis or acute
liver failure has been the most extensively studied
[1]
due to the high frequency of this LD . It is estimated
that AKI occurs in around 20% of hospitalised cirrhotic
[11,12]
patients
. In the context of cirrhosis or acute liver
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Table 1 Diagnostic criteria and assessment of the severity of acute kidney injury according to the criterion of RIFLE, RIFLE/AKIN
and KDIGO clinical practice guidelines classifications
Definition of
AKI

Stage 1 (risk)

Stage 2
(injury)
Stage 3
(failure)

Increased SCr × 1.5 the basal value
presumably to have occurred within the
prior 7 d or GFR decrease > 25% or urine
output < 0.5 mL/kg per hour for 6 h
Increased SCr × 1.5 the basal value or
GFR decrease > 25% or urine output< 0.5
mL/kg per hour for 6 h
Increased SCr × 2 the basal value or GFR
decrease > 50% or urine output < 0.5 mL/
kg per hour for 12 h
Increased SCr × 3 the basal value or GFR
decrease > 75% or SCr > 4 mg/dL with
acute rise of ≥ 0.5 mg/dL or urine output
< 0.3 mL/kg per hour for 24 h or anuria
for 12 h

Increased SCr × 1.5 the basal value or ≥
0.3 mg/dL within 48 h or urine output <
0.5 mL/kg per hour for > 6 h

Increased SCr ≥ × 1.5 the basal value presumably
to have occurred within the prior 7 d or ≥ 0.3
mg/dL (26.5 μmol/L) within 48 h or urine output
< 0.5 mL/kg per hour for 6 h
Increased SCr × 1.5 to 2 the basal value or Increased SCr × 1.5 to 1.9 the basal value or ≥ 0.3
≥ 0.3 mg/dL within 48 h or urine output mg/dL or urine output < 0.5 mL/kg per hour for
< 0.5 mL/kg per hour for > 6 h
6-12 h
Increased SCr × 2 to 3 the basal value or
Increased SCr × 2 to 2.9 the basal value or urine
urine output < 0.5 mL/kg per hour for > output < 0.5 mL/kg per hour for ≥ 12 h
12 h
Increased SCr × 3 the basal value or ≥ 4 Increased SCr × 3 the basal value or ≥ 4 mg/dL
mg/dL (353.6 μmoL/L) with acute rise ≥ (353.6 μmol/L) or initiation of RRT or urine
0.5 mg/dL or initiation of RRT or urine
output < 0.3 mL/kg per hour for ≥ 24 h or anuria
output < 0.3 mL/kg per hour for ≥ 24 h for ≥ 12 h
or anuria for ≥ 12 h

SCr: Serum Creatinine; GFR: Glomerular filtration rate; RRT: Renal replacement therapy; AKI: Acute kidney injury.

conditions are associated with both acute hepatic and
[16]
renal dysfunction, such as the infection by a leptospira .
In this case, the dysfunction of both organs shares the
same etiologic agent with little or no influence of the LD
on the development of AKI (Figure 1). Thus, this is a
very different context and, in this review, we will focus on
AKI arising in the context of cirrhosis.

Liver disease
Causative agent
AKI
AKI as a consequence of the action of the causative agent of the liver
disease: no or little impact of the liver disease
Liver disease

Causative agent

DIAGNOSTIC CRITERIA OF AKI IN
PATIENTS WITH CIRRHOSIS

Portal hypertension

In 2011, a working group proposed a revised classifi
cation system for diagnosing and assessing the renal
dysfunction in cirrhotic patients. This meeting resulted in
a publication that proposes to use the term “hepato-renal
disorders” in the case of AKI or CKD arising in conjunction
[17]
with advanced LD . The authors advocate the use of the
RIFLE/AKIN classification in order to enhance detection
and management of AKI in cirrhotic patients and improve
studies regarding pathophysiology, treatment and clinical
consequences of AKI. The authors propose a paradigm
shift regarding acute renal dysfunction in patients with
LD, switching from a classification based on the triad prerenal azotemia, ATN and hepatorenal syndrome (HRS)
to a classification based on the severity of the renal
dysfunction quantified with the RIFLE/AKIN criteria (Table
1). The aim of these proposals is to make the clinicians
caring for cirrhotic patients aware of the broad spectrum
of renal injuries that may arise in these patients because
they are often focused on the occurrence of HRS. Indeed,
this leads to probable under-recognition of mild AKI with
possible detrimental effect on patient’s outcomes. This
publication also emphasizes the interest to assess the
severity of AKI in order to optimize and initiate promptly
the treatment. Finally, besides the potential benefits
brought by the RIFLE/AKIN classification, some authors
have underlined its possible limitations in patients with
[18]
cirrhosis . One of these limitations is related to the
value of SCr in patients with advanced cirrhosis, which is

AKI
AKI as a consequence of disorders induced by the liver disease: no or
little impact of the causative agent

Figure 1 Mechanism of acute kidney injury in liver disease. AKI: Acute
kidney injury.

failure, several modifications of the renal perfusion,
induced by PH, occur which considerably increase the
sensitivity of the renal perfusion and the GFR to the
changes in volemia. These are responsible for a decline
in the GFR, even if only minor variations of extra-cellular
[11,13]
fluid take place
. Moreover, these hemodynamic
modifications may be accompanied by renal tissue injury
related to the renal toxicity of a very high concentration
of serum bilirubin, which can promote the development
[14,15]
of AKI
. Consequently, the AKI occurring in the case
of PH is often of functional origin. However, the increasing
susceptibility to develop AKI is also applicable in the case
of renal ischaemic or/and toxic injury, which can cause
acute tubular necrosis (ATN). Finally, AKI of obstructive
or vascular origin can be found as well, though this is a
[10]
rare occurrence .
Besides these cases in which the underlying LD
largely supports the development of AKI, other clinical
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[22]

abnormally decreased compared to the level of GFR, and
is a poor marker of the actual renal function. Furthermore,
the ability of standardised changes in SCr to account for
the actual amplitude of the renal function variations is
questionable in these patients.

STUDIES THAT TESTED THE RIFLE/
AKIN CLASSIFICATION IN CIRRHOTIC
PATIENTS
Several studies assessed the link between AKI and
its severity, as diagnosed by the RIFLE or RIFLE/AKIN
criteria, and the outcomes of hospitalised cirrhotic
[19]
patients. In 2009, a study by Cholongitas et al
of
412 cirrhotic patients hospitalised in ICU found that the
presence of AKI, as diagnosed by the RIFLE criteria,
was independently associated with an increase in
early mortality (OR = 2.1). Furthermore, in this study,
the RIFLE score exhibited the best sensitivity (90%)
to predict death in the patients. More recently, Wong
[20]
et al
found a higher mortality in cirrhotic patients
hospitalised for infection that developed AKI (according
to the RIFLE criteria), compared to infected patients
without AKI (34% vs 7%). In addition, the incidence
of complications (transfer to ICU, need for mechanical
ventilation, etc.) was also increased in patients with AKI.
However, in a logistic regression model to determine
factors affecting 30-d mortality of these patients, only
the outcome of AKI (defined as partial or complete
recovery or persistence of renal dysfunction) had an
independent effect, with a worse prognosis for patients
[20]
without recovery of renal function . In another recent
[21]
study, Belcher et al
included cirrhotic patients with
AKI to determine the link between severity of AKI and
early mortality. Interestingly, these authors have shown
that instead of the increased level of severity per se
(assessed by the AKIN criteria), the worsening of AKI
during hospitalisation was associated with an increased
early mortality (adjusted OR = 3.8), suggesting that
early detection and treatment of AKI could have a
beneficial impact on cirrhotic patients prognosis.
The results of two other studies suggested that a
change in the AKIN classification could help to refine
[22]
the prognosis of cirrhotic patients. Fagundes et al
tested the clinical effectiveness of the AKIN classification
in hospitalised cirrhotic patients and found a higher
90-d mortality rate in patients with AKI compared to
non-AKI patients (most of them presenting stage 1
AKI). However, their results showed that mortality rate
was lower in stage 1 patients when it was compared
to those with stage 2 or 3 AKI (whereas no difference
was seen between patients with stage 2 and those
with stage 3). More remarkably, among patients
with stage 1 AKI, the mortality rate was significantly
different according to peak SCr, with higher mortality
rate occurring only when peak SCr > 1.5 mg/dL,
while patients with stage 1 AKI and peak SCr below
1.5 mg/dL and non-AKI patients had similar mortality
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[23]

rate . A study by Piano et al
compared the use of
“conventional” criteria of AKI diagnosis (i.e., incease
of SCr by 50% to a level above 1.5 mg/dL) to the new
AKIN criteria in predicting hospital mortality in cirrhotic
patients. These authors found that patients with stage
1 AKI did not have higher mortality rate (compared to
non-AKI patients), while stage 2 or 3 AKI patients did
(however with no differences in mortality between stage
2 and stage 3 patients). More importantly, in a multiple
logistic regression model to predict the in-hospital
mortality, they found that inclusion of AKIN criteria did
not improve prediction capacity of the model whereas
inclusion of conventional criteria did. Furthermore,
the model that presented the best prediction ability
included both AKIN criteria and the “progression” status
of the AKI (defined as the change to a more severe
AKI stage during hospitalisation) with “progressor”
patients demonstrating lowest survival. Finally, a peak
SCr higher than 1.5 mg/dL was associated with an
increase of mortality rate but it was strongly linked with
the progression of AKI as well. When this criterion was
added to the multivariate model of death prediction,
no improvement of the model predictive capacity was
[23]
seen .
Taken together, these studies suggest that using the
AKIN classification to detect and assess AKI might have a
clinical interest, for example by favouring early recognition
of HRS (whereas current diagnostic criteria require a SCr
[13]
above 1.5 mg/dL) . However, they also suggest that
other parameters could be taken into account, in order
to strengthen the clinical relevance of this classification,
such as peak SCr level or the progression of the AKI
severity during hospitalisation. Whether cirrhotic patients
with stage 1 AKI and peak SCr below 1.5 mg/dL exhibit
increased mortality rate compared to non-AKI patients
remains to be determined by further studies. Moreover,
whether less severe AKI could impact renal prognosis in
these patients has to be established as well. Finally, the
true impact on the patients’ prognosis of the cause of AKI
should be assessed to avoid its potential confounding role,
[22]
as suggested by Fagundes et al
and also by a study
[24]
in liver transplant recipients by Nadim et al (in which
the cause of AKI was the single factor with independent
impact on one-year post-transplantation mortality rate).

FACTORS FAVOURING THE
OCCURRENCE OF AKI IN CIRRHOSIS
The mechanisms involved in the occurrence of AKI
in cirrhosis have been extensively studied and are
described in several review papers over the past 10
[10,11,13,16]
years
. Briefly, the primum movens of this
disorder is related to the PH, which causes a decrease
of effective arterial blood volume by inducing a large
splanchnic vasodilation. This is followed by an increase
in systemic vasodilation, related to the increased
production of vasodilators in splanchnic circulation that
reach the systemic circulation through the re-opening
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the threshold of SCr (set at 1.5 mg/dL), by using the
RIFLE/AKIN criteria. In this paper, the authors suggest
that the use of these criteria could be clinically relevant
because HRS is a progressive disease, that the SCr
threshold doesn’t take into account. This leads to ignore
patients with less increased SCr though they are already
presenting HRS and could receive early treatment and
benefit from improved outcomes. In 2011, a study
[26]
by Boyer et al
found that in cirrhotic patients with
HRS, initial SCr was an independent predictor of the
probability to get a response to terlipressin, and also
to survive at 3 mo. In this study, every 1 mg/dL of
increase of SCr was associated with an increase of
50% of the risk of death. The usual triggering factors
of HRS are the incidence of a bacterial infection or a
syndrome of systemic inflammation that, in the context
of a hyperdynamic circulatory state due to systemic
vasodilation, aggravates the systemic vasodilation and
the renal vasoconstriction, leading to a further decrease
of the renal perfusion. All causes of effective arterial
blood volume decline may also trigger HRS, with the
usual causes being the excessive use of diuretics,
the occurrence of diarrhoea and/or vomiting and the
[10]
implementation of a large-volume paracentesis .
Therefore, a proper clinical (weight, diuresis and blood
pressure) and biological (SCr, urine sodium) monitoring
can be particularly useful in these patients.

Table 2 Diagnostic criteria of type 1 hepatorenal syndrome
[25]
porposed by the international ascites club
Cirrhosis with ascites
SCr > 1.5 mg/dL (133 μmol/L)
Doubling of basal SCr to a level greater than 2.5 mg/dL (226 μmol/L) in
less than 2 wk
No improvement in SCr (decrease to 1.5 mg/dL or less) after at least 2 d
of diuretic withdrawal and expansion of plasma volume with albumin (1
g/kg body weight/d up to a maximum of 100 g/d)
Absence of shock
No current or recent treatment with nephrotoxic drugs or vasodilators
Absence of parenchymal kidney disease as indicated by proteinuria > 0.5
g/d, hematuria (> 50 red blood cells per high-power field), or abnormal
renal ultrasonography
SCr: Serum creatinine.

of portal-systemic shunts. This systemic vasodilation is
responsible of an increase in cardiac output to maintain
organs perfusion. However, the systemic and splanchnic
vasodilations lead to the activation of sympathetic
nervous system and the production of vasoconstrictors
that decrease the renal blood flow (RBF). At some stage
of the LD, this decline in RBF by renal vasoconstriction
is reversible with the improvement of PH. Otherwise,
the renal vasoconstriction tends to worsen due to the
persistent secretion of several vasoconstrictors and
also to an increased sensitivity of the kidney to these
vasoconstrictors. Finally, a disturbance of the renal
[13]
autoregulation also takes place in this context . All
these factors explain the extreme sensitivity of the renal
function to the changes of volemia. In some instances,
a triggering factor may elicit HRS, which can be roughly
presented as a functional AKI that does not recover after
adequate volume expansion. These modifications of
renal hemodynamic also favour intrinsic AKI, caused by
nephrotoxic compounds and/or ischemia.
Besides the renal hemodynamic changes induced by
PH, the nephrotoxicity of chronic high plasma bilirubin
and also some renal histological changes (like IgA
glomerular deposits seen in patients with alcohol related
LD) are possible worsening factors which could increase
[10]
the risk of AKI .

FUNCTIONAL AKI: PRERENAL AZOTEMIA
The presentation of prerenal azotemia is very close to
HRS, the main difference is the absence of reversibility
of AKI after an adequate expansion of plasma volume.
Urinary biochemical abnormalities that can be found are
similar, with, unlike ATN, the absence of epithelial cellular
cast in the urine. However, in patients with advanced LD
and high level of serum bilirubin, bile-stained granular
casts may be found in both prerenal azotemia and
[11,18]
HRS
. Regarding the response to volume expansion
in prerenal azotemia, the improvement of the renal
function may happen at variable speed depending on
the initial state of effective volemia (which is difficult to
assess correctly in patients with severe cirrhosis). Thus
this improvement can be slower in some cases, which
can be misleading for the clinician.

HRS
Type 1 HRS (HRS-1) is an AKI occurring in patients
with advanced cirrhosis, which differs from HRS-2
by its rapid occurrence. HRS-1 affects about 7% of
hospitalised cirrhotic patients, both HRS-1 and HRS-2
affecting approximately 10% of cirrhotic patients with
[11]
ascites . A triggering factor can be found in around
[10]
50% cases (mostly, a bacterial infection) .
The diagnostic criteria of HRS-1 were defined in 2007
[25]
(Table 2) . The criteria of HRS-1 include a two-fold
increase in initial SCr, which must exceed 2.5 mg/dl (226
[11]
μmol/L) . The publication, previously cited, by Wong
[17]
et al in 2011 suggested a possible interest to amend
the HRS diagnostic criteria, particularly concerning
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ACUTE TUBULAR NECROSIS
It accounts for about one-third to 40% of AKI in cirrhotic
[10,11]
patients
. Toxic injury is the most frequent cause of
ATN, but ischemic injury (related to shock or sepsis) is
not rare. The differential diagnosis with prerenal azotemia
and HRS is based on clinical examination and the analysis
of plasma and urine biochemistry. Among the remarkable
biochemical differences, there is the level of urine
sodium, classically below 10 to 20 mEq/L in HRS and
prerenal azotemia, and above 30 mEq/L in ATN. Other
changes regard the value of the ratio urine on plasma
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for creatinine (below 20 for ATN, while above 30-40 for
[13,16]
HRS and prerenal azotemia) and osmolarity
. These
differences may however not be present or may be
trivial. Furthermore, like HRS, the renal function does
not respond to volume expansion in ATN. In this context,
the usefulness of the new biomarkers of renal injury is
not clearly established and further studies are needed,
even if one study found that it could help to distinguish
[27]
between ATN and other causes of AKI . About the
pathophysiology of ATN, ischemic ATN is secondary to
extended and critical renal hypoperfusion, whether it
is due to a brutal (acute bleeding, for example) or to
a gradual further decrease of previously low RBF. The
persistence of critical hypoperfusion causes the necrosis
and loss of tubular cells with some detaching from the
tubular basement membrane. The detached cells can
form cellular casts able to obstruct the tubules. The
ATN of toxic origin is linked to the administration of
potentially nephrotoxic anti-infective agents arising in
a context of extreme fragility of the renal perfusion:
aminoglycosides, some penicillins and amphotericin B
[28]
are frequently involved . Contrast induced nephropathy
(CIN) is a toxic ATN secondary to iodinated contrast
agent’s administration and also a common cause of ATN
in cirrhotic patients. The contrast agents, especially when
a large volume of a high osmolarity agent is injected,
are responsible for a decrease of the RBF, leading to an
additional worsening of the renal hypoperfusion. The risk
of CIN is increased in patients with CKD and/or diabetes
mellitus. However, at least in the general population,
the CIN can be effectively prevented by the preliminary
correction of an effective hypovolemia. In addition, the
administration of N-Acetylcysteine could also help the
prevention, as does the use of small volumes of contrast
agent and the preferential use of low or iso-osmolar
[2]
contrast agents . Therefore, this prevention should be
implemented in cirrhotic patients because of their high
risk to develop CIN.

Aminoglycosides are well-known nephrotoxic antibiotics
frequently prescribed to treat gram-negative bacilli and
are thus largely utilised in cirrhotic patients. KDIGO
practice guidelines recommend to select an alternative
agent to aminoglycosides whenever possible. If the
use of aminoglycosides is required, a “once a day”
injection scheme should be preferred whenever possible.
From our own experience, we can also suggest that,
in the presence of renal dysfunction, monitoring the
aminoglycoside blood level in order to adjust the dose is
helpful to prevent nephrotoxicity. Finally, the use of NSAIDs
in cirrhotic patients, which is known to aggravate renal
[2,11]
vasoconstriction, should be avoided whenever possible
.
Concerning the prevention of CIN, several measures
have been already cited, including the use of minimal
volume of contrast agents and the importance to avoid
[2]
decreased effective blood volume before the injection .
Finally, the prevention of HRS is based on avoiding
the events able to trigger it, and also on their rapid
treatment when they occur. Spontaneous bacterial
peritonitis is a common circumstance that initiates HRS,
and some studies suggested that the rapid introduction
of a treatment by albumin infusion and antibiotic is
[29,30]
effective to prevent HRS
. The EASL guidelines from
2010 recommend the use of intra-venous albumin in
this situation and suggest that the use of norfloxacin
[31]
might have an interest .

TREATMENT
Recent clinical practice guidelines made recommen
[2]
[31]
dations regarding the treatment of AKI and HRS .
For functional AKI, therapeutic measures include
discontinuation of diuretics and/or restoration of adequate
effective blood volume, which leads to recovery of
renal function. Regarding the ATN, there are no specific
recommendations for its management in cirrhotic patients.
Nonetheless, the recommendations and suggestions
from the KDIGO can be used in these patients. Before
the stage of dialysis, these recommendations do not
advocate to use, for the purpose of renal protection,
fenoldopam, nor low-dose dopamine neither diuretic
therapy (except in cases of renal sodium overload
and non-oliguric AKI). When threatening electrolytes
disorders arise or volume overload cannot be adequately
controlled by non-dialytic treatment, renal replacement
therapy (RRT) should be started rapidly. However, it can
be started out of emergency, depending on the overall
clinical context. The combination of several factors
including, for example, multiple electrolyte disturbances,
progressive deterioration of renal function with high level
of blood urea nitrogen or increasing difficulty to prevent
adequately volume overload can justify to start RRT.
According to the KDIGO guidelines, this therapy should
be continue for the patients demonstrating hemodynamic
instability. Moreover, a bicarbonate-buffered dialysate
instead of a lactate-buffered one should be used,
particularly in hemodynamically instable patients or in

PREVENTION OF AKI IN PATIENTS WITH
CIRRHOSIS
The main preventive measure of AKI involving low
effective blood volume as a mechanism is a careful moni
toring of the volemia of hospitalised patients, especially
those receiving diuretic therapy and/or treated with large[11]
volume paracentesis . Monitoring should be based on
both clinical examination (regular assessment of weight,
diuresis and perfusion) and systematic monitoring of renal
function and blood and urinary biochemical parameters.
In case of significant effective blood volume depletion,
treatment with albumin solution (and possibly with
crystalloid solution) must be undertaken promptly. Any
excessive depletion of the extracellular fluid should be
avoided.
About the prevention of ATN, it is based on appro
priate prescription of potential nephrotoxic agents.
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patients with liver failure. Indeed, these two conditions
favour the accumulation of lactate (hyperlactatemia),
which may worsen both acidosis and hemodynamic
instability. Dialysis should be performed without systemic
anticoagulation in most of these patients owing to their
high risk of bleeding. The preferred vascular access
to perform RRT should be a non-tunneled catheter,
primarily inserted in the right jugular vein. Finally, it is
not recommended to use diuretic therapy in this setting
[2]
because it does not promote renal recovery .
Regarding the management of HRS the recommen
dations from the EASL assert that furosemide and
paracentesis can be used to treat ascites in this setting.
However, it contraindicates the use of spironolactone
because of a high risk of hyperkalemia. The first-line
treatment of HRS-1 should include both the use of a
vasoconstrictor and the perfusion of albumin. Among
vasoconstrictors, terlipressin is the first choice agent. It
must be administered with increasing dose, depending
on the evolution of SCr under treatment. Alternatives
to terlipressin are norepinephrine or the association
midodrine-octreotide. In case of treatment failure, RRT
should be started if a worthwhile indication exists. Others
treatment options, such as transjugular intrahepatic
portosystemic shunt, that improves the effective
hypovolemia by increasing the return of blood to the
heart, or systems of artificial liver support, based on the
adsorption of blood toxic molecules with albumin, are
not recommended. Indeed, there is a lack of evidences
as regards their clinical benefits. Finally, the standard
of care in the case of type HRS-1 remains orthotopic
liver transplantation. This should be undertaken after
initiation of the treatment of HRS. In case of prolonged
renal dysfunction requiring dialysis treatment, a
combined transplantation of liver and kidney should be
[31]
undertaken .
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The occurrence of AKI in patients with severe cirrhosis
is a common event associated with a worsening of
the prognosis. This warrants special attention in the
monitoring of the renal function in these patients. Using
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patients is also warranted because it seems likely that
the occurrence of AKI is associated with an increased
risk of long term CKD development, as in the general
population.
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Abstract
AIM: To identify a mean platelet volume (MPV) cutoff
value which should be able to predict the presence of
bacterial infection.
METHODS: An observational, analytic, retrospective
study. We evaluated medical records of cirrhotic patients
who were hospitalized from January 2012 to January
2014 at the Gastroenterology Department of “Hospital
General de México Dr. Eduardo Liceaga”, we included
51 cirrhotic patients with ascites fluid infection (AFI),
and 50 non-infected cirrhotic patients as control group.
Receiver operator characteristic curves were used to
identify the best cutoff value of several parameters
from hematic cytometry, including MPV, to predict the
presence of ascites fluid infection.
RESULTS: Of the 51 cases with AFI, 48 patients
(94.1%) had culture-negative neutrocytic ascites
(CNNA), 2 (3.9%) had bacterial ascites, and one (2%)
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categories: Culture-negative neutrocytic ascites (CNNA) is
defined by greater or equal count of polymorphonuclear
3
(PMN) to 250 cells/mm but without a positive culture in
the appropriate setting, which includes: The fluid must
be cultured in blood culture bottles, no previous antibiotic
therapy, and no other explanation for an elevated PMN
count.
Bacterial ascites is defined as a positive result of
culture, without increment of polymorphonuclear cell
count and it has been reported in 2%-3% of ambulatory
patients and 11% in hospitalized cirrhotic patients.
Spontaneous bacterial peritonitis is found in patients
where besides the increase of polymorphonuclear
counting, they present a positive result in culture.
CNNA has the same mortality rate as SBP and must
[5-10]
be treated promptly
. The PMN count is not always
quickly available in clinical practice and the culture result
usually takes 72 h or more, these situations could delay
the start of antibiotic therapy, therefore it is important
to search biomarkers wide and quickly available that
[11-15]
help to predict ascites infection
.
Platelet size is a determinant factor of platelet pro[16]
inflammatory functions . Several studies have found
relationship between the mean platelet volume (MPV)
and pro-inflammatory conditions, particularly acute
[17]
[18,19]
infections, such as, pyelonephritis and endocarditis
.
[20]
Thus they may predict the severity of sepsis . Recently,
two different studies have found increase in MPV levels in
cirrhotic patients with AFI and proposed it as an accurate
diagnostic test to predict AFI, nevertheless, these two
studies differ in their propose cutoff values, and found
[21,22]
different sensitivity, specificity and predictive values
.
Therefore, our objective was to determine if there is
difference between MPV value in cirrhotic patients without
infection and cirrhotic patients with AFI and to identify
a MPV cutoff value which could be able to predict the
presence of bacterial infection in cirrhotic patients.

had spontaneous bacterial peritonitis. Infected patients
had greater count of leucocytes and polymorphonuclear
cells, greater levels of MPV and cardiac frequency (P <
0.0001), and lower mean arterial pressure compared
with non-infected patients (P = 0.009). Leucocytes,
polymorphonuclear count, MPV and cardiac frequency
resulted to be good or very good predictive variables
of presence of AFI in cirrhotic patients (area under the
receiving operating characteristic > 0.80). A cutoff MPV
value of 8.3 fl was the best to discriminate between
cirrhotic patients with AFI and those without infection.
CONCLUSION: Our results support that MPV can be
an useful predictor of systemic inflammatory response
syndrome in cirrhotic patients with AFI, particularly
CNNA.
Key words: Mean platelet volume; Cirrhosis; Ascites
fluid infection; Culture negative neutrocytic ascites;
Systemic inflammatory response
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To suspect and recognize promptly those
patients with ascites fluid infection (AFI) is crucial.
Systemic inflammatory response syndrome and clinical
signs are not always present in cirrhotic patients with
AFI, and gold standard tests for diagnosis, such as
neutrophils count and ascites cultures are not always
quickly available in many clinical settings. The mean
platelet volume (MPV) is a very good predictor of
systemic inflammatory response. A MPV cutoff value
equal or greater than 8.3 fl predicts the presence of
AFI particularl culture-negative neutrocytic ascites.
Gálvez-Martínez M, Servín-Caamaño AI, Pérez-Torres E, SalasGordillo F, Rivera-Gutiérrez X, Higuera-de la Tijera F. Mean
platelet volume as a novel predictor of systematic inflammatory
response in cirrhotic patients with culture-negative neutrocytic
ascites. World J Hepatol 2015; 7(7): 1001-1006 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i7/1001.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i7.1001

MATERIALS AND METHODS
Study design

Observational, analytic, retrospective study. We
evaluated medical records of cirrhotic patients who were
hospitalized from January 2012 to January 2014 at the
Gastroenterology Department of “Hospital General de
México Dr. Eduardo Liceaga”, México City, we included 51
cirrhotic patients who met the diagnosis of SBP, CNNA
and bacterial ascites according to the latest guidelines
of the American Association for the Study of Liver
[10]
Disease , and we included 50 non-infected cirrhotic
patients as control group. We excluded patients with
conditions that could affect the MPV value, such as other
bacterial infections, diabetes, hypertension, history of
cerebrovascular event, cardiac failure, dyslipidemia,
recent hemorrhage, or antibiotic use in the previous
month.
We also collected the following data: age, gender,
cause of cirrhosis, Child-Pugh class, parameters which are
part of the systemic inflammatory response syndrome

INTRODUCTION
Bacterial infections are considered one of the main cause
of death in decompensated cirrhotic patients, they are
also related to the development of other complications,
such as hepatic encephalopathy, hepatorenal syndrome,
[1,2]
and recurrence of variceal bleeding .
Spontaneous bacterial peritonitis (SBP) is the most
common infection in patients with cirrhosis, counting for
10% to 30% of all bacterial infections, and representing
around 10% to 50% off in-hospital mortality, meanwhile
mortality at 1 year has been reported around 31% to
[3,4]
93% .
According to the definition of ascites fluid infection
(AFI) in the cirrhotic patient there are three main
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Table 1 Demographic characteristics of the patients
Variable

Group A
n = 50

Group B
n = 51

Age (yr)
Gender (female), n (%)
Child-Pugh A/B/C
Cause of cirrhosis:
Alcohol
NASH
CHC
Autoimmune
Cryptogenic

57 ± 9.8
35 (70)
9/26/15

55 ± 10.8
27 (53)
0/7/44

18
9
13
2
8

27
4
9
2
9

P

Table 2 Comparison between groups regard to different
clinical and cellular parameters as predictors of pro-inflammatory
acute response in presence of ascites infection in cirrhotic
patients

95%CI

0.30
-1.9 to 6.2
0.08
< 0.0001

Variable

Table 3 Clinical and hematological predictors of acute proinflammatory response in cirrhotic patients with ascites
infection

Leukocytes
PMN
MPV
MCV
MCH
CF

AUROC

95%CI

P

0.89
0.94
0.90
0.73
0.72
0.86

0.82-0.95
0.90-0.99
0.84-0.96
0.63-0.83
0.61-0.82
0.78-0.94

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

P

95%CI

< 0.0001 -9.6 to -5.4
< 0.0001 -9.6 to -5.7
0.80
-28.1 to 21.6
< 0.0001 -1.5 to -0.9
0.33
-0.5 to 1.4
< 0.0001 -13.3 to -4.3
< 0.0001 -4.5 to -1.3
0.47
-2.1 to 1.0
0.009
1.8 to 12.5
< 0.0001 -30.0 to -16.0
0.04
-8.4 to -0.2
0.12
-0.5 to 0.6
< 0.0001
NA

Group A (controls: cirrhotic patients without infection); Group B (cases:
cirrhotic patients with ascites infection); CF: Cardiac frequency; MAP:
Mean arterial pressure; MCH: Mean corpuscular hemoglobin; MCV: Mean
corpuscular volume; MPV: Mean platelet volume; PMN: Polymorphonuclear
cells; RDW: Red cell distribution width; RF: Respiratory frequency; SIRS:
Systemic inflammatory response syndrome. P < 0.01 was considered
statistical significant.

used as controls without bacterial infection (group A),
51 of them were cases with AFI (group B), of them, 48
patients (94.1%) had CNNA, 2 (3.9%) had bacterial
ascites, and one (2%) had SBP. Eighty eight patients
were women who corresponded to 87.1% of our study
population.
The media and standard deviation of age was 55.7
± 10.3 years. According to Child-Pugh class, 59 patients
(58.4%) were class C, 33 patients (32.7%) were class B,
and 9 patients (8.9%) were class A. The most frequent
cause of cirrhosis was alcohol intake, other etiologies
are summarized in Table 1.
When we compared between groups the different
parameters of the SRIS and parameters from the
hematic cyotmetry, patients in the group B had greater
count of leucocytes and PMN, also greater levels of
MPV, MCV, MCH and cardiac frequency (P < 0.0001).
Furthermore, patients in the group B had lower MAP
compared with patients in the group A (P = 0.009).
Other hematological and clinical variables which are
part of the SRIS, such as, temperature and respiratory
frequency were not different between groups (Table 2).
The variables that were different between groups:
leucocytes and PMN count, MPV, MCV, MCH, and cardiac
frequency (P < 0.0001) were tested trough ROC curves.
From all of them, leucocytes and PMN count, MPV and
cardiac frequency resulted to be good or very good
predictive factors of presence of AFI in cirrhotic patients
[area under the receiving operating characteristic
(AUROC) > 0.80]. MCV and MCH were regular predictors
of presence of AFI in cirrhotic patients (AUROC > 0.60
and < 0.75) (Figure 1 and Table 3).
We determined sensitivity, specificity, positive
predictive value, negative predictive value and accuracy

PMN: Polymorphonuclear cells; MPV: Mean platelet volume; MCV: Mean
corpuscular volume; MCH: Mean corpuscular hemoglobin; CF: Cardiac
frequency; AUROC: Area under the receiving operating characteristic.

(SIRS); such as, cardiac frequency, respiratory frequency,
temperature, leukocytes count. Additionally we addressed
the mean arterial pressure (MAP) and we collected other
relevant data from the hematic cytometry report: PMN
count, MPV, mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH).

Statistical analysis

The distribution of numerical variables was analyzed
trough kurtosis, asymmetry and Kolmogorov-Smirnov
test, in case of non-normal distribution we performed
base 10 logarithmic transformation. Numerical variables
were expressed as median and standard deviation, and
categorical variables were expressed as proportion and
percentages. To compare between groups, student’s
t test, chi square test or Fisher’s exact test were used
as appropriate. Receiver operator characteristic (ROC)
curves were used to identify the best cutoff value of
several parameters from hematic cytometry, including
MPV, to predict the presence of AFI.
The statistical methods of this study were reviewed
by Fatima Higuera de la Tijera, MD, MSc. from “Hospital
General de Mexico, Dr. Eduardo Liceaga’’.

RESULTS
We included 101 cirrhotic patients, 50 of them were

WJH|www.wjgnet.com

Group B
n = 51

Leukocytes (103/mcl)
4.9 ± 2.1
12.4 ± 7.2
PMN (103/mcl)
3.0 ± 1.6
10.7 ± 6.8
Platelets (103/mcl)
106.7 ± 56.0 110.0 ± 69.0
MPV (fl)
7.7 ± 0.5
9.0 ± 0.8
Hemoglobin (g/dL)
11.6 ± 2.5
11.1 ± 2.2
MCV(fl)
89.7 ± 13.3 98.5 ± 9.4
MCH (pg)
30.1 ± 4.3
33.0 ± 3.7
RDW (%)
17.7 ± 3.1
18.3 ± 4.6
MAP (mmHg)
81.9 ± 10.3 74.7 ± 16.1
CF (beats/min)
73 ± 16
96 ± 18
RF (breaths/min)
20 ± 2
24 ± 14
Temperature (℃)
36.4 ± 0.5
36.7 ± 0.8
SIRS, n (%)
0 (0)
38 (74.5)

0.34

Group A (controls: cirrhotic patients without infection); Group B
(cases: cirrhotic patients with ascites infection); NASH: Non-alcoholic
steatohepatitis; CHC: Chronic hepatitis C. P < 0.01 was considered
statistical significant.

Variable

Group A
n = 50
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Table 4 Different cutoff values for mean platelet volume as indicators of inflammatory response in cirrhotic patients with ascites
infection
Cutoff value (fl)

Sensibility % (95%CI)

Specificity % (95%CI)

PPV % (95%CI)

NPV % (95%CI)

Accuracy

92 (84-100)
88 (78-98)
84 (73-95)
84 (73-95)
78 (66-91)
76 (64-89)

62 (48-76)
78 (66-90)
80 (68-92)
82 (70-94)
88 (78-98)
88 (78-98)

71 (60-83)
80 (69-92)
81 (70-93)
83 (72-94)
87 (76-98)
87 (76-98)

89 (77-100)
87 (76-98)
83 (72-95)
84 (72-95)
80 (69-91)
78 (67-90)

77 (69-86)
83 (75-91)
82 (74-90)
83 (75-91)
83 (75-98)
82 (74-90)

8.0
8.1
8.2
8.3
8.4
8.5

NPV: Negative predictive value; PPV: Positive predictive value.

1.0

or blunted elevation of body temperature that is often
[24]
observed in cirrhotic patients . In our study we found
that although temperature and respiratory frequency
are variables which integrate the SIRS, there were not
differences between them in patients with and without
AFI. On the other hand, patients with AFI had greater
count of leucocytes and PMN, but also greater levels of
MPV, MCV, MCH and cardiac frequency, and they had also
lower MAP compared with patients without AFI.
In our study, leucocytes and PMN count, MPV and
cardiac frequency resulted to be good or very good
predictive variables of presence of AFI in cirrhotic
patients (AUROC > 0.80). Leucocytes and PMN count
and cardiac frequency are variables already well known
predictors of systemic inflammatory response, however,
the novelty of our study is that the MPV resulted on
being an additional variable of great utility to predicting
systemic inflammatory response. Several conditions,
such as, thrombotic events, endothelial dysfunction and
inflammation are associated with platelet activation and
[25,26]
consumption
. Besides their hemostatic function,
platelets also play a role in recruiting neutrophils to sites
of injury and infection; platelets also help to the activation
of neutrophils via engagement of neutrophil and
[27]
endothelial cell receptors and release of chemokines .
There are two previous studies conducted in patients
with cirrhosis and AFI, which demonstrated that MPV
could be a predictor of SIRS. In the first study by Suvak
[21]
et al , the authors found that MPV increased the
response to AFI in patients with cirrhosis, compared with
those patients without AFI and with healthy controls.
These authors proposed a cutoff value of 8.45, with a
sensitivity, specificity, negative predictive value (NPV)
and positive predictive value (PPV) of 70.7%, 67.5%,
75.4% and 62.1% respectively (area under the curve:
[22]
0.768). A recently study by Abdel-Razik et al , also
found a greater level of MPV in cirrhotic patients with
AFI compared with cirrhotic patients without AFI and
healthy controls. These authors found that MPV had
95.9% sensitivity and 91.7% specificity for detecting AFI
(area under the curve: 0.964) at a cutoff value of 8.77.
In our study, we tested different cutoff values, and we
found that the best was the cutoff value of 8.3 fl, with
sensitivity, specificity, PPV, NPV and accuracy of 84%,
82%, 83%, 84% and 83% respectively.
Our results support that MPV can be an useful

Sensitivity

0.8

0.6

Leucocytes
PMN
MPV

0.4

MCV
MCH

0.2

Cardiac frequency
Reference line

0.0

0.0

0.2

0.4

0.6

0.8

1.0

1-specificity

Figure 1 Area under de receiver operator characteristic curves from different
clinical and hematological parameters as predictors of presence of ascites
infection in cirrhotic patients. MCH: Mean corpuscular hemoglobin; MCV: Mean
corpuscular volume; MPV: Mean platelet volume; PMN: Polymorphonuclear cells
count.

for different cutoff MPV values. A cutoff MPV value of
8.3 fl was the best to discriminate between cirrhotic
patients with AFI and those without infection (Table 4).

DISCUSSION
AFI is a severe condition with a high mortality rate if
is not diagnosed and treated promptly. Although, gold
standard for diagnosis is based on the determination of
3
PMN cells count equal or greater than 250 cells/mm of
[9,10]
ascites, with or without a positive culture
, in many
settings the results from these gold standard tests are
not quickly available, causing the delay in the diagnosis
and early treatment. For this reason, other methods,
more rapid and widely available have been proposed;
nevertheless, some of them, such as the use of reagent
strips have a low diagnostic accuracy for the diagnosis of
[23]
AFI . In addition, many patients with AFI may have not
[6,23]
classic symptoms or signs of peritonitis
nor develop
classic manifestations of sepsis. Several characteristics
of the cirrhotic patients may difficult the diagnosis of
SIRS and sepsis, for example: Baseline reduced PMN
count due to hypersplenism, baseline elevated heart
rate because of the hyperdynamic circulatory syndrome,
baseline hyperventilation due to hepatic encephalopathy
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predictor of SIRS in cirrhotic patients with AFI, particularly
CNNA, better than other variables such as temperature
or respiratory frequency.

7
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Background

Bacterial infections are considered one of the main causes of death in
decompensated cirrhotic patients, being the spontaneous bacterial peritonitis the
most common infection, clinical data and laboratories, such as polymorphonuclear
count, or ascites culture, are not always available and close to 30% of patients
remain asymptomatic. A diagnosis and timely treatment of the infection of ascites
fluid is able to reduce the mortality rate of 80% to 20%. Hence the reason for
using non invasive markers, that are fast and easy to apply, which can help to
predict the development of ascites infection.
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Research frontiers

Platelet size is a determinant factor of platelet pro-inflammatory functions.
Several studies have found relationship between the mean platelet volume
(MPV) and pro-inflammatory conditions, particularly acute infections, such as,
pyelonephritis and endocarditis.
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Innovations and breakthroughs

Recently, two different studies have found increase in MPV levels in cirrhotic
patients with ascites fluid infection (AFI) and proposed it as an accurate
diagnostic test to predict AFI, nevertheless, these two studies differ in their
propose cutoff values, and found different sensitivity, specificity and predictive
values, being that the main reason why the authors attempted to determine if
there is any difference between MPV value in cirrhotic patients without infection
and cirrhotic patients with ascites fluid infection and to identify a MPV cutoff
value, able to predict the presence of bacterial infection in cirrhotic patients.
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Applications
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Terminology
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The study results suggest that MPV can be an useful predictor of systemic
inflammatory response syndrome in cirrhotic patients with AFI, particularly
culture-negative neutrocytic ascites (CNNA), better than other variables such
as temperature or respiratory frequency.
According to the definition of spontaneous bacterial peritonitis there are three
main categories: CNNA is defined by greater or equal count of polymorphonuclear
to 250 cells/mm3 but without a positive culture. Bacterial ascites is defined as
a positive result of culture, without increment of polymorphonuclear cell count.
Spontaneous bacterial peritonitis is found in patients where besides the increase
of polymorphonuclear counting, they present a positive result in culture.
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The clinical manifestations of hyperammonemia are usually
easily identifiable to the clinician when associated with
liver disease and lead to prompt diagnosis and treatment.
However, hyperammonemia-induced encephalopathy
is rare in adults in the absence of overt liver disease,
thus diagnosis is often delayed or missed leading to
potentially life threatening complications. Without proper
treatment, such patients can decompensate rapidly with
poor outcomes including seizures, coma, and death. Early
assessment of plasma ammonia levels in patients with
normal hepatic function and characteristic symptoms
of encephalopathy can lead to early intervention while
investigating the underlying etiology. We describe a
patient who presented with a 2-year progression of
waxing and waning acute mental status changes after a
Roux-en-Y gastric bypass surgery. He was found to have
elevated ammonia level as well as orotic aciduria; results
consistent with a urea cycle disorder. After consulting
neurology as well as toxicology, he ultimately improved
after dietary protein restriction, sodium benzoate and
lactulose therapy. While rare, clinicians should have a
high index of suspicion for late onset urea cycle disorders
in symptomatic patients presenting with encephalopathy
secondary to hyperammonemia.
Key words: Hyperammonemia; Urea cycle; Bariatric
surgery; Encephalopathy; Hepatic
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Encephalopathy secondary to hyperam
monemia in the absence of hepatic dysfunction presents
a diagnostic dilemma to many clinicians. As such, early
and accurate diagnosis can be easily missed, leading
to increased morbidity and mortality. We describe
a case of adult onset urea cycle disorder presenting
with encephalopathy after gastric bypass surgery.
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On physical examination he had tremors, ataxia, poor
concentration and impaired memory. He developed
general weakness that made him wheelchair-bound and
dependent. Laboratory investigation and appropriate
imaging studies reflected a UCD (Table 1). We managed
our patient conservatively through the administration
of lactulose and sodium benzoate as well as dietary
modification, by providing foods low in protein. The
symptoms of our patient improved gradually during
his hospitalization. He specifically had resolution of
confusion, ataxia, and tremors over a course of 1 wk
following treatment initiation.

Although this challenging diagnosis is rare, treatment is
inexpensive and readily available. Thus early recognition
and intervention can prevent the rapid decline that may
occur if the diagnosis is unrecognized.
Kromas ML, Mousa OY, John S. Hyperammonemia-induced
encephalopathy: A rare devastating complication of bariatric
surgery. World J Hepatol 2015; 7(7): 1007-1011 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i7/1007.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i7.1007

INTRODUCTION

DISCUSSION

Obesity is a prevalent and challenging issue in healthcare,
affecting more than 60% of the United States population
and contributing to a myriad of other comorbidities. Gastric
bypass surgery (GBS) has been offered as an effective
treatment for morbid obesity with reported success
rates of weight loss up to 60%-70% of excess body
[1,2]
weight . However, GBS can be complicated by nutritional
derangements and rare neurological manifestations,
[3,4]
including encephalopathy . Carnitine deficiency has been
implicated in hyperammonemia-induced encephalopathy
[5-8]
in the setting of valproic acid use as well as GBS . Case
reports have also unmasked ornithine transcarbamylase
[9]
(OTC) deficiency in the setting of GBS . Our case presents
hyperammonemic encephalopathy following GBS related
to an underlying late onset urea cycle disorder (UCD).
The disposal of nitrogen in the body is based on
ammonia conversion to urea. Complete or partial enzyme
deficiencies in the process of ammonia conversion leads
to UCD. Classical presentation of such disorders occurs
in neonates who can develop neurological manifestations
and fail to thrive. Interestingly, some patients with similar
manifestations presented in adulthood. The mechanism
was either related to partially deficient enzymes of the
urea cycle (UC) or enzyme mutation that is provoked by
a certain stressor.

Ammonia is a usual component of the body fluids,
which exists mainly as ammonium ion. Excess ammonia
from the products of protein catabolism enters the
UC in the liver for conversion into urea, prior to renal
[10,11]
excretion
. Abnormalities in this process can lead to
hyperammonemia, which increases the entry of ammonia
to the brain and leads to neurological disorders. This can be
due to impaired hepatic function and portal hypertension,
where an excess nitrogen load over saturates the capacity
of liver metabolism and bypasses it via portosystemic
[12]
shunting . Other causes of hyperammonemia include
congenital UCD, Reye syndrome, as well as encepha
lopathies of metabolic or toxic natures. Hyperammonemia
can be toxic with signs and symptoms that include:
episodic irritability, vomiting, ataxia, mental retardation, and
lethargy that can progress to alteration of consciousness
[13,14]
and coma
.
Both acute and chronic hyperammonemia alters the
brain neurotransmitter system. Acute hyperammonemia
causes accumulation of glutamate extracellularly in
the brain, which activates the N-methyl D-aspartate
receptor, causing seizures. Chronic hyperammonemia
leads to an increase in inhibitory neurotransmission via
down regulation of glutamate receptors and increased
GABAergic tone, causing deterioration of cognitive
function and coma. Most cases of hyperammonemia in
the pediatric population are due to enzyme defects in
the UC. This includes deficiencies of N-acetylglutamate
synthetase, carbamoyl phosphate synthetaseⅠ, ornithine
transcarbamoylase, argininosuccinic acid synthetase,
argininosucciniclyase and arginase. Adults with partially
deficient enzymes can have disease manifestations
during stressful medical conditions such as postpartum
stress, short bowel disease, parenteral nutrition with
high nitrogen consumption, heart-lung transplantation,
and gastrointestinal bleeding as discussed in previous
[15-18]
reports
. Previous reports suggested that encepha
lopathy secondary to hyperammonemia in the setting of
[19,20]
UCD can be unmasked by GBS
. Furthermore, the
rapid weight loss that occurs in these patient’s results in
protein catabolism and a large nitrogen load, which can
further contribute to the symptoms. The mechanism by
which gastric bypass disturbs the function of UC and the
disposal of ammonia in such patient populations is not

CASE REPORT
A 56-year-old male patient was hospitalized with
worsening neurological symptoms including tremors,
confusion, ataxia, and labile emotions. He reported
his recurrent neurologic symptoms that progressed
over a 2-year period to his primary care physician. His
symptoms started mildly within 2 mo of a Roux-en-Y
GBS, which the patient underwent for morbid obesity
without comorbidities. He was otherwise healthy with no
previous substance abuse or exposure to toxins. Of note
he had lost 20 pounds prior to the surgery with proper
nutritional guidance and 108 pounds post-operatively.
He sought multiple medical subspecialties for advice and
was diagnosed with Parkinson’s disease. He was treated
with levodopa and he followed with a neurologist without
improvement. His disabling symptoms continued to
progress, mandating referral to the emergency room.
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Hyperammonemia + no liver dysfunction

Arterial pH

Alkalosis or normal pH

Acidosis

Organic acidemia

Pyruvate metabolism abnormalities

Hypoketosis and hypoglycemia

Normoglycemia

Disorders of fatty acid oxidation

Urea cycle disorder

Figure 1 Algorithm for hyperammonemia workup in patients with normal hepatic panel. The arterial pH and blood glucose are among the initial tests to identify
etiology of non-hepatic hyperammonemia.

Suspected
Urea cycle disorder (high plasma ammonia
with normal glucose and anion gap)

Citrulline level

Elevated

Low

Check arginosuccinic acid level

Check orotic acid level

Elevated

Absent

High

Low/normal

Arginosuccinic aciduria

Citrullinemia

Ornithine transcarbamylase deficiency

Carbamyl phosphate synthetase deficiency

Figure 2 Algorithm of urea cycle disorder workup. Citrulline level, arginosuccinic acid level, and orotic acid level are the primary tests in the workup of urea cycle
disorder.

fully understood. Table 2 shows the different etiologies of
hyperammonemia of non-hepatic origin.
Distinguishing features of UCD in neonates comprises
critically elevated ammonia levels (> 1000 mmol/L),
whereas other etiologies seldom present with ammonia
levels greater than 200-300 mmol/L. In addition, UCD
is suggested by normal blood glucose and anion gap, as
well as respiratory alkalosis from central hyperventilation.
The initial workup of a UCD should include glucose,
electrolytes, amino acids, serum ammonia, lactate,
urine organic acids, orotic acid and arterial blood gases
looking for arterial pH and carbon dioxide. OTC gene
mutations cannot be revealed by DNA analysis in up to
20% of patients with OTC deficiency. Therefore other lab
measures may give an indication as to the etiology of
[21]
hyperammonemia without a history of liver disease .
The workup to identify the etiology of hyperammonemia
of non-hepatic origin is outlined in Figure 1 and the
workup to identify the UCD specifically is further outlined
in Figure 2.
The management of hyperammonemia includes
prevention of seizures and cerebral edema, medical

Table 1 Laboratory investigations and imaging at time of
hospitalization
Laboratory investigation/imaging
BMP
CBC
Iron panel
Hepatic panel

Urine orotic acid
Ammonia level
Carnitine level, zinc, manganese,
vitamin B12, vitamin A, vitamin D
Abdominal ultrasound
MRI brain

Values
Within normal limits
(Cr 1.0 mg/dL)
Within normal limits
(platelets 158 K/μL)
Within normal limits
AST 30 U/L
ALT 9 U/L
Alkaline phosphatase 52 U/L
Total Bilirubin 0.9 mg/dL
1.4 mmol/mol of creatinine
155 mcg/dL
Within normal limits
No evidence of liver disease or
cirrhosis
No acute or chronic intracranial
abnormalities

MRI: Magnetic resonance imaging; BMP: Basic metabolic panel; CBC:
Complete blood count; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase.
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Table 2 Etiology of hyperammonemia of non-hepatic origin
Age
Adults

Pediatrics

[21]

Category

Examples

Stressful events
Partial enzyme deficiency
Infection
Medications

Urinary tract infections (urease-producing organism, such as proteus mirabilis)
Valproate
Topiramate
Salicylates such as aspirin
Acetazolamide
Zonisamide
High-dose chemotherapy (5-fluorouracil)
Urinary tract infections (urease-producing organism, such as proteus mirabilis)
Isovalericacidemia, propionic acidemia, methylmalonicacidemia, glutaricacidemia type Ⅱ,
multiple carboxylase deficiency, beta-ketothiolase deficiency
Pyruvate dehydrogenase deficiency
Pyruvate carboxylase deficiency
Mitochondrial disorders
Acyl CoA dehydrogenase deficiency
Systemic carnitine deficiency
Lysinuric protein intolerance
Hyperammonemia-hyperornithinemia-homocitrullinuria
Transient hyperammonemia of the newborn asphyxia
Reye syndrome
Lactic acidosis

Infection
Organic acidemias
Congenital lactic acidosis

Fatty acid oxidation defects
Dibasic aminoacid transport defects
Miscellaneous

emotional lability.

therapy to remove excess ammonia and dietary
protein restriction. The medications used for treatment
assist in offloading the UC by converting nitrogen to
non-urea products that are easily excreted. These
include sodium benzoate and arginine, followed by
phenylacetate and phenylbutyrate. Our patient’s cognitive
impairment resolved after dietary protein withdrawal
and implementation of medical therapy that included
sodium benzoate and lactulose. He showed significant
improvement over a period of one week following
initiation of medical therapy.
A major proportion of the United States population
is obese resulting in very high rates of annual bariatric
surgeries. Even though it is rare for hyperammonemic
encephalopathy to complicate GBS, it is yet more unusual
for the etiology to be adult onset UCD. Such non-specific
neurological presentation is a true diagnostic challenge
especially when liver disease is absent, thus delaying the
management plan, thus increasing associated morbidity
and mortality.
Early diagnosis is crucial to prevent complications.
Conservative management should include dietary
modification with protein restriction. Patient satisfaction
following GBS can be improved by educating these
patients about the potential complications. Raising
awareness among internists of this possible complication
of GBS is also important and having a high index of
suspicion for unmasked UCD post-GBS can prevent the
debilitating consequences of unrecognized and untreated
disease, improve its’ outcomes as well as have a great
impact on utilization of health care resources.

Clinical diagnosis

The authors’ patient was not oriented to place or time, demonstrated tremor
and ataxia.

Differential diagnosis

Manganese toxicity, Parkinson’s disease, hepatic encephalopathy.

Laboratory diagnosis

Basic metabolic panel, hepatic function panel, complete blood count, iron panel,
carnitine level, zinc level, manganese, vitamin B12, vitamin A, and vitamin D
levels were within normal limits. Ammonia level 155 mcg/dL and urine orotic acid
1.4 mmol/mol of creatinine.

Imaging diagnosis

Imaging of the abdomen was unremarkable.

Treatment

The authors administered lactulose, sodium benzoate and modified his diet.

Related reports

The physiology of adult onset urea cycle disorder is poorly understood and
several case reports of similar occurrences have been cited in the case report
presented by the authors.

Term explanation

All terms used in this case report are common and do not require further
explanation.

Experiences and lessons

Hyperammonemia encephalopathy in the absence of overt liver disease
identified on imaging and blood work, can be the result of non-hepatic etiology
and should be thoroughly evaluated as described in this case report.

Peer-review

The authors have described the rare complication of non-hepatic hyperam
monemia-induced encephalopathy in the setting of gastric bypass surgery that
has not been well described in the literature. Furthermore, the article highlights the
appropriate workup, differential diagnosis, and treatment for this clinical scenario.
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and microsomal omega-oxidation, being markedly
decreased by high-fat (HF) intake. PPAR-beta/delta is
crucial to the regulation of forkhead box-containing protein
O subfamily-1 expression and, hence, the modulation
of enzymes that trigger hepatic gluconeogenesis. In
addition, PPAR-beta/delta can activate hepatic stellate
cells aiming to the hepatic recovery from chronic insult.
On the contrary, PPAR-gamma upregulation by HF diets
maximizes NAFLD through the induction of lipogenic
factors, which are implicated in the fatty acid synthesis.
Excessive dietary sugars also upregulate PPAR-gamma,
triggering de novo lipogenesis and the consequent lipid
droplets deposition within hepatocytes. Targeting PPARs
to treat NAFLD seems a fruitful approach as PPAR-alpha
agonist elicits expressive decrease in hepatic steatosis by
increasing mitochondrial beta-oxidation, besides reduced
lipogenesis. PPAR-beta/delta ameliorates hepatic insulin
resistance by decreasing hepatic gluconeogenesis at
postprandial stage. Total PPAR-gamma activation can
exert noxious effects by stimulating hepatic lipogenesis.
However, partial PPAR-gamma activation leads to benefits,
mainly mediated by increased adiponectin expression
and decreased insulin resistance. Further studies are
necessary aiming at translational approaches useful to
treat NAFLD in humans worldwide by targeting PPARs.

Abstract

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Lately, the world has faced tremendous progress in the
understanding of non-alcoholic fatty liver disease (NAFLD)
pathogenesis due to rising obesity rates. Peroxisome
proliferator-activated receptors (PPARs) are transcription
factors that modulate the expression of genes involved in
lipid metabolism, energy homeostasis and inflammation,
being altered in diet-induced obesity. Experimental
evidences show that PPAR-alpha is the master regulator
of hepatic beta-oxidation (mitochondrial and peroxisomal)

Core tip: Multiple pathways disrupted in obesity and
non-alcoholic fatty liver disease (NAFLD) are regulated
by genes encoded by peroxisome proliferator-activated
receptors (PPARs). Thus, PPARs emerged as potential
targets to alleviate NAFLD. The use of PPAR-alpha agonist
yields increased mitochondrial beta-oxidation coupled
with reduced lipogenesis. Both of them are essential to
tackle insulin resistance and hepatic steatosis. PPAR-
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The carbohydrate and lipid intake, as well as the
adipokines and insulin levels, exert considerable influence
upon key transcription factors that can modulate
[14]
hepatic lipid metabolism . Peroxisome proliferatoractivated receptors (PPARs) are at the crossroads of
NAFLD pathogenesis, once recent evidences point to the
modulation of hepatic beta-oxidation and lipogenesis
[15,16]
by different PPAR isoforms
. Thus, even though
weight management and exercise are the most efficient
approach to treating NAFLD, adjunctive pharmacological
intervention is utterly indicated. PPARs emerge as a
target to treat NAFLD by modulating diverse pathways
[17,18]
that are impaired by obesity
. The role that total or
partial PPAR alpha, beta/delta and gamma activation
play in lipogenesis and hepatic oxidation as well as in
carbohydrate metabolism through the gluconeogenesis,
and DNL are relevant targets to fasten the treatment of
NAFLD and obesity.

beta/delta agonist is still not available as a medicine, but
PPAR-beta/delta agonist elicited expressive reduction
in hepatic glucose production in murine models. PPARgamma agonist is extensively used, and beneficial effects
come from partial activation as total PPAR-gamma
activation leads to hepatic lipogenesis, being harmful to
the liver.
Souza-Mello V. Peroxisome proliferator-activated receptors as
targets to treat non-alcoholic fatty liver disease. World J Hepatol
2015; 7(8): 1012-1019 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i8/1012.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i8.1012

INTRODUCTION
The current obesity epidemics have resulted in a
[1]
significant rise in its comorbidities prevalence . Liver is
often significantly affected by obesity and, hence, the
non-alcoholic fatty liver disease (NAFLD) is regarded
as the hepatic manifestation of metabolic syndrome,
showing rising prevalence regardless of economic status
[2]
or age worldwide . Despite being a benign process at
first, the continuation of the triggering stimuli can lead to
harmful conditions such as non-alcoholic steatohepatitis
[3]
(NASH) and hepatocellular carcinoma .
Excessive energy intake concomitant with sedentism
are considered essential underpinnings of lipid droplets
[4]
accumulation . When the metabolism faces obesity,
excessive adipose tissue fat pads elicit low-grade
inflammation, which is linked to insulin resistance deve
[5,6]
lopment . The resulting hyperinsulinemia yields high
lipolysis rate in the white adipose tissue coupled with
[7]
reduced fatty acid oxidation within the hepatocytes .
The balance between fatty acid input and output in the
liver is controlled by integrated enzymes that act in
the catalysis of hepatic uptake, lipogenesis, oxidation
[8]
and exportation of fatty acids . Whenever the hepatic
fatty acid synthesis and/or uptake surpass the liver
oxidative and/or the exportation capacity, lipid droplets
accumulate within the hepatic parenchyma, configuring
[9]
NAFLD .
Dietary quality has a paramount importance for the
[10]
hepatic fatty acid metabolism . Excessive intake of
simple carbohydrate such as fructose and sucrose are
implicated in high rates of de novo lipogenesis (DNL) in
the liver, which is defined as the synthesis of fatty acids
[11]
from a non-lipid source . In conjunction with a high
intake of dietary fats that generates lipotoxicity through
the excessive production of ceramides from palmitate
and aggravates insulin resistance, the high DNL due to
excessive dietary carbohydrate makes a great demand
for hepatic oxidation of fatty acids, which exceeds the
oxidative capacity of hepatic peroxisomes, mitochondria
and microsomes (endoplasmic reticulum). In turn,
hepatic lipid metabolic equilibrium is disrupted due to
[11-13]
abnormal fat partitioning within hepatocytes
.
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PPAR PHYSIOLOGY IN EXPERIMENTAL
MODELS NAFLD
Hepatic metabolic pathways can be disturbed differently
[19]
according to the nutrient that is excessive in the diet .
Experimental dietary models of NAFLD are influenced
by the dietary scheme duration, diet composition, and
animal age, all of which directly affect the spectrum of
[20]
NAFLD pathogenesis .
When there is excessive dietary intake of lipids, hepatic
PPAR-alpha expression decreases significantly parallel to
[16,21]
an expressive increase of PPAR-gamma
. Obese mice
fed during 16 wk a high-fat (HF) diet made up of 60% of
energy as lipids, predominantly saturated fatty acids from
lard, exhibited overweight, insulin resistance and 34.57%
of volume density of hepatic steatosis concomitant to
a proinflammatory adipokine profile and activation of
[21]
hepatic stellate cells (HSCs) . Hepatic PPAR-alpha
[21]
expression was substantially reduced , agreeing with
a reduced number in the numerical density of hepatic
[21,22]
mitochondria
. PPAR-alpha is related to mitochondrial
beta-oxidation of fatty acids, which has got carnitine
palmitoyl transferase-1 (CPT-1) as a pivotal enzyme that
allows the fatty acid to go through the inner mitochondrial
membrane and reach the mitochondrial matrix to be
[23]
metabolized . In the absence of a typical PPAR-alpha
expression in the liver, the transcription of its target gene
CPT-1 is impaired and excessive fatty acids, which are
usually stemmed from lipolysis and delivery to the liver
of obese individuals, tend to accumulate in the form of
[24,25]
triglycerides
.
A similar dietary scheme (50% of energy as fat for
12 wk) elicited 2.3 fold increase in liver triglycerides,
followed by 0.7 fold decrease in PPAR-alpha and a
0.4 fold increase in PPAR-gamma protein expression
in the liver. These observations feature a frame that
predisposes to NAFLD because PPAR-gamma is linked to
lipogenesis and its target gene expression, SREBP-1c,
[16]
was 0.5 fold increased in HF fed animals . SREBP-1c
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is implicated in the DNL, induced by high insulin levels.
Once activated, SREBP-1c activates others lipogenic
genes and leads to the conversion of pyruvate into fatty
acids. During this process, there is a great production
of malonyl co-A, which inhibits CPT-1 and prevents
fatty acids from reaching the mitochondrial matrix to be
[26,27]
metabolized through mitochondrial beta-oxidation
.
Alternative pathways, peroxisomal beta-oxidation,
and microsomal omega-oxidation are upregulated to
try to compensate insufficient mitochondrial oxidative
activity. Mitochondrial damage found in NAFLD and
increased peroxisomal and microsomal oxidation of
fatty acids leads to oxidative stress and the consequent
progression to NASH if an adequate intervention is
[28,29]
not implemented
. The pivotal role that oxidative
stress plays in NAFLD progression to NASH was verified
through positive immunoreactions for oxidized phos
phatidylcholine close to activated stellate cells and
in apoptotic hepatocytes in samples of human liver
autopsy. Moreover, immunostaining intensity correlated
[30]
positively with the degree of steatosis .
When the HF diet (49% of energy as lipids) was
administered to dams during 8 wk prior to gestation,
gestation, and lactation, similar hepatic alterations
were detected in the offspring. Pups from HF dams
had overweight and glucose intolerance at 3 mo of
age, both of which agree with the 1.4 fold increase in
hepatic steatosis rate in these animals. PPAR-alpha
gene and protein expression were reduced in the liver
of offspring of HF dams parallel to increased gene and
protein expression of PPAR-gamma. As a result, the
hepatic expression of the PPAR-alpha target gene CPT-1
was decreased, because the expression of the PPAR
[31]
gamma target genes SREBP-1c was elevated . This
pattern of gene and protein expression explains the early
[32]
NAFLD onset in the offspring of obese dams , albeit
with a discrete overweight. Besides the compromised
mitochondrial beta-oxidation through the reduced
CPT-1 activity and the enhanced DNL, favored by over
expression of SREBP-1c, the offspring presented with
expressive reduction in fatty acid translocase (FAT)/CD36
expression, which limits long chain fatty acids (more
than 20 carbons) oxidation. FAT/CD36 can shorten the
fatty acid chain in order to allow CPT-1 to catalyze its
[33]
transport to the mitochondrial matrix . This represents
an additive failure in hepatic lipid metabolism due to
maternal obesity.
Additionally, hepatic insulin resistance was detected
in obese dams offspring through enhanced hepatic
expression of glucose 6 phosphatase (G6Pase) and
[31]
phosphoenolpyruvate carboxykinase (PEPCK) . Both
enzymes are crucial to hepatic gluconeogenesis and
are activated by glucagon during the fasting period and
inhibited by insulin at the postprandial stage. When
insulin resistance occurs, insulin, at high levels, loses its
capacity to inhibit gluconeogenesis by the downregulating
[34,35]
G6Pase and PEPCK expression
. Hence, high hepatic
glucose production aggravates insulin resistance. PPARbeta/delta induces forkhead box-containing protein O
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subfamily-1 (FOXO-1), which can regulate G6Pase and
PEPCK expression, and might be a viable approach to
[36]
restoring this pathway . In addition, PPAR-beta/delta
is described to induce HSCs proliferation in fibrogenesis
activation in vitro and in vivo. HSCs constitutively express
PPAR-beta/delta and their activation aim at the hepatic
recovery from chronic insult. However, the collagen
synthesis by HSCs leads to hepatic fibrosis in the long
run, being involved in the progression of simple NAFLD to
[37,38]
more dangerous types of liver diseases
.
Excessive intake of sucrose (32% of energy as
sucrose) yielded similar effects to liver histology and
PPAR expression in C57BL/6 mice. Although animals did
not become obese, excessive sucrose supply, elicited
1.3-fold increase in hepatic steatosis coupled with 0.5
fold decrease in PPAR-alpha expression and 0.8 increase
[19]
in SREBP-1c expression . Likewise, the intake of 34%
of energy as fructose impaired hepatic cytoarchitecture
and lipid metabolism in the same mouse model. Even in
the absence of significant overweight, mice fed a highfructose diet presented nearly 55% volume density
of hepatic steatosis, which can be accounted for by
augmented hepatic expression of PPAR-gamma (0.5
fold) and reduced hepatic expression of PPAR-alpha
[39]
(-0.25 fold) . PPAR-gamma increases the transcription
of SREBP-1c, leading to higher lipogenesis, and little
PPAR-alpha expression favors high hepatic glucose
production. There is the interplay between white adipose
tissue and liver as a glucose/glycerol cycle that guarantees
energy transport (as glucose) from liver to peripheral
[40]
tissues . This process relies on PPAR-alpha, being
[39,40]
impaired in the fructose-fed animals
. In addition,
high fructose intake augmented the hepatic expression
[39]
of PEPCK and GLUT2 , indicating high hepatic glucose
output, which aggravates insulin resistance and favors the
[41]
NAFLD progression to NASH .

TARGETING PPARS TO TREAT NAFLD
PPARs encompass a subfamily of a superfamily of
nuclear receptors. There are three different isoforms:
PPAR-alpha, PPAR-beta/delta, and PPAR-gamma, which
are differently expressed in various tissues. They are
ligand-dependent transcription factors that regulate
the expression of their target genes through specific
binding to peroxisome proliferation response elements
(PPERs). Each isoform heterodimerize with its retinoid
X receptor alpha, beta/delta or gamma and binds to its
respective PPRE, forming a structure able to recognize
specific DNA sequences (AGGTCA) to activate the
[42-44]
transcription of its target genes
.
Briefly, PPAR-alpha is closely linked to the trans
cription of genes related to hepatic beta-oxidation,
[45,46]
such as CPT-1 and is highly expressed in the liver
.
Thus, treatment with PPAR-alpha agonist usually yields
body mass loss as this isoform is implicated in lipid
[43]
metabolism pathways . PPAR-beta/delta is ubiquitously
expressed and is crucial to beta-oxidation in skeletal
muscle, not in the liver. In the liver, anti-inflammatory
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properties by the activation of macrophages and
the protection against lipotoxicity are reported. The
induction of Stearoyl-CoA desaturase 1 by PPAR-beta/
delta activation promotes monounsaturated fatty acids
formation instead of saturated fatty acids, decreasing
oxidative stress, emerging as a promising approach
[47,48]
to the tackle insulin resistance
. PPAR-gamma is
expressed at low concentrations in the liver (9%-12%
of the expression in the white adipose tissue), being
related to adipogenesis and insulin-sensitizing effects
through the diversion of fatty acids to adipose tissue
storage. Patients with NAFLD exhibit abnormal high
expression of PPAR-gamma in the liver, which coincides
with overexpression of SREBP-1c and the consequent
[49,50]
hepatic lipogenesis
.
Taking into account the above-mentioned PPAR related
effects, the use of PPAR agonist to treat NAFLD seems
to be a viable strategy. In this regard, the activation of
PPAR-alpha by fenofibrate markedly ameliorated the
hepatic insulin resistance by the upregulation of enzymes
involved with beta-oxidation in fructose-fed mice and the
expressive reduction of DNL, albeit with high endoplasmic
[51]
reticulum stress . In addition, fenofibrate significantly
ameliorated microcirculatory perfusion in a HF mice
mouse model of NAFLD, besides the upregulation
[52]
of genes involved in hepatic lipid oxidation . These
reported effects comply with a significant decrease in
hepatic steatosis percentage after the activation of PPAR[51,52]
alpha by fenofibrate
. Activation of PPAR-alpha by fish
oil, a nutriceutical, yielded alleviation of hepatic insulin
resistance through low G6Pase and PEPCK expression
in the liver and reduced steatosis by upregulation of
mitochondrial beta-oxidation (high CPT-1 expression)
concomitant to reduced lipogenesis (low fatty acid
[53]
synthase expression) .
In humans, the evaluation of fenofibrate use to treat
NAFLD is difficult as it is usually taken with others drugs.
It seems that insulin-sensitizing action of fenofibrate
is more important to counter hepatic steatosis than
its lipid-lowering property. A recent study showed a
significant decrease in hepatic transaminases coupled
with a marked decrease of hepatocellular ballooning in
[54,55]
humans
.
As far as mice models of NASH are concerned,
APOE2 mice fed a western diet showed decreased
hepatic macrophage accumulation, which precedes lipid
accumulation within hepatocyte, and expressive reduction
of lipotoxicity after treatment with fenofibrate. A marked
reduction in the expression of proinflammatory genes,
great expression of genes implicated in β-oxidation
and the suppression of procollagen type 1 expression
[56,57]
underlie these findings
.
Total PPAR-gamma activation by rosiglitazone counters
insulin resistance, but do not manage to reduce NAFLD
in HF mouse models. It can be argued that full activation
of PPAR-gamma favors the transcription of lipogenic
transcription factors, such as SREBP-1c, and even
though animals benefit from anti-inflammatory effects of
high adiponectin levels, the upregulation of lipogenesis
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results in obesity, increased hepatic triglycerides and
[16,58]
the maintenance of NAFLD
. In contrast, mice with
NASH benefit from the use of rosiglitazone as it inhibited
cell proliferation and diminished collagen expression in
[59,60]
hepatic stellate cells in vivo and in vitro
. In addition,
the increase in insulin sensitivity due to enhanced
adiponectin transcription and reduced levels of tumor
necrosis factor (TNF)-alpha is crucial to the treatment of
[61,62]
NASH with rosiglitazone in murine models
.
Humans with NASH also benefit from the regular
use of rosiglitazone. The randomized placebo-controlled
Fatty Liver Improvement With Rosiglitazone Therapy
(FLIRT) trial revealed that 47% of the patients with
histologically proved NASH had marked reduction (>
30%) in steatosis score after one year of treatment.
Moreover, 38% of the patients achieved normalization
of alanine aminotransferase (ALT) values, albeit with no
significant improvement of NASH histological features
such as hepatocyte ballooning, fibrosis and lobular
inflammation/necrosis. In agreement with experimental
background, rosiglitazone significantly increased insulin
sensitivity and adiponectin levels and the former was
correlated with the reduction in the percentage of
[63]
steatosis in patients of FLIRT trial .
When the same set of patients were revisited two
years later (FLIRT 2 extension trial), the long-term
efficacy of rosiglitazone was attested by the maintenance
of reduced ALT levels and reduced HOMA-IR and insulin
levels. However, once again, no beneficial effect on liver
histology was perceived. It can be argued that even
though rosiglitazone exhibited an antisteatogenic effect
during the first year and normalized insulin sensitivity
and ALT levels, these effects were not enough to
tackle NASH features and additional treatments are
[64]
encouraged . In agreement to the FLIRT trial, the
Pioglitazone vs Vitamin E vs Placebo for the Treatment
of Nondiabetic Patients with nonalcoholic steatohepatitis
trial showed that vitamin E and pioglitazone were able to
reduce ALT levels, increase insulin sensitivity, decrease
hepatic steatosis and ameliorate lobular inflammation,
but without significant improvement in hepatic fibrosis
and hepatocyte ballooning. The significant weight gain
[65]
after pioglitazone treatment was an adverse effect .
Recently, the partial activation of PPAR-gamma
coupled with the selective activation of PPAR-alpha in
the liver by telmisartan (also an AT1 receptor blocker)
elicited positive effects to hepatic cytoarchitecture
[21,66]
and ultrastructure in mice fed a HF diet
. Animals
showed normal volume density of hepatic steatosis
when compared to the untreated group, followed by
reduced SREBP-1c expression and insulinemia parallel
to greater mitochondrial numerical density revealed by
[21]
transmission electron microscopy . The same drug was
also able to counter steatohepatitis in a murine model
through the suppression of macrophage infiltration within
hepatocytes, induction of high adiponectin levels and
[66]
reduction of adipocyte size . In humans, telmisartan
showed beneficial effects when compared to losartan
(pure AT1 receptor blocker) in the management of
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↑ PPAR-alpha

higher transcription activity, whereas PPAR-gamma
shows reduced transcriptional potential after phosphoryl
ation. This knowledge is utterly important when it
comes to the attempt to obtain new drugs with huge
effectiveness. PPAR-alpha and gamma activate MAPK,
while MAPK activation leads to PPAR-alpha and gamma
phosphorylation and modulation, configuring an interplay
between these two pathways. So, it can be argued
that PPAR-alpha beneficial effects are maximized by
the interplay with MAPK, which result in favored beta[71]
oxidation in the liver . On the other hand, the reduced
transcriptional potential of PPAR-gamma due to MAPK
activation might also be beneficial provided that insulinsensitizing effects of PPAR-gamma are more expressive
[72]
when there is partial activation of this isoform .

↑ Beta-oxidation
↑ CPT-1

↑ PPAR-beta

↑ FOXO-1

↓ PPAR-gamma

↓ SREBP-1c

↓ Gluconeogenesis

↓ GLUT2

↓ Lipogenesis

Figure 1 Effects of each peroxisome proliferator-activated receptor isoform
in the treatment of non-alcoholic fatty liver disease. PPAR-alpha activation
leads to the transcription of CPT-1, a target gene that is crucial to beta-oxidation
as it allows the fatty acid to reach the mitochondrial matrix; PPAR-beta/delta
activation is involved with FOXO-1 transcription, which reduces the hepatic
expression of enzymes involved in gluconeogenesis. Thus, GLUT2 and hepatic
glucose production are also significantly reduced; conversely, the partial activation
of PPAR-gamma or, even, its reduced expression is linked to diminished
lipogenesis. All these events are efficient to tackle NAFLD. PPAR: Peroxisome
proliferator-activated receptor; CPT-1: Carnitine palmitoyl transferase-1; FOXO-1:
Forkhead box-containing protein O subfamily-1; GLUT2: Glucose transporter 2;
SREBP-1c: Sterol regulatory element-binding protein-1c.

CONCLUSION
It is widely understood that PPARs are critically
involved in the regulation of hepatic beta-oxidation
and lipogenesis pathways, besides influencing hepatic
carbohydrate metabolism. These observations prompted
the attempt to treat NAFLD by targeting PPARs. Targeting
PPAR-alpha has been proved a promising therapeutic
approach to control NAFLD through the upregulation
of beta-oxidation genes and the inhibition of DNL and
gluconeogenesis enzymes. On the other hand, total
PPAR-gamma activation shows deleterious effects upon
liver histology and physiology based on the increased
hepatic lipogenesis. However, partial PPAR-gamma
activation as well as dual or pan-PPAR activation shows
beneficial effects upon liver structure and functioning.
In this way, PPAR modulation by partial activation or
selective activation is a promising field of study as it
possibilities the reduction of side effects that may stem
from total agonism of the receptor. In addition, the role
that PPAR-beta/delta has upon liver metabolism remains
to be completely unraveled as there is not a PPARbeta/delta agonist available to the population. Evidences
related to this isoform come from experimental studies
using selective agonists that are not commercialized or
pan-PPAR agonist, which challenges the identification of
each isoform properties. Further studies are necessary
aiming at translational approaches useful to treat this
prevalent metabolic disease in humans worldwide by
targeting PPARs.

NAFLD, highlighting the importance of PPAR activation to
treat NAFLD. Telmisartan also yields decreased expression
of Nuclear factor kB target genes, such as TNF-alpha and
interleukin-6 in diet-induced obese mice, which coupled
with increased adiponectin prevent these animals from
[21,67]
NASH onset
. In resemblance with telmisartan,
ragaglitazar, a dual PPAR-alpha/PPAR-gamma agonist,
tackled hepatic insulin resistance, hepatic steatosis and
overweight in a mouse model of metabolic syndrome,
whereas total PPAR-gamma agonist rosiglitazone elicited
[68]
visceral adiposity and hepatomegaly .
Pan-PPAR activation by bezafibrate triggered beneficial
effects in offspring from obese dams derived from PPARalpha activation (increased CPT-1 expression in the liver);
PPAR-beta/delta activation (reduced gluconeogenesis
due to low hepatic G6Pase and PEPCK expression caused
by downregulation of FOXO-1 gene); and PPAR-gamma
activation (high FAT/CD36 liver expression, causing
greater hepatic lipid oxidation in conjunction with the
[31]
high CPT-1 expression) . Bezafibrate and GW501516,
a PPAR-delta agonist, inhibited NASH development
in mice fed a methionine choline-deficient diet. Both
treatments elicited greater expression of genes related
to beta-oxidation and lipid transportation in hepatocytes
concomitant with reduced levels of genes linked to
[69]
inflammation . An overview of the effects of PPAR
activation upon the pathways involved with NAFLD patho
genesis is shown in Figure 1.
PPAR transcriptional activity can be influenced
[70]
by several kinases as they are phosphoproteins .
Mitogen-activated protein kinase (MAPK) activation
leads to phosphorylation of PPAR-alpha and PPARgamma isoforms. Phosphorylated PPAR-alpha exhibits

WJH|www.wjgnet.com

REFERENCES
1
2
3

4

1016

Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome.
Lancet 2005; 365: 1415-1428 [PMID: 15836891 DOI: 10.1016/
S0140-6736(05)66378-7]
Charlton M. Nonalcoholic fatty liver disease: a review of current
understanding and future impact. Clin Gastroenterol Hepatol 2004; 2:
1048-1058 [PMID: 15625647 DOI: 10.1016/S1542-3565(04)00440-9]
De Minicis S, Day C, Svegliati-Baroni G. From NAFLD to NASH
and HCC: pathogenetic mechanisms and therapeutic insights.
Curr Pharm Des 2013; 19: 5239-5249 [PMID: 23394093 DOI:
10.2174/13816128130303]
Fan JG, Cao HX. Role of diet and nutritional management in non-

May 18, 2015|Volume 7|Issue 8|

Souza-Mello V. PPARs in NAFLD treatment

5
6
7
8

9
10

11
12

13

14
15

16

17

18

19

20
21

22

alcoholic fatty liver disease. J Gastroenterol Hepatol 2013; 28
Suppl 4: 81-87 [PMID: 24251710 DOI: 10.1111/jgh.12244]
Ahima RS. Adipose tissue as an endocrine organ. Obesity (Silver
Spring) 2006; 14 Suppl 5: 242S-249S [PMID: 17021375 DOI:
10.1038/oby.2006.317]
Cerf ME. High fat diet modulation of glucose sensing in the betacell. Med Sci Monit 2007; 13: RA12-RA17 [PMID: 17179917
DOI: 10.1016/j.bbrc.2013.03.076]
Koteish A, Diehl AM. Animal models of steatosis. Semin Liver Dis
2001; 21: 89-104 [PMID: 11296700 DOI: 10.1055/s-2001-12932]
den Boer M, Voshol PJ, Kuipers F, Havekes LM, Romijn JA.
Hepatic steatosis: a mediator of the metabolic syndrome. Lessons
from animal models. Arterioscler Thromb Vasc Biol 2004; 24:
644-649 [PMID: 14715643 DOI: 10.1007/978-1-4614-0650-1_6]
Angulo P. Obesity and nonalcoholic fatty liver disease. Nutr
Rev 2007; 65: S57-S63 [PMID: 17605315 DOI: 10.1016/j.gastro
hep.2012.02.005]
Cave M, Deaciuc I, Mendez C, Song Z, Joshi-Barve S, Barve S,
McClain C. Nonalcoholic fatty liver disease: predisposing factors
and the role of nutrition. J Nutr Biochem 2007; 18: 184-195 [PMID:
17296492 DOI: 10.1016/j.jnutbio.2006.12.006]
Moore JB, Gunn PJ, Fielding BA. The role of dietary sugars and
de novo lipogenesis in non-alcoholic fatty liver disease. Nutrients
2014; 6: 5679-5703 [PMID: 25514388 DOI: 10.3390/nu6125679]
Crescenzo R, Bianco F, Falcone I, Coppola P, Liverini G, Iossa S.
Increased hepatic de novo lipogenesis and mitochondrial efficiency
in a model of obesity induced by diets rich in fructose. Eur J Nutr
2013; 52: 537-545 [PMID: 22543624 DOI: 10.1007/s00394-0120356-y]
Mori T, Kondo H, Hase T, Murase T. Dietary phospholipids
ameliorate fructose-induced hepatic lipid and metabolic abnormalities
in rats. J Nutr 2011; 141: 2003-2009 [PMID: 21940513 DOI:
10.3945/jn.111.143602]
Wahli W, Michalik L. PPARs at the crossroads of lipid signaling
and inflammation. Trends Endocrinol Metab 2012; 23: 351-363
[PMID: 22704720 DOI: 10.1016/j.tem.2012.05.001]
Hardwick JP, Osei-Hyiaman D, Wiland H, Abdelmegeed MA,
Song BJ. PPAR/RXR Regulation of Fatty Acid Metabolism and
Fatty Acid omega-Hydroxylase (CYP4) Isozymes: Implications for
Prevention of Lipotoxicity in Fatty Liver Disease. PPAR Res 2009;
2009: 952734 [PMID: 20300478 DOI: 10.1155/2009/952734]
Fraulob JC, Souza-Mello V, Aguila MB, Mandarim-de-Lacerda
CA. Beneficial effects of rosuvastatin on insulin resistance,
adiposity, inflammatory markers and non-alcoholic fatty liver
disease in mice fed on a high-fat diet. Clin Sci (Lond) 2012; 123:
259-270 [PMID: 22420611 DOI: 10.1042/CS20110373]
Schuppan D, Schattenberg JM. Non-alcoholic steatohepatitis:
pathogenesis and novel therapeutic approaches. J Gastroenterol
Hepatol 2013; 28 Suppl 1: 68-76 [PMID: 23855299 DOI: 10.1111/
jgh.12212]
Mansour M. The roles of peroxisome proliferator-activated
receptors in the metabolic syndrome. Prog Mol Biol Transl Sci
2014; 121: 217-266 [PMID: 24373239 DOI: 10.1016/B978-0-12-8
00101-1.00007-7]
Oliveira LS, Santos DA, Barbosa-da-Silva S, Mandarim-deLacerda CA, Aguila MB. The inflammatory profile and liver
damage of a sucrose-rich diet in mice. J Nutr Biochem 2014; 25:
193-200 [PMID: 24445044 DOI: 10.1016/j.jnutbio.2013.10.006]
Nakamura A, Terauchi Y. Lessons from mouse models of high-fat
diet-induced NAFLD. Int J Mol Sci 2013; 14: 21240-21257 [PMID:
24284392 DOI: 10.3390/ijms141121240]
Souza-Mello V, Gregório BM, Cardoso-de-Lemos FS, de Carvalho
L, Aguila MB, Mandarim-de-Lacerda CA. Comparative effects of
telmisartan, sitagliptin and metformin alone or in combination on
obesity, insulin resistance, and liver and pancreas remodelling in
C57BL/6 mice fed on a very high-fat diet. Clin Sci (Lond) 2010;
119: 239-250 [PMID: 20415664 DOI: 10.1042/CS20100061]
Neto-Ferreira R, Rocha VN, Souza-Mello V, Mandarim-deLacerda CA, de Carvalho JJ. Pleiotropic effects of rosuvastatin on
the glucose metabolism and the subcutaneous and visceral adipose

WJH|www.wjgnet.com

23

24

25

26

27

28

29

30

31

32

33

34

35

36
37

1017

tissue behavior in C57Bl/6 mice. Diabetol Metab Syndr 2013; 5:
32 [PMID: 23816341 DOI: 10.1186/1758-5996-5-32]
Serviddio G, Giudetti AM, Bellanti F, Priore P, Rollo T, Tamborra
R, Siculella L, Vendemiale G, Altomare E, Gnoni GV. Oxidation of
hepatic carnitine palmitoyl transferase-I (CPT-I) impairs fatty acid
beta-oxidation in rats fed a methionine-choline deficient diet. PLoS
One 2011; 6: e24084 [PMID: 21909411 DOI: 10.1371/journal.
pone.0024084]
Brandt JM, Djouadi F, Kelly DP. Fatty acids activate transcription
of the muscle carnitine palmitoyltransferase I gene in cardiac
myocytes via the peroxisome proliferator-activated receptor alpha.
J Biol Chem 1998; 273: 23786-23792 [PMID: 9726988 DOI:
10.1074/jbc.273.37.23786]
Yu GS, Lu YC, Gulick T. Co-regulation of tissue-specific
alternative human carnitine palmitoyltransferase Ibeta gene
promoters by fatty acid enzyme substrate. J Biol Chem 1998; 273:
32901-32909 [PMID: 9830040 DOI: 10.1074/jbc.273.49.32901]
Dentin R, Girard J, Postic C. Carbohydrate responsive element
binding protein (ChREBP) and sterol regulatory element binding
protein-1c (SREBP-1c): two key regulators of glucose metabolism
and lipid synthesis in liver. Biochimie 2005; 87: 81-86 [PMID:
15733741 DOI: 10.1016/j.biochi.2004.11.008]
Chien D, Dean D, Saha AK, Flatt JP, Ruderman NB. Malonyl-CoA
content and fatty acid oxidation in rat muscle and liver in vivo.
Am J Physiol Endocrinol Metab 2000; 279: E259-E265 [PMID:
10913024]
Reddy JK, Hashimoto T. Peroxisomal beta-oxidation and
peroxisome proliferator-activated receptor alpha: an adaptive
metabolic system. Annu Rev Nutr 2001; 21: 193-230 [PMID:
11375435 DOI: 10.1146/annurev.nutr.21.1.19321/1/193]
Macdonald GA, Prins JB. Peroxisomal fatty acid metabolism,
peroxisomal proliferator-activated receptors and non-alcoholic
fatty liver disease. J Gastroenterol Hepatol 2004; 19: 1335-1337
[PMID: 15610304 DOI: 10.1111/j.1440-1746.2004.03562.x]
Ikura Y, Ohsawa M, Suekane T, Fukushima H, Itabe H, Jomura H,
Nishiguchi S, Inoue T, Naruko T, Ehara S, Kawada N, Arakawa T,
Ueda M. Localization of oxidized phosphatidylcholine in nonalcoholic
fatty liver disease: impact on disease progression. Hepatology 2006;
43: 506-514 [PMID: 16496325 DOI: 10.1002/hep.21070]
Magliano DC, Bargut TC, de Carvalho SN, Aguila MB, Mandarimde-Lacerda CA, Souza-Mello V. Peroxisome proliferator-activated
receptors-alpha and gamma are targets to treat offspring from
maternal diet-induced obesity in mice. PLoS One 2013; 8: e64258
[PMID: 23700465 DOI: 10.1371/journal.pone.0064258]
Bringhenti I, Ornellas F, Martins MA, Mandarim-de-Lacerda CA,
Aguila MB. Early hepatic insult in the offspring of obese maternal
mice. Nutr Res 2015; 35: 136-145 [PMID: 25582085 DOI:
10.1016/j.nutres.2014.11.006]
Campbell SE, Tandon NN, Woldegiorgis G, Luiken JJ, Glatz JF,
Bonen A. A novel function for fatty acid translocase (FAT)/CD36:
involvement in long chain fatty acid transfer into the mitochondria.
J Biol Chem 2004; 279: 36235-36241 [PMID: 15161924 DOI:
10.1074/jbc.M400566200M400566200]
Samuel VT, Choi CS, Phillips TG, Romanelli AJ, Geisler JG,
Bhanot S, McKay R, Monia B, Shutter JR, Lindberg RA, Shulman
GI, Veniant MM. Targeting foxo1 in mice using antisense
oligonucleotide improves hepatic and peripheral insulin action.
Diabetes 2006; 55: 2042-2050 [PMID: 16804074 DOI: 10.2337/
db05-0705]
Valenti L, Rametta R, Dongiovanni P, Maggioni M, Fracanzani
AL, Zappa M, Lattuada E, Roviaro G, Fargion S. Increased
expression and activity of the transcription factor FOXO1 in
nonalcoholic steatohepatitis. Diabetes 2008; 57: 1355-1362 [PMID:
18316359 DOI: 10.2337/db07-0714]
Nakamura MT, Yudell BE, Loor JJ. Regulation of energy
metabolism by long-chain fatty acids. Prog Lipid Res 2014; 53:
124-144 [PMID: 24362249 DOI: 10.1016/j.plipres.2013.12.001]
Hellemans K, Michalik L, Dittie A, Knorr A, Rombouts K,
De Jong J, Heirman C, Quartier E, Schuit F, Wahli W, Geerts
A. Peroxisome proliferator-activated receptor-beta signaling

May 18, 2015|Volume 7|Issue 8|

Souza-Mello V. PPARs in NAFLD treatment

38
39

40

41
42
43

44
45

46

47

48

49

50

51

52

contributes to enhanced proliferation of hepatic stellate cells.
Gastroenterology 2003; 124: 184-201 [PMID: 12512042 DOI:
10.1053/gast.2003.50015]
Tsukamoto H, She H, Hazra S, Cheng J, Wang J. Fat paradox of
steatohepatitis. J Gastroenterol Hepatol 2008; 23 Suppl 1: S104-S107
[PMID: 18336651 DOI: 10.1111/j.1440-1746.2007.05294.x]
Schultz A, Neil D, Aguila MB, Mandarim-de-Lacerda CA.
Hepatic adverse effects of fructose consumption independent of
overweight/obesity. Int J Mol Sci 2013; 14: 21873-21886 [PMID:
24196354 DOI: 10.3390/ijms141121873]
Xu J, Xiao G, Trujillo C, Chang V, Blanco L, Joseph SB, Bassilian
S, Saad MF, Tontonoz P, Lee WN, Kurland IJ. Peroxisome
proliferator-activated receptor alpha (PPARalpha) influences
substrate utilization for hepatic glucose production. J Biol Chem
2002; 277: 50237-50244 [PMID: 12176975 DOI: 10.1074/jbc.
M201208200M201208200]
Day CP. NASH-related liver failure: one hit too many? Am J
Gastroenterol 2002; 97: 1872-1874 [PMID: 12190148 DOI:
10.1111/j.1572-0241.2002.05952.x]
Vamecq J, Latruffe N. Medical significance of peroxisome
proliferator-activated receptors. Lancet 1999; 354: 141-148 [PMID:
10408502 DOI: 10.1016/S0140-6736(98)10364-1]
Harrington WW, S Britt C, G Wilson J, O Milliken N, G Binz
J, C Lobe D, R Oliver W, C Lewis M, M Ignar D. The Effect of
PPARalpha, PPARdelta, PPARgamma, and PPARpan Agonists
on Body Weight, Body Mass, and Serum Lipid Profiles in DietInduced Obese AKR/J Mice. PPAR Res 2007; 2007: 97125 [PMID:
17710237 DOI: 10.1155/2007/97125]
Berger J, Moller DE. The mechanisms of action of PPARs. Annu
Rev Med 2002; 53: 409-435 [PMID: 11818483 DOI: 10.1146/
annurev.med.53.082901.104018]
Tenenbaum A, Motro M, Fisman EZ. Dual and pan-peroxisome
proliferator-activated receptors (PPAR) co-agonism: the bezafibrate
lessons. Cardiovasc Diabetol 2005; 4: 14 [PMID: 16168052 DOI:
10.1186/1475-2840-4-14]
Brady PS, Marine KA, Brady LJ, Ramsay RR. Co-ordinate
induction of hepatic mitochondrial and peroxisomal carnitine
acyltransferase synthesis by diet and drugs. Biochem J 1989; 260:
93-100 [PMID: 2775196]
Liu S, Hatano B, Zhao M, Yen CC, Kang K, Reilly SM, Gangl MR,
Gorgun C, Balschi JA, Ntambi JM, Lee CH. Role of peroxisome
proliferator-activated receptor {delta}/{beta} in hepatic metabolic
regulation. J Biol Chem 2011; 286: 1237-1247 [PMID: 21059653
DOI: 10.1074/jbc.M110.138115]
Roberts LD, Hassall DG, Winegar DA, Haselden JN, Nicholls AW,
Griffin JL. Increased hepatic oxidative metabolism distinguishes
the action of Peroxisome proliferator-activated receptor delta
from Peroxisome proliferator-activated receptor gamma in the
ob/ob mouse. Genome Med 2009; 1: 115 [PMID: 19968882 DOI:
10.1186/gm115]
Pettinelli P, Del Pozo T, Araya J, Rodrigo R, Araya AV, Smok
G, Csendes A, Gutierrez L, Rojas J, Korn O, Maluenda F, Diaz
JC, Rencoret G, Braghetto I, Castillo J, Poniachik J, Videla LA.
Enhancement in liver SREBP-1c/PPAR-alpha ratio and steatosis
in obese patients: correlations with insulin resistance and n-3
long-chain polyunsaturated fatty acid depletion. Biochim Biophys
Acta 2009; 1792: 1080-1086 [PMID: 19733654 DOI: 10.1016/
j.bbadis.2009.08.015]
Pettinelli P, Videla LA. Up-regulation of PPAR-gamma mRNA
expression in the liver of obese patients: an additional reinforcing
lipogenic mechanism to SREBP-1c induction. J Clin Endocrinol
Metab 2011; 96: 1424-1430 [PMID: 21325464 DOI: 10.1210/
jc.2010-2129]
Chan SM, Sun RQ, Zeng XY, Choong ZH, Wang H, Watt MJ, Ye
JM. Activation of PPARα ameliorates hepatic insulin resistance and
steatosis in high fructose-fed mice despite increased endoplasmic
reticulum stress. Diabetes 2013; 62: 2095-2105 [PMID: 23349482
DOI: 10.2337/db12-1397]
Kondo K, Sugioka T, Tsukada K, Aizawa M, Takizawa M,
Shimizu K, Morimoto M, Suematsu M, Goda N. Fenofibrate, a

WJH|www.wjgnet.com

53

54

55

56

57

58

59

60

61

62
63

64

65
66

1018

peroxisome proliferator-activated receptor alpha agonist, improves
hepatic microcirculatory patency and oxygen availability in a highfat-diet-induced fatty liver in mice. Adv Exp Med Biol 2010; 662:
77-82 [PMID: 20204774 DOI: 10.1007/978-1-4419-1241-1_10]
Bargut TC, Frantz ED, Mandarim-de-Lacerda CA, Aguila MB.
Effects of a diet rich in n-3 polyunsaturated fatty acids on hepatic
lipogenesis and beta-oxidation in mice. Lipids 2014; 49: 431-444
[PMID: 24627299 DOI: 10.1007/s11745-014-3892-9]
Fernández-Miranda C, Pérez-Carreras M, Colina F, LópezAlonso G, Vargas C, Solís-Herruzo JA. A pilot trial of fenofibrate
for the treatment of non-alcoholic fatty liver disease. Dig
Liver Dis 2008; 40: 200-205 [PMID: 18261709 DOI: 10.1016/
j.dld.2007.10.002]
Kostapanos MS, Kei A, Elisaf MS. Current role of fenofibrate
in the prevention and management of non-alcoholic fatty liver
disease. World J Hepatol 2013; 5: 470-478 [PMID: 24073298 DOI:
10.4254/wjh.v5.i9.470]
Lalloyer F, Wouters K, Baron M, Caron S, Vallez E, Vanhoutte
J, Baugé E, Shiri-Sverdlov R, Hofker M, Staels B, Tailleux A.
Peroxisome proliferator-activated receptor-alpha gene level differently
affects lipid metabolism and inflammation in apolipoprotein E2
knock-in mice. Arterioscler Thromb Vasc Biol 2011; 31: 1573-1579
[PMID: 21474829 DOI: 10.1161/ATVBAHA.110.220525]
Shiri-Sverdlov R, Wouters K, van Gorp PJ, Gijbels MJ, Noel B,
Buffat L, Staels B, Maeda N, van Bilsen M, Hofker MH. Early
diet-induced non-alcoholic steatohepatitis in APOE2 knock-in mice
and its prevention by fibrates. J Hepatol 2006; 44: 732-741 [PMID:
16466828 DOI: 10.1016/j.jhep.2005.10.033]
Fernandes-Santos C, Carneiro RE, de Souza Mendonca L, Aguila
MB, Mandarim-de-Lacerda CA. Pan-PPAR agonist beneficial
effects in overweight mice fed a high-fat high-sucrose diet.
Nutrition 2009; 25: 818-827 [PMID: 19268533 DOI: 10.1016/
j.nut.2008.12.010]
Miyahara T, Schrum L, Rippe R, Xiong S, Yee HF, Motomura K,
Anania FA, Willson TM, Tsukamoto H. Peroxisome proliferatoractivated receptors and hepatic stellate cell activation. J Biol Chem
2000; 275: 35715-35722 [PMID: 10969082 DOI: 10.1074/jbc.
M006577200M006577200]
Galli A, Crabb DW, Ceni E, Salzano R, Mello T, SvegliatiBaroni G, Ridolfi F, Trozzi L, Surrenti C, Casini A. Antidiabetic
thiazolidinediones inhibit collagen synthesis and hepatic stellate
cell activation in vivo and in vitro. Gastroenterology 2002; 122:
1924-1940 [PMID: 12055599 DOI: 10.1053/gast.2002.33666]
Nakayama H, Otabe S, Yuan X, Ueno T, Hirota N, Fukutani T,
Wada N, Hashinaga T, Yamada K. Effects of adiponectin transgenic
expression in liver of nonalcoholic steatohepatitis model mice.
Metabolism 2009; 58: 901-908 [PMID: 19394977 DOI: 10.1016/
j.metabol.2009.03.004]
Phillips SA, Kung JT. Mechanisms of adiponectin regulation and
use as a pharmacological target. Curr Opin Pharmacol 2010; 10:
676-683 [PMID: 20810317 DOI: 10.1016/j.coph.2010.08.002]
Ratziu V, Giral P, Jacqueminet S, Charlotte F, HartemannHeurtier A, Serfaty L, Podevin P, Lacorte JM, Bernhardt C,
Bruckert E, Grimaldi A, Poynard T. Rosiglitazone for nonalcoholic
steatohepatitis: one-year results of the randomized placebocontrolled Fatty Liver Improvement with Rosiglitazone Therapy
(FLIRT) Trial. Gastroenterology 2008; 135: 100-110 [PMID:
18503774 DOI: 10.1053/j.gastro.2008.03.078]
Ratziu V, Charlotte F, Bernhardt C, Giral P, Halbron M, Lenaour G,
Hartmann-Heurtier A, Bruckert E, Poynard T. Long-term efficacy
of rosiglitazone in nonalcoholic steatohepatitis: results of the fatty
liver improvement by rosiglitazone therapy (FLIRT 2) extension
trial. Hepatology 2010; 51: 445-453 [PMID: 19877169 DOI:
10.1002/hep.23270]
Violi F, Cangemi R. Pioglitazone, vitamin E, or placebo for
nonalcoholic steatohepatitis. N Engl J Med 2010; 363: 1185-1186;
author reply 1186 [PMID: 20857543 DOI: 10.1056/NEJMoa0907929]
Kudo H, Yata Y, Takahara T, Kawai K, Nakayama Y, Kanayama
M, Oya T, Morita S, Sasahara M, Mann DA, Sugiyama T.
Telmisartan attenuates progression of steatohepatitis in mice: role

May 18, 2015|Volume 7|Issue 8|

Souza-Mello V. PPARs in NAFLD treatment

67

68

69

of hepatic macrophage infiltration and effects on adipose tissue.
Liver Int 2009; 29: 988-996 [PMID: 19386026 DOI: 10.1111/
j.1478-3231.2009.02006.x]
Penna-de-Carvalho A, Graus-Nunes F, Rabelo-Andrade J,
Mandarim-de-Lacerda CA, Souza-Mello V. Enhanced panperoxisome proliferator-activated receptor gene and protein
expression in adipose tissue of diet-induced obese mice treated with
telmisartan. Exp Physiol 2014; 99: 1663-1678 [PMID: 25326526
DOI: 10.1113/expphysiol.2014.081596]
Ye JM, Iglesias MA, Watson DG, Ellis B, Wood L, Jensen PB,
Sørensen RV, Larsen PJ, Cooney GJ, Wassermann K, Kraegen EW.
PPARalpha /gamma ragaglitazar eliminates fatty liver and enhances
insulin action in fat-fed rats in the absence of hepatomegaly.
Am J Physiol Endocrinol Metab 2003; 284: E531-E540 [PMID:
12556350 DOI: 10.1152/ajpendo.00299.2002284/3/E531]
Nagasawa T, Inada Y, Nakano S, Tamura T, Takahashi T, Maruyama

70
71

72

K, Yamazaki Y, Kuroda J, Shibata N. Effects of bezafibrate, PPAR
pan-agonist, and GW501516, PPARdelta agonist, on development
of steatohepatitis in mice fed a methionine- and choline-deficient
diet. Eur J Pharmacol 2006; 536: 182-191 [PMID: 16574099 DOI:
10.1016/j.ejphar.2006.02.028]
Burns KA, Vanden Heuvel JP. Modulation of PPAR activity via
phosphorylation. Biochim Biophys Acta 2007; 1771: 952-960
[PMID: 17560826 DOI: 10.1016/j.bbalip.2007.04.018]
Gardner OS, Dewar BJ, Earp HS, Samet JM, Graves LM. Dependence
of peroxisome proliferator-activated receptor ligand-induced mitogenactivated protein kinase signaling on epidermal growth factor receptor
transactivation. J Biol Chem 2003; 278: 46261-46269 [PMID:
12966092 DOI: 10.1074/jbc.M307827200M307827200]
Miles PD, Barak Y, He W, Evans RM, Olefsky JM. Improved insulinsensitivity in mice heterozygous for PPAR-gamma deficiency. J Clin
Invest 2000; 105: 287-292 [PMID: 10675354 DOI: 10.1172/JCI8538]
P- Reviewer: Hoare M, Ikura Y, la Tijera MFH, Lisotti A
S- Editor: Tian YL L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1019

May 18, 2015|Volume 7|Issue 8|

World J Hepatol 2015 May 18; 7(8): 1020-1029
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i8.1020

REVIEW

Hepatocellular carcinoma: From diagnosis to treatment
Abhijeet Waghray, Arvind R Murali, KV Narayanan Menon
Surveillance with ultrasonography detects early stage
disease and improves survival rates. Many treatment
options exist for individuals with HCC and are determined
by stage of presentation. Liver transplantation is offered
to patients who are within the Milan criteria and are
not candidates for hepatic resection. In patients with
advanced stage disease, sorafenib shows some survival
benefit.
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Core tip: Hepatocellular carcinoma (HCC) is a rising cause
of cancer related mortality and viral causes of cirrhosis
appear to be a major cause. Surveillance helps to detect
early stage disease and treatment options are determined
by stage of presentation. Three potentially curative
options are radiofrequency ablation, liver transplantation
and tumor resection. Emerging therapies such as drugeluting beads-transarterial chemoembolization or
sorafenib will continue to advance treatment options in
HCC. The following will provide a concise review of HCC
from prevention to treatment.
Waghray A, Murali AR, Menon KVN. Hepatocellular carcinoma:
From diagnosis to treatment. World J Hepatol 2015; 7(8): 1020-1029
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i8/1020.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i8.1020

Abstract
Hepatocellular carcinoma (HCC) is the sixth most
prevalent malignancy worldwide and is a rising cause
of cancer related mortality. Risk factors for HCC are
well documented and effective surveillance and early
diagnosis allow for curative therapies. The majority of
HCC appears to be caused by cirrhosis from chronic
hepatitis B and hepatitis C virus. Preventive strategies
include vaccination programs and anti-viral treatments.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common malignancy and is the leading cause of mortality
[1]
in patients with cirrhosis . An estimated half million new
cases are diagnosed each year world-wide with disease
burden highest in developing countries (85% of all
[2,3]
cases) . The average age of diagnosis is 65 years with
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a shift in the last decade toward diagnosis at an earlier
[4]
age . This trend is especially seen in developing countries
and has implications for treatment. Rates of HCC are two
[5]
to four times higher in men compared to women . Over
the past 20 years there has been a 3 fold increase in the
number of new HCC cases in the United States (estimated
[2,6,7]
33190 in 2014)
. The rising incidence of HCC in
Western countries appears to correlate with the increasing
prevalence of hepatitis C virus (HCV). Currently, the
incidence of HCC continues to rise and the 5 year survival
[7]
rate remains low . Monotherapy agents targeting HCV
have made curative therapy in chronic infection possible
and may eventually translate into lower rates of HCC.
One may presume that despite the high cost of the
monotherapy agents, there will be a profound impact on
the downstream costs and related complications from
chronic HCV and HCC.
Risk factors for HCC are well documented and
effective surveillance with early diagnosis allows for
curative measures.

may synergistically increase the risk of HCC by 100
[24]
fold . It has also been elicited that patients with a
[25]
higher BMI often have a higher rate of mortality . In
addition, the number of metabolic syndrome components
in a given patient appears to correlate with an increased
[26]
risk of HCC . As rates of patients diagnosed with
metabolic syndrome rise around the world, even a small
contribution to the development of HCC would have a
devastating impact.
Finally, a number of less common risk factors for
HCC include hereditary hemochromatosis, autoimmune
hepatitis, glycogen storage diseases, primary biliary
cirrhosis, alpha1-antitrypsin deficiency, and Wilson’s
disease.

PREVENTION
Studies for preventive strategies have centered on viral
causes of HCC and minimal data exists on risk reduction
for other etiologies. Although vaccination and anti-viral
treatment remain the primary means of prevention,
counseling patients on dietary modifications, weight loss
and tobacco/alcohol cessation remain important steps
to address.
The HBV vaccine is effective at preventing HCC and
vaccination programs have lowered rates of related
[27]
malignancy . Over a 10-year period, the Taiwan
universal vaccination program reduced the annual
incidence of HCC from 0.70 to 0.36 per 100000 children.
Thus, one would suspect that initiation of universal
vaccination programs in children would have an overall
reduction in HCC disease burden in adults. For adults
with chronic HBV infection, vaccinations have no role in
preventing HCC. Rather, one must focus on anti-viral
treatment. Treatment with interferon alpha (IFN-α)
reduced the risk of HCC by 6.4% in a meta-analysis
[28]
of seven studies . Further analysis revealed that the
protective effects of IFN-α were limited to patients with
[29]
cirrhosis . Other treatment options include nucleoside/
nucleotide analog treatments and most published data is
on lamivudine or adefovir. Treatment with these agents
appear to effectively suppress viral replication and
[30-32]
decrease the risk of developing HCC
.
Antiviral treatment for HCV may also reduce the risk of
HCC. In several studies, treatment by IFN with sustained
viral response correlated with a decreased risk of HCC
[33,34]
compared to non-responders or no treatment
. Newer
treatment options for HCV with improved viral response
rates may effectively reduce progression to HCC.

RISK FACTORS
Cirrhosis is the most important risk factor for developing
[8]
HCC and is present in 80% to 90% of individuals . The
annual incidence of liver cancer in patients with cirrhosis
[8]
is 1% to 6 % . Although there exists wide regional
variations in distribution and etiology of HCC, chronic
hepatitis B virus (HBV) and HCV infection represent
[9]
the majority of HCC cases worldwide . The highest
incidence of HBV is in eastern Asia and sub-Saharan
Africa where it accounts for the majority of cases
[10]
(greater than 50%) . Viral load, duration of infection
and rate of replication are related to the incidence of
[11,12]
HCC
. Further, a risk association between HBV and
HCC is present in endemic areas where the pattern
of transmission is from mother to newborn. Several
mechanisms for HBV progression to HCC are proposed.
Viral integration into liver cells may cause chromosomal
instability and alteration of normal cellular replication
[13,14]
resulting in HCC
. Further, inflammatory and/or
necrotic changes from HBV may alter hepatocyte genetic
[15]
expression or directly induce malignancy .
On the other hand, HCC cases in North America,
Europe and Japan are highest among HCV infected
patients. Annual incidence of HCC is 1% to 4% in
[16,17]
patients with HCV related cirrhosis
. Compared to
HCV negative patients, individuals with chronic HCV
infection have a 17 times higher risk of developing HCC.
In the United States, it is estimated that the incidence of
[18,19]
HCV will continue to rise in the following decades
. It
is hypothesized that the primary mechanism for HCC in
HCV patients is inflammatory hepatocyte damage from
[20]
oxidative stress, promoting cirrhosis .
Alcohol related liver disease and non-alcoholic
fatty liver disease increase the risk of HCC alone or in
combination with HBV/HCV. Further, obesity and diabetes
are independent risk factors for the development of
[21-23]
HCC
. In patients with chronic viral hepatitis, obesity
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SURVEILLANCE
Practice guidelines recommend standardized surve
illance programs for HCC with decision analysis models
showing that surveillance improves survival and is cost
effective if the annual rate of HCC exceeds 1.5% in a
[35,36]
given population
. Diagnosis at an early stage of
HCC confers a survival benefit compared to patients
[37]
diagnosed with advanced disease . Curative treatment
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options such as liver transplantation available in early
stage disease likely contribute to this survival benefit.
Hepatic ultrasound and alpha-fetoprotein (AFP) have
historically played a prominent role in HCC surveillance. A
randomized controlled trial of 18861 participants assessed
the effect of screening on HCC mortality. All study
participants had HBV and were divided into 2 groups:
patients who underwent screening with ultrasound
every 6 mo and AFP compared with no surveillance.
Surveillance was associated with a 37% reduction in HCC
mortality, despite sub-optimal adherence to surveillance
[38]
(< 60%) .
For over 40 years AFP has been used in the detection
of HCC with variable sensitivity (39% to 65%), specificity
(76% to 94%) and positive predictive value (9% to
[39-43]
50%)
. Results from several studies have challenged
the utility of AFP in screening. A randomized controlled
trial of 5581 HBV patients showed that AFP bi-annual
screening improved detection rates of HCC but earlier
[44]
detection did not translate to decreased mortality .
Concurrent AFP and ultrasound testing increased false
positive rates and led to unnecessary diagnostic testing.
Further, data suggest that for lesions less than 2 cm in
[41,45,46]
diameter, AFP will rarely be elevated
. An inherent
disadvantage of AFP is that it can be elevated in chronic
hepatitis even without HCC, resulting in low specificity.
Current AASLD guidelines do not recommend AFP for
screening or diagnostic purposes. Research into novel
biomarkers for early HCC detection continue. As more
sensitive assays such as AFP-L3 are developed, the role
[47]
of serology for surveillance maybe re-analyzed .
The ideal modality for HCC screening remains an
area of controversy. Although the recommended method
of surveillance is liver ultrasonography, diagnosis by this
modality remains operator and equipment dependent
[45]
(sensitivity of 65% and specificity of 90%) . Older
studies have shown ultrasonography to be equivalent
to computed tomography (CT) in detecting hepatic
[48,49]
lesions
. But more recently, research into CT and
magnetic resonance imaging (MRI) for HCC screening
have yielded promising results in lesions greater than 2
[50]
cm . Prospective trials are needed before CT or MRI
can replace ultrasonography as the primary screening
method for HCC. Specifically cost effectiveness,
cumulative radiation exposure and mortality benefit will
need to be addressed.
The 6 mo interval length for screening is based on
tumor doubling time and is not dictated by risk factors
for HCC. A shorter 3 mo interval increased small nodule
[51]
detection without affecting survival rates , while
longer periods between screening (12 mo) showed an
[52]
increased rate of advanced tumors . Once a lesion
has been detected, the size of the lesion determines the
next step. Hepatic nodules less than 1 cm should be
followed with repeat ultrasonography every 3 mo. If the
lesion is stable over 2 years then a return to routine 6
[53]
mo surveillance is acceptable . Liver lesions exceeding
1 cm warrant further evaluation as described below.
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DIAGNOSIS
Definitive diagnosis via non-invasive testing includes
four-phase multidetector CT (unenhanced, arterial,
venous and delayed) or dynamic contrast enhanced
MRI. The presence of arterial hyper-enhancement with a
venous or delayed phase washout of contrast medium,
[35]
confirms a diagnosis of HCC . While MRI provides
superior contrast resolution compared to CT, metallic
implants, respiratory artifact, significant ascites, cost
and availability all limit its use. Patients with atypical
features for HCC either on CT or MRI should undergo the
other imaging modality or lesion biopsy. Individuals with
discordant CT/MRI findings or hepatic lesions without
cirrhosis should also receive a liver biopsy. The imaging
modalities above are valid for patients with cirrhosis
or chronic HBV without cirrhosis. Contrast enhanced
ultrasonography should not be used for diagnostic
[16]
purposes as it lacks specificity for HCC . Unfortunately,
biopsies also carry a high false negative rate (up to
[54]
30%) - attributed to inadequate sampling . Despite a
negative biopsy, surveillance of the lesion at 3 to 6 mo
intervals for changes characteristic for HCC or for lesion
[16]
enlargement should be completed . Lesions less than
1 cm are difficult to assess even with the combination of
imaging and biopsy (Figure 1).

TREATMENT
Several treatment options exist for patients with HCC
and can be categorized as curative or palliative. The
three potentially curative options are radiofrequency
ablation, liver transplantation, or tumor resection. Given
the heterogeneity of HCC and complexity of treatment
options patients are optimally managed by a multidisciplinary team. The best therapy is determined
based on the stage of presentation. The barcelona
clinic liver cancer staging system, developed in 1999,
is a common means to assess prognosis and select
[55]
appropriate therapy for HCC . In general, surgical
resection or liver transplantation is the first line treatment
option for early stage HCC; whereas asymptomatic
patients with intermediate stage disease benefit from
chemoembolization. Patients with end stage HCC or
extensive extrahepatic disease often have a less than
3 mo rate of survival. In these individuals, pain and
symptom control to improve quality of life should be the
[35]
primary focus .
Other staging systems such as Cancer of Liver
Italian Program, Okuda stage, French staging system
have been validated to a lesser extent. Biomarkers
such as vascular endothelial growth factors may have
[56]
prognostic value in the future .

Resection

Surgical resection is the therapy of choice in early
stage HCC without cirrhosis or in the absence of portal
hypertension. Selection criteria have been refined

1022

May 18, 2015|Volume 7|Issue 8|

Waghray A et al . Hepatocellular carcinoma: From diagnosis to treatment
> 1 cm

4 phase CT or
contrast enhanced MRI

Diagnostic

No

Other study (CT or MRI)

Diagnostic

Yes
Liver mass

Yes

HCC
< 1 cm

Ultrasound every 3 mo

Return to regular
surveillance schedule if
stable at 2 years

No
Biopsy

Further investigation
if enlarging

Figure 1 Diagnostic algorithm for hepatocellular carcinoma. Reproduced from Bruix J. Hepatology. 2011. CT: Computed tomography; MRI: Magnetic resonance
imaging; HCC: Hepatocellular carcinoma.

over the years and include individuals with a tumor
size less than 3 cm in diameter, normal bilirubin and
absence of portal hypertension. In patients without
cirrhosis, a 60% to 75% five year survival rate can be
[57,58]
achieved
. Hepatic function evaluated by Model for
End Stage Liver Disease (MELD) or Child-Pugh correlate
with survival following resection. As expected, patients
in Child-Pugh A classification have an improved survival
rate following resection compared with those in class B
[59,60]
or C
. In the United States only 5% of individuals
will qualify for resection, while in Asia younger age
of presentation allows 40% of patients to qualify for
[61]
surgical resection . Laproscopic liver resection accounts
for 10%-20% of procedures in the United States and
minimize postoperative morbidity compared to open
resection. Patients with multiple intra-hepatic tumors are
not ideal candidates for resection as this often represents
[62]
intrahepatic metastasis . Although technically feasible
in some patients, multiple hepatic lesion resection
[63,64]
must be reviewed on a case by case basis
. Further,
vascular invasion significantly reduces the five year
[65]
survival rate from around 50% to 10% . Individuals
with a MELD score greater than 9 have a high mortality
rate after resection and alternative therapies should be
[66]
considered .
Unfortunately, hepatic resection does not alter the
course of underlying cirrhosis. At 2 years, 43% to 65%
of patients will have a recurrent tumor and by 5 years
[67,68]
post-resection 70% will have recurrent HCC
. Preoperative predictors of recurrent free survival include:
Child-Pugh class, hepatic function, degree of fibrosis,
total serum bilirubin, platelet count, portal hypertension,
micro/macroscopic vascular invasion and tumor burden
[69]
(number and size) . A case by case selection for
patients with cirrhosis is essential to limit complications
and mortality. Operative mortality ranges from 4% to
4.7% for resection with the majority of deaths likely
in patients with underlying cirrhosis and large tumor
[70]
burden . As newer treatment options for HCV are
developed, treatment of underlying cirrhosis after
resection may alter/delay the development of recurrent
HCC.

it treats the malignancy and the underlying cirrhosis.
Given the scarcity of livers available for transplantation,
one must carefully select patients to optimize outcomes.
Patients with HCC complicated by cirrhosis and/
or portal hypertension should be evaluated for liver
transplantation as it carries the lowest rate of tumor
recurrence. Traditionally 3 scoring criteria are utilized
to determine eligibility [Milan Criteria, University of
California San Francisco (UCSF)] and prioritize patients
for transplant MELD. The Milan Criteria considers
patients eligible for liver transplantation if they present
with a single nodule less than 5 cm in diameter or 3
nodules with each less than 3 cm, without evidence of
distant metastasis or vascular invasion. With the initial
trial showing a 4 year survival rate of 75% and results
verified in further studies, organ allocation societies
including united network for organ sharing have adopted
[71-73]
this criteria
. Recurrent free survival for patients
meeting Milan criteria is 90% with a 4 year overall
[71]
survival rate of 85% . In contrast patients exceeding
criteria parameters have a respective 59% and 50%
[71]
rate of survival . The UCSF criteria proposed in 2001
expands the eligibility requirements set forth by the Milan
criteria to include more patients with HCC. This criteria
included individuals with a single tumor less than 6.5 cm
or those with 3 nodules less than 4.5 cm (total diameter
of no more than 8 cm). Experience with the UCSF
criteria has shown similar survival rates compared to the
[74,75]
Milan criteria
. Unfortunately, the paucity of organs
available for transplant remains a major obstacle.
Liver allocation is prioritized by the MELD score. All
HCC patients have an adjusted MELD score of 22 with
increases at each 3 mo interval. Prioritized allocation
with MELD score adjustment has increased the number
of HCC patients undergoing liver transplantation.

Tumor ablation

Chemical (ethanol, acetic acid) or thermal ablation
[radiofrequency ablation (RFA), microwave, laser,
cryoablation] are also used to treat HCC. Historically,
percutaneous ethanol injection (PEI) had been used
to induce cellular dehydration/necrosis in small HCC
tumors. RFA has largely replaced PEI as studies have
shown higher rates of complete response with fewer
[76-78]
number of treatment sessions
. RFA is superior to

Liver transplantation

Liver transplantation offers a potential cure of HCC as
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[93]

PEI in large and small lesions, although the benefit of
using RFA is more pronounced in tumors larger than 2
[79]
cm in diameter . Combination RFA and PEI for high risk
lesions is an area of ongoing research with promising
[80]
results .

only had supportive therapy . Interestingly, a metaanalysis of nine trials did not show a significant difference
in survival based on chemotherapeutic agent used in TACE
[94]
treatments . Growing literature supports the efficacy of
TACE for HCC down-staging and bridging. The first study
to use TACE prior to liver transplantation was published
in 1997 and showed successful down-staging of tumors
greater than 3 cm with a significant improvement in 5-year
[95]
survival compared to no TACE . More recent studies
show that 22% to 70% of patients were successfully
downstaged with a 2-year post-transplant survival rate of
81%, and among advanced stage HCC (Ⅲ/Ⅳ) patients
[96-101]
a median survival of 20 mo
. Based on response to
therapy, repeat TACE treatments can be scheduled. More
intense therapies may be associated with increased risk
of acute hepatic decompensation and should be weighed
[91]
against the potential gains from therapy . Transarterial
radioembolization (TARE), a method of delivering internal
radiation to the neoplasm using Yttrium 90, represents
[102]
an alternative to TACE in intermediate stage HCC .
This modality of treatment is indicated in patients with
portal vein thrombosis where conventional TACE is
contraindicated. Survival and response rates for TARE
were comparable to TACE while a low side effect profile
allows for treatment to be completed in the outpatient
[103,104]
setting
.
Novel modalities such as drug-eluting beads-TACE
(DEB-TACE) are being investigated in the non-transplant
and as neo-adjuvant therapy in patients awaiting
transplant. The drug-eluting beads appear to enhance
medication delivery and reduce side effects by gradually
releasing chemotherapy agents. The PRECISION trial
compared non-transplant HCC patients who received
DEB-TACE vs TACE. Sub-group analysis revealed a
significantly lower hepatic/cardiac toxicity profile in the
[105]
DEB-TACE group . A small retrospective analysis in
transplant patients also showed that DEB-TACE had
improved rates of response with minimal adverse effects
[106]
compared to embolization alone .

Radiofrequency ablation

In cases of early stage HCC where surgical resection or
liver transplantation are not feasible, RFA is a minimally
invasive approach to local ablation. Therapeutic effects
are a result of thermal tumor necrosis, parenchymal
[81]
and protein destruction . Overall complication rates for
RFA are low and are minimized when performed by an
[82]
experienced physician . Efficacy of RFA is limited by
tumor size and location, with a less than fifty percent
[83]
rate of ablation in tumors larger than 5 cm . RFA
is also discouraged in large lesions as the risk of side
[81]
effects may outweigh benefits . Further, therapy near
large vessels may not achieve adequate temperature for
[84]
coagulative necrosis . Tumors adjacent to intestine or
large bile ducts may also preclude RFA.
Rate of recurrence for RFA is higher compared to
surgical resection. For large and small tumors, RFA
was associated with a significantly lower survival rate
[85,86]
compared to surgical resection
. Thus investigating
RFA as a bridge to surgical intervention is logically area
of research. Several retrospective studies have shown
that pre-transplant RFA delays tumor progression and
[87-90]
extends time on the liver transplant list
. As a major
limitation remains the number of organs available for
transplant it remains unclear whether the extended
time on the liver transplantation list will translate into
improved clinical outcomes. Currently guidelines from
AASLD support the use of RFA as a bridge to liver
transplantation (level Ⅱ evidence), although the exact
[35]
role of bridging therapies has not been defined .

Transarterial chemoembolization

Blood supply to HCC tumors are mainly from the hepatic
artery. Transarterial chemoembolization (TACE) is the
selective occlusion of the blood supply to the tumor
with synergistic local distribution of chemotherapy and
radioactive substances. The hypervascularity of HCC
allows for this targeted therapy, minimizing side effects.
The choice of chemotherapeutic agent is not standardized
and may include agents such as doxorubicin, cisplatin or
epirubicin.
For patients who are not candidates for liver trans
plantation or resection with tumors too large for local
ablation, TACE is effective salvage therapy. Other criteria
for treatment include: preserved liver function and no
evidence of extrahepatic metastasis or vascular invasion.
Approximately 35%-40% of patients will achieve a
25% decrease in tumor size with response rates as
high as 60% when surrogate markers for response are
[91-93]
utilized
. A meta-analysis of six randomized controlled
trials showed that patients who underwent TACE had a
2-year improved survival rate compared to those who
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CHEMOTHERAPY
Systemic therapies for the management of patients with
HCC continue to be researched. Cytologic agents such as
tamoxifen, doxorubicin, everolimus and thalidomide have
shown marginal success. Targeted molecular therapies such
as bevacizumab, brivanib, erlotinib may be alternatives to
conventional cytologic agents. To date, sorafenib is the
only systemic therapy effective for treating advanced
stage HCC. Sorafenib is an oral tyrosine kinase inhibitor
with anti-angiogenic activity, and now is the standard of
care in treating individuals with advanced stage HCC and
[107,108]
Child’s A cirrhosis
. Patients with minimal tumor related
symptoms, vascular invasion and extrahepatic spread
are considered ideal for treatment. Clinical experience
has shown significant delay in tumor proliferation
and angiogenesis with sorafenib therapy. Those with
decompensated cirrhosis or those with a less than 3 mo
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life expectancy should not receive sorafenib. Adverse
events include diarrhea, hand foot skin reaction, and
fatigue and dose reduction achieves tolerance in most
patients.
The Sorafenib HCC Assessment Randomized Protocol
was a multi-center double-blinded controlled phase Ⅲ
trial that demonstrated a 31% decrease in risk of death
with a median 3 mo delay in radiologic progression of
[108]
disease in patients prescribed sorafenib
. Further,
the Global Investigation of Therapeutic Decisions in
HCC which included a heterogeneous population of
unresectable HCC patients showed that sorafenib was
[109]
generally well tolerated in the clinical setting
. The
role of sorafenib in treating early stage HCC and as
neo-adjuvant therapy prior to liver transplantation is
evolving. In pre-transplant patients, sorafenib combined
with TACE may inhibit angiogenesis and induce tumor
[110]
necrosis . Other targeted molecular therapies beyond
sorafenib continue to be researched and may represent
second line agents for patients that fail or are unable to
tolerate sorafenib.

7

CONCLUSION
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HCC is a common cause of malignancy world-wide.
Emphasis should be placed on surveillance and early
diagnosis. Treatment of HCC has changed significantly
over the past few decades with curative options
such as liver transplantation, hepatic resection and
radiofrequency ablation now available. Further, novel
therapies such as DEB-TACE or sorafenib will continue
to be areas of research. Despite these advances, there
remains much to be learned about HCC. Research
into effective prevention and factors that may mitigate
malignant transformation should be further explored.

15
16
17

18

REFERENCES
1

2

3
4
5

6

Alazawi W, Cunningham M, Dearden J, Foster GR. Systematic
review: outcome of compensated cirrhosis due to chronic hepatitis
C infection. Aliment Pharmacol Ther 2010; 32: 344-355 [PMID:
20497143 DOI: 10.1111/j.1365-2036.2010.04370.x]
American Cancer Society: Cancer Facts and Figures 2014.
Atlanta, Ga: American Cancer Society, 2014. Available from:
URL: http://www.cancer.org/research/cancerfactsstatistics/canc
erfactsfigures2014/
World Health Organization IAfRoC. GLOBOCAN 2012.
Available from: URL: http://globocan.iarc.fr/Default.aspx
Rosenblatt KA, Weiss NS, Schwartz SM. Liver cancer in Asian
migrants to the United States and their descendants. Cancer Causes
Control 1996; 7: 345-350 [PMID: 8734828]
Howlader N, Noone AM, Krapcho M, Neyman N, Aminou R,
Waldron W, Altekruse SF, Kosary CL, Ruhl J, Tatalovich Z, Cho
H, Mariotto A, Eisner MP, Lewis DR, Chen HS, Feuer EJ, Cronin
KA. SEER Cancer Statistics Review, 1975-2009 (Vintage 2009
Populations), National Cancer Institute. Bethesda, MD, based
on November 2011 SEER data submission, posted to the SEER
web site, 2012. Available from: URL:http://seer.cancer.gov/csr/
1975_2009_pops09/
Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN
2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269 DOI:
10.1002/ijc.25516]

WJH|www.wjgnet.com

19

20
21

22

23

24

1025

Surveillance, Epidemiology, and End Results Program. SEER
- Stat database: incidence - SEER 9 Regs research data. Bethesda,
MD: National Cancer Institute. Available from: URL: http://www.
seer.cancer.gov/
Ikeda K, Saitoh S, Koida I, Arase Y, Tsubota A, Chayama K,
Kumada H, Kawanishi M. A multivariate analysis of risk factors
for hepatocellular carcinogenesis: a prospective observation of 795
patients with viral and alcoholic cirrhosis. Hepatology 1993; 18:
47-53 [PMID: 7686879]
El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology
and molecular carcinogenesis. Gastroenterology 2007; 132:
2557-2576 [PMID: 17570226 DOI: 10.1053/j.gastro.2007.04.061]
Sherman M. Hepatocellular carcinoma: epidemiology, surveillance,
and diagnosis. Semin Liver Dis 2010; 30: 3-16 [PMID: 20175029
DOI: 10.1055/s-0030-1247128]
Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, Huang GT,
Iloeje UH. Risk of hepatocellular carcinoma across a biological
gradient of serum hepatitis B virus DNA level. JAMA 2006; 295:
65-73 [PMID: 16391218 DOI: 10.1001/jama.295.1.65]
Yang HI, Lu SN, Liaw YF, You SL, Sun CA, Wang LY, Hsiao CK,
Chen PJ, Chen DS, Chen CJ. Hepatitis B e antigen and the risk
of hepatocellular carcinoma. N Engl J Med 2002; 347: 168-174
[PMID: 12124405 DOI: 10.1056/NEJMoa013215]
Brechot C, Pourcel C, Louise A, Rain B, Tiollais P. Presence
of integrated hepatitis B virus DNA sequences in cellular DNA
of human hepatocellular carcinoma. Nature 1980; 286: 533-535
[PMID: 6250074]
Bréchot C. Hepatitis B virus (HBV) and hepatocellular carcinoma.
HBV DNA status and its implications. J Hepatol 1987; 4: 269-279
[PMID: 3035005]
Rossner MT. Review: hepatitis B virus X-gene product: a
promiscuous transcriptional activator. J Med Virol 1992; 36:
101-117 [PMID: 1583465]
Bruix J, Sherman M. Management of hepatocellular carcinoma.
Hepatology 2005; 42: 1208-1236 [PMID: 16250051 DOI: 10.1002/
hep.20933]
Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G,
Almasio P, Nevens F, Solinas A, Mura D, Brouwer JT, Thomas
H, Njapoum C, Casarin C, Bonetti P, Fuschi P, Basho J, Tocco A,
Bhalla A, Galassini R, Noventa F, Schalm SW, Realdi G. Morbidity
and mortality in compensated cirrhosis type C: a retrospective
follow-up study of 384 patients. Gastroenterology 1997; 112:
463-472 [PMID: 9024300]
Tanaka Y, Kurbanov F, Mano S, Orito E, Vargas V, Esteban JI,
Yuen MF, Lai CL, Kramvis A, Kew MC, Smuts HE, Netesov SV,
Alter HJ, Mizokami M. Molecular tracing of the global hepatitis
C virus epidemic predicts regional patterns of hepatocellular
carcinoma mortality. Gastroenterology 2006; 130: 703-714 [PMID:
16530512 DOI: 10.1053/j.gastro.2006.01.032]
Davis GL, Alter MJ, El-Serag H, Poynard T, Jennings LW. Aging
of hepatitis C virus (HCV)-infected persons in the United States: a
multiple cohort model of HCV prevalence and disease progression.
Gastroenterology 2010; 138: 513-521, 521.e1-6 [PMID: 19861128
DOI: 10.1053/j.gastro.2009.09.067]
Parola M, Robino G. Oxidative stress-related molecules and liver
fibrosis. J Hepatol 2001; 35: 297-306 [PMID: 11580156]
Wang P, Kang D, Cao W, Wang Y, Liu Z. Diabetes mellitus and
risk of hepatocellular carcinoma: a systematic review and metaanalysis. Diabetes Metab Res Rev 2012; 28: 109-122 [PMID:
21898753 DOI: 10.1002/dmrr.1291]
Welzel TM, Graubard BI, Quraishi S, Zeuzem S, Davila JA, ElSerag HB, McGlynn KA. Population-attributable fractions of
risk factors for hepatocellular carcinoma in the United States. Am
J Gastroenterol 2013; 108: 1314-1321 [PMID: 23752878 DOI:
10.1038/ajg.2013.160]
Lagiou P, Kuper H, Stuver SO, Tzonou A, Trichopoulos D, Adami
HO. Role of diabetes mellitus in the etiology of hepatocellular
carcinoma. J Natl Cancer Inst 2000; 92: 1096-1099 [PMID:
10880555]
Chen CL, Yang HI, Yang WS, Liu CJ, Chen PJ, You SL, Wang LY,
Sun CA, Lu SN, Chen DS, Chen CJ. Metabolic factors and risk

May 18, 2015|Volume 7|Issue 8|

Waghray A et al . Hepatocellular carcinoma: From diagnosis to treatment

25

26

27

28

29
30

31

32

33

34

35
36

37
38

39
40

41

of hepatocellular carcinoma by chronic hepatitis B/C infection: a
follow-up study in Taiwan. Gastroenterology 2008; 135: 111-121
[PMID: 18505690 DOI: 10.1053/j.gastro.2008.03.073]
Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ.
Overweight, obesity, and mortality from cancer in a prospectively
studied cohort of U.S. adults. N Engl J Med 2003; 348: 1625-1638
[PMID: 12711737 DOI: 10.1056/NEJMoa021423]
Turati F, Talamini R, Pelucchi C, Polesel J, Franceschi S, Crispo A,
Izzo F, La Vecchia C, Boffetta P, Montella M. Metabolic syndrome
and hepatocellular carcinoma risk. Br J Cancer 2013; 108: 222-228
[PMID: 23169288 DOI: 10.1038/bjc.2012.492]
Chang MH, Chen CJ, Lai MS, Hsu HM, Wu TC, Kong MS, Liang
DC, Shau WY, Chen DS. Universal hepatitis B vaccination in
Taiwan and the incidence of hepatocellular carcinoma in children.
Taiwan Childhood Hepatoma Study Group. N Engl J Med 1997; 336:
1855-1859 [PMID: 9197213 DOI: 10.1056/NEJM199706263362602]
Cammà C, Giunta M, Andreone P, Craxì A. Interferon and
prevention of hepatocellular carcinoma in viral cirrhosis: an
evidence-based approach. J Hepatol 2001; 34: 593-602 [PMID:
11394661]
Lai CL, Yuen MF. Prevention of hepatitis B virus-related
hepatocellular carcinoma with antiviral therapy. Hepatology 2013;
57: 399-408 [PMID: 22806323 DOI: 10.1002/hep.25937]
Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H,
Tanwandee T, Tao QM, Shue K, Keene ON, Dixon JS, Gray DF,
Sabbat J. Lamivudine for patients with chronic hepatitis B and
advanced liver disease. N Engl J Med 2004; 351: 1521-1531
[PMID: 15470215 DOI: 10.1056/NEJMoa033364]
Yuen MF, Seto WK, Chow DH, Tsui K, Wong DK, Ngai VW,
Wong BC, Fung J, Yuen JC, Lai CL. Long-term lamivudine therapy
reduces the risk of long-term complications of chronic hepatitis B
infection even in patients without advanced disease. Antivir Ther
2007; 12: 1295-1303 [PMID: 18240869]
Matsumoto A, Tanaka E, Rokuhara A, Kiyosawa K, Kumada H,
Omata M, Okita K, Hayashi N, Okanoue T, Iino S, Tanikawa K.
Efficacy of lamivudine for preventing hepatocellular carcinoma
in chronic hepatitis B: A multicenter retrospective study of 2795
patients. Hepatol Res 2005; 32: 173-184 [PMID: 16024289 DOI:
10.1016/j.hepres.2005.02.006]
Miyake Y, Iwasaki Y, Yamamoto K. Meta-analysis: reduced
incidence of hepatocellular carcinoma in patients not responding to
interferon therapy of chronic hepatitis C. Int J Cancer 2010; 127:
989-996 [PMID: 19957327 DOI: 10.1002/ijc.25090]
Nishiguchi S, Kuroki T, Nakatani S, Morimoto H, Takeda T,
Nakajima S, Shiomi S, Seki S, Kobayashi K, Otani S. Randomised
trial of effects of interferon-alpha on incidence of hepatocellular
carcinoma in chronic active hepatitis C with cirrhosis. Lancet
1995; 346: 1051-1055 [PMID: 7564784]
Bruix J, Sherman M. Management of hepatocellular carcinoma: an
update. Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI:
10.1002/hep.24199]
Sarasin FP, Giostra E, Hadengue A. Cost-effectiveness of
screening for detection of small hepatocellular carcinoma in western
patients with Child-Pugh class A cirrhosis. Am J Med 1996; 101:
422-434 [PMID: 8873514 DOI: 10.1016/S0002-9343(96)00197-0]
Bruix J, Llovet JM. Major achievements in hepatocellular
carcinoma. Lancet 2009; 373: 614-616 [PMID: 19231618 DOI:
10.1016/S0140-6736(09)60381-0]
Zhang BH, Yang BH, Tang ZY. Randomized controlled trial
of screening for hepatocellular carcinoma. J Cancer Res Clin
Oncol 2004; 130: 417-422 [PMID: 15042359 DOI: 10.1007/
s00432-004-0552-0]
Alpert ME, Uriel J, de Nechaud B. Alpha-1 fetoglobulin in the
diagnosis of human hepatoma. N Engl J Med 1968; 278: 984-986
[PMID: 4171303 DOI: 10.1056/NEJM196805022781804]
Sherman M, Peltekian KM, Lee C. Screening for hepatocellular
carcinoma in chronic carriers of hepatitis B virus: incidence and
prevalence of hepatocellular carcinoma in a North American urban
population. Hepatology 1995; 22: 432-438 [PMID: 7543434]
Trevisani F, D’Intino PE, Morselli-Labate AM, Mazzella G,

WJH|www.wjgnet.com

42

43

44

45

46
47

48

49

50

51

52

53
54

55

1026

Accogli E, Caraceni P, Domenicali M, De Notariis S, Roda E,
Bernardi M. Serum alpha-fetoprotein for diagnosis of hepatocellular
carcinoma in patients with chronic liver disease: influence of
HBsAg and anti-HCV status. J Hepatol 2001; 34: 570-575 [PMID:
11394657]
Gambarin-Gelwan M, Wolf DC, Shapiro R, Schwartz ME, Min
AD. Sensitivity of commonly available screening tests in detecting
hepatocellular carcinoma in cirrhotic patients undergoing liver
transplantation. Am J Gastroenterol 2000; 95: 1535-1538 [PMID:
10894592 DOI: 10.1111/j.1572-0241.2000.02091.x]
Tong MJ, Blatt LM, Kao VW. Surveillance for hepatocellular
carcinoma in patients with chronic viral hepatitis in the United
States of America. J Gastroenterol Hepatol 2001; 16: 553-559
[PMID: 11350553]
Chen JG, Parkin DM, Chen QG, Lu JH, Shen QJ, Zhang BC, Zhu
YR. Screening for liver cancer: results of a randomised controlled
trial in Qidong, China. J Med Screen 2003; 10: 204-209 [PMID:
14738659 DOI: 10.1258/096914103771773320]
Singal A, Volk ML, Waljee A, Salgia R, Higgins P, Rogers MA,
Marrero JA. Meta-analysis: surveillance with ultrasound for earlystage hepatocellular carcinoma in patients with cirrhosis. Aliment
Pharmacol Ther 2009; 30: 37-47 [PMID: 19392863 DOI: 10.1111/
j.1365-2036.2009.04014.x]
Zhang B, Yang B. Combined alpha fetoprotein testing and
ultrasonography as a screening test for primary liver cancer. J Med
Screen 1999; 6: 108-110 [PMID: 10444731]
Wu CS, Lee TY, Chou RH, Yen CJ, Huang WC, Wu CY, Yu
YL. Development of a highly sensitive glycan microarray for
quantifying AFP-L3 for early prediction of hepatitis B virus-related
hepatocellular carcinoma. PLoS One 2014; 9: e99959 [PMID:
24927126 DOI: 10.1371/journal.pone.0099959]
Libbrecht L, Bielen D, Verslype C, Vanbeckevoort D, Pirenne J,
Nevens F, Desmet V, Roskams T. Focal lesions in cirrhotic explant
livers: pathological evaluation and accuracy of pretransplantation
imaging examinations. Liver Transpl 2002; 8: 749-761 [PMID:
12200773 DOI: 10.1053/jlts.2002.34922]
Rode A, Bancel B, Douek P, Chevallier M, Vilgrain V, Picaud G,
Henry L, Berger F, Bizollon T, Gaudin JL, Ducerf C. Small nodule
detection in cirrhotic livers: evaluation with US, spiral CT, and MRI
and correlation with pathologic examination of explanted liver. J
Comput Assist Tomogr 2001; 25: 327-336 [PMID: 11351179]
Yu NC, Chaudhari V, Raman SS, Lassman C, Tong MJ, Busuttil
RW, Lu DS. CT and MRI improve detection of hepatocellular
carcinoma, compared with ultrasound alone, in patients with
cirrhosis. Clin Gastroenterol Hepatol 2011; 9: 161-167 [PMID:
20920597 DOI: 10.1016/j.cgh.2010.09.017]
Trinchet JC, Chaffaut C, Bourcier V, Degos F, Henrion J, Fontaine H,
Roulot D, Mallat A, Hillaire S, Cales P, Ollivier I, Vinel JP, Mathurin
P, Bronowicki JP, Vilgrain V, N’Kontchou G, Beaugrand M, Chevret
S. Ultrasonographic surveillance of hepatocellular carcinoma in
cirrhosis: a randomized trial comparing 3- and 6-month periodicities.
Hepatology 2011; 54: 1987-1997 [PMID: 22144108 DOI: 10.1002/
hep.24545]
Santi V, Trevisani F, Gramenzi A, Grignaschi A, Mirici-Cappa
F, Del Poggio P, Di Nolfo MA, Benvegnù L, Farinati F, Zoli M,
Giannini EG, Borzio F, Caturelli E, Chiaramonte M, Bernardi M.
Semiannual surveillance is superior to annual surveillance for the
detection of early hepatocellular carcinoma and patient survival.
J Hepatol 2010; 53: 291-297 [PMID: 20483497 DOI: 10.1016/
j.jhep.2010.03.010]
Welch HG, Black WC. Overdiagnosis in cancer. J Natl Cancer
Inst 2010; 102: 605-613 [PMID: 20413742 DOI: 10.1093/jnci/
djq099]
Forner A, Vilana R, Ayuso C, Bianchi L, Solé M, Ayuso JR, Boix L,
Sala M, Varela M, Llovet JM, Brú C, Bruix J. Diagnosis of hepatic
nodules 20 mm or smaller in cirrhosis: Prospective validation of
the noninvasive diagnostic criteria for hepatocellular carcinoma.
Hepatology 2008; 47: 97-104 [PMID: 18069697 DOI: 10.1002/
hep.21966]
Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma:

May 18, 2015|Volume 7|Issue 8|

Waghray A et al . Hepatocellular carcinoma: From diagnosis to treatment

56

57
58
59

60

61
62

63

64

65

66

67
68
69

70

71

the BCLC staging classification. Semin Liver Dis 1999; 19:
329-338 [PMID: 10518312 DOI: 10.1055/s-2007-1007122]
Schoenleber SJ, Kurtz DM, Talwalkar JA, Roberts LR, Gores
GJ. Prognostic role of vascular endothelial growth factor in
hepatocellular carcinoma: systematic review and meta-analysis. Br
J Cancer 2009; 100: 1385-1392 [PMID: 19401698 DOI: 10.1038/
sj.bjc.6605017]
Schwartz M, Roayaie S, Konstadoulakis M. Strategies for the
management of hepatocellular carcinoma. Nat Clin Pract Oncol
2007; 4: 424-432 [PMID: 17597707 DOI: 10.1038/ncponc0844]
Llovet JM, Bruix J. Novel advancements in the management of
hepatocellular carcinoma in 2008. J Hepatol 2008; 48 Suppl 1:
S20-S37 [PMID: 18304676 DOI: 10.1016/j.jhep.2008.01.022]
Tateishi R, Shiina S, Teratani T, Obi S, Sato S, Koike Y, Fujishima
T, Yoshida H, Kawabe T, Omata M. Percutaneous radiofrequency
ablation for hepatocellular carcinoma. An analysis of 1000 cases.
Cancer 2005; 103: 1201-1209 [PMID: 15690326 DOI: 10.1002/
cncr.20892]
Wayne JD, Lauwers GY, Ikai I, Doherty DA, Belghiti J, Yamaoka
Y, Regimbeau JM, Nagorney DM, Do KA, Ellis LM, Curley SA,
Pollock RE, Vauthey JN. Preoperative predictors of survival after
resection of small hepatocellular carcinomas. Ann Surg 2002; 235:
722-730; discussion 730-731 [PMID: 11981219]
Bismuth HMP. Hepatobiliary surgery. J Hepatol 2000; 32:
208-224 [DOI: 10.1016/S0168-8278(00)80427-4]
Ng IO, Guan XY, Poon RT, Fan ST, Lee JM. Determination of
the molecular relationship between multiple tumour nodules in
hepatocellular carcinoma differentiates multicentric origin from
intrahepatic metastasis. J Pathol 2003; 199: 345-353 [PMID:
12579536 DOI: 10.1002/path.1287]
Bargellini I, Sacco R, Bozzi E, Bertini M, Ginanni B, Romano
A, Cicorelli A, Tumino E, Federici G, Cioni R, Metrangolo S,
Bertoni M, Bresci G, Parisi G, Altomare E, Capria A, Bartolozzi
C. Transarterial chemoembolization in very early and earlystage hepatocellular carcinoma patients excluded from curative
treatment: a prospective cohort study. Eur J Radiol 2012; 81:
1173-1178 [PMID: 21466931 DOI: 10.1016/j.ejrad.2011.03.046]
Varela M, Real MI, Burrel M, Forner A, Sala M, Brunet M, Ayuso
C, Castells L, Montañá X, Llovet JM, Bruix J. Chemoembolization
of hepatocellular carcinoma with drug eluting beads: efficacy
and doxorubicin pharmacokinetics. J Hepatol 2007; 46: 474-481
[PMID: 17239480 DOI: 10.1016/j.jhep.2006.10.020]
Pawlik TM, Delman KA, Vauthey JN, Nagorney DM, Ng IO, Ikai I,
Yamaoka Y, Belghiti J, Lauwers GY, Poon RT, Abdalla EK. Tumor
size predicts vascular invasion and histologic grade: Implications
for selection of surgical treatment for hepatocellular carcinoma.
Liver Transpl 2005; 11: 1086-1092 [PMID: 16123959 DOI:
10.1002/lt.20472]
Teh SH, Christein J, Donohue J, Que F, Kendrick M, Farnell
M, Cha S, Kamath P, Kim R, Nagorney DM. Hepatic resection
of hepatocellular carcinoma in patients with cirrhosis: Model of
End-Stage Liver Disease (MELD) score predicts perioperative
mortality. J Gastrointest Surg 2005; 9: 1207-1215; discussion 1215
[PMID: 16332475 DOI: 10.1016/j.gassur.2005.09.008]
Llovet JM, Schwartz M, Mazzaferro V. Resection and liver
transplantation for hepatocellular carcinoma. Semin Liver Dis 2005;
25: 181-200 [PMID: 15918147 DOI: 10.1055/s-2005-871198]
Marín-Hargreaves G, Azoulay D, Bismuth H. Hepatocellular
carcinoma: surgical indications and results. Crit Rev Oncol
Hematol 2003; 47: 13-27 [PMID: 12853096]
Chen WT, Chau GY, Lui WY, Tsay SH, King KL, Loong CC, Wu
CW. Recurrent hepatocellular carcinoma after hepatic resection:
prognostic factors and long-term outcome. Eur J Surg Oncol 2004;
30: 414-420 [PMID: 15063895 DOI: 10.1016/j.ejso.2004.01.013]
Kianmanesh R, Regimbeau JM, Belghiti J. Selective approach
to major hepatic resection for hepatocellular carcinoma in chronic
liver disease. Surg Oncol Clin N Am 2003; 12: 51-63 [PMID:
12735129]
Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gennari L.

WJH|www.wjgnet.com

72

73

74

75

76

77

78

79

80

81
82

83
84

85

86

1027

Liver transplantation for the treatment of small hepatocellular
carcinomas in patients with cirrhosis. N Engl J Med 1996; 334:
693-699 [PMID: 8594428 DOI: 10.1056/NEJM199603143341104]
Dutkowski P, De Rougemont O, Müllhaupt B, Clavien PA.
Current and future trends in liver transplantation in Europe.
Gastroenterology 2010; 138: 802-9.e1-802-9.e4 [PMID: 20096694
DOI: 10.1053/j.gastro.2010.01.030]
Pelletier SJ, Fu S, Thyagarajan V, Romero-Marrero C, Batheja
MJ, Punch JD, Magee JC, Lok AS, Fontana RJ, Marrero JA. An
intention-to-treat analysis of liver transplantation for hepatocellular
carcinoma using organ procurement transplant network data. Liver
Transpl 2009; 15: 859-868 [PMID: 19642139 DOI: 10.1002/
lt.21778]
Leung JY, Zhu AX, Gordon FD, Pratt DS, Mithoefer A, Garrigan
K, Terella A, Hertl M, Cosimi AB, Chung RT. Liver transplantation
outcomes for early-stage hepatocellular carcinoma: results of a
multicenter study. Liver Transpl 2004; 10: 1343-1354 [PMID:
15497158 DOI: 10.1002/lt.20311]
Fernández JA, Robles R, Marin C, Sánchez-Bueno F, Ramirez
P, Pons JA, Garre MC, Pérez D, Parrilla A, Navalón JC, Parrilla
P. Can we expand the indications for liver transplantation among
hepatocellular carcinoma patients with increased tumor size?
Transplant Proc 2003; 35: 1818-1820 [PMID: 12962807]
Brunello F, Veltri A, Carucci P, Pagano E, Ciccone G, Moretto
P, Sacchetto P, Gandini G, Rizzetto M. Radiofrequency ablation
versus ethanol injection for early hepatocellular carcinoma: A
randomized controlled trial. Scand J Gastroenterol 2008; 43:
727-735 [PMID: 18569991 DOI: 10.1080/00365520701885481]
Shiina S, Teratani T, Obi S, Sato S, Tateishi R, Fujishima
T, Ishikawa T, Koike Y, Yoshida H, Kawabe T, Omata M. A
randomized controlled trial of radiofrequency ablation with ethanol
injection for small hepatocellular carcinoma. Gastroenterology
2005; 129: 122-130 [PMID: 16012942]
Shen A, Zhang H, Tang C, Chen Y, Wang Y, Zhang C, Wu Z.
Systematic review of radiofrequency ablation versus percutaneous
ethanol injection for small hepatocellular carcinoma up to 3 cm. J
Gastroenterol Hepatol 2013; 28: 793-800 [PMID: 23432154 DOI:
10.1111/jgh.12162]
Cho YK, Kim JK, Kim MY, Rhim H, Han JK. Systematic review
of randomized trials for hepatocellular carcinoma treated with
percutaneous ablation therapies. Hepatology 2009; 49: 453-459
[PMID: 19065676 DOI: 10.1002/hep.22648]
Wong SN, Lin CJ, Lin CC, Chen WT, Cua IH, Lin SM. Combined
percutaneous radiofrequency ablation and ethanol injection for
hepatocellular carcinoma in high-risk locations. AJR Am J Roentgenol
2008; 190: W187-W195 [PMID: 18287411 DOI: 10.2214/
AJR.07.2537]
Curley SA. Radiofrequency ablation of malignant liver tumors.
Oncologist 2001; 6: 14-23 [PMID: 11161225]
Koda M283 patients. 346 treated nodules in 13 , Murawaki
Y, Hirooka Y, Kitamoto M, Ono M, Sakaeda H, Joko K, Sato S,
Tamaki K, Yamasaki T, Shibata H, Shimoe T, Matsuda T, Toshikuni
N, Fujioka S, Ohmoto K, Nakamura S, Kariyama K, Aikata H,
Kobayashi Y, Tsutsui A. Complications of radiofrequency ablation
for hepatocellular carcinoma in a multicenter study: An analysis
of 16 Hepatol Res 2012; 42: 1058-1064 [PMID: 22583706 DOI:
10.1111/j.1872-034X.2012.01025.x]
Iannitti DA, Dupuy DE, Mayo-Smith WW, Murphy B. Hepatic
radiofrequency ablation. Arch Surg 2002; 137: 422-426; discussion
427 [PMID: 11926946]
Lu DS, Yu NC, Raman SS, Limanond P, Lassman C, Murray
K, Tong MJ, Amado RG, Busuttil RW. Radiofrequency ablation
of hepatocellular carcinoma: treatment success as defined by
histologic examination of the explanted liver. Radiology 2005; 234:
954-960 [PMID: 15681691 DOI: 10.1148/radiol.2343040153]
Zhou Y, Zhao Y, Li B, Xu D, Yin Z, Xie F, Yang J. Meta-analysis
of radiofrequency ablation versus hepatic resection for small
hepatocellular carcinoma. BMC Gastroenterol 2010; 10: 78 [PMID:
20618937 DOI: 10.1186/1471-230X-10-78]
Imai K, Beppu T, Chikamoto A, Doi K, Okabe H, Hayashi H,

May 18, 2015|Volume 7|Issue 8|

Waghray A et al . Hepatocellular carcinoma: From diagnosis to treatment

87

88

89

90

91

92

93

94

95

96

97

98

Nitta H, Ishiko T, Takamori H, Baba H. Comparison between
hepatic resection and radiofrequency ablation as first-line treatment
for solitary small-sized hepatocellular carcinoma of 3 cm or less.
Hepatol Res 2013; 43: 853-864 [PMID: 23281579 DOI: 10.1111/
hepr.12035]
Fontana RJ, Hamidullah H, Nghiem H, Greenson JK, Hussain
H, Marrero J, Rudich S, McClure LA, Arenas J. Percutaneous
radiofrequency thermal ablation of hepatocellular carcinoma: a safe
and effective bridge to liver transplantation. Liver Transpl 2002; 8:
1165-1174 [PMID: 12474157 DOI: 10.1053/jlts.2002.36394]
Pompili M, Mirante VG, Rondinara G, Fassati LR, Piscaglia
F, Agnes S, Covino M, Ravaioli M, Fagiuoli S, Gasbarrini G,
Rapaccini GL. Percutaneous ablation procedures in cirrhotic
patients with hepatocellular carcinoma submitted to liver
transplantation: Assessment of efficacy at explant analysis and of
safety for tumor recurrence. Liver Transpl 2005; 11: 1117-1126
[PMID: 16123960 DOI: 10.1002/lt.20469]
Lu DS, Yu NC, Raman SS, Lassman C, Tong MJ, Britten C, Durazo
F, Saab S, Han S, Finn R, Hiatt JR, Busuttil RW. Percutaneous
radiofrequency ablation of hepatocellular carcinoma as a bridge
to liver transplantation. Hepatology 2005; 41: 1130-1137 [PMID:
15841454 DOI: 10.1002/hep.20688]
DuBay DA, Sandroussi C, Kachura JR, Ho CS, Beecroft JR, Vollmer
CM, Ghanekar A, Guba M, Cattral MS, McGilvray ID, Grant DR,
Greig PD. Radiofrequency ablation of hepatocellular carcinoma as a
bridge to liver transplantation. HPB (Oxford) 2011; 13: 24-32 [PMID:
21159100 DOI: 10.1111/j.1477-2574.2010.00228.x]
Llovet JM, Real MI, Montaña X, Planas R, Coll S, Aponte J,
Ayuso C, Sala M, Muchart J, Solà R, Rodés J, Bruix J. Arterial
embolisation or chemoembolisation versus symptomatic treatment
in patients with unresectable hepatocellular carcinoma: a
randomised controlled trial. Lancet 2002; 359: 1734-1739 [PMID:
12049862 DOI: 10.1016/S0140-6736(02)08649-X]
Bruix J, Llovet JM, Castells A, Montañá X, Brú C, Ayuso MC,
Vilana R, Rodés J. Transarterial embolization versus symptomatic
treatment in patients with advanced hepatocellular carcinoma:
results of a randomized, controlled trial in a single institution.
Hepatology 1998; 27: 1578-1583 [PMID: 9620330 DOI: 10.1002/
hep.510270617]
Llovet JM, Bruix J. Systematic review of randomized trials
for unresectable hepatocellular carcinoma: Chemoembolization
improves survival. Hepatology 2003; 37: 429-442 [PMID:
12540794 DOI: 10.1053/jhep.2003.50047]
Marelli L, Stigliano R, Triantos C, Senzolo M, Cholongitas
E, Davies N, Tibballs J, Meyer T, Patch DW, Burroughs AK.
Transarterial therapy for hepatocellular carcinoma: which
technique is more effective? A systematic review of cohort and
randomized studies. Cardiovasc Intervent Radiol 2007; 30: 6-25
[PMID: 17103105 DOI: 10.1007/s00270-006-0062-3]
Majno PE, Adam R, Bismuth H, Castaing D, Ariche A, Krissat
J, Perrin H, Azoulay D. Influence of preoperative transarterial
lipiodol chemoembolization on resection and transplantation for
hepatocellular carcinoma in patients with cirrhosis. Ann Surg 1997;
226: 688-701; discussion 701-703 [PMID: 9409568]
Chapman WC, Majella Doyle MB, Stuart JE, Vachharajani N,
Crippin JS, Anderson CD, Lowell JA, Shenoy S, Darcy MD, Brown
DB. Outcomes of neoadjuvant transarterial chemoembolization to
downstage hepatocellular carcinoma before liver transplantation.
Ann Surg 2008; 248: 617-625 [PMID: 18936575 DOI: 10.1097/
SLA.0b013e31818a07d4]
Yao FY, Kerlan RK, Hirose R, Davern TJ, Bass NM, Feng S,
Peters M, Terrault N, Freise CE, Ascher NL, Roberts JP. Excellent
outcome following down-staging of hepatocellular carcinoma prior
to liver transplantation: an intention-to-treat analysis. Hepatology
2008; 48: 819-827 [PMID: 18688876 DOI: 10.1002/hep.22412]
Lewandowski RJ, Kulik LM, Riaz A, Senthilnathan S, Mulcahy
MF, Ryu RK, Ibrahim SM, Sato KT, Baker T, Miller FH, Omary
R, Abecassis M, Salem R. A comparative analysis of transarterial
downstaging for hepatocellular carcinoma: chemoembolization
versus radioembolization. Am J Transplant 2009; 9: 1920-1928

WJH|www.wjgnet.com

99

100

101

102

103

104

105

106

107

108

109

1028

[PMID: 19552767 DOI: 10.1111/j.1600-6143.2009.02695.x]
Otto G, Herber S, Heise M, Lohse AW, Mönch C, Bittinger F,
Hoppe-Lotichius M, Schuchmann M, Victor A, Pitton M. Response
to transarterial chemoembolization as a biological selection
criterion for liver transplantation in hepatocellular carcinoma. Liver
Transpl 2006; 12: 1260-1267 [PMID: 16826556 DOI: 10.1002/
lt.20837]
Roayaie S, Frischer JS, Emre SH, Fishbein TM, Sheiner PA, Sung
M, Miller CM, Schwartz ME. Long-term results with multimodal
adjuvant therapy and liver transplantation for the treatment of
hepatocellular carcinomas larger than 5 centimeters. Ann Surg
2002; 235: 533-539 [PMID: 11923610]
De Luna W, Sze DY, Ahmed A, Ha BY, Ayoub W, Keeffe EB,
Cooper A, Esquivel C, Nguyen MH. Transarterial chemoinfusion
for hepatocellular carcinoma as downstaging therapy and a bridge
toward liver transplantation. Am J Transplant 2009; 9: 1158-1168
[PMID: 19344435 DOI: 10.1111/j.1600-6143.2009.02576.x]
Andreana L, Isgrò G, Marelli L, Davies N, Yu D, Navalkissoor S,
Burroughs AK. Treatment of hepatocellular carcinoma (HCC) by
intra-arterial infusion of radio-emitter compounds: trans-arterial
radio-embolisation of HCC. Cancer Treat Rev 2012; 38: 641-649
[PMID: 22169503 DOI: 10.1016/j.ctrv.2011.11.004]
Moreno-Luna LE, Yang JD, Sanchez W, Paz-Fumagalli R,
Harnois DM, Mettler TA, Gansen DN, de Groen PC, Lazaridis
KN, Narayanan Menon KV, Larusso NF, Alberts SR, Gores GJ,
Fleming CJ, Slettedahl SW, Harmsen WS, Therneau TM, Wiseman
GA, Andrews JC, Roberts LR. Efficacy and safety of transarterial
radioembolization versus chemoembolization in patients with
hepatocellular carcinoma. Cardiovasc Intervent Radiol 2013; 36:
714-723 [PMID: 23093355 DOI: 10.1007/s00270-012-0481-2]
Salem R, Lewandowski RJ, Kulik L, Wang E, Riaz A, Ryu RK,
Sato KT, Gupta R, Nikolaidis P, Miller FH, Yaghmai V, Ibrahim SM,
Senthilnathan S, Baker T, Gates VL, Atassi B, Newman S, Memon
K, Chen R, Vogelzang RL, Nemcek AA, Resnick SA, Chrisman
HB, Carr J, Omary RA, Abecassis M, Benson AB, Mulcahy MF.
Radioembolization results in longer time-to-progression and
reduced toxicity compared with chemoembolization in patients with
hepatocellular carcinoma. Gastroenterology 2011; 140: 497-507.e2
[PMID: 21044630 DOI: 10.1053/j.gastro.2010.10.049]
Vogl TJ, Lammer J, Lencioni R, Malagari K, Watkinson A, Pilleul
F, Denys A, Lee C. Liver, gastrointestinal, and cardiac toxicity in
intermediate hepatocellular carcinoma treated with PRECISION
TACE with drug-eluting beads: results from the PRECISION V
randomized trial. AJR Am J Roentgenol 2011; 197: W562-W570
[PMID: 21940527 DOI: 10.2214/AJR.10.4379]
Nicolini A, Martinetti L, Crespi S, Maggioni M, Sangiovanni A.
Transarterial chemoembolization with epirubicin-eluting beads
versus transarterial embolization before liver transplantation for
hepatocellular carcinoma. J Vasc Interv Radiol 2010; 21: 327-332
[PMID: 20097098 DOI: 10.1016/j.jvir.2009.10.038]
Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, Luo R,
Feng J, Ye S, Yang TS, Xu J, Sun Y, Liang H, Liu J, Wang J, Tak
WY, Pan H, Burock K, Zou J, Voliotis D, Guan Z. Efficacy and
safety of sorafenib in patients in the Asia-Pacific region with
advanced hepatocellular carcinoma: a phase III randomised,
double-blind, placebo-controlled trial. Lancet Oncol 2009; 10:
25-34 [PMID: 19095497 DOI: 10.1016/S1470-2045(08)70285-7]
Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF,
de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz M, Porta
C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz JF, Borbath
I, Häussinger D, Giannaris T, Shan M, Moscovici M, Voliotis D,
Bruix J. Sorafenib in advanced hepatocellular carcinoma. N Engl
J Med 2008; 359: 378-390 [PMID: 18650514 DOI: 10.1056/
NEJMoa0708857]
Lencioni R, Kudo M, Ye SL, Bronowicki JP, Chen XP, Dagher L,
Furuse J, Geschwind JF, de Guevara LL, Papandreou C, Takayama
T, Yoon SK, Nakajima K, Lehr R, Heldner S, Sanyal AJ. GIDEON
(Global Investigation of therapeutic DEcisions in hepatocellular
carcinoma and Of its treatment with sorafeNib): second interim
analysis. Int J Clin Pract 2014; 68: 609-617 [PMID: 24283303

May 18, 2015|Volume 7|Issue 8|

Waghray A et al . Hepatocellular carcinoma: From diagnosis to treatment
DOI: 10.1111/ijcp.12352]
110 Takada Y, Ueda M, Ito T, Sakamoto S, Haga H, Maetani Y, Ogawa
K, Kasahara M, Oike F, Egawa H, Tanaka K. Living donor liver

transplantation as a second-line therapeutic strategy for patients
with hepatocellular carcinoma. Liver Transpl 2006; 12: 912-919
[PMID: 16489583 DOI: 10.1002/lt.20642]
P- Reviewer: Colagrande S S- Editor: Ji FF
L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1029

May 18, 2015|Volume 7|Issue 8|

World J Hepatol 2015 May 18; 7(8): 1030-1040
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i8.1030

REVIEW

Current and future antiviral drug therapies of hepatitis B
chronic infection
Lemonica Koumbi
term control of infection after treatment withdrawal.
IFN therapy is of finite duration and associates with low
response rates, liver decompensating and numerous
side effects. NAs are well-tolerated therapies but have
a high risk of drug resistance development that limits
their prolonged use. The imperative for the development
of new approaches for the treatment of chronic HBV
infection is a challenging issue that cannot be over-sided.
Research efforts are focusing on the identification and
evaluation of various viral replication inhibitors that target
viral replication and a number of immunomodulators
that aim to restore the HBV specific immune hypores
ponsiveness without inducing liver damage. This review
brings together our current knowledge on the available
treatment and discusses potential therapeutic approaches
in the battle against chronic HBV infection.
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Core tip: Despite significant improvement in the
management of chronic hepatitis B virus (HBV) it remains
a public health problem. Current therapeutic regimens
include pegylated-interferon (IFN)-α and nucleos(t)ide
analogues (NAs). Both treatments do not eradicate the
virus and have numerous limitations. IFN therapy is of
finite duration and has low response rates while longterm NA therapies have a high risk of drug resistance.
The development of new therapeutic approaches is
imperative. This review brings together current treatments
and the ongoing research efforts on evaluating potential
therapeutic strategies that target the suppression of HBV
replication the restoration of the weak immune responses
against HBV.

Abstract
Despite significant improvement in the management
of chronic hepatitis B virus (HBV) it remains a public
health problem, affecting more than 350 million people
worldwide. The natural course of the infection is dynamic
and involves a complex interplay between the virus
and the host’s immune system. Currently the approved
therapeutic regimens include pegylated-interferon
(IFN)-α and monotherapy with five nucleos(t)ide
analogues (NAs). Both antiviral treatments are not
capable to eliminate the virus and do not establish long-
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as the levels of HBsAg and HBV DNA during the course
of therapy. HBsAg seroconversion associates with a
[2]
remission activity and improved long-term outcome .
However, HBsAg clearance is achieved in only 10%
of the patients and even in these cases both antiviral
options are unable to prevent the replenishment of the
cccDNA pool from genomic HBV DNA recycled from the
cytoplasm, or to reach efficient clearance of cccDNA[6,7]
containing hepatocytes . This explains the rapid
rebound in serum HBV DNA after cessation of antiviral
treatment.
Currently there are two therapeutic strategies
approved for CHB treatment: five nucleos(t)ide analogues
(NAs), which inhibit HBV replication, and the immunebased therapy that includes standard and pegylated
interferon-α (IFN-α). Both antiviral treatments are not
capable to eliminate the virus and to efficiently control
the infection. IFN therapy is of finite duration and
associates with low response rates, liver decompensation
and numerous side effects, while NAs are long-term, well
tolerated therapies but have a high risk of drug resistance
development that limits their prolonged use.
This review focuses on current therapies for CHB
infection and discusses the development of therapeutic
agents that may ultimately lead to the definite eradi
cation of the HBV and cccDNA pool as well as potential
immunomodulators that can enhance the host immune
responses against HBV that can efficiently control the
infection without inducing liver damage.

Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i8/1030.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i8.1030

INTRODUCTION
Hepatitis B virus (HBV) is a highly transmissible pathogen
[1]
infecting humans for more than 1500 years . Despite
the availability of a prophylactic vaccine today HBV
continues to pose one of the most serious and prevalent
health problems, accounting for over 1 million deaths
[2]
annually . HBV is a non-cytopathic virus that can cause
a wide spectrum of disease manifestations, ranging from
asymptomatic infection to acute self-limiting or fulminant
hepatitis, or chronic infection with variable disease
activity. Chronic HBV infection (CHB) results in persistent
hepatic inflammation and progressive fibrosis that may
ultimately lead to hepatic decompensation, cirrhosis,
hepatocellular carcinoma (HCC) and liver-related death.
HBV is the prototype of the Hepadnaviridae family
and has evolved a distinctive and successful strategy
for replication, which allows its indefinite persistence
in the liver of the infected host. Upon infection of the
hepatocyte, the HBV virion is uncoated in the cytosol and
the genome translocates to the nucleus. There, its relaxed
circular, partially double stranded DNA is converted into
a covalently closed circular DNA (cccDNA) molecule,
following completion of the shorter positive-strand and
repair of the nick in the negative strand. The cccDNA
exists as a stable non-integrated minichromosome
and forms the template for the synthesis of four coterminal mRNA transcripts by the action of host RNA
[3,4]
polymerase Ⅱ . One of the transcripts, termed pregenomic RNA (pgRNA), is the template for genome
replication and encodes for the core and polymerase
proteins. Translation of the transcripts occurs in the
cytoplasm and the encapsidation pgRNA into core
[5]
particles follows . The slightly longer precore mRNA is
translated to produce a precore protein that is further
proteolytically processed into HBV e antigen (HBeAg).
Inside the core particle, the viral polymerase directs the
synthesis of the minus DNA strand of the genome by
reverse transcription of the pgRNA template, which then
serves as the template for plus DNA strand synthesis.
Mature core particles containing DNA genomes are then
enveloped and released or cycled back to the nucleus
to replenish the cccDNA pool to perpetuate chronic
[3]
infection .
The main goal of therapeutic intervention is to
achieve a sustained suppression of HBV replication and
to improve the quality of life and survival of chronic
carriers by preventing progression to cirrhosis, HCC
and death. So far, eradication of the virus is impossible
and current antiviral treatment aims to reduce liver
failure and HCC and to increase survival. The success
of antiviral therapy is determined by the HBV surface
antigen (HBsAg) and HBeAg serological status, as well

WJH|www.wjgnet.com

NATURAL HISTORY OF CHB
The natural history of CHB infection consists five distinct
phases of varying duration that are not necessarily
sequential and are defined as: immune-tolerant,
immune reactive HBeAg-positive, inactive HBV carrier,
[8,9]
HBeAg-negative CHB and HBsAg inactive phase . The
course of the infection is dynamic and is a result of the
complex interactions between the virus, hepatocytes and
host immune responses. The periodic activation of the
host immune system against the infected hepatocytes is
an unsuccessful attempt to eradicate the virus that only
leads to disease exacerbations and the development of
[10]
fibrosis, cirrhosis and HCC . The progression of HBVinduced liver diseases depends on the geographical
area, the presence of HBsAg and HBeAg mutations and
[11]
viremia levels . Generally, patients with CHB have
a 15%-40% risk to develop cirrhosis and 15% risk
to develop compensated cirrhosis, while 60% of the
[12]
compensated cirrhosis patients risk death .
Control of HBV infection involves the elimination of
the infected hepatocytes by cytolytic and non-cytolytic
mechanisms. The immune system of the host is capable
to eliminate the infection as evidenced by the fact that
more than 95% of adults spontaneously resolve the
infection and that bone marrow transplantation recipients
[13,14]
can resolve CHB infection
. In acute infection viral
clearance is succeeded by the development of a robust,
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polyclonal and multi-specific, HBV-specific cytotoxic
T lymphocytes (CTLs) response to multiple epitopes
of the viral nucleocapsid, envelope and polymerase.
Furthermore, recovery from acute infection occurs by the
non-cytolytic viral eradication mediated by HBV-specific
CTLs since in the cases of spontaneous viral clearance
[15]
only a part of the hepatocytes is being destroyed .
Elimination of HBV has been long considered to be T-cell
dependent, however, natural killer (NK) cells are now
known to be involved early in infection and B cells in
+
the presentation to CD4 T cells and the production of
[16,17]
neutralizing antibodies
.
The complexity of the processes involved in selflimiting infection and natural history of the infection
implies the requirement for a combination of therapeutic
options. A synergistic approach of boosting the immune
response of the host along with and effective viral
load suppression is needed to succeed sustained viral
clearance and complete eradication of the cccDNA pool
in chronic infection.

petitively inhibit the DNA dependent and reverse
transcriptase activity of viral polymerase and therefore
inhibiting the reverse transcription of the pgRNA to the
first strand of viral DNA. They are mimicking natural
nucleotides and during viral replication they are being
incorporated into newly synthesised HBV DNA causing
chain termination. Moreover, NAs inhibit the synthesis of
the HBV negative-DNA strand by reverse transcription
and the synthesis of the positive-strand. They reduce
significantly the cccDNA pool of infected hepatocytes
by inhibiting the recycling of the nucleocapsids that
contain viral genomes back to the nucleus but they
cannot prevent the initial cccDNA formation in newly
[20]
infected cells . NAs are, therefore, efficient in blocking
the synthesis of new virions and in reducing HBV DNA
serum concentrations to undetectable levels but after
cessation of treatment viral reactivation does occur
due to the persistence of cccDNA. Experiments in
woodchuck animals suggest that the effectiveness of
NAs in reducing the cccDNA pool may depend on the
[21]
cell cycle phase of the hepatocytes .

CURRENT ANTIVIRAL THERAPY

Development of antiviral resistance

In view of the natural history of CHB infection it is clear
that chronic patients constitute a highly heterogeneous
population and therefore require different management
strategies. To optimise therapy for individual patient,
several factors need to be considered related both to
the patient, including age, sex, genetic polymorphisms,
lifestyle factors, stage of liver disease and co-infections
and to viral characteristics such as viremia, HBeAgpositivity, HBV genotype and viral genome heterogeneity.
Furthermore the dosage duration, timing, efficacy, side
effects, drug resistance and combination of antiviral
agents need to be individually optimised. Unfortunately,
current available treatment options require long term
use and such attempts are expensive and carry a
high risk for the development of breakthrough drug
resistance.

During long-term therapy with NAs, HBV develops
resistance to the drug administered. The resistance rates
are higher with earlier generation NAs such as lamivudine,
telbivudine, and adefovir. Although entecavir and tenofovir
are associated with low risk of resistance for treatment
to naive patients, it is still challenging to manage preexisting antiviral resistance because of the risk of cross[22]
resistance . Emergence of drug resistant variants is
commonly accompanied by acute exacerbation of liver
disease and in some cases by hepatic decompensation
and hence sequential monotherapy with low barrier drugs
[23,24]
poses a serious problem
.
The development of antiviral resistance depends
on the interaction of viral, drug and patient factors.
HBV replicates through the reverse transcription of an
RNA intermediate. This step in the replication cycle is
particularly prone to errors as the host RNA polymerase
Ⅱ has an inherent low copying fidelity, and the viral
polymerase/reverse transcriptase lacks proof-reading
[25]
activity . Considering that HBV is 3.2 kb in size and
viral production rate in CHB infection can reach rates as
11
high as 10 virions per day, it has been estimated that
7
10 base pairing errors are produced daily in a chronic
[26]
patient . Although many of these mutations would be
deleterious to the virus, some are advanteous, either
by offering a replication advantage, or by facilitating
immune escape and therefore predispose to the rise
[27]
of antiviral resistant mutations . Under the selection
pressure exerted by antiviral drugs or immunological
responses, the viral mutants that show maximum
resistance to the treatment and high replication capacity
are selected as primary drug resistance mutants over
[28]
the wild type quasispecies . The hepatocyte turn over
rate is greatly increased in the inflammatory liver and,
therefore, the drug resistance variants rapidly spread in

NAS
Antiviral therapies for CHB using NAs have become
standard treatment modalities. Current NA agents
approved for treatment of CHB infection, include lamivu
dine, adefovir, entecavir, telbivudine, and tenofovir.
Administration with NAs leads to a strong and long-term
control of virus amplification by interfering with the viral
replication cycle. Viral suppression can be reached in
[18]
up to 95% of the patients . The critical weak point of
NA therapy is that it requires life-long administration,
has modest effects on HBsAg levels and carries the risk
[2]
of the development of drug resistance . In addition, in
HBeAg-positive patients the rate of seroconversion is
[7]
as low as 20%-25% following one year of treatment .
The major adverse effects of long-term administration
[19]
include nephrotoxicity and myopathy .
NAs are chemically synthesised drugs that com
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uninfected hepatocytes, occupying the new replication
[26]
space and becoming the dominant viral quasispecies .

replication of both the wild type and lamivudine resistance
[43]
HBV . In addition to acting as a DNA chain terminator
it has been reported to induce NK cell activity and
[44]
to induce endogenous IFN production . The main
resistance mutations are located in the palm subdomain of
polymerase. Following five year treatment, approximately
[45]
30% of the patients develop drug resistance . When
adenovir is administered in combination with lamivudine
to patients with pre-existing lamivudine resistance, cross[46]
resistance does occur .

Lamivudine

Lamivudine is a moderate strength deoxycytidine
nucleotide analog but due to its relatively low cost and
being the first NA approved, it has a pharmacoeconomic
advantage and has been widely used worldwide.
Lamivudine inhibits the viral polymerase/reverse trans
criptase and is equally effective against the wild-type
[29,30]
virus and precore/core mutant variants
. It is a welltolerated drug and has been shown to be effective even
in patients with severe viral exacerbations and with
[31,32]
hepatic failure
. Long-term lamivudine therapy results
in up to 50% HBeAg seroconversions and maintains
low levels of HBV DNA and alanine aminotransferases
(ALT) in both HBeAg-positive and HBeAg-negative CHB
[33,34]
patients
. However, the development of resistant
mutations occurs in 20% after a year and as much as
[35]
70% following five years of treatment . The most
common mutation that confers resistance to lamivudine
is the M204V/I/S mutation and involves a single amino
acid substitution within the highly conserved YMDD motif
[36]
at the catalytic centre of the polymerase . Lamivudine
mutations affect the ability of the dNTP-binding pocket
to accommodate the drug, which in turn leads to a
reduction in the affinity of lamivudine for the reverse
[36]
transriptase domain .

Tenofovir disoproxil

Tenofovir, another acyclic NA, is a methyl derivative of
adenovir and exhibits anti-viral activity in lamivudine
resistance HBV. It has been shown to have an additive
suppression effect on viral replication when administered in
[47,48]
combination with lamivudine, entecavir or telbivudine
.

INTERFERON-BASED THERAPY
Recombinant and lymphoblastoid IFN-α, have been
introduced as therapeutic regimens in CHB liver disease
since the early 1980s. Conventional IFN-α or Pegylated
IFN-α (Peg-IFN-α) induces direct antiviral activity by
stimulating the host antiviral immune response and
mediating divergent effects on viral replication. PegIFN-α has replaced conventional IFN-α treatment as it
allows the administration of weekly injections compared
to three times schedules of conventional IFN-α, while
maintaining similar antiviral efficacy. Peg-IFN-α includes
two preparations, Peg-IFN-α and Peg-IFN-α, 2α, that
are heterogenous and contain multiple monopegylated
isomers.
The response rate of IFN treatment in children is
similar to that of adults, being about 30%-40% in those
with high ALT levels, but this effectiveness drops to 10%
[49,50]
in those with normal levels
. Nevertheless response
rates can change at the end of the therapy because
[51]
virological relapses commonly occur . Sustained
responses have been reported to be about 18%-25%
at the end of IFN treatment and in relapsed patients
[51,52]
that have been pre-treated with IFN
. Following
IFN treatment factors associated with response to
treatment include high ALT levels, low HBV DNA, older
age and the absence of previous IFN therapy. Patients
with the best outcomes are those with genotype A and
high ALT or low HBV DNA, and those with genotypes
[53]
B or C with both high ALT and HBV DNA levels . Poor
responses correlate with the duration of chronicity,
the presence of precore mutations, male sex and
human immunodeficiency virus (HIV) co-infection. The
main advantages of IFN treatment are finite duration,
absence of resistance, a higher rate of HBsAg clearance
and HBeAg seroconversion (particularly among
genotype A and HBeAg-positive patients), improvement
[54]
of survival rates and a reduction of HCC occurrence .
However, the adverse effects of IFN include flu like
symptoms, fatigue, bone marrow suppression and
exacerbation of autoimmune illnesses and, therefore,

Telbivudine

Telbivudine is a thymidine NA that once administrated is
[37]
easily phosphorylated to its active triphosphate form .
It is structurally similar to lamivudine and has similar
resistance profile, is well tolerated and has no dose[38]
limiting side effects . The overall rate of drug resistance
development is 22% in HBeAg-positive patients and
[39]
9% in HBeAg-negative carriers . Although it is more
potent than lamivudine and adenovir, it is cross-resistant
with lamivudine and has a considerable risk of drug
[40]
resistance development .

Entecavir

Entecavir is a guanosine NA and inhibits polymerase/
reverse transcriptase by competing with the natural
substrate deoxyguanosine triphosphate. It inhibits both
the wild type and lamivudine-resistant HBV variants,
has a high rate of HBV DNA suppression, low drug
resistance, low incidence of adverse reactions, and also
been shown to improve liver function in patients with
[41]
decompensation cirrhosis . In clinical trials entecavir
was found to be superior to lamivudine in NA-naive and
lamivudine refractory HBeAg-positive or HBeAg-negative
patients. After five years of therapy in NA-naive patients
the risk of entecavir resistance is low but in lamivudine
pre-treated patients, entecavir resistance associates with
[42]
breakthrough in 50% of the patients .

Adefovir dipivoxil

Adefovir, an acyclic NA, is a potent inhibitor of viral

WJH|www.wjgnet.com

1033

May 18, 2015|Volume 7|Issue 8|

Koumbi L. Therapies for chronic hepatitis B infection
Table 1 Potential antiviral drugs for the future treatment of chronic hepatitis B virus
Potential antiviral agents

Mechanisms of action

NAs: MIV-210, elvucitabine, valtorcitabine and clevudine
Lipopeptides: Myrcludex-B
Disubstituted-sulfonamides: CCC-0975 and CCC-0346
LTR
Zinc finger nucleases
Epigenetic regulators
Small interfering RNA
Phenylpropenamides: AT-61 and AT-130
Heteroaryldihydropyrimidines: BAY41-4109
Synthetic TLR-7 agonists
IL8 inhibitors
REP 9AC amphipathic polymers
Inhibitors of PD-1 and TIM3 receptors
Immunization with DC pulsed with HBV antigens
Therapeutic vaccines containing viral peptides
Cytokines: IL12, IL2, IFNg and TNF-a
Thymosin alpha polypeptide

Inhibition of HBV replication
Prevention of viral entry
Blockage of the de novo cccDNA synthesis
Destabilization cccDNA minichromosome
Disruption of sequences within viral proteins
Repression of cccDNA transcriptional activity
Silencing of HBV protein gene expression
Prevention of RNA encapsidation
Nucleocapsid destabilization
Inhibition of HBV replication via pDC activation
Increase the potency of IFN-a treatment
Inhibition of subviral particles
Restoration of T cell function
Induction of viral specific CTLs
Induction HBV-specific responses
Restoration of HBV specific T cell activity
Induction of T cell function and NK cytotoxicity

cccDNA: Covalently closed circular DNA; CTLs: Cytotoxic T lymphocytes; DC: Dendritic cells; HBV: Hepatitis B
virus; MIV: Lagociclovir valactate; NK: Natural killer; pDC: Plasmacytoid DCs; PD-1: Programmed cell death 1; TLR:
Toll like receptor; TIM3: T-cell immunoglobulin domain mucin domain-containing molecule-3; IFN: Interferon; TNF:
Tumor necrosis factor; NAs: Nucleos(t)ide analogues; LTR: Lymphotoxin receptor; IL: Interleukin.

[55]

patients should be closely monitored . Treatment
with IFN-α has been shown to modulate the epigenetic
repression of cccDNA activity and its potential role in
antiviral treatment is discussed later.

drugs developed to inhibit reverse transcription. Among
them, lagociclovir valactate (MIV-210) is a prodrug
with high oral bioavailability in humans and is a potent
inhibitor of the replication of the wild type, lamivudineresistant, adenovir-resistant, and lamivudine-adenovir
[64]
cross resistant mutant HBV genomes . Other new NAs
that show potent inhibition of HBV replication in vitro,
include elvucitabine, valtorcitabine and clevudine.

COMBINATION THERAPEUTIC
STRATEGIES
Current antiviral monotherapies are not able to eradicate
the HBV from the liver, have restricted efficacy, high
cost and lead to drug resistance. So far, combination
therapy with a number of NAs or with IFN, were not
[56-58]
superior in comparison to monotherapy
. However,
a synergistic antiviral effect may confer an additional
[59,60]
benefit
. Combining low barrier resistance drugs,
such as lamivudine and adenofir, with or without IFN
can increase barrier resistance but does not improve
viral suppression and HBsAg clearance as compared to
monotherapy with new-generation NAs, like entecavir
[61,62]
or tenofovir
. However, in the absence of alternative
antiviral agents, a combination of NAs has been shown
to be efficient in patients with partial responses or viral
[63]
resistance patterns .
Considering the shortcomings of antiviral therapies
it is imperative to identify novel drug targets to develop
new combination therapies that can achieve the clearance
of HBV DNA and cccDNA as well as the restoration of
immune defence mechanisms. Research on HBV led
to the discovery of number of compounds that could
potentially complement NAs or IFN therapies (Table 1)
and are being further discussed.

Viral entry

Myristoylated preS-peptide (Myrcludex-B) is a lipopeptide
derived from the pre-S1 domain of the HBV envelope.
It can prevent viral spread from infected hepatocytes in
vivo and reduces the amplification of cccDNA in newly
[65]
[66]
infected hepatocytes . Petersen et al
demonstrated
that it is capable to prevent HBV infection in hepatic cell
culture and humanized mice as well as the establishment
of hepatitis D virus infection.

Synthesis of cccDNA

Elimination of cccDNA is a prerequisite for a successful
therapy and represents a challenging and important
antiviral target. Two small molecules that have been
reported to specifically target cccDNA synthesis are
structurally related disubstituted-sulfonamides and
can potentially be used as drugs to block the de novo
[67]
synthesis of cccDNA . Considering the long nuclear
half-life of cccDNA and its dependence on host factors
for its activity, eliminating established cccDNA appears
to be bigger challenge but evidence suggests that it
is not invulnerable to therapy. HBV cccDNA has been
shown to be destabilized in vitro with inflammatory
cytokines and IFN-α by non cytolytic mechanisms
while is also eradicated when the infected hepatocytes
[68]
are being eliminated by host immune mechanisms .
Interestingly, a recent study has shown that high doses

HBV LIFE CYCLE INHIBITORS
HBV DNA polymerase

In addition to the approved NAs, there are several novel
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of IFN-α and lymphotoxin receptor (LTR) induced the
expression of APOBEC3A or 3B resulting in the noncytopathic reduction of cccDNA in HepaRG cell and
[69]
primary human hepatocytes . Another target of
cccDNA is to identify compounds able to interfere with
the regulation of its transcriptional activity. A new
approach is the generation of zinc finger nucleases
(ZFNs) that target sequences within viral proteins such
[70]
as polymerase, core and X genes . Delivery of HBVspecific ZFNs in cell culture systems was shown to be
achieved successfully by vectors and resulted in the
efficient disruption of the target genes by the generation
of site-specific mutations. However, the delivery of
such targeted proteins in chronic patients remains a
therapeutically challenge.

that delivery of potent small interfering RNAs (RNAsi)
resulted in the long and sustainable repression of viral
[77]
RNA, proteins and HBV DNA levels . However, the use
of RNAsi still remains a therapeutic challenge due to the
lack of a safe and effective delivery system to patients.

Nucleocapsid assembly and stability

There are a number of studies aiming at the develop
ment of agents that inhibit nucelocapsid assembly
or stability. A few non-nucleocapsid molecules have
been shown to inhibit the replication of both the wild
[78]
type virus and of drug resistant variants . These
include compounds that belong either to the family
of phenylpropenamide (AT-61 and AT-130) and have
been reported to prevent RNA encapsidation or to the
family of heteroaryldihydropyrimidines (BAY41-4109)
[55,79]
that can destabilize nucleocapsids
. In addition
to their impact on replication cycle, these agents can
inhibit cccDNA intracellular amplification by inhibiting
nucleocapsid recycling to the nucleus in woodchuck
[80]
animal model .

Epigenetic control of cccDNA

Epigenetic mechanisms refer to heritable changes in
chromatin organization and gene expression independent
of the underlying DNA sequence and have been shown
to play a key role in HBV replication. Interfering with
the epigenetic regulation of cccDNA minichromosome
is another promising therapeutic approach. Viral
replication and cccDNA transcriptional activity have
been shown to be regulated by the acetylation status
of cccDNA-bound H3/H4 histones as well as by the
recruitment of cellular acetyltransferases and histone
deacetylases onto cccDNA in cell culture and primary
[71,72]
human hepatocytes
. Experiments in humanized
mice and cell culture demonstrated that treatment with
IFN-α induces cccDNA-bound histone hypoacetylation
and the active recruitment of transcriptional corepressors
[73]
onto cccDNA . IFN-α administration was also shown to
reduce binding of STAT1 and STAT2 transcription factors
to active cccDNA. Identifying, the molecular mechanisms
by which IFN-α mediates epigenetic repression of cccDNA
transcriptional activity can lead to the development
of novel therapeutics. In CHB patient, viral and host
DNA methylation density varies significantly has been
identified as a host defence mechanism to suppress
viral gene expression and replication. Furthermore,
an up regulation of DNA methyltransferases has been
reported in CHB livers that facilitates the methylation of
cccDNA and viral genomes affecting protein production
[74,75]
and viral replication
. It has been reported that host
DNA methylation is the main mechanism to inactivate
[76]
relevant genes in HCC . These findings suggest a
potential role of methylation in the future treatment of
CHB infection.

IMMUNOMODULATORS
Besides interfering with the viral life cycle, other
therapeutic approaches aim to the restoration and duration
of the immune responses against HBV. An increasing
number of studies have been reporting a number of
potential immunomodulators that can be effective in CHB
treatment (Table 1).

Innate responses

The important role of the innate immunity in controlling
HBV infection has gained significant ground the last years
and several studies have focused on the development
of compounds that can manipulate NK cell immunity.
In CHB infection, NK exert potent antiviral activities
either directly by the lysis of infected hepatocytes or
indirectly by modulating viral specific T cells while they
[81]
also contribute to the pathogenesis of liver injury .
Furthermore, it has been proposed that HBV inhibits
the innate system via the suppression of toll like
[82]
receptor (TLR) induced antiviral signalling . TLR7 and
TLR9 ligands or agonists have been shown to inhibit
viral replication by the production of vast amounts of
type Ⅰand Ⅲ IFNs via the activation of plasmacytoid
[83]
dendritic cells (pDCs) . Experiments in chimpanzee and
woodchucks have shown that a synthetic TLR-7 agonist
reduced serum and liver viremia as well as HBsAg
and increased the expression of IFN-α and interferon
[55]
stimulated genes . This compound has reached Phase
[84]
Ⅰclinical trials . Treatment with entecavir has been
reported to restore TLR2 expression in infected cells
while administration of TLR2 ligand repressed HBV
[85]
replication . These findings suggest that a combination
of TLRs agonists with NAs could provide a promising
therapeutic approach. Another compound that is being
evaluated for its antiviral capacity is the REP 9AC
Replicor, which is a nucleic acid-based amphipathic

Small interfering RNAs

RNA interference (RNAi) is an evolutionary conserved
process by which double-stranded RNA induces
sequence-specific silencing of homologous genes. RNAibased therapeutics act in a fundamentally different
manner than other therapies. They have the potential
to specifically knock down the expression of HBV
proteins, including HBsAg and pgRNA, thus reducing
viral replication. Experiments in transgenic mice showed
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[92]

polymer. It has been shown to facilitate innate responses
via the inhibition of subviral particles from infected
[86]
hepatocytes .
Interleukin-8 (IL8) chemokine is an important
mediator of innate immunity and T cell function. In
patients undergoing HBV reactivation, serum IL8 levels
[16,87]
have been shown to parallel viremia levels
. Specific
inhibition of IL8 has been shown to increase the potency
of IFN-α treatment in HBV transfected hepatic cell lines
and the addition of recombinant IL8 was reported to
rescue almost completely viral replication following
[87]
IFN-α treatment . The development of an IL8 blockage
strategy combined with IFN-α treatment can be another
encouraging future therapeutic approach.

HBsAg without an antibody requirement . A CpGcontaining HBsAg vaccine was shown to overcome
hyporesponsiveness normally seen in immunized
[93]
orangutans . Similarly, it was shown that cytokines
from peripheral blood mononuclear cells from HBVnegative individuals stimulated with CpG ODN strongly
inhibited HBV viral replication, HBsAg and HBeAg
[94]
production from infected HepaRG and HepG2 cells .

Therapeutic vaccination

Therapeutic vaccination is another approach that can
be used in attempts to achieve long-term antiviral
treatment. An effective vaccine should both induce
a strong antigen-specific immune response and the
subsequent deployment of immune response to HBV
in the liver. Currently, the vaccines that are being
evaluated in CHB patients and experimental animals
include recombinant proteins, specific peptides, DNA
vaccine or DNA delivered by viral vectors. Clinical trials
using vaccines containing HBcAg and HBsAg peptides
showed a reduction of HBV replication that that were not
[95,96]
accompanied by HBsAg clearance
. However, a recent
vaccine formulation that comprised HBsAg and HBcAg
particles and was delivered together with a saponin
based ISCOMATRIX adjuvant in transgenic mice induced
the activation HBsAg- and HBcAg-specific CTLs and the
[97]
high production of their antibody .

Viral specific T cell responses

CHB infection is characterized by the hyporesponsiveness
+
of HBV-specific CD4 T cell and CTL that is considered
to be caused from the presence of large quantities of
virions and viral particles in the tolerogenic environment
of the liver, particularly in childhood. The dysfunction of
viral specific T cells has been associated with defects in
co-stimulatory pathways. The negative regulation of T
cell function associates with defects in co-stimulatory
pathways and in particular with the increased expression
of inhibitory receptors programmed cell death 1 (PD-1)
and its ligand 1, T-cell immunoglobulin domain, mucin
domain-containing molecule-3 (TIM3) and CD244 as well
as the impairment of DCs and the increased frequencies
[55,88,89]
of T regulatory cells (Tregs)
. Restoration of T cell
function could, at least partially, be achieved by the
blockage of the negative regulatory pathways including
inhibitors of such receptors, e.g., anti-PD-1 mAb, and
[13]
anti-apoptotic drugs that block TIM3 . Another potential
therapeutic strategy is to activate DC function, by DCbased immunotherapy. Immunization of DCs pulsed with
HBV antigens has been shown to induce viral specific
CTLs responses, to overcome tolerance against HBV
[90]
and to reactivate B cell responses in transgenic mice .
Tregs that significantly contribute to T cell tolerance in
CHB were reported to reduce the response to treatment
in IFN-α non-responders whereas administration of
[89,91]
entecavir reduced their frequencies and function
.
Expansion of HBV core antigen (HBcAg)-specific CTLs is
shown to be essential in HBV replication control and leads
to the activation of endogenous DC and HBsAg-specific
[90]
CTLs without inducing liver damage . Therefore the
suppression of Tregs and HBcAg can also be considered
as potential approaches in immunotherapy.
Another adjuvant of potential benefit is CpG DNA, a
synthetic oligonucleotide that preferentially stimulates
[92]
Th1 responses, with the production of IL12 and IFNγ .
Immunization of transgenic animals with HBsAg
vaccine supplemented with CpG DNA led to clearance
of serum HBsAg and the development of anti-HBs, with
concurrent down-regulation of HBV mRNA production in
the liver. Adoptive transfer experiments of T cells from
such animals showed that they were able to partially
control transgene expression in the liver and to clear
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Cytokines and thymosin

Several cytokines are involved in the defective immune
responses and can be used as adjuvant compounds to
break the immune tolerance in CHB infection. Among
them, IL12 has been reported to restore viral specific-T
cell hyporesponsiveness and to down-regulate PD-1
[98]
inhibitory receptor . Combined therapy of lamivudine
and recombinant IL2 was shown to increase HBV-specific
[99,100]
T cell activity and to induce HBeAg seroconversion
.
Treatment with lamivudine combined with IFNγ and
tumor necrosis factor-α was shown to induce a stronger
inhibition of cccDNA and in the efficient suppression of
[101]
viral replication without the development of cytotoxicity .
Thymosin alpha 1 (Ta1) is a synthetic polypeptide that
has immunomodulating activity and has been shown to
promote T cell activity, IFNγ and IL12 production as well
[102]
as NK-induced cytotoxicity . Treatment with Ta1 has
been demonstrated to reduce significantly viral replication
[103,104]
in chronic patients and woodchuck animals
. Longterm combination therapy of lamivudine and Ta1, but not
with peg-IFN-α, was found to be superior to monotherapy
[27,105]
and correlated with HBeAg seroconversion
. The
conflicting results on the benefits of Ta1 in combination
therapy suggest that more clinical studies are required to
further evaluate this compound.

CONCLUSION
Although antiviral therapy of CHB infection has improved
dramatically during the last decades an effective
treatment is still not available and CHB remains a serious
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clinical problem worldwide. Current available antiviral
options suppress viral replication and improve patient
survival but they do not eradicate the virus and the
cccDNA pool resulting in viral reactivation after cessation
of treatment and in the development of liver disease
progression. The goal of new therapeutic strategies is to
eliminate or control HBV and to allow access to therapy
in poor high-endemicity areas, where the consequences
of HBV infection are more severe. Experience with the
treatment of HIV and HCV has proven that combination
therapy with compounds targeting multiple steps in the
replication cycle would be more efficient than mono
therapy. Research efforts focus on the identification of
novel compounds that inhibit viral entry, nucleaocapsid
assembly, reverse transcription and cccDNA formation
and stability. Besides interfering with the viral life cycle,
an increasing number of studies have reported several
promising immunomodulators that aim to restore the
HBV specific T cell hyporesponsiveness and to boost
the innate immune arm of the host, while blocking
potential pathways of liver damage. The development of
such agents would help to improve existing therapeutic
regimens and provide new opportunities for more
efficient combination therapies. New strategies should
be clinically evaluated by large-scale trials or by the
use of relevant experimental models. Because access
to chimpanzees is restricted, human HBV replication
is being now being studied in humanized mice. Even
if these mouse models are useful in validating novel
antiviral compounds have the critical weak point of an
immune-deficient host that doesn’t reflect the situation
of human liver environment.
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REVIEW

Advanced hepatocellular carcinoma and sorafenib:
Diagnosis, indications, clinical and radiological follow-up
Stefano Colagrande, Francesco Regini, Gian Giacomo Taliani, Cosimo Nardi, Andrea Lorenzo Inghilesi
treatment, a multi-kinase inhibitor with anti-proliferative
and anti-angiogenic effect. Trans-arterial Radio Embo
lization also represents a promising new approach to
intermediate/advanced HCC. Post-marketing clinical
studies showed that only a portion of patients actually
benefits from sorafenib treatment, and an even smaller
percentage of patients treated shows partial/complete
response on follow-up examinations, up against relevant
costs and an incidence of drug related adverse effects.
Although the treatment with sorafenib has shown a
significant increase in mean overall survival in different
studies, only a part of patients actually shows real
benefits, while the incidence of drug related significant
adverse effects and the economic costs are relatively
high. Moreover, only a small percentage of patients
also shows a response in terms of lesion dimensions
reduction. Being able to properly differentiate patients
who are responding to the therapy from non-responders
as early as possible is then still difficult and could
be a pivotal challenge for the future; in fact it could
spare several patients a therapy often difficult to bear,
directing them to other second line treatments (many of
which are at the moment still under investigation). For
this reason, some supplemental criteria to be added to
the standard modified Response Evaluation Criteria
in Solid Tumors evaluation are being searched for. In
particular, finding some parameters (cellular density,
perfusion grade and enhancement rate) able to predict
the sensitivity of the lesions to anti-angiogenic agents
could help in stratifying patients in terms of treatment
responsiveness before the beginning of the therapy
itself, or in the first weeks of sorafenib treatment.
This would bring a strongly desirable help in clinical
managements of these patients.
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Abstract
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line therapies; Perfusion weighted imaging; Response
evaluation; Hepatocellular carcinoma follow-up; Response

Advanced stage hepatocellular carcinoma (HCC) is a
category of disease defined by radiological, clinical and
hepatic function parameters, comprehending a wide
range of patients with different general conditions. The
main therapeutic option is represented by sorafenib
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this therapy owns a wide variability in the prolongation
of the survival of these patients. Furthermore, sorafenib
therapy has some significant side effects and is very
expensive.
On this background, the aim of this review is to
remind the main problems related to diagnosis, staging
and treatment allocation in case of advanced HCC,
the principal indications of sorafenib, how to evaluate
and to predict the response to treatment and when a
second line therapy is suitable.

Evaluation Criteria in Solid Tumors
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Advanced stage hepatocellular carcinoma
comprehends a wide range of patients with different
general conditions. The main therapeutic option is
represented by sorafenib. Although the treatment has
shown a significant increase in mean overall survival, only
a part of patients actually shows benefits. Differentiating
responder from non-responder patients is a pivotal
challenge for the future. In particular, finding parameters
quantitatively describing perfusion grade, and then able
to predict the sensitivity of the lesions to anti-angiogenic
agents could help stratifying patients in terms of
responsiveness before the beginning of the therapy itself.
This would bring a great help in management of these
patients.

DIAGNOSIS, STAGING AND TREATMENT
ALLOCATION
The development of radiological techniques has radically
changed the approach to the diagnosis of HCC in the past
decade. According to the American HCC guidelines, in
2005 a diagnosis of HCC without biopsy could be made
in presence of a mass > 1 cm showing characteristic
arterial enhancement, observed in two different imaging
modalities, either biphasic computed tomography (CT)
[6]
or magnetic resonance (MR) . In the following years the
diagnostic accuracy of a single tomographic contrasted
technique has been largely validated. The last American
guidelines published in 2011 made possible the diagnosis
of HCC in a cirrhotic patient when a nodule > 1 cm
shows arterial enhancement and portal/delayed phase
“washout”, with the use of a single tomographic exam
[7]
(CT or MR) . Future guidelines may probably include
the use of organ-specific contrast agents (CA), that have
shown a high sensitivity in the detection of new HCC
lesions and of post-surgical disease recurrence as well
[8-10]
as a good potential in hypo-vascular HCC diagnosis
.
This additional radiological advancement, which has been
[11]
included in Japanese guidelines and is currently used
in clinical practice, might further reduce the diagnostic
role of liver biopsy in HCC in the next years.
Many staging systems have been developed for HCC,
and so far there is no international consensus for the
use of a favored one. The barcelona clinic liver cancer
(BCLC) is the staging system most widely endorsed
[12]
in HCC evaluation . It was developed in 1999 and
[3,5,6,13,14]
refined during the following years
. Considering
different parameters such as the tumor burden, the
hepatic function and the presence of disease-related
systemic symptoms, the BCLC individuates five different
stages of disease and suggests the appropriate first line
therapeutic strategy. Moreover, it considers the impact
of treatment on overall survival (OS), linking the stage
[3]
with the prognosis .
According to BCLC, advanced stage (BCLC-C) is
defined by the presence of unresectable HCC with extrahepatic spread (metastases or lymph nodes involvement)
and/or vascular invasion (portal or segmental invasion)
and/or systemic symptoms, defined by an Eastern
[15]
Cooperative Oncology Group
performance status 1
[16]
or 2, with a liver function defined by a Child Pugh
stage not greater than B. It is easy to understand
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INTRODUCTION
Hepatocellular carcinoma (HCC) represents the fifth
most prevalent tumor worldwide and the third cause
[1]
of cancer related death . The feasibility of treatments
and the linked prognosis largely vary because of the
tumor characteristics that present wide variability in
terms of local and extra-hepatic burden. Moreover, the
differences in molecular features and aggressiveness
of the tumor significantly influence the natural history
of the disease. Finally, the management of HCC is
also complicated, in the majority of patients, by its
development on a background of a cirrhotic liver, that can
[2]
compromise the viability of the appropriate treatment .
Advanced HCC represents a major problem, as a
considerable portion of HCC is diagnosed at this stage
despite the wide use of ultrasound for surveillance in
[3]
patients with increased risk . This stage of disease
is related to a poor prognosis and is reported to be
associated with a survival rate of about 25% at 1
[4,5]
year . Unfortunately, patients with advanced HCC
are not suitable for curative therapeutic strategies like
surgery, loco-regional treatments or orthotopic liver
transplant. Moreover, HCC has a significant resistance
to classic radio- or chemotherapy, that represent the
standard of care in the majority of advanced tumors.
Although the setting changed with the introduction of
the multi-kinase inhibitor named sorafenib in 2008 for
the treatment of advanced HCC, relevant issues in the
management of this disease are still open. In particular,
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Advanced stage (C)
Portal invasion
N1, M1, PST 1-2
Intermediate stage (B)
Child-Pugh B
No PVT

Child-Pugh A
PVT

Second line therapies

Sorafenib

After sorafenib failure

TACE
After TACE failure

Brivanib (BRISK-PS 2013)
Evrolimus (EVOLVE-1 2014)
Ramucirumab (REACH 2013)
Regorafenib (Bruix et al 2013)
Phase Ⅱ-Ⅲ clinical trials

TARE
Loco-regional therapies

Systemic therapies

Figure 1 Main therapeutic options for advanced hepatocellular carcinoma treatment. TACE: Trans-arterial chemo-embolization; TARE: Trans-arterial radio
embolization; PST: Performance status; PVT: Portal vein thrombosis.

how advanced stage HCC includes a heterogeneous
population of patients, with different prognosis. For
instance, the grade of liver function is significantly
related to prognosis: patients with a Child Pugh B class
have a shorter median survival (5 mo) than patients
[5,17]
with more preserved liver function (7 mo)
. This
stage of disease has been considered untreatable
until 2008, when sorafenib has proven his efficacy in
prolonging the survival of these patients in two different
[17,18]
large studies
. Since then, sorafenib has become
the suggested therapy for advanced HCC in the BCLC
algorithm (Figure 1).
Despite its wide use, the definition of advanced
HCC by the BCLC and the allocation of sorafenib show
some minor flaws.
The first one is represented by the treatment of
intermediate HCC, a stage of disease that includes a
heterogeneous group of clinical presentations. Trans[3,5]
arterial chemo-embolization (TACE)
is the recom
mended primary therapy for this stage, but some
authors suggest its use also in selected BCLC-C patients
[19,20]
with a better liver function
. Conversely some others
consider TACE not safe in patients with so advanced
disease and recommend this treatment only in patients
with Child-Pugh A cirrhosis and segmental portal vein
[21]
thrombosis . Besides, the BCLC does not lead to a clear
therapeutic indication for patients who cannot afford or
have failed TACE. This problem has been partially solved
through the introduction of the concept of “treatment
stage migration”: if patients are not candidates for firstline therapy as per stage, they can be shifted to the
[3,5]
treatment option for a more progressed BCLC stage .
Translated in clinical practice, sorafenib should be
administered also in intermediate HCC patients who
can’t afford or have failed the treatment with TACE.
At the same time TACE may be considered a suitable
alternative for advanced stage HCC patients who are not
compliant with oral therapy or could not have access to
[22]
sorafenib . In the last years even the combined use of
sorafenib and TACE for intermediate and/or advanced
[23-25]
HCC has been evaluated in different studies
.
However, data published so far about safety and efficacy
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of this therapeutic regimen is controversial and a precise
validation is still needed.
The second problem is related to the notion that
BCLC defines as “advanced HCC” any patient presenting
an Eastern Cooperative Oncology Group performance
status of 1-2. In clinical practice, it means that patients
could be excluded from potentially curative treatments
if they are “restricted in physically strenuous activity
but ambulatory and able to carry out work of a light or
[15]
sedentary nature, e.g., light house work, office work” .
In our judgment, this approach could seriously limit the
clinical benefit in this particular kind of patients. It should
be stressed that every therapeutic choice, especially
in this kind of patients, deserves a multidisciplinary
approach, as every disease represents an unique case.
A relatively new promising therapeutic option for
intermediate/advanced HCC is represented by transarterial radio embolization (TARE). Differently from
TACE, its main effect is not related to a mechanic
obstruction of the arteries that feed the tumor: by the
use of yttrium-loaded glass or resin particles a localized
[26]
beta radiation of the mass can be obtained (Table 1).
Although there are some absolute contraindications,
represented by a tumor burden over 75% of liver
parenchyma and lung or gastrointestinal uncorrectable
[26]
shunts (that may lead to development of a radiation
induced pneumonia), TARE has emerged as a safe
treatment option and showed survival rates similar to
[27,28]
TACE and sorafenib in studies published so far
. In
particular this therapeutic option may be considered an
interesting alternative to TACE, especially in patients
[29]
with portal vein thrombosis . However, data from
randomized control trials are needed in order to confirm
the therapeutic role of TARE for HCC in clinical practice.

SORAFENIB TREATMENT
Sorafenib still represents the only approved therapy
[5]
for advanced HCC . It is a multi-kinase inhibitor with
anti-angiogenic and anti-proliferative effect. It acts by
inhibiting the serine-threonine kinases Raf-1 and B-Raf
and the receptor tyrosine kinase activity of vascular
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[17,38,39]

was low (7 out of 299)
.
The increase in median OS was confirmed also in the
second of the two abovementioned studies, conducted
in China, Taiwan and South Korea on 226 advanced
patients: mean OS was 6.5 mo in the treatment group
[18]
against a 4.2 mo in the placebo arm . Unfortunately
the development of AE can reduce the compliance to
therapy and worsen patient prognosis: in the SHARP
study the incidence of AE was 70%-85% (vs 43%-60%
in the placebo groups) but severe effects were observed
[17]
in 9.4%-14.6% of patients . The median duration of
treatment was 5.3 mo (range, 0.2 to 16.1) and 176 of
the patients in the sorafenib arm discontinued the study
[17]
because of AE . In both studies the most common
significant AE causing a drug dose reduction (from 800
to 400 mg/die) were Hand-Foot Syndrome (10%-11%
[18]
of patients) and diarrhea (5%-7%) .
Recent studies suggest that a dose reduced regimen
of 400 mg/die could be equally effective in prolonging
[40]
OS . This data should advise the use of a “softer”
regimen in patients who are more likely to develop
AE during sorafenib treatment (e.g., Child B7, elder
patients). In those cases sorafenib could be started at
reduced dose, e.g., 400 mg/die, and “ramped up” to
600 or 800 mg/die if the patient shows a good profile
of tolerability. Post-marketing clinical studies showed
that only a portion of patients actually benefits from
sorafenib treatment (Figure 2), and an even smaller
percentage of patients treated shows partial/complete
response on follow-up examinations (Figure 3), up
against relevant costs and an incidence of drug related
AE probably higher (24%-28% of severe AE) than
[17,35,41]
reported in the SHARP and Asia Pacific studies
.
Because of the problems related to the poor
effectiveness of sorafenib and because of its cost, many
studies tried to compare sorafenib to other commonly
used treatments for unresectable HCC. Although,
according to BCLC, TACE has no indication for advanced
HCC, a study comparing this two different therapeutic
options reported similar benefits from TACE and
[42]
sorafenib in advanced stage HCC .
Association therapy of TACE and sorafenib has
been investigated in some recent works that showed
good results in term of safety and efficacy in BCLC-B
[24,43]
patients
, but its therapeutic role in BCLC-C
patients is still unclear. In fact, most of the studies have
shown that association therapy may improve time to
progression, but it does not seem to improve OS if
[44-47]
[48]
compared to TACE alone
. Conversely, Bai et al
have found some benefits in terms of OS, in patients
treated with sorafenib plus TACE. This combination finds
its theoretical physiological basis on the anti-angiogenic
effect of the drug, in contrast with the physiological
release of angiogenic factors consequent to the arterial
[30]
iatrogenic obstruction . Nevertheless the results about
[44]
this kind of treatment are still uncertain .
In a recent study sorafenib has also been compared
[49]
to TARE: median OS was similar in the two groups .

Table 1 Main loco-regional therapies in advanced hepatocellular
carcinoma treatment
Loco-regional therapies
TACE is the most common used loco-regional treatment in patients
with unresectable HCC, without macrovascular invasion or extrahepatic
spreads (BCLC stage B)
The use of TACE in advanced HCC is controversial: some authors
affirm its better efficacy in term of survival benefit, than the best
supportive care in HCC with extrahepatic spreads and macrovascular
invasion. Some other ones recommend to be careful and suggest its use
only in selected patients with Child A cirrhosis and segmental portal
vein thrombosis
TACE can be a valid alternative for advanced HCC patients who are not
compliant with oral therapies or have severe side effects or could not
have access to sorafenib because of health authorities or high cost
In advanced HCC, TARE shows survival rates similar to sorafenib and
TACE, especially in patients with portal vein thrombosis
TARE contraindication: important arterial shunt to gastrointestinal tract
or lung, any contraindication to catheterization
TACE: Trans-arterial chemo-embolization; TARE: Trans-arterial Radio
Embolization; HCC: Hepatocellular carcinoma; BCLC: Barcelona clinic
liver cancer.

endothelial growth factor receptors 1, 2, and 3 and
[30-32]
platelet-derived growth factor receptor β
. Sorafenib,
according to technical schedule, can be prescribed in
patients with preserved liver function (Child-Pugh A)
and it should be orally administered at 800 mg/die (400
mg twice a day). The therapy should be carried on until
disease progression or unacceptable adverse effects
[33]
(AE) occur . Fatigue, diarrhea, hand-foot syndrome,
bleeding, arterial hypertension and hepatic toxicity
(represented by the elevation of transaminase and/or
bilirubin) are some of the most frequent AE observed
during treatment, and can compromise the quality of
[34,35]
life during a therapy that in any case is palliative
.
Sorafenib treatment cost varies from about 2600 to
5300€ per month, depending on the dose (400 mg/die
vs 800 mg/die), with a mean cost about 4079 United
[36]
States dollars per month .
Although sorafenib is the only drug which has indi
cation for advanced HCC, only a few patients obtain a
real benefit from this therapy. In general, the outcome
and the extent of therapy is also linked to liver function:
[37]
Child B patients have lower survival than Child A ones .
In the two largest studies published so far, “SHARP”
and “Asia-Pacific”, the main objective tumor response
ratio according to Response Evaluation Criteria in Solid
Tumors (RECIST) was only 2%-3% in the sorafenib
group patients, and a stable disease was observed in
34%-43% of patients, with an OS only three months
[17,18]
longer than placebo group
. In fact, in the first of
these phase Ⅲ studies conducted comparing sorafenib
(at 800 mg/die) and placebo with a double blind fashion
on a total of more than 600 patients with advanced
[17]
HCC , this drug showed a significant improvement
in terms of OS (median OS 10.7 mo vs 7.9 mo of the
placebo control group) and of time to progression, but
the number of partial responses in the treatment group
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Baseline

One month

A

B

C

ADC value: 1501

ADC value: 1058

Figure 2 Computed tomography and magnetic resonance imaging examination at baseline and one month after the start of sorafenib therapy of patient
showing progressive disease. A: Arterial phase computed tomography (CT); B: Venous phase CT; C: Magnetic resonance imaging diffusion weighted imaging. ADC:
Apparent diffusion coefficient.

The extension of portal invasion resulted to be an
important prognostic factor for the good result of TARE
since patients with partial portal invasion of a branch
of the vein had better prognosis than those who had
[50]
disease extended to the main trunk . The association
of TARE and sorafenib has been investigated and showed
good results in terms of safety, although data about OS
[51]
with this combined therapy are still being investigated .
The physiological basis to combine these two therapies
is that sorafenib seems to decrease the risk to develop
a new lesion or distant metastasis, while TARE is more
efficient in controlling primary hepatic lesion.
[52]
Ravaioli et al
reported two cases of advanced
disease HCC that became suitable to liver transplantation
after TARE treatment. TARE ability to downstage tumor
[53]
has also been reported by other authors .
Over against its apparent simplicity, the treatment
with sorafenib owns relevant open issues that can make
the management problematic for the clinician. In fact,
to reach a real benefit for the patients and to obtain a
proper allocation of the money resources, it is crucial
to identify a suitable method to evaluate response and
hopefully early predictors of response and survival.

WJH|www.wjgnet.com

BIOCHEMICAL RESPONSE EVALUATION
PARAMETERS
According to reported data we deduce that sorafenib
therapy does not improve the prognosis in all advanced
HCC patients and a part of responders have not such
an important benefit to justify an expensive and rich
in terms of AE therapy. Therefore, one of the primary
objectives is to identify some biomarkers that may
predict the efficacy of sorafenib treatment and may help
the clinicians to select possible responder patients.
To clarify this point, many studies have focused on
serum anti-angiogenic factors concentration; in particular,
[17]
in the SHARP study, Llovet et al found that low baseline
concentration of vascular endothelial growth factor-A
(VEGF-A) and high baseline concentration of Ang-2
correlated with a better OS in both arms of the study
(sorafenib and placebo group). These data suggest that
VEGF-A and Ang-2 are independent prognostic factors,
but they have not a straight correlation with sorafenib
[54]
therapy efficacy . Similar results were shown in another
study on patients treated with sorafenib and metronomic
[55]
tegafur/uracil .The possible role of some cytokines
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A

Baseline

One month

B

C

ADC value: 1078

ADC value: 1906

Figure 3 Computed tomography and magnetic resonance imaging examination at baseline and one month after the start of sorafenib therapy of a patient
showing partial response. A: Arterial phase computed tomography (CT); B: Venous phase CT; C: Magnetic resonance imaging diffusion weighted imaging. ADC:
Apparent diffusion coefficient.

[interleukin 6 (IL-6)/IL-8] as predictive biomarker of
sorafenib treatment efficacy has also been evaluated,
[56]
but no significant results have been found . Some
interesting, but preliminary results have been found
using insulin-like growth factor-1 (IGF-1) baseline serum
concentration: high IGF-1 blood levels seem to correlate
[57]
with a better OS during anti-angiogenic therapy . In
the last years, great interest was devoted on serum
alpha-fetoprotein (AFP) levels in HCC patients during
systemic therapy: high basal levels of AFP generally
correlate with a poor prognosis, both in intermediate and
[54]
[58]
advanced HCC . Personeni et al
analyzed a cohort
of 85 patients treated with sorafenib and individuated a
significant association between the decrease of > 20%
in AFP in the first 8 wk and OS. Similar results have
[59,60]
been found in other studies
. An important problem
in the use of AFP as a biomarker is the difficulty in
establishing a reference of percentage decrease (relatively
to baseline values) as a cut-off to assess a response to
therapy; in fact, an accepted worldwide threshold has
not been defined, and the choice of this cut-off differed
in the various studies, usually between 20% and 50%.
Moreover, measuring the early change in AFP level seems
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to be a valid predictive factor only for patients who have
higher baseline AFP serum level. For this reason, some
authors suggest that only patients with pre-treatment
[61]
AFP level > 200 microg/L are suitable for this analysis .
Despite the key role of AFP in diagnosis and follow-up of
HCC, the effectiveness in outcome prediction during antiangiogenic treatment is not clear yet, and needs to be
evaluated in future.
In general, countless field-practice studies have
analyzed the possible role of other biochemical and
clinical parameters in early evaluation of response to
[40,62-67]
sorafenib
, i.e., aspartate transaminase, alkaline
phosphatase basal and on-going levels, as well as the
development of AE such as hand-foot syndrome or
diarrhea have been related to a significantly prolonged
OS, that represents the ultimate goal of treatment in
patients with advanced HCC.

IMAGING RESPONSE EVALUATION
PARAMETERS
Evaluation by imaging is another important tool and
is usually performed every 2-3 mo during sorafenib

1046

May 18, 2015|Volume 7|Issue 8|

Colagrande S et al . Advanced HCC and sorafenib treatment
return of signal intensity/density to its baseline values,
is altered. In order to use image signal intensities to
track and analyze enhancement dynamics, in PWI it is
necessary to form a temporally resolved series of images
(multiple acquisitions on the same area) that tracks the
signal/density changes in different times after the CA
administration, in analogy to tracer studies in nuclear
[75,76]
medicine
. CT PWI parameters evaluation have
shown significant changes during sorafenib treatment,
in particular with a reduction in intralesional mean transit
time as possible consequence of the anti-angiogenic
[68,76]
effect of the drug
.
Simple parameters, which indirectly correlate with
intralesional vascularization have also been elaborated:
Ronot has recently presented that in follow-up during
sorafenib treatment the use of CHOI criteria, based on
intralesional density on arterial phase CT acquisition, has
shown promising potentials in terms of tumor response
evaluation, comparable to those of mRECIST, although
[71]
with minor reproducibility .
Studies on perfusion changes during therapy were
also developed in ultrasonography. Contrast enhanced
ultrasound, a technique which is now available in a large
number of centers, and that can be repeated more than
once in the first weeks from the beginning of therapy
has shown, despite some major limits (such as operator
dependency and partial liver volume exploration) some
promising results in early response evaluation during
sorafenib treatment, since it is able to evidence changes
[77]
in target lesions enhancement during treatment .
The role of MR diffusion weighted imaging (DWI)
in response assessment has been evaluated as well
[78-80]
with controversial results
. This MR technique is
based on water diffusion, which is the inconsistent and
random microscopic motion of molecules caused by
thermal energy, also known as Brownian motion. Even
the more basic DWI principles description is beyond
the aim of this review. It is sufficient to know that
DWI indirectly describes the cellular density and the
[81,82]
architectural changes of a tissue
. In fact, if within a
tissue or a tumor several cells and many architectural
barriers are present (as fibrosis, edema, any type of
disorders or derangements), water molecules have
difficulties in free movements and so “diffusion” is low
(and, in general, signal intensity increases). On the
contrary, if the cellular density is low and environment
homogeneous, water molecules freely move, “diffusion”
[81]
is easy and in general signal intensity decreases .
DWI technique could then be able to show some
intralesional changes that are not evident on standard
CT/MR scans. As regards to early assessment by DWI,
in general, some studies conducted on different tumoral
lesions have shown that apparent diffusion coefficient
(ADC) changes in the first few weeks of treatment may
precede dimensional reduction since, early after the
start of treatment, changes in cellularity and necrosis
[83-85]
may occur
. Conversely to what has been observed
[86]
in solid cancers during chemotherapy treatment ,
[79]
Schraml et al
found an unexpected decrease in

[68]

treatment
by dynamic imaging (CT or MR contrast
enhanced scan), applying the modified RECIST
[69]
(mRECIST) .
The introduction of the mRECIST radically changed
the approach to treatment response evaluation. While
RECIST 1.1 is principally based on lesion dimensions
without any consideration for tumoral vitality, mRECIST
introduced the evaluation of the actual vital part of
the lesions, which is the one that shows contrast
enhancement at CT or MR.
Although the efficacy of mRECIST in tumor response
evaluation in comparison with old RECIST 1.1 during
sorafenib treatment has been recently confirmed by
[70,71]
different studies
, these criteria, based on vital
lesions size measurements in time, still have some
limitations. In fact, since sorafenib mainly operates
through an anti-angiogenic effect, considering only
the diameter of the vital portion is inadequate for a
proper response evaluation. Some other parameters,
able to quantitatively assess intralesional vitality or
vascularization, are necessary to integrate mRECIST
in order to make tumour response evaluation more
reliable. It is proven that not all tumour progressions
at imaging translate into a decreased OS and some
improvements in prognosis have been shown in
[17,72]
absence of tumour burden reduction
. This means
that, even considering the increase in median OS, only
a part of patients actually shows appreciable benefits,
and those whose life expectancy is increased by the
treatment are difficult to individuate since they rarely
show a decrease in terms of lesion size/conspicuity.
In other terms, the response does not correlate, at
least initially, with a change in lesion dimension, but
more probably it brings some intralesional decrease in
[30,72,73]
cellularity and/or vascularization changes
.
In this direction, the analysis of new radiological
parameters in evaluation of response to sorafenib has
shown promising results, and many attempts to evaluate
different tumoral characteristics, such as intralesional
perfusion and cellular density, have been performed so
far.
Perfusion weighted imaging (PWI) is a relatively new
MR/CT technique for qualitative and quantitative eva
[74]
luation of the delivery of blood to biological tissues . The
importance of local changes in blood flow, angiogenesis
and capillary permeability in cancer progression and
treatment motivate the researchers’ increasing interest
in PWI. The primary mechanisms for the cancer lesions
enhancement are the filling of the vasculature with CA
enhanced blood, and the diffusion of this CA from the
blood into the extravascular-extracellular interstitial
spaces; these phenomena are increased by tumoral
angiogenesis. An increase in blood flow leads to a more
rapid CA filling of the vessels, with faster changes in signal
intensity/density while a greater blood or extravascularextracellular volume will increase the fraction of the
[74,75]
voxel to be filled with CA
. In tumoral lesions the
level of peak enhancement and the rate of passage
of the extravasated CA back to the vessels, with a
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images could be related to a minor cellular density and
a higher vascularization, and this could be somehow
an index of treatment sensitivity (particularly in case of
anti-angiogenic drug such as sorafenib itself), while low
levels of intralesional ADC could correlate with a worse
prognosis a poor response to treatment, as shown by
some studies, since they could be expression of a poorly
[80]
vascular lesion with high cellular density . In these
terms also a CT/MR pretreatment evaluation could give
some additive information about tumor cellular density
and vascularization, and maybe help stratifying patients
in terms of anti-angiogenic therapies sensitivity.
Data available in this field are still limited and con
troversial, but more researches will certainly be made,
as being able to identify patients with high probability
of response before or shortly after the start of the
therapy is strongly desirable.
Even if the first encouraging results will be confirmed
in a larger scale, the addition of CT/MR perfusion
parameters evaluation to a routinely liver study and then
the quantitative evaluation on a per patient basis is not
possible yet. The main problems related to perfusion
studies are some technical difficulties and the acceptable,
but suboptimal reproducibility of these parameters,
particularly with MR; while the greatest limitation in DWI
use is the mentioned large standard deviation of the
[93,94]
measurements and then the low reproducibility
.

Table 2 Main systemic therapies in advanced hepatocellular
carcinoma treatment
Systemic therapies
The only drug approved for the treatment of advanced HCC. Patients
treated with sorafenib have longer OS then placebo group in the two
largest studies
The efficacy of this treatment is linked to liver function: Child B patients
have much lower survival than Child A ones (5.5 mo vs 11.3 mo). Child
C patients have very poor prognosis and seem not to be suitable for
sorafenib therapy (1.6 mo)
Patient treated with sorafenib has longer survival than those treated
with sunitinib. No difference in OS has been found comparing sorafenib
treatment to brivanib
Some combination therapies have been proposed, but none of these has
shown superiority compared to sorafenib alone
At now there is no therapeutic plan approved as second line in
advanced HCC pretreated with sorafenib
Some drugs as capecitabine, brivanib, sunitinib, everolimus have
been tested in monotherapy, moreover some combination therapies
as erlotinib with sorafenib, and gemcitabine with oxaliplatin have
been evaluated as second line options, but all of them have not given
significant results
Many studies are still in progress and some interesting, but preliminary
results have been obtained in patients with high expression of c-met in
treatment with brivanib
HCC: Hepatocellular carcinoma; OS: Overall survival.

HCC mean intralesional ADC values in the first 3-4
wk of sorafenib therapy (maybe due to some microhemorrhagic intralesional injury), with a subsequent
[79]
increase at 3 mo evaluation .
Also in case of DWI, the main limitation remains the
large variability of data (both in different acquisitions
and in different centers and scanners), which reduces
[87,88]
the reproducibility of this technique
. However it
has also been demonstrated that timing of imaging is
relevant: changes in ADC could precede changes in
tumor size but may even disappear after a certain time
because of repair mechanisms such as edema decrease
[89,90]
and necrosis organization
. The early changes
[79]
in intralesional ADC described by Schraml et al
in
advanced HCC could be expression of some intralesional
temporarily changes, preceding an eventual dimensional
reduction and expressing a possible sensitivity to
[79]
sorafenib action .
Until now, none of the aforementioned radiological
technique has been positively tested in a large number
of patients, but the good results obtained so far are
suggestive for a possible integration of some of these
parameters to standard follow-up and response evaluation.
Even more important would be the prediction of the
response based on pre-treatment examinations. This
continues to be controversial. From a general point of
view, tumors with necrotic areas, often surrounded by
hypoxic but viable cells, were shown being less sensitive
[91]
to ionizing radiation , more prone to aggressive behavior
[92]
and probably less sensitive to cytotoxic agents .
In case of HCC, on the contrary to what reported for
other solid tumors, higher ADC values on DWI baseline
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SORAFENIB FAILURE AND SECOND-LINE
THERAPIES
As already mentioned, no other systemic treatment
other than sorafenib have, so far, shown the capability
to improve the OS in patients with advanced HCC.
Despite the results in terms of survival during treat
ment, only a very small percentage of patients actually
[17,18]
shows benefits in terms of radiological staging
, so
it is still discussed whether sorafenib treatment should
actually be prolonged also in case of tumor progression at
[56,95]
first follow-up examinations
. Anyway, even in case of
evident benefits from the treatment, most of the patients
[96]
experience a loss of efficacy of the drug during time .
There is then a strong request from clinicians for an
established second line therapy to propose to patients
when sorafenib cannot be administered or has to be
interrupted due to AE or loss of efficacy (Table 2).
Metronomic capecitabine has been largely used as
second line treatment in patients showing progressive
disease after sorafenib treatment mainly because of its
[97]
high tolerability .
In the randomized controlled trial that compared
brivanib vs placebo as second-line therapy after sorafenib
[98]
failure , the improvement of time to progression
observed in brivanib arm did not translated in an
[72]
increased OS . An interesting phase Ⅲ trial comparing
sunitinib with sorafenib has shown similar results in
terms of time to progression between the two drugs, but
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[99]

with worse results for sunitinib in terms of survival .
The use of brivanib and the combination of erlotinib with
sorafenib have also been tested but failed in phase Ⅲ
[72,100-102]
trials
.
From ongoing studies, the most promising results
come from the observation of a significantly better
outcome in patient with high expression of c-met treated
[103]
with tivantinib . From these data, a large phase Ⅲ trial
in second line is currently ongoing.
Although, it has been demonstrated that HCC patients
who respond to TACE usually have poor response to a
[104]
subsequent sorafenib treatment , as we mentioned
above the possible role of the synchronous use of both
[105]
therapies is also being investigated .

6
7
8

9

10

CONCLUSION
11

Advanced stage HCC is a category of disease defined
by clinical, functional and radiological parameters,
comprehending a wide range of patients with different
general conditions, but with poor prognosis and life
expectancy.
Since 2008 the main option for this stage of disease
is represented by systemic treatment with sorafenib,
that mainly shows an anti-angiogenic effect.
Although the treatment has shown an increase in
OS in different studies, only a part of patients actually
shows some benefits with a little percentage of partial
response, while the incidence of drug related significant
AE and the economic costs are high.
Being able to properly differentiate responder from
non-responder patients as early as possible is then a
pivotal challenge and could spare several patients a
therapy often difficult to bear, directing them to some
other second line treatment, at now under investigation.
For this reason, some supplemental parameters as
biochemical and radiological prognostic factors are being
searched for. In particular, finding some parameters
quantitatively describing perfusion grade, and then able
to predict the sensitivity of the lesions to anti-angiogenic
agents could help in stratifying patients in terms of
treatment responsiveness before the beginning of the
therapy itself.
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REVIEW

Percutaneous microwave ablation vs radiofrequency
ablation in the treatment of hepatocellular carcinoma
Loukia S Poulou, Evanthia Botsa, Ioanna Thanou, Panayiotis D Ziakas, Loukas Thanos
steatohepatitis and liver autoimmunity. Surgical resection
and orthotopic liver transplantation have curative
potential, but fewer than 20% of patients are suitable
candidates. Interventional treatments are offered to the
vast majority of patients. Radiofrequency (RFA) and
microwave ablation (MWA) are among the therapeutic
modalities, with similar indications which include the
presence of up to three lesions, smaller than 3 cm in size,
and the absence of extrahepatic disease. The therapeutic
effect of both methods relies on thermal injury, but MWA
uses an electromagnetic field as opposed to electrical
current used in RFA. Unlike MWA, the effect of RFA is
partially limited by the heat-sink effect and increased
impedance of the ablated tissue. Compared with RFA,
MWA attains a more predictable ablation zone, permits
simultaneous treatment of multiple lesions, and achieves
larger coagulation volumes in a shorter procedural time.
Major complications of both methods are comparable
and infrequent (approximately 2%-3%), and they
include haemorrhage, infection/abscess, visceral organ
injury, liver failure, and pneumothorax. RFA may incur
the additional complication of skin burns. Nevertheless,
there is no compelling evidence for differences in clinical
outcomes, including local recurrence rates and survival.
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Core tip: Hepatocellular carcinoma (HCC) is a common
neoplasia with high morbidity and mortality. Nowadays,
technologic progress has led to several diagnostic and
therapeutic challenges regarding HCC, including the
optimal use of percutaneous ablation methods, defining
their indications and assessing the survival impact.
Both radiofrequency and microwave ablation are widely
used with their respective advantages and may both
offer palliation or cure in the context of a multifaceted
treatment approach.

Abstract
Hepatocellular cancer ranks fifth among cancers and
is related to chronic viral hepatitis, alcohol abuse,
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Since most HCCs develop in the setting of chronic
liver disease, the risk of death involves tumour and
non-tumour related factors. An HCC diagnosed as
symptomatic disease has a disappointing 5-year survival
[11]
of 0% to 10% , as opposed to early detection of
small HCCs by surveillance which may be amenable to
cure. The best case scenario is for a malignant nodule
to be found before reaching 2 cm in size. It is crucial
to diagnose HCC at an early stage, given that major
advances are unlikely to emerge from treating late stage
disease.

Poulou LS, Botsa E, Thanou I, Ziakas PD, Thanos L. Percutaneous
microwave ablation vs radiofrequency ablation in the treatment of
hepatocellular carcinoma. World J Hepatol 2015; 7(8): 1054-1063
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i8/1054.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i8.1054

EPIDEMIOLOGY OF HEPATOCELLULAR
CARCINOMA
Hepatocellular carcinoma (HCC) is the most common
primary liver neoplasia and a protean disease with a
poor prognosis. Its incidence is estimated to range
from 500000 to 1000000 cases annually, ranking it fifth
[1]
across cancers worldwide and third as cause of death
[2]
from neoplasia . HCC is more prevalent in Asia due to
hepatitis B virus (HBV) infection endemicity and among
[3]
males aged between 30 and 50 years . According to
National Comprehensive Cancer Network, patients at
risk for HCC are those with cirrhosis related to HBV,
HCV, alcohol abuse, hereditary haemochromatosis,
non-alcoholic fatty liver disease, stage 4 primary biliary
cirrhosis, alpha 1 antitrypsin deficiency, or exposure to
aflatoxins. The incidence of HCC has increased in the
[4]
United States from 1.6 to 4.9 cases per 100000 , and
this increase is expected to continue. Plausible reasons
include the effects of the HCV epidemic as well as the
rise in Non-Alcoholic Steatohepatitis-associated HCC
[4]
cases .

STANDARD TREATMENT
HCC treatment has a short time window before endorgan liver dysfunction leads to increased complications
rate and mortality. In past years, diagnosis of HCC was
made at advanced stage, with symptomatic disease
and various extent of liver function compromise. As a
consequence, no treatment (whether surgical resection
or systemic chemotherapy) provided significant curative
potential or the substantial capacity to prolong survival
and the associated morbidity. Owing to the surveillance
guidelines currently in place, early detection is now
common, liver function is adequately preserved, symp
toms are absent and several treatment options are
[12]
feasible .
The standard treatment options of HCC consist
of surgical resection, orthotopic liver transplantation,
ablation, transarterial therapies (chemoembolization or
radiotherapy) and chemotherapy and notably targeted
molecular therapies.
Therapies with curative potential include hepa
tectomy, liver transplantation and percutaneous thermal
ablation. The remaining options are mostly palliative,
with a non-curative intent but with a positive impact
on survival. For patients with solitary HCC or early
multifocal disease and decompensated cirrhosis, the
[13,14]
optimal choice is liver transplantation
. The Milan
criteria applied in liver transplantation require a solitary
[15]
lesion < 5 cm or up to three lesions < 3 cm .
Surgical resection may be warranted for patients
that either do not have cirrhosis or have cirrhosis with
residual liver function, normal bilirubin and hepatic vein
pressure gradient < 10 mmHg. Five-year disease-free
survival estimates exceeding 50% have been described
[16,17]
for resection and liver transplantation
.
Systemic chemotherapy has limited activity and is
outweighed by frequent toxicity and lack of significant
[18]
survival benefit . Molecular targeted approaches
include sorafenib, a multikinase inhibitor which has
prolonged overall survival rates over placebo in a recent
[1]
study . Expert opinion is mandatory for the selection of
candidates and their assignment to different treatments.

DIAGNOSIS AND SURVEILLANCE
Imaging is important at all stages of diagnosis, therapy
and follow-up of patients with HCC. The diagnostic
modalities used in the diagnosis, treatment planning,
management and follow-up of HCC are ultrasonography
(US), computed tomography (CT) scanning and magnetic
[5]
resonance imaging (MRI) . The European Association
for the Study of the Liver (EASL) and the American
Association for the Study of Liver Disease suggest US
as the preferred modality for bi-annual surveillance of
[6]
patients at high risk of HCC .
The most characteristic imaging findings of HCC
on contrast-enhanced CT and MRI studies are arterial
enhancement, contrast washout and pseudocapsule
bright enhancement on portal, venous and delayed
[7]
phase . Heterogeneity, central necrosis and abnormal
internal vessels are characteristic findings of large
[8]
HCCs .
The prognosis and treatment decisions of solid
tumours are generally related to tumour stage. However,
prognosis for HCC patients also depends on the
underlying liver function. Currently, the Barcelona Clinic
[9]
Liver Cancer (BCLC) staging system is widely used in
clinical practice and in clinical trials. It is a staging system
that also assigns treatment based on tumour stage, liver
[10]
function, performance status, and treatment intent .
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resection and transplantation due to difficulties related
to size, location and number of tumours, vascular and
extrahepatic involvement and functional hepatic reserve
due to cirrhosis. The ultimate treatment choice for the
remaining 80% is interventional therapies. In patients
with early- or intermediate-stage disease, interventional
therapies could control disease progression until
definitive therapy or increase the patient’s eligibility for a
curative treatment. In advanced disease, the main aim
of treatment is to control symptoms, prolong survival,
[19]
and improve quality of life . Available interventional
therapies include direct ablation, transarterial embo
lization or chemoembolization (TACE), drug-eluting
beads and transarterial radioembolization.
Ablation involves the use of chemicals or thermal
energy delivered directly to the tumour to achieve
necrosis. The types of thermal ablation available are
hyperthermic [radiofrequency ablation (RFA), microwave
ablation (MWA), and laser ablation] and hypothermic
(cryoablation).
Percutaneous thermal ablation, either RFA or MWA,
is considered the optimal locoregional treatment choice
for focal unresectable HCC of early stage, but its use
has been proposed for several other clinical scenarios
such as the reduction of the tumour burden and as a
[20,21]
bridge to transplantation
.

2-5 cm. A margin of 0.5-1.0 cm of healthy liver tissue
is mandatory to be ablated in order to secure treatment
of the peripheral tumour, including any microscopic
[27]
extension beyond the radiographically visible margins .
RFA is more effective in HCC than in liver metastases
due to the so-called “oven effect”. Owing to cirrhosis and
its pseudocapsule, the surrounding fibrotic liver of HCC
functions as an oven, and higher peak temperatures with
prolongation of the duration of cytotoxic temperatures
[28]
are achieved within the tumour .
MWA uses electromagnetic energy (up to 2 cm
surrounding the antenna); in the absence of current
flow, the electromagnetic field creates a rapid and
homogeneous heating of tissue and subsequently
coagulation necrosis. The best heating effect is achieved
in tissues with a high content of water and the worst
[24]
is observed in fat . Another mechanism of MWA
function is ionic polarization with conversion of kinetic
energy into heat. A more homogeneous, larger ablation
zone that is easily predicted is feasible and the heat[29,30]
sink effect is attenuated
. One reason for the
reduced heat-sink effect may be the faster heating and
higher temperatures provided by microwave energy.
Notably, the ablation heat beyond the microwave field
is conducted in a similar way as in RFA with the heat[31]
sink effect still present . Another consequence of
the different production of heat seen with MWA is that
the time needed for ablation is less in MWA than that
required in RFA.
MWA equipment consists of a generator and a
monopolar electrode connected to the generator that
is introduced to the lesion through an access needle,
[32]
applying a coaxial technique . The devices use
frequencies higher than 900 MHz (in the United State
915 MHz and 2.54 GHz). Microwaves of 915 MHz can
[33]
penetrate more deeply than 2450 MHz microwaves ;
thus, the low frequency MWA may theoretically result
in larger ablation zones. To prevent skin burns at the
insertion site, internal circulation of fluid or carbon
dioxide through the needle shaft is applied achieving
[34]
continuous cooling . As opposed to RFA, MWA permits
the simultaneous treatment of multiple lesions with
multiple electrodes that can produce larger ablation
volumes. Each microwave application can produce a
discrete focus of approximately 1.6 cm of necrosis for
[32]
120 s at 60 W . In contrast to RFA, grounding pads
are not needed because the completion of an electrical
circuit is not required. Therefore, the presence of
metallic materials like surgical clips or a pacemaker
does not constitute a contraindication.
These advantages of MWA are also its flaws. The
higher thermal efficiency of MWA can easily injure the
adjacent critical tissues because the tissue surrounding
the antenna may be ablated rapidly. Simultaneous
deployment of multiple probes of microwave antennae
can significantly increase the diameter of the ablation
zone, whereas recession of the coagulation zone for
the inter-antenna distance may not entirely cover the

RFA VS MWA: PRINCIPLES AND
APPLICATION
In RFA, an electrical current in the radiofrequency
range is delivered through a needle electrode under
imaging or surgical guidance, producing heat-based
[22]
thermal cytotoxicity . A complete electrical circuit
is created and completed through grounding pads
attached to the thighs or back. Temperatures range
between 60 ℃ to 100 ℃ and result in almost instant
[23]
coagulation necrosis . These temperatures are
observed near the electrode resulting in a small area
of necrosis, with the larger portion of the final ablation
zone being attributed to thermal conduction into more
[24]
peripheral areas around the electrode . Tissue boiling
and charring act as electrical insulators and limit the
effect of RFA through increased impedance; hence,
the important tissue properties for RFA are electrical
[24]
and thermal conductivity . Radiofrequency ablation is
also moderated by the heat-sink effect, a phenomenon
that occurs when thermal energy is dispersed from the
target lesion due to blood flow in the vessels adjacent
[25]
to it . Consequently, the shape and size of the ablation
zone may be unpredictable and the efficacy of RFA
may be restricted as multiple sessions are necessary
[26]
for complete tumour eradication . In order to attain
larger necrosis volumes, numerous innovative electrode
modifications are applied, such as expandable electrodes
or internally cooled electrodes as well as multiple
electrodes. The result is ablation zones of lesions up to
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Table 1 Comparison of radiofrequency over microwave ablation methods
RFA

MWA

Electric current
Grounding pads (risk of burns due to ground pads)
Tissue charring and boiling cause increase of impedance
that reduce electrical and thermal conductivity
Lower intratumoral temperatures
More peri-procedural pain
Unpredictable ablation zone
Heat-sink effect
Single lesion can be treated
More procedural time
Less ablation volume
Similar complications and complication rate
Surgical clips or pacemaker are contraindications

Electromagnetic energy
No grounding pads (no risk of burns)
Rapid and homogeneous heating + ionic polarization
Higher intratumoral temperatures
Less peri-procedural pain
More predictable ablation zone
Less susceptible to heat-sink effect
Simultaneous treatment of multiple lesions
Shorter procedural time
Larger ablation volume
Surgical clips or a pacemaker not a contraindication

RFA: Radiofrequency; MWA: Microwave ablation.

[35]

large tumour and result in incomplete ablation . The
summary comparison of the two methods is seen in
Table 1.

technically difficult and can cause probe insertion-related
complications. Moreover, there is no way of controlling
the heat generated in the vicinity of the probes. Of
[47]
note, in terms of technical effectiveness, Seror et al
showed that multipolar ablation of small HCC lesions
improves the rate of complete necrosis during pathologic
examination compared with monopolar techniques.
The introduction of MRI-compatible devices providing
real-time control of tissue temperature proved a useful tool
[48]
and signalled an evolution in ablation techniques . MRI
is the only imaging modality that can provide quantitative
and high spatial resolution real-time monitoring of rateof-change temperature (and hence thermal dose) in the
heated area, determining the cut-off point (or endpoint)
for the application of power.
Microwave ablation is a highly effective modality,
with its most important limitation being the heating of
[49-52]
antenna shaft that results in reduced power delivery
.
Some manufacturers have introduced internal or external
water-cooling systems of the antenna, at the expense
[53,54]
of increased shaft diameter and complexity
. A
microwave ablation system has recently been introduced
that can provide high power (140 W). It uses a small
diameter antenna (17 gauge) as it incorporates a novel
[55]
gas-cooling mechanism .

EVOLUTION OF ELECTRODES
Since the most important disadvantage of RFA is that
the temperature falls quickly as the distance from
the electrode tip increases due to increased tissue
impedance. Research has focused to the development
[36]
of new electrodes that would overcome this limitation .
The evolution in RFA ablation devices and technologies
has improved the results of RFA in terms of achieving
a larger necrotic burden. Expandable and multitined
electrodes were initially introduced which are now
widely used and are adequately studied with satisfactory
results. Attempts to increase ablated lesion sizes have
[37]
involved the use of perfused electrodes , expandable[38]
[39,40]
wet electrodes , cooled-wet electrodes
and saline[41]
enhanced bipolar single electrodes .
Another technological progress in electrodes is the
use of bipolar and multipolar electrodes rather than
the monopolar type. In monopolar mode, the current
travels outward toward a dispersive pad and the heat
is diverted from the ablation site in all directions. A
bipolar electrode does not require a grounding pad since
both electrodes are located inside one probe and the
alternative current circuit is concentrated between the
[42,43]
probes within the target lesion only
. Additionally,
one electrode is thermally shielded by the opposing
electrode, an effect that results in active heating of
[44]
the tissue in its proximity . The heating effect is
trapped between the two electrodes, producing higher
temperatures and larger ablation lesions. Haemmerich
[45]
et al
demonstrated that bipolar modes showed an
improved electric potential profile and temperature
distribution as compared with the monopolar mode.
Multipolar mode is based on simultaneous insertion of
[46]
multiple, internally cooled bipolar probes . In bipolar
mode, the two parallel probes should be inserted and
the lesion must be between them; this is sometimes
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CLINICAL STUDIES OF RFA IN HCC
RFA is indicated in patients with early HCC, as staged
by BCLC, who are not eligible for surgical treatment due
to comorbidities, and in patients who refuse resection
[56]
or when there is a need to preserve liver function .
The ablation success rate for lesions smaller than 2 cm
[57]
reaches 90% with a local recurrence rate of 1% . For
this reason, RFA is considered effective for tumours
< 3 cm; combined locoregional treatment should be
[58]
considered for lesions > 3 cm . RFA combined with
TACE is recommended for tumours larger than 3 cm in
diameter, but RFA may also be used for four or more
[59]
nodules where applicable .
The main contraindications of RFA are severe
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bleeding diathesis (platelet count less than 50000/μL),
haemostatic compromise, decompensated ascites,
jaundice and presence of metallic devices such as
pacemakers. Relative contraindications are lesions near
the gastrointestinal tract, biliary system and heart.
RFA should also be avoided for tumours within 1 cm
proximity to the hepatic portal tract. Major complications
include liver failure, bleeding, infection, abscesses,
intercostal nerve injury, organ injury, tumour lysis
[60]
syndrome and pneumothorax . In a multicentre study
of RFA for malignant liver tumours in 2320 patients, the
[61]
rate of major complications reached 2.2% .
The technical effectiveness of RFA is evaluated with
the use of contrast-enhanced CT or MRI. A tumour
is considered successfully ablated by the lack of any
enhanced regions during the arterial phase and the
presence of at least a 0.5 cm margin of apparently
normal surrounding hepatic tissue during the portal
phase. An incomplete safety margin is shown to be an
independent risk factor for local tumour progression on
multivariate analysis. Nodular peripheral enhancement
[59]
is suggestive of tumour viability .
Local recurrence rates of small HCCs after RFA
were reported within the range of 1.3%-12% at 1 year,
1.7%-24% at 2 years, and 3.2% at both 5 and 10
years. Factors correlated with local recurrence included
larger tumour size (diameter > 2 cm or > 3 cm), tumour
without encapsulation, poorly-differentiated HCC, subcapsular location, an ablative margin of less than 1
cm and a nearby vessel that could induce a heat-sink
effect. This increase in local recurrence is presumably
due to unexplored peri-tumoral satellite nodules,
insufficient safety margin, or incomplete ablation. Owing
to underlying advanced liver disease in the presence
of HCC, additional new recurrence is very common in
[62]
patients with HCC .
Complete tumour necrosis in early stage HCC
is reported to be 80%-95% and 5%-year survival
[63]
33%-57% . According to some series, percutaneous
RFA show 5-year survival rates of 48%-55% in early
stage HCC, and 51%-64% in Child-Pugh class A
[64]
cirrhosis . Patients with resectable tumours may have
prolonged survival over those with non-resectable
tumours; this is likely a reflection of the better physiologic
[65]
state of patients deemed eligible for surgery .
HCC appears most commonly in patients with
cirrhosis. Since these patients are not usually con
sidered ideal candidates for surgery, it is difficult to
conduct a study comparing RFA against surgery in such
patients. Most reports of percutaneous RFA for HCC are
single-centre retrospective studies conducted among
patients not eligible for resection. Resection remains
the gold standard therapy in early stage HCC. The
few published studies that compared RFA to resection
showed no benefit in survival rates (overall or diseasefree): 4-year overall survival of 67.9% for ablation vs
[66]
[67]
64% for surgery . Huang et al
applied the Milan
criteria (no more than one HCC of 5 cm or smaller, or
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up to 3 HCCs measuring 3 cm or smaller) and patients
were randomized to receive RFA or surgery. Significant
differences were reported: 4-year and 5-year survival
rates of 66% and 55% respectively for ablation vs 83%
and 76% for surgery. Overall, recurrence was more
frequent in the group of patients that were ablated. The
limitations of this study lay in more patients being lost
[23]
in follow-up in the surgery group .

CLINICAL STUDIES OF MWA IN HCC
Indications and contraindications for MWA are the same
as those for RFA, apart from the size of a lesion that can
be ablated; according to most studies, MWA can treat 5-8
[68]
cm tumours . Furthermore, MWA allows simultaneous
ablation of multiple tumours or even combined resection
and ablation. In a multicentre effort that gathered
data for patients treated with MWA for tumours of any
origin, the advantages included the short total time of
microwave application for each lesion (median: 4 min/
lesion) and the fewer microwave applications for each
ablated lesion (> 50% had one application and > 75%
two applications). Of the 140 patients analysed, 114
(81.4%) patients received microwave alone, and 26
(18.6%) were treated with microwave combined with
resection. Forty per cent of patients were treated with
[31]
microwave for multiple tumours .
Major complications include bile duct stenosis,
bleeding, haemothorax or intrahepatic haematoma,
peritoneal haemorrhage, liver abscess, colon perforation
[68]
and tumour seeding . In another multicentre study,
736 patients with hepatic lesions underwent MWA; the
reported rate of major complications was 2.9%. MWA
was not proven to increase the risk of damage of vascular
structures and/or bleeding. Minor complications included
pain, post-ablation syndrome, and asymptomatic pleural
effusions, which are usually self-limiting and do not
require any further treatment. With the peri-procedural
mortality rate being reported to be as low as < 0.01%,
[69]
the safety of MWA was established .
MWA shares a high rate of local recurrence in HCC
[70]
with all other ablation modalities. Lee et al
studied
surgical MWA in tumours of 2-6 cm in diameter. All early
postoperative CT imaging showed no residual lesions;
however, on follow-up, 42% of patients experienced
[70]
local tumour progression. As Lee et al
noted, high
local tumour progression is a drawback of MWA and can
be attributed to the use of a large applicator (5 mm in
diameter), which increases the risk of tumour puncture
and subsequent tumour seeding.
Although MWA is a new method and the cumulative
reported experience is limited, there is growing interest
in this modality as a treatment choice of HCC that
[71,72]
can yield promising survival results
. The reported
1-year and 5-year survival estimates were 92.7% and
[73]
56.7%, respectively . A recent multicentre study from
China documented that 1007 patients with primary liver
cancer treated by MWA achieved 1-year and 5-year
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MWA
RFA
MWA
RFA
MWA
RFA
MWA
RFA
MWA
RFA
MWA
RFA
MWA
RFA
MWA
RFA
MWA
RFA

Method

Percutaneous
Percutaneous
Percutaneous
Percutaneous
Laparoscopic, US
Laparoscopic, US
Percutaneous, US
Percutaneous, US
Percutaneous, US
Percutaneous, US
Percutaneous, US
Percutaneous, US
Percutaneous
Percutaneous
Percutaneous
Percutaneous
Percutaneous
Percutaneous

Guidance

36
36
54
43
13
22
49
53
22
20
77
78
66
45
85
113
49
34

Patients
46
48
112
78
15
27
98
72
22
20
105
97
98
131
56
37

Lesions
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Size in cm

<4
<4
2.5 ± 1.1
2.6 ± 1.4
8-10 min
2.31
10-12 min
2.53
5 min
3 (25/49)
10 min
3 (32/53)
4.8
3.5
8 min < 3 (36), 3.1 to 5 (41)
6-20 min < 3 (47), 3.1 to 5 (31)
2.9 ± 0.97
2.95 ± 1.03
10
<3
12
<3
<2
<2

Time

Complete
89
96
94.6
89.7
94.9
93.1
95.5
95
86.7
83.4
96.1
94.2
98.5
99

ablation (%)
17.4
8.3
7.1
12.8
11.8
20.9
18
15
10.5
11.8
3.9
13.5
10.9
5.2
19
9

Local recurrence (%)
81.6
71.7
92.2
91
96.4
67.6
98.7
98
89
100

1 yr (%)
61.2
47.2
62
47.4
92.3
90.7
70
83

2 yr (%)
50.5
37.6
51.7
64.1
82.7
77.6
49
70

36.8
24.2
77.8
77.6
39
70

4 yr (%)

Overall survival
3 yr (%)

38.5
41.3
-

-

7
19
32.5
27.1
45.34
52.99
-

5 yr (%) Median (mo)

Obvious advantages of MWA over RFA include the capacity to heat charred tissues without increasing impedance and lower intratumoral temperature, as well as the lack of
[34]
grounding pads that can cause skin burns. In addition, microwaves in animal studies seem to achieve larger ablation zones and faster ablation times , thereby allowing
[70]
tumours to be treated with fewer applicator insertions compared to RFA . The effect of MWA on perivascular tumours is also better because of the attenuated heat-sink
[75]
effect ; consequently, microwave ablation should be preferred for tumours near the hepatic veins and inferior vena cava.
[76]
RFA appears to be effective for lesions up to 3 cm distant from the vessels due to the heat-sink effect (efficacy: 97% and 5-year survival: 68%) , while MWA seems to
overcome size limitation of RFA treating lesions up to 7 cm, showing a faster ablation procedure, a reduced heat-sink effect and improved convection profile; however, MWA
[77]
emerges as more appropriate for superficial lesions .
The results concerning local disease control rate of MWA vs RFA are controversial. Early reports show similar rates for local tumour control for MWA and RFA. In a
[78]
[50]
retrospective comparative study of 102 patients, a complete ablation rate of 95% was reported for MWA and 93% for RFA . On the other hand, Shibata et al performed
a randomized trial in 72 patients and reported local control rates of 89% for MWA and 96% for RFA. Overall, the published studies support the comparability of the two
methods in terms of overall survival, local recurrence and complication rates (Table 2), with some notable exceptions.
[79]
[80]
[81]
One study showed MWA to be superior in terms of local recurrence (3.9% vs 13.5% in the RFA group). On the contrary, Ohmoto et al and Ding et al describe
fewer recurrences in the RFA group over MWA (9% vs 19% and 5.2% vs 10.9%, respectively). In the latter study, authors ascribe this difference to the fact that larger
lesions were ablated (26.7% were > 3 cm in the MWA group as opposed to 15.3% in the RFA group). The size of the tumour lesion is a well-known factor associated with

COMPARISON OF MWA VS RFA IN HCC

. For larger tumours, (> 5 cm) the reported 5-year survival rates ranged from 29% to 68.6%.

[72,74]

survival rates of 91.2%, and 59.8%, respectively

62.5
63.6
53.4
53.4
59
59
50.1
54.5
52
56
54
54
53.5
56.8
59
58.6
64
67

Mean age

MWA: Microwave ablation; RFA: Radiofrequency; US: Ultrasonography.

Ohmoto et al[80]

Ding et al[81]

Abdelaziz et al[79]

Zhang et al[86]

Qian et al[63]

Lu et al[78]

Simo et al[85]

Xu et al[84]

Shibata et al[50]

Ref.

Table 2 Comparison of clinical outcomes across published series of hepatocellular carcinoma patients for microwave ablation over radiofrequency
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local recurrence; it seems to have played a role in
different results among studies.
Across studies, the survival rates were generally
comparable for MWA over RFA groups, having being
st
reported within the range of 68%-100% at 1 year and
th
24%-78% at 4 year.

management may allow a better stratification that would
maximize treatment benefit.
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REVIEW

Risk for hepatocellular carcinoma in the course of chronic
hepatitis B virus infection and the protective effect of
therapy with nucleos(t)ide analogues
Irene Rapti, Stephanos Hadziyannis
HCC is possible by hepatitis B vaccination conferring
protection from HBV infection. However, according to
the World Health Organization Hepatitis B Fact sheet N°
204 (update of July 2014) globally there exists a large
pool of > 240 million people chronically infected with
HBV who are at risk for development of HCC. These
individuals represent a target population for secondary
prevention both of cirrhosis and of HCC. Since ongoing
HBV replication in CHB is linked with the progression of
the underlying liver disease to cirrhosis as well as with
the development of HCC, effective antiviral treatment
in CHB has also been evaluated in terms of secondary
prevention of HCC. Currently, most patients with active
CHB are subjected to long term treatment with the first
line nucleos(t)ide analogues entecavir and tenofovir.
These compounds are of high antiviral potency and
have a high barrier to HBV resistance compared to
lamivudine, adefovir dipivoxil and even telbivudine.
Many studies have shown that patients under antiviral
treatment, especially those in virological remission,
develop less frequently HCC compared to the untreated
ones. However, the risk for development of HCC
cannot be eliminated. Therefore, surveillance for the
development of HCC of patients with chronic hepatitis B
must be lifelong or until a time in the future when new
treatments will be able to completely eradicate HBV from
the liver particularly in the early stages of CHB infection.
In this context, the aim of this review is to outline the
magnitude of the risk for development of HCC among
patients with CHB, in the various phases of the infection
and in relation to virus, host and environmental factors
as evaluated in the world literature. Moreover, the
benefits of antiviral treatment of CHB with nucleos/tide
analogs, which have changed the natural history of the
disease and have reduced but not eliminated the risk of
HCC are also reviewed.
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Abstract
Hepatocellular carcinoma (HCC) is a major health
problem worldwide, representing one of the leading
causes of death. Chronic hepatitis B virus (HBV) infection
(CHB) is the most important etiologic factor of this
tumor, accounting for the development of more than
50% of the cases in the world. Primary prevention of
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days the etiology of HCC was linked with exposure
to aflatoxin which was particularly common in SubSaharan Africa, an area of high HCC incidence. Thus, it
came out of a surprise when in 1970 2 clinical reports
one from England and one from Greece published in
Lancet pointed out that Australia antigen, a marker
of HBV infection, already referred in those days as
hepatitis associated antigen, prevailed in patients with
cryptogenic chronic liver disease and cirrhosis and that
a significant percentage of such patients developed
[7,8]
[9]
HCC . As stressed by Sherlock in 1971 up to those
early days the link between HBV infection and HCC
had been missed by B.S.Blumberg the scientist who
had discovered HBsAg. This is obvious by the content
[10]
of a letter he published in 1969 in Lancet despite his
[11]
subsequent claims . However, regardless of the early
European data on the possible link between chronic
hepatitis B in the development of HCC, it was only in
the mid 1970s that the etiological role of chronic HBV
infection in HCC was unequivocally established thanks to
[6]
the large prospective studies of Beasley et al in Taiwan.
On the other hand, the early observations in Greece on
the possible link between chronic HBV infection and HCC
have stimulated further clinical research in the country
aiming at the identification of risk factors, determinants
[8,12-15]
and predictors of development of HCC
. They
have also been followed by epidemiological studies
with positive results disclosing an association between
the prevalence of HBsAg in the various geographical
departments of the Country and the incidence of HCC in
the same areas.
To sum up, HCC is a major health problem especially
in patients with chronic liver disease and mainly CHB
with or without cirrhosis, established since the early 70s
and therefore, the possible elimination of this risk with
oral treatment is considerably important.

remission; Nucleos(t)ide analogues
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) represents
a major health problem worldwide. It develops on the
grounds of chronic liver disease, with chronic hepatitis
B virus infection (CHB) being responsible for more than
50% of HCC worldwide. Currently, the vast majority of
patients with CHB are being treated with nucleos(t)ide
analogues, which have changed the natural history of
the disease, reducing at a considerable extent its longterm consequences. However, although the risk of HCC
has also been reduced, it has not been eliminated even
after HBsAg loss or seroconversion. Therefore, constant
surveillance, according to guidelines should never be
omitted, unless new more potent treatment options are
identified.
Rapti I, Hadziyannis S. Risk for hepatocellular carcinoma in the
course of chronic hepatitis B virus infection and the protective
effect of therapy with nucleos(t)ide analogues. World J Hepatol
2015; 7(8): 1064-1073 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i8/1064.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i8.1064

INTRODUCTION
Hepatocellular carcinoma (HCC) represents a major
health problem, being one of the leading causes of
death worldwide with 782000 new cases diagnosed
in 2008 and highest incidence rates being reported in
[1]
East/Southeast Asia, North and West Africa . It is the
th
5 most common tumor in men accounting for 7.5% of
th
the total number of tumors and the 9 most common in
women (3.4% of the total number of tumors in them),
nd
while it stands as the 2 commonest cause of death
[2]
due to cancer in the world (746000 deaths in 2012) .
It has a very bad prognosis with a 14% 5-year survival
from diagnosis, being worse than lung, esophagus or
stomach cancer and better only in comparison to the
[3]
5-year survival of 6% of pancreatic cancer .
HCC usually develops on the grounds of chronic liver
disease, particularly cirrhosis mainly due to the hepatitis
B virus (HBV) or HCV, with HBV being responsible for
more than 50% of the world cases of HCC, reaching
[4,5]
78% in areas of high HCC incidence . Patients with
chronic HBV infection (CHB) are at a 100-fold higher
risk for developing HCC compared to healthy individuals
while HBV cirrhotic patients are at an even higher
[5,6]
risk .
From an historical point of view it is noteworthy
that the link of HCC with chronic HBV infection was first
pointed out in 1969 and 1970 in Europe, a geographical
area in which HCC was previously thought to be
extremely rare to practically non-existent. Up to those

WJH|www.wjgnet.com

RISK FACTORS
The risk for development of HCC in CHB differs
significantly between the various areas of the world
[16-20]
being highest in Asian and African patients
. It is
[21-23]
also higher in males than in females with CHB
, in
patients older than 40 years and in cirrhotics compared
[18,22,24]
to non-cirrhotic ones
. Its incidence increases if the
[25]
patient has a family history of HCC , if the viral load
[21,26,27]
(HBV-DNA) is high
, if the genotype of the infecting
[28,29]
HBV is C
and if pre-core or basic core promoter
[30,31]
mutations have developed
. The risk also increases
[32,33]
in patients with heavy alcohol consumption
, in
[34-37]
those co-infected with HDV or/and HCV
and in
those who consume unsafely stored crops (dietary
[38]
exposure to aflatoxin) . In the evaluation of the risk
for HCC by variables of activity of HBV replication, a
linear association with serum HBV-DNA levels has been
proved, while, more recently, high levels of HBsAg (>
1000 IU/mL), even in patients with relatively low viral
loads (2000-20000 IU/mL) have been reported to confer
[21,39,40]
medium to high risk for HCC development
. As far
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as baseline viral load is concerned, in a large prospective
cohort study of 3653 patients, the cumulative incidence
rate of HCC at the end of follow-up ranged from 1.3%,
when baseline serum HBV-DNA was less than 300
copies/mL, to 14.89% for a viral load of ≥ 6log10
[21]
copies/mL .

even on the basis of response guided treatment, does
[47-49]
not exceed 20% or at maximum 30%
. Thus, it is
understandable why currently long-term NA therapy has
turned out to be the number one first choice treatment
of CHB. Prerequisite for the success of such long-term
therapies is the use of compounds of robust antiviral
potency and of high barrier to HBV resistance as are the
current first line NAs entecavir (ETV) and tenofovir (TDF).
Long-term NA therapies reduce the incidence of
unfavorable long-term outcomes of CHB (cirrhosis,
decompensation of cirrhosis, liver transplantation)
and can even lead to regression of advanced fibrosis/
[50-53]
cirrhosis
. Thus, long-term therapy with these
compounds represents a first-line recommendation
of the treatment guidelines of the AASLD, EASL and
[46,54,55]
APASL
. After all, the ultimate goal of therapy in
CHB is to improve the quality of life and the survival of
patients by preventing the progression of the underlying
liver disease to cirrhosis, to decompensated cirrhosis,
end-stage liver disease, to development of HCC and
[46]
death .

PATHOGENETIC MECHANISMS IN HCC
Several molecular mechanisms have been implicated in
the pathogenesis of HBV-linked HCC. In the 1980s the
identification of integration of HBV-DNA into the genome
of hepatocytes in patients with HCC, has been implicated
in the development of HBV-related HCC with several
HCC cases being reported harboring integrated HBV DNA
sequences in the malignant hepatocytes while serum and
non-malignant liver tissue was negative for any marker
[15]
of active HBV infection . The protein HBx and the
epigenetic regulation of the minichromosome of covalently
closed circular HBV DNA have also been implicated
as factors contributing to chromosomal instability, to
activation of cancer-related genes and to inactivation
of protective genes. They have also been considered to
interfere with cellular transcription and signal transduction
[41-43]
through various pathways and cellular promoters
.
Moreover, adaptive immune reactions developing as a
consequence of chronic HBV infection result in release
of cytokines and of growth factors leading to necrosis
of hepatocytes and proliferation of fibroblasts, resulting
in the development of fibrosis/cirrhosis. Furthermore,
a high turnover of hepatocytes can confer to the host
DNA certain mutations that are probably responsible
[41-44]
for their malignant transformation
. In view of these
crucial considerations regarding various factors in chronic
active HBV infection with possible involvement in the
development of HCC, it is reasonable that several studies
have tried to evaluate the effect of antiviral treatment of
CHB not only regarding prevention of disease progression
to cirrhosis and its decompensation but also in terms
of possible prevention from development of HCC and
death, although HBV-DNA becomes integrated into the
genome of hepatocytes of the patient, from the early
phases of HBV infection, probably years before the start
[45,46]
of treatment
.

THE EFFECT OF LONG-TERM
TREATMENT WITH NAS ON THE
DEVELOPMENT OF HCC
Lamivudine and adefovir dipivoxil

Most data is derived from the application of lamivudine
(LAM), the first NA used for the treatment of CHB.
The story begun with a breakthrough Asian study
published ten years ago, showing that a single pill can
[56]
change the natural history of CHB . This study is the
only randomized controlled clinical trial comparing the
efficacy of treatment with lamivudine vs placebo on
disease progression in a large number (n = 651) of
patients with CHB and advanced fibrosis or cirrhosis
with 58% of them being HBeAg-positive. Though
the study was planned for a maximum of five years,
it was terminated prematurely after 32.4 mo, since
the difference between treated and untreated control
patients became obvious from the first year of therapy
and it was considered unethical to continue treating
with placebo patients with advanced liver disease. The
lamivudine arm showed cumulative development of
HCC of 3.9% vs 7.4% in the placebo arm (P = 0.047),
yet the clinical benefits for disease progression and HCC
development were lost when resistance to the drug was
developed (11% in patients with resistance vs 5% in
placebo treated patients). Moreover, when HCC cases
diagnosed in the first year of the trial were excluded,
only a marginal difference could be detected (P =
0.052). It has, however, been implied, that if the study
had continued for longer, then the difference in favor of
lamivudine would have been more profound.
Following this initial study, many more were con
ducted. Most of them have been retrospective with
matched historical controls and all of them showed
that lamivudine reduced statistically the risk for disease

TREATMENT OF CHB
Currently, the great majority of patients with CHB are
treated worldwide with nucleos(t)ide analogues (NAs).
Finite courses of treatment with pegylated interferon (IFN)
for 1 or 2 years also represent first line therapies both
for HBeAg positive and HBeAg-negative patients and
should be first applied to all patients eligible for therapy,
provided, of course, that there are no contraindications
and that IFN is tolerated without major side effects. The
aim of such therapies is to achieve sustained virological
response and subsequent HBsAg loss representing the
[46]
closest to cure outcome of chronic HBV infection .
However, the frequency of such an effect, achieved
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[57-60]

progression to cirrhosis and for development of HCC
.
However, different methods of HBV-DNA assay with
different limits in its detection were used in these studies,
many patients had YMDD mutations and in some studies
there was no match with untreated controls for HBVDNA levels, HBeAg positivity, and duration of follow-up
or age. These limitations could have possibly resulted in
downgrading of the differences between the treated and
[57-60]
control patients
.
[61]
During the last eight years, one meta-analysis
[62]
and one systematic review
were published dealing
with the crucial debate of whether nucleos(t)ide analogs
and mainly lamivudine treatment of chronic hepatitis
B significantly reduces the risk of HCC both in cirrhotic
[61,62]
and in non-cirrhotic patients
.
[56-60]
The meta-analysis included 5 studies
with 1267
patients treated mostly with LAM and compared them
[61]
with 1022 untreated ones . Overall, with the use of
LAM the incidence of HCC was reduced by 78% (2.5%
vs 11.7%, RR = 0.22, P < 0.001). The risk of HCC was
significantly reduced in cirrhotics (3.9% vs 22.4%, RR
= 0.17, P = 0.020), non-cirrhotics (1.8% vs 8%, RR =
0.21, P < 0.001), both in patients who developed drug
resistance (3.3% vs 6.4%, RR = 0.52, P = 0.04) or not:
P = 0.008 and in HBeAg (+) (1.7% vs 7.9%, P < 0.001)
patients while in HBeAg (-) patients the difference was
not statistically significant (3% vs 10%, P = 0.06).
The systematic review included 21 studies with 3881
patients treated mainly with lamivudine [and/or adefovir
[62]
(ADV)] and 534 untreated ones . Of the studied
patients, 33% were cirrhotics and 49% were HBeAg (+),
while sixteen studies included treatment-naïve patients
and five included patients with lamivudine resistance.
Three studies followed-up both treated and untreated
[56-58]
patients
and their analysis showed that treated
patients had a significantly lower risk for HCC (2.8%
vs 6.4%, P = 0.003) than untreated ones, while this
benefit remained the same whether being in virological
remission (2.5% vs 6.4%, P = 0.015) or not (2.8% vs
6.4%, P = 0.016). Patients under remission had a lower
risk for HCC compared to those with breakthrough or
without response to treatment (2.3% vs 7.5%, P <
0.001). Moreover, if remission was accomplished with
the initial treatment, then the risk for HCC was lower
compared to the risk in patients who accomplished
remission under rescue therapy with ADV (2.3% vs
5.9%, P = 0.003). As expected, treatment naïve
patients with cirrhosis had higher HCC incidence than
non-cirrhotic ones (10.8% vs 0.5%, P < 0.001), while
the risk for HCC was higher in older (≥ 50 years old)
(6% vs 2.8%, P < 0.001) and HBeAg (-) patients (5.5%
vs 0.5%, P < 0.001) than in younger (< 50 years old)
and HBeAg (+) ones, respectively. In patients with
lamivudine resistance, those with cirrhosis had a higher
risk for HCC compared to non-cirrhotic ones (17.6% vs
0%, P < 0.001). Rescue treatment with ADV in patients
who developed biochemical breakthrough did not
appear to reduce the risk for HCC compared to patients
who remained untreated without remission (8.8% vs
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5.6%, P = 0.466).
Therefore, lamivudine treatment with/or without
rescue treatment with ADV seems to reduce but not
eliminate the risk for HCC. However, a more recent
[63]
study
revealed that even on-treatment virological
remission achieved in cirrhotic patients may not lead to
reduction of the incidence of HCC, while another study
showed significant reduction in the risk for HCC with on[64]
treatment response . Nevertheless, it must be taken
into account that most studies of lamivudine treatment
with/without rescue treatment with ADV conducted in
the past suffer from several drawbacks: (1) Usually
they are non-randomized trials without pretreatment
stratification for age, gender, severity of disease and
other HCC predictors; (2) Surrogate endpoints of
response, such as HBeAg seroconversion or biochemical
responses have been applied and not hard endpoints,
such as reversal of cirrhosis or prevention from HCC;
(3) Because of their design they were completed while
serum HBV-DNA was still detectable in many cases;
(4) Probably the length of the follow-up was too short
to detect a change in the risk for HCC; and (5) HBV
resistance to NAs a factor linked with increased risk for
HCC was most frequently encountered in the treatment
with lamivudine.
Following lamivudine and ADV, many steps forward
were made in the therapy of chronic hepatitis B with the
newer NAs ETV and TDF of high potency and high barrier
to HBV resistance and several studies have accumulated
on the effect of long-term NA therapy in the prevention
of development of HCC in the course of chronic HBV
infection.

ETV, telbivudine, TDF

There are 3 third generation anti-HBV NAs approved for
the treatment of CHB: ETV approved in 2005, telbivudine
(LdT) approved in 2007 and TDF approved in 2008. All
3 are highly potent anti-HBV compounds but the barrier
of resistance of LdT is low and thus for the time being
only therapies with ETV and TDF are considered as first
line ones. Since ETV has been licensed and used longer
than TDF, especially in Asian countries, there is more
information regarding the potential benefit of the former
than of the latter in CHB as well as on its comparison to
lamivudine. Most studies with these compounds have
been conducted in Asiatic populations but significant
evidence has now accumulated regarding TDF and ETV
also in Western countries.
In a retrospective study from Japan the outcome of
316 patients under ETV treatment was compared to that
of an equal number of historical untreated controls and
of 182 patients under LAM treatment without rescue
[65]
therapy upon development of HBV resistance . The
cohort of ETV treated patients had a 63% reduction of
HCC incidence compared to untreated ones (cumulative
HCC incidence at 5 years 3.7% vs 13.7%, P < 0.001),
which was most obvious in cirrhotic patients (7% vs
39%, P < 0.001), but not in non-cirrhotic ones (2.5% vs
3.6%, P = 0.44). Moreover, reduction in the incidence of
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HCC under ETV treatment was greater than in the nonrescued LAM group of cirrhotic patients (7% vs 22%,
P = 0.043), but again not in the non-cirrhotics (2.5%
vs 4.9%, P > 0.05). Nevertheless, the advantage of
ETV over lamivudine could not be proved in two other
studies, one again from Japan and the other from
[66-68]
Greece as well as in a recent meta-analysis
.
In the Asian study, 129 naïve patients (22% cirrhotics)
under ETV therapy were prospectively followed (median
F-UP: 4.25 years) and compared with 127 patients (27%
[66]
cirrhotics) under LAM treatment . The cumulative
5-year risk for HCC was 12.4 in both groups, yet patients
under LAM therapy who developed resistance (60/127,
47%) had statistically higher HCC risk compared to those
without resistance (P = 0.035).
Similar to the aforementioned results are those of
a multicenter Greek study, published three years later,
in which 321 HBeAg (-) patients (86% naïve-14%
treatment experienced, 25% cirrhotics) under ETV
treatment were followed (median F-UP: 30 mo) and were
compared with a known cohort of 818 patients under
LAM treatment rescued with ADV upon development of
[67]
HBV resistance (26% cirrhotics) . In this study, only a
trend towards lower 5-year cumulative HCC incidence
in the ETV-group was shown compared to the LAMgroup (4.8% vs 5.6%, P = 0.096), while in multivariate
analysis, HCC development was statistically associated
with older age, male gender and presence of cirrhosis
but not with the type of initial treatment.
In a most recent study from Asia, 5374 patients either
under LAM or ETV treatment (3374 and 2000 patients
with median treatment duration 6.1 and 2.6 years
respectively from 1999 until 2011) were retrospectively
analyzed (median F-UP for the LAM and ETV treated
[69]
patients: 3.1 and 8.7 years respectively) . Importantly,
ETV-treated cirrhotic patients had statistically lower
relative risk for death or liver transplantation compared
to LAM-treated ones. However, no difference was
found between the two groups regarding the risk for
development of HCC.
Conflicting is the information derived from a large
retrospective nationwide cohort study conducted in
Taiwan with 21595 patients treated for at least 90 d
[70]
with LAM, ETV or LdT . The results were compared
with those of 21595 controls treated with only an hepa
toprotective agent. Treated patients had a significantly
lower 7-year incidence of HCC compared to controls
(7.32% vs 22.7%, P < 0.001) and the difference was
more obvious in young patients without cirrhosis as well
as in those without diabetes mellitus.
Moreover, in a roll-over study of registration trials
of TDF in HBeAg (+) and HBeAg (-) patients, using the
REACH-B scoring system for HCC development, a 55%
reduction in HCC risk was shown among 641 patients
who completed 6 years of treatment and in cirrhotic
th
patients after the 5 year of treatment, while no
[71]
difference could be detected in the non-cirrhotic ones .
Yet, while a statistical significant difference in the risk
for development of HCC between treated and untreated

WJH|www.wjgnet.com

patients has been clearly documented in many Asiatic
studies, this has not been the case with studies in
Caucasian population, in which the difference in the risk
for HCC between treated and untreated patients has
[63,67,72-74]
been only marginal
.
Thus, in agreement with the results of the Greek
[63,67]
studies
, an Italian one of long-term treatment with
ETV showed an annual development of HCC of 0.8% in
non-cirrhotic patients and of 2.6% in the cirrhotic ones.
These rates are not statistically different from those in
[16,72]
untreated historical controls
.
Moreover, similar are the results in European
multicenter studies published this year. A total of 744
patients from 11 European centers were included in the
first of the studies (42% Caucasian, 29% Asian, 77%
[73]
naïve, 22% cirrhotic) . They were all treated with ETV
and after a median follow-up of 167 wk, 14 patients
developed HCC with 64% of them being cirrhotics.
The 5-year cumulative HCC incidence was 2.1% for
non-cirrhotic patients and 10.9% for cirrhotic ones (P
< 0.001), with HCC incidence being higher in older
patients and those with lower baseline platelet counts.
In another large European multicenter, retrospective
cohort study 1666 CHB patients [85% HBeAg (-), 67%
with CHB, 29% cirrhotics and 3% with decompensated
cirrhosis], from 7 centers treated with ETV or TDF were
[74]
followed-up for a median period of 39 mo . HCC
developed in 71 (4.3%) of the 1666 patients with an
incidence rate of 1.37 new HCC cases per 100 patients
per year. The cumulative probability of HCC was 1.3%
st
rd
at the 1 year, 3.4% at the 3 year and 8.7% at the
th
5 year after the onset of treatment. Again these
findings are not different from those on the risk of HCC
development among published untreated or lamivudine
[16,56,60,62]
treated cohorts of patients
. Virological remission
was achieved in 92% of the patients and it was not
found to be significantly associated with the probability
of HCC development. In the multivariate analysis,
the factors positively associated with development of
HCC were age, severity of liver disease and platelet
[74]
count at the start of treatment . The summary of the
mentioned studies and meta-analyses is outlined in
Table 1.
Furthermore, the last two studies evaluated the
recently developed scoring systems (GAG-HCC, CUHCC and REACH-B scores) in population of Caucasian
[73,74]
patients
. These scores, based on characteristics
of the virus and of the patients, were validated and
used to predict HCC development in treated Asian
[75-78]
patients
, Table 2. In both studies, the predictability
of these scoring systems was poor to modest for the
overall Caucasian population of patients, showing that
a considerable proportion of individuals, particularly
Caucasians, who will develop HCC, cannot be identified
by these scoring systems. Hence, their clinical utility
especially in Caucasians remains debatable.
The topic of the risk for development of HCC in
chronic hepatitis B patients and its possible reduction
by antiviral treatment has been widely covered in the
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418
744

1666

Lampertico et al[72]
Arends et al[73]

Papatheodoridis et al[74]

21 studies 3881/534
49 studies 10025/3571

Type of study

Systematic review
Meta-analysis

Meta-analysis

Retrospective

Retrospective/prospective
Prospective

Prospective roll-over

Retrospective

Retrospective
Retrospective

Prospective

Retrospective
Retrospective

Retrospective
Retrospective

RCT, prospective
Prospective
Retrospective
Retrospective

NUC used

LAM
LAM, ADV, ETV,
LdT, TDF

LAM

ETV, TDF

ETV
ETV

LAM, ETV, LdT vs
controls
TDF

ETV, LAM
LAM, ETV

ETV, LAM

LAM, LAM + ADV
LAM, ADV (add-on),
switch to ADV or
ETV upon R
LAM
LAM, ETV

LAM vs placebo
LAM
LAM vs placebo
LAM vs placebo

39 mo

58 mo
167 wk

5.52 yr

30 mo
LAM: 3.1 yr
ETV: 8.7 yr
7 yr

4.25 yr

67.6 ± 27.4 mo
5.4 yr

3.8 ± 1.4 yr
4.7 yr

2.7 yr
8.2 yr
2.7/5.3 yr
5.1 ± 2.7/6.1 ± 4.3 yr

F-up (median) trx/untrx

2.8/6.4
Pooled HCC incidence rate: 1.3 (1.1-1.6)/100
person-years

1.3(1st year),
3.4 (3d year),
8.7 (5th year)

4 (CHB)/13/(CIR)
Cumulative (5-yr) 2.1 (non-CIR)/10.9 (CIR)

56% reduction in CIR after the 5th year

7.32/22.7

ETV/LAM 4.8/5.6
137/2000 (6.85)/234/3374 (6.9)

12.4

3 (CHB)/30 (CIR)
ETV/untrx 3.7/13.7

2.48/7.7
6% (2.5%/yr)

3.9/7.4
0.7/2.4
1.1/13.3
Annual incidence: 0.95 (VR with LAM)/4.1
(controls)/2.18 (R)

Cumulative incidence of HCC % trx/% untrx

LAM vs untrx
RR: 0.48 (0.38-0.61)

HBeAg (-): RR: 0.25
(0.06-1.06)

RR: 0.22 (0.10-0.50)

SIR:0.55 (0.32-0.94) at
5.52 yr

ETV/LAM
HR: 1.01 (CI: 0.8-1.24)
CI: 6.77-7.87/22.1-23.3

HCC reduction by
63% with ETV
HR: 0.37 (0.15-0.91)

RR: 0.32 (0.12-0.87)
RR: 1 (VR)
RR: 2.04 (0.49-8.3) (no
VR)

RR: 0.49
RR: 0.20 (CI: 0.03-2.76)
RR: 0.08 (CI: 0.03-0.22)
RR: 0.14 (0.006-0.34)

RR or SIR (95%CI)

0.003
< 0.001
No difference
between NA

NS

CIR/non-CIR <
0.001
No difference
from untrx
published cohorts
< 0.001

< 0.001

No difference
ETV vs LAM
0.096
0.95

< 0.001

0.047
0.005
< 0.001
0.005
(CIR), 0.123
(non-CIR)
0.01
0.322

P value

Trx: Treated; Untrx: Untreated; RR: Relative risk; SIR: Standardized incidence ratio; LAM: Lamivudine; VR: Virological remission; R: Resistance; CIR: Cirrhosis; ADV: Adefovir; CHB: Chronic hepatitis B; ETV: Entecavir; HR:
Hazard ratio; LdT: Telbivudine; TDF: Tenofovir; NS: Non-significant; HCC: Hepatocellular carcinoma; NA: Nucleoside analogues; RCT: Randomized controlled trial.

Papatheodoridis et al[62]
Singal et al[68]

5 studies 1267/1022

641

Kim et al[71]

Sung et al[61]

21595/21595

ETV/LAM 321/818
LAM/ETV 3374/2000

ETV/LAM 129/127

Wu et al[70]

Papatheodoridis et al[67]
Lim et al[69]

Kobashi et al[66]

293
316 (ETV)/316 (untrx)/182
(LAM)

201/195
818

Papatheodoridis et al[60]
Papatheodoridis et al[63]

Kurokawa et al[64]
Hosaka et al[65]

436/215
142/104
657/2138
872/699

Total no. of patients, trx/untrx

Liaw et al[56]
Yuen et al[57]
Matsumoto et al[58]
Eun et al[59]

Ref.

Table 1 Summary of studies and meta-analyses evaluating the effect of antiviral therapy on the incidence of hepatocellular carcinoma in chronic hepatitis B patients
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Table 2 Risk scoring system for hepatocellular carcinoma in chronic hepatitis B
CU-HCC score
Variable

[76]

GAG-HCC score

Points

Age
> 50 yr
Albumin
< 3.5 g/dL
Bilirubin
> 1.1 mg/dL
Cirrhosis
Presence
HBV-DNA
4-6 log10
> 6 log10

Risk category
Low
Intermediate
High

3
20
1.5
15
1
4

<5
5-20
> 20

Variable
Age
Per year
Gender
Male
BCP mutations
Present
Cirrhosis
Presence
HBV-DNA
Per log10

Risk category
Low
High

[75]

Points
1
16
19
30
3

< 101
≥ 101

REACH-B score
Variable

[77]

Points

Age
Per 5 years over 30
Gender
Male
ALT (IU/L)
15-44
≥ 45
HBeAg (+)
HBV-DNA
< 4log10
4 - < 5log10
5 - < 6log10
≥ 6log10

1
2
1
2
2
0
3
5
4

Risk category
A 17 point risk scale

CU-HCC: Chinese University-Hepatocellular Carcinoma Score; GAG-HCC: Guide with Age, Gender,
HBV-DNA, Core Promoter Mutations and Cirrhosis; REACH-B: Risk Estimation for Hepatocellular
Carcinoma in Chronic Hepatitis B; BCP: Basic core promoter; ALT: Alanine transaminase.

last AASLD meeting of 2014 in Boston with several oral
[79-88]
presentations and posters
. From an overall analysis
of these studies it can be deduced that antiviral therapy
is associated with reduction of the risk for development
of HCC. However, the risk still remains high, particularly
in males of older age and in patients with cirrhosis.
Therefore continuous surveillance is imperative in all CHB
patients regardless of the outcome of anti-HBV therapy
even if HBsAg has been cleared and anti-HBs have
developed. Irrespective of virological remission induced
by antiviral treatment, CHB patients and especially those
with the highest risk - men > 50 and cirrhotics - should
continue to be surveilled, according to the existing
[45]
recommendations . Moreover, CHB patients whether
with or without cirrhosis, who experience HBsAg loss
with or without seroconversion to anti-HBs, continue to
remain at risk for HCC and therefore, their surveillance
[89,90]
should also be continued
.
Moreover, loss of HBsAg at the age ≥ 50 years was
found to be an independent predictor of development
of HCC.

reduction but not elimination in its incidence has been
documented even in patients who achieved loss of
HBsAg. This has an impact also in the waiting lists of
liver transplantation. Thus, in the United States patients
enlisted for transplantation for complications of CHB,
a 42% relative reduction of end-stage liver disease
and a concomitant 72% relative increase of HCC are
recorded. To a significant extent, these changes have
[93]
been secondary to antiviral treatment . Furthermore, in
Europe the percentage of HBV cirrhotics transplanted for
consequences of viral hepatitis has been reduced from
[92]
24% to 16% of the total .
The self-contradictory finding that antiviral treatment
in CHB can prevent clinical decompensation while it does
not seem to affect considerably the development of HCC,
is due on the one hand to the prolongation of survival
without clinical consequences of hepatic decompensation,
and on the other hand to the ongoing extended exposure
of the patients to the harmful effects of integrated HBV
sequences.
Hopefully, in the years to come, new anti-HBV therapies
may manage to timely and completely eradicate HBV
from the host genome and therefore may also manage to
[94]
eliminate the risk for development of HCC in CHB .

CONCLUSION
In view of the above pooled data from studies of
more than ten years, it is reasonable to conclude that
treatment of chronic hepatitis B with oral antiviral
agents, especially the first line ones ETV and TDF,
definitely prolongs survival and changes the natural
history of the disease, with significant reduction of the
incidence of cirrhosis, decompensation of cirrhosis,
and end-stage liver disease leading to death or liver
[52,53,69,91,92]
transplantation
. Yet, the potential benefits
of antiviral treatment in the reduction of the risk for
development of HCC have not been very impressive. A
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disease may be present or may be precipitated by IFNbased HCV treatment. In this paper, we review the
prevalence of autoantibodies in individuals with hepatitis
C, the clinical significance of these autoantibodies, and
the approach recommended for such situations.
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Core tip: We review the prevalence of Non-organspecific autoantibodies, thyroid autoantibodies, and
gluten-related seromarkers and their significance in
predicting autoimmune diseases in individuals with
hepatitis C. Autoantibodies’ importance for treatment
choice and possible complications due to their presence
during interferon-based treatment are appraised.
Narciso-Schiavon JL, Schiavon LL. Autoantibodies in chronic
hepatitis C: A clinical perspective. World J Hepatol 2015;
7(8): 1074-1085 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i8/1074.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i8.1074

Abstract
Non-organ-specific autoantibodies and thyroid auto
antibodies have been frequently found in chronic
carriers of hepatitis C virus (HCV). With respect to
endomysial antibodies and tissue transglutaminase,
it is controversial whether the prevalence of glutenrelated seromarkers is higher in patients with HCV. In
such cases, in addition to acknowledging any currently
existing autoimmune disease, recognizing the risk of
the patient developing an autoimmune disease during
interferon (IFN)-based treatment must be a principle
concern. From a clinical point-of-view, the presence of
autoantibodies arouses suspicion that an autoimmune
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INTRODUCTION
It is estimated that 2%-3% of the world’s population
[1]
is infected with the hepatitis C virus (HCV) . HCV
causes chronic hepatitis, cirrhosis, and hepatocellular
[2]
carcinoma . HCV has been implicated both in the
triggering of autoimmune diseases and in the develop
[3,4]
ment of autoantibodies . HCV might be involved in
the breaking of tolerance to self-antigens and thus in
triggering autoreactivity. A number of extrahepatic
manifestations have been described in association with
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[50]

chronic HCV infections, most of which can be mediated
by immunological mechanisms, rather than being
[3,4]
related to the infection of extrahepatic tissues .
Until recently, the association of pegylated interferonalfa (IFN) with ribavirin was the gold-standard treatment
[5,6]
for hepatitis C . IFN may induce autoimmune disorders
[7-14]
or worsen pre-existing autoimmune disorders
.
Therefore, it is advisable to screen autoantibodies prior to
treatment; the diagnosis of an autoimmune disease may
[6,15]
be a relative contraindication to IFN-based therapy
.
Non-organ-specific autoantibodies (NOSA), parti
cularly smooth muscle antibodies (SMA) and anti
nuclear antibodies (ANA), among others, have been
[16-25]
frequently found in chronic HCV carriers
. In such
cases, the principal concern is to discriminate between
autoimmune hepatitis (AIH) and viral liver disease; this
[13,18,24,26]
knowledge will influence treatment choices
.
A high prevalence of thyroid dysfunction and antithyroid antibodies in patients with HCV infection has
[27-29]
been described in the literature
. Furthermore, a
major and common adverse effect of HCV IFN-based
treatment is the development of thyroid disease during
therapy. A broad spectrum of autoimmune thyroid
diseases have been reported, including Graves’ disease,
[10,11,30-34]
thyroiditis, and frank primary hypothyroidism
.
With respect to the presence of organ-specific
antibodies, although it has been postulated that HCV can
induce immunologic intolerance to gluten in susceptible
individuals, whether the prevalence of celiac disease
(CD), or the levels of endomysial antibodies (EmA) and
tissue transglutaminase (tTG) antibodies, are higher in
[19,35-40]
patients with hepatitis C, remains controversial
.
From a clinical point-of-view, the presence of auto
antibodies arouses suspicion that an autoimmune disease
may be present or may be precipitated by IFN-based
hepatitis C treatment. Here we review the prevalence of
autoantibodies in individuals with hepatitis C, the clinical
significance of these autoantibodies, and the approach
recommended for such situations.

diagnosis . However, most individuals with hepatitis
C and NOSA do not meet the diagnostic criteria for
[41,49]
AIH
. Although the actual prevalence of AIH in this
group is unknown, it is estimated that only a minority
[49]
present overlap . AIH is treated with glucocorticoids
[50]
and an immuno-suppressor such as azathioprine .
As a rule, such treatment is not recommended for
patients with chronic HCV infections, as it generally
[51]
increases the viremia levels . Whereas IFN-based
therapy is typically not recommended for patients with
AIH, because the immune stimulation produced by
such treatment may lead to exacerbation of disease
[52-54]
activity
. Thus, a careful distinction needs to be
drawn between chronic HCV infection and AIH.
It has been suggested that the management of
patients with a possible HCV-AIH overlap syndrome
must start with the determination of the predominating
entity, thus enabling the selection of the appropriate
[55]
form of therapy . Although no single histological
feature is pathognomonic of either HCV or AIH, distinct
composite histological patterns have been described for
each entity. Patients with AIH are more likely to have
severe lobular necrosis and inflammation, piecemeal
necrosis, multinucleated hepatocytes, and broad
areas of parenchymal collapse. Whereas patients with
HCV are more likely to have bile duct damage, bile
duct loss, steatosis, and lymphoid cell follicles within
[48,56]
portal tracts
. However, a histological pattern
demonstrating intense interface hepatitis has been
[26,57,58]
reported in HCV patients
. In this pattern, a rosette
formation of periportal hepatocytes may not always be
considered suggestive of autoimmune injury, since it
reflects hepatic regeneration activity as a consequence
of greater necroinflammatory activity, and can be
[26,48,56,59]
observed in other etiologies of liver diseases
.
In the past, at a time when the treatment of choice
for hepatitis C was being defined in the literature,
when NOSA and histological features of AIH were
present, many scientists administered corticosteroids
(and sometimes azathioprine) as a first-line treatment
[60-64]
of HCV-AIH overlap syndrome
. In such cases,
biochemical and histologic improvement were achieved
[60]
despite an apparent increase in the degree of viremia .
Whether these patients should be further treated with
IFN while they were in biochemical remission and
receiving steroids was already under debate at this
time.
Today, despite much research, the real relevance of
the presence of NOSA in individuals with chronic HCV
infection remains a matter of discussion.
Several authors have described higher serum levels
of liver tests in HCV patients who test positive for
[16,19,21,65,66]
NOSA
, probably reflecting the severity of the
[20,25,44]
underlying liver lesions
. It has been proposed
that ANA could be helpful in predicting a more rapid
[45]
progression of fibrosis . Nevertheless, previous reports
have failed to demonstrate significant histological
differences between NOSA-positive and NOSA-negative
[17,19,46,47,65-67]
patients
.

NOSA
[41]

NOSA were first described in autoimmune disorders ,
and are now frequently found in chronic HCV carriers.
Their prevalence varies according to country, as does
the titer considered as a cut-off point for positivity (Table
1). The autoantibody most commonly found in chronic
hepatitis C is SMA, which exhibits a large variation in
[16-21,23-26,
its prevalence, ranging between 4% and 78%
33,42-44]
. ANA, a marker for autoimmune liver disease
and other inflammatory conditions, has been detected
in 4%-54% of patients with chronic HCV infection in
[13,16-21,23-26,33,42,44-47]
several studies
. Among NOSA, antiliver kidney microsome-1 (LKM1) is less frequent,
[3,5,7,9,11,13,18,
with a prevalence of between 0% and 13%
19,29,33,36,40,44]
. The major concern regarding the presence
of NOSA is the overlap with AIH in HCV-infected
[21,26,48,49]
patients
. In AIH, the detection of NOSA,
although not pathognomonic, remains the hallmark for
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Table 1 Prevalence of non-organ specific autoantibodies in patients with chronic hepatitis C
Antibody

%

SMA

78
74.5
66.2
55
27.3
26
26.7
20
17.8
15
12.7
9.6
5.4
4.3
54
32
22.9
21
20
19.9
14
12
11.5
9.4
9
7.8
7.7
7.6
6
5.8
3.6
13
8
6.8
6
3
2.2
2
1.9
0.7
0.5
0
0
0
0

ANA

Anti-LKM1

n

Titer

Country

Year

Ref.

25/40
76/102
43/65
34/62
137/502
9/35
12/45
59/290
62/348
28/186
36/283
7/52
5/92
6/138
55/102
60/186
11/48
13/62
7/35
79/502
13/92
11/92
6/52
22/234
26/290
50/645
22/283
5/66
21/348
14/243
5/138
18/138
28/348
3/44
18/290
3/102
11/502
1/41
1/52
2/283
1/186
0/35
0/92
0/62
0/24

> 1:80
> 1:20
> 1:20
> 1:40
> 1:40
> 1:40
> 1:40
> 1:40
> 1:80
> 1:40
> 1:40
> 1:40
> 1:80
> 1:80
> 1:50
> 1:80
> 1:80
> 1:40
> 1:80
> 1:80
> 1:40
> 1:80
> 1:40
> 1:40
> 1:40
> 1:40
> 1:40
> 1:80
> 1:40
> 1:40
> 1:80
> 1:40
> 1:40
> 1:40
> 1:40
> 1:10
> 1:40
> 1:40
> 1:80
> 1:10

Taiwan
Greece
Germany
United States
Italy multicenter
India
Brazil
Italy
Italy
France
Italy
Iran
Brazil
Greece
Greece
France
Taiwan
United States
India
Italy multicenter
Germany
Brazil
Iran
Brazil
Italy
Europe multicenter
Italy
Brazil
Italy
Taiwan
Greece
Greece
Italy
Brazil
Italy
Greece
Italy multicenter
Germany
Iran
Italy
France
India
Brazil
United States
United States

2001
2007
1995
1993
2004
2012
2013
1997
2005
2009
2003
2006
2010
2007
2007
2009
2001
1993
2012
2004
1995
2010
2006
2009
1997
2004
2003
2013
2005
2012
2007
2007
2005
2013
1997
2007
2004
1995
2006
2003
2009
2012
2010
1993
1992

Peng et al[16]
Gatselis et al[23]
Clifford et al[17]
Fried et al[18]
Stroffolini et al[19]
Daschakraborty et al[24]
Marconcini et al[20]
Cassani et al[21]
Muratori et al[33]
Chrétien et al[25]
Squadrito et al[44]
Daryani et al[67]
Badiani et al[26]
Rigopoulou et al[43]
Gatselis et al[23]
Chrétien et al[25]
Peng et al[16]
Fried et al[18]
Daschakraborty et al[24]
Stroffolini et al[19]
Clifford et al[17]
Badiani et al[26]
Daryani et al[67]
Narciso-Schiavon et al[46]
Cassani et al[21]
Yee et al[47]
Squadrito et al[44]
Marconcini et al[20]
Muratori et al[33]
Hsieh et al[45]
Rigopoulou et al[43]
Rigopoulou et al[43]
Muratori et al[33]
Marconcini et al[20]
Cassani et al[21]
Gatselis et al[23]
Stroffolini et al[19]
Clifford et al[17]
Daryani et al[67]
Squadrito et al[44]
Chrétien et al[25]
Daschakraborty et al[24]
Badiani et al[26]
Fried et al[18]
Czaja et al[22]

SMA: Smooth muscle antibody; ANA: Antinuclear antibody; LKM1: Anti-liver kidney microsome-1.
[69]

In terms of antiviral treatment outcome, a negative
correlation between the efficacy of anti-viral treatment
[23,45,66,68,69]
for HCV and the presence of NOSA
has been
[65]
demonstrated, particularly for non-1 genotypes .
Conversely, baseline ANA status was not a consistent
predictor factor of non-response in the majority of
[19,21,46,47,65,67,70,71]
earlier studies
. Nowadays, IFN-based
therapy is considered to be effective and safe in NOSApositive chronic hepatitis C patients for whom the major
diagnosis of probable autoimmune hepatitis has been
[45,72]
ruled out
. Alanine aminotransferase (ALT) flares
have been reported during IFN treatment in NOSA[45,69]
positive individuals
. Some cases may remit with
the suspension of the drug and there have been reports
of AIH being triggered by IFN, with subsequent of
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immunosuppression . Autoimmune thrombocytopenic
purpura is another possible complication in patients with
high titers of ANA that have been exposed to IFN-based
[73]
treatment .
[23,65,68,74]
NOSA titers may increase during treatment
,
[23,65,
or might also fade/become negative in some cases
68,69]
; moreover, patients that were NOSA-negative
prior to treatment may develop autoantibodies during
[23,65,69,74]
treatment
. The increase of NOSA titers
during IFN-based treatment has been correlated to
[23]
poor sustained virological response (SVR) rates .
A careful monitoring of liver biochemistry and NOSA
[33,45,68]
levels is recommended during treatment
.
Autoantibodies should be screened every 3 mo, with
monthly monitoring of ALT. High titers of autoantibodies
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Brazil
Italy
Italy
Germany
Europe multicenter
Italy
Italy
Greece
Greece
Iran
Brazil
China
Taiwan
Germany
Egypt

Country

21
144
221
48
258
502
143
57
102
52
234
46
243
12369
3673

n

IFN-α
IFN-α
IFN-α
IFN-α + RBV
IFN-α
IFN-α + RBV
IFN-α + RBV
IFN-α + RBV
IFN-α/PEG + RBV
IFN-α + RBV
IFN-α + RBV
IFN-α
PEG + RBV
PEG + RBV
PEG + RBV

Treatment
ANA, SMA, AMA, etc.
ANA, SMA
ANA, SMA, LKM1
ANA, SMA, LKM1, AMA, ANCA
ANA
ANA, SMA, LKM1, AMA
ANA, SMA, LKM1
ANA, SMA, LKM1, AMA, ANCA, etc.
ANA, SMA, LKM1, AMA, ANCA, etc.
ANA, SMA, LKM1, AMA
ANA
ANA, LKM1
ANA, SMA, LKM1, AMA, ANCA
ANA, SMA, LKM1, AMA
ANA

NOSA evaluated in the study
↑
N/A
N/A
N/A
N/A
N/A
↑
↑
↑
N/A
N/A
N/A
N/A
N/A
N/A

Titers of NOSA increased
during treatment
ANA
N/A
ANA, SMA
N/A
N/A
N/A
Y
ANA, LKM1, ANCA
Y
N/A
N/A
N/A
N/A
N/A
N/A

Development of NOSA
during treatment
N
N/A
2 ALT flare 7-10 xULN
N/A
N/A
N
N
N
N
N/A
N
N
ALT flare
N
N

Autoimmune disease
triggered during treatment
N
N
Y
Y
N
N
N
Y
Y
N
N
N
Y
N
N

Influence on SVR

2
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Autoimmune thyroid diseases (AITD) are a group of disorders characterized by loss of immunological self-tolerance, whose most common forms include Graves’ disease
[79,80]
and Hashimoto’s thyroiditis
. AITD are characterized by the presence of thyroid autoantibodies (TAAb), such as thyroid peroxidase antibodies (TPOAb), thyroglobulin
[12,80-83]
antibodies (TGAb), and thyroid stimulating hormone (TSH) receptor antibodies (TRAb)
.
Hashimoto’s thyroiditis is the most common clinical manifestation of AITD. The disease manifests itself through subclinical hypothyroidism (elevated TSH levels,
normal free thyroxin (fT4) levels), or clinically apparent hypothyroidism (elevated TSH, low fT4). Goiter occurs in some patients. The disease is diagnosed on the basis of
[12]
hypothyroidism symptoms and the presence of TPOAb and/or TGAb . Graves’ disease is an autoantibody-mediated autoimmune disease characterized by thyrotoxicosis.
[84]
Graves’ disease is caused by direct stimulation of the thyroid epithelial cells by TRAb . Physical examination shows hyperthyroidism symptoms and goiter. Graves’
ophthalmopathy may be apparent. Laboratory tests show a characteristic decrease in TSH levels, an increase in fT4 and free triiodothyronine (fT3) levels, and the presence
[12]
[84]
of TRAb . The ability of TRAb to provide differential diagnoses of overt hyperthyroidism is excellent, with a sensitivity and specificity above 90% .
[85,86]
Thyroid autoimmunity is a common characteristic of HCV infection
. A high prevalence of TAAb in chronic HCV carriers has been reported over the years, varying

THYROID AUTOANTIBODIES

during treatment, with normal ALT, should be monitored, but without great concern. ALT exacerbations should be interpreted with caution, especially if the titers of
autoantibodies are high, as they may (or may not) reflect autoimmunity. Differential diagnosis in these cases include drug hepatotoxicity (by IFN or some other drug the
individual may have taken during treatment) or another viral infection, among others. Table 2 details the influence of NOSA on interferon-based treatment outcome in
several studies.
[75]
Considering the above, IFN-free regimens
are the logical choice for patients with high titers of NOSA and histological findings that suggest HCV-AIH overlap
syndrome, despite the fact that no clinical trials have specifically evaluated this issue.

Children; 2Higher sustained virological response rates in NOSA negative group. NOSA: Non-organ specific autoantibodies; IFN-α: Interferon alpha; SVR: Sustained virological response; ANA: Antinuclear antibody; SMA:
Smooth muscle antibody; xULN: Times the upper limit of normality; RBV: Ribavirin; AMA: Anti-mitochondrial antibodies; LKM1: Liver kidney microsomal type 1 antibody; ANCA: Anti-neutrophil cytoplasmic antibody; PEG:
Pegylated interferon alpha; ↑: Increase; N: No; Y: Yes; N/A: Not available; ALT: Alanine aminotransferase.

1

Lopes et al[74]
Cassani et al[21]
Muratori et al[69]
Wasmuth et al[66]
Yee et al[47]
Stroffolini et al[19]
Muratori et al[65]
Gatselis et al[68]
Gatselis et al[23]
Daryani et al[67]
Narciso-Schiavon et al[46]
Bai et al[76]
Hsieh et al[45]
Mauss et al[77]
Khairy et al[78]

Ref.

Table 2 The influence of non-organ specific autoantibodies in interferon based treatment outcome in patients with chronic hepatitis C
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Table 3 Prevalence of serum thyroid autoantibodies in patients with chronic hepatitis C
Autoantibody

%

TAAb

25
14
12.5
9.4
9.7
7
6.7
5.6
4.5
30.8
21
20
16.3
15
14
10
7.4
6.7
6.5
5.4
3.5
30.8
17
13.3
11
10
8
7.6
5.8
0

TPOAb

TGAb

n
132/630
9/66
9/76
42/449
7/72
5/71
14/207
4/71
5/111
60/195
132/630
26/134
51/312
30/200
9/66
3/32
4/54
13/192
29/449
9/168
9/254
60/195
108/630
44/312
15/134
13/130
13/162
5/66
13/449
0/48

Positive values (U/mL)
> 150
> 50/100
≥ 100
≥ 60
≥ 100
≥ 100
≥ 50
> 150
> 150
> 35
> 18
> 50/100
> 100
> 100
≥ 100
> 60
≥ 40
> 150
> 35
> 200
≥ 50
≥ 100
-

Country

Year

Ref.

Italy
France
France
Taiwan
Italy
Greece
Spain
Italy
United Kingdom
China
Italy
Spain
China
Greece
France
Italy
Brazil
Spain
Taiwan
France
Norway
China
Italy
China
Spain
Taiwan
France
France
Taiwan
Brazil

2004
1992
1993
2012
2002
2011
1996
2006
1997
2011
2004
1998
2013
1997
1992
1996
2013
1995
2012
2005
2002
2011
2004
2013
1998
1999
2005
1992
2012
2013

Antonelli et al[87]
Pateron et al[159]
Tran et al[89]
Huang et al[88]
Carella et al[90]
Vasiliadis et al[10]
Marazuela et al[91]
Floreani et al[29]
Metcalfe et al[92]
Yang et al[28]
Antonelli et al[87]
Fernandez-Soto et al[95]
Shao et al[34]
Deutsch et al[94]
Pateron et al[159]
Roti et al[97]
Marconcini et al[20]
Boadas et al[93]
Huang et al[88]
Moncoucy et al[96]
Dalgard et al[102]
Yang et al[28]
Antonelli et al[87]
Shao et al[34]
Fernandez-Soto et al[95]
Huang et al[98]
Moncoucy et al[96]
Pateron et al[159]
Huang et al[88]
Marconcini et al[20]

TAAb: Thyroid autoantibodies; TPOAb: Anti thyroperoxidase; TGAb: Antithyroglobulin antibody.
[10,27,29,87-92]

AITD (i.e., Hashimoto’s thyroiditis, atrophic autoimmune
thyroiditis, and Graves’ disease) in patients with chronic
HCV infections is often associated with humoral thyroid
autoimmunity (TAAb serum levels above normal
[87,94,95,98]
values)
.
A major concern about the presence of TAAb, besides
the current existence of AITD, is to recognize the risk of
the patient developing thyroid disease during IFN-based
[27]
treatment . It has been long known that pretreatmentreactive TAAb represent a high risk for overt thyroid
[27]
dysfunction during IFN-based therapy . The pegylated
form of IFN seems to have the same effects as standard
[103]
IFN
. IFN dose and duration do not influence the
[102,104]
development of IFN-induced thyroiditis
, nor do
[102]
they affect virological response
. Although some
[90,98]
authors do not agree
, several studies have shown
that IFN-based treatments of hepatitis C can either
induce the production of TAAb, or cause a significant
increase in TAAb levels, in individuals who were positive
for TAAb prior to IFN therapy. Seropositivity for LKM1
may also predispose patients receiving IFN therapy for
[33]
hepatitis C to develop AITD . The rate of development
of TAAb secondary to IFN therapy varies from 1.9%[27,90,91,93,94,97,104-110]
40.0%
. Besides immunomediated
thyroid dysfunction, it is noteworthy that TAAb are not
detected in approximately 50% of patients with thyroid
function disorders during IFN therapy. This finding
indicates the direct toxic effect of IFN on thyroid cells,

from 4.5%-25%
. The prevalences of TPOAb
[20,27,28,34,87,88,93-97]
and TGAb vary from 5.4%-30%
and 0%
[20,27,28,34,88,95,96,98]
-30.7%
, respectively (Table 3). Such a
remarkable variation may be attributable to the different
methods used, and/or to the different geography,
race, age, and sex of the populations targeted in these
[99]
reported studies . Environmental cofactors such as
iodine intake or other infectious agents could also play
an important role in the development of autoimmune
[100]
thyroid disorders
. TAAb are more frequent among
[29,93-96,101]
women
, and their prevalence increases with
[101]
age .
The presence of TAAb does not always reflect
the presence of AITD; many individuals may be
asymptomatic with normal levels of thyroid hormones.
The presence of TAAb may indicate subclinical thyroid
disease and an increased risk of developing clinical
[87,101]
thyroid disease
. The prevalence of thyroid
dysfunction in individuals with chronic hepatitis C varies
[33,87,90,93-96,98,102]
from 3.6%-23%
. Several possible
explanations exist for these wide variations in the
incidence of reported TAAb in IFN-treated patients,
including the various assays used to test for TAAb,
the cut-offs used to define serum positivity, and the
[80]
variability in ethnicity of the patients studied .
No relationship has been observed between serum
concentrations of TSH or thyroid hormone and auto
[100]
antibody titers . Nonetheless, the high prevalence of
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[12,96]

without the participation of immunological factors
.
There are two recognized clinical forms of non-auto
[97,109]
immune thyroiditis: destructive thyroiditis
and
[91,97,108]
non-autoimmune hypothyroidism
, which will not
be addressed here since they are beyond the scope of
this article.
IFN-induced thyroiditis is a major clinical problem
for patients who receive IFN therapy, with complications
[97]
such as thyrotoxicosis being especially severe .
Symptoms of thyroid dysfunction can easily be mistaken
for adverse effects of the HCV therapy, and could remain
undiagnosed if patients do not undergo routine periodic
[111]
screening of TSH and fT4 levels
. The reversibility
of AITD after IFN withdrawal is controversial. Initially,
the thyroid disorders induced by IFN were described
[110]
as reversible
. Later, it was demonstrated that in
more than one third of treated patients, hypothyroidism
[94-96]
may persist
. Although it has been demonstrated
that Graves’ thyrotoxicosis may not be reversible with
[108]
IFN withdrawal
, in a recent cohort of 18 hepatitis
C patients who developed thyroiditis during INF[112]
based treatment, all cases recovered
. Late-onset
thyroid dysfunction has also been observed after
discontinuation of IFN-based treatment (6-mo post[94,95]
treatment)
. Perhaps monitoring for thyroid disease
could be safely ceased at the 6-mo follow-up, coinciding
[112]
with the SVR review .
Finally, it has been reported that IFN-based therapy
[94]
does not aggravate previous existing thyroid disease ,
although some patients treated with thyroid medication
before IFN treatment may require increased doses
during therapy, and decreased doses after IFN therapy
[107]
has been completed . When hypothyroidism occurs,
[100]
thyroxin therapy should be initiated promptly . Hashi
moto’s thyroiditis is rarely the reason for premature
[12]
termination of therapy with IFN . While in cases of
symptomatic thyrotoxicosis, withholding IFN therapy
should be considered only after consulting with an
[108]
endocrinologist . If thyrotoxicosis is suspected, and
TRAb is negative, patients should undergo a thyroid
[80]
scan to check for diffusely increased uptake . Patients
with destructive thyroiditis should be closely monitored
for the development of hypothyroidism, which typically
[80]
follows the hyperthyroid phase within a few weeks .
Regardless of symptoms, all patients should be
screened for TAAb (TPOAb, TGAb, TRAb) and thyroid
function (serum TSH, fT4) prior to starting IFN
[80]
therapy . In patients with TAAb positivity, the choice of
an IFN-based therapy must be made cautiously, taking
into account the potential benefit of IFN treatment and
[30]
the high risk of thyroid disease. IFN-free regimens
are likely to be more suitable in such cases. In patients
without TAAb, thyroid function and the presence of
TAAb must be systematically tested (every 2-3 mo)
[80,94,95,99,113]
during IFN therapy, particularly in women
.

enteropathy precipitated by exposure to dietary
[114]
gluten in genetically predisposed people
. CD is
now considered to be a multisystemic disorder, rather
[115]
than a sole gastrointestinal process . CD is triggered
by the ingestion of gluten, the protein component of
[116,117]
wheat, rye, and barley
. Such exposure results
[118]
in a variable degree of intestinal damage
. Since
many patients have minor but chronic symptoms long
before the full-blown malabsorption pattern develops,
it may be readily possible to identify these patients
at an earlier stage of the disease process by accurate
screening blood tests: e.g., IgA anti-EmA, IgA antitTG, and the more recent test for deamidated gliadin
[119-121]
peptides (DGP)
. Positive serology with normal
[122]
histology, formerly called latent CD , is now defined
[114]
as potential CD . Positive serology and characteristic
morphological changes in the small intestinal biopsy,
in the absence of clinical signs and symptoms, was
[122]
previously classified as silent , but is now defined as
[114]
asymptomatic CD . Once a diagnosis of celiac sprue
has been established, the conventional treatment is a
[122]
gluten-free diet . Adherence to a gluten-free diet and
mucosal healing may not only relive symptoms and
improve the patient’s quality of life, but also prevent
or ameliorate CD-associated complications, such as
intestinal lymphoma and the emergence of other
[115,121,123]
autoimmune diseases
.
Gliadins, the alcohol-soluble fraction of gluten, elicit
a strong humoral response in CD, which originates
[120]
in the submucosa
. Anti-gliadin antibodies (AGA),
which have been used for decades, have moderate
sensitivity but are far less specific than tests for IgA
[124,125]
antiendomysial antibodies
. Thus, AGA is no longer
[126,127]
recommended for the primary detection of CD
.
Endomysium is a connective tissue protein found in the
collagenous matrix of human tissue. The test to detect
EmA is based on the immunofluorescence findings of
reticular staining when EmA binds to the endomysium.
Although highly specific when positive, EmA will be
[120]
absent in individuals with CD with IgA deficiency
.
Selective IgA deficiency affects approximately 2%-5%
[128]
of patients diagnosed with CD
. tTG is a cytosolic
protein that is released by the injured epithelium and
serves as a cross-linker of various extracellular matrix
[120]
proteins, including gliadin
. IgA and IgG enzymelinked immunosorbent assay tests are available with
high sensitivity and specificity for the diagnosis of CD.
Optimal results were achieved by combining a positive
EmA test result and a positive IgA-tTG test result, with
[119]
a sensitivity of 0.81 and a specificity of 0.99
. In
patients with a high-probability CD and IgA deficiency,
[126]
DGP IgG-based testing is advocated .
Liver involvement in CD has been widely described in
case reports and case series. CD is at least twice as common
[129]
in cirrhotic patients than in the general population . Some
individual present abnormal liver tests, by the diagnosis
[130-135]
of CD, that regularize with a gluten-free diet
. CD
has been described in association with autoimmune liver
[136-140]
[36,40,139,141-143]
diseases
, and also with HCV
. In the

CD ANTIBODIES
CD is a chronic, small-intestinal, immune-mediated
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Table 4 Prevalence of celiac disease autoantibodies in patients with chronic hepatitis C
Autoantibody

%

AGA

32
11
6.3
3.5
2.0
1.2
0
5.8
0.2
0
1
0
0

EmA/tTG

EmA

tTG

n

Country

Year

Ref.

82/359
11/104
37/583
7/195
5/244
3/259
0/210
3/52
1/623
0/195
2/195
0/34
0/41

United States
Sweden
France multicenter
Italy
Italy
United States
Italy
Brazil
France multicenter
United States
United States
Brazil
France multicenter

2001
1997
2007
2004
2007
2001
2012
2013
2007
2008
2008
2013
2007

Fine et al[142]
Sjöberg et al[141]
Thevenot et al[145]
Durante-Mangoni et al[14]
Ruggeri et al[36]
Fine et al[142]
Gravina et al[35]
Marconcini et al[20]
Thevenot et al[145]
Hernandez et al[40]
Hernandez et al[40]
Marconcini et al[20]
Thevenot et al[145]

AGA: Antigliadin antibody; EmA: Anti-endomysial antibody; tTG: Tissue transglutaminase; EmA:
Endomysial antibodies.
[147,148]

presence of intestinal inflammation, liver disease may
be driven by lymphocytes generated in the intestine,
which enter the portal circulation and trigger hepatic
inflammation upon reactivation. This enterohepatic
pathway is facilitated by the aberrant expression of
adhesion molecules and chemokines that, under normal
[144]
conditions, are restricted to either the gut or liver .
Few studies have evaluated the prevalence of celiac
antibodies in the HCV population. AGA prevalence
[141,142,145]
varies between 6.3% and 32%
, while EmA
[20,40,145]
prevalence varies between 0% and 5.8%
, and
tTG antibodies have been reported in between 0%
[20,40,145]
and 1% of patients with HCV
(Table 4). Among
patients with chronic liver disease, AGA positivity
generally occurs at an increased frequency and may
[141,142,145]
represent non-specific immune activation
.
Therefore, in the presence of liver disease, AGA testing
is not useful in screening for CD. Whereas the EmA test
[141]
seems to be highly specific for CD .
A French multi-center study failed to demonstrate
an association between HCV and CD, perhaps due to
[145]
the low prevalence of CD in that country . Similarly,
[40]
Hernandez et al
did not find evidence for a higher
prevalence of HCV among individuals with CD and vice
[40]
[146]
versa . Silano et al
identified a low prevalence
(0.91%) of reactive anti-HCV in individuals with CD.
In a recent Italian study, CD serologic screening was
negative in all HCV patients; the prevalence of HCV
infection among celiac patients was 1.54%, comparable
[35]
to that reported in the Southern Italy population .
Given these findings, there is little evidence to support
[40,146]
the role of screening HCV patients for CD
. Even
if there is no association between the two diseases
(and this question is yet to be definitively answered),
the main concern is that patients may present severe
cases of overt CD during HCV treatment, leading
to IFN discontinuation. It is not clear whether the
development of CD during IFN-based therapy is due to
the general increased risk of developing autoimmunity
or is specifically related to the role of IFN in promoting
T helper cell type 1 responses in the small intestine in
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CD

.
The activation of CD during IFN treatment has been
reported in some cases. Patients may experience severe
[9,149-154]
diarrhea with weight loss during IFN treatment
,
[9,155]
as well as dermatitis herpetiformis
, hypofer
[154,156,157]
ritinemia
, and refractory anemia that persist
[149,152,154]
after treatment has stopped
. Treatment
[149,150,152]
interruption has been reported
. However, early
diagnosis of CD enables prompt management with
a gluten-free diet, which can permit the completion
[151]
of IFN-based treatment
. Some individuals with a
previous diagnosis of CD while following a gluten-free
diet may experience symptoms such as diarrhea during
IFN treatment, while other individuals may experience
[39]
no symptoms . Late onset CD has also been observed
after discontinuation of IFN-based treatment (various
[8,37]
months post treatment)
. Intestinal diffuse large B
cell lymphoma has been reported in an IFN-experienced
[38]
elder non-adherent to a gluten-free diet .
[14]
Durante-Mangoni et al
retrospectively evaluated
534 hepatitis C patients during IFN treatment. Prior
to treatment, tTG were detected in 1.3% of hepatitis
C patients and in 0.4% of controls (not significant).
Eighty-six percent of patients with tTG showed
activation of CD while receiving IFN-based treatment.
Overall, 1.3% of IFN-treated patients had discontinued
treatment of a CD-like condition.
Although IFN-based therapy per se can cause
[127]
diarrhea in up to 10% of patients
, it is important
to exclude other causes (mainly infectious and auto
immunity) prior to attributing the symptoms to IFN
[154]
therapy . Given the difficulty in determining the cause
of new symptoms while on IFN-based therapy, baseline
screening for celiac-associated antibodies prior to the
commencement of therapy is likely to be beneficial in
guiding further investigations and disease management
in patients who develop symptoms that may be
[14,143,149-152,155,156,158]
attributable to CD during therapy
.
For patients with positive antibodies, IFN-free
therapies should be considered. If IFN-based therapy
is the first choice, a gluten-free diet must be started
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[14,153]

preemptively
, considering the risk of developing
overt CD.
In conclusion, autoantibodies are extremely important
in the follow-up of chronically infected HCV individuals, in
determining the choice of treatment, and in IFN-based
treatment management. Positive autoantibodies require
careful consideration of IFN-free regimens. If IFN-free
regimens are not available, NOSA and TAAb must be
tested every 2-3 mo and physicians should be aware of
the risk of the onset of an autoimmune disease.
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Clinical relevance of hepatitis B virus variants
Shan Gao, Zhong-Ping Duan, Carla S Coffin
problem with more than 240 million people chronically
infected worldwide, who are at risk for end-stage liver
disease and hepatocellular carcinoma. There are an
estimated 600000 deaths annually from complications of
HBV-related liver disease. Antiviral therapy with nucleos/
tide analogs (NA) targeting the HBV polymerase (P) can
inhibit disease progression by long-term suppression of
HBV replication. However, treatment may fail with first
generation NA therapy due to the emergence of drugresistant mutants, as well as incomplete medication
adherence. The HBV replicates via an error-prone reverse
transcriptase leading to quasispecies. Due to overlapping
open reading frames mutations within the HBV P can
cause concomitant changes in the HBV surface gene (S )
and vice versa. HBV quasispecies diversity is associated
with response to antiviral therapy, disease severity and
long-term clinical outcomes. Specific mutants have
been associated with antiviral drug resistance, immune
escape, liver fibrosis development and tumorgenesis.
An understanding of HBV variants and their clinical
relevance may be important for monitoring chronic
hepatitis B disease progression and treatment response.
In this review, we will discuss HBV molecular virology,
mechanism of variant development, and their potential
clinical impact.
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Core tip: The hepatitis B virus (HBV) has significant
genomic diversity and some HBV variants are associated
with antiviral therapy response, vaccine escape,
diagnostic failure, liver fibrosis progression and hepato
cellular carcinoma development. Understanding HBV
molecular epidemiology as well as the clinical and
pathological relevence of HBV variants during different
disease phases may enable more accurate riskstratification of individual patients at risk for serious
sequelae of chronic hepatitis B infection.

Abstract
The hepatitis B virus (HBV) is a global public health
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HBeAg production leading to HBeAg negative CHB.
There is recent data challenging the classification of
these clinical phases. Imunological characterization of
apparent immune-tolerant HBV-infected adolescents
[4]
did not reveal any tolerogenic T-cell pattern . Further,
histologically active disease has been reported in CHB
[5,6]
children considered to be immune tolerant . Finally,
analysis of HBV quasispecies (QS) in children with
an immune tolerant clinical profile showed significant
HBV diversity, which may be due to immune selective
[7]
pressure .
In general antiviral therapy for CHB is recommended
in patients with advanced liver disease (i.e., cirrhosis)
or prolonged immune active disease flares due to the
risk of liver fibrosis progression. The currently approved
anti-HBV therapies include interferon [i.e., pegylatedinterferon (Peg-IFN)], which has non-specific antiviral
and immunomudulatory effects and nucleos/tide
analogs (NA) targeting the HBV polymerase/reverse
transcriptase (P/RT) region. There are five currently
available NAs: lamivudine (LMV), telbivudine (LdT),
entecavir (ETV), adefovir (ADF) and tenofovir (TDF).
The second generation NA’s (i.e., TDF and ETV) are
potent with a high genetic barrier to resistance and
persistently suppress HBV replication. These drugs
have a low reported risk of drug resistance or treatment
[8,9]
failure despite years of sustained therapy . In contrast
older generation NA has an increased risk of treatment
failure with long-term use due to drug resistance (Table
[10]
1) . NA are very effective at reducing liver disease risk
but must be used for prolonged periods as they do not
offer a cure for CHB.

Gao S, Duan ZP, Coffin CS. Clinical relevance of hepatitis B
virus variants. World J Hepatol 2015; 7(8): 1086-1096 Available
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EPIDEMIOLOGY OF CHRONIC HEPATITIS B
Chronic hepatitis B virus (HBV) infection (CHB) is a
serious global public health problem. There are an
estimated 600000 deaths annually from complications
of HBV-related liver disease. For over 3 decades, there
has been a safe and effective HBV vaccine consisting of
recombinant HBV surface (S) (i.e., envelope) protein that
has reduced infection rates in countries with widespread
[1]
immunization programs . The HBV is transmitted
parenterally by contact with blood or body fluids of
an infected person. In highly endemic areas, such as
China, the incidence of HBV infection is greater than 8%,
and is often acquired at birth or in early childhood from
exposure to HBV infected mothers or family members.
About 90% of unvaccinated infants born to mothers
with CHB will became chronic carriers, and the risk of
CHB is up to 30% in children infected at 1-4 years of
[2]
age . Despite implementation of widespread childhood
vaccination programs, the incidence and mortality of
HBV-related cirrhosis and hepatocellular carcinoma
(HCC) continues to increase due to the enormous
burden of chronically infected carriers worldwide.

NATURAL HISTORY OF CHB INFECTION
The HBV is a non-cytopathic virus and liver cell injury
is due to a host immune mediated antiviral response
to an infected cell. CHB is a dynamic disease, and
the interplay between the virus and the host immune
system influences disease course. In clinical practice,
CHB is divided into four disease phases: immune
tolerant, immune clearance, inactive, and reactivation
[3]
phase . The immune tolerant phase is characterized
by persistently normal serum alanine aminotransferase
(ALT) levels, high HBV DNA levels and presence of
HBV e antigen (HBeAg), but with no evidence of liver
injury. The immune clearance phase is characterized
by presence of HBeAg, persistently high ALT and HBV
DNA levels with some degree of liver inflammation.
HBeAg seroconversion may occur at the late stage
of the immune clearance phase. Thereafter, patients
are likely to progress to the immune inactive phase
characterized by normal ALT level, low/undetectable
4
HBV DNA (< 2000 IU/mL or < 10 virus copies/mL),
absence of HBeAg and presence of anti-HBe, as well
as no/minimal histological injury. HBV reactivation
can occur in some and is characterized by rebound
viremia, presence of anti-HBe, elevated ALT levels and
liver inflammation. This so-called “reactivation phase”
may also occur due to the presence of preC/basal core
promoter (BCP) mutations that abolish or downregulate
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OVERVIEW OF HBV REPLICATION AND
TISSUE TROPISM
The HBV is the prototype member of the Hepad
naviridae family which includes various avian and
mammalian viruses sharing similar genome structure
[11]
and organism trophisms . It is a small DNA virus with
approximately 3.2 Kb partially double stranded relaxed
circular DNA (rcDNA) genome within a nucleocapsid
surrounded by a lipid envelope. The full-length virus
negative-strand has a approximately 7-9 nucleotide
redundancy and the complementary positive-strand
is approximately 50%-70% full genome length. The
HBV genome consists of 4 overlapping open reading
frame (ORF) encoding the polymerase gene (P),
pre-S1/pre-S2/S gene (preS1/preS2/S), precore/
core gene (preC/C) and X gene. Viral entry occurs
after binding of the viral pre-S1 protein to its specific
functional receptor, the recently identified sodium
[12]
taurocholate cotransporting polypeptide . The intact
virion or “Dane particle” uncoats in the cytoplasm and
the rcDNA genome is transported into the nucleus and
repaired to covalently closed circular DNA (cccDNA)
by host and viral polymerases. The presence of
cccDNA indicates successful establishement of HBV
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Table 1 Summary of clinically revelant hepatitis B virus variants
Location

Amino acid or nucleotide substitution
(associated overlapping gene mutation)

P (RT-A)
P (RT-B)
P (RT-B)
P (RT-B)
P (RT-C)
P (RT-C)
P (RT-C)
P (RT-C)
P (RT-D)
P (RT-E)
P (RT-A)
P (RT-B)
P (RT-B)
P (RT-B)
S ("a" determinant)
S ("a" determinant)
S ("a" determinant)
EnhII
BCP
BCP
Pre-C
S
Pre-S1/Pre-S2

Pre-S

Clinical impact

rtI169T (sF161L)
rtL180M (sE164D)
rtA181T/V
rtT184S/A/I/L/G/CM
rtS202C/G/I
rtM204V/I
rtM204I (sW196S)
rtM204V (sI195M)
rtN236T
rtM250I/V
rtL80V/I
rtF166L (sF158Y)
rtV173L (sE164D)
rtA194T
sG145R (rtW153Q)

ETV resistance
ETV resistance
LMV, LdT, ADF/TDF resistance
ETV resistance
ETV resistance
LAM resistance
LdT resistance
ETV resistance
ADF/TDF resistance
ETV resistance
Poor antiviral response to ADF with prior LMV resistant variants
LMV-associated, compensatory
Compensatory mutation associated with LMV resistance (enhanced replication)
TDF resistance
Antibody-associated escape mutation; reduced HBsAg level; restore LMV resistant
HBV replication
sD144E/G145R (rtG153E)
Antibody-associated escape mutation
sP120T (rtT128N)
Reduced HBsAg level
C1653T
HCC development (genotype C)
T1753V
HCC development (genotype B)
A1762T/G1764A
HBeAg production reduced by 50%; HBeAg seroconversion; escape anti-HBe immunity
G1896A
HBeAg seroconverstion; escape anti-HBe immunity; more severe course of disease;
HCC development
W172* (rtA181T)
Cirrhosis and HCC development
Pre-S1/pre-S2 deletion (pre-S2 start codon
More common in genotype C; progressive liver diseases; HCC development
and/or deletions in the 5'-terminal half of
the pre-S2 region and pre-S1 3'-terminal
half of the pre-S1 region)
Pre-S1 promoter mutation
Pre-S2 promoter mutation
K130M + V131I (double)
V5M/L + K130M + V131I (triple)

X
X

HCC development
HCC development
HCC development

HCC: Hepatocellular carcinoma; BCP: Basal core promoter; HBeAg: HBV e antigen; HBV: Hepatitis B virus; ADF: Adefovir; TDF: Tenofovir; LMV:
Lamivudine; HBsAg: Hepatitis B surface (S) antigen; LdT: Telbivudine; ETV: Entecavir; RT: Reverse transcriptase.
[13]

infection . The cccDNA is transcribed to a 3.5 Kb
pregenomic (pg)-RNA molecule with a unique stemloop epsilon structure located at its 5’ end. Thus, HBV
cccDNA is the “master” template for HBV negativestrand synthesis via reverse transcription, as well
as hepatitis B core antigen or nucleocapsid protein
[14]
and P/RT translation . Additionally, the cccDNA is
the template for four subgenomic messenger RNAs
(mRNAs), which are translated into soluble or secreted
HBeAg (from 3.5 kb precore mRNA), subviral S or
envelope particles (2.4 kb and 2.1 kb mRNA) and X
(0.8 kb mRNA). The HBV pgRNA is transported to
the cytoplasm and binding of the viral polymerase to
its 5’ end epsilon structure initiates encapsidation by
[15]
HBV core particles . Following encapsidation, the pgRNA is reverse-transcribed and is gradually degraded
by viral polymerase ribonuclease H (RNase H). The
positive-strand DNA is then synthesized from the newly
[11,16]
transcribed negative-strand DNA template
. Once the
relaxed circular (rc) HBV genome synthesis is complete,
the nucleocapsid interacts with envelope protein in the
endoplasmic reticulum to form mature virions and they
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are secreted from the host cell. Alternatively, The rcDNA
genome within the nucleocapsid core particles may
also recycle to the cell nucleus to replenish the nuclear
cccDNA pool. In summary, the HBV is a DNA virus but
utilizes reverse transcription of an RNA intermediate
to replicate its genome similar to retroviruses. This
error-prone replication strategy combined with high
12
viral replication rate (approximately 10 virus/d) leads
to significant viral variability or QS. The HBV genomic
mutation rate occurring at each nucleotide of the HBV
-5
genome is estimated at approximately 10 base/site
[13]
per cycle . The long half-life of hepatocytes and
cccDNA template play an important role in archiving
spontaneously occurring and antiviral drug-associated
[17]
mutants .
Although the HBV is predominantly a hepatotropic
virus, there is increasing evidence documenting that the
immune (lymphoid) system is also an important site for
[18]
maintaining viral persistence . In the closely related
woodchuck animal model of HBV, woodchuck hepatitis
virus (WHV) infection can be completely restricted to the
lymphoid system and WHV invasion of lymphoid cells
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[19,20]

is related to the viral load
. In human studies, HBV
genomes are detectable in peripheral blood mononuclear
cells (PBMC) from chronically infected patients despite
[21]
long-term suppressive anti-HBV NA therapy , in
patients after resolution of acute hepatitis B with HBV
[22,23]
surface antigen (HBsAg) clearance
, and in circulating
transplacental PBMC from HBV positive mothers possibly
[24]
leading to in utero infection of the neonate . HBV
antigens, mRNA, cccDNA and integrated forms have
been detected in PBMC and extrahepatic tissues such
as, bone marrow cells, spleen, and lymphoblastoid cell
[25,26]
lines
. Additionally, upregulation of HBV replication in
PBMC occurs following ex-vivo mitogen stimulation and
the release of viral particles capable of further infection
[27]
and replication from these HBV infected PBMC . HBV
genomes and viral proteins have been detected within
a variety of immune cell subpopulations and, in some
reports the virus appears to specifically target B cells
[28-31]
and monocytes
.

OVERVIEW OF HBV QUASISPECIES AND
CLINICALLY RELEVANT HBV VARIANTS
HBV quasispecies

The HBV replicates via an error-prone RT leading to
non-identical but a genetically closely related variants
pool, which is known as QS. Both the wildtype and
HBV QS are archived in the hepatocytes reservoir. In
the process of Darwinian evolution, QS that survive
selective pressue (i.e., host immune response and/or
NA therapy) may predominate. Thus, the HBV QS
diversity may reflect host humoral response. It was
reported that less HBV variants were found in patients
in the immune tolerant phase compared to the immune
[46]
active phase . Recent studies have found that HBeAg
seroconverstion was associated with dynamic changes
in the HBV QS pool years before viral load drop, hence
HBeAg seroconversion may be a slow process rather
[47]
than a sudden immunological event . In other studies,
NA-associated HBV mutations were commonly found
in CHB patients as minor populations even before the
[48]
initiation of antiviral therapy . It has been reported
that NA treatment experienced patients, even without
carrying a specific drug resistant mutation (i.e., LMV-R),
still demonstrate a high possibility to develop cross[49]
resistance to a related drug . Thus, it is possible that
LMV-R mutations may pre-exist as a minor HBV QS
strain. Further, HBV QS diversity and/or complexity
4 wk after initiation of antiviral therapy has been
[50,51]
associated with response to treatment
. Due to the
sensitivity of direct sequencing assays, some minor
variants may not be detected, especially when the
[52,53]
mutation proportion is less than 20%
. However,
clonal sequencing and next generation sequencing
assays can overcome these limitations and detect even
minor QS variants.
HBV variants have been shown to be relevant to
disease progression, development of HCC, reliability
of diagnostic assay detection, vaccine failures and
[54,55]
response to antiviral therapy
. We will summarize
how specific mutations can impact the major functions
of the 4 HBV gene products, highlighting variants
associated with liver disease development (Table 1).

OVERVIEW OF HBV GENOTYPES
There are nine major HBV genotypes (A-I) worldwide,
which are identified by greater than 7.5% divergence
[32]
across the HBV full genome between each genotype .
There is also a tenth putative genotype “J” isolated from
[33]
a Japanese individual . In addition to HBV genotypes,
at least 35 subgenotypes (i.e., within genotype A, B, C,
D, F, H, but not in genotype E, G) have been identified.
The HBV genotypes/subgenotypes are ethnically and
geographically distributed. For instance, genotype B and
C are prevalent in Asia, while genotype A and D are most
frequently seen in Europe, the Mediterranean region
[34]
and the Middle East . Certain genotypes may exhibit
different mutations. The common HBV pre-core (pre-C)
mutation more frequently exists in genotype B, C, and
[35,36]
D than in genotype A
; genotype C tends to carry
[37]
more mutations compare to genotype B . In addition,
genotypes are also linked to the natural history of CHB
leading to distinct clinical outcomes and responses
[38-40]
to therapy
. For instance, the cumulative rate of
spontaneous HBeAg seroconversion with genotype B
[41,42]
is higher than patients with genotype C infection
.
Others report genotype-specific differences in NA
response, resistance to older generation NA (i.e., LMV
or ADF) and, durability of HBeAg seroconversion (138.)
Whilst this has less clinical relevance with the newer
potent NA (i.e., TDF and ETV), alternative therapy
endpoints such as HBsAg loss and HCC potential may be
identified. The role of genotypes in CHB management
[43-45]
has been extensively reviewed
. In summary,
clinically relevant features of HBV genotypes include: the
rate and durability of HBeAg loss/seroconversion (A and
D > B and C), the risk of developing aggressive HBeAg
(-) CHB (C and D > A), spontaneous HBeAg loss (B > C),
cirrhosis (C), HCC (C in Asians, F in Alaska Natives), and
response to antivirals (A and B > C and D).
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HBV preS/S variants (immune escape, diagnostic assay
detection, and occult HBV infection)

The HBV envelope protein is encoded by preS1/preS2/S
gene in a frame-shift manner generating three different
envelope proteins: large (L), middle (M) and small (S).
Detection of either the secreted or virion associated
HBsAg for greater than 6 mo in serum confirms chronic
infection. The HBsAg pre-S1 is involved in attach
ment to host cell receptor and neutralizing antibody
binding. The antibodies predominantly target the
hydrophilic region of major HBsAg protein, known as
the “a-determinant”, located at amino acid positon
99-170. Thus, “a-determinant” mutations may affect
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HBsAg antigenicity, leading to vaccine escape, falsenegative results by diagnostic HBsAg detection assays,
[56]
and hepatitis B immunoglobulin treatment failures .
The transmission of HBV vaccine escape variants
to susceptible individuals may have significant public
[57]
health care implications . The sG145R point mutation
is the most widely reported “vaccine escape” mutant,
which can infect anti-HBs positive individuals by reduced
anti-HBs binding. The sG145R mutant is stable and
can be transmitted horizontally in presence of high
[58]
titer anti-HBs . Furthermore, G145R mutant along
with an insertion between 122 and 123 in the “a”
determinant was reported in patients with fulminant
[59]
reactivation of hepatitis B . In addition to sG145R,
the K141E, T131I variant, and insertion of three amino
acids between 123 and 124 can significantly affect the
[60]
structure of HBsAg . More recently, other a-determinant
substitutions were reported in association with vaccine
escape (i.e., T116N, P120S/E, I/T126A/N/I/S, Q129H/R,
M133L, K141E, P142S and D144A/E). Although vaccineescape mutations appear to be more common in
endemic areas with universal immunization programs, to
date these mutants have not caused any negative effect
on global immunization programs since they appear to
[61]
develop slowly .
Due to the overlapping ORF of the HBV S gene and
P gene, NA targeting the HBV RT/P gene and induced
antiviral mutations may lead to corresponding S gene
mutation (and vice-versa), or so called antiviral-drug[62]
associated S gene mutations (ADASM) . The ADASM
may influence clinical outcome by altering envelope
protein antigenicity, viral fitness and oncogenic potential.
For example, the S gene premature stop codon at
position 172 (W172*), with a 55 amino acids missing
at 3’-terminus, might result from the rtA181T mutation
in the overlapping P gene. The W172* was shown to be
[63]
associated with liver cirrhosis and HCC .
Occult HBV infection (OBI) is characterized by
negative HBsAg in serum but with persistent HBV
DNA in liver. According to the Taormina consensus
conference definition, OBI is usually due to the presence
of low-level replication competent virus in which viral
HBsAg cannot be detected by standard commercial
[64]
assays . The viral DNA is only detectable in liver,
serum, as well as PBMC but the viral load is usually
very low (< 200 virus copes/mL). However, HBsAg
negativity with ongoing moderate to high-level viral
replication may be due to infection with HBsAg mutants
that produce a modified HBsAg that cannot be detected
by current commercial assays. Further, based on our
groups studies it is speculated that during OBI, the
HBV preferentially infects PBMC (compared to liver),
especially at very low viral load suggesting a specifc
selective mechanism involved in the course of OBI
[21,65,66]
infection of the host immune system
.

of the HBV genome . The preS region mediates virus
binding with hepatocytes, and interaction with B cells
and T cells indicating that it plays an important role in
[68-71]
the host immune response against HBV infection
.
Thus immune pressure from vaccination as well as
immunotherapy may induce the preS region mutation.
Previous researchers have reported that the preS gene
mutation can affect immune response, virus expression,
[71-74]
synthesis and secretion
. It was found that preS
deletion mutants often exist in CHB, especially in
[75]
patients with HBV genotype C infection . The preS
deletion mutant strongly correlates with liver disease
progression, possibly due to defective secretion,
accumulation of HBsAg in the hepatocyte endoplasmic
reticulum (ER), leading to ER-induced cell stress. The
[76]
cell cytotoxicity can contribute to oncogenesis .
It was suggested that the preS deletion mutation
together with another S point mutation is correlated
with coexistence of HBsAg and anti-HBs, indicating
[77]
specific immune selection pressure . Additionally, the
preS deletion mutation has been associated with the
occurrence of HCC in several studies, which reported
a 52%-62% incidence of preS deletion in patients
[71,76,78-80]
who developed HCC
. The HBV genome can
also integrate into human chromosome and play an
oncogenic role. For instance, preS2/S genes were
found with a 3’ end truncation from integrated HBV
DNA in HCC tissue. The truncated proteins may have
transcriptional/transactivation potential leading to HCC
[81,82]
development
.

HBV P variants and drug-resistant mutations

The HBV P has 4 functional domains: a priming region,
a spacer region, a catalytic region that plays a RNAdependent RNA polymerase/DNA polymerase function,
and a carboxy terminal region that has ribonuclease
H activity. There are 7 domains in P/RT region: A-G.
The YMDD (tyrosine, methionine, aspartate, aspartate)
motif locates in catalytic site in the domain C. It is
highly conserved in all genotypes and plays an essential
catalytic role in HBV replication. Thus, YMDD mutations,
such as YVDD (rtM204V, methionine to valine mutation)
and YIDD (rtM204I, methionine to isoleucine mutation)
mutations could lead to antiviral resistance and defective
viral replication. As noted, NAs inhibit the HBV P/RT and
both plus and minus strand HBV DNA synthesis. The
NAs have a similar structure to natural nucleotides with
a modified sugar ring or base group that competes with
the natural nucleotides in binding to the HBV P, leading
to chain termination. Compared to IFN, NAs are more
commonly used due to their more favorable side effect
profile. However they require prolonged treatment
as they have minimal effect on the cccDNA pool. The
molecular mechanism of drug-resistance is specific
to the NA sugar ring structure. To date, four major
[83]
drug resistance pathways have been identified :
(1) L-nucleosides pathway which is characterized by
rtM204V/I mutation resulting in resistance to LAM and

HBV preS1/preS2 deletion mutations

The preS gene represents the highest heterogeneity
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LdT; (2) acyclic/alkyl phosphonate sugar pathway which
is identified by presence of rtN236T substitution leading
to resistance to ADF and reduced susceptibility of TDF;
(3) the pathway which is shared by both L-nucleosides
(LMV, LdT, reduced sensitivity to TDF) and ADF by
emergence of rtA181T/V; and (4) the D-cyclopentante
pathway which is characterized by presence of rtL180M
and rtM204V/I mutations plus at least one substitution
in one of the rtT184, rt202 and rtM250 amino acid (aa)
positions. LMV has the worst resistance profile with an
annual resistance rate of 15%-25% and > 80% after
[84]
5 years treatment . The rtM204V/I mutant, which
is located at position 204 of YMDD motif, can result
in LMV and LdT resistance and is often accompanied
with compensatory mutations (i.e., rtL80V/I, rtI169T,
[85]
rtV173L, rtL180M, rtT184S/G, rtS202I and rtQ215S) .
The compensatory mutations are able to restore HBV
replication activity to near wild type levels. In addition,
YMDD variants were also found in patients without
[86]
prior NA exposure . In recent study, the spontaneous
YMDD variants were reported more frequently occurred
in HCC patients with HBV genotype C, which might
be the cause of greater oncogenesis of genotype C
[87]
compare to genotype B . Thus, it is important to
monitor YMDD mutations in patients on NA therapy
in order to adjust treatment regimen in time. The
resistance rate to ADF is approximately 30% after 5
years treatment but may be higher in patients with
[88]
pre-existing NAs-associated mutations . Two primary
mutations induced by ADF and TDF (rtA181T and
rtN236T) belong to the acyclic/alkyl phosphonates
pathway. The rtA194T variant has been reported to
be associated with partial TDF resistance, and confer
[89]
reduced HBV replication in vitro . In clinical practice,
however, TDF resistance and virological breakthrough
has not been reported in patients after more than six
[8]
years of treatment . Similarly, rtP177G and rtF249A
have also been shown to impact HBV replication
and enhance resistance to TDF both in vitro and in
[90]
vivo . ETV also has a very high genetic barrier to the
development of drug-resistant mutations; the rate of
resistance occurrence is 1.2% after 5 years in treatment
[91]
naïve patients . The resistance to D-cyclopentante
group (ETV) occurs only when at least three mutations
are present: rtL180M + rtM204V and either rtT184G/S
[17]
or rtS202I/G or rtM250V . However, due to crossresistance, the presence of LMV-resistant mutations
can lead to ETV resistance and treatment failure. Of
note the rtA181T/V mutation in domain B of HBV P,
was reported to confer resistance to both L-nucleosides
[92]
and acyclic/alkyl phosphonates . Further, the rtA181T
also encodes a stop codon at aa172 in the overlapping
S region (sW172*) in a frame-shift manner, which
leads to truncated S protein production. The rtA181T/
sW172* mutation can cause defective secretion of HBV
S and may play an oncogenic role leading to HCC by
[93]
transactivation of cellular promoters .
Due to the overlapping ORF of HBV P/S gene, HBV
P drug-resistance variants selected by NAs may lead
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to HBsAg amino acid change and altered antigenicity.
Conversely, immune pressure on HBsAg is able to
introduce variants that correspond with primary or
[94]
compensatory drug-resistant mutations in the P gene ,
as noted above.

PreC/BCP mutations (HCC associated)

The HBV preC/C gene encodes both the HBV precore
and core protein with distinct start codon (i.e., preC
initiates from the first start codon while core protein
from the second). The preC protein encodes soluble
HBeAg. It has an additional 29 aa at the N-terminus
end, which serves as a signal to transport the pre-core
protein to the cellular ER, the first 16 aa is cleaved, and
the viral protein secreted from the cell as a soluble HBeAg
antigen. HBeAg is believed to play an important role in
immune tolerance and viral persistence. The HBeAgnegative CHB phase with active hepatitis occurs in
[95,96]
association with a precore and BCP region variant
.
The most prevalent mutation in preC region is G1896A,
which generates a premature stop codon at aa 28 in
the sequence of HBeAg, which affects the trafficking of
the precore to the ER and subsequent HBeAg secretion.
This mutation is significantly associated with HBV
genotypes harboring a T nucleotide (genotypes B, D, E
and part of genotypes C and F) rather than C nucleotide
[95]
at positon 1858 . This is because this variant affects
the stability of the pregenomic episilon structure, and
the pregenomic encapsidaton signal. The preC mutation
is more often observed in genotype D HBV infection
(65%) compared to HBV genotype A infections (9%).
It was found that the preC deletion mutation is often
associated with more severe liver disease, but has also
been found in inactive HBV carriers. In addition, the
preC and BCP mutations are also related to response to
IFN therapy: e.g., the G1896A mutation was showed
to be associated with poor response to IFN therapy
[97]
independent of HBeAg status
while the presence
of less mutations in BCP region are associated with a
[98]
better treatment response .
The HBV BCP is located upstream of the preC
gene, hence mutations that occur in the BCP region
can downregulate preC mRNA transcription and
inhibit HBeAg synthesis. The A1762T/G1764A double
mutation in the BCP region, leads to preC mRNA
reduction resulting in HBeAg seroconversion and a
[99,100]
approximately 50% reduction of HBeAg levels
.
Similar to preC mutations, BCP mutations also show
genotype specific prevalence, and are more often
[101]
seen in HBV genotype C and D infections
. One
study demonstrated a significant temporal correlation
between the relative increase in mutant concentration
and HBeAg seroconversion. In HBeAg-negative
hepatitis patients, viral load is usually several log
lower compared to HBeAg-positive patients but the
HBV replication capacity may be partially restored by
BCP mutant, especially if accompanied with any of 3
additional BCP mutations (T1753C, C1766T, T1768A).
The increased HBV replication may be associated with
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[102]

disease progression . The preC stop codon mutation
and BCP mutations often appear together. Recent
studies demonstrated that the combination of BCP and
preC mutations and preS1, preS2 deletion mutants
could lead to more severe liver disease including
fulminant hepatitis and HCC. It is now believed that
the development of HBV-induced HCC involves various
factors in the interaction between HBV and the host.
Multiple HBV mutations existing in different regions
were shown to play an important role in HBV associated
oncogenesis. For example, the BCP A1762T/G1764A
double mutations and preC mutations are prone to HCC
generation compared to patients with wild type HBV
[37,103]
infection
. A recent meta-analysis concluded that
HBV carriers, especially Asians, were significantly more
likely to develop to HCC and severe liver disease with
the presence of G1896A mutations. The other mutations
in preC and BCP regions, such as G1899A, T1753V and
C1653T are also associated with an increased risk of
[104]
HCC development .

CONCLUSION
The HBV has significant genomic diversity and some
HBV variants are associated with antiviral therapy
response, vaccine escape, diagnostic failure, liver fibrosis
progression and HCC development. Understanding
HBV molecular epidemiology as well as the clinical
and pathological relevence of HBV variants during
different disease phases may enable more accurate
risk-stratification of individual patients at risk for serious
sequelae of chronic hepatitis B infection.
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Role of antiviral therapy in the natural history of hepatitis B
virus-related chronic liver disease
Francesco Paolo Russo, Kryssia Rodríguez-Castro, Laura Scribano, Giorgia Gottardo, Veronica Vanin, Fabio
Farinati
interactions among HBV, hepatocytes, and the host
immune system. Natural history studies of chronic
hepatitis B (CHB) infection have shown an association
between active viral replication and adverse clinical
outcomes such as cirrhosis and hepatocellular carcinoma.
The goal of therapy for CHB is to improve quality of life
and survival by preventing progression of the disease
to cirrhosis, decompensation, end-stage liver disease,
hepatocellular carcinoma (HCC) and death. This goal
can be achieved if HBV replication is suppressed in
a sustained manner. The accompanying reduction in
histological activity of CHB lessens the risk of cirrhosis
and of HCC, particularly in non-cirrhotic patients.
However, CHB infection cannot be completely eradicated,
due to the persistence of covalently closed circular DNA
in the nucleus of infected hepatocytes, which may explain
HBV reactivation. Moreover, the integration of the HBV
genome into the host genome may favour oncogenesis,
development of HCC and may also contribute to HBV
reactivation.
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Core tip: The goal of therapy for chronic hepatitis B
is to improve quality of life and survival by preventing
progression of the disease to cirrhosis, decompensation,
end-stage liver disease, hepatocellular carcinoma and
death. Current therapeutic options do not eradicate
hepatitis B virus (HBV) infection, since HBV remains
either integrated in the host genome or in the nuclei of
hepatocytes as covalently closed circular DNA, a fact that
may favour oncogenesis towards the development of
hepatocellular carcinoma, and explains HBV reactivation.
It is mandatory for clinicians to start viral suppression in
patients with active chronic liver disease, particularly in

Abstract
Hepatitis B virus (HBV) infection is a dynamic state of
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still an incomplete marker of immune control. HBeAg
seroconversion associated with incomplete viral
suppression may result in the emergence of precore
mutant hepatitis B, with its expected chronic sequelae.
It has been demonstrated that active replication
of HBV constitutes the principal trigger for immune
clearance, which, in turn, has an impact on clinical
[11,12]
outcome
. Therefore, treatment is primarily aimed at
eliminating or permanently suppressing HBV, reducing
the activity of hepatitis and slowing down or limiting
the progression of hepatic injury. Ultimately, the goals
of therapy are prevention or reduction of the risk of
developing hepatic decompensation, cirrhosis or HCC,
and prolonging survival, through the achievement of
[6]
sustained viral response and clearance of HBsAg .
Several pharmacologic agents including standard
interferon (IFN), lamivudine (LAM), pegylated IFN
(PEG-IFN), adefovir dipivoxil (ADV), telbivudine (LdT),
entecavir (ETV), and tenofovir disoproxil fumarate
(TDF) are capable of fulfilling the goals of therapy and
have been established as treatment of chronic HBV
[1]
infection .
Moreover, both short- and long-term outcomes
of patients with chronic HBV infection are improved,
and this will be the focus of this review. Indeed, in this
review we will address the following issues: (1) How
antiviral therapy may influence fibrosis progression
and resolution; (2) The role of the antiviral therapy in
patients with decompensated liver disease; and (3) The
role of the antiviral therapy in reducing the risk of HCC.

patients who have already developed advanced hepatic
disease.
Russo FP, Rodríguez-Castro K, Scribano L, Gottardo G, Vanin
V, Farinati F. Role of antiviral therapy in the natural history of
hepatitis B virus-related chronic liver disease. World J Hepatol
2015; 7(8): 1097-1104 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i8/1097.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i8.1097

INTRODUCTION
Hepatitis B virus (HBV) infection is one of the most
serious health problems worldwide. It has been
estimated that almost one third of world’s population has
[1,2]
serological evidence of past or actual exposure to HBV
[1,3,4]
and 350-400 million people are chronically infected
.
More than 780000 people die every year due to the
[5]
consequences of hepatitis B .
The natural history of HBV infection and of the ensuing
liver disease is variable and complex. HBV infection is a
dynamic state of interactions among HBV, hepatocytes,
and the host’s immune system. The resultant hepatic
necro-inflammatory response to injury, reflected by
alanine aminotransferase elevation or hepatitis activity,
may stimulate, during the immune clearance phase, new
fibrogenesis that may even lead to progressive fibrosis,
causing architectural distortion and cirrhosis. This process
may culminate in end-stage liver disease with portal
hypertension and may also lead to the development
[6]
of hepatocellular carcinoma (HCC) . Approximately
15% to 40% of infected patients who develop chronic
hepatitis B are expected to progress to cirrhosis and
[4,7]
eventually to end-stage liver failure . These data have
been confirmed in Italy as well, where the HBe-negative/
anti-HBe-positive type of chronic B hepatitis (CHB) is
predominant, and the 5-year incidence of cirrhosis has
[4]
been estimated to be 38% .
Although it has been generally held true that ad
vanced fibrosis, once present, is static and irreversible,
evidence is accumulating to suggest that fibrogenesis is
a dynamic process, amenable to arrest or possibly even
[8]
reversal with removal of the inciting agent . Analogous
to the improvement observed with continued abstinence
in alcoholic liver disease, with immunosuppression
in chronic autoimmune hepatitis, with weight loss
in steatohepatitis, and with clearance of hepatitis C
virus with interferon and ribavirin, suppression of HBV
replication and loss of hepatitis B e antigen (HBeAg) or
hepatitis B surface antigen (HBsAg) with antiviral therapy
may prevent progressive fibrosis and decompensation.
Recently, concerns have been raised regarding
the long-term benefit of HBeAg seroconversion for
such patients. Although some observational studies
suggest that most Asian patients experience some
[9,10]
clinical benefit after HBeAg seroconversion
, this is
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ANTIVIRAL THERAPY, FIBROSIS
PROGRESSION AND RESOLUTION
Injury, may it be chronic or acute, elicits a cellular- and
cytokine-mediated healing response aimed at limiting or
encapsulating injury, which results in fibrosis or scarring
of the liver. Damage caused by infections, drugs,
metabolic disorders or immunological alterations, and
which is maintained in time, promotes the accumulation
[12]
of significant fibrosis .
Hepatic fibrosis is mainly stimulated by hepatic
necro-inflammatory activity, and several studies have
shown that prolonged antiviral therapy is associated
with improvement in liver histology and even reversal
of cirrhosis in CHB infection.
Patients who respond to interferon therapy have
substantially fewer life-threatening liver complications
[13]
than non-responders , although the evidence of the
effect of this therapy on the incidence of hepatocellular
[14-16]
carcinoma is less conclusive
. However, the use of
interferon is restricted by costs, side effects, and among
patients with advanced liver disease or cirrhosis, due to
the risk of liver failure correlated with hepatitis flares.
These limitations do not apply to oral nucleos(t)ide
anologues-(NUCs), such as Lam and/or ADV, agents that
have been used for decades, and the more recent agents
ETV, Ldt or TDF. These drugs can produce marked viral
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suppression, reduction of hepatic necro-inflammatory
activity, histologic improvement of liver fibrosis, and
amelioration of liver function, even in patients with
decompensation. One of the first pieces of evidence in
favor of this statement was established when a reduced
risk of liver complications was demonstrated in patients
affected by CHB with advanced fibrosis or cirrhosis who
were treated with LAM. The magnitude of protection
conferred by LAM was substantial, with a reduction of
approximately 50% in disease progression during a
[17]
[18]
median period of 32 mo of treatment . Dienstag et al
confirmed these data showing histological improvement
and a reduction in fibrosis score to non-cirrhotic levels in
more than 70% of patients treated with LAM with pretreatment cirrhosis; the proportion was similar regardless
of the presence of a tyrosine-methionine-aspartateaspartate variant. Also noteworthy was the fact that
only 2% of non-cirrhotic patients progressed to cirrhosis
over this 3.5-year. Sampling error, however, could have
perhaps contributed to the observed regression of
cirrhosis in these patients, although this is unlikely the
case for all patients.
Significant improvement in liver histology was also
observed following long-term treatment with ADV. The
median change in Knodell necro-inflammation score
from the time patients were started on ADV was of 4.5
points at 192 wk and of 5.0 points at 240 wk, and the
median change in Ishak fibrosis score was of 1.0 point
for both groups. After 48 wk of treatment with adefovir
dipivoxil, treatment with adefovir dipivoxil resulted
in an increase in the proportion of patients who had
improvement of at least 1 point according to Ishak
from 35% after 48 wk to 55% and 71% after 192 and
240 wk of treatment, respectively. Of twelve patients
with pre-treatment bridging fibrosis or cirrhosis, seven
(58%) demonstrated an improvement of at least 2
points in their Ishak fibrosis scores, while a 4-point
histologic improvemement was observed in 3 of 4
[19]
patients with cirrhosiss . In another study comparing
post- and pre-treatment biopsies in patients treated
with ADV, significant improvement of hepatic necro[20]
inflammation and fibrosis was observed .
Although LAM and ADV have been associated
with reversal of fibrosis and cirrhosis, their long-term
efficacy has been limited by the emergence of antiviral
[18,19]
resistance
. After treatment with lamivudine for 3
years, 72% of patients with cirrhosis show histologic
improvement and a reduction in fibrosis score to noncirrhotic levels. However, in the same study, 65% of
the cohort (41 of 63 patients) developed resistance,
including one patient with cirrhosis, who also experienced
progression of liver disease at follow-up. Virologic
resistance emerged in 20% of the patients treated for 5
[18]
years with ADV .
For this reason, high genetic barrier treatment
regimens have been adopted during the last years,
such as ETV, LdT and tumor necrosis factor. Nucleosidenaive, HBeAg(+) and HBeAg(-) patients with cirrhosis/
advanced fibrosis at baseline (Ishak fibrosis score, ≥
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4) and at least 3 years of ETV treatment demonstrate
durable suppression of HBV replication, improvement in
[21]
liver histology, and reversal of fibrosis/cirrhosis . After
a median exposure of approximately 6 years to ETV
therapy, histological improvement was observed, with
a reduction or stability of necroinflammatory score in
96% and reduction of fibrosis in 88% of patients. Most
patients (75%) in the cohort who had a F4 baseline
HAI score achieved a F3 score by the time of long-term
biopsy. No evidence of virological rebound or genotypic
[22]
resistance to entecavir was observed in this study .
[23]
In a multicentre study, Marcellin et al
analyzed
the long-term efficacy and safety of of TDF as well
as sequential histological data obtained for 5 years in
348 patients, 96 of whom had been diagnosed with
cirrhosis at baseline. HBV DNA was undetectable
in almost all patients treated with TDF, associated
with prevention of fibrosis progression in 96% of the
patients overall, and with cirrhosis regression in 74%
of patients. Furthermore, a high genetic barrier was
demonstrated for TDF, with no evidence for emergence
of resistant variants during 5 years of treatment.
Although this study provides solid evidence for fibrosis
regression, some experts believe that once established,
parenchymal destruction and disrupted blood flow in
cirrhosis are irreversible. A study showed that hepatic
venous pressure gradient (HVPG) was reduced in 18
of 19 cirrhosis patients treated with LAM for 12 mo,
whereas portal pressure was reduced at least 20% or
below 12 mmHg in 10 of 13 patients in whom baseline
HVPG was ≥ 12 mmHg, suggesting that vascular
changes in cirrhosis are reversible in patients with
[24]
virological and biochemical response . Thus, it seems
fairly clear that aside from abatement of HCC incidence
[23]
demonstrated in the study by Marcellin et al cirrhosis
is to some degree reversible in patients with sustained
HBV suppression and annulled hepatitis activity with
NUC treatment.

ANTIVIRAL THERAPY AND
DECOMPENSATED LIVER DISEASE
Ascites, hepatic encephalopathy, jaundice, and variceal
bleeding represent decompensation milestones in the
[25]
natural history of an individual cirrhotic patient .
In HBV-related cirrhosis, the reported yearly rate of
[26]
decompensation is 2%-5% , and this event can
present as part of an acute hepatitis flare or in a more
[27,28]
insidious manner
.
Decompensation entails an ominous prognosis, as
the 5-year survival rate drops from 84% in compensated
cirrhosis to 14%-35% once decompensation has
[29,30]
ensued
. A bulk of evidence indicates that the risk
of disease progression is closely linked to a patient’s
[30-34]
serum HBV DNA level
. Indeed, a study analyzing
161 patients followed for a median of 6.6 years showed
that the risk of hepatic decompensation was 4 times
higher in HBV DNA positive patients (13%-18%) vs in
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HBeAg negative/HBV DNA negative patients (4%, P
[34]
= 0.04) . Persistent HBeAg seropositivity was shown
to be significantly (P = 0.035) associated with the
probability of decompensation in a study analyzing 93
patients with newly developed cirrhosis, and patients in
whom HBeAg was persistently positive had a 6 times
higher risk of decompensation compared to HBeAg
seronegative subjects at entry, during a mean follow-up
[35]
period of 102 mo .
Although it is recommended to commence antiviral
treatment as soon as CHB is diagnosed, IFN use, even at
low doses, increases the risk of bacterial infections and
may provoke an episode of hepatic decompensation.
In the era of NUCs, interferon is contraindicated in this
[1]
patient population . Patients with decompensated
cirrhosis may show slow clinical improvement over
a period of 3-6 mo under NUCs, after which trans
plantation may be avoided. In such cases, life-long
[1]
treatment is recommended . In contrast, some patients
with advanced hepatic disease reflected by a high ChildTurcotte-Pugh (CTP) or model of end stage liver disease
(MELD) score, may have progressed beyond the
point of no return, and may not benefit from medical
[36]
therapy, thus requiring liver transplantation . In that
situation, treatment with NUCs which induces HBV
DNA undetectability at transplantation will decrease
[37]
the risk of HBV recurrence in the graft .
LAM has been demonstrated to enact an effective
suppression of HBV DNA replication and to significantly
[38,39]
ameliorate liver function in decompensated CHB
.
A major drawback of LAM, however, lies in its frequent
association with resistant mutants and therefore
[40]
elevated drug resistance rates . However, the choice
of the most adequate antiviral agent at a later disease
stage often becomes remarkably difficult, due to
the relentless and rapid progression of disease and
poor liver function. In the last years, researchers
have tried to identify the risk factors for developing
decompensation or early signs of non-response to
therapy. Post-treatment response was comparatively
poor for cases with a cut-off of CTP > 10, MELD > 20,
HBV DNA > 7.4 log and total bilirubin > 3.7 mg/dL (P <
[41]
0.05). Srivastava et al
showed that a MELD score >
20 was the most potent predictor of mortality among all
the factors considered, and that these patients should
be considered for orthotopic liver transplantation. In
the same paper, the clinical efficacy of antiviral therapy
with TDF was proven and showed a rescue activity,
achieving more than 90% survival at one year and
> 80% survival at 2 years in decompensated Child C
[41]
cirrhosis .
A further issue to discuss regarding antiviral therapy
in decompensated cirrhosis due to HBV is the possible
occurrence of adverse events. Whereas the safety of
LAM has been established, with no reported serious
adverse events (SAE), ADV has been reportedly
associated with SAE in 4% of patients, including
2% of treated patients with hypophosphatemia in a
[42]
study analyzing 226 treated patients . In a pooled
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analysis of two studies, SAE affected 6% of patients
[43]
treated with ETV . Similar frequency of SAE with
ADV and ETV were reported in one prospective study,
whereas EDF and ETV were associated with similar
SAE rates (4% vs 0%, P = 0.89) and (7% vs 9%, P
[43,44]
= 0.72), respectively
. Under ADV treatment, 9%
(5%-17%) of patients developed renal insufficiency
(defined as an increase in serum creatinine by 0.5
mg/dL over the baseline) occurred in, while this
complication was present in 10% (6%-17%) of patients
treated with ETV. No cases of renal insufficiency are,
on the contrary, reported with LAM. Moreover, renal
function improvement (expressed as an increase in
estimated glomerular filtration rate from baseline) was
significantly greater in patients treated with LdT with
respect to patients on LAM therapy (3.3 ± 3.3 mL vs
4.3 ± 3.1 mL, P = 0.02), according to a prospective
[45]
randomised controlled trial on LdT and LAM . The
frequency of renal insufficiency at 1-year after starting
antiviral treatment was reportedly similar between ETVand TDF-treated patients (5% vs 9%, P = 0.53) in a
[44]
different study .

ANTIVIRAL THERAPY AND THE RISK OF
HCC
The third cause of malignancy-related death in the
world, HCC commonly arises in patients with pre[46]
existing cirrhosis or chronic liver disease . Seventyeight percent of HCCs are related to CHB and chronic
hepatitis C infections, occurring approximately in the
[47]
ratio of 7 to 3, respectively . Different etiologies of
liver disease are associated with a greater or lesser
risk of HCC, and CHB is the principal underlying cause
[48]
worldwide .
The intricate mechanisms by which the action of
the established carcinogen HBV triggers the onset of
HCC have not yet been well established. Presumably,
the integration of HBV’s DNA into the host genome,
alongside the direct effect of viral proteins on the
hepatocyte are both key components of the direct
carcinogenic effect of HBV on hepatocytes. However,
possibly the paramount driver of HCC development
is the inflammation elicited by HBV, leading to the
establishment of cirrhosis, which is almost invariably
[49]
present in patients with HCC .
Not strangely, marked geographical differences in
HCC incidence coincide with the prevalence of CHB.
While in Scandinavia, the United States, and Canada,
incidence is approximately less than 5 cases per
100000, incidence rates peak in central and southeast
Asia, with incidence rates that vary from 29 to 99
[50]
per 100000 . Apart from the solid epidemiological
association between the incidence of HCC and the
prevalence of CHB, numerous other observations
point towards an etiologic link between CHB and the
[51]
development of HCC . The prevalence of HBsAg is
high amongst patients with HCC and HBsAg carriers
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have a 98-fold increased relative risk for developing
HCC with respect to HBsAg-negative subjects. Further
strengthening the evidence in favor of this correlation
are the fact that integrated HBV-DNA has been found
within neoplastic HCC cells, the recognition that HBV
vaccination has been followed by a decrease in HCC
incidence, and the observation of an elevated risk of
[52]
HCC development in animal models of CHB .
Preventing disease progression and HCC develop
[53]
ment in HBV-infected patients is mandatory . As
already mentioned, the current therapeutic options
for patients with CHB infection may be summarized
into treatment with standard or PEG-IFN, a drug with
antiviral, immunomodulatory and perhaps antitumoral
[1]
activities, as well as treatment with oral NUC .
In terms of prevention of HCC, IFN therapy, which
stimulates immunological check of viral replication,
might theoretically represent an advantage regarding
prevention of HCC. On the contrary, NUC therapy is
likely to represent an advantage over IFN if the direct
carcinogenic effect of HBV DNA levels occupies a
more preponderant role. Numerous studies and metaanalyses have analyzed the impact of IFN on HCC
incidence in patients with CHB, concluding that probably
a reduction in the overall incidence of HCC can be
obtained with the use of IFN, and that this reduction is
more important in patients who maintain a sustained
viral reponse. These effect has been more clearly
demonstrated in Asian studies vs European studies,
probably due to the fact that HCC incidence is higher in
[15,54-56]
Asia
. The effect of oral antiviral therapy on HCC
incidence, however, has not been clarified.
It has been shown that long-term NUC therapy
with initial lamivudine monotherapy is not effective in
abolishing the risk of developing HCC risk in HBeAgnegative patients with CHB, particularly in subjects
with cirrhosis at baseline. Established independent risk
factors for HCC development in CHB patients even after
[57]
NUC treatment include older age and male gender .
Although induction and maintenance of virological
suppression appears not to significantly diminish overall
incidence of HCC, virological remission on-therapy
might be protective in HBeAg-negative patients with
CHB but no cirrhosis. On the contrary, as patients with
established cirrhosis still stand a high risk of HCC even
with an effective antiviral therapy, strict surveillance is
[57]
warranted .
The reduction of the risk of developing HCC is
largely dependent upon an agent’s capacity to maintain
virological remission. In fact, patients in whom a virologic
breakthrough is observed, the risk of developing HCC
is increased, notwithstanding subsequent suppression
of viral replication with rescue therapy. This observation
constitutes another element against the use of lamivudine
as the first-line treatment of choice, due to its association
[58]
with high resitance rates during long-term treatment .
In a recent randomized controlled trial, Huang et
[59]
al
showed that in patients with hepatitis B-related
HCC treated with adefovir, antiviral therapy leads to
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a reduction of late HCC recurrence and significantly
improves overall survival after hepatic resection, as
opposed to no treatment at all.
In a recent update of the HEPNET Greece cohort
study, the authors compared ETV with LAM, showing a
lower HCC incidence (of 0.3%, 1.2%, 2.8% vs 0.7%,
3.8%, 5.6% at 1, 3, and 5 years, respectively; P =
0.024) in the first group. However, in the multivariable
Cox regression analysis, the HCC risk was independently
associated with older age (P < 0.001), male gender (P
= 0.011) and cirrhosis (P = 0.025), but not with the
[60]
initial antiviral agent .
Finally, two recent papers showed that antiviral
treatment with ETV did not completely eliminate the
[61,62]
risk of developing HCC in patients with cirrhosis
.
These data were confirmed in a recent, large, real-life
multicenter United States-based observational cohort
study, in which antiviral therapy was associated with a
significant decrease in the risk of HCC in patients with
[47]
chronic HBV infection, but did not eliminate it .
In conclusion, it is clear that only with treatments
that can completely eradicate the virus from the
liver will we be truly able to eliminate the risk of HCC
development in patients with HBV-related liver disease.

CONCLUSION
Treatment for CHB infection aims to maximize viral
suppression with the objective of controlling liver fibrosis
and preventing progression to clinical complications
associated with hepatic decompensation and hepato
cellular carcinoma. Since necroinflammatory activity
[12]
is the main stimulator of hepatic fibrosis
amidst the
intricate pathways leading to HCC development in chronic
[63]
viral hepatitis , it is conceivable that the fibrogenic
process will be arrested or even down-graded along
with the subsidence of hepatitis activity subsequent to
[64]
HBV suppression . On the other hand, maintaining
undetectable levels of HBV DNA may also increase the
rate of HBeAg and HBsAg seroconversion, which are the
[65]
desired endpoints of CHB therapy .
Notwithstanding the solid evidence of viral replication
blockade with approved antivirals, the demonstration
of advantages in terms of long-term outcomes is
more difficult. This is due to the fact that clinical
complications develop over decades, and clinical trials
with necessarily lengthy follow-up periods are difficult,
if not impossible, to perform. In decompensated HBV
patients, the waxing frequency of resistance to LAM,
ADV and LdT monotherapy, render these three drugs
less appropriate. Antiviral therapy using newer NUCs
with lower resistance rates such as ETV or TDF could
suppress HBV replication, improve liver function in
patients with compensated or decompensated cirrhosis,
delay or obviate the need for liver transplantation in
some patients, and reduce the risk of HBV reactivation.
Finally, current therapeutic options do not eradicate
HBV infection and in spite of adequate treatment, the
virus remains indefinitely in a latent state, representing
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a continuous threat of reactivation and of oncogenic
potential leading to HCC development. It is nevertheless
mandatory for clinicians to start viral suppression in
patients with active chronic liver disease, in particular
with those that have already developed advanced hepatic
disease, with the aim of avoiding future complications
and hopefully reversing at least some degree of hepatic
damage.

16

17

18

REFERENCES
1

2
3
4

5
6
7

8
9

10

11
12
13

14

15

European Association For The Study Of The Liver. EASL
clinical practice guidelines: Management of chronic hepatitis B
virus infection. J Hepatol 2012; 57: 167-185 [PMID: 22436845
DOI: 10.1016/j.jhep.2012.02.010]
Rizzetto M, Ciancio A. Chronic HBV-related liver disease. Mol
Aspects Med 2008; 29: 72-84 [PMID: 18067957 DOI: 10.1016/
j.mam.2007.09.013]
Lok AS, McMahon BJ. Chronic hepatitis B: update of recom
mendations. Hepatology 2004; 39: 857-861 [PMID: 14999707 DOI:
10.1002/hep.20110]
Fattovich G, Bortolotti F, Donato F. Natural history of chronic
hepatitis B: special emphasis on disease progression and prognostic
factors. J Hepatol 2008; 48: 335-352 [PMID: 18096267 DOI:
10.1016/j.jhep.2007.11.011]
World Health Organization. Hepatitis B Fact sheet N°204.
Available from: URL: http://www.who.int/mediacentre/factsheets/
fs204/en/
Liaw YF. Impact of therapy on the outcome of chronic hepatitis
B. Liver Int 2013; 33 Suppl 1: 111-115 [PMID: 23286854 DOI:
10.1111/liv.12057]
Niro GA, Ippolito AM, Fontana R, Valvano MR, Gioffreda D,
Iacobellis A, Merla A, Durazzo M, Lotti G, Di Mauro L, Andriulli A.
Long-term outcome of hepatitis B virus-related Chronic Hepatitis
under protracted nucleos(t)ide analogues. J Viral Hepat 2013; 20:
502-509 [PMID: 23730844 DOI: 10.1111/jvh.12054]
Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005; 115:
209-218 [PMID: 15690074 DOI: 10.1172/JCI24282]
Hsu YS, Chien RN, Yeh CT, Sheen IS, Chiou HY, Chu CM, Liaw
YF. Long-term outcome after spontaneous HBeAg seroconversion
in patients with chronic hepatitis B. Hepatology 2002; 35:
1522-1527 [PMID: 12029639 DOI: 10.1053/jhep.2002.33638]
Hui CK, Leung N, Shek TW, Yao H, Lee WK, Lai JY, Lai ST,
Wong WM, Lai LS, Poon RT, Lo CM, Fan ST, Lau GK. Sustained
disease remission after spontaneous HBeAg seroconversion
is associated with reduction in fibrosis progression in chronic
hepatitis B Chinese patients. Hepatology 2007; 46: 690-698 [PMID:
17680649 DOI: 10.1002/hep.21758]
Liaw YF. Impact of hepatitis B therapy on the long-term outcome
of liver disease. Liver Int 2011; 31 Suppl 1: 117-121 [PMID:
21205148 DOI: 10.1111/j.1478-3231.2010.02388.x]
Friedman SL. Mechanisms of hepatic fibrogenesis. Gastroenterology
2008; 134: 1655-1669 [PMID: 18471545 DOI: 10.1053/j.
gastro.2008.03.003]
Niederau C, Heintges T, Lange S, Goldmann G, Niederau CM,
Mohr L, Häussinger D. Long-term follow-up of HBeAg-positive
patients treated with interferon alfa for chronic hepatitis B. N Engl
J Med 1996; 334: 1422-1427 [PMID: 8618580 DOI: 10.1056/
NEJM199605303342202]
Lin SM, Tai DI, Chien RN, Sheen IS, Chu CM, Liaw YF.
Comparison of long-term effects of lymphoblastoid interferon
alpha and recombinant interferon alpha-2a therapy in patients
with chronic hepatitis B. J Viral Hepat 2004; 11: 349-357 [PMID:
15230858 DOI: 10.1111/j.1365-2893.2004.00512.x]
Yuen MF, Hui CK, Cheng CC, Wu CH, Lai YP, Lai CL. Long-term
follow-up of interferon alfa treatment in Chinese patients with chronic
hepatitis B infection: The effect on hepatitis B e antigen seroconversion
and the development of cirrhosis-related complications. Hepatology

WJH|www.wjgnet.com

19

20

21

22

23

24

25

26
27
28
29

1102

2001; 34: 139-145 [PMID: 11431745 DOI: 10.1053/jhep.2001.25273]
Lampertico P, Del Ninno E, Viganò M, Romeo R, Donato MF,
Sablon E, Morabito A, Colombo M. Long-term suppression of
hepatitis B e antigen-negative chronic hepatitis B by 24-month
interferon therapy. Hepatology 2003; 37: 756-763 [PMID:
12668967 DOI: 10.1053/jhep.2003.50148]
Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H,
Tanwandee T, Tao QM, Shue K, Keene ON, Dixon JS, Gray DF,
Sabbat J. Lamivudine for patients with chronic hepatitis B and
advanced liver disease. N Engl J Med 2004; 351: 1521-1531
[PMID: 15470215 DOI: 10.1056/NEJMoa033364]
Dienstag JL, Goldin RD, Heathcote EJ, Hann HW, Woessner M,
Stephenson SL, Gardner S, Gray DF, Schiff ER. Histological outcome
during long-term lamivudine therapy. Gastroenterology 2003; 124:
105-117 [PMID: 12512035 DOI: 10.1053/gast.2003.50013]
Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, Chang TT, Kitis
G, Rizzetto M, Marcellin P, Lim SG, Goodman Z, Ma J, Brosgart
CL, Borroto-Esoda K, Arterburn S, Chuck SL. Long-term therapy
with adefovir dipivoxil for HBeAg-negative chronic hepatitis B
for up to 5 years. Gastroenterology 2006; 131: 1743-1751 [PMID:
17087951 DOI: 10.1053/j.gastro.2006.09.020]
Marcellin P, Chang TT, Lim SG, Sievert W, Tong M, Arterburn
S, Borroto-Esoda K, Frederick D, Rousseau F. Long-term efficacy
and safety of adefovir dipivoxil for the treatment of hepatitis B e
antigen-positive chronic hepatitis B. Hepatology 2008; 48: 750-758
[PMID: 18752330 DOI: 10.1002/hep.22414]
Schiff ER, Lee SS, Chao YC, Kew Yoon S, Bessone F, Wu SS,
Kryczka W, Lurie Y, Gadano A, Kitis G, Beebe S, Xu D, Tang H,
Iloeje U. Long-term treatment with entecavir induces reversal of
advanced fibrosis or cirrhosis in patients with chronic hepatitis B.
Clin Gastroenterol Hepatol 2011; 9: 274-276 [PMID: 21145419
DOI: 10.1016/j.cgh.2010.11.040]
Chang TT, Liaw YF, Wu SS, Schiff E, Han KH, Lai CL, Safadi
R, Lee SS, Halota W, Goodman Z, Chi YC, Zhang H, Hindes R,
Iloeje U, Beebe S, Kreter B. Long-term entecavir therapy results
in the reversal of fibrosis/cirrhosis and continued histological
improvement in patients with chronic hepatitis B. Hepatology
2010; 52: 886-893 [PMID: 20683932 DOI: 10.1002/hep.23785]
Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson IM,
Washington MK, Germanidis G, Flaherty JF, Schall RA, Bornstein
JD, Kitrinos KM, Subramanian GM, McHutchison JG, Heathcote
EJ. Regression of cirrhosis during treatment with tenofovir
disoproxil fumarate for chronic hepatitis B: a 5-year open-label
follow-up study. Lancet 2013; 381: 468-475 [PMID: 23234725
DOI: 10.1016/S0140-6736(12)61425-1]
Manolakopoulos S, Triantos C, Theodoropoulos J, Vlachogiannakos J,
Kougioumtzan A, Papatheodoridis G, Tzourmakliotis D, Karamanolis
D, Burroughs AK, Archimandritis A, Raptis S, Avgerinos A.
Antiviral therapy reduces portal pressure in patients with cirrhosis
due to HBeAg-negative chronic hepatitis B and significant portal
hypertension. J Hepatol 2009; 51: 468-474 [PMID: 19616339 DOI:
10.1016/j.jhep.2009.05.031]
Fattovich G, Giustina G, Schalm SW, Hadziyannis S, SanchezTapias J, Almasio P, Christensen E, Krogsgaard K, Degos F,
Carneiro de Moura M. Occurrence of hepatocellular carcinoma and
decompensation in western European patients with cirrhosis type B.
The EUROHEP Study Group on Hepatitis B Virus and Cirrhosis.
Hepatology 1995; 21: 77-82 [PMID: 7806171]
Peng CY, Chien RN, Liaw YF. Hepatitis B virus-related decompensated
liver cirrhosis: benefits of antiviral therapy. J Hepatol 2012; 57: 442-450
[PMID: 22504333 DOI: 10.1016/j.jhep.2012.02.033]
Liaw YF, Chen JJ, Chen TJ. Acute exacerbation in patients with
liver cirrhosis: a clinicopathological study. Liver 1990; 10: 177-184
[PMID: 1696678]
Chu CM, Liaw YF. Hepatitis B virus-related cirrhosis: natural
history and treatment. Semin Liver Dis 2006; 26: 142-152 [PMID:
16673292 DOI: 10.1055/s-2006-939752]
de Jongh FE, Janssen HL, de Man RA, Hop WC, Schalm SW, van
Blankenstein M. Survival and prognostic indicators in hepatitis B
surface antigen-positive cirrhosis of the liver. Gastroenterology
1992; 103: 1630-1635 [PMID: 1426884]

May 18, 2015|Volume 7|Issue 8|

Russo FP et al . Therapy for chronic hepatitis B
30

31

32

33

34
35

36

37

38
39

40

41

42

43

44

Fattovich G, Pantalena M, Zagni I, Realdi G, Schalm SW,
Christensen E. Effect of hepatitis B and C virus infections on the
natural history of compensated cirrhosis: a cohort study of 297
patients. Am J Gastroenterol 2002; 97: 2886-2895 [PMID: 12425564
DOI: 10.1111/j.1572-0241.2002.07057.x]
Yuan HJ, Yuen MF, Ka-Ho Wong D, Sablon E, Lai CL. The
relationship between HBV-DNA levels and cirrhosis-related
complications in Chinese with chronic hepatitis B. J Viral Hepat 2005;
12: 373-379 [PMID: 15985007 DOI: 10.1111/j.1365-2893.2005.00603.
x]
Yuen MF, Yuan HJ, Wong DK, Yuen JC, Wong WM, Chan AO,
Wong BC, Lai KC, Lai CL. Prognostic determinants for chronic
hepatitis B in Asians: therapeutic implications. Gut 2005; 54:
1610-1614 [PMID: 15871997 DOI: 10.1136/gut.2005.065136]
Iloeje UH, Yang HI, Jen CL, Su J, Wang LY, You SL, Chen CJ.
Risk and predictors of mortality associated with chronic hepatitis
B infection. Clin Gastroenterol Hepatol 2007; 5: 921-931 [PMID:
17678844 DOI: 10.1016/j.cgh.2007.06.015]
Chen CJ, Yang HI, Iloeje UH. Hepatitis B virus DNA levels and
outcomes in chronic hepatitis B. Hepatology 2009; 49: S72-S84
[PMID: 19399801 DOI: 10.1002/hep.22884]
Chen YC, Chu CM, Yeh CT, Liaw YF. Natural course following
the onset of cirrhosis in patients with chronic hepatitis B: a longterm follow-up study. Hepatol Int 2007; 1: 267-273 [PMID:
19669348 DOI: 10.1007/s12072-007-5001-0]
Fontana RJ, Hann HW, Perrillo RP, Vierling JM, Wright T, Rakela
J, Anschuetz G, Davis R, Gardner SD, Brown NA. Determinants
of early mortality in patients with decompensated chronic hepatitis
B treated with antiviral therapy. Gastroenterology 2002; 123:
719-727 [PMID: 12198698]
Papatheodoridis GV, Cholongitas E, Archimandritis AJ,
Burroughs AK. Current management of hepatitis B virus infection
before and after liver transplantation. Liver Int 2009; 29: 1294-1305
[PMID: 19619264 DOI: 10.1111/j.1478-3231.2009.02085.x]
Chien RN, Lin CH, Liaw YF. The effect of lamivudine therapy
in hepatic decompensation during acute exacerbation of chronic
hepatitis B. J Hepatol 2003; 38: 322-327 [PMID: 12586298]
Tsubota A, Arase Y, Suzuki Y, Suzuki F, Sezaki H, Hosaka T,
Akuta N, Someya T, Kobayashi M, Saitoh S, Ikeda K, Kumada H.
Lamivudine monotherapy for spontaneous severe acute exacerbation
of chronic hepatitis B. J Gastroenterol Hepatol 2005; 20: 426-432
[PMID: 15740488 DOI: 10.1111/j.1440-1746.2004.03534.x]
Lai CL, Dienstag J, Schiff E, Leung NW, Atkins M, Hunt C,
Brown N, Woessner M, Boehme R, Condreay L. Prevalence and
clinical correlates of YMDD variants during lamivudine therapy
for patients with chronic hepatitis B. Clin Infect Dis 2003; 36:
687-696 [PMID: 12627352 DOI: 10.1086/368083]
Srivastava M, Rungta S, Dixit VK, Shukla SK, Singh TB, Jain AK.
Predictors of survival in hepatitis B virus related decompensated cirrhosis
on tenofovir therapy: an Indian perspective. Antiviral Res 2013; 100:
300-305 [PMID: 24012998 DOI: 10.1016/j.antiviral.2013.08.020]
Schiff E, Lai CL, Hadziyannis S, Neuhaus P, Terrault N, Colombo
M, Tillmann H, Samuel D, Zeuzem S, Villeneuve JP, Arterburn
S, Borroto-Esoda K, Brosgart C, Chuck S. Adefovir dipivoxil for
wait-listed and post-liver transplantation patients with lamivudineresistant hepatitis B: final long-term results. Liver Transpl 2007;
13: 349-360 [PMID: 17326221 DOI: 10.1002/lt.20981]
Liaw YF, Sheen IS, Lee CM, Akarca US, Papatheodoridis GV,
Suet-Hing Wong F, Chang TT, Horban A, Wang C, Kwan P, Buti
M, Prieto M, Berg T, Kitrinos K, Peschell K, Mondou E, Frederick
D, Rousseau F, Schiff ER. Tenofovir disoproxil fumarate (TDF),
emtricitabine/TDF, and entecavir in patients with decompensated
chronic hepatitis B liver disease. Hepatology 2011; 53: 62-72
[PMID: 21254162 DOI: 10.1002/hep.23952]
Liaw YF, Raptopoulou-Gigi M, Cheinquer H, Sarin SK,
Tanwandee T, Leung N, Peng CY, Myers RP, Brown RS, Jeffers
L, Tsai N, Bialkowska J, Tang S, Beebe S, Cooney E. Efficacy and
safety of entecavir versus adefovir in chronic hepatitis B patients
with hepatic decompensation: a randomized, open-label study.
Hepatology 2011; 54: 91-100 [PMID: 21503940 DOI: 10.1002/

WJH|www.wjgnet.com

45

46

47

48
49
50
51

52
53

54

55

56

57

58

59

60

1103

hep.24361]
Chan HL, Chen YC, Gane EJ, Sarin SK, Suh DJ, Piratvisuth T,
Prabhakar B, Hwang SG, Choudhuri G, Safadi R, Tanwandee T,
Chutaputti A, Yurdaydin C, Bao W, Avila C, Trylesinski A. Randomized
clinical trial: efficacy and safety of telbivudine and lamivudine in
treatment-naïve patients with HBV-related decompensated cirrhosis.
J Viral Hepat 2012; 19: 732-743 [PMID: 22967105 DOI: 10.1111/
j.1365-2893.2012.01600.x]
Gomaa AI, Khan SA, Toledano MB, Waked I, Taylor-Robinson
SD. Hepatocellular carcinoma: epidemiology, risk factors and
pathogenesis. World J Gastroenterol 2008; 14: 4300-4308 [PMID:
18666317]
Gordon SC, Lamerato LE, Rupp LB, Li J, Holmberg SD,
Moorman AC, Spradling PR, Teshale EH, Vijayadeva V, Boscarino
JA, Henkle EM, Oja-Tebbe N, Lu M. Antiviral therapy for chronic
hepatitis B virus infection and development of hepatocellular
carcinoma in a US population. Clin Gastroenterol Hepatol 2014;
12: 885-893 [PMID: 24107395 DOI: 10.1016/j.cgh.2013.09.062]
El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology
and molecular carcinogenesis. Gastroenterology 2007; 132:
2557-2576 [PMID: 17570226 DOI: 10.1053/j.gastro.2007.04.061]
Abu-Amara M, Feld JJ. Does antiviral therapy for chronic hepatitis
B reduce the risk of hepatocellular carcinoma? Semin Liver Dis 2013;
33: 157-166 [PMID: 23749672 DOI: 10.1055/s-0033-1345719]
Te HS, Jensen DM. Epidemiology of hepatitis B and C viruses:
a global overview. Clin Liver Dis 2010; 14: 1-21, vii [PMID:
20123436 DOI: 10.1016/j.cld.2009.11.009]
Kao JH, Chen PJ, Chen DS. Recent advances in the research of
hepatitis B virus-related hepatocellular carcinoma: epidemiologic
and molecular biological aspects. Adv Cancer Res 2010; 108:
21-72 [PMID: 21034965 DOI: 10.1016/B978-0-12-380888-2.0000
2-9]
Lok AS. Prevention of hepatitis B virus-related hepatocellular
carcinoma. Gastroenterology 2004; 127: S303-S309 [PMID:
15508098]
Giacomin A, Cazzagon N, Sergio A, Vanin V, Farinati F. Hepatitis
B virus-related hepatocellular carcinoma: primary, secondary, and
tertiary prevention. Eur J Cancer Prev 2011; 20: 381-388 [PMID:
21540746 DOI: 10.1097/CEJ.0b013e328346399b]
Papatheodoridis GV, Manesis E, Hadziyannis SJ. The long-term
outcome of interferon-alpha treated and untreated patients with
HBeAg-negative chronic hepatitis B. J Hepatol 2001; 34: 306-313
[PMID: 11281561]
Lin SM, Yu ML, Lee CM, Chien RN, Sheen IS, Chu CM, Liaw
YF. Interferon therapy in HBeAg positive chronic hepatitis reduces
progression to cirrhosis and hepatocellular carcinoma. J Hepatol
2007; 46: 45-52 [PMID: 17107734 DOI: 10.1016/j.jhep.2006.08.021]
Sung JJ, Tsoi KK, Wong VW, Li KC, Chan HL. Meta-analysis:
Treatment of hepatitis B infection reduces risk of hepatocellular
carcinoma. Aliment Pharmacol Ther 2008; 28: 1067-1077 [PMID:
18657133 DOI: 10.1111/j.1365-2036.2008.03816.x]
Papatheodoridis GV, Manolakopoulos S, Touloumi G, Vourli G,
Raptopoulou-Gigi M, Vafiadis-Zoumbouli I, Vasiliadis T, Mimidis
K, Gogos C, Ketikoglou I, Manesis EK. Virological suppression
does not prevent the development of hepatocellular carcinoma
in HBeAg-negative chronic hepatitis B patients with cirrhosis
receiving oral antiviral(s) starting with lamivudine monotherapy:
results of the nationwide HEPNET. Greece cohort study. Gut 2011;
60: 1109-1116 [PMID: 21270118 DOI: 10.1136/gut.2010.221846]
Papatheodoridis GV, Lampertico P, Manolakopoulos S, Lok
A. Incidence of hepatocellular carcinoma in chronic hepatitis B
patients receiving nucleos(t)ide therapy: a systematic review. J
Hepatol 2010; 53: 348-356 [PMID: 20483498 DOI: 10.1016/
j.jhep.2010.02.035]
Huang G, Lau WY, Wang ZG, Pan ZY, Yuan SX, Shen F, Zhou
WP, Wu MC. Antiviral therapy improves postoperative survival in
patients with hepatocellular carcinoma: a randomized controlled
trial. Ann Surg 2015; 261: 56-66 [PMID: 25072444 DOI: 10.1097/
SLA.0000000000000858]
Papatheodoridis GV, Manolakopoulos S, Touloumi G, Nikolopoulou

May 18, 2015|Volume 7|Issue 8|

Russo FP et al . Therapy for chronic hepatitis B

61

62

G, Raptopoulou-Gigi M, Gogos C, Vafiadis-Zouboulis I, Karamanolis
D, Chouta A, Ilias A, Drakoulis C, Mimidis K, Ketikoglou I, Manesis
E, Mela M, Hatzis G, Dalekos GN. Hepatocellular carcinoma risk in
HBeAg-negative chronic hepatitis B patients with or without cirrhosis
treated with entecavir: HepNet.Greece cohort. J Viral Hepat 2015;
22: 120-127 [PMID: 25040685 DOI: 10.1111/jvh.12283]
Arends P, Sonneveld MJ, Zoutendijk R, Carey I, Brown A, Fasano
M, Mutimer D, Deterding K, Reijnders JG, Oo Y, Petersen J,
van Bömmel F, de Knegt RJ, Santantonio T, Berg T, Welzel TM,
Wedemeyer H, Buti M, Pradat P, Zoulim F, Hansen B. Entecavir
treatment does not eliminate the risk of hepatocellular carcinoma
in chronic hepatitis B: limited role for risk scores in Caucasians.
Gut 2014: Epub ahead of print [PMID: 25011935 DOI: 10.1136/
gutjnl-2014-307023]
Kim SS, Hwang JC, Lim SG, Ahn SJ, Cheong JY, Cho SW.
Effect of virological response to entecavir on the development of

63

64
65

hepatocellular carcinoma in hepatitis B viral cirrhotic patients:
comparison between compensated and decompensated cirrhosis.
Am J Gastroenterol 2014; 109: 1223-1233 [PMID: 24890440 DOI:
10.1038/ajg.2014.145]
Cardin R, Piciocchi M, Bortolami M, Kotsafti A, Barzon L, Lavezzo
E, Sinigaglia A, Rodriguez-Castro KI, Rugge M, Farinati F. Oxidative
damage in the progression of chronic liver disease to hepatocellular
carcinoma: an intricate pathway. World J Gastroenterol 2014; 20:
3078-3086 [PMID: 24696595 DOI: 10.3748/wjg.v20.i12.3078]
Liaw YF. Reversal of cirrhosis: an achievable goal of hepatitis B
antiviral therapy. J Hepatol 2013; 59: 880-881 [PMID: 23673137
DOI: 10.1016/j.jhep.2013.05.007]
Vallet-Pichard A, Pol S. Hepatitis B virus treatment beyond the
guidelines: special populations and consideration of treatment
withdrawal. Therap Adv Gastroenterol 2014; 7: 148-155 [PMID:
25057295 DOI: 10.1177/1756283X14524614]
P- Reviewer: Khattab MA, Lau WY, Pirisi M, Treeprasertsuk S
S- Editor: Gong XM L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1104

May 18, 2015|Volume 7|Issue 8|

World J Hepatol 2015 May 18; 7(8): 1105-1111
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i8.1105

MINIREVIEWS

Prevention of hepatocellular carcinoma by correction of
metabolic abnormalities: Role of statins and metformin
Javier Ampuero, Manuel Romero-Gomez
activated protein kinase kinase (MEK)/extracellularsignal-regulated kinase (ERK), phosphatidylinositol-4,5bisphosphate 3-kinase (PI3K)/AKT/mammalian target
of rapamycin (mTOR) and Wnt/β-catenin signaling.
Metformin (through 5′-adenosine monophosphateactivated protein kinase pathway activation) and
statins (through 3‑hydroxy‑3-methylglutaryl coenzyme
A inhibition) show anti-tumoral properties modifying
several steps of RAS/RAF/MEK/ERK, PI3K/AKT/mTOR
and Wnt/β-catenin signaling cascades. On the other
hand, metformin and statins have been found to
reduce the risk of hepatocellular carcinoma up to 50%
and 60%, respectively. Furthermore, both drugs have
shown a dose-dependent protective effect. However,
information about chemopreventive role of metformin
and statins is mainly obtained of observational studies,
which could not take into account some bias. In
conclusion, given the rising of incidence of hepato
cellular carcinoma and the important morbidity and
mortality rates associated with this cancer, looking
for chemopreventive strategies is an essential task.
Randomized controlled trials are needed to determine
the definite role of metformin and statins on the
prevention of hepatocellular carcinoma.
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Abstract
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Hepatocellular carcinoma is the third leading cause
of cancer-related deaths in the world. It is associated
with an important mortality rate and the incidence
is increasing. Patients showing metabolic syndrome
seem to have higher incidence and mortality rates
from hepatocellular carcinoma than healthy subjects,
especially those with type 2 diabetes mellitus and obesity.
Thus, metformin and statins, both to treat features of
metabolic syndrome, have been proposed to decrease
the risk of hepatocellular carcinoma. Otherwise, liver
cancer is the result of a complex process which impairs
several signaling cascades, such as RAS/RAF/mitogen-
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Core tip: Hepatocellular carcinoma is the result of a
complex process which impairs several pathways, such
as RAS/RAF/mitogen-activated protein kinase kinase/
extracellular-signal-regulated kinase, phosphatidylinositol4,5-bisphosphate 3-kinase/AKT/mammalian target of
rapamycin and Wnt/β-catenin signaling. Patients showing
metabolic syndrome seem to have higher incidence
and mortality rates from hepatocellular carcinoma than
healthy subjects, especially those with type 2 diabetes
mellitus and obesity. Thus, metformin and statins,
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result, there are an incessant cell injury, necrosis and
regeneration that, ultimately, lead to activate mutations in
key genes (especially, oncogenes and tumor suppressor
[7]
genes) . This complex process results in impairment
of several signaling cascades. In this review, we focus
on RAS/RAF/mitogen-activated protein kinase kinase
(MEK)/extracellular-signal-regulated kinase (ERK) (cell
proliferation signaling pathway), phosphatidylinositol-4,5bisphosphate 3-kinase (PI3K)/AKT/mammalian target
of rapamycin (mTOR) (cell survival signaling pathway)
and Wnt/β-catenin (cell differentiation signaling pathway)
signaling cascades (Figure 1). Furthermore, we revise
the main pathways of DM associated with HCC.
The RAF/MEK/ERK via is one of the most powerful
[8]
pathway that regulates crucial cellular processes . It
is triggered by growth factors [epidermal growth factor
(EGF), platelet-derived growth factor, Vascular endothelial
growth factor, and insulin-growth factor (IGF)] and
activating mutations of major oncogenic proteins, being
[9]
RAS the key molecular signal regulator . Importantly,
RAS also plays a regulatory role in other signaling
pathways, especially the PI3K/AKT/mTOR pathway. RAS
cascade is one of the main targets of sorafenib, the only
[10]
currently effective therapy for advanced HCC .
Activation of the PI3K-AKT signalling pathway is
promoted by binding of growth factors (especially, IGF
and EGF) to their receptors, resulting in disruption of
[11]
the mTOR pathway . PI3K/AKT/mTOR axis has linked
[12]
to angiogenesis and survival . Therefore, mTOR
has emerged as an exciting target for cancer therapy.
The mTOR complex comprises two forms: (1) mTOR
complex 1 (mTORC1), closely implicated in protein
translation; and (2) mTORC2, which is the primary
responsible for the phosphorylation of AKT and could be
necessary to sustain the oncogenic phenotype related
to loss of Phosphatidylinositol 3,4,5-trisphosphate
[13]
3-phosphatase (PTEN) . PTEN negatively regulates the
PI3K-AKT signaling pathway and has been associated
with tumor grade, advanced disease stage and reduced
[14]
overall survival in patients with HCC . In 40%-50%
of HCC, dysregulated expression of effectors of mTOR
[15]
has been observed . On the other hand, mTORC1
activation shows prognostic implications in terms of
[16]
patient tumor recurrence after surgery .
Wnt/β-catenin signaling pathway has a close
[17]
relationship with cancer . It consists of a large number
of proteins that interact with each other. Mutations in
β‑catenin, which activate the Wnt signalling pathway,
[18]
occur in one-third of HCCs . Wnt pathway regulates
the expression of many genes (c-Myc, c-Jun and
[19]
cyclin D1) via interaction with Frizzled receptors . In
particular, the MYC proto-oncogene family contributes
carcinogenesis by unrestricted cell proliferation and
[20]
inhibiting cell differentiation . Accumulation of
β-catenin induces transcription of several genes related
to cell differentiation and proliferation. In fact, studies
have shown that the expression of β-catenin was higher
[21]
in HCC than in non-tumor tissues , and Wnt-1 is a
[22]
survival factor for HCC cells . On the other hand,
[23]
mTOR regulates the expression level of β-catenin .

both to treat features of metabolic syndrome, have
been proposed to decrease the risk of hepatocellular
carcinoma. Metformin (by decreasing hyperglycemia state
through 5′-adenosine monophosphate-activated protein
kinase pathway activation) and statins (3‑hydroxy‑3methylglutaryl coenzyme A reductase inhibitors) show
anti-tumoral properties modifying several steps of the
crucial signaling cascades.
Ampuero J, Romero-Gomez M. Prevention of hepatocellular
carcinoma by correction of metabolic abnormalities: Role of statins
and metformin. World J Hepatol 2015; 7(8): 1105-1111 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i8/1105.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i8.1105

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the third leading cause of cancer[1]
related deaths in the world . In recent years, a
significant increase in HCC incidence and mortality rates
has been observed in Western countries. Given that
primary liver cancer shows a poor prognosis due to its
infiltrating and malignancy power, we should closely
assess those risk factors that could be preventable.
Although the main risk factors for HCC are hepatitis C
virus (HCV), hepatitis B virus (HBV) and chronic alcohol
abuse, many individuals who have been exposed to
these factors never develop HCC, while 15%-50% of
cases occur among those without exposure, suggesting
that further risk factors could be responsible for the
[2]
increased incidence of HCC .
Patients showing metabolic syndrome seem to have
higher incidence and mortality rates from HCC than
healthy subjects, especially those with type 2 diabetes
[3]
mellitus (T2DM) and obesity . T2DM is an emerging
risk factor of many chronic liver diseases, such as
chronic hepatitis, non-alcoholic fatty liver disease and
cirrhosis. Furthermore, DM has been proposed as a risk
[4]
factor for HCC . On the other hand, previous studies
have demonstrated that cirrhosis and HCV increase the
[5]
susceptibility to diabetes mellitus . Nevertheless, exact
pathophysiological mechanisms of these significant
associations are still unclear. Otherwise, metformin and
statins, both to treat features of metabolic syndrome,
[6]
have been proposed to decrease the risk of HCC .
Therefore, in this review, we aim to evaluate the role of
some of possible intermediary mechanisms that could
be associated with the onset and progression of HCC
development, as well as the impact of metformin and
statins on the appearance of the liver tumor.

CELL SURVIVAL, PROLIFERATION
AND DIFFERENTIATION SIGNALING
PATHWAYS
HCC is a kind of tumor based on inflammation. As a
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Figure 1 Pathogenic pathways of hepatocellular carcinoma and targets for metformin and statins. PI3K: Phosphatidylinositol-4,5-bisphosphate 3-kinase;
PTEN: Phosphatidylinositol 3,4,5-trisphosphate 3-phosphatase; AMPK: Adenosine monophosphate-activated protein kinase; mTOR: Mammalian target of rapamycin;
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Thus, this pathway is critical for tissue and liver
regeneration.
On the other hand, patients showing features of
metabolic syndrome may have higher incidence of
[24]
HCC and mortality rates than those without it . In
fact, DM and obesity increase the risk of appearance
of HCC. Therefore, one hypothesis for this fact could
be that patients with features of metabolic syndrome
have more aggressive tumor characteristics, such
as increased vascular invasion and metastasis. DM
has been proposed as an independent risk factor for
[25,26]
HCC
. Mechanisms proposed for diabetes-induced
liver cancer include: (1) hyperinsulinemia state, caused
by insulin resistance, increases levels of IGF-1, which
is one of the most powerful activators of cellular
proliferation. This fact leads to elevated binding and
consequently downstream signaling through the RAF/
[27]
MEK/ERK and PI3K/AKT/mTOR pathways ; (2) insulin
activates the intrinsic tyrosine kinase of insulin receptor,
by phosphorylation of insulin-receptor substrate-1. This
latter, together with IGF-1, are overexpressed in tumor
[28]
cells, generating inhibition of apoptosis ; (3) insulin
resistance leads to increase the releasing of multiple
proinflammatory cytokines, including tumor necrosis
factor alpha (TNFα) and interleukin 6, which promote
the development of hepatic steatosis, inflammation and
[29]
subsequent HCC ; and (4) reactive oxygen species are
also produced, impairing mitochondrial respiration and
causing oxidative damage to the mitochondrial genome
[30]
by activation of the apoptosis cascade .
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ANTITUMORAL EFFECTS OF METFORMIN
AND STATINS
Metformin is an insulin-sensitizer drug frequently
used in the first-line oral treatment of T2DM patients.
Antioxidant, anti-inflammatory, growth inhibitory
and antiangiogenic effects of metformin have been
associated to reduce the risk of some solid tumors,
[31]
such as prostate, colorectal, breast and pancreas .
Metformin mainly works by decreasing hyperglycemia
state through 5′-adenosine monophosphate-activated
protein kinase (AMPK) pathway activation. Proposed
anti-tumoral mechanisms of metformin include:
(1) activated AMPK has growth inhibition effects on
[32]
human cancer cell lines, via inhibition of mTOR ;
(2) metformin has demonstrated to limit cell growth
through cell cycle G0/G1 arrest in hepatoma cell
[33]
lines, by inhibiting cyclin D1 expression ; (3) it can
also inhibit carcinogenesis by downregulating c‑Myc
and upregulation miR‑33a, which require activation
[34]
of AMPK ; (4) metformin is able to modulate the
expression of cytokines, such as TNFα, and oxidative
[35]
stress ; (5) metformin, through AMPK, decreased
β-catenin protein levels leading to suppression of Wnt/
[36]
β-catenin signaling ; and (6) metformin is taken up in
hepatocytes by the organic cation transporter-1 (OCT-1),
which is an essential step for the glucose-lowering
[37,38]
effect
. Interestingly, OCT-1 and OCT-3 expression
has been found downregulated in HCC patients and
[39]
associated with impaired prognosis .
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[51]

Statins are 3‑hydroxy‑3-methylglutaryl coenzyme
A (HMG-CoA) reductase inhibitors. Additionally to the
effect on cholesterol biosynthesis, statins also have
antineoplastic properties. Antitumoral effects of statins
are related to the following mechanisms: (1) they can
effectively downregulate the RAF/MEK/ERK pathway,
[40]
contributing to the apoptotic response ; (2) statins
limit the degradation of the cyclin-dependent kinase
inhibitors p21 and p27. These molecules show growthinhibitory effects; (3) HMG-CoA reductase is a crucial
regulator of MYC phosphorylation and activation.
Consequently, inhibition of HMG-CoA reductase prevents
[41]
from both c-Myc phosphorylation and activation ; and
(4) anti-inflammatory and antioxidant effects of statins
[42]
may be partly mediated by the PI3K/AKT pathway ,
causing a decline in toll-like receptor 4 expression on
[43]
blood monocytes and TNFα plasma concentration .

observational studies. Tsan et al
reported a dosedependent association between statin use and decreased
risk of HCC development in patients with HCV (HR =
0.33; P < 0.05) taking higher daily doses of statins. The
same group performed a similar study in HBV patients,
and they observed a risk reduced up to 66% in patients
which received more than one year cumulative treatment
compared to those never treated. Furthermore, they
observed that the reduction in HCC risk was a class
[52]
effect . A recent meta-analysis evaluated 4298 cases of
HCC in 1459417 patients. Authors found a 37% overall
reduction in HCC risk with the use of statins. Interestingly,
the risk reduction was higher in Asian people (OR =
0.52; P < 0.05), although this effect was also present in
Western populations (OR = 0.67; P < 0.05), maybe due
[53]
to interactions between statins and HBV . Furthermore,
statins have been associated with decreased HCC
[54]
recurrence after resection . In contrast to observational
studies, randomized controlled trials have failed to
show such association. In a post-hoc analysis from the
Cholesterol Treatment Trialists’ collaboration, there was
no difference in the risk of appearance of HCC regardless
[55]
the consumption of statins . However, randomized
controlled trials were performed for cardiovascular
endpoints, showing limitations: (1) patients enrolled were
at low risk for development of HCC, limiting the power
to detect a significant difference to development of HCC;
(2) the follow-up was shorter than expected to evaluate
the developing of HCC; and (3) statin nonusers in these
[56]
groups had a elevated risk of cardiovascular mortality .
Information about chemopreventive role of met
formin and statins is mainly obtained of observational
studies. However, best level of evidence comes from
randomized clinical trials, so the current available data of
these drugs show a lack of randomization necessary to
[57]
control cofounders . The heterogeneity of the studies,
the lack of randomization and the increased risk of
reporting bias should indicate caution. A main concern
about metformin use is the safety profile in patients
with advanced liver disease, as metformin has been
associated with serious adverse effects. However, there
are studies in which well-compensated cirrhotic patients
have taken metformin without adverse effects, beyond
[58]
an increased prevalence of diarrhea . In addition,
there is a concern about the safety of using metformin
and statins in cirrhotic patients (who show the highest
risk of HCC), which could introduce a selection bias at
the moment of indicating the treatment. On the other
hand, most of studies do not take into account to adjust
for concomitant medications. Thus, the protective
effect of metformin or statins could be enhanced by the
other one, as they are relatively common in patients
with metabolic syndrome. Interestingly, etiology of
cirrhosis could influence on the antitumoral effect of
these drugs, especially the closely relationship between
[59]
HCV infection and metabolic syndrome . In fact, HCV
directly affects the host lipid metabolism, favoring its
[60]
own replication , so inhibitors of lipid synthesis, such
as statins, could decrease viral replication. Lastly, the

CHEMOPREVENTIVE ROLE OF
METFORMIN AND STATINS
Metformin use seems to decrease the risk of HCC in
diabetic patients in several observational studies. Hassan
[44]
et al
compared 420 diabetic patients with 1104
healthy controls [DM was related to HCC (OR = 4.2; P
< 0.05)]. They analyzed different treatments, showing
metformin and thiazolidinediones (TZD) as protective
agents (OR = 0.3; P < 0.05) and sulphonylureas (OR
= 7.1; P < 0.05) and insulin therapy (OR = 1.9; P <
[44]
[45]
0.05) as negative factors . Donadon et al
obtained
similar results, assessing 610 patients with HCC,
618 cirrhotic patients without HCC and 1696 healthy
controls. Metformin was shown as protective therapy
(OR = 0.33; P < 0.05), opposite to sulphonylureas and
insulin exogenous (OR = 3.06; P < 0.05). Nkontchou et
[46]
al observed prospectively a reduced incidence of HCC
in diabetic HCV-related cirrhotic patients treated with
[47]
metformin (HR = 0.19; P < 0.05). Lai et al confirmed
that T2DM was associated with HCC and that the HCC
risk reduction was greater for diabetics taking metformin
than those taking TZD (51% vs 44% reduction).
[48]
Recently, Chen et al
concluded that metformin use
was related to lower risk of HCC in diabetic patients in
a dose-dependent manner. Similar results have been
[49]
reported in meta-analysis. Zhang et al included three
cohort studies and four case-control studies, concluding
that metformin treatment was associated with reduced
[50]
risk of HCC in diabetic patients. Singh et al performed
a systematic review and a meta-analysis to evaluate
the effect of antidiabetic therapy on the risk of HCC,
including ten studies reporting 22650 cases of HCC in
334307 patients with T2DM. Meta-analysis showed a
50% of reduction in HCC incidence with metformin use,
a 62% and a 161% increase in HCC incidence with
sulfonylurea and insulin use, respectively, while TZD did
not modify the risk of developing.
Statins may decrease the risk of HCC in patients
with other underlying liver diseases, according to
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influence of environmental, like aflatoxin, or genetic
[61]
factors, like PNPLA3 , could impact and mask the
conclusions.

10
11

CONCLUSION
In this review, we have summarized the intermediary
mechanisms responsible for the association between
some features of metabolic syndrome and HCC
development. Given the rising of incidence of HCC,
especially in the Western countries, and the important
morbidity and mortality rates associated with this
cancer, looking for chemopreventive strategies is an
essential task. Identifying who will benefit, optimal
duration of treatment and relevant biomarkers will be
crucial to design the appropriate strategy. Non-etiologyspecific medications, such as statins and metformin,
are cheap, have a favorable safety profile and could
have metabolic effects in additional organs. However,
further studies are needed to establish the definitive
role of metformin and statins on the prevention of HCC.
Randomized clinical trials, controlling comedications and
genetic factors, are required for this purpose. Therefore,
prevention through surveillance of risk populations is
the best current option in day-to-day clinical practice to
improve the prognostic of patients with HCC.
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MINIREVIEWS

Adrenal insufficiency in patients with decompensated
cirrhosis
Apostolos KA Karagiannis, Theodora Nakouti, Chrysoula Pipili, Evangelos Cholongitas
well. Both stable cirrhotics and liver transplant patients
(early and later after transplantation) have been reported
to present AI. The mechanisms leading to reduced
cortisol production in cirrhotics are the combination of
low cholesterol levels (the primary source of cortisol), the
increased cytokines production that overstimulate and
exhaust HPA axis and the destruction of adrenal glands
due to coagulopathy. AI has been recorded in 10%-82%
cirrhotics depending on the test used to evaluate adrenal
function and in 9%-83% stable cirrhotics. The similarity
of those proportions support the assumption that AI is
an endogenous characteristic of liver disease. However,
the lack of a gold standard method for AI assessment
and the limitation of precise thresholds in cirrhotics
make difficult the recording of the real prevalence of AI.
This review aims to summarize the present data over
AI in stable, critically ill cirrhotics and liver transplant
recipients. Moreover, it provides information about the
current knowledge in the used diagnostic tools and the
possible effectiveness of corticosteroids administration in
critically ill cirrhotics with AI.
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Core tip: Adrenal insufficiency is present in both critically
ill and stable cirrhotics and in liver transplant recipients
early or later after transplantation. Due to certain
difficulties in determining cortisol levels and lack of
gold standard method, the incidence of adrenal failure
varies and depends on each test used for assessment of
adrenal function. Corticosteroid administration has not
been elucidated whether it leads to beneficial outcome
in critically ill cirrhotics.

Abstract
Adrenal reserve depletion and overstimulation of the
hypothalamus-pituitary-adrenal (HPA) axis are causes
for adrenal insufficiency (AI) in critically ill individuals.
Cirrhosis is a predisposing condition for AI in cirrhotics as
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ASSESSMENT OF HPA FUNCTIONALITY
[32]

Total cortisol consists of free and binding forms .
[33]
Only 10% of circulating cortisol is free and bioactive .
The rest is mainly bound with corticosteroid-binding
globulin (CBG) and less with albumin. In cirrhotic
patients, hypoalbuminemia is positively correlated with
the severity of liver disease leading to decrease of total
cortisol and increase of the free bioactive fraction. Thus,
the common methods for assessing adrenal function,
based on total cortisol, may lead to overestimation of
AI in patients with cirrhosis. In this case, the optimal
method would be the direct evaluation of free cortisol,
but its measurement is difficult in daily clinical practice.
Indirectly free cortisol can be calculated by Coolens
[34]
equation based on total cortisol and CBG . Salivary
cortisol has been used as a surrogate marker of free
[7,35-37]
cortisol but present limitations in cirrhotics
including
the high incidence of oral candidiasis, gums bleeding
[38]
and parotitis especially in alcoholics . Finally, free
cortisol index (FCI = total cortisol/CBG ratio) reflecting
[39]
serum free cortisol levels has been used . FCI > 12 is
indicative of normal adrenal function. However, it should
be mentioned that none of these formulae/indexes
takes into account albumin levels.

INTRODUCTION
Cirrhosis is characterized by hyperdynamic circulatory
failure, low arterial pressure, peripheral vasodilation
[1,2]
and increased production of cytokines . Although, the
adrenal insufficiency (AI) among critically ill cirrhotics
[3]
was firstly described in 1960 by Peterson et al ,
there is still an increased interest in it during the last
[4]
decade. Initially, Marik et al used the term “hepatoadrenal syndrome” to describe the AI found in the
critically ill cirrhotic patients correlated with increased
mortality. Nowadays, it is established that AI is found in
[5,6]
critically ill cirrhotic patients with or without sepsis ,
[7-9]
in those with stable cirrhosis
and in liver transplant
[4,10]
recipients
. There may be a deficient response of
adrenal glands to the increased stress stimulation of
hypothalamus-pituitary-adrenal (HPA) axis in critically ill
[11-16]
patients named initially relative AI (RAI)
, replaced
later on by the term critical illness related corticosteroid
[17]
insufficiency (CIRCI) . This review aims to summarize
the published data regarding AI in cirrhotics and in
liver transplant recipients, additionally focusing in
the diagnostic tools and the possible effectiveness of
corticosteroids administration.

Basal serum cortisol and ACTH

A basal standard total cortisol level < 138 nmol/L
between 8.00-9.00 am indicates AI, while basal total
cortisol > 415 nmol/L makes the diagnosis of AI unlikely.
Primary AI is indicated by ACTH > 22 pmol/L, while
normal values of ACTH could not rule out secondary AI.

PATHOPHYSIOLOGY
AI has been described in all stages cirrhotic patients,
critically ill and stable, implying that adrenal failure is
[7-9]
a feature of liver dysfunction per se . However, the
exact mechanism leading to AI in cirrhotic population
is not yet clear. It is known that cholesterol is an
important substrate for steroidogenesis and adrenal
[18,19]
glands synthesize cortisol whenever is necessary
.
One main characteristic of cirrhotic patients is the low
levels of total cholesterol, high density lipoprotein (HDL)
and low density lipoprotein, which are correlated with
[20,21]
the severity of liver disease
. Thus, in cirrhosis,
the adrenal glands cannot synthesize the adequate
quantities of cortisol especially under stress conditions
leading to “adrenal exhaustion syndrome” ending to
[22,23]
AI
. In addition, cirrhosis is characterized by the
increased circulating pro-inflammatory cytokines, like
tumor necrosis factor (TNF)-a, interleukelin-6 (IL-6), IL-1
[24-27]
and endotoxin- like lipopolysaccharide
, which affect
negatively the feedback of HPA axis. TNF-a reduces the
secretion of adrenocorticotropic hormone (ACTH) from
the pituitary gland, via completion with corticotrophin
[28,29]
receptor and contributes to glucocorticoid deficiency
and the pro-inflammatory cytokines contribute to the
decreased levels of HDL cholesterol via inhibition of
apolipoprotein- A1 synthesis resulting in limited delivery
[30,31]
to adrenal glands
. Finally, prolonged prothrombin
time, a common finding in cirrhotic patients, could
rarely lead to adrenal hemorrhage and impaired cortisol
[23]
production .
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Short synacthen test

Tetracosactide (Synacthen) and cosyntropin (Cortrosyn)
are the analogues used for Short synacthen test (SST).
Plasma cortisol is monitored at 0, 30 and 60 min after
intravenous (iv) or intramuscular injection of 250 μg
corticotrophin (Synacthen). If poststimulation cortisol
[40]
exceeds 550 nmol/L, primary AI is excluded . SST
uses supraphysiological doses of corticotrophin and
[41]
is preferred in critically ill patients . In this patient
group, AI is defined either by random total cortisol <
276 nmol/L or by delta cortisol < 250 nmol/L (CIRCI
[42]
criteria) . Delta cortisol is the difference between basal
cortisol and cortisol measured 60 min after iv injection
[43]
of corticotrophin analogue .

Low dose SST

Plasma cortisol is measured 30 min after stimulation
with 1 μg corticotropin given iv. If peak cortisol exceeds
500 nmol/L, adrenal function is normal. This test seems
to be more sensitive than SST and evaluates better the
[41]
stable cirrhotic patients .

Corticotrophin-releasing hormone test

This is a test with high cost in which both cortisol and
ACTH are measured at 0, 15, 30, 45, 60, 90 and 120
min after injection of 1 μg/kg corticotrophin-releasing
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hormone given intravenously. High ACTH levels after
stimulation suggest primary AI, while a more blunted
[43]
response indicates a possible secondary AI .

al were the first who evaluated AI in 340 critically
ill cirrhotic patients using LDSST. For highly stressed
patients the applied cut offs were random total cortisol
< 552 nmol/L and for stressed patients the cut offs
were either random cortisol < 414 nmol/L or a 30 min
post synachten level of cortisol < 552 nmol/L. AI was
reported in 72% critically ill cirrhotics overall; 33%
presented with acute liver failure; 66% with chronic liver
failure (CLF), while 62% were short term liver transplant
recipients and 92% long term recipients. HDL was the
only predictive factor for the AI prevalence. The same
authors reported 54% AI in a similar group of patients
[23]
applying the aforementioned criteria . Another
[7]
study came from Thevenot et al who prospectively
evaluated 30 septic cirrhotic patients. AI was found in
3 (10%), by using serum total cortisol < 510.4 nmol/L
60 min after SST. Salivary cortisol was also assessed. It
was found to be significantly correlated with serum free
cortisol (P < 0.0001) which was very high in patients
with Child Pugh score C. The authors concluded that
salivary cortisol was the most suitable marker adrenal
function evaluation in patients with cirrhosis in the
absence of serum-free cortisol availability. In another
[48]
study including 75 cirrhotic patients with sepsis , a
higher proportion (76%) had AI compared to the study
[7]
of Thevenot et al . The discrepancy between these two
studies could be explained by the different criteria used
to determine AI (in the latter study, AI was defined as
delta cortisol < 250 nmol/L) (Table 1).
In a prospective study conducted in United Kingdom
[49]
from 2007 to 2009 , 56 patients with ALF and 36
with acute on CLF (ACLF) underwent SST for adrenal
function assessment. All were critically ill patients under
vasopressor administration secondary to cardiovascular
instability. According to CIRCI criteria, AI was found in
58% ACLF patients and it was related with HDL levels
[5]
and with worse outcome. Triantos et al conducted an
observational prospective trial evaluating the presence
of AI (using both SST and LDSST) in 20 critically ill
patients with cirrhosis and variceal bleeding. This
group was compared with 14 healthy individuals and
60 patients with stable cirrhosis. According to SST, AI
was found in similar proportion (30%) in critically ill
and stable patients, while according to LDSST (peak
cortisol level < 690 nmol/L or delta cortisol < 250
nmol/L for critically ill cirrhotics and peak cortisol <
414 nmol/L for stable cirrhotics) AI was found in 60%
critically ill patients vs 48% stable cirrhotics. Moreover,
the hypothesis that CIRCI occur both in septic and non[50,51]
septic cirrhotics was confirmed in two more studies
.
AI (by using the SST) was found in 38% septic cirrhotics
with severe variceal bleeding and in 73.5% non-septic
critically ill cirrhotics.
[6]
In the study of du Cheyron et al , AI was retrieved
in 31 (62%) of 50 critically ill cirrhotics (according to the
thresholds of 414 nmol/L for baseline cortisol and 250
nmol/L for delta cortisol, if baseline cortisol values were
between 414 and 938 nmol/L). Using the same criteria,
[52]
AI was found in 10 (77%) out of 14
and 17 (68%)

Insulin-induced hypoglycemia test

It is considered the gold-standard to evaluate both
the HPA axis growth hormone sufficiency, but it is not
commonly used due to its contraindications, particularly
in elderly people, those with cardiovascular disease
[44]
and seizure disorders . A dose of 0.15 IU/kg regular
insulin is given iv causing symptomatic hypoglycemia
or blood glucose levels < 40 mg/dL, while cortisol
levels are measured at 15, 30, 45, 60 and 90 min after
stimulation. Failure of cortisol to exceed 500-550 nmol/L
suggests AI.

Metyrapone test

This is the sensitive alternative test for ACTH reserve
evaluation. Its utility is restricted by the limited availability
of this compound in many countries. Metyrapone reduces
cortisol production via blockage of 11b hydroxylase, the
enzyme that catalyzes the conversion of 11-deoxycortisol
to cortisol. Thirty milligram per kilogram metyrapone are
administered at 11:00 pm and ACTH, plasma cortisol
and 11-deoxycortisol are measured in the next morning.
Values of 11-deoxycortisol < 202 nmol/L in combination
with rising levels of ACTH indicate primary AI, while
neither 11-deoxycortisol nor ACTH rising indicates
[45,46]
pituitary or hypothalamus impairment
.

Serum free and salivary cortisol

The thresholds concentrations of serum free cortisol
that indicate AI in critically ill patients are < 50 nmol/L
[47]
at baseline and < 86 nmol/L after SST . AI is indicated
when basal values of salivary cortisol are < 1.8 ng/mL
or salivary cortisol after SST is < 12.7 ng/mL, or an
[7,36]
increment of < 3 ng/mL
.

ADRENAL FAILURE AND LIVER DISEASECURRENT EVIDENCE
The percentage of AI in cirrhotic patients varies among
different studies and depends on the methodology and
[5,7,8,23]
criteria used to estimate adrenal function
. The
classification of trials according to critical illness, stability
of cirrhosis, and whether or not researchers included
liver transplant population makes the evaluation of
existing data more straight forward. The relevant studies
were extracted conducting research in the following
databases until August 2014: PubMed/MEDLINE, gms,
gms meetings and Scopus using the term “cirrhosis and
AI”. Moreover we included the related posters and oral
announcements of the European (EASL) and American
(AASLD) liver meetings of 2013 and 2014.

Critically ill cirrhotic patients

The data regarding the prevalence of AI in critically ill
cirrhotic patients are summarized in Table 1. Marik et
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No. of patients; type of liver disease

Adrenal failure

2004-2005; Taiwan

Tsai et al[54]
101; cirrhosis and severe sepsis
required ICU

Prospective and retrospective; group 1 Group 1: 25 patients; cirrhosis and
2004-2006, group 2 2001-2004
septic shock
Group 2: 50 patients; no assessment of
adrenal function

Prospective; March to December 2005; 34 patients; septic shock, 14 with and
France
20 without cirrhosis

75 patients; septic shock and cirrhosis
in ICU
50 patients; decompensated cirrhosis in
ICU (critical ill with acute on chronic
liver disease)

52/101
51.4%
Hemodynamically
unstable: 43/54
79.61%
Stable: 9/47
19.14%

Cirrhotic: 11/14
77%
Non cirrhotic: 10/20
50%
17/25
68%

57/75
76%
31/50
62%

20 patients; cirrhosis and variceal
SST: 6/20
bleeding vs 74 controls (14 healthy and 30%
60 stable cirrhosis)
LDSST: 6/10
60%
Healthy (SST and
LDSST): 0/14
0%
Stable (LDSST): 24/50
48%
Stable (SST): 3/10
30%
30 patients; septic cirrhotic
3/30
10%

163 patients; 89 ALF and 74 AOCLF-56 AOCLF: 21/36
ALF and 36 AOCLF underwent SST
58%
ALF: 27/56
48%

Fernández et al[53]

Thierry et al[52]

du Cheyron et al[6]

Randomized double blind; 2004-2007;
Saudi Arabi
Prospective; 2003-2005; France

Prospective; 2008-2009; France

Thevenot et al[7]

Arabi et al[48]

Prospective, observational; NR; NR

Triantos et al[5]

Study design; study period; country

Prospective, observational; 2007-2009;
United Kingdom

Etogo-Asse et al[49]

Ref.

Table 1 Characteristics and outcomes of the included studies in critically ill cirrhotics
Other observations

Definition of adrenal failure
SST to those required vasopressor
administration or cardiovascular
instability
CIRCI: Basal cortisol < 275 nmol/L or
delta cortisol < 250 nmol/L
SST
AI: Peak cortisol < 500 nmol/L in nonstressed patients and delta cortisol of <
250 nmol/L or a random total cortisol <
276 nmol/L in stressed patients
LDSST
ΑΙ: Peak cortisol < 500 nmol/L in nonstressed patients and peak cortisol level
of < 690 nmol/L or a delta cortisol < 250
nmol/L in stressed patients

ICU mortality: 71.4% vs 26.5%
Hospital mortality: 80.7% vs 36.7% (AI vs normal)
Correlation with the severity of liver disease

SST
RAI: (1) Baseline cortisol concentration
< 414 nmol/L or (2) delta cortisol < 250
nmol/L in patients with baseline cortisol
concentration < 966 nmol/L
SST
AI: Baseline value < 414 nmol/L, or delta
cortisol < 250 nmol/L with a baseline
value between 414 and 938 nmol/L

Significant correlation between salivary and serum
SST-AI: Post-SST SC < 510.4 nmol/L
free cortisol (P < 0.0001)
Salivary cortisol was also calculated
Serum total cortisol were significantly lower in ChildPugh score C than B or A, in contrary with free cortisol
which had a non significant rise
SST
RAI: Delta cortisol < 250 nmol/L
SST
AI: Baseline cortisol value < 414 nmol/L,
or delta cortisol < 250 nmol/L with a
baseline value between 414 and 938
nmol/L
SST baseline cortisol < 414 nmol/L and/
or delta cortisol < 250 nmol/L

Among those with AI 17/32 (47%) with HDL < 0.1
mmol/L vs 2/17 (12%) with HDL > 0.6 mmol/L had
increment < 250 nmol/L
HDL was lower in non survivors both in AOFLD and
ALF
AI wasn't associated with outcome
Those with AI and variceal bleeding had higher
baseline and peak level of cortisol with stable cirrhotic,
but similar delta cortisol
With SST for albumin > 2.5 mg/dL, AI: 4/16 (25%)
with variceal bleeding vs 1/8 (12.5%) in cirrhosis
control
With LDSST, for albumin > 2.5 mg/dL, AI: 6/10 (80%)
with variceal bleeding vs 16/39 (41%) in cirrhosis
control
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2009-2013

Spain

Saffioti et al[55]
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Graupera et al[50]
14/37
38%

18/80
22.5%

Overall: 245/340
72%
ALD: 8/24
33%
CLD: 97/146
66%
Remote LT: 31/51
61%
Recent LT: 109/119
92%
Among those treated
with vasopressors:
125/166
75%
73.5%

At admission: 120/221
54%
In 3 d: 16/101
16%

LDSST
AI: (1) a random (stress) cortisol < 552
nmol/L in patients with hypoxemic
respiratory failure, hypotension or
requiring vasopressor agents and (2) a
random level < 414 nmol/L or a 30-min
post-low-dose cosyntropin stimulation
test level of < 552 nmol/L in non-highly
stressed patients
LDSST
AI: (1) a random (stress) cortisol < 552
nmol/L in patients with hypoxemic
respiratory failure, hypotension or
requiring vasopressor agents and (2) a
random level < 414 nmol/L or a 30-min
post-low-dose cosyntropin stimulation
test level of < 552 nmol/L in non highly
stressed patients

AI is not associated with severity of liver disease, CRP SST
or etiology of cirrhosis
RAI: random basal TC ≤ 276 nmol/L or
delta cortisol ≤ 250 nmol/L
Patients with AI had higher MELD (19 vs 15; P =
SST
0.003), pre-LT INR, bilirubin and potassium, and lower AI: At least 2 of the following: baseline
sodium and haemoglobin levels
cortisol < 148 nmol/L, peak cortisol < 550
nmol/L, delta cortisol < 250 nmol/L
6 wk survival 64% without and 31% with RAI
SST
No differences in overall survival
RAI: Baseline serum cortisol < 414 nmol/
L or delta cortisol < 250 nmol/L

Low HDL could predict the development of AI

Low HDL could predict the development of AI

out of 25 cirrhotics with sepsis. In the latter study, AI was related with the severity of liver disease (AI was found in 76% of in patients with Child-Pugh class C vs 25% of
[54]
patients with Child-Pugh class B, P = 0.08), a finding which was confirmed by the trial of Tsai et al evaluating 101 cirrhotics with sepsis as well. The common finding in
the last four studies was the strong association between AI and outcome concluding that glycocorticoid supplementation could lessen the mortality.
[4,5,23]
Summarizing the above data, SST was the commonly used test for adrenal function assessment. LDSST or both tests were used in three studies
. All studies
reported values of total cortisol. The presence of AI ranged from 10% to 77% according to SST and 54% to 72% according to LDSST. This wide variation in the AI
[55]
prevalence could be explained by the variant thresholds used. When more strict criteria for the AI diagnosis were applied, AI prevalence appeared low around 22.5% .
DSST overestimated AI, when performed in stressed patients and was more reliable for the detection of subclinical AI in stable cirrhotics. This assumption was confirmed

[53]

NR: Not reported; AI: Adrenal insufficiency; HDL: High density lipoprotein; SC: Serum cortisol; ICU: Intensive care unit; ALF: Acute liver failure; AOCLF: Acute on chronic liver failure; SST: Short synacthen test; LDSST: Low
dose short synacthen test; NR: Not reported; CIRCI: Critical illness related adrenal insufficiency; RAI: Relative adrenal insufficiency; LTICU: Liver transplant intensive care unit; OLT: Orthotopic liver transplantation; CLD:
Chronic liver disease; ALD: Acute liver disease; LT: Liver transplantation; MELD: Model for end-stage liver disease; CRP: C-reactive protein; INR: International normalized ratio.

37; cirrhotic with severe variceal
bleeding

80; cirrhotic pre-LT

Critical ill cirrhotic in ICU, without
sepsis

India

Nair et al[51]

221 patients; LTICU

Retrospective; 2002-2004; United States 340 patients; ALD, CLD, post OLT
recently and remote LT

Retrospective; NR; United States

Marik et al[4]

Marik et al[23]
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[5]

[7]

in the study of Triantos et al in which both tests were
applied. With the exception of sepsis, variceal bleeding
was the complication of the underlying cirrhosis in
[50,56]
two studies
. In the latter group of cirrhotics with
variceal bleeding, AI was diagnosed in 30%-38% with
SST and in 60% with LDSST. It was LDSST again, which
overestimated the prevalence of AI. Furthermore, the
fact that Marik detected AI in non-adrenal insufficient
cirrhotics three days after the first evaluation, indicated
that adrenal function is a dynamic process and critically
[23]
ill cirrhotics should be re-assessed . The common
study endpoints were that low HDL levels predict the
presence of AI in critically ill cirrhotics and that impaired
[4,23,49]
adrenal function was associated with the outcome
.
AI was also more apparent in patients with more
severe liver disease. It should be mentioned that these
studies calculated total cortisol without taking into
account the low levels of serum albumin. Some of the
studies defined adrenal failure as an independent risk
[49,54]
factor for worse outcome
, while others showed no
[5,50,51]
association
. Interestingly, there was no correlation
between AI and worse outcome in cirrhotic patients with
variceal bleeding. Since the number of patients was low,
safe conclusions could not be drawn.

dynamically stable cirrhotic patients . The thresholds
were firstly basal serum total cortisol < 138 nmol/L and
total cortisol 30 min after stimulation < 440 nmol/L,
secondly serum total cortisol <500 nmol/L at 30 min
after LDSST and thirdly delta cortisol < 250 nmol/L. The
AI prevalence according to each of the above criteria
was 7.4%, 19%, 27.4% and 49.4% respectively. Serum
free cortisol was also measured and its levels were
significantly associated with mortality. Patients with
ascites and more severe liver disease had higher free
cortisol (basal and after stimulation). In another study,
[8]
using the same criteria for AI in 101 stable cirrhotics ,
AI was reported in 38%, 29% and 60%, respectively.
Again, there was a strong relationship between AI and
severity of liver disease.
[9]
Tan et al evaluated the presence of AI based
on total and free cortisol in 43 stable cirrhotics using
SST. AI was found in 39%, 47% and 23% of patients
by using peak total cortisol < 500 nmol/L, CIRCI
criteria (delta cortisol < 250 nmol/L) and FCI (< 12),
respectively. In addition, AI was reported in only 12%
of subjects by applying peak plasma free cortisol < 33
nmol/L. Therefore, there was a significant discrepancy
of AI proportions by using variant diagnostic criteria.
Plasma free cortisol was significantly associated with
[36]
higher MELD score and mortality. In another study 88
stable, mainly alcoholic cirrhotics were evaluated with
SST. AI was assessed with total cortisol (basal value <
250 nmol/L or peak total cortisol after stimulation <
500 nmol/L or delta cortisol < 250 nmol/L) and with
salivary cortisol (basal values < 1.8 ng/mL or peak
cortisol at 60 min < 12.7 ng/mL or an increase between
these two values < 3 ng/mL). AI was overestimated
by using total cortisol, compared to salivary cortisol
(33% vs 9%), particularly in patients with albumin <
2.5 mg/dL. Ascites and HDL levels were independently
associated with the presence of AI. The relatively low
prevalence of AI in this study was attributable to the
high proportion of patients with alcoholic cirrhosis.
Alcohol caused pseudo-cushing syndrome potentially
leading to compensation in regards to AI secondary to
cirrhosis.
[58-64]
In total, seven studies
confirmed that total
cortisol overestimates AI in stable cirrhotics, compared to
[58]
[60]
either FCI or salivary cortisol (Table 2). Interestingly,
[63]
Privitera et al showed that total cholesterol contributed
more to impaired cortisol production, compared to
[64]
HDL. Nevertheless, in the study of Acevedo et al , RAI
(defined by SST as delta cortisol < 250 nmol/L) HDL was
significantly associated with severe infections (P = 0.01),
septic shock (P = 0.01) and mortality (P = 0.04).
Summarizing the above results, SST was used in
[7,8,56]
10 studies and LDSST in 4
, although the included
[63]
population were non-critically ill cirrhotics . The
prevalence of AI ranged from 26% to 80% according
to the SST and 7.4% to 38% according to LDSST.
When the CIRCI criteria were applied, the presence
of AI was overestimated in all studies (46%-70% vs
[10]
[7]
34.6%-40% , 9.4% vs 7.4%-27.4% , 60% vs

Not critically ill cirrhotic patients

AI is present in stable patients with decompensated
cirrhosis and its prevalence varies according to the
applied diagnostic test (SST or LDSST). The data
regarding the prevalence of AI in stable cirrhotic patients
are indicated in Table 2.
[56]
In a prospective trial , adrenal function was
evaluated in 79 stable cirrhotics. All patients underwent
LDSST and AI was recorded in 34%, 28%, 30% of
patients using as definition the presence of peak total
cortisol < 494 nmol/L, peak free cortisol < 33 nmol/L
at 30 min after stimulation or FCI < 12, respectively.
Similarly to critically ill cirrhotics, total cortisol
overestimated AI potentially due to the low levels of
CBG and albumin, while FCI was correlated with free
cortisol. No significant association was highlighted
between the presence of AI and the outcome.
[57]
In the study of Acevedo et al , RAI was found
in 37 (26%) of the 143 non-critically ill cirrhotics with
acute decompensation. SST was also used for RAI
determination. Interestingly, patients with RAI had longer
duration of hospitalization, higher risk for infections,
sepsis and hepatorenal syndrome (HRS) type Ⅰ and
higher mortality (during hospitalization and after three
months of follow up) compared to those without RAI. In
addition, RAI was not associated with the severity of liver
disease and the type of decompensation with exception
to typeⅠHRS. The latter group of patients had a trend
towards higher frequency of RAI. However, in the study
[10]
of Kharb et al , AI was more frequent in patients with
more severe liver disease as estimated by the Child-Pugh
score. Moreover, low HDL cholesterol was associated with
the presence of AI.
The LDSST was used in a study with 95 hemo
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Prospective, observational; 2008-2010
Spain

Cross sectional; 2010-2011; India

Prospective; 2008-2009; France

Prospective, observational; NR; United
Kingdom

Prospective, observational; 2008-2009;
Australia

Prospective, observational; 2006-2009;
France

Acevedo et al[57]

Kharb et al[10]

Thevenot et al[7]

Fede et al[8]

Tan et al[9]

Galbois et al[36]

Study design; study period; country

Prospective, observational; NR; United
Kingdom

Fede et al[56]

Ref.

Adrenal failure

Other observations
AI was not correlated with the outcome

Definition of adrenal failure
LDSST
AI: Peak TC < 494 nmol/L at 20 or 30
min
FC < 33 nmol/L
FCI < 12
SST
RAI: Delta cortisol < 250 nmol/L in
patients with basal serum TC < 938
nmol/L

RAI was similar between different Child-Pugh
scores and various causes of decompensations
with the exception of HRS type-1 (trend for higher
proportions)
RAI was correlated with worse outcome both during
hospitalization and in 3 mo period
25 ALD, 50 CLD, 10 post liver
ALD: 9/25 (34.6%)
AI was correlated with severity of liver disease
SST
transplanted
CLD: 20/50 (40%) (18/30 with
AI: Basal cortisol levels < 83 nmol/L or
child 2, 3 and 2/20 with child
a peak cortisol response < 500 nmol/L
1)
RAI: Delta cortisol < 250 nmol/L
Post LT: 4/10 (40%)
RAI: ALD: 17/25 (65.4%),
CLD: 23/50 (46%), post LT:
7/10 (70%)
95 patients; hemodynamiccally stable 7/95 (7.4%)
Patients with Child C cirrhosis and those with
LDSST
cirrhotic mainly alcoholic
18/95 (19%)
ascites had higher non significant rise in basal and
AI: (1) basal serum TC < 138 nmol/L
26/95 (27.4%)
stimulated serum FC
and a T30 serum TC < 440 nmol/L; (2)
47/95 (49.4%)
Serum FC levels were directly associated with the
T30 serum TC < 500 nmol/L; (3) delta
(According each threshold)
risk of non transplant-related mortality
cortisol < 250 nmol/L
101 patients; stable cirrhosis
(1) 38/101 (38%)
AI was more frequent in hypoalbuminemic patients, LDSST, FCI, cFC
(2) 29/101 (29%)
according TC and delta cortisol and related with the AI: Peak
(3) 61/101 (60%)
severity of liver disease
(1) TC < 500 nmol/L
(4) 0/41 (0%)
TC and cFC were significantly related
(2) TC < 442 nmol/L
FCI was lower in patients with AI
(3) Delta cortisol < 250 nmol/L
(4) FCI < 12
43 patients; stable cirrhosis
(1) 18/43 (39%)
With serum FC criteria, patients with AI had
SST
(2) 20/43 (47%)
significantly higher MELD score (P = 0.03) and
(1) Standard criteria: peak TC < 500
(3) 5/43 (12%)
mortality (P = 0.0007)
nmol/L
(4) 25/43 (58%)
Serum TC was correlated well with serum FC in pts (2) CIRCI criteria: delta cortisol < 250
(5) 10/43 (23%)
with albumin both > and < 30 g/L
nmol/L
Serum FC correlated significantly with FCI at baseline (3) Peak serum FC < 33 nmol/L
but less strongly with peak FC
(4) Any set of criteria
Overall survival at 6 and 12 mo was similar between (5) FCI < 12
AI and non AI group according TC
88 patients; complication of cirrhosis - TC: 29/88 (33%)
There was correlation between cFC and SC
SST
alcoholic mainly
SC: 8/88 (9.1%)
Between SC and TC there was correlation for alb >
TC: basal
2.5 mg/dL whereas for alb < 2.5 mg/dL there was
TC < 250 nmol/L or in T60 < 500
correlation for T0 but no for T60 or delta cortisol
nmol/L or delta cortisol < 250 nmol/L
Acites and HDL were independent risk factors for AI SC: T0 < 1.8 ng/mL or T60 < 12.7
ng/mL or delta cortisol < 3 ng/mL

TC: 27/79 (34%)
FC: 22/79 (28%) [for FC < 25:
15/79 (19%)]
FCI: 24/79 (30%)

143 patients; acute decompensation of 37/143 (26%)
cirrhosis - follow up for 3 mo

79 patients; cirrhotics for
pretransplatation or decompensation
of cirrhosis

No. of patients; type of liver disease

Table 2 Characteristics and outcomes of the included studies in not critically ill cirrhotic patients
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Prospective; 2007-2010; Spain

NR; NR; NR

Acevedo et al[64]

Risso et al[61]
85; stable cirrhotic with ascites

166 patients; advanced cirrhosis

33/85 (39%)

43/166 (26%)

22/50 (44%)

TC: 12/26 (46%)
FCI: 3/26 (13%)

Those with RAI had higher degree of circulatory
dysfunction, SIRS (P = 0.01), septic shock (P = 0.01)
and hospital mortality (P = 0.04)
AI was associated with reduced survival (P = 0.03)

AI was not related with the etiology of cirrhosis or
alcohol consumption but only with the severity of
liver disease
82 patients; cirrhotic stable
26/82 (32%)
In cirrhotic with AI, there was significant reduction
in total cholesterol, TRG and ApoA1, but not in total
HDL, HDL2 and HDL3
89 patients; stable decompensated
TC: 49/89 (55%)
For albumin > 2.5, TC and SC correlated for T0 and
cirrhosis
SC: 33/89 (37%)
T60
Urinary potassium was the only factor significant
associated with SC-AI
198 patients; 10 with compensated and (1) 120/188 (64%), 8/10 (80%) No significant difference in mortality between patient
188 with decompensated cirrhosis
(2) 51/188 (27%), 2/10 (22%) with or without RAI

50 patients; stable cirrhosis

26 patients; 15 CLD and 11 ALD

SST
RAI: Delta cortisol < 250 nmol/L and/
or peak cortisol < 500 nmol/L

SST
RAI: Basal TC < 414 nmol/L
and/or delta cortisol < 250 nmol/L
(criteria 1) or delta cortisol < 250
nmol/L (criteria 2)
SST
RAI: Delta cortisol < 250 nmol/L

SST
TC, SC

LDSST
TC < 500 nmol/L

SST
TC < 550 nmol/L
FCI < 12
SST
TC < 550 nmol/L

[9]

[10]

The results of the studies evaluating the AI prevalence in liver transplant recipients are summarized in Table 3. In the study by Kharb et al , AI was presented in 4 (40%)
of the 10 liver transplant recipients (defined as basal cortisol levels < 80 nmol/L or levels of peak cortisol after stimulation < 500 nmol/L using SST). Using the criterion of
delta cortisol < 250 nmol/L, RAI was detected in 70% of patients. These results indicated the possible need of corticosteroid administration in liver transplant recipients
[65]
post operatively and until the liver function is fully restored. Moreover, Patel et al
proved that the administration of 1000 mg methylprednizolone during the operation

Patients after liver transplantation

29%-38% , 47% vs 12%-39% ). AI based on plasma free cortisol, FCI and salivary cortisol was detected in 12%-28%, 0%-30% and 9.1%-37%, respectively. Predictive
[8-10,62]
factors for the presence of AI were ascites, HRS-1, total and HDL cholesterol. AI was positively correlated with the severity of liver disease in the vast majority of studies
[7,61,64]
and with worse outcome in a few studies
.
[8,9,36,56,58,60]
When plasma free cortisol was applied, AI was detected in a statistically lower proportion compared to the use of total cortisol
. However for values of albumin
[36,60]
greater than 2.5 mg/dL, total cortisol was consistently correlated with free cortisol
. Moreover, plasma free cortisol was associated with FCI, salivary cortisol and
calculated free cortisol. FCI is considered more appropriate diagnostic test for AI in stable cirrhotics (when it is available) compared to total cortisol. In critically ill cirrhotics,
the CIRCI criteria are recommended for Adrenal function evaluation; in case free cortisol is used, the thresholds are the same with those used in healthy individuals.
Nevertheless, their implementation in stable cirrhotics is doubtful, so more studies are needed to define the gold standard method for AI diagnosis in non-critically ill
cirrhotics.

[8]

NR: Not reported; TC: Total cortisol; FC: Free cortisol; FCI: Free cortisol index; LDSST: Low dose short synacthen test; SST: Short synacthen test; AI: Adrenal insufficiency; RAI: Relative adrenal insufficiency; ALD: Acute liver
disease; CLD: Chronic liver disease; LT: Liver transplantation; cFC: Calculated free cortisol; HDL: High density lipoprotein; TRG: Triglycerides; CIRCI: Critical illness related adrenal insufficiency; SC: Salivary cortisol; HRS:
Hepatorenal syndrome; MELD: Model for end-stage liver disease.

Prospective; 2007-2009; Spain

Acevedo et al[59]

Cholongitas et al[60] Prospective; 2010-2012; Greece

NR; NR; Italy

Prospective; 2011-2012; South Korea

Shin et al[62]

Privitera et al[63]

Retrospective; NR; NR

Vincent et al[58]
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Table 3 Characteristics and outcomes of the included studies in post transplanted patients
Ref.
Kharb et al[10]

Marik et al[4]

Patel et al[65]

Study design; study
period; country

No. of patients; type of liver disease

Adrenal failure

Definition of adrenal failure

Cross sectional;
2010-2011; India

10; OLT

Post LT: 4/10 (40%)
RAI: Post LT: 7/10 (70%)

SST
AI: Basal cortisol levels < 83
nmol/L or a peak cortisol
response < 500 nmol/L
RAI: Delta cortisol < 250 nmol/L
LDSST
AI: (1) a random (stress) cortisol
< 552 nmol/L in patients with
hypoxemic respiratory failure,
hypotension or requiring
vasopressor agents and (2) a
random level < 414 nmol/L
or a 30-min post-low-dose
cosyntropin stimulation test level
of < 552 nmol/L in non-highly
stressed patients

Retrospective; 2002-2004; 119 post OLT recently and 51 remote
United States
OLT

Retrospective; NR;
United Kingdom

Recent LT: 109/119 (92%)
Remote LT: 31/51 (61%)

90 patients; ICU post OLT; 45 patients
First group: significant reduced
received bolus dose of 1000 ng
requirements for fluid administration
methylprednisolone intraoperative vs
(P = 0.02), vasopressors (P = 0.01),
45 patients not receiving
renal replacement therapy (P = 0.001),
invasive ventilation (P = 0.01), and ICU
stay (P = 0.02), compared to the second
group

AI: Adrenal insufficiency; RAI: Relative adrenal insufficiency; SST: Short synacthen test; LDSST: Low dose short synacthen test; OLT: Orthotopic liver
transplantation; LT: Liver transplantation; ICU: Intensive care unit; NR: Not reported.

was associated with better outcome, less need of
vasopressors, invasive ventilation and renal replacement
therapy. This supports the assumption that RAI is
present in liver transplant patients as well. Marik et
[4]
al estimated AI by using LDSST in liver transplant
recipients post operatively and later after transplantation.
AI was reported in 109 (92%) of 119 and in 31 (61%)
of 51 subjects, respectively. Liver transplant recipients
recorded later after transplantation were treated with
steroid-free immunosuppressive regimens. The high
prevalence of AI was explained by the fact that the
LDSST was the preferred test in stable patients, and
thus AI was overestimated in stressed subjects.

d. Interestingly, the mortality rate (65%) was similar
between those and the group who did not receive
corticosteroid supplementation. The only randomized
[48]
double blind trial
of three years duration conducted
in Saudi Arabi and included 75 cirrhotics with septic
shock. Thirty nine patients receiving hydrocortisone (50
mg intravenously every six hours until shock resolution)
compared with 36 patients receiving placebo. Although
there was improvement in hemodynamic parameters (P
= 0.05) in the hydrocortisone group, no difference was
noticed regarding 28-d, intensive care unit (ICU) and
hospital mortality. Controversially, the hydrocortisone
group had higher frequency of shock relapse (P = 0.03)
and gastrointestinal bleeding (P = 0.02). Alike, du
[6]
Cheyron et al , found similar 30-d mortality between 14
patients who were treated with stress doses of cortisol
and 17 who were not treated (50% vs 70%, respectively,
P = 0.29).
[53]
Fernández et al reported AI in 17 of 25 cirrhotics
with septic shock treated with 50 mg hydrocortisone
four times per day. This group was compared with a
historical group with similar characteristics who was
not on hydrocortisone. The hydrocortisone group
presented higher rates of shock resolution (96% vs
58%, P = 0.001), ICU-survival (68% vs 38%, P =
0.03) and hospital-survival (64% vs 32%, P = 0.003).
[4]
In the study of Marik et al hydrocortisone (300 mg/d)
administered in 140 vasopressor-dependent cirrhotics
with acute liver disease (ALD) and chronic liver disease.
The mortality rate was significantly lower in patients
on hydrocortisone compared to those not treated with

Treatment with steroids

The data on corticosteroid administration in critically
ill patients, especially in those with septic shock are
[42,66,67]
[68]
controversial
. A recent meta-analysis
showed
that low dose hydrocortisone improved shock reversal
and short term mortality, but not 28-d mortality. Potential
explanations were infections, gastrointestinal bleeding and
hyperglycaemia observed during steroid administration.
The recent International Guidelines for Management
of Severe Sepsis and Septic Shock recommend the
administration of low dose hydrocortisone intravenously
for septic patients remaining hemodynamically unstable
[12]
despite fluid resuscitation and vasopressor therapy .
The studies regarding the administration of cortisol in
[49]
cirrhotics are presented in Table 4. Etogo-Asse et al
studied 51 vasopressor depended-critically ill cirrhotics
receiving hydrocortisone in a median dose of 200 mg/
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Table 4 Characteristics and outcomes of the included studies of patients treated with steroids
Ref.

Study design; study
period; country

Etogo-Asse et al[49] Prospective, observational;
2007-2009; United Kingdom
Arabi et al[48]

du Cheyron et al[6]

Fernández et al[53]

Marik et al[4]

Harry et al[69]

No. of patients;
type of liver disease

Hydrocortisone

Outcome

51 critical ill cirrhotic patients
required vasopressors

31 received hydrocortisone of Mortality: 13/20 (65%) in those who
a median dose of 200 mg/d did not and 20/31 (65%) in those who
received corticosteroid
Randomized double blind;
75 patients; septic shock and
39 patients received 200 mg Shock reversal: 24/39 (62%) with
2004-2007; Saudi Arabi
cirrhosis in ICU
hydrocortisone iv/d vs 36 hydrocortisone vs 14/36 (39%) with
patients receiving normal placebo (P = 0.05)
saline until shock resolution Shock relapse after tapering: 13/39
(34%) vs 5/36 (14%) (P = 0.03)
28 d mortality: 33/39 (85%) vs 26/36
(72%), (P = 0.19)
Increase in gastrointestinal bleeding (P
= 0.02) in hydrocortisone group
Prospective; 2003-2005;
31 AOCLD with AI
14 treated with stress doses of 30 d mortality: 7/14 (50%) of those
France
cortisol vs 17 not treated
treated vs 12/17 (70%) not treated (P =
0.29)
Prospective and
Group 1: 17 patients; cirrhosis 17 patients of group 1 treated Mortality: group 1 32% vs 62% in
retrospective; group
and septic shock and AI
with 200 mg hydrocortisone/d group 2 in ICU (P = 0.03), 36% vs 68%
1 2004-2006, group 2
Group 2: 50 patients; no
vs 50 patients not treated
(P = 0.003) in hospital
2001-2004
assessment of adrenal function
Septic shock resolved in 96% vs 58% in
group 2 (P = 0.001)
Retrospective; 2002-2004;
140 patients vasopressor
300 mg hydrocortisone/d Reduction in dose of norepinephrin
United States
depended with ALD or CLD and
in the 24 h (P = 0.02) in those with
AI
AI treated with hydrocortisone and
increase in those with AI not treated (P
= 0.04)
Mortality: 26% in those treated with
steroids and 46% in not treated (P =
0.002)
Retrospective; 1999-2001; 40 patients with ALD or AOCLD 20 patients treated with 300 In the group of 20 patients treated,
United Kingdom
required vasopressors
mg hydrocortisone/d vs 20 there was reduction in doses of
patients not treated
norepinephrin, higher risk of infections
and no benefit in survival compared
with the 20 patients not treated

CLD: Chronic liver disease; ICU: Intensive care unit; ALD: Acute liver disease; AOCLD: Acute on chronic liver disease; AI: Adrenal insufficiency.

hydrocortisone (26% vs 46%, P = 0.002). Furthermore,
patients with AI on hydrocortisone required less
doses of norepinephrine over the first 24 h (P = 0.02)
compared to those without AI (P = 0.62) while patients
with AI not receiving hydrocortisone required increased
doses of vasopressors compared also with the non
[69]
AI group (P = 0.04). Finally, Harry et al
contrasted
20 cirrhotics with ALD or decompensated cirrhosis,
vasopressor dependent on 300 mg/d hydrocortisone
with a group of 20 cirrhotics with similar characteristics
not treated with steroids. The steroids group required
less norepinephrine doses, but showed no benefit in
survival and higher bacterial infections.
Summarizing the data of five non-randomized
trials, glucocorticoids (200-300 mg/d) were usually
administered in vasopressor depended critically ill
cirrhotics. In three studies, there was a temporary
reduction of vasopressor doses in patients treated with
steroids but mortality rates between those treated
[6,49,69]
and those not treated with steroids
were similar
secondary to shock relapse and infection increase. How
[4,53]
ever, opposite results come from two other studies
,
reporting significant improvement in hemodynamic
stability and mortality of cirrhotics treated either with 200

WJH|www.wjgnet.com

mg or 300 mg of corticosteroid.

CONCLUSION
Based on recent data, AI is present in cirrhotics either
due to the various parameters associated with the
primary disease or as a characteristic of cirrhosis per se.
The fact that AI prevalence is high not only in critically
ill but also in stable cirrhotics further supports these
data. So far, there has not been a consensus about
the appropriate method for the precise AI diagnosis.
The results vary according to each test used to
evaluate adrenal function. Furthermore, the thresholds
in patients with liver disease might be different from
other populations and free cortisol cannot be not easily
estimated and is costly. Salivary cortisol could be an
alternative approach, athough it has limitations as well.
Additional double blind randomized studies should be
recruited in order to indentify the reliable cortisol cut
offs. Moreover the benefits of cortisol administration
should be further elucidated towards the appropriate
given dose and administrative period in hospitalized
patients. Ultimately, extreme caution should be urged
and cost effectiveness should be taken into account
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before long and supraphysiological corticosteroid doses
are applied in patients with severe liver disease.
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MINIREVIEWS

Natural interferon-beta treatment for patients with chronic
hepatitis C in Japan
Reina Sasaki, Tatsuo Kanda, Shingo Nakamoto, Yuki Haga, Masato Nakamura, Shin Yasui, Xia Jiang, Shuang
Wu, Makoto Arai, Osamu Yokosuka
liver cirrhosis and hepatocellular carcinoma (HCC).
Several studies have demonstrated that the eradication
of HCV reduces the occurrence of HCC. In Japan, as
many people live to an advanced age, HCV-infected
patients are also getting older, and the age at HCC
diagnosis has also increased. Although older HCV-infected
patients have a risk of developing HCC, the treatment
response to peginterferon-alpha plus ribavirin therapy is
relatively poor in these patients because of drop-out or
discontinuation of this treatment due to adverse events.
It is established that the mechanism of action between
interferon-alpha and interferon-beta is slightly different.
Short-term natural interferon-beta monotherapy is
effective for patients with acute hepatitis C and patients
infected with HCV genotype 2 and low viral loads.
Natural interferon-beta plus ribavirin for 48 wk or for
24 wk are also effective for some patients with HCV
genotype 1 or HCV genotype 2. Natural interferon-beta
plus ribavirin has been used for certain “difficult-totreat” HCV-infected patients. In the era of direct-acting
anti-virals, natural interferon-beta plus ribavirin may
be one of the therapeutic options for special groups
of HCV-infected patients. In the near future, signal
transduction pathways of interferon-beta will inform
further directions.
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Core tip: The use of natural interferon-beta plus
ribavirin can eradicate hepatitis C virus (HCV) from
non-responders to peginterferon-alpha plus ribavirin
treatment. Some of these patients may have antiinterferon-alpha neutralizing antibodies. In Japan,
natural interferon-beta plus ribavirin has been used for
certain “difficult-to-treat” HCV-infected patients such
as elderly patients, patients with mental disorders and
patients with lower platelet counts, before the era of
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Chronic hepatitis C virus (HCV) infection can cause
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with peginterferon-alpha plus ribavirin, an SVR was
[18]
achieved in 54.8% and 29.5%, respectively . In male
and female HCV genotype 2-infected patients aged
≥ 65 years and treated with peginterferon-alpha plus
ribavirin, an SVR was achieved in 54.5% and 66.6%,
[18]
respectively . However, several contraindications exist
for these treatments involving peginterferon-alpha,
with an increasing number of contraindication in older
patients.

interferon-free regimens. To eradicate hepatocellular
carcinoma and end-stage liver diseases associated with
HCV, the use of natural interferon-beta with or without
ribavirin should be one of the useful treatment options
for HCV-infected patients.
Sasaki R, Kanda T, Nakamoto S, Haga Y, Nakamura M, Yasui
S, Jiang X, Wu S, Arai M, Yokosuka O. Natural interferon-beta
treatment for patients with chronic hepatitis C in Japan. World
J Hepatol 2015; 7(8): 1125-1132 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i8/1125.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i8.1125

INTERFERON-BETA IS DIFFERENT FROM
INTERFERON-ALPHA
Interferon-alpha/-beta and related molecules are
classified as typeⅠinterferons, and two other types are
type Ⅱ (interferon-gamma) and type Ⅲ (interferon[20]
lambda) . Type Ⅰ interferons signal through a
ubiquitously expressed receptor composed of two chains:
interferon-alpha receptor 1 and interferon-alpha receptor
[20]
2 . These receptors are linked to JAK-STAT pathways to
[21,22]
induce the expression of interferon-stimulated genes
.
The interferon response to infection is rapid and these
cytokines serve as a first-line of defense against many
[23]
pathogens and diseases . Whereas the murine
interferon-alpha gene subtypes have approximately 90%
homology, murine interferon-beta appears to be rather
more divergent, with only approximately 55% homology
[24]
to a murine interferon-alpha consensus sequence . It
is clinically established that interferon-alpha and natural
[25,26]
interferon-beta have different actions
. Although
these mechanisms may rely on differential signaling
pathways between interferon-alpha and interferon-beta,
it is possible that only interferon-beta is induced directly
by viral infection and that interferon-alpha induction is a
[24,27]
consequence of this initial interferon-beta expression
.
Of interest, in mice, interferon-alpha can be induced by
interferon-beta, but interferon-beta cannot be induced by
[28]
interferon-alpha .

CHRONIC HEPATITIS C VIRUS INFECTION
IS A RISK OF HEPATOCELLULAR
CARCINOMA
Chronic hepatitis C virus (HCV) infection is a major health
problem, and causes liver cirrhosis and hepatocellular
[1-3]
carcinoma (HCC) . Chronic HCV infection is the leading
cause of HCC in southern European countries, North
[4,5]
America and Japan . Despite the recent progress of
[6,7]
treatments for HCC , the prognosis of HCV-positive
[5,8]
HCC patients is still poor without liver transplantation .
It is known that the incubation period until HCC detection
is usually shorter when the liver fibrosis is more
[9]
advanced in patients infected with HCV . Interferon
[10]
therapy can reduce the risk for HCC and improve liver
[11]
fibrosis
if patients with chronic hepatitis C achieve a
[12,13]
sustained virological response (SVR) to this therapy
.
In the direct-acting antivirals (DAAs) against HCV
era, peginterferon-alpha plus ribavirin therapy with or
without DAAs, as well as interferon-free regimens, led to
[14,15]
the higher SVR rates in patients infected with HCV
.
However, these treatments also had disadvantages
due to specific adverse events. We should have more
additional therapeutic options for chronic hepatitis C
because standard of care treatments are not always
available according to the condition of the patients.
In this article, we discuss the recent trends in natural
interferon-beta treatment for patients with chronic
hepatitis C in Japan.

NATURAL INTERFERON-BETA FOR
PATIENTS WITH ACUTE HEPATITIS C
[29]

In 1991, Omata et al
reported that the intravenous
administration of natural interferon-beta may prevent
patients with acute hepatitis C from developing chronic
infection. The researchers performed a prospective
controlled trial in 25 patients; 11 were treated for an
average of 30 d, with a mean 52 megaunits of natural
interferon-beta and 14 patients without. The followup at 3 years revealed that serum HCV RNA became
undetectable in 10 of 11 treated subjects and in only
[29]
1 of 12 untreated controls . It was also reported that
a daily intravenous injection of natural interferon-beta
at a dosage of 6 million units for 8 wk eradicated HCV
RNA from a 29-year-old nurse with acute hepatitis C
genotype 1 caused by a needle-stick injury; she had
[30]
no severe adverse events . These studies suggested

RECENT TRENDS IN HCV-INFECTED
PATIENTS IN JAPAN
There are an estimated 1 million HCV-infected patients
[16,17]
in Japan
. In Japan, as many people live to an
[18]
advanced age , HCV-infected patients are also growing
[16,17,19]
older
. Peginterferon-alpha plus ribavirin may
lead to a approximately 50% SVR and approximately
80% SVR, respectively, in HCV genotype 1 treated for
48-72 wk and genotype 2-infected Japanese patients
[14]
treated for 24 wk . In male and female HCV genotype
1-infected patients aged ≥ 65 years and treated
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Table 1 Results of natural interferon-beta plus ribavirin for patients with chronic hepatitis C in Japan
Ref.

G

Katamura et al[37]

1

No. of patients Naïve (%) Age (yr, mean ± SD)/gender (male) (%)
11

4 (36)

57/(64)

1

22

8 (36)

54/(64)

Arase et al[38]

1

40

12 (30)

51.9 ± 10.0/(70)

Arase et al[39]

2

24

12 (50)

55.9 ± 10.2/(46)

Arase et al[42]

1

14

0 (0)

62.1 ± 4.3/(43)

Arase et al[44]

1

23

11 (48)

68.1 ± 2.6/(30)

1

22

7 (32)

66.9 ± 3.0/(68)

Arase et al[47]

2

33

20 (60)

70.4 ± 3.7/(24)

Nomura et al[48]

1
2
1
2

21
18
21
18

21 (100)
18 (100)
21 (100)
18 (100)

71.8 ± 5.1/(46)
69.1 ± 3.5/(48)

Formula of treatment

SVR rates (%)

Natural interferon-beta plus ribavirin
for 48 wk
Peginterferon-alpha plus ribavirin for
48 wk
Natural interferon-beta plus ribavirin
for 48 wk
Natural interferon-beta plus ribavirin
for 24 wk
Natural interferon-beta plus ribavirin
for 48 wk
Natural interferon-beta plus reductiondose-ribavirin for 48 wk
Natural interferon-beta plus standarddose-ribavirin for 48 wk
Natural interferon-beta plus ribavirin
for 24 wk
Natural interferon-beta plus ribavirin
Natural interferon-beta plus ribavirin
Peginterferon-alpha plus ribavirin
Peginterferon-alpha plus ribavirin

27
41
38
88
38
39
27
75
29
72
29
86

HCV: Hepatitis C virus; G: HCV genotype; SVR: Sustained virological response.

that natural interferon-beta is a therapeutic option for
patients with acute hepatitis C, instead of peginterferon[31]
[32]
alpha , although there was a contrary opinion .

genotype 1b and a high viral load; the researchers
also observed that during the treatment, the platelet
count increased above the baseline after week 4 in
this treatment group but not in the peginterferon-plusribavirin group (Table 1). Among the 11 with HCV G1,
7 were re-treated patients, and in 4 of 7 a transient
virological response had been observed during the first
[37]
cycle . By the end of the second cycle of therapy, a
sustained virological response was observed in 3 cases.
[38]
The study of Arase et al
is retrospective, and the
40 patients treated with natural interferon-beta were
recruited over a period ranging from December 2004 to
[38]
May 2008. They reported that treatment with natural
interferon-beta plus ribavirin for 48 wk led to an SVR in
38% (15/40) of patients infected with HCV genotype
1b and a high viral load; moreover, the SVR rate was
87% (13/15) in patients who were negative for HCV
RNA at 8 wk after the commencement of treatment
(Table 1). One patient discontinued the treatment due
to exacerbation of depression, and another patient
[38]
discontinued the treatment due to a skin rash .

NATURAL INTERFERON-BETA FOR
PATIENTS WITH CHRONIC HEPATITIS C
Japan’s national health insurance approves natural
interferon-beta with or without ribavirin for treating
patients with chronic hepatitis C or compensated liver
cirrhosis, although the natural interferon-beta treatment
requires intravenous injection at least three times
weekly. It was reported that short-term treatment for
4 wk and low doses of natural interferon-beta has only
a temporary effect on controlling the disease activity
in patients with post-transfusion non-A, non-B chronic
[33]
active hepatitis . However, it was reported that three
million units of intravenous natural interferon-beta twice
daily for 2 wk reduces the HCV RNA levels by 3 log IU/
mL which has a stronger effect against HCV, compared
with the combination of peginterferon-alpha plus
ribavirin, which reduces the HCV RNA levels by 1-2 log
[34]
IU/mL . Thus, it is possible that a 3-million-unit twicedaily natural interferon-beta regimen is more effective
for reducing HCV RNA levels. However, the SVR rates of
patients infected with HCV genotype 1b and a high viral
load, who have been treated by natural interferon-beta
[35-37]
monotherapy, are 0% to 11%
.

Natural interferon-beta plus ribavirin for patients with
HCV genotype 2
[39]

Arase et al
reported that treatment with natural
interferon-beta plus ribavirin for 24 wk led to an SVR in
88% (21/24) of patients infected with HCV genotype 2
and a high viral load, and that the SVR rate was 94%
(18/19) in patients who were negative for HCV RNA at 8
wk after the commencement of treatment (Table 1). No
patients discontinued the treatment due to treatment[39]
[40]
related adverse events . Arase et al
also reported
that treatment with natural interferon-beta for only 6-8
wk led to an SVR of 56% (14/25) in cirrhotic patients
infected with HCV genotype 2 and a low viral load.

Natural interferon-beta plus ribavirin for patients with
HCV genotype 1
[37]

Katamura et al
reported that treatment with natural
interferon-beta plus ribavirin for 48 wk leads to an SVR
in 27% (3/11) of Japanese patients infected with HCV
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Natural interferon-beta monotherapy for 6-8 wk should
be sufficient to eradicate HCV in patients infected with
HCV genotype 2 at a low viral load (< 5000 IU/mL).

and a high viral load; additionally, they found that natural
interferon-beta plus a reduction-dose is an optional
treatment for patients aged 65 years and older who were
[47]
infected with HCV genotype 2 and a high viral load .
[48]
Nomura et al also reported that natural interferon-beta
plus ribavirin therapy is safe in elderly patients and that
the SVR rate is similar to that of peginterferon-alpha plus
ribavirin (Table 1), although this recent study is also a
retrospective, non-randomized trial. Among 66 recruited
to treatment with natural interferon-beta and ribavirin,
15 were side effect-related treatment discontinuation,
36 patients were available for final analysis according to
these figures, and 15 additional patients were lost during
[48]
the study . However, they observed in the group of
patients treated with peginterferon-alpha plus ribavirin,
the rates of patients who discontinued the treatment
for adverse effects is 66% (42/66). Thus, this study
in elderly patients exceeds the corresponding rate of
[14]
withdrawals reported in previous studies .

NATURAL INTERFERON-BETA FOR
"DIFFICULT-TO-TREAT" HCV-INFECTED
PATIENTS
Natural interferon-beta plus ribavirin for HCV-patients
previously treated by peginterferon-alpha plus ribavirin
[41]

Montalto et al reported that natural interferon-beta is
well tolerated and yield modest results in white patients
with chronic hepatitis C who are non-responders to
interferon-alpha. Natural interferon-beta administration
was neither interrupted nor its dosage reduced due to
[41]
side effects . We also observed a patient infected with
HCV genotype 1 who failed to respond to interferon
with or without ribavirin seven times but then achieved
a SVR using natural interferon-beta plus ribavirin for 48
[25]
[42]
wk . Arase et al
observed that re-treatment with
natural interferon-beta plus ribavirin for 48 wk led to
an SVR in 38% (5/14) of previously treated-patients
infected with HCV genotype 1b and a high viral load;
moreover, the SVR rates were 100% (4/4) and 83%
(5/6) in patients who were negative for HCV RNA at 12
wk and 24 wk, respectively (Table 1).
It has recently been reported that anti-interferonalpha neutralizing antibody is associated with a non-SVR
to peginterferon-alpha plus ribavirin in chronic hepatitis
[43]
C patients . The same researchers observed 19 nonSVR patients who were positive for anti-interferon-alpha
neutralizing antibodies and found that no anti-interferonalpha neutralizing antibodies interfered with the antiviral
activity of natural interferon-beta; furthermore, the retreatment of patients carrying anti-interferon-alpha
neutralizing antibodies with natural interferon-beta plus
[43]
ribavirin led to the eradication of HCV .

Natural interferon-beta plus ribavirin for HCV-infected
patients with mental disorders

Natural interferon-beta plus ribavirin has been available
for mild mental disorders such as mild depression and
[37]
interferon-induced depression in Japan . Katamura et
[37]
al used natural interferon-beta plus ribavirin for 48 wk
or for 24 wk, respectively, in 5 HCV genotype 1b and 3
HCV genotype 2 patients with mental disorders. Of the
5 HCV genotype 1b patients, 3 and 2 had depression
and interferon-induced depression, respectively, and
of the 3 patients infected with HCV genotype 2, 2 and
1 had depression and interferon-induced depression,
respectively. Only one of these patients withdrew from
treatment due to the exacerbation of depression at
week 32. Only one and all three patients with completed
treatment achieved an SVR for HCV genotype 1b and
[37]
genotype 2, respectively . Careful attention should
also be paid if clinicians use natural interferon-beta
plus ribavirin for HCV patients with mental disorders.
Consultations with the attending psychiatrist may
enable achieving a more successful treatment.

Natural interferon-beta plus ribavirin for elderly HCVinfected patients
[44]

Arase et al reported that the SVR rate was achieved by
natural interferon-beta plus reduction-dose or standarddose ribavirin, respectively, for 48 wk in 39% (9/23)
or 27% (6/22) of patients aged 65 years or older who
were infected with HCV genotype 1b and a high viral
load. They stressed that natural interferon-beta plus a
reduction-dose is a possible treatment for patients aged
65 years or older who are infected with HCV genotype
[44]
[44]
1b and a high viral load . In this study , the SVR
rates were 44% (15/34) and 0% (0/11) in patients
with interleukin-28B (IL28B) rs8099917TT and TG,
[18,45,46]
respectively. The IL28B genotype
is useful for
predicting the treatment results of natural interferon-beta
[47]
plus ribavirin. Arase et al
reported that the SVR rate
was achieved by natural interferon-beta plus reductiondose or standard-dose ribavirin, respectively, for 24 wk
in 72% (13/18) or 80% (12/15) of patients aged 65
years or older who were infected with HCV genotype 2
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Natural interferon-beta plus ribavirin for HCV-infected
patients with lower platelet counts

To examine the effects of natural interferon-beta on
the platelet counts, the changes in platelet counts were
retrospectively analyzed after beginning treatment in 16
HCV-infected patients treated with natural interferonbeta at Chiba University Hospital (Figure 1). In 3 patients
with < 50000/μL platelets, no reduction in the platelet
[37]
counts was observed. Katamura et al
also reported
that the platelet count during the administration of
natural interferon-beta plus ribavirin increased above the
baseline after 4 wk. These results indicate that natural
interferon-beta plus ribavirin is a therapeutic option for
HCV-infected patients with lower platelet counts. But
none of the studies regarding patients with chronic HCV
related hepatitis are prospective controlled trials.
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[15]

30

the treatment of all HCV-infected patients .
In summary, natural interferon-beta with or without
ribavirin is a treatment option for patients infected
with HCV, such as non-responders to peginterferonalpha plus ribavirin or patients who are unable to use
DAAs. In the DAA era, candidates for using natural
interferon-beta might exist among special groups, such
as “difficult-to-treat” HCV-infected patients including
elderly patients, patients with mental disorders and
in those with low platelet counts. Because these key
messages are supported by current weak data, we may
reconfirm this in the further clinical practice. Future
studies of the interferon-β signal transduction pathways
will inform further directions.

4

Platelets (× 10 /μL)

25
20
15
10
5
0

0

4

12

t /wk

Figure 1 Changes in platelet counts after commencement of treatment
with natural interferon-beta in 16 hepatitis C virus-infected patients. This
study was approved by the Ethics Committee of Chiba University, School of
Medicine (No. 1462).
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MINIREVIEWS

Antiviral therapies for chronic hepatitis C virus infection
with cirrhosis
Shingo Nakamoto, Tatsuo Kanda, Hiroshi Shirasawa, Osamu Yokosuka
recognized as “difficult-to-treat” patients during an era
when peginterferon and ribavirin combination therapy is
the standard of care. Recent guidelines have clearly stated
that treatment should be prioritized in this population
to prevent complications such as decompensation
and hepatocellular carcinoma. Recent advances in the
treatment of chronic hepatitis C have been achieved
through the development of direct-acting antiviral agents
(DAAs). Boceprevir and telaprevir are first-generation
DAAs that inhibit the HCV NS3/4A protease. Boceprevir
or telaprevir, in combination with peginterferon and
ribavirin, improved the sustained virological response
rates compared with peginterferon and ribavirin alone and
were tolerated in patients with HCV genotype 1 infection
without cirrhosis or compensated cirrhosis. However, the
efficacy is lower especially in prior non-responders with
or without cirrhosis. Furthermore, a high incidence of
adverse events was observed in patients with advanced
liver disease, including cirrhosis, in real-life settings.
Current guidelines in the United States and in some
European countries no longer recommend these regimens
for the treatment of HCV. Next-generation DAAs include
second-generation HCV NS3/4A protease inhibitors, HCV
NS5A inhibitors and HCV NS5B inhibitors, which have a
high efficacy and a lower toxicity. These drugs are used
in interferon-free or in interferon-based regimens with
or without ribavirin in combination with different classes
of DAAs. Interferon-based regimens, such as simeprevir
in combination with peginterferon and ribavirin, are well
tolerated and are highly effective especially in treatmentnaïve patients and in patients who received treatment
but who relapsed. The efficacy is less pronounced in nullresponders and in patients with cirrhosis. Interferonfree regimens in combination with ribavirin and/or
two or more DAAs could be used for treatment-naïve,
treatment-experienced and even for interferon-ineligible
or interferon-intolerant patients. Some clinical trials have
demonstrated promising results, and have shown that the
efficacy and safety were not different between patients
with and without cirrhosis. There are also promising
regimens for genotypes other than genotype 1. Interferon
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Abstract
Patients who are infected with hepatitis C virus (HCV)
and also have advanced fibrosis or cirrhosis have been
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reduction in death/liver transplantation, and in liver[3]
related morbidity/mortality . Importantly, individuals
with advanced liver disease also require long-term followup and surveillance for HCC, regardless of the treatment
outcome, because HCV eradication reduces but does
[1,2]
not abolish the risk of HCC . However, the treatment
response is generally low in patients with advanced
fibrosis. In Japan, particular care should be taken in
the management of side effects in such patients, who
are usually older, have other comorbidities, and have
worse tolerance. Currently, little data are available for
the treatment of patients with decompensated cirrhosis.
Interferon is contraindicated in this population because it
may worsen hepatic function. Interferon-free regimens
could benefit these patients, although the data are still
sparse. In this review, recent data with regards to the
efficacy and safety of newly developed DAAs in patients
with advanced fibrosis and compensated cirrhosis were
collected and analyzed.

is contraindicated in patients with decompensated
cirrhosis, and further studies are needed to establish the
optimal treatment regimen for this population. In the
future, interferon-free and ribavirin-free regimens with
high efficacy and improved safety are expected for HCVinfected patients with advanced liver diseases.
Key words: Hepatitis C virus; Hepatocellular carcinoma;
Interferon-free regimen; Liver cirrhosis; Direct-acting
antiviral agent
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In general, patients with cirrhosis who are
infected with hepatitis C virus (HCV) are at a higher
risk for the development of hepatocellular carcinoma
(HCC) compared with patients without cirrhosis.
Antiviral treatments for patients with cirrhosis and HCV
may reduce the occurrence of HCC and/or prevent
the progression to hepatic failure. In this review, we
discussed the sustained virological response (SVR) rates
of interferon-containing and interferon-free regimens for
these patients. Recent advances in the development of
direct-acting antivirals against HCV have improved the
SVR rates and have reduced the occurrence of adverse
events during treatment. Interferon-free regimens
might improve the prognosis of patients with cirrhosis
and HCV.

PEGINTERFERON/RIBAVIRIN TREATMENT
IN PATIENTS WITH CIRRHOSIS
Peginterferon and ribavirin therapy had been the standard
of care before the approval of protease inhibitors.
The overall SVR rate is 40%-50% for individuals
with genotype 1 HCV infection and is 70%-80% for
individuals with genotype 2 and 3 infection in patients
with chronic hepatitis. In patients with cirrhosis, the
SVR rate is reported to be 22% for genotype 1 and
4 infections and 55% for genotype 2 and 3 infections
in patients from 11 studies that were included in a
[4]
systematic review . In a sub-analysis of 2 randomized
studies that compared peginterferon alpha-2a or -2b
[5,6]
plus ribavirin with interferon alpha plus ribavirin , the
SVR of peginterferon plus ribavirin was lower in patients
with cirrhosis and a mixed HCV genotype compared
with patients with no cirrhosis (43%-44% vs 57%-58%,
[7]
respectively) (Figure 1). Bruno et al reported that the
SVR of patients with genotype 1 infection who were
treated with peginterferon and ribavirin therapy was
negatively affected by the Ishak fibrosis score; the SVR
of score 1 was 61% while that of score 6 was 7% (Figure
[7]
1) . In the analysis of 3 randomized international
[8]
studies , the efficacy and safety of peginterferon alfa-2a
and ribavirin were compared in patients with and without
advanced fibrosis. In 341 patients who were infected
with genotypes 1 and 4, the SVR was higher (60%) in
patients without advanced fibrosis than in those with
cirrhosis (33%), while in 818 patients who were infected
with genotypes 2 and 3, the SVR was 76% and 57%,
respectively (Figure 1). No significant differences were
observed between patients with and without advanced
fibrosis with respect to the incidence of serious adverse
events. However, a statistically significant difference was
noted in the incidence of platelet counts less than 50000/
3
mm during treatment between patients with and without
advanced fibrosis or cirrhosis; this was attributed largely

Nakamoto S, Kanda T, Shirasawa H, Yokosuka O. Antiviral
therapies for chronic hepatitis C virus infection with cirrhosis.
World J Hepatol 2015; 7(8): 1133-1141 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i8/1133.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i8.1133

INTRODUCTION
Patients with hepatitis C virus (HCV)-infection and
cirrhosis have been recognized as “difficult-to-treat”
patients in the era of peginterferon and ribavirin as the
standard of care. Since 2011, new direct-acting antiviral
agents (DAAs) have been approved for treatment
against HCV infection. Interferon-based triple therapy
including telaprevir or boceprevir has been more
effective than peginterferon and ribavirin alone even in
patients with cirrhosis, although some safety concerns
also exist.
According to the current guidelines for the ma
nagement and treatment of HCV infection in the United
[1,2]
States and in the EU , all patients with chronic HCV
infection with compensated disease have an indication
for treatment. Treatment should be prioritized for
patients with advanced fibrosis and cirrhosis to prevent
complications such as decompensation and hepatocellular
carcinoma (HCC). In the HALT-C trial, patients with
advanced chronic hepatitis C who achieved sustained
virological response (SVR) demonstrated a marked
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Table 1 Sustained virological response rates for cirrhotic patients who were treated with direct-acting antiviral agents against
hepatitis C virus including peginterferon and ribavirin
Regimen; genotype; No. of patients (n )

Ref. (name of trial)

Tx history

SVR rates

SVR rates for P + R

Cirrhosis vs Non-cirrhosis
Jacobson et al[10] (ADVANCE)
Sherman et al[11] (ILLUMINATE)
Zeuzem et al[12] (REALIZE)

TVR + P + R; G1; n = 363: P + R; n = 361
TVR + P + R; G1; n = 540
TVR + P + R; G1; n = 530: P + R; n = 132

+

Poordad et al[13] (SPRINT-2)
Bacon et al[14] (RESPOND-2)
Jacobson et al[17]
Manns et al[18] (QUEST1/2)
Forns et al[19] (PROMISE)
Zeuzem et al[20] (ASPIRE)

BOC + P + R; G1; n = 734: P + R; n = 363
BOC + P + R; G1; n = 299: P + R; n = 76
SMV + P + R; G1; n = 521: P + R; n = 264

+; relapse or PR
-

SMV + P + R; G1; n = 260: P + R; n = 133
SMV + P + R; G1; n = 199: P + R; n = 66

+; relapse
+

Lawitz et al[25] (NEUTRINO)

SOF + P + R; G1, 4-6; n = 327

-

62% vs 78%1
63% vs 75%1
Relapse; 84%-85% vs 83%-90%1
PR; 40%-44% vs 70%-75%
Null; 22%-28% vs 31%-50%
41%-52% vs 67%1
35%-77% vs 64%-66%
60% vs 84%2,3

33% vs 47%

74% vs 82%2,3
Relapse; 73% vs 95%
PR; 82% vs 79%
Null; 31% vs 66%
80% vs 92%3

26% vs 41%
0% vs 56%2
0% vs 8%
0% vs 23%

12% vs 38%
10% vs 18%
5% vs 6%
38% vs 38%
0% vs 24%
34% vs 55%

Comparison between cirrhosis/bridging fibrosis vs others, or between F3, 4 vs F0-2 (METAVIR score); 2Comparison between F4 vs F0-2 (METAVIR score);
Data for SVR12. BOC: Boceprevir; G: Genotype; P: Peginterferon; PR: Partial response; R: Ribavirin; SMV: Simeprevir; SVR: Sustained virological response;
TVR: Telaprevir; Tx; Treatment; SOF: Sofosbuvir.
1

Sustained virological response rates (%)

3

100

these patients, 20% had bridging fibrosis or cirrhosis
[10]
(METAVIR F3-4) . The SVR rate in patients with
cirrhosis/bridging fibrosis was lower than in the noncirrhotic patients (62% vs 78%).This in turn was better
than the SVR rate for patients who were treated with
peginterferon and ribavirin alone - 33% in cirrhotic
and 47% in non-cirrhotic patients. Similar results were
[11]
observed in the ILLUMINATE study . In the REALIZE
study, 530 patients, including 25% of cirrhotic patients
who experienced treatment failure after prior therapy,
[12]
were treated with triple therapy with telaprevir .
The SVR rate was high (84%-90%) in patients who
experienced a relapse regardless of the presence of
F3/4 fibrosis (44% of patients), while the SVR rate in
partial responders or non-responders with F3/4 fibrosis
was lower than in patients with F0-2 fibrosis (partial
responders: 40%-44% vs 70%-75% for F3/4 and F0-2
fibrosis, respectively; non-responders: 22%-28% vs
31%-50% for F3/4 and F0-2 fibrosis, respectively). In
all groups, the SVR rates for triple therapy were higher
than the SVR rates for peginterferon and ribavirin
regardless of the fibrosis status. Similar differences with
respect to the treatment efficacy between cirrhotic and
non-cirrhotic patients are observed for regimens that
contain boceprevir. In the SPRINT-2 study, the SVR
rate in treatment-naïve patients with F3/4 fibrosis was
lower than patients with F0-2 fibrosis (41%-52% vs
[13]
67% for F3/4 and F0-2, respectively) . In patients
with F3/4 fibrosis, the SVR rate of triple therapy did
not differ from that of peginterferon and ribavirin. In
patients who experienced a prior relapse and in partial
[14]
responders (RESPOND-2 study) , the SVR rates in
non-cirrhotic patients were comparable or higher than
those in cirrhotic patients (64%-66% vs 35%-77%,
respectively); this was a better result than that of the
cirrhotic patients who was treated with peginterferon
and ribavirin alone (0%).

90
80

76%

70
60
50

60%

58%

57%
44%

43%

40

57%

44%
33%

30
20
7.1%

10
0

n = 469

n = 453

1

2

G1-6

[5]

G1-4

[6]

n = 163
[7]

G1

n = 341
3,4

G1/4

n = 818

[8]

4

G2/3

[8]

Figure 1 Sustained virological response rates for treatment-naïve patients
with cirrhosis who were treated with peginterferon and ribavirin. 1Comparison
between cirrhosis/bridging fibrosis vs others; 2Comparison between an Ishak
fibrosis score of 6 vs scores of 0-5; 3Data from 3 studies including the study by
Fried et al[6] listed above; 4Comparison between cirrhotic patients vs those without
advanced fibrosis. White column: Non-cirrhosis (without advanced fibrosis); Black
column: Cirrhosis (with advanced fibrosis). G: Genotype.

to a significantly higher incidence of thrombocytopenia in
patients with cirrhosis.

FIRST-GENERATION HCV PROTEASE
INHIBITORS PLUS PEGINTERFERON/
RIBAVIRIN FOR HCV GENOTYPE 1
INFECTION
In 2011, the HCV NS3/4A protease inhibitors telaprevir
and boceprevir, in combination with peginterferon
and ribavirin were approved for the treatment of HCV.
The efficacy and safety of a regimen that comprises
first-generation inhibitors for cirrhosis was reviewed
[9]
in detail by Bourlière et al In the ADVANCE study,
363 treatment-naïve patients were treated with triple
therapy including telaprevir for 12 wk (Table 1). Of
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Table 2 Safety data of antiviral treatments for cirrhotic patients infected with hepatitis C virus
Ref. (name of trial)

Regimen; genotypes; No. of patients (n )

Patient characteristics

AE (serious AE) rate;
cirrhosis vs non-cirrhosis

Kumada et al[27] (AI447026)
Forns et al[19] (PROMISE)
Jacobson et al[30]
(POSITRON, FUSION)

Lawitz et al[35] (COSMOS)

ASV + DCV; G1; n = 222

IFN-intolerant/IFN-ineligible or
IFN-non-responders
Treatment experienced; relapse
IFN-ineligible/IFN-intolerant
(POSITRON); IFN-failure (FUSION)
12-wk regimen
16-wk regimen
F0-2; non-responders
F3-4; non-responders or naïve

SMV + P/RBV; G1; n = 260
SOF + RBV; G2-3; n = 408

SMV + SOF ± RBV
for 12 or 24 wk; G1; n = 167

(9% vs 6%)
100% vs 92%-93% (1% vs 1%)1
97% vs 88% (7% vs 5%)
86% vs 91% (11% vs 2%)
88% vs 88% (6% vs 2%)
87% vs 88% (5% vs 0%)

1

Comparison between F3-4 and F0-2 (METAVIR score) during the first 12 wk of therapy. AE: Adverse event; ASV: Asunaprevir; DCV: Daclatasvir; G:
Genotype; IFN: Interferon; P: Peginterferon; RBV: Ribavirin; SMV: Simeprevir; SOF: Sofosbuvir.
[19,20]

With regards to safety problems, triple therapy with
telaprevir or boceprevir is associated with an increased
rate of adverse events such as anemia, dysgeusia or
rash compared with peginterferon and ribavirin alone. In
the HEP3002 study, 1782 patients with HCV genotype
1 and bridging fibrosis or compensated cirrhosis were
[15]
treated with triple therapy with telaprevir . Overall,
31% of the patients developed grade 3-4 anemia,
4% developed grade 3-4 rash, and 12% discontinued
telaprevir due to adverse events. Seven patients (0.4%)
died, including 6 patients with cirrhosis. The authors
concluded that in patients with compensated cirrhosis
and advanced liver fibrosis due to HCV genotype 1
who fulfilled the selection criteria of the registration
trials, 16 wk of telaprevir triple therapy proved to
be safe and well tolerated. However, the results in a
real-life setting in France showed that triple therapy
in treatment-experienced patients with cirrhosis was
related to a high incidence (40%) of serious adverse
events and of severe complications and death (6%),
especially in patients with a low platelet count and a
[16]
low serum albumin level . The authors concluded
that patients with cirrhosis require a careful follow-up
during treatment due to the increase in side effects
that are more common during treatment than in clinical
[9]
studies .

treatment-experienced patients
, the SVR rate of
the simeprevir-containing regimen in patients with
cirrhosis was comparable to or lower than that in noncirrhotic patients - 73%-74% vs 82%-95% for patients
who experienced relapse, 82% vs 79% for partial
responders, and 31% vs 66% for null responders. The
SVR rate for patients with cirrhosis who were treated
with triple therapy with simeprevir was greatly improved
compared to that in patients with cirrhosis who were
treated with peginterferon and ribavirin alone (0%).
In the ATTAIN study, which compared simeprevir with
telaprevir, each in combination with peginterferon and
ribavirin, similar SVR rates were observed, although the
incidence of adverse events was lower in the simeprevir
[21]
group than in the telaprevir group .
In clinical trials, adverse events that occur with
simeprevir treatment were similar to those with peg
[19]
interferon and ribavirin alone. In the PROMISE study ,
adverse events were reported in most patients
regardless of fibrosis stage (100% for F3-4 vs 92%-93%
for F0-2; Table 2). The incidence of serious adverse
events was low in both groups (1% vs 1%). Hepatic
impairment is associated with substantial increases
in exposure to simeprevir, which is also related to the
increased frequency of adverse events; plasma exposure
to simeprevir is 2- to 5-fold higher in HCV-uninfected
subjects with Child-Pugh B or C cirrhosis than in those
[22]
with normal hepatic function . In the AASLD guideline,
simeprevir-based treatment is not recommended for
patients with decompensated cirrhosis (moderate or
[1]
severe hepatic impairment; Child Pugh class B or C) .

SECOND-GENERATION HCV PROTEASE
INHIBITOR PLUS PEGINTERFERON AND
RIBAVIRIN
Simeprevir is a once-daily macrocyclic protease inhibitor
that was initially approved in 2013 in the United States.
[17,18]
In the QUEST-1/2 study
, 521 treatment-naïve
patients infected with genotype 1 were treated with
simeprevir plus peginterferon and ribavirin (Table 1). Of
these patients, 9% had cirrhosis. Again, cirrhotic (F4)
patients had a lower chance of a SVR than non-cirrhotic
(F0-2) patients (60% vs 84%), which was still higher
than the SVR rate for those who were treated with
peginterferon and ribavirin (34% vs 55%, respectively).
In the PROMISE and ASPIRE studies that included
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HCV NS5B POLYMERASE INHIBITOR
SOFOSBUVIR PLUS PEGINTERFERON
AND RIBAVIRIN
Sofosbuvir is a nucleotide analog HCV NS5B polymerase
inhibitor that was approved in 2013 in the United
[23]
States . A pharmacokinetic analysis in subjects who
were treated with sofosbuvir for 7 d indicated that
systemic exposure was approximately 2-fold higher
in cirrhotic patients with moderate and severe hepatic
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impairment (Child-Pugh B and C) than in non-cirrhotic
patients, with minimal change in the primary systemic
[24]
inactive metabolite GS331007 . The viral decline with
sofosbuvir in subjects with moderate (Child-Pugh B)
to severe (Child-Pugh C) hepatic impairment was less
profound than in non-cirrhotic patients.
In a phase 2 trial, the efficacy of sofosbuvir plus
peginterferon alfa-2a and ribavirin were compared to
peginterferon and ribavirin in non-cirrhotic, treatment[25]
naïve patients infected with genotype 1 HCV . The
SVR rate at 12 wk (SVR12) in the sofosbuvir-containing
arms were higher than in the peginterferon and
ribavirin arm (90%-91% vs 58% for sofosbuvir and
peginterferon and ribavirin, respectively). In phase
3, 327 treatment-naïve patients (mainly genotype 1,
89%) were treated with sofosbuvir plus peginterferon
[26]
and ribavirin for 12 wk (NEUTRINO study) . Of these
patients, 17% had cirrhosis. The SVR12 rate in the
non-cirrhotic patients was higher than in the cirrhotic
patients (92% vs 80%, odds ratio 3). Adverse events
were similar regardless of the presence of sofosbuvir.
In patients with cirrhosis, only 1 of 54 discontinued the
treatment with triple therapy that included sofosbuvir.
It was concluded by the manufacturer that cirrhosis
had no clinically relevant effect on the exposure to
sofosbuvir and that no dose adjustment was required
for patients with mild, moderate or severe hepatic
[23]
impairment (Child-Pugh A, B or C) . However, efficacy
seems somewhat worse in cirrhotic than in non-cirrhotic
patients. Importantly, safety and efficacy have not been
established in patients with decompensated cirrhosis.
Decompensated cirrhosis has been considered a contrain
dication to interferon therapy.

had cirrhosis, respectively. Overall, the SVR rate of the
treatment-naïve group was slightly higher than that of
the interferon-non-responder or interferon-ineligible/
interferon-intolerant group (90% vs 82%). The SVR
rates were similar in patients with (84%) and without
cirrhosis (85%), irrespective of the patient group.
The SVR rate in patients with baseline platelet counts
3
3
between 50000/mm and less than 90000/mm was
high (71%), but was slightly lower than that in patients
without thrombocytopenia (86%). The most commonly
observed adverse events were headache, fatigue,
diarrhea, nausea, and asthenia. Serious adverse events
that occurred during treatment were reported in 39
patients (6%), and similar incidences were reported
across the different patient groups. Adverse events
that led to the discontinuation of treatment occurred
in 10 (2%) patients, and were mostly associated with
higher transaminase levels (7 patients). Patients with
and without cirrhosis had similar frequencies of alanine
transaminase (1% vs 3%) and asparate transaminase
(1% vs 2%) that were increases greater than five
times the upper limit of normal. In the AI447026 study,
serious adverse events were observed in 9% of cirrhotic
and 6% of non-cirrhotic patients (Table 3). Exposure
to asunaprevir is 10- to 30-fold higher in HCV-infected
subjects with moderate and severe hepatic impairment
(Child-Pugh B and C) compared with those with normal
hepatic function. Asunaprevir-containing regimen is
not recommended in patients with decompensated
cirrhosis.

SOFOSBUVIR-CONTAINING REGIMENS
Sofosbuvir and ribavirin

INTERFERON-FREE REGIMENS IN
CIRRHOTIC PATIENTS
The second-generation HCV NS3/4A protease inhibitor
asunaprevir in combination with the HCV NS5A inhibitor
daclatasvir was approved in Japan in 2014 for patients
infected with HCV genotype 1b including patients who
were null-responders to prior treatment, and those who
were ineligible or intolerant of interferon. In a phase
3 trial, a total of 222 patients with genotype 1b HCV
were treated with this regimen for 24 wk (AI447026,
[27]
Table 3) . Of these patients, 10% had cirrhosis. A
SVR was achieved by 87% of interferon-ineligible or
interferon-intolerant patients and by 81% of previous
non-responders. A subgroup analysis indicated that the
SVR rates in patients with cirrhosis and in those without
cirrhosis were comparable (91% vs 84%).
In the HALLMARK-DUAL study (Table 3), 203 treat
ment-naïve, 205 interferon-non-responder, and 235
interferon-ineligible or interferon-intolerant patients
infected with HCV genotype 1b were treated with this
[28]
regimen . Of these patients, 16%, 31% and 47% of
treatment-naïve patients, interferon non-responders
and interferon-ineligible/interferon-intolerant patients
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[29]

In a phase 2 trial, Osinusi et al reported the efficacy
of sofosbuvir plus ribavirin treatment for 24 wk in
treatment-naïve patients who were infected with
[29]
genotype 1 HCV
(Table 3). The SVR rate of the 37
patients with F0-2 fibrosis was 65%, while that of the
13 patients with F3-4 fibrosis was 38%. Advanced
liver disease was associated with treatment relapse. In
contrast, in patients who were infected with genotype
2 or 3 HCV, sofosbuvir and ribavirin therapy was shown
to be highly effective. In the FISSION study, treatmentnaïve patients who were infected with genotype 2 or 3
HCV were treated with this regimen for 12 wk. In 73
patients with genotype 2 infections who were treated
with this regimen, the SVR rate was higher than in
the patients who were treated with peginterferon plus
[26]
ribavirin (95% vs 78%) . Liver cirrhosis was present
in 16% of the patients in the sofosbuvir arm, and 83%
of them achieved a SVR.
In patients with genotype 3 HCV infections, the
results of the 12-wk regimen was comparable to those
after peginterferon and ribavirin treatment for 24 wk;
however, the SVR rate was lower than in the patients
with genotype 2 HCV infections. A total of 183 patients
were treated with sofosbuvir and ribavirin. Of these
patients, 16% had cirrhosis. The SVR rate in cirrhosis
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Table 3 Sustained virological response rates for cirrhotic patients who were treated with interferon-free regimens
Regimen; genotypes; No. of patients (n )

Patient characteristics

Kumada et al[27] (AI447026)

ASV + DCV; G1; n = 222

Manns et al[28] (HALLMARK-DUAL)

ASV + DCV; G1; n = 645

SOF + LDV ± RBV; G1; n = 40

IFN-intolerant/IFN-ineligible
IFN-non-response1
Treatment naïve
IFN-non-response1
IFN-intolerant/IFN-ineligible
Treatment experienced2

Osinusi et al[29]
Lawitz et al[26] (FISSION)

SOF + RBV; G1; n = 50
SOF + RBV; G2-3; n = 256

Treatment naïve
Treatment naïve; 12-wk regimen

Jacobson et al[30] (POSITRON, FUSION)

SOF + RBV; G2-3; n = 408

IFN-ineligible/IFN-intolerant
(POSITRON); 12-wk regimen
IFN-failure7 (FUSION)
12-wk regimen

Ref. (name of trial)

SVR rates: cirrhosis

vs non-cirrhosis

Lawitz et al[32] (LONESTAR)

16-wk regimen
Zeuzem et al[31] (VALENCE)

Lawitz et al[35] (COSMOS)
Poordad et al[36] (TURQUOISE-II)

SOF + RBV; G2-3; n = 323

SMV + SOF ± RBV for 12 or 24 wk; G1; n = 167
Paritaprevir, ritonavir, ombitasvir
+ dasabuvir + RBV 12 or 24 wk; G1; n = 380

Treatment-naïve
12-wk regimen
24-wk regimen
Treatment-experienced
12-wk regimen
24-wk regimen
F0-2; non-responders
F3-4; non-responders or naive
Treatment-naïve
Treatment-experienced
Relapse
Partial response
Null response

91% vs 87%
91% vs 79%
91% vs 89%3
87% vs 80%
79% vs 84%
91% vs 100%3,4
100% vs 100%5
38% vs 65%6
G2; 83% vs 97%3
G3; 34% vs 61%3
G2; 94% vs 92%3
G3; 21% vs 68%3
G2; 60% vs 96% (90%)
G3; 19% vs 37%
G2; 78% vs 100% (92%)
G3; 61% vs 63%
G2; 100% vs 97%3
G3; 92% vs 93%3
G2; 88% vs 91%
G3; 60% vs 85%
F0-2; 90%3
F3-4; 94%
94%3,8
98%
96%
91%

1

Null or partial response during previous treatment; 2Patients experienced triple therapy including telaprevir or boceprevir; 3Data for SVR12; 4SVR rates
for ribavirin-containing regimens; 5SVR rates for regimens without ribavirin; 6Comparison between F3-4 and F0-1 (Knodell score); 7Relapse, null or partial
response to previous treatment; 8All patients included in the study had cirrhosis. ASV: Asunaprevir; DCV: Daclatasvir; G: Genotype; IFN: Interferon; LDV:
Ledipasvir; RBV: Ribavirin; SOF: Sofosbuvir; SVR: Sustained virological response; SMV: Simeprevir.

was 34% while that in non-cirrhosis was 61%. For the
peginterferon and ribavirin arm, the SVR rate in patients
with cirrhosis was 30% and that in patients without
cirrhosis was 71%.
In the POSITRON study, interferon-ineligible or
interferon-intolerant patients were treated with sofosbuvir
[30]
and ribavirin for 12 wk . The result was similar to that
of the FISSION study. In patients infected with genotype
2 HCV, the SVR rates were high in both the cirrhotic and
non-cirrhotic patients (94% and 92%, respectively). In
genotype 3 HCV-infected patients, only 21% of cirrhotic
patients and 68% of non-cirrhotic patients achieved a
SVR.
In the FUSION study, patients who did not achieve
a SVR after prior therapy were treated with sofosbuvir
[30]
and ribavirin for 12 or 16 wk . In patients infected
with genotype 2 HCV, the SVR rate was 82% for the
12-wk arm and 89% for the 16-wk arm. In an analysis
of the small fraction of cirrhotic patients, 6 out of 10
(60%) patients in the 12-wk arm and 7 out of 9 (78%)
patients in the 16-wk arm achieved a SVR. In patients
infected with genotype 3 HCV, the SVR rate in the
12-wk arm was low in both cirrhotic and non-cirrhotic
patients (19% and 37%, respectively), while that in
the 16-wk arm was 61% and 63% in cirrhotic and non-
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cirrhotic patients, respectively.
In the VALENCE study, patients infected with
genotype 2 HCV were treated with sofosbuvir and
ribavirin for 12 wk while patients infected with genotype
[31]
3 HCV were treated for 24 wk . Of the treatmentnaïve patients, more than 90% achieved a SVR among
the 32 genotype 2- and 105 genotype 3-infected
patients. Two of the 2 genotype 2-infected patients with
cirrhosis and 12 of 13 genotype 3-infected patients with
cirrhosis achieved a SVR. In treatment-experienced
patients, 90% of 41 patients with genotype 2 infections
and 77% of 145 patients with genotype 3 infections
achieved a SVR. In genotype 2-infected patients, 7 of
8 (87%) cirrhotic patients achieved a SVR. In genotype
3-infected patients, 27 of 45 (60%) cirrhotic patients
achieved a SVR.
The most common adverse events (≥ 20%) that
were observed after sofosbuvir plus ribavirin combination
therapy were fatigue and headache. The discontinuation
of treatment due to adverse events was uncommon - one
patient in the FUSION study and 2% in the POSITRON
[30]
study . In the POSITRON study, the incidences of
adverse events and laboratory abnormalities among
patients with cirrhosis who received sofosbuvir and
ribavirin were similar to those among patients without
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cirrhosis (Table 2). In the FUSION study, treatmentemergent serious adverse events were slightly higher
in cirrhotic patients than in non-cirrhotic patients (11%
vs 2% for 12-wk regimen and 6% vs 2% for 16-wk
regimen, respectively).

PARITAPREVIR, RITONAVIR,
OMBITASVIR AND DASABUVIR WITH
RIBAVIRIN FOR CIRRHOTIC PATIENTS
In the TURQUOISE-Ⅱ trial (Table 3), the interferonfree combination of the following drugs was studied:
the HCV protease inhibitor paritaprevir (ABT-450),
the human immunodeficiency virus protease inhibitor
ritonavir, which was used as pharmacologic booster,
the HCV NS5A inhibitor ombitasvir (ABT-267), the
non-nucleoside HCV polymerase inhibitor dasabuvir
(ABT-333), and ribavirin. This combination therapy was
studied in 160 previously untreated and 220 previously
treated adults with HCV genotype 1 infection and
compensated cirrhosis (Child A, METAVIR score > 3 or
[36]
Ishak score > 4) . Overall, the SVR12 rate was 92%
for the 12-wk regimen and 96% for the 24-wk regimen.
The results were superior to the historical control rate
of 47% (95%CI: 41%-54%), calculated from the
telaprevir-based regimen and weighted to reflect the
population. Among the patients who were infected with
genotype 1a HCV and who were prior null responders,
80% of the patients in the 12-wk group achieved a
SVR. A multivariate logistic-regression analysis showed
that a prior null response and genotype 1a infection
were independently associated with a lower likelihood
of SVR. The most common adverse events were
fatigue, headache and nausea. Serious adverse events
occurred in 5%-6% of the patients. Seven to 10% of
the patients had hemoglobin levels of less than 10 g/dL.
Overall, 2% of patients discontinued the treatment due
to adverse events. The pharmacokinetics of each drug
in HCV-uninfected subjects with hepatic impairment
are complex. Among them, paritaprevir exposure is
1.6- to 10-fold higher in patients with moderate to
severe hepatic impairment (Child-Pugh B, C) compared
with patients with normal hepatic function. Therefore,
paritaprevir-containing combination therapy is not
[37]
recommended in these patients .

Sofosbuvir plus ledipasvir with or without ribavirin

In a phase 2 trial referred to as the “LONESTAR” study
(Table 3), the efficacy of a fixed-dose combination
of sofosbuvir (400 mg) and the HCV NS5A inhibitor
ledipasvir (90 mg), with and without ribavirin, was
examined in patients with genotype 1 infection who
were treatment-naïve (n = 60) or who were previously
[32]
treated with a protease-inhibitor regimen (n = 40) .
Among them, 22 of the treatment-experienced patients
had cirrhosis. The results showed that more than 90% of
patients achieved a SVR irrespective of their treatment
history or the presence of compensated cirrhosis. In
[33]
the phase 3 ION-1 study , 865 genotype 1-infected
treatment-naïve patients including 16% of patients
with cirrhosis, were treated with this regimen. More
than 90% of the patients achieved a SVR regardless
of the presence of cirrhosis, inclusion of ribavirin, or
treatment duration (12 wk or 24 wk). The ION-2 study
consisted of 440 treatment-experienced patients who
were infected with genotype 1 HCV, 20% of whom had
[34]
cirrhosis . In non-cirrhotic patients, the SVR rate was
higher than 90% irrespective of the treatment duration
and the inclusion of ribavirin. In cirrhotic patients, the
SVR rate for the 12-wk regimen was 82%-86%, which
was lower than that for the 24-wk regimen (95%-100%).
A multivariate logistic regression analysis identified
cirrhosis is as the only factor associated with treatment
response. The most commonly observed adverse events
included fatigue, headache, nausea, and insomnia.
Serious adverse events were observed in 2%-3% of
patients who were treated with a 12-wk regimen and in
3%-8% who were treated with a 24-wk regimen.

Sofosbuvir plus simeprevir with or without ribavirin
[35]

In the COSMOS study , the sofosbuvir and simeprevir
combination therapy with or without ribavirin for 12 or
24 wk was tested in 81 previous non-responders with
F0-2 fibrosis and in 87 treatment-naïve or previous
non-responders with F3-4 fibrosis (Table 3). The SVR12
rate was high regardless of the fibrosis stage - 87% for
patients with F0-1, 91% for patients with F2, 96% for
patients with F3, and 93% for patients with F4 fibrosis.
The most commonly observed adverse events were
fatigue, headache, and nausea. Four patients (5%)
in the 24-wk group discontinued treatment due to
adverse events while no patients in the 12-wk group
discontinued treatment. Serious adverse events that
occurred during treatment were observed in 4 patients
(5%) with F3-4 fibrosis and in 0 patients with F0-2
fibrosis. All 4 patients were treated with the 24-wk
regimen, and 1 died. All serious adverse events and
death were deemed unrelated to the treatment.
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CONCLUSION
The EASL guidelines recommend an interferon-free
regimen over an interferon-containing regimen in
patients with compensated cirrhosis, while the AASLD
guidelines recommend that treatment-naïve patients
with compensated cirrhosis should receive the same
[1,2]
treatment as that given to patients without cirrhosis .
In patients with advanced liver fibrosis or cirrhosis,
the treatment should be prioritized and should not be
delayed to prevent disease progression. The initially
approved DAAs telaprevir and boceprevir are currently
not recommended for the treatment of HCV due to the
higher rate of adverse events associated with these
[1,2,38]
drugs
. Currently, second-stream DAAs including
second-generation HCV protease inhibitors such as
simeprevir and asunaprevir, the HCV NS5B inhibitor
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sofosbuvir, and the HCV NS5A inhibitor daclatasvir
have been approved; in addition, various combination
regimens that include interferon and ribavirin have been
developed. These DAAs-containing regimens improved
the treatment efficacy in patients with both early and
advanced liver disease. Furthermore, some regimens
showed comparable efficacies and safety profiles
between patients with and without cirrhosis. Interferon is
contraindicated in patients with decompensated cirrhosis,
and further studies are needed to establish optimal
treatments for this population. In the future, interferonfree and ribavirin-free regimens with high efficacy and
improved safety are expected for patients with advanced
[39]
liver disease .
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MINIREVIEWS

Management of recurrent hepatocellular carcinoma after
liver transplant
Kenneth SH Chok
resection has been shown to be effective in prolonging
patient survival despite the technical difficulty in resecting
graft livers. Besides surgical resection, different kinds
of treatment are also in use, including transarterial
chemoembolization, radiofrequency ablation, highintensity focused ultrasound ablation, and stereotactic
body radiation therapy. Targeted therapy and modulation
of immunosuppressants are also adopted to treat the
deadly disease.
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Core tip: The management of recurrent hepatocellular
carcinoma (HCC) after liver transplantation (LT) seems to
be a losing battle. Nonetheless, tremendous efforts have
been made to combat this deadly disease. Intrahepatic
recurrence may be treated by resection, which has
some survival benefits as shown by small clinical trials.
Other kinds of therapy including high-intensity focused
ultrasound (HIFU) ablation, radiofrequency ablation
(RFA) and transarterial chemoembolization (TACE) are
also in use. HIFU ablation has been shown to produce
better results when compared with RFA and TACE.
The efficacy of systemic and targeted therapies for
multiple recurrences is under investigation. Early results
have suggested that the combination of sorafenib with
mammalian target of rapamycin inhibitors may be useful
for treating recurrent HCC after LT.

Abstract
Hepatocellular carcinoma (HCC) is the leading cause of
deaths in patients with hepatitis B or C, and its incidence
has increased considerably over the past decade and is still
on the rise. Liver transplantation (LT) provides the best
chance of cure for patients with HCC and liver cirrhosis.
With the implementation of the MELD exception system
for patients with HCC waitlisted for LT, the number of
recipients of LT is increasing, so is the number of patients
who have recurrence of HCC after LT. Treatments for
intrahepatic recurrence after transplantation and after
other kinds of surgery are more or less the same, but
long-term cure of posttransplant recurrence is rarely
seen as it is a “systemic” disease. Nonetheless, surgical
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It was reported that 5% of patients developed late (after
[10]
5 years) recurrence . Most patient selection criteria for
LT, including the Milan and the UCSF criteria, use tumor
size and tumor number as surrogate markers. A meta[13]
analysis by Sotiropoulos et al
identified a number of
risk factors for poorer patient survival after LT, which were
venous invasion, poor tumor cell differentiation, tumor
size and stage beyond the Milan criteria, and a high
pretransplant serum α-fetoprotein level. Since radiological
results and pathological results of tumor characteristics
may differ, some centers use pretransplant serum
α-fetoprotein level and biopsy to determine tumor cell
differentiation and use it as a biological surrogate marker
[14,15]
in patient selection criteria
. However, preoperative
biopsy may cause tumor seeding and bleeding. Saborido
[16]
et al
reported that a significantly higher chance of
HCC recurrence came with fine-needle aspiration biopsy
before LT (31.8% vs 5.9%, P = 0.003). In Hong Kong,
[17]
contrast computed tomography (CT) is used for tumor
staging. Sometimes positron emission tomography (PET)
11
18
using both radiotracers of C-acetate and F-FDG is also
employed. In a report, dual-tracer PET had an overall
sensitivity of 96.8% and an overall specificity of 91.7%,
which are significantly higher than those of contrast
CT (41.9% and 33.0% respectively; P < 0.05 in both
[18]
cases) . It was found that sources of error for contrast
CT were related to liver cirrhosis or previous treatment,
and there was difficulty in differentiating cirrhotic nodules
from HCCs (39%) and in the estimation of tumor size
(14%). There was infrequent overstaging of vascular
invasion (4.6%) or extrahepatic metastasis (4.6%).
Dual-tracer PET and contrast CT had a 4.7% rate of
18
false-negative results. PET using the radiotracer F-FDG
18
seems effective in detecting F-FDG-avid lesions and
thus can be used as an adjunct to detect microvascular
[19]
invasion . Nonetheless, such use is still at its infancy
and more large-scale trials are needed for its validation.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common malignant tumor, the third leading cause of
cancer-related deaths, and the first leading cause of
deaths in patients with hepatitis B or C, and its incidence
has increased considerably over the past decade and
[1-3]
is still on the rise . There are different modalities for
treating HCC and underlying liver cirrhosis, but liver
[4]
transplantation (LT) is the ultimate solution . Various
patient selection criteria for LT have been introduced
with the hope that as many patients as possible can
benefit from the treatment while patient survival is
[5]
not compromised. Mazzaferro et al introduced the
Milan criteria (solitary tumor ≤ 5 cm, or ≤ 3 tumors
with each measuring < 3 cm) on the basis of a
retrospective study of 48 patients who received LT for
HCC. In the study, a 75% overall survival and an 83%
recurrence-free survival were achieved in LT recipients
chosen according to the Milan criteria at 4 years after
transplantation. A set of modestly expanded criteria
was developed by the University of California, San
[6]
Francisco (UCSF). Yao et al showed that HCC patients
selected for LT according to the UCSF criteria (solitary
tumor ≤ 6.5 cm, or ≤ 3 nodules with the largest lesion
≤ 4.5 cm and a total tumor diameter ≤ 8 cm) had
survival rates of 90% and 75.2% at 1 year and 5 years
respectively. However, discrepancy between radiological
results and pathological results of tumor characteristics
is not uncommon. A 30%-50% discrepancy rate has
[6,7]
been reported .
In Hong Kong, about 8% of the population are
carriers of hepatitis B virus (HBV) and most of the
cases of HCC are caused by HBV. A survey found that
about 10.4% of male adults and 7.7% of female adults
were positive of hepatitis B surface antigen (surveillance
of viral hepatitis in Hong Kong - 2010 update report.
Hong Kong SAR: Department of Health, 2011). On the
other hand, the numbers of carriers of hepatitis C virus
(HCV) are rising in Japan and the United States. In
these places where hepatitis C is epidemic, there is a
[8,9]
surge of HCV-related liver cirrhosis and HCC .
Even though HCC patients are selected for LT accord
ing to standard criteria, 10%-60% of them will have
disease recurrence. Some of them will develop recurrence
[10]
2 years or even 5 years after transplantation . With the
adoption of the MELD exception system for HCC patients
waitlisted for LT, more LTs are performed for HCC. Hong
[11]
Kong adopted the system in 2009 , and nowadays
HCC accounts for one third of LTs in Hong Kong. As a
corollary, the incidence of HCC recurrence after LT is
on the increase in places where the system is adopted.
Recurrence of HCC after LT is notoriously difficult to
manage. Here is a review of the treatment options
available for this challenging situation, trying to shed
some light on its management.

Deceased-donor LT vs living-donor LT

Living-donor LT (LDLT) has the most significant impact
in Asia, where the issue of organ shortage is most
extreme. The availability of LDLT has provided the
driving force for a drastic increase in cases of LT in
recent years. The number of LDLTs performed in Asia
each year has increased tremendously. In 2005, LDLT
accounted for 90% of the 1497 LTs performed in Asia
[20]
(excluding mainland China) . In Hong Kong, about
half of the LTs are LDLTs, and more than half are for
HCC.
To justify LDLT for HCC, it should have a survival
outcome comparable to that of deceased-donor LT
[21]
(DDLT). Roayaie et al
reported a tendency for early
tumor recurrence after LDLT (mean: 8.7 mo) when
compared with DDLT (mean: 19.6 mo) in a cohort of
311 patients with histologically confirmed HCC after LT.
Another multicenter LDLT cohort study (A2ALL) of 106
HCC patients reported a significantly higher 3-year tumor
recurrence rate after LDLT (29%) compared with that
[22]
after DDLT (0%) . In Hong Kong, a retrospective study

RISK FACTORS FOR HCC RECURRENCE
[10,12]

Post-LT HCC recurrence occurs at a rate of 13%-27%
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Liver resection and local ablative therapy for
intrahepatic recurrence

has been conducted to compare LDLT and DDLT in terms
[23]
of treatment outcomes in 60 HCC patients . Given the
standard patient selection criteria based on radiological
tumor size and number according to the UCSF criteria,
there was an obvious selection bias for some important
clinical characteristics in the LDLT group. Patients having
LDLT for HCC had fewer incidental tumors, a lower rate of
preoperative transarterial chemoembolization (TACE), a
lower rate of salvage transplantation (with pretransplant
resection or ablation), shorter waiting time on list, and
a lower graft-weight-to-standard-liver-weight ratio. The
inferior oncological outcomes in the LDLT group were
possibly caused by more aggressive tumor behavior and
[24]
small-for-size graft injury and regeneration . Although
the overall survival rates were comparable between
the LDLT and DDLT groups, the cumulative 5-year HCC
recurrence rate was significantly higher in LDLT group
(29% vs 0%). Thus, selection of patients with early HCC
based on standard tumor size and number for LDLT and
DDLT may eventually result in different clinical outcomes.
When considering a patient for an LDLT, besides a certain
set of patient selection criteria, there are more factors
to be taken into account, which include the unique
nature of a living-donor graft as a dedicated gift to the
recipient and potential donor risks, and additional clinical
characteristics should also be considered and good
preoperative counseling should be given to the donor and
patient. In Hong Kong, the policy of “6-mo-wait” before
salvage transplantation does not apply to LDLT, since
both donors and recipients willingly accept the relatively
higher recurrence rate with the realization that LDLT is
their only option.

[25]

Catalano et al reported the initial results of graft liver
resection for graft ischemic damage in 12 patients.
The perioperative mortality rate was high at 66.6%,
manifesting the difficulty of graft liver resection in the
presence of sepsis. On the other hand, Sommacale et
[26]
al
reported that graft liver resection for intrahepatic
recurrence achieved a low mortality rate and satis
factory long-term survival with a median follow-up of
92 mo. Nonetheless, there were only 3 patients in the
series. According to unpublished data from the only LT
center in Hong Kong, in 252 patients who underwent LT
for HCC, 35 had disease recurrence. Three patients had
only intrahepatic recurrence and underwent aggressive
resection. This very small series had a 66.7% 3-year
survival and 0% mortality. Actually, all reported series
were small and the studies had a retrospective nature
with significant selection biases. Hence, more evidence
is needed to support graft liver resection as a good
treatment for HCC recurrence.
Radiofrequency ablation (RFA), a local ablative
treatment, is the established treatment option for
resectable and unresectable HCCs. Its efficacy has been
shown to be comparable to that of partial liver resection
[27]
in treating small HCCs . It would be reasonable to
extrapolate that RFA can be an option for treating postLT intrahepatic recurrence of HCC too. A case report
showed that percutaneous RFA achieved 2-year diseasefree survival in a 65-year-old patient who had a solitary
[28]
recurrent HCC inside the graft liver .

Stereotactic body radiation therapy and intra-arterial
infusion of yttrium-90 microspheres for intrahepatic
recurrence

TREATMENTS FOR HCC RECURRENCE

Numerous advances in external-beam radiation therapy
have allowed more accurate targeting and made
aggressive dose-fractionation strategies possible with
techniques such as stereotactic body radiation therapy
(SBRT). As a kind of radiosurgery, SBRT was originally
developed to treat intracranial malignancies. It has since
been adopted to treat extracranial diseases. The use of
SBRT as treatment of HCC has yet to be established,
but it is tested by a number of clinical trials for its
efficacy in treating unresectable and unablatable HCCs.
Initial results showed that it achieved a local control rate
[17,29-31]
of 87%-100%
.
Intra-arterial infusion of yttrium-90 microspheres
(Y-90 SIR) is an established treatment for unresectable
[32]
HCCs and has gained popularity in recent years. It is
often used to treat advanced HCC, especially in patients
with a large tumor burden, suboptimal performance
[33]
status, or lobar portal vein thrombosis . Chan et
[34]
al
reported that in the treatment of primary HCC,
it achieved a 38%-65% partial response rate and a
median survival duration of 23 mo, which is 2.6-4.7
times the duration seen in historic controls. In a recent
study of 20 patients with unresectable HCCs, it achieved

Theoretically, all modalities for treating HCC can be
used to treat its recurrence. Aggressive treatments can
usually be given to patients who have satisfactory liver
function and no widespread tumor cell dissemination.
However, HCC recurrence after LT is considered a
“systemic disease”, and the efficacy of locoregional
treatment for a systemic disease is doubtful. For LT
recipients, the use of immunosuppressants may hinder
wound healing and thus lead to a higher chance of
infective complications. Variable vascular anatomy in a
graft liver or dense adhesion at the hilum may cause
damage to important structures during dissection.
Difficulties may be encountered in interventional radi
ological procedures like TACE when the catheter is
negotiating through the arterial anastomosis. The use
of targeted agents for post-LT HCC recurrence has not
been validated by any large randomized trials and it may
have adverse effects on immunocompromised patients.
A multidisciplinary approach with the involvement of
hepatologists, surgeons, radiologists, oncologists and
radiation oncologists is definitely for the best interest of
this group of patients.
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an overall survival rate of 90% at a median follow-up
[33]
period of 275 d (range: 32-677 d) . However, the data
on the use of SBRT and intra-arterial infusion of Y-90
SIR for recurrent HCC after LT are extremely scarce. In
the only two case reports, complete tumor necrosis was
observed in a 52-year-old and a 42-year-old patient
with solitary intrahepatic recurrence of HCC after a
course of SBRT and intra-arterial infusion of Y-90 SIR
[35,36]
respectively
.

32.1% and 26.5% respectively in the RFA group (P =
0.61). The 1-year, 2-year, and 3-year overall survival
rates were 96.3%, 81.5% and 69.8% respectively in
the former, and 92.1%, 76.1% and 64.2% respectively
in the latter (P = 0.19).
In the pilot study on HIFU ablation as a bridging
therapy for HCC patients waitlisted for LT conducted at
the only LT center in Hong Kong, it was found that with
the availability of HIFU ablation, the rate of receiving
bridging therapy increased dramatically from 39.2%
to 80.4%. HIFU ablation and TACE achieved similar
percentages of tumor necrosis as seen in excised livers (P
= 0.353), and both treatments resulted in significantly
higher necrosis rates than that in the best medical
[44]
treatment group (P = 0.010 and 0.020) . As HIFU
ablation has been shown to be a useful bridging therapy,
it should have great potential in the management of
recurrent HCC after LT.

TACE for intrahepatic recurrence

TACE is often used as a bridging therapy for waitlisted
[37]
patients and its results are satisfactory. Lo et al
reported that it resulted in marked tumor response, and
the actuarial survival was significantly better in the TACE
group (1 year: 57%, 2 years: 31%, 3 years: 26%)
compared with the control group (1 year: 32%, 2 years:
11%, 3 years: 3%, P = 0.002). When adjustments for
baseline variables that were prognostic on univariate
analysis were made with a multivariate Cox model, the
survival benefit of TACE remained significant (relative
risk of death: 0.49; 95%CI: 0.29-0.81; P = 0.006).
[38]
Chok et al
compared TACE and RFA for un
resectable HCCs and found that they were comparable
in terms of time to disease progression (P = 0.95) and
overall survival (P = 0.02).
Successful outcomes of TACE therapy (with and with
out the use of iodized oil) for the treatment of recurrent
[39,40]
intrahepatic HCC after LT have been reported
although the studies were small and retrospective in
nature. As said before, the transcatheter procedure can
be technically demanding in the presence of distorted
vasculature in a post-LT setting.

Treatment for multiple recurrence

Mammalian target of rapamycin (mTOR) inhibitors have
been shown to have a direct antitumorigenic effect and
[45-47]
to be able to inhibit cell growth
. In experimental
models of HCC, the mTOR pathway was aberrantly
activated in up to half of the cases. Although the
currently available data came from retrospective studies
and are premature, there is the hope that mTOR-based
immunosuppressive therapy after LT will one day come
[48]
into use . The use of sorafenib, an inhibitor of multiple
tyrosine kinases (including c-Raf and b-Raf), has been
[49]
approved as a first-line treatment for advanced HCC .
Activation of the Ras/mitogen-activated protein kinase
pathway is a common finding in neoplastic processes
(including in HCC) and is a determinant for promoting
cell proliferation and the survival of tumor cells. This
makes sorafenib an interesting drug; its use as a
treatment for unresectable HCCs and as an adjuvant
treatment before and after HCC recurrence is being
[50]
investigated . A study from Spain demonstrated that
combination therapy resulted in an overall response (in
accordance with the Response Evaluation Criteria in Solid
Tumors) rate of 3.8% (1/26), and there was sustained
[42]
stabilization of disease in 13 additional cases (50.0%) .
The median overall survival was 19.3 mo (95%CI:
13.4-25.1 mo), and the median time to progression was
6.77 mo (95%CI: 2.3-11.1 mo). Although a few studies
have shown that there is some evidence of synergistic
anticancer activity, early-phase clinical studies of mTOR
inhibitors plus sorafenib for advanced HCC reported
ambivalent findings, which were the results of increased
toxicity (e.g., hand-foot syndrome) in combination
[51,52]
therapy
. In a recent study from Italy, the outcomes
of sorafenib treatment for post-LT HCC recurrence
were significantly better than those of best medical
care [median patient survival from recurrence: 21.3
mo vs 11.8 mo, hazard ratio (HR) = 5.2, P = 0.0009;
median patient survival from untreatable presentation
or progression: 10.6 mo vs 2.2 mo, HR = 21.1, P <

New therapy for intrahepatic recurrence

High-intensity focused ultrasound (HIFU) ablation is
a relatively new totally extracorporeal treatment for
[41]
unresectable HCCs. Ng et al
in their initial research
reported that it achieved a primary effective treatment
rate of 79.5% and 1-year and 3-year overall survival
rates of 87.7% and 62.4% respectively.
[42]
Cheung et al
compared HIFU ablation with TACE
and reported that HIFU ablation achieved rates of
complete tumor response, partial tumor response, stable
disease and progressive disease (in accordance with the
modified Response Evaluation Criteria in Solid Tumors)
of 50%, 7.7%, 25.6% and 7.7% respectively. As with
TACE, the corresponding rates were 0%, 21.2%, 63.5%
and 15.4% respectively (P < 0.0001). The 1-year, 3-year
and 5-year survival rates achieved by HIFU ablation
were 84.6%, 49.2% and 32.3% respectively, and those
by TACE were 69.2%, 29.8% and 2.3% respectively (P
= 0.001).
[43]
Chan et al
compared HIFU ablation with RFA in
terms of survival. The two kinds of ablative treatment
produced similar results. The 1-year, 2-year, and 3-year
disease-free survival rates were 37.0%, 25.9% and
18.5% respectively in the HIFU group, and 48.6%,
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0.0001]. The only factor associated with survival found
by multivariate analysis was treatment with sorafenib
(HR = 4.0, P = 0.0325). No severe adverse event
[53]
was registered . Individualized treatment should be
tailor-made for individual recipients, and input from
oncologists would be of great value. However, drug
toxicity is a major concern as shown in many studies,
and their recommendations should not be overlooked.
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AIM: To define the normal range of liver stiffness (LS)
values using transient elastography in living-related
liver transplantation candidate donors with normal liver
histology.
METHODS: LS was measured using Fibroscan in 50 (16
women, 34 men) healthy potential donors (mean age
28.4 ± 5.9 years) who were being evaluated for liver
donation for their relatives at the National Liver Institute,
Menoufeya University, Egypt. All potential donors had
normal liver tests and were negative for hepatitis B
or C virus infection. Abdominal ultrasounds showed
normal findings. None of the subjects had diabetes,
hypertension, renal impairment, heart disease, or body
2
mass index > 30 kg/m . All subjects had normal liver
histology upon liver biopsy. They all donated the right
lobe of their liver with successful outcomes.
RESULTS: The mean LS was 4.3 ± 1.2 kPa (range:
th
th
1.8-7.1 kPa). The 5 and 95 percentiles of normal LS
were 2.6 kPa and 6.8 kPa, respectively, with a median
of 4 kPa; the interquartile range was 0.6 ± 0.4. LS
measurements were not significantly different between
men and women (4.4 ± 1.1 kPa vs 3.9 ± 1.3 kPa) and
did not correlate with age. However, stiffness values
were significantly lower in subjects with a body mass
2
index < 26 kg/m compared to those with an index ≥ 26
2
kg/m (4.0 ± 1.1 kPa vs 4.6 ± 1.2 kPa; P <0.05). There
were no differences in hospital stay or postoperative
bilirubin, albumin,alanine and aspartate transaminases,
or creatinine levels (at discharge) between donors with
livers stiffness ≤ 4 kPa and those with stiffness > 4 kPa.
CONCLUSION: Healthy donors with normal liver
histology have a median LS of 4 kPa. Stiffness values
are elevated relative to increase in body mass index.
Key words: Fibroscan; Liver stiffness; Living donors;
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impairment, heart disease, or BMI > 30 kg/m . Only
the LS of the subjects who had normal histology on liver
biopsy were included in analyses.
All subjects provided signed informed consent prior
to study enrollment. This study was approved by the
Institutional Review Board of the National Liver Institute,
Menoufeya University (in 2012), Egypt, and conformed
to the ethical guidelines of the 1975 declaration of
Helsinki.

Normal liver histology; Transient elastography
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although some studies have measured liver
stiffness by transient elastography in healthy populations,
few reports evaluate these with respect to liver biopsy
results. This study adds to the knowledge of liver
stiffness values in clinically and histologically normal livers
of an Arab population, which may form the basis for
future clinical practice. The results of this study suggest
a new normal level of liver stiffness for this particular
population, which differs from other populations reported
in the literature.

LSM

LS was measured by transient elastography using a
FibroScan machine device (EchoSens, Paris, France)
[15]
according to a previously described method . The
procedure was performed in the morning before obtaining
a liver biopsy. The physician performing the procedure
was blinded to clinical and biochemical data. The median
value of ten successful measurements was recorded
as the representative LS value, and is representative of
[15]
the elastic modulus of the liver . The success rate was
calculated as the number of valid measurements divided
by the total number of measurements. The interquartile
range (IQR) was defined as an index of the intrinsic
variability of LSM, corresponding to the interval of LSM
results containing 50% of the valid measurements
th
th
between the 25 and 75 percentiles. The results were
considered unreliable if fewer than ten valid readings
were obtained, success rate was < 60%, or IQR/LS value
was > 30%. LSM failure was recorded when no value
was obtained after ten measurements.

Alsebaey A, Allam N, Alswat K, Waked I. Normal liver stiffness:
A study in living donors with normal liver histology. World J
Hepatol 2015; 7(8): 1149-1153 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i8/1149.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i8.1149

INTRODUCTION
Liver stiffness (LS) measurement (LSM) is a noninvasive
method for the evaluation of liver fibrosis, and is
used in clinical practice for the diagnosis and follow[1,2]
up of liver diseases . As liver fibrosis may develop
slowly in subjects showing persistently normal liver
tests, identifying subjects with normal liver histology
without fibrosis or undiagnosed histologic changes is
of paramount importance in defining the true normal
range of LS values. However, most studies to date have
focused on LSM in patients with different chronic liver
[3-11]
diseases
. A few European studies have addressed
LSM in apparently healthy subjects, though these did not
[12-14]
correlate LS with liver histology
. Hence, the primary
aim of this study was to define the normal range of
LS values using transient elastography in individuals
with normal liver histology as determined by liver
biopsy during evaluation as candidate donors for livingrelated liver transplantation. Furthermore, LS values are
examined with respect to age, gender, and body mass
index (BMI).

Statistical analysis

Continuous data were compared using the Student’s
t-test and categorical data were compared using the
Fisher’s exact test. The Mann-Whitney U test was used
to compare non-parametric variables. A Pearson’s test
was used for correlational analysis. All two-sided P < 0.05
were considered significant. Statistical analyses were
performed using SPSS version 17 for Windows (SPSS
Inc., Chicago IL, United States). Data are presented as
mean ± SD.

RESULTS
A total of 128 healthy subjects underwent liver biopsy
for evaluation as potential liver donors for their relatives.
Subjects excluded from donation due to histologic
changes (n = 20) or with minimal histologic changes (n
= 58) that did not prevent donation were not included
in this analysis. Fifty individuals between 19 and 42
years of age were finally included in the study. The
baseline characteristics of the fifty recruited subjects are
shown in Table 1.
LSM was performed with a 100% success rate. IQR
was 0.6 ± 0.4. LS values ranged from 1.8 kPa to 7.1
th
kPa (Figure 1), with a mean of 4.3 ± 1.2 kPa. The 5
th
and 95 percentiles of LS were 2.6 kPa and 6.8 kPa,
respectively, with a median of 4 kPa.There was no

MATERIALS AND METHODS
Subjects

This study involved candidate donors for living-related
liver transplantation who passed all stages of evaluation
for liver donation for their relatives at the National
Liver Institute, Menoufeya University during the period
from June 2012 to January 2014. They all had normal
liver blood tests and blood pictures, were negative
for autoimmune markers and hepatitis B and C virus
infection, and had normal abdominal imaging studies.
None of the subjects had diabetes, hypertension, renal
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10.00

Table 1 Baseline characteristics of the enrolled donors (n =
50)

8.00
Characteristic

Value

Age (yr)
Sex (male/female)
BMI (kg/m2)
Total bilirubin (mg/dL)
ALT (U/L)
AST (U/L)
Albumin (g/dL)
Alkaline phosphatase (U/L)

28.4 ± 5.9 (range: 19-42)
34/16
25.9 ± 2.8 (range: 18-30)
0.6 ± 0.3
16.8 ± 7.2
18.8 ± 3.9
4.7 ± 0.3
76.5 ± 17.7

6.00

4.00

2.00

0.00

Data are presented as mean ± SD unless otherwise indicated. ALT: Alanine
transaminase; AST: Aspartate transaminase; BMI: Body mass index.

Liver stiffness (kPa)

Figure 1 Boxplot diagram of the liver stiffness measures of the potential
donors.

Table 2 Donor characteristics according to liver stiffness
Stiffness ≥ 4 kPa

(n = 21)

(n = 29)

14/7
28.70 ± 6.38
25.00 ± 3.34
10.00 ± 2.89
0.42 ± 0.39
3.68 ± 0.36
37.25 ± 27.28
57.25 ± 39.43
0.79 ± 0.12
1.09 ± 0.14

21/8
28.24 ± 5.81
26.42 ± 2.26
10.50 ± 4.40
0.57 ± 0.46
3.74 ± 0.22
39.6 ± 28.99
55.6 ± 48.29
0.67 ± 0.09
1.04 ± 0.02

8

P -value
0.58
0.79
0.11
0.80
0.60
0.75
0.90
0.96
0.05
0.42

6

2

Sex (male/female)
Age (yr)
BMI
Hospital stay (d)
Bilirubin (mg/dL)
Albumin (g/dL)
AST (U/L)
ALT (U/L)
Creatinine (mg/dL)
INR

Stiffness < 4 kPa

kg/m

Characteristic

2

Data are presented as mean ± SD unless otherwise indicated. ALT: Alanine
transaminase; AST: Aspartate transaminase; BMI: Body mass index; INR:
International normalized ratio.

0

< 26

≥ 26
BMI

significant difference in LS between men and women
(4.4 ± 1.1 kPa vs 3.9 ± 1.3 kPa). Moreover, LS did not
correlate with age. Stiffness values were significantly
2
lower in subjects with BMI < 26 kg/m than those with
2
BMI ≥ 26 kg/m (4 ± 1.07 kPa vs 4.6 ± 1.2 kPa; P <
0.05) (Figure 2).
The donors donated their right liver lobes. The
duration of their hospital stay and postoperative bilirubin,
albumin, alanine and aspartate transaminase levels,
and creatinine results (on discharge) were recorded.
Using the median LS value to divide the donors into two
groups, there were no significant differences found in any
of these measures (Table 2).

Figure 2 Stiffness values in donors with body mass index < or ≥ 26 kg/m2.
BMI: Body mass index.

excluded based only on clinical and laboratory data,
and no imaging studies or biopsies were performed.
Furthermore, there may have been a selection bias,
as their study recruited participants from a free health
check, and subjects may have had symptoms that
triggered their participation. In contrast, a wider range
(2.3-8.8 kPa) was reported in another study conducted
[17]
in 144 normal Romanian subjects . However, that
study comprised a large proportion (about 60%) of
subjects that did not receive any laboratory testing or
imaging studies, thus their definition of normal was less
stringent.
In the present study, normal subjects were selected
based on a healthy liver histology, without evidence of
[18]
fatty liver or fibrosis. Similarly, Kim et al
conducted
LSM in 12 biopsied healthy donors and reported a lower
range of 3.9 kPa to 5.3 kPa. However, their study was
in an East-Asian population, with 84.8% of the subjects
2
having a BMI < 25 kg/m . The present study includes
a large proportion (46%) of individuals with a BMI of
2
27-30 kg/m , and shows that LS is higher in individuals
2
with a BMI > 26 kg/m . Importantly, the biopsies did
not reveal steatosis, which may influence LSM. Hence,

DISCUSSION
The possibility of using LSM as a screening tool for liver
[16]
disease in the general population has been raised ,
but true normal LS values have not been well-identified,
th
especially among various populations. Using the 5
th
and 95 percentiles from a non-obese population, the
present study tentatively estimates a healthy liver
stiffness range of 2.6 kPa to 6.8 kPa, with a median
stiffness of 4 kPa within an Egyptian population. This is
[13]
lower than that established by Roulot et al
(3.3-7.8
kPa in women and 3.8-8.0 kPa in men). However, in
their study, patients with potential liver disease were
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the potential mechanism for the high LS values in
healthy subjects with a higher BMI (without histologic
changes of steatosis) remains speculative. The increase
of LS with BMI was also reported in the study by Roulot
[13]
[19]
et al
and Wong et al , with higher LS values in
2
subjects with BMI > 30 kg/m .
Some studies observed higher LS values in healthy
[12,13]
men than in women
. However, consistent with
[18]
[20]
reports by Kim et al
and Fung et al , this study
shows no significant sex effect. However, the lack of
significance may be due to the small sample size. There
are intrinsic differences between men and women in the
[21-23]
density of the extracellular matrix of the liver
, and
normal ranges need to be established for each sex in
larger studies using the same stringent selection utilized
in the present study.
In the current study, age had no significant impact
on the LS value. However, the age range is narrow (19-42
years), as older persons are seldom accepted as living
[17]
liver donors. Sirli et al also found no difference in LS
with age within a wider age group (18-69 years), which
is consistent with results from other studies in France,
[12,18,24]
South Korea, and India
. On the other hand, a
study in a Chinese population demonstrated a decline in
median LS in the older age group, from 4.2 kPa in those
[25]
< 25 years of age to 3.4 kPa for those > 55 years .
Although racial differences have not been reported,
it is speculated that different cutoff values for normal
[16]
ranges are needed for various populations . The
[26-30]
distribution of body fat varies with race
, and this
may affect rates of successful LSM acquisition. This
has implications for the normal values used in areas of
high ethnic diversity. All previous studies that included
biopsies (and reported lower LS values) were performed
[20]
in the FarEast; Fung et al
reported a median LS
[18]
of 4.6 kPa (all < 7.2 kPa), and Kim et al
reported
values all < 5.3 kPa. Consequently, the present study is
important because it suggests a new normal level of LS
for an Arab population, and provides further evidence
that normal LS values should be defined for various
populations.
Despite having a small sample size, the present
study has considerable strengths. The subjects were
living-related liver transplantation donors who were
extensively evaluated clinically, chemically, radiologically,
and histologically, making this the largest reported cohort
of histologically normal livers. The healthy condition of
the livers in our subjects was further confirmed intrao
peratively during and postdonation. Another important
aspect to consider is the large range of LS values
obtained in studies that did not rely on histology to
define normal liver; studies that include liver histology
[18,20]
show a narrower range (< 7.2 kPa)
. A stiff liver is
rarely found in the absence of any pathology. Hence,
transient elastography may be used to screen the
general population and to identify those that require
further evaluation. The LS threshold requires further
investigation and should take into account the population
demographics as well as the likely prevalence of the
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condition to be screened for.
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Core tip: This short editorial discusses the impact of
ethanol-induced upregulation of cytoprotective bulk
and selective autophagy as mitophagy or lipohagy
on various types of liver cells. While ethanol-induced
activation of autophagy in hepatocytes is generally
prosurvival mechanism, upregulation of autophagy in nonhepatocytes as stellate cells may stimulate fibrogenesis
and subsequently induce detrimental effects on the
liver as a whole. The autophagic response of other nonhepatocytes as macrophages and endothelial cells is
unknown yet and needs to be investigated as these cells
play important roles in ethanol-induced hepatic steatosis
and damage.
Eid N, Ito Y, Otsuki Y. Ethanol-induced hepatic autophagy:
Friend or foe? World J Hepatol 2015; 7(9): 1154-1156 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i9/1154.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i9.1154

Abstract
Excessive alcohol intake may induce hepatic apoptosis,
steatosis, fibrosis, cirrhosis and even cancer. Ethanolinduced activation of general or selective autophagy
as mitophagy or lipophagy in hepatocytes is generally
considered a prosurvival mechanism. On the other
side of the coin, upregulation of autophagy in nonhepatocytes as stellate cells may stimulate fibrogenesis
and subsequently induce detrimental effects on the liver.
The autophagic response of other non-hepatocytes as
macrophages and endothelial cells is unknown yet and
needs to be investigated as these cells play important
roles in ethanol-induced hepatic steatosis and damage.
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TEXT
Excessive alcohol intake may induce hepatic apoptosis,
steatosis, fibrosis, cirrhosis and even cancer. Although
ethanol-induced autophagy in hepatocytes has been
recently considered as antiapoptotic mechanism,
activation of autophagy in non-hepatocytes as macro
phages, endothelial cells and stellate cells is not clearly
known yet. More importantly, whether ethanol-induced
activation of autophagy in non-hepatocytes is protective
or detrimental to the liver as a whole needs to be
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explored.
Autophagy is a cytoprotective pathway for clearance
of damaged proapoptotic cellular components following
multiple forms of stress, including oxidative stress,
endoplasmic reticulum stress, mitochondrial damage
and excessive accumulation of lipid droplets (LDs).
Morphologically, autophagy is characterized by the
formation of isolation membranes, which engulf a region
of the cell cytoplasm or selectively an organelle forming
autophagosomes mediated by microtubule-associated
protein light chain 3 (LC3). The autophagosomes
then fuse with lysosomes via lysosomal-associated
membrane protein 2 (LAMP-2), forming autolysosomes,
where the contents of the cargo are digested by
[1-4]
lysosomal cathepsins . Chronic alcohol consumption
may induce hepatic damage, ranging from early-stage
steatosis to steatohepatitis, fibrosis, cirrhosis, and
ultimately hepatic carcinoma.
Ethanol-induced hepatocyte steatosis is characterized
by excessive accumulation of cytoplasmic LDs which
may render hepatocytes more susceptible to toxic or
stress factors (multi-hit mechanisms) resulting in the
progression of alcoholic liver disease. Importantly,
ethanol-induced hepatocytes steatosis is often asso
ciated with structural and functional mitochondrial
damage resulting from ethanol metabolism and related
[5,6]
oxidative stress . Therefore and as we have reported
recently, the selective autophagic clearance of damaged
mitochondria (mitophagy) and excessive LDs (lipophagy)
in hepatocytes of chronic ethanol-treated rats may be
a prosurvival mechanism for prevention of hepatocytes
apoptosis (via clearance of proapoptotic damaged
mitochondria) and progression of hepatic steatosis.
We have observed that in addition to the upregulation
of general autophagy markers LC3-Ⅱ, LAMP-2 and
lysosomal cathepsins in hepatocytes of ethanol-treated
rats, there was also overexpression of PINK1 (a sensor of
mitochondrial damage and specific marker of mitophagy)
[4,6]
in mitochondria of hepatocytes in treated rats .
Recent studies supported this cytoprotective role of
[7,8]
autophagy in response to chronic ethanol toxicity . In
[7]
an interesting study, Lin et al observed that there was
an enhancement of lipophagy and probably mitophagy in
hepatocytes of acute and chronic ethanol-treated mice.
Moreover, they found that pharmacological promotion of
autophagy by carbamazepine or rapamycin enhanced the
autophagic response to ethanol toxicity and subsequently
alleviated steatosis and hepatocyte injury, while blocking
[7]
autophagy elevated steatosis and hepatic injury .
On the other hand, a recent study demonstrated that
activation of autophagy in hepatic stellate cells of chronic
ethanol-treated mice increases hepatic fibrogenesis
by providing the fuel necessary to support stellate cell
[9]
activation; thus accelerating liver pathology . Therefore,
it seems that upregulation of autophagy in stellate cells
by ethanol may be to some degree detrimental to the
liver compared to activation of autophagy in hepatocytes.
However, autophagic signaling in stellate cells could be
relatively innocuous compared to those in hepatocytes,
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simply because the hepatocytes make up the bulk of
the parenchyma and comprise the main functional
element in the liver. Hence, the pro-survival signaling in
hepatocytes predominates. Selective pharmacological
stimulation of autophagy in hepatocytes may be of
therapeutic importance in alcoholic liver disease.
What is unknown yet and needs to be explored: Does
ethanol activate autophagy in hepatic macrophages?
Is activation of autophagy in Kupffer cells (KCs) by
ethanol exposure friend as in case of hepatocytes or
foe as in stellate cells? To the best of our knowledge, no
studies investigated the autophagic response of KCs to
ethanol toxicity although these cells may play important
role in hepatic damage under acute and chronic
[10]
[11]
ethanol treatment . An elegant study by Wan et al
demonstrated that KCs could be either proinflammatory
(M1 type) or anti-inflammatory (M2 type) and the
balance between the two types impact hepatic damage.
They found that in acute and chronic ethanol-treated
mice, there was an increase in KCs apoptosis. Further
observation revealed that M2 KCs induced apoptosis
in M1 counterparts. They suggest that promoting M2induced M1 KC apoptosis may be cytoprotective for
liver under ethanol exposure. Whether autophagy is
activated in M2 KCs and switched off in M1 KCs needs to
be investigated. Moreover, ethanol-mediated increases
in RANTES/CCL5 by liver sinusoidal endothelial cells can
promote the infiltration of immunocytes to the liver via
sinusoids, which may accelerate liver injury. Therefore,
there is a possibility of autophagy-mediated upregulation
of RANTES/CCL5 in ethanol-exposed liver sinusoidal
[12,13]
endothelial cells
.
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REVIEW

Hepatocellular carcinoma: Advances in diagnosis,
management, and long term outcome
Adam S Bodzin, Ronald W Busuttil
recommended using ultrasound with further imaging
using magnetic resonance imaging and multi-detector
computed tomography used for further characterization
of masses. Great advances have been made to help with
the early diagnosis of small lesions leading to potential
curative resection or transplantation. Resection and
transplantation maybe used in a variety of patients that
are carefully selected based on underlying liver disease.
Using certain guidelines and clinical acumen patients
may have good outcomes with either resection or
transplantation however many patients are inoperable
at time of presentation. Fortunately, the use of new
locoregional therapies has made down staging patients
a potential option making them potential surgical
candidates. Despite a growing population with HCC,
new advances in viral therapies, chemotherapeutics,
and an expanding population of surgical and transplant
candidates might all contribute to improved long-term
survival of these patients.
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Core tip: Hepatocellular carcinoma (HCC) is a growing
malignancy with poor survival. New therapies for the
hepatitis C virus may help prevent the development of
this malignancy, however the growing obesity epidemic
will continue to foster new cases of HCC. With the aid
of advances in imaging patients might be diagnosed
earlier making them candidates for curative resection or
transplantation. In addition, with a growing population
of patients undergoing surgery after being down-staged
with locoregional therapy, we expect an improvement
in long-term outcomes for HCC patients.

Abstract
Hepatocellular carcinoma (HCC) remains a common and
lethal malignancy worldwide and arises in the setting of
a host of diseases. The incidence continues to increase
despite multiple vaccines and therapies for viruses such
as the hepatitis B and C viruses. In addition, due to the
growing incidence of obesity in Western society, there
is anticipation that there will be a growing population
with HCC due to non-alcoholic fatty liver disease. Due
to the growing frequency of this disease, screening is
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[11]

with promising new HCV therapies on the market .
Worldwide, HCV accounts for approximately 30% of HCC,
but unlike HBV, underlying cirrhosis is usually present.
Interestingly, HCC is the main cause of death in HCV
cirrhosis and the first complication experienced in many
of these patients as opposed to other complications such
[12]
as ascites and gastrointestinal bleeding . Much like
HBV, patients with HCV have a higher risk of acquiring
HCC with advanced age, alcohol consumption, smoking,
infection with HBV and human immunodeficiency virus
(HIV), genotype 1b, obesity, as well as diabetes. Patients
treated effectively for HCV, not surprisingly, have a
[13]
significantly decreased incidence of HCC . In addition
to the effect of the chronic processes, there has been
implication that the core protein of HCV has the ability to
modulate gene transcription, cell proliferation, and cell
[14]
death associated in the development of HCC .
Therapy for HCV has been evolving over the years,
and recently the introduction of new drugs, including
polymerase inhibitors such as sofosbuvir, have made
significant headway in controlling the virus. Sofosbuvir
is a HCV NS5B polymerase inhibitor that acts against
HCV, and is used in conjunction most often with ribavirin
for genotype 2 and 3. In a randomized control trial
ribavirin and sofosbuvir combination therapy showed a
93% and 85% sustained virologic response in genotype
[15]
2 and 3, respectively . Randomized trials looking at
double and triple therapy for genotype 1 showed that
ledipasvir-sofosbuvir with or without ribavirin showed >
[16]
95% sustained virologic responses . Thus, drugs such
as sofosbuvir are changing the face of HCV therapy.
Alcohol is another common cause of cirrhosis globally,
making it a major risk factor for the development of
HCC. Alcohol consumption of 80 g/d or higher for more
than ten years is associated with a five-fold increase in
the development of HCC. In patients with HCV cirrhosis,
the use of alcohol nearly doubles the incidence of HCC
[17]
as compared to those who do not use alcohol . Alcohol
consumption is thought to increase oxidative stress due
to metabolism of the ethanol and inflammation, which
cause chronic changes in the liver leading to cirrhosis
[18]
and subsequent HCC . In addition the induction
of CYP2E1, a P450 cytochrome, related to alcohol
consumption generates reactive oxygen species leading
[19]
to carcinogenic consequences .
In Western countries, much like alcohol, nonalcoholic fatty liver disease (NAFLD) is a significant
cause of chronic liver disease. Unfortunately, obesity
rates have been increasing worldwide, and this has
become a problem as it increases all disease burdens
associated with being overweight, both cancer and noncancer related. NAFLD is the most common form of liver
disease in adults in the United States and has been an
increasing indication for liver transplantation as well.
NAFLD can be simply mild steatosis or can progress to
non-alcoholic steatohepatitis (NASH), which leads to
[20]
cirrhosis . It is concerning that NAFLD occurs in 90% of
obese patients and 70% of patients with type 2 diabetes
[21]
mellitus . In patients with NASH cirrhosis, the reported
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INTRODUCTION
Hepatocellular carcinoma (HCC) remains a common
malignancy despite the development of many new treat
ment modalities over the past two decades. Worldwide
HCC represents the fifth most common cancer and the
second most common cause of cancer related deaths.
Primary liver malignancies account for approximately
[1,2]
7% of all cancers and 90% of those are HCC
.
Unfortunately, this disease has been on the rise, in both
developing and developed countries, and despite a
multitude of new therapeutic modalities, patients with
HCC still have poor long-term survival. In the United
States between 1990-2004, there was a 40% increase
in HCC related deaths while overall cancer mortality
[3]
was significantly reduced . As this disease continues to
plague countries worldwide, the United States, despite
all its resources, reports a 5-year survival of only 12%,
which although quite low, has been improving over
[4]
recent years .
Much of the pathophysiology of HCC has been
attributed to the long-term inflammation associated
with a variety of disease processes ultimately resulting
in cirrhosis; however roughly 10% of tumors occur in
[5]
non-cirrhotic patients . Worldwide, the most common
etiology is hepatitis B virus (HBV) that accounts for
approximately 50% of all primary HCCs, despite the
available therapeutic modalities used to treat and
[6,7]
prevent this virus . Chronically HBV infected patients
have a 25% chance of developing HCC, however
as vaccinations rates have increased worldwide the
[8]
number of patients with HBV is declining . In contrast
to other primary liver diseases, underlying cirrhosis is
not necessarily a requirement for the development of
HCC in the setting of HBV. Patients infected with HBV
who have high levels of viremia (> 2000 IU/mL), high
aminotransferases, co-infection of hepatitis D virus and
hepatitis C virus (HCV) are more prone to developing
HCC. In addition, other risk factors include infection with
HBV genotype C as compared to the other genotypes,
advanced age, alcohol consumption, smoking, and
[9]
family history . The administration of nucleoside and
nucleotide analogues helps with HBV suppression in
patients infected with the virus and decreases the
overall risk for developing HCC. In addition, great
strides have been made in liver transplantation, as HBV
prophylaxis in the form of lamivudine, a nucleoside
analogue, and hepatitis B immunoglobulin (HBIG) have
shown to increase HCC recurrence-free survival as
compared with HBIG alone or no prophylaxis in patients
[10]
undergoing transplantation .
In Western countries, HCV remains the most
common cause of HCC, however this could be changing
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risk of developing HCC is as high as 12.8% over 3 years
which is alarming given the growing obesity epidemic
in both children and adults. The mechanism behind
the carcinogenicity of NASH is oxidative stress, insulin
[22]
resistance, adipocytokine disorder and hyperplasia .
Cytokines such as interleukin-6 and tumor necrosis
factor and inflammation are also increased in NASH
leading to activation of STAT3, which is has been shown
[23]
to be an oncogenic transcription factor .
In addition to these more common etiologies, HCC
has been associated with increased exposure to aflatoxins
such as Aspergillus flavus and Aspergillus parasiticus
more commonly seen in Africa and Asia. Aflatoxins
contaminate corn, nuts, soybeans, and legumes. Studies
have shows that frequent p53 mutation maybe seen in
high aflatoxin exposure which may explain at least part
[19,24]
of the tumorigenesis
.
Other forms of chronic liver diseases have been
associated with HCC such as hemochromatosis, here
ditary tyrosinemia typeⅠ, alpha-1 antitrypsin deficiency,
[25]
as well as chronic Wilson’s disease . There has been
contention regarding the implication of chronic Wilson’s
disease, however, without chelation therapy, there have
[26]
been reports of patients developing HCC .

screening, as it remains cost-effective and benign to
[30]
patients . Guidelines state that patients at high risk
for developing HCC as those mentioned above should
undergo surveillance with non-contrast enhanced
[31]
ultrasound every 6 mo . In the past, contrast enhanced
ultrasound was recommended however the increased
number of false positives have led this modality
being dropped recently from the diagnostic imaging
recommendations for HCC. Lesions that are less than a
centimeter should be followed up in 3 mo with repeat
ultrasound. If the lesion remains stable it should be
watched every 3 mo but if it enlarges, it should be worked
up with further imaging. For lesions 1 cm or greater
immediate follow up with multi-detector computed
tomography (MDCT) or magnetic resonance imaging
(MRI) is indicated. Arterial enhancement and delayed
[26]
phase washout suggests the diagnosis of HCC .
Ultrasound alone has reported sensitivity of 58%89% and specificity over 90% depending on the
[32,33]
source
. Ultrasound itself does not subject the
patients to any contrast, which may be a concern for
many patients with underlying cirrhosis and concomitant
renal disease. The accuracy of ultrasound maybe
affected by underlying nodular cirrhosis which is present
[29,34]
in most of these chronically diseased liver patients
.
There have been a number of studies that suggest the
use of combining alpha-fetoprotein (AFP) with ultrasound
as the method of choice for screening the patients at high
risk for developing HCC, however the AASLD has not
included this in their recommendations due to the lack of
[35]
sensitivity and specificity . Sensitivity of AFP alone has
been reported to range from 25% to 65% for detecting
HCC as a screening tool, and continues to be debated in
[36]
its combination use with ultrasound . AFP has, however,
been shown to be a poor prognostic factor when it
comes to liver transplantation and disease recurrence.
Values greater than 1000 mcg/L are associated with
high degree of HCC recurrence after transplantation,
and although may not be a contraindication, should be
[37,38]
heavily weighted while considering for transplant
.
Multi-detector computed tomography (CT) scanning
remains a very useful tool in the diagnosis of HCC.
Advances over the last 10 years have seen CT scanners
become considerably faster while attempting to limit
the radiation dose. The sensitivity of MDCT is reported
at 81% as compared to 91% with MRI in a metaanalysis of 15 comparative studies between MRI and
MDCT. The specificity of MDCT was 93% compared to
95% in the MRI group. CT scan does afford the ability
to perform three-dimensional reconstructions that may
help with operative planning which is an advantage over
[39]
MRI . Although a rare event, this mode of imaging
does however place patients at risk for contrast induced
[40]
nephropathy .
Although not included in standard diagnostic guide
lines, modern advances show that perfusion CT scanning
may offer more information regarding liver hemo
dynamics and blood flow directed toward tumors in the
[41]
liver . This may become more useful as transarterial

DIAGNOSTICS
There are a multitude of diagnostic modalities available
to physicians that may aid in the diagnosis of HCC. The
technology has progressed over the years allowing the
diagnosis of small HCC’s that would otherwise have
been missed using more conventional diagnostics.
First, patients at risk for HCC, which include noncirrhotic and cirrhotic HBV patients, chronic HCV, as
well as other patients with chronic liver disease and
cirrhosis, warrant screening. The American Association
for the Study of Liver Disease (AASLD) has created
guidelines for the screening of patients at risk for the
development of HCC. These were generated in order
to define a group of patients who would benefit from
screening modalities in a cost-effective manner. These
guidelines include patients who have a 1.5% chance of
developing HCC or higher while infected with HCV, or
a 0.2% chance with HBV infection. The HBV infected
patients who meet these criteria include Asian men over
the age of 40 years, Asian women over the age of 50
years, patients with HBV and cirrhosis, a family history
of HCC, and Africans. In addition, patients who have
HCV related cirrhosis, stage 4 primary biliary cirrhosis,
hemochromatosis, and alpha-1-antitrypsin related
[27]
cirrhosis should be screened as well .
In addition it should be noted that those infected
with HIV along with either HCV or HBV should be closely
monitored, as HCC tends to develop more readily and
rapidly in this population. Although these are not included
in any defined guidelines, this might become more
prevalent as the HIV population has much improved
[28,29]
outcomes and are living longer with the disease
.
Ultrasound is universally the diagnostic choice for

WJH|www.wjgnet.com

1159

May 28, 2015|Volume 7|Issue 9|

Bodzin AS et al . Hepatocellular carcinoma
chemoembolization (TACE) is an evolving therapy for
HCC. It also may aid in treatment monitoring. Current
perfusion CT does, however, deliver a higher radiation
[42]
dose as well as lower resolution .
MRI has been used extensively in the diagnosis of
HCC and advances in imaging continue to improve its
diagnostic capability. The contrast most commonly used
for MRI is gadolinium-based; however newer contrasts
are more hepatocyte specific. Gadoxetate dimeglumine
is one of these newer agents used and has demonstrated
improvement in distinguishing small HCCs including
those less than 1 cm. It has also been shown to be
effective in distinguishing HCC vs benign liver lesions as
compared to other contrasts. Nearly half of this contrast
is taken up by hepatocytes and subsequently excreted
into the bile in comparison to roughly 5% by standard
gadobenate dimeglumine, which supports the improved
[43,44]
accuracy in diagnosing liver malignancies
. The use
of gadolinium based contrast agents should however
be used with caution in patients with renal failure given
the risk of nephrogenic systemic fibrosis which is a rare
disorder associated with fibrosis of the skin, joints, eyes,
[45]
as well as internal viscera . The other disadvantage to
MRI is the relatively long time it takes to complete the
study which maybe a challenge for critically ill transplant
candidates who need more detailed imaging before
listing for transplant.
Some newer non-imaging modalities for progno
sticating HCC, once diagnosed, have been developed
over the last ten years, which may pave the way for a
tailored approach to treating this malignancy. They also
may define populations that either may benefit from
more aggressive therapies or a more conservative or
palliative approach. More recently microRNA expression
in HCC has become a possible prognosticating marker
for outcomes in HCC. Looking at HCC and benign liver
[46]
disease, Jiang et al , found that miR-199a, miR-21, and
miR-301 all were expressed differentially in HCC tumors.
They specifically looked at expression of microRNA’s and
found that patients could be potentially prognosticated
[46,47]
based on specific microRNA expression
.
Another study looking at gene expression in resected
HCC specimens identified 5 genes that could be used for
prognosticating HCC. These genes, HN1, RAN, RAMP3,
KRT19, and TAF9, were chosen based on correlations
with disease-specific survival (HR = 3.5; 95%CI:
1.9-6.6; P < 0.0001). This 5-gene score was found to
be associated with disease-specific survival, which upon
multivariate was independent of many of the tumor
[48]
features .
In addition to gene-score and micro-RNA, Kamiyama
[49]
et al
evaluated N-glycosylation of glycoproteins in
regards to HCC. They analyzed 369 presumed curative
hepatectomies for HCC, and found that the G2890 and
G3560 N-glycans were associated with recurrence and
prognosis. In fact these two glycans were found to
correlate with tumor number, size, and vascular invasion.
These biomarkers maybe useful in prognosticating
[49]
resected patients in the future .
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THERAPY
Therapeutic options for HCC have grown considerably
over the last few decades. Initially resection was the
only option, but now transplantation has emerged as
an effective intervention as well as the growing number
of locoregional therapies which have been proven
quite effective. Rahman performed a large metaanalysis looking at resection vs transplantation looking
at comparable early cirrhotic patients. This study
found that at 5 years there was a higher disease free
survival in patients undergoing transplantation (OR =
0.39; 95%CI: 0.24-0.63; P < 0.001) although similar
5-year overall survival. However, at 10-years this study
demonstrated a clear overall and disease-free survival
for patients undergoing liver transplantation. They did
however demonstrate a higher short-term mortality for
[50]
transplant patients .
Resection remains the first line therapy in patients
who have preserved liver function and can be completely
resected. In patients with no underlying liver disease,
roughly 70%-80% of the hepatic parenchyma can
be resected safely due to the ability of the liver to
regenerate. Ratio of remnant liver volume to body
weight should be ≥ 0.8% according to most literature
to avoid post-resection major complications including
[51,52]
post-resection liver failure
. In cirrhotic patients it
is thought that only 60% of the parenchyma can be
resected leaving at a minimum 40% of functioning
[53,54]
liver
.
CT volumetrics are used to help in planning
resection, however in cases where there is not enough
predicted remnant liver, portal vein embolization (PVE),
[55]
originally reported by Makuuchi et al
in 1990, may
be utilized to increase the predicted hepatic reserve
post-resection. Two-stage hepatectomies in which
patients undergo PVE have been compared to one[56]
stage hepatectomies by Schadde et al , and showed
that they were comparable in outcomes. Two-stage
hepatectomy was developed over 10 years ago to
allow for more extensive R0 resections while allowing
enough remnant liver. The groups were comparable and
no significant differences were seen in complications
with a relative risk of 0.9 (P = 0.79). There were also
no significant differences in post-resection liver failure
or mortality when comparing two-stage vs one-stage
hepatectomy. This technique has expanded the ability to
resect patients who would otherwise not be candidates
[56-58]
for resection
.
Unfortunately only 20%-30% of patients who
present with HCC are candidates for resection due to
either multifocal unresectable tumors or their underlying
chronic liver disease. In Western countries only 5% of
patients develop HCC without underlying liver disease
[30]
as compared to that of 40% of Asian countries . In
well-selected candidates without chronic liver disease,
survival rates at 5 years approach 70% or higher with
surgical resection with margins greater than 1 cm and
[59,60]
tumors less than 5 cm
. Furthermore, a randomized
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[66,67]

control trial showed that 2 cm margins show decreased
recurrence rate and improved survival when it comes to
[61]
solitary tumors .
Selecting patients with chronic liver disease for
resection remains a very difficult treatment decision
when planning therapy for HCC. Operative mortality
is increased in patients with cirrhosis as compared
with non-cirrhotics. Determining who is an adequate
candidate is difficult however. It is thought that ChildsPugh A patients are suitable candidates, however
these patients may also go into post resection failure,
unexpectedly. Both the Childs-Pugh scoring system and
model of end stage liver disease have been evaluated
to aid in the selection criteria for resection candidates,
however neither have been deemed reliable. When
evaluating patients in the office a platelet count of
100000 or less, a history of esophageal varices and
documented splenomegaly should be factored into the
equation regarding liver resection as they all suggest
significant portal hypertension. Furthermore, a hepatic
venous pressure gradient of greater than 10 mmHg
is also a poor prognostic factor for resection as it is
a sign of significant liver disease although is very
rarely available when initially working up a resection
candidate. In patients with underlying liver disease
a normal bilirubin, hepatic venous pressure gradient
≤ 10 mmHg, and a small isolated tumor (≤ 3 cm)
[3,62]
portends the best outcomes
. In patients who have
preserved liver function without cirrhosis, anatomic
resections should be performed if possible, as they have
been associated with improved outcomes. This may not
always be possible given certain locations of lesions as
[63]
well as the patients overall liver function .
More recently laparoscopic and even robotic liver
resections have become more common across the
world. Not every HCC is amenable to minimally invasive
approaches, but smaller, more peripheral lesions that
have some distance from major hepatic vasculature can
[64]
often be resected safely . Major hepatectomies in 210
patients were performed either completely laparoscopic
or hand-assisted and were described in one study
that included six major hepatobiliary centers across
the world. They reported both right and left formal
hepatectomies and converted only 12% of cases to
laparotomies. In addition to being able to be performed
safely, laparoscopic liver resections have been shown
to have less blood loss, in some studies less transfusion
requirements, less overall intravenous narcotic usage,
and decreased length of stay. In regards to HCC,
patients who eventually underwent liver transplantation
who had previous laparoscopic resection had shorter
hepatectomy and operative times, less blood loss, and
less blood transfusions as compared with those who
[65]
underwent open resection prior to transplant . In
addition to laparoscopic procedures, some centers are
performing robotic resections for a variety of cases from
segmentectomies to major hepatectomies. Most of the
comparative studies show similar blood loss in robotic
vs laparoscopic resection, with slightly longer operative
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times in the robotic groups but data is mixed
.
Although minimally invasive resections have been shown
to be safe and have some benefit, these procedures
should be done concomitantly with laparoscopic ultra
sonography and should only be done by surgeons with
vast laparoscopic and open experience.
Liver transplantation remains the mainstay therapy for
patients with Childs-Pugh class B and C or moderate and
severe cirrhosis with HCC, as well as those individuals
who have unresectable tumors within Milan or UCSF
criteria. The oncologic advantage to liver transplantation
includes the ability to completely remove all previously
identified tumors as well as any premalignant or nonradiologically present tumor. HCC is frequently a
multifocal disease process, and often times patients are
found to have numerous small HCC’s upon explant of the
liver during liver transplantation that were not otherwise
[68]
seen on modern-day advanced imaging . Initial results
were poor as compared to patients transplanted for nonmalignant liver disease, but in 1996 the Milan group
defined a group of patients who could achieve excellent
survival of 75% at four years. The group initially defined
the Milan Criteria as single tumor < 5 cm, three lesions
or less with none greater than 3 cm, with no distant
metastasis, lymph node involvement, or lymphovascular
[69]
invasion . Since then, groups have expanded their
criteria for transplant showing that good outcomes can
be achieved. The UCSF criteria was based off their study
in 2001 which showed a 75% survival at 5 years, and
includes a single tumor ≤ 6.5 cm, three or fewer tumors
all ≤ 4.5 cm with a total tumor diameter of ≤ 8 cm.
Patients outside the UCSF criteria had less than a 30% 5
[37]
year survival rate .
In addition to the Milan and UCSF criteria, the
Barcelona Clinic Liver Cancer Group created criteria
including: 1 tumor < 7 cm, 3 tumors < 5 cm, 5 tumors <
3 cm, or down-staging to Milan criteria with pretransplant
adjuvant therapies. They achieved excellent results
with these expanded criteria with over 50% 5-year
[70-72]
survival
. The Hangzhou group created a criteria as
well consisting of total tumor diameter less ≤ 8 cm; total
tumor diameter more than 8 cm, with histopathologic
gradeⅠ or Ⅱ and preoperative AFP level less than or
equal to 400 ng/mL, simultaneously. With these criteria
[73]
they achieved a 71% 5-year overall survival . The
European Metro Group created the Metroticket criteria,
which consists of nodule size plus tumor number ≤
7 and they also, achieved a 71% 5-year survival as
[74,75]
well
.
Liver transplantation and resection are both curative
approaches to HCC, however in comparable patient
populations, transplantation has been shown to increase
recurrence-free survival as compared with liver resection.
In one study, even outside of the Milan criteria there was
a trend toward improved survival in liver transplantation
although not statistically significant. This study had a
51.5% recurrence rate in liver resection as compared
with only 29.5% in the transplant group (P < 0.001).
Of note patients who were in the resection group were
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primarily Child’s class A cirrhotics with only 13.1% being
Child’s class B. The rational behind transplantation being
a superior treatment in these cirrhotic patients is that
one has their tumor eradicated and cirrhosis is cured as
[76]
well .
Although results have improved over the years
making transplant an excellent option for those with HCC
and significant liver disease, lifelong immunosuppression
has its drawbacks, including infection, renal failure,
diabetes, neurotoxicity, amongst many more. Over
the history of liver transplantation for HCC, immuno
suppression has improved significantly. The introduction
of mTOR inhibitors for immunosuppression such as
rapamycin, also known as sirolimus, which is thought
to have anti-tumor properties related to its ability to
decrease cell proliferation and angiogenesis. Some
studies suggest better survival without major differences
in complications in HCC patients who underwent liver
transplantation, although further studies are necessary to
[77,78]
further validate this treatment modality
.
Tumor biology is an important part in the outcomes
after liver transplantation, however often times is
unavailable at time selection of transplant candidacy.
There is a reported incidence of 3% of seeding biopsy
tracts, making biopsy undesirable in many cases espe
[79]
cially given the accuracy of present imaging modalities .
Poor differentiation and lymphovascular invasion are
both poor predictive markers for outcomes following
OLT, however these factors are not always available for
transplant patient selection. As mentioned above, most
criteria for HCC in liver transplantation are based on size
and number of tumors, however there is evidence that
poor differentiation predicts higher rate of recurrence
[80]
than being outside the Milan criteria .
In addition to tumor biology AFP and protein-induced
vitamin k absence or antagonist Ⅱ have been shown to
be markers in the prognosis of HCC but results have been
[81]
variable . The combination of markers is associated
with tumor recurrence and worsened survival after any
treatments for HCC, and might be useful in monitoring
for recurrence. This combination may also be used in
some settings to predict treatment outcomes in certain
groups of patients undergoing local therapies such as
[82]
ablation or TACE .
It is also important to note that patients who are
outside of criteria for liver transplant candidacy maybe
down-staged. Resection in many of these cirrhotic
patients is not an option, but locoregional therapy
allows destruction of focal lesions without much damage
to the uninvolved liver parenchyma. Many options are
available to physicians including percutaneous ethanol
injection (PEI) with 95% ethanol or 50% acetic acid
(PAI), radiofrequency ablation (RFA), TACE, transarterial
radioembolization (TARE). Many of these methods
have been used in the attempted down staging of HCC
for liver transplantation, and results have shown that
response to these therapies may predict post-transplant
outcomes. When successful, these therapies may induce
complete tumor necrosis, and are associated with better
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recurrence free survival. In the more advanced tumor
populations with stage Ⅲ/Ⅳ HCC, the small group
of patients down-staged to within Milan had similar
[83]
survival to those with lesser-advanced tumors .
The use of locoregional therapies is very effective in
down staging, and disease control for liver transplantation,
but also has a role outside transplantation. Given the
multitude of therapies it is important to be educated
to know what modality should be used in each specific
situation. In patients who are not candidates for curative
measures including liver transplantation and surgical
resection, percutaneous ablation is the best therapeutic
option in small tumors less than 3 cm. There are a
host of ways to approach ablation, usually done under
ultrasound guidance, including those mentioned above
such as injection of alcohol, acetic acid, microwaves,
laser, cryoablation, and the most commonly used
[84]
radiofrequency .
Percutaneous ethanol injection has limited use,
as it often does not perform well in setting of fibrosis
and with larger tumors. This method is relatively low
cost, however often times requires multiple treatment
sessions with relatively poor outcomes in tumors
greater than 2 cm. In small tumors less than 2 cm there
are reports of complete tumor response. The approach
of percutaneous RFA has been used however with more
success in numerous studies, and the rational is that this
method delivers a thermal energy insult to the tumor
and a small area of non-tumor hepatic parenchyma
which may induce necrosis of small satellite lesions
not seen on imaging. A meta-analysis looking at the
comparison of RFA and PEI, demonstrated statistically
significant improved overall survival in the RFA group
with OR of 2.32 as compared with 1.92 in the PEI
[85]
group . In addition, RFA was associated with a greater
rate of complete tumor response, decreased number
[86]
of treatments, and decreased local recurrence . RFA
is recommended for tumors ≤ 3 cm with up to three
lesions treated simultaneously, a single lesion ≤ 5 cm
who are not surgical candidates, and can be used in
both Child-Pugh Class A and B liver disease relatively
safely. These modalities must be monitored as recurrent
or inadequately treated tumors maybe retreated, and
recommendations are to re-image with MDCT or MRI
[87]
within 1 mo .
Percutaneous ablation has become a frequently used
and extremely effective modality for patients who either
need to be down-staged or who are not candidates for
transplant or resection; however, its use in larger tumors
has been unsuccessful. TACE is the treatment of choice
in larger and later staged tumors. The rational behind
its use is that after the initial stage of HCC when the
blood supply comes from the portal vein, the hepatic
artery becomes the main feeder to the tumor. This
procedure requires percutaneous access to the arterial
system, and subsequent access to the hepatic artery
and ultimately in the segmental branches to deliver
treatment directly to the tumor limiting damage to
surrounding normal hepatic parenchyma. The catheter
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directed therapy delivers chemotherapeutics such as
doxorubicin, mitomycin-C, cisplatin, amongst others and
then uses vascular embolization material to cease blood
[88]
flow and induce cellular injury to the tumor . Unlike
RFA, which has shown fairly consistent results, TACE
has shown variable results with some studies showing
limited benefit as compared to supportive therapies.
This treatment modality has been shown to have higher
morbidity from the ischemic insult, which places patients
with more advanced liver disease at higher risk of postprocedure liver failure. The general recommendations for
the use of TACE is for lesions < than 8 cm, > 3 lesions,
with no evidence of extrahepatic extension or lymph
node involvement, and with patients with relatively
preserved liver function including Child-Pugh Class A and
B liver disease. Mortality from this procedure is reported
at less than 2% assuming appropriate candidacy of
[1,89]
patients
.
More recently the use of TACE with drug eluting
beads (DEB) has been utilized with some improved sideeffect profiles and perhaps a trend toward improved
outcomes as compared to TACE alone in more advanced
liver disease. The beads allow for the controlled release
of the chemotherapeutic agents over a one-week
period creating a longer tumor treatment period as well
as also increasing local drug concentrations. Studies
have demonstrated increased tumor concentration
of the chemotherapeutics and decreased systemic
concentrations, subsequently decreasing both liver
toxicity and cardiac toxicity with the use TACE with DEB
[90,91]
as compared to TACE alone
. The use of TACE with
DEB maybe better suited in patients who have more
advanced liver disease and are borderline candidates for
TACE alone.
Unlike the therapies mentioned so far, external beam
radiation has little role in the treatment of HCC due to its
toxic effect on the diseased liver. There have, however,
been major advances with the use of TARE with the
use of microspheres coated with Yttrium-90 (Y90). Y90 is
delivered to the tumor much like the chemotherapeutics
distributed in TACE, allowing for localized radiation
therapy limiting subsequent hepatic toxicity as compared
to external beam radiation. Distribution of Y90 is a form
of brachytherapy that allows for internal radiation of the
tumor alone, permitting for higher doses of radiation
[85]
than standard external beam doses . In addition, this
modality has been shown to be safe in patients who
have portal vein thrombosis (PVT) with no significant
increases in post treatment liver failure, however there
was a significantly decreased median survival for
[89]
patients with PVT as compared to those without .
Although, no large randomized control trials are
completed, there have been comparative studies
looking at TARE vs TACE with a trend toward higher
treatment response in the TARE group at 49% vs 35%
(P = 0.052), and significant increase in time to disease
progression at 13.3 mo compared with 8.4 mo, in the
TARE and TACE groups, respectively. Much like other
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therapies, abdominal imaging with CT or MRI should be
[85,92]
done to evaluate efficacy of treatment
.

CHEMOTHERAPY
HCC has been known as one of the most chemoresistant tumors encountered by physicians all over the
world. Many agents have been attempted yet with little
tumor response and survival benefit. Currently sorafenib
is the only drug recommended in the treatment of HCC.
Sorafenib is a multi-tyrosine kinase inhibitor used in the
treatment of a number of cancers but has time and time
again shown improved outcomes in HCC. It functions
to inhibit Raf-1 and B-Raf serine-threonine kinases, and
receptors of tyrosine kinases of vascular endothelial
growth factor receptors 1, 2, 3, and platelet derive
growth factor receptor-β. The means by which this drug
works is that via these pathways, it inhibits tumor-cell
proliferation and angiogenesis, while increasing rate of
apoptosis. The SHARP trial was a randomized doubleblind, placebo controlled trial which showed a median
time to radiologic progression of 5.5 mo in the sorafenib
arm and 2.8 mo in the placebo arm. The median survival
demonstrated a survival advantage in the sorafenib
group as compared to the placebo group at 10.7 mo and
[93]
7.9 mo respectively (P < 0.001) .
Sorafenib has also been studied looking at adjuvant
therapy in high-risk patients undergoing liver trans
plantation. A retrospective review looked at a small
group of patients who underwent post-OLT sorafenib
therapy suggesting its safety and potential benefit in
regards to HCC recurrence and extending disease free
[94]
and overall survival in high-risk transplant recipients .
[95]
Yoon et al also looked at a small number of patients
who were treated with sorafenib post-OLT and found
similar results, although prospective data, which is
ongoing, is required to determine the true potential
benefit.

CONCLUSION
The incidence of HCC has been increasing worldwide,
and despite a multitude of diagnostics, established
treatment modalities, and new innovative viral therapies
and prophylaxis, it still remains an aggressive tumor
and one of the more common causes of cancer relateddeath. However, with advanced surgical techniques
including resection, liver transplantation, and percu
taneous interventions, this malignancy can be cured
in appropriately selected patients. The hope is that
with new innovative therapies being developed for
HCV, the incidence of HCV related HCC might decline,
however we must educate western societies regarding
weight reduction as the increasing degree of obesity
and subsequent development of NASH will continue to
increase HCC incidence. With the continuing advancement
of newer imaging modalities, pathologic studies, surgical
approaches, and improved patient selection, there is
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optimism to improve outcomes for this deadly disease.
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progressed tumor stages in most patients, and thus
curative therapeutic options are limited. The focus of
this review is on surgical therapeutic options which can
be offered to patients with HCC with special regard
to recent findings, not exclusively focused on surgical
therapy, but also to other treatment modalities. Further,
potential promising future perspectives for the treatment
of HCC are discussed.
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Core tip: This review presents an overview on most
important knowledge on hepatocellular carcinoma (HCC)
for surgeons and describes the common surgical and
non-surgical therapeutic options for the treatment of
HCC. Further, a perspective on novel aspect and future
decision aids is given.
Slotta JE, Kollmar O, Ellenrieder V, Ghadimi BM, Homayounfar
K. Hepatocellular carcinoma: Surgeon's view on latest findings
and future perspectives. World J Hepatol 2015; 7(9): 1168-1183
Available from: URL: http://www.wjgnet.com/1948-5182/full/
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EPIDEMIOLOGY
Hepatocellular carcinoma (HCC) is a very common
malignant disease with more than 700000 new patients
diagnosed per year. Interestingly, the incidence of HCC
varies relevantly throughout the world. Whereas HCC
is a very common malignant disease in sub-Saharan
Africa, and central and south-east Asia with incidence
rates of 20-47/100000 habitants, the incidence of

Abstract
Hepatocellular carcinoma (HCC) is the most common
liver-derived malignancy with a high fatality rate. Risk
factors for the development of HCC have been identified
and are clearly described. However, due to the lack
of tumor-specific symptoms, HCC are diagnosed at
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HCC is comparably low in developed western countries
[1,2]
(incidence rate 2-6/100000 habitants) . However,
diagnosis of HCC is continuously increasing in the
[3]
developed countries throughout the past decades .
There are data from the United States showing a tripling
[4]
of HCC incidence during the recent 30 years . Reasons
for this increase are multifactorial as follows. Besides an
increasing incidence of chronic hepatitis C in developed
countries, improved treatment of liver cirrhosis and
cirrhosis-associated complications causes a longer
survival of these patients with consequently a longer
possible time period to develop HCC in the cirrhotic liver.
Furthermore, screening programs for patients at risk
increase the rate of newly diagnosed HCC.
When analyzing the incidence-to-mortality ratio, HCC
is the second most common cause of cancer-related
death. In 2012, 782000 new cases and 746000 deaths
[3,5]
due to HCC are reported worldwide . Risk factors for
the development of HCC are well known and clearly
described. The major risk factor for development of
HCC is liver cirrhosis: 80%-90% of patients autopsied
[6]
for HCC display signs of cirrhosis . Most common
causes for cirrhosis and subsequent HCC are chronic
[6]
infections with hepatitis B virus (HBV) and HCV ,
chronic alcoholic liver disease, and increasingly non[7]
[8]
alcoholic fatty liver disease . According to Parkin et al ,
more than 50% of HCC are associated to HBV infection
worldwide. Interestingly, in case of HBV infection,
development of cirrhosis is not a prerequisite for the
development of HCC, as there are up to 29% of cases of
[7,9]
spontaneous HCC in non-cirrhotic HBV-infected livers .
Furthermore, in patients with HCV infection, HCC is
not exclusively based on HCV-associated cirrhosis,
as up to 54% of patients can develop HCC without
[9]
having cirrhosis . The risk to develop HCC in alcoholic
liver disease has also been clearly demonstrated to be
relevantly elevated for daily ingestion of more than 60 g
[10]
alcohol . Hereditary liver diseases, such as Wilson’s
disease, hemochromatosis, alpha-1-antitrypsin defi
ciency, or autoimmune hepatitis play a minor role in
the development of HCC. Interestingly, the geographic
distribution of underlying diseases and risk factors for
development of HCC varies, and also gender, and ethnic
group display differences in the distribution of risk
[7]
factors .

associated mortality. Actual EASL-EORTC Clinical Practice
Guidelines recommend abdominal ultrasound every
[12]
6 mo in patients at risk . Despite the advantage of
cost-effectiveness and non-invasiveness, ultrasound
has the disadvantage to be investigator-dependent,
which compromises sensitivity. Thus, for dubious
findings, additional diagnostics, such as contrastenhanced ultrasound, computed tomography (CT) and
magnetic resonance imaging offer examination tools
investigating contrast agent dynamics in suspected
nodules. HCC are classically characterized by an arterial
hypervascularisation, thus showing typical hyperintense
contrast agent accumulation in early arterial imaging
phase and a washout phenomenon in portal venous
[3]
imaging phase . The significance for contrast enhanced
ultrasound is uncertain according to the clinical practice
guidelines, and nuclear imaging (PET-CT) in not
appropriate for early diagnosis of HCC. Diagnosis of
HCC is accepted if at least two complementary imaging
techniques show classical features of HCC or HCC is
proven by biopsy. This consensus is reflected by the
Eurotransplant criteria for exceptional MELD application
for HCC. Tumor markers are not recommended for
screening routine due to the lack of sensitivity and the
fact that especially early HCC do not express alpha[13,14]
fetoprotein (AFP) in up to 40% of the cases
.
Sensitivity and specificity of AFP are dependent on
[15]
AFP serum levels . According to the current EASLEORTC and European Society for Medical Oncology
clinical practice guidelines, AFP levels > 400 ng/mL
[12,16]
are accepted to prove HCC
. Furthermore, AFP
can be used as a progression parameter in case of
AFP-expressing HCC after treatment, although serum
AFP levels do not correlate with tumor size or tumor
stage. Thus, the extent of AFP level does not allow any
conclusions on the presence of metastases or vascular
[17]
invasion, which might be helpful for the surgeon .

PROGNOSIS
Prognosis for patients with HCC basically depends on the
tumor stage at the time point of diagnosis, as defined
by the barcelona clinic liver cancer (BCLC) classification
system, as well as the fact whether the tumor is treated
or not. The BCLC classification system stratifies HCC
according to patients performance status, tumor size
and number of nodules, tumor Okuda stage, and the
presence or absence of liver function impairment and
portal hypertension, and degree of cirrhosis as stratified
[18]
[19]
by Child-Pugh score . Cabibbo et al
recently
reported outcome data from 320 patients with untreated
HCC at different BCLC stages. Median survival in the
entire cohort was 6.8 mo, whereas median survival rates
ranged from 1.8 (BCLC D) to 33 mo (BCLC A). These
data underline impressively the necessity for screening
programs for patients at risk, since late diagnosis of
HCC is associated with a very poor prognosis for these
patients.

DIAGNOSTICS
As classical tumor-associated symptoms are lacking,
patients at risk with known chronic viral hepatitis
benefit from screening and surveillance programs as
recommended by the American Association for the
Study of Liver Diseases and European Association for
the Study of the Liver (EASL)-European Organization
for Research and Treatment of Cancer (EORTC) practice
[11,12]
guidelines
. The aims of surveillance programs
are to detect HCC at early stages, enable the patient
to obtain curative treatment, and thus reduce HCC-
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HCC

Stage A-C
PST 0-2, CP A/B

Stage 0
PST 0, CP A

Very early stage 0
single < 2 cm, Cis

Early stage A
single, 3 nodules ≤ 3 cm

Single

3 nodules ≤ 3 cm

Stage D
PST > 2, CP C

Intermediate stage B
multinodular, PST 0

Advanced stage C
portal invasion, N1, M1, PST 1-2

TACE

Sorafenib

Terminal stage D

Portal pressure/
bilirubin
Increased

Associated diseases

Normal

No

Yes

Resection

LTx

RFA/PEI

Best supportive care

Figure 1 Flow chart displaying the recommended treatment according to the barcelona clinic liver cancer tumor stage (adapted from European
Association for the Study of the Liver-European Organization for Research and Treatment of Cancer Clinical Practice Guidelines). CP: Child-Pugh; HCC:
Hepatocellular carcinoma; PST: Performance status; Cis: Carcinoma in situ; LTx: Liver transplantation; RFA: Radiofrequency ablation; PEI: Percutaneous ethanol
injection; TACE: Transarterial chemoembolization.

increasing evidence for broadening the indication for
surgery.

TREATMENT MODALITIES
In general, treatment of patients with HCC is a
multidisciplinary therapy approach. There are manifold
treatment options which can be offered to our patients
with HCC. The EASL-EORTC guidelines present a
treatment algorithm which therapy is recommended to
which patient, taking into account patient’s performance
status, Child-Pugh stage, as well as tumor diameter
and number of nodules (Figure 1) as given by the
[12,18]
BCLC status
. According to this recommendation,
surgical approach for HCC is restricted to very early
stages of HCC, i.e., singular tumors with a diameter <
2 cm, and early stage HCC, i.e., either a single tumor
[20]
< 5 cm or 3 nodules each < 3 cm (Milan criteria ).
For patients with contraindications for liver surgery
or transplantation, thus considered not suitable for a
surgical approach, should be treated with non-surgical
procedures, i.e., local ablative therapies, intravascular
embolizing approaches, or palliative chemotherapy.
Also, according to the guidelines, patients with advanced
stages of HCC are considered not to profit from surgical
resection of their respective tumor. The decision for the
most suitable and success-promising approach for the
respective patient must be defined in multidisciplinary
tumor boards in which representatives of all specialist
departments involved in HCC therapy including expe
rienced hepatobiliary surgeons must be present.
However, the restriction of surgery to very early and
early stages of HCC is increasingly challenged with
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Best supportive care

As previously stated, expected survival for patients
with advanced and terminal stage of HCC is very short,
so that some patients actively decide not to undergo
any palliative therapy due to their very limited life
expectancy. For these patients, best supportive care and
help through an ambulatory palliative care institution is
reasonable, since patients lose relevant life expectancy
under a palliative setting without any HCC-directed
[21,22]
treatment
. Unfortunately, there are no data available
on the benefit of best supportive care for these patients
who decline any palliative treatment option. However,
it is known that quality of life (QoL) is an independent
[23]
predictor for survival in HCC patients , and thus it is
conceivable that QoL improvement for these patients
might be an effective strategy to optimize life expectancy
without any tumor-directed intervention.

Systemic chemotherapy

So far, there have been many efforts to develop effective
drug treatment for HCC, either in the adjuvant setting
after surgical tumor removal by liver resection or
transplantation, or in the palliative setting. Unfortunately,
there are no really seminal pharmacological approaches
available, yet. The sole drug which has found the way into
[24,25]
clinical practice is the multi-kinase inhibitor sorafenib
.
In the setting of advanced or unresectable HCC, sorafenib
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has been demonstrated to prolong median survival from
7.9 to 10.7 mo and median time to progression from
2.8 to 5.5 mo, respectively. Unfortunately, sorafenib
treatment is recommended to patients with Child[26]
Pugh A and stable B cirrhosis only , and is associated
with distinct side effects. In particular gastrointestinal
side effects, hemorrhages, exanthema, hand-footsyndrome, and cardio-vascular symptoms, which often
lead to treatment discontinuation or dose reduction are
[27]
common . For patients with advanced cirrhosis (ChildPugh C), sorafenib therapy is not recommended due
to the limited life expectancy caused by the cirrhosis
stage, a lack of evidence concerning efficacy of sorafenib
treatment in this patient subgroup, and to avoid severe
side effects following impaired hepatic drug metabolism.
In case of sorafenib treatment failure, oxaliplatin-based
treatment regimens have been demonstrated to be a
suitable second-line chemotherapy achieving progression
free survival and overall survival of 4.2 and 9.3 mo,
[28,29]
respectively, with an acceptable rate of side effects
.
Furthermore, numerous clinical trials have investigated
the use of a variety of tyrosine kinase inhibitors, mTOR
inhibitors, VEGF receptor-, FGF receptor-, and PDGFreceptor-blocking multikinase tyrosine kinase inhibitors,
as well as classical chemotherapeutic drugs, such as,
e.g., doxorubicin. Unfortunately, none of these trials has
demonstrated a striking effect in a palliative or adjuvant
[30,31]
treatment setting
. Despite the proven effect in the
palliative setting, adjuvant systemic chemotherapy
with sorafenib after liver resection for HCC showed
no beneficial effects on recurrence-free survival in the
current randomized, double-blind, placebo-controlled
[32]
STORM-trial (NCT0069277) . However, there are some
promising results that interferon might improve overall
[33,34]
and recurrence-free survival in the adjuvant setting
.
But interferon therapy is also accompanied by a variety
of side effects such as flu-like symptoms, fever, fatigue,
myalgia, and cephalgia, which might limit the suitability
of this treatment option in many patients. In conclusion,
there is actually no drug for adjuvant treatment after
surgical tumor resection.

these techniques will be presented briefly in the
followings.
RFA: RFA is the most frequently used approach to
destroy intrahepatic tumor masses with a diameter up
to 5 cm by application of thermal energy into the tumor
to induce thermal tumor necrosis. It is recommended
by the EASL-EORTC guidelines for early-stages of
HCC in patients who are not eligible for surgery or
transplantation. According to an actual systematic
[35]
Cochrane Database review , there is moderate
evidence, that RFA is superior to percutaneous ethanol
[36]
[37,38]
injection , but inferior to hepatic resection of HCC
with regard to recurrence-free and overall survival.
In contrast, RFA is superior to hepatic resection with
regard to procedure-related complications due to the
[39]
less invasive character of the procedure . Besides
definite treatment of HCC in patients who are not
eligible for surgery or liver transplantation, RFA can be
performed both percutaneously and with a laparoscopic
approach. RFA is a major bridging therapy option for
patients on the waiting list for liver transplantation.
Due to the very limited approach during RFA, this
procedure can be performed repeatedly without causing
severe intraabdominal adhesions, and thus RFA does
[40]
not complicate subsequent liver transplantation .
[41]
Additionally, Huang et al could demonstrate in a nonrandomized prospective parallel cohort study comparing
RFA and liver resection for small HCC < 2 cm, that RFA
is well tolerated by patients, and impairs health-related
quality of life significantly less than liver resection.
LITT: LITT plays obviously only a minor role, since
there is only one actual large report on LITT experience
in 113 HCC patients reporting both an excellent tumor
response in small lesions < 2 cm after a single LITT
treatment, and also in larger tumors up to 5 cm after
repeated LITT sessions, with favorable 5-year survival
[42]
rates of 30% . Besides this report, there are only
few publications with small patient cohorts using LITT
for treatment of HCC. Randomized studies comparing
different ablation techniques are missing in the
literature. Thus, LITT seems to play a minor role among
the percutaneous intervention options when compared
to RFA or PEI.

Percutaneous interventions (radio frequency ablation,
laser-induced thermo therapy, cryo, percutaneous
ethanol injection, microwave ablation)

According to the BCLC treatment algorithm, percuta
neous tumor destruction by radio frequency ablation
(RFA), or percutaneous ethanol injection (PEI) is
indicated for early stages of HCC in patients which are
[12]
not suitable for liver resection or liver transplantation .
Other percutaneous ablative techniques, such as
laser-induced thermo therapy (LITT), cryotherapy,
and microwave ablation (MWA) are actually not
recommended in the EASL-EORTC clinical practice
guidelines. This fact is due to the novelty of some of
these techniques, with a consequent lack of evidence
for the use and comparability of these techniques to the
established and recommended techniques. However,
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Cryotherapy: The evidence for the use of cryotherapy
for treatment of HCC is limited. There is only one
systematic Cochrane Database review by Awad et
[43]
al , who finish their analysis with a quite ambiguous
conclusion, in that there is not enough evidence so far
[43]
in favor or against cryotherapy . However, there are
some single center reports in the literature reporting
excellent, size-dependent tumor ablation rates and
even 10-year survival rates of approximately 9% in
[44]
patients with cirrhosis-based HCC with acceptably low
[44,45]
procedure-related complication rates
. Interestingly,
tumor response to cryotherapy as assessed by the
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modified Response Evaluation Criteria in Solid Tumors
[46]
criteria has been demonstrated to be an independent
[47]
predictor of overall survival for HCC . However, in
contrast to the use of cryotherapy for the treatment
[48]
of colorectal liver metastases , cryotherapy is not
used routinely for the treatment of unresectable HCC.
The main reason for this is certainly the advanced and
expensive technique with multiple possible pitfalls due
to the use of liquid nitrogen. To the author’s knowledge,
there is also no ongoing trial comparing cryotherapy
to the established interventional procedures. Thus,
evidence in favor or against the use of cryotherapy will
be owing, and some authors even expect an end of the
[49]
use of cryotherapy . In contrast, as stated by Awad et
[43]
al , evidence is insufficient “to recommend or refute
[43]
cryotherapy” to patients with HCC , and indication
for cryotherapy is finally based on the experience and
expertise of the respective treating physician.

treatment for unresectable HCC. From the surgical point
of view, MWA seems not to have relevant influence
on complication rate after resection of the MWA pre[55]
treated HCC , but so far there are too few data to
state whether neo-adjuvant MWA prior to HCC resection
is really a suitable approach and will be of benefit for
the patients. Equally, there is no evidence yet, whether
MWA or RFA is superior in a neo-adjuvant setting with
regard to overall and recurrence-free survival, as well
as resection-related morbidity. This remains to be
elucidated in prospective, randomized trials.

Intravascular approaches (transarterial
chemoembolization, selective internal radiotherapy)

According to the EASL-EORTC guidelines, transarterial
chemoembolization (TACE) is recommended for inter
[12]
mediate stages of HCC . In contrast, selective internal
radiotherapy (SIRT; synonymous: radioembolization) is
a comparatively novel approach for intravascular tumordirected therapy, which can also be used for intra
vascular treatment of HCC. SIRT is not recommended
in the EASL-EORTC-guidelines, due to the lack of data
from randomized clinical trials comparing SIRT and
TACE in intermediate stages of HCC.

PEI: PEI is an alternative very low-priced method
to apply pure ethanol directly to the targeted tumor.
However, the efficacy of this method is limited by the
fact that ethanol spread within the tumor tissue might
be altered by septa or a tumor capsule and equable
ethanol distribution within the tumor is not warranted.
In two recent studies from eastern Asia, PEI has been
demonstrated to achieve inferior results compared to
[36,50]
RFA
, which might be attributable to an inferior rate
of tumor response (or vice versa increased treatment
failure) using PEI and thus resulting in decreased
[36]
survival rates . Accordingly, in the EASL-EORTC guide
lines, PEI is recommended for small HCCs (BCLC 0 or
A), and especially in cases of larger tumors up to 5 cm
when RFA is not feasible due to technical reasons, as,
e.g., subcapsular tumor localization or adjacent to the
[12,51]
gallbladder, to large vessels or the hepatic hilum
.

TACE: The rationale for TACE is, that intrahepatic
malignancies and especially HCC are almost exclusively
nourished via the hepato-arterial vasculature. Conse
quently, a catheter device is placed via femoral artery
into the tumor-supplying branch of the proper hepatic
artery, and a combination of high-dose chemotherapy
and vessel occluding agents are applied selectively to
the tumor area, whereas non-tumorous liver areas
remain basically unaffected. As reviewed by Marelli et
[58]
al , a huge variety of chemotherapeutic drugs is used,
whereas doxorubicin is the most common agent. This
chemotherapeutic drug is usually applied in combination
with lipiodol as a carrier which offers the beneficial
effect that is can be visualized by X-rays, and persists
[59]
for several weeks in the liver after administration .
Also for vessel occlusion, a variety of embolization
agents is available, whereas gelatin sponge particles,
and polyvinyl alcohol particles are the most commonly
[58]
used embolizing agents .
Besides its recommendation in the EASL-EORTC
guidelines for treatment of intermediate stage HCC,
TACE is also widely used as a palliative treatment
approach. Interestingly, according to a recent Cochrane
Database review, there is no evidence for the use of
[60,61]
TACE for treatment of unresectable HCC
. However,
due to overall heterogenous data from retrospective,
and also prospective studies and the previously
demonstrated capacity of TACE to prolong survival for
patients with unresectable HCC in two randomized
[62,63]
[64,65]
clinical trials
as well as some older reviews
,
TACE has been included in the EASL-EORTC guidelines
and still represents the golden treatment standard
for patients with unresectable intermediate stages of
[12]
HCC according to the BCLC staging algorithm . The

MWA: According to the actual EASL-EORTC guidelines,
microwave ablation is not generally recommended
and remains to be evaluated. The advantage of MWA
compared to RFA is that treatment efficacy is affected
in a lesser degree by the cooling effect of large blood
vessels located in the proximity of the ablation area.
[52]
Recently, Zhang et al
demonstrated comparable
results for MWA and RFA with regard to overall survival,
local progression, and the degree of local tumor ablation
[52]
for HCC < 3 cm . Additionally, MWA shows the same
frequency of post-ablation syndrome, i.e., occurrence of
low-grade fever, nausea, vomiting, malaise, and post[53]
[54]
interventional pain as RFA . In an actual multicenter
[55]
study, Groeschl et al
demonstrated excellent
complete tumor ablation rates of approximately 94% as
assessed by histology after resection of the respective
pre-treated tumors, with a reported median recurrencefree survival of 25 mo. Taking into account, that MWA
[56]
is by far more cost-effective compared to RFA , and is
associated with a low complication rate of approximately
[57]
11% , MWA might be a promising alternative ablative
technique, which even might replace RFA as standard
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recently published Canadian clinical recommendations
also state that TACE probably provides benefit and thus
also recommend TACE for patients with intermediate
[66]
stages of HCC .
Furthermore, TACE is used regularly as a bridging
therapy for patients with HCC on the waiting list for
liver transplantation. However, there is no distinct
evidence for the effectiveness of TACE to prevent patient
drop-out from waiting list during the waiting time for
[67]
transplantation and to improve post-transplant overall
[68,69]
and recurrence-free survival
. There is also evidence,
that response of HCC to pre-transplant TACE can be an
indicator for favorable outcome after liver transplantation
[70]
with regard to delayed tumor recurrence . In a study
[71]
by Sotiropoulos et al , TACE even failed to reproducibly
down-stage multifocal HCC or to induce entire tumor
necrosis, and provided at best an “acceptable” tumor
[71]
control . However, the same group demonstrated, that
response to TACE and TACE-induced complete tumor
necrosis at the time point of liver transplantation is
associated with a very low recurrence rate and improved
[68,72]
survival after liver transplantation
thus establishing
an indication for pre-transplant TACE. At least, TACE
can be safely performed in patients with cirrhosis
and hyperbilirubinemia who are on the waiting list for
[73]
liver transplantation
without increasing the risk for
complications during transplantation.
TACE has also been investigated as a neoadjuvant
treatment option prior to liver resection for resectable
HCC. There is one actual meta-analysis that demonstrates
that preoperative TACE does not effectively influence
postoperative overall and recurrence-free survival
respectively. Furthermore, preoperative TACE has no
effect on intra- or extrahepatic tumor recurrence, and is
therefore not recommended as a preoperative strategy
[74]
for resectable HCC . Interestingly, there are some
reports that adjuvant TACE, i.e., after curative resection
of HCC might offer benefits with regard to disease-free
[75]
and overall survival .

between SIRT and the other treatment modality,
respectively, especially for intermediate or advanced
[78]
stages of HCC . SIRT has been reported to be a safe
treatment option with a frequency of the so-called postradioembolization syndrome (fatigue, nausea, vomiting,
[79]
anorexia, fever, abdominal pain) of 20%-55% .
However, large prospective trials comparing SIRT vs
TACE are lacking, yet, and also cost-effectiveness
90
[79]
analyses for Y radioembolization are lacking . Besides
its use as a definite treatment option for patients with
otherwise non-resectable HCC, SIRT has also been used
[69,80]
as a bridging therapy prior to liver transplantation
.
The emerging role of SIRT, both as a definite treatment
modality as well as a curative or a bridging therapy
option has been elaborated in detail in a review article
[81]
by Lau et al . The authors also admit, that evidence
for the use of SIRT in the respective intention is quite
low, due to the short time of investigation so far and the
scarcity of studies investigating a potential role of SIRT
in concurrence to established treatment modalities for
HCC patients. However, in a recent study by El Fouly et
[82]
al , SIRT has shown equivalent survival probabilities,
less hospitalizations, less treatment sessions and a
lower complication rate in patients with intermediate
[82]
stage B of HCC when compared to TACE .

Radiotherapy

Whereas radiotherapy for treatment HCC has been
considered inappropriate for a long time due to severe
radiation-associated complications and liver failure,
more than 600 articles have been published within the
recent 5 years on this topic. This enthusiasm can be
attributed to the development of novel radiotherapy
technologies during the recent decade, which now allow
precise application of high-dose radiation to the tumor
tissue while sparing the rest of the liver and adjacent
organs.
This has led to the more widespread use of
radiotherapy for the treatment of HCC, especially in
[83]
patients with unresectable tumors. In 2008, Tse et al
published their results on stereotactic body radiotherapy
for patients with unresectable HCC proving the safety
of this treatment option. Finally, due to the possibility to
effectively use radiotherapy in advanced stages of liver
cirrhosis (Child-Pugh B/C) the use of radiotherapy has
been implemented in HCC treatment guidelines from
the Korean Liver Cancer Study Group and the National
Comprehensive Cancer Network. But despite the
proven efficacy and safety, radiotherapy has not found
its way into the EASL-EORTC guidelines, yet. However,
[84]
Jihye et al
proposed a possible way of integration of
radiotherapy in the BCLC guidelines. Another advantage
of radiotherapy is the possibility of combination therapy
[85,86]
with established treatment options, such as TACE
[87]
or systemic chemotherapy
although side effects
and hepatic toxicity are critical limitations for this
treatment approach. Perspectively, there are some
promising experimental data on the possibility to induce
radiosensitization of HCC cells using the aurora kinase

90

SIRT: In contrast to TACE, SIRT uses Yttrium 90 ( Y)loaded glass microspheres which are applied via a
trans-arterial catheter system into the tumor supplying
90
90
arterial vasculature. Y decays to zirconium ( Zr) with
a physical half-life of approximately 65 h. During this
decay process, an average energy of approximately
90
0.94MeV is emitted. Y is a pure β radiation emitter.
The corresponding β radiation penetrates into the
surrounding tissue with a depth of a maximum of 11
[76]
mm, leading to tissue destruction and fibrosis .
So far, SIRT has not been widely used for the
treatment of resectable or unresectable HCC. There
are only very few studies investigating the potential
beneficial effect of this treatment modality. There is
[77]
a very recent review article by Sangro et al , who
compared published outcome data from patients after
SIRT for unresectable HCC. When comparing treatment
efficacy of SIRT to TACE or systemic sorafenib
therapy, median overall survival rates are comparably
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inhibitor VE-465 potently suppressing tumor growth and
[88]
enhancing tumor-responsiveness to radiotherapy .
Thus, radiotherapy opens new therapeutic options but
its use is currently limited to a scarce comprehensive
availability of this therapy option.

possible loss of - in most cases - functionally altered
liver parenchyma. This idea of parenchymal-preserving
liver surgery is based on the limited possibilities to
assess functional liver reserve after liver resection,
and the fear to induce postoperative liver failure due
[98]
to a too aggressive resection extent . In contrast,
anatomic liver resection is rationale since it is known
that HCC spread along the nourishing portal venous
branch distributing satellite nodules within the same
anatomical segment. Thus, anatomic resection allows
removal of the known tumor, as well as of potential
[99]
undetectable satellite metastases . Meanwhile, there
is strong evidence that anatomic resection is superior
to non-anatomic, i.e., atypical resection for HCC. As
evaluated by several meta-analyses, anatomic resection
is associated with improved survival rates, and delayed
intrahepatic and systemic disease-recurrence with
no differences regarding perioperative morbidity or
[100-102]
mortality
. Interestingly, one recently published
[103]
meta-analysis by Tang et al
could not demonstrate
superiority of anatomic resection, but this seems to be
explainable by the different trial selection compared to
previous analyses. Thus, a general recommendation
for anatomical or non-anatomical resection cannot be
given. Decision on the extent of liver resection is based
on the tumor location within an anatomical segment.
Based on the available data, anatomic resection should
be performed in non-cirrhotic livers. In patients with
cirrhotic livers, potential oncologic disadvantage of a
non-anatomic resection has to be accepted with regard
to the necessity for maintenance of sufficient functional
liver remnant volume and function.

Surgical treatment options

Liver resection: The surgical approach to HCC
represents the only treatment option which allows entire
and reliable removal of the tumor from the patient and
therefore the potential of cure. Principally, there are
two surgical concepts for the treatment of HCC: liver
resection and liver transplantation. Latter offers the
additional benefit that underlying liver disease which
nourishes development of further malignancies in sense
of precancerosis, is also removed. The disadvantage
of liver transplantation is - despite all progresses and
technical improvements of this procedure - the higher
mortality risk when compared to liver resection as well
as the necessity for life-long immunosuppression with
all associated side effects.
When dealing with liver resection, two principle
questions have to be discussed: whether to remove the
HCC by anatomic or non-anatomic/atypical resection,
and to perform this procedure open or laparoscopically.
The surgical approach is limited by the mandatory
need to maintain sufficient functional liver remnant. In
non-cirrhotic patients, maximum extent of resection can
be calculated by the remnant liver volume - body weight
ratio (RLV-BWR). Several reports have demonstrated
that patients with a RLV-BWR ≤ 0.5%-0.8% are at
high risk for postoperative hepatic dysfunction and
[89-91]
increased mortality
. Another approach to indicate
limit for liver resection is the future liver remnant
(FLR), referred to the total liver volume. The safe limit
is considered to be at a FLR of > 20% in patients with
[92,93]
healthy livers
. In cirrhotic patients, parenchymal
functional and regenerative capacities are relevantly
reduced. Consequently, a RLV-BWR ≥ 1.4% or a FLR of
at least 30%-40% are considered as critical threshold
[92,94]
for development of postoperative complications
.
Thus, from the surgical point of view, contraindica
tions against liver surgery for HCC might be considered
only to be the insufficient future liver remnant after
resection. Worse prognostic factors for the outcome are
[95]
[96]
vascular invasion , infiltration of adjacent organs ,
[97]
and presence of lymph node metastases at the time
of diagnosis, but represent no contraindications against
surgery per se. Resection of HCC with these degrees of
tumor extent can be safely resected (when respecting
resection limits), and survival after resection is for sure
improved when compared to best supportive therapy or
palliative chemotherapy approaches.

Open vs laparoscopic

Since the first description of laparoscopic liver resection
[104]
in 1992 by Gagner et al
performing a non-anatomic
liver resection for focal nodular hyperplasia, there
has been an enormous increase of laparoscopic liver
resections with increasing extent of resections up to
[105]
right hemihepatectomies
, and more and more
complex procedures, such as tumor resection in the
[106,107]
postero-superior segments (Ⅶ, Ⅷ, Ⅳa)
. Also,
in the treatment of HCC, laparoscopic approaches
have been established. But there are so far only few
specialized centers worldwide reporting on laparoscopic
liver resections for the treatment of HCC.
According to several meta-analyses comparing open
vs laparoscopic liver resections for HCC, laparoscopic liver
resections are a safe procedure with comparable overall
[108]
and recurrence-free survival rates . Laparoscopic liver
resections are associated with reduced intraoperative
blood loss and subsequent requirement for packed red
blood cells. Furthermore, laparoscopic liver resections
are effective to provide negative resection margins,
and are associated with shorter hospitalization and less
[108,109]
postoperative complications
. As the findings could
also be observed for patients with cirrhosis, laparoscopic
liver resection can be safely applied to patient with
resectable HCC. However, extensive experience is

Anatomic vs atypical resection

There has been an intense debate whether anatomic
or atypical resection for HCC should be preferred.
Rationale for atypical resection was the idea of
parenchymal-sparing surgery with an as marginal as
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necessary especially for more complex procedures, and
thus, this procedure is reserved to specialized centers.
With increasing experience, the extent of liver resection
and localization of HCC within the liver will become
more and more secondary, and only assessment of liver
functional reserve as estimated predominantly by liver
volumetry in western centers, and by indocyanine green
excretion dynamics in eastern centers will determine the
limits for laparoscopic liver resection, as it is also the case
[110,111]
for open liver resections
. A recent review article
analyzing major laparoscopic hepatectomies independent
from HCC, could include a total of 29 studies from
1998 to 2011 with a total of more than 2600 patients,
underlining the fast expansion of laparoscopy for liver
[112]
resection . However, learning curve for laparoscopic
liver surgery is very flat, as demonstrated by Vigano et
[113]
[114]
al
or Dagher et al , showing that at least 60 to 90
laparoscopic liver resections are necessary to perform for
a surgeon, before a state of experience and standard is
[115]
achieved . Since laparoscopic liver resection for HCC
has predominantly to be performed in cirrhotic livers,
learning curve is expectedly even flatter than in non[116]
cirrhotic livers . However, meanwhile development of
surgical technique is progressing, and the first reports of
robotic liver resections for HCC are published. The largest
study including 41 patients reports excellent morbidity
and mortality rates of 7% and 0%, respectively, as well
as 2-year overall and disease-free survival rates of 94%
[117]
and 74%, respectively . Thus, technological progress
also finds its way into liver surgery with promising first
[118]
results and experiences , providing more possibilities
for further development and improvement of treatment
options and thus the prognosis for our patients with HCC.

so called University of California, San Francisco (UCSF)
criteria which contain larger size limits for the respective
tumor nodules (single tumor < 6.5 cm, maximum of 3
total tumors with none > 4.5 cm, and cumulative tumor
[123]
size < 8 cm)
show comparable outcome results
to patients who were selected according to the Milan
[124]
[125]
criteria . Mazzaferro et al
themselves challenged
their own “traditional” Milan criteria by the new Milan
criteria, also called up-to-seven criteria. These criteria
comprise patients with HCC in which the sum of
diameters (in cm) and of the number of all HCC nodules
is equal or less than seven. They showed that patients
with tumor dimensions within these up-to-seven criteria
had similar 5-year overall survival rates as patients
[125]
with HCC within the “traditional” Milan criteria
.
However, application of the up-to-seven criteria requires
a careful patient selection. Besides these two probably
most famous extended criteria of eligibility for liver
transplantation for HCC, there is a multitude of further
criteria with different limits for maximum tumor size of
number of tumor nodules. Recently, these criteria have
[126]
been reviewed, and Chan et al
demonstrate in their
review article that these several stratification criteria
[126]
yield quite similar overall survival rates
leading to
postulations to extend criteria for liver allocation for
HCC patients on the waiting list. However, the attempts
to extend eligibility criteria are counteracted by the
constricted availability of donor organs, as also stated
[122]
by Mazzaferro et al
himself.
To overcome the lack of post-mortal donor organs,
transplantation of partial liver grafts has been developed
and advanced. The technique was first described
[127]
by Pichlmayr et al
in 1989, and the first series of
successful split liver transplantations has been pub
[128]
lished by Broelsch et al
in 1990. Approximately at
the same time, transplantation of grafts from living
[129,130]
donors has been developed
. However, one could
assume, that implantation of a partial liver graft with
subsequent liver regeneration to the extent of the
recipient’s demand might represent a massive systemic
[131]
proliferative stimulus , which might - in combination
with immunosuppression-induced attenuated tumor[132,133]
defense
- enhance tumor cell proliferation and
promote early disease recurrence. Interestingly, a
recent meta-analysis showed that there is no difference
in recurrence-free and overall survival for patients
after liver transplantation using living-donated partial
[134]
liver grafts compared to deceased donor grafts
.
Thus, living donor liver transplantation represents a
safe method for HCC treatment, especially with the
advantage, that allocation is not performed by the
central allocation authorities (e.g., Eurotransplant), and
not limited by tumor size criteria (e.g., Milan criteria).

Liver transplantation: First human liver trans
plantation was performed at the University of Colorado
[119]
in 1963 by Starzl et al
. The first successful liver
transplantation was performed 4 years later again
[120]
by Starzl et al
in a girl suffering from HCC. Since
that time, this former experimental treatment option
has developed to a widespread, highly standardized
and successful therapy. Whereas the girl died 13
mo after transplantation due to tumor recurrence,
patients undergoing liver transplantation for HCC have
nowadays an excellent survival prognosis with 10-year
[121]
survival rates of 50%
. These excellent outcome
results have been achieved after implementation of
the so-called Milan criteria described by Mazzaferro
[20]
et al
in 1996. The Milan criteria indicate a benefit
for patients undergoing liver transplantation for HCC
under definite circumstances: one single nodule with
a size up to 5 cm, or two or three nodules each up
to 3 cm without signs of lymph node metastases and
vascular invasion. Currently, these criteria which have
[122]
been validated prospectively several times
are the
selection basis for our patients for liver transplantation.
However, these criteria are challenged repeatedly
by attempts to expand the selection criteria for liver
transplantation. For example, patients selected to the
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Transplantation vs liver resection

According to the EASL-EORTC guidelines, there is a clear
separation between the indications for liver resection
and liver transplantation for HCC, respectively. However,
it is a legitimate question, whether resection of HCC
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[141]

which should be treated with transplantation is equally
effective, and vice versa if prognosis of patients treated
by resection might be improved by transplantation.
This is relevant in two ways. First, resection of HCC in
patients which should be treated by transplantation
would preserve the scarce resource donor organ, and
second, transplantation instead of resection abolishes
not only the main tumor, but also possible undetected
additional small tumors, and removes the diseased
liver which is the nutrient medium for further HCC
development.
In 2013, there was a Cochrane analysis by Taefi et
[135]
al , which concluded without any clear results due to
a lack of appropriate studies. However, there are four
additional meta-analyses investigating the superiority
of any of these two treatment options. In mutual
agreement, all publications demonstrate superiority
for liver transplantation for the treatment of HCC at
[136-138]
the early BCLC stage A
or AJCC stage Ⅰ and
[139]
. In contrast, liver resection has been
Ⅱ HCC
demonstrated to yield similar outcome results compared
to liver transplantation in patients with incomplete
cirrhosis (Ishak score 0-4), thus for these patients,
liver transplantation should be avoided in this subgroup
[139]
of patients
. Unfortunately, there are nor studies
comparing liver resection and liver transplantation for
patients with Child B or Child C cirrhosis. However, one
might speculate that these patients might benefit from
liver transplantation due to the fact that transplantation
reliefs both tumor and life-limiting diseased liver.

performance status . These findings are underlined by
data from two retrospective analyses enrolling together
[142,143]
approximately 1300 patients
demonstrating
a long-term survival benefit for patients undergoing
hepatic resection for HCC stage B.

Perspectives

Systemic chemotherapy? So far, advance for
systemic chemotherapy for HCC have been very dis
appointing. Even the gain in survival for patients
treated with sorafenib, the only agent which has made
its way into clinical use in palliative situations, is not
[24,25]
groundbreaking
. In the adjuvant setting, sorafenib
has failed to provide beneficial effects in a randomized,
double-blind, placebo-controlled phase Ⅲ study (STORM
trial). As very recently reviewed in detail by Germano
[144]
et al , a multitude of approaches for systemic HCC
therapy has failed to show efficacy in the adjuvant or
palliative situations, respectively. However, there are
many other promising agents, and with the increased
understanding of HCC cancerogenesis and cancerrelated signaling pathways, molecular targeted therapy
is the hope for some breakthroughs in the near future.
For example, there are two recent reports for the
safety and efficacy of the MET receptor tyrosine kinase
[145,146]
inhibitor tivantinib which show promising results
.
The reader might be referred to the excellent article by
[144]
Germano et al
for further detailed information.
Expanding criteria for liver transplantation? So far,
liver transplantation is accepted as a curative treatment
strategy for patients with a very early stage (0) of HCC
who are not suitable for liver resection due to impaired
excretory liver function or portal hypertension, and for
patients with early stage (A) HCC without concomitant
diseases. Since the groundbreaking work by Mazzaferro
[20]
et al
in 1996 defining tumor character limits
associated with excellent patient outcome after liver
transplantation for HCC, these size limits have been
integrated in most guidelines (Eurotransplant, German
Bundesärztekammer…). Since other tumor size criteria
(e.g., UCSF, up-to-seven) have been demonstrated
to show comparable overall and recurrence-free
survival rates as the Milan criteria, there is an ongoing
intense discussion on the extension of the very strict
and limiting Milan criteria towards expanded criteria.
However, this will be a relevant matter of debate since
expansion of the recipient criteria might lead to a still
increasing demand and consumption of the “scarce
resource donor organ” and a continuative withdrawal
of urgently needed donor organs to patients with other
indications for liver transplantation.

Surgical approach vs interventional tumor therapy

As stated above, the EASL-EORTC guidelines represent
a recommendation for HCC treatment and assign
to each tumor stage a recommended - and thus
assumingly best - treatment modality. In the decision
algorithm, surgery is only recommended for very early
and early stages of HCC (Figure 1). However, there are
comparative studies investigating the value of surgical
approaches for patients with more advanced tumor
stages.
There is a recent meta-analysis with approximately
21000 patients which clearly demonstrates superiority
of surgical resection over RFA and PEI in early stages of
[38]
HCC , which is according to the guidelines a domain
of transplantation or RFA. These findings are confirmed
[140]
by a meta-analysis by Xu et al
also showing a
significantly improved survival benefit for patients with
early stages of HCC undergoing surgery instead of RFA.
When trying to further expand indication for
hepatic surgery towards HCC stage B (intermediate
stage), one has to compare the outcome results from
surgery and TACE. So far, there are no meta-analyses
available comparing this issue. There are several very
recent publications investigating the role of surgery
for HCC stage B. There is one prospective randomized
controlled trial comparing TACE and surgery. The
authors can clearly demonstrate a survival benefit for
patients undergoing liver resection independent of the
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Expanding indications for surgery beyond the
BCLC criteria? Up to now, resection as most favorable
treatment option is only recommended for the very
early stage (0) of HCC in patients with normal portal
venous pressure and normal serum bilirubin. However,
[147]
as reviewed in detail by Guglielmi et al
, the rigid

1176

May 28, 2015|Volume 7|Issue 9|

Slotta JE et al . HCC: Current management and perspectives
EASL-EORTC limits for liver resection can be expanded
to more advanced tumor stages. Tumor size criteria
from EASL-EORTC guidelines are not considered
as limits for hepatic surgery for example in eastern
countries, and especially portal hypertension is not
an obstacle against surgery in well selected patients.
Thus, acceptable morbidity and mortality rates after
hepatic resection in patients with cirrhosis and portal
hypertension have been reported which are comparable
[148-150]
to those of patients without portal hypertension
.
When expanding the criteria for surgical resection,
outcome results of hepatic surgery have to be com
pared to those of the respective treatment modality
recommended by the EASL-EORTC guidelines.
When comparing liver resection vs RFA (for patients
with stage A HCC who are not suitable for trans
plantation), there are several meta-analyses showing
that hepatic resection is superior to RFA (or PEI) for HCC
[38,140,
with regard to recurrence-free and overall survival
151,152]
. Whereas this superiority of surgery is accepted
especially for tumors with diameters > 3 cm, there
are some contradictory results for small HCC with a
diameter < 3 cm. Interestingly, a cost-effectiveness
[153]
analysis by Cucchetti et al
demonstrated that liver
resection for a HCC of 3-5 cm is more cost effective
than RFA, whereas in patients with two or three tumor
nodules each < 3 cm RFA is superior with regard to
cost-effectiveness. Based on these insights, indication
for liver resection might be extended to early stages of
HCC.
For the intermediate stage of HCC (BCLC B),
guidelines recommend TACE as local therapy for tumor
control with an expected median overall survival of 20
mo. There are only few data available for this subgroup
of patients. But there are data from two retrospective
[143,154]
analyses
and one prospective non-randomized
[155]
study
which clearly demonstrate that in patients
with stage B of HCC with preserved liver function liver
resection provides an improvement of overall survival
rate when compared to TACE. However, the evidence
for this is still limited, since there are no meta-analyses
available, yet.
When expanding indication for surgery by another
step, outcome of patients with advanced stages (stage
C) of HCC with portal invasion, lymph node metastases
or distant metastases, have to be compared between
surgery and palliative systemic chemotherapy. The
critical point is for sure the presence or absence of
portal infiltration, since macrovascular invasion is
known to be one of the most reliable predictors of poor
prognosis. However, there are some data showing even
for patients with macrovascular invasion a survival
benefit after surgery compared to palliative systemic
[156]
therapy
. However, this approach requires patient
selection, and achievement of high 5-year survival
[157]
rates
can certainly not generalized in a situation of
advanced stages of HCC. But in contrast, macrovascular
invasion per se has been demonstrated to allow surgical
approach and thus offering a chance of improved
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survival to patients with otherwise severely limited
[156,158]
prognosis
.
Thus, based on the findings cited above, the rigid
limits of the EASL-EORTC guidelines will be expanded
slowly but constantly. In East Asian treatment algori
thms, surgery is of paramount importance even for
[159]
tumor stages beyond BCLC 0 and A
. The noninferiority or even superiority of surgery compared to the
recommended treatment modalities is most probably
due to the rapid development of surgical techniques,
a more profound understanding of liver anatomy and
physiology, improved methods for preoperative risk
assessment and liver functional remnant estimation, as
well as improved intensive care regimes which overall
helped surgery to a striking progress and improvement
of patient safety and outcome. Ongoing research
and further development in this field of research will
still promote the advance of surgery, which will most
probably be the most exciting and promising perspective
for future HCC therapy.
Significance of HCC-causing underlying disease?
There are numerous studies investigating chromosomal
[160]
aberrations in HCC . When comparing the patterns of
chromosomal aberrations in HCC on the basis of different
underlying diseases, remarkable differences in the
[161]
frequency of aberrations have been demonstrated .
Thus, one might speculate that different underlying
hepatic diseases leading to development of HCC might
be associated with different degrees of chromosomal
instability in the diseased liver parenchyma. Consequently,
underlying disease might also be associated with the
pattern of chromosomal aberrations in the respective
HCCs and thus might also determine the prognosis
of the patient by determining the dynamics of tumor
recurrence. Indeed, a recently published large Japanese
study including approximately 11950 patients after
curative resection of HCC showed that patients with viral
hepatitis B or C as underlying disease had a significantly
worse overall and recurrence-free survival when
compared to patients with non-viral underlying hepatic
[162]
diseases . This might be of increasing interest in the
near future, since patients with different underlying
diseases might require a differently close-mesh aftercare.

CONCLUSION
Since striking medical breakthroughs for the effective
curative non-surgical treatment of HCCs are lacking,
surgery will play a pivotal role in the multidisciplinary
management of patients with HCC in the future. Up
to now, surgical treatment is the only therapeutic
option that can offer cure to the patient. Even for
patients with cirrhosis as a kind of “precancerosis”, liver
transplantation offers - within the respective given legal
framework - the opportunity to relieve the patient both
from the tumor burden and the tumor-favoring disease.
Whether a patient can be subjected to liver surgery for
HCC and will profit from surgery has to be evaluated
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carefully in a multidisciplinary context, to offer both best
benefit to the patient, minimal risk for complications
and procedure-related mortality, as well as best quality
of life.
From a surgeon’s point of view, surgery is the central
treatment option with regard to tumor treatment, and
is thus the most effective therapy to allow the best
overall survival and recurrence free survival to patients.
Surgery will further gain importance since there are
emerging insights that indications for liver resection
for HCC can be expanded to tumor staged beyond the
actual recommendations. Additional treatment options
are both valuable and continuously improving tools
for patients who are unsuitable for surgery, and might
also further gain importance in multimodal settings
with possible perioperative use of percutaneous,
intravascular, or pharmacological approaches.
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REVIEW

Intermediate hepatocellular carcinoma: How to choose the
best treatment modality?
Giovan Giuseppe Di Costanzo, Raffaella Tortora
should be firstly considered for liver resection (LR).
When LR is unfeasible, locoregional treatments are
evaluable therapeutic options, being transarterial
chemoembolization (TACE), the most used procedure.
Percutaneous ablation can be an evaluable treatment
for large HCC. However, the efficacy of all ablative
procedures decrease as tumor size increases over 3 cm.
In clinical practice, a combination treatment strategy
[TACE or transarterial radioembolization (TARE)plus percutaneous ablation] is “a priori” preferred
in a relevant percentage of these patients. On the
other hands, sorafenib is the treatment of choice in
patients who are unsuitable to surgery and/or with
a contraindication to locoregional treatments. In
multifocal HCC, TACE is the first-line treatment. The
role of TARE is still undefined. Surgery may have also
a role in the treatment of multifocal HCC in selected
cases (patients with up to three nodules, multifocal
HCC involving 2-3 adjacent liver segments). In some
patients with bilobar disease the combination of LR and
ablative treatment may be a valuable option. The choice
of the best treatment in the patient with intermediate
stage HCC should be “patient-tailored” and made by a
multidisciplinary team.
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Abstract

Core tip: Intermediate stage, or stage B according
to Barcelona Clinic Liver Cancer classification, of
hepatocellular carcinoma (HCC) comprises a hetero
geneous population with different tumor burden and
liver function. This heterogeneity is confirmed by the
large variability in treatment and survival, the choice
of the best treatment in the patient with intermediate
stage HCC is a difficult task. A multisciplinary evaluation
of each intermediate stage HCC patient is recommended

Intermediate stage, or stage B according to Barcelona
Clinic Liver Cancer classification, of hepatocellular
carcinoma (HCC) comprises a heterogeneous population
with different tumor burden and liver function. This
heterogeneity is confirmed by the large variability of
treatment choice and disease-relate survival. The aim
of this review was to highlight the existing evidences
regarding this specific topic. In a multidisciplinary
evaluation, patients with large (> 5 cm) solitary HCC
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likely benefit from other treatments. Due to this
heterogeneity, diverse therapies, single or combined,
are offered to intermediate patients in field practice.
Unfortunately, guidelines to define the best therapeutic
approach in the single patient are lacking. The main
problem is to distinguish between stage B patients with
expected better survival who could have the largest
benefit from an aggressive therapeutic approach, and
those with poor prognosis in whom treatment should be
modulated to offer the best quality and duration of life to
the patient. In the attempt to solve this issue, a panel of
European experts in 2012 discussed about unresolved
questions in the management of stage B patients and
proposed a sub-classification into four stages to facilitate
[12]
treatment decisions . This sub-classification was
based on Child-Pugh score, up-to-seven criteria, ECOG
(Eastern Cooperative Oncology Group PS performance
status), and portal vein thrombosis. The need for a
sub-classification of intermediate patients has been
[13]
claimed also by Asian experts who recently proposed
a modification of the European sub-classification using
alpha-feto protein to re-classify patients into three
[14]
modified stages . Further studies are needed before
these sub-classifications can be implemented in field
practice.
Actually, a multisciplinary evaluation of each
intermediate stage HCC patient is recommended for
[15,16]
planning the best therapeutic strategy
and the aim
of this review is to discuss about the existing evidences
regarding this topic.

for planning the best therapeutic strategy and this
review was aimed to discuss about the existing
evidences regarding this topic. Due to the heterogeneity
of intermediate HCC, the use of different therapies
(combination treatment) is likely the best choice in most
of the cases offering the opportunity of a treatment
tailored to the single patient.
Di Costanzo GG, Tortora R. Intermediate hepatocellular
carcinoma: How to choose the best treatment modality? World
J Hepatol 2015; 7(9): 1184-1191 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i9/1184.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i9.1184

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common malignancy worldwide and the leading cause of
[1,2]
death among cirrhotic patients . The management of
this cancer represents a challenge for physicians being
complicated by the coexistence in the same patient of
two severe diseases, HCC and cirrhosis. Therefore, in the
last two decades several staging and prognostic systems
have been proposed to better define the prognosis
[3-9]
and the treatment strategy . The Barcelona Clinic
Liver Cancer (BCLC) classification was first published in
[6]
1999 by Llovet et al and is actually the most widely
used staging system. The BCLC classification takes
into account cancer characteristics (number and size
of nodules, macrovascular invasion, and extrahepatic
metastasis), cirrhosis related variables (liver function and
portal hypertension), and general health status of the
patients (performance status). Using these parameters,
five distinct HCC stages each associated with different
prognosis and specific treatment recommendations
are identified. In Western countries, between 20% and
30% of the HCC population at their first observation
falls into the stage B and many patients progress to this
stage during follow-up. Intermediate stage or stage B,
according to BCLC, of HCC includes all Child-Pugh A or B
patients, with a performance status 0, and with a single
nodule > 5 cm, or multiple nodules > 3 in number or
at least one of these > 3 cm, without macrovascular
invasion and extrahepatic metastases. According to
these criteria, the intermediate stage comprises a
heterogeneous population with different tumor burden
and liver function. This heterogeneity is confirmed
by the large variability in survival among control
patients of randomized controlled trials on transarterial
chemoembolization (TACE), with a 1-year survival rate
ranging from 3% and 75% (median 49.6%-test for
[10]
heterogeneity, P < 0.0001) . The unique treatment
recommended by BCLC group for stage B patients is
TACE with a wide range of expected survival, from
[11]
14 to 45 mo . Therefore TACE is effective only in a
proportion of intermediate patients, the others might
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THERAPEUTIC PROCEDURES
Liver resection

According to the BCLC classification, patients with
intermediate HCC are unsuitable for liver resection
(LR). However, in the last decades advances in surgical
technique, preoperative preparation, and postoperative
care have expanded LR indications. Nowadays, perioperative mortality after LR has decreased from 15%
to less than 5% in referral centers. To prevent the
occurrence of postoperative liver failure, two selection
protocols have been proposed based on extimated
resection volume and: (1) bilirubin serum level and
[17]
indocyanine green retention rate at 15 min ; and (2)
[18]
MELD score and serum sodium level . Laparoscopic
video-assisted LR is increasingly used as an alternative
to the classical open procedure for reducing the risk
[19]
of postoperative liver deterioration . However, this
technique is performed only in few centers and in a
restricted proportion of patients due to the stringent
selection criteria. In patients with huge cancer masses
and poor remnant liver volume after LR, pre-operative
percutaneous transhepatic portal vein embolization
has been used to increase the size of non-tumorous
[20,21]
liver
. In cirrhotic patients, this procedure may cause
severe complications in up to 20% of cases and its use
[22]
should be carefully evaluated .
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role in the treatment strategy of BCLC B stage patients.
However, a widespread use of TARE is limited by its high
costs.

Table 1 Main transarterial chemoembolization contrain
dications in Barcelona Clinic Liver Cancer stage B hepatocellular
carcinoma

Percutaneous treatments

Liver failure
Refractory ascites
Encephalopathy
Bilirubin level > 3 mg/dL
Renal failure
Creatinine > 2 mg/dL or creatinine clearance < 30 mL/min
Coagulopathy
Platelet count < 50 × 109/L
Prothrombin time < 50% or prolonged > 4 s
Portal hypertension
Variceal bleeding within past 3 mo
Varices at high risk of bleeding
Circulatory impairment
Main portal venous thrombosis
Severely reduced portal flow or hepatofugal blood flow
Untreatable arteriovenous fistula
Hepatic artery thrombosis
Severe atheromatosis

Thermal ablation using radiofrequency (RFA), micro
wave (MWA), or laser (LA), is the most widely employed
locoregional treatment for HCC. It achieves a complete
[31-33]
ablation rate > 90% in nodules ≤ 3 cm
. Due to the
improvement in devices and techniques, percutaneous
ablation has been demonstrated effective also for the
[34-37]
treatment of large HCC
. In these cases, overlapping
ablative technique with multiple electrode insertions or
simultaneous use of multiple applicators are required
[38]
to ablate the tumor . This last technique may be
more effective because the simultaneous activation of
multiple electrodes has a synergistic effect increasing
the ablation volume and reducing the procedural time.

Combination of locoregional treatments

The combination treatment strategy, using both
transarterial and percutaneous procedures, offers the
opportunity of a treatment tailored to the single patient.
The occlusion of the hepatic arterial flow supplying
the tumor with TACE would theoretically increase the
ablation volume after RFA/MWA/LA by reducing the heat
[39]
loss due to blood flow . Furthermore, the alternate
use of intravascular and percutaneous approach allows
to increase the time interval between TACE procedures
reducing the risk of liver failure caused by cumulating
toxic effects. Several studies have evaluated the efficacy
[40-49]
of combined locoregional treatments
. Metanalysis
of observational and randomized controlled studies
comparing single and combined locoregional treatments
showed significant better survival in patients who
[50-55]
underwent to combined treatment
.
The combination of TACE and sorafenib has been
[56-61]
evaluated in some studies
. The rationale of
sorafenib use is to block vascular endothelial growth
factor (VEGF) receptors for counterbalancing the
increase in VEGF induced by post-TACE ischemia which
[62]
facilitates tumor growth and metastasis . It is still
unclear if sorafenib potentiate the therapeutic effects of
[63]
TACE . However, a recent metanalysis including both
randomized and retrospective trials showed that TACEsorafenib combination increased the risk of adverse
reactions, but was associated with better overall survival
[64]
and longer time-to-progression .

Transarterial treatments

According to European and American guidelines, TACE
is the first line treatment for BCLC B stage patients,
but a large variability exists in the protocols, schedule,
[23,24]
and indications among centers
. TACE can be
performed with chemotherapeutic agents emulsified
with lipiodol followed by embolic agents (conventional
transarterial chemoembolization or c-TACE) or with
embolic microspheres preloaded with chemotherapeutic
agents [Drug Eluting-Beds-TACE (DEB-TACE)]. Main
contraindications to TACE are shown in the Table
1. TACE can be scheduled at fixed intervals or “on
demands”. Prospective comparative studies between
the two schedules are lacking, but this last option is
likely more effective reducing the exposure of patients
to the toxic effects of the treatment and increasing
the compliance. When c-TACE is used, radiological
assessment of tumor response must be done with
magnetic resonance imaging because computed
tomography evaluation is hindered by artifacts caused
by lipiodol retention. It is not established how many
times TACE can be repeated, but the treatment should
be shifted from TACE to sorafenib (stage migration
[11]
strategy)
in patients who have not experienced
at least a partial response (according to mRECIST
[25]
criteria) after two TACE cycles. Furthermore, TACE
should be discontinued when a deterioration of the
performance status or of the liver function occurr.
Transarterial radioembolization (TARE) is a novel
treatment using hepatic intra-arterial infusion of
radioactive substances such as β-emitting yttrium-90
integral to the glass matrix of microspheres or
Iodine-131-labeled lipiodol. Published series showed
comparable median survival and toxic effects among
patients treated with TACE and TARE, and therefore
no defined selection criteria to choose between these
[11,26-30]
techniques have been established so far
. Further
studies are needed to evaluate the utility of TARE and its
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TUMOR BURDEN AND TREATMENT
STRATEGY
Monofocal HCC

In the setting of a multidisciplinary evaluation, patients
with large (> 5 cm) solitary HCC should be firstly
[65-68]
considered for LR
. Radical LR can be considered
a valuable option in patients with: (1) peripherically
located HCC, < 30% of tissue destroyed as evaluated
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HCC
PS 0, Child-Pugh A/B
No macrovascularinvasion
No extrahepaticmetastasis

Single HCC

Meld-Na or
bilirubin + indocianina test
Central HCC < 7 cm
Normal

Abnormal

Liver resection

Locoregional treatment
(RFA, LA, MWA)

HCC > 7 cm or
periphal HCC
Child-Pugh < 7
Without ascites

Combination treatment
strategy (TACE/TARE ±
locoregional treatment ±
liver resection ± sorafenib)
HCC >10 cm or
contraindication
other treatments

Multiple nodules
HCC > 10 cm or
contraindication
other treatments
Child-Pugh B, Bilobar
or relapsing disease

3 or more HCC in
adjacent segment

Sorafenib

TACE or TARE
Sorafenib

Liver resection

DEB-TACE

TACE or TARE

Figure 1 Treatment strategy for monofocal and multifocal hepatocellular carcinoma. HCC: Hepatocellular carcinoma; RFA: Radiofrequency; MWA: Micro-wave;
LA: Laser; DEB-TACE: Drug Eluting-Beds-TACE; TACE: Transarterial chemoembolization; TARE: Transarterial radioembolization.

compared to placebo increased the median overall
survival (14.5 mo vs 11.4 mo, HR = 0.72) and the
[75]
time-to-progression (6.9 mo vs 4.4 mo, HR = 0.47)
(Figure 1).

at imaging, or > 50% compensatory hepatic hyper
[65]
trophy ; (2) no or mild portal hypertension; and (3) no
history of liver decompensation.
When LR is unfeasible, locoregional treatments are
evaluable therapeutic options and the most used is
TACE. Best candidates to TACE are patients with well
preserved liver function (Child-Pugh score ≤ 7) and
without ascites. Complete HCC necrosis after TACE
is seldom observed and local recurrence rates within
[69]
one year are as high as 60% . Up to now, there are
no studies designed to define the maximum tumor
size that can be treated. In the two RCTs showing
survival benefit of TACE compared to best supportive
care, the mean size of HCC was 5-7 cm (range 4-14
[70,71]
cm)
. In patients with large solitary tumor, TARE
may be preferred because there are some evidences
of a higher rate of response after TARE as compared to
[28]
TACE .
Percutaneous ablation can be an evaluable treatment
for large HCC. However, the efficacy of all ablative
procedures decrease as size increases over 3 cm and
the probability of obtaining the complete ablation of
[35,72]
nodules larger than 7 cm is very low
. Candidates
for percutaneous local ablation are patients with
centrally located HCC having a diameter no more than
7 cm, in whom a complete response rate > 80% has
[72,73]
been reported
. In patients with residual peripherical
cancer tissue after ablation, the use of TACE increases
[74]
the rate of complete tumor response . In practice
field, a combination treatment strategy (combination of
TACE or TARE with percutaneous ablation) is “a priori”
preferred in a relevant percentage of these patients.
In patients who are unsuitable to surgery and
with contraindication to locoregional treatments or
with huge HCC masses (> 10 cm) sorafenib is the
treatment of choice. A subanalysis of the SHARP
trial has shown that in BCLC B patients sorafenib as
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Multifocal HCC

Most of BCLC B stage patients are affected by multifocal
HCC. In these cases, TACE is the first-line treatment.
Best candidates are patients with few nodules having
a small size: no more than 5 nodules with a size up
[12]
to 5 cm is likely a good proposal . According to a
multicenter European trial, DEB-TACE is more effective
than c-TACE in patients classified as Child-Pugh B, and
with bi-lobar or relapsing disease, but differences in
survival between patients treated with these techniques
[76-79]
have not been demonstrated up to now
. The role
of TARE in the management of BCLC B stage patients
with multifocal disease is still undefined. However, in
some case TARE might be teoretically more safe than
TACE as in patients with portal thrombosis because
[80]
of only minimal embolic effect of microspheres . In
field practice, the combined use of transarterial and
percutaneous treatment for multifocal HCC is used by
many centers and in the position paper of the AISF
(Associazione Italiana per lo Studio del Fegato) this
[66]
approach is recommended as “particularly evaluable” .
The use in the same patient of combined locoregional
treatments and sorafenib might be theoretically useful,
but due to high costs it should be evaluated by a
multidisciplinary team.
Surgery may have also a role in the treatment of
[81]
multifocal HCC in well selected cases . In fact, LR may
be a valuable treatment in patients with up to three
nodules and multifocal HCC involving 2-3 adjacent liver
segments. In some patients with bilobar disease the
combination of LR and ablative treatment may be a
valuable option. TACE before surgical resection should
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not be recommended because this strategy offers no
[82]
benefit (Figure 1).
6

LIVER TRANSPLANTATION AND DOWNSTAGING STRATEGY

7

In selected BCLC B stage patients treatment can be
performed with the aim of reducing the tumor burden
within Milan criteria. This is the downstaging strategy
and patients who have been successfully treated can
[83-85]
undergo to liver transplantation with good results
.
[86]
The most used treatment for downstaging is TACE .
After downstaging treatment, a waiting period of at
least 3-6 mo before performing liver transplantation is
[87]
recommended . During this time, patients should be
carefully monitored for tumor response with imaging.
The rationale of this strategy is to evaluate tumor
biology and risk of recurrence after transplant. In fact,
about a third of these patients can be affected by HCC
with aggressive biology that can progress during the
waiting period and they are not good candidates for
[88,89]
transplantation due to the high risk of recurrence
.
Other factors that can indicate a high risk of post
transplant recurrence are AFP serum level above a
[80,81,90,91]
threshold of 400-1000 ng/mL
and poor HCC
[92]
differentiation at histology . The use in combination
with locoregional treatments of systemic targeted therapy
with sorafenib may theoretically further increase the
rate of tumor control and reduce the recurrences, but
appropriately designed studies are needed to confirm
[93]
it .
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10

11

12

13

CONCLUSION
The choice of the best treatment in the patient with
intermediate stage HCC is a difficult task. It should
be made by a multidisciplinary team. Due to the
heterogeneity of intermediate HCCs, the use of different
therapies (combination treatment) is likely the best
choice in most of the cases offering the opportunity of a
treatment tailored to the single patient.
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Heterogeneity in clinical presentation, histological
severity, prognosis and therapeutic outcomes charac
teristic of non-alcoholic fatty liver disease (NAFLD)
necessitates the development of scientifically sound
classification schemes to assist clinicians in stratifying
patients into meaningful prognostic subgroups. The
need for replacement of invasive liver biopsies as the
standard method whereby NAFLD is diagnosed, graded
and staged with biomarkers of histological severity
injury led to the development of composite prognostic
models as potentially viable surrogate alternatives. In
the present article, we review existing scoring systems
used to (1) confirm the presence of undiagnosed
hepatosteatosis; (2) distinguish between simple steatosis
and NASH; and (3) predict advanced hepatic fibrosis,
with particular emphasis on the role of NAFLD as an
independent cardio-metabolic risk factor. In addition,
the incorporation of functional genomic markers and
application of emerging imaging technologies are
discussed as a means to improve the diagnostic accuracy
and predictive performance of promising composite
models found to be most appropriate for widespread
clinical adoption.
Key words: Liver biopsy; Genomics; Steatohepatitis;
Non-invasive biomarkers; Histological severity; Nonalcoholic fatty liver disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD)
remains largely underdiagnosed and undertreated in
general practice. In view of the limitations inherent to
liver biopsy and peripheral surrogate biomarkers used
in the diagnosis and assessment of histological severity
in NAFLD, a number of composite prognostic models
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sampling error and intra- as well as inter-observer
variability in interpretation, and does not adequately
reflect dynamic changes in disease severity over time.
Given its restricted availability in resource-limited
settings, compounded by the high overall prevalence
of NAFLD, liver biopsy may not always be logistically
[10]
feasible in the developing world .
An appreciation for the abovementioned short
comings creates an incentive to develop and validate
robust and cost-effective risk classification tools as
potentially viable alternatives. Growing insight into the
molecular and genetic mechanisms underlying the
development and pathogenic progression of NAFLD has
led to the identification of novel peripheral biomarkers
(Table 1) allowing for the non-invasive assessment
of underlying hepatic injury. The recognition that
individual risk markers have insufficient discriminatory
power and limited clinical utility in stratifying patients
into meaningful prognostic subgroups has led to the
development and validation of composite diagnostic and
[17-20]
predictive models as potentially viable alternatives
.
A growing number of complex and often patented
biomarker panels and risk classification schemes
have recently entered the clinical domain. Their use
is however not always applicable in resource-limited
settings. In the present article, we provide an overview
of non-invasive composite models used to (1) confirm
the presence of undiagnosed hepatosteatosis; (2)
differentiate between simple fatty liver and NASH; and
(3) predict advanced hepatic fibrosis, with particular
emphasis on the relationship between histological
severity and cardio-metabolic risk. The advantages and
shortcomings of these models are discussed in relation
to the potential added value of emerging genomic
applications as a means of improving their performance,
weighed against the reality of its implementation. In
conclusion, suggestions are provided as to how ongoing
research may confirm their clinical utility as robust and
cost-effective population-based screening tools used
to facilitate prognostication, assist in the selection of
appropriate treatment and intervention strategies,
predict adverse clinical outcomes, and ultimately
allow for the more goal-directed use of liver biopsy in
developing nations.

have entered the clinical domain as potentially viable
alternatives. Lifestyle-based intervention remains the
cornerstone of treatment in patients with NAFLD. The
widespread clinical adoption of composite diagnostic
and predictive models could however prove useful in
informing clinical and therapeutic decision making with
the goal of adding value to patient care across the
NAFLD spectrum.
Lückhoff HK, Kruger FC, Kotze MJ. Composite prognostic
models across the non-alcoholic fatty liver disease spectrum:
Clinical application in developing countries. World J Hepatol
2015; 7(9): 1192-1208 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i9/1192.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i9.1192

INTRODUCTION
In coming decades, the developing world is expected to
bear an increasingly disproportionate share of the overall
health and financial burden attributable to chronic noncommunicable diseases (NCDs) once considered merely
[1,2]
as reflections of affluence . Economic prosperity is
inexorably linked to a globalization of modernity which
fuels an ongoing reversal of the social obesity gradient
[3,4]
in non-industrialized nations . This epidemiological
trend is mirrored in the emergence of non-alcoholic
fatty liver disease (NAFLD) as a major health concern
in non-occidental countries, affecting individuals across
[5]
boundaries for age, sex and ancestral background .
Despite growing evidence as to its magnitude and
preventability, this “hepatic pandemic” remains largely
underdiagnosed and undertreated in routine medical
[6]
practice .
NAFLD encompasses a broad spectrum of hepatic
abnormalities and is typified by marked inter-individual
heterogeneity in clinical presentation, histological
severity, prognosis and therapeutic outcomes. While the
majority of uncomplicated steatosis is non-progressive,
approximately 20%-30% of patients will develop nonalcoholic steatohepatitis (NASH), a more aggressive
necro-inflammatory phenotype associated with increased
risk for advanced fibrosis predisposing towards cirrhosis,
portal hypertension, decompensated liver failure and
[7,8]
hepatocellular carcinoma . The pathological evaluation
and classification of biopsied liver tissue remains the
definitive standard investigation whereby a suspected
diagnosis of NAFLD is confirmed and histological severity
quantified to assist prognostication and the selection of
[9]
appropriate therapeutic intervention . This approach is
to an extent advantageous as it allows for the concurrent
assessment of multiple histological parameters and
may help identify unexpected hepatic pathology or
comorbidities. Liver biopsy is however limited insofar
as it is an invasive, expensive and time-consuming
procedure which poses significant physical risk, including
[9]
a 0.1% risk of mortality . Moreover, it is subject to
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COMPOSITE DIAGNOSTIC MODELS FOR
HEPATIC STEATOSIS
Intra-hepatocyte accumulation of neutral triglycerides in
excess of 5% of liver mass is the defining pathological
feature of NAFLD. Once considered a “first hit”
mechanism underlying its etiology, this is now rather
thought to protect against oxidative stress driven by
increased intra-hepatic free fatty acid (FFA) flux arising
in the context of visceral adiposity and insulin resistance
[21]
(IR) as components of the metabolic syndrome .
Alanine aminotransferase (ALT) and aspartate amino
transferase (AST) levels are commonly elevated in
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Table 1 Peripheral biomarkers used for the assessment of necro-inflammation and fibrotic injury in non-alcoholic fatty liver disease
Pathogenic mechanism

Biomarker

Hepatocyte apoptosis

Apoptotic markers

Oxidative stress

Lipid peroxidation products

NASH

Indicators of altered redox potential

Chronic inflammation

Acute phase reactants

Adipocytokines

Increased hepatocellular turnover

Extracellular matrix components

CK-18 ↑
sFas ↑
Ox-LDL ↑
TBARS ↑
MDA ↑
HNE ↑
GSH ↑
SOD ↓
TRX ↑
CRP
Ferritin
PTX3
Leptin
Adiponectin
TNF-α
IL-1β
IL-6
TGF-α/β1
HA
Laminin
Type Ⅳ collagen 7S
PⅢNP
MMP-2/9
TIMP-1

Advanced fibrosis

Ref.
El Bassat et al[11]

X
X
X
X
X
X
X
X
X
X
X
X
X

Kawanaka et al[12]
Machado et al[13]

Jarrar et al[14]
Braunersreuther et al[15]

X
X
X
X
X
X
X
X
X
X
X

Baranova et al[16]

CK-18: Cytokeratin-18; sFAS: Soluble Fas; Ox-LDL: Oxidized low-density lipoprotein cholesterol; TBARS: Thiobarbituric acid reactive substances; MDA:
Malondialdehyde; HNE: Hydroxynonenal; GSH: Reduced glutathione; SOD: Superoxide dismutase; TRX: Thioredoxin; CRP: C-reactive protein; PTX3:
Pentraxin 3; TNF-α: Tumor necrosis factor α; IL: Interleukin; TGF: Transforming growth factor; HA: Hyaluronic acid; NASH: Non-alcoholic steatohepatitis;
MMP: Matrix metalloproteinase; PⅢNP; Procollagen 3 n-terminal propeptide; TIMP: Tissue inhibitor of metalloproteinase.

patients with this condition, and increased ALT reliably
predicts the development of adverse cardiac events
[22,23]
and cardiovascular mortality
. Although used to
determine eligibility for further diagnostic work-up and
imaging, liver enzymes may however remain normal
[24]
in up to 80% of NAFLD cases . In addition, while
elevated gamma glutamyl-transferase (GGT) has
greater specificity for hepatosteatosis and is a sensitive
marker for early IR, it is clear that no single biochemical
test is considered ideal for confirming a suspected
diagnosis of NAFLD.
Imaging modalities such as ultrasonography further
have limited diagnostic utility in moderate steatosis,
while the application of more complex technologies in
resource-limited environments is still largely restricted
by their expense. Whether routine screening for hepatic
steatosis in high-risk asymptomatic patients is practical
or cost-effective remains subject to debate, as the vast
majority are likely to present with uncomplicated and
non-progressive disease. Its identification is however of
significant clinical relevance, since even uncomplicated
fatty liver, once regarded as relatively benign and
showing a favorable prognosis, is associated with
[25,26]
increased risk for overall and liver-related mortality
.
Emerging evidence suggests that hepatic steatosis
independently predicts the development of new-onset
ischemic heart disease as well as adverse cardiac events
[27,28]
irrespective of traditional cardio-metabolic traits
.
The importance of hepatosteatosis as predictor of
adverse clinical outcomes and mortality in patients
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with established cardiovascular disease (CVD) however
[29]
remains uncertain . Results from prior investigation
into the value of existing clinical stratification tools in
estimating cardio-metabolic risk and predicting newonset CVD in patients with the metabolic syndrome
[30]
and/or NAFLD are conflicting . Multiple studies
have further reported positive correlations between
the severity of hepatic steatosis and proportional
derangements in several early markers of subclinical
[31-33]
atherosclerotic burden and cardiovascular risk
.
Composite scoring systems validated against measures
of steatosis severity may therefore prove useful as noninvasive tools in the diagnosis of NAFLD.
Several diagnostic models for hepatic steatosis have
been developed to date. Anthropometric correlates
for central obesity, fasting triglycerides and GGT levels
are utilized in the fatty liver index commonly used in
epidemiological studies, which along with its sex-specific
derivative, the lipid accumulation product, accurately
predicts the presence of hepatic steatosis, and could
help clinicians identify patients at increased cardiometabolic risk eligible for further diagnostic evaluation
and for whom suitable lifestyle-based interventions may
[34-37]
be indicated
. Subsequently developed models such
[38]
as the NAFLD liver fat score
substitute GGT for the
AST/ALT ratio (AAR) in addition to incorporating clinical
or biochemical markers of IR. A particular advantage of
recent panels is the ability to not only identify hepatic
steatosis using a high cut-off value, but also reliably
[39,40]
exclude it using a low cut-off value
. The widespread
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Table 2 Composite diagnostic models for non-alcoholic steatohepatitis
Biomarker panel
HAIR score

Gholam's model
NASH clinical scoring system for morbid obesity

Ulitsky's score

NASH predictive index

Components

Formula

AUC

Ref.

Hypertension
Elevated ALT (> 40 IU/L)
Insulin Resistance (index > 5)
DM Ⅱ
AST level
Hypertension
DM Ⅱ
Elevated AST (> 27 IU/L)
Elevated ALT (> 27 IU/L)
OSA
non-black race
DM Ⅱ
Elevated ALT (> 40 IU/L)
Elevated triglycerides (> 150 mg/dL)
OSA
Female sex
Body mass index
HOMA-IR
AST levels
ALT levels

Weighted sum (0-4)

0.9

Dixon et al[52]

Algorithm

0.9

Gholam et al[53]

Weighted sum (0-7)

Not reported

Campos et al[54]

Weighted sum (0-5)

Not reported

Ulitsky et al[55]

Algorithm

0.78

Zein et al[56]

AUC: Area under curve; ALT: Alanine aminotransferase; DM Ⅱ: Diabetes mellitus type Ⅱ; AST: Aspartate aminotransferase; OSA: Obstructive sleep
apnoea; HOMA-IR: Homeostatic Measurement Assessment of Insulin Resistance; NASH: Non-alcoholic steatohepatitis.

clinical use of these models is currently restricted by
their limited utility in quantifying steatosis severity in
obese patients in addition to not accurately predicting
new-onset ischemic heart disease or cardiovascular
[41-43]
mortality
.

patients with simple fatty liver, those with steatohepatitis
are at greater risk for cardiovascular as well as liver[49]
related mortality . The association between NASH and
increased cardio-metabolic risk is further evidenced by
significant correlations reported between the extent of
necro-inflammatory injury and the degree of endothelial
[50,51]
as well as diastolic dysfunction
. A number of simple
composite diagnostic models for NASH have been
developed to date, largely incorporating readily available
clinical data in addition to several routinely performed
biochemical tests (Table 2).

COMPOSITE DIAGNOSTIC MODELS FOR
NASH
Liver-specific therapeutic interventions such as thia
zolidinedione pharmacotherapy could pose specific
[44]
benefit in non-cirrhotic NASH . There is still however
insufficient evidence to justify the routine clinical
use of any specific targeted treatments at this time.
Numerous studies have shown that a approximately
10% reduction in body weight improves both metabolic
abnormalities and histological changes in patients with
NAFLD/NASH and as such, a multidisciplinary lifestylebased therapeutic approach incorporating a tailored
low-calorie dietary regimen and moderate physical
exercise remains the cornerstone of treatment for this
[45-47]
condition
. To ensure the successful implementation
of population-based lifestyle intervention programs
aimed at preventing the onset or progression of NAFLD
in resource-limited healthcare settings, it is imperative
to foster collaboration between clinicians and the public
sector in accordance with standardized guidelines and
assisted by the necessary ethico-legal and governmental
[48]
frameworks .
It can be argued that the abovementioned findings
call into question the validity of diagnostic confirmation
for NASH. Delineating between uncomplicated steatosis
and this more aggressive phenotype however has
important prognostic significance, since compared to
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Socio-demographic characteristics

Epidemiological studies have reported marked genderspecific and population-related disparity in the prevalence
and severity of NAFLD, with ethnicity and sex considered
co-dependent risk modifiers further influenced by
age as well as environmental exposures acting on a
[57,58]
genetic background
. Such evidence emphasizes the
importance of a population-based approach to chronic
disease risk screening integrating socio-demographic
variables in developing composite risk models for
application as screening tools. The incidence of NASH is
higher in females particularly of older age, while risk for
progression to this inflammatory phenotype is inversely
[59]
related to African ancestry . These observations are
reflected in the inclusion of non-black ethnicity and
female sex in the NASH clinical scoring system for morbid
[54]
[56]
obesity and NASH predictive index , respectively.

Cardio-metabolic risk traits

The near-universal incorporation of cardiovascular risk
traits defined by the metabolic syndrome as a component
of diagnostic models for NASH accords with the well-

1195

May 28, 2015|Volume 7|Issue 9|

Lückhoff HK et al . Non-invasive evaluation of NAFLD severity
[60]

evidenced association between these entities . Direct
biochemical confirmation or clinical approximation of IR is
of particular relevance in this regard, as insulin-mediated
intra-hepatic FFA flux potentiates cardiomyocyte
ischemia contributing towards diastolic dysfunction,
adaptive remodelling and subsequent cardiac injury. IR is
therefore considered the primary mechanism underlying
the emergence of a distinct “dysfunctional cardiovascular
phenotype” of NAFLD, particularly associated with
[61]
increased cardio-metabolic risk .

of the metabolic syndrome, but reliably predicts its
presentation as composite entity as well as the onset
of full-blown type Ⅱ diabetes mellitus (DM Ⅱ) and
[77-79]
adverse cardiac events
. It has been proposed that
the well-evidenced pathogenic relationship between
hyperferritinemia and the metabolic syndrome is
[80]
mediated by undiagnosed hepatosteatosis
which in
turn exacerbates the association between this condition
and increased risk for DM Ⅱ and atherosclerotic
[81]
disease . Up to 30% of NAFLD patients present with
[82]
baseline hyperferritinemia
considered a reliable
predictive marker for NASH, validating its incorporation
into the NAFIC score shown to outperform both the
[83]
HAIR score and Gholam’s model . The utility of ferritin
in the non-invasive prediction of advanced hepatic
fibrosis and increased histological severity however
[84-87]
remains contested
.
In the absence of a corresponding elevation in
transferrin saturation (TS), inflammation-mediated
hyperferritinemia accompanied by decreased serum iron
constitutes a clinico-biochemical profile consistent with
[88,89]
the “anaemia of chronic disease”
and compatible
with a diagnosis of hepatosteatosis and/or the dys
[82]
metabolic iron overload syndrome (DIOS) . Mendler
[90]
et al
first described the presence of unexplained
mild-to-moderate sinusoidal hepatic siderosis invariably
associated with decreased insulin sensitivity and termed
this condition insulin resistance-associated hepatic iron
overload (IR-HIO). In less than two decades, DIOS
has emerged as an important differential diagnosis for
type Ⅰ hereditary hemochromatosis (HH) in patients
at increased cardio-metabolic risk presenting with
deranged iron profiles and a persistent elevation in liver
[91]
transaminases . Due to their striking similarities, it has
been proposed that a superficial distinction between
the “iron phenotypes of obesity” which characterize the
metabolic syndrome, NAFLD and DIOS in fact belies
[82]
their common pathological basis .
Standardized selection criteria for mutation screening
of the hemochromatosis (HFE) gene to confirm a
suspected diagnosis of HH are already in place based on
well-established diagnostic algorithms. However, there
remains a pressing need to develop and validate costeffective non-invasive pre-screen diagnostic algorithms
to assist clinicians in differentiating between typeⅠHH
and DIOS as common causes of hepatic siderosis with
the goal of informing clinical and therapeutic decision
[91]
making. Riva et al re-evaluated the diagnostic criteria
for DIOS and showed that the presence of two or
more metabolic syndrome features and a normal TS
percentage in patients with confirmed hepatosteatosis
corresponded with mild to moderate hepatic siderosis,
showing a predominantly sinusoidal distribution typical
of “classic” DIOS. By comparison, a significant peripheral
elevation in TS dissociated from cardio-metabolic risk
traits corresponded to more severe hepatocellular iron
accumulation consistent with the histological presentation
of HH. In this context, the routine implementation of a
similar validated diagnostic tool could assist clinicians

Liver enzyme levels

Separately, an elevation in either AST or ALT is not
considered a reliable indicator of necro-inflammatory
hepatic injury, and as such, normal levels do not
[62]
confidently exclude a diagnosis of NASH . Increased
GGT however independently predicts not only pro
[63]
gression to NASH but also new-onset CVD in addition
[64]
to cardiac mortality .

Obstructive sleep apnoea

The association between obstructive sleep apnoea
and central obesity as well as the metabolic syndrome
validates its incorporation into several diagnostic models
for NASH. Severe chronic hypoxemia is positively
correlated with steatosis grade and indirectly promotes
[65]
hepatic necro-inflammation although its association
with other determinants of histological injury remains
[66,67]
unclear
. Intermittent hypoxia induces intra-hepatic
FFA flux which promotes progression to NASH via: (1)
activation of nuclear factor kappa beta and increased
production of pro-inflammatory adipocytokines; as well
as (2) up-regulation of reactive oxygen species (ROS)
[68]
synthesis mediated by the NADPH oxidase complex .

Oxidative and inflammatory biomarkers

Chronic inflammation and oxidative stress are considered
important “second-hit” pathogenic mechanisms
underlying progression to NASH. The relationship between
the metabolic syndrome and high-sensitivity C-reactive
[69]
protein is well-recognized
and a preponderance of
evidence now supports its utility as a reliable predictive
marker for new-onset CVD and subclinical athero
[70-73]
sclerosis
. There is however general concern regarding
the putative value of adipocytokines, acute phase
reactants and oxidative biomarkers in the diagnosis of
[74]
NASH due to their general lack of specificity . While
plasma caspase-generated cytokeratin-18 (CK-18)
reflecting hepatocyte apoptosis is considered a highly
accurate and potentially useful non-invasive diagnostic
[75]
marker for NASH , the low sensitivity of CK-18 limits its
[76]
potential viability as screening tool in the clinical setting .
It also remains unclear to what extent the incorporation of
CK-18 into composite diagnostic models is deterministic
of their accuracy.

Iron parameters

Emerging evidence suggests that ferritin is not only
independently associated with diagnostic features
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Table 3 Composite predictive models for advanced hepatic fibrosis in chronic liver disease
Biomarker panel
APRI index
BAAT score
BARD score
Cirrhosis discrimination score
FIB-4 index
Fibrosis probability index
Forns index
Gholam's score
Hui model
King score
Lok index
NAFLD fibrosis score

Components

Formula

Validated in adult NAFLD

Ref.

AST, platelet count
Age, BMI, ALT, triglycerides
BMI, AST, ALT, DM Ⅱ
AST, ALT, platelet count, INR
Age, AST, ALT, platelet count
Age, AST, previous alcohol use, HOMA-IR, cholesterol
Age, platelet count, GGT, cholesterol
ALT, HbA1C
BMI, bilirubin, albumin, platelet count
Age, AST, platelet count, INR
AST, ALT, platelet count, INR
Age, BMI, platelet count, albumin, AAR, IFG/DM Ⅱ

Ratio
Weighted sum
Weighted sum
Weighted sum
Algorithm
Algorithm
Algorithm
Weighted score
Algorithm
Algorithm
Algorithm
Algorithm

√
√
√
×
√
×
√
√
×
×
×
√

Kruger et al[96]
Ratziu et al[97]
Harrison et al[98]
Udell et al[99]
Shah et al[100]
Sud et al[101]
Forns et al[102]
Gholam et al[53]
Hui et al[103]
Cross et al[104]
Lok et al[105]
Angulo et al[106]

NAFLD: Non-alcoholic fatty liver disease; APRI: Aspartate aminotransferase to platelet ratio index; AST: Aspartate aminotransferase; BMI: Body mass
index; ALT: Alanine aminotransferase; DM Ⅱ: Diabetes mellitus type Ⅱ; HOMA-IR: Homeostatic Measurement Assessment of Insulin Resistance; IFG:
Impaired fasting glucose; GGT: Gamma glutamyl-transferase; INR: International normalized ratio; AAR: AST/ALT ratio.

in stratifying obese patients into meaningful subgroups
based on the need for extended follow-up evaluation. This
could confirm a suspected diagnosis of hepatosteatosis
and/or DIOS, in addition to identifying a subgroup of
patients set to derive optimal benefit from the timely
implementation of suitable lifestyle-based intervention
strategies and targeted therapeutic modalities aimed at
decreasing cumulative cardio-metabolic risk early on in
the disease process.

to its individual components, are accurate predictors of
[108]
histological severity in NASH . The AAR is typically <
1 in patients with uncomplicated NAFLD. However, ALT
levels decrease with resolution of necro-inflammation
and as fibrotic injury progresses, which causes decreased
clearance of AST from the sinusoidal space resulting
[62]
in gradual reversal of the AAR . An AAR of > 1 is
considered a reliable indicator of cirrhosis, while a cutoff value of 0.8 can be used to predict advanced hepatic
[109]
fibrosis .
The abovementioned variables constitute the
basis for most of the composite predictive models for
advanced hepatic fibrosis developed to date. Despite
the high specificity (100%) of the BAAT score, its
low sensitivity largely restricts more widespread use
in clinical practice. The NAFLD fibrosis score (NFS)
has proven useful in accurately predicting as well as
excluding advanced hepatic fibrosis using high and
low cut-off values, respectively. Although the NFS has
been extensively investigated and validated in different
population groups, it has limited utility in intermediate
[110-112]
stages of non-severe fibrosis
. The BARD score
compares favourably to the NFS, and is both easier to
calculate and does not produce intermediary results
of indeterminate significance. However, its utility is
hampered by the significant proportion of patients who,
despite mild disease severity, are allocated high total
[113,114]
scores due to obesity
. Although the NFS and
BARD score accurately predict the onset of cirrhotic
complications and liver-related mortality, their clinical
application towards these goals is undermined by the
inclusion of DM Ⅱ as independent predictor of adverse
[115,116]
clinical outcome
.

COMPOSITE PREDICTIVE MODELS FOR
ADVANCED HEPATIC FIBROSIS
Establishing the extent and severity of fibrotic injury in
patients with NAFLD is of significant clinical relevance for
[92]
reliable prediction of overall and liver-related mortality .
In addition to its prognostic importance, confirmation of
advanced hepatic fibrosis may identify patients eligible
for enrolment in screening programs aimed at monitoring
risk for progression to cirrhosis and its associated
[93]
complications . Fibrosis severity is moreover correlated
with greater carotid intima media thickness measure
ments, decreased coronary blood flow reserves as well
as microvascular dysfunction, suggesting that patients
with advanced fibrotic injury should be considered at
high-risk for CVD, warranting more aggressive and
sustained intervention via lifestyle-based risk reduction
[94,95]
methods
. Several scoring panels used for the
prediction of advanced hepatic fibrosis are outlined in
Table 3.

Socio-demographic characteristics

Risk for pathogenic progression and greater histological
[107]
severity increases dramatically with age . Older age
is therefore considered a predictor variable in multiple
composite models for advanced fibrosis.

Markers of impaired hepatic functioning

Progression from severe hepatic fibrosis to cirrhosis
ultimately leads to decompensated liver failure and
portal hypertension, biochemically reflected as throm
bocytopenia, increased prothrombin time, hypoal
buminemia and hyperbilirubinemia. Platelet count is an

Cardio-metabolic risk traits and liver enzyme levels

The metabolic syndrome as composite entity, in addition
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ideal biomarker for the prediction of advanced fibrosis in
[117]
many chronic liver diseases
and features in multiple
composite models currently available to the clinician. The
clinical relevance of the AST to platelet ratio index (APRI)
as a simple screening tool to predict advanced fibrosis has
been demonstrated in the resource-limited South African
setting, comparing favourably to the NFS with superior
[96]
accuracy to the AAR . While the APRI could serve to
decrease the need for liver biopsy in this context, its utility
in the evaluation of intermediary stages of fibrosis severity
[118,119]
remains unclear
.
Addition of age to the APRI yields the FIB-4 index,
providing a model which, while still easily and affordably
calculable, consistently outperforms other non-invasive
tools in comparative studies for the identification as
[120,121]
well as exclusion of advanced hepatic fibrosis
.
The international normalized ratio (INR) is not only a
significant independent predictor for advanced hepatic
fibrosis in NAFLD, but improves the positive predictive
value of the BARD score when incorporated as an
additional variable, without compromising its negative
[122]
predictive value
. Age, platelet count and/or INR
are also included in several other predictive models
which have not yet been validated in adult patients with
NAFLD. These scoring panels incorporate a number of
components known to independently predict fibrosis
[123]
[124]
severity in NAFLD, including bilirubin , GGT
and
[106]
albumin .

models show greater discriminatory power compared
to single-variable analysis and there is considerable
interest in their potential value as non-invasive risk
assessment tools. A number of important limitations
however currently impede their routine use in clinical
practice, as outlined below.

Markers of hepatocellular turnover

Predictive models for the non-invasive assessment of
the extent and severity of fibrotic injury should ideally
reflect a dimensional pathogenic spectrum raging
from ECM deposition though initial scarring, bridging
as well as advanced fibrosis, and ultimately different
stages of compensated and decompensated cirrhosis.
While existing predictive models have proven useful
in excluding advanced fibrosis, many require further
validation in cases of intermediate severity. Their
positive predictive value is also modest at best, and
[129]
likely inferior to that of more complex scoring panels ,
which are again limited as the direct biomarkers they
employ lack standardization as well as liver-specificity.
A number of suggestions have been proposed in an
attempt to address these shortcomings, including the
concurrent use of multiple prognostic models towards
[130]
the same goal
. The development of progressively
more complex risk assessment schemes is intuitively a
plausible solution, and while improving the performance
for cirrhosis, this approach does not greatly increase the
predictive accuracy of these models for NASH or non[131]
severe fibrosis .

Diagnostic and predictive models are defined by
variability

Different models which assess the same outcome
may differ markedly in their composition as well as
methods employed for risk calculation, and many
were initially developed for use in other chronic liver
diseases such as viral hepatitis. Existing models were
constructed against histological end-points defined by
variable classification schemes and evaluated using liver
biopsy as an imperfect diagnostic standard. Selection
bias poses a major general concern, as initial studies
often utilize heterogeneous and highly selected patient
cohorts as well as different reference populations.
Despite promising findings supporting their clinical
value, confirming the reproducibility and robustness
of existing composite prognostic models will depend
on their external validation in large-scale prospective
studies, considered a prerequisite for extrapolation to
the general population.

Lack of consensus regarding clinically meaningful
thresholds for histological severity

Markers which reflect increased deposition or decreased
degradation of extracellular matrix (ECM) components
are obvious candidates for the evaluation of fibrosis
severity in chronic liver disease. The accuracy of
direct fibrotic biomarkers may exceed that for simple
biomarker panels incorporating indirect markers of
[125]
hepatic dysfunction . ECM components are included
in a number of complex patented biomarker panels,
including the Original European Liver Fibrosis (OELF)
score, simplified European Liver Fibrosis (ELF) score
and NASH Diagnostics panel. One of the most widely
investigated direct biomarkers is the high molecular
weight polysaccharide hyaluronic acid (HA), with
increased levels, resulting from accelerated collagen
synthesis and decreased hepatic sinusoidal clearance,
shown to accurately predict advanced fibrosis in
[126,127]
NAFLD
. However, a significant drawback to the
use of ECM markers such as HA is their lack of liverspecificity, as levels are affected by diverse factors such
as renal failure, extra-hepatic fibrogenesis and dietary
[128]
habits .

Limited value in predicting complications

LIMITATIONS OF COMPOSITE
PROGNOSTIC MODELS

Composite non-invasive models have limited utility in
the prediction of cirrhotic complications such as variceal
[132]
bleeding
. There is still a disproportionate focus
on liver-related as opposed to cardiovascular events,
which is particularly relevant as CVD is the primary
cause of mortality in NAFLD patients. Establishing

Individual biomarkers used for the peripheral evaluation
of hepatic injury in NAFLD invariably fall short of the
hypothetical ideal. Composite diagnostic and predictive
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the utility of composite models in predicting cardiometabolic complications, adverse clinical outcomes and
mortality risk is therefore an important research focus
for future prospective studies. Moreover, an important
research objective in this regard would be to focus on
determining to what extent the addition of a genomics
component to prognostic models allows for the accurate
prediction of long-term clinical outcomes.

function mechanism as underlying the promotion of
macrovesicular hepatosteatosis due to increased hepatic
lipid accumulation and/or export associated with impaired
[150,151]
lipidation of very low-density lipoprotein particles
.
PNPLA3 knockout in vivo does not however lead to
[152]
increased intra-hepatic TAG accumulation
with
increased lysophosphatidic acid acyltransferase activity
and TAG synthesis noted for G-allele carriers, but rather
supports a gain-of-function mechanism contributing
[153]
towards the development of hepatosteatosis . Li et
[154]
al
however suggested that increased susceptibility
towards hepatosteatosis associated with PNPLA3
rs738409 could be explained by a combination of in
creased TAG synthesis as well as decreased hydrolysis in
the context of excess intra-hepatic FFA accumulation.
While PNPLA3 rs738409 confers susceptibility
towards hepatosteatosis independent of extra-hepatic
metabolic phenotypes, visceral adiposity mediates the
severity of hepatic lipid infiltration in risk-allele carriers
as well as the association of this genetic variant with
[155,156]
related cardio-metabolic risk traits
. The rs738409
variant similarly confers risk for increased histological
severity dissociated from its effects on central obesity
[157,158]
and IR
. Its pathogenic role in impaired lipid
homeostasis as evidenced by a peripheral decrease in
serum triglyceride, total and high-density lipoprotein
[159,160]
cholesterol
is furthermore unmasked in the
[161]
presence of increased visceral adiposity
and impaired
[162]
glucose tolerance
, in addition to being modulated
[161,163]
by lifestyle and dietary habits
. It has further been
proposed that lipotoxicity and inflammatory stress
resulting from impaired intra-hepatic lipid metabolism
and free cholesterol deposition associated with PNPLA3
rs738409 activates dormant hepatic stellate cells (HSCs),
leading to increased fibrogenesis. Severe hepatic
fibrosis may occur in the absence of pathologically
evident NASH, supporting the hypothesis that a direct
stimulating effect on HSCs also contributes towards
hepatic fibrogenesis independent of hepatic necro[164]
inflammation .
Collectively, the abovementioned findings provide
a useful framework for ongoing research aimed at
establishing to what extent the incorporation of PNPLA3
genotyping as a component of existing composite
prognostic models used in NAFLD/NASH could improve
their performance. The addition of PNPLA3 genotyping
to the NAFLD liver fat score fails to significantly increase
[38]
its diagnostic accuracy , suggesting limited utility as
a diagnostic marker for hepatosteatosis. However, the
combined assessment of PNPLA3 rs378409 genotype
along with fasting insulin and ALT levels has been shown
[165]
to reliably predict the presence of undiagnosed NASH .
The observation that the genotype distribution and
allele frequencies for PNPLA3 rs738409 closely mirror
population-based prevalence rates for hepatosteatosis
further supports the notion that a degree of the known
variation in disease susceptibility observed between
different population groups evident for NAFLD has a
[134]
partly genetic basis . This emphasizes the need for

IMPROVING CLINICAL RISK PREDICTION
ACROSS THE NAFLD SPECTRUM
There is ongoing research interest in determining to
what extent the addition of biochemical and functional
genomic markers and/or the application of emerging
imaging technologies can assist in overcoming the
abovementioned limitations restricting the more wide
spread clinical implementation of existing composite
prognostic models applicable across the NAFLD spectrum
by improving their diagnostic accuracy and predictive
performance.

Incorporation of personalized genomic testing to
existing composite prognostic models

Epidemiological evidence concerning the extent towards
which susceptibility for NAFLD involves a substantial
[133,134]
heritability component remains conflicted
. This
has led to ongoing research interest in elucidating
the genetic mechanisms that may underlie marked
population-based variation in disease prevalence and
inter-patient heterogeneity in histological severity
[135,136]
characteristic of this complex disease trait
.
Two seminal population-based genome-wide
[137,138]
association studies (GWAS) conducted in 2008
identified a common non-synonymous single-nucleotide
polymorphism in the patatin-like phospholipase domaincontaining protein 3 (PNPLA3) gene (rs738409 C >
G; I148M), which encodes the multifunctional lipolytic
[139]
enzyme adiponutrin (ADPN)
as a major determinant
of inter-individual variation in hepatic fat content and
plasma liver enzyme levels. The PNPLA3 rs738409
SNP has subsequently been reproducibly associated
with increased susceptibility towards the onset and
progression of NAFLD across boundaries for age, sex
[139-144]
and ethnic background
. Findings from at least
two recent meta-analyses have also confirmed the
clinical relevance of PNPLA3 rs738409 as a potent
genetic risk factor for NASH, severe hepatic fibrosis and
[145,146]
hepatocellular carcinoma
.
Existing evidence concerning the exact molecular
mechanisms which underlie the association between
PNPLA3 rs738409 and increased susceptibility
towards the onset and progression of hepatosteatosis
[147]
however remains both inconclusive and conflicting .
ADPN possesses both triacylglycerol (TAG) lipase
and acylglycerol O-acyltransferase activity with the
known relationship between PNPLA3 rs738409 and
[148,149]
decreased TAG hydrolysis
supporting a loss-of-

WJH|www.wjgnet.com

1199

May 28, 2015|Volume 7|Issue 9|

Lückhoff HK et al . Non-invasive evaluation of NAFLD severity
further research aimed at clarifying the role of ethnicity
as a putative modulator of genetic risk conferred by
PNPLA3 rs738409. Evidence of gene-diet interactions
that may be relevant to a specific population supports
the need for development of lifestyle-based intervention
strategies aimed at decreasing cumulative risk for
[166]
development of NAFLD and progression to NASH .
GWAS have identified a number of other genetic
variants as potential risk modifiers for progressive
necroinflammatory injury and advanced hepatic fibrosis
in NAFLD. For example, the PiS/PiZ variant of the
α-1 antitrypsin (AAT) gene implicated in endoplasmic
reticulum stress has been shown to predict hyper
ferritinemia and parenchymal iron overload independent
of TS percentage despite its dissociation from risk for
[167]
increased histological severity
. In a similar study,
[168]
Valenti et al
investigated the utility of four polymorphic
variants in the HFE, AAT, ferroportin-1 and beta-globin
genes functioning in known iron metabolism pathways as
putative predictive markers for parenchymal iron overload
[168]
and increased histological severity. In this study
,
the authors demonstrated that that hepatocellular iron
overload could be explained by risk-variant carriage in
63% of cases, with the beta-thalassemia trait showing
the highest predictive accuracy for moderate-to-severe
hepatic fibrosis in patients with NAFLD and/or DIOS.
The role of causative mutations in the HFE gene
implicated in typeⅠHH as non-deterministic modifiers
of susceptibility towards the onset and pathogenic
progression of NAFLD remains incompletely elucidated.
[88]
In an Italian study, Valenti et al showed that hetero
zygosity for the deleterious C282Y mutation confers
susceptibility towards hepatosteatosis even in the
absence of overt cardio-metabolic risk. The C282Y
[169]
mutation has been associated with NASH
as well as
hepatocellular iron accumulation which could promote the
progression of hepatic fibrogenesis, thereby conferring
risk for increased histological severity secondary to iron[170-172]
mediated oxidative stress and lipotoxicity
. Findings
[173,174]
from conflicting studies
as well as a systematic
[175]
review and meta-analysis
however fail to support
the notion that HFE genotype is a significant genetic
determinant of risk for the onset or progression of NAFLD
and/or DIOS. In patients with a known diagnosis of
NAFLD, confirmation that HFE genotype allows for the
non-invasive prediction of parenchymal as opposed to
sinusoidal iron overload could also provide evidence
supporting the relevance of personalized genomic
testing in the non-invasive differentiation between
hepatosteatosis/DIOS and type Ⅰ HH. This issue was
[176]
addressed in a study conducted by Valenti et al
who showed that, despite the association between
C282Y mutation carriage and parenchymal siderosis
typical of typeⅠHH, only approximately 33% of NAFLD
patients exhibited this pattern of iron distribution, with
HFE genotype explaining less than 50% of phenotypic
variance for this trait. These findings suggest that HFE
genotyping as a stand-alone genomic test most likely
has limited utility as a reliable predictive marker for
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hepatocellular iron overload.
There is growing recognition that genetic variants
implicated in the aberrant regulation of the ferroportinhepcidin axis play a major role in the etiopathogenesis of
[177]
iron-related disorders . In accordance with this notion,
a polymorphic variant (rs855791) in the matriptase-2
(TMPRSS6) gene has been associated with dysfunctional
down-regulation of hepcidin expression implicated in
the pathogenesis of a genetic subtype of iron-deficiency
anaemia. It remains unclear however to what extent
the association between TMPRSS6 rs855791 and iron
deficiency is either mediated by or independent of
hepcidin status, with existing evidence indicating that
the pleiotropic effects this genetic variant exerts on
[178-180]
serum iron profiles are likely context-dependent
.
The putative role of TMPRSS6 rs855791 in the etiology
of NAFLD has recently started to garner increasing
research attention. Emerging evidence suggests that
TMPRSS6 rs855791 is associated with hypoferritinemia
and decreased hepatic iron stores independent of
serum ferritin and HFE genotype, and may exert a
protective effect against the development of hepatic
[181,182]
siderosis and DM Ⅱ in patients with NAFLD
.
Ongoing investigative effort is required not only to
further elucidate the clinical significance of TMPRSS6
rs855791 as a potential genetic risk modifier for NASH
and/or advanced hepatic siderosis but also to replicate its
apparent dissociation from susceptibility towards DIOS
considered in the context of known environmental and
epistatic modulators of phenotypic expression in different
population groups.

Incorporation of emerging imaging methodologies as a
component of existing composite prognostic models

Findings from multiple studies and meta-analyses
further support the utility of transient elastography (TE)
in diagnosing or excluding advanced hepatic fibrosis and
cirrhosis with excellent accuracy, providing a reliable noninvasive tool used to assess and monitor the progression
of fibrogenic activity in patients with NAFLD/NASH. To
what extent extra-hepatic metabolic risk phenotypes as
well as underlying pathology contribute towards variation
in liver stiffness measurement (LSM) and influences
the efficacy of TE however remains incompletely under
[183-187]
stood
. Emerging evidence further suggests that
the concurrent assessment of LSM and PNPLA3 genotype
alongside existing composite prognostic models used
to predict advanced hepatic fibrosis in NAFLD could
improve their performance with the goal of decreasing
[188,189]
the need for invasive liver biopsy
. Future studies
should ideally aim to validate these preliminary findings
in large-scale population-based prospective studies.

CONCLUSION
The routine clinical adoption of composite prognostic
models as viable non-invasive risk stratification tools
offers distinct advantages over the use of individual
peripheral biomarkers, which have limited utility
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compared to liver biopsy as the current standard for
the diagnosis, grading and staging of NAFLD. In future,
improved non-invasive diagnostic and predictive models
incorporating genomics could allow for the timely
implementation of tailored therapeutic intervention,
aimed at preventing disease onset as well as decreasing
risk for cardiovascular- and liver-related mortality
[190]
in patients with NAFLD
. A number of important
limitations however continue to impede more widespread
clinical application as part of routine patient management,
including the need for external validation in large-scale
prospective studies to confirm their reproducibility
and robustness as well as applicability in the general
population. In response, ongoing investigative effort is
required in order to assess new combinations of readily
available biomarkers as novel prognostic models which
could serve as cost-effective screening tools in a specific
target population. In resource-limited settings the
establishment and ongoing development of a database
resource for health outcome studies may provide a viable
alternative to prospective clinical trials for validation of
eligibility criteria and treatment algorithms guided partly
from the genetic background.
Given the decreasing cost and growing availability
of genetic testing in the clinical domain, the routine use
of personalized genomic risk screening in developing
nations soon become a reality. This provides motivation
for future research aimed at clarifying to what extent the
incorporation of functional genomic markers and/or the
application of emerging imaging technologies including
TE could assist in overcoming the abovementioned
limitations evident for existing composite prognostic
models by improving their diagnostic accuracy and
predictive performance. In particular, considering the
emerging role of DIOS as an important secondary cause
of hepatic siderosis distinct from type ⅠHH known to
pose independent risk for new-onset CVD, subclinical
atherosclerosis and decompensated liver failure, there
is a pressing need to develop and validate non-invasive
pre-clinical diagnostic algorithms to differentiate between
DIOS and type Ⅰ HH in patients with the metabolic
syndrome and/or NAFLD. The clinical implementation
of a validated diagnostic model for DIOS could
potentially allow for a more comprehensive approach to
cardiovascular risk screening as well, allowing clinicians
to identify an obese patient subgroup set to derive
optimal benefit from the timely implementation of more
aggressive and sustained lifestyle-based intervention
strategies as well as tailored therapeutic adjuncts aimed
at decreasing cumulative cardio-metabolic risk for early
on in the disease process.
In addition to allowing for a more goal-directed use
of liver biopsy in resource-limited settings, clinically
validated composite models may in future be used to
determine eligibility for genetic testing as part of the
emerging arsenal of available tools used to guide patient
management and improve the standard of patient care
in NAFLD. Towards this goal, a pathology-supported
genetic testing approach could prove useful in developing
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standardized pre-screen diagnostic algorithms to select
non-responders to standard therapies and genetically
uncharacterized NAFLD patients set to derive additional
benefit from extended whole genome or exome sequen
[191,192]
cing
. Next-generation sequencing could be used
to validate common susceptibility variants implicated
in the etiopathogenesis of NAFLD, thereby supporting
the development and validation of a genomics-based
screening panel to provide greater insight into the value
[193,194]
of personalized medicine applications
. In this
context, a transdisciplinary “omics” approach has been
proposed as a means of developing novel prognostic
signatures incorporating relevant biochemical and
genomic markers to optimize clinical diagnosis and
[195]
improve risk management in patients with NAFLD .
Extension of genomics-based risk profiling beyond the
limited scope of single-gene testing assisted by nextgeneration sequencing has the potential to facilitate the
detection of both known and novel genetic variations
aimed at the prevention of cumulative cardio-metabolic
risk across the NAFLD spectrum.
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Traditional Chinese medicine for prevention and treatment
of hepatocarcinoma: From bench to bedside
Bing Hu, Shuang-Shuang Wang, Qin Du
and other TCM syndromes (Zheng). Modern treatments
such as surgery, transarterial chemoembolization (TACE)
and high intensity focus ultrasound treatment would
influence the manifestation of TCM syndromes. Herbs
with traditional efficacy of tonifying Qi, blood and Yin,
soothing liver-Qi stagnation, clearing heat and detoxifying
and dissolving stasis, have been demonstrated to be
potent to prevent hepatocarcinogenesis. TCM has
been widely used in all aspects of integrative therapy
in hepatocarcinoma, including surgical resection, liver
transplantation, TACE, local ablative therapies and even
as monotherapy for middle-advanced stage hepato
carcinoma. Clinical practices have confirmed that TCM
is effective to alleviate clinical symptoms, improve
quality of life and immune function, prevent recurrence
and metastasis, delay tumor progression, and prolong
survival time in hepatocarcinoma patients. The effective
mechanism of TCM against hepatocarcinoma is related
to inducing apoptosis, autophagy, anoikis and cell
senescence, arresting cell cycle, regulating immune
function, inhibiting metastasis and angiogenesis, reversing
drug resistance and enhancing effects of chemotherapy.
Along with the progress of research in this field, TCM
will contribute more to the prevention and treatment of
hepatocarcinoma.
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Core tip: Hepatocarcinoma may present different
Traditional Chinese medicine (TCM) syndromes (Zheng).
Syndromes are associated with hepatocarcinoma
progression and prognosis to a certain degree. Modern
technologies have been exploited to elucidate the relation
between syndromes and biomedical sciences. Chinese
herbs or herbal components have been demonstrated

Abstract
Traditional Chinese medicine (TCM) has played a
positive role in the management of hepatocarcinoma.
Hepatocarcinoma patients may present Qi-stagnation,
damp-heat, blood stasis, Qi-deficiency, Yin-deficiency
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explored to prevent and treat hepatocarcinoma. In this
paper, we comprehensively review the experimental and
clinical efficacy of TCM against hepatocarcinogenesis and
hepatocarcinoma, TCM syndromes in hepatocarcinoma
patients and the effective mechanism of TCM in the
treatment of hepatocarcinoma, to provide new insights
into hepatocarcinoma management.

to be effective to prevent and treat hepatocarcinoma.
Contemporary TCM physicians have established some
effective herbal formulas and Chinese patent herbal
drugs for hepatocarcinoma prevention and treatment.
Hu B, Wang SS, Du Q. Traditional Chinese medicine for
prevention and treatment of hepatocarcinoma: From bench to
bedside. World J Hepatol 2015; 7(9): 1209-1232 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i9/1209.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i9.1209

Hepatocarcinoma prevention by
TCM
Disease prevention has long been practiced in TCM.
Taking preventive measures against disease or treating
before sick had been established as a basic principle
for disease control since Inner Canon of Emperor
Huang (Huang-Di-Nei-Jing) (400 B.C.), Dr. Zhong-Jing
Zhang, one of the most prominent Chinese physicians
in history, had developed another principle for liver
disease prevention in Synopsis of Golden Cabinet (JinGui-Yao-Lüe) (A.D 200 - 210). Dr. Zhang observed
that liver diseases tend to spread to the spleen, and
proposed that the spleen-Qi should be reinforced before
it is affected. Hepatocarcinoma prevention by Chinese
herbs or related products has been extensively studied
in recent decades.

INTRODUCTION
Hepatocarcinoma is the sixth most common malignancy
and the third principal cause of cancer deaths world
[1]
wide . The incidence of hepatocarcinoma is increasing
[2-4]
by cause of hepatitis virus infection and other factors .
Due to latent onset and rapid progression, only a
minority of patients with early-stage disease are suitable
for potentially curative therapy, i.e., surgical resection
or liver transplantation. Treatments for unresectable
disease, such as local ablative therapies, transarterial
chemoembolization (TACE) and systemic therapy with
[5]
sorafenib, are essentially palliative . Cancer recurrence
is another obstacle to successful treatment, and there
is a shortage of preventive means for recurrence. It
is important to develop novel approaches for hepato
carcinoma prevention and treatment.
Traditional Chinese medicine (TCM) has played a
[6,7]
positive role in the management of hepatocarcinoma .
TCM has been widely used in all aspects of integrative
therapy in hepatocarcinoma, including surgical resection,
liver transplantation, chemoembolization, targeted
therapy, and even as monotherapy for middle-advanced
[6-8]
stage hepatocarcinoma
. TCM treatment mainly
includes multiple herbal therapy and Chinese patent
herbal drug therapy. Clinical practices have confirmed
that TCM is effective to alleviate clinical symptoms,
improve quality of life (QOL), palliate myelosuppression,
improve immune function, prevent recurrence and
metastasis, delay tumor progression, and prolong
[6-9]
survival time .
TCM therapy is a syndrome differentiation based
treatment. Based on TCM pathogenesis, TCM syndrome
patterns and different disease stage, TCM physicians
employ different therapeutic methods, and prescribe
[10]
multiple herbs for hepatocarcinoma treatment . The
pathogenesis of hepatocarcinoma is related to weakened
body defense or deficiency in liver and kidney, liver
stagnation, dampness-heat, and blood stasis. Since
these pathological factors are also seen in other
diseases, contemporary TCM has developed the concept
of cancerous toxicity (Ai-Du) to discriminate liver cancer
from other common diseases, and underscore the
application of anti-cancer therapy to improve overall
[11,12]
therapeutic efficacy in hepatocarcinoma
.
During past decades, TCM has been extensively
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Classical herbal formulas

Chinese herbal formula or Chinese herbal compound
prescription is the most representative application
form of Chinese herbs. It has been shown that some
classical herbal formulas have preventive effects against
hepatocarcingenesis. Ren-shen-bie-jia-jian, a formula
for nourishing Qi and dissolving stasis, is effective in
inhibiting hepatocarcinogenesis and down-regulation of
transforming growth factor-β type Ⅱ receptor (TGF-β
[13]
ⅡR) . Xiao-chai-hu-tang, a formula used for soothing
liver-Qi stagnation, may inhibit N-nitrosomorpholine
(NNM) induced hepatocarcinogenesis and increase
[14]
the proportion of helper T lymphocytes in rats . Shiquan-da-bu-tang, a classical formula for tonifying Qiblood, inhibits NNM induced hepatocarcinogenesis
and increases interleukin-2 (IL-2) receptor-positive
[15]
lymphocytes in rats . However, the more exploited
and studied are modern formulas.

Liver and/or kidney-tonifying herbal formulas

According to TCM theory, the liver and kidney share the
same origin, and thus tonifying liver and/or kidney is
frequently used to prevent hepatocarcinoma. Nourishing
Yin Decoction, a formula for tonifying liver Yin, may inhibit
[16]
aflatoxin B1 (AFB1) induced hepatocarcinogenesis .
A-L tonic capsule, a tonifying liver and kidney Yin and
nourishing Qi based Chinese patent drug for improving
the immune system in cancer patients, may reduce
DNA content and improve its distribution in rat hepato
[17]
carcinogenesis induced by diethylnitrosamine (DEN) .
Bu Shen Prescription, a formula composed of eight
herbs for tonifying kidney, inhibits DEN induced hepato
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[18]

carcinogenesis in rats .
[19]
Liu et al established Fu-zheng-hua-yu formula for
tonifying kidney and dissolving stasis, and demonstrated
that it may inhibit hepatocarcinogenesis and induce
cell cycle S phase arrest in DEN treated rat models. Fuzheng-hua-yu formula has been developed as a Chinese
patent drug for liver fibrosis treatment. Huqi San, a
formula for tonifying kidney and nourishing Qi, inhibits
the over-expression of c-jun, c-fos and c-myc oncogenes
[20,21]
and liver preneoplastic lesions induced by DEN
.

heat and detoxifying, and strengthening spleen. All
those treatments up-regulated GTPase-activating
protein expression and down-regulated Ras expression.
Expression of growth factor receptor-bound protein 2
and Raf 1, and son of sevenless was inhibited by those
[29-31]
treatments, respectively
. Herbal compound 861, a
formula composed of herbs with dissolving stasis and
nourishing Qi efficacy, prevents 2-acetylaminofluorene
[32]
(2-AAF) induced hepatocarcinogenesis in rats . A new
anti-tumor formula with tonifying Qi, soothing liver and
dissolving stasis effects inhibits hepatocarcinogenesis
induced by HBV and AFB1 accompanied by superoxide
dismutase (SOD) and glutathione S-transferase (GST)
[33]
activation and decreased malondialdehyde (MDA) .

Spleen-strengthening herbal formulas

Strengthening spleen is an important principle for
hepatocarcinoma prevention. Ganfujian, a formula
composed of dietary and medicinal Chinese herbs for
strengthening spleen, has showed effects in inhibiting
hepatocarcinogenesis, and down-regulation of CDK4
(cyclin-dependent kinase 4), cyclin D1 and PCNA
(proliferating cell nuclear antigen) in DEN induced hepatic
[22]
[23]
carcinogenesis in rats . Qiu et al
have established
an herbal recipe for strengthening spleen, regulating Qi,
removing heat, and softening hard lumps and resolving
phlegm (SRRS). SRRS recipe has been demonstrated to
have preventive effects against DEN induced hepatoca
[23]
cinogenesis . Jianpi Jiedu Recipe, an herbal formula
for strengthening spleen and detoxification, has been
showed to be effective in inhibiting DEN induced hepa
tocarcinogenesis, down-regulating miR-199a and
Phosphatidylinositol-4,5-bisphosphate 3-kinaseV-akt
murine thymoma viral oncogene homolog (PI3K/AKT),
[24,25]
and up-regulating p70s6k
.

Tonic herbs

Ginseng, one of the most frequently used herbs for
tonifying Qi, has been reported to be effective in inhibiting
[34]
DEN induced hepatocellular carcinoma in rats . DangGui (Angelica sinensis), a common used blood tonic, is
potent to inhibit AFB1 induced mutagenicity in Ames test
[35,36]
and hepatocarcinogenesis induced by AFB1
. Yingtonifying herbs such as Nü-Zhen-Zi (Ligustrum lucidum
Ait.), Tian-Dong (Asparagus cochinchinensis), Bai-He
(Lilium brownii) and Shan-Zhu-Yu (Cornus officinalis) are
efficient to inhibit AFB1 induced mutagenicity in Ames
[36]
test . Cao-Cong-Rong (Boschniakia rossica), an herb
with traditional efficacy of Yang-tonifying, may inhibit
DEN induced hepatocarcinogenesis, increase SOD and
GSH-PX (glutathione peroxidase), and down-regulate
expression of MDA, GST and mutant p53 and p21
[37,38]
proteins
.

Detoxifying herbal formulas

Heat-clearing herbs

In addition to tonifying treatments, eliminating pathogenic
factors is another important principle for hepatocarcinoma
prevention. Removing Toxic Heat Decoction, a formula
based on detoxifying and tonifying liver Yin, may
[16]
inhibit AFB1 induced hepatocarcinogenesis . Gao et
[26]
al
evaluated Gan-Zheng oral solution, a formula for
detoxification and dissolving stasis, in a DEN induced
rat model and demonstrated that it is effective in
inhibiting hepatocarcinogenesis and down-regulating
[26]
intercellular adhesion molecule 1 (ICAM-1) . Zao-Lian
mixture, a formula for detoxification, dissolving stasis,
strengthening spleen, and soothing liver, may inhibit
[27]
hepatocarcinogenesis and protect liver function . Sb/Bs
remedy, containing Scutellaria baicalensis Georgi (Sb)
and Bupleurum scorzonerifolfium Willd (Bs), suppressed
N-nitrosobis(2-oxopropyl)amine (BOP) induced liver
tumours, increased serum tumor necrosis factor (TNF)alpha and TGF-beta1, decreased 8-OHdG expression,
[28]
and increased caspase-3 and apoptosis .

Ban-Zi-Lian (Sculellaria barbata), an herb with
traditional efficacy of clearing heat and detoxifying, has
been widely used as an anti-cancer herb. Ban-Zi-Lian
has been reported to be able to inhibit experimental
hepatocarcinoma and relieve hepatic injures in DEN
[39]
treated rats . Tu-Fu-Ling (Smilax glabra Roxb.),
another commonly used clearing heat and detoxifying
[35]
herb, inhibits hepatocarcinogenesis induced by AFB1 .
Penta-acetyl geniposide, a component of Zhi-Zi (Gardenia
jasminoides Ellis), may protect rats from AFB1 induced
[40]
hepatocarcinogenesis . Berberine, a component of
Huang-Lian (Coptis chinensis Franch.) or Huang-Bai
(Phellodendron chinense Schnied.), inhibits hepatocyte
proliferation and inducible nitric oxide synthase expression,
decreases cytochrome P450 content, inhibits activities of
cytochrome P450 2E1 (CYP2E1) and CYP1A2 in DEN plus
[41]
phenobarbital treated rats . Yin-Chen-Hao (Artemisia
capillaris Thunb.), an herb for clearing heat, inducing
urination and removing jaundice, has been reported to
be effective in inhibiting AFB1 induced mutagenicity in
[42]
Ames test .

Stasis-dissolving and other herbal formulas

Professor Fang’s group has investigated different TCM
treatments in DEN mediated hepatocainogenesis, and
found that the more efficient treatments are, in order,
promoting circulation and removing stasis, clearing

WJH|www.wjgnet.com

Stasis-dissolving herbs

Dissolving stasis is another principle for hepatocarcinoma
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prevention. Dan-Shen (Salvia miltiorrhiza Bunge)
may inhibit AFB1 mediated mutagenicity and hepato
carcinogenesis, decrease AFB1-DNA adducts formation
and AFB1-induced oxidative DNA damage, and induce
[35,36,43]
glutathione S-transferase Yc-2 expression
. JiangHuang (Curcuma longa Linn) has beneficial effects on
the early and late stages of liver pathogenesis, prevents
and delays liver carcinogenesis, and may be related
to decreased expression of hepatitis B virus X protein
(HBx) and increased expression of p-p53, p21 and cyclin
[44]
D1 in livers of HBx transgenic mice . Shan-Qi (Panax
notoginseng), an herb used for hemostasis and dissolving
stasis, has been showed to be effective to inhibit
DEN induced hepatocarcinogenesis and angiogenesis
accompanied by down-regulation of angiopoietin-2,
tunica internal endothelial cell kinase 2, hypoxia inducible
factor-1α (HIF-1α) and vascular endothelial growth factor
[45]
(VEGF) .

high-risk individuals from hepatocarcinogenesis. Herbal
formulas for hepatocarcinoma prevention are listed in
Table 1.

TCM Syndromes in
hepatocarcinoma
TCM syndrome (Zheng) is pathological status that
integrates information from clinical symptoms, etiology,
disease location and character, tongue picture and TCM
theory, and serves as the basis for herbal medication.
The clinical manifestation of liver cancer is complex
and different patients or different stage of disease may
present different TCM syndromes.

Syndrome differentiation in hepatocarcinoma

In 294 patients preliminarily diagnosed with primary
[50]
liver cancer, Zhao et al
found the early symptoms
were more observed in the liver and biliary system and
digestive tract system. Except for 23.5% of patients
without any TCM syndrome, the frequently observed
syndromes include dampness, blood-stasis, Qi-stagnation,
Qi-deficiency, blood-deficiency, heat, Yang-asthenia and
Yin-asthenia. One hundred and eleven cases presented
with single syndrome, 76 cases with two combined
syndromes, 31 cases with three combined syndromes,
6 cases with four combined syndromes and 1 case with
[50]
five combined syndromes .
In another study, the common syndromes observed
in liver cancer patients include blood stasis, spleen-Qideficiency, liver-Qi stagnation, spleen deficiency and
dampness blocking, disharmony of liver and stomach,
dampness-heat of spleen and stomach, liver-Yindeficiency and kidney-Yin-deficiency. Liver-Qi stagnation
and spleen-Qi-deficiency can be found in patients from
stagesⅠto Ⅲ. Main syndromes in stage Ⅱ are blood
stasis, Qi-stagnation, Qi-deficiency and damp-heat. While
in stage Ⅲ, Qi-deficiency, Yin-deficiency, blood stasis, Qistagnation and retention of water are the most common
syndromes. The average numbers of syndromes in
stagesⅠ, Ⅱ and Ⅲ are 2.03, 3.47 and 4.99, respectively.
These observations suggest that syndromes are more
complicated along with disease progression, and Qi
stagnation, blood stasis, Qi-deficiency and Yin-deficiency
[51,52]
are the basic syndromes in liver cancer
.
[53]
In Guangzhou area, Wang et al
have found that
TCM syndromes distributed in liver cancer patients
include spleen deficiency, Qi stagnation, blood stasis and
damp-heat. Two overlapped syndromes were observed in
43.5% of patients and 19.9% for three. The overlapped
syndromes in patients with stage Ⅱ disease are spleen
deficiency and Qi stagnation, Qi stagnation and blood
stasis, spleen deficiency and damp-heat, and liver and
spleen deficiency. The overlapped syndrome in patients
[53]
with stage Ⅲ disease is liver and kidney-Yin-deficiency .
Syndromes are related to prognosis and QOL to some
[54]
extent. Yang et al analyzed relation between syndrome
and survival time. They found that the median survival

Other herbs

Wu-Wei-Zi (Schisandra chinensis), commonly used
for inducing astringency, could inhibit AFB1 induced
mutagenicity in Ames test and hepatocarcinogenesis
[35,36]
induced by AFB1
. Gomisin A, an ingredient of WuWei-Zi, is effective to inhibit 3’-methyl-4-dimethyla
minoazobenzene induced hepatocarcinogenesis by
enhancing the excretion of the carcinogen from the liver
[46]
and by reversing the normal cytokinesis . Other herbs,
such as Bai-Ji (Bletilla striata), which may inhibit FAB1
induced hepatocarcinogenesis, Shan-Zha (Crataegus
pinnatifida), Yi-Yi-Ren (Coix lacryma-jobi L.), Xing-Ren
(Prunus armeniaca) and Wu-Mei (Prunus mume), which
[35,36]
may inhibit AFB1 induced mutagenicity in Ames test
.

Clinical prevention against hepatocarcinogenesis

Current treatments for hepatocarcinoma are less
than satisfactory. It is important to prevent hepato
carcinogenesis in high risk populations. Jian-Pi-Huo-Xue
Formula based herbal treatment has been demonstrated
to be effective to inhibit hepatocarcinogenesis in patients
[47]
with hepatitis, hepatic cirrhosis and low level of AFP .
Dan-Shen (Salvia miltiorrhiza Bunge) is potent to
protect male individuals from hepatocarcinogenesis
[48]
in a high incidence area of hepatocarcinoma . In
Japan, Sho-saiko-to (TJ-9) (Xiao-chai-hu-tang) has
been demonstrated to be potent to prevent heapto
carcinogenesis in patients with cirrhosis, particularly in
[49]
patients without HBs antigen .
Taken together, contemporary TCM physicians
have adopted classic TCM theory and principles for
hepatocarcinoma prevention study, developed A-L tonic
capsule, Fu-zheng-hua-yu capsule, Ganfujian, GanZheng oral solution, Herbal compound 861 and other
effective herbal formulas/drugs, and confirmed that NüZhen-Zi, Ban-Zi-Lian, Yin-Chen-Hao, Dan-Shen, Wu-WeiZi and other herbs could inhibit hepatocarcinogenesis. It
is regrettable that there are no more studies on hepatitis
virus induced hepatocarcinogenesis models. Related
studies will promote TCM to contribute more to protect
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Models/patients
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Effects

Targets/events

Unknown

Inhibit DNA content and
improve DNA distribution
Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis

DEN induced
hepatocarcinogenesis in rats
DEN induced
hepatocarcinogenesis in rats

Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis

[19]

[18]

[17]

[16]

[16]

[15]

Improve liver
function

[27]

Down-regulating [24,25]
miR-199a and
AKT/PI3K, and upregulating p70s6k
Down-regulating [26]
ICAM-1

Down-regulation [20,21]
of c-jun, c-fos and
c-myc, up-regulation
of G-6-Pase, SDH
and ATPase
Down-regulation of [22]
CDK4, cyclin D1 and
PCNA
Unknown
[23]

Inhibit cell cycle S
phase

Unknown

Unknown

Inhibit hepatocarcinogenesis

Increase IL-2
receptor-positive
lymphocytes
Unknown

Inhibit hepatocarcinogenesis

Ref.

Down-regulation of [13]
TGF-βⅡR
Increase helper T [14,49]
lymphocytes

Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis,
prevent hepatocarcinogenesis
in patients
Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis

DEN induced
hepatocarcinogenesis in rats

DEN induced
hepatocarcinogenesis in rats

Strengthening spleen, Tai-Zi-Shen (Pseeudostellaria heterophylla), Zhu-Zi-Shen (Panax japonicus), Bai-Zhu
regulating Qi, removing (Atractylodes macrocephala Koidz.), Fu-Ling (Poria cocos), Sheng-Mu-Li (raw oyster
heat, and softening
shell) other herbs
hard lumps and
resolving phlegm
Jianpi Jiedu Recipe
Strengthening spleen
Huang-Qi (Astragalus membranaceous), Bai-Zhu (Atractylodes macrocephala Koidz.),
and detoxifying
Zhu-Ling (Polyporus umbrellatus), Ba-Yue-Zha (Akebia trifoliata), Shi-Jian-Chuan
(Salvia chinensis), Ye-Pu-Tao-Teng (Wild grape stem), Yi-Yi-Ren (Coix lacryma-jobi L.)
other herbs
Gan Zheng oral
Detoxifying and
Ban-Zi-Lian (Sculellaria barbata), Bai-Hua-She-She-Cao (Hedyotis diffusa Willd.), Sansolution
dissolving stasis
Leng (Sparganium stoloniferum), E-Zhu (Curcuma kwangsiensis or Curcuma phaeocaulis
or Curcuma wenyujin) and other herbs
Zao Lian mixture
Detoxifying, dissolving Zao-Xiu (Paris Polyphylla), Ban-Zi-Lian (Sculellaria barbata), Hu-Zhang (Polygonum
stasis, strengthening
cuspidatum), Jiang-Huang (Carcuma longa), Huang-Qi (Astragalus membranaceous),
spleen, and soothing
Bai-Zhu (Atractylodes macrocephala Koidz.), Fu-Ling (Poria cocos), etc.
liver

SRRS recipe

DEN induced
hepatocarcinogenesis in rats

Strengthening spleen

Shan-Yao (Rhizoma Dioscoreae), Shan-Zha (Fructus Crataegi) and Da-Zao (Fructus
Ziziphi Jujubae)

Ganfujian

Huqi San

Fu-zheng-hua-yu
formula

Bu Shen formula

Nourishing Yin
Decoction
Removing Toxic
Heat Decoction
A-L tonic capsule

Shi-quan-da-butang

Ren-Shen (Panax ginseng), Bie-Jia (Carapax trionycis), Tao-Ren (Peach seed) and
DMN induced hepatic
other herbs
precancerous lesion in rats
Chai-Hu (Bupleurum chinense), Huang-Qin (Scutellaria baicalensis Georgi), ShengNNM induced
Jiang (Zingiber officinale), Ban-Xia (Pinellia ternata), Da-Zao (Ziziphus jujuba), Renhepatocarcinogenesis in rats;
Shen (Panax ginseng), Gan-cao (Glycyrrhiza uralensis)
patients with cirrhosis
Tonifying Qi-Blood Ren-Shen (Panax ginseng), Bai-Zhu (Atractylodes macrocephala Koidz.), Fu-Ling (Poria
NNM induced
cocos), Gan-cao (Glycyrrhiza uralensis), Chuan-Xiong (Ligusticum chuanxiong), Dang hepatocarcinogenesis in rats
Gui (Angelica sinensis), Shu-Di-Huang (Rehmannia glutinosa), Bai-Shao (Paeonia
lactiflora), Huang Qi (Astragalus membranaceous), Rou-Gui (Cinnamomum cassia Presl)
Tonifying liver Yin
Bei-Sha-Shen (Glehnia littoralis), Dang-Gui (Angelica sinensis), Bai-Shao (Paeonia
AFB1 induced
lactiflora), Gou-Qi (Lycium barbarum), etc.
hepatocarcinogenesis in rats
Detoxifying and
Ban-Zi-Lian (Sculellaria barbata), Ban-Bian-Lian (Lobelia chinensis Lour.), Mo-HanAFB1 induced
tonifying liver Yin
Lian (Eclipta prostrata), Gu-Ya (rice sprout), etc.
hepatocarcinogenesis in rats
Tonifying liver-Yin and Nü-Zhen-Zi (Ligustrum lucidum Ait.) and Huang-Qi (Astragalus membranaceous)
DEN induced
nourishing Qi
hepatocarcinogenesis in rats
Tonifying kidney
Ba-Ji-Tian (Morinda officinalis), Tu-Si-Zi (Cuscuta chinensis Lam), Qing-Pi (Cuscuta
DEN induced
chinensis Lam) and other herbs
hepatocarcinogenesis in rats
Strengthening body
Dong-Chong-Xia-Cao (Cordyceps sinensis), Tao-Ren (Peach seed), Dan-shen (Salvia
DEN induced
resistance and
miltiorrhiza) and other herbs
hepatocarcinogenesis in rats
dissolving stasis
Tonifying kidney,
Hu-Ji-Sheng (Viscum coloratum), Huang-Qi (Astragalus membranaceus), Yu-Jin (Radix
DEN and
nourishing Qi, and
Curcumae), Dan-shen (Salvia miltiorrhiza) and other herbs
2-acetylaminofluorene induced
dissolving stasis
hepatocarcinogenesis in rats

Ren-shen-bie-jiajian
Xiao-chai-hu-tang

Tonifying Qi and
dissolving stasis
Soothing liver-Qi
stagnation

Therapeutic principles

Herbal formula

Table 1 Herbal formulas for hepatocarcinoma prevention
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Dissolving stasis and
tonifying Qi

Herbal Compound
861

DEN induced
hepatocarcinogenesis in rats

DEN induced
hepatocarcinogenesis in rats

Prevent hepatocarcinogenesis
in patients

Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis

Inhibit hepatocarcinogenesis

[32]

[29-31]

[29-31]

[29-31]

[28]

Unknown

[47]

Activate SOD and [33]
GST, decrease MDA

Increase TNF-alpha,
TGF-beta1, caspase-3
and apoptosis,
decrease 8-OHdG
expression
Up-regulate GAP,
down-regulate Ras
and Raf1
Up-regulate GAP,
down-regulate Ras,
Grb-2 and Raf 1
Up-regulate GAP,
down-regulate Ras
and SOS
Unknown
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In addition to disease, treatments such as surgery, TACE and high intensity focus ultrasound (HIFU) treatment would influence syndrome pattern. Before surgery, a large
proportion of patients presented blood stasis (22.1%) and damp-heat (20.9%). After operation, blood stasis syndrome decreased while spleen deficiency syndrome increased.
[56]
[57]
The most common syndromes in postoperative patients are damp-heat (21.8%) and spleen deficiency (21.0%) . In a tongue picture study, Ye et al
reported that
the tongues of blood stasis, dampness and Qi-deficiency pattern were commonly observed during the perioperative period of liver cancer, but the tongues of Yin asthenia
[57]
generating intrinsic heat were increased within 5 d after surgery .
[58]
TACE is another principal treatment for liver cancer and has been demonstrated to be able to impair Yin, and generate heat and dampness in liver cancer patients . Before
[59]
interventional treatment, the commonly observed TCM syndromes are liver stagnation, spleen deficiency, damp-heat, blood stasis and Yin-deficiency . After interventional
[60]
treatment, damp-heat syndrome was increased, and liver stagnation and spleen deficiency decreased. Simultaneous TCM treatment could restore these syndrome changes .
In another report, Qi-deficiency and dampness were worsened, while the liver-Qi stagnation and blood stasis were alleviated after TACE. These changes suggest local disease
[61]
improvement and general impairment .

The influence of modern treatment on syndromes in hepatocarcinoma

times in patients with liver-stagnation and spleen-deficiency, Qi stagnation and blood stasis, damp-heat, dampness and blood stasis, liver and kidney-Yin-deficiency were 14.77
[54]
[55]
mo, 6.13 mo, 5.27 mo, 4.78 mo and 0.80 mo, respectively . Wan et al reported the QOL in patients with sthenia syndrome, such as Qi stagnation, blood stasis and damp[55]
heat, was relatively better than those with asthenia syndrome including Qi-deficiency, Yin-deficiency and blood deficiency .

DMN: Dimethylnitrosamine; NNM: N-nitrosomorpholine; AFB1: Aflatoxin B1; DEN: Diethylnitrosamine; HBV: Hepatitis B virus; AFP: Radiofrequency ablation; TGF-βⅡR: Alpha fetoprotein; transforming growth factor-β type
Ⅱ receptor; IL-2: Interleukin-2; PCNA: Proliferating cell nuclear antigen; CDK4: Cyclin-dependent kinase 4; PI3K/AKT: Phosphatidylinositol-4,5-bisphosphate 3-kinaseV-akt murine thymoma viral oncogene homolog; ICAM-1:
Intercellular adhesion molecule 1; TNF: Tumor necrosis factor; Grb-2: Growth factor receptor-bound protein 2; GAP: GTPase-activating protein; SOS: Son of sevenless; SOD: Superoxide dismutase; GST: Glutathione S-transferase;
MDA: Malondialdehyde.

Jian-Pi-Huo-Xue
Formula

New Anti-tumor
formula

Strengthening spleen

Jian Pi Fang

Chai-Hu (Bupleurum chinense), Dan-Shen (Salvia miltiorrhiza), Chi-Shao (Paeonia
lactiflora Pall. or P. veitchii Lynch), Ba-Yue-Zha (Caulis Akebiae), Yin-Chen-Hao
(Artemisia capillaris Thunb.), Yu-Jin ( Radix Curcumae)
Huang-Qi (Astragalus membranaceus), Bai-Zhu (Atractylodes macrocephala Koidz.),
Bai-Shao (Paeonia lactiflora), Yi-Yi-Ren ( Semen Coicis), Shen-Qu (medicated
leaven), Ban-Xia (Pinellia ternata) and Fu-Ling (Poria cocos)
Dan-Shen (Salvia miltiorrhiza), Huang-Qi (Astragalus membranaceus), Ji-Xue-Teng
(Spatholobus suberectus) and other herbs

DEN induced
hepatocarcinogenesis in rats

N-nitrosobis(2oxopropyl)amine-induced
hepatocellular carcinoma in
Syrian hamsters

DEN and
2-acetylaminofluorene induced
hepatocarcinogenesis in rats
Tonifying qi, soothing
Huang-Qi (Astragalus membranaceus), Chai-Hu (Bupleurum chinense), E-Zhu
AFB1 and HBV induced
liver and dissolving (Curcuma kwangsiensis or Curcuma phaeocaulis or Curcuma wenyujin) and other herbs hepatocarcinogenesis in rats
stasis
Strengthening spleen
Huang Qi (Astragalus membranaceous), Chi-Shao (Paeonia anomala), Dang-Shen
Patients with hepatitis, hepatic
and dissolving stasis
(Codonopsis pilosula), Dang-Gui (Angelica sinensis), E-Zhu (Curcuma kwangsiensis or cirrhosis and low level of AFP
Curcuma phaeocaulis or Curcuma wenyujin) and other herbs

Promoting circulation
and removing stasis

Clearing heat and
Huang-Qin (Scutellaria baicalensis Georgi) and Chai-Hu (Bupleurum scorzonerifolfium
discharging fire,
Willd)
eliminating dampness
and detoxifying, and
soothing liver
Clearing heat and
Ban-Zi-Lian (Sculellaria barbata), Bai-Hua-She-She-Cao (Hedyotis diffusa Willd.) and
detoxifying
Pu-Gong-Ying (Taraxacum mongolicum)

Huo Xue Fang

Qing Re Fang

Sb/Bs Remedy
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In a systematic observation, Zhang et al reported
that the syndromes before TACE treatment were blood
stasis (86.8%), excess-heat (68.9%), Qi stagnation
(58.5%), Qi-deficiency (58.5%), Yin-deficiency
(56.6%), blood deficiency (28.3%), Yang-deficiency
(17.0%), and fluid and damp syndrome (14.2%). TACE
treatment increased Qi-deficiency and Yang-deficiency
syndrome. The syndromes found in post-TACE patients
were blood stasis (84.0%), Qi-deficiency (82.1%),
excess-heat (80.2%), Qi stagnation (49.1%), Yindeficiency (46.2%), blood deficiency (39.6%), Yangdeficiency (30.2%), and fluid and damp syndrome
[62]
(18.9%) .
HIFU treatment, an important method for liver
cancer therapy, may also affect syndrome distribution.
It has been reported that syndromes observed before
HIFU treatment are Qi-deficiency, blood deficiency, Yindeficiency, Qi stagnation, blood stasis and dampness.
HIFU treatment could relieve Qi stagnation and blood
[63]
stasis, and aggravate Qi-deficiency and Yin-deficiency .

in patients with syndrome of liver-kidney Yin-deficiency
[67]
compard with those without .
TCM syndrome is closely associated with the stage
[68,69]
of disease. Su et al
explored the relationship
between syndrome differentiation and metastasis
potential of hepatocarcinoma cells. The percentage of
metastasis in patients was ranked from high to low as
follows: liver and kidney-Yin-deficiency, Qi stagnation
and blood stasis, damp-heat, and liver stagnation and
spleen deficiency, and was related to up-regulation
of β-catenin and down-regulation of E-cadherin and
matrix metalloproteinase-2 (MMP2)/tissue inhibitor of
[68,69]
metalloproteinase-2
.
In addition to clinical studies, it has been confirmed
that mouse models can be used for syndrome explo
[70]
[71]
ration . Pan et al
studied gene expression in the
adrenal glands of H22 liver cancer bearing mice. In
toxicity accumulation and Qi-deficiency syndrome
(early stage), xanthine dehydrogenase and other 18
genes were up-regulated, while eukaryotic translation
elongation factor 1 alpha 2 and other 8 genes were
down-regulated. In Yang-Qi-deficiency syndrome
(middle stage), enolase 3 (beta muscle) and other 11
genes were up-regulated, while solute carrier family 32
(GABA vesicular transporter) and other 10 genes were
down-regulated. In Qi-Yin-Yang-deficiency syndrome
(advanced stage), albumin and other 29 genes were
+
+
up-regulated, while ATPase, Na /K transporting, beta
2 polypeptide and other 5 genes were down-regulated.
S100 calcium binding protein A8 (calgranulin A) and
other 11 genes were gradually up-regulated from early
[71]
stage to advanced stage .

Molecular insights into syndromes in hepatocarcinoma

Contemporary TCM has studied liver cancer syndrome
by methods of biomedical science. By using a meta
[64]
bonomics method, Chen et al
found that amino
acid metabolism, lipid metabolism, glycometabolism
and energy metabolism are unbalanced or weak in
liver cancer patients with Yang-deficiency. Metabolites,
including very-low-density lipoprotein/low-density
lipoprotein, isoleucine, lactate, lipids, choline and glucose/
sugars, were decreased and may be potential biomarkers
for diagnosis of Yang-deficiency syndrome in liver cancer
[64]
patients .
Serum protein is a potential source for syndrome
study. By using surface enhanced laser desorption
[65]
ionization time of flight mass spectrometry, Yang et al
found serum proteins with mass-to-charge ratios (M/Z)
of 6589 and 4182 Da (dalton) were down-regulated in
liver stagnation syndrome, that with an M/Z of 5710
Da was down-regulated in damp-heat syndrome, that
with an M/Z of 6992 Da was down-regulated in Yindeficiency syndrome, while those with M/Z of 5816 Da
and 4297 Da were up-regulated in spleen deficiency
[65]
and blood stasis syndrome, respectively . Huang
[66]
et al
reported that proteins with M/Z of 8576 Da
(cytochrome C6) and 8780 Da (cytochrome c oxidase
assembly factor 5) were over-expressed in serum from
[66]
patients with liver stagnation syndrome .
[67]
By means of GeneChip, Weng et al reported that
615 mRNAs were differentially expressed in peripheral
blood mononuclear cells from liver cancer patients with
liver-kidney Yin-deficiency syndrome. These genes
are related to GO (gene ontology) of anti-apoptosis,
regulation of cell cycle and transmembrane transport,
and 26 kyoto encyclopedia of genes and genomes
pathways. Among these genes, SEC62 [SEC62 homolog
(S. cerevisiae)], cyclin B1 and baculoviral IAP repeat
containing 3 (BIRC3) were significantly down-regulated

WJH|www.wjgnet.com

clinical study of TCM for
hepatocarcinoma treatment
TCM has been widely used for liver cancer treatment in
combination with surgery, TACE, radiofrequency ablation
(RFA), microwave ablation (MWA), HIFU and target
therapy, or as monotherapy for disease control and/or
alleviating symptoms. TCM have been demonstrated
to be effective to inhibit tumor growth, prolong survival
time, ameliorate symptoms, and improve QOL and
immune function in hepatocarcinoma patients (Table 2).
Related studies will further improve clinical efficacy of
TCM and benefit more to hepatocarcinoma patients.

TCM in combination with surgery

Surgery is one of the most important treatments for
hepatocarcinoma. TCM has been proved potent to
prevent recurrence and metastasis after the surgery.
Treatment with Jiedu Granule and Cinobufacini injection
may postpone tumor recurrence and metastasis, and
prolong survival time in postoperative patients with
[72]
hepatocarcinoma . Long-term use of Ruanjianhugan
tablets could prolong overall survival time in postoperative
[73]
patients with small hepatocarcinoma . Treatment with
Jiedu xiaozheng yin for 7 d before surgery and Fuzheng
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Matrine Injection and
TACE
Jia Wei Si Jun Zi Tang
and TACE

Shelian Capsule and
TACE

Syndrome differentiation
based TCM therapy and
TACE

Surgery, Jiedu Granule
and Cinobufacini
Injection
Surgery, Ruanjianhugan
Tablets

TCM therapeutic principles

Herbs/herbl formula

Xiao-Yao-San/Chai-Hu-Shu-Gan-San, Hua-Yu-Xiao-Liu-Tang,
Long-Dan-Xie-Gan-Tang, Yi-Guan-Jian + Liu-Wei-Di-HuangWan

165

85

60

Unresectable hepatocellular
carcinoma
Middle-advanced stage large
hepatocarcinoma

Middle-advanced stage liver
cancer

Middle-advanced stage
hepatocarcinoma

Tonifying spleen, nourishing Qi, soothing
liver-Qi stagnation, and dissolving stasis

Dang-Shen (Codonopsis pilosula), Bai-Zhu (Atractylodes
macrocephala Koidz.), Huang Qi (Astragalus membranaceous),
Fo-Shou (Citrus medica L. var. sarcodactylis), Dan-shen (Salvia
miltiorrhiza Bge.), etc.

Advance stage of liver cancer

65

122

120

67

98, 76

72

Stage Ⅲ hepatocarcinoma before
and after surgical resection

Unresectable hepatocarcinoma

399

Small hepatocellular carcinoma
after surgical resection

No. of patients
120

Disease
Hepatocellular carcinoma after
surgical resection

Detoxifying, dissipating mass, tonifying
Bai-Hua-She-She-Cao (Hedyotis diffusa Willd.), Ban-Zi-Lian
Early middle and advanced stage
Qi
(Sculellaria barbata), Hu-Zhang (Polygonum cuspidatum), Dan-shen
hepatocarcinoma
(Salvia miltiorrhiza Bge.), Ren-Shen (Panax ginseng), etc.
Clearing heat and detoxifying
Matrine, etc.
Hepatocarcinoma after TACE

Syndrome differentiation based TCM
therapy

Detoxifying and dissipating mass

Jiedu Granule: Shi-Jian-Chuan (Salvia chinensis), Mao-Ren-Shen
(Actinidia valvata), Yi-Yi-Ren (Semen Coicis), Shan-Zha (Fructus
Crataegi), Shen-Qu (Massa Medicata Fermentata), etc.
Detoxifying, dispersing stasis, tonifying
Ku-Shen (Sophora flavescens Ait.), Xia-Ku-Cao (Prunella), HuQi and Yin
Zhang (Polygonum cuspidatum), Nü-Zhen-Zi (Ligustrum lucidum
Ait), Huang-Qi (Astragalus membranaceus), etc.
Surgery, Jiedu Xiaozheng
Detoxifying and dissipating mass,
Jiedu Xiaozheng Yin: Bai-Hua-She-She-Cao (Hedyotis diffusa
Yin and Fuzheng Yiliu
tonifying Qi and Yin
Willd), Shan-Ci-Gu (Pseudobulbus Cremastrae), Ku-Shen (Sophora
Recipe
flavescens Ait.), et al. Fuzheng Yiliu Recipe: Huang-Qi (Astragalus
membranaceus), Nü-Zhen-Zi (Ligustrum lucidum Ait), Shan-Yao
(Dioscorea opposita), etc.
JDF Granule and TACE
Detoxifying and dispersing stasis
Mao-Ren-Shen (Actinidia valvata), Shi-Jian-Chuan (Salvia
chinensis), Shan-Ci-Gu (Pseudobulbus Cremastrae), Ji-Nei-Jin
(gizzard membrane of Gallus gallus domesticus)
Shentao Ruangan Pill
Detoxifying, dispersing stasis, tonifying
Yin-Chen-Hao (Artemisia capillaris Thunb.), Bai-Hua-She-Sheand TACE
Qi and Yang
Cao (Hedyotis diffusa Willd.), Ban-Zi-Lian (Sculellaria barbata),
E-Zhu (Curcuma kwangsiensis or Curcuma phaeocaulis or Curcuma
wenyujin), Ren-Shen (Panax ginseng), etc.
Ganai No. I and No. II
Tonifying Qi and Yin, detoxifying and
Ganai No.Ⅰ: Dang-Shen (Codonopsis pilosula), Huang Qi
and TACE
dissipating mass
(Astragalus membranaceous), Nü-Zhen-Zi (Ligustrum lucidum Ait),
E-Zhu (Curcuma kwangsiensis or Curcuma phaeocaulis or Curcuma
wenyujin), Bai-Hua-She-She-Cao (Hedyotis diffusa Willd.), etc.
Ganai No. Ⅱ: Xue-Jie (Daemonorops draco BL.), Ru-Xiang (Boswellia
carterii Birdw), Mo-Yao (Commiphpra myrrha Engl.), Zao-Xiu (
Sm.), Long-Kui (Solanum nigrum L.), etc.
Jinlong Capsule and
Detoxifying and dissipating mass
Tian-Long (Gecko), Jin-Qin-Bai-Hua-She (Multibanded krait), QiTACE or RFA
She (Long-nosed pit viper)

Treatments

Table 2 Clinical study of traditional Chinese medicine for hepatocarcinoma treatment
Effects

Ref.

[76]

[75]

[74]

Protect liver function

Enhance short-term effect of
TACE and improve quality of
life; enhance RFA effects, reduce
RFA induced liver injury,
improve QOL and immune
function
Enhance short-term efficacy and
reduce adverse effect of TACE,
improve immune function and
QOL
Enhance short-term efficacy
of TACE, improve immune
function and QOL
Protect liver function

[82]

[81]

[80]

[79]

[78,89]

Prolong survival time, prevent [77]
recurrence and alleviate HACE
induce leukocytopenia

Prolong survival time

Prolong survival time

Prolong survival time and
prevent recurrence

Postpone tumor recurrence and [72]
metastasis, prolong survival
time
Prolong overall survival time [73]
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Oleum fructus bruceas
intervention, oral intake
of Ganji Decoction and
external application of
Ailitong

Syndrome differentiation based TCM
therapy

Syndrome
Differentiation Based
TCM Therapy and
Sorafenib
Cinobufagin tablet and
Sorafenib

Tonifying spleen, soothing liver-Qi
stagnation, detoxifying, dissipating mass

Dissipating mass

Tonifying Qi and Yin, detoxifying, and
dissipating mass

Tonifying spleen, detoxifying, and
dissipating mass

Fu-Zhen-Yang-Yin
Formula and HIFU

Qiankun Capsule and
HIFU

Shenqi Mixture and
MWA

Tonifying Qi

Detoxifying, dissolving stasis, tonifying
Qi and Yin

Tianzhicao Capsule and
RFA

Fuzheng Yiliu Recipe
and MWA

Dissolving stasis

Dissipating mass, tonifying Qi and Yin

Vascular embolizing

Xiaoaiping Injection and
RFA

Aidi Injection and RFA
or MWA

Vascular Embolizing
Agent

Middle-advanced stage
hepatocarcinoma
Middle-advanced stage
hepatocarcinoma

Cinobufagin, etc.

Dang-Shen (Codonopsis pilosula), Chai-Hu (Bupleurum
scorzonerifolfium Willd), Bai-Shao (Paeonia lactiflora), Tu-BieChong (Eupolyphaga gasinensis Walk.), Bai-Hua-She-She-Cao
(Hedyotis diffusa Willd.), etc.

97

59

[95]

[94]

[93]

[91]

[90]

[88]

[87,99]

[86,92]

[83-85]

Enhance effects of sorafenib, [96]
improve QOL and liver function
and relieve pain
Prolong survival time, improve [97]
QOL and relieve pain

Stage Ⅱ and Ⅲ hepatocarcinoma 32 (Yu-Jin), 106
Vascular embolizing agent
(Yu-Jin), stage Ⅰ-Ⅲ
(Bai-Ji), 56 (Baihepatocarcinoma (Bai-Ji)
Ji)
Ban-Mao (Mylabris), Huang Qi (Astragalus membranaceous), etc.
Middle-late stage
89, 61
Relieve the impairment of coolhepatocarcinoma, stage Ⅱ and Ⅲ
tip radiofrequency ablation
hepatocarcinoma
on hepatic function, improve
immune function and reduce
relapse; elevate MWA efficacy,
improve QOL, immune and
liver function
Xiaoaiping injection
Middle-late stage
31, 68
Enhance RFA effects and reduce
hepatocarcinoma, advanced
non-bacterial inflammatory
hepatocarcinoma
response; inhibit tumor growth,
improve QOL and immune
function, increase progressionfree survival
Ban-Zi-Lian (Sculellaria barbata), Dan-shen (Salvia miltiorrhiza
Small hepatocarcinoma
90
Improve QOL and immune
Bge.), Huang Qi (Astragalus membranaceous), Gou-Qi (Lycium
function, prolong survival time
barbarum), etc.
Middle-advanced stage
Huang Qi (Astragalus membranaceous), Ling-Zhi (Ganoderma
60
Enhance MWA efficacy,
lucidum), Nü-Zhen-Zi (Ligustrum lucidum Ait.), etc.
hepatocarcinoma
improve immune and liver
function
Ren-Shen (Panax ginseng), etc.
Stage Ⅱ and Ⅲ hepatocarcinoma
72
Enhance MWA efficacy,
prolong survival time, improve
QOL and immune function and
relieve symptoms
Tai-Zi-Shen (Pseeudostellaria heterophylla), Bai-Zhu (Atractylodes Stage Ⅱ and Ⅲ hepatocarcinoma
60
Enhance therapeutic effects and
macrocephala Koidz.), Bai-Shao (Paeonia lactiflora), Xia-Ku-Cao
improve immune function
(Prunella), Ban-Zi-Lian (Sculellaria barbata), etc.
Huang Qi (Astragalus membranaceous), Tai-Zi-Shen
Advanced stage
60
Alleviate HIFU induced fever
(Pseeudostellaria heterophylla), Yin-Chen-Hao (Artemisia capillaris
hepatocarcinoma
and liver function damage
Thunb.), Bai-Hua-She-She-Cao (Hedyotis diffusa Willd.), HuZhang (Polygonum cuspidatum), etc.
Huang Qi (Astragalus membranaceous), Shan-Yao (Dioscorea
Advanced stage
18
Enhance therapeutic efficacy of
opposita), Long-Kui (Solanum nigrum L.), Bai-Shao (Paeonia
hepatocarcinoma
sorafenib and prolong survival
lactiflora), etc.
time

Yu-Jin (Curcuma aromatic), Bai-Ji (Bletilla striata)
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Elderly patients with late stage
hepatocarcinoma

Huang Qi (Astragalus membranaceous), Yin-Chen-Hao (Artemisia
capillaris Thunb.), Hu-Zhang (Polygonum cuspidatum), Fu-Ling
(Poria cocos), Tian-Long (Gecko), etc.
Huang Qi (Astragalus membranaceous), Yi-Yi-Ren (Coix lacrymajobi L.), Dang-Shen (Codonopsis pilosula), Bai-Zhu (Atractylodes
macrocephala Koidz.), Nü-Zhen-Zi (Ligustrum lucidum Ait), etc.

Tonifying spleen and Qi, detoxifying,
and dissolving stasis
Late stage hepatocarcinoma

Late stage hepatocarcinoma

Late stage hepatocarcinoma

Middle-advanced stage
hepatocarcinoma

Stage Ⅰ to Ⅲ hepatocarcinoma

Cinobufagin, etc.

Yu-Jin (Curcuma aromatic), cinobufotalin, Ban-Mao (Mylabris),
Huang Qi (Astragalus membranaceous), etc.

Huang Qi (Astragalus membranaceous), Dang-Shen (Codonopsis
pilosula), Bai-Zhu (Atractylodes macrocephala Koidz.), Ban-Zi-Lian
(Sculellaria barbata), Yu-Jin (Curcuma aromatic), etc.
Tonifying Yin, clearing heat and draining Bei-Sha-Shen (Glehnia littoralis), Mai-Dong (Ophiopogon japonicus),
dampness
Dang-Gui (Angelica sinensis), Gou-Qi (Lycium barbarum), ChuiPen-Cao (Sedum sarmentosum Bunge), etc.

Tonifying Qi and Yin

Tonifying spleen and Qi, and dissolving
stasis

Dissipating masses

Tonifying Qi and Yin, and dissipating
mass

100

30

60

79

100

41

Prolong survival time,
[104]
ameliorate TCM syndrome,
and improve QOL and immune
function

Ameliorate TCM syndrome, [102]
improve QOL and immune
function and prolong survival
time
Ameliorate symptoms, improve [102]
QOL and protect liver function

Inhibiting tumor growth,
[100]
protecting liver function and
prolonging survival time
Inhibit tumor growth, prolong [101]
survival time and improve QOL

Inhibit tumor growth with
[98]
fewer adverse reactions, and
ameliorate fatigue and anorexia

.

TACE is the principle treatment for unresectable hepatocarcinoma. TCM has been used to improve efficacy of TACE. JDF granule preparation, a traditional Chinese herbal
[75]
formula, combined with TACE may prolong survival time in patients with unresectable hepatocellular carcinoma . Shentao Ruangan pill based herbal therapy in combination
[76]
with TACE could prolong survival time in patients with middle-advanced stage liver cancer . Ganai No.Ⅰ and No. Ⅱ in combination with hepatic artery chemoembolization
(HACE) have been reported effectively to prolong survival time, prevent recurrence and alleviate HACE induced leukocytopenia in patients with middle-advanced stage
[77]
hepatocarcinoma .
[78]
Jinlong Capsule may enhance short-term effect of TACE and improve QOL in patients with unresectable hepatocarcinoma . Syndrome differentiation based TCM therapy
[79]
could enhance short-term efficacy and reduce adverse effect of TACE, improve immune function and QOL in liver cancer patients . Shelian Capsule, a Chinese patent drug,
[80]
was reported to effectively enhance short-term efficacy of TACE, improve immune function and QOL in liver cancer patients . Matrine injection and “jia wei si jun zi tang” have
[81,82]
been proved effective to protect liver function in liver cancer patients receiving TACE treatment
.
In addition to oral and intravenous administration, some Chinese herbs, such as curcuma aromatic and Bletilla striata, have been demonstrated to be able to be used as
[83-85]
vascular embolizing agents for TACE in liver cancer patients
.

TCM in combination with TACE

yiliu recipe after operation for 2 years are effective to prolong survival time and prevent recurrence in patients with stage Ⅲ hepatocarcinoma

[74]

TCM: Traditional Chinese Medicine; TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation; MWA: Microwave ablation; QOL: Quality of life; HIFU: High intensity focus ultrasound; HACE: Hepatic artery
chemoembolization.

Jiawei Yiguanjian

Jianpi Yiliu Decoction

Jianpi Fuzheng
Decoction

Norcantharidin and
herbal decoction

Hepatic artery
perfusion/embolization
with turmeric oil
microballoon,
cinobufotalin and Aidi
injection, and Syndrome
Differentiation Based
TCM Therapy
Cinobufacini Injection
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TCM in combination with RFA

Chinese patent herbal drugs have been approved as
effective treatments for hepatocarcinoma. Xiaoaiping
injection is effective to inhibit tumor growth, improve
QOL and immune function, increase progression-free
survival compared with best supportive treatment in
[99]
patients with advanced hepatocarcinoma . Cinobufacini
injection has been demonstrated to be effective in
inhibiting tumor growth, protecting liver function and
prolonging survival time in patients with moderate
[100]
and advanced hepatocarcinoma
. Norcantharidin in
combination with herbal decoction treatment can inhibit
tumor growth, prolong survival time and improve QOL
[101]
in elderly patients with late stage liver cancer .
Herbal decoction is the principle TCM treatment for
liver cancer. Jianpi Fuzheng decoction, an herbal formula
for tonifying spleen and strengthening body defense,
is effective in ameliorating TCM syndrome, improving
QOL and immune function and prolonging survival time
[102]
in patients with advanced liver cancer
. Jianpi Yiliu
decoction, a formula for tonifying spleen and inhibiting
tumor, has been reported to effectively ameliorate
symptoms, improve QOL and protect liver function in
[103]
patients with late stage hepatocarcinoma
. Jiawei
Yiguanjian, a modified classical herbal formula, has been
shown to be effective to prolong survival time, ameliorate
TCM syndrome, and improve QOL and immune function
[104]
in patients with advanced hepatocellular carcinoma .

RFA is another widely used treatment for hepato
carcinoma. Aidi injection, an herbal injection, has
been reported to effectively relieve hepatic function
impairment caused by cool-tip RFA, improve immune
function and reduce relapse rate in patients with
[86]
liver cancer . Xiaoaiping injection, an herbal extract
injection, could enhance RFA effects and reduce non[87]
bacterial inflammatory response post RFA . Tianzhicao
capsule in combination with RFA may improve QOL
and immune function, prolong survival time in patients
[88]
with hepatocellular carcinoma . Jinlong capsule has
been demonstrated to enhance RFA effects, reduce RFA
induced liver injury, improve QOL and immune function
[89]
in liver cancer patients .

TCM in combination with MWA

In combination with MWA, Fuzheng Yiliu Recipe could
enhance MWA efficacy, improve immune and liver function
[90]
in liver cancer patients . Shenqi mixture has been
showed to be effective to enhance MWA efficacy, prolong
survival time, improve QOL and immune function and
[91]
relieve symptoms in patients with hepatocarcinoma .
Aidi injection is able to elevate MWA efficacy and improve
QOL, immune and liver function in hepatocarcinoma
[92]
patients .

TCM in combination with other treatments

HIFU has become an important treatment method for
hepatocarcinoma. In combination with HIFU, Qiankun
capsule can enhance therapeutic effects and improve
[93]
immune function in patients with hepatocarcinoma .
Fu-Zhen-Yang-Yin formula could alleviate HIFU induced
[94]
fever and liver function damage .
Sorafenib is a target agent for liver cancer treatment.
Syndrome differentiation based TCM therapy could
enhance therapeutic efficacy of sorafenib and prolong
survival time in patients with advanced hepatocarcino
[95]
ma . Cinobufagin tablet has been confirmed to
enhance effects of sorafenib, improve QOL and liver
[96]
function and relieve pain in liver cancer patients .

EFFECTIVE MECHANISM OF CHINESE
HERB AGAINST HEPATOCARCINOMA
The effects of Chinese herbs against hepatocarcinoma
have been extensively studied, and it has been
demonstrated that Chinese herbs are effective to induce
apoptosis, autophagy, anoikis and cell senescence, arrest
cell cycle, regulate immune function, inhibit metastasis
and angiogenesis, reverse drug resistance and enhance
effects of chemotherapy. Anti-cancer effects of herbal
formulas against hepatocarcinoma are listed in Table 3.

Induction of apoptosis

Apoptosis is one of the most frequently studied filed
for elucidating effective mechanism of herbs against
hepatocarcinoma. Ren-Shen (Panax ginseng) is a com
monly used Qi-tonifying herb. 20(R)-ginsenoside Rg3,
a component from Panax ginseng, may up-regulate
TNF-α and induce apoptosis in induced liver tumors in SD
[105]
rats . Blood tonifying herb or component, including DiHuang (Rehmannia glutinosa) and N-butylidenephthalide
from Dang-Gui (Angelica sinensis), is effective to induce
[106,107]
apoptosis of hepatocarcinoma cells
. Gou-Qi (Lycium
barbarum), a liver-Yin tonifying herb, is effective to inhibit
proliferation and stimulate p53-mediated apoptosis in
[106]
liver cancer cells
. Icariin, an ingredient from Yang
tonifying herb Yin-Yang-Huo (Epimedium brevicornum
Maxim.), may generate reactive oxygen species
(ROS) and up-regulate JNK (c-Jun N-terminal kinase)
phosphorylation and B-cell lymphoma 2/Bcl2-associated

TCM as a monotherapy

In addition to intravenous administration, herbal extract
injection also can be used as a perfusion/embolization
reagent instead of chemotherapeutic drug. Tian et
[97]
al
reported that a Chinese medicine comprehensive
therapy, i.e., Oleum fructus bruceas intervention
combined with oral intake of Ganji Decoction and external
application of Ailitong, is safe and effective to prolong
survival time, improve QOL and relieve pain compared
[97]
with conventional TACE in liver cancer patients . Xu et
[98]
al
has demonstrated that hepatic artery perfusion/
embolization with turmeric oil microballoon, cinobufotalin
and Aidi injection is effective with fewer adverse
reactions compared with conventional TACE, and could
significantly ameliorate fatigue and anorexia in patients
[98]
with hepatocarcinoma .
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Fuzheng Yiliu Granule

Therapeutic principles

Herbs

Tonifying Qi and blood, and
Hong-Qi (Hedysarum polybotrys), Dang-Gui (Angelica
dissolving stasis
sinensis), Mu-Tou-Hui (Patrinia scabra Bunge), etc.
Fuganchun 6
Tonifying Qi and Yin,
Huang-Qi (Astragalus membranaceus), Nü-Zhen-Zi
detoxifying and dissipating
(Ligustrum lucidum Ait), Bai-Hua-She-She-Cao (Hedyotis
mass
diffusa Willd), Bie-Jia (Carapax trionycis), E-Zhu (Curcuma
kwangsiensis or Curcuma phaeocaulis or Curcuma wenyujin),
etc.
Bushen Jianpi Decoction Tonifying spleen and kidney Dang-Shen (
), Bai-Zhu (Atractylodes
macrocephala Koidz.), Fu-Ling (Poria cocos), Shu-DiHuang (Rehmannia glutinosa), shan-Zhu-Yu (Cornus
officinalis), Du-Zhong (Eucommia ulmoides Oliver), etc.
Warming Yang and
Warming Yang and dispersing Fu-Zi (Aconitum carmichaeli Debx.), Huang-Qi (Astragalus
Dispersing Stasis
stasis
membranaceus), Bai-Zhu (Atractylodes macrocephala Koidz.),
Formula
E-Zhu (Curcuma kwangsiensis or Curcuma phaeocaulis or
Curcuma wenyujin), Bai-Shao (Paeonia lactiflora), etc.
Fufangkushen injection
Clearing heat and removing
Ku-Shen (Sophora flavescens Ait.), etc.
toxicity
Songyou Yin
Tonifying Qi and blood,
Dan-shen (Salvia miltiorrhiza Bge.), Huang-Qi (Astragalus
dissolving stasis and
membranaceus Bge.), Gou-Qi (Lycium barbarum L.), Shandissipating mass
Zha (Crataegus pinnatifida Bge.), and Bie-Jia (Trionyx
sinensis Wiegmann)
Huang-lian-jie-du-tang
Clearing heat and removing Huang-Lian (C. chinensis Franch), Huang-Qin (Scutellaria
toxicity
baicalensis Georgi), Huang-Bai (P. amurense Rupr) and
Zhi-Zi (Gardenia jasminoides Ellis)
Bu-Zhong-Yi-Qi-Tang
Invigorating spleen-stomach
Huang-QI (Astragalus membranaceus), Ren-Shen (Panax
and replenishing qi
ginseng), Gang-Gui (Angelicae sinensis), Sheng-Ma
(Cimicifuga foetida L.), Gan-Cao (Glycyrrhiza uralensis),
Chen-Pi (Citrus poonensis), Chai-Hu (Bupleurum chinensis),
Sheng-Jiang (Zingiber officinale), Da-zhao (Ziziphs jujuba),
Bai-Shu (Atractylodes macrocephala KOIDZUMI)
Jiedu Xiaozheng Yin
Heat-clearing and
Bai-Hua-She-She-Cao (Hedyotis diffusa Willd), Xia-Kudetoxification
Cao (Prunella), Shan-Ci-Gu (Pseudobulbus Cremastrae), KuShen (Sophora flavescens)
Liver Yin Tonifying
Tonifying liver-Yin, draining
Nü-Zhen-Zi (Ligustrum lucidum Ait), Zhi-Bie-Jia
formula
dampness and dissipating
(processed Carapax trionycis) and Hu-Zhang (Polygonum
stasis
cuspidatum)
Modified Yi Guan Jian
Tonifying liver and kidneyBei-Sha-Shen (Glehnia littoralis), Mai-Dong (Ophiopogon
Yin, draining dampness and
japonicus), Dang-Gui (Angelica sinensis), Shu-Di (dried
dissipating stasis
Rehmannia glutinosa), Gou-Qi (Lycium barbarum), ChuanLian-Zi (Melia toosendan Sieb fruit), and Hu-Zhang
(Polygonum cuspidatum)
Blejiajian Pill
Tonifying Qi, detoxifying and Bie-Jia-Jiao(Carapacis trionycis-shell glue), E-Jiao(Colla
dissipating mass
Corii Asini), Feng-Fang (beehives), Chai-Hu (Bupleurum
chinense), Huang-Qin (Scutellaria baicalensis), Ban-Xia
(Pinellia ternate), Dang-Shen(Codonopsis pilosula), etc.

Herbal formula

Table 3 Anti-cancer effects of herbal formulas against hepatocarcinoma
Models

Effects

Targets/events

Ref.

WJH|www.wjgnet.com
Induce apoptosis

Human BEL-7402 hepatocarcinoma
cells

Unknown

VEGF

1220
Human Hep G2 hepatoma cells

Human hepatocarcinoma Bel-7402
cells

Human hepatocarcinoma Bel-7402
cells

Human Hep G2 hepatoma cell in vitro
and in vivo

[142]

[141]

[132,167]

[131]

[130]

[129]

Inhibit cell proliferation,
adhesion and invasion

Unknown

[168]

Inhibits the growth of
Cyclin D and cyclin E
[143]
HepG2 cells, arrest cell
cycle at the G0/G1 phase
Inhibit proliferation,
Caspases-8, -9 and -3, p16, p21, [152]
induce apoptosis and cell
pRB
senescence
Inhibit proliferation,
Caspases-3, -8 and -9, p38
[156]
induce anoikis
MAPK

Human SMMC-7721 hepatocarcinoma
Inhibit proliferation,
Survivin, Bcl-2, caspase-3
cells
induce apoptosis
Human MHCC97H hepatocarcinoma Induce apoptosis, inhibit MMP-2, IL-6, TGF-β1, VEGF,
bearing nude mice; activated rat
tumor growth, prolong
epithelial-mesenchymal
hepatic stellate cells and rat McAsurvival; inhibit invasion
transition
RH7777 hepatoma cells
and metastasis
Human Hep G2 and PLC/PRF/5
Inhibit cell proliferation, Cdc2, Cdc25C, cyclin A, cyclin
hepatomain cells in vitro and in vivo induce cell cycle arrest and B1, Cdc2, Cdc25C, Bax, Bak,
apoptosis
Bcl-2, Bcl-XL, IkappaBalpha
Human hepatoma Hep3B, HepG2 and Inhibit cell proliferation,
Unknown
HA22T cells
induce apoptosis and
arrest cell cycle at G0/G1
phase

Inhibit tumor growth,
induce apoptosis

Mouse H22 hepatocarcinoma bearing
mice

Mouse H22 hepatocarcinoma bearing
Inhibit tumor growth,
p53, caspase-3, mitochondrial [126,127]
mice
induce apoptosis
membrane potential
Mouse H22 hepatocarcinoma cells in
Inhibite tumor growth
Enhance proliferation activity [128,178]
vitro and in vivo
and cell proliferation, and
of lymphocyte, NK cells
induce apoptosis
activities and IL-2 production

Hu B et al . TCM for hepatocarcinoma prevention and treatment

May 28, 2015|Volume 7|Issue 9|

WJH|www.wjgnet.com

Detoxifying and dissipating
mass

Relief liver for smooth Qi

Tonifying spleen, dissolving
stasis and detoxifying

Human Hep G2 hepatoma cells

She-Xiang (musk), Niu-Huang (Cow-Bezoar), DanHuman SMMC-7721 hepatocarcinoma
shen (Salvia miltiorrhiza Bge.), Bai-Zhu (Atractylodes
cells
macrocephala Koidz.), Ban-Zi-Lian (Sculellaria barbata),
E-Zhu (Curcuma kwangsiensis or Curcuma phaeocaulis or
Curcuma wenyujin), etc.
Chai-Hu (Bupleurum chinense), Huang-Qin (Scutellaria
Mouse H22 hepatocarcinoma bearing
baicalensis Georgi), Sheng-Jiang (Zingiber officinale), Banmice
Xia (Pinellia ternata), Da-Zao (Ziziphus jujuba), Ren-Shen
(Panax ginseng), Gan-cao (Glycyrrhiza uralensis)
Ban-Mao (Mylabris), Chen-Pi (Citrus reticulata Blanco), Mouse H22 hepatocarcinoma bearing
Gu-Ya (Setaria italica), etc.
mice

Tonifying Qi and dissipating Astragalosides, astragalus polysaccharide and salvianolic
stasis
acids

1221

[175]

[170]

[169]

Inhibit tumor growth

[191]
[195]

[197]

Bax, p53 and VEGF

Unknown

[190,196]

[189]

VEGF and endostatin

VEGF, EGFR and MMP-2

Endostatin

X protein (Bax/Bcl-2) to induce intrinsic apoptosis in liver cancer cells .
Clearing heat and detoxifying herbs are one of the most commonly medicated herbs for liver cancer treatment. Solamargine purified from Long-Kui (Solanum incanum)
[109]
may up-regulate TNF receptor typeⅠand induce apoptosis in Hep3B cells . Components from Mao-Ren-Shen (Actinidia valvata) may arrested cell cycle at G0/G1 phase
[110]
and induce apoptosis in H22 cells . Ban-Zi-Lian (Scutellariae barbata) is effective in up-regulating Bax/Bcl-2, arresting cell cycle at G2/M phase and inducing apoptosis in
[111]
hepatocellular carcinoma cells . Ba-Qia (Smilax glabra Roxb.) extract could activate p38, JNK and extracellular signal-regulated kinase (ERK) to induce intrinsic apoptosis in
[112]
[113]
liver cancer cells . Essential oil of Qing-Hao (Artemisia annul L.) could induce apoptosis in SMMC-7721 cells .
Clearing heat and draining dampness herbs are used for damp-heat in the liver and gallbladder. Chui-Pen-Cao (Sedum sarmentosum Bunge) can inhibit HepG2 cell

[108]

TGF: Transforming growth factor; IL-2: Interleukin-2; ICAM-1: Intercellular adhesion molecule 1; TNF: Tumor necrosis factor; VEGF: Vascular endothelial growth factor; MMP2: Matrix metalloproteinase-2; bFGF: Basic fibroblast
growth factor; NK: Natural killer; IFN-γ: Interferon-γ; MAPK: Mitogen-activated protein kinases; Bcl-2: Bcl2-associated X protein; Cdc25B: Cell division cycle 25B.

Fuzheng Yiliu Granule-2 Tonifying Qi and tonifying Yin

Increase T lymphocytes
proliferation, NK cells
activities and IL-2

nm23-h1 and ICAM-1

TGF-β/Smad signaling

Increase CD4+, CD8+
[176]
lymphocytes and NK cells,
and IFN-γ and IL-4 production
Inhibite tumor growth
Increase CD4+ lymphocyte, [177]
and cell proliferation, and IL-2 and TNF-α, and NK cells
induce apoptosis
Inhibit angiogenesis and
VEGF and bFGF
[188]
tumor growth

Inhibit tumor growth

Inhibit invasive and
adhesive

Inhibit TGF-β1 mediated
invasion

Huang-Qi (Astragalus membranaceus), Nü-Zhen-Zi
Mouse H22 hepatocarcinoma cells in
(Ligustrum lucidum Ait), Ling-Zhi (Ganoderma lucidum),
vitro and in vivo
and Shan-Yao (Dioscorea opposita)
Fu-Zheng-Kang-Ai-Tang Strengthening body resistance
Ren-Shen (Panax ginseng), Huang-Qin (Scutellaria
Human Bel-7402 hepatocarcinoma
and anti-cancer
baicalensis Georgi), Ling-Zhi (Ganoderma lucidum), Huangbearing nude mice
Qi (Astragalus membranaceus), etc.
Delisheng
Tonifying Qi and resolving
Ren-Shen (Panax ginseng), Huang-Qi (Astragalus
Human Hep G2 hepatoma cells
Inhibit tumor growth
masses
membranaceus), Cantharidium, etc.
QHF
Detoxifying, dissolving stasis
Cinobufagin, Ginsenoside Rg3, Panax Notoginseng
Mouse H22 hepatocarcinoma bearing Inhibit angiogenesis and
and strengthening body
Saponins, lentinan
mice
tumor growth, enhance
resistance
anti-cancer effects DDP
Erbie San
Resolving masses
Bie-Jia (Carapax trionycis), etc.
Wistar rats bearing Walker-256 liver
Inhibit tumor growth
cancer
Chaiqiyigan Granula
Tonifying spleen, soothing
Chai-Hu (Bupleurum chinense), Huang-Qi (Astragalus
Human hepG2/EGFP hepatoma
Enhance anti-cancer effects
liver, dissolving stasis and
membranaceus), etc.
bearing nude mice
of Taxol
detoxifying
Shengmai Injection
Tonifying Qi and Yin
Ren-Shen (Panax ginseng), Mai-Dong (Ophiopogon
Mouse H22 hepatocarcinoma bearing
Enhance anti-tumor
japonicus), etc.
mice
efficacy and reduce
toxicity of 5-Fu

Mylabris Mixture

Xiaochaihu Decoction

Compound Astragalus
and Salvia miltiorrhiza
extract
Shehuang Xiaoliu Fang
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[130]

growth and induce apoptosis accompanied by downregulation of Bcl-2, VEGF and phosphorylated signal
[114]
transducers and activators of transcription (p-STAT3) .
Resveratrol-4-O-D-(2’-galloyl)-glucopyranoside from
Hu-Zhang (Polygonum cuspidatum) may activate
caspases 3 and 9 to induce apoptosis in hepatocellular
[115]
carcinoma via the JNK and ERK pathway . Yin-ChenHao (Artemisia capillaris Thunb.) is effective to induce
apoptosis and G0/G1 cell cycle arrest in SMMC-7721
[116]
cells .
Dispersing blood stasis is another important principle
for liver cancer therapy. Dan-Shen (Salvia miltiorrhiza)
was reported to effectively inhibit proliferation and induce
apoptosis in HepG2 cells coincided with depletion of
intracellular glutathione and reduction of mitochondrial
[117]
membrane potential
. Chi-Shao (Paeoniae Radix)
could inhibit cell growth and induce p53 independent
apoptosis coincided with up-regulation Bcl-2/adenovirus
E1B 19 kD-interacting protein 3 and down-regulation
of ZK1, RAD23 homologue B and heat shock 60 kDa
[118]
protein 1 . Curcumin is a component of Yu-Jin/JiangHuang/E-Zhu (Curcuma kwangsiensis or Curcuma
phaeocaulis or Curcuma wenyujin or Curcuma longa).
Resveratrol is a compound that can be isolated from HuZhang (Polygonum cuspidatum) or other plants. We
have found that curcumin combined with resveratrol
may synergistically inhibit X-linked inhibitor of apoptosis
protein (XIAP) and survivin expression, up-regulate ROS
production, activate caspases-3, -8 and -9 to induce
[119]
apoptosis in liver cancer cells .
Although the TCM pathological factor of phlegm is
not directly related to hepatocarcinogenesis, reducing
phlegm and/or resolving masses herbs are frequently
medicated as anti-cancer herbs in liver cancer. Ban-Xia
(Pinellia ternate) can inhibit cell proliferation, up-regulate
[120]
Bax/Bcl-2 and induce apoptosis in Bel-7402 cells
.
Tian-Nan-Xing (Arisaema heterophyllum) may activate
caspase-3 and induce apoptosis in hepatocarcinoma
[121]
cells . TubeimosideⅠ, an ingredient from Tu-Bei-Mu
(Bolbostemma paniculatum), could up-regulate Bax/
[122]
Bcl-2 and induce intrinsic apoptosis in hepatoma cells .
Toxic Chinese herb or components such as Quan-Xie
(scorpio), Norcantharidin and polypeptides from bee
venom are potent to induce apoptosis in liver cancer
[123-125]
cells
.
Contemporary TCM physicians have developed
some new herbal formulas for liver cancer treatment.
Fuzheng yiliu granule, a four herb formula for tonifying
Qi and blood, and dissolving stasis, is effective to upregulate p53 and caspase-3 expression and reduce
mitochondrial membrane potential to induce apoptosis
[126,127]
in H22 hepatocarcinoma
. Fuganchun 6, a formula
for nourishing Qi and Yin, detoxifying and dissipating
mass, could induce apoptosis and arrest cell cycle at
[128]
G0/G1 phase
. Bushen jianpi decoction, a formula
for tonifying kidney and spleen, was reported to
inhibit VEGF expression and induce apoptosis in H22
[129]
hepatocarcinoma
. Warming yang and dispersing
stasis formula may induce apoptosis in hepatocarcinoma

WJH|www.wjgnet.com

. Fufangkushen injection, a patent
Bel-7402 cells
herbal drug, may inhibit survivin and Bcl-2 expression,
increase caspase-3 expression and induce apoptosis
[131]
in SMMC-7721 cells
. Songyou Yin, another patent
herbal drug, could induce apoptosis and down-regulation
of MMP2 and VEGF to inhibit tumor growth and prolong
[132]
survival
(Figure 1).

Arresting cell cycle

Sustaining proliferative signaling is a hallmark of
[133]
cancer . Cancer cells present an un-controlled pro
liferation cycle. To stop cell cycle is an ideal principle for
cancer treatment. Some herbs are demonstrated to be
potent to arrest cell cycle. Among tonic herbs, extracts
of Jiao-Gu-Lan (Gynostemma pentaphyllum) can inhibit
proliferation and arrest cell cycle at G0/G1 phase in
[134,135]
Hep3B cells
. Triterpene-enriched extracts from
Ling-Zhi (Ganoderma lucidum) could suppress protein
kinase C, activate JNK and p38 mitogen-activated protein
kinases (MAPK) to prolong G2 cell cycle phase and inhibit
[136]
cell growth in Huh-7 cells .
Ban-Zhi-Lian (Scutellaria barbata) is able to inhibit
cell proliferation, decrease the number of cells in S-phase
and increase the number of cells in G0/G1-phase
[137]
and induce apoptosis in HepG2 cells
. Huang-Qin
(Scutellaria baicalensis) is effective to inhibit cell growth
and G2/M phase arrest accompanied by increased
Cyclin E and down-regulation of p53, ETS1 (V-ets avian
erythroblastosis virus E26 oncogene homolog 1), cell
division cycle 25B (Cdc25B), p63, epidermal growth
factor receptor (EGFR), ERK1/2, XIAP, HIF-2alpha, and
[138]
Cdc25C . Bufothionine also can inhibit cell proliferation
and arrest cell cycle at G2/M phase in liver cancer
[139]
cells . Rhein, a component from Da-Huang (Rheum
palmatum L. or Rheum tanguticum Maxim. ex Balf.), is
potent to inhibit cell growth, induce apoptosis and arrest
[140]
cell cycle at S phase .
Huang-lian-jie-du-tang, a classic herbal formula for
clearing heat and removing toxicity, was reported to
effectively inhibit cell proliferation, induce cell cycle arrest
[141]
and apoptosis in hepatocarcinoma in vitro and in vivo .
Bu-Zhong-Yi-Qi-Tang, a Qi tonifying herbal formula, is
confirmed effective to inhibit cell proliferation, induce
[142]
apoptosis and arrest cell cycle at G0/G1 phase . Jiedu
Xiaozheng Yin, a modern herbal formula, could inhibit
the growth of HepG2 cells and arrest cell cycle at the G0/
G1 phase coincidence with up-regulation of cyclin D and
[143]
cyclin E
(Figure 1).

Induction of autophagy

Autophagy, type Ⅱ programmed cell death, is a process
in which organelles and proteins are sequestered and
subsequently degraded through fusion with lysosomes,
and has been recognized as a target for hepatocarcinoma
[144,145]
treatment
. Long-Kui (Solanum nigrum L.), a
frequently used anti-cancer herb, may induce apoptosis
and down-regulate Bcl-2 and AKT to induce autophagy in
[146]
hepatocarcinoma cells .
Arenobufagin, a natural bufadienolide from toad
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Fufangkushen injection; 6: Songyou Yin; 7: Jiedu Xiaozheng Yin; 8: Liver-Yin tonifying formula; 9: Nü-zhen-zi (Ligustrum lucidum Ait. Fruit); 10: Modified
Yi Guan Jian; 11: Hu-Zhang (Polygonum cuspidatum ); 12: Arecoline; 13: Compound Astragalus and Salvia miltiorrhiza extract; 14: Shehuang Xiaoliu Fang.

Figure 1 Therapeutic targets of Chinese herb(s) in hepatocarcinoma cells. TNF: Tumor necrosis factor; ROS: Reactive oxygen species; JNK: C-Jun N-terminal
kinase; Bax/Bcl-2: B-cell lymphoma 2/Bcl2-associated X protein; XIAP: X-linked inhibitor of apoptosis protein; MMP-2: Matrix metalloproteinase-2; TGF-β:
Transforming growth factor-β; ICAM-1: Intercellular adhesion molecule 1; mTOR: Mechanistic target of rapamycin; AMPK: AMP-activated protein kinase; Cdc25B:
Cell division cycle 25B; TNFR Ⅰ: Tumor necrosis factor receptor type Ⅰ; ERK: Extracellular signal-regulated kinase; FAK: Focal adhesion kinase; PI3K/Akt:
Phosphatidylinositol-4,5-bisphosphate 3-kinaseV-akt murine thymoma viral oncogene homolog; STAT3: Signal transducers and activators of transcription 3.

venom, is potent to induce apoptosis and autophagy
by down-regulation of PI3K/AKT/mechanistic target of
rapamycin (mTOR) pathway in HepG2/ADM hepatoma
[147]
cells, and thus inhibit xenograft tumor growth
.
Bufalin, a component from toad skin, has been demon
strated to induce AMP-activated protein kinase (AMPK)
dependent autophagy accompanied by enhanced
Beclin-1 expression and LC3-Ⅰto LC3-Ⅱ conversion, and
decreased p62 expression and mTOR signaling in HepG2
[148]
cells .
Allicin, a major phytochemical of crushed garlic,
is effective to induce autophagy in HepG2 cells by
decreasing the level of cytoplasmic p53, the PI3K/mTOR
signaling pathway, and Bcl-2 and up-regulating the
expression of AMPK/tuberous sclerosis protein 2 and
[149]
Beclin-1 . Shikonin, a naphthoquinone from Zi-Cao
(Lithospermum erythrorhizon), could induce autophagy
and reactive oxygen species generation which further
[150]
activates ERK
(Figure 1).

formula (LYTF) for liver-Yin-deficiency in patients with
hepatocarcinoma. LYTF could activate caspases-8, -9
and -3 to induce apoptosis, and up-regulate p16 and
p21 and down-regulate RB phosphorylation to induce cell
[152]
senescence in Bel-7402 cells . Ganoderiol F, a tetracyclic
triterpene from Ganoderma amboinense, may activate
ERK and up-regulate p16 to induce cell senescence in
[153]
hepatoma HepG2 cells . Nü-zhen-zi (Ligustrum lucidum
Ait. Fruit), an herb for tonifying liver-Yin, is potent to upregulate p21, activate caspases-8, -9 and -3 to induce
apoptosis and down-regulate RB phosphorylation to
[154]
induce cell senescence in hepatocarcinoma cells
(Figure
1).

Induction of anoikis

Anoikis, an apoptotic process occurring when cells
detach from the extracellular matrix, is associated
[155,156]
with metastasis of hepatocarcinoma
. We have
found modified Yi Guan Jian, an herbal formula for
hepatocarcinoma, may activate caspase-3, -8 and
-9, inhibit the expression and phosphorylation of p38
MAPK, and induce anoikis in human hepatocarcinoma
[156]
Bel-7402 cells . Hu-Zhang (Polygonum cuspidatum),
an herb for draining dampness and dissipating stasis,
could activate caspase-3 and -9 and induce anoikis in

Induction of cell senescence

Cell senescence is a state of stable, irreversible cell cycle
arrest provoked by a variety of stimuli. Pro-senescence
has been suggested for hepatocellular carcinoma
[151]
treatment . We have established a liver-Yin tonifying
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human hepatocarcinoma Bel-7402 cells accompanied
by ROS generation and focal adhesion kinase down[157]
regulation
. Arecoline, an alkaloid from Bing-Lang
(Areca catechu L.), may induce anoikis in HA22T/VGH
cells involving inhibition of STAT3 and increased RhoA/
Rock (Ras homolog family member A/Rho-associated,
[158]
coiled-coil containing protein kinase) activation
(Figure 1).

invasion in HepG2 hepatoma cells through modulating
[169]
TGF-beta/Smad signaling . Shehuang Xiaoliu Fang, an
herbal formula for detoxifying and dissipating masses,
is potent to inhibit invasive and adhesive ability of
SMMC-7721 cells accompanied by increased nm23-h1
[170]
expression and reduced ICAM-1 expression
(Figure
1).

Inhibition of metastasis

CD4 and CD8 T lymphocytes are the major cell
populations for cellular immunity against cancer. Lycium
+
barbarum (Gou-Qi) polysaccharides could increase CD4
+
and CD8 T cells in tumor-infiltrating lymphocytes in
[171]
H22 hepatoma
. Dong-Chong-Xia-Cao (Cordyceps
sinensis), a commonly used herb for tonifying kidney,
may increase the expression of major histocompatibility
complex class Ⅱ antigens on human hepatoma HA22T/
[172]
VGH cells
. Ban-Zi-Lian (Scutellaria barbata), an
effective anti-cancer herb for hepatocarcinoma, could
increase the thymus and spleen index, lymphocytes
proliferation activities, natural killer (NK) cell activities
[173]
and IL-2 production in splenocytes
. The proteins
extracted from mycelia of Lei-Wan (Omphalia lapidesces)
are effective in increasing spleen mass and interferon-γ
(IFN-γ) production in H22 hepatocarcinoma bearing
[174]
mice .
Xiaochaihu decoction, a classical herbal formula for
liver disease, is effective in inhibiting tumor growth and
increasing T lymphocyte proliferation, NK cells activities
[175]
and IL-2 level in H22 bearing mice . Mylabris Mixture,
a modern anti-hepatoma herbal formula, may increase
+
+
CD4 , CD8 lymphocytes and NK cells, and IFN-γ and
[176]
IL-4 production in H22 cancer-bearing mice . Fuzheng
Yiliu Granule, an effective pro-apoptosis contemporary
+
herbal formula, may increase CD4 lymphocytes and
related cytokines IL-2 and TNF-α, and NK cells in
[177]
H22 tumor-bearing mice . Fuganchun 6, a modern
herbal formula, can inhibit tumor growth and enhance
proliferation activity of lymphocytes, NK cell activities
[178]
and IL-2 production in H22 hepatoma bearing mice .
Dendritic cells (DCs) are important antigen present
cells for anti-cancer immunity. Lycium barbarum (GouQi) polysaccharides could promote DCs to stimulate
allogeneic lymphocyte proliferation, produce IL-12p70
[179]
and IFN-γ and may relate to NF-κB expression . Chen
[180]
et al
found that human hepatocellular carcinoma
SMMC-7721 cells may impair the biorheological pro
perties of DCs, such as cell deformability, migration,
and electrophoresis mobility, and changed organizations
of cytoskeletal proteins. Gekko (Tian-Long) sulfated
polysaccharide-protein complex could partially restore
the defective biorheological characteristics of DCs
[180]
mediated by SMMC-7721 cells .
+
+
CD4 CD25 regulatory T cells (Tregs) are originated
+
from CD4 Th0 cells upon the stimulation of TGF-β and
Foxp3 expression. Tregs may produce IL-10 and function
as a negative immune regulator. Radix Glycyrrhizae
(Gan-Cao) polysaccharides were demonstrated to
down-regulate Tregs, related cytokines IL-10 and TGF-β,

Regulation of immune function
+

In addition to induction of anoikis, Chinese herbs also
could inhibit metastasis potential in hepatocarcinoma cells,
such as adhesion, migration, invasion and metastasis.
Among heat-clearing herbs, Coptidis Rhizoma (HuangLian) may reduce F-actin polymerization and damage
to cytoskeleton network to inhibit hepatocarcinoma cell
[159]
migration
. Baicalein, a compound from Scutellaria
baicalensis Georgi (Huang-Qin), could inhibit migration
and invasion in human hepatocellular carcinoma SMMC7721 cells accompanied by down-regulation of ezrin,
[160]
VEGF, and MMP-9 . Matrine, a component of Sophora
flavescens Ait. (Ku-Shen), was reported to be effective
to inhibit MMP-9 and nuclear factor κB (NF-κB) to inhibit
[161]
invasion of liver cancer cells . Shikonin, an ingredient of
Lithospermum erythrorhizon (Zi-Cao), is potent to inhibit
the migratory ability of hepatocarcinoma cells through
[162]
downregulation of vimentin, MMP-2 and MMP-9 .
Another frequently studied herbal type is dissolving
stasis herbs. Gekko sulfated polysaccharide-protein
complex has been demonstrated to be effective in
inhibiting hepatocellular carcinoma cell migration through
calcium-mediated regulation of the actin cytoskeleton
[163]
reorganization
. Ardipusilloside, a compound from
Ardisia japonica (Thunb) Blume (Zi-Jin-Niu), has the
potential to inhibit liver cancer survival, invasion and
metastasis by down-regulation of MMP-9 and MMP-2
and activating Ras-related C3 botulinum toxin substrate
[164]
1 (Rac 1) to enhance E-cadherin activity . Plumbagin,
a constituent of Plumbago zeylanica L. (Bai-Hua-Dan),
could suppress the proliferation and invasiveness in SKhep-1 cells by up-regulation of p21 and down-regulation
[165]
of MMP-2 and MMP-9 . Tanshinone Ⅱ-A, a component
from Dan-Shen (Salvia miltiorrhiza), could effectively
inhibit invasion and metastasis of hepatocaxrcinoma
cells partly by inhibiting MMP-2 and MMP-9 activities and
[166]
blocking NF-kB activation .
Some herbal formulas have been confirmed to
be effective against hepatocarcinoma metastasis. In
addition to inhibiting liver cancer growth, Songyou Yin
also could down-regulate activated hepatic stellate
cells secreted IL-6, TGF-β1 and VEGF to reduce MMP-2
expression and reverse epithelial-mesenchymal
transition, and thus inhibit invasion and metastasis in
[167]
hepatocarcinoma
. Biejiajian pill, a classical herbal
formula, could effectively inhibit HepG2 cell proliferation,
[168]
adhesion and invasion
. Compound Astragalus and
Salvia miltiorrhiza extract, an herbal component formula
made up of astragalosides, astragalus polysaccharide
and salvianolic acids, may inhibit TGF-β1 mediated
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1: Ban-Zi-Lian (Sculellaria barbata ); 2: Xiaochaihu decoction; 3: Mylabris Mixture; 4: Dong-Chong-Xia-Cao (Cordyceps sinensis ); 5: Gou-Qi (Lycium
barbarum ) polysaccharide; 6: Gekko (Tian-Long) sulfated polysaccharide-protein complex; 7: Radix Glycyrrhizae (Gan-Cao) polysaccharide; 8: TianLong (Gekko Chinenis); 9: Gekko-sulfated glycopeptide; 10: Fu-Zheng-Kang-Ai-Tang; 11: Erbie San; 12: Huaier; 13: QHF; 14: Delisheng; 15: Chaiqiyigan
granula; 16: Shengmai Injection; 17: Astragalus polysaccharides; 18: Astragaloside Ⅱ; 19: Green tea catechins; 20: Tetramethylpyrazine.

Figure 2 Therapeutic targets of Chinese herb(s) in regulating immune function, inhibiting angiogenesis and combinational treatment with chemotherapy
in hepatocarcinoma. TGF-β: Transforming growth factor-β; IFN-γ: Interferon γ; IL-6: Interleukin 6; VEGF: Vascular endothelial growth factor; bFGF: Basic fibroblast
growth factor; MRP2: Multi-drug resistance protein 2; NF-κB: Nuclear factor-κB; NK: Natural killer.

Combination with chemotherapy

and Foxp3 expression, and increased IL-2 and IL12p70 levels in serum in H22 hepatocarcinoma bearing
[181]
mice
(Figure 2).

Chemotherapy is not conventionally used in hepato
carcinoma, but chemotherapeutic drugs based TACE is a
major treatment for liver cancer. Ban-Zi-Lian (Sculellaria
barbata) can significantly enhance 5-fluorouracil (5-Fu) to
inhibit tumor growth and prolong survival time, improve
immune function, and reduce the toxic effects of 5-Fu in
[192]
the H22 tumor-bearing mice . Ling-Zhi (Ganoderma
lucidum) is able to inhibit hepatocarcinoma cell
proliferation and protect hepatocytes from chemotherapy
[193]
induced damage . Dong-Chong-Xia-Cao (Cordyceps
sinensis) may protect H22 hepatocarcinoma bearing mice
[194]
from chemotherapy induced immunosuppression .
Chaiqiyigan granula is potent to enhance inhibitory
effects of taxol on hepatocarcinoma growth accompanied
by up-regulation of Bax and down-regulation of p53
[195]
and VEGF . QHF, an herbal component formula, could
reduce cisplatin (DDP)-induced leucopenia, spleen and
thymus atrophy, enhance tumor growth inhibition and
[196]
prolong survival time in H22 bearing mice . Shengmai
Injection, a patent herbal drug, is effective to enhance
anti-tumor efficacy and reduce toxicity of 5-Fu in H22
[197]
hepatocarcinoma
(Figure 2).

Inhibition of angiogenesis

Angiogenesis, the process of new blood vessel generation
from existing vessels, plays a crucial role in tumor
growth and metastasis, and has been suggested as a
potential target for hepatocarcinoma prevention and
[182,183]
treatment
.
Tian-Long (Gekko Chinenis) has been showed to be
effective to inhibit tumor growth, induce apoptosis, and
inhibit angiogenesis accompanied by down-regulation of
VEGF and basic fibroblast growth factor (bFGF) in H22
[184]
hepatocarcinoma . Gekko-sulfated glycopeptide may
inhibit angiogenesis by decreasing bFGF secretion, and
[185]
binding to heparin/heparan sulfate in liver cancer
.
Bai-Ji (Bletilla colloid) could inhibit endothelial cell growth
[186]
and angiogenesis after TACE
. Huaier may inhibit
VEGF expression and angiogenesis, induce apoptosis
[187]
and inhibit tumor growth in hepatocarcinoma .
Fu-Zheng-Kang-Ai-Tang, an herbal formula for
strengthening body defense and anti-cancer, could inhibit
VEGF and bFGF expression, angiogenesis and tumor
[188]
growth in hepatocarcinoma
. Delisheng, an herbal
formula for tonifying Qi and resolving masses, may
inhibit cell growth and increase endostatin expression in
[189]
hepatocellular carcinoma HepG2 cells . Qingrejiedu,
huoxuehuayu and fuzhengguben (QHF) formula, an
herbal component formula, is potent to inhibit VEGF,
[190]
EGFR and MMP-2, angiogenesis and tumor growth .
Erbie San, a patent herbal drug for resolving masses, was
demonstrated to be effective to down-regulate VEGF/
endostatin and inhibit tumor growth in Walker-256 liver
[191]
cancer
(Figure 2).
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Reversal of drug resistance

Drug resistance contributes to chemotherapy refrac
[198]
toriness in hepatocarcinoma . To seek effective herbs
or herbal components to reverse drug resistance has
become one of research focuses in liver cancer study.
Astragalus polysaccharides have been reported to be
potent to enhance anti-tumor effects of adriamycin in
H22 hepatocarcinoma by up-regulating IL-1α, IL-2,
IL-6, and TNF-α, down-regulating IL-10 and multidrug
[199]
resistance protein 1 (MDR1) . Astragaloside Ⅱ, another
component from Huang-Qi (Astragalus membranaceus),
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is effective to increase 5-Fu cytotoxicity toward 5-Furesistant Bel-7402/Fu cells accompanied by downregulation of P-gp (P-glycoprotein), phosphorylation of
[200]
ERK1/2, p38 and JNK .
Green tea catechins have been reported to effec
tively inhibit MDR1 expression, increase intracellular
doxorubicin (DOX) accumulation and enhance DOXinduced cell killing activities against BEL-7404/DOX
[201]
cells
. Tetramethylpyrazine, a bioactive constituent
isolated from the root of Ligusticum chuanxiong Hort,
could down-regulate MDR1, multidrug resistance protein
2 (MRP2), MRP3 and MRP5 in adriamycin resistant
[202]
HepG2 cells . Pseudolaric acid B, polyphyllin D and
Eclipta alba (Mo-Han-Lian) have been demonstrated
to increase drug sensitivity in drug resistant HepG2
[203-205]
hepatoma cells
(Figure 2).

cell senescence, arrest cell cycle, regulate immune
function, inhibit metastasis and angiogenesis, reverse
drug resistance and enhance effects of chemotherapy in
hepatocarcinoma.
How to use experimental results to improve clinical
efficacy has become an important research subject.
For commonly used traditional herbs with anti-cancer
effects, the property of Chinese herbs should be firstly
considered and medicated by the guidance of TCM
principles. For traditionally uncommonly used anti-cancer
herbs, such as Mu-Tou-Hui (Patrinia scabra Bunge) and
She-Mei [Duchesnea indica (Andr.) Focke], the property
of Chinese herbs and anti-cancer characters of those
herbs need to be further studied. In addition, there is a
great need to explore the compatibility or combinational
application rule of anti-cancer herbs to further improve
clinical efficacy of TCM treatment for hepatocarcinoma.

CONCLUSION
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Chronic hepatitis B infection in pregnancy
Jennifer R Lamberth, Sheila C Reddy, Jen-Jung Pan, Kevin J Dasher
administration of hepatitis B immune globulin and
HBV vaccination to the infant. The two strongest risk
factors of mother to child transmission (MTCT) of HBV
infection despite immunoprophylaxis are high maternal
HBV viral load and high activity of viral replication.
The goal is to prevent transmission of HBV at birth
by decreasing viral load and/or decreasing activity of
the virus. Although it is still somewhat controversial,
most evidence shows that starting antivirals in the
third trimester is effective in decreasing MTCT without
affecting fetal development. There is a growing body of
literature supporting the safety and efficacy of antiviral
therapies to reduce MTCT of hepatitis B. There are
no formal recommendations regarding which agent to
choose. Tenofovir, lamivudine and telbivudine have all
been proven efficacious in decreasing viral load at birth
without known birth defects, but final decision of which
antiviral medication to use will have to be determined
by physician and patient. The antivirals may be
discontinued immediately if patient is breastfeeding, or
within first four weeks if infant is being formula fed.
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Core tip: In pregnant patients chronically infected
with hepatitis B, determining which patients require
treatment is not well understood. In this concise review,
we discuss four important questions to consider when
faced with this patient population: who to treat, when
to treat, what medication in which to treat and when to
stop treatment.

Abstract
There are no standard guidelines to follow when a
patient with chronic hepatitis B infection becomes
pregnant or desires pregnancy. Topics to consider
include which patients to treat, when to start treatment,
what treatment to use and when to stop treatment.
Without any prophylaxis or antiviral therapy, a hepatitis
B surface antigen and E antigen positive mother has up
to a 90% likelihood of vertical transmission of hepatitis
B virus (HBV) to child. Standard of care in the United
States to prevent perinatal transmission consists of
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per milliliter (20 million IU/mL) in previous studies
.
High activity of viral replication can be defined in several
different manners and has been proposed with positive
HBeAg (prior to seroconversion) or elevated alanine
[9]
aminotransferase level and viral load of > 20000 IU/mL .

INTRODUCTION
Chronic infection with hepatitis B virus (HBV) is a
relatively well-understood and manageable disease
process. With current available medications, suppression
of the virus can be achieved in most patients. Practice
guidelines are available for beginning medical therapy
in chronic HBV infection. However, in certain specific
circumstances, treatment of HBV infection becomes
less clear. One of those circumstances is chronic HBV
infection in pregnancy. In fact, of the 50 million people
newly infected with hepatitis B every year worldwide,
the majority of this transmission occurs from mother
[1]
to child transmission (MTCT) . In this concise review,
we discuss four important questions to consider when
faced with this patient population: who to treat, when
to treat, what medication in which to treat and when to
stop treatment.

WHEN TO TREAT?
Again, immunoprophylaxis is given to all infants born
to HBsAg positive mothers. The passive immunization,
the HBIG, is given to the infant within 12 h of birth.
The active immunization, which is the first dose of HBV
vaccine, is also given in these first few hours of life.
The remainder of the dosing for HBV vaccine follows
standard protocol; the second dose is given at 1 mo and
the last dose is given at 6 mo of age and no later than 9
[5]
mo of age .
Maternal HBsAg is checked during early pregnancy
and again in the third trimester of pregnancy. If the
HBsAg status of mother is unknown at the time of birth,
the infant should receive first dose of HBV vaccine. If
confirmatory testing is positive for HBsAg in the mother,
then HBIG should be administered to the infant as well,
[12]
and the HBV vaccine should be completed .
If the decision is made to treat with antivirals, due
to either maternal high viral load and/or evidence of
active disease, the timing of administration of these
medications is noteworthy. The goal is to prevent
transmission of HBV at birth by decreasing viral load
and/or decreasing activity of the virus. Although it is
still somewhat controversial, most evidence shows that
starting antivirals in the third trimester is effective in
decreasing MTCT without affecting fetal development.
Starting medication earlier in the pregnancy is not
necessary to decrease MTCT and puts the fetus at
higher risk due to the longer exposure to a nonapproved medication. In fact, many studies have shown
the efficacy of starting antivirals well into the third
[13-15]
trimester, such as 29 wk, 32 wk or even 34 wk
.

WHO TO TREAT?
It is first important to note the difference between acute
and chronic HBV infection in pregnancy. Generally,
patients acutely infected with HBV during pregnancy
should be monitored closely and managed conservatively.
Unless the pregnant mother develops evidence of acute
[2]
liver failure, antivirals are not generally indicated .
Although MTCT is not the most common transmission
route of HBV infection in the United States, it remains
extremely high risk if the mother and child are not
managed properly. Without any prophylaxis or antiviral
therapy, a hepatitis B surface antigen (HBsAg) and
E antigen (HBeAg) positive mother has up to a 90%
[3]
likelihood of vertical transmission of HBV to child .
Standard of care in the United States to prevent perinatal
transmission consists of administration of hepatitis B
immune globulin (HBIG) and HBV vaccination to the
[4,5]
infant . Despite receiving immunoprophylaxis, up
to 10%-15% of infants develop chronic HBV infection
through MTCT.
There are two indications to treat chronic hepatitis
B in a pregnant mother; chronic liver disease in mother
and prevention of MTCT. We will not discuss chronic
liver disease in the mother in detail in this review.
Risk factors that increase the risk of perinatal
transmission of HBV to the infant have been determined.
The two strongest risk factors are high maternal HBV
[6,7]
viral load and high activity of viral replication . Other
risk factors including amniocentesis, preterm premature
rupture of membranes and breast feeding carry a much
[8]
lower risk for MTCT of HBV .
Not every pregnant woman with chronic HBV
infection needs antiviral therapy due to concern of drug
[9]
related adverse events . The decision to start antivirals
must be discussed in detail between patient and
physician. However, it should be strongly considered in
HBsAg positive pregnant patients with high viral load
and/or active viral disease.
6
High viral load is defined as > 10 or > 10⁸ copies
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WHAT MEDICATION IN WHICH TO
TREAT?
As previously mentioned, MTCT accounts for more than
one-third of all HBV transmission worldwide. With the
use of HBV vaccination and HBIG, the rate of MTCT
[16]
may be reduced from 90% to 10% . The greatest
risk exists in children born to mothers with high viral
loads. In this particular population, there are several
studies examining the use of antiviral agents to further
reduce the risk of MTCT. The following paragraphs will
review the data surrounding the use antiviral agents
available for the treatment of chronic hepatitis B during
pregnancy.
Currently, there are six therapies approved for the
treatment of chronic HBV infection. None is approved
for use during pregnancy (Table 1). Current registry
data does not suggest any increased risk of major
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women with greater than 10⁷ copies/mL of HBV DNA
were given TDF 300 mg daily in the third trimester.
The median duration of TDF use was 10 wk. All infants
received active-passive immunization; all infants
[13]
were HBsAg negative 28-36 wk after birth . A larger
multicenter prospective study demonstrated that MTCT
was reduced to 2% in a group of high viral load women
treated with TDF 300 mg daily for a mean of 58 d
before delivery. Within the same study population, the
rate of MTCT was 20% in the controls and 0% in the
[21]
LAM cohort . Although there have been limited studies
regarding TDF and hepatitis B in pregnancy, there is
significant safety data within human immunodeficiency
virus/HBV coinfection cohorts supporting safe use of
[22]
TDF in pregnancy .
In summary, there is a growing body of literature
supporting the safety and efficacy of antiviral therapies
to reduce MTCT of hepatitis B. This is especially
efficacious in women with known risk factors for MTCT as
discussed elsewhere in this paper. There are no formal
recommendations regarding which agent to choose. As
listed in Table 1, LdT and TDF are the United States Food
and Drug Administration (FDA) pregnancy category
B medications (animal studies without demonstrable
risk to the fetus), while LAM is a category C medication
(adverse risk to fetus in animal studies). Table 2 further
summarizes the articles that report on medication
options discussed above. Based on available evidence,
the previously mentioned drugs have minimal reported
side effects to mothers or newborns, but have not yet
been approved for standard use in pregnancy. Interferon
is contraindicated during pregnancy and the safety of
entecavir (a FDA category C medication) is unknown.
If indicated, antiviral therapy should be initiated in the
early third trimester as previously discussed.

Table 1 Food and Drug Administration pregnancy categories
for nucleos(t)ide analogues for hepatitis B
Drug

Pregnancy category

LdT
TDF
LAM
Entecavir
Adefovir
(Pegylated) interferon

B
B
C
C
C
C

LdT: Telbivudine; TDF: Tenofovir; LAM: Lamivudine.

birth defects in women exposed to tenofovir (TDF) or
lamivudine (LAM) during pregnancy compared with
[17]
large population controls .
In early studies of LAM in pregnancy, 8 women with
9
HBV DNA levels > 1.2 x 10 copies/mL were treated
with 150 mg daily beginning at 34 wk of gestation. Viral
serologies of their offspring were measured at 0, 3,
6, and 12 mo. Twenty-five children born to untreated
women served as controls. All children received active
and passive immunization at birth. At 12 mo of age,
only 1 of the 8 children (12.5%) in the treatment group
remained HBsAg positive with measurable HBV DNA
levels. In the control group, MTCT occurred in 7 of 25
[15]
children (28%) . No adverse events were noted. A
double blind, randomized control trial examined the use
of LAM 100 mg daily and active-passive immunization
vs placebo and active-passive immunization in Chinese
women from a gestational age of 32 wk to 12 wk
9
after delivery. All women had an HBV DNA level > 10
copies/mL. At week 52, infants in the LAM group had a
significant decrease in HBsAg positivity (18% vs 39%)
and HBV DNA compared with placebo. With sensitivity
analyses to account for dropouts in the placebo group,
these differences were not statistically significant. One
[18]
congenital anomaly was noted in the LAM group .
Telbivudine (LdT) has also been studied for the
prevention of MTCT of HBV. In an open label study, 135
women with HBV DNA levels > 10⁷ copies/mL received
LdT 600 mg daily from week 20 to week 32 of gestation.
Ninety-four women served as controls. All infants
received standard active-passive immunization. Seven
months after delivery, MTCT was significantly lower in
the infants born to the LdT treated mothers than to
controls (0% vs 8%). No congenital abnormalities were
[14]
identified . Similar efficacy and safety data has been
provided by other studies, wherein the rate of MTCT
was 8.6% in the placebo group vs 0% in the treated
[19]
group . In a larger Chinese study, 648 women with
high viral load were randomized to receive LAM, LdT, or
placebo from 28 wk gestation until 4 wk postpartum.
On treatment analysis indicated 0% of HBsAg positive
infants in the treated group vs 2.84% in the placebo
group. There were no safety concerns identified in this
[20]
large study .
The utility of TDF for the prevention of MTCT was
first demonstrated in a small case series, in which
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WHEN TO STOP TREATMENT?
The dosing and administration of immunoprophylaxis
has been previously discussed, the third and last dose
[5]
of HBV vaccine should be completed by 9 mo of age .
Concerning mothers that began antiviral medication
due to above listed indications during the third trimester,
discontinuation of the antivirals is not necessarily
intuitive. If the initial indication for antivirals was due to
high viral load or active disease, then the medication
can be continued, following the current guidelines
[23,24]
for treatment of chronic HBV infection
. If the
indication for therapy was to simply reduce MTCT, the
antivirals may be discontinued immediately if patient is
breastfeeding, or within first four weeks if infant is being
[9]
formula fed .
At this time, HBsAg positivity is not a contrain
dication to breastfeeding as evidence has shown that
[25]
the risk of transmission is low . Although the active
metabolite of most antivirals is not expressed in breast
milk, breastfeeding on antiviral medication is not
[12]
recommended .
Pregnancy that occurs in women on long term
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Table 2 Landmark study results of nucleos(t)ide analogues in hepatitis B virus infection and pregnancy
Ref.

Medication

Han et al[14]
van Zonneveld et al[15]
Pan et al[19]
Zhang et al[20]
Greenup et al[21]

LdT 600 mg daily
LAM 150 mg daily
LdT 300 mg daily
LdT 600 mg daily or LAM 100 mg daily
TDF 300 mg daily

Treatment timing
20 to 32 wk
34 wk
23 wk
28 wk
32 wk

Major adverse events
0%
0%
0%
0%
0%

% of transmission
Treatment group

Control group

0%
12.5%
0%
0%
1.1%

8%
28%
8.6%
2.8%
20%

LAM: Lamivudine; LdT: Telbivudine; TDF: Tenofovir.

treatment for chronic HBV infection is a topic not yet
discussed in this review. Due to concern for adverse
events from antiviral therapy early in pregnancy,
consideration to stop the medication during the first two
trimesters must be made. However, if the patient that
has become pregnant has significant chronic liver disease
due to HBV infection, risk of discontinuation of antiviral is
of larger concern and thus antiviral is typically continued
[25]
throughout pregnancy .
There is a theoretical risk of a postpartum HBV flare
with the withdrawal of antiviral therapy. This flare is
typically defined as a significant rise in transaminases
[26]
above upper limit of normal. Nguyen et al studied the
effects of continuing antivirals two weeks after delivery
vs twelve weeks after delivery, compared to patients
that opted out of antiviral therapy altogether. In this
study, there was no significant difference in occurrence
of postpartum flares among the three groups and
spontaneous resolution of the flare occurred equally
among the groups as well. Another retrospective cohort
[27]
study revealed similar findings . It can therefore
safely be concluded that the decision to start or stop
antiviral therapy should not be made based on concern
for possible postpartum HBV flare. Nonetheless, it is
important to monitor postpartum mothers closely for at
least 6 mo, especially those who are HBeAg-positive or
[28]
have stopped antiviral therapy .

regarding prevention of MTCT. Large randomized studies
should be conducted to further characterize the most
effective method to minimize the transmission of HBV
to future generations. In the interim, although it is
not a frequent scenario for most gastroenterologists
to encounter, with these brief recommendations;
management of chronic HBV in pregnancy should be less
daunting.
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Anticoagulation and antiplatelets as prophylaxis for hepatic
artery thrombosis after liver transplantation
Abdullah A Algarni, Moustafa M Mourad, Simon R Bramhall
important role in development of this lethal complication.
Early recognition and therapeutic intervention is
mandatory to avoid its consequences. Pharmacological
prophylaxis, by the use of antiplatelet or anticoagulant
agents, is an important tool to reduce its incidence
and prevent graft loss. Only a few studies have shown
a clear benefit of antiplatelet agents in reducing HAT
occurrence, however, these studies are limited by being
retrospective and by inhomogeneous populations. The
use of anticoagulants such as heparin is associated with
an improvement in the outcomes mainly when used for
a high-risk patients like living related liver recipients.
The major concern when using these agents is the
tendency to increase bleeding complications in a setting
of already unstable haemostasis. Hence, monitoring of
their administration and careful selection of patients
to be treated are of great importance. Well-designed
clinical studies are still needed to further explore their
effects and to formulate proper protocols that can be
implemented safely.
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Core tip: Hepatic artery thrombosis (HAT) is the most
serious vascular complication after liver transplantation.
Changes in haemostasis associated with liver disease
play a role in its development. Pharmacological pro
phylaxis may reduce its incidence and prevent graft loss.
Few studies have shown a clear benefit of antiplatelets
in reducing HAT occurrence, however, these studies
have several limitations. The use of anticoagulants
showed an improvement in the outcomes when used for
high-risk patients. Their major concern is the tendency
to increase bleeding complication. Hence, monitoring of
their administration and careful selection of patients to
be treated are of great importance.

Abstract
Hepatic artery thrombosis (HAT) is the most serious
vascular complication after liver transplantation.
Multiple risk factors have been identified to impact
its development. Changes in haemostasis associated
with end stage liver disease and the disturbance of
the coagulation and anticoagulation cascades play an
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disorder as in cirrhotic patients. It is now well established
that patients with cirrhosis and abnormal routine
coagulation tests might not have an increased bleeding
tendency and that thrombotic complications may still
[11]
occur . This happens through a state of a rebalanced
haemostasis where the changes in the pro-haemostatic
pathways are associated with changes in the anti[12]
haemostatic pathways (Figure 1) . The changes that
promote bleeding include thrombocytopenia, platelet
function defects, enhanced production of nitric oxide and
prostacyclin, low levels of factors Ⅱ, Ⅴ, Ⅶ, Ⅸ, Ⅹ, and
Ⅺ, vitamin K deficiency, dysfibrinogenemia, low levels
of a2-antiplasmin, factor XIII and thrombin-activatable
fibrinolysis inhibitor and elevated tissue plasminogen
activator level. Those alterations are encountered by
others that counteract bleeding such as: elevated levels
of von Willebrand factor, decreased levels of ADAMTS-13
(von Willebrand factor cleaving protease), elevated
levels of factor Ⅷ, decreased levels of protein C, protein
S, antithrombin, a2-macroglobulin and heparin cofactor
[5,12]
.
Ⅱ and low levels of plasminogen
The resultant effect of all these changes is a rebalanced
haemostasis. Although it is a functional system, it is
unstable compared to the haemostatic balance in healthy
individuals, explaining the potential occurrence of both
bleeding and thrombotic complications in patients with
[12]
cirrhosis .
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INTRODUCTION
Vascular complications after liver transplantation (LT)
are common despite the progressive improvement and
innovations in anastomotic vascular techniques. They
frequently result in hepatic failure and graft loss and
thus the need for re-transplantation. Hepatic artery
thrombosis (HAT) after LT remains the most serious
vascular complication with an overall incidence varies
[1]
from 2% to 9% . It is usually associated with around
[2]
50% rate of mortality or re-transplantation .
The mechanism of HAT development is not fully
understood. It is believed to be multifactorial including
[3,4]
both operative and non-operative factors (Table 1) .
All these factors are involved in causing recipient
hypercoagulability and to disturb the unstable rebalanced
haemostasis that usually occurs in liver disease patients
[5,6]
leading to a rise in the incidence of HAT .
An early diagnosis with immediate treatment is the
key to proper management of HAT. Therapeutic options
for managing HAT include either revascularization
[7]
of the transplanted graft or re transplantation .
Revascularization can be achieved through arterial
reconstruction, surgical thrombectomy, or radiologically
guided thrombolysis. Shortage of organs and poor
patients conditions may lead physicians to consider
revascularization, which can achieve good success
[8]
rates . Re-transplantation is still the gold standard
treatment for HAT but is confounded by both graft
availability and the patient’s general condition.
Prophylaxis against HAT in the early postoperative
period by usage of antiplatelet or anticoagulant agents
is thought to be hazardous by many surgeons because
of the risk of postoperative bleeding. However, post
operative pharmacological prophylaxis can reduce the
risk of arterial anastomosis thrombosis when used in
[9]
vascular surgical procedures . The adoption of this in
LT could help in reducing the incidence of HAT.

CHANGES IN THE HAEMOSTATIC
BALANCE AFTER LT
In the first days after LT, multiple transplantationrelated triggers initiate pro-coagulation, anticoagulation
and pro-fibrinolytic cascades. Theses mechanisms
might not be balanced properly leading to thrombosis
in the area of anastomosis (Figure 1). The triggers
include substantial surgical damage, stasis as a result
of clamping of major vessels, release of activators from
the donor liver and systemic inflammatory responses.
[6]
Other factors are shown in Table 1 .
Intraoperatively, the graft endothelium gets activated
due to cold ischemia and reperfusion effects. As soon
as the reperfusion happens, platelets adhere to the
sinusoidal endothelium, which contributes to endothelial
cell apoptosis causing more ischemia/reperfusion
damage. This process will probably expose additional
pro-coagulant triggers causing further platelet activation
[13]
and initiation of coagulation . As long as these procoagulant triggers go on, thrombosis can easily occur.
However, the activated fibrinolytic system removes
the clots immediately as they are formed. When this
balance is disturbed, a state of hypercoagulability arises
and a clinically evident thrombus might form in the
[14]
anastomotic areas .
In addition, an acquired hypercoagulability may
increase the risk for immediate graft thrombosis. It can
be due to transplanting a liver from a donor with factor
Ⅴ Leiden mutation or infections like cytomegalovirus

HAEMOSTASIS IN END STAGE LIVER
DISEASE
In liver transplant recipient with cirrhosis, considerable
[10]
changes in the haemostatic system are often found .
These changes include thrombocytopenia, platelet
functional defects, decreased circulating levels of
coagulative factors and decreased fibrinolytic proteins.
Although routine diagnostic tests of haemostasis are
commonly abnormal, interpretation of these tests is
more difficult in patients with a complex haemostatic
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Normal situation

Table 1 Risk factors of hepatic artery thrombosis
Balanced haemostasis
Operative factors
Surgical technique
Number of anastomosis
Use of conduits
Vessels kinking
Small vessels size

Liver disease
Rebalanced haemostasis

After transplant

Unbalanced haemostasis

Procoagulant

Table 2 Factors involved in development of hypercoagulability
after liver transplantation
Anticoagulant

Endogenous

Acquired

Substantial surgical damage
Donor with factor Ⅴ Leiden mutation
Stasis as a result of clamping of
Infections
major vessels
Release of activators from the
Viral infection like cytomegalovirus
donor liver
Systemic inflammatory responses
Perioperative haemostatic agent
The quality of the graft
Fresh frozen plasma
The length of surgery
Platelets
The technique of graft
Recombinant factor Ⅶa
preservation
Cold ischemia/reperfusion effect
Anti-fibrinolytics
Aprotinin Aminocaproic acid

Figure 1 Changes in haemostasis in normal situation, liver disease and
after liver transplantation.

(CMV). Perioperative haemostatic agent such as fresh
frozen plasma, platelets, recombinant factor Ⅶa, and
anti-fibrinolytics such as aprotinin and aminocaproic
[12]
acid plays role as well (Table 2) .
Mechanisms of late thrombosis of the graft vascular
anastomosis or even systemic thrombosis are less
obvious. It could be because of pro-thrombotic side effect
of immunosuppressant or as consequences of medical
comorbidities like hypertension, hypercholesterolemia
and diabetes mellitus. It could happen due to viral
[15]
infection as well especially CMV .
Liver diseases are classically portrayed as having
a substantial bleeding tendency. For this reasons, the
postoperative use of anticoagulants or antiplatelets has
been restricted, in order to limit bleeding complications.
However, recent data showed that the bleeding diathesis
of patients with liver disease is not only a result of poor
[16]
haemostasis . Other factors may play a significant role
and augment bleeding tendency. Portal hypertension
is an example of that. The minimal blood loss and the
decreasing requirements of coagulation products in
nowadays transplant support this concept. Moreover,
improvements in surgical techniques and a restrictive
fluid and transfusion protocols has led to a reduction in
[17]
perioperative transfusion requirements . Considering
this fact, the limited use of anticoagulants or antiplatelets
in the postoperative period is reconsidered.

agents, interferes with platelet aggregation, which in
turn leads to an endothelial cell-mediated inhibition
of the coagulation cascade. This happens through
irreversible inhibition of cyclooxygenase 1 and hence,
[19]
inhibition of thromboxane generation .
Very few studies focused on the efficacy and safety
of antiplatelet therapy in patients after LT. In 1997, in
[20]
a retrospective study, Wolf et al
found no significant
difference in the incidence of early HAT (3.7%) vs
(4.0%) between patients who had a prophylaxis aspirin
(354 of 529 patients) and those who did not. Bleeding
events occurred in 1.1% of patients treated with aspirin
compared to 0.6% of the control group. The effect of
[20]
aspirin prophylaxis on late HAT was not investigated .
[21]
Vivarelli et al reported a single centre retrospective
study where they looked to the effect of long-term
aspirin administration (100 mg) on the incidence of late
HAT in a large number of patients. In this study, they
categorize the patients into high and low risk groups
based on their finding on a previous study. One of two
independent risk factors was used to categorize the
patients into either group: grafts retrieved from donors
who died from a cerebrovascular accident or the use of
an arterial iliac conduit. Late HAT incidence was 3.6%
(12 of 338) of the high-risk patients who were not given
aspirin, whilst it was seen in only 0.6% (1 of 160) of the
high-risk patients who received aspirin prophylaxis. The
relative risk reduction was 82%. In the low-risk group,
1 of 330 patients developed late HAT and he was in the
non-prophylaxis arm (254 patients). Out of 236 patients

USE OF ANTIPLATELETS IN LT
In the immediate periods after LT, the constant platelet
activation and aggregation result in development of
thromboxane leading to fibrinogen activation, which
[18]
contribute to arterial thrombosis and graft failure .
Because of this pivotal role of platelets, antiplatelets
therapy by inhibiting this platelet-activation may lead
to reduction in the incidence of such complication.
Aspirin, which is the most frequent used antiplatelet
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Non operative factors
Donor age of more than 60 yr
Long cold ischemia time
Preservation damage
Lack of blood group compatibility
Cytomegalovirus-positive donor status
Hypercoagulable recipient status
Recipient cigarette smoking
Rejection
Primary sclerosing cholangitis
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who received aspirin, there was no recorded episode
of any bleeding complications throughout the follow
up period (median of 1704 d). They could not assess
the effect of antiplatelets on early HAT due to their
inability to start patients immediately on aspirin with
a known impaired coagulative function and a high risk
of bleeding. This obvious benefit of aspirin on late HAT
occurrence should be considered specifically in patients
with an absence of bleeding complications.
[22]
Shay et al
showed that aspirin prophylaxis is
safe and effective in decreasing early HAT in adult
recipients. The incidence of overall HAT was found to
be significantly higher at 4.9% in the control group vs
3.0% in the treated group. Early HAT incidence dropped
from 3.9% in the control group to 1.8% with aspirin
prophylaxis. Also the incidence of early HAT causing
graft loss decreased significantly from 3.6% to 0%
with the use of early aspirin prophylaxis. There was no
difference in bleeding complications between the two
groups. The main difference between these studies
is the dosage and the time of initiation of therapy.
[22]
Shay et al
used a higher dosage at 325 mg/d,
initiated immediately after surgery with no evidence of
significant bleeding.
There are several limitations to these studies that
should be considered. First, not all of them include
paediatric patients, where the incidence of HAT is
higher and survival is better. Secondly, they were all
retrospective studies with a higher risk of bias. Also
the compared groups were mostly from different time
periods where surgical techniques, donor selection, and
postoperative management are different. However,
these studies showed evidence of benefit from the use
of antiplatelet agents as a prophylaxis for early and late
HAT without increasing the risk of bleeding or other
surgical complications. The current usage of antiplatelet
agents in treatment of cardiovascular and peripheral
vascular disease might support this conclusion. A
further well-designed randomized study to explore this
field would be appropriate.

a higher incidence of HAT in paediatric liver recipient
who received more FFP compared to those who did
[26]
not receive FFP intraoperatively. Hatano et al
found
a similar result where the occurrence of HAT was
associated with a higher intraoperative infusion of
FFP. Although the use of FFP might be associated with
an increased risk of HAT, its usage is still warranted
to maintain haemostasis and to reduce bleeding
complication. Excessive use of FFP should be avoided as
it might induce a state of hypercoagulability and could
result in graft thrombosis.
Heparin appears to be the method of choice to
anticoagulate liver transplant recipients. Most liver
transplant centres have developed their own protocols
for heparin infusions and the monitoring of its activity.
It is important to note that the rationales of these
protocols remain unclear, as they are designed based
on empirical rules. The Shinshu group demonstrated
that intensive anticoagulation should be established in
living related liver transplantation (LDLT) in a paediatric
[24]
[27]
Population . Sugawara et al
showed a similar
result in the setting of living donor LT. The reports
on usage of heparin in cadaveric liver transplant are
very limited to date. The anti-coagulatory effect of the
unfractionated heparin (UFH) is known to be through
its antithrombin Ⅲ activity. The low molecular weight
heparin (LMWH) selectively inhibit clotting factor Ⅹ
a and to a lesser extent augment antithrombin Ⅲ
[28]
activity .
Bleeding complication can occur with the unmonitored
[28]
use of heparin. Kaneko et al reported that 9% of their
living related liver recipients who used UFH developed
haemorrhagic complications that required surgical
treatment. In contrast to UFH, using LMWH is believed to
be useful to reduce haemorrhagic complications due to its
selective inhibition of coagulation factor Xa and because
of its reduced ability to bind to endogenous plasma
proteins such as platelet factor 4 and von Willebrand
[29]
factor . In addition, LMWH lessen liver damage in
[30]
ischemia-reperfusion injury and hyperperfusion .
For these reasons, LMWH is more advantageous than
UFH for intraoperative and postoperative anticoagulant
therapy in LT. The major problem for the prophylactic use
of LMWH is determining the optimal dose and monitoring
serum factor Ⅹa activity. The route of administration of
LMWH depends on the indication. In patients with a high
bleeding tendency, such as liver transplant recipients, an
adjustable continuous infusion may be recommended
to avoid increased plasma levels and to cope with
continuous pathophysiological changes in the coagulation
[31]
cascade .
Antithrombin is plasma glycoprotein synthesized in
the liver and plays a major role in the coagulation after
LT. The level of antithrombin Ⅲ drops after transplant
and remains low for up to two weeks. Replacing this
drop might help to gain an adequate anticoagulation
[32]
[32]
effect . Kaneko et al
in his pilot study found that
the combined use of AT and UFH might reduce fibrin

USE OF ANTICOAGULANTS IN LT
The plasma concentration of coagulant and anti
coagulant proteins is disturbed after LT. This imbalance
leads to hypercoagulability condition that contributes
[14]
to vascular thrombosis and possible loss of the graft .
The reducing level of antithrombin Ⅲ and protein C
are believed to be responsible for the development
[23]
of this hypercoagulability state . For this reason,
supplementation of protein C and augmenting the
effect of antithrombin Ⅲ could help to overcome this
haemostatic disturbance.
Fresh frozen plasma (FFP) is usually the source of
protein C along with other clotting factors. Hashikura
[24]
et al
reported that infusing FFP was helpful in
reducing incidence of HAT and maintaining coagulation
[25]
haemostasis. In contrast, Mazzaferro et al
found
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degradation product D-dimer levels and prevent a
[33]
postoperative drop in the platelet count. Taniai et al
concluded in his study that adding antithrombin to
heparin could be the best approach. Further research
[33]
should be done to prove its benefit and safety in LT .
Monitoring of anticoagulation after LT assures an
adequate level without an increase in the bleeding
complications. Activated clotting time (ACT) is the
most commonly used monitoring method. Linkins et
[34]
al
showed that UFH is more sensitive than LMWH in
regards to ACT level. This indicates that the ACT cannot
monitor the activity of factor Ⅹa but is still a valuable
tool in monitoring the anticoagulant effects of LMWH.
The lower level of antithrombin activity in the LMWH
compared to the anti-Ⅹa activity could explain this
[29]
lower sensitivity . It has been shown that ACT can
monitor the anticoagulatory effect of LMWH in coronary
[35]
[31]
intervention procedures . Uchikawa et al
showed
that ACT measurement is a simple, reliable method for
bedside monitoring of LMWH anticoagulant effects for
LDLT. It is assumed that ACT level should be kept within
the normal range in order to prevent haemorrhagic
complication. Thus, the anticipated value of ACT is
between 140 and 150 s, which is the upper limit of
[32]
the normal range. However, Kaneko et al
tested
the ACT level by measuring plasmin-alpha2 plasmin
inhibitor complex, thrombin-antithrombin Ⅲ complex
and fibrin degradation product pre and postoperatively
with measurement of complete blood count, ACT,
activated partial thromboplastin time and prothrombin
time international normalized ratio for two weeks after
surgery. They conclude that frequent monitoring of
ACT is necessary to keep the ACT level in the target
range in the first postoperative week. Because of hyperfibrinolytic condition and the high rate of haemorrhagic
complications after the first week, the dose of heparin
should be adjusted to maintain lower ACT levels during
this period.
In contrast to UFH, LMWH are cleared by renal route.
Hence in patients with impaired renal functions, as
commonly seen following LT, monitoring and adjustment
of the dose according to the degree of renal injury are
required. Observational studies have shown more
[36]
bleeding complications in renal impaired patients .
Prophylactic LMWH doesn’t appear to increase the
bleeding tendency and therefore might not need
[37]
monitoring or adjustment . Therapeutic LMWH bio
accumulates and cause more bleeding if left unad
[38]
justed . This bioaccumulation is more evident when
[38]
creatinine clearance is less than 30 mL/min . No clear
guidelines are available for dose adjustment and further
clinical and pharmacological studies are required for
[39]
dosage guidance .
It is clear that a further study looking to the appro
priate protocols of anticoagulation and the proper
monitoring tools is needed. The rarity of studies and the
empirical assumption of tailoring the protocols make
drawing a conclusion difficult.
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CONCLUSION
Pharmacological prophylaxis is probably beneficial in
reducing the incidence of HAT. It is relatively safe if used
carefully with a continuous monitoring and adjustment.
Proper protocols need to be developed based on proper
well-designed clinical studies.
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New prognostic markers in liver cirrhosis
Vincent Di Martino, Delphine Weil, Jean-Paul Cervoni, Thierry Thevenot
with sometimes a modest sample size but allow us to
catch a glimpse of the pathophysiological mechanisms
leading to the worsening of cirrhosis. These new data
should generate further well-designed studies to better
assess the benefit for liver function of preventing
intestinal bacterial translocation and microvascular
thrombosis. The control of infection is vital and among
all actors of immunity, vitamin D also appears to act
as an anti-infective agent and therefore has probably a
prognostic value.
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Core tip: This review provides new insights on the
prognosis of cirrhotic patients. Several biological markers
account for events that strongly impact on prognosis but
are not taken into account by common prognosis scores
such as Child-Pugh or Model of End-stage Liver Disease.
The rationale for the use of these markers is discussed
on the basis of the most recent available data.
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Abstract
Determining the prognosis of cirrhotic patients is not an
easy task. Prognostic scores, like Child-Pugh and Model
of End-stage Liver Disease scores, are commonly used
by hepatologists, but do not always reflect superimposed
events that may strongly influence the prognosis.
Among them, bacterial intestinal translocation is a key
phenomenon for the development of cirrhosis-related
complications. Several biological variables (C-reactive
protein, serum free cortisol, copeptin, von Willebrand
factor antigen) are surrogates of “inflammatory stress”
and have recently been identified as potential prognostic
markers in cirrhotic patients. Most of these above
mentioned markers were investigated in pilot studies

WJH|www.wjgnet.com

INTRODUCTION
The prognosis of patients with cirrhosis depends on
several factors such as the etiology and severity of
liver disease, the presence of associated complications
and comorbidities. Several prognostic scores have
been developed to estimate the survival of patients in
a simple and reliable manner, thus allowing to better
adapting their management. Child-Pugh and Model
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of End-stage Liver Disease (MELD) scores, commonly
used in clinical practice, mainly reflect the degree of
liver failure but do not account for events superimposed
to liver failure that are strongly involved in the onset of
extrahepatic organ failures. Therefore, beyond a certain
severity of liver failure, MELD and Child-Pugh scores
appear limited for accurately predict short-term death.
In critically ill cirrhotic patients admitted to intensive
care unit (ICU), for instance, general ICU scores such
as Acute Physiology and Chronic Health Evaluation
(APACHE) Ⅱ, Sequential Organ Failure Assessment
(SOFA), its derivative from the Chronic Liver Failure
Consortium of the European Association for the Study
of the Liver and simplified acute physiology score (SAPS)
Ⅱ scores provide better prediction of short-term death
[1]
than liver specific scores . The purpose of this review
is to introduce readers to some new recently published
biomarkers that may provide additional prognostic
information to that given by the usual prognostic scores
(Child-Pugh and MELD) and their derivatives (MELDNa, iMELD, MESO index) even out of the context of
multiorgan failure. Such variables, combined with the
MELD score should be useful to better sort patients
awaiting a liver transplant. The list of these variables
of interest discussed in this article is probably not
exhaustive.

series of 148 cirrhotic patients hospitalized for clinical
decompensation (Child Pugh ≥ 8), without hepatocellular
carcinoma. The CRP levels were not correlated to the
[6]
MELD score and had a strong prognostic significance .
High CRP levels were indeed associated with an
independent risk of mortality at 6 mo, especially when
considered the subgroup of 32 patients in whom the
value of CRP remained above 29 mg/L during the first
15 d of hospitalization despite the resolution of any overt
bacterial infection initially documented. The prognostic
value of CRP remained significant when the analysis
was restricted to patients without bacterial infection or
alcoholic hepatitis at baseline. Taking into account the
MELD, the existence of comorbidities, and the variation
of CRP levels during the first 15 d, it was possible to build
a prognostic model that was able to predict the mortality
at 6 mo with a performance of 0.80 (AUROC) vs 0.67 for
the MELD alone. Recently, the CANONIC study including
1343 cirrhotic patients from 29 European centers showed
that the risk of organ failure and death was significantly
associated with the value of CRP, even when the
[7]
analyzes were restricted to uninfected patients . When
we analyzed the subgroup of 583 patients from the
CANONIC study in which serial measures of CRP were
[8]
available, our prognostic model was still relevant .

SERUM FREE CORTISOL

C-REACTIVE PROTEIN

The existence of a cortisol deficiency in cirrhosis
remains uncertain and the reported prevalence of
adrenal insufficiency (AI) (approximately one third of
patients “hemodynamically stable” and up to 77% of
septic patients) was overestimated by the measure of
total serum cortisol concentrations that closely depends
on its two main carrier proteins (CBG and albumin)
synthesized by the liver and generally lowered in
cirrhotic patient. Hence, total serum cortisol is low in
case of decreased serum concentrations of CBG and
albumin, whereas the free fraction of total cortisol
that corresponds to the biologically active hormone
[9]
is increased . In addition, the lack of specificity of
symptoms (fatigue, malaise, reduced muscle strength)
renders the clinical diagnosis of AI difficult, especially
in the setting of cirrhosis, in which malnutrition is
common. Conventionally, the diagnosis of AI is made
when the plasma cortisol measured at 8:00 AM is <
83 nmol/L and/or when adrenal stimulation exhibits
poor adrenal reactivity (cortisol < 500 nmol/L 30 or
60 min after the intravenous injection of 250 mcg
adrenocorticotropic hormone (Synacthen). In patients
under stress (especially with septic shock), adrenal
dysfunction is defined by a delta cortisol < 250 nmol/L
[10]
or a random total cortisol < 276 nmol/L . In cirrhotic
patients, the mechanisms involved in the onset of AI
are not well understood but may involve an exhaustion
of the adrenal gland by lack of substrate (high density
lipoprotein-cholesterol) for the synthesis of cortisol,
or a corticoresistance induced by pro-inflammatory
cytokines.

C-reactive protein (CRP) is a protein of the acute phase
of inflammation. Its hepatic synthesis is primarily
stimulated by interleukin-6 (IL-6), a proinflammatory
cytokine, and maintained even in the context of
[2,3]
advanced liver failure . The value of CRP reflects the
degree of systemic inflammation, regardless of its cause.
The physiological role of CRP is to bind to apoptotic cells
and microorganisms through the recognition of different
molecular patterns. This binding results in activating
the complement system and stimulating phagocytosis.
Recent studies also suggest a role of CRP in the
[4]
induction of endothelial dysfunction (Figure 1). Serum
CRP increases in the event of systemic inflammatory
response syndrome (SIRS) (even in the absence of overt
bacterial infection). It was able to predict the risk of
death in different populations of non-cirrhotic patients. In
cirrhotic patients, SIRS is associated with the occurrence
of complications such as hepatic encephalopathy, kidney
[5]
failure and death . However, the diagnostic criteria of
SIRS may be modified in the context of cirrhosis, making
the interpretation difficult. Hypersplenism can hide
leukocytosis or increase leukopenia; subclinical hepatic
encephalopathy can increase the respiratory rate and
favor hypocapnia; hyperkinetic syndrome can increase
heart rate in cirrhotic patients whereas beta-blockers
may mask tachycardia. This is why the measurement
of CRP could be both easier and more reliable than the
SIRS criteria to identify a systemic inflammation that
may adverse the prognosis of cirrhotic patients. We
investigated the prognostic value of CRP in a prospective
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Child-Pugh, MELD
Liver insufficiency
Copeptin
Portal hypertension

Serum 25OH vit D3

HVPG

Vitamin D deficiency

Intrahepatic microthrombosis
Bacterial translocation
Intestinal microthrombosis

Infection

Hypercoagulability state
Systemic inflammation
CRP

Relative adrenal insufficiency
Serum free cortisol

Endothelial dysfunction
Von Willebrand Ag,
ADAMTS13
Impaired cortisol synthesis

Figure 1 Mechanisms involved in the poor prognosis of cirrhosis (favoring the occurrence of multiorgan failures) and their related markers. Systemic
inflammation and endothelial dysfunction appear as high relevant factors not reflected by Child-Pugh, MELD score, or measure of the HVPG. They worsen
liver function, increase portal hypertension, and self-sustain the processes. HVPG: Hepatic venous pressure gradient; CRP: C-reactive protein; ADAMTS13: A
metalloprotease with decreased activity.

In cirrhotic patients, the study of adrenal function
remains difficult because the definition of AI is
lacking. Due to changes in cortisol binding proteins
concentrations related to liver impairment, the “normal”
levels of total serum cortisol are not determined, and
measuring serum free cortisol (SFC) is challenging and
not routinely feasible. In a recent study we conducted,
however, the determination of SFC provided unexpected
[11]
results regarding its prognosis implications . When
the 1 mcg synacthen test was performed in 95 hemo
dynamically stable cirrhotic patients, a poor prognosis
was associated with high levels of SFC (deaths occurred
in 26.2% of patients with SFC ≥ 79 nmol/L vs 3.4%
of patients with SFC < 79 nmol/L, P = 0.027 by logrank test). By adjusting on the severity of cirrhosis
(MELD) and on serum albumin levels, the risk of death
of patients with SFC ≥ 79 nmol/L was increased by
5 times but the relationship was no longer significant
probably due to the small sample size of this pilot
study. Another interesting finding of this study was
that concentrations of SFC were positively correlated
with CRP levels, suggesting that SFC increases in the
context of systemic inflammation. Further studies with
sufficient numbers and serial determinations of cortisol
are warranted to clarify the prognostic role of SFC by
distinguishing different categories of cirrhotic patients
(compensated, decompensated without sepsis, and
septic). From our results, the concept of “hepatoadrenal
[12]
syndrome”
mimicking the hepatorenal syndrome
(i.e., AI occurring in end-stage liver disease and
impacting on mortality) is probably wrong or at least
largely overestimated. Recent experimental data using
deuterated cortisol-tracer technique show that the
cortisol synthesis is increased by 83% in critically ill
patients and that the conversion of cortisol to cortisone
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is reduced in order to maintain high levels of serum
[13]
cortisol . The levels of pro-inflammatory cytokines
(IL-6 and tumor necrosis factor alpha) were positively
correlated with cortisol production, and patients with
a SIRS had 90% higher cortisol production than those
who did not have SIRS. These new data allow us to
better understand the discrepancies between the
two landmark studies which evaluated the impact of
hydrocortisone administration on survival in patients
[14,15]
with septic shock
. Conversely to these findings, a
rationale for a true “hepatoadrenal syndrome” in endstaged cirrhotic patients still persists. It has been shown
that inflammation may cause endothelial dysfunction,
[16]
leading to impaired cortisol synthesis (Figure 1). Thus,
in patients with compensated cirrhosis, although AI may
be a latent condition, the proinflammatory cytokines
appropriately stimulate the hypothalamic-pituitary
adrenal axis leading to an increase of cortisol. When the
stress becomes more intense (and associated with an
excessive production of pro-inflammatory cytokines), a
steroid-resistance may occur leading to an insufficient
cortisol production regarding the clinical situation. This
concept of relative AI is probably of high relevance in
cirrhotic patients, particularly in the event of septic
shock. It was a rationale to conduct a randomized
controlled trial to assess the effect of hydrocortisone
on survival in 75 cirrhotic patients with septic shock.
Despite initial hemodynamic improvement, an interim
analysis found no difference in 28-d mortality between
[17]
the two groups, and the trial was thus interrupted .

VITAMIN D
Vitamin D (calciferol) is essential to the maintenance
of phosphate homeostasis of the body. It comes from

1246

May 28, 2015|Volume 7|Issue 9|

Di Martino V et al . Prognostic markers in cirrhosis
food and skin. Under the action of sunlight (UV-B), skin
7-dehydrocholesterol is converted to previtamin D3
then vitamin D3 and is subsequently transported to the
liver where hydroxylation to 25-OH vitamin D3 occurs.
Then, 25-OH D3 undergoes a second hydroxylation
in the kidney thereby resulting in 1,25-(OH)2-vitamin
D3 (calcitriol), which is the biologically active hormonal
form of vitamin D3 (rarely measured in clinical practice).
Serum 25-OH vitamin D3 (the storage form of the
vitamin) concentration is nearly 1000 times higher than
that of serum 1,25-(OH)2 vitamin D3. The measure
of serum 25-OH vitamin D3 is thus appropriate for
[18]
the diagnosis of vitamin D deficiency . In cirrhotic
patients, however, because of low albumin and vitamin
D binding protein levels, recent reports highlighted the
overestimation of vitamin D deficiency and suggested
that the measure of free 25-OH D3 would be more
[19]
appropriate .
The role of vitamin D is not confined to its skeletal
actions. Vitamin D also regulates immune defenses and
is able to modulate the differentiation and proliferation
of certain cell types. Its deficiency has been associated
with an increased risk of cancer, cardiovascular disease,
[18]
autoimmune diseases and infectious diseases . The
impact of vitamin D on immune system may be relevant
for the prognosis of cirrhotic patients. Indeed, vitamin
D it is commonly deficient in this population and it’s
easy to hypothesize that it favors bacterial infections,
which increase by four-fold the risk of death in cirrhotic
[20]
patients (Figure 1). Because of the antiproliferation,
pro-differentiation, pro-apoptosis, anti-inflammation,
and immune regulation properties of vitamin D, Vitamin
D deficiency may also contribute to the development of
hepatocellular carcinoma. Although the epidemiologic
evidence regarding the association of vitamin D and
hepatocellular carcinoma is still inconclusive, biochemical
evidence clearly indicates that hepatocellular carcinoma
cells are responsive to the inhibitory effect of vitamin
[21]
D and its analogs and genetic determinants have
been identified for the role of vitamin D to modulate the
development of hepatitis C associated hepatocellular
[22]
carcinoma (HCC) . Unfortunately, the therapeutic use
of vitamin D analogs for HCC provided disappointing
results to date.
The reasons why vitamin D is deficient in patients with
cirrhosis are multiple and include solar underexposure of
these patients, malnutrition, malabsorption of vitamin D
by a lack of bile acids and/or impairment of the hepatic
[23]
hydroxylation . In a recent study, low vitamin D levels
(< 6 ng/mL) were associated with increased mortality
(OR = 6.3, P = 0.024) in cirrhotic patients regardless of
their MELD score, and sepsis were the cause of death in
[24]
the majority of these patients . Similar findings were
observed in 75 cirrhotic patients from Austria, in which
negative correlations were observed between 25-OH
vitamin D concentrations and MELD scores (r = -0.34,
[25]
P = 0.003) . By distributing vitamin D levels into
tertiles, the authors observed an increased risk (OR =
6.37, P = 0.005) of hepatic decompensation (ascites,
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encephalopathy, gastrointestinal bleeding, hepatorenal
syndrome) in patients with the lowest values of vitamin
st
D (1 tertile) compared to those with the highest values
rd
st
(3 tertile). Patients of the 1 tertile had also a higher
rd
risk of death compared with patients of the 3 tertile
in multivariate analysis adjusted for age and sex (HR
= 4.31, P = 0.012). However, the adjustment on the
Child-Pugh score and/or MELD score no longer allowed
retaining vitamin D as a significant prognostic marker per
se. A more recent study conducted in 324 patients with
alcoholic liver disease showed that low vitamin D levels (<
10 ng/mL) were associated with: (1) cirrhosis; (2) high
hepatic venous pressure gradients; (3) high Child-Pugh
and MELD scores; (4) occurrence of portal hypertension[26]
related complications; and (5) one-year mortality .
Vitamin D deficiency may contribute to deterioration
of liver functions by increasing liver inflammation and
fibrosis. Indeed, experimental models have shown a
reduction in inflammatory and profibrotic activity of
[27]
hepatic stellate cells after vitamin D . An unresolved
issue is whether vitamin D supplementation could
improve liver function and survival of cirrhotic patients.
Anyway, screening and treatment of vitamin D deficiency
in patients with cirrhosis is already justified given the
high prevalence (12%-86%) of osteoporosis and
fracture risk (5%-20%) in these patients. Further studies
should investigate the free faction of vitamin D and may
determine more in depth the true spectrum of vitamin D
deficiency in cirrhosis and its clinical implications.

COPEPTIN
In cirrhotic patients, intestinal bacterial translocation is
responsible for overproduction of nitric oxyde (NO) via
activation of monocytes and lymphocytes and increase
in circulating levels of proinflammatory cytokines.
NO increases splanchnic vasodilation that stimulates
compensatory systems to restore adequate blood
volume: sympathetic nervous system, renin-angiotensinaldosterone system and arginine vasopressin (AVP,
also called antidiuretic hormone). It has been shown
that AVP concentrations increase with deterioration
of liver function and this biological marker may thus
have a prognostic value. However, its measurement
is difficult and not routinely available. Copeptin, the
pre-pro-AVP C terminal fragment, is released into
the serum in equimolar quantities than AVP. Hence,
copeptin concentrations closely reflect the production of
AVP, either in healthy subjects or in stressful situations
[28]
such as sepsis . The main interest of copeptin is its
serum stability, conversely to AVP. Copeptin is thus
easy to measure. Moreover, its concentration increases
much more than cortisol in the event of stress. The
prognostic value of copeptin was recently mentioned
in several diseases: high concentrations of copeptin
were associated with unfavorable outcomes in patients
with chronic heart failure, pulmonary infections, and in
[28]
patients with transient ischemic stroke . We studied
this marker in a cohort of 125 cirrhotic patients including
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34 Child-Pugh A, 29 Child-Pugh B, 32 Child-Pugh
C and 30 infected patients with Child-Pugh score >
[29]
B8 . Copeptin concentrations were higher in infected
patients (18.81 pmol/L vs 6.64 pmol/L in patients
without infection, P = 0.0007), patients with ascites
(13.27 pmol/L vs 6.06 pmol/L in others, P < 0.0001)
and patients with renal impairment (44.67 pmol/L vs
8.40 pmol/L in patients with normal renal function, P
= 0.0018). Copeptin concentrations were positively
correlated with Child-Pugh, MELD scores (r = 0.43, P <
0.0001) and CRP levels (r = 0.49, P < 0.0001). After a
median follow-up of 12 mo, 8 patients were transplanted
and 28 (24%) patients had died. In univariate analysis,
patients who died or were transplanted had higher
baseline copeptin concentrations compared with others
(15.02 pmol/L vs 6.68 pmol/L; P = 0.0006), and nearly
three quarters of patients who had died belonged to the
two highest quintiles regarding copeptin concentrations.
Survival analysis showed excess mortality in patients
with copeptin values > 13 pmol/L. In multivariate
analysis, high value (> 13 pmol/L) of copeptin kept its
detrimental impact on prognosis after adjustment on
CRP and MELD score. This study suggests that copeptin
could be a good marker of stress during cirrhosis. Its
impact on survival warrants confirmation by larger
studies.

gap by including 286 patients with cirrhosis at different
stages of severity (Child-Pugh 148 A, 104 B and 34
C). These authors confirmed the previous results and
showed a good correlation (r = 0.68, P < 0.001) between
[32]
VWF Ag and HVPG . A nice consequence for clinical
practice was that levels of VWF Ag > 241% accurately
predicted the risk of variceal bleeding, as well as HVPG ≥
12 mmHg did. In addition, VWF Ag > 315 % was able to
predict death (HR = 2.92, P < 0.001) regardless of the
HVPG, the Child-Pugh, the MELD, and the presence of
hepatocellular carcinoma. This spectacular result suggests
that marked endothelial dysfunction, as assessed by high
levels of VWF Ag, has a strong detrimental prognostic
influence per se. During cirrhosis, VWF Ag may remain
high due to the presence of circulating endotoxins but
also due to a decreased activity of a metalloprotease
(ADAMTS13), which cleaves the multimers of Willebrand
factor. A recent study suggests that a low enzymatic
activity of ADAMTS13 predicts the risk of death at 1
year and 2 years, as well as Child-Pugh and MELD
[33]
scores do . The mechanisms involved in the pejorative
influence of high levels of VWF Ag are unknown. VWF Ag
plays a key role in both primary hemostasis (mediator of
platelet adhesion to sub-endothelium) and coagulation
(plasma factor Ⅷ carrier). It is likely that elevated serum
VWF Ag levels participate to a hypercoagulable state that
is often underestimated in severe cirrhotic patients. This
hypercoagulable state may contribute to deterioration
of liver functions by inducing thrombosis in the hepatic
microcirculation, as well as it may increase portal
hypertension as hypothesized by Wanless twenty years
[34]
ago (Figure 1). It is also possible that these thrombotic
events, when located in the intestinal microcirculation,
favor enterocyte ischemia and intestinal bacterial
translocation subsequently. This self-perpetuates the
phenomenon and causes systemic inflammation.

THE VON WILLEBRAND FACTOR
ANTIGEN
The vascular endothelium plays a critical role in the
regulation of vascular tone through its ability to release
vasoactive substances, including NO and prostacyclin
(vasodilators) and endothelin and thromboxane A2
(vasoconstrictors). In cirrhotic patients, an endothelial
dysfunction is responsible for abnormal vascular re
activity which is involved in portal hypertension both
by increasing intrahepatic vascular resistance (due to
intrahepatic vasoconstriction) and portal flow (by increase
in cardiac output to compensate for systemic arteriolar
vasodilatation). The measurement of hepatic venous
pressure gradient (HVPG) identifies cirrhotic patients at
high risk of complications (mainly esophageal varices)
and death when HVPG exceeds 10 mmHg but this
measure is not feasible in routine. The Von Willebrand
antigen (VWF Ag) is a glycoprotein synthesized by
activated endothelial cells and can be used as a marker
of endothelial dysfunction. Endotoxemia activates
endothelial cells and is well correlated with the levels of
[30]
serum VWF Ag . In 42 cirrhotic patients with severe
portal hypertension (HVPG ≥ 12 mmHg), the team from
Barcelona has shown a positive correlation between
serum VWF Ag and MELD score (r = 0.34, P = 0.032),
and between serum VWF Ag and HVPG (r = 0.47, P <
[31]
0.001) . However, given the small sample size and
the inclusion of patients with HVPG ≥ 12 mmHg, the
prognostic value of VWF Ag could not be determined
[32]
convincingly. A more recent study has come to fill this
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CONCLUSION
Risk assessments of cirrhotic patients is sometimes
tricky but remains crucial for optimal identifications of
liver transplant candidates. Even commonly used for
a long time in clinical practice, Child-Pugh and MELD
scores lack finesse, whereas general scores (such
as SAPS Ⅱ, APACHE or SOFA), are inappropriate
outside of the context of intensive care. New biological
variables (CRP, serum free cortisol, copeptin, vitamin
D, or Willebrand antigen) account for well identified
event which impact on prognosis of cirrhotic patients
and deserve further research to build a new prognostic
score, easy to use but more powerful than Child-Pugh,
MELD score, or its derivatives created to date.
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Valproic acid and nonalcoholic fatty liver disease: A possible
association?
Edoardo Farinelli, David Giampaoli, Anja Cenciarini, Ephraim Cercado, Alberto Verrotti
disease (NAFLD). NAFLD refers to a group of liver
disorders with marked hepatic steatosis. It is associated
with an increased incidence of cardiovascular diseases
and overall reduced life expectancy. NAFLD occurs in
20%-25% of the general population and it is known
to be the most common cause of chronic liver disease.
NAFLD therefore represents a major public health
issue worldwide. This study reviews and summarizes
relevant literature that supports the existence of an
association between VPA therapy and the development
of NAFLD in children. Long-term VPA-therapy appears
to be associated with an increased risk of developing
NAFLD. Further studies are needed to clarify the
pathogenic mechanisms that lie behind this association
and to standardize the options for the use of this
drug in overweight patients and in those with risks for
developing MetS and NAFLD.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is a
major medical issue worldwide. It affects 20%-25%
of the general population including children. The term
NAFLD covers a wide spectrum of hepatic diseases. These
diseases include simple hepatic steatosis, inflammation,
cirrhosis and the development of hepatocellular
carcinoma. Valproic acid (VPA), one of the most used antiepileptic drugs, has been investigated as a contributing
factor for the development of NAFLD. This association
seems stronger with long term VPA therapy. Further
studies are required to determine the mechanism of this
association.

Abstract
Valproic acid (VPA) is one of the most prescribed drugs
in children with newly diagnosed epilepsy. Weight
gain and obesity have been observed as side effects
of VPA. These are often linked with other metabolic
disturbances such as development of insulin resistance,
dyslipidemia, metabolic syndrome (MetS) and nonalcoholic fatty liver disease or nonalcoholic fatty liver
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NAFLD and polycystic ovary syndrome, hypothyroidism,
hypopituitarism, hypogonadism, obstructive sleep apnea
and pancreatico-duodenal resection. Adults with a
diagnosis of NAFLD in childhood have a higher risk to
develop cardiovascular diseases, MetS, cirrhosis and
[6]
hepatocellular carcinoma . There are no current specific
therapeutic indications for NAFLD. Since most NAFLD
patients are overweight or obese, experts recommend
lifestyle modification which include proper dieting and
[8]
exercise programs . It is a primary intervention with
the intention of maintaining ideal body weight in this
set of patients. For patients with poor compliance or
unresponsive to this conservative approach, a phar
macological approach can be considered. Dietary
supplementation with docosahexaenoic acid has been
shown to improve liver steatosis and insulin sensitivity in
[9,10]
children with NAFLD
. Other therapeutic approaches
for NAFLD may include administration of antioxidants
such as alpha-tocopherol (vitamin E), insulin sensitizers
like metformin, cytoprotective agents like ursodeoxycholic
[8,11,12]
acid, probiotic therapy and bariatric surgery
.

from: URL: http://www.wjgnet.com/1948-5182/full/v7/i9/1251.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i9.1251

NONALCOHOLIC FATTY LIVER DISEASE:
DEFINITION
Nonalcoholic fatty liver disease (NAFLD) is a group of
diseases characterized by steatosis and the absence of a
secondary cause for hepatic fat accumulation. Steatosis
[1]
must be documented histologically or with sonography .
Secondary causes of hepatic fat accumulation such as
hereditary syndromes, infective diseases, significant
alcohol use or steatogenic drugs should be excluded.
NAFLD has two subsets. These are nonalcoholic fatty liver
(NAFL) and nonalcoholic steatohepatitis (NASH). NAFL
is a benign condition characterized by the presence of
intrahepatic fat accumulation (micro or macro-vesicular
steatosis) without evidence of hepatic injury. NASH
has worse lesions like hepatic steatosis with associated
inflammation and hepatic injury with or without fibrosis.
NASH also poses a risk for the development of cirrhosis
and hepatic malignancy. NAFLD can be suspected
in findings of slightly elevated liver enzymes. Such
blood exam results correlate well with NAFLD in obese
patients. Ultrasound and other non-invasive imaging
[1,2]
techniques can diagnose the presence of NAFLD .
However, a histologic evaluation is necessary to accu
rately assess the degree of steatosis and confirm the
distinct inflammatory lesions that characterize NASH.
Biopsy of the liver is therefore needed to distinguish
simple steatosis from other conditions like steatosis
with inflammation, fibrosis, cirrhosis and cancer. The
spectrum of lesions associated with NAFLD is presented
in Table 1 which shows a validated semi-quantitative
scoring system to assess the severity of inflammation
(grading), fibrosis (staging) and steatosis in NAFLD. This
system is simple and useful in managing both adults
and children with any degree of NAFLD. Biopsy samples
with scores ≥ 5 are diagnosed as having NASH while
[3,4]
scores less than 3 are not considered as NASH . The
estimated prevalence of NAFLD in the general population
[1,2]
is about 20%-25% . In children, it has been estimated
to be 9%-10%. Several studies have demonstrated
that NAFLD is more common in adolescents than in
[5,6]
children with a male predominance ratio of 2:1 .
Factors that may explain the higher rate of NAFLD in
adolescents include increased circulating hormones,
puberty related insulin resistance (IR), diet preferences
[6]
and having a sedentary lifestyle . Patients with NAFLD
[2]
are usually asymptomatic . Patients with NASH have
a general sensation of being unwell and have an upper
[7]
right abdominal discomfort . Physical examination
may document the presence of hepatomegaly and,
rarely, splenomegaly. NAFLD is associated with obesity,
dyslipidaemia, type 2 diabetes, IR, metabolic syndrome
(MetS). There are also emerging associations between
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VALPROIC ACID: MAIN SIDE EFFECTS
Valproic acid (VPA) is a widely used antiepileptic
drug (AED). It is effective against many types of
seizure disorders either alone or as a component of a
multidrug regimen. It was commercialized in 1969 in
France and 1978 in United States. VPA has a broad
spectrum of activity against generalized and partial
epilepsy in both adults and children. VPA is generally
regarded as a first-choice agent for newly diagnosed
[13]
epilepsy . Recently, it has been used for other medical
conditions such as neuropathic pain, in prophylaxis
for migraine headaches and as a mood stabilizer for
specific psychiatric disorders. VPA is sometimes used
for controlling behavioral disturbances in dementia
[14]
patients and in treating spinal muscular atrophy . It
has been estimated that more than one million people
in the world are taking VPA every day. It may as well
be the most widely prescribed antiepileptic drug world[15]
wide . VPA is available in oral (immediate release,
enteric-coated and delayed-release) and parenteral
preparations. The side effects of this drug are listed in
[16,17]
Table 2
.
In 1978, several clinical studies revealed the existence
of VPA-related biochemical abnormalities in the liver.
Hepatotoxicity associated with VPA may manifest as
one of the following conditions: (1) Hyperammonaemia:
It can be observed as an isolated biochemical finding
discovered on a routine blood examination. It can be
a symptomatic condition with progressive impairment
of consciousness and ataxia that is usually preceded
by gastrointestinal symptoms like nausea, vomiting,
anorexia and diarrhea. Generally, hyperammonaemia
and its related symptoms resolve after one to three days
[18]
of drug discontinuation ; (2) Hepatitis-like syndrome:
It is characterized by a dose-dependent elevation of
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Table 1 Nonalcoholic steato-hepatitis Clinical Research Network Scoring System (adapted from ref. [3])
Item

Deﬁnition

Score/code

Steatosis
Grade

Location

Microvesicular steatosis

Low-to medium-power evaluation of parenchymal involvement by steatosis
< 5%
5%-33%
> 33%-66%
> 66%
Predominant distribution pattern
Zone 3
Zone 1
Azonal
Panacinar
Contiguous patches
Not present
Present

0
1
2
3
0
1
2
3
0
1

Fibrosis
Stage

None
Perisinusoidal or periportal
Mild, zone 3, perisinusoidal
Moderate, zone 3, perisinusoidal
Portal/periportal
Perisinusoidal and portal/periportal
Bridging ﬁbrosis
Cirrhosis

Lobular inﬂammation

Overall assessment of all inﬂammatory foci
No foci
< 2 foci per 200 × ﬁeld
2-4 foci per 200 × ﬁeld
> 4 foci per 200 × ﬁeld
Small aggregates of macrophages
Absent
Present
Usually in portal areas or adjacent to central veins
Absent
Present
Assessed from low magniﬁcation
None to minimal
Greater than minimal

0
1
1A
1B
1C
2
3
4

Inﬂammation

Microgranulomas

Large lipogranulomas

Portal inﬂammation

0
1
2
3
0
1
0
1
0
1

Liver cell injury
Ballooning

Acidophil bodies
Pigmented macrophages
Megamitochondria

None
Few balloon cells
Many cells/prominent ballooning
None to rare
Many
None to rare
Many
None to rare
Many

0
1
2
0
1
0
1
0
1

Other findings
Mallory's hyaline

Glycogenated nuclei

Visible on routine stains
None to rare
Many
Contiguous patches
None to rare
Many

0
1

[16,18]

serum aminotransferases. Majority of the patients
are asymptomatic but a few can manifest symptoms
of malaise, anorexia and lethargy. Biochemical abnor
malities and clinical aspects usually normalize after
[16,18]
discontinuing the drug
; (3) Reye’s-like syndrome: It
is a dangerous, rare and idiosyncratic condition. Patients
usually manifest with acute onset of high fever, vomiting,
anorexia, lethargy, loss of consciousness and cerebral
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0
1

edema
; and (4) NAFLD: The steatogenic effect
of VPA has been demonstrated since the beginning of
the 1980s. This was documented by histology of liver
tissue taken from patients considered to have died from
[19]
VPA hepatotoxicity
and by experimental studies on
[20,21]
animals
.
The pathology behind the development of hepato
toxicity, hyperammonaemia and NAFLD in relation to
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Table 2 Main side effects of valproic acid
GI disorders: an increase of liver enzymes is common, particularly in early treatment, and it may be transient. Nausea and diarrhea occur frequently at
the beginning of treatment, but disappear after a few days without discontinuing treatment. Rare cases of pancreatitis have been reported
Nervous system disorders: transient side effects such as dizziness, headache, tremor, diplopia and sedation have been evaluated and they can lead to the
reduction or the discontinuation of the drug
Weight gain: being overweight at the beginning of treatment may be a significant predictor of further weight gain with VPA
Blood dyscrasias: different studies demonstrated the association of VPA with pro and anticoagulatory effects and they are dose-dependent
Endocrinological disorders: there is a correlation between hypothyroidism and treatment with VPA in monotherapy; moreover, VPA increases the
synthesis of Testosterone and decreases its conversion to Estradiol, leading to the PCOS with amenorrhea and irregular periods
Hair loss: it is usually transient and sometimes dose-related. Regrowth normally begins within 6 months after the end of the therapy
Hypersensitivity: this effect is rare and dose, time, frequency-independent
Teratogenicity: despite VPA can induce teratogenic effects during pregnancy, United States Food and Drugs Administration considers acceptable the
risk/benefit ratio. The most common teratogenic effect is the delay/impaired development
VPA: Valproic acid; PCOS: Polycystic ovary syndrome.

These regulatory substances include resistin, fastinginduced adipose factor (FIAF), adiponectin, leptin,
[23]
ghrelin and visfatin . VPA may increase appetite and
craving by enhancing gamma-aminobutyric acid (GABA)
transmission in the hypothalamic pathways. VPA may
also modify gene expression of adipokines such as
resistin and FIAF. This could lead to leptin and insulin
resistance and eventually, obesity. These mechanisms
[24-26]
have been suggested in patients treated with VPA
.
Adiponectin is a protein that belongs to the adipokine
family. It plays an important role in the modulation of
lipid metabolism and insulin sensitivity and therefore in
[27]
body-weight regulation . VPA has been shown to down[28]
regulate adiponectin gene expression in adipocytes
and increase the gene expression of its receptor (adipoR1)
in liver cells. This contributes to the dysregulation of
[29]
fatty acid oxidation . Leptin, another protein of the
adipokine group, suppresses hunger and increases fatty
[30]
acid metabolism within the adipocytes . Its serum
concentration and mRNA expression in adipose tissue is
directly related to fasting insulin serum concentrations
[31]
and to the obesity severity . Increased serum leptin
and leptin resistance was frequently reported in obese
patients undergoing long term VPA therapy. Normal leptin
[31,32]
levels were observed in non-obese patients
. The
leptin levels and resistance may not be directly affected
by VPA but could be a consequence of the abundance
[31,32]
in adipose tissue
. Ghrelin is an orexigenic hormone
which acts in increasing appetite. Plasma ghrelin levels
[33]
increase before meals and decrease post-prandial .
Moreover, ghrelin regulates the secretion of leptin and
insulin and preferentially consumes carbohydrates over
[33]
lipids . There is an increase in ghrelin levels in the
[34]
early period of VPA-treatment . Hyperinsulinaemia
[26,35]
has been extensively reported during VPA-therapy
.
It is known that this alteration is often associated with
obesity, dyslipidaemia and insulin resistance. Some
authors do not consider insulin resistance as an effect of
weight gain. Rather, they consider it as a trigger for the
[35,36]
development of weight gain itself
. This is supported
by the observation that VPA-induced obesity is related
to an increase in insulin levels and a decrease in glucose
[23]
levels . This could stimulate appetite and therefore

VPA

Hypothalamus

Adipose tissue

↑ GABA
↓ FIAF
↓ Sympathetic
activity

↓ Adiponectin
↑ Leptine

↑ Appetite

Liver

↑ ADIPO-R1
↑ Free fatty acid

Pancreatic b-cell

Oxidative stress
Direct effect
↑ Insuline
secretion

Weight gain/obesity

Hyper-insulinemia

Insuline resistance
metabolic syndrome

NAFLD/NASH

Figure 1 Pathogenic mechanisms of valproic acid-induced nonalcoholic
fatty liver disease/nonalcoholic steato-hepatitis. VPA: Valproic acid; GABA:
Gamma-aminobutyric acid; FIAF: Fasting-induced adipose factor; ADIPO-R1:
Adiponectin receptor expression; NAFLD: Nonalcoholic fatty liver disease; NASH:
Nonalcoholic steato-hepatitis.

VPA therapy is still poorly understood.

VPA, WEIGHT GAIN AND INSULIN
RESISTANCE
The association between VPA-therapy and weight gain
[22]
was first proved in a study performed in 1981 . The
frequency of developing obesity in children treated with
[23]
VPA ranged from 10% to 70% . Most affected patients
were peri-pubertal girls who underwent a prolonged
therapy and were already overweight from the beginning
[23]
of treatment . The pathogenic mechanisms of VPAinduced weight gain remains unclear and is most likely
multifactorial. It is regulated centrally and peripherally
by various neuropeptides and cytokines (Figure 1).
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lead to obesity. A study on the prevalence of MetS
among a group of obese Chinese patients treated with
VPA for epilepsy revealed that the homeostasis model
assessment index was higher in the VPA-obese patients
[36]
than in the non-VPA treated obese control group . This
supports the hypothesis that VPA may be the trigger
for IR. These findings have also been confirmed by a
study which showed that both obese and lean patients
taking VPA had higher serum insulin levels compared to
their respective control groups with similar body mass
[35]
index (BMI) values . Different hypotheses regarding
the role of VPA in determining hyperinsulinaemia and
IR have been formulated: (1) VPA is a GABA agonist
which may increase insulin levels directly stimulating
[37,38]
GABA receptors of pancreatic beta-cells
; (2) VPA
and its metabolites may increase oxidative stress and
[39,40]
consequently cause pancreatic beta-cells dysfunction
;
(3) VPA can affect the sympathetic response to glucose
[41]
load ; (4) VPA metabolism can compete with fatty acid
mitochondrial oxidation thus increasing free fatty acid
plasma levels and therefore increase insulin release from
[42,43]
pancreatic beta-cells
; and (5) VPA can impair insulin
signal transduction pathway by inhibiting GLUT-1 mRNA
[44]
expression . GLUT-1 is a cell membrane carrier involved
in the insulin transduction signal pathway.
On the other side of the spectrum, some others
authors believe that IR and MetS are the consequences
and not the trigger for increased body fat. Supporting
this theory, a recent 2010 study reported that about
40% of patients who became obese during treatment
with VPA developed MetS and IR, while patients who
did not gain weight did not manifest such metabolic
[45]
changes .
In summary, irrespective of the mechanism involved,
VPA significantly increases body-weight and therefore the
likelihood of obesity, IR and MetS. All these conditions
are important risk factors for the development of
cardiovascular complications, diabetes, dyslipidemia and
intrahepatic fat accumulation (NAFLD). The choice of
initiating VPA-therapy is a decision that should thus be
made after evaluating the individual risks and benefits
[23]
posed by the treatment especially in children .

patients were evaluated by abdominal ultrasound
and by measurement of serum fasting insulin and
glucose, serum lipids, liver function parameters and
anthropometric data. They demonstrated ultrasound
characteristics of NAFLD in 60.9% of patients treated
with VPA, in 22.7% with CBZ, in 8.7% with LTG and
in 12.5% of healthy controls. The mean BMI was
significantly higher in the VPA-treated group compared
to LTG group and controls (P = 0.015 and P = 0.049
respectively). The authors emphasized the importance
of regular ultrasound monitoring as well as measuring
serum lipids and BMI during treatment with VPA and
[47]
other AEDs . In 2005, a Spanish group reported three
cases of adult NAFLD in patients receiving long term VPAtherapy for epilepsy. NAFLD was diagnosed by ultrasound
evaluation and by histological findings in one case. At
the time of diagnosis the patients were asymptomatic
but obese, dyslipidemic and with slightly elevated serum
aminotransferases. Treatment with VPA was interrupted
and interestingly, some months later, aminotransferase
levels normalized and the ultrasound evidence of NAFLD
[48]
disappeared . The first pediatric case of an eleven
year old pre-pubertal girl who developed NAFLD after
one year of treatment with VPA was reported in 2004.
At the beginning of the treatment, the girl had a normal
th
th
body mass index (between 50 -75 percentiles) and
normal routine biochemical serum laboratory exams.
Her serum exams included albumin, total proteins,
alanine-aminotransferase, aspartate-aminotransferase,
gamma-glutamyltransferase, ammonia and lipid profile.
No major changes were noted during the first six
months of therapy with VPA. After twelve months the
th
patient showed a clear increase in BMI (95 percentile)
and a threefold increase in serum aminotransferases
values. At this time an ultrasound scan of the abdomen
revealed NAFLD. The VPA treatment was replaced with
LEV. Three months later, serum liver enzymes returned
[49]
to normal values and NAFLD disappeared . In 2011,
the same authors published a cross sectional doublecontrolled study to highlight the prevalence of NAFLD
in adolescents receiving VPA. Eighty-six adolescents
with epilepsy who had received VPA monotherapy for
at least twelve months and had a normal weight (BMI
th
< 85 percentile) before starting VPA were enrolled.
During the same period, two groups of subjects for
comparison were taken. Sixty seven age and sexmatched adolescents with normal weight (normal weight
controls) and forty three age, sex and BMI-matched
adolescents (weight-matched controls) were included.
The occurrence of NAFLD was significantly higher in the
VPA-treated patients than in the normal weight control
group (36% vs 7.5% respectively, P < 0.001) but was
surprisingly similar between the VPA-treated and weightmatched control (36% vs 34.9% respectively, P > 0.05).
Considering these data, the authors hypothesized that
even if there is a clear association between NAFLD and
VPA-treatment, the development of NAFLD may not be
the consequence of the action of the VPA-metabolites
[50]
per se . It may be the consequence of the weight

VPA AND NAFLD
Despite the growing body of literature regarding
NAFLD, the role of VPA-therapy in the development
[46]
of this liver disease is poorly understood. Luef et al
in 2004 published a pilot study. In a group of fortyfive non-diabetic, non-obese, epileptic patients treated
with VPA or carbamazepine (CBZ) monotherapy for
at least two years, ultrasound features of fatty liver
disease were found in 61% of the VPA-treated patients
[46]
compared to 23% of CBZ-treated patients . In 2009,
the same authors led a cross-sectional controlled study
where sixty-eight non-diabetic and non-obese epileptic
patients received either VPA, CBZ or lamotrigine
(LTG) as monotherapy for at least two years. They
were compared with sixteen healthy controls. All the
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gain, MetS and IR induced by VPA. Finally, a recent
2012 cross-sectional controlled study performed by
an Egyptian group evaluated the presence of NAFLD
in thirty-eight children and adolescents treated with
VPA, CBZ or in combination for at least eight months.
Interestingly, they found characteristics of NAFLD in
42.8% of VPA, in 21.4% of CBZ, in 60% of combination
[51]
therapy and none in the healthy control group . In this
study, the diagnosis of hepatic steatosis was made by an
abdominal computer tomography scan. This diagnostic
modality is not normally recommended due to the
unjustified radiation exposure especially for the pediatric
[12]
population .

5
6

7

8

9

CONCLUSION
Long term VPA-therapy is associated with an increased
development of NAFLD. Evidences from the current
literature indicate that the association is particularly
strong in patients who are initially overweight with
presenting features of MetS. The pathogenic mechanisms
through which VPA leads to obesity, MetS and increased
risk of NAFLD are still an issue for debate. Further studies
are needed to clarify the chronology and sequencing
of events between NAFLD, weight gain, MetS and VPA
therapy and to determine if any VPA metabolite is
involved. Patients in VPA-treatment who gain weight or
develop features of MetS should be closely monitored
to prevent or detect the early development of NAFLD.
Monitoring with abdominal ultrasound, liver function
tests, lipid profile and fasting blood glucose determination
is strongly recommended in patients taking VPA alone
or as part of a multi-AED treatment. Finally, the option
to replace or retain VPA-therapy in obese patients, in
patients who quickly gain weight during the treatment
and in patients with risks of developing MetS and NAFLD
requires standardization.
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MINIREVIEWS

Bone changes in alcoholic liver disease
Emilio González-Reimers, Geraldine Quintero-Platt, Eva Rodríguez-Rodríguez, Antonio Martínez-Riera, Julio
Alvisa-Negrín, Francisco Santolaria-Fernández
synthesis and/or to increased bone breakdown. Ethanol
may affect both mechanisms. It is generally accepted
that ethanol decreases bone synthesis, and most authors
have reported decreased osteocalcin levels (a “marker” of
bone synthesis), but some controversy exists regarding
the effect of alcohol on bone breakdown, and, indeed,
disparate results have been reported for telopeptide
and other biochemical markers of bone resorption.
In addition to the direct effect of ethanol, systemic
alterations such as malnutrition, malabsorption, liver
disease, increased levels of proinflammatory cytokines,
alcoholic myopathy and neuropathy, low testosterone
levels, and an increased risk of trauma, play contributory
roles. The treatment of alcoholic bone disease should be
aimed towards increasing bone formation and decreasing
bone degradation. In this sense, vitamin D and calcium
supplementation, together with biphosphonates are
essential, but alcohol abstinence and nutritional improve
ment are equally important. In this review we study the
pathogenesis of bone changes in alcoholic liver disease
and discuss potential therapies.
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Core tip: Alcoholism is associated with an increased risk
of fractures and a higher prevalence of bone disease,
particularly osteoporosis. While ethanol has a direct
toxic effect on bone, other factors such as malnutrition,
increased levels of proinflammatory cytokines, alcoholic
myopathy and neuropathy, and an increased risk of
trauma also contribute to bone disease. It is noteworthy
that alterations in bone metabolism have been described
as reversible so that the mainstay of treatment should be
alcohol abstinence. Treatment with vitamin D, calcium,
and biphosphonates have been studied in the general
population but further trials are needed in alcoholic
patients.

Abstract
Alcoholism has been associated with growth impairment,
osteomalacia, delayed fracture healing, and aseptic
necrosis (primarily necrosis of the femoral head), but
the main alterations observed in the bones of alcoholic
patients are osteoporosis and an increased risk of
fractures. Decreased bone mass is a hallmark of oste
oporosis, and it may be due either to decreased bone
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of liver cirrhosis. In recent decades osteocalcin, a
polypeptide bone matrix protein also known as bone
gamma-carboxyglutamic acid-containing protein or
BGLAP, has been described as a specific marker of
[9]
osteoblast function and bone synthesis . In the same
[7]
study by Diamond et al , they described decreased
osteocalcin levels in alcoholics. The same finding was
[10]
also described in a more recent study by Santori et al
in 2008.
[11]
Giuliani et al
found that in murine bone marrow
cultures, ethanol and acetaldehyde (the main metabolite
of ethanol) significantly reduced osteoblast proliferation
and decreased the number of colony forming units
for fibroblasts. This may explain the decreased bone
mineral density (BMD) in alcoholics. In fact, Torricelli
[12]
et al
found in an in vitro model that osteoblast
proliferation is affected more significantly by exposure
to alcohol than by estrogen deficiency. Therefore,
chronic alcoholism may have even more deleterious
effects on bone metabolism than menopause.
These findings contrast with those described by Lau
[13]
et al
in which they found that ethanol had a dosedependent effect on bone formation. These authors found
that low levels of alcohol increased bone proliferation
but that alcohol might interfere with the normal bone
[13]
remodeling process . Similar results were reported
[14]
by Marrone et al
where postmenopausal moderate
alcohol consumers were found to have increased BMD
and reduced bone turnover markers. However, in
several studies the amount of alcohol consumed and the
presence of osteopenia adopts a J-shaped curve where
heavy drinking clearly has detrimental effects on BMD
[15,16]
and the risk of fractures
.
Other studies have also suggested that the inhibition
of bone formation in chronic alcoholism may be mediated
by the accumulation of reactive oxygen species (ROS).
[17]
Chen et al
found that in a rat model ethanol upregulated NADPH oxidase expression in osteoblasts.
Administration of antioxidants such as N-acetyl cysteine
[17]
prevented bone loss in rats exposed to ethanol .
[18]
This was also shown in a study by Lee et al
and
[19]
Choi et al
where an NADPH oxidase inhibitor called
apocynin protected osteoblasts from oxidative damage
and increased cell survival, calcium deposition and
osteoprotegerin release. Consistent with these findings,
[20]
Chen et al
showed that ethanol-induced TNF-α
secretion also promotes differentiation of mesenchymal
cells towards adipose tissue. All of these effects are in
[21]
line with the observation performed by Maurel et al
regarding osteocyte apoptosis suffered by osteocytes
exposed to ethanol.
However, the changes in bone metabolism are not
permanent and bone disorders in alcoholic patients have
[22,23]
been considered by some authors as reversible
. In
fact, in the study mentioned above by Gonzalez-Calvin
they found that after just 7 d of abstinence, osteocalcin
[8]
levels increased significantly . We found similar
results among 60 patients who were followed-up after
admission and it was found that those who had stopped

González-Reimers E, Quintero-Platt G, Rodríguez-Rodríguez
E, Martínez-Riera A, Alvisa-Negrín J, Santolaria-Fernández F.
Bone changes in alcoholic liver disease. World J Hepatol 2015;
7(9): 1258-1264 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i9/1258.htm DOI: http://dx.doi.org/10.4254/
wjh.v7.i9.1258

INTRODUCTION
Heavy alcohol consumption has classically been
associated with an increased risk of bone fractures. In
[1]
1977, Oppenheim described the “battered alcoholic
syndrome” in patients with three or more fractures in
different stages of healing. In that study, Oppenheim
suggests that alcohol itself has direct negative effects
on bone metabolism. In fact, other authors have
found a similarity between alcoholic patients and the
postmenopausal and geriatric population due to an
increased incidence of fractures and a lower bone density.
[2]
In 1965, Saville described that the bone density
measured in the left iliac crest of alcoholics below 45
years of age was similar to that of non-alcoholic men and
[3]
women older than 70 years. Snell described in 1971
that the pattern of fractures seen in alcoholics is similar
to that seen in patients 20 years older. And in a classic
[4]
study published in 1980, Israel et al found an increased
prevalence of rib and vertebral fractures in alcoholic
patients and therefore suggest using routine chest X rays
to identify problem drinking and to screen the general
population for alcoholism.
Although alcoholics may have an increased risk of
trauma and subsequent fractures, alcohol itself has a
negative impact on bone metabolism. Alcoholism has
been associated with growth impairment, osteoporosis,
osteomalacia, fractures, delayed fracture healing, and
aseptic necrosis (primarily necrosis of the femoral
[5,6]
head) . The mechanisms that explain the loss of
structural integrity of bone are partially known. These
include a direct toxic effect of ethanol on bone synthesis
and systemic alterations such as malnutrition and
malabsorption, liver disease, altered hormonal and
cytokine profiles, alcoholic myopathy, and neuropathy
[6]
(Figure 1) . In this review we will outline each of these
mechanisms.

ALTERED BONE SYNTHESIS. DIRECT
EFFECTS OF ETHANOL
[2]

As mentioned above, in 1965 Saville had already
described decreased bone density among alcoholic
[7]
patients. In 1989 Diamond et al found that drinkers
had significantly less osteoblastic activity than tee
totallers and suggested that reduced bone formation
and mineralization is due to osteoblastic dysfunction.
This has been reproduced in a study by Gonzalez[8]
Calvín et al where they found that chronic ethanol
consumption reduces bone mineral density regardless

WJH|www.wjgnet.com

1259

May 28, 2015|Volume 7|Issue 9|

González-Reimers E et al . Bone disease and alcohol
they can be differentiated because Cushing’s syndrome
is associated with a higher cortisol midnight:morning
ratio, higher midnight serum cortisol levels, and higher
levels of corticotropin-releasing hormone/stimulated
[34]
cortisol after dexamethasone suppression . While
cortisol may theoretically reduce BMD, we have failed to
find a relationship between cortisol and BMD in several
[27]
studies .
Muscle mass and strength are determinants of
bone mass and muscle atrophy and bone loss have
already been described as interdependent. In a study
by Lloyd it has been found that in mice subjected to
mechanical unloading, muscle atrophy precedes bone
[35]
loss and contributes to trabecular bone loss . In this
sense, muscle atrophy associated with alcoholism
is yet another factor that contributes to decreased
BMD in alcoholics. Muscle atrophy in alcoholics is, in
turn, associated with vitamin D deficiency and low
testosterone levels.
Decreased vitamin D levels have been described in
[36]
patients with chronic liver disease . In a study by Fisher
[37]
et al it was found that cirrhotic patients had a higher
prevalence of vitamin D deficiency (defined as levels
below 50 nmol/L) and that these levels were significantly
lower in Child-Pugh class C patients. A correlation
between serum vitamin D levels and INR and albumin
was also found. In addition, vitamin D has an important
effect on muscle and a specific vitamin D receptor has
[38-40]
already been described in muscle fibers
.
On the other hand, hypogonadism has been classically
described in men with chronic alcoholism and this has
been attributed to a defect in testicular androgen
production or to defects in luteinizing hormone secre
[41]
tion . Testosterone increases muscle mass so that
testosterone deficiency in alcoholics contributes to the
muscle atrophy that is seen in these patients.
Muscle function affects bone through the activation of
the Wnt/β-catenin pathway mediated by the load exerted
by muscle contraction. The Wnt signaling cascade was
described in the 1980s and its role in bone formation
[42]
has been extensively studied in recent years . This
cascade regulates osteogenesis through the repression
of mesenchymal differentiation towards adipocytes and
chondrocytes, favoring osteoblast differentiation while
[42]
also blocking osteoblast apoptosis . In a study by
[43]
Kramer et al
it was shown that β-catenin deficient
mice had a low bone mass associated with increased
osteoclast activity. Independently on the effects of muscle
[44]
mass, Chen et al
described that ethanol inhibits the
Wnt1/β-catenin signaling pathway, leading to a shift of
differentiation of bone marrow cells towards adipogenesis
[45]
instead towards osteoblasts. Li et al have shown that
sclerostin could antagonize Wnt signaling by binding
to low-density lipoprotein receptor-related proteins 5
and 6 (LRP5 and LRP6). In this sense, loss of sclerostin
should be associated with an increased bone mass but
low sclerostin levels have been described in osteoporotic
[46]
women . In a preliminary study on alcoholic patients
we have found increased levels of sclerostin which could

Direct effect
of ethanol

Malnutrition and
chronic pancreatitis

Increased risk
of trauma

Alcoholic
bone
disease
Liver disease

Cytokines and
inflammation
Alcoholic
neuropathy/
myopathy

Figure 1 Factors that contribute to bone disease in alcoholic patients.

drinking showed an increase in total BMD as measured
[24]
by bone densitometry .
While there are several studies that describe
the effect of alcohol on bone metabolism in adults,
adolescence is an important period in determining bone
[25]
mass. In a study performed in rats by Turner et al in
1988, it was found that tibial length was lower in animals
exposed to ethanol and that there was an increase in
resorption and a loss of trabecular bone. While bone
disorders associated with alcoholism have been reported
to be reversible in adults, osteopenia was shown to not
be completely reversible in growing Sprague-Dawley
[26]
rats exposed to ethanol . We found among two sets
of patients that those who began to drink before 18
years of age were shorter than controls. We also found
that these patients had Harris lines in their right tibiae,
a condition associated with episodes of stunted growth
[27]
and subsequent recovery .

ALTERED HORMONE LEVELS MUSCLE
ATROPHY
The effects of alcohol administration have been described
in rats where it resulted in the stimulation of adrenal
steroid production that did not occur when rats were
[28]
[28]
hypophysectomised . Smith found that stimulation of
the adrenal cortex led to increased excretion of calcium
in urine which may contribute to bone demineralization
[29]
in alcoholics. In a study by Badrick et al
a 3%
increase in cortisol levels per unit of alcohol consumed
was found. They also showed a reduced control of the
hypothalamic-pituitary-adrenal (HPA) axis. However,
what is usually described among alcoholics is a PseudoCushing’s syndrome in which it has been suggested that
there is increased secretion of corticotropin releasing
[30-33]
hormone with a normal HPA axis
. While these
patients usually have physical signs of hypercortisolism,
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[47]

explain decreased BMD

.

and is related to irregular feeding habits, cirrhosis
[57]
with ascites, high ethanol intake and social factors .
Interestingly, we have shown that low BMD is not
related to the intensity of alcoholism or calciotropic
[27]
hormone levels but to malnutrition .
Specific nutritional deficiencies such as lower zinc
levels have also been described among chronic alco
[58]
holics . Zinc deficiency in these patients may be due
to impaired absorption, increased urinary excretion or
[59]
decreased affinity of albumin for zinc . As described
[60]
by Yamaguchi , zinc stimulates osteoblastic bone
formation and mineralization while its deficiency is
associated with decreased bone mass. This suggests a
possible role of zinc supplementation in the prevention
of osteoporosis in alcoholic patients.
Bone changes in alcoholic patients are also related
to deranged vitamin D metabolism. As reviewed
[61]
previously by Pitts et al , low vitamin D levels in
alcoholics are due to reduced hepatic 25-hydroxylase
activity, malabsorption, irregular feeding habits and
lack of sun exposure. Low vitamin D levels also have an
effect on calcium and phosphate homeostasis due to
malabsorption of calcium and resultant hypocalcemia.
[62]
Laitinen et al described in 1991 that moderate drinking
elevates parathyroid hormone (PTH) levels while acute
ingestion of alcohol leads to a transient decrease in
PTH. This was reproduced in an animal model studied
[63]
by Chen et al
where it was found that long term
treatment of hamsters with ethanol lead to stimulation of
the secretory activity of the parathyroid gland. Another
effect of ethanol on calcium homeostasis was described
[64]
by Kalbfleisch et al in 1965 when it was described that
the administration of ethanol increased urinary excretion
of calcium and magnesium.

INCREASED BREAKDOWN THE ROLE
OF CYTOKINES AND THE OPG/RANK-L
SYSTEM
Bone resorption depends on osteoclasts and osteoclast
differentiation is in turn mediated through the receptor
activator of nuclear factor-kappaB (RANK)/RANK
ligand (RANKL)/osteoprotegerin (OPG) signaling
[48]
pathway which was described in the late 1990s .
This pathway regulates the formation and activation of
osteoclasts. On the other hand, OPG binds to RANKL
and prevents it from binding to RANK. Osteoprotegerin
[49]
was first described by Simonet et al
in 1997 as a
novel member of the TNF receptor superfamily that is
able to block osteoclast formation. Therefore, the OPG/
RANKL ratio is an important marker of bone formation/
degradation and is also regulated by the Wnt/bcatenin
canonical pathway. This pathway up-regulates OPG
expression and down-regulates RANKL expression,
[50]
thus suppressing osteoclastogenesis .
[51]
Hofbauer et al
report that proinflammatory
cytokines such as interleukin (IL)-1beta and tumor
necrosis factor (TNF)-α but not IL-6 increase oste
oprotegerin ligand levels (whose effects are prevented
by its receptor, osteoprotegerin) which may stimulate
the formation of osteoclasts. This may explain reduced
BMD among alcoholics in which there are increased
levels of TNF and IL-6 due to the effect of activated
[52,53]
Kuppfer cells mediated by gut-derived endotoxin
.
Proinflammatory cytokine levels are also increased
in alcoholics due to associated infections that are
common among these patients. Therefore, the effects
of increased TNF-α levels involve both decreased
osteoblast differentiation and increased bone resorption.
In accordance with the resorptive effect of TNF-α (a
molecule which induces increased ROS production),
NADPH oxidase derived ROS are also involved in
[54]
increased osteoclastogenesis .
However, despite these experimental evidence, in
alcoholic patients the effects of ethanol on osteoclast
[55]
activity is less clear
and while some authors report
increased bone turnover in alcoholic cirrhosis, others
find no differences with controls. In one study we found
increased levels of OPG in alcoholic patients which may
be interpreted as a compensatory mechanism in the
[56]
context of osteopenia .

POTENTIAL THERAPIES FOR ALCOHOLINDUCED BONE DISEASE
As illustrated throughout this review, alcohol has a toxic
effect on bone mediated by decreased bone formation
and increased bone degradation that are, in turn,
influenced by nutritional, hormonal, and proinflammatory
factors. Therefore, the treatment of osteoporosis in
alcoholic patients should be aimed towards increasing
osteoblastic and decreasing osteoclastic activity (Figure
2). As mentioned above, the supplementation of alcoholic
patients with micronutrients such as zinc may also have
an important role in the prevention of bone disease.
In this sense, we have shown that in Sprague-Dawley
rats zinc supplementation increases osteoid area but
[58]
randomized trials in patients are still needed .
Some studies have shown that vitamin D supple
mentation in mice exposed to ethanol may have bene
[65]
ficial effects on bone metabolism and this has also been
shown in animal models of acute alcohol consumption
[66]
(equivalent to binge drinking) . Once again, further
studies in humans are needed to determine the impact
of vitamin D supplementation and treatment with

MALNUTRITION AND VITAMIN D
DEFICIENCY IN ALCOHOLICS
Malnutrition is one of the main factors that contributes
to decreased bone mass among alcoholic patients and
is associated with decreased caloric intake, impaired
absorption, and decreased hepatic synthesis of proteins.
Alcoholism-associated malnutrition is multifactorial
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Alcoholic bone disease

Problem

Decreased bone formation

Mechanism

Potential therapies

Increased bone degradation

Decreased osteoblast activity

Decreased mineralization

Alcoholic myopathy
(Ethanol, malnutrition, low
vitamin D, low testosterone)

Activation of
osteoclasts RANK/
RANK-L/OPG pathway

Alcohol abstinence
Vitamin D supplements

Vitamin D, calcium, and zinc
supplements
Optimize nutritional status

Alcohol abstinence
Vitamin D supplements
Optimize nutritional status

Biphosphonates: promote
osteoclast apoptosis
Denosumab: Monoclonal
antibody to RANK-L

Figure 2 Pathogenesis of alcoholic bone disease and potential therapies. Bone disease in alcoholic patients is due basically to decreased bone formation
(decreased osteoblast activity and poor mineralization) and increased bone degradation (increased osteoclast activity). Potential therapies should counteract
these effects but the mainstay of treatment should be alcohol abstinence. RANK: Receptor activator of nuclear factor kappa-B; RANK-L: RANK ligand; OPG:
Osteoprotegerin.

resorption. Denosumab reduced the risk of vertebral, non
vertebral, and hip fractures in postmenopausal women
[71]
compared to placebo . Once again, these results could
be extrapolated to alcoholic patients.

biphosphonates among alcoholic patients.
Biphosphonates inhibit bone resorption and have been
widely used to treat osteoporosis in postmenopausal
women. They promote the apoptosis of osteoclasts
through the inhibition of farnesyl pyrophosphate syn
thase, an enzyme that is involved in the production
of isoprenoid lipids. This impairs the isoprenylation of
[67]
proteins that are involved in the survival of osteoclasts .
In a meta-analysis that studied 11 trials performed on
postmenopausal women receiving alendronate, it was
found that it reduced the risk of both vertebral and non
vertebral fractures. It also increased bone density and
[68]
this was dose and time dependent .
Biphosphonates have also been studied in patients
with chronic liver disease. In a recent Cochrane metaanalysis it was found that treatment of patients with
primary biliary cirrhosis with biphosphonates (etidronate
or alendronate) did not decrease the risk of fractures
compared with those who received placebo. They
also had no significant effect on bone mineral density
compared with placebo. In the trials analyzed they found
that biphosphonates reduced the concentration of urinary
[69]
amino telopeptides of collagen and serum osteocalcin .
Despite these findings, biphosphonates are well tolerated
and are considered the mainstay of treatment in bone
disease associated with both cholestatic and parenchymal
liver disease.
Other classes of drugs that have been shown to be
effective in postmenopausal osteoporosis and could
theoretically benefit alcohol-induced osteoporosis are
selective estrogen receptor modulators such as raloxifene
and molecules that inhibit the activation of the RANK/
RANKL pathway such as Denosumab. Raloxifene was
studied in postmenopausal women in the MORE trial
and it was found that continued therapy reduced the
incidence of vertebral fractures, preserved bone mineral
[70]
density and lowered markers of bone turnover . On the
other hand, Denosumab is a human monoclonal antibody
to the RANKL, thus inhibiting its binding to RANK and
decreasing osteoclast activity and subsequent bone
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highly variable course. Chronic HBV infection may
cause end-stage liver disease including cirrhosis
rd
and hepatocellular carcinoma, which is the 3 most
common cause of cancer related death due to the poor
prognosis. The prevalence of HBV infection is low in many
countries. Still, it remains important due to the potential
consequences of the disease. HBV is endemic in the
Arctic with serologic markers of chronic HBV infection in
up to 29% of the population in some areas in Greenland.
Interestingly, Inuit populations rarely show signs of
liver disease despite the fact that around half of all
Inuit has been exposed to HBV and around 8% of Inuit
are chronically infected with HBV. These findings have
been consistent in surveys conducted for more than
four decades among Arctic Inuit. We thus review HBV
infection in the Arctic with focus on Greenland Inuit and
compared with Inuit in Canada, Alaska and Siberia. The
aspects described include epidemiology and monitoring
of the disease, as well as treatment and the risk of liver
cancer.

Abstract

Rex KF, Andersen S, Krarup HB. Hepatitis B among Inuit: A
review with focus on Greenland Inuit. World J Hepatol 2015;
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Core tip: Hepatitis B virus (HBV) is endemic in the Arctic
with serologic markers of chronic HBV infection in up
to 29% of the population in some areas in Greenland.
Interestingly, Inuit populations in Greenland and Canada
rarely show signs of liver disease as opposed to Alaskan
Inuit where hepatocellular carcinoma was common
before introduction of vaccination. Wheather this is
related to a special favorable genotype or other host or
environmental factors remains to be clarified. This paper
is a review of present status.

Hepatitis B virus (HBV) infection is a disease with a
WJH|www.wjgnet.com
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Northwest Greenland and between 1.2% and 7.3%
[9,12,13]
among Inuit in Southwest Greenland (Table 1)
.
A comprehensive study among a population aged 12
years and above in Greenland’s second largest town
showed that 75% of population had signs of present
or previous HBV infection at the age of 25 and a
rise in HBV markers of 40% was seen between the
[8]
ages of 15 and 25 years . The highest incidence of
acute HBV infection was observed in that same age
interval. This suggested that sexual transmission is an
[8]
important mode of transmission in addition to other
modes of horizontal spread. Also, extensive horizontal
transmission between the ages of 5 and 20 years rather
than from mother to child has been reported among
[13,15-17]
Inuit in Greenland
.
In a later study among individuals aged 7 through
79 years Langer found 7% (n = 35) HBsAg positive
(Table 1). HBeAg was positive in 6% of these and 94%
were anti-HBe positive. HBV-DNA could be measured in
49% and genotype could be determined in 11 persons
[15]
of which 9 had genotype D and 2 had genotype A .
In a more recent study among individuals aged 50
through 69 years, HBsAg was positive in 20% (n =
86). This study found a difference with geography as
HBsAg was positive in 28.9% in East Greenland and
[9]
2.7% in West Greenland . HBeAg was positive in 1%,
five percent were both HBeAg and anti-HBe positive,
and 94% were anti-HBe positive only. HBV-DNA could
be measured in 71% of HBsAg positive individuals. The
dominating genotype B was found in 47 individuals, 4
had genotype D and 1 had both B and D. Genotype B
[9]
was subtyped to be genotype B6 .
In a comprehensive study covering all age groups in
[18]
most of West Greenland, Børresen et al
describes in
her thesis 650 (7.3%) HBsAg positive subjects out of a
total of 8879 participants.
Based on this study and other population based
studies it can be estimated that there are between 3000
to 4000 carriers of HBsAg in Greenland, and that only
17% of the Inuit population in Greenland has never
[9]
been exposed to HBV .

com/1948-5182/full/v7/i9/1265.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i9.1265

INTRODUCTION
Chronic hepatitis B virus (HBV) infection is recognized
as a disease with several stages ranging from immune
tolerant and an inactive carrier state to cirrhosis with
end-stage liver disease and liver cancer. The course
of the disease is influenced by a number of factors
such as hepatitis B e-antigen (HBeAg) seroconversion,
HBV-DNA level, HBV genotype, pre-core (pre-C) and
core promoter mutations, reactivation with flares, coinfections, etc. Also, age at infection, disease duration,
environmental and genetic factors, ethnicity and gender
[1]
influences the disease . Still, HBV causes a potentially
lethal infection and a number of aspects of the disease
remain unknown with lessons to be learned from
populations with endemic disease occurrence.
More than 350 million people are chronically infected
with HBV globally and HBV will continue to pose a
[2,3]
health problem for decades . In general, the risk of
chronic disease is 90% in children vertically infected,
while the risk is approximately 30% in horizontally
infected children under the age of five and less than
[3,4]
10% in adults . Chronic HBV infection relates to endstage liver disease, including cirrhosis and hepatocellular
carcinoma (HCC), and it causes 1 million deaths per
[2]
th
year . Hence, HCC is now the 6 most common cause
of cancer in the world, and the third most common
[5]
cause of cancer death due to the poor prognosis .
Earlier studies in the circumpolar region have shown
HBV infection to be endemic in the various indigenous
populations with the highest prevalence among Arctic
[6-9]
Inuit .
This paper will address HBV epidemiology, moni
toring, treatment and consequences of chronic HBV
infection among Inuit. The focus is on Greenland Inuit,
which is a major Inuit population, and the perspective is
based on comparisons with Inuit in Canada, Alaska and
Russia.

Greenland Inuit in Denmark

As described above Denmark hosts a greater part of
Inuit migrants from Greenland and their descendants.
This provides an opportunity to gain insight into some
aspects of the influence of migration on the prevalence
and consequences of hosting an HBV infection. Rex et
[19]
al
showed that the occurrence of markers of HBV
infection was similar among Inuit in Denmark and
in Greenland. Accordingly, 54.5% of this group aged
40 through 69 years had serological signs of HBV
exposure. Present HBV infection was found in 4% of
[20]
individuals (Table 1) and all were anti-HBe positive .
Thus, there was no difference between Inuit in
Denmark and in Greenland even though a major group
of those migrated had lived in Denmark for decades.
These data suggest that migration does not influence
the prevalence of HBV infection.

EPIDEMIOLOGY
Greenland Inuit

The population in Greenland is around 57000 people
and most are of Inuit descent. Around 7000 are born
outside Greenland, most in Denmark, and around 18000
[10,11]
persons in Denmark are of Greenlandic descent
.
Greenland has for many years been recognized as a
[12]
high-risk area for hepatitis B . Markers of present or
previous HBV infection have been found to vary from
42% to 88% in studies of different age groups and from
[8,9,13-15]
different areas in Greenland
.
Studies have shown a prevalence of hepatitis B
surface antigen (HBsAg) ranging from 12% to 29%
among Inuit in East Greenland, 6.2% to 17% in
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Table 1 Studies of hepatitis B virus markers among Inuit populations
Country
Greenland

Canada

Alaska
Russia

Ref.

HBsAg

Anti-HBs

Anti-HBc

HBeAg

Anti-HBe

Participants

%

%

%

%

%

Inuit/n

45.81
23.6
0-354

41.61

62
0.0

303
2.6

42.0

0.4

62.6
37.4

4.3

Skinhoj et al[12]
Skinhoj et al[13]
Skinhøj et al[16]
Melby et al[17]
Olsen et al[8]
Langer et al[15]
Krarup et al[9]
Børresen et al[14]
Børresen et al[18]
Rex et al[20]

7.1
16.61
16.7
0-204
11.55
7.0
20
18.9
7.8
4.4

Minuk et al[21]
Larke et al[7]
Baikie et al[22]

4.05
3.9
6.9

24.5

Schreeder et al[23]

6.4

Ohba et al[24]

11.85

Year

2904/2904
1450/1450
191/254
193/371
NA/1893
503/503
434/434
185/185
NA/8879
136/136

1974
1977
1979
1984
1989
1997
2008
2010
2011
2012

671/720
8282/14198
766/2156

1982
1987
1989

17.8

3053/3053

1983

35.95

NA/348

1999

0.0

26.4

0.0
8.82
0.02

3.83

1

Calculated from randomly selected samples; 2Among all HBsAg positive tested for HBeAg; 3Among all HBsAg positive tested for
anti-HBe; 4Age specific prevalences; 5Among all studied. HBeAg: Hepatitis B e-antigen; HBsAg: Hepatitis B surface antigen; Anti-HBc:
Hepatitis B core antibody; Anti-HBs: Hepatitis B surface antibody; Anti-HBe: Hepatitis B e antibody; NA: Not analyzed.

Inuit in Canada, Alaska and Russia

CO-INFECTION WITH HBV AND HDV,
HCV OR HUMAN IMMUNODEFICIENCY
VIRUS

A survey in 1980 that included 720 people (93%
Canadian Inuit) found serologic markers of HBV infection
in 27%, an increase with age, and an overall prevalence
[21]
rate of HBsAg of 4% in Nunavut . The 29 HBsAg
[21]
carriers were adults who were anti-HBe positive . A
comprehensive study in the Northwest Territories in
Canada in the early 1980-ties included 51% (n = 8282)
[7]
of the Inuit population . Among Inuit, they found a
prevalence of 3.9% (n = 309) for HBsAg and 24.5% (n
= 2031) for anti-HBs. Among the 14198 participants
[7]
428 were HBsAg positive and 37 HBeAg positive .
[22]
Baikie et al reported HBsAg carrier rate among Inuit in
seven northern Labrador communities to be 6.9% (Table
1) and none were HBeAg positive. Furthermore, they
found that 85% had a marker of HBV exposure. These
reports suggest a similar pattern of HBV exposure and
infection among Canadian Inuit compared to Greenland
Inuit.
Studies in Alaska have found HBsAg in 6.4% of
[23]
3053 residents of 12 Inuit villages (Table 1) . Evidence
of HBV exposure as defined by either positive HBsAg
or anti-HBs was suggested in 5% to 70% of those
surveyed. The occurrence differed between villages and
[23]
age groups with a rise with age .
Data on hepatitis from the Russian Arctic are sparse.
[24]
However, Ohba et al
reported the prevalence of
HBV infection in 348 Siberian natives who lived in the
Kamchatka Peninsula of Russia. HBsAg was found in
41 of 348 (12%) and anti-HBs was found in 125 of 348
[24]
(36%) . Though the data are limited the occurrence
may be comparable to that seen among the Inuit in
Alaska, Canada and Greenland.

WJH|www.wjgnet.com

A limited number of studies have focused on co-infection
of HBV with HDV, HCV or human immunodeficiency
virus (HIV) among Inuit. Nevertheless, co-infection
with HDV could become a problem in Greenland as
superinfection in chronic carriers of HBV has caused
severe liver disease even in children. An outbreak of
hepatitis D infection was reported in one settlement in
[14]
West Greenland
but also sporadic cases have been
identified from the remaining parts of the west coast
(Krarup, personal communication). Still, HDV was rare
in a systematic testing of adults aged 50 through 70
[20]
years in East or West Greenland . However, there is
limited data available for Greenland Inuit.
[8]
Olsen et al found no HIV positive in their study
among Greenlanders.
[25]
Spradling et al
found that co-infection with HIV
or HCV was uncommon and HIV was found in only 3
of 300 HBV infected Alaska natives with defined risk
[25]
factors for HIV . Also HDV co-infection prevalence was
[25]
stated to be low .
There are very limited data published on HBV coinfections among Inuit in Canada and the Russian Arctic.
In Canada co-infection with HDV was rare in a study of
[26]
several ethnic groups but the number of Inuit was not
specified.
The high number of Inuit with HBV infection in
Greenland and the other Arctic countries poses a risk to
the Inuit societies. Should HDV spread in the population
as a super infection it is a threat as it has been related
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to more severe accelerated fulminant acute hepatitis,
chronic active hepatitis, cirrhosis and HCC in other
[27,28]
populations
as well as in a single outbreak in
[14]
Greenland .

Based on the electronic registration it seems
that fewer children were vaccinated than previously.
However, data may be lacking.
Data from 2012 showed that the universal hepatitis
B vaccination at birth covers 55%, and that 38.5%
receives the fourth hepatitis vaccination. The vaccination
at the age of 12 mo is only given to children who have
had the first three HBV vaccinations.
Unlike Alaska, Greenland has no systematic follow-up
on patients with chronic HBV infection despite knowledge
on HBV status. There are intentions to initiate such
a program but as yet this has not been established.
Furthermore, there are no national guidelines for diagnostic
work-up and follow-up of HBV infection in Greenland.
Treatment is in accordance with international guidelines.
Both recording of vaccination and follow-up on chronic
carriers may be optimised as a new nation-wide electronic
patient record system is scheduled for implementation.
HDV infection is not a notifiable disease in Greenland
as is the case in most of the countries in the Arctic.
Hence, limited information on hepatitis D infection is
available.

VACCINATION AND MONITORING OF
HBV
Greenland

All health care services are publicly funded in Greenland.
This includes free vaccination, treatment and all visits to
health care providers. Such free services support high
coverage of health care and reliability of programs to
monitor populations.
Screening for hepatitis B has been carried out among
[18]
pregnant women in Greenland since 1992 . Universal
hepatitis B vaccination of newborns was introduced in
[18]
2010 as part of the childhood immunization program .
Also, the Greenlandic Hepatitis B database (HB database)
has operated since 1992. It records the results of HBV
testing in Greenland, performed at Queen Ingrid’s
[18]
Hospital, Nuuk . Thus, recording of HBV among Green
land Inuit is ongoing.
Legislation enforces reporting of acute and chronic
hepatitis, and HBV infections are notifiable to the
Chief Medical Officer in Greenland. Laboratory findings
of persons tested positive for hepatitis are reported
to the Chief Medical Officer. Cases of viral hepatitis
are also identified through the mandatory screening
of blood donors, pregnant women and through the
diagnostic workup of patients undergoing routine clinical
investigations. Besides, screening for HBV infection is
recommended in Greenland in all patients referred for
chemotherapy and immunosuppressive treatment,
including tumor necrosis factor-inhibitors and patient
on corticosteroid for more than one month, in patients
with HIV and in those who have elevated alanine
aminotransferases. Despite these case finding measures,
hepatitis B infection is still likely to be underdiagnosed
and underreported in Greenland.
The National Board of Health in Greenland collects
surveillance data using the unique 10-digit civil registration
number assigned to all individuals in Greenland. Data
on several infectious diseases, including HBV, and data
on childhood vaccination can be retrieved through the
national electronic patient record systems.
A new childhood vaccination program against
hepatitis B was introduced in Greenland 2010. This
includes four vaccinations in all, at birth and at 1, 2 and
12 mo. Also, children born before the initiation of the
program are offered three vaccinations after the age of
twelve. Recording of vaccinations changed from being
based on pen and paper to electronic reporting. This was
believed to improve the quality of the data reported.
However, the records were incomplete in 2010 and 2011,
and it has not been possible to estimate vaccination
coverage for these years. Thus, results are available for
[11]
2012 only .
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Canada, Alaska and Russia

Canada has a universal vaccination program against
hepatitis B. However, the vaccination schedules are
reported to differ between provinces and the children and
adolescents may not be vaccinated if they move between
[29,30]
provinces at certain ages
. As a result a nationwide HBV vaccination programme for newborns and
[31,32]
children does not provide full coverage
and it may
be calculated that among adult Canadians approximately
[33]
39.7% are immunized .
A surveillance system of hepatitis B has been
operating in Canada since 1998, including The Northwest
Territories from 2009. This surveillance system provides
clinical and laboratory data of new cases of acute and
[34]
chronic hepatitis B . Also, follow-up of newborns occurs
[30]
in all regions of the North .
Alaska has been the lead in childhood vaccination
against hepatitis B. Alaska natives received universal
HBV vaccination since 1984, and since 1994 The State
of Alaska has had a policy of universal hepatitis B
[34]
vaccination of all newborns . This included all children
up to age of 18 years from 1997 and was free of charge.
The universal hepatitis B vaccination program coverage
in Alaska is at the moment approximately 59.4%
[35]
for newborns and 92.1% for 24 mo old children .
Surveillance of HBV is a State responsibility in Alaska,
and laboratories and health care providers are required
[4]
by law to report cases of acute hepatitis B . In 2003
there were 1300 Alaska Natives followed for chronic
[4]
hepatitis B .
In Russia HBV vaccination of newborns and 13-year[30]
old children was introduced in 1998 . Universal infant
immunization was added from 2001, which included
[4]
school-based catch up programs . The childhood
vaccination programs in Russia have an average coverage
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[36,37]

rate of over 95%
.
A surveillance program for infection with HBV operating
in Russia includes acute and chronic HBV infection as well
[30,34]
as the carrier state
.

Similar limitations account for the study by Melbye
[17]
et al
using the same methods. They identified 12
cases in the same area between 1960 and 1981 with
a 15 year overlap between the two studies. Thus, the
diagnosis of HCC was probably not comprehensive in
this study either.
Nielsen and Storm reported a total of 3255 incident
cancers diagnosed from 1969 to 1988 in 85000-110000
individuals among circumpolar Inuit in Greenland,
Canada, Alaska and Russia. Among these inhabitants of
the circumpolar region primary liver cancer was reported
in 53 men with 37 from Alaska, 15 from Greenland, and
[43]
1 from Canada . There were 16 cases among women
with 6 from Alaska, 7 from Greenland, and 3 from
Canada. They also reported an increasing incidence
in Greenland Inuit and a decreasing incidence among
Alaska Inuit. This coincided with the introduction of the
vaccination program in Alaska. Indirect standardization
showed excess risk of cancer of the liver and stomach
compared to populations in the lower states in United
[43]
States, in Canada and in Denmark . The study by
Nielsen was more comprehensive than previous studies
in Greenland, and a gradual improvement of the validity
of the registries may be anticipated.
[44]
Friborg et al
retrieved information of liver
cancer cases among a total of 72331 individuals born
in Greenland and alive from 1973 to 1997. These
individuals were tracked in the Danish Cancer Registry
by the use of their Civil Registration Number. Cancers
among Inuit living in Denmark at the time of diagnosis
were included. Standardized incidence ratio for liver
cancers in Greenlandic men was 1.9 (95%CI: 1.0-3.5)
[44]
compared with Denmark from 1988 to 1997 . This
conforms to the notion that liver cancer was not a
prominent disease in Greenland at least up until 15
years ago.
A more recent study on the occurrence of liver
related disease among Greenland Inuit was based on
more valid hospital statistics. The study was conducted
as a follow-up in 2007 on studies performed in 1987
[18]
and 1998 . A main finding was a lower frequency of
hospitalization due to liver disease than what would
be expected even when compared to areas with a
[18]
low HBV prevalence . Also, the authors identified 15
cases of HCC. This may still not cover all cases of HCC
in Greenland due to logistics, patient choice and the
aggressive nature of HCC. However, the number is low,
and the data suggest that HBV infection in Greenland
may be associated with a lower risk of liver cancer and
[18]
liver disease than in other parts of the world . Further
investigations based on this finding are of interest as
new aspects of the infection may present themselves
and contribute to an understanding of what causes a
benign or non-benign outcome of the disease.
The overall low incidence HCC in chronically HBVinfected Inuit has suggested a more benign course in
[9,18,43]
Greenland than in other parts of the world
. This
finding is not restricted to Greenland Inuit. HCC is also
[45]
uncommon in Canadian Inuit . The incidence is only

TREATMENT
Vaccination and immunoglobulin treatment of newborns
has been shown to have a huge impact on the incidence
of chronic hepatitis among the circumpolar populations
[38]
as documented also in other areas . This supports the
benefit of vaccination. However, a unique characteristic
among Greenland Inuit has been the lack of apparent
disease among those infected with HBV. Hence, there
has been little attention to the need for treatment of
HBV infection. Still, a few patients have been identified
with signs of moderate fibrosis on liver biopsy (Krarup,
personal communication). These patients were initially
treated with lamivudine and since 2009 with tenofovir.
Furthermore, patients co-infected with hepatitis D have
been treated with interferon-alpha, and in recent years
this has been as pegylated interferon. Still, systematic
follow-up on these patients has not been undertaken
yet.
The Greenlandic guidelines on treatment of chronic
[39]
hepatitis are similar to the Danish guidelines . All
hepatitis B infected Greenlanders in need of diagnostic
work-up or treatment are consulted by one central unit
in Greenland. The consultants at the Department of
Internal Medicine at Queen Ingrid’s Hospital in Nuuk
are further in close consultancy with hepatitis experts in
Denmark. This structure supports an updated treatment
in Greenland.
Even though subpopulations in Canada host HBV
infections with endemic prevalence there are no data
regarding the effects of anti-viral therapy in Canadian
[40]
circumpolar populations infected with viral hepatitis .
Treatment of HBV infection in Alaska is in accordance
[41]
with the AASLD guidelines .

LIVER CANCER
The long term clinical outcome of hepatitis B infection
is variable. HCC has in general demonstrated a low
occurrence among Inuit in Greenland compared to what
would be expected based on the prevalence of HBsAg.
Similar findings are available for other populations in the
Arctic region, specifically in Canada. In 1978 Skinhøj et
[42]
al
reported an occurrence of HCC in Greenland Inuit
similar to that seen in Northern European populations.
This report was based on official mortality statistics and
biopsies and necropsies, and it covered the time period
from 1951 through 1975. They recognised that death
statistics were not comprehensive. In addition, the
greater part of this time span was prior to westernisation
and the referral to hospital and travel from the small
settlements scattered along the vast coastline of the
world’s largest island was likely limited. This probably
hampered the diagnosis of HCC.
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marginally higher in Inuit compared to Danes who have
a low occurrence of HBV. Among Alaskan Native people
infected with HBV, genotypes F and C associate with a
higher incidence of HCC. This outcome may be associated
with the genomic variability of the predominant HBV
[46]
genotype in each country .
Hepatitis B vaccination programs and especially
universal infant vaccinations have demonstrated success
in reducing both incidence of disease and chronic
carriers but indeed also in reducing HCC occurrence
[38,47,48]
in children
. Even though the incidence is low in
Inuit the vaccination programmes in the Arctic should
prevent the few cases that may be anticipated.

5
6

7

8

9

FUTURE ASSESSMENT
Health care workers, health care providers and the
population of Greenland and other Arctic countries must
be advised on the burden of hepatitis. A nation-wide
approach that acts according to international guidelines
on the monitoring of hepatitis should be implemented.
For economical, educational, feasibility and technical
reasons monitoring should be performed through readily
available IT-programs to reduce technical problems
among health-care staff in a geographical area with huge
infrastructural challenges due to sparse populations in
vast areas. Also, patients should be given the opportunity
to have blood samples drawn whenever they come
to a town. Patients with clinical and/or biochemical
abnormalities should go through the usual clinical workup through contact to physicians at the medical depart
ment at the local hospital.

10

11
12
13

14

15

CONCLUSION
Infection with HBV is endemic in Greenland Inuit as in
other Inuit populations across the Arctic. Still, studies
seem to confirm a benign course of the disease among
Inuit both in Greenland and Canada, but not in Alaska.
This has contributed to a late initiation of a universal
HBV vaccination program in Greenland in contrast
to Alaskan, Canadian and Russian Arctic. Thus, a
monitoring program for viral hepatitis in Greenland is
relevant and the inclusion in an electronic patient file
system covering all of Greenland is warranted and
scheduled.
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Core tip: Current hepatitis B treatments can only control
the disease, but they rarely lead to substantial rates
of hepatitis B surface antigen loss and seroconversion.
Several new therapeutic approaches are being developed
so as to attain the elusive goal of successful functional
cure of chronic hepatitis B infection.
Phyo WW, Soh AYS, Lim SG, Lee GH. Search for a cure for
chronic hepatitis B infection: How close are we? World J Hepatol
2015; 7(9): 1272-1281 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i9/1272.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i9.1272

INTRODUCTION
Chronic hepatitis B (CHB) remains a global health
challenge. More than 240 million persons have been
infected with CHB virus. CHB has become one of the
most common causes of liver cirrhosis and hepatocellular
carcinoma, and has led to more than 780000 deaths
[1,2]
per year . At this point, there is no cure for CHB,
even though potent drugs are available to control the
virus and prevent complications. In the last few years,
several new drug classes targeting the various stages
of hepatitis B replication cycle are under investigation.
Whether and which of these agents could become
[3]
clinically useful therapies are still unclear . The review

Abstract
Chronic hepatitis B (CHB) remains a significant unmet
medical need, with 240 million chronically infected
persons worldwide. It can be controlled effectively
with either nucleoside/nucleotide-based or interferonbased therapies. However, most patients receiving
these therapies will relapse after treatment withdrawal.
During recent years, the advances in molecular biology
and immunology have enabled a better understanding
of the viral-host interaction and inspired new treatment
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will discuss these new investigational approaches for the
treatment of hepatitis B virus (HBV) infection, and their
respective stages of development in clinical trials.

attempting to discuss the mechanisms of the new
targets. HBV, belonging to hepadnaviridae family, is
42 nm in diameter comprising of approximately 3.2 kb
double-stranded relaxed coiled DNA (rcDNA) formed by
[9]
the reverse transcription of pregenomic RNA (pgRNA) .
HBV is hepatotrophic and hepatocytes are the only cells
[10]
that support HBV replication in the human body .
Availability of the cell lines susceptible to HBV infection
has led to the better understanding of the early stages
of its life cycle, starting from viral attachment, entry and
translocation of rcDNA into nucleus to form cccDNA,
as well as the later stages viral replication, including
transcription of viral RNA, reverse transcription to form
daughter DNA, assembly of viral particles and secretion
[11]
out of the cells (Figure 1).
HBV virion enters the hepatocyte via endocytosis
by its N-terminal region of large (L) envelope (preS1)
binding to the sodium taurocholate cotransporting
polypeptides (NTCP) receptor on the plasma membrane
[12]
of hepatocyte . A peptide derived from this preS1
region is a possible therapeutic target to inhibit viral
[13]
entry by binding to its receptors . After uncoating and
releasing into the cytoplasm, nucleocapsid containing
[3]
rcDNA is transported to the nucleus to form cccDNA .
This formation is mediated by the viral polymerase that
completes the incomplete plus-strand of viral rcDNA after
which the polymerase is removed by cellular enzymes,
leading to the formation of cccDNA by covalent ligation of
[14]
both DNA strand . cccDNA is also known as episomal
minichromosome and is crucial for the persistence of
the virus in the host hepatocytes and cause chronic
[15]
infection . It acts as the sole DNA template for the
formation of 4 groups of viral RNA, namely precore
mRNA (pre-C); pgRNA; mRNA coding for surface (S),
middle (M) and large (L) envelope proteins; and mRNA
[11]
coding for X protein . Pre-C mRNA is processed into
HBeAg that can be detected in the circulation with
commercial assays, which reflects infectivity of the HBV
infection. The pgRNA serves as a template for viral DNA
by reverse transcription, DNA polymerase and viral
capsid protein. pgRNA, together with core protein and
[3]
DNA polymerase, are self-assembled and encapsidated .
Inside the nucleocapsid, pgRNA is reverse transcribed
into rcDNA, enveloped and is either secreted out of
[16]
the hepatocyte
or shunted back into the nucleus to
[17]
replenish the HBV cccDNA pool .

WHY DO WE NEED NEW DRUGS FOR
CHB?
The Food and Drug Administration-approved chronic
hepatitis B treatment of choice is either an immuno
modulators [standard and pegylated interferon (PegIFN)] or nucleoside/nucleotide analogues (lamivudine,
adefovir, telbivudine, entecavir and tenofovir). The latter
class is less expensive and orally available. These drugs
have minimal side-effects comparing to interferon and
can be used for decompensated cirrhosis and after liver
[4]
transplantation . However, they have to be taken on
a long-term basis in general, and result in hepatitis B
e antigen (HBeAg) seroconversion rate of 20%-25%
[5]
and HBV antigen (HBsAg) loss of 1% or less . This is
because they are designed to be reversible transcriptase
inhibitors, a crucial step in viral replication, but not to
eliminate the HBV minichromosomes [HBV covalently
closed circular DNA (cccDNA), Figure 1] persisting in
[6]
the nucleus of the hepatocytes . There is a significant
risk of HBV reactivation and sometimes HBV flare after
withdrawal of the antiviral agents. Drug resistance
[3]
may evolve after long-term therapy . In contrast, the
interferon-alfa therapy is of finite duration and results
in 30%-40% HBeAg seroconversion, 5%-10% HBsAg
seroclearance, with no risk of drug resistance. However,
its systemic adverse effects limit its usefulness, especially
[4]
in patients with decompensated liver cirrhosis .
Modifications to existing therapies are being
investigated, such as combining nucleoside/nucleotide
analogues with interferon, switching treatments, and
extending Peg-IFN. Twenty-five HBeAg negative patients
were given an extended (96-wk) course of Peg-IFN
[7]
plus adefovir in a study by Cao et al . All patients
achieved HBV DNA of less than 500 copies/mL, and
HBsAg seroconversion rates were 12%, 28%, and
32% at weeks 48, 96 and 120 respectively. HBeAg
positive patients who had been on entecavir for 9 to 36
mo, with HBV DNA of < 1000 copies/mL and HBeAg
< 100 PEIU/mL, randomized to switch to Peg-IFN or
to continue entecavir for 48 wk in OSST trial. The
trial showed that switching to Peg-IFN led to a higher
HBeAg seroconversion at week 48 (14.9% vs 6.1%, P
= 0.0467). Among Peg-IFN-treated patients with HBeAg
loss and HBsAg < 1500 IU/mL at randomization, as high
[8]
as 22.2% achieved HBsAg loss . Larger studies for the
optimal combination regimen are ongoing, but HBsAg
loss much higher than 30% is unlikely using current
modalities available.

HBV entry inhibitor

PreS1 region of viral L protein is required to bind to cell
surface receptor for viral entry. The functional receptor
is the heparan sulphate proteoglycans, specifically NTCP
[13,19]
on the surface of hepatocytes
. With this knowledge,
the scientists discovered that a synthetic myristoylated
[13]
lipopeptide derived from HBV envelop protein ,
myrcludex-B, reversibly inhibits HBV entry into the naïve
[19]
hepatocyte . Six weeks of subcutaneous treatment
of Myrcludex B to humanized mice infected with HBV
reduced amplification of existing intrahepatic cccDNA as
[20,21]
well as the spread of infection
, without interfering
[19]
with viral replication . The drug has also been tested in

WHAT ARE THE POTENTIAL TARGETS
IN THE VIRAL LIFE CYCLE?
Viral life cycle

Understanding the HBV life cycle is essential before
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Figure 1 Replicative cycle of hepatitis B virus and the respective targets of the current and experimental therapeutic agents. Modified from Chan et al[18],
with permission granted by Elsevier (Copyright owner). ER: Endoplasmic reticulum; HAP12: Heteroaryldihydropyrimidines 12; HBs protein L, M, S: HBs protein Large,
Medium, Small; HBV: Hepatitis B virus; HBsAg: Hepatitis B virus antigen; RC-DNA: Relaxed circular DNA; RNAi: RNA interference; shRNA: Short/small hairpin RNA;
cccDNA: Covalently closed circular DNA; KAT: Kynurenine aminotransferase; LTβR: Lymphotoxin beta receptor; TALEN: Transcription activator-like effector nuclease;
ZFN: Zinc finger nuclease.

chronic HBV infected subjects showing good tolerability
and lack of serious side-effects with doses up to 5 mg
[22]
intravenous and 0.8 mg subcutaneous . Moreover, this
entry inhibitor could be used as a treatment option for
infected patient and high risk neonates. The application
could potentially be extended clinically to post-liver
transplantation and post-immunosuppression therapy to
[19]
prevent HBV reactivation or flare . In order to achieve
the optimal outcome, the entry inhibitor was suggested
[20]
to be used together with existing antivirals .

novel compounds were reported that block conversion
of relaxed circular HBV DNA into cccDNA at micromolar
concentrations. Broadly known as distributed sulpho
namide (DSS) compounds, they have phosphodiesterase
or protease inhibitor activity, and can inhibit the
conversion to cccDNA from rcDNA in human and duck
hepatocytes through direct inhibition of deproteinization
of rcDNA. The compounds were identified through
a cell-based high throughput screen and neither the
mechanism nor the target for these compounds is
currently known. Among DSS, CCC-0975 and CCC-0346
were found to be the most potent in duck hepatocytes.
Further studies are needed to improve their potency in
[24]
order to obtain optimal benefits .

Targeting the HBV cccDNA

Persistence of HBV cccDNA in patients after successful
long-term viral suppression by antiviral agents suggests
that the key to HBV eradication in established CHB
infection lies in the elimination of the reservoir of HBV
[23]
minichromosomes from the hepatocyte . Efforts in
this area are still in early pre-clinical phases. This can
be achieved by inhibiting cccDNA synthesis and main
tenance, which include inhibition of its establishment,
silencing its activity by transcription inhibitors, direct
deactivation of cccDNA using engineered nucleases and
activation of host innate immune response.

Promoting HBV cccDNA loss: One of the most
exciting finding in 2014 in the field of HBV was the work
[25]
by Lucifora et al , which described how IFN-α can
induce specific degradation of the nuclear HBV cccDNA
without detectable hepatotoxicity. Similar effect can also
be achieved by activating the lymphotoxin-β receptor
(LTβR), a receptor engaged by members of the TNF
cytokine superfamily, which up-regulated APOBEC3A
and APOBEC3B cytidine deaminases in HBV-infected
cells. This appeared to be mediated through HBV

Blocking of HBV cccDNA formation: Recently, two
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core protein and its interaction with nuclear cccDNA,
resulting in cytidine deamination, apurinic/apyrimidinic
site formation. Extensive nucleotide changes [guanine
(G) to adenine (A)] in cccDNA, a transition that was
a hallmark of cytidine deamination, eventually led to
cccDNA degradation that prevented HBV reactivation.
Remarkably, this deamination did not occur in cellular
DNA, which indicates that viral clearance might involve
[26]
cccDNA-specific mechanisms .
Although there were some questions raised on the
technical aspects of the study, the major concern with
regards to the clinical application of this discovery was
safety issue. LTβR agonists had been known to trigger
apoptosis, hepatocellular proliferation, inflammation, and
hepatocellular carcinoma. Thus safety considerations
are likely to preclude regulatory approval in its current
[27]
form .
Scientists have also developed engineered sitespecific mutagenic nucleases as a powerful laboratory
technique, and are working to apply these methods
to the treatment of human diseases. This type of
technology includes the zinc-finger nucleases (ZFNs), the
transcription activator-like effector nucleases (TALENs)
and the CRISPR-Cas9 (clustered regularly interspaced
[28,29]
short palindromic repeats-associated caspase-9)
.
Potentially it may be used to strategically disrupt
the targeted gene related to viruses such as human
immunodeficiency virus (HIV) and HBV, with the aim of
mutating the intra-nuclear viral DNA reservoir, making it
[30]
no longer competent for replication .
In HBV infection, the target gene is the HBV
[29]
cccDNA . For viral hepatitis B, these cleavage enzymes
are delivered through viral vectors to reach the target
[31]
HBV minichromosomes inside the hepatocyte nucleus .
ZFNs are derived from consecutive alteration of the
[32]
amino acids on the zinc-finger protein domains .
Three days after cotransfection of ZFN pair with a target
cccDNA plasmid, 26% of target remained linear while
10% was cleaved and misjoined tail-to-tail, resulting in
loss of function in both groups. It was also found that
the simultaneous use of multiple pairs of ZFNs not only
inactivate the target DNA but also circumvent the viral
[32]
resistance if combined with existing antivirals .
Alternative to ZFNs are TALENs, which can also
specifically disrupt or cleave the target episomal
[29]
DNA and inactivate it. Bloom et al
successfully
engineered mutagenic TALENs that target four HBVspecific sites within the viral genome. TALENs targeting
sequences in the S or C open-reading frames (ORFs)
can efficiently disrupt the sequences at the intended
sites and suppressed HBV replication. The S TALEN
caused targeted mutation in about one third of cccDNA
molecules following triple transfection of the TALENexpression plasmids into HepG2.2.15 cell lines that
contained stably integrated copies of HBV genome.
Markers of viral replication were also inhibited in vivo in a
murine hydrodynamic injection model of HBV replication.
HBV target sites within S and C ORFs of the injected HBV
DNA were mutated without evidence of toxicity. Efficacy

WJH|www.wjgnet.com

in vivo indicated these engineered nucleases have
[29]
potential for use in treatment of chronic HBV infection .
Other groups of scientists were trying to develop the
best possible mathematical model for how to achieve
the best outcome with the effective minimal doses of
nucleases while taking all parameters, such as vector
delivery, intracellular pharmacodynamics and resistance
into consideration, which may eventually bring these
[31]
DNA-editing technology to clinical applications .
HBV cccDNA transcription inhibitor: Small molecules
had been identified that can hinder cccDNA transcription
to pgRNA and HBV replication by alteration of epigenetic
regulation. By controlling the acetylation or methylation
of the histone proteins surrounding the cccDNA, the
transcription of the HBV genome can be inhibited. These
small molecules include Class Ⅰ, Ⅱ and Ⅲ histone
deacetylase inhibitors; p300 and P300/CBP-associated
factor histone acetyltransferases inhibitors; hSirt1
[33]
activators; JMJD3 histone demethylase inhibitors . All
of these are still in the preclinical phase of development.
Due to the wide ranging effect of these target enzymes
on the expression multiple genes, the safety profiles
of these compounds still requires extensive evaluation
before clinical use.
As a proof-of-concept, liver regeneration was tested in
uPA/SCID chimeric mice, which showed potent reduction
of cccDNA levels and viral replication, when there is rapid
regeneration of cccDNA-free hepatocytes. However, this
regeneration technology requires further investigations
in combination with existing antiviral agents, to have a
[34]
possible chance of curing of chronic HBV infection .

Inhibiting viral replication by RNA interference

RNA interference is carried out using complementary
double stranded RNA to silence the homologous gene
[35]
in post-transcriptional mRNA level . In mammalian
cells, the silencing is induced by the small interfering
RNA (siRNA). In HBV-infected cells, siRNAs had been
used to produce sequence-specific and dose-dependent
knockdown of HBV surface or polymerase region of viral
mRNA. siRNA functions by binding to complementary
HBV mRNA and pgRNA, which will be degraded,
[36]
resulting in no translation/reverse transcription .
Animal studies conducted by biotechnology company
had demonstrated long-term suppression of HBV RNA,
HBsAg, HBeAg and HBV DNA can be achieved by coinjection of ARC-520 (an anti-HBV siRNA) with DPC
delivery vehicle into chimpanzees. This was followed
by a phase 1 study, showing that all studied doses
were safe and well-tolerable by normal volunteers
and this result had led to an ongoing phase 2a clinical
trial of ARC-520 in combination with entecavir in Hong
Kong. This study will evaluate not only the safety and
pharmacodynamics of the drug but also its efficacy on
the levels of HBsAg, HBeAg and HBV DNA quantity,
[37]
when given in combination with entecavir . Meanwhile,
some researchers suggested that the use of combination
of siRNAs may achieve a stronger inhibition on HBV
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[44]

replication and antigen expression in HepG2.2.15 cell
[38,39]
line and in mice models
.

target cells at lower doses than TDF . In an openlabel phase 1b trial, patients were randomized to TAF
8 mg, 25 mg, 40 mg, 120 mg, and TDF 300 g for 2 d.
Most adverse reactions were mild to moderate, with the
most common being headache, nausea, vomiting and
fatigue. There was also minimal decline in creatinine
clearance with TAF compared to TDF. At doses of 8 mg
to 120 mg of TAF, there were no differences in viral
[44]
decline . Compared to TDF, TAF does not interact with
OAT1 or OAT3 (renal transporters) and hence is unlikely
[45]
to accumulate in renal proximal tubules .
Multiple studies performed on HIV patients had
shown that both TAF and TDF were well tolerated,
and adverse events were mild to moderate in severity
[46,47]
and self-limiting
. Patients on the TAF regimen had
smaller reductions in estimated creatinine clearance, less
renal tubular proteinuria and smaller changes in bone
mineral density for hip and spine. However, they also
had higher increases in HDL, LDL and total cholesterol.
Phase 2 studies of TAF on anti-HBV are currently in
progress.

New nucleoside analogues

Like lamivudine and tenofovir, a number of drugs
designed to target the reverse transcriptase of HIV are
also potential new active therapies for HBV.
Besifovir (LB80380): Besifovir (LB80380), a potent
acyclic nucleotide phosphonate, has demonstrated
excellent preclinical safety profile, being effective
against both wild-type and YMDD mutant HBV. In a
randomized placebo-controlled Phase Ⅰ/Ⅱ study of
besifovir, 29 HBeAg positive patients were treated for 4
wk, and led to maximum HBV DNA reduction of up to 4
[40]
log10 copies/mL respectively .
A Phase Ⅱb randomized trial of besifovir vs entecavir
[41]
in chronic hepatitis B patients was carried out . One
hundred and fourteen patients were randomized to
receive besifovir, at 90 mg or 150 mg daily or Entecavir 0.5
mg daily. Mean log10 HBV DNA changes from baseline
were -5.84, -5.91 and -6.18 for HBeAg-positive patients,
and -4.65, -4.55, and -4.67 respectively for HBeAgnegative patients (P > 0.05). Of ninety-four point one
percent of patients on besifovir had lowering of serum
L-carnitine, which returned to normal with carnitine
supplement.

Interruption of HBV capsid assembly

The nucleocapsid of HBV is composed of hundreds of
[48]
core proteins
and its structure is important for HBV
[49,50]
DNA synthesis and virion assembly
. Heteroaryl
dihydropyrimidines (HAPs) are inhibitors of nucleocapsid
formation or assembly of core particles. This is achieved
by misdirecting the process, without primarily affecting
the core protein level and viral transcription level.
Nonetheless, diminished core proteins level was observed
as a consequence of its inhibitory effect on the capsid
[51]
assembly and viral replication .
Bay 41-4109, a member of HAPs is a highly potent
non-nucleoside antiviral whose inhibitory effect on the
viral replication could be detected within 5 d of drug
administration in mice model, while at the same time
controlling the spread of infection. Hepatotoxicity was
[52]
detected only at doses over 100 mg/kg per day .
Unexpectedly, studies revealed its effects on the
epigenetic state of host genes, which controlled the host
[53]
innate immunity . However, the drug action ceased
[54]
after its withdrawal tested . Despite its reversibility, Bay
41-4109 is still a potential novel therapeutic which could
be useful for patients infected with resistant HBV strains
[52]
or those who failed standard therapy .
Another member of the HAP with intriguing property
is HAP12 which binds to core proteins on the nuclear
minichromosome, causing structural changes and for
mation of core protein that does not support cccDNA
transcription and further production of pgRNA. Therefore,
HAP12 is also another potential therapeutic agent that
can suppress cccDNA function in addition to its effective
[55]
inhibition of capsid proteins .
Alternative to HAPs is a direct-acting agent against
HBV core protein, known as NVR-1221, which is
currently in phaseⅠa trial with the drug test tested on
[56]
approximately 40 healthy volunteers . Other similar
alternatives with inhibitory effects on capsid proteins

MIV-210: 2,3-dideoxy-3-fluoroguanosine (FLG), a
fluorinated guanosine analogue, was initially developed
for treatment of HIV-infected patients, and is currently
being investigate for HBV therapy. In 2006, Jacquard
[42]
et al
studied its mode of inhibition and found that it
inhibits the priming of the reverse transcription and also
a competitive inhibitor of deoxyguanosine triphosphate
incorporation resulting in termination of the DNA chain.
It is a more potent inhibitor of wild-type DHBV minusstrand DNA synthesis than lamivudine. In Huh7 cells
transfected with HBV, the inhibition of wild-type,
lamivudine-resistant, adefovir-resistant and adefovirplus-lamivudine-resistant HBV mutants by FLG were
similar.
In woodchucks infected with woodchuck hepatitis
virus (WHV), oral administration of MIV-210 at 20 or
60 mg/kg per day led to a rapid virological response,
reducing WHV DNA levels by 4.76 log10 and 5.72 log10
[43]
respectively . A daily dose of 10 mg/kg was found to
decrease serum WHV load by 400-fold after 4 wk of
treatment, and a dose at 5 mg/kg per day was sufficient
to maintain this antiviral effect. MIV-210 at 20 or 60
g/kg per day led to a 2.0 log10 drop in hepatic content
of WHV cccDNA. MIV-210 is currently undergoing Phase
Ⅱ trial in South Korea by Daewoong.
Tenofovir alafenamide (GS-7340): Tenofovir
alafenamide (TAF, or GS-7340), a new oral prodrug
of tenofovir, was found to be more stable in plasma
compared to tenofovir disoproxil fumarate (TDF). TAF
achieved higher levels of tenofovir diphosphate in
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[65]

are 2-amino-N-(2,6-dichloropyridine-3-yl) acetamide
[50]
[57]
derivatives , sulphamoylbenzamide derivatives
and
[49]
sulfanilamide derivatives , with the first derivatives
shown to have synergistic inhibitory effect on HBV load
[50]
if used together with lamivudine .

hepatitis B patients

Therapeutic vaccine

GS-4774 is a yeast-based vaccine expressing a recom
binant X, large S and core antigens of HBV. Its action
includes activation of dendritic cells after phagocytosis,
+
+
stimulation of CD4 and CD8 T cells and reduction of
regulatory T cells level. Phase 1 studies of GS-4774
in normal healthy adults provided satisfactory results
showing high tolerability while achieving satisfactory
immune responses to the administered recombinant
antigens and peptides. Further study to further evaluate
its usage in chronic hepatitis B patients is being
[66]
conducted recently .
DV-601 is another therapeutic vaccine, containing
recombinant HBV surface and core antigens, whose
action is to trigger immune responses and to produce
antibodies relating to HBV-specific cytotoxic T lymphocyte
and B cell. The vaccine was given intramuscularly
to chronic HBV infected patients, 8 HBeAg positive
treatment-naïve and 6 HBeAg negative entecavir-treated
subjects. The vaccine was found to be well-tolerable
with only mild adverse effects that resolved without
treatment. All patients were found to achieve the desired
lymphoproliferative response and HBsAg, HBeAg and
viral load were found to be reduced satisfactorily. AntiHBs antibody and anti-HBe antibody were detected in
[67]
those receiving the higher dose of DV-601 .
A combination therapeutic vaccine containing
HBsAg and HBcAg (known as NASVAC) was developed
at CIGB, Cuba. NASVAC is delivered through nasal
spray and in phase Ⅰ trial was found to be safe and
tolerable. All subjects developed anti-HBc antibody
at days 30 after immunization, with 75% developing
anti-HBs antibody of more than or equals 10 IU/L at a
[68]
maximum at days 90 . The phase Ⅲ trial to evaluate
the therapeutic effects on lowering HBV DNA and
other clinically important parameters is presently being
conducted.
Synthetic HBV core antigen vaccine, firstly invented
in 2012 by Inovia researchers aimed at reducing the
risk of liver cancer, was reported to be a highly potent
immune-therapeutic vaccine. This vaccine was designed
to eliminate the HBV infected hepatocytes, without
causing liver damage, through strong HBcAg-specific
killer T-cell and antibody responses whose action will
[69]
add on to existing host T-cells responses in the liver .

Inhibition of HBsAg secretion

The release of HBsAg is independent of virion release
and the antigen itself is postulated to be involved in
suppressing the host innate immunity allowing the virus
to cause persistent infection in human liver. REP 9AC,
[58]
a nucleic acid polymer compound , is a potent HBsAg
secretory inhibitor, which can eliminate HBsAg from
the human circulation as early as 7 d of administration
in a small study. This was followed by reactivation of
the suppressed innate immune system of the host to
produce anti-HBs antibody by weeks 15 and achieved
sustained virological response after stopping the
[59]
administration . HBV DNA remained undetectable if
add on immunotherapy was given. More work is being
carried out to better understand the optimal duration of
treatment to sustain its effects, tolerability and the best
[58]
route of administration .

Novel immunomodulators

Host immune response can be broadly divided into
the innate and adaptive immunity. The adaptive HBVspecific, T cell-mediated immune responses are widely
regarded as the most important elements against HBV.
As an essential part of host innate immune system, Tolllike receptors are membrane-bound receptors involved
in recognition of pathogens thereby activating the
expression of several genes that contribute to antiviral
[60]
immune responses . Their importance in chronic HBV
infection is increasingly recognized in recent years.
Toll-like receptor (TLR)-7, expressed on the dendritic
[61]
cells and B lymphocytes , is able to recognize nucleic[60]
acid like structures of viruses
and the stimulation
of their respective receptors enhance dendritic cells to
produce interferon alpha and other cytokines to further
[61]
activate natural killer and cytotoxic T lymphocytes . It
is also found that TLR-7 and a number of other receptors
are suppressed in chronic HBV infected patients leading
[62]
to immune dysfunction against the infection , especially
[63]
in the presence of HBsAg . GS-9620, a potent oral
agent containing TLR-7 agonist action, was shown to
have ability to reduce HBsAg as well as HBV DNA in
both serum and liver with even short-term usage in
woodchucks and chimpanzees. The immune responses
triggered by TLR-7 eliminate HBsAg, HBeAg and hepatitis
B core antigen (HBcAg) positive hepatocytes and inhibit
[61]
viral replication directly . The drug also has high
bioavailability and tolerability among healthy volunteers
[64]
without serious side-effects . The combination of
GS-9620 and nucleoside analogues may be able to treat
HBV infection effectively without significant systemic
[61]
side-effects associated with interferon-based therapy .
An ongoing research has recently been conducted on the
safety and pharmacodynamics of GS-9620 in chronic
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HOW CLOSE ARE WE TO CLINICAL
APPLICATION?
Most of the new antiviral agents discussed above
remains in the early preclinical phase (laboratory and
animal study) (summarized in Table 1). A few of these,
driven by established biotechnology and pharmaceutical
companies, had made it to phase-Ⅰ/ⅡA clinical trials.
Gaining momentum and safety profiles from the HIV
trials, the newer nucleoside analogues are likely to be
the first group of drugs to obtain formal approval for
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Table 1 Novel anti-hepatitis B virus compounds in development
Therapeutic agents
Viral entry inhibitors
Myrcludex B
cccDNA Transcription inhibitors
CC-0975, CC-0346 (DSS)
LTbR
Small molecules
DNA editing technology
ZFNs
TALENs
RNAi gene silencer
ARC 520
New nucleoside analogues
Besifovir (LB80380)
MIV-210
Tenofovir alafenamide (GS-7340)
Interruption of HBV capsid assembly
Heteroaryldihydropyrimidine (Bay 41-4109)
Heteroaryldihydropyrimidine (HAP12)
NVR-1221
HBsAg release inhibitor
REP 9AC
HBsAg-3 shRNA
Immunomodulator
GS-9620
CYT 107 (interleukin-7)
Therapeutic vaccination
GS-4774
DV601
NASVAC
HBV core Ag vaccine

Mechanism

Manufacturer

Status

Entry inhibition

Myr_GmbH, Germany

Phase ⅡA, Russia

Induces deproteinization of rcDNA
Induces cccDNA cytidine deamination
cccDNA transcription inhibitor

Preclinical
Preclinical
Preclinical

cccDNA inactivation
cccDNA inactivation

Preclinical
Preclinical

RNAi gene silencer

Arrowhead Research Pasadena, CA

Phase ⅡA

Inhibits viral DNA polymerase
Inhibits viral DNA polymerase
Prodrug of tenofovir

LG Life Sciences, South Korea
Medivir/Daewoong, South Korea
Gilead Foster City, CA

Phase Ⅱ
Phase Ⅱ
Phase Ⅲ

Inhibits viral nucleocapsid
Inhibits capsid assembly
Capsid inhibitor

AiCuris, Germany

PhaseⅠ
Preclinical
Phase ⅠA

Novira Therapeutics, Doylestown, PA

HBsAg release inhibitor
HBsAg expression inhibitor

REPLICor Inc. Montreal, Quebec

Phase Ⅰ
Preclinical

TLR-7 agonist
Immunomodulator

Gilead Foster City, United States
Cytheris, Paris, France

Phase Ⅰ
Phase Ⅰ/ⅡA

HBV X, surface and core antigens

Gilead Sciences with Globe Immune
Louisville, CO
Dynavax, Berkeley, CA
CIGB, Cuba
Emergent Europe, United Kingdom

Phase Ⅱ

HBV surface and core antigens
HBV surface and core antigens
T-cell mediated therapeutic vaccine

Phase ⅠB
Phase Ⅰ
Phase Ⅰ

Modified from hepatitis b foundation drug watch[70]. NASVAC: Nasal Vaccine Candidate; rcDNA: Relaxed circular DNA; RNAi: RNA interference;
shRNA: Short/small hairpin RNA; cccDNA: Covalently closed circular DNA; DSS: Distributed sulphonamide; LTbR: LymphoToxin beta receptor; TALEN:
Transcription activator-like effector nuclease; ZFN: Zinc finger nuclease; HBsAg: Hepatitis B virus antigen; HBV: Hepatitis B virus; TLR-7: Toll-like
receptor-7.

clinical use. Being in the same class as the existing
therapy, they are unlikely to be game changers, but
they may add to the arsenal of reverse transcriptase
inhibitors to tackle the drug-resistant HBV strains that
may emerge with long-term use of current agents.
However for the new classes of anti-HBV compounds
that truly aims to cure CHB, the development is still
in their infancy and major breakthrough is required to
deliver the compound to the target (infected hepatocyte
nucleus for the cccDNA inhibitors) or overcome esta
blished immune tolerance (new immunomodulators), at
acceptable safety profiles.

significantly increased cccDNA depletion and HBsAg loss.
For example, simply blocking viral replication, even by a
mechanism other than nucleoside/nucleotides, is unlikely
to cure infection unless the cccDNA reservoir is removed.
Directly targeting cccDNA fundamentally tackles the
issue of viral persistence but such new technologies
as sequence-targeting nucleases and modulation of
epigenetic regulators face challenges including drug
delivery to target cells and risk of off-target effects.
Approaches such as blocking antigen secretion, directly
targeting viral RNA and blocking the HBV entry receptor
are more technically feasible in the near term, but likely
will not clear the cccDNA reservoir on their own. Our
growing understanding of the immune defects in CHB
is enabling the development of new immunotherapy.
TLR-7 agonist represents one of such promising
immunotherapeutic approaches. There remains the
concern of safety in activating the immune system.
Although many potential new approaches to treat
CHB have been identified, therapeutic translation has
been challenging and relatively few drug candidates
have emerged and entered clinical trials. If the success
story of developing effective therapies leading to the
ability to cure nearly all hepatitis C infection is any

CONCLUSION
We discussed the new anti-HBV compounds and new
targets that can be broadly divided into two main
categories: (1) therapies that target the virus either
directly or by targeting host factors required for viral
replication; and (2) therapies targeting the host innate
or adaptive immune response.
To achieve the goal of curing CHB, any new
approaches based on targeting the virus, will need to
establish that target inhibition ultimately translates into
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guide, the search for a functional cure for CHB is
definitely not an illusive dream, and it is likely to come
in the form of combination therapies of current effective
antiviral agents with one or more new anti-HBV agents
that either eliminate HBV cccDNA or overcoming specific
immune pathways that will result in immunoclearance
of the virus.
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Key role of hepatitis B virus mutation in chronic hepatitis B
development to hepatocellular carcinoma
Xin Zhang, Hui-Guo Ding
insertion and truncation mutation of HBV gene in 4
open reading frames (S, C, P, X), are closely associated
with HCC pathogenesis. Some mutations accumulated
during chronic HBV infection could be regarded as
a biomarker to predict the occurrence of HCC. The
detection of the mutations in clinical practice could be
helpful for defining better preventive and therapeutic
strategies and, moreover, predicting the progression of
liver disease.
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Core tip: This mini review fully describes the relationship
between hepatitis B virus (HBV) genome mutations
in different regions with liver disease progression and
development to hepatocellular carcinoma (HCC) according
to the recent data of mutations in chronic hepatitis
B patients. Accordingly, the HBV mutations, either in
the preS or PreC or/and core promoter region, are
significantly associated with HCC and could be regarded
as a biomarker to predict the occurrence of HCC.
Zhang X, Ding HG. Key role of hepatitis B virus mutation in
chronic hepatitis B development to hepatocellular carcinoma.
World J Hepatol 2015; 7(9): 1282-1286 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i9/1282.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i9.1282

INTRODUCTION
Chronic hepatitis B virus (HBV) infection is a medical
problem and the main cause of chronic hepatitis,
cirrhosis and hepatocellular carcinoma (HCC) worldwide.
The major risk factor of HCC carcinogenesis is chronic
HBV infection, especially in China. Other factors,

Abstract
Chronic hepatitis B virus (HBV) infection is a major risk
factor for hepatocellular carcinoma (HCC). The HBV
mutations, which include point mutation, deletion,
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including products of HBV, HBV integration and mutation
and host susceptibility, contribute to HBV-related HCC.
At present, carcinogenesis in HBV infection is not well
[1]
understood . The main contribution of HBV infection
development to HCC is progressive stages of liver fibrosis
[2,3]
and nonresolving inflammation . The HBV genome
contains four partially overlapping open reading frames
(ORFs) (preS/S, preC/C, P and X) which have diverse
kinds of patterns of mutations. The mutations, including
point mutation, deletion, insertion and truncation in 4
ORFs, are closely associated with HCC pathogenesis and
[4,5]
liver disease progression . This mini review provides
an overview of the recent data regarding development to
HCC of HBV mutation in chronic hepatitis B patients.

concrete role of X protein (HBx) and preS2 mutant
protein in HCC carcinogenesis is still to be clarified.
T53C, preS1 deletion, preS2 start codon mutation,
C7A, A2962G, C2964A and C3116T in the preS region
[5]
are significantly related to an increased risk of HCC .
Furthermore, the effects of other HBV preS/S mutations
in hepatocarcinogenesis are still limited.

PREC/C REGION GENE MUTATION
Mutations in the core promoter and precore regions
of HBV lead to downregulation of hepatitis B e antigen
(HBeAg). These mutations are related to chronic hepatitis,
cirrhosis and HCC. C ORF of HBV genome encodes core
[12]
protein and HBeAg . The core shell of HBV is an effective
immune stimulator, activating an intense neutralizing
immune response to foreign epitopes. Mutations in this
region of the HBV genome focus in the region of basal
[13]
core promoter (BCP) and PreC .
T1762/A1764 double mutations in BCP is the most
convincing association between HBV mutation and the
development of HCC. The relationship between BCP double
mutations and HCC were proved in two large prospective
[14]
cohort studies . Moreover, V1753, T1766, A1768 in BCP
and T1653 mutations in box-α of Enhancer Ⅱ have been
shown to be associated with the development of HCC in
several reports.
[15]
Park et al analyzed the 8 key mutations (G1613A,
C1653T, T1753V, A1762T, G1764A, A1846T, G1896A and
G1899A) in 442 serum samples of 310 non-HCC and
132 HCC patients to confirm the combinations with HCC.
They reported that the BCP combination mutations of ≥
6 mutations that include G1613A + C1653T + A1846T
+ G1896A and ≤ 5 mutations with reduced HBeAg
production may increase the risk of HCC occurrence
compared to only the number of mutations.
In our study, we also found five high frequency
mutations (≥ 10%) in the BCP and preC region. We
observed thirteen types of multi-mutations in one fragment,
among which, 3 types were common combinations (≥
5%). The three most common multi-mutations were
A1762T/G1764A (36%), A1762T/G1764A/G1896A (11%)
and T1753 (A/C)/A1762T/G1764A/G1896A (8%). The
multi-mutations in HBV genomes (≥ 3) may carry a high
risk of liver cirrhosis or HCC. G1896A mutation had an
effect on liver disease progression independent of patient
age. Additionally, in our study, the results showed that
the more viral mutations detected (≥ 3) and G1776A
[16]
mutation contribute to HBeAg negativity .
Finally, accumulation of mutations, including V1753
and/or A1768 aside from T1762/A1764 in BCP region,
were closely associated with HCC among the patients
[17]
infected with HBV/C1, as shown in a study by Li et al .
The BCP mutations have an effect on the biological
functions of HBx, increasing the risk of HCC. T1653
mutation in the box-α of the core upstream regulatory
sequence and V1753 mutation of BCP region in HBVinfected patients has also been reported to increase the
[17,18]
risk of HCC
. However, the mechanism between BCP

S REGION GENE MUTATION
The S region of ORFs are composed of three translation
start codons (AUG codons) coding the expression of
three kinds of proteins: large (L), middle (M) and small
(S). PreS1 region is unique for L protein. PreS2 region
is the shared sequence with the M protein and the S
region is seen in all three kinds of proteins. The L and
S proteins are fundamental for virion formation and
[6,7]
the M enhances the virion secretion efficiency . The
S and M proteins are detected as hepatitis B s antigen
(HBsAg). The dominant epitopes of HBsAg are the
targets of neutralizing B cell responses, located in the
“a” determinant (aa 124-147) in the major hydrophilic
[8]
region .
The relationship between S gene mutation and
HCC were studied focusing on the preS region. HBV
preS mutations are closely related to an increased risk
of HCC. Both the single and combined mutations with
the other region gene mutations may be predictive for
hepatocarcinogenesis.
[9]
Qu et al found that T53C mutation, preS2 start
codon mutations and preS deletions were related to
HCC significantly in a study. The longitudinal study
showed that the preS deletion mutations occurred
during the long course of liver diseases, but not at the
beginning of HBV infection.
[10]
Wang et al
found that preS mutant large HBV
surface antigens (LHBs) can initiate endoplasmic
reticulum (ER) stress to induce oxidative DNA damage
and genomic instability. PreS mutant LHBs can up
regulate cyclooxygenase-2 and cyclin A to induce cell
cycle progression and proliferation of hepatocytes.
Dysplasia of hepatocytes can be induced by preS
mutants in transgenic mice. In a nested control study,
the presence of preS mutants was closely associated
with development to HCC in HBV carriers.
[11]
In an interesting recent study, Su et al
observed
that in a transgenic mice model, preS2 mutants induced
ER stress-dependent and independent pathways, leading
to oxidative DNA damage, genomic instability and
transforming capabilities. In their study, the combined
expression of HBx and preS2 mutant showed enhanced
oncogenic effects in HCC development; however, the
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mutation and hepatocarcinogenesis is mainly unknown.
Several studies have shown that HBV mutations,
including C1653T, T1674C/G, T1753V, A1762T/G1764A
and C1766T/T1768A in the enhancer Ⅱ/BCP regions
and G1899A, C2002T, A2159G, A2189C and G2203A/T
in the precore/core region, are significantly related to
[19]
an increased risk of HCC .

NUCs treatment. These mutations could be potential
new resistant mutations. Whether the mutations
mentioned above are related to progression of the
liver disease is still to be proved. In our hepatitis B
related cirrhosis cohort study, the two year cumulative
incidence of HCC in antiviral resistance (DR) patients
(30.6%) was significantly higher than that in both
complete virologic response patients (4.3%). Of these
DR patients especially, the extremely high incidence
of HCC was 55.6% in the failed rescue therapy. The
rtA181T mutation was closely associated with rescue
[22]
therapy failure . It is suggested that the P region gene
mutation related DR is associated with chronic hepatitis
B development to HCC.

P REGION GENE MUTATION
One of the regions with mutation susceptibility in HBV
ORF is the P region, which encodes the polymerase
protein (reverse transcriptase). The envelope (S) gene
is completely overlapped by the polymerase gene, so
it is logical to assume that changes in virus encoding
related to antiviral resistance in the polymerase may
have impact on the envelope gene, showing a close
relationship between mutations in the S and P regions
[20]
of the HBV genome . Mutations in the HBV P gene
are frequently associated with drug resistance. Crosssectional studies on the mutations of this gene are
rare. Mutations in this region have not been assumed
to be responsible for HCC as frequently as other
regions spoken above, but antiviral therapy associated
mutations did impact the disease progression on the
subject. Several approved antiviral therapeutic agents
are available at present, including regular or pegylated
interferon and nucleoside/nucleotide analogues (NUCs)
such as lamivudine (LAM), adefovir dipivoxial (ADV),
entecavir (ETV), telbivudine and tenofovir. The mutation
of rtM204V/I with LAM resistance is the most frequent,
located at the catalytic YMDD motif. The rtL180M
mutation often occurs at the same time. The rtA181T
mutation was reported largely in LAM-resistant patients.
The rtN236T and rtA181T/V mutations were the most
frequent in ADV-resistant patients. ETV resistance is rare
in antiviral therapy in naïve patients (1.5% by the fifth
year), but if the rtI169T, rtT184A/F/G/I/L/S, rtS202G/I
or rtM250V mutation coexists, ETV resistance can occur
in the presence of rtM204I/V mutations. The most
resistant mutant of telbivudine was rtM204I. Tenofovir
has a low risk of drug resistance.
[21]
Yeh et al in a study on 123 LAM-resistant chronic
hepatitis B patients reported that the occurrence of the
rtA181T/sW172* mutant in LAM-resistant patients could
increase the risk of HCC development in the subsequent
courses of antiviral therapy.
In our study, we followed up 131 cases of HBVinfected patients who had taken antiviral therapy. The
results showed that the antiviral drug resistance was
not significantly associated with the progression of the
liver disease. Once resistance happened, there was no
difference between chronic hepatitis B (CHB) patients
with successful and unsuccessful rescue therapy
after 6 years. I126T mutation in the S region may be
associated with a poor prognosis for patients with CHB.
I269L mutation in the P region and I68T mutation in
the S region may be associated with poor response of
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X GENE MUTATION
X ORF produces the HBx and, despite the specific
function of HBx, is still undefined during HBV replication.
Many studies show that HBx is essential for viral replication
in vivo and in vitro. HBV X gene, extremely easy to
mutate and integrate into hepatocytes, plays a significant
role in HBV infection and HCC development. Mutations in
the X region can effect viral replication through the BCP
and the enhancer Ⅱ. Because the BCP region overlaps
with the X gene in the concomitant reading frame, the
X gene at xK130M and xV131I was changed by the
A1762T plus G1764A core promoter mutations in the
[23]
aforementioned study .
Wild-type HBx has been proved to activate hypoxiainducible factor-1α (HIF-1α), which could contribute to
[24]
HCC development and progression. Liu et al sequenced
101 HCC tissues in Hong Kong. In their study, the
double mutations K130M/V131I increased the function
of HBx as they upregulated the HIF-1α expression
[25]
and transcriptional activity. Wang et al
reported
that during the infection and replication of HBV, HBx
mutates to adjust itself to the hepatocyte and increase
the carcinogenesis. COOH-terminal truncated HBX may
play a stimulative part in HBV-related HCC development
as well as hydrophobic/hydrophilic character changes in
some specific amino acid sites.
[26]
Besides, Tuteja et al
reported 222 cases with
HBsAg positive patients and they found that T36A and
G50R mutations in the X gene were associated with HCC.
The integration of the viral genome into the host cellular
genome was detected in 80%-90% of these cancers.
The viral DNA integration also may cause insertional
mutagenesis and result in a 3’-terminal truncation of HBX
that was deleted at the C-terminal region by 20-40 amino
acids. In the HBX sequence, multiple point mutations
may be a consequent change with integration. Moreover,
it showed that both truncation and point mutations
may increase the oncogenic activation processes. It has
been found that the C-truncated HBx proteins transform
immortalized liver cell lines and interact with the
mutant p53 protein p.R249S to change genetic stability
and proliferation of non-transformed hepatocytes in
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[27]

[19]

experimental models . Lee et al found that a specific
HBx mutation may contribute to the development of HCC
in chronic hepatitis B patients by activating nuclear factorkappa B activity. The HBx 5 mutation in genotype C2 HBV
was shown to increase the risk of the development of
HCC.
HBV X gene multi-site mutations were found fre
[28]
quently in the clinical HCC tissues. Wang et al analyzed
the HBx gene sequences of 60 cases of HCC tumor
tissues and paratumor tissues from China. The results
showed that the most frequent mutations were at amino
acid 30, 88, 144 from tumor samples and at amino acid
31, 43, 87, 94 from non-tumor samples. It has been
found that HBx-linked mutations, such as at aa L30F/
S144A, was 29.5% positive in the tumor tissues.
Among the HCC-associated mutations, combined
rather than single mutations are associated with the risk
of HCC significantly. In the preS region, the frequencies
of combined mutations (haplotypic carriages), including
2964C-3116T-preS2 start codon wildtype-7A, 2964C3116T-7A-76C and 2964A-3116T-7C-76A/T, are
significantly higher in patients with HCC than in those
without HCC, and yet the haplotypic carriages with
single mutation are inversely associated with HCC. In
the preS and EnhⅡ/BCP regions, HCC patients have
a more frequent occurrence of a haplotypic carriage
with 105C and 2962G than those without HCC. The
frequency of 2962G-preS2 start codon wild type-105C1762T/1764A is 47.9% in HCC and 4.3% in those
without HCC.
Accordingly, the HBV mutations, either in the preS or
in the core promoter region, are significantly associated
with HCC, whereas the wild-type nucleotides in these
regions are mostly associated with liver cirrhosis. HBV
mutations can be used as indicators for the prediction of
end-stage liver diseases, including HCC. Although these
mutations and the combinations are specific for HCC to
some extent, it will be more practical if they can predict
the malignancy in HBV-infected subjects before the
occurrence of HCC.

patients with different patterns of mutation should be
further studied.
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Abstract
AIM: To characterize management of telaprevir (TVR)based triple therapy of hepatitis C virus (HCV) reinfection
after liver transplantation (LT).
METHODS: We retrospectively analyzed safety and
efficacy of telaprevir - based triple therapy in a single
center cohort of 19 patients with HCV genotype (GT)
1 recurrence after LT, with respect to factors possibly
predicting sustained viral response (SVR) or non-SVR.
All patients were treated with TVR, pegylated (PEG)
and ribavirine (RBV) for 12 wk followed by a dual phase
with PEG/RBV for 12 wk in 7 patients and for 36 wk in
5 patients.
RESULTS: In total 11/19 (58%) of patients achieved
a sustained response. All (11/11) SVR patients showed
a rapid viral response at treatment weeks 4 and 11/14
rapid virological response (RVR) patients achieved
SVR. Notably, all (7/7) patients who completed 48 wk
of therapy and 80% (4/5) patients who completed
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sustained virological response (SVR) rates of only
8%-50% depending on the genotype (GT), defining
patients who received liver transplant as a “difficult-to
[4]
treat” group . In 2011, the first generation of directly
acting antivirals (DAAs), the protease inhibitors (PI)
telaprevir (TVR) and boceprevir (BOC), were approved
for treatment of chronic HCV infection, in combination
[5]
with PEG-IFN and RBV . The TVR-based triple regimen
was reported to achieve SVR rates of up to 75% in
treatment naïve GT1 non-LT patients compared to
[6]
44% with the previous dual therapy . Unfortunately,
in the post-LT setting the triple regimen comprised
unforeseen challenges. Severe drug-drug-interactions
of the immunosuppressive (IS) agents and the PI which
may result in increased toxicity or/ and loss of efficacy
of both drugs, potentially resulting in severe allograft
[7,8]
rejections . Nevertheless, reports from different
transplant centers supported the principal feasibility
of combining immunosuppressive agents and PIs in
[9,10]
the post-LT setting
. SVR rates of 20%-50% were
reported in hard to treat (mostly intensively pretreated)
[11]
cohorts of patients . In the meantime, new DAA are
[12]
approved . Thus, a therapeutic hold is observed in
the prospect of new treatment options promising no
drug-drug interactions and less severe side effects,
most importantly because interferon may become
[13]
dispensable . However, when and whether at all the
first generation PIs will be replaced by novel DAAs also
depends on economic aspects in a number of countries
[14,15]
and potentially the emergence of resistances
.
The aim of our retrospective analysis was to summarize
and communicate the rather good experience of our
center with treatment course and outcome of a large
single center cohort of patients with HCV GT1 reinfection
after LT with TVR-based triple therapy. We intend to
give a thorough description of our observations and
estimations, in order to share our experiences with the
community, in particular in those parts of the world were
the second generation DAAs are not yet available.

24 wk of therapy achieved SVR24. Treatment failure
was significantly (P > 0.049) more frequent in GT1a
infection (5/7) compared to GT1b (3/12) infection and
was associated with emergence of resistance-associated
mutations in the NS3 protease domain. Bilirubin level
at baseline is also related to SVR (P > 0.030). None of
the patients had to discontinue treatment due to side
effects.
CONCLUSION: RVR, GT and bilirubin are clearly related
to achievement of SVR. Providing a thorough patient
selection and monitoring, a full course of TVR-based
triple therapy in LT patients is feasible and achieves high
SVR rates.
Key words: Liver transplantation; Telaprevir; Hepatitis
C virus recurrence; Predictors; Hepatitis C virus therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Experiences with telaprevir-based triple therapy
in 19 patients with hepatitis C virus recurrence after liver
transplantation are analysed and described in detail. We
observed a exceptionally high sustained viral response
rate and analyzed clinicopathological factors which
might contribute to predict which patients rather benefit
from this therapy and which do not. While the new
generation directly acting antivirals start to be available
in some countries, many parts of the world will not have
the privilege of these therapeutic options for a long
time. Therefore we are eager to share our experiences
with telaprevir in liver transplantation patients with the
international hepatologist community.
Herzer K, Papadopoulos-Köhn A, Achterfeld A, Canbay A, PirasStraub K, Paul A, Walker A, Timm J, Gerken C. Management
of telaprevir-based triple therapy for hepatitis C virus recurrence
post liver transplant. World J Hepatol 2015; 7(9): 1287-1296
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i9/1287.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i9.1287

MATERIALS AND METHODS
Patients studied

Between April 2012 and January 2013, 19 patients with
HCV GT1 recurrence after liver transplantation were
selected for treatment with TVR-based triple therapy.
For demographic parameters and baseline clinical
chemistry (Table 1).
Patients were considered eligible for TVR-based
triple therapy upon clinical and histological evidence
of recurrence of HCV GT1 infection. Before PEG-IFN
was administered, all patients underwent an allograft
biopsy for evaluation of fibrosis stage according to the
METAVIR system and for exclusion of graft rejection.
Exclusion criteria for antiviral treatment were evidence
of biopsy-proven acute rejection during the past 3
mo or any medical contraindication to treatment with
PEG-IFN and RBV that would predict the occurrence
of complications during IFN administration, such as

INTRODUCTION
About 160 million people worldwide are currently
affected by a chronic hepatitis C virus (HCV) infection
with the deleterious consequences of decompensated
[1,2]
cirrhosis and hepatocellular carcinoma (HCC) . In
western countries, HCV-induced liver cirrhosis and HCC
can be therapeutically addressed by liver transplantation
(LT). However, reinfection of the liver graft occurs in
virtually all patients typically followed by an accelerated
course of progressive liver damage. About 3 to 5 years
post-LT, 30% of HCV-positive patients develop cirrhosis
[3]
of the graft with a consecutively unfavorable prognosis .
Over the past decade, treatment of HCV-reinfection with
pegylated interferon (PEG-IFN) and ribavirin (RBV) was
the only treatment option associated with moderate
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retrospectively analyzed. The analysis was conducted
in accordance with the Helsinki Declaration of 1975 and
approved by the ethics committee of the University
Hospital Essen.

Table 1 Characteristics of patients at baseline
Demography
Age, yr
57
41-70
Gender (male/female)
16/3
Body mass index (kg/m2)
26
21-33
Race, n/%
19
100
Caucasian, n/%
18
94.74
Hispanic, n/%
1
5.26
Immunosuppressive regimen
TAC/CSA
17/2
MMF (n)
8
Steroids (n)
0
Baseline clinical parameters
Duration of therapy
24
4-48
Ishak fibrosis score (grade)
2
0-4
Inflammation (grade)
1.5
0-2
Fibroscan baseline (kPa)
13.8
4.5-46.4
Time from LT to triple therapy (mo)
22
7-295
Baseline clinical chemistry
Bilirubin total (mg/dL)
0.8
0.3-3.2
GGT (U/L)
52
13-32
GPT (ALAT), U/L
41
21-159
GOT (ASAT), U/L
52
18-88
AP, U/L
101
53-404
Creatinine (mg/dL)
1.26 0.67-1.89
GFR (MDRD)
57.3
23-133
International normalized ratio
1
0.8-1.2
Hämoglobin (g/dL)
13.5
9-16.8
WBC (/μL)
3.73 1.6-8.3
Platelet count (/μL)
111
62-246
Basline viral characteristics
HCV GT
1a, n/%
7
36.8
1b, n/%
12
63.2
VL (log10 IU/mL)
1.95 0.13-14.9
Recipient IL-28b polymorphism, n/%
CC
5
26.3
CT
9
47.4
TT
5
26.3
History of any prior PEG-INF/RBV treatment, n/% 11
57.89
History of post-LT PEG-INF/RBV treatment, n/%
5
26.3
HCC prior to LT (n)
6
HBV coinfection (n)
0

Antiviral treatment regimen

Patients were treated with TVR, PEG-IFN and RBV for
12 wk followed by 12 or 36 wk of dual therapy with
PEG-IFN/RBV. The RBV dose was administered with
600 mg/d at baseline and only reduced in two cases of
acute renal failure. PEG-IFN was initiated with 180 μg/d
and reduced in 3 cases due to cytopenia and overall
tolerance. TVR was preferred to BOC due to a shorter
triple regimen and administered as 1175 mg twice per
day. The stopping rule applied was failure to achieve a
reduction in HCV viral load (VL) to less than 1000 IU/mL
at treatment weeks (TW) 12, a detectable viral load at
TW 24 or viral breakthrough (VB) with discontinuation of
all antiviral treatment.
For the assessment of efficacy, viral load was
monitored in plasma using the ABBOTT Real Time HCV
assay (Abbott Molecular, United States; lower limit of
detection 12 IU/mL) at baseline and then at week 1,
2, 3, 4, 8, 12, 16, 20, 24, 36 and 48. Genotypes were
determined using phylogenetic analyses of the core
region. A rapid virological response (RVR) was defined
as an undetectable VL at TW 4 of triple therapy. At TW
12, an undetectable viral load was defined as early viral
response (EVR). An end of therapy treatment response
(EOT) was obtained when the VL remained negative
at the time of treatment discontinuation. A SVR24
was defined as negative VL 24 wk after the end of
treatment. VB was defined as achieving an undetectable
viral load but the subsequent occurrence of a detectable
VL over time. In all patients, the whole NS3 region was
analyzed by sequencing, and PI resistance mutations
were recorded.

TAC: Tacrolimus; HCV: Hepatitis C virus; LT: Liver transplantation;
HBV: Hepatitis B virus; GFR: Glomerular filtration rate; WBC: White
blood count; GT: Genotype; VL: Viral load; IL-28b: Interleukin-28b; PEGINF: Pegylated-interferon; RBV: Ribavirine; GGT: Gamma-glutamyl
transpeptidase; GPT: Glutamat pyruvat transaminase; ALAT: Alaninaminotransferase; GOT: Glutamat oxalacetat transaminase; ASAT:
Aspartate aminotransferase; CSA: Cyclosporine; MMF: Mycophenolate
mofetil; AP: Alkaline phosphatase.

Resistance analysis of the NS3 protease domain

The NS3 protease domain was sequenced before
therapy and in patients experiencing treatment failure
in the first available viremic sample. HCV-RNA was
extracted utilizing spin columns and reverse transcribed
followed by subsequent amplification of cDNA by nested
polymerase chain reaction (PCR). Detailed information
on primer sequences and PCR protocols are available
upon request. The PCR product was directly sequenced
by Sanger technology and obtained sequences were
analyzed utilizing the resistance prediction algorithm as
implemented in Geno2pheno (HCV) 0.92 (http://hcv.
bioinf.mpi-inf.mpg.de).

platelet count lower than 100000/μL or white blood cell
count lower than 2000/μL; clinical signs or laboratory
values indicating decompensating liver function; renal
insufficiency, with a glomerular filtration rate (GFR)
lower than 60 mL/min; and anemia, with a hemoglobin
level lower than 10 mg/dL at baseline. Whenever
possible, treatment with mycophenolate mofetil and
corticosteroids was discontinued before the initiation of
[16]
antiviral treatment .
As limited experience exists in the post-LT setting,
patients were thoroughly informed of possible interactions
and side effects prior to treatment. Serological and
clinical data were collected from the patients’ files and
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Management of immunosuppression and safety
assessments

Immunosuppressive regimen was left unchanged with
tacrolimus (TAC) in 17 and cyclosporine A (CyA) in 2
patients. Mycophenolate mofetil (MMF) as comedication
in 8 patients was skipped for the period of therapy in
order to avoid myelosuppressive effects. Before starting
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triple therapy, patients were on a stable dose of TAC
or CyA with stable therapeutic levels. After initiating
TVR, TAC dosage was skipped until start of decline of
therapeutic level and then administered as 0.1 mg with
[10]
once or twice daily dosing as described previously .
Trough levels of TAC were checked daily for the first
10 d and twice a week for the next two wk and then
once a week during the remaining duration of TVR.
Once TVR was stopped, TAC was reinstituted with a
goal to achieve pre-TVR doses gradually over a period
of 5 d with daily trough level checks. The dose of CyA
was reduced by 50% upon start of TVR with control
of trough levels as described for TAC. The day after
stopping TVR, CyA was reinstituted at the dose before
TVR-therapy with controls according to TAC. Trough
blood concentrations (TBC) ranged from 5 to 7 ng/mL
[16]
for TAC and from 50 to 80 ng/mL for CyA .
Creatinine clearance was estimated using the MDRD
formula. Upon decrease of renal function parameters,
renal function was immediately stabilized by intensive
daily intravenous fluid application and patients were
admonished to increase fluid intake from baseline.
Erythropoietin (Epoentin®; Hexal) was administered
to support the red blood cell count when hemoglobin
(HB) levels dropped to below 10 g/dL. Granulocyte
colony stimulating factor (G-CSF) (Neupogen®; Amgen
Europe BV) was administered to support the neutrophil
count when it fell below 1000/μL despite PEG-IFN dose
reduction.
Safety and efficacy data were gathered in short
intervals during time of treatment. The modalities of
treatment, on-treatment surveillance and follow-up were
[10]
previously described .

received MMF as concurrent medication which was
stopped at the beginning of triple therapy in order to
prevent aggravation of myelosuppressive effects of the
antiviral substances. Patients’ characteristics are shown
in Table 1.
Eight patients had to discontinue antiviral therapy
early: one because of impaired liver function after 4
wk, three because of VB after TW 8 and TW 12. One
patient had a partial response with a viral decline of
> 2-log10 IU/mL at TW 12 but was stopped when viral
load was still detectable at TW 24. One patient had a
VB at TW 16 despite RVR and was discontinued. Two
patients who had an EVR experienced a VB at TW
14 and TW 24 and were discontinued from therapy.
Notably, only one patient had to stop therapy due to
side effects, respectably deterioration of liver function,
which resolved. All other patients with an unfavourable
course of therapy were stopped due to VB or insufficient
response (Table 2). Two patients with initial RVR and
VB at TW 12 and 16 selected mutations associated with
resistance as described below (Table 3).
Five of the 12 remaining patients with RVR and
undetectable viral load at TW 24 decided to stop therapy
at TW 24. Of these, 4 experienced a sustained response
with SVR24 while 1 patient relapsed within 12 wk after
the end of treatment (Table 2). Seven patients decided
to continue treatment for the full course of 48 wk, all of
which achieved SVR24 (Table 2). Notably, all patients
with sustained clearance of the virus (4 after a 24 wkcourse and 7 after a 48 wk-course) were characterized
by RVR (Table 2). In brief, we observed an overall RVR4
in 14/19 patients (73.7%), an EVR in 16/19 patients
(84.3 %), an EOT response in 12/19 patients (63.1%)
and SVR24 in 11/19 patients (57.9%).
Complete sequence information was obtained for the
NS3 protease domain from baseline samples and from
the first viremic sample of patients with treatment failure.
We were unable to amplify the protease domain from one
sample after treatment failure. Of the seven remaining
patients, six harbored isolates with substitutions known
to be associated with resistance to telaprevir. Four
patients with genotype 1a infection and subsequent
treatment failure selected the R155K substitution, in
two cases combined with a substitution V36M/L. Two
patients with genotype 1b infection and subsequent
treatment failure selected either an A156F subsititution
associated with high-level resistance or a combination of
the substitutions V36L and T54S. In one patient infected
with genotype 1b resistance-associated substitutions
were not detectable by bulk sequencing. Two patients
with subsequent treatment failure carried the resistanceassociated substitution V36M/L already prior to therapy.
Notably, resistance-associated substitutions were not
detected at baseline in all patients who achieved SVR.
Mutation related to PI resistance were detected in eight
patients who all experienced a treatment failure, a VB or
a non-response (Table 3).
In order to determine whether successful TVRbased triple therapy influences liver parameters, we

Statistical analysis

Continuous variables were expressed as medians,
means and ranges. The Wilcoxon signed-rank-test was
used to compare paired groups. A P-value of < 0.05
was considered to be significant. Numeric liver values
of small groups (n ≤ 30) were compared by MannWhitney-U-Test. Categorical variables were analysed by
χ 2-test with pearson approximation. Statistical analysis
were performed using SPSS 19 statistical software (IBM
SPSS; Chicago, IL).

RESULTS
Effectiveness

Patients with stable blood count, liver and renal function
as central inclusion criteria were thoroughly selected for
therapy. The median time between LT and treatment
was 22 mo (7-295). All patients had histologically
proven HCV reinfection of the graft. None of the
patients had clinical signs of decompensation. None of
the patients was suffering from fibrosing cholestatic
hepatitis (FCH). Seven patients were infected with
GT1a, 12 patients with GT1b. Seventeen patients
received tacrolimus as immunosuppressive regimen
and 2 patients received cyclosporine A. Eight patients
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The TVR-based triple therapy has been associated with various and severe adverse events. We tend to differentiate between moderate (treatment not compulsory) and
severe (treatment compulsory) side effects that might occur during triple phase (TW 1-12) or during the consecutive dual phase (TW 13-24/48) (Figure 2 and Table 5). The
most frequent side effects were changes of the blood count with anemia being the most preponderant, affecting almost all patients. Reduction of the hemoglobin level was
observed throughout the whole course of therapy in almost all patients. Therapeutic procedures like blood transfusion and erythropoietin injection were necessary in the
majority of cases (n = 8) during the triple therapy phase between TW 6 and 12 while only 2 patients needed further erythropoietin injections after TW 13. The RBV dose was
reduced in only 2 patients due to renal dysfunction, however, in order not to impair efficiency of therapy RBV dose was not adjusted due to HB changes.
Two patients required a reduction of the PEG-IFN dose due to neutropenia and received G-CSF for neutropenia weekly from TW 2 ongoing. One more patient received G-CFS
after TW 12. All patients were treated early with G-CSF when white blood count dropped below 1000/μL. Two patients developed flue-like symptoms and recovered under
symptomatic therapy and prophylactic antibiotic treatment. Six patients developed a low platelet count below 50/μL without the need for treatment with platelet growth
factors (Table 5).
No serious dermatological adverse events occurred. Seven patients developed a slight rash between TW 4 and 8 which disappeared after a few days and did not require
therapeutic intervention. All patients developed anorectal pain between TW 2 and 10, nine of which requiring treatment. Most patients complained about gastrointestinal side
effects like diarrhea and loss of appetite. Interestingly, all of these side effects peaked between TW 6 and TW 12 and disappeared upon discontinuation of TVR (Table 5).

Safety

determined liver stiffness in SVR patients by fibroscan at baseline and at 24 wk post treatment. The fibrosis score improved for all patients significantly (P < 0.003) with
14.6 kPA (4.8-46) at baseline to 8.8 kPa (4.5-23.3) at 24 wk post treatment (pt) (Figure 1A). Concerning liver values, alanine aminotransferases (ALT) improved also
significantly (P < 0.005) from 49 U/L (21-159) to 25 U/L (11-73) (Figure 1B). Aspartate aminotransferase (AST) improved significantly (P < 0.028) from 52 IU/L (21-84)
to 31.5 IU/L (18-67) (Figure 1C). Bilirubin was not high at baseline in all patients and was stable from 0.6 mg/dL (0.3-1.1) at baseline to 0.6 mg/dL (0.1-0.9) in median 24
wk pt (Figure 1D). Improvement could be observed for all patients described, irrespective of duration of treatment.
With respect to prediction of outcome, we analyzed several clinical and patient characteristics at baseline and compared patients with SVR to patients without SVR (Table
4). Age, body mass index, fibrosis score and time from LT to start of therapy as well as the recipient interleukin-28b polymorphism and previous antiviral treatment did not
significantly influence the outcome in our cohort. As well, liver values, platelet count and viral load did not show a significant influence, while however, a lower platelet count
and a higher viral load at baseline rather coincides with an unfavorable outcome. However, a low bilirubin at baseline and the HCV GT1b turned out to significantly correlate
with SVR.

HCV: Hepatitis C virus; TW: Treatment weeks; GT: Genotype; RVR: Rapid virological response; EVR: Early viral response; pt: Post treatment; Pat: Patient; ND: Not determined.

HCV GT
Basline
TW 4 (RVR)
TW 12 (EVR)
TW 16
TW 24
TW 48
12 wk pt
24 wk pt

Pat. 1

Table 2 Treatment response
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P ≤ 0.0031
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0

SVR24

D
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100

Bilirubin (mg/dL)

C
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Figure 1 Development of liver parameters during treatment. A: Liver stiffness in correlation to fibrosis was determined by fibroscan at baseline and end of
treatment. Measurements are calculated in kPa. Student’s t-test was used to compare categorical characteristics, aP-value of < 0.01 was considered to be significant;
ALT (B), AST (C) and bilirubin (D) were determined at baseline and end of treatment. Student’s t-test was used to compare categorical characteristics, aP-value of < 0.01
was considered to be significant. 1Wilcoxon signed-rank-test, P ≤ 0.05 set as statistic significant. SVR: Sustained viral response; ALT: Alanine aminotransferases;
AST: Aspartate aminotransferase.

disease at TW 2 and recovered after rehydration. Half
of the patients experienced a reduction of their renal
function with a nadir of the GFR between TW 8 and 12
which was stabilized by the intense recommendation
to increase fluid intake and daily intravenous fluid
application in 3 cases in the outpatient clinic. No severe
impairment of renal function could be observed after
the triple phase (TW 13-48). Median GFR decreased
hardly in patients receiving 24 wk of therapy with - 4
mL/min from baseline to end of treatment, median GFR
yet increased in patients receiving 48 wk of therapy by
13 mL/min (Table 5). HB levels decreased in line with
deteriorating renal function.
In general, adverse events including moderate and
severe adverse events were more frequent during the
first 12 wk of therapy. After discontinuation of TVR,
adverse events declined substantially to moderate
disorders during the second half of the 48 wk course
(Figure 2). This pattern encourages us to rather apply
TVR instead of BOC in LT patients, as the period of
intense monitoring and potential complications due
to side effects can be shortened to 12 wk. However,
we observe IFN-induced psychiatric side effects and
depressive disorders as major problem severely com
promising the motivation of the patients. Depressive
disorder, weakness and loss of appetite together with
weight loss were the most preponderant problems
between TW 12 and TW 48, most likely related to IFN.
In our cohort, only one patient had to stop therapy
because of deteriorating liver function. None of the

Table 3 NS3 protease domain sequence information
HCV GT Patient TW
1b
1b
1a
1b
1b
1b
1b
1b
1b
1a
1b
1a
1a
1a
1b
1a
1b
1a
1b

Pat.1
Pat.2
Pat.3
Pat.4
Pat.5
Pat.6
Pat.7
Pat.8
Pat.9
Pat.10
Pat.11
Pat.12
Pat.13
Pat.14
Pat.15
Pat.16
Pat.17
Pat.18
Pat.19

Outcome

24
SVR
24
SVR
24
SVR
24
SVR
48
SVR
48
SVR
48
SVR
48
SVR
48
SVR
48
SVR
48
SVR
24
Relapse
24 Non response
24
VB
24
VB
24
Relapse
16
VB
4
Relapse
8
VB

Baseline

End of treatment

Not detected
Not detected
Not detected
Not detected
Not detected
Not detected
Not detected
Not detected
Not detected
Not detected
Not detected
Not detected
Not detected
Not detected
Not detected
V36L
V36LV
Not done
Not detected

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
Not done
R155K
V36M, R155K
V36L, R155K
V36L, T54ST
R155K
A156F

Resistance mutations before and after treatment in association with
outcome and genotype. HCV: Hepatitis C virus; GT: Genotype; TW:
Treatment week; VB: Viral breakthrough; SVR: Sustained viral response
(undetectable HCV RNA 24 wk after end of antiviral therapy); NA: Not
applied.

Two patients had to be hospitalized due to diarrhea
and weight loss during the triple phase. Symptoms
improved considerably after stop of TVR and the
patients could be dismissed at TW 14. One patient had
to be hospitalized for an acute flare-up of chronic kidney
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Figure 2 Safety and adverse events during triple therapy after liver transplantation. Cumulative analysis of moderate and severe side effects related to the
treatment period. TW: Treatment week.

Table 4 Clinical baseline characteristics and their predictive value for sustained viral response
SVR
Patients, n/%
Age, yr
Body mass index (kg/m2)
Ischak fibrosis score (grade)
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Fibroscan baseline (kPa)
Time from LT to triple therapy (mo)
Bilirubin total (mg/dL)
GPT (ALT) (U/L)
GOT (AST) (U/L)
Platelet count (/μL)
Viral load (log10 IU/mL)
HCV GT
1a, n/%
1b, n/%
Recipient IL-28b polymorphism, n/%
CC
CT
TT
History of any prior PEG-INF/RBV treatment, n/%
History of post-LT PEG-INF/RBV treatment, n/%

P ≤

Non SVR

11
53
26

60%
41-70
22-30

8
58
26

42%
53-64
21-33.1

7
4
14.6
22
0.6
46
52
143
1.9

64%
36%
4.5-23.4
7-156
0.3-1.1
21-159
18-84
68-246
0.39-14.9

6
2
11.3
23
1
40
53.5
103.5
4.2

75%
25%
5.9-26
8-295
0.4-3.2
24-85
22-88
63-236
0.13-13.70

2
9

18%
81%

4
4

50%
50%

4
3
4
7
2

36%
27%
36%
63%
18%

1
6
1
4
3

12.50%
75%
12.50%
50%
37.50%

0.1151
0.5051

0.7731
0.8691
0.0301
0.5631
0.6201
0.3021
0.4091
0.0492

0.5522

0.5522
0.3452

1

Pearson's χ 2 test; 2Mann-Whitney-U-test, P ≤ 0.05 set as statistic significant. HCV: Hepatitis C virus; PEG-INF:
Pegylated-interferon; RBV: Ribavirine; SVR: Sustained viral response; LT: Liver transplantation; GT: Genotype;
GPT: Glutamat pyruvat transaminase; GOT: Glutamat oxalacetat transaminase; ALT: Alanine aminotransferases;
AST: Aspartate aminotransferase.

patients had to stop therapy because of severe side
effects and none died. All patients recovered completely
from all side effects after discontinuation of treatment.
Trough blood concentrations of IS were kept stable
[16]
using a special dosing regimen as described . Frequent
controls of TBC were performed. Thus, none of the
patients experienced acute rejection which had been
excluded by graft biopsies in all patients after end of
treatment.

HCV reinfection, retrospectively analyzing treatment
response, SVR rates, adverse events, resistance
mutations before and after treatment and clinical and
patients characteristics with potential predictive value
for SVR.
We observed a substantial rate of sustained viral
response in 11 out of 19 patients (58%) in our cohort of
11 pre-treated and 8 treatment-naïve patients. Of note,
all (7/7; 100%) of the patients who completed the full
course of 48 wk of treatment and 4/5 (80%) of the
patients who completed 24 wk of treatment achieved
SVR24. While we observe a SVR rate of 58%, from
other multi-centric post-LT cohorts, where SVR rates
[17,18]
between 20% and 41% were reported
.

DISCUSSION
We report our single center experience with TVR-based
triple therapy in a cohort of 19 LT patients with recurrent
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independent predictors for SVR, these factors differ not
with significance between patients with SVR or without
SVR in our cohort. However, in our patients a low bilirubin
turns out to be favourable together with HCV GT1b.
Notably, there was a significant difference in SVR
rates between GT1a and 1b. Although the cohort size
is not sufficient to adequately address this question,
this reveals a clear trend towards lower SVR rates
in patients infected with GT1a. Here, 2 of 7 patients
infected with genotype 1a achieved SVR while 9 of 12
patients infected with GT1b were successfully treated.
Importantly, treatment-failure in genotype 1a was
associated with selection of R155K in all samples tested.
This goes in line with previous reports indicating that the
barrier to resistance to TVR is lower in GT1a compared
[22]
to GT1b . Interestingly, two patients, one infected with
GT1a and subsequent relapse and one infected with
GT1b and subsequent VB, already carried the resistanceassociated substitution V36L/M prior to therapy.
Resistance-associated substitutions were undetectable in
all patients achieving SVR. Although not conclusive, this
may suggest that the pre-existence of the resistanceassociated substitutions may have contributed to
treatment-failure in those two patients. Resistance
testing prior to PI treatment in the setting of LT-patients
should be considered and the clinical relevance needs
further evaluation.
Interactions with IS were a major concern before
the treatment of LT patients with PIs. PIs are potent
inhibitors of the CYP3A4 enzyme and numerous drug[8]
drug interactions have been described with CNIs .
Based on these reports, patients were monitored daily
regarding trough blood levels. In addition, we chose a
daily low dose application of TAC in order to avoid major
variations in trough levels with nephrotoxic potential
[10]
and risk of rejection as previously described . In our
patients, dosage of IS had to be reduced 30-fold for
[10,16]
TAC and 2,5 fold for CyA as reported elsewhere
.
Still, our observations confirm that tight monitoring of
CNI trough levels is necessary but can be managed.
Even daily dosing and trough levels of CNIs are, in our
point of view, a hallmark in order to avoid trough peaks
with consecutive toxicity. In combination with intensified
oral and intravenous fluid supply, stabilization of renal
function is a central factor to avoid RBV accumulation
with aggravation of anemia. RBV reduction below a
certain level should be avoided regarding the conse
quence of therapeutic efficiency.
Severe adverse events are a major drawback
of TVR-triple therapy, being considerably more pro
[23]
nounced in the post-LT group of patients . The most
predominant adverse event was anemia in almost
all patients, in line with other post-LT experiences.
The abundance of erythrocyte concentrates, which
were administered to our patients, illustrates this fact
impressively. As the baseline hemoglobin level was a
predictor for the probability of developing anemia during
[24]
telaprevir treatment , we excluded patients with a
HB < 10 g/dL from treatment. It has been reported,

Table 5 Appearance of adverse events in dependence on the
course of therapy n (%)
Moderate side effects

Severe side effects

TW 1-12 TW 13-48 TW 1-12 TW 13-48
Hematological toxicity
Anemia

0
0
0
0
≤ 10 g/dL ≤ 10 g/dL ≤ 8 g/dL ≤ 8 g/dL
9 (47.4)
11 (57.9)
8 (42.1)
2 (10.5)
Low WBC (< 1/μL)
< 3.4/μL < 3.4/μL
< 1/μL
< 1/μL
16 (84.2)
14 (73.7)
2 (10.5)
3 (15.8)
Low PT (< 50/μL )
< 50/μL
< 50/μL
< 20/μL
< 20/μL
3 (15.7)
6 (31.6)
0
0
Renal failure
8 (42.1)
0
1 (5.2)
0
Dermatological toxicity
0
0
0
0
Rash std. Ⅰ
7 (36.8)
0
0
0
Rash std. Ⅱ
0
0
1 (5.2)
0
Rash std. Ⅲ
0
0
0
0
Anorectal pain
9 (47.4)
0
10 (52.6)
0
Pruritus
4 (21.0)
0
4 (21.0)
0
Stomatitis
3 (15.7)
0
1 (5.2)
0
Loss of appetite
5 (26.3)
0
0
0
Loss off weight > 10%
6 (31.6)
0
1 (5.2)
0
Diarrhoe
5 (26.3)
0
1 (5.2)
0
Weakness
10 (52.6)
7 (36.8)
0
0
Hospitalisation
0
0
3 (10.5)
2 (15.8 )
Hepatic decompensation
0
0
1 (5.2)
0
Edema
0
0
3 (15.8)
0
Diabetes melitus
0
0
3 (15.8)
3 (15.8)
Psychiatric disorders
0
4 (21.0)
0
1 (5.2)
Medical induced fever
0
9 (47.4)
0
0
Infection
0
0
0
2 (10.5)
WBC: White blood count; TW: Treatment week; PT: Platelets.

Of 8 patients who were discontinued, only one
patient had to discontinue because of deterioration of
liver function. Seven patients were discontinued due
to non-response or viral break through. None of the
patients had to discontinue because of adverse events.
RVR4 is considered as a positive predictive factor
[19]
for SVR . A significant number of our patients (14/19)
displayed RVR with non-detectable viral load at treatmentweeks 4, and all patients with SVR achieved RVR. RVR4
has been reported to be an important predictor of
[19]
SVR and response-guided therapy is well established
[20,21]
in non-LT patients
. This is reflected in our cohort, as
all patient achieving SVR24, had a HCV viral load below
LLOQ (12 IU/mL) at TW 4. All patients with a detectable
HCV viral load at TW 4 had a virological failure later
on. These findings underline the exceptional prognostic
impact of a rapid viral response in TVR-based triple
therapy through all treatment cohorts. These results
might suggest a reduction in length of treatment to 24
wk based on prediction by RVR for TVR-based triple
therapy after LT. Four out of five patients who decided
to stop therapy at TW 4 achieved SVR. Thus, in case of
RVR, shortening TVR-based triple therapy to a 24 wkcourse in LT patients may be considered to spare IFNrelated side effects for the patient and also to increase
cost effectiveness.
Clinical parameters (fibrosis score, AST, ALT) im
proved significantly in all patients achieving SVR. While
liver values and platelet count have been described as
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approved in several countries. Still, real life data are missing for those
applications and tremendous costs of the second generation DAAs makes
the access difficult for many countries. Patients who received LT due to HCV
cirrhosis are appreciated as a special patient population due to additional
difficulties concerning the application of HCV therapeutics, like, e.g., drug-drug
interactions with immunosuppressants and the risk of graft rejection.

that those patients with a complicated course post-LT
before onset of treatment (FCH, recirrhosis, signs of
decompensation) developed the most severe adverse
events, most importantly viral or bacterial infections. We
therefore did not consider patients with decompensated
cirrhosis for treatment.
Taken together, our results confirm that TVR-based
triple therapy represents a considerable alternative
for LT patients with HCV GT1 reinfection in terms of
effectiveness. Moreover, our data suggest that 100%
response rate after completing a 48 wk course and
80% after completing a 24 wk course can be achieved.
A RVR at TW 4 can be confirmed as positive predictor
for SVR, and also a low bilirubin at baseline and GT1b
are related to a beneficial course and outcome of
TVR-based triple therapy. However, conclusions have
to be drawn with cautiousness as the sample size is
reduced due to a limited number of patients who is
eligible for this treatment, analysis has been performed
retrospectively and controls are missing for possible
confounding factors.
The high rate of treatment failure associated with
emergence of resistance mutations in GT1a suggests
that GT1b should be preferably selected for TVR-based
triple therapy. We recommend daily low dose application
of IS and eager stabilization of renal function in order
to maintain RBV doses of not less than 600 mg/die.
However, severe adverse events are frequent during
therapy, therefore, careful selection of patients eligible
for TVR-based triple therapy is of eminent importance.
To this end, stable liver function and stable blood
count at baseline and intensive patient monitoring
are recommended. In the prospect of IFN-free DAAbased treatment regimens associated with less harmful
side effects, post-LT treatment of HCV with the first
generation PIs should be avoided in patients with signs
of decompensation, FCH or instable blood count. In order
to achieve a maximum benefit together with the least
risk, patients should be screened for alternative IFN-free
therapy options in those countries where next generation
DAAs are available.

Innovations and breakthroughs

The authors introduce their experience with a large cohort of patients with
recurrent HCV-GT1 infection after LT, who received Telaprevir-based triple
therapy for 48 wk or 24 wk. They display characteristics for each course of
treatment and discuss predictors for potential shortening of treatment duration
without limitation of efficacy.

Applications

They quite extensive and elaborate description of procedure and experiences
will be of interest for centers who might chose to apply a telaprevir-based triple
therapy due to lack or availability of next generation DAAs.

Terminology

TLV, telaprevir: first generation protease inhibitor with direct antiviral efficacy
against HCV; 48 wk course of treatment: standard duration of treatment with
telaprevir-based triple therapy; predictors of outcome: to define factors that
predict the benefit for the patient if undergoing a given treatment with potential
severe side effects.

Peer-review

The study is considered to be of high interest to the field of hepatology due
to the concise and thorough work up of a large data set with the described
treatment modality.
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EDITORIAL

Pathophysiological mechanisms involved in non-alcoholic
steatohepatitis and novel potential therapeutic targets
Fátima Higuera-de la Tijera, Alfredo I Servín-Caamaño
alcoholic steatohepatitis (NASH). NASH is characterized
by the presence of steatosis and inflammation with
or without fibrosis. The physiopathology of NAFL and
NASH and their progression to cirrhosis involve several
parallel and interrelated mechanisms, such as, insulin
resistance (IR), lipotoxicity, inflammation, oxidative
stress, and recently the gut-liver axis interaction has been
described. Incretin-based therapies could play a role in
the treatment of NAFLD. Glucagon-like peptide-1 (GLP-1)
is an intestinal mucosa-derived hormone which is secreted
into the bloodstream in response to nutrient ingestion;
it favors glucose-stimulated insulin secretion, inhibition
of postprandial glucagon secretion and delayed gastric
emptying. It also promotes weight loss and is involved
in lipid metabolism. Once secreted, GLP-1 is quickly
degraded by dipeptidyl peptidase-4 (DPP-4). Therefore,
DPP-4 inhibitors are able to extend the activity of GLP-1.
Currently, GLP-1 agonists and DPP-4 inhibitors represent
attractive options for the treatment of NAFLD and
NASH. The modulation of lipid and glucose metabolism
through nuclear receptors, such as the farsenoid X
receptor, also constitutes an attractive therapeutic target.
Obeticholic acid is a potent activator of the farnesoid
X nuclear receptor and reduces liver fat content and
fibrosis in animal models. Ursodeoxycholic acid (UDCA)
is a hydrophilic bile acid with immunomodulatory, antiinflammatory, antiapoptotic, antioxidant and antifibrotic properties. UDCA can improve IR and modulate
lipid metabolism through its interaction with nuclear
receptors such as, TGR5, farnesoid X receptor-a, or
the small heterodimeric partner. Finally, pharmacologic
modulation of the gut microbiota could have a role in the
therapy of NAFLD and NASH. Probiotics prevent bacterial
translocation and epithelial invasion, inhibit mucosal
adherence by bacteria, and stimulate host immunity.
In animal models, probiotics prevent obesity, decrease
transaminase levels, and improve IR and liver histology in
NASH.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is a major health
care problem and represents the hepatic expression of
the metabolic syndrome. NAFLD is classified as nonalcoholic fatty liver (NAFL) or simple steatosis, and non-
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The “multi-parallel hits” hypothesis is the most
accepted for understanding the pathogenesis of NAFL
and NASH and their progression to cirrhosis. This
hypothesis proposes that many simultaneous hits
derived from the gut and adipose tissue may promote
[13]
inflammation and liver injury .
Unhealthy lifestyles are clearly related to NAFL and
NASH. Excess energy intake through a diet rich in fat
[14-17]
and carbohydrates
leads to failure of adipocytes
[18]
to adapt in terms of proliferation and differentiation .
In the liver, free fatty acids (FFAs) are the main source
for the synthesis of triglycerides. Similarly, excess
dietary fat and de novo lipogenesis are two main
factors contributing to the production of diacylglycerol
and lysophosphatidyl choline, two non-triglyceride
[19,20]
metabolites, which are responsible for lipotoxicity
.
FFAs and cholesterol can also accumulate in the
mitochondria leading to inflammation and liver injury
mediated by tumor necrosis factor alpha and reactive
[13,21,22]
oxygen species
.
As NAFL and NASH are frequently associated with
overweight, an important objective in the treatment of
NAFL and NASH is to encourage weight loss; this can
be achieved through lifestyle modification including a
hypocaloric diet and/or aerobic exercise. The loss of
at least 5% of body weight is necessary to improve
steatosis, but a loss greater than 10% may be needed
[23]
to improve steatohepatitis .
Pharmacological agents that could be useful in NAFL
and NASH include glucagon-like peptide-1 (GLP-1)
agonists. GLP-1 is an intestinal mucosa-derived hormone
which is secreted into the bloodstream in response to
nutrient ingestion; it favors glucose-stimulated insulin
secretion, inhibition of postprandial glucagon secretion
[24]
and delayed gastric emptying . GLP-1 agonists also
promote weight loss. In one study, treatment with
liraglutide 1.2 mg once daily for 12 wk improved
eating behavior in obese women with polycystic ovary
syndrome (PCOS) and resulted in an average weight
[25]
loss of 3.8 ± 0.1 kg (P < 0.001) . In another study,
short-term combined treatment with liraglutide 1.2 mg
once daily and metformin 1000 mg twice daily was
associated with significant weight loss and a decrease
in waist circumference in obese women with PCOS who
had previously been poor responders to metformin
[26]
monotherapy . In a cohort of obese nondiabetic
women, short-term treatment with exenatide was also
associated with a modest weight loss and decreased
[27]
waist circumference .
GLP-1 is also involved in lipid metabolism; studies
in animal models and in diabetic patients have found
that GLP-1 agonists suppress postprandial elevations in
[28-30]
lipids and lipoproteins
; result in a decrease in serum
triglycerides, total cholesterol, low density lipoproteincholesterol and serum high density lipoproteincholesterol levels and reduce the development of athero
[31-34]
sclerosis
. In mice, treatment with GLP-1 agonists
was related to a reduction in the hepatic content of
[35]
triglycerides . Besides its property of enhancing

Core tip: Non-alcoholic fatty liver disease (NAFLD) is an
important health care problem. The pathophysiology of
NAFLD and non-alcoholic steatohepatitis (NASH) and their
progression are multifactorial and complex processes,
where multi-parallel simultaneous hits derived from the
gut and adipose tissue promote a pro-inflammatory
response and liver injury. All of these represent attractive
therapeutic targets. Pharmacological agents such as
glucagon-like peptide-1 agonists, dipeptidyl peptidase-4
inhibitors, ursodeoxycholic acid, obeticholic acid and
probiotics need to be explored in clinical trials specifically
for treating NAFLD and NASH.
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INTRODUCTION
Currently, non-alcoholic fatty liver disease (NAFLD)
is recognized as a major health care problem, and it
is the most common cause of raised transaminases
in western countries, where it is considered the first
cause of liver disease. Worldwide its incidence and
[1-4]
prevalence are increasing . By 2020, non-alcoholic
steatohepatitis (NASH) could be the main cause of liver
[5]
transplantation .
NALFD is characterized by fat accumulation, mainly
as triglycerides, in the hepatocytes; it is associated
with clinical factors such as obesity, dyslipidemia, and
diabetes; its diagnosis requires the exclusion of other
conditions that could be associated with steatosis, such
as, significant alcohol consumption, viral hepatitis, use
[1,6]
of steatogenic medications or hereditary disorders .
Histologically, NAFLD is classified as non-alcoholic
fatty liver (NAFL) or simple steatosis, and NASH.
NASH is characterized by the presence of steatosis
accompanied by inflammatory infiltrate, ballooning of
hepatocytes, and the presence of Mallory-Denk bodies;
any degree of fibrosis can be present, but this is not a
mandatory finding. Patients with NASH, mainly those
with advanced fibrosis, are at higher risk for developing
[7-9]
decompensated cirrhosis, hepatocellular carcinoma ,
or even death due to cardiovascular disease as a result
[10]
of early atherosclerosis .
NAFLD represents the hepatic expression of the
metabolic syndrome, and its physiopathology involves
several mechanisms, such as, glucose intolerance,
[11,12]
insulin resistance (IR)
, enhanced lipogenesis and
[12,13]
[14]
lipotoxicity
, hepatic and systemic inflammation ,
[15]
and oxidative stress .
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insulin sensitivity, other possible mechanisms through
which GLP-1 agonists may improve the lipid profile and
metabolism are: Activation of peroxisome proliferatoractivated receptor-α on the hepatic cell surface, which
reduces the synthesis of apolipoprotein C, degrades fat
[36-39]
in plasma, and removes triglycerides
.
Once secreted, GLP-1 is quickly degraded by
dipeptidyl peptidase-4 (DPP-4). DPP-4 inhibitors
prolong the activity of incretins, GLP-1 and glucose[24]
dependent insulinotropic polypeptide . As the receptor
for GLP-1 has been shown to exist in various cells,
[40,41]
including hepatocytes
, DPP-4 inhibitors may have
pleiotropic effects independent of lowering plasma
glucose level and stimulating insulin secretion. In a
retrospective study which included diabetic patients
who received treatment with DPP-4 inhibitors and with
[42]
abnormal transaminase levels, Kanazawa et al found
that transaminase levels decreased after six months of
treatment with DPP-4 inhibitors.
Ursodeoxycholic acid (UDCA) is not approved for
treating NASH; however, it is a hydrophilic bile acid
with immunomodulatory, anti-inflammatory, anti
apoptotic, antioxidant and anti-fibrotic properties. It
also reduces the mitochondrial membrane permeability
and the release of hydrolytic enzymes from damaged
hepatocytes. In a recent study which included patients
with biopsy-proven NASH, high-dose UDCA for 12 mo
reduced transaminase levels, the degree of fibrosis,
and improved IR independently of the change in body
weight. UDCA modulated lipid and glucose metabolism
through its interaction with nuclear receptors such as,
TGR5, farnesoid X receptor-a, or the small heterodimeric
[43]
partner .
Obeticholic acid is a potent activator of the farnesoid
X nuclear receptor that reduces liver fat content and
fibrosis in animal models of NAFLD. In a multicenter,
double-blind, placebo-controlled, randomized clinical
trial, treatment with obeticholic acid in adult patients
with NASH for 72 wk improved the histological features
of NASH, but its long-term benefits and safety require
[44]
further study .
Recently, it was demonstrated that the gut-liver
axis plays a key role in the pathogenesis of obesity,
NAFL, NASH and their progression. The gut microbiota
is composed of bacteria, viruses, yeasts and parasites.
Gut microbes are able to interact actively with the host
immune system modulating inflammation, IR, intestinal
[45]
permeability, and endotoxemia . Pharmacologic
modulation of the gut microbiota could have a role in the
therapy of NAFL and NASH. Probiotics prevent bacterial
translocation and epithelial invasion, inhibit mucosal
adherence by bacteria, and stimulate host immunity.
In animal models, probiotics also prevent obesity,
improve IR and liver histology in NASH, and decrease
[46-50]
transaminase levels
. In patients with NAFLD the
use of probiotics improved transaminases, the cytokine
[51]
profile and oxidative stress .
In summary, NAFLD is an important health care
problem. The pathophysiology of NAFL and NASH and
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their progression involve multifactorial and complex
processes, where multi-parallel simultaneous hits
derived from the gut and adipose tissue promote a proinflammatory response and liver injury. All of these
represent attractive therapeutic targets. Pharmacological
agents such as GLP-1 agonists, DPP-4 inhibitors, UDCA,
obeticholic acid and probiotics need to be explored in
clinical trials specifically for treating NAFL and NASH.
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REVIEW

Hemodynamic monitoring during liver transplantation: A
state of the art review
Mona Rezai Rudnick, Lorenzo De Marchi, Jeffrey S Plotkin
perfusion than those measured peripherally. The
traditional pulmonary artery catheter is less frequently
used due to its invasive nature and known limitations
in measuring preload but still plays an important role in
measuring cardiac output (CO) when required and in
the management of portopulmonary hypertension. Pulse
wave analysis is a newer technology that uses computer
algorithms to calculate CO, stroke volume variation
(SVV) and pulse pressure variation (PPV). Although SVV
and PPV have been found to be accurate predicators
of fluid responsiveness, CO measurements are not
reliable during liver transplantation. Transesophageal
echocardiography is finding an increasing role in the realtime monitoring of preload status, cardiac contractility
and the diagnosis of a variety of pathologies. It is limited
by the expertise required, limited transgastric views
during key portions of the operation, the potential for
esophageal varix rupture and difficulty in obtaining
quantitative measures of CO in the absence of tricuspid
regurgitation.
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Core tip: Accurate hemodynamic monitoring is essential
to safely navigate orthotopic liver transplantation.
Although specific indications for pulmonary artery
catheters exist, their use has slowly been replaced
by newer technologies which offer less invasive and
more accurate measurement. The latest evidence on
the strengths and limitations of arterial pulse wave
form analysis, intraoperative transesophageal echo
cardiography, peripheral vs central arterial blood
pressure monitoring and pulmonary arterial catheters
are discussed.

Abstract
Orthotopic liver transplantation can be marked by
significant hemodynamic instability requiring the
use of a variety of hemodynamic monitors to aide in
intraoperative management. Invasive blood pressure
monitoring is essential, but the accuracy of peripheral
readings in comparison to central measurements has
been questioned. When discrepancies exist, central
mean arterial pressure, usually measured at the femoral
artery, is considered more indicative of adequate

WJH|www.wjgnet.com

Rudnick MR, De Marchi L, Plotkin JS. Hemodynamic

1302

June 8, 2015|Volume 7|Issue 10|

Rudnick MR et al . Hemodynamic monitoring during liver transplantation
tends to be acidotic, hyperkalemic, cool, and contains a
[3]
variety of inflammatory and vasodilatory mediators .
The result is often a transient but significant decrease
in myocardial contractility, chronotropy and systemic
[5]
vascular resistance . Postreperfusion syndrome,
defined as a decrease in mean arterial pressure by 30%
for at least 1 min within 5 min of reperfusion, has been
[6,7]
reported to occur in 12.1%-42% of patients . After
overcoming the instability of reperfusion, the remainder
of the neohepatic stage tends to have relatively stable
hemodynamics.

monitoring during liver transplantation: A state of the art review.
World J Hepatol 2015; 7(10): 1302-1311 Available from: URL:
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INTRODUCTION
Orthotopic liver transplantation (OLT) has been
performed for the past three decades with significant
improvement in patient and graft survival. Despite
improvements in the anesthetic and surgical techniques,
it still is a challenging procedure, requiring dedicated,
specifically trained providers and a collection of monitors
not common to other operations.
Most classic hemodynamic monitors like radial
and femoral arterial lines and a pulmonary artery
catheter (PAC) are still part of the protocol at many
[1]
institutions , but new technology has been emerging.
These new devices and techniques along with evidence
of the limitations of some of the classic monitors,
are reshaping the way in which hemodynamics are
monitored during anesthesia for liver transplantation in
st
the 21 century.

BLOOD PRESSURE
Invasive blood pressure monitoring is the standard of
practice during liver transplantation. The number and
[1]
location of these lines varies by center . In healthy
individuals, radial artery pressures have a higher systolic
pressure as compared to femoral or more central
pressures. This difference has been attributed to pulse
amplification as a result of the impedance and harmonic
resonance of the vasculature. However, the central
and distal mean arterial pressures remain relatively
[7,8]
unchanged .
Specific circumstances can create significant dis
crepancies between central and radial mean arterial
pressures. When measuring radial arterial pressure,
the presence of a proximal obstructive vascular
lesions, rewarming after hypothermic cardiopulmonary
[9,10]
bypass
, and high dose vasopressor therapy in critically
[7]
ill patients are all known to underestimate central
pressures. The cause for this discrepancy in obstructive
vascular lesions is self-evident, but controversy exists
regarding the etiology in cardiopulmonary bypass or
vasopressor therapy. In the latter, it has been theorized
vasoconstriction of the extremity conductance vessels,
which are more sensitive to vasopressors than the central
vasculature, significantly reduces the flow to the radial
[10]
artery . Regarding the use of cardiopulmonary bypass,
it is theorized to cause an extreme vasodilatory state
leading to proximal shunting, possibly in the splanchnic
beds, in combination with distal vasoconstriction which
[11]
both contribute to lower peripheral pressures .
Similarly, it has been suspected in OLT that radial
arterial and more centrally measured pressures may not
[12]
correlate well . Our observations and demonstrated
in unpublished data, over many years, have shown
a consistent decrease in systolic, diastolic and mean
pressures in radial vs femoral arterial pressures,
most pronounced immediately after reperfusion. The
theory behind this, similar to post-cardiopulmonary
bypass physiology, is extreme peripheral vasodilation,
seen especially during reperfusion, decreases distal
[13,14]
pressures disproportionately to central pressure
.
Studies attempting to demonstrate this effect have had
[15]
conflicting results. Acosta et al
found no difference
in mean arterial pressure at any point during OLT,
[16]
while Arnal et al found systolic but not mean arterial
pressures differed during reperfusion which was exag

HEMODYNAMICS DURING LIVER
TRANSPLANTATION
Liver transplantation can be thought of as having 3
distinct stages: the dissection or pre-anhepatic phase,
the anhepatic phase, and the neohepatic phase. Each
stage has its own hemodynamic concerns.
The pre-anhepatic phase is when all the dissection
occurs, and is marked by significant fluid shifts from
drainage of ascites to the potential for significant blood
loss in the presence of varices from portal hypertension.
Additionally, manipulation of the liver and downward
retraction of the inferior vena cava may intermittently
obstruct venous return causing hemodynamically
[2]
significant changes in preload .
The anhepatic stage is defined as the cessation of
blood flow to the native liver until the time of reperfusion
of the transplanted liver. With cross clamping of the
portal vein and IVC, cardiac output (CO) may decrease
[3]
by up to 50% . To avoid this sudden loss of preload,
volume loading should occur prior to crossclamping.
An alternative is use of the “piggyback” technique
by the surgeons where the inferior vena cava is only
partially occluded. Other alternatives include the use of
a temporary portocaval shunt or venovenous bypass.
Some centers make use of one of these techniques
routinely while others employ them as clinically indi
[4]
cated .
The neohepatic stage is defined as the beginning of
reperfusion until the end of the case. Reperfusion is often
marked by significant hemodynamic instability due to
the rapid return of blood from the previously obstructed
portal system and newly transplanted liver. This blood
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gerated in patients receiving vasopressors. A study
looking at pediatric OLT, on the other hand, did show a
discrepancy is both systolic and mean arterial pressures
when comparing femoral to radial pressures throughout
[17]
most of the operation . Interestingly, a separate study
showed noninvasive blood pressure measurements
of the upper extremities more closely correlated with
femoral artery pressures than radial pressures 3-10 min
after reperfusion. Presumably this is due to the more
[18]
proximal location of the blood pressure cuff .
Larger trials are required to definitively determine
the reliability of radial pressure monitoring during OLT,
but currently the literature suggests central monitoring
from femoral or brachial locations and mean arterial
pressures should be followed over peripheral radial
systolic pressures.

monitoring. This technology uses heat instead of cold
thermodilution via a thermal filament connected to a
specialized PAC and a distal thermistor. CO values are
then continuously calculated. Several studies have
shown continuous CO measurements correlate well
with intermittent thermodilution in a variety of patient
[35-37]
populations
. Although also seen to be accurate
[33]
during liver transplantation , it has similar limitations
to intermittent thermodilution with less accuracy during
[34]
reperfusion and cross-clamping .
Mixed venous oxygen saturation (SvO2) can be
measured via a PAC and used as an indirect measure of
CO. However, changes in SvO2 are not very specific to
CO and may be the result of changes in oxygen content,
oxygen consumption or, in the case of reperfusion,
[38]
return of desaturated blood . Specifically, in liver
transplantation SvO2 has shown to poorly correlate with
[39]
CO .
Perhaps the most important use of PAC during
liver transplantation is in patients with portopulmonary
hypertension. Patients with mean PA pressures above
50 have typically been denied liver transplantation due
to an unacceptably high risk of mortality ranging from
[40,41]
71%-100%
. While mild (mean PA pressures 25-35
mmHg) and moderate (mean PA pressures 35-45)
pulmonary hypertension are not strict contraindications
[42,43]
for liver transplantation
, these patients still do have
an elevated perioperative mortality rate as high as
[40,41]
33%-35%
. When pulmonary artery pressures are
responsive to treatment, the mortality risk significantly
[44-46]
decreases
. Preoperative workup demonstrating
increased PA pressures on echocardiography suggest
portopulmonary hypertension. Additionally, hypoxemia
or exaggerated respiratory alkalosis also may suggest
[47]
increased PA pressures . However, a PAC is the only
modality that directly measures pulmonary arterial
pressures. At the start of the procedure, it may unveil
worse pulmonary hypertension than suspected during
preoperative evaluation leading to cancellation of the
procedure. Intraoperatively, the sudden volume shifts
and release of vasoactive mediators seen, especially
during reperfusion, may result in significant right heart
[48]
strain and failure . Treatment of elevated PA pressures
during OLT includes the use of venovenous bypass
during the anhepatic phase, phosophodiesterase-5
inhibitors, endothelin receptor antagonists, and prosta
[48-50]
cyclins
.
The use of PACs does have significant diagnostic
limitations however they are still one of the most
accurate tools to assess CO and an essential monitor in
patients with significant pulmonary hypertension.

PAC
According to the Frank-Starling law, as end-diastolic
volumes increase, myocardial fiber length increases
which in turn increases the number of myosin-actin
connections resulting in increased CO. Classically, central
venous and pulmonary artery occlusion pressures
(PAOPs) have been used as surrogates for volume
measurements. However, numerous studies have
established that these static preload measurements
are poor predictors of end diastolic volume and fluid
responsiveness in a wide variety of medical and
[19-26]
surgical patients
. The compliance of the heart and
vasculature, intrathoracic pressures, cardiac contractility
and valvular pathologies significantly affect the pressure
measured for a given preload making static pressure
measurements an unreliable indicator of end diastolic
[27,28]
volume
.
[29]
Specifically during liver transplant, Costa et al
found stroke volume index did not correlate with either
central venous pressure (CVP) or PAOP. Similarly, Rocca
[28]
et al looked at pre-anhepatic dissection, the anhepatic
phase, and after reperfusion and found no correlation
between cardiac index and CVP or PAOP during liver
[30]
transplantation. A separate study by Rocca et al again
found in 244 patients undergoing liver transplantation
that CVP and PAOP correlate poorly with stroke volume
index.
PACs also allow for the measurement of CO via
intermittent thermodilution. Although often used as
the gold standard for CO measurements, its accuracy
depends on several user-dependent techniques such
as the speed, volume and temperature of the injectate
as well as its timing with respect to the respiratory
[27]
cycle . Significant tricuspid regurgitation or intracardiac
[31,32]
shunts also limit the accuracy of thermodilution
.
Additionally, during liver transplantation, the rapid return
of cooled blood during reperfusion and administration
of large volumes of intravenous fluids generate thermal
noise which may result in an underestimation of the true
[33,34]
CO
.
A new generation of PACs allow for continuous CO
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CO WAVEFORM ANALYSIS
Beginning in 1904, Joseph Erlanger and Donald R
Hooker theorized that CO could be derived from the
[51]
arterial pulse pressure . Logically, as more blood
is ejected from the heart, there should be a greater
pressure transmitted to the arterial tree. This correlation

1304

June 8, 2015|Volume 7|Issue 10|

Rudnick MR et al . Hemodynamic monitoring during liver transplantation
is limited, however, due the vascular resistance which
determines the runoff of blood from the conductance
vessels into the arterioles. Even more complex is the
nonlinear compliance of the arterial tree where a given
volume of blood will decrease compliance more at
[52]
higher pressures as compared to lower pressures .
Only recently has the technology been available to not
only precisely analyze pressure waveforms but also the
sufficient knowledge to create algorithms which account
for the complex physiology of pulse wave morphology.
There are currently several commercially available
products which calculate continuous CO from arterial
waveform analysis. The PiCCO system (Pulsion Medical
System, Munich, Germany) requires the placement of
a thermodilution catheter into the axillary or femoral
artery. A solution is then injected into any central venous
catheter and CO is then determined by the arterial
temperature probe. After this initial calibration, the
system then continuously calculates CO based on arterial
waveform analysis. Additionally, static preload indices
such as global end diastolic volume and intrathoracic
blood volume can be calculated. The LiDCO system
(LiDCO Plus, Cambridge United Kingdom) is similar to
the PiCCO system but uses lithium indicator dilution
rather than thermodilution to calibrate the pulse wave
[53]
form to the CO . The Flowtrac/Vigileo system (Edwards
Lifesciences, Irvine, CA United States) uniquely does
not require intermittent CO bolus calibration. It accounts
for changes in arterial compliance and resistance using
a conversion factor Khi which factors in the standard
deviation of the mean arterial pressure and the analysis
of the skewness and kurtosis of the arterial waveform.
Large vessel compliance is then estimated using patient
[54]
demographics of age, gender and body surface area .
In patients undergoing liver transplant, PiCCO derived
CO measurements were found to agree with the gold
[55]
standard of PAC thermodilution CO . Similarly Nissen
[56]
et al
looking at dissection, anhepatic, early and late
reperfusion phases during OLT also found arterial pulse
wave CO measurements to correlate with thermodilution
CO.
Despite a few reassuring studies, significant concerns
have been raised concerning the validity of arterial
waveform analysis in particular patient populations
whose physiology may not be well represented by the
algorithms. CO by waveform analysis was found to
correlated poorly with PAC thermodilution CO in patients
[57,58]
on a significant dose of vasopressor
. There was also
[59]
poor correlation during cardiac surgery and abdominal
[60]
aortic aneurysm operations
with the uncalibrated
FlowTrac system performing worse than the PiCCO
system.
The hyperdynamic circulation in liver cirrhosis is
characterized by low systemic vascular resistance,
elevated CO and possible underlying cardiomyopathy.
The transplant operation then adds large changes to
preload and afterload, vasoactive mediators during
reperfusion, myocardial contractility changes and
[14]
the possibility of significant hemorrhage . Likely
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as a result of this altered physiology and dynamic
intraoperative changes, several studies have found poor
correlation between waveform analysis CO calculations
when compared to the PAC thermodilution. Krejci et
[59]
al found, in Child-Pugh class B and C cirrhotics, both
FlowTrac and LiDCO systems correlated poorly with
PAC thermodilution. Two separate studies found that in
Child-Pugh B and C cirrhosis, the degree of FlowTrac’s
inaccuracy was proportional to the patient’s SVR with
lower resistances showing less correlation to reference
[61,62]
[63]
thermodilution values
. Della Rocca et al examined
the effect of the high output cardiac state and found
Flowtrac underestimated CO in liver transplant patients
whose CO exceeded 8 L/min.
A recent software update to FlowTrac has been
released (third generation) whose aim was to improve
CO accuracy specifically in low systemic vascular
resistance states. Some improvements have been
[64]
seen in septic patients and those undergoing cardiac
[65]
surgery . Despite these improvements, in liver
transplantion the accuracy of FlowTrac CO measurements
[66]
remain unreliable. Tsai et al found a 55% discrepancy
between the third generation software of FlowTrac
COs as compared to PAC thermodilution. Likewise, Su
[67]
et al
found a percentage error of 75% which was
inversely related to the patient’s systemic vascular
resistance index. CO derived from waveform analysis
depends on the intrarterial peripheral catheter reflecting
systemic conditions. CO in cirrhosis and during liver
[29]
transplantation, however, is not evenly distributed .
Peripheral arterial waveform analysis, therefore, cannot
be recommended for liver transplant intraoperative
monitoring or in Child-Pugh class B or C patients.
With the currently available technology, arterial
waveform analysis cannot reliably measure CO during
OLT.

STROKE VOLUME AND PULSE PRESSURE
VARIATION
Although CO by waveform analysis has proven un
reliable in liver transplant, the technology also allows
for the continuous measurements of stroke volume
variation (SVV) and pulse pressure variation (PPV).
Pulse pressure changes proportionally to left
[25]
ventricular stroke volume . During positive pressure
ventilation, blood return to the right heart decreases.
After this lower volume of blood passes through the
pulmonary vasculature, left ventricular end diastolic
volume decreases. The overall result is lower stroke
volumes and a smaller pulse pressure after positive
pressure ventilation. The magnitude of this difference
is proportional to preload. Patients whose CO would be
supplemented by increased intravascular volume will
have a larger difference in pulse pressure during positive
pressure ventilation and exhalation. A review of twentynine studies studying this phenomenon found SVV less
than 11.6% ± 1.9% and a PPV less than 12.5% ±
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1.6% predicted volume responsiveness in critically ill
[26]
patients .
Arterial waveform analysis of the SVV has been
shown to predict fluid responsiveness during general
[68]
anesthesia
and the use of vasoconstrictors does
[69]
not change the variation . In liver transplantation,
poor SVV was found to be a better predictor of right
[70]
ventricular end diastolic volume index than CVP .
[71]
Kim et al
confirmed these findings and found a PPV
of greater than 9% predictive of lower RVEDVI which
[72]
would likely be fluid responsive. Biais et al
found,
in liver transplant, a SVV of 10% discriminated fluid
responders from non-responders with a 93% sensitivity
and 94% specificity.
The accuracy of SVV or PPV in predicting fluid
responsiveness depends on the patient meeting a
specific set of criteria. Stroke volume is less predictably
dependent on preload during spontaneous breathing.
Breathing effort causes irregularity in both pulse rate
[73]
and intrathoracic pressures . Not only must the
patient be mechanically ventilated with no breathing
efforts, but the pressure must be adequate to decrease
preload. The degree of SVV is linearly related to tidal
volume with tidal volumes less than 10 mL/kg showing
[74]
a lesser degree of SVV . Likewise, when driving
pressures (defined as the difference between the
plateau and positive end expiratory pressure) are less
than 20 cm H2O, a PPV less than 13% does not rule
[75]
[76]
out fluid responsiveness . De Backer et al
found
that PPV only reliably predicted fluid responsiveness at
tidal volumes above 8 mL/kg. Finally, during cardiac
arrhythmias, SVV is more dependent on the irregular
[77]
diastolic time than on intravascular volume .
Although waveform analysis has limited utility in
quantitative measurements of CO in cirrhosis and liver
transplantation, it is a minimally invasive option of moni
toring end diastolic volume and fluid responsiveness.

the PAOP is a known poor measure of LV preload. The
PAOP may differ dramatically despite no change in
left end-diastolic volume (LVEDV) and fails to detect
hypovolemia when compared to direct measurement of
[88]
LVEDV by TEE . The LVEDV can be directly visualized
from the transgastric mid-short axis view (TG midSAX). Additionally, TEE has been shown to accurately
[88]
determine stroke volume and left ventricular changes .
In a multicenter study of 244 patients undergoing OLT,
stroke volume index was found to be more strongly
correlated with right ventricular end diastolic volume
[30]
index than either CVP or PAOP .
Similarly, CVP can be an unreliable indicator of
[20,23,89]
stroke volume and intravascular volume
. During
increases in intravascular volume, the RV dilates which
results in no significant change in the CVP despite large
[90]
increases in volumes . The resulting fluid overload can
result in congestion and injury to the newly transplanted
liver. SVV can indicate the need for additional fluid,
but depends on a regular heart rate and adequate
tidal volumes without respiratory effort. These are not
limitations for TEE as it directly measures end diastolic
volume. Determination of preload by TEE has significant
[82]
clinical consequence. Hofer et al found intraoperative
use of TEE influenced fluid therapy in 50% of OLT
patients.
Hypotension in the presence of adequate preload
may be a result of myocardial dysfunction. Coronary
artery disease (CAD) is not uncommonly encountered
in patients undergoing OLT, with one study reporting
up to 32% of patients over the age of 50 having
[91]
moderate to severe disease . Patients with known
[92]
CAD undergoing OLT have a mortality of 50% .
Due to this high mortality, reversible ischemia seen
on stress testing is a contraindication to proceeding
[93]
with OLT . Intraoperative TEE allows for the real
time detection of myocardial ischemia manifested by
regional wall motional abnormalities. A study by Smith
[94]
et al
found intraoperative TEE was more sensitive in
detecting myocardial ischemia than EKG changes. A
separate study showed TEE may be more sensitive than
conventional monitors as 73% of patients with regional
wall abnormalities had no detectable change in heart
[95]
rate, blood pressure or PA pressures .
Pulmonary embolization can be a real and significant
[96]
risk during OLT . Paradoxical embolization to the
systemic circulation may result in stroke and can occur
as a result of a patent foramen ovale. Cirrhotic patients
are at particular risk for paradoxical embolization
as dilated pulmonary vasculature can allow the free
passage of emboli to the systemic circulation. TEE can
not only identify patients with right to left shunts but also
distinguish between intracardiac and transpulmonary
etiologies, thereby identifying those patients who are at
[97]
higher risk for paradoxical embolism . Furthermore,
TEE Doppler is the most sensitive monitor for the
detection of air embolism, able to detect 0.1 mL/kg of
[98]
air . The diagnosis of an acute pulmonary embolism,
however, is more difficult with TEE, typically manifesting

TRANSESOPHAGEAL
ECHOCARDIOGRAPHY
Echocardiography has a variety of intraoperative
uses. In experienced hands, it has the capability of
diagnosing right ventricle (RV) or left ventricle (LV)
systolic or diastolic dysfunction, volume overload, global
or regional wall abnormalities, and intracardiac air or
[78-80]
thrombosis
. In liver cirrhosis, numerous case reports
have reported its usefulness in diagnosing porto
[81]
pulmonary hypertension , ischemic heart disease,
[82]
cirrhotic cardiomyopathy , and intraoperative throm
[83]
boembolic events . More rare conditions such as
[84]
pericardial tamponade , cardiomyopathy secondary
[85]
to undiagnosed hemochromatosis , and Takosubo
[86,87]
cardiomyopathy
have also been reported during OLT
intraoperative transesophageal echocardiography (TEE).
One of the greatest strengths of TEE is its ability to
directly visualize in real-time the preload of both the
right and left sides of the heart. As previously discussed,
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Table 1 Comparative summary table of hemodynamic monitors in orthotopic liver transplantation
Monitor
Invasive blood pressure monitoring

Pulmonary artery catheter

Benefits and uses

Limitations

Beat-to-beat monitoring of blood pressure

Peripheral arteries possibly underestimate the central
mean arterial pressure especially during reperfusion or
use or high dose vasopressors
Invasive

Accurately determines cardiac output via intermittent
thermodilution
Directly measures PA pressures

Arterial pulse wave analysis - CO

Less invasive option to calculate CO

Arterial pulse wave analysis - SVV

Predicts fluid responsiveness in OLT population

Transesophageal echocardiography

Direct assessment of cardiac filling
Monitors myocardial ischemia and strain
Potentially can diagnose pulmonary embolisms, shunts,
effusions, and valvular pathologies

Static pressure measurements are imperfect indicators
of fluid status or stroke volume
Does not reliably calculate CO in advanced cirrhosis or
during OLT
Requires sinus rhythm
Requires patient does not make any spontaneous
respiratory efforts
Most accurate during tidal volumes of 8-12 mL/kg
Requires advanced training
Limited views intraoperatively
Risk of esophageal varix rupture or esophageal injury

CO: Cardiac output; SVV: Stroke volume variation; OLT: Orthotopic liver transplantation; PA: Pulmonary artery.

with signs of RV dysfunction such as RV dilation,
[99]
hypokinesis and possible pulmonary hypertension .
However, a large burden of pulmonary embolism is
required to see these effects, especially those over
30% of the pulmonary artery area, are more likely to
[100]
show RV dysfunction . The classic “McConnell sign”
refers to hypokinesis of the RV with preservation of RV
[101]
apical contractility . This sign has been reported to be
very specific for acute pulmonary embolism but with a
[102,103]
sensitivity of only 19%
.
Despite the many advantages of TEE, like every
monitor, there are limitations and risks. The proficient
use of TEE requires significant training and expertise
with the American Society of Echocardiography
recommending 300 transthoracic echocardiograms,
20 esophageal intubations and 50 transesophageal
[103]
examinations within a 6 mo period
. However, the
performance of “limited-scope examinations” by noncredentialed anesthesiologists is not uncommon with
[104]
88% of users lacking echocardiography certification .
Additionally, the presence of esophageal varices
creates concern for rupture. However, while grade four
[27]
esophageal varices may be a true contraindication ,
TEE has been safely performed in patients with
[105]
grade Ⅰ and Ⅱ varices
. TEE is also limited in its
ability to assess pulmonary artery pressures in the
absence of tricuspid regurgitation with the far majority
[1]
of centers using a PAC with or without the use of TEE .
As previously discussed, TEE is a very sensitive monitor
for ischemia, however, the transgastric short axis
view which best assesses the circumference of the left
ventricle is largely unavailable during the operation due
[27]
to posterior retraction of the stomach .

of patients undergoing OLT but each has their own
indications and limitations (Table 1).
Invasive blood pressure monitors is currently the
standard of care during transplantation, however, the
evidence suggests that peripheral measurements are
possibly not representative of central perfusion pressures
especially in instances of significant vasopressor use or
in patients with unequal vasodilation as is the case in
significant cirrhosis or during reperfusion. When possible,
more central invasive monitors at the femoral or brachial
artery have a theoretical advantage of representing
central perfusion pressures.
PACs continue to have controversial indications in
and outside the operating room. The available evidence
is clear that static cardiac pressure measurements
such as CVP and PAOP are imperfect predictors of
fluid responsiveness and CO. However, CVP allows
for the monitoring of the backpressure of the IVC into
the newly transplanted liver and may still guide the
transplant anesthesiologist in fluid management or
need for vasodilators to prevent injury to the liver. When
using a combination of data such as the heart rate,
blood pressure, CVP, urine output, a more clearly picture
of the patient’s hemodynamic status may emerge.
A role still exists for PACs for the accurate mea
surements of CO via intermittent or, more recently,
continuous thermodilution which remains the current
gold standard. In OLT, PACs also play an important
role in the monitoring of patients with PA pressures in
patients with pulmonary hypertension which, even in
the setting of mild hypertension, carries a significant
risk of morbidity and mortality.
Pulse pressure analysis is a newer monitoring tech
nique. Although the promise of accurate and continuous
CO analysis has not been delivered in the OLT patient
population, continuous PPV monitoring does appear
to predict fluid responsiveness and may serve as an
invaluable guide.

CONCLUSION
A variety of hemodynamic monitors are an essential
part of the successful intraoperative management

WJH|www.wjgnet.com

1307

June 8, 2015|Volume 7|Issue 10|

Rudnick MR et al . Hemodynamic monitoring during liver transplantation
TEE is the most direct measurement of cardiac
filling that currently exists allowing for the real-time
assessment of fluid status during these dynamic
operations. Additionally, it also offers the unique
benefit of diagnosing a variety of other intraoperative
complications such as myocardial ischemia, pulmonary
embolism, and pulmonary or pericardial effusions. It
currently is limited by the expertise required to interpret
the images, but as more anesthesiologists are trained
in this technology it stands to supplant many of the
indirect monitors currently in use.
The perfect hemodynamic monitor would be non
invasive, precise and accurate, and provide continuous
data at all stages of transplantation. Until this device
exists, adept intraoperative management requires
knowledge of the applicability and known limitations of
available technology. Perhaps the current best monitor
is the experienced provider who can adeptly integrate
the various pieces into a complete but adaptable
perioperative treatment plan.
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REVIEW

Targeted proteomics for biomarker discovery and validation
of hepatocellular carcinoma in hepatitis C infected patients
Gul M Mustafa, Denner Larry, John R Petersen, Cornelis J Elferink
disease detection when therapeutic intervention remains
practical. Successful therapeutic intervention is predicated
on the ability to detect the cancer early. Similar unmet
medical needs abound in most fields of medicine and
require novel methodological approaches. Proteomic
profiling of body fluids presents a sensitive diagnostic
tool for early cancer detection. Here we describe such a
strategy of comparative proteomics to identify potential
serum-based biomarkers to distinguish high-risk chronic
hepatitis C virus infected patients from HCC patients. In
order to compensate for the extraordinary dynamic range
in serum proteins, enrichment methods that compress
the dynamic range without surrendering proteome
complexity can help minimize the problems associated
with many depletion methods. The enriched serum can
be resolved using 2D-difference in-gel electrophoresis
and the spots showing statistically significant changes
selected for identification by liquid chromatographytandem mass spectrometry. Subsequent quantitative
verification and validation of these candidate biomarkers
represent an obligatory and rate-limiting process that is
greatly enabled by selected reaction monitoring (SRM).
SRM is a tandem mass spectrometry method suitable
for identification and quantitation of target peptides
within complex mixtures independent on peptidespecific antibodies. Ultimately, multiplexed SRM and
dynamic multiple reaction monitoring can be utilized for
the simultaneous analysis of a biomarker panel derived
from support vector machine learning approaches,
which allows monitoring a specific disease state such as
early HCC. Overall, this approach yields high probability
biomarkers for clinical validation in large patient cohorts
and represents a strategy extensible to many diseases.
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Abstract
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Hepatocellular carcinoma (HCC)-related mortality is
high because early detection modalities are hampered
by inaccuracy, expense and inherent procedural risks.
Thus there is an urgent need for minimally invasive,
highly specific and sensitive biomarkers that enable early
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complexity almost dictates that accurate screening
and diagnosis of HCC will require multiple biomarkers.
Proteomics affords us the ability to simultaneously
interrogate the entire proteome or sub-proteome in order
to identify correlations between protein expression (or
modifications) and disease progression. In this manner,
a panel of biomarkers can be constructed that exhibit
the desired sensitivity and specificity necessary for the
detection and monitoring of the disease. Recent advances
in proteome analysis have focused on the more accessible
body fluids including plasma, serum, urine, cerebrospinal
fluid, saliva, bronchoalveolar lavage fluid, synovial fluid,
[3]
nipple aspirate fluid, tear fluid, and amniotic fluid .
These body fluids are obtained using minimally invasive
procedures, are readily processed, and hence represent
clinically tractable cost effective sources of biological
[4]
material .
An effective, clinically useful biomarker should be
quantifiable in a readily accessible body fluid such
as serum. Since blood comes in contact with almost
every tissue, it constitutes a treasure trove of potential
biomarkers that provide a systemic picture of the
physiological state of the entire body. Every cell in the
body contributes to the blood proteome through normal
metabolic processes, consequently defined changes
characteristic of disease will be reflected in the blood
proteome due to perfusion of the affected tissue or
[5]
organ . Therefore alteration of serum protein profiles
can effectively reflect the pathological state of liver
injury. It is also ideal to use serum because its sampling
is minimally invasive and it is easily prepared with high
reproducibility. The disease-related differences in the
proteome profile can be attributed to altered protein
levels reflecting changes in expression, or dysregulated
proteolytic activity affecting protein turnover in diseased
cells.
While on the surface this sounds simple to discover a
biomarker in serum, the actual process is laborious and
time consuming because of the inherent complexity of the
human serum proteome, which is composed of thousands
of individual proteins. Moreover, the prevalence of serum
proteins spans a wide dynamic range-approximately
9 orders of magnitude from pg/mL to mg/mL. These
properties represent substantial challenges that often
prevent the development and wide-scale utilization of this
treasure chest of biological information.

Core tip: The projected rise in hepatocellular carcinoma
(HCC) is largely attributed to hepatitis C virus infection
with onset of HCC being a latent consequence occurring
decades after the original infection. However, other
environmental risk factors including alcohol, tobacco,
and diet-derived insults that cause liver injury increase
the incidence of HCC. The poor prognosis associated
with late stage diagnosis renders successful intervention
difficult. The methodology described in this review
article shows the feasibility of a highly multiplexed
manner using multiple reaction monitoring using internal
standard peptides to more easily quantify proteins, which
narrows the time between discovery and validation in
the biomarker pipeline in general.
Mustafa GM, Larry D, Petersen JR, Elferink CJ. Targeted
proteomics for biomarker discovery and validation of hepato
cellular carcinoma in hepatitis C infected patients. World J
Hepatol 2015; 7(10): 1312-1324 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i10/1312.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i10.1312

PROTEOMICS APPROACHES: PATH TO
EARLY DIAGNOSIS
This article highlights a proteomics pipeline that is being
applied to develop and validate a panel of candidate
biomarkers suitable for early hepatocellular carcinoma
(HCC) diagnosis. However, the strategies described
are also applicable to other objectives including other
diseases, drug development, and therapeutic monitoring.
Given the time and money involved in bringing a drug
to market, the availability of biomarkers capable of
identifying potential drug failures early in development
is key, but this depends increasingly on advanced
proteomic technologies. The characterization of unique
protein patterns associated with specific diseases as a
discovery strategy to identify candidate biomarkers is
one of the most promising areas of clinical proteomics.
Cancer, although often classified as a genetic disease,
is functionally a proteomic disease. The proteomic
tissue microenvironment directly impacts the tumorhost communication system by affecting enzymatic
[1]
events and the sharing of growth factors , so the tumor
microenvironment represents a potential source for
biomarkers. An example of an early disease biomarker
is the prostate-specific antigen (PSA). Today, serum PSA
levels are regularly used in the diagnosis of prostate
cancer in men. Unfortunately, a reliance on a single
protein biomarker is frequently found to be unreliable.
Despite decades of effort, single biomarkers generally lack
the specificity and sensitivity required for routine clinical
[2]
use . Due to the heterogeneity that exists from tumor
to tumor, biomarker discovery is moving away from the
pursuit for an idealized single cancer-specific biomarker
in favor of identifying a panel of markers. Disease

WJH|www.wjgnet.com

TARGET DISEASE BACKGROUND:
HEPATITIS C AND HCC
Liver cancer accounted for 745000 deaths in 2012
alone (World Health Organization. Fact Sheet No 297:
2014). Worldwide, the prevalence of HCC is estimated
to affect 180 million people and the incidence continues
[6]
to rise , especially in the United States. It is the fifth
most common cancer in men (554000 cases, 7.5%
of the total) and the ninth in women (228000 cases,
[7]
3.4%) . Chronic infection with hepatitis C virus (HCV)
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is a major risk factor for the development of HCC with
an estimated 130-150 million people having chronic
HCV infection (World Health Organization. Fact Sheet
No 164:2014). The prognosis for HCC is very poor with
an overall 5 year survival rate below 5%, primarily
because HCC frequently goes undetected prior to
advanced stage disease when therapeutic options are
limited. Major risk factors for HCC are infection by the
HCV and HBV, alcoholic liver disease, and associated
liver cirrhosis. In the developed world however, nonalcoholic fatty liver disease (NAFLD) is increasingly being
recognized as a risk factor for HCC without evidence of
underlying cirrhosis. Currently, HBV and HCV account
[8-10]
for 80%-90% of all HCC worldwide
. Although HBV
remains the most common HCC risk factor worldwide to
date, the use of a HBV vaccine in newborns is expected
to decrease the HCC incidence associated with HBV
[8]
infection . In contrast, despite the existence of HCV
tests and moderately effective anti-viral therapies,
HCV remains a major risk factor for HCC. In fact, the
incidence of HCC increased from 2.7 per 100000 to
3.2 per 100000 in 5 years and an estimated 78% of
this increase was attributable to latent HCV infections
[11]
in the general population . In the United States, the
incidence of HCC is on the rise stemming from HCV
[12]
exposures several decades earlier , and retrospective
studies suggest that once cirrhosis develops, liver
disease progresses to either hepatic decompensation
(liver failure) or HCC occurs at a rate of 2% to 7% per
[12-16]
year
.
The absence of randomized clinical trials notwith
standing, there is compelling evidence suggesting that
surgical resection, liver transplantation, or ablative
therapies significantly improve survival in HCC patien
[17,18]
ts
. However, few patients with advanced HCC meet
the criteria for these therapeutic modalities. Hence, these
clinical options are generally only available to individuals
fortunate enough to have been diagnosed with early
stage HCC, typically where the tumor is less than 3 cm
[19,20]
in diameter without vascular involvement
. Since
[17,21,22]
early HCC tumors are asymptomatic
, routine
surveillance of high-risk patients such as those with
cirrhosis is recommended as a strategy to detect tumors
at a time when therapeutic intervention still offers
[23]
markedly improved survival rates . Surgical resection
offers a 5-year survival rate of approximately 35%,
increasing to 45% for small tumors (2-5 cm), thereby
[24]
highlighting the value of early detection . Hence a
screening modality that provides the requisite sensitivity
and specificity for early HCC detection would be of
[25]
significant clinical benefit .
Current diagnostic tools for early HCC detection
are unfortunately insensitive and/or nonspecific. To
date, most established serological diagnostic test
for HCC is measures serum alpha-fetoprotein (AFP)
levels, however the assay is insufficiently sensitive
(39% to 65%) or specificity (65% to 94%) to be very
[26-28]
reliable
. For example, HCV patients with necro-
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inflammation and liver fibrosis may register high serum
AFP levels unrelated to HCC. AFP levels are also elevated
[29]
[30]
in hyperthyroidism
and pancreatitis
limiting its
efficacy as a reliable biomarker for HCC. Biopsied and
histopathologically tested samples to discriminate early
HCC from benign nodules can be difficult even for expert
[31]
pathologists . The two newer serological biomarkers,
DCP and AFP-L3, fared no better than AFP as their
elevation was nonspecifically common in patients without
HCC and was influenced by race, gender, age, and
severity of liver disease. Therefore it was concluded that
screening protocols based on AFP, AFP-L3, and DCP are
[32]
in rveillance . More recently, screening modalities based
on markers including Dickkopf-1 and Midkine designed
to complement AFP, are being developed to facilitate
[33,34]
screening and diagnosing HCC at an earlier stage
.
However, rigorous validation studies are required before
their clinical value is established. According to the National
Cancer Institute’s Early Detection Research Network
guidelines for biomarker development, robust prospective,
randomized, controlled, multi-center trials using a
large cohort of patients with hepatitis B and hepatitis C
infectious liver disease, NAFLD, and alcohol-induced liver
[35]
disease are required for validation . Currently, imaging
with triphasic computed tomography scanning and
magnetic resonance imaging with intravenous gadolinium
can improve the diagnostic accuracy, but these techniques
are time consuming and very expensive, and are not
practical for screening the millions of people identified with
known risk factors for HCC. Although ultrasound is very
sensitive (in the order of 80%) it is extremely operator
[36-38]
dependent
and is not well suited to differentiate
between malignant and benign nodules in the cirrhotic
liver. Consequently, development of a minimally invasive
test using serum-based biomarkers with the necessary
sensitivity and specificity will enhance surveillance,
widespread screening, and early HCC detection among
the millions who are at risk of developing liver cancer.

SAMPLE PREPARATION:
FRACTIONATION AND ENRICHMENT
High abundance serum proteins comprise fewer than
two dozen proteins, including albumin and the immuno
globulins, which account for approximately 99% of the
[39]
total serum protein . The presence of these highly
abundant proteins masks the ready detection of medium
and low abundance proteins that comprise the repertoire
of potential biomarkers. This renders identification of
the biomarkers extremely challenging. Serum contains
60% - 80 mg/mL protein, but approximately 65% of
this is serum albumin, and approximately 15% are
[40-42]
. Finding a disease-related protein in
γ-globulins
such a complex mixture is like searching for a needle in
a haystack. So it becomes important to compress the
serum protein large dynamic range and reduce the few
over-represented (i.e., abundant) proteins by depleting

1314

June 8, 2015|Volume 7|Issue 10|

Mustafa GM et al . Biomarker validation using targeted proteomics
highly abundant proteins to allow detection of lower
abundant proteins.
Developments in biomarker-based proteomics
technologies are dramatically impacted by the recent
realization that a high percentage of the diagnostically
useful lower molecular weight serum protein entities are
bound to higher molecular weight carrier proteins such as
[5,43-45]
albumin
. In fact, these carrier proteins likely serve
to amplify and protect lower molecular weight proteins
[46,47]
from clearance by the renal system
. Conventional
protocols for biomarker discovery discard the abundant
high molecular weight carrier species such as albumin
without realizing the valuable cargo they harbor. Albumin
is a carrier/transport protein that sequesters numerous
other serum components. Consequently, stripping
away albumin from a serum sample risks removing
potentially important species. This is like “throwing
the baby out with the bath water” by failing to capture
the information associated with this valuable resource.
Researchers believe that the albumin-bound proteomic
signature in serum can be used for early detection and
[48]
staging of HCC . Therefore, in choosing a method
for removal of over represented proteins, the chosen
strategy should protect against the nonspecific loss of
unrelated proteins. A novel methodology is the aptamerbased Proteominer technology (Bio-Rad) designed to
preserve the complexity of the serum proteome using a
strategy that does not merely deplete carrier proteins.
It constitutes a novel sample preparation protocol that
narrows the dynamic range of the serum protein profile
without losing the complexity of the entire proteome.
This is accomplished through the use of a highly diverse
hexabead-based library of combinatorial peptide
[49,50]
ligands
. When complex biological samples such as
serum are applied to the beads, the high-abundance
proteins such as albumin readily saturate the finite
high affinity sites on the beads. However, the retention
of carrier proteins such as albumin guarantees that
albumin-bound entities are retained in the enriched
sample. Medium- and low abundance proteins on the
other hand are concentrated by binding to the specific
aptamers. As a consequence, the dynamic range of
protein profile is reduced while preserving the full
complexity of the protein sample. Before performing
subsequent high-resolution identification strategies, the
samples should be desalted (using standard cleanup kits
or desalting columns) to remove electrolytes and other
[50]
impurities present in the sample .

analyzing complex protein mixtures, two-dimensional
gel electrophoresis (2D-PAGE) remains a widely used
[51-55]
approach in proteomics research
. 2D-PAGE allows
for the separation of thousands of proteins on the basis
of both size and charge from a tissue or biological
fluid. However, inter-gel variability and the extensive
time and labor needed to resolve differences in protein
expression have hampered the efficacy of 2D-PAGE.
A major technical improvement in 2D-PAGE involves
development of the multiplexed fluorescent twodimensional-difference in-gel electrophoresis (2D-DIGE)
[56]
method
which utilizes direct labeling of the lysine
groups on proteins with cyanine (Cy) dyes before
isoelectric focusing fractionation in the first dimension.
2D-DIGE is a robust technique proving fruitful in the
identification of proteins exhibiting differential expression
between samples. It is considered to be one of the
most significant advances in quantitative proteomics
technology and is crucial to the success of many
[57,58]
proteomics initiatives
. A critical benefit of 2D-DIGE
technology is the ability to label 2-3 distinct samples
using specific dyes prior to isoelectric focusing of the
[59]
samples on a single (non-linear) IPG strip . This feature
limits spot pattern variability in experimental replicates
and therefore the number of gels required to establish
confidence in spot pattern differences. Consequently,
2D-DIGE successfully identified statistically significant
changes in the serum proteome using only 6 sets of
randomly paired patient samples (e.g., 6 HCV and 6
HCC) in 3-5 wk. By labeling the 6 random pairs of HCV
and HCC samples with three distinct CyDyes (Cy2, Cy3
and Cy5), we generated 18 HCV and 18 HCC samples
for 2D-DIGE and identified 43 significantly differentially
expressed proteins. Specifically, 2D-DIGE was used
to examine changes in protein abundance between
HCV and HCC patient samples by performing Cy3 and
Cy5 dye swap experiments under conditions involving
a Cy2-labeled internal standard-comprising a pooled
preparation of all the patient samples - to normalize
[58]
between technical replicates . Moreover the substantial
sensitivity and broad dynamic range available using
these dyes enhances the quantitative accuracy beyond
[60]
that attainable using silver staining . These advantages
renders 2D-DIGE more reliable than 2D-PAGE as a
qualitative and quantitative method to interrogate
[43]
complex proteomes , and thus has found utility in
proteomics studies examining several human cancers
(Figure 1).
The CyDye DIGE Fluor minimal dye chemistry relies
on a N-hydroxysuccinimidyl ester reactive group that
readily forms an amide linkage covalent bond with the
epsilon amino group of lysine in proteins. The positive
charge of the CyDye substitutes the positive charge in
adducted lysine residues at neutral and acidic pH, thus
keeping the pI of the protein essentially unchanged.
The labeling reaction is designed to be dye that the
dye labels approximately 1%-2% of lysine residues.
Therefore, each labeled protein typically harbors on
average only one dye-labeled residue and is visualized

PROTEIN EXPRESSION PROFILING:
2D-DIFFERENCE IN-GEL
ELECTROPHORESIS DISCOVERY
Expression profiling is central to proteomics and
depends on methods that are able to provide accurately
and reproducibly differentiate between the expression
profiles in two or more biological samples. Despite recent
technological advances in methods for separating and
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Figure 1 Proteomics strategy for biomarker discovery. HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; Cy: Cyanine; 2D-DIGE: 2D-difference in-gel
electrophoresis; MS: Mass spectrometry; LC: Liquid chromatography.

as a single protein spot. The labeling reaction is rapid,
taking only 30 min and is quenched by the addition
of 1 µL of 10 mmol/L lysine for 10 min. It should be
noted that CyDye labeling contributes approximately
500 Da to the mass of the labeled proteins; however,
this modest increase in molecular weight does not
corrupt the 2D gel pattern since all visualized proteins
are labeled. The increased molecular weight conferred
by a single CyDye labeling event per protein nor the
hydrophobicity of the fluorophore substantially alter gel
migration of the labeled proteins. The labeling protocol
dictates that the ratio of label to protein be optimized so
that less abundant proteins are tagged while keeping
the highly abundant proteins in the linear dynamic
range for quantitative imaging. 2D-DIGE benefits from
the use of a pooled internal standard (i.e., a pooled
sample comprising an equal aliquot from each sample
in the experiment) labeled with the Cy2 dye. The
internal standard is essential for assessing biological and
experimental variations and increasing the confidence
of the statistical analysis. Sequential scanning of Cy2-,
Cy3- and Cy5-labeled proteins (gels) is achieved by
the following laser/emission filters: 488/520, 532/580
[61]
and 633/670 nm, respectively
using a Typhoon
Trio Imager (GE Healthcare). Image analysis of the
fluorescently labeled proteins requires sequential
evaluation of the spot patterns using proprietary
(Decyder) software for differential in-gel analysis. In
order to reveal changes in protein abundance intragel statistical analysis, Cy5/Cy3:Cy2 normalization,
and biological variation analysis-which performs inter-
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gel statistical analysis to provide relative abundance
in various groups-are performed. Cy5 or Cy3 samples
are normalized against the Cy2 dye-labeled sample
(i.e., Cy5:Cy2 and Cy3:Cy2). In the discovery of HCC
biomarkers, log abundance ratios were compared
between pre-cancerous and cancerous samples from
all gels using the chosen statistical analysis (e.g.,
t-test and ANOVA) using software packages such as
[62-64]
DeCyder (GE Healthcare)
. In addition to being
sensitive and quantitative, 2D-DIGE is also compatible
with downstream mass spectrometry (MS) protein
characterization protocols since most lysine residues
in a given protein remain untagged and are accessible
for tryptic digestion. Spot detection, the matching and
picking of differentially expressed spots of interest
among various samples, is done by identifying the spots
that reproducibly show expression differences between
the cancerous and pre-cancerous samples across
biological replicates. Differentially expressed protein
spots that satisfy the selection criteria using a statistical
significance of P < 0.05 and a threshold of > 1.5-fold
change in abundance are selected, and these protein
spots are picked from preparative gels involving the
2D-PAGE fractionation of substantially greater amounts
of the same protein samples for identification by MALDITOF and/or nano-Liquid chromatography (LC)-MS/MS.
The combination of 2D-DIGE to confidently detect
changes in protein abundance between two samples,
with contemporary MS techniques capable of identifying
proteins in complex mixtures greatly enhances the
biomarker discovery pipeline.
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The many advantages of this approach notwith
standing, there remain significant caveats. For example,
proteins with a high percentage of lysine residues are
more susceptible to multiple labeling events than proteins
encoding few or no lysines. Therefore, it is conceivable
that a highly abundant protein with few lysine restudies
may be readily detectable by conventional 2D-PAGE but
be poorly labeled by the CyDye fluorophores in 2D-DIGE
and hence be underestimated. Also, while LC-MS/MS
typically requires only 1-5 µg of protein, preparative
2D-gels require substantially more protein (approximately
equal to 500 µg) for reliable spot detection, which
may become a limiting factor in discovery proteomics.
Moreover, despite recent advances in high-resolution
mass spectrometers that facilitate quantitative analyzes
of thousands of proteins, the technology is still not
capable of comprehensively characterizing the entire
proteome in complex mixtures such as serum. Thorough
assessments of these complex samples require prior
fractionations to reduce sample complexity using
strategies including multidimensional separation (gelbased and chromatography-based technology). Some
of the most common methods used for these complex
mixtures are 2D-DIGE, isotope-coded affinity tags,
isotope-coded protein labeling, tandem mass tags,
isobaric tags for relative and absolute quantitation,
stable isotope labeling, and label-free quantification. It is
noteworthy that the lower abundance proteins detected
by 2D-DIGE are refractory to identification by mass
spectrometry due to the detection limits of currently
available mass spectrometers.
Proteome analysis is often achieved by the sequential
use of 2D-PAGE and MS. However, traditional 2D-PAGE
techniques are hamstrung by constraints associated with
detection limits of low-abundance proteins in complex
samples. These limitations have been addressed by
the development of sophisticated front-end separation
technologies. LC in combination with tandem LC-MS/MS
affords researchers the ability to directly analyze complex
mixtures in much greater detail without incurring the
[65]
detection issues associated with 2D-PAGE . The
evolution of proteomics technologies has catalyzed largescale analyzes of differentially expressed proteins under
various experimental conditions, which has greatly
enriched our understanding of the global physiological
processes that occur at the protein level during cellular
[66]
signaling events . Bottom-up or shotgun proteomics
is a high-throughput strategy capable of characterizing
very large numbers of proteins simultaneously. Using
LC, hundreds of proteins or peptides can be efficiently
separated chromatographically into much simpler protein
mixtures if not individual species, prior to identification
by MS. By pairing distinct prefractionation technologies
with complementary MS capabilities, the researcher
can customize the analytical resources to meet their
specific experimental needs. For example, Orbitrap
mass analyzers are frequently coupled to LC to take
full advantage of the MS capabilities. Other common
configurations include the quadrupole-TOF and linear ion
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trap quadrupole-Orbitrap to obtain mass determinations
[67,68]
with high accuracy and resolution
.
18

O-16O LABELING: VERIFICATION

To increase the odds of success an independent,
alternative strategy for biomarker development can be
used. For this purpose, enriched or fractionated sera is
18
16
subjected to differential O/ O stable isotope labeling,
a quantitative MS-based proteomics technique that
separates individual peptides on the basis of a 4 Da
16
m/z change. The ratio of O labeled (pre-cancerous)
18
and O labeled (cancerous) tryptic digestion products
can be analyzed by nano LC-MS/MS to determine
quantitative changes in peptide abundance between
18
16
the samples. O/ O labeling can be also used in
preliminary experiments of selective reaction monitoring
to verify the proteins discovered by 2D-DIGE, and to
identify optimal precursor and transition product ions
for relative quantitation before doing more expensive
absolute quantitation using AQUA peptides. Since the
spots in 2D-DIGE gels have more than one protein, this
approach also increases the confidence in identification
of a protein with an altered expression profile.
18
16
Investigators planning to use O/ O labeling
18
technique need to be aware that incorporation of O
atoms into peptides can vary when using trypsin as
[69]
a catalyst . This issue can be ameliorated under
conditions of extensive trypsinization. Also, until recently
the availability of suitable computational tools was
lacking, but this deficit has been addressed with the
development of computational algorithms designed to
18
16
[70,71]
evaluate O/ O labeling spectra
. It is noteworthy
18
that O labeling is far less expensive than the stable
labeling techniques, rendering it especially attractive
for use in biomarker discovery where large numbers of
[71]
samples are generally analyzed concurrently .
In general, the development and validation of
biomarkers for clinical use includes four phases: discovery,
[72,73]
quantification, verification, and clinical validation
.
Discovery-phase platforms have to date generated large
numbers of candidate cancer biomarkers. However,
a comparable system for subsequent quantitative
assessment and verification of the myriad candidates
is lacking, and constitutes the rate-limiting step in
[74]
the biomarker pipeline . Clearly, discovery “-omics”
experiments only serve to identify candidate biomarkers,
which must survive rigorous verification and validation
[72,75]
before their clinical utility becomes evident
. At
present, established immunoassay platforms, in particular
ELISA, are the paragon for quantitative analysis of protein
analytes in sera. However, a reliance on immunological
methods to verify candidate biomarkers is impractical
given the time, effort and cost required to generate
the necessary reagents while their value remains
uncertain. These constraints restrict the development
of immunoassays to the short list of already highly
credentialed candidates. Instead, the large majority of
new, unproven candidate biomarkers are best examined
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using intermediate verification technologies with shorter
assay development times, lower assay costs, suitable
to multiplexing 10-100 s of candidates, small sample
requirements, and a high-throughput capability for
analyzing hundreds to thousands of serum or plasma
[76,77]
samples with high precision
. The objective is to
winnow down the initial list of candidate biomarkers to a
more manageable number worth advancing to traditional
candidate-validation.

are compatible with tandem MS/MS data, and can be
developed very rapidly in comparison to immunoassays.
Since hundreds of MRM assays can be incorporated
into a single method, the multiplexed nature of the
technique allows for parallel monitoring of many targets.
This is highly attractive from both a scientific and
economic perspective. Furthermore, SRM assay design
can target predetermined regions within a protein
sequence, which would complement methods designed
[83]
to enrich targets prior to SRM analysis . Even subtle
changes in a protein can be readily measured using the
SRM approach. Once a SRM or MRM assay is developed,
its utility extends to numerous experimental situations
where the target protein(s) are to be measured. This
has motivated the development of public repositories
[84,85]
containing configured MRM assays
.
The availability of previous tandem mass spec
trometry data provide reliable information as to which
fragment ions will yield the greatest signal in an SRM
assay using a triple quadrupole mass spectrometer. The
concept of monitoring specific peptides from proteins
of interest is well established. As the methods exhibit
high specificity and sensitivity within a complex mixture,
they can be performed in a fraction of the instrument
time relative to discovery-based methods. In addition,
the capability to multiplex measurements of numerous
analytes in parallel highlights the value of this technology
[77,82,86]
in hypothesis-driven proteomics
. Multiplexing also
helps with minimizing the amount of sample needed,
an important consideration when working with hard to
acquire samples.

SELECTIVE REACTION MONITORING:
VALIDATION
Targeted or quantitative proteomics has emerged as a
new technical approach in proteomics and is an essential
step in biomarker development. Among the several
types of quantification methods, selected reaction
monitoring (SRM) and multiple reaction monitoring
(MRM) which enable MS-based absolute quantification
(also termed AQUA) are emerging as potential rivals
[78]
to immunoassays . Where once biomarker discovery
workflows were bottlenecked at the verification step,
steady improvements over the years have resolved the
issues such that MS-based techniques now represent
[79,80]
viable strategies for biomarker verification
. SRM
is a powerful tandem mass spectrometry method
that can be used to monitor target peptides within a
complex protein mixture. The specificity surpasses
that of traditional immunoassays that may not identify
or distinguish between post-translationally modified
peptides. The sensitivity and specificity of the SRM assay
to identify and quantify a unique peptide in a complex
mixture by triple quadrupole mass spectrometry, lends
itself to biomarker discovery and validation. This is
especially poignant where affinity-based quantitative
assays for proteins are unavailable and generating one
is hampered by homology between isotypes. However,
even isotypic variants of proteins with high homology
[81]
can be quantified using SRM . Stable-isotope-dilution
MRM mass spectrometry (SID-MRM-MS) is a relatively
new technique that enables quantification of a protein
using isotopically heavy amino acid labeled peptide
internal standards that correspond to the protein of
interest. By including three to five diagnostic peptides
representing a particular protein, the concentration
of a protein of interest can be accurately determined
based on the known amount of an internal standard
added to the sample. The technique is amenable to
multiplexing for the simultaneous quantification of 50
or more proteins, and requires only very small samples.
SID-MRM-MS is a high-throughput method and has
emerged as a valuable technique for validating multiple
[82]
potential biomarkers . MRM-MS of peptides using
stable isotope-labeled internal standards is increasingly
being adopted in the development of quantitative
assays for proteins in complex biological matrices. These
resultant assays are precise (providing primary amino
acid sequence information for the analyte), quantitative,
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ASSAY DEVELOPMENT: BIOMARKER
VERIFICATION AND VALIDATION
There are a number of criteria to consider when selecting
[87,88]
the optimal transitions for MRM analysis
. Once
the proteins of interest found in the discovery phase
are selected, the following steps and considerations
should be incorporated in the design of an absolute
quantification assay using AQUA-peptides (Figure 2).

Peptide design

First, the peptide sequence for the synthesis of the
internal standard is selected. If the absolute amount of
a protein is to be quantified, theoretically, any peptide
of the protein produced by a proteolytic digestion (e.g.,
trypsin, chymotrypsin, Glu-C, Lys-C) can be selected.
Ideally, two to five peptides are chosen per target
[82,86,89]
protein
. Peptides that deliver strong MS signatures
and uniquely identify the target protein - or a specific
isoform thereof - have to be identified empirically.
[90]
Such peptides are termed proteotypic peptides
to
ensure accurate quantification and exclude artifacts
that can originate from unknown modifications of the
endogenous protein. In any case, it is essential that the
chosen peptide/peptides should be unique to the protein
of interest and have a high response in the MS system
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enable the user to define how many product ions are
required to provide a specific and selective measurement
given the target sample. The transition lists can be
easily exported to triple quadrupole instruments. The
Skyline files are in a fast and compact format and are
easily shared, even for experiments requiring many
sample injections. For a peptide that has not yet been
sequenced, an unlabeled peptide can be generated
by peptide synthesis and inspected for the ability to
function as a reliable AQUA peptide or bioinformatics
prediction programs like Skyline can be used to choose
potential peptides. In these cases, it is important to take
into consideration that certain amino acid sequences or
modifications can change the cleavage pattern of the
selected protease. For instance, the protease trypsin
normally cleaves at the carboxylic side of arginine and
lysine. However, if proline is at the amino side of these
residues, the bond is resistant to trypsin cleavage.
Similarly, if the amino acid on the amino-terminal side
is phosphorylated, trypsin cleavage may be inhibited.
If the protein contains a series of arginines and lysines,
trypsin might cleave after the first arginine or lysine,
or after any one following those, creating “missed
cleavages” or “ragged ends”. So these theoretical
software programs provide a starting point. After using
18
16
Skyline in preliminary verification, using O/ O labeling
to check the ratios (relative quantitation) and method
development between particular samples is useful
because AQUA peptide used for absolute quantitation
are very expensive and it is better to be sure which
peptides are best suited for absolute quantitation once
the method is developed.

SRM assay development
Sample
(control/treated)
Proteominer
enrichment/crude

Denaturation
reduction
alkylation

Protein of interest

Trypsin digestion
Desalting

Import FASTA to skyline

Dried peptides
and reconstitute

Relative quantification by
18
16
O/ O isotope labeling
Run on QQQ

Theoretical
digestion
Choose precursor and product
ions for unique peptide in skyline

Import transition list to QQQ

Absolute quantification
by AQUA peptides
Run on QQQ
Analysis by mass hunter
(qual and quant)

Figure 2 Targeted proteomics work flow for relative and absolute quan
tification. SRM: Selected reaction monitoring.
[91]

to afford the greatest sensitivity (“signature peptide”) .
Ideally, peptides that have been previously sequenced
in a shotgun experiment are chosen to ensure optimal
chromatographic behavior, ionization, fragmentation and
SRM transitions. Information on sequenced peptides
can be found in published proteomics data sets and
[92]
repositories such as Peptide Atlas
(http://www.
[93]
peptideatlas.org/), Human Proteinpedia (http://www.
[94]
humanproteinpedia.org/) or PRIDE
(http://www.
ebi.ac.uk/pride/). These databases can be queried by
protein ID, accession number, or peptide sequence.
If a peptide is in these databases, the search results
return detailed information characterizing the peptide,
previously recorded mass spectra of modified and
unmodified versions, and information on the samples in
which it was identified. To develop methods for targeted
SRM analysis on a triple quadrupole mass spectrometer,
a key resource exists in academic open source, software
called Skyline (http://proteome.gs.washington.edu/
software/skyline). The Skyline user interface facilitates
the development of mass spectrometer methods and the
analysis of data from targeted proteomics experiments
performed using SRM. It enables access to MS/MS
spectral libraries from a wide variety of sources, to
choose SRM filters and verify results based on previously
[95]
observed ion trap data . The spectrum library can be
used to classify fragment ions ranked by intensity, and
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Peptide synthesis

AQUA peptides with a peptide sequence corresponding
to that generated during digestion of the endogenous
protein are synthesized. During peptide synthesis, amino
18
13
2
15
acids containing stable isotopes ( O, C, H or N) are
incorporated into the peptide, leading to a peptide with
the same chemical and physical characteristics as the
endogenous target, but with a defined mass difference.
13
15
Most commonly, C or N are used as stable isotopes
because they do not lead to chromatographic retention
shifts seen in deuterated peptides. Usually, one heavy
isotope-labeled leucine, proline, valine, phenylalanine or
tyrosine is incorporated into an AQUA peptide leading
to a mass shift of 6-8 Da. For tryptic peptides, the
C-terminal arginine or lysine is often heavy isotopelabeled such that the resulting y-ion series can be used
for monitoring. The peptide is purified, and the exact
amount of peptide is determined by amino acid analysis
or total nitrogen content. Many commercial vendors
synthesize AQUA peptides (including incorporation of a
stable isotope-labeled amino acid; e.g., Sigma-Aldrich,
Thermo Fisher Scientific or Cell Signaling Technologies).

Peptide validation

After synthesis, the AQUA peptide is analyzed by LC-
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MS/MS to verify its chromatographic behavior and
fragmentation spectra. If they correspond to the
previously detected or predicted characteristics, the
peptide is ready for use. Quadrupole-based instruments
are much better suited to SRM methods by virtue of
their ability to generate a continuous ion beam in the
SRM transition. In general, trapping instruments are
easier to set up and operate, whereas quadrupolebased instruments often require more expertise to
optimize fully. However, well-designed targeted SRM
methods on a triple quadrupole MS instrument are
capable of significantly lower limits of quantification in
mixtures of very high complexity, such as whole-cell
lysate or unfractionated serum.

AQUA peptide is analyzed on the mass spectrometer by
a SIM or a SRM method, and the amount of endogenous
peptide is determined. In contrast to a full MS scan, in
a SIM experiment only a very narrow mass range is
scanned, often by selectively injecting or trapping ions
from the narrow scan range to increase the target ion
signal-to-noise ratio. In an SRM experiment, a fragment
ion or set of fragment ions is monitored. Typically,
triplicate measurements for well-designed AQUA
experiments produce coefficients of variation between
8%-15%. Using this workflow of proteomics technologies
with other novel biostatistical tools, along with the
inclusion of clinical factors such as age and gender shown
[96]
to improve predictive performance , will increase the
probability of early diagnosis.
These results can be analyzed using machine
learning statistical approaches such as a Multivariate
Adaptive Regression Splines (MARS) model, which has
the ability to search through a large number of candidate
predictor variables to determine those most relevant to
the classification model. It is a nonparametric regression
procedure that seeks to create a classification model
based on piecewise linear regressions. MARS are able
to reliably track the very complex data structures that
[97-100]
are often present in multi-dimensional data
. In this
way, MARS effectively reveals important data patterns
and relationships that other models are typically unable
to detect.

Method optimization

An MS spectrum of the peptide (or peptides) is
first collected, either by infusion or by LC-MS or by
theoretical digestion (using Skyline). Typically, the initial
charge-state distribution is interrogated to establish
the most sensitive charge state for further monitoring.
Note that the actual charge state distribution in a
complex mixture may be different than that observed
from purified peptides. When an AQUA method is first
deployed in a real biological matrix, it is advisable to test
multiple charge states to ensure that the most sensitive
form of the analyte is ultimately used. A SIM method
with a narrow m/z scan range for the charge state with
the highest intensity that covers both the AQUA peptide
and the endogenous peptide is established from this MS
spectrum. For SRM-based methods, the MS/MS spectra
of the most intense precursor ions of the AQUA peptide
are collected and inspected. Fragment ions at m/z ratios
higher than the precursor ion are often more suitable
for monitoring because of reduction of noise compared
with the lower m/z space. Ion intensity and retention
time can be optimized by varying the amount of organic
solvent in the peptide loading buffer and in the column
equilibration phase of an LC-MS method. In addition,
software tools are now available to assist in developing
scheduled SRM methods and interpreting their data.

CONCLUDING REMARKS: THE FUTURE
OF CLINICAL PROTEOMICS
Proteomics is a fast maturing discipline that brings the
great promise for extending our understanding of the
molecular basis of human diseases, and to identify novel
biomarkers suitable for patient diagnosis, prognosis and
treatment. Hopefully, this improved understanding will
inform precision medicine and its application to patient
care in the clinical setting. Several recent advances in
proteomics have substantially simplified the analysis
of serum proteins. Powerful workflows open up new
possibilities for biomarker research that may lead to
improved clinical assays and faster, more robust drug
discovery and development. However there are still
some considerations that must be addressed to meet
the conditions that satisfy clinical applications. One key
issue concerns sample collection, which varies from site
to site, but this can be evaluated using the reference
sample set from the National Cancer Institute’s Early
Detection Research Network, and will serve as a quality
control during validation studies. Finally, the power
of a panel of biomarkers is exemplified by AFP which
requires huge sample numbers compared to statistical
approaches. By contrast, quantifiable biomarker panel
greatly reduces the requirements for large sample sets
[101]
during validation .
Drugs are launched to market after the lengthy
process of development. Despite careful preclinical

Sample preparation

The biological samples are collected and digested
with trypsin. The sample can be directly protease
digested, or, to reduce complexity, the sample can be
fractionated or enriched before digestion. Measurement
of protein abundance by AQUA is indirect and based
on the abundance of the resulting peptides; therefore,
complete proteolysis is essential, and care should be
taken to digest the target mixture with increasing
amounts of protease and/or for longer time periods.
Before digestion, a denaturation step is important
for optimal trypsinization followed by reduction and
alkylation. To remove any salts, desalting of sample is
also very important.

MS analysis

The peptide mixture containing the endogenous and the
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assessment to identify the most promising candidates,
drug development is a lengthy and expensive process.
The risk that a drug candidate is withdrawn from testing
during clinical trials, especially in the latter stages, is a
real concern that comes at considerable cost. There is an
enormous impetus within the pharmaceutical industry to
adopt new technologies that will hasten drug development
and reduce the costs associated with bringing new drugs
to market. Biomarkers are emerging as valuable tools in
identifying potential drug failures at an early stage that
can inform go/no-go decisions. Omics technologies serve
an increasingly important role in biomarker discovery
and the latter stages of drug development (e.g., target
discovery, mechanism of action or predicting toxicity).
Recent advances in mass spectrometry including SRM
and novel high-resolution capabilities have catalyzed
the advent of proteomics and metabolomics as a central
component in biomarker discovery, quantification,
validation, and clinical verification.
Clinical proteomics is poised to bring important direct
“bedside” applications. We foresee a future in which the
physician rely upon targeted proteomic analyses during
various aspects of disease management. The paradigm
shift will directly affect medicine from the development
of new therapeutics to clinical practice during the
treatment of patients.
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ranging from simple fatty liver to non-alcoholic steato
hepatitis (NASH), which may progress to fibrosis and
more severe liver complications such as cirrhosis,
hepatocellular carcinoma and liver mortality. NAFLD
is strongly associated with obesity, insulin resistance,
hypertension, and dyslipidaemia, and is now regarded as
the liver manifestation of the metabolic syndrome. The
increased mortality of patients with NAFLD is primarily a
result of cardiovascular disease and, to a lesser extent,
to liver related diseases. Increased oxidative stress
has been reported in both patients with NAFLD and
patient with cardiovascular risk factors. Thus, oxidative
stress represents a shared pathophysiological disorder
between the two conditions. Several therapeutic
strategies targeting oxidative stress reduction in patients
with NAFLD have been proposed, with conflicting
results. In particular, vitamin E supplementation has
been suggested for the treatment of non-diabetic,
non-cirrhotic adults with active NASH, although this
recommendation is based only on the results of a
single randomized controlled trial. Other antioxidant
treatments suggested are resveratrol, silybin, L-carnitine
and pentoxiphylline. No trial so far, has evaluated
the cardiovascular effects of antioxidant treatment in
patients with NAFLD. New, large-scale studies including
as end-point also the assessment of the atherosclerosis
markers are needed.

Abstract

Core tip: Non-alcoholic fatty liver disease (NAFLD)
represents the most common chronic liver disease,
including a wide spectrum of conditions ranging from
simple fatty liver to non-alcoholic steatohepatitis,
cirrhosis, hepatocellular carcinoma and liver mortality.

Key words: Cardiovascular disease; Oxidative stress;
Non-alcoholic fatty liver disease; Atherosclerosis; Nonalcoholic steatohepatitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Non-alcoholic fatty liver disease (NAFLD) represents
the most common and emerging chronic liver disease
worldwide. It includes a wide spectrum of liver diseases
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through the activation of stellate cells . Moreover,
ROS inhibit hepatocytes secretion of very low density
lipoprotein (VLDL), inducing liver fat accumulation. ROS
can also promote hepatic insulin resistance and necroinflammation and activate several intracellular pathways
[11]
that can lead to hepatocyte apoptosis . At the same
time, sound evidence has been generated that oxidative
stress centrally contributes to atherothrombosis and is
involved at all stages of atherosclerotic plaque evolution.
Therefore, we speculate that increased oxidative stress
may represent the missing link between NAFLD and CVD
(Table 1).

NAFLD is considered the liver manifestation of the
metabolic syndrome. The increased mortality of patients
with NAFLD is primarily a result of cardiovascular
disease (CVD). Oxidative stress represents a shared
pathophysiological disorder between NAFLD and CVD.
Several antioxidant treatments have been proposed in
patients with NAFLD, with conflicting results, but no
trial has evaluated their cardiovascular effects in this
setting. Further studies are needed.
Polimeni L, Del Ben M, Baratta F, Perri L, Albanese F, Pastori
D, Violi F, Angelico F. Oxidative stress: New insights on the
association of non-alcoholic fatty liver disease and atherosclerosis.
World J Hepatol 2015; 7(10): 1325-1336 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i10/1325.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i10.1325

NAFLD AND CVD
NAFLD and CVD morbidity and mortality

Recent published data showed an increased risk for CVD
[12]
associated to NAFLD. Söderberg et al
reported in a
28-year follow-up study of subjects with an elevation of
liver enzymes an higher risk of mortality in patients with
NAFLD than in the general population. Moreover, in this
study, the first cause of mortality was represented by
[13]
CVD while liver disease was only the third one .
Two major studies, based on ultrasonography dete
ction of steatosis, investigated the association between
NAFLD and CVD. The first, carried out in a large North
American database, reported an higher prevalence of
CVD risk factors and events in patient with NAFLD (n =
2492) in comparison with those without. Nonetheless,
the rate of CVD mortality during a follow up period of
[14]
14 years was not increased in subjects with NAFLD .
In the second, a Japanese 5-year prospective study
of 1221 healthy subjects, patients with NAFLD (n =
231) showed an increased incidence of CVD events
(1.0% vs 5.2%; P < 0.001) and NAFLD emerged as an
[15]
independent predictor of CVD .
Few prospective studies used liver biopsy based
diagnosis, and investigated the correlation between
[16,17]
hepatic inflammation and atherosclerosis
. In a
Swedish study, subjects with NAFLD at liver biopsy
have been followed-up for about 14 years. Patients
with steatohepatitis showed an higher mortality rate
[18]
than those with simple steatosis . In a further study
performed in Japan, ultrasound screening for steatosis
was performed in 625 subjects who underwent coronary
angiography. Significant stenosis (≥ 50%) was more
prevalent in subjects with steatosis (84.6%), than in
those without (64.1%). However, after 87 wk of followup there were no differences in the incidence of fatal
CVD, non-fatal myocardial infarction, and coronary
[19]
revascularization .

INTRODUCTION
[1]

Non-alcoholic fatty liver disease (NAFLD) is a very
frequent condition rising striking proportions in recent
[1]
years, with prevalence of 20%-30% in the general
population, and 70%-90% in obese or diabetic patients.
Non-alcoholic steatohepatitis (NASH) represents one
of the most frequent conditions leading to liver trans
plantation and is projected to eventually become the
[2]
first one in the next years .
NAFLD comprises different conditions, including
simple steatosis and NASH. It is noteworthy that in
some cases NAFLD patients may develop cirrhosis and
[3]
hepatocellular carcinoma . Moreover, patients with
NAFLD show a higher risk for cardiovascular disease
[4]
(CVD) , and cardiovascular mortality. Actually, patients
with NAFLD have a greater probability to experience
CVD rather than liver related complications.
NAFLD shows a strong association with many
metabolic disorders such as insulin resistance, obesity,
dyslipidaemia and hypertension and for this reason
is considered the hepatic expression of the metabolic
[5]
syndrome (MetS) . MetS is a cluster of metabolic and
[6]
CVD risk factors , characterized by low grade chronic
inflammation and systemic oxidative stress. However,
NAFLD and NASH have a complex pathogenesis and the
fatty liver infiltration may be caused by several different
[3,7]
mechanisms .
[8]
According to the “two-hit” theory , insulin resistance
(IR) is believed to play an essential role in the early
stages of steatosis. However, it is under discussion
whether IR and hyperinsulinemia cause liver steatosis
or NAFLD itself promotes hyperinsulinemia because of
[5,9]
an inadequate degradation of insulin . By contrast,
oxidative stress seems to be one of the most important
mechanisms leading to hepatic injury in NAFLD, playing a
fundamental role in the progression from simple steatosis
to NASH. It has been demonstrated that the augmented
generation of reactive oxygen species (ROS) can induce
lipid peroxidation leading to inflammation and fibrogenesis

WJH|www.wjgnet.com

Cardiovascular risk stratification in patients with NAFLD

The above reported survival data suggest that a
correct CV risk stratification is a fundamental step in
the management of patients with NAFLD. This will
include an accurate anamnesis, physical examination,
laboratory and instrumental analyses (Figure 1).
Indeed, the recognition of the presence of early signs
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Table 1 Oxidative stress, non-alcoholic fatty liver disease and atherosclerosis: Highlights and open issues
NAFLD is the most common and emerging chronic liver disease worldwide
NAFLD is considered the hepatic manifestation of the metabolic syndrome
Patients with NAFLD are at increased risk of cardiovascular morbidity and mortality and cardiovascular disease is the major cause of death
Chronic oxidative stress is considered one of the key mechanisms responsible for both liver damage progression in NAFLD and atherosclerotic disease
Therapeutic strategies targeting oxidative stress reduction in patients with NAFLD have been proposed, although based on only one RCT
No trial so far, has evaluated the cardiovascular effects of antioxidant treatment in patients with NAFLD
NAFLD: Non-alcoholic fatty liver disease; RCT: Randomized controlled trial.

Patient with NAFLD
CVR assessment
Anamnesis
physical examination
Familiarity for CVD
Prior CV events
Lifestyle habits (diet, smoking,
physical activity)
BMI
Waist circumference
Blood pressure

Laboratory
Fasting glucose
HbA1c
Lipid profile
Liver function tests

Instrumental

CVR management
Therapeutic lifestyle changes:
Physical activity
Low-fat diet
Smoking cessation
Pharmacological approach
Anti-hypertensive
Lipid lowering
Anti-diabetic
Bariatric surgery
Antioxidant?

ECG
Echocardiography
Carotid ultrasonography (IMT)
FMD (experimental)

Figure 1 Algorithm for the assessment and management of cardiovascular risk in patients with non-alcoholic fatty liver disease. NAFLD: Non-alcoholic fatty
liver disease; CVD: Cardiovascular disease; BMI: Body mass index; IMT: Intima-media thickness; FMD: Brachial artery flow-mediated dilation; CVR: Cardiovascular
risk; ECG: Electrocardiogram.
[22]

of atherosclerosis is crucial for an effective prevention
strategy. Two surrogate markers of atherosclerosis have
been studied so far in patients with NAFLD: the carotid
intima-media thickness (IMT) and the brachial artery
flow-mediated dilation (FMD).
IMT: The use of ultrasound to assess the presence of
carotid plaques, or to measure the common carotid
IMT is a common screening tool to evaluate the
presence of early systemic atherosclerosis. Several
studies investigated IMT and carotid atherosclerosis in
[20]
subjects with NAFLD . In a meta-analysis, Sookoian
[20]
et al observed in 3497 subjects a significantly higher
IMT (+13%) in subjects with steatosis (n = 1427), as
compared with patients without fatty liver (n = 2070).
Moreover, also in pediatric population, available data
showed an association between an increased IMT
[21]
and NAFLD . However, there are conflicting data
supporting an independent role of NAFLD for increased
WJH|www.wjgnet.com

[23]

IMT . In a small study, Mohammadi et al
found
an independent correlation between NAFLD and IMT.
Instead, in a German study, after adjustment for CVD
risk factors, NAFLD did not independently predict
[24]
increased IMT . Similarly, in Kim’s study, authors
observed an increased IMT only in metabolic patients
and speculated that NAFLD could be a marker of more
[25]
severe MetS . The correlation between NAFLD severity
and IMT is unclear and the three major liver biopsybased studies showed conflicting data. In a Greek study,
NAFLD subjects had significantly higher cIMT (0.79 ±
0.18 mm vs 0.67 ± 0.13 mm, P = 0.01), compared
to controls and there were no differences observed
[26]
[27]
between NAFLD and NASH . Conversely, Brea et al
[28]
and Targher et al studies reported a close association
between histology of NAFLD and IMT. Several studies
investigated also carotid plaques prevalence in patients
with NAFLD reporting conflicting data. In the Sookoian
[20]
et al
systematic meta-analysis, the relative risk for
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carotid plaques in patients with NAFLD is about twice as
compared to control subjects.

independent predictor of hepatic steatosis, as it predicts
increased levels of hepatic enzymes independently from
[49,50]
BMI
.
Among mechanisms linking CVD risk with hepatic
steatosis, the most prominent factors seem to be
insulin resistance, low-grade chronic inflammation and
[34,51]
atherogenic dyslipidemia
. In addition, increased
oxidative stress may also represent a shared patho
physiological condition between the two conditions (Figure
2). In fact, we have previously described increased
oxidative stress in a number of chronic diseases, such as
MetS, hypercholesterolemia, obesity, peripheral artery
disease and obstructive sleep apnoea syndrome, all
associated to increased CVD risk.
Oxidative stress plays a key role in the initiation
and progression of both NAFLD and atherosclerosis. An
excessive ROS production is responsible for the oxidation
[52]
of LDL , which may promote the transformation of
macrophages into foam cells, which represent the first
step in the formation of the atherosclerotic lesion. On
the other hand, in patients with NAFLD, ROS may also
cause lipid peroxidation which may be followed by
inflammation, and activation of stellate cells leading to
[8]
fibrogenesis .
In fact, in many clinical studies, elevated systemic
markers of oxidative stress and lipid peroxidation have
[53-59]
been found in patients with NAFLD
.
Recently, in two studies carried out in patients with
[60,61]
NAFLD
, we found increased oxidative stress in vivo,
by measuring urinary 8-iso-prostaglandin F2α (8-isoPGF2α), which derives from the non-enzymatic oxidation
[62]
of arachidonic acid , and serum levels of soluble NOX2derived peptide (sNOX2-dp), which is an indicator of
NOX2 activation, a NADPH oxidase isoform involved in
[63,64]
ROS generation
. In vivo measurement of 8-isoPGF2α in urine is a validated and widely accepted reliable
[65]
biomarker of oxidative stress in health and diseases ;
a recent study from our group demonstrated that 8-isoPGF2α production is partly a result of activation of
[65]
NOX2 . Accordingly, we demonstrated that patients
with genetically determined low oxidative stress,
[63]
disclosed impaired formation of urinary 8-iso-PGF2α .
Increased values of urinary 8-iso-PGF2α and serum
sNOX2-dp levels have been detected also in subjects
with cardiovascular risk factors such as hypertension,
diabetes, dyslipidemia, obesity, sleep apnoea syndrome,
[66-71]
atrial fibrillation and MetS
, which are all commonly
present in patients with NAFLD.
Moreover, we also have demonstrated changes of
systemic markers of oxidative stress after modulation
of risk factors. For example, in patients with familial or
polygenic hypercholesterolemia, statin treatment was
associated with a parallel decrease of serum cholesterol
[72,73]
and urinary 8-iso-PGF2α values
. Accordingly, in
patients with MetS who had lost at least 5% of their
initial weight, a decrease in serum NOX2-dp and
urinary 8-iso-PGF2α levels was found, with concomitant
increase in the levels of antioxidant molecules such as
[74]
vitamin E (α-tocopherol) and adiponectin . Finally,

FMD: Brachial artery FMD is a non-invasive test to
evaluate endothelial dysfunction, a clinical marker of
[29]
early CVD abnormalities . So far, few studies evaluated
[23,26,30]
the relationship between FMD and NAFLD
.
[26]
Vlachopoulos et al
found a reduced FMD in patients
with NAFLD (1.9% ± 2.1% vs 4.8% ± 2.4% in
controls, P < 0.001); in Mohammadi’s study FMD was
6.4% in patients and 15.7% in controls (P < 0.001);
[30]
Thakur et al
reported a significantly greater degree
of FMD impairment in NAFLD patients than controls
[31]
(OR = 11.7; 95%CI: 1.4-96.5). Villanova’s
study
described a correlation between NAFLD severity and
impaired FMD; in fact, lower FMD value were observed
in patients with NAFLD/NASH. Finally, among 250 obese
children, those with NAFLD and transaminase elevation
[32]
had significantly impaired FMD . Despite FMD has
been shown to be able to predict CV events in some
[33]
settings , it is not commonly used in clinical practice
mostly due to its variability. Thus, its utility is now
limited to experimental clinical trials.

OXIDATIVE STRESS, CVD AND NAFLD
As mentioned above, in subjects with NAFLD the main
[4]
cause of death is represented by CVD complications .
However, It is still under debate if NAFLD is associated
with CVD as a result of the coexistence of multiple CVD
risk factors, or if NAFLD independently confers a higher
[34-36]
CVD risk, acting as a pro-atherogenic stimulus
. In
fact, most patients with NAFLD are obese or overweight,
and many of them have arterial hypertension, diabetes
and atherogenic dyslipidemia, thus outlining the clinical
features of the MetS. Therefore, NAFLD is usually
[37,38]
considered an hepatic expression of MetS
.
NAFLD prevalence is significantly higher in obese
patients than in individuals with normal magnetic re
sonance imaging (BMI) and without metabolic risk
[39,40]
factors (80% and 16%, respectively)
and a
significant correlation between NAFLD and BMI has
[41]
been reported . Many evidences suggest that the
distribution of body fat plays a more important role in
obesity-associated comorbidities than the total body
fat mass. Visceral adipose tissue (VAT) compared with
subcutaneous fat (SCF) is a better predictor of hepatic
steatosis and is associated with histological severity in
[42]
NAFLD independent of IR and hepatic steatosis . VAT
is more lipolitically active on a per unit weight basis and
[43-45]
exhibits greater IR than SCF
, causing enhanced
peripheral lipolysis resulting in surplus-free fatty acid
[46]
turn over into the liver . Furthermore, increased
production of pro-inflammatory adipokines and a converse
decrease in protective adipokines is more evident in VAT
[47]
compared with SCF . Waist circumference and waist-tohip ratio are anthropometric measurements of central
[48]
adiposity, which correlate well with VAT . On the
basis of recent findings, central adiposity could be an
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Lipid peroxidation
↓ Vitamin E

NAFLD/NASH
Inflammation and
activation of stellate cells

↓ Adiponectin
Risk factors
(hypertension, diabetes,
dyslipidaemia, metabolic
syndrome, PAD, OSAS)

Oxidative stress imbalance
Monocyte/macrophage
activation
Oxidation of LDL

↑ Isoprostanes

CVD
↑ ROS

↑ NADPH
oxidase

Endothelial dysfunction
Atherosclerosis

Figure 2 Possible pathophysiological mechanisms linking non-alcoholic fatty liver disease/non-alcoholic steatohepatitis to cardiovascular disease.
PAD: Peripheral artery disease; OSAS: Obstructive sleep apnoea syndrome; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; CVD:
Cardiovascular disease; ROS: Reactive oxidant species; LDL: Low density lipoprotein.

benefits and harms of antioxidant supplements in this
clinical subset has reported no enough data to express
a conclusive and widely accepted opinion on antioxidant
[88]
therapy use in NAFLD patients . Note that, only a
minority of the randomized controlled trials (RCTs)
report pre-treatment and post-treatment histological
data to support therapeutic efficacy of antioxidant
therapy in biopsy-proven NAFLD or NASH.

in subjects with sleep breathing disorders, treatment
with nasal continuous positive air pressure significantly
[75]
decreased oxidative stress .
Oxidative stress may initiate the atherosclerotic
process as it has a negative influence on endothelial
[76-78]
cells
. Endothelial dysfunction predisposes patients
[79,80]
to experience a CV event
.
FMD is the most often non-invasive test used for
assessing endothelial function, regulated by nitric oxide
[29]
release . Impaired FMD has been found in several CV
and metabolic diseases related to chronic low-grade
[67,69,75,81-84]
inflammation and oxidative stress
. Improve
ment of FMD with a coexistent decrease of NOX2
activation has been observed in patients with MetS after
[69]
moderate weight loss . Impaired endothelial function
[31,85]
was suggested also in NAFLD subjects
.
In conclusion, oxidative stress may increase CVD
risk in patients with NAFLD, both by contributing to
the pathogenesis of single CVD risk factors, or by
inducing endothelial dysfunction. Therefore, oxidative
stress may represent an attractive target for improving
CVD prevention in these patients, as it may represent
a common mechanism underlying multiple CVD risk
[86]
factors . In particular, targeting platelet NOX may
represent a useful complementary anti-thrombotic
[87]
approach for these patients . Moreover, antioxidant
therapy may also be useful to decrease lipid peroxidation
and liver disease progression in NAFLD.

Vitamin E in NAFLD

Vitamin E is a lipophilic molecule with antioxidant
activity that prevents membrane damage by ROS. Low
levels of antioxidants including vitamin E have been
observed in subjects with NASH compared to healthy
[89]
individuals . We confirmed this finding, demonstrating
reduced blood values of α-tocopherol/cholesterol in 254
patients with NAFLD compared with 56 patients without
NAFLD. Notably, similarly reduced vitamin E/chol values
were obtained in a subgroup of 20 patients with biopsyproven NASH (unpublished data).
The effects of vitamin E have been investigated in
several experimental murine models of NAFLD showing
an improvement of NASH and a reduction in oxidative
stress markers, hepatic stellate cell activation, and
histologic fibrosis in mice supplemented with vitamin
[90-92]
E
.
The effects of vitamin E or vitamin E plus other drugs
on the liver damage, in patients with biopsy-proven
NASH, have been investigated in few small studies
[93-95]
showing conflicting results
.
Recently, two large multicenter RCTs investigated
the efficacy of vitamin E in subjects with NAFLD. In
the PIVENS trial, adult patients with aggressive NASH
and without diabetes or cirrhosis, high-dose vitamin E
supplementation (800 UI q.d.) significantly improved
NASH histology compared to pioglitazone or placebo

ANTI-OXIDANT THERAPY IN NAFLD
Based on the above evidences, several therapeutic
strategies targeting oxidative stress reduction in
patients with NAFLD have been proposed. Notably, none
of these studies took into consideration cardiovascular
implications. Moreover, a meta-analysis evaluating the
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[108,109]

treatment groups; however, increased insulin resistance
[93]
and plasma triglyceride levels were reported . By
contrast, the TONIC trial found no differences between
vitamin E (400 IU bid), metformin (500 mg bid), or
placebo in inducing sustained decrease of ALT level in
children with NAFLD, even if α-tocopherol showed a
[96]
significant improvement of NASH .
Based only on the results of the above single positive
[93]
RCT , recent guidelines suggest supplementation
with high-dose vitamin E (800 UI q.d.) to treat NASH
[97]
in patients without diabetes . However, over the
last few years, concerns about the safety of vitamin E
supplementation have been raised. Indeed, a systematic
review indicated that α-tocopherol might increase
[98]
hemorrhagic stroke risk
and in another study it has
been reported an increased prostate cancer incidence
in healthy men taking vitamin E (400 IU q.d.) over 7
[99]
years . Moreover, no benefits in cardiovascular mortality
or cerebrovascular events have been demonstrated for
[100]
vitamin E supplementation . Finally, recent publications
reported no benefits by α-tocopherol supplementation
for cardiovascular prevention and no evidence for an
[101,102]
association with increased all-cause mortality
.
Therefore, even though there are some evidences
about the efficacy of vitamin E supplementation in
NAFLD/NASH, there are concerns about its safety.
Further studies taking in to consideration cardiovascular
implications and long-term safety of vitamin E supple
mentations are needed.
A possible alternative could be the simultaneous
supplementation using smaller doses of several small
molecule antioxidants in association, such as vitamin
A, vitamin E, vitamin C, glutathione, etc. A further
possibility could be the simultaneous supplementation
using a small molecule antioxidant with a trace element
(zinc, copper, or selenium) that may increase expression
of an enzymatic antioxidant. However, further studies
are needed to support the potential roles of these
therapeutic approaches.

both for fatty liver prevention and treatment
. The
doses used in these studies have been generally very
high, ranging from 0.5 to 450 mg/kg per day. Data
deriving from these studies suggest that the reduction
of oxidative stress also contributes to this positive effect.
So far, only one human study investigating the
effects of resveratrol supplementation on the liver has
been conducted. In this small-randomized double-blind
crossover design study, 11 healthy obese male volunteers
received 150 mg resveratrol per day or placebo for 1 mo.
Plasma alanine aminotransferases (ALT) concentration
and intrahepatic lipid content were significantly lower
after 30 d of resveratrol supplementation in comparison
[110]
to placebo .
Based on its potent effects on oxidative stress and
inflammation, as well as its wide availability, resveratrol
has become one of the most interesting candidate for the
prevention of fatty liver diseases. Interestingly, a role of
resveratrol in CVD protection has been demonstrated in
primary and secondary prevention with an improvement
of CVD risk markers, such as endothelial function,
echocardiographic parameters and cytokines expression
[111]
in different settings . Nevertheless, there is a lack of
long-term randomized clinical trials using resveratrol
and improvement of markers of cardiovascular risk does
not necessarily coincide with clinical benefits in patients
management.
Recently, there has been a renewed interest for
silybin, a natural product deriving from - Silybum
marianum. Even if its therapeutic efficacy has been
questioned for years, silybin is commonly used as
hepato-protective agent. Silybin therapeutic efficacy
has been demonstrated in several studies performed
[112-114]
in different types of experimental liver injury
.
Notably, in a recent study, silybin administration decr
eased oxidative stress and improved both liver and
myocardial injury in an experimental murine model of
[115]
NAFLD . Moreover, some studies showed a positive
[116,117]
effect of silybin on fibrosis and oxidation
. In a
recent large multicenter RCT, a combination of silybin,
vitamin E and phosphatidylcholine reduced hepatic
[118]
damage and IR .
L-carnitine, an endogenous substance precursor
of carnitine-palmitoyltransferase 1, is involved in the
mitochondrial β-oxidation that affects mitochondrial
function. L-carnitine has potent antioxidant properties,
being a free radical scavenger, and thus may protect
[119,120]
tissues from oxidative damage
.
In a recent study, l-carnitine supplementation reduced
tumor necrosis factor (TNF)-α, liver function parameters,
[121]
plasma glucose levels and histological scores in NASH .
However, even if a majority of studies have shown
that l-carnitine supplementation can improve factors
[122-125]
associated with MetS and CVD
, recent evidences
suggested that dietary l-carnitine may accelerate
[126]
atherosclerosis via gut microbiota metabolites
.
Thus, further research is necessary to investigate the
effect of chronic l-carnitine supplementation on both
atherosclerosis and chronic fatty liver disease.

Other anti-oxidant drugs

Several studies have been conducted investigating the
effect of other antioxidant drugs in NASH, but with
inconclusive results.
In recent years, many studies have found promising
properties of Resveratrol (trans-3,4’,5-trihydroxystilbene)
for NAFLD treatment. Resveratrol is a stilbene naturally
occurring in several plants and extracted from red
grapes. Resveratrol has a well-documented strong
capacity against oxidation and inflammation, improves
insulin sensitivity and glucose tolerance and reduces
[103,104]
plasma lipids
. Some in vitro studies performed
in different cell models of steatosis demonstrated that
resveratrol shows anti-lipidogenic effects at doses
between 10 and 50 μmol/L. The mechanism of action
underlying this effect may be mediated by a decrease of
[105-108]
de novo lipogenesis
.
Many in vivo studies demonstrated positive effects
on liver steatosis in animal models, showing efficacy
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Pentoxiphylline (PTX) is a methylxanthine derivative
with anti-oxidant and anti-inflammatory properties. In
fact, pentoxiphylline suppresses TNF-α gene transcription
[127]
and acts as a hydroxyl and peroxyl radical scavenger .
Moreover, it has been proven that it increases red blood
cell flexibility, reduces blood viscosity and decreases
platelet aggregation. PTX it is commonly used for
the treatment of intermittent claudication in Western
countries and several small clinical trials have reported
beneficial effects of PTX supplementation on multiple
surrogate clinical markers in subjects with chronic heart
[128-131]
failure
.
Indeed, recent evidences showed that PTX can
decrease free-radical-mediated lipid oxidation and can
[132,133]
improve histological features of NASH
, such as
steatosis, lobular inflammation and fibrosis. Thus, PTX
may represent a new strategy for treating NAFLD.
However, more studies are suggested to confirm its
efficacy and the cardiovascular effects in this setting.

with active NASH, although this indication is supported
[93]
only by the findings of a single RCT
and a metaanalysis has reported insufficient evidence supporting
or refusing a favourable role of antioxidants for the
[88]
treatment of NAFLD . Moreover, no trial so far, has
assessed the cardiovascular benefits of antioxidant
treatment in individuals with fatty liver. New, large-scale
RCTs including as end-point also the assessment of the
atherosclerosis markers are needed.

CONCLUSION
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Liver steatosis in hepatitis C patients
Emilio González-Reimers, Geraldine Quintero-Platt, Melchor Rodríguez-Gaspar, Remedios Alemán-Valls, Onán
Pérez-Hernández, Francisco Santolaria-Fernández
would affect HCV patients who are also obese or
diabetics. In fact, several genotypes exert metabolic
effects which overlap with some of those observed in
the metabolic syndrome. In this review we will analyse
the pathogenic pathways involved in the development
of steatosis in HCV patients. Several cytokines and
adipokines also become activated and are involved in
“pure” steatosic effects, in addition to inflammation.
They are probably responsible for the evolution of
simple steatosis to steatohepatitis, making it difficult to
explain why such alterations only affect a proportion of
steatosic patients.
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Core tip: Chronic hepatitis C virus (HCV) infection
can lead to steatosis and steatohepatitis. Increased
liver triglyceride synthesis is mediated by several
transcription factors such as sterol regulatory elementbinding protein (SREBP) whose expression is enhanced,
in turn, by HCV core protein. Chronic HCV infection
is also associated with insulin resistance that seems
to be selective because although it activates systemic
lipolysis, it increases triglyceride synthesis within the
liver. This is due to the stimulatory effect of insulin on
SREBP. It remains to be answered why not all patients
with HCV infection and steatosis develop steatohepatitis
despite early cytokine activation and metabolic
derangements.

Abstract
There is controversy regarding some aspects of
hepatitis C virus (HCV) infection-associated liver
steatosis, and their relationship with body fat stores.
It has classically been found that HCV, especially
genotype 3, exerts direct metabolic effects which lead
to liver steatosis. This supports the existence of a so
called viral steatosis and a metabolic steatosis, which
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intrahepatocytary triglycerides .
In addition, several viral proteins of diverse
genotypes interfere with insulin signalling, leading to
insulin resistance. Insulin resistance is the hallmark of
obesity, but in HCV infection, patients do not necessarily
have to be overweight for them to develop insulin
resistance: despite the principal role of obesity and
associated insulin resistance on liver steatosis, this
lesion may develop in the face of a normal body mass
index (BMI). Therefore, at any given load of fatty acids,
HCV infected hepatocytes up-regulate synthesis of more
fatty acids, impair β-oxidation of the available fatty
acids, and impede the export of triglycerides (Figure 1).

INTRODUCTION
Non-alcoholic steatohepatitis is an increasingly common
situation, in which fat-laden hepatocytes trigger an
inflammatory response which may evolve to liver
[1]
[2]
cirrhosis and hepatocarcinoma . Diabetes and obesity
are the most important causes, since insulin deficiency
and/or resistance alter the mobilization of fatty acids
from adipose tissue to liver, the oxidative pathways,
and lipid trafficking between liver and peripheral
tissues. Steatosis and steatohepatitis are also observed
in chronic hepatitis C virus (HCV) infection. Although
HCV by itself-especially genotype 3a- may lead to liver
steatosis, obesity and concomitant alcohol abuse are
[3]
main factors involved . The “two hit theory” sustains
that cytokine activation and increased lipid peroxidation
contribute to the evolution of liver steatosis to more
[4]
advanced stages of steatohepatitis . Throughout this
manuscript we will show that cytokine activation may
already exist, at least theoretically, in early stages of
the disease (simple steatosis), but not all the patients
showing simple steatosis develop steatohepatitis.
The outstanding role played by some genotype
specific HCV viral proteins, which either have a direct
steatogenic effect or induce insulin resistance, explains
why some HCV infected individuals show liver steatosis
in the absence of obesity and has led to the concept
that there are two main pathogenetic mechanisms of
steatosis in these patients: the so-called “metabolic”
steatosis and “viral” steatosis. In the present paper
we will revise the main pathways leading to steatosis
in these HCV patients. However, viral and non-viral
dependent pathways are intermingled, so we will not
treat them separately. Also, although the objective
of this review is only to revise mechanisms leading
to steatosis, and not steatohepatitis, many pathways
involved in simple steatosis are already able to trigger
inflammation, which is the hallmark of steatohepatitis,
so a precise limit between both clinicopathological
stages is lacking. We will comment only those aspects of
proinflammatory cytokines involved in the pathogenesis
of “pure” steatosis.
As mentioned above, patients infected by genotype
3a HCV develop liver steatosis even in the absence of
[5]
obesity , a finding which supports a direct cytopathic
[6]
and steatogenic effect of this precise genotype . Recent
research has shown that this viral effect depends on
several mechanisms which will be commented in this
review. HCV genotype 3a up-regulates the expression
[7]
of fatty acid synthase . There are also data which
suggest that in chronic hepatitis secondary to HCV
there is decreased mitochondrial β-oxidation, possibly
[8]
due to mitochondrial damage . In addition, HCV
impairs export of very low density lipoprotein (VLDL)
particles from the liver to peripheral tissues, by several
mechanisms. Hepatocyte release of HCV particles
utilises the same pathway used in VLDL export, and
HCV mediates inhibition of the microsomal triglyceride
transfer protein (MTP), a molecule involved in export of
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Increased triglyceride synthesis

Fat mobilization is a necessary condition to develop liver
steatosis, and liver steatosis is more intense the greater
[10]
the BMI , also in HCV patients (Figure 2). During
fasting-a situation characterized by low insulin levels-,
fatty acids are released by the adipocyte and reach
the liver, where they are taken up by liver cells and are
destined to be used either as fuel, as a source of ketone
bodies or they can be combined again with glycerol to
be re-esterified as triglycerides. Triglycerides coupled
with apoproteins and cholesterol form the so called
VLDL which are then exported to peripheral tissues.
A situation with some features similar to those
observed during fasting may take place in conditions
accompanied by insulin resistance: in adipose tissue
insulin fails to suppress lipolysis, so that an increased
amount of free fatty acids reaches the liver. But in
fasting, insulin levels are low, whereas in situations of
insulin resistance, insulin levels are usually high. High
insulin levels, even in a situation of insulin resistance and
not-supressed lipolysis, still enhance liver triglyceride
synthesis, but not adipocyte synthesis of triglyceride.
Liver triglyceride synthesis implies esterification of
glycerol with fatty acids. These fatty acids may derive
from adipose tissue, from ingested fat, and also from
ingested carbohydrates, the latter constituting the
amount synthesized “de novo” by the liver. In insulinresistant patients with non-alcoholic fatty liver disease
the rate of de novo lipid synthesis is increased. Donnelly
[11]
et al
showed that 26% of the triglycerides stored in
the liver of 9 obese subjects with non-alcoholic fatty liver
disease derived from de novo lipogenesis, in contrast
with the 5% contribution (in the fasted state) observed
[12]
among normal individuals . This increased de novo liver
lipogenesis in insulin-resistance situations is accompanied
by a reduced triglyceride synthesis within the adipocyte,
due to decreased availability of glycerol 3 phosphate,
which is in turn due to an insulin-resistance-mediated
[13]
decrease in glucose uptake .
Several transcription factors are involved in increased
[14]
liver lipid synthesis . These are:
(1) Sterol regulatory element-binding proteins
(SREBP), especially the SREBP-1c. SREBP-1c enhances
transcription of genes required for fatty acid synthesis
[15]
and predominates in the liver . When cells become
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Figure 1 Simplified schematic pathway of lipid metabolism. The symbol
corresponds to the points at which hepatitis C virus (HCV) blocks lipid
metabolism, and the dotted arrows the point at which HCV enhances it. VLDL:
Very low density lipoprotein.
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Figure 3 Simplified representation of the effect of steroid response
element binding protein on lipid synthesis. Insulin promotes transcription
of steroid response element binding protein (SREBP). In the endoplasmic
reticulum, SREBP binds to SREBP cleavage-activating protein, a complex
which moves to the Golgi apparatus, where the active N-terminal form of
SREBP is formed by the sequential action of two proteases (S1P and S2P),
and is finally translocated to the nucleus. SCAP: SREBP cleavage-activating
protein; PUFA: Polyunsaturated fatty acid.
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cholesterol levels in the hepatocyte , although this
inhibitory action affects SREBP-2. Inhibition of SREBP-1
processing requires the presence of polyunsaturated
[17]
fatty acids in addition to cholesterol (Figure 3).
SREBP-2 is also present in liver and other organs,
and is more specifically involved in cholesterol synthesis.
However, when expressed at higher than normal levels,
each of the three SREBP isoforms can activate both
[18]
cholesterol and fatty acid synthesis .
SREBP-1a is expressed only at low levels in liver, but
in studies performed on genetically engineered mice,
overexpression of SRBEP 1a led to a 26-fold increase in
[19]
fatty liver synthesis and a massive liver steatosis .
SREBP transcription is strongly stimulated by
[20]
insulin , whereas glucagon exerts an inhibitory
effect. Over-expression of SREBP-1c may lead to an
excessive synthesis of fatty acids (and cholesterol and
triglycerides) within the liver cell, ultimately leading to
[14,21]
liver steatosis
. Liver X-activated receptors (LXR)
α and β are involved in SREBP-1c transcription. These
are nuclear receptors that heterodimerize with retinoid
X receptors after binding to a ligand. In the case of
SREBP, they bind to a LXR response element in the
promoter region of the SREBP-1 gene and activate
[22]
SRBP-1c transcription . Thus, glucagon, insulin, and

15.00

1

2
3
Liver steatosis (quartiles)

4

Figure 2 Preliminary data on 83 patients with hepatitis C virus infection.
Liver steatosis was histomorphometrically assessed. In this figure, it is shown
that the amount of liver steatosis (in quartiles) is related to body mass index.

depleted in cholesterol, a protein called SREBP
cleavage-activating protein (SCAP) binds to SREBP and
transports it from the endoplasmic reticulum to the
Golgi apparatus. In the Golgi apparatus there are two
proteases (site 1 protease or S1P, and site 2 protease
or S2P) which act sequentially to release the N-terminal
active form of SREBP, which enters the nucleus and
binds to a sterol responsive element in the enhancer/
promoter region of the target genes (for instance, fatty
acid synthase), activating transcription. The movement
of the SREBP-SCAP complex from the endoplasmic
reticulum to the Golgi apparatus is supressed by
high intracellular cholesterol levels; therefore, the
SRBEP-SCAP system can be viewed as a sensor of
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LXR are classical modulators of SREBP-1c transcription.
The activity of SREBP-1c is increased in several
situations in which liver steatosis ensues, such as
[23]
alcoholism (acetaldehyde enhances its transcription ),
[24]
high tumor necrosis factor alpha (TNF-α) levels , or
[25]
HCV infection . HCV core protein enhances both gene
expression of SRBP and transcriptional activity of this
[26]
molecule .
On the other hand, SRBP-1 is inactivated by sirtuin-1
(SIRT-1), a molecule whose activity is modulated by
several variables, including ethanol and HCV core protein,
[27]
among others . Sirtuins are involved in the modulation
of transcription factor activity by deacetylation of proteins.
Biological activity of sirtuins depends on nicotinamide
[28]
adenine dinucleotide (NAD) availability . Specifically,
sirtuin1 deacetylates and inhibitis SREBP-1c activity,
therefore decreasing fat synthesis. Ethanol inhibitis
sirtuin-1 activity, therefore increasing the lipogenic effect
[26]
[29]
of SREBP 1-c . HCV exerts a similar effect .
Sirtuin activity is coupled to that of AMP-activated
kinase (AMPK), an enzyme that phosphorylates and,
thus, inhibits, acetyl-CoA carboxylase, interrupting the
formation of malonyl-CoA, a key step for fatty acids
[30]
synthesis, and preserving cellular content in NAD .
Sirtuin activates AMPK acting on serine/threonine kinase
11, also known as liver kinase B1, a process which leads
to an increase in cellular NAD availability, which favours
[31]
SIRT-1 activity . This reciprocally regulated circuit
leads to inhibition of SREBP activity and fatty acids
synthesis. It is important to keep in mind that ethanol
metabolism consumes NAD, theoretically opposing to
sirtuin activation.
Endocannabinoids are also involved in enhanced
[32]
expression of SREBP-1c . Cannabinoid agonists
are orexigenic, and animal models support a role of
[33]
endocannabinoids on diet-induced liver steatosis .
Daily cannabis consumption aggravates steatosis in HCV
[34]
patients . Conversely, HCV infection may up-regulate
[35]
cannabinoid receptor 1 expression .
(2) However, although cholesterol synthesis
seems to depend almost entirely on SREBP activity,
suppression of the SREBPs machinery reduces fatty acid
[36]
synthesis by only 30% . Another transcription factor
involved in liver steatosis is carbohydrate response
element binding protein (ChREBP), whose activity is
[37]
induced by a high carbohydrate diet, insulin
and
[38]
ethanol . It increases the expression of both lipogenic
enzymes (such as fatty acid synthase) and glycolytic
[39]
ones . The effect of HCV on ChREBP is not known, to
our knowledge.
(3) Peroxisome proliferator-activated receptor
(PPAR)-γ is another master transcription factor involved
in fat metabolism. Increased activity of PPAR-γ is
[40]
associated with an increase in lipid synthesis
and
is seen in patients with liver steatosis. It upregulates
genes involved in lipid synthesis, increasing the activity
of mediators such as SREBP-1, fatty acid synthase and
acetyl coenzyme a carboxylase, all of them leading to
increased hepatocyte lipid content.
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Interestingly, PPAR-γ is related to increased expression
of genes that regulate the synthesis of adipose differen
[41]
tiation related protein , which functions to coat lipid
[42]
droplets within liver cells . It has been shown that
HCV core protein increases the transcriptional activity
of PPARgamma, although it exerted no effect on
[43]
PPARgamma gene expression .
Synthesis of triglycerides is a complex process,
in which several enzymes participate. During fasting,
the increased flux of fatty acids to the liver increases
the translocation of lipin-1, a protein with dual activity
[44]
on fatty acid metabolism . Lipin proteins translocate
from the cytosol to the endoplasmic reticulum where
they show phosphatidate phosphatase (PAP 1) activity.
This enzymatic activity transforms diacylglycerol 3
phosphate into diacylglycerol (DAG), which serves as
substrate for triglyceride and phopholipid synthesis.
Fatty acids are added to the DAG molecule through the
action of acyl coenzyme A:diacylglycerol acyltransferase
[45]
to form triglycerides .
In addition to its PAP 1 activity, lipin also translocates
to the nucleus, where it enhances expression of
[46]
genes involved in fatty acid oxidation . This requires
interaction with PPAR-α and PPAR-γ coactivator 1α,
forming a physical complex. This leads to decreased
intracellular levels of fatty acids which defends the cell
[47,48]
from the damaging effect of these molecules
.
Consistent with its effect on free fatty acids,
insulin stimulates the activity of lipin-1 by unknown
mechanisms, and obesity-related insulin resistance
[49]
down-regulates lipin gene expression . PAP 1 activity
[50]
is enhanced in ethanol-induced liver steatosis , but
lipin deficiency may exacerbate ethanol-associated
liver steatosis-perhaps by impairment of fatty acid
[51]
oxidation . Concordantly, ethanol up-regulates lipin-1
[52]
gene expression . Liver lipin is also regulated by
[53]
SIRT-1 , a molecule whose activity is inhibited by
ethanol. However, to our knowledge, the effect of HCV on
lipin proteins has not been analysed.

Inhibition of fatty acid oxidation

Fatty acid oxidation takes place mainly in the mito
chondria, although in a small proportion it also includes
microsomal ω- and peroxisomal β-oxidation. Improper
fatty acid oxidation may also contribute to liver steatosis.
As mentioned earlier, AMPK stimulates hepatic fatty acid
oxidation and ketogenesis, since it lowers malonyl-CoA
liver content, thereby permitting fatty acid transport
[30]
to the mitochondria, where they suffer oxidation .
[54]
Ethanol exerts an inhibitory effect on AMPK and HCV
[29]
also downregulates AMPK . In a study performed
on 30 patients infected with HCV it was found that
mitochondrial β-oxidation of fatty acids was impaired
and that this impairment was related to serum levels
[8]
of HCV core protein . Therefore, both in alcoholic and
non alcoholic fatty liver disease impaired fatty acid
oxidation plays an crucial role, without the need of
accompanying mechanisms. However, insulin resistance
and proinflammatory cytokines also exert major effects
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on this mechanism.

metabolic syndrome. As mentioned earlier, HCV is able to
[9,63]
modulate MTP activation, directly promoting steatosis
.
A recently described orphan receptor protein (orphan
receptor small heterodimer partner) also plays an
important role in the development of liver steatosis,
[64]
although precise mechanisms are still unknown . It
possibly represses transcriptional activation of MTP; HCV
[65]
increases its expression .
HCV also directly provokes insulin resistance. In
HCV infection, insulin resistance is more closely related
to viral load than to obesity, supporting a direct effect
[66]
of HCV on insulin metabolism . In fact, diabetes is
[67]
more frequently observed among HCV patients . The
mechanisms involved in insulin resistance seem to be
genotype-specific. It has been shown that HCV nonstructural protein 5A (NS5A) is able to phosphorylate
serine residues of IRS-1, thereby interfering with the
[68]
post receptor downstream cascade of insulin action .
In accordance with this fact, treatment of HCV patients
with pegylated interferon and ribavirin reduces insulin
resistance assessed by homeostasis model for assess
[69]
ment . Moreover, NS5A protein also exerts direct
[70]
lipogenic effect through activation of LXRs .
In addition to the effect of non-structural proteins,
it has been recently shown that HCV 1 and 4 core
proteins are able to alter the degradation of IRS-1
and IRS-2 in a pathway dependent on suppressor
of cytokine signalling 3 (SOCS3), thus also altering
[71,72]
insulin signalling
by stimulating ubiquitination and
subsequent degradation of IRS. Moreover, Pazienza et
[73]
al , in 2007, showed that core protein of genotype 3a
promoted IRS degradation by down-regulation of PPAR
γ and up-regulation of SOCS7, whereas the core protein
of genotype 1b activated the mammalian target of
rapamycin (mTOR). Activation of mTOR leads to insulin
[74]
resistance , but also exerts a direct effect on SREBP-1,
leading to increased lipid synthesis. Some authors
believe that the main mediator of increased lipogenesis
in conditions characterized by insulin resistance is
[75]
mTOR, acting on SREBP .

Insulin resistance

Normally, insulin activates acetyl CoA-carboxylase,
leading to the formation of malonyl-CoA, which inhibits
mitochondrial fatty acid oxidation; it also strongly
inhibits gluconeogenesis by blocking key enzymes such
as phosphoenolpyruvate carboxykinase and glucose
6 phosphatase. Additionally, it inhibits lipolysis and
promotes glycogen synthesis and de novo fat synthesis
using carbohydrates as substrate. Finally, it favours
SREBP and ChREBP transcription, as was mentioned
above. Therefore, it exerts lipogenic effects on the
[55]
liver cell . Insulin action takes place after binding
to a specific receptor, which, upon activation, leads
to the phosphorylation of a series of inactive kinases
called insulin responsive substrates (IRS), transforming
them into active ones. Some final effects of this
complex cascade of kinases include phosphorylation
of transcription factors, such as forkhead box protein
[56]
(FOX)O1 and FOXA2, among others . Phosphorylated
FOXO1 is unable to activate transcription of key enzymes
involved in gluconeogenesis, such as phosphenolpyruvate
carboxy-kinase or glucose 6 phosphatase, and thus,
[57]
liver production of glucose is blocked . Another
transcription factor-FOXA2- is involved in hepatic fatty
[58]
acid oxidation .
In states of insulin resistance, insulin fails to
phosphorylate FOXO1 and therefore, it fails to block
gluconeogenesis. Therefore, fasting hyperglycaemia is
observed despite hyperinsulinism and lipolysis is also
activated, leading to an increase in the fatty acid load
to the liver. However, the expected decrease in liver
triglyceride synthesis is not observed. This is interpreted
as a result of the stimulatory effect of insulin on SREBP1c, favouring triglyceride synthesis. Therefore, insulin
[59]
resistance is selective : the lack of inhibition of
gluconeogenesis leads to hyperglycaemia and in turn
hyperglycaemia leads to increased insulin secretion,
but SREBP activity is enhanced, leading to increased
triglyceride synthesis. Other factors that are mentioned
below may possibly aid in explaining this paradox.
In normal conditions, insulin not only has an adi
pogenic effect on the hepatocyte but it also limits VLDL
[60]
secretion . This effect is mainly dependent on an insulinderived increased rate of degradation of apoprotein
(apo) B but it is also due to the inhibition of apo B 100
synthesis. This preserves the triglycerides stored in the
hepatocytes from utilization in the postprandrial state,
so that they do not compete with the exogenous fatty
acids. Apo B synthesis is a necessary step for VLDL
formation. Newly synthesized apo B translocates into the
endoplasmic reticulum and encounters MTP, among other
[61]
chaperone proteins . Importantly, FOXO1 enhances
[62]
MTP expression . This may explain why in conditions
associated with insulin resistance the postprandrial
decrease in VLDL secretion does not take place, and
why hypertriglyceridemia constitutes a feature of the
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Fat as an endocrine organ: Cytokines

We have seen that steatosis ultimately depends upon
the fatty acids pool, mainly derived from adipose tissue.
It is also important to keep in mind that fat is not only
a source of free fatty acids, but also a source of proinflammatory and anti-inflammatory cytokines which
are able to modulate the circulation of free fatty acids
from fat tissue to liver and again from liver to peripheral
[76]
tissues . These cytokines are also involved in some
key steps of the progressive liver damage observed
in individuals affected by steatohepatitis. To add
more complexity to this scenario, recent research has
shown that fat tissue is not homogeneous. Trunk fat is
associated with increased insulin resistance and vascular
[77]
[78]
risk , whereas leg fat exerts opposite effects .
These differences probably reflect the secretion of a
different cytokine profile. In general, trunk fat has a
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“negative” cytokine profile: it secretes less adiponectin,
a “protective” cytokine, but more TNF and interleukin
(IL)-6 than in the gynoid profile of fat distribution (fat
around the hips and legs which is associated with
[79]
increased production of adiponectin) . Therefore, it
is important to analyse the diverse fat compartments
when studying the influence of these cytokines on
liver steatosis. The cytokine profile associated with
hepatitis C-liver steatosis, and the potential role of these
[80-82]
cytokines on liver fat deposition is controversial
as
well as their relationships with histological changes in
chronic HCV infection.
Although cytokines are definitely involved in the
inflammatory process which marks the evolution from
steatosis to steatohepatitis, they also play a role in
simple steatosis, both by aggravating it directly, or by
affecting the metabolic axis which controls fatty acid
trafficking. For instance, TNF-α is involved in SREBP
[24]
activation . On the contrary adiponectin activates fatty
[83,84]
acid oxidation
, but decreases the activity of fatty
[85]
acid synthase and acetylcoenzyme A carboxylase .
[86]
Moreover, it inhibits liver production of TNF . By
upregulation of AMP activated protein kinase activity
it also influences other pathways involved in lipid
metabolism decreasing SREBP-1 and up-regulating
[87]
PPAR-α in several tissues , an effect which is shared
[88]
by IL-6 . PPAR-α is a transcription factor for several
genes involved in the transport, oxidation, and export
[89,90]
of free fatty acids
. It can be viewed as a sensor of
intracellular free fatty acids, since it becomes activated
by intracellular free fatty acids. PPAR-α deficiency
promotes the development of fatty liver, and its activity
is altered by classic factors involved in liver steatosis,
such as ethanol consumption and HCV infection.
Chronic ethanol feeding inhibits PPAR-α function due to
the effect of acetaldehyde, which inhibits transcriptional
[91]
activation of PPAR-α . HCV causes down-regulation of
[92]
PPAR-α , and is able to inhibit its activity by inducing
[93]
repression of PPAR-α signaling by micro RNA-27b .
Leptin, another fat-derived cytokine, may promote
fibrogenesis through up-regulation of transforming
[94]
growth factor-β , but it also protects the liver from fat
[95]
accumulation by lowering the expression of SREBP-1 .
These nearly opposite effects may explain, perhaps,
disparate findings in relation to leptin levels in chronic
[96]
HCV infection . Increased leptin levels, but also
[97]
[98]
normal or even decreased ones have been reported
[99]
in chronic HCV infection and leptin may or may not be
[96,100]
related to liver steatosis
in chronic HCV infection.
Increased trunk fat is not the only factor responsible
for increased cytokine secretion in HCV infection.
Increased reactive oxygen species (ROS)-which also
[101]
directly impair mitochondrial oxidation of fatty acids
activate nuclear factor kappa B (NFκB), a key trans
[102]
cription factor for the expression of cytokines
such as
TNF-α or IL-6, among others. In addition to the many
proinflammatory effects of TNF-α, it also causes insulin
[103]
resistance and liver steatosis by inhibiting IRS
.
Excessive ROS production depends on the intracellular
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effect of HCV. NS3 and 5A are able to activate
mitochondrial ROS production by altering calcium
[104]
trafficking at the endoplasmic reticulum membrane .
This altered calcium influx also triggers increased
transcription of STAT-3 and NFκB, leading to increased
cytokine production which closes a positive feed-back
loop. In addition, NS3 and NS 5A are also able to
stimulate toll-like receptor-4, in a way similarly to that
caused by the lipopolysaccharide in the initial stages of
[105]
alcoholic hepatitis . Furthermore, LXR, which can be
directly activated by HCV, regulates a set of genes that
[43]
encode proinflammatory mediators .

CONCLUSION
Liver steatosis is a very complex process, in which
many proteins and enzymes are involved. As shown,
viral proteins may affect several of the metabolic
pathways leading to simple steatosis, including cytokine
activation. Indeed, cytokine production takes place
even at early stages, and, among many other questions
outlined in this review, it remains to be answered why,
despite early cytokine activation, only some patients
evolve to steatohepatitis, a key step in the progression
of HCV-induced liver damage.
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REVIEW

Liver transplantation as a management of hepatocellular
carcinoma
Ayman Zaki Azzam
cyclosporine became available. Orthotopic LT is the
best therapeutic option for early, unresectable HCC.
It is limited by both, graft shortage and the need for
appropriate patient selection. It provides both, the
removal of tumor and the remaining cirrhotic liver. In
Milan, a prospective cohort study defined restrictive
selection criteria known as Milan criteria (MC) that led to
superior survival for transplant patients in comparison
with any other previous experience with transplantation
or other options for HCC. When transplantation occurs
within the established MC, the outcomes are similar
to those for nonmalignant liver disease after trans
plantation. The shortage of organs from deceased
donors has led to the problems of long waiting times
and dropouts. This has led to the adoption of extended
criteria by many centers. Several measures have been
taken to solve these problems including prioritization
of patients with HCC, use of pretransplant adjuvant
treatment, and living donor LT.
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Core tip: Hepatocellular carcinoma (HCC) has a poor
prognosis if untreated. Screening is challenging due to
the lack of specific biomarkers. Successful screening is
very important as early diagnosis can provide curative
opportunities. Orthotopic liver transplantation (LT) is
the best therapeutic option for early, unresectable HCC.
When transplantation occurs within the established
Milan criteria, the outcomes are good. The shortage of
organs from deceased donors led to the adoption of
extended criteria. Several measures have been taken to
solve these problems including prioritization of patients
with HCC, use of pretransplant adjuvant treatment, and
living donor LT.

Abstract
Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide and has a poor prognosis
if untreated. It is ranked the third among the causes
of cancer-related death. There are multiple etiologic
factors that can lead to HCC. Screening for early HCC is
challenging due to the lack of well specific biomarkers.
However, early diagnosis through successful screening
is very important to provide cure rate. Liver trans
plantation (LT) did not gain wide acceptance until the
mid-1980s, after the effective immunosuppression with
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both transplantation of patients with tumors outside the
MC and the use of pre-LT treatment to downstage the
[19-21]
tumor stage to fulfill the MC
.
A multicenter study performed in multiple European
centers to assess how to expand the MC. Data were
collected from 466 patients who were transplanted
for HCC with tumors exceeded the MC diagnosed by
[13,21]
posttransplant pathologic assessment
. One of the
proposed expanded criteria was the UCSF criteria which
include single tumor nodule up to 6.5 cm; or three or
fewer tumors, the largest of which is 4.5 cm with the
[20]
sum of the tumor diameters 8 cm . The 1 and 5-year
survival rates in 60 patients included in the study who
met these criteria were 90% and 75.2%, significantly
higher than patients with HCC exceeded these limits
(50% at 1 year, P < 0.0005) and comparable with the
[11]
survival rates in the Milan study (75% at 4 years) .
Some groups have studied the expanded criteria and
[22-28]
had results in favor of the Milan study
. A study
performed by the same group in Milan. They gathered
retrospective data regarding outcome in 1112 patients
[29]
exceeding the original MC . A 71.2% 5-year survival
could be achieved using recipients with HCC up to 7
cm of the largest tumor and number of tumors up
to 7. This is known as the “up-to-7” criteria. There
is a direct association between the larger tumor size
and increased number, with the worse outcome.
Preoperative imaging understaging tumors has been
[30]
one of the major concerns for expanding the MC .
[13]
This understaging occurs in 20% of patients . Up till
now, the MC remains the only universally accepted
criteria. Currently, by increasing demand and organ
shortage, multiple studies have suggested a 50%
5-year patient survival to be the minimum acceptable to
[13]
approve the expansion of MC . This point was studied
by the UCSF group, who has applied expanded criteria
to benefit an additional 10% of patients with HCC
regarding posttransplant survival and tumor recurrence.
In living donor LT (LDLT), the recipients with larger
and/or multiple tumors with no vascular invasion, are
not excluded from transplantation as the graft donation
[31]
here not public but depends on the donor’s intention .
Prioritization of liver transplant candidates on waiting
list, decreasing dropout rates and shorting the waiting
time for LT.
After the selection of patients with HCC for trans
plantation and putting them on a waiting list, the
problem of the progression on waiting list arise. This
progression will lead to exceeding the MC and dropout
from the list. Dropout rates become an increasing
problem with the prolonged waiting times. One study
concluded that, with a short waiting time (mean 62
d) there are minimal or no dropouts resulting in 85%
2-year survival, while a longer waiting time (mean
162 d) lead to 23% dropout rate and less than 60%
[32]
2-year survival . The available liver grafts have to be
allocated to the sickest patients.
In February 2002, UNOS adopted a modified form
of scoring system as the basis of its liver allocation
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a major health
[1]
problem . It is ranked as the third cause of cancer[2]
related death worldwide . Up 80%-90% of cases are
[3]
associated with underlying cirrhosis . Liver resection
and local ablative procedures are regarded as potentially
curative treatments, but their effect on the functional
reserve of the liver restricts their application. Also, there
[4]
is a high chance of recurrence in the liver remnant .
Liver transplantation (LT) is the ideal treatment for
patients with HCC and cirrhosis. It has the ability to
remove the tumor as well as the underlying liver cirrhosis.
This gives the chance to restore the liver function
[5]
and decrease the risk of development of new HCC .
[6]
Since the first LT done by Starzl et al in 1963, the
procedure did not gain wide acceptance until the mid1980s, when immunosuppression with cyclosporine
[7]
became available . The goal of LT is to provide liver
recipients with the maximum benefit possible in a fair,
[8]
ethical, and cost-effective manner. Mazzaferro et al
in Milan established criteria for orthotopic LT (OLT) as a
variable treatment for HCC in a study published in 1996.
By adoption of these criteria, LT can achieve a good
prognosis in the recipients who fulfilled them and avoid
the poor prognosis in those who exceeded them.

SELECTION CRITERIA
Initial results of OLT in patients with HCC were
[2,9,10]
poor
. In 1996, a study from Milan found that re
strictive selection criteria (single tumor up to 5 cm or
up to three tumors, each no larger than 3 cm, without
macrovascular invasion or extrahepatic spread) led to
similar outcomes when compared with OLT performed
[11]
in patients without HCC . These Milan criteria (MC)
were used by the United Network for Organ Sharing
(UNOS) to arrange the listing priority of patients
presenting with HCC. The aim of these criteria was
to achieve satisfactory results in patients who fulfilled
the criteria and avoid poor outcomes in recipients who
exceeded them. This study concluded that the 10-year
overall survival was 70% in 300 liver transplants for
HCC that fulfilled the MC. The same results have been
[12,13]
confirmed worldwide
. Other groups have showed
[11,14-18]
favorable outcomes in patients with early HCC
.
The good outcome of OLT depending on the MC has
encouraged putting more patients with HCC on the list
of transplantation. Some studies found that the MC may
be too restrictive and prevent some recipients from their
chance in LT. Extending the selection criteria showed
relatively good results. This extension was applied to
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policy. This system aims to arrange the recipients on
the waiting list for LT based on statistical formulas to
predict who is most likely to die soon from liver disease.
The model for end stage liver disease (MELD) is used
for adult and the pediatric end stage liver disease model
[33-35]
is used for pediatric patients
. The MELD scoring
system was initially developed to detect the risk and
mortality in patients undergoing transjugular intrahepatic
[36]
[34]
portal systems shunt . Wiesner et al
and Wiesner
[35]
et al used the MELD score to patients with end-stage
liver disease not undergoing transplantation and proved
its relevance in UNOS status 2A or 2B patients listed
for transplant between November 1999 and December
[37]
2001 . MELD score is a numerical scale, ranging from
6 (less ill) to 40 (gravely ill). It gives each individual a
“score” which denotes how urgently the patient needs
a liver transplant within the next three months. MELD
score can be calculated from three laboratory values:
creatinine, total bilirubin, and international normalized
[35]
ratio of the prothrombin time . It’s ability to predict
3-mo mortality was not affected by other complications
of cirrhosis as ascites, encephalopathy, variceal bleeding,
[35]
and spontaneous bacterial peritonitis . The application
of MELD scoring system is an important step in moving
from a retrospectively derived allocation system to a
[38]
prospective evidence-based approach . By prioritization
organ donation on the basis of mortality risk, the MELD
scoring system had achieved improvements in waiting
[39,40]
list mortality and fairness of access to LT
.
Patients with early HCC usually have near normal
synthetic liver function which gives them a low MELD
score, and lower chance for liver transplant. Most of
these patients have the risk of progression of their
HCC leading to dropout form the waitlist rather than by
deterioration of their liver disease. This problem was
solved by the invention of MELD score specially for HCC
patients attempting to reflect the risk of dropout, and
[37]
consider the equivalent in outcome to death . Patients
with T1 lesions which mean a single tumor up to 2 cm,
were given a MELD score of 24 points and patients with
T2 lesions which are beyond T1 but within MC, were
allocated a score of 29 points. By applying this MELD
score for patients with HCC, there was an increase in the
LT for HCC patients, relative to non-HCC patients. LT for
HCC increased from 7% to 22% of all deceased donor
transplants, with improvements in the waiting list times
and dropout rates for HCC patients relative to the pre[41]
MELD era . Also, the outcomes for patients with HCC
exceeded those of non-HCC patients with equivalent
[42]
MELD scores . Some investigators found that more
than 33% of patients diagnosed preoperatively to have
[43]
T1 lesions, found not to have HCC in the explant .
Since the start of use of HCC MELD score in 2002, three
changes have occurred, aimed at addressing fairness
between HCC and non-HCC patients. Under the current
system, the native MELD score is used for patients with
T1 lesions. For patients with T2 lesions, they receive an
HCC score of 22 points and also receive point upgrades,
[41]
for every three month period on the waiting list . The

WJH|www.wjgnet.com

update HCC MELD score now provides a fair way to
[44]
access LT for HCC patients .
Bridging therapy and managing liver transplant
candidates on the waiting list: It is very important to
continuously evaluate the patients with HCC on the
waiting lists to make sure that they are still within the
inclusive criteria for LT. Multiple procedures have been
developed to manage the patients whose HCC is at risk
or shows signs of progression while on the waiting list for
LT. There is no ideal imaging method nor proper specific
timing to follow up these patients, although a 3-mo
[45]
interval is common . Some reports showed that an
increase in α-fetoprotein level is associated with poorer
outcome after LT and the use of locoregional therapy
(LRT) is effective in the reduction of that risk. Periodic
evaluation of the patients on the waiting list should be
performed by imaging (dynamic computed tomography
(CT), dynamic magnetic resonance imaging (MRI),
or contrast-enhanced ultrasonography) and serum
[45]
α-fetoprotein measurements . Cancer progression in
patients with HCC on waiting list is common and leads to
dropout from the waiting list which is reported to be at
[46]
least 20% .
Pre-transplant LRT are used on patients with HCC on
the waiting list aiming at decrease the tumor progression
[47]
and lowering the dropout rate . They are not of benefit
[45]
in patients with UNOS T1 tumors less than 2 cm .
[15]
Llovet et al found good survival results of OLT in early
HCC with no adjuvant therapy with waiting time 58.9
± 45.1 d. There is no randomized control data to prove
any benefit of pre-LT LRT for the prevention of dropout
[5,48]
or reduction in post-LT recurrence
. Most data that
showed benefits of pre-LT LRT came from small single
centre, non-controlled studies. As a result, there is no
universal consensus as to the optimum bridging therapy
[49]
prior to transplantation . The bridging strategies might
be of benefit for patients with UNOS T2 tumors which
means one nodule 2-5 cm or three or fewer nodules
each ≤ 3 cm, who may wait for 6 mo or more on the
waiting list. High α-fetoprotein levels and large sized
[50-52]
tumors seem to have a higher risk for dropout
. The
most commonly used procedures include transarterial
chemoembolization (TACE), radiofrequency ablation
(RFA), multimodality therapy using combinations
[48]
of TACE and RFA , Percutaneous ethanol injection
[53,54]
(PEI) and combination of TACE with PEI
. Multiple
studies showed no statistically significant survival
[11,17]
[16]
improvement
, but Harnois et al
showed that
TACE was well tolerated and associated with promising
results in selected HCC patients with some functional
hepatic reserve with average waiting time of 167 d. In
a retrospective study, it was found that pre-LT TACE can
produce downstaging or total necrosis in tumors less
[55]
than 3 cm . Other retrospective studies have shown
that multimodality local treatment is associated with
[56,57]
an average survival benefit
. Explants of patients
received pre-LT RFA and TACE were analyzed. The results
showed complete tumor necrosis rates of 47%-66% and
[52,58,59]
16%-27%, respectively
. Other studies showed
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that combination of TACE with PEI led to improved
survival and complete tumour necrosis compared with
[53,54]
no pre-LT treatment in small numbers HCC patients
.
[60]
[61]
Some studies have proved
and emphasized
the
role of TACE in the HCC patients on the waiting list for
LT. Another study reported the survival results of arterial
embolization or chemoembolization against symptomatic
treatment in HCC not suitable for curative treatment
[62]
and Child-Pugh class A or B and Okuda stageⅠor Ⅱ .
This study showed 2-year survival probability 50% for
embolization, 63% for chemoembolization and 27%
for control (chemoembolization vs control P < 0.009).
A retrospective study assessed tumor necrosis in 61
patients did not find any local ablation therapy (LAT)
[63]
procedure to be superior .
[64]
A recent study by Lesurtel et al did not show any
benefit for pre-LT TACE regarding the dropout rate or
post LT survival. Similarly, several small, single centre,
uncontrolled studies reported the results of pre-LT RFA
[58,59]
on dropout rates, without giving any conclusion
.
Major complication and mortality rates for TACE as pre[65]
LT LRT are amounted to 5% and 2.5%, respectively .
Regarding RFA as pre-LT LRT, major complications were
[59]
observed in about 8% of cases . One study showed
an increased rate of post-LT tumor recurrence following
[66]
incomplete tumor necrosis induced by LRT . Other
compilations of LRT include, needle track seeding and
[67]
extra-hepatic metastases .
Other new pre-LT modalities are likely to show up
[68,69]
aiming to improve post-LT results
. Recent rando
mized controlled trials showed the ability of the oral
multikinase inhibitor sorafenib to delay HCC progression
and improve survival. A randomized control trial
examining the utility of this agent in combination with
[70]
pre-LT TACE is already in progress . External beam
radiotherapy also showed promising results as a new
[71]
pre-LT LRT .
Hepatic resection has been used as a bridge to
[72]
LT . Unlike LAT, resection should achieve the best
tumor control. It gives the chance for intra-operative
assessment of liver status and tumor burden. All the
data needed about the nature of the tumor, natural
history and microvascular invasion can be issued from
the analysis of the surgical specimen. On the other
side, resection, is associated with complications and
should only be offered to well-compensated cirrhotic
[49]
patients .
So currently, no recommendation can be made
on bridging therapy in patients with UNOS T1 lesion
(≤ 2 cm). In patients with UNOS T2 lesions with one
nodule 2-5 cm or three or fewer nodules each ≤ 3
cm that fulfill MC and a likely waiting time > 6 mo,
LRT may be appropriate. No superiority of one LRT to
others. Patients who progressed on the waiting list and
exceeded the criteria for listing should considered for
understaging by LRT. Patients with progressive disease,
in whom LRT intervention is not considered of benefit or
[45]
effective should be dropout from the waiting list .
The role of LDLT in HCC: LDLT has evolved, mainly
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due to the scarcity of donor livers and in some cases,
[73-75]
totally unavailable
. It is the main source of grafts
for recipients on the list for LT in Japan and much of
Asia because the lack of societal acceptance of organ
[76,77]
retrieval from brain dead donors
. Moreover, in
most Asian countries, HCC is the most common cancer
and a common indication for OLT. Also, due to organ
shortage, long waiting times associated with deaths
on the waiting list, drop-out due to medical reasons,
or progression of tumors beyond acceptable criteria,
LDLT has been used in countries with well established
programmes for organ donation from brain dead or non[45]
heart-beating donors . The main principle in LDLT is
[78,79]
the safety of donor
. Although there are concerns
of donor morbidity and mortality, LDLT has opened up
the possibility of living donation to the adult patients
with end-stage liver disease. Some studies compared
[80-85]
deceased-donor LT (DDLT) and LDLT for HCC
. No
significant difference in outcome could be identified
between both types of grafts. The results from LDLT
appear to show good long term survival rates with
retrospective studies showing comparable rates to
[82,86,87]
OLT
. Some other retrospective studies showed
a higher rate of tumor recurrence with LDLT than with
[81,83,84]
conventional OLT
. This may be due to the short
waiting time for patients in LDLT and hence patients with
aggressive tumors are transplanted without declaring
themselves while with OLT these patients are not
transplanted because of their tumor progression whilst
on waiting list due to longer waiting time so they will be
removed from the outcome analysis. To minimise donor
risk and maximise recipient outcome, LDLT must be
performed only in centers of excellence in liver surgery
[45]
and LT . Psychosocial considerations for both the donor
and recipient are very important. Unlike deceased-donor
donation, it is ethically acceptable for LDLT to be offered
to patients with tumour exceeding the MC since, other
[88]
listed patients will not by this process . Deceaseddonor grafts can be offered for failed grafts after LDLT,
even if extended criteria were used. Other centers
offer retransplantation to recipients who received a
living graft, within the accepted criteria, however, it is
not recommended for patients following LDLT for HCC
[89]
outside the accepted regional criteria for DDLT . Rates
of retransplantation due of graft failure after LDLT are
low and their outcomes are favorable.
Post LT management: The risk of tumour recurrence
is the main concern after LT. It occurs in 8%-20% of
[90]
recipients . It is usually seen within the first 2 years
after LT, and is associated with a median survival of
[91]
less than 1 year from the time of diagnosis . Early
recurrence can be diagnosed by routine imaging and
[92]
α-fetoprotein monitoring . Post-LT monitoring may
include 6-12-mo contrast-enhanced CT or MRI imaging
for the first 3-5 years after LT and α-fetoprotein
[45]
levels .
Surgery can be offered for resectable for resectable
[45]
recurrent HCC lesions . LRT as RFA, or TACE, has
been successfully used in selected patients when
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[93]

technically feasible and with limited disease . Some
studies showed that sirolimus, an mechanistic target
of rapamycin (mTOR) inhibitor, was associated with
lower tumour recurrence and improved survival after
[94-96]
LT
. However, no recommendation can be made on
the use of mTOR inhibitors to reduce the risk of HCC
[45]
recurrence outside clinical trials . A study showed
that, sorafenib had an antitumour effect in patients with
[68]
advanced HCC . It is currently studied in phase 3 trial
(STORM trial) as an adjuvant therapy after resection
or ablation of HCC. It has been used with limited side
[97]
effects after LT . Licartin, a 131I-radiolabelled murine
monoclonal antibody was shown to have a positive effect
[98]
on prevention of tumour recurrence and on survival .
Retransplantation is not appropriate treatment for
recurrent HCC, as most recurrences are associated with
systemic tumour dissemination. Development of denovo HCC in the transplanted graft should be treated
as having new tumors and retransplantation might be
[99]
considered .
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REVIEW

Review on immunosuppression in liver transplantation
Maryam Moini, Michael L Schilsky, Eric M Tichy
new agents and data are available. Presently concerns
about the adverse side effects of calcineurin inhibitor,
the main class of immunosuppressive agents used in
liver transplantation (LT), has led to consideration of the
use of antibody induction therapies for patients at higher
risk of developing adverse side effects. The longevity
of the transplanted organ is potentially improved by
better management of rejection episodes and special
consideration for tailoring of immunosuppression to the
individual with viral hepatitis C, hepatocellular carcinoma
or pregnancy. This review provides an overview of the
current strategies for post LT immunosuppression and
discusses modifications to consider for special patient
populations.
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Core tip: This manuscript is a review on common
aspects and principles of immunosuppression in
liver transplantation (LT) including new advents. It
covers the sections of induction, maintenance and
monitoring of immunosuppression and also discusses
on immunosuppression in special populations. In this
review, it has been tried to be connected with last
updates in the field of immunosuppression in LT.
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Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
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Abstract
The optimal level of immunosuppression in solid organ
transplantation, in particular for the liver, is a delicate
balance between the benefit of preventing rejection and
the adverse side effects of immunosuppression. There
is uncertainty about when this level is achieved in any
individual recipient. Immunosuppression regimens vary
between individual centers and changes with time as
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INTRODUCTION
Liver transplantation (LT) is a life saving procedure
for patients with end stage liver disease and its
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complications, and for liver failure. LT is also curative
for some hereditary metabolic disorders like familial
hypercholesterolemia and for selected cases of mali
gnancies involving the liver, such as hepatocellular
carcinoma (HCC) and hepatoblastoma. Recipients of
orthotopic LT have excellent survival rate (83% for 1
year and 75% for 5 years) that has improved markedly
[1]
over the past three decades .
Development of new agents and changes in post
transplant immunosuppression regimens are major
contributing factors for this improvement. However, while
long term post transplant immunosuppression decreases
rejection episodes in LT recipients, it also puts the
patients at increased risk of infection, malignancies and
specific adverse side effects unique to each agent. There
are different immunosuppression protocols used by
transplant centers worldwide; however, any LT recipient
may need an individually tailored immunosuppression
regimen to balance the benefits and potential harm of
therapy while decreasing the risk of recurrence of their
primary disease.
The basis of solid-organ post transplant immuno
suppression has commonalities between the different
organs, but the liver itself is unique in its immunologic
response to provocation. This privilege is called “liver
tolerance” which is mostly attributed to the role of the
[2,3]
regulatory T-cell .
LT does not require human leukocyte antigen (HLA)
[4]
matching between donor and recipient , though
there is increased interest in understanding HLA and
humoral rejection and graft survival. Simultaneous
transplantation of liver with another solid organ, for
example, a kidney decreases the incidence of rejection
[5-7]
episodes for the second organ
and facilitates
minimization of the immunosuppression to a lower level
than typically allowed thereby, reducing adverse side
effects and cost of therapy. Given these considerations
as a general principle, LT recipients are maintained on
lower levels of immunosuppression than other solid
organ transplant recipients. Moreover, in some selected
LT recipients, the allograft may achieve long-term
[8]
survival even after immunosuppression withdrawal .
Living donor LT recipients experience less rejection
[9,10]
episodes comparing with deceased donor LT
. However,
the immunological benefit as the only explanation for this
[11]
observation is in doubt by some researchers . Shorter
cold ischemia time and operation in non-emergency
conditions are among the factors affecting transplantation
outcome from living donors. On the other hand, although,
the beneficial effect of HLA similarity between the living
[11-13]
donor and recipient has not been proven in LT
, high
success rate for weaning from immunosuppression has
been reported in pediatric patients receiving liver from
[14]
their parents .
The aim of this review is to provide an overview of
strategies for post liver transplant immunosuppression,
with special attention to specific populations where
modification of standard regimens may be beneficial.
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IMMUNOSUPPRESSIVE AGENTS IN LT
Immunosuppressive agents are required in solid organ
transplantation for induction of immunosuppression in
the early phase, maintenance of immunosuppression in
the late phase or for the treatment of organ rejection.
Table 1 summarizes the immunosuppressive agents
commonly used in LT and their specific applications. The
site of action of these agents is briefly shown in Figure 1.

Induction immunosuppression

The definition of induction therapy is intensive perioperative prophylactic immunosuppression used to
prevent acute cellular rejection in the first months
[15]
following transplantation . Specific agents are discussed
individually below.

Corticosteroids

Corticosteroids have been the mainstay for induction of
immunosuppression since the first successful cases of
[13,16]
solid organ transplantation
.
Intravenous (iv) injection of corticosteroid are
administered in high doses during the transplant operation
and in the first few post operation days (usually up to 3 d)
in combination with at least one other immunosuppressant
agent.
The dose and duration of iv administration of drugs
differ according to the local practice among different
centers; however a typical dosage is 500 or 1000 mg of
methylprednisolone. Corticosteroids are rapidly tapered
over the first week to relatively low doses, 10 to 20 mg
daily, and are usually maintained in immunosuppression
regimen at least for the first 3 to 6 mo post transplant.
The major concerns with corticosteroids, especially with
high doses, are their adverse side effects. Delirium is a
common early problem, and infections and metabolic
derangements such as hypertension, hyperlipidemia,
diabetes, and obesity may cause significant short and
long-term morbidity among liver recipients. In these
individuals, steroid reduction or elimination may be
indicated. There is also concern that higher doses
of steroids increase the risk of disease recurrence in
LT patients with chronic viral hepatitis. However, the
risk of organ rejection may increase following early
[17]
corticosteroid dose reduction or withdrawal .
Usually, a calcineurin inhibitors (CNI), alone or with
an anti-proliferative agent mycophenolic acid (MPA)
or azathioprine is started early post transplantation
in combination with a corticosteroid to help maintain
[18]
immunosuppression . More recently, antibody therapies
have been combined with corticosteroids or used to
facilitate “steroid-free” regimens.

Antibodies

Use of antibodies that are designed specifically to
inhibit or deplete recipient T-cells has been reported
to decrease acute rejection episodes in the liver
[19,20]
allograft
.
Use of antibody induction also provides an oppor
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Table 1 Commonly used immunosuppressive agents in liver transplantation
Agent

Classification

Indications

Dose

Methyl prednisolone (Medrol®),
Prednisone or prednisolone[13,16,111]

Corticosteroids

Variable according to the centers, the etiology of
liver disease and history of rejections

Tacrolimus (Prograf®, Astagraf®)[53]

CNI

Induction of immunosuppression,
treatment of acute cellular rejection,
Maintenance of immunosuppression
Maintenance of immunosuppression

Cyclosporine (Neoral®,
Sandimmune®, Gengraf®)[52,55]
Mycophenolate mofetil (Cellcept®,
Myfortic®)[60]

CNI

Maintenance of immunosuppression

Anti-metabolite

Maintenance of immunosuppression,
treatment of rejection

Anti-metabolite

Maintenance of immunosuppression

Sirolimus (Rapamune®)[48,68,71]

mTORI

Maintenance of immunosuppression,
treatment of rejection, special interests
for use in malignancies

Everolimus (Afinitor®)[48,69,72]

mTORI

Maintenance of immunosuppression,
treatment of rejection, special interests
for use in malignancies
Induction of immunosuppression,
treatment of steroid resistant rejection
Induction of immunosuppression

Azathioprine (Imuran®)[65]

2

Muromonab-CD3 (OKT3)

Alemtuzumab (campath-1H®)[44-46]
ATG (Thymoglobulin®,
ATGAM®)[27-30]

T cell depleting
monoclonal antibody
T cell depleting
monoclonal antibody
T cell depleting
polyclonal antibody

Induction of immunosuppression,
treatment of steroid resistant rejection

2

Daclizumab (Zenapax®)[23,115]

IL-2Ra, monoclonal
antibody

Induction of immunosuppression,
treatment of steroid resistant rejection

Basiliximab (Simulect®)[23,113,114]

IL-2Ra, monoclonal
antibody

Induction of immunosuppression,
treatment of steroid resistant rejection

Starting 0.1-0.15 mg/kg per day divided every 12
h and adjust to the desired trough level
Starting 10-15 mg/kg per day divided every 12 h
and adjust to the desired (C2) level
Variable doses may be desired in any individual
case
Variable, maintenance dose may be 1.5-2.5 mg/kg
per day, needs to be adjusted for adverse side
effects
Usual dosing is a 6 mg (or 3 mg/m2) oral loading,
followed by 2 mg/d (or 1 mg/m2 per day) single
dose, higher doses may be administered for
individual cases1
Starting at 1 mg oral every twice a day and adjust
to a trough level of 3-8 ng/mL1
Withdrawn from the market because of reduced
use, no longer available since 2010
Variable between centers, a single dose of 30 mg
may be used in operating room
Variable between centers, For induction 1.5 mg/
kg per day iv for 3 d and for treatment of rejection
1.5 mg/kg per day iv for 5-7 d of thymoglobulin
may be used. For ATGAM a higher dose of 15
mg/kg per day is usually used
For induction the first dose of 1 mg/kg is given
within 24 h before Tx and 4 more doses are given
after Tx with 2 wk intervals
Withdrawn from the market because of reduced
use, no longer available
For induction a 20 mg iv dose is administered
within 2 h prior to reperfusion and another 20 mg
on days 4 post Tx

1

Best to be started at least 30 d after transplantation; 2Not manufacturing anymore. CNI: Calcineurin inhibitor; mTORI: Mammalian target of rapamycin
inhibitor; iv: Intravenous; IL-2Ra: Interleukin-2 receptor antagonists; Tx: Transplantation.

Co-stimulatory
signals

tunity to decrease the dose of other concomitant
immunosuppressive agents such as corticosteroids and
[17]
CNIs thus minimizing the adverse side effects related
to these agents. Antibody administration has been used
for induction therapy in “steroid-free” protocols where
there is elimination of corticosteroid in the induction of
[21,22]
immunosuppression in LT patients
.
Compared with corticosteroid induction, less hyper
glycemia and diabetes and less cytomegalovirus (CMV)
[17,23]
infections are found with antibody induction
.
This “steroid-free” strategy may be especially
beneficial for patients with hepatitis C patients and
for those with diabetes and hypertension. Antibody
induction along with delayed CNI introduction can be
used to preserve renal function in LT recipients and
[24]
reduce renal dysfunction in those with impairment .
Overall, no significant increase in adverse side
effects was observed in solid transplant recipients
[23,25]
receiving antibody induction
. However, their use

Steroids

Antigen presenting cell

IL-2Ra
IL-2 receptor

T-cell receptor
CsA/
TAC

Sirolimus/
Everolimus

↑ Ca2+

Calcineurin
pathway

IL-2

TOR pathway

Steroids

IL-2 gene promoter

Cell
cycle

AZA/
MMF

Figure 1 The cellular site of action of the immunosuppressive agents
commonly used in solid organ transplantation. AZA: Azathioprine; CsA:
Cyclosporine; IL-2: Interleukin-2; IL-2Ra: Interleukin-2 receptor antagonist;
MMF: Mycophenolate mofetil; TAC: Tacrolimus; TOR: Target of rapamycin.
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adds to the cost of perioperative care.
Antibodies used for induction of immunosuppression
in LT are classified into two groups; T-cell depleting and
non-depleting [interleukin 2 receptor antagonists (IL[26]
2Ra)] .

There are insufficient data regarding the possible
increased risk of post transplantation lymphoproliferative
disorders (PTLD) following rATG induction in LT patients.
However, the overall incidence of PTLD in kidney and
heart transplant recipients receiving rATG induction
therapy was low and the effect of prophylactic antiviral
[42]
therapy on the risk reduction has been supported .

T-cell depleting antibodies
This group includes:

Monoclonal antibodies: Alemtuzumab (campath1H) is a humanized rat monoclonal antibody against
CD52 receptors on peripheral mononuclear cells. It has
a significant depleting effect on peripheral as well as
[43]
lymph node lymphocytes .
As a potent immunosuppressant agent alemtuzumab
has its own potential benefits for induction therapy in LT;
however, the increased risk for infectious complications
may limit its use to special subgroups, in particular for
[44-46]
those who need renal sparing regimens
.
The safety of alemtuzumab induction is most in doubt
in HCV positive recipients as increased complications
and a rapidly progressive recurrence of HCV have been
[47]
reported .
Further studies are required to address the risk
benefit issues on use of this agent as induction immuno
suppression for LT.
Muromonab-CD3 (OKT3) was a monoclonal
antibody directed against CD3 receptors on peripheral
T-cells that was successfully used for the treatment of
steroid unresponsive acute liver rejection and also for
immunosuppression prophylaxis. However, the sideeffect profile was considerable and with the availability
of newer agents, the manufacturer discontinued its
production in 2010.

Polyclonal antibodies: Anti-thymocyte globulins
(ATG)s are polyclonal animal antibodies against multiple
T-cells receptors that are used to achieve circulating
lymphocyte depletion. There are two preparations of
antithymocyte globulin (ATG) available for clinical use
in the United States. Equine ATG (eATG, ATGAM®) is of
equine origin and rabbit ATG (rATG, Thymoglobulin®) is
generated in rabbits. ATG has been widely used for the
[27,28]
treatment of steroid resistance rejections
as well as
[29,30]
induction of immunosuppression in LT
.
rATG is one of most commonly used agents for
antibody induction therapy in organ transplantation in
the United States. Much of the initial experience with
polyclonal antibody induction therapy was learned from
kidney transplantation. rATG is superior to the equine
originated ATG in prevention of episodes of acute renal
[31]
rejection . Less severe rejections, fewer serious
adverse side effects and even less CMV infection occur,
but more profound leucopenia have been observed in
renal allograft recipients receiving rATG compared with
[32]
those who received eATG as induction therapy .
The protocol for ATG induction therapy differs
between centers. A 10 d course of single infusion of 2.5
mg/kg of rATG was the standard induction in the earlier
cyclosporine era, while shorter courses (a 3-d course)
was shown to have the same protective effect but less
[33]
severe life threatening infections . The efficacy of the
3-d induction protocol has been supported even when
[34,35]
the first dose is delayed for 48 h post-transplant
.
Intermittent dosing of eATG based on CD3 counting
using flow cytometry has been shown to be effective
and less costly in induction of immunosuppression for
kidney and kidney/pancreas transplantation. In this
regimen, the second dose of eATG after transplantation
was not given until the CD3 count is above 20 cells/
3[30]
mm .
Administration of rATG may infrequently cause
infusion related reactions. Pre-medication with antihi
stamines and acetaminophen is recommended as
rare severe cardiovascular reactions and anaphylaxis
[36]
have been reported . Serum sickness may develop
[37]
following rATG administration . More common adverse
side effects of AGT are the result of severe cytokine
release syndrome induced by the agent. The risk of
infectious complications following induction therapy with
rATG was comparable to the regimens without antibody
[38,39]
induction
. Although a major concern, a more severe
recurrence of hepatitis C virus (HCV) infection has not
been observed with rATG induction therapy, and there
[40,41]
is even some limited evidence for a decreased risk
.
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Non-depleting antibodies: IL-2Ras are humanized
monoclonal antibodies that bind to IL-2 receptor on
T-cells and thus suppress the proliferative response
of T-cells to circulating IL-2. These agents are less
[48]
immunogenic than other antibodies such as OKT3 .
For LT, IL-2Ras have a role for patients who need
to avoid or to decrease dosages of an accompanied
immunosuppressant agent, such as corticosteroids
or CNIs. Less frequent diabetes mellitus, less CMV
infections and higher glomerular filtration rate were
observed among patients receiving IL-2Ra vs those
who received corticosteroids as induction therapy. The
two IL-2Ra agents, basiliximab and daclizumab did not
differ in the mentioned advantages when analyzed by
[23]
Penninga et al
and may be used interchangeably.
Although, daclizumab has been off the market since
about 2010, the results of few studies using this agent
as an IL-2Ra will be reviewed here.
In an analysis of the United Network for Organ
[49]
Sharing (UNOS) database, Uemura et al
compared
ATG, daclizumab and steroid alone and ATG plus
steroid. They showed a satisfactory short and long-term
outcome for daclizumab in LT patients with all etiologies
[49]
of liver disease including HCV . In a randomized
[50]
multicenter study, Klintmalm et al
concluded that
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corticosteroid free induction therapy using IL-2Ra
(daclizumab) does not increase the risk of fibrosis
progression in HCV LT recipients. Basiliximab induction
was not associated with increased risk of PTLD, CMV
infection or HCV recurrence in another study by Ramirez
[51]
et al , while the rate of acute rejection was decreased
and rejection free survival increased.

3 mo, 600-1000 ng/mL after 6 mo and 500-700 ng/mL
[55]
after 1-year post transplantation .
The mostly commonly concerning adverse side
effect of CNIs is their nephrotoxic effect at high levels.
CNIs produce afferent renal arteriolar vasoconstriction
that could induce renal dysfunction and also tubular
injury. This vasoconstrictor effect is dose dependent
and reversible. However, these agents may also have a
role in inducing chronic renal injury or at least being a
contributing factor along with other factors in non-renal
[56]
solid organ transplant recipients .
Renal insufficiency has a special significance for LT
in applying the model for end-stage liver disease as the
major driver for organ allocation; more patients with
renal dysfunction get priority for LT. These patients with
higher risk of post transplant renal dysfunction may
need immunosuppression regimens with less risk for
nephrotoxicity, such as delayed CNI introduction, use of
anti-metabolites for minimization or even elimination of
CNI use.
Hypertension, neurotoxicity, metabolic abnormalities
including hyperglycemia, electrolyte imbalance and
hyperlipidemia are among the common adverse side
effects of CNIs. The diabetogenic effect of tacrolimus
[53]
is greater than cyclosporine . Cyclosporine can cause
hirsutism and gingival hyperplasia. Tacrolimus and
cyclosporine could be associated with an increased risk
of infection, although bone marrow suppression is rarely
seen with CNIs in contrast with MPA and azathioprine.
The risk of malignancy may be increased after chronic
[57,58]
use of CNIs
. Another important issue while using
CNIs is that their metabolism by cytochrome P450
predisposes them to an array of drug interactions that
may raise or lower levels. In addition, certain foods (for
example grapefruit) that can alter levels of p-glycoprotein
can affect the absorption of CNIs and cause significant
changes in CNI drug level exposure.

Maintenance immunosuppression

CNI: CNIs function as immunosuppressants by blocking
the signal 2 of T-cell activation by binding to specific
receptors and blocking calcineurin, a calcium dependent
phosphatase within T-cells. The introduction of the two
CNIs, cyclosporine (in 1970s and early 1980s) and
tacrolimus (in 1990s) as immunosuppressant agents,
greatly improved the outcome of LT. Overall survival
of patients undergoing LT on cyclosporine immuno
suppressive therapy was 3 times higher than those on
[52]
azathioprine alone .
With the advent of the newer agent, tacrolimus, the
outcome of LT improved further. Tacrolimus is superior
to cyclosporine in increasing patient and graft survival.
Less acute cellular rejection and steroid-resistant
rejection episodes are seen with tacrolimus use in the
[53]
first post-transplant year compared with cyclosporine .
Because of their excellent organ protective effects,
CNIs, especially tacrolimus, have been included as
the main agents in maintenance immunosuppression
protocols in most LT centers, worldwide. Tacrolimus is
preferred over cyclosporine in most centers because
of its greater potency and improved cardiovascular
adverse side effect profile. Tacrolimus is usually started
with a low (0.1-0.15 mg/kg per day divided in 2 doses
every 12 h) oral (or sublingual, if the patient could not
tolerate oral medication) dose on the first day post
transplant, though some centers delay its start for 2-4
d, and the dose is gradually increased to achieve the
desired trough level. An iv formulation of tacrolimus is
available, but seizures are a significant risk with use of
this form of the medication.
There is controversy, thus center variability, about
the optimal trough (C0) level for tacrolimus. Usually
levels of 10-15 ng/mL are targeted for the first 4-6
wk, and 5-10 ng/mL thereafter are accepted by many
centers; however, it is possible to target lower levels
(i.e., 6-10 ng/mL for early post transplantation) without
increasing the risk of acute rejections with a benefit
[54]
toward kidney protection .
Cyclosporine is not the CNI of choice for LT recipients;
however, in special cases there might be a need to switch
from tacrolimus to cyclosporine. When it has to be used
the recommended dose is 10-15 mg/kg per day divided
in 2 doses, but it may be started at lower doses with
gradual increase to achieve the target level. For C0 levels,
in the early post transplant period the target level is 250
ng/mL, and 150 ng/mL later on. For cyclosporine, C2
(2 h after dose) monitoring has also been implemented
at some centers. The C2 level of cyclosporine may be
appropriate in the range of 800-1400 ng/mL for the first
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Mycophenolate mofetil: Mycophenolate mofetil (MMF,
Cellcept®) and its active compound MPA is a reversible
purine synthase inhibitor with anti-proliferative activity
against T-cells and B-cells. It blocks the signal 3 of cell
activation. There are other presumed mechanisms
for immunomodulator effects of this agent. MPA can
inhibit monocyte chemo-attraction, destroy activated
lymphocytes and induce immune tolerance by affecting
[59]
regulatory T-cell/helper T-cell balance .
As an immunosuppressive agent, MMF was intro
duced to the field of LT in the 1990s. Its lack of potential
nephrotoxicity made it useful for patients with renal
dysfunction who need to decrease CNIs doses. MMF
is also a useful agent in combination with CNIs in
immunosuppressive regimens where corticosteroid
withdrawal is desirable. In the United States, the use of
MMF for adult LT has been increased to over 80% of trans
[60]
plantations in 2012 usually as an adjunct with CNIs .
MMF and an enteric coated formulation mycophenolate
sodium (EC-MPS Myfortic®) are the two preparations
of MPA available. The bioavailability of MMF is high and
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monitoring of drug level is not usually recommended,
though it may be useful in rare individuals. The average
dose for MMF is 1 g every 12 h (720 mg every 12 h for
EC-MPS), but it is better tolerated when is started with
lower doses and gradually increased. Higher doses may
be required but are not usually recommended. There are
also reports on the non-linear pharmacokinetics of MPA
with decreasing the bioavailability of drug by increasing
[59]
the dose . The major adverse side effects of MPA are
hematologic and gastrointestinal (GI). Bone marrow
suppression is usually dose dependent and responds to
dose reduction. Nausea, vomiting, abdominal discomfort
and diarrhea are common complaints in patients taking
MPA derivatives. Dividing the dose to a four times a day
schedule may be helpful; however, more serious adverse
GI effects as inflammatory bowel disease-like colitis and
graft vs host disease-like enteropathy related to MPA
[61,62]
have been reported
.
MPA seems to have a protective effect against post
transplant de novo malignancies and when included in
immunosuppression regimens may increase the time to
[63]
develop malignancies , however, MPA was not shown
to be effective in prevention of post liver transplant
[64]
recurrence of HCC .

complexity, availability and cost of these tests should also
[65]
be considered .
Mammalian target of rapamycin inhibitors: Siro
limus is a macrolide antibiotic which is structurally
similar to tacrolimus and binds to FK binding protein but
inhibits the mammalian target of rapamycin inhibitors
(mTORI), the molecules with kinase activity, instead of
inhibiting calcineurin. It acts through blocking signal 3 of
cell activation from IL-2 receptors in T-cells and B-cells.
Interestingly, despite binding to the same cell receptor,
sirolimus and tacrolimus do not compete with each
[48]
other and act synergistically . Sirolimus was approved
for use in renal transplantation by the Food and Drug
Administration (FDA) in 1999. It has been considered
a non-nephrotoxic immunosuppressant agent that
might be replaced by CNIs in liver recipients with renal
dysfunction; however, the benefit of this strategy has
been questioned by some studies. In a randomized trial,
[66]
Shenoy et al
demonstrated that although the early
result of CNI replacing with sirolimus was promising,
there was no significant renal function improvement
after one year in liver recipients with renal dysfunction on
sirolimus. No specific renal improvement benefit by CNI
to sirolimus conversion was also demonstrated in another
[67]
study by Abdelmalek et al , while higher biopsy proven
rejections and treatment associated adverse side effects
were seen in the sirolimus group. Even de novo use of
sirolimus with low dose tacrolimus resulted in a high
rate of graft loss, death and sepsis when compared with
conventional tacrolimus dose, leading to the premature
termination of a prospective randomized trial by Asrani et
[68]
al . Everolimus is another mTORI that when introduced
early post LT and combined with low dose tacrolimus,
showed promising results with respect to rejection rates
and significant beneficial effects on renal function after 2
[69]
years . However when used as a single agent without
CNI, rejection rates were higher in the everolimus only
group.
The other clinical utility of mTORIs in the field of
LT is based on their anti-tumor effect. mTOR signaling
plays a role in tumor angiogenesis and proliferation that
[70]
is important in carcinogenesis of HCC . In LT for HCC,
sirolimus based immunosuppression was reported to
be associated with lower tumor recurrence rate, longer
recurrence-free survival and overall survival, and lower
[71]
recurrence-related mortality compared with CNIs .
Everolimus has been used for cancer treatment in HCC.
Its protective effect on post liver transplant HCC has not
been sufficiently investigated in clinical trials, although
[72]
reduced recurrence rate has been reported .
mTORIs are also possibly beneficial when included
in immunosuppression regimen in recipients with
malignancies other than HCC, but its use for this purpose
[64]
needs to be explored by further studies .
The common adverse side effects related to mTORIs
are edema, hyperlipidemia and oral ulcers. Another less
common adverse side effect of mTORIs is proteinuria

Azathioprine: Azathioprine is a purine synthase
inhibitor and one of the first immunosuppressive agents
used in the field of solid organ transplantation. For
many years, azathioprine was included in the post organ
transplant immunosuppressive maintenance as the only
immunomodulatory agent and then later was used as
an adjunct with CNIs. However, with the introduction
of newer and more potent agents such as tacrolimus,
the need for azathioprine was reduced and later it was
replaced by MPA when a second agent was needed.
Today, azathioprine is less commonly used for LT but
may be helpful when there is a need for intensifying
immunosuppression and when other agents are not
tolerated due to their adverse side effects. In addition,
as azathioprine is less costly, in some instances where
finances are limited, it is preferred over MPA.
The major adverse side effects of azathioprine are
related to bone marrow suppression and its hematologic
consequences and hepatotoxicity. A minority of patients
are at risk of developing severe bone marrow suppression
due to genetically reduced or deficient thiopurine methyl
transferase (TPMT) activity, the enzyme responsible
for metabolizing 6-mercaptopurine, leading to overaccumulation of 6-thioguanine nucleotides (TGNs). TGNs
are the active metabolites of azathioprine. Laboratory
genotype or phenotype testing for TPMT may help
to recognize these patients. In some other patients
TGNs may fail to reach their therapeutic levels despite
increasing drug dosage. In these patients who are at
increased risk of hepatotoxicity due to accumulation of
6-methy-mercaptopurine (6-MMP), TGN level monitoring
during treatment and the ratio of 6-MMP/TGN may
be useful in helping to recognize this condition. The
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and glomerular injury that when present may be asso
ciated with further impairment of renal function than
was present in LT recipients after conversion of CNIs to
[73]
mTORIs . Acute respiratory distress syndrome has been
reported as a rare but lethal complication associated with
[74,75]
sirolimus
. Pleural and pericardial effusion are among
[76]
other rare complications of sirolimus .
mTORIs are also capable of impairing the surgical
wound healing and thus may contribute to more wound
complications when introduced very early after solid
[77]
organ transplantation .
Preliminary reports of high incidence of complications
led to adding a black box warning to sirolimus by
the FDA for and increased risk in mortality, graft loss
and hepatic artery thrombosis (HAT) following its use
in LT recipients. Most cases of HAT in patients who
received sirolimus early on occurred within 30 d of LT.
The incidence of HAT related to sirolimus use varies
[78]
in different reports. Molinari et al
reported a higher
incidence of HAT in sirolimus group with CNI group but
no HAT was reported in LT recipients on sirolimus in
[79]
another study by Harper et al . Similar results were
[80]
reported by Fischer et al , and they did notice no HAT
following conversion of CNIs to everolimus.
If use of one of the mTORIs is considered for an
individual LT patient, it is preferred that it be started at
least 1 mo post-transplant to avoid the risk of HAT and
allow enough time for wound healing. Concomitant use
of CNIs and mTORIs is suggested in order to decrease
the risk of rejection with mTORIs alone.

The beneficial effect of antibody induction in
order to avoid steroids in HCV patients has not been
documented, although its use has been thought to
lower rates of acute cellular rejection. Several studies
have shown the safety of ATG and daclizumab as
[49,50]
induction agents in HCV patients who undergo LT
.
[50]
In the trial by Klintmalm et al , severe fibrosis was
less frequently observed in HCV recipients receiving
steroid free immunosuppression with daclizumab
induction compared with a steroid containing regimen
at 1 year, but the difference between the groups was
not statistically significant. In the same trial, patients
without HCV recurrence in the daclizumab group at 1
year had a significantly reduced frequency of severe
[50]
fibrosis at 2 years after LT .
It can be concluded that antibody induction is safe
in HCV liver recipients and even may be associated with
some benfits in this group of patients, but this needs
to be documented in future studies. However, it should
be considered that the safety of alemtuzumab in HCV
patients is in doubt (as mentioned above).
The role of CNIs on the course of post transplantation
HCV recurrence is challenging. There is evidence of
in vitro anti replicative effect of cyclosporine on HCV
[85,86]
RNA
. Cyclosporine has also been reported to show
less interferrence with the anti-viral effect of interferon-α
in HCV infected human hepatocytes when compared with
[87]
tacrolimus . The results of studies comparing the effect
of cyclosporine and tacrolimus on post transplant HCV
recurrence, fibrosis progression and sustained virologic
[88]
response after treatment are conflicting .
However, improved long term patient survival was
reported with tacrolimus compared to cyclosporine
[89]
in HCV patients
and also, in a UNOS database
[90]
analysis of 8809 HCV liver recipients by Irish et al
where patients on cyclosporine were reported to be
at increased risks for patient death, graft loss and
biopsy proven acute rejection compared to those on
tacrolimus.
Use of mTORI, sirolimus in post LT immunosupp
ression regimens has raised some interest for its potential
benefit in HCV patients. Sirolimus has proven anti-fibrotic
[91,92]
effects in animal models
and has been shown to
be associated with a reduced risk of significant fibrosis
[93,94]
in post liver transplant HCV
. However, despite
promising results for sirolimus on fibrosis progression in
HCV patients post LT, use of sirolimus has been reported
to be associated with increased mortality and graft loss
both in HCV and non-HCV liver recipients and its use
[95]
solely for this purpose could not be recommended .
Regarding the conflicting results of choice of immuno
suppression on outcomes for HCV liver recipients, the
advent of new and potent direct acting antiviral agents
for the treatment of HCV and their utilization in pre and
post-transplant HCV therapy may eliminate the need to
focus on the effect of the immunosuppression regimen
on HCV recurrence and progression in LT recipients.

Immunosuppression in specific LT populations

Recipients with hepatitis C infection: HCV cirrhosis
is one of the leading causes of LT in the world and
the most common indication for LT in United States
and Europe. Post transplantation recurrence of HCV
and its complications are major causes of mortality
and morbidity in this group of patients. HCV recurs in
almost all LT recipients if the viral load is detectable at
the time of transplant. In about 10% of LT recipients,
recurrence of HCV is associated with rapidly progressive
fibrosis leading to early graft loss. HCV recurrence in the
remaining patients results in rapidly progressive fibrosis
and cirrhosis in approximately 30% of patients within 5
[81]
years after LT .
Factors influencing the complications resulting from
HCV recurrence are multiple and include host, donor,
[82,83]
viral and immunosuppression related factors
.
Recipient’s immune response, donor age, pre-transplant
viral load and genotype are among implicated important
factors.
The role of immunosuppression and tailoring the
regimen for HCV recipients are challenging. There is
evidence for association of early and severe recurrence
of disease following treatment of steroid-responsive
[83]
acute rejection episodes in liver recipients . Numbers
and severity of rejection episodes (both steroid
responsive and steroid resistant) are also associated
[84]
with early recurrence .
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the curative treatment for end-stage liver diseases,
more female candidates in child-bearing ages
receive organs. There are many issues regarding the
management and outcome of pregnancy after solid
organ transplantation. Safe contraception, fertility,
maternal risks, risk of miscarriage, fetal and neonatal
outcome and risk of immunosuppression are among the
most important ones.
Post liver transplant pregnancies are classified as
high-risk pregnancies due to the increased rate of
complications that include hypertension, preeclampsia
[96]
and pre-term delivery .
Fewer complications may be expected when the
pregnancy is planned. The time of conception is advised
to be at least one year after transplantation, and some
[96]
suggest waiting 2 years for a better outcome .
Overview and management of immunosuppression
in liver transplanted female candidates for pregnancy
need expertise to balance the risk of rejection and
maternal and fetal complications.

tinuation may be considered in order to decrease the
risk of acute rejection. Although the experience in the
field of solid organ transplantation is limited, switching of
MMF to azathioprine was reported to be associated with
a favorable obstetric outcome in pregnant patients with
[99]
lupus nephritis .
Sirolimus: Data on the safety of sirolimus during
pregnancy and its teratogenicity is limited, although no
[100]
significant fetal malformation has been reported .

Recipients with HCC

Prevention and management of post LT recurrence of
HCC is of great concern as more patients with HCC are
receiving LT. Many factors can affect the risk of tumor
recurrence. The role of immunosuppressive therapy in
HCC recurrence is an important and challenging issue.
CNIs possess pro-oncogenic effects as documented
in experimental models and also in clinical trials both
[64]
retrospective and prospective . Both tacrolimus and
cyclosporine are associated with increased risk of de
novo malignancies in solid organ transplantation. The
risk of post liver transplant HCC recurrence has been
shown to be related to the high blood levels of CNIs,
particularly in the early post transplant period rather
[64,101]
than the type of CNI
.
The results of studies comparing the effect of the
type of CNI (cyclosporine vs tacrolimus) are conflicting
and it seems that the role of dosage and blood levels of
[64,101,102]
CNIs is more important than the choice of agent
.
Anti-lymphocyte antibodies which are increasingly
used for induction of immunosuppression or treatment
of steroid resistant rejections are also of concern for
increasing the risk of post transplant HCC recurrence.
Use of muromonab (although not available anymore)
and ATG has been shown to be associated with increased
[103]
risk of HCC recurrence .
Also, Basiliximab has been shown to have a negative
impact on tumor recurrence when used as an induction
[104]
therapy in HCC patients receiving LT .
MMF possesses anti-proliferative properties but has
not been documented to play a role in prevention of
[64,102]
HCC recurrence
.
mTORIs (sirolimus and everolimus) possess antitumor properties (refer to above section of Maintenance
of Immunosuppression) and are of particular interest for
use in LT patients with HCC. The results of preliminary
studies on both sirolimus and everolimus and their
beneficial effect on post transplantation recurrence of
[70-72,105]
HCC are promising
.
Although many centers are already using mTORIs in
recipients with HCC, the result of prospective, randomized
control trials are required for recommendation on their
use for this purpose.

Corticosteroids: If the patient is maintained on a
low dose of corticosteroids due to the underlying liver
disease etiology, like autoimmune disease, or because
she has experienced episodes of rejection, there might
be a need for an increased dose of steroid during
[97]
pregnancy .
The risks related to use of steroids are gestational
diabetes and hypertension that warrant special attention
and management.
CNIs: CNIs are the main agents as maintenance
immunosuppression in most LT recipients. Potential
complications related to CNIs that may adversely affect
the maternal outcome are hypertension, diabetes,
renal insufficiency and neurotoxicity. Rate of these
complications could be minimized by careful drug level
monitoring during pregnancy. Reports on comparing
the complications resulting from cyclosporine based vs
tacrolimus based immunosuppression during pregnancy
are conflicting. However, both agents seem to be safe
during pregnancy and the complication rates may not
[98]
be significantly different .
Azathioprine: Azathioprine is now less frequently used
as an immunosuppressant agent in LT. When patients
are on this medication, it seems to be reasonable to
continue this agent during pregnancy as there is a low
[97]
rate of reported risk .
MMF: MMF is teratogenic and is reported to be
associated with multiple fetal defects and increased risk
for miscarriage. It is advised to stop MMF in patients on
this medication who wish to get pregnant at least 6 wk
before conception.
For female liver recipients on MMF who have a
plan for pregnancy, switching of MMF to another
immunosuppressant agent rather than abrupt discon
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absorption, distribution, metabolism and excretion are
affected by a child’s age and will change when they
reach adolescence. The major issue for post transplant
immunosuppressive therapy in pediatrics is the lack of
adequate control trials in this population of patients.
Most of the immunosuppressive drugs used for pediatric
liver recipients are used based on adult data. However,
generally in younger children the clearance of most
drugs is increased and most children need higher
weight based doses of immunosuppressive medication.
CNIs, tacrolimus and cyclosporine are approved
[106]
for use in pediatric liver recipients
. Tacrolimus
based regimen is superior to cyclosporine based with
significant improvement in patient and graft survival,
less rejections, less hypertension and decreased dose of
required corticosteroids.
Other immunosuppressant agents as MMF or
mTORIs may be used off-label in pediatric LT for specific
indications. Confronting the adverse side effects of
CNIs, need for an auxiliary agent for management and
further prevention of acute rejections or withdrawal
from corticosteroids are among these indications.
T-cell depleting antibodies as ATG and IL-2Ra are
increasingly used in children by some LT centers for
indications similar to adults, though the experience with
[106,107]
their use in this population is limited
.
There are major issues specific for pediatric patients
receiving post transplant immunosuppression that need
special consideration.
Linear growth may be affected by immunosuppression
therapy especially with corticosteroids. Thus, there is
a desire for steroid-free immunosuppression or rapid
[108]
withdrawal in pediatrics if possible .
Children are at increased risk of developing PTLD
in comparison with adult due to higher risk of primary
exposure to Epstein-Barr virus (EBV). Prolonged highdose immunosuppressive therapy is also a major risk
[106]
factor . Special attention is needed for prevention of
this complication (EBV screening) and early diagnosis in
pediatric patients.

toxicity occur later on post transplantation. An important
challenge exists in differentiating HCV recurrence from
acute cellular rejection, though acutely higher viral loads
and presence of apoptotic bodies on biopsy favor HCV
over rejection.
The histologic grading of acute cellular rejection
[109]
is not always correlated with clinical outcomes
. It
also may not precisely predict the response to medical
[110]
management .
High dose iv corticosteroid is the first line of treatment
for moderate to severe ACR in most centers. About
60%-80% of episodes of ACR are responsive to the first
course of high dose corticosteroids, and the remainder
may need more than one course or might be resistant
to steroids. The method of corticosteroid pulse therapy
(dosage and duration) varies between centers. Usually
a 3 d course of 500-1000 mg of methylprednisolone per
[111]
day is given to the patient. Volpin et al
have suggested
a single dose of 1000 mg methylprednisolone followed
by a 6 d tapering from 200 to 20 mg/d is more effective
and associated with less infectious complications.
About 5%-15% of episodes of liver allograft ACRs
are unresponsive to more than one course of dose
steroids and thus called steroid resistant rejections
(SRR). SRR episodes although rare are associated with
[112]
poor outcomes .
Muromonab was among the first agents used in
liver SRR with acceptable success rate; however, with
withdrawal of muromonab from the market, this agent
is no longer available. Following the promising results
from renal transplantation, the polyclonal antibody,
ATG was used for the treatment of SRR in most LT
centers. The results have been promising with most
[27,28]
cases of SRR responding to ATG
. For treatment
of rejection, ATG is usually started with a dose of 1.5
mg/kg per day intravenously. The duration of treatment
is variable between centers and also for any individual
case ranging from 5 to 14 d. The absolute lymphocyte
3
count may be monitored to achieve a goal of 200/mm
or less.
The important issue in the treatment of SRR is
monitoring for the treatment associated adverse side
effects. Patients who have received treatment for SRR
are at increased risk of infectious complications and
malignancy.
IL-2Ras have been used for the treatment of SRR
in LT. There are reports of successful treatment of
SRR using basiliximab both in pediatric and adult LT
[113,114]
groups
. Daclizumab has been also used as the
[115]
rescue therapy for SRR with good results
. The
promising results of using IL-2Ra for the treatment of
SRR in LT and the limited related complication rates
has been resulted in increasing use of these agents and
their preference over anti-lymphocyte antibodies for this
[107]
purpose .
Increasing the individual base level of immuno
suppression is usually required in cases of ACR. This
usually includes one or more of the following strategies:

Monitoring of the immune status

Treatment of rejection: With the advent of high
efficacy immunosuppression regimen, the rate of
acute cellular rejection (ACR) has been decreasing but
still complicates up to about 25% of liver transplants,
with less frequent rejections rates following living liver
[9,10]
donation
.
The diagnosis of ACR should be considered when
there is evidence of abnormal liver tests and confirmed
by liver biopsy. The other possible causes of abnormal
liver test in a liver transplant patient should always be
considered in the differential diagnoses and excluded.
Among these, the most important are HAT, primary
graft non-function, biliary leakage and sepsis in the
early post transplant phase. Primary disease recurrence,
particularly for HCV, viral infections such as CMV and
EBV, recurrence of HBV, biliary strictures and drug
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(1) Adjusting the CNIs to higher trough levels, if there
is no contraindication; (2) Changing CNI to tacrolimus
if the patient is already on cyclosporine; (3) Adding
MMF (or azathioprine) or increasing their dose; and (4)
Adding mTORI.

and lowering in the absence of rejection; (5) occurrence
of immunosuppression related complications with the
need for lowering the dose or changing the specific
agents to another one; and (6) physiologic conditions
after transplantation as pregnancy, weight loss or gain
requiring changes in dosage or agent choice.
Future studies would enable the art of individually
designed immunosuppression for individual transplant
recipients.

Withdrawal of immunosuppression: Withdrawal of
immunosuppression is of particular interest with the aim
of minimizing the adverse side effects and improving
the quality of life in LT patients and the unique immune
tolerant character of the liver makes this potentially
possible. According to the published data, weaning of
immunosuppression may be possible in up to 40% of
[116,117]
liver recipients
.
The success rate of weaning immune suppression
may be even higher in pediatric patients receiving
[14]
parental organs . However, it is important to select the
right candidate for weaning and perform the weaning at
the best time.
The most important factor that correlates with
successful immunosuppression weaning is the time
[8,118]
from transplantation
. Other factors that have
been implicated to have a role in a successful weaning
in other studies are male gender, older age at the
time of transplantation, and some have suggested
the significance of biochemical indices as lower HLA
[117]
mismatch between donor and recipient
and indexes of
[8]
lymphocytes stimulation . It should be considered that
candidates for immunosuppression weaning have been
carefully selected in most studies among patients with
non-immune causes of liver disease, those with stable
post transplantation liver function and less rejection
episodes.
In general, it could be stated that complete immuno
suppression withdrawal is possible in highly selected
liver recipients. Further studies are required to identify
the important clinical and paraclinical factors for a
confident and successful weaning.
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physicians need to be aware of, and search for, the
cardiac morbidity associated with NAFLD.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is
the hepatic manifestation of the metabolic syndrome.
Due to the overlapping cardiovascular risk factors
in the metabolic syndrome, there are cardiovascular
consequences linked to the presence of NAFLD in a
patient. We review these complications and also a less
well appreciated complication of diastolic dysfunction
that is intimately associated with NAFLD. Physicians
looking after NAFLD patients need to be aware of these
complications and actively search for and treat them.
Azzam H, Malnick S. Non-alcoholic fatty liver disease - the heart
of the matter. World J Hepatol 2015; 7(10): 1369-1376 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i10/1369.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i10.1369

Abstract
Non-alcoholic fatty liver disease (NAFLD) is one of the
most common forms of chronic liver disease in the
Western world. There is a close association with the
metabolic syndrome and NAFLD is considered to be
the hepatic manifestation of the metabolic syndrome.
The components of the metabolic syndrome include
hypertension, obesity and insulin resistance which
are well established cardiovascular risk factors. The
mortality rate of NAFLD patients from myocardial
infarction is higher than that in the general United States
population and there is also an increased risk of nonfatal cardiovascular events. This article reviews the
cardiovascular complications associated with NAFLD. In
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is now
considered to be one of the most common forms of
chronic liver disease in the Western world. NAFLD refers
to a clinicopathologic spectrum of conditions ranging
from simple steatosis (simple fatty liver) to nonalcoholic steatohepatitis (NASH), involving inflammation
and some evidence of liver cell damage, and in some
cases, cirrhosis. It occurs in an estimated 25% to
30% of the United States general population, whereas
its potentially progressive form, NASH is reported in
[1]
2%-3% of the population .
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Table 1 Definitions of the metabolic syndrome

Absolutely required

Criteria
Obesity
Hyperglycemia
Dyslipidemia

Hypertension

NCEP ATP Ⅲ

IDF

None

Central obesity (waist circumference) ≥ 94 cm in males or ≥
80 cm in females European origin > 90 cm (men), ≥ 80 cm in
females
Central obesity plus two of the four criteria below

Any three of the five criteria below
Waist circumference > 40 inches in males, or > 35 inches in
females
Fasting glucose ≥ 100 mg/dL or treated for DM
Fasting glucose ≥ 100 mg/dL
TG ≥ 150 mg/dL or treated for dyslipidemia
TG ≥ 150 mg/dL or treated for dyslipidemia
Or
Or
HDL cholesterol < 40 mg/dL in males, or < 50 mg/dL in females
HDL cholesterol < 40 mg/dL in males, or < 50 mg/dL
or under treatment
in females or under treatment
> 130 mmHg systolic or > 85 mmHg diastolic or treated for HTN > 130 mmHg systolic or > 85 mmHg diastolic or treated for HTN

NCEP ATP Ⅲ: National cholesterol and education program-adult treatment panel Ⅲ; IDF: International diabetes federation; TG: Triglycerides; HDL: High
density lipoprotein; HTN: Hypertension.

Natural history studies of NAFLD showed that 1%-5%
[1,2]
of patients with simple steatosis developed cirrhosis ,
while patients with NASH showed pathological
[3,4]
progression of fibrosis in 15%-39% within 10 years .
NASH can potentially progress to cirrhosis and its
complications including decompensated liver disease and
hepatocellular carcinoma. The mortality rate of NAFLD
patients in the community was higher than that in the
[5]
general ultrasound (US) population . Death occurred
ranging from 13% to 45% with mean follow up of
8-11 years and coronary artery disease (CAD) was the
[5,6]
leading cause of death (25%-28% of mortality) .
It is the purpose of this article to review the cardio
vascular consequences of NAFLD and to suggest a
diagnostic approach.

This suggests that there is likely to be an effect of
multiple genetic polymorphisms in the development
of NAFLD, which require further study in diverse popu
lations.

METABOLIC SYNDROME
The metabolic syndrome (MS) is defined by differing
criteria in the United States, Europe and Asia (Table
1). The essential components of the MS include
visceral obesity, insulin resistance, dyslipidemia and
hypertension. Along with the epidemic of obesity, the
prevalence of MS is increasing worldwide, both in the
developing and developed countries. MS is associated
with a risk of cardiovascular disease and is a common
early abnormality in the development of type 2 diabetes.
In patients with NAFLD, metabolic abnormalities
have been reported in 33% to 100% of cases, depend
ing on study methods and selection criteria of NAFLD
[5,10,11]
patients
. MS components including central obesity,
hypertension, hypertriglyceridemia, decreased high
density lipoprotein cholesterol and impaired glucose
test or type 2 diabetes mellitus are commonly found
[10,12]
in NAFLD
. Diabetes and hypertension are present
up to 15-fold in patients with NASH compared to those
with steatosis alone independent of age or body mass
[13]
index (BMI) .
Thus the metabolic syndrome is strongly linked to
NAFLD. Patients presenting with NAFLD need to be
examined for the presence of the components of the
metabolic syndrome and their complications.

GENETICS
Advances in genome analysis, including the development
of informative genetic markers, improved physical
mapping methods and improvements in high throughput
genotyping technologies, have contributed to the
understanding of the pathogenesis of complex diseases.
The Dallas Heart Study carried out a genome-wide
association study of liver fat content in 2111 people from
[7]
different ancestry groups . They found a connection
between NAFLD evaluated by proton magnetic resonance
spectroscopy, with the rs738409 G allele of the palatinlike phospholipase domain containing 3 gene (PNPLA3),
also known as adiponutrin. The sequence variation is a
C > G single nucleotide change which encodes for the
148 isoleucine to methionine protein variant (Il48M) of
PNPLA3.
The PNPLA3 GG genotype has been associated with
a higher severity of carotid atherosclerosis in young
[8]
patients with NAFLD . However, recently a variant
of the TM6SF2 gene (E167K0) has been shown to be
linked to fatty liver due to reduced secretion of very lowdensity lipoprotein lipoproteins. This variant has also
been shown to provide protection against cardiovascular
[9]
disease .

WJH|www.wjgnet.com

NAFLD AND CARDIOVASCULAR
ABNORMALITIES
Since the MS is linked to many well recognized
cardiovascular risk factors, it is to be expected that there
will be a high prevalence of cardiovascular morbidity in
patients with NAFLD (Figure 1). Retrospective studies
of cohorts of NAFLD patients have shown myocardial

1370

June 8, 2015|Volume 7|Issue 10|

Azzam H et al . Cardiovascular complications of NAFLD

Risk factors for NAFLD

Gastric bypass surgery
Polycystic ovary syndrome
Sleep apnea
Hypothyroidism
Hypopituitarism
TPN

Risk factors for CVD

Metabolic syndrome
Hypercholesterolemia
Obesity
Diabetes mellitus type 2

Family history
Ethnicity
Age
Tobacco exposure
Physical inactivity
Unhealthy diet
HTN
Alcoholism
CKD

Figure 1 Confluence of the risk factors for both non-alcoholic fatty liver disease and cardiovascular disease. NAFLD: Non-alcoholic fatty liver disease; TPN:
Total parenteral nutrition; HTN: Hypertension; CKD: Chronic kidney disease; CVD: Cardiovascular disease.

infarction to be the cause of death in 25% compared to
[5]
13% in patients with other liver diseases . Another study
with biopsy-proven NAFLD found an increased mortality
in patients with NASH but not with simple steatosis and
that this was primarily due to cardiovascular disease and
[11]
not liver-related causes . Similar results have been
[6,11,14]
reported from other groups
. These studies had
small cohort sizes. In a study with a larger cohort size,
cardiovascular disease remained the number one cause
of death but there was no difference detected between
those patients with NASH or simple steatosis.
Prospective studies are usually considered as of higher
quality than retrospective studies. Several prospective
studies have shown an increased risk of either non-fatal
[15-22]
cardiovascular disease events or mortality
.
Coronary artery disease in asymptomatic people can
be detected by computed tomography. Several studies
have found a connection between coronary artery
[23-27]
calcification and NAFLD
, but 2 studies did not find a
[28,29]
significant association
.
Patients with NAFLD have a higher prevalence of
CAD independent of other risk factors, including glycemic
[10,26]
control and MS components
. The incidence of new
CAD events in non-cirrhotic patients with NAFLD varied
from 2% to 11% with the overall mortality of 12%[6,10,16,19,30,31]
13%
. The CAD related mortality ranged from
[19,31]
1% to 3% in NAFLD
, and from 12% to 16% in
[6,32]
patients with NASH
.
The mechanism for the increase in atherogenesis in
NAFLD is multi-factorial including genetic predisposition,
insulin resistance and atherogenic dyslipidemia,
oxidative stress, chronic inflammation, reduced levels
of adiponectin, and altered production of pro and
[33]
anticoagulant factors .

exercise test and no diabetes or hypertension. They were
compared to an age and gender matched control group.
The NAFLD patients had altered left ventricular (LV)
geometry and early features of LV diastolic dysfunction.
On multivariate analysis only early diastolic velocity,
assessed on tissue Doppler imaging was found to be
associated with NAFLD. This has also been found by
[35-41]
other centers
. Furthermore this may be an early
consequence of NAFLD.
[35]
Fallo et al reported diastolic dysfunction in a group
of 48 never-treated hypertensive patients with ultrasound
diagnosed NAFLD compared to 38 with no NAFLD, who
just had LV hypertrophy (LVH). This was independently
linked to NAFLD and HOMA on multivariate analysis.
[36]
Fotbolcu et al examined 35 NAFLD patients by tissue
Doppler imaging that did not have either hypertension
or diabetes mellitus. They found a lower early diastolic
velocity and also a higher systolic velocity. Another group
has found a higher incidence of LVH in hypertensive
NAFLD patients (diagnosed by ultrasound) compared
[42]
to the hypertensive patients without NAFLD . The
finding of early diastolic dysfunction in patients with
NAFLD has also been found in a study comparing 38
diabetic patients with US diagnosed NAFLD to 18 diabetic
patients without NAFLD. The patients with NAFLD had
early features of diastolic dysfunction on tissue Doppler
echocardiography, which was significant after adjusting
[37]
for hypertension and other cardiometabolic factors .
Furthermore, in obese adolescents, the presence of
NAFLD has been shown to be an early marker of cardiac
[43]
dysfunction . A larger study of 180 obese adolescents
compared to 68 healthy controls employing pulsedwave Doppler echocardiography and pulsed-wave
tissue Doppler imaging showed, the NAFLD group had
normal LV systolic function, impaired diastolic function,
and altered global systolic and diastolic myocardial
[44]
performance compared to 68 healthy controls .
Another study on obese children and adolescents
with NAFLD included 108 obese children, 54 with
hepatic fat fraction over 5% on magnetic resonance
imaging and 18 lean and healthy subjects. Forty one of
the NAFLD patients also underwent liver biopsy and 26

NAFLD AND LEFT VENTRICULAR
FUNCTION
Our group was the first to report an association between
[34]
NAFLD and impaired left ventricular diastolic function .
We examined 38 patients with NAFLD diagnosed by
ultrasound less than 55 years of age, with a normal
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Table 2 Non-alcoholic fatty liver disease and cardiac structure and function
Ref.

Methods

Goland et al[34]

Fallo et al[35]

Fotbolcu et al[36]

Bonapace et al[37]

Kim et al[38]

Ozveren et al[39]

Petta et al[41]

Mantovani et al[42]
Singh et al[43]

Sert et al[44]
Pacifico et al[45]

Kocabay et al[46]

Karabay et al[47]

Gianotti et al[48]
Perseghin et al[49]

Hallsworth et al[50]

Results

38 patients with NAFLD, < 55 years of age and normal exercise
test, were compared with an age and sex-matched control group
TT echo study including TDI

Patients with NAFLD have mildly altered LV geometry (Increased
thickness of the intraventricular septum, posterior wall, and
larger LV mass), and early features of left ventricular diastolic
dysfunction. Early diastolic velocity on TDI is the only index
identifying the patients with NAFLD and metabolic syndrome
Left ventricular morphology/function, metabolic parameters
Patients with NAFLD had similar prevalence of LVH compared
and NAFLD in 86 never-treated essential hypertensive patients
to patients without NAFLD, but a higher prevalence of diastolic
subdivided into two subgroups according to the presence (n = 48) dysfunction
or absence (n = 38) of NAFLD at ultrasonography
35 non-diabetic, normotensive NAFLD patients and 30 controls. Patients with NAFLD have impaired LV systolic and diastolic
TT echo and TDI performed
function and lower E' (early diastolic velocity on TDI)s. TDI
systolic velocity (S' on TDI) values were lower in NAFLD
50 patients with type 2 DM, US diagnosed NAFLD. 32 patients
Early features of LV diastolic dysfunction may be detected in
(64%) with NAFLD, compared to other 18 patients. TT echo and patients with type 2 diabetes and NAFLD
TDI performed
1886 participants without CVS disease. Stratified by the presence Subjects with both NAFLD and MetS had a higher E/Ea ratio and
or absence of CT-diagnosed NAFLD, MetS. Assessed by TDI,
baPWV, and lower TDI Ea velocity (P < 0.001). Subjects with either
carotid ultrasound and baPWV
NAFLD or MetS also showed significant differences in TDI Ea
velocity and baPWV (P < 0.05). No significant differences of CIMT
values
59 patients with NAFLD and 22 healthy subjects as controls. Basal The heart rate recovery index is deteriorated in patients with
electrocardiography, echocardiography, and treadmill exercise
NAFLD
testing were performed on all patients and controls
Anthropometric, biochemical and metabolic of 147 consecutive
Diastolic posterior-wall thickness, left ventricular mass, relative
biopsy-proven NAFLD cases
wall thickness, left atrial volume, as well as ejection fraction, lower
lateral TDI e', E/A ratio and epicardial fat linked to severe liver
fibrosis
116 consecutive patients with hypertension and type 2 diabetes. LVH higher among diabetic patients with NAFLD. NAFLD is
US diagnosed NAFLD, LVH diagnosed by TT echo
associated with LVH independently of classical CVS risk factors
IHTG content (magnetic resonance spectroscopy), insulin
The disposition index (β-cell function) and insulin sensitivity index
sensitivity and β-cell function, and left ventricular function
were approximately 45% and about 70% lower, respectively, and
(speckle tracking echocardiography) among 3 groups adolescents: whole body insulin resistance, was about 60% greater, in obese
(1) lean-BMI = 20 ± 2 kg/m2); (2) obese with normal IHTG content, than in lean subjects, and about 30% and about 50% lower and
BMI = 35 ± 3 kg/m2); and (3) obese with increased IHTG content, about 150% greater, respectively, in obese subjects with NAFLD
BMI = 37 ± 6 kg/m2
than those without NAFLD (P < 0.05 for all)
80 obese adolescents and 37 lean subjects. NAFLD based on
LV mass and CIMT higher in both NAFLD and non-NAFLD obese
elevated transaminases
patients compared to lean children
TDI, and MRI for measurement of HFF and abdominal fat mass
Asymptomatic obese children with NAFLD exhibit features of
distribution in 108 obese children, 54 with (HFF ≥ 5%) and 54
early LV diastolic and systolic dysfunction, and are more severe in
without NAFLD, and 18 lean healthy subjects. 41 of the children those with NASH
with NAFLD underwent liver biopsy
55 biopsy-proven NAFLD patients and 21 healthy controls.
LA-Res, LA-Pump and LA-SR(A) were lower in the NAFLD vs
Categorized as simple steatosis, borderline NASH, definitive
control. LA-Res and LA-pump significantly lower in NAFLD
NASH
subgroups. There were significant differences in LA-SR(A)
between healthy controls compared with simple steatosis and
borderline
55 NAFLD patients and 21 healthy controls. Biopsy-proven
Patients with NAFLD and its subgroups have evidence of
NAFLD. Categorized as simple steatosis, borderline NASH,
subclinical myocardial dysfunction in relation to the presence of
definitive NASH. All had echocardiography
insulin resistance
171 subjects aged > than 65 yr. US diagnosed NAFLD and TT
NAFLD had borderline significant association with higher endecho
diastolic thicknesses of left-ventricle edPW and right-ventricle wall
21 nondiabetic men with or without fatty liver matched
In newly diagnosed patients with fatty liver, fat accumulated in
anthropometrically features assessed by (1) cardiac MRI; (2)
the epicardial area and despite normal LV morphological features,
cardiac P-MRS; and (3) hepatic H-MRS to assess quantitatively
systolic and diastolic functions, there was abnormal LV energy
the IHF content
metabolism
19 adults with NAFLD were age-, sex-, and BMI-matched to
Adults with NAFLD had significantly thicker left ventricular walls
healthy controls. Cardiac structure and function assessed by high- at systole and diastole than those without fatty liver and showed
resolution cardiac MRI. High-energy phosphate metabolism was decreased longitudinal shortening. The eccentricity ratio was
assessed using[31] P-MRS
significantly higher in the NAFLD group indicating concentric
remodelling. Peak whole wall strain was higher in the NAFLD, as
was peak endocardial strain. Cardiac metabolism, measured by
PCr/ATP ratio, was not altered in NAFLD

NAFLD: Non-alcoholic fatty liver disease; TDI: Tissue Doppler imaging; DM: Diabetes mellitus; CT: Computed tomography; MetS: Metabolic syndrome;
baPWV: Brachial-ankle pulse wave velocity; BMI: Body mass index; IHTG: Intrahepatic triglyceride; HFF: Hepatic fat fraction; NASH: Non-alcoholic
steatohepatitis; MRI: Magnetic resonance imaging; MRS: Magnetic resonance spectroscopy; CIMT: Carotid intima-media thickness; TT: Transthoracic; US:
Ultrasound; CVS: Cardiovascular; LV: Left ventricular; LVH: Left ventricular hypertrophy.
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were shown to have NASH. Diastolic dysfunction was
again found in the patients with NAFLD and also the Tei
index which reflects combined systolic and diastolic LV
dysfunction was significantly higher in those children
with NAFLD. Those patients with biopsy-proven NASH
had a significantly lower e’ velocity and higher E-to-e’
[45]
and Tei index than those with only NAFLD .
The use of 2D speckle tracking echocardiography
to determine left atrial deformation parameters was
not found to be helpful in a recent study on 55 NAFLD
[46,47]
patients and 21 controls from Turkey
. These studies
are summarized in Table 2.
A finding of NAFLD on ultrasound in the population
aged more than 65 years of age may be valuable to
alert for the coexistence of multiple cardiovascular risk
factors and changes in cardiac morphology and diastolic
[48]
dysfunction .
In newly diagnosed individuals with fatty liver, both
systolic and diastolic LV functions were normal but there
[49]
was abnormal LV energy metabolism . A cohort of
19 NAFLD adults compared to age, gender and BMImatched controls were shown to have a thicker left
ventricular wall in both systole and diastole as well as
decreased longitudinal shortening than those without
[50]
fatty liver .
One of the consequences of diastolic dysfunction is
atrial fibrillation and NAFLD has been shown to have
an increased risk (OR = 4.49) of atrial fibrillation which
was independent of age, gender, hypertension, and left
[51]
ventricular hypertrophy and pr interval .
Thus adults with NAFLD have changes in cardiac
structure and function that may predate overt cardiac
artery disease. We suggest that NAFLD patients undergo
a routine transthoracic echocardiogram examination as
part of their assessment.

Furthermore, OSAS is linked to NAFLD. This
association is more than just a convergence of risk factors.
There is evidence for a derangement of the immune
system in such patients resulting in a low-grade chronic
[65]
inflammation . Uncontrolled treatment studies of adults
and children with OSAS receiving CPAP treatment and
[66]
tonsillectomy have shown a decrease in liver enzymes .
In addition a proportion of NAFLD patients without severe
obesity are at risk for OSAS and this is associated with
the severity of the liver damage independently of BMI and
[67]
other co-factors .
Thus the finding of NFALD should prompt physicians
to inquire regarding symptoms of OSAS. In addition
patients with OSAS need to be assessed for the
presence of NAFLD.

CONCLUSION
NAFLD is considered to be the hepatic manifestation of
the metabolic syndrome, although there are cases that
do not fulfill the metabolic syndrome criteria. Patients
with NAFLD have an increased risk for cardiovascular
disease, which is in part due to the overlapping of
the risk factors of the metabolic syndrome with the
risk factors for cardiovascular disease. In addition,
however, there are changes in left ventricular function
both systolic and diastolic, endothelial function, arterial
stiffness and a link with sleep apnea syndrome.
Physicians treating NAFLD patients need to be aware
of these cardiovascular complications and actively
search for them in order to provide the comprehensive
care that patients deserve. We suggest that all patients
with NAFLD have an echocardiogram performed in
order to detect LVH, systolic and diastolic dysfunction
which may increase the risk for cardiac mortality. The
benefit of treatment of the metabolic syndrome and
associated NAFLD likely extends to many aspects of
the cardiovascular system as well. Thus an integrative
approach considering all the possible organ complications
of the metabolic syndrome is necessary for NAFLD
patients.

NAFLD AND OBSTRUCTIVE SLEEP
APNEA SYNDROME
Obstructive sleep apnea (OSAS) syndrome is a
common condition with prevalence estimates of 2%
to 4% in the general population. Amongst obese
[52]
patients the prevalence is as high as 35% . OSAS is
accompanied by proinflammatory cytokine production,
platelet aggregation, endothelial dysfunction and
metabolic dysregulation which can increase the risk of
[53]
cardiovascular disease .
OSA has been shown to be a risk factor for insulin
[54-60]
[61]
resistance
and carotid intima media thickening ,
and in addition there are reports of ischemic hepatitis
[62,63]
accompanying severe OSAS
.
A study of 163 non-drinking OSAS patients found
that the more severe the OSAS, sufferers had more
[64]
insulin resistance and more steatosis and fibrosis .
This was independent of weight, It has also been
shown that continuous positive airway pressure (CPAP)
therapy for OSAS improves cardiac function, decreases
[7]
cardiovascular risk and improves insulin resistance .
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Hepatitis C virus: Virology, diagnosis and treatment
Hui-Chun Li, Shih-Yen Lo
treatments. At present, serologic screening test is
recommended to perform on individuals in the high
risk groups and nucleic acid tests are recommended
to confirm the active HCV infections. Quantization and
genotyping of HCV RNAs are important to determine
the optimal duration of anti-viral therapy and predict
the likelihood of response. In the early 2000s, pegylated
interferon plus ribavirin became the standard antiHCV treatment. However, this therapy is not ideal. To
2014, boceprevir, telaprevir, simeprevir, sofosbuvir and
Harvoni are approved by Food and Drug Administration
for the treat of HCV infections. It is likely that the
new all-oral, interferon-free, pan-genotyping anti-HCV
therapy will be available within the next few years.
Majority of HCV infections will be cured by these antiviral treatments. However, not all patients are expected
to be cured due to viral resistance and the high cost
of antiviral treatments. Thus, an efficient prophylactic
vaccine will be the next challenge in the fight against
HCV infection.
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Core tip: Understanding the general properties of
hepatitis C virus (HCV) viral RNA and proteins facilitates
the development of sensitive diagnostic tools and
effective antiviral treatments. At present, serologic
screening test is recommended to perform on individuals
in the high risk groups and nucleic acid tests are re
commended to confirm the active HCV infections. To
2014, in addition to pegylated interferon and ribavirin,
boceprevir, telaprevir, simeprevir, sofosbuvir and
Harvoni are approved by Food and Drug Administration
to treat HCV infections. The majority of HCV infections
can be cured by these anti-viral treatments. An efficient
prophylactic vaccine will be the next challenge in the
fight against HCV infection.

Abstract
More than twenty years of study has provided a
better understanding of hepatitis C virus (HCV) life
cycle, including the general properties of viral RNA
and proteins. This effort facilitates the development
of sensitive diagnostic tools and effective antiviral
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the development of a successful vaccine to against all
HCV genotypes. Of course, HCV heterogeneity could
also affect viral diagnosis.
Though heterogeneous, different HCV genotypes
preserve the similarity of life cycle in cells. This review
briefly describes the HCV life cycle and the general
properties of viral RNA and proteins, which are related
to the diagnosis of viral infection and the development
of anti-viral therapy. This review also summarizes the
current methods to detect and treat HCV infections.

Li HC, Lo SY. Hepatitis C virus: Virology, diagnosis and treatment.
World J Hepatol 2015; 7(10): 1377-1389 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i10/1377.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i10.1377

INTRODUCTION
Hepatitis C virus (HCV) accounts for approximately
15%-20% cases of acute hepatitis. After acute infection,
around 50% to 80% of HCV patients will develop
chronic infection. Approximately, HCV infects 170 million
individuals worldwide (http://www.who.int). Chronic
hepatitis C (CHC) patients are at high risk to develop
life-threatening complications, including cirrhosis in
20% of cases and hepatocellular carcinoma (HCC) at
[1-3]
an incidence of 4%-5% per year in cirrhotic patients .
Epidemiological studies also indicate that HCV is
associated with a number of extrahepatic manifestations
including insulin resistance, type 2 diabetes mellitus,
[4-7]
glomerulopathies, oral manifestations, etc. .
Most HCV-infected patients would develop chronic
hepatitis, but approximately 15%-40% of them could
clear the virus spontaneously. What are the factors
responsible for the different outcomes of HCV infection?
The viral evolutionary dynamics and host genetic
polymorphisms, e.g., the interleukin 28B (IL28B) gene,
are important in determining the outcomes of HCV
[8,9]
infection .
After the discovery of HCV, great nucleotide diversity
[10,11]
among isolates was reported
. Due to the errorprone viral RNA-dependent RNA polymerase (HCV NS5B
protein), a closely related but diverse population of viral
variants known as quasispecies is produced within HCV[12]
infected patients . There is 1%-5% variation in HCV
nucleotide sequence from a single infected patient.
Accumulation of nucleotide substitutions in the virus
has resulted in diversification into distinct subtypes
and even genotypes. Therefore, the HCV RNA genome
sequences are highly heterogeneous. At present, HCV
is classified into eleven genotypes (designated as 1-11)
differing in their nucleotide sequence by 30%-50%, six
[13,14]
of them are the major ones (genotypes 1 to 6)
.
Within HCV genotype, several subtypes (designated as a,
b, c, etc.) can be defined that differ in their nucleotide
[15,16]
sequence by 15%-30%
. The prevalence of HCV
[17,18]
genotypes and subtypes is geographically different
.
At present, genotype 1 is the most prevalent (46%)
globally, followed by genotype 3, genotype 2 and
genotype 4. Various genotypes have different infectivity
and pathogenicity, thereby influencing the rate of
progression to cirrhosis and the risk of HCC. HCV
heterogeneity would also result in different responses to
anti-viral treatments, e.g., genotypes 1 and 4 are more
resistant to interferon based therapies than genotypes
[13,19,20]
2 and 3
. Therefore, HCV heterogeneity poses a
challenge to the development of pan-genotypic antiviral treatments. In addition, HCV heterogeneity hinders
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VIROLOGY
HCV life cycle[21-23]

HCV is a small enveloped RNA virus belonging to the
family Flaviviridae and genus hepacivirus. HCV genomic
RNA was single-stranded with positive polarity, which
was packaged by core protein and enveloped by a lipid
bilayer containing two viral glycoproteins (E1 and E2)
[24]
to form the virion . Despite the nucleotide sequence
divergence among genotypes, all currently recognized
HCV genotypes are hepatotropic and pathogenic.
The HCV lifecycle begins with the attachment of a
[25]
virion to its specific receptors on hepatocytes . Up to
now, the high-density lipoprotein receptor scavenger
receptor class B type Ⅰ , tetraspanin CD81, tight
junction protein claudin-1, and occludin are the known
cellular receptors initiating the attachment step of HCV
infection. It is proposed that the virus, after binding
with its receptor complex, is internalized, and that the
nucleocapsid is released into the cytoplasm. The virus
is then uncoating to free its genomic RNA, and the HCV
genomic RNA is used both for polyprotein translation
and replication in the cytoplasm. HCV replication takes
place within the “replication complex” containing the
[26]
viral non-structural proteins and cellular proteins .
HCV replication is catalyzed by the NS5B protein.
However, other viral nonstructural proteins are also
important. The NTPase/helicase domain of the NS3
protein has several functions important for viral
replication, including RNA stimulated NTPase activity,
RNA binding, and unwinding of RNA regions of extensive
secondary structure. NS4B initiates the formation of
replication complex that supports HCV replication. The
NS5A protein also plays an important regulatory role
in virus replication. New direct acting antivirals (DAAs),
specifically designed to inhibit the NS5B RNA dependent
RNA polymerase are now becoming available. Several
other newer DAAs (e.g., inhibitors to the NS5A protein)
[27,28]
have also shown promise in clinical studies
.
A number of cellular factors are involved in HCV
replication, such as, cyclophilin A, required for HCV
replication through its interacting with NS5A and the
NS5B, and microRNA-122, which helps HCV replication
through its binding with the 5’un-translated region
(5’UTR) of the HCV genome. Therefore, host factors
may also become the potential targets for anti-HCV
therapies. At present, at least two host-targeted agents
(HTAs) have reached clinical development, including
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Figure 1 The hepatitis C virus poly-protein is processed co- and posttranslationally by host and viral proteases into at least 10 different proteins, which
are arranged in the order of NH2-C-E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH. Host signal peptidase is required for the cleavages at C-E1, E1-E2,
E2-p7, and p7-NS2 junctions. NS2 cleaves the site between NS2 and NS3; NS3/4A serine protease cleaves the sites at NS3-NS4A, NS4A-NS4B, NS4B-NS5A,
and NS5A-NS5B junctions. Several new DAAs (e.g., boceprevir, simeprevir, and telaprevir) specifically designed to inhibit the NS3/4A protease are now becoming
available. The wavy lines mark the un-translated regions (UTR) of hepatitis C virus genomic RNA while the rectangle represents the poly-protein derived from the long
open reading frame.

specific inhibitors of cyclophilin A and antagonists of
[21,28,29]
microRNA-122
.
The very low-density lipoprotein synthesis/ secretion
machinery is involved in the production of the infectious
HCV particles. HCV uses this lipoprotein biosynthetic
pathway to produce mature viral particles and to export
[30,31]
them
.

peptidase is also needed for the further maturation of
HCV core proteins. Two viral proteases are involved in
the processing of HCV nonstructural proteins: NS2, a
zinc-dependent metalloprotease that cleaves between
NS2 and NS3; and NS3/4A, a serine protease that
cleaves between the NS3-NS4A, NS4A-NS4B, NS4BNS5A, and NS5A-NS5B junctions (Figure 1). These viral
proteins remain associated with intracellular membranes
after processing.
Core, a 191-amino acid polypeptide, is a highly
conserved basic protein which packages its RNA genome
to form the viral nucleocapsid. Core protein may be
[33]
involved in hepatocarcinogenesis and steatosis .
The alternate reading frame protein (ARFP)/core+1/F
(frameshift) protein is generated as a result of a -2/+1
ribosomal frameshift in the core-encoding region. The
role of ARFP/core+1/F protein in the HCV lifecycle
[33]
remains unknown . Two envelope glycoproteins, E1
(33-35 kDa) and E2 (70-72 kDa), assemble as noncovalent heterodimers and are necessary for viral entry.
Unlike HCV core protein, E2 contains hypervariable
regions with amino acid sequences differing up to 80%
between different HCV isolates. Therefore, enzyme
immuno-assay (EIA) to detect the HCV core antigen
rather than the envelope proteins is performed to
represent the number of the virions (in “Diagnosis”
section).
p7, a 63-amino acid polypeptide, forms ion channels
with an essential role in virus infection. NS2, a 21-23
kDa transmembrane protein, is also essential for the
completion of the viral replication cycle. The highly
hydrophobic N-terminal residues of NS2 protein form
three or four transmembrane helices inserting into
the endoplasmic reticulum (ER) membrane while the
C-terminal domain of NS2 protein plays an important
role in NS2/3 auto protease activity together with the
N-terminal domain of NS3. NS3, a 67 kDa polypeptide,
possesses multifunctional activities. The N-terminus of
NS3 has serine protease activity and its C-terminus has

General properties of HCV RNA and proteins
[22,23,32]

Viral genomic RNA
: The HCV genomic RNA
[21,32]
contains three distinct regions
: (1) a 5′UTR or noncoding region; (2) a long open reading frame (ORF) of
more than 9000 nucleotides (nt); and (3) a short 3′
UTR.
The HCV 5’UTR contains 341 nt located upstream of
the ORF translation initiation codon. The 5’UTR contains
the internal ribosomal entry site which forms a stable
pre-initiation complex by direct binding with the 40S
ribosomal subunit for the HCV polyprotein translation.
The long ORF encodes a polyprotein of approximately
3000 amino acids, which will be further processed by
host and viral proteases.
The 3’UTR is principally involved in minus-strand
priming during HCV replication.
The nucleotide sequence variability is distributed
throughout the entire viral genome. The 5’UTR is the
most conserved region in the genome while the regions
encoding envelope proteins (E1, E2) are the most
variable ones. Thus, the highly conserved 5’UTR region
is usually the target of choice for HCV genome detection
across different genotypes (in “Diagnosis” section).
[21-23]

Viral proteins
: The long ORF encodes a poly
protein which is processed co- and posttranslationally
by host and viral proteases into at least 10 different
proteins, which are arranged in the order of NH2-C-E1E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH. Host
signal peptidase is required for the cleavages at C-E1,
E1-E2, E2-p7, and p7-NS2 junctions. Host signal peptide
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In general, the virological methods for examining
viral infections include indirect and direct tests. The
indirect tests are to detect antibody induced by viral
infection, including IgM for recent infection and IgG for
recent or past infection. The direct tests include virus
isolation, detection of viral antigens and viral nucleic
acids.
At present, it is difficult to isolate and culture HCV
using clinical specimens. Furthermore, anti-HCV IgMs
could be detected not only in 50%-93% of patients
with acute hepatitis C but also in 50%-70% of CHC
[36]
patients . Therefore, anti-HCV IgM cannot be used as
a reliable marker for the acute HCV infection, and IgM
[37,38]
assays have not been used in clinical practice
. At
present, diagnostic assays for anti-HCV total antibody,
viral core antigen, and viral genomic RNA are used in
[19,35,39-44]
clinical practice
(Figure 3).
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Figure 2 Hepatitis C virus NS5B acts as RNA-dependent RNA polymerase
and plays an important role in the synthesis of new RNA genomes. As
the central component of the hepatitis C virus replication complex, NS5B has
emerged as a major target for antiviral treatment. New direct acting antivirals,
specifically designed to inhibit the NS5B are now becoming available (e.g.,
sofosbuvir).

Detection of antibody production

NTPase/helicase activity. The NS3 proteins are bound
with ER membrane through interacting with NS4A
proteins. The enzymatic activity of the NS3 NTPase/
helicase activity is indispensable for viral RNA replication.
NS4A, a 54-amino acid polypeptide, is a cofactor for
NS3 protein. The interaction between NS4A and NS3
proteins stabilizes and facilitates its protease activity. The
NS3/4A protease is essential for the cleavages of the viral
nonstructural proteins. Thus, it is the target of choice for
anti-HCV therapy. Several new DAAs specifically designed
[21,28,34]
to inhibit the NS3/4A protease are now available
(Figure 1). NS4A is also required for the phosphorylation
of NS5A and can directly interact with NS5A. NS4B, a
small hydrophobic 27 kDa protein, recruits other viral
non-structural proteins to form the replication complex.
NS5A, a 56-58 kDa hydrophilic phosphoprotein, is also
important in viral replication though its exact role is not
clear. NS5B, a 65 kDa protein, is an RNA-dependent
RNA polymerase (RdRP) responsible for the synthesis of
new genomic RNAs. As a central component of the HCV
[26]
replication complex , NS5B has become a major target
[21,28]
for antiviral therapy
(Figure 2).
More than twenty years of study has provided a
better understanding of HCV life cycle, including the
properties of viral RNA and proteins. This effort facilitates
the development of sensitive diagnostic tools and
effective antiviral treatments toward HCV infections.

In general, serological tests for detecting anti-HCV
antibodies include tests for screening and confirmation.
Screening tests are used first to screen the antibody
positive specimens while confirmatory tests are then
used to verify the positive screening specimens.
Screening test: EIA: At present, the third generation
test of EIA for the anti-HCV antibody detection is
[45]
commonly used in the diagnostic laboratory . Con
served antigens from the HCV core, NS3, NS4 and
NS5 regions are used in these tests to detect anti-HCV
antibodies. The sensitivity of third-generation EIAs was
estimated at 98.9% and the specificity was found at
[46]
100% in patients with chronic liver disease . EIAs are
easy to use and inexpensive. Furthermore, this assay
could be fully automated and adapted to large volume
testing. Therefore, EIAs to detect anti-HCV antibody
are generally recommended for screening the HCV
[40]
infections . However, this assay should not be used
in infants younger than 18 mo due to the possibility of
[47]
reactivity with maternal antibody . Several Food and
Drug Administration (FDA)-approved antibody-based
[47]
assays are available . However, the time between HCV
infection and the appearance of detectable antibodies
(serological window period) is generally more than 40 d
[48]
using the third generation EIAs . In 2008, the fourth
generation EIA has become available which could detect
the anti-HCV antibody significantly earlier than the other
assays (www.microgenbioproducts.com). The antigens
utilized in the fourth generation anti-HCV assay are
derived from the core (two different epitope clusters),
NS3, NS4A, NS4B, as well as the NS5A regions. NS3
and NS4 antigens are derived from genotypes 1a, 1b, 2
and 3.

DIAGNOSIS
The purpose of diagnosis of viral infection is to allow
the infected persons to be identified and treated. Thus,
diagnosis of viral infection is important to prevent
disease progression and viral spread. Majority of
primary HCV-infected patients are asymptomatic, thus,
symptoms could not be used as specific indicators for
HCV infection. HCV viremia could still exist despite a
normal serum alanine aminotransferase (ALT) level.
Therefore, virological methods rather than ALT levels
[35]
are used to diagnose HCV infection .
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[23,49]

Screening test: The rapid, point-of-care test
:
Point-of-care tests are used directly at the site of patient
care, outside of the diagnostic laboratory. Several pointof-care tests (POCTs) have been developed to detect
anti-HCV antibodies with a relatively high sensitivity
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Figure 3 Assays to detect anti-hepatitis C virus antibody, viral core antigen, and viral genomic RNA are used to diagnose HCV infection in clinical practice.
HCV: Hepatitis C virus; POCT: Point-of-care test; EIA: Enzyme immuno-assay; RIBA: Recombinant immunoblot assays; RT-PCR: Reverse transcription-polymerase
chain reaction; TMA: Transcription-mediated amplification; bDNA: Branched DNA.
[50,51]

of POCTs can increase HCV screening opportunities.
However, these indirect virological tests to detect antiHCV antibody cannot distinguish current from past
[37,38]
infection
. Active HCV infection must be confirmed
by the direct diagnostic methods.

and specificity
. The test currently approved by
the FDA in 2010 is the OraQuick HCV Rapid Antibody
Test (OraSure Technologies, Bethlehem, PA). It is
approved for use in patients over 15 years old, for
screening persons who are considered at risk for HCV
infection. This test detects anti-HCV antibodies in
different specimens, e.g., fingerstick and venipuncture
whole blood, serum, plasma, or oral fluid. Recombinant
proteins or synthetic peptides of core, NS3 and NS4
antigens are immobilized on a nitrocellulose membrane
to perform an indirect lateral flow immunoassay, and
the results are directly visualized using colloidal gold
labeled protein A, which generates a reddish-purple
line within 20 to 40 min in the presence of anti-HCV
antibodies in the specimens. These rapid tests are
suitable for resource-limited settings because they are
[52]
cheap, simple to perform and fast .

Detection of viral RNA

Based on the items used for amplification, nucleic
acid amplification tests (NAT) are divided into target
amplification, signal amplification and probe amplification
[54]
methods . Target amplification methods [e.g., reverse
transcription-polymerase chain reaction (RT-PCR) and
transcription-mediated amplification (TMA)] and signal
amplification methods [e.g., branched DNA (bDNA)]
were commonly used to detect the presence of HCV
[19,47,49,55]
RNA
. The presence of HCV RNA in the serum is
a reliable marker of viremia. Universal standardization
for HCV RNA titer is important. The World Health
Organization (WHO) has established an international
[56]
standard for HCV RNA quantification units , i.e., an
HCV RNA international unit (IU), which is currently used
in all of the commercial HCV RNA quantitative assays no
[35,57]
matter what the techniques used
.

Confirmatory tests: Recombinant immunoblot
[49]
assays : Recombinant immunoblot assays (RIBA) can
be used to confirm the presence of anti-HCV antibodies
for individuals who have showed positive reactivity by
EIAs. This assay is highly specific, as the presence of
antibodies against each of the several HCV proteins is
[53]
assessed as individual bands on a membrane strip .
The INNO-LIA™ HCV Score (Fujirebio Europe, previously
Innogenetics) assay can be automated. This assay
includes recombinant proteins and synthetic peptides
from E2 hypervariable region, NS3 helicase, NS4A,
NS4B and NS5A regions.
Due to the high sensitivity and specificity of antiHCV EIAs, RIBA is no longer needed in the diagnostic
[19,45]
laboratories for verification
. Furthermore, nucleic
acid tests for viral RNA rather than RIBA are used as a
[19]
confirmatory test for HCV infection .
HCV infection can be detected easily using currently
[45]
available third generation EIAs . In addition, the use
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[47]

Qualitative HCV RNA detection : Qualitative
detection assays are based on the principle of target
amplification using either RT-PCR or TMA. Several
FDA-approved qualitative assays for HCV RNA are
[47]
available . HCV RNA is extracted and converted into
complementary DNA (cDNA) using reverse transcriptase.
The cDNA is subsequently processed via cyclic enzymatic
reactions leading to the generation of a large number of
double-stranded DNAs in PCR-based assays or singlestranded RNAs in TMA. Detection of these amplified
products is achieved by hybridizing the produced
amplicons onto specific probes. In general, the highly
conserved 5’UTR region is the target of choice for HCV
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[49]

genomic RNA detection across different genotypes

[64]

.

IU/mL , well in the sensitivity range of the HCV core
[44]
antigen assay . Therefore, HCV antigen detection
might be the next step following a positive antibody
screening test. Several combination assays for detection
of both anti-HCV antibodies and HCV core antigen have
[65]
been developed .
At present, EIA to detect HCV core antigen is too
insensitive to replace the NATs to detect HCV RNA in the
[66]
blood bank setting
and in the treatment monitoring
according to the current clinical practice guidelines.
However, it could be used as a supplemental test in
[67]
resource-limited settings . The Architect HCV Ag assay
has been suggested as a better monitoring tool in the
era of new all-oral, interferon-free antiviral treatments
[62]
that do not require high analytical sensitivity .

[47]

Quantitative HCV RNA detection : HCV RNA
can be quantified by means of target amplification
techniques (real-time RT-PCR or TMA) or signal
amplification techniques (bDNA assay). Several FDAapproved quantitative assays to detect HCV RNA are
[23,39,47]
also available
. Real-time RT-PCR is the method
of choice for the quantification of HCV RNA levels in
clinical practice. This assay is highly sensitive with
wide dynamic range of quantification and can prevent
carryover contamination.
Fully automated HCV NAT assays have been available
in the United States since 2007, and guidelines regarding
the requirements for HCV NAT assays were issued in 2010
(http://www.fda.govQBiologicsBloodVaccinesQGuidanceComplianceRegulatoryInformation/Guidances/default.
htm). However, it is necessary to remember that not
all HCV genotypes are detected equally by NAT assays,
most likely because of nucleotide mismatches which has
[58,59]
occurred before
.
HCV RNA in the serum is probably the earliest
detectable marker of acute HCV infection, preceding the
[35]
appearance of anti-HCV antibody by several weeks .
CHC infection is defined as the presence of HCV RNA
more than 6 mo. HCV RNA levels remain relatively stable
over time in CHC patients. Therefore, after a positive
reaction screened by the anti-HCV antibody test, NATs to
detect HCV RNA is often used as the confirmatory tool to
[60]
diagnose CHC infection . Detection of HCV RNA is also
used to determine the viral load both prior to and during
antiviral treatments (www.who.int). On the other hand,
[61]
the HCV RNA level has no prognostic value . The level
of HCV genomic RNA, reflection of HCV replication, does
not correlate with the severity of liver disease, not with
the risk of liver disease progression to cirrhosis or HCC.

Interpretations of diagnostic results[19,41,42,47]

The presence of HCV RNA in the absence of anti-HCV
antibodies is strongly indicative of acute hepatitis C
(AHC), which can be confirmed by seroconversion (i.e.,
the appearance of anti-HCV antibodies) a few days or
weeks later (Figure 4). However, there are still other
possibilities for the presence of HCV RNA in the absence
of anti-HCV antibodies, e.g., CHC infection in the
immunodepressed patients, hemodialysis patients or
agammaglobulinemic subjects.
The presence of both anti-HCV and HCV RNA
does not allow one to distinguish AHC from an acute
exacerbation of CHC. However, the anti-HCV IgG avidity
index within the first 8 d following the onset of clinical
[68]
symptoms may be useful in identifying actual AHC .
If the antibody test is positive and the HCV RNA
test is negative, this result indicates a resolution of HCV
infection or AHC during a period of low-level viremia. If
the HCV RNA assay is negative and remains negative
for more than 6 mo, then the individuals are recovered
from a past HCV infection.
CHC is defined as the persistence of HCV RNA
for more than 6 mo. In patients with clinical signs of
chronic liver disease, CHC is certain when both anti-HCV
antibodies and HCV RNA are present.

Detection of viral core antigen[44]

Compared to other diagnostic methods like EIA, the
advantages of NATs are having higher specificity and
sensitivity. However, the disadvantages of these assays
are time-consuming and require sophisticated technical
equipment, trained technicians, dedicated laboratory
space and expensive reagents. In patients with HCV
infection, it has been demonstrated that the HCV core
antigen level strongly correlates with the HCV RNA level
[62]
for various genotypes . Thus, due to cheap and easyto-perform, the HCV core antigen quantification assay
can be used as an alternative method to NATs to detect
[44]
HCV RNA . Currently, core antigen detection by means
of a chemiluminescent microparticle immunoassay can
be fully automated in the Architect HCV Core antigen
[63]
test (Abbott Laboratories) . The Architect HCV Ag
assay had a specificity of 100%, with a lower limit of
detection of 3 fmol/L corresponds to approximately
[62]
1000 IU/mL of HCV RNA . Whereas,current HCV RNA
assays have a lower level of detection between 5-15
[44]
IU/mL . In general, about 90% of HCV RNA positive
samples are positive with a viral load above 10000
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Genotyping

Different HCV genotypes would result in different
[35]
responses to antiviral treatments . Thus, genotyping
is important to predict the likelihood of response and
[47]
determine the optimal duration of therapy .
Serological method: The HCV genotype can be
determined by detection of antibodies against HCV
[69]
genotype-specific epitopes using a competitive EIA .
The currently available assay (Murex HCV serotyping 1-6
HC02, Abbott Laboratories, North Chicago, Illinois) could
identify the six HCV genotypes (1-6) but not subtypes,
and provide interpretable results in approximately 90%
[7]
of chronically infected immunocompetent patients .
Molecular techniques: The reference method for HCV
genotyping is genome sequencing of the core/E1 or the
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Figure 4 Possible diagnostic results for hepatitis C virus infection. Individuals are in high risk, e.g., persons who have been exposed to HCV; persons with
elevated alanine aminotransferase; persons who are immunocompromised. HCV: Hepatitis C virus.
[70]

NS5B regions and subsequent phylogenetic analysis .
However, this in-house method is restricted to reference
centers. HCV genotyping assays approved for in vitro
[23,49]
diagnostic use are also commercially available
. The
Linear Array HCV Genotyping Test (Roche Molecular
[71]
Systems) targets the 5’UTR . This assay is based on
conventional PCR amplification followed by reverse
hybridization onto membrane strips containing specific
probes. The obtained band pattern can be either visually
interpreted or read by a scanner. Assays targeting other
regions in addition to the 5′UTR have been recently
developed to better discriminate between subtypes 1a
and 1b. The Versant HCV genotype 2.0 assay (Siemens)
is also based on reverse hybridization and targets the 5’
[72]
UTR and core regions . On the other hand, the Abbott
RealTime HCV Genotype Ⅱ (Abbott Molecular) targets
the 5’UTR and NS5B regions. This assay is based on a
single-step real-time RT-PCR with labeled genotype-/
subtype-specific probes that minimizes contamination
[73,74]
with amplified products
.

5’UTR and core-coding region, correctly identified HCV
subtypes 1a and 1b in more than 99% of cases. Thus,
this assay could be used to differentiate HCV subtypes
[74]
1a and 1b in clinical trials and practice .

Screening for HCV-infected patients

According to the WHO (www.who.int), up to 80 percents
of HCV-positive patients do not show symptoms.
Therefore, most cases of HCV infection are currently
undiagnosed. The major way to diagnose HCV infection is
to screen high risk groups for anti-HCV antibodies. Humans
[77]
are the primary HCV reservoir . HCV transmission
occurs primarily through direct percutaneous exposure
to blood. Therefore, the most common risk factors for
HCV infection are persons with history of injection of
illicit drugs and with blood transfusion prior to July 1992.
The populations with less common risk factors for HCV
infection are persons with organ transplant prior to July
1992, receiving clotting factor concentrate prior to 1987,
being born to an HCV-infected mother, and with a history
of chronic hemodialysis, intranasal use of illicit drugs,
acquiring a tattoo, incarceration, having sex with an HCVinfected partner, needlestick or other mucosal exposure,
[40]
with persistently elevated levels of ALT . Therefore,
WHO recommends that anti-HCV EIA be performed
on individuals who are part of a population with high
HCV seroprevalence or who have a history of HCV risk
exposure and/or behavior, rather than at the time of
presentation with symptomatic diseases. In addition, it
is suggested that NATs for the detection of HCV RNA be
performed directly following a seropositive test result to
establish a definitive diagnosis of HCV infection (www.
who.int). The Center for Disease Control (CDC) has also
recommended screening high-risk individuals for HCV
since 1998. The CDC further modified the HCV screening
guidelines in 2012 to include a one-time HCV test for all
US residents born during 1945-1965, independent of risk

Subtyping

HCV subtyping is important for epidemiological studies,
especially in the case of outbreaks, but it is not
considered to be clinically relevant for the treatment of
interferon-α and ribavirin. However, subtyping may be
clinically relevant in the era of DAAs. For example, the
phase 3 studies of telaprevir, boceprevir, faldaprevir and
simeprevir showed lower sustained virologic response
(SVR) rates for HCV-subtype 1a than those for subtype
[75]
1b . In addition, BILB 1941, a non-nucleoside inhibitor
of HCV NS5B, has been shown to have better antiviral
efficacy in patients with subtype 1b than in those with
[76]
subtype 1a . Therefore, methods to determine the
HCV subtypes should be important in the era of DAAs.
The second-generation line probe assay, a reverse
hybridization assay that uses probes targeting both the
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[40]

factors

.

prior treatments. Thus, to December 2013, licensed
treatments for HCV infection include pegylated and
standard interferon alpha, ribavirin, the NS3/4A protease
inhibitors boceprevir, telaprevir and simeprevir; and the
NS5B nucleotide polymerase inhibitor sofosbuvir. Without
taking resource used into consideration, WHO provides
the following guidelines (http://www.who.int/hiv/pub/
hepatitis/hepatitis-c-guides): (1) Pegylated interferon
in combination with ribavirin is recommended for the
treatment of CHC rather than standard non-pegylated
interferon with ribavirin; (2) Treatment with the DAAs
telaprevir or boceprevir, given in combination with PR, is
suggested for genotype 1 chronic HCV infection rather
than PR alone; (3) Sofosbuvir, given in combination with
ribavirin with or without pegylated interferon (depending
on the HCV genotype), is recommended in genotypes
1, 2, 3 and 4 HCV infection rather than PR alone (or no
treatment for persons who cannot tolerate interferon);
and (4) Simeprevir, given in combination with PR,
is recommended for persons with subtype 1b HCV
infection and for persons with subtype 1a HCV infection
without the Q80K polymorphism rather than PR alone.
Although interferon-free anti-HCV therapies will be
available in the near future, before then, peginterferon
will be still required with either the protease inhibitor
simeprevir, or the nucleotide analogue polymerase
inhibitor, sofosbuvir, for the treatment of genotype 1
infection. Peginterferon also appears to be a useful
adjunct to sofosbuvir and ribavirin for patients with
genotype 3 infection, particularly those with cirrhosis.
Therefore, pretreatment assessments are needed for
the anti-HCV treatments containing interferon, including
HCV genotype determination, liver disease staging (e.g.,
fibrosis), psychiatric assessment (e.g., depression and
suicide risk), assessments for alcohol or substance use
disorders; adherence, evaluation for HIV co-infection,
pregnancy, testing for IL28B genotype, and concomitant
medical conditions (e.g., autoimmune disorders).
Adverse effects will be still checked for the anti-HCV
treatments containing interferon, including anemia,
neutropenia, rash and skin reactions, anorectal signs
and symptoms, elevated uric acid, bilirubin levels, etc.
(http://www.who.int).
HCV resistance is defined as the selection of viral
variants, reducing the susceptibility to the drug’s
inhibitory activity in the presence of anti-HCV drugs.
Resistance-associated variants are naturally produced
during the HCV replication. At present, there is no
commercially available assay to detect the presence of
[75]
resistant viruses before or during antiviral treatments .
The only way to check if a patient has developed a
resistant virus is to monitor for HCV RNA rebound (more
than 10 fold increase from the nadir HCV RNA) during
anti-HCV treatment.
During treatment, NATs to quantitate HCV RNA
should be performed at weeks 4, 8 (with boceprevircontaining regimens), 12, and 24 of treatment, at the
end-of-treatment, and 24 wk after treatment to monitor
the viral titers. The determination of the viral titers helps

TREATMENT
Around 50%-80% of persons with acute hepatitis C will
develop CHC infection, and 5%-25% of them reportedly
[78]
progress to cirrhosis after 20-25 years . Persons
with cirrhosis are at risk for developing end-stage
[79]
liver disease as well as HCC . The goal of antiviral
treatment for CHC is to halt disease progression,
prevent cirrhosis decompensation and reduce the risk
[80]
of HCC . However, it is really difficult to design and
carry out clinical trials to provide direct evidence related
to these outcomes (www.ahrq.gov). SVR is defined as
undetectable levels of HCV RNA at least 24 wk after
completion of therapy. At present, SVR is the primary
endpoint of successful therapy and is associated with
[81]
durable clearance of virus . CHC patients with a SVR
after antiviral therapy had a lower risk of all-cause
[82]
mortality than patients with no SVR . Therefore,
SVR is the standard marker of the successful antiviral
treatment in clinical trials.
In the early 2000s, the combination of pegylated
interferon plus ribavirin (PR) became the standard anti[19,28,83]
HCV treatment
. However, the anti-HCV interferon
therapy is not ideal because it requires weekly injections
and is associated with numerous systemic side effects
(e.g., flu-like symptoms, fatigue, etc.). Therefore, other
anti-HCV therapies are needed. In principle, every step
of the HCV lifecycle, including receptor attachment,
endocytosis, uncoating, translation, polyprotein pro
cessing, RNA replication, virion assembly, maturation
[21]
and release, can be a target for new anti-HCV drugs .
Advances in understanding of the HCV lifecycle have led
to the development of numerous highly effective, well[84-86]
tolerated oral DAAs
. In 2011, the United States
FDA approved the first DAAs, boceprevir (trade name
Victrelis™) (www.fda.gov/ForConsumers/ByAudience/
ForPatientAdvocates/ucm255413.htm) and telaprevir
(trade name Incivek®) (www.fda.gov/ForConsumers/
ByAudience/ForPatientAdvocates/ucm256328.htm),
for the treatment of chronic HCV genotype 1 infection
(Figure 1). Both drugs are classified as NS3/4A protease
inhibitors, with a potential advantage of shorter therapy
duration (24 to 28 wk) compared with standard PR
[87,88]
treatment for genotype 1 infection (48 wk)
. Either
[89]
drug is administered in combination with PR . In 2013,
FDA approved another NS3/4A protease inhibitor:
simeprevir (http://www.olysio.com/). The HCV NS5B
protein is an essential enzyme (RNA-dependent RNA
polymerase) in HCV viral replication and has been a
prime target in the search for antiviral therapies. In
2013, the FDA approved sofosbuvir (an inhibitor of
NS5B) in combination with ribavirin for oral dual therapy
of HCV genotypes 2 and 3, and for triple therapy with
PR for treatment-naive patients with HCV genotypes 1
and 4 (Figure 2). Sofosbuvir treatment regimens last 12
wk for genotypes 1, 2 and 4, and 24 wk for treatment
of genotype 3. This is typically half the time as with
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to detect drug-resistant viruses and to adjust the dose
and duration of the anti-HCV treatment.
The factors influencing the efficacy of anti-HCV
treatments based on interferon are divided into two
[90,91]
categories: viral-related and host-related factors
.
The viral-related factors include the HCV genotype,
baseline viral load, and virological response during
treatment. The host-related factors include age, gender,
race-ethnicity, fibrosis stage, obesity, hepatic steatosis,
low-density lipoprotein cholesterol, insulin resistance,
and IL28B gene polymorphisms. In particular, IL28B
gene polymorphisms are associated with the SVR.
Thus, host genetic factors are important to determine
the effect of anti-HCV therapy based on interferon.
The anti-HCV treatment will change significantly over
the next few years as therapeutic regimens based on
interferon-free are rapidly evolving. Thus, it is necessary
to determine the effects of these viral-related and hostrelated factors on the efficacy of anti-HCV therapy
based on DAAs therapy without interferon.
In early 2014, several reports regarding novel DAAs
have been published: (1) Combined simeprevir and
sofosbuvir was efficacious and well tolerated for patients
[92]
with HCV genotype 1 ; (2) Combined daclatasvir
(NS5A replication complex inhibitor) and asunaprevir
(NS3/4A protease inhibitor) could be used as an all-oral,
PR-free treatment option for patients with HCV subtype
[93]
1b infection, including those with cirrhosis ; (3) In
combinations with other oral DAAs, dasabuvir (a nonnucleoside inhibitor of NS5B) results in very high rates
of SVR (about 95%) in patients with HCV genotype
[94]
1 infection with a good tolerability and safety ; (4)
The sustained response rate of ABT-450, a potent
inhibitor of NS3/4A protease, plus other direct antiviral
drugs reaches 90%-95% in both naïve and treatmentexperienced genotype 1 patients, and tolerability is
[95]
good ; (5) Sofosbuvir was also effective in patients co[96]
infected with HCV and HIV ; (6) Sofosbuvir plus PR
achieved high SVR rates in patients with HCV genotype
1 infection, and also appeared effective in patients
with HCV genotype 4, 5 or 6 infection. Oral sofosbuvir
[97]
was generally well tolerated in CHC patients ; (7)
In combinations with other oral DAAs, ombitasvir (an
inhibitor of the HCV NS5A) achieves very high rates
of SVR (about 95%) in patients with HCV genotype 1
[98]
infection with a good tolerability ; and (8) Combination
of daclatasvir and asunaprevir results in a very high
rate of viral eradication in both treatment-naïve and
treatment-experienced patients, with a SVR rate of
[99]
80%-90% . In October of 2014, FDA approved
Harvoni (ledipasvir and sofosbuvir) to treat chronic HCV
genotype 1 infection (http://www.fda.gov/NewsEvents/
Newsroom/PressAnnouncements/ucm418365.htm).
Ledipasvir is an inhibitor of HCV NS5A protein (www.
gilead.com). Harvoni is the first combination pill
approved to treat chronic HCV genotype 1 infection.
Not only DAAs, HTAs as anti-HCV therapy are also
developed. HTAs block HCV production by interacting
with cellular factors. Because they target conserved
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host proteins, not variable viral proteins, HTAs have
the potential for pangenotypic antiviral activity and a
[29]
high barrier to resistance . Until now, only two HTAs
have reached clinical trial, including specific inhibitors to
cyclophilin A peptidyl-prolyl cis/trans isomerase activity
[21,28]
and antagonists of microRNA-122
.
The pace of DAAs and/or HTAs entering clinical trials is
[84]
breathtaking . The optimal combination of DAAs (and/or
HTAs) that maximizes potency, minimizes resistance, and
[100]
limits toxicity will be available soon . Once combination
DAA therapies are available, peginterferon will serve
[101]
a smaller and smaller role
. Indeed, DAAs trump
interferon-alpha in their capacity to rescue exhausted
[102]
T cells upon HCV clearance . From 2015, interferonfree anti-HCV regimens with short treatment duration
[84,85,103]
and fewer side effects will be available
. However,
peginterferon may still have a role in resource-limited
[104]
regions due to high cost of DAAs .
CHC patients achieved a SVR after anti-HCV treat
ments exhibited a reduction in all-cause mortality >
[82]
50% compared with those who are non-responders .
However, in such a nonrandom clinical trial, an improved
outcome could be biased by parameters, such as the
good health conditions of the responders. Indeed, it has
been reported that some patients who achieve SVRs
[105]
still go on to develop end-stage liver disease . Thus,
the concept which cure rests solely on SVR may not be
always correct. Actually, despite improving SVR, there is
no evidence that PR beneficially affects patient-relevant
[106,107]
outcomes such as mortality and liver morbidity
.
Therefore, it is better to remember that SVR might not
[108]
work as a surrogate for patient-relevant outcomes .
The cure rate for HCV infection is expected to
be over 95% with the new all-oral, interferon-free
regimens within the next few years. However, due to
[109,110]
drug resistance
, suboptimal activity against certain
[100,104]
HCV genotypes and the extremely high cost
, not
all patients can be cured. Currently, no effective vaccine
is available for HCV infection. Therefore, an efficient
prophylactic vaccine will be the next challenge in the
[111-113]
combat against HCV infection
.
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Core tip: The chemokine system not only serves as
the core components in orchestrating the normal
immune response but also plays a key role in the
microenvironment of hepatocellular carcinoma (HCC).
Therefore, the thorough understanding of its role is
indispensible for devising effective treatments. During
the progress of HCC, the chemokine system boosts
aberrant inflammation and angiogenesis through
simultaneously affecting different kinds of immune
cells and influencing the migration, invasion, growth
and survival of tumor cells. Targeting the chemokine
system has elicited powerful anti-tumor effects and this
indicates an encouraging treatment option in HCC.
Liang CM, Chen L, Hu H, Ma HY, Gao LL, Qin J, Zhong CP.
Chemokines and their receptors play important roles in the
development of hepatocellular carcinoma. World J Hepatol
2015; 7(10): 1390-1402 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i10/1390.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i10.1390

Abstract
The chemokine system consists of four different
subclasses with over 50 chemokines and 19 receptors.
Their functions in the immune system have been
well elucidated and research during the last decades
unveils their new roles in hepatocellular carcinoma
(HCC). The chemokines and their receptors in the
microenvironment influence the development of HCC
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INTRODUCTION
The chemokines are a family of small chemotactic
molecules about 8-14 kDa which have been well
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described during the past decades. There are now over
50 chemokines and 19 chemokine receptors, and these
chemokines can be divided into four subclasses: CX3C,
CXC, CC and (X)C according to the arrangement of the
N-terminal two cysteine residues. Corresponding to the
four subclasses of chemokines, the chemokine receptors
are also subdivided into four families [CX3CR, CXCR,
CCR and (X)CR] which are typical G-protein coupled
[1,2]
receptors with seven trans-membrane domains .
The chemokine system is initially found to be critical
for immune cells. They orchestrate the migration and
localization of immune cells in both lymph organs and
other tissues, exerting the “chemotactic effects” which
are necessary for the normal immune response in
[3]
vivo . In addition to chemotactic effects, chemokines
can also directly influence the differentiation, survival
and functions of immune cells, among which include
[4-8]
CCR4, CCR7 and CCR8 . These observations suggest
the chemokine system is not merely the guide signs for
the immune cells; instead, they are pleiotropic small
molecules with various functions.
The original interest of chemokines in tumor is
torched by the observation of immune cells infiltration
in tumor tissues. Several groups have speculated that
some molecules might be responsible for attracting
[9]
these immune cells . Although the full spectrum of
these molecules is still on the way, some of these
important molecules turn out to be chemokines. Since
the first chemokine monocyte chemotactic protein
1/CCL2 was detected in the culture media of several
[10,11]
different tumor cell lines in 1980s
, more and
more chemokines and chemokine receptors have
been identified in tumors, including the hepatocellular
carcinoma (HCC).
Various studies on the chemokine system have
greatly broadened our understanding of its role in
HCC, and there are 23 chemokines and 15 chemokine
receptors reported in HCC (Table 1). On the one
hand, the chemokine system in HCC exerts pleiotropic
effects on immune cells and other stroma cells in
the microenvironment, and brings both anti- and
pro-tumor effects; on the other hand, the HCC cells
themselves express chemokine receptors, which allow
the chemokines to directly modulate the behaviors of
tumor cells including the migration, invasion, growth
and survival (Table 2). Data from clinical studies again
emphasize the importance of chemokine system in HCC,
closely correlating with prognosis. In this review, we will
summarize the key roles of the chemokine system in
HCC.

in the progression of HCC are either expressed on tumor
cells or non-tumor cells. This complicated network
reflects the mutual interaction between HCC cells and
other cells in the microenvironment (Figure 1).
Of all the chemokines and their receptors in HCC,
the CXC subclass accounts for the largest group. Among
them, the CXCL12-CXCR4/CXCR7 axis is the most
documented, and abnormal expression of either CXCL12
or CXCR4/CXCR7 is correlated with clinicopathological
[12-15]
characteristics
. CXCL8 is a potent pro-inflammation
chemokine widely studied in other tumors and it is also
elevated in serum from HCC patients and represents a
[16]
risk factor for survival . The CXCL9/CXCL10-CXCR3
axis also shows important influences on prognosis of
[17-19]
HCC patients
. The increase of CXCL1, CXCL2 and
their common receptor CXCR2 indicates the increased
[20,21]
risk for HCC
. The possible roles of CXCL5 and
[22,23]
CXCL14 are unveiled too in HCC patients
.
The CC subclass constitutes another major part
of chemokines in HCC. Expression levels and genetic
polymorphisms of CCL2 and CCR2 affect the prognosis
[17,24,25]
of HCC patients
. The CCL5-CCR5 axis is closely
correlated with liver chronic inflammation induced
by different pathogens and finally participates in the
[26,27]
development of HCC
; meanwhile, CCL3 and CCL4,
the other two ligands of CCR5, show a definitive role in
[28,29]
accelerating the course HCC
. The CCL20-CCR6 axis
is a prognostic factor for HCC patients and this relates its
[30-32]
role to recruiting regulatory T cells (Tregs)
. The other
CC chemokines and receptors have also been found
correlated with the clinicopathological parameters of
[33]
[34]
[35]
[36]
HCC, including CCL15 , CCL17 , CCL22 , CCL27 ,
[37]
[38]
CCR7 and CCR9 . The CX3C subclass contains only
one single member CX3CL1 and this CX3CL1-CX3CR1 axis
[39,40]
participates in HCC
.

INFLAMMATION
Cancer related inflammation is the hallmark of HCC,
especially for hepatitis B virus (HBV)/HCV-associated
HCC, and the chemokine system has dual roles in the
inflammation of HCC. On the one hand, chemokines
themselves can be induced by different inflammatory
cytokines such as interleukin-1 (IL-1) and IL-6, and exist
as mediators for inflammation by recruiting different
immune cells (details will be discussed in EFFECTS ON
IMMUNE CELLS); on the other hand, chemokines can
trigger the secretion of various other inflammatory
cytokines from tumor cells and non-tumor cells in the
microenvironment of HCC. Both of the two facets are
indispensible in the inflammation of HCC.
CXCL8 is a well-defined pro-inflammatory chemokine.
It is produced by HCC cells through activation of several
different pathways including JNK, nuclear factor-kappa B
[41,42]
(NF-κB), and PI3K-AKT pathways
, and the elevated
CXCL8 in turn induces multiple inflammatory cytokines
and recruits various immune cells, all of which promotes
the development of the inflammation microenvironment
[43]
in HCC .

THE SIGNIFICANCE OF CHEMOKINES
AND CHEMOKINE RECEPTORS
Chemokines in HCC tissues are derived from different
sources, including tumor cells, and non-tumor cells such
as hepatic stellate cells, T cells, macrophages, neutrophils,
etc. Similarly, the chemokine receptors that are involved
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Figure 1 The complicated chemokine network in the microenvironment of hepatocellular carcinoma. The chemokine system exerts pleiotropic effects in the
microenvironment of hepatocellular carcinoma (HCC). Chemokines derived from either tumor cells or non-tumor cells induce potent inflammation response, along
with increased levels of cytokines and infiltration of immune cells; the potent chemotactic effects of chemokines also lead to recruitment of various immune cells into
the tumor sites, exerting both anti- and pro-tumor effects. Several other chemokines such as CXCL9 and CXCL12 manifest a key role in angiogenesis of HCC via
different mechanisms. As the HCC cells intrinsically express chemokine receptors, they are directly influenced by chemokines too, which affect the behaviors of tumor
cells such as the migration, invasion, growth and survival. Both the paracrine and autocrine mechanisms constitute this mutual complex network that is indispensible
in HCC. Refer to the text for abbreviations. HSC: Hepatic stellate cell; IL: Interleukin; NK: Natural killer; CAF: Cancer-associated fibroblast; MDSC: Myeloid derived
suppressor cells; Tregs: Regulatory T cells; DCs: Dendritic cells; VEGF: Vascular endothelial growth factor.

CCR5 mediated inflammation is also important in
the development of HCC. CCL3, one ligand for CCR5, is
remarkably increased in different HCC cell lines when
stimulated with IL-1α or IL-1β, which consequently
attracts large amount of macrophages and neutrophils
[44]
into the inflammation sites . The hepatic stellate
cells are capable of producing a group of inflammatory
cytokines including IL-6 and transforming growth
factor alpha (TGF-β); blocking the CCR5 signals with
maraviroc, a CCR5 antagonist, effectively abrogates
the intracellular signal transduction and inhibits the
[45]
progression of HCC in vivo . Likewise, in the CCR5knockout mice (Mdr2:CCR5 DKO), the oval cells, which
are the putative liver progenitor cells that proliferate
[46,47]
and differentiate in response to liver damage
, show
decreased levels of insulin-like growth factor-binding
protein 1, secreted phosphoprotein 1, CD24, keratin 19,
and epithelial cell adhesion molecule, concomitant with
[48]
reduced risk of HCC . Besides, activation of the CXCR6
signal in HCC cells results in increased expression of
IL-6 and IL-8, while disturbing the CXCL16-CXCR6 axis
[49]
can potently abrogate this effect .
During the infection of HCV, CXCL10 and CXCL11
play a key role in the HCV-related inflammation. Either
interferon (IFN)-α or IFN-γ stimulation results in a
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significant increase of CXCL11, and IFN-γ shows potent
synergy with TNF-α in promoting the expression of
[50]
CXCL11 in vitro . Resembling this phenomenon, TLR3
and RIG-1 also potentiate the induction of CXCL10 in
the course of HCV infection in hepatocytes, and IFN-α/
[51]
IFN-β and IFN-γ boost this induction synergistically .

EFFECTS ON IMMUNE CELLS
The liver is a very special organ containing huge
amount of immune cells in normal physiological state,
and these immune cells consist of T cells, natural killer
cells (NK cells), Kupffer cells, macrophages, neutrophils,
[52,53]
etc. Therefore, it is considered to be a lymph organ
.
During the development of HCC, the numbers and ratios
of different immune cells have changed specifically,
which exerts profound influences in the course of HCC,
[54]
either promoting or inhibiting the tumor progression .
Regarding this issue, the first question is how these
immune cells abnormally aggregate in HCC tumor
tissues or peri-tumor tissues. The chemokines in the
[55]
microenvironment have surely played a critical role .
In a CCR2-knockout mice model, intraportal injected
colon cancer cells exhibit obvious delayed growth in
liver; the reduced accumulation of macrophages and

1392

June 8, 2015|Volume 7|Issue 10|

Liang CM et al . Chemokines and their receptors in HCC
Table 1 Chemokines and chemokine receptors in hepatocellular carcinoma
Chemokines
CXCL1
CXCL2
CXCL5
CXCL8
CXCL9
CXCL10
CXCL11
CXCL12
CXCL14
CXCL16
CCL2
CCL3
CCL4
CCL5
CCL15
CCL17
CCL19
CCL20
CCL21
CCL22
CCL26
CCL27
CX3CL1

Other names

Chemokine receptors

Subclass

Ref.

GROα
GROβ
ENA78
IL-8
MIG
IP-10
I-TAC
SDF-1
BRAK
SR-PSOX
MCP-1
MIP-1α
MIP-1β
RANTES
HCC-2, leukotactin-1
TARC
ELC, MIP-3β
MIP-3α
SLC
MDC
Eotaxin-3
CTACK, ILC
Fractalkine

CXCR2
CXCR2
CXCR2
CXCR1, CXCR2
CXCR3
CXCR3
CXCR3, CXCR7
CXCR4, CXCR7
Unknown
CXCR6
CCR2
CCR1, CCR5
CCR5
CCR1, CCR3, CCR5
CCR1, CCR3
CCR4
CCR7
CCR6
CCR7
CCR4
CCR3, CX3CR1
CCR10
CX3CR1

CXC
CXC
CXC
CXC
CXC
CXC
CXC
CXC
CXC
CXC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CC
CX3C

[20,21,83]
[21,83]
[21,22]
[16,17,21]
[17,18,70]
[17,29,51,70]
[14,50]
[12,13,15,86,89,92]
[23]
[49,106]
[17,56,81,116]
[27,28,81,122]
[29,48]
[27,29,100]
[33,100]
[34,66]
[37,117-119]
[30-32]
[37,117-119]
[35,66]
[110]
[36]
[39,40]

GRO: Growth regulated oncogene; ENA78: Epithelial neutrophil-activating protein 78; IL-8:
Interleukin 8; MIG: Monokine induced by IFN-γ; IP-10: IFN-γ-induced protein 10; I-TAC: IFNinducible T cell alpha chemoattractant; SDF-1: Stromal cell-derived factor 1; BRAK: Breast and
kidney expressed chemokine; SR-PSOX: Scavenger receptor that binds phosphatidylserine and
oxidized lipoprotein; MCP-1: Monocyte chemotactic protein 1; MIP-1α: Macrophage inflammatory
protein-1α; HCC: Hepatocellular carcinoma; TARC: Thymus activation-regulated chemokine; ELC:
Epstein-Barr virus-induced molecule 1 ligand CC chemokine; SLC: Secondary lymphoid tissue
chemokine; MDC: Macrophage-derived chemokine; CTACK: Cutaneous T-cell-attracting chemokine;
ILC: Interleukin-11 receptor α-locus chemokine; IFN: Interferon.

+

CD8 cells and NK cells, indicating a chemotactic role
[61]
for these cells that favor an anti-tumor repertoire .
Therefore, the thorough understanding of CCL2 in HCC
needs further experiments taking into account both the
models and tumor stages.
Regulatory T cells (Tregs) are key modulators in
tumor-induced immune suppression and the aggregation
of Tregs in HCC inevitably influences the progression of
[62]
HCC . Different chemokines have been found to attract
Tregs into the HCC tissues. In patients infected by HCV,
intrahepatic levels of CCL17 and CCL22 are significantly
up-regulated, correlating with the increased number of
Tregs; the in vitro system identifies that dendritic cells
(DCs) derived CCL17 and CCL22 leads to the enhanced
[63]
aggregation of Tregs . Interestingly, in HBV-positive
HCC, CCL22 also recruits Tregs into tumor tissues via
[64]
the TGF-β-miR-34a-CCL22 axis . The CCL20-CCR6
axis is another chemokine signal that recruits Tregs into
the tumor tissues. The CCL20 is highly expressed in
tumor tissues and correlates with the increased number
of Tregs, and the migration experiments also confirm
[31]
the direct chemotactic effects of CCL20 on Tregs . In
concordance with these observation, our recent results
also indicate a key role of chemokine system in Tregs
from peripheral blood of HCC from the perspective of
[65]
microRNAs . However, the highly expressed CCL20

hepatic stellate cells, relying on the CCL2-CCR2 signal
for effective migration to the liver, accounts for this
[56]
inhibitory effects . Besides, the HCC cells secrete
high levels of CCL2 upon up-regulation of Forkhead
box Q1, and conduct a direct chemotactic effect on
macrophages, which again deteriorates the progression
[57]
of HCC . In addition to macrophages, the CCL2CCR2 signal also recruits myeloid derived suppressor
cells (MDSCs) into tumor tissues, and maintains the
immunosuppression in the microenvironment. The
HCC cell line H22 produces CCL2 constitutionally and
[58]
induces the migration of MDSCs significantly in vitro .
Following experiments in vivo confirm this observation
that the increased expression of CCL2 in tumor
tissues correlates with the accumulation of MDSCs
in different HCC models, either DEN-induced HCC or
[59]
subcutaneously implanted HCC model . However, the
roles of CCL2 might be both harmful and beneficial,
as suggested by the finding that the reduction of
intratumoral CCL2, due to nitration by reactive nitrogen
species, inhibits the infiltration of tumor specific T
cells and traps these T cells in the peri-tumor stroma,
contributing to the immune suppression in tumor
[60]
tissues . Indeed in the human HCC tissues, the CCL2
produced by both tumor cells and immune cells also
+
correlates significantly with intratumoral CD4 Th1 cells,
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Table 2 Pleiotropic functions of chemokines in hepatocellular carcinoma
Categories
Inflammation

Influences on immune cells

Chemokines

Chemokine origins

Receptors participated

CXCL8
CXCL16
CCL3
CCL5
CXCL5
CXCL9

Not clarified
CXCR6
CCR3
CCR5
Not clarified
CXCR3

CCL20
CCL22
CXCL3, CXCL5

HCC cells
HCC cells
HCC cells and HSC
HCC cells and HSC
HCC cells
HCC cells and endothelial
cells
HCC cells, macrophages
and TILs
HCC cells
HCC cells, macrophages
and TILs
HCC cells, macrophages
and TILs
HCC cells
HCC cells and DCs
HCC cells

CXCL8
CXCL9

CSCs
Not clarified

Not clarified
CXCR3

CXCL12
CXCL16

Endothelia cells
HCC cells

CXCR4, CXCR7
CXCR6

CCL2

HCC cells and endothelial
cells
HCC cells and endothelial
cells
Not clarified

CCR2

Chemotaxis of Th17 cells and Tregs
Chemotaxis of Tregs
Promoting angiogenesis via mechanisms not
clarified
Promoting endothelial cell tube formation
Inhibiting angiogenesis by abrogation of VEGF
effects
Enhancing angiogenesis through VEGF
Promoting angiogenesis via mechanisms not
clarified
Enhancing the proliferation of endothelial cells

CCR1, CCR5

Enhancing the proliferation of endothelial cells

Not clarified

Enhancing the growth of HCC cells

HCC cells

Not clarified

CXCL8
CXCL10
CXCL12

Not clarified
hepatocytes
HCC cells, HSC

CXCR2
Not clarified
CXCR4, CXCR7

CCL2

WAT, CAF

CCR2

CCL3, CCL5

Not clarified

CCR1

Enhancing the migration, invasion, and growth
of HCC cells
Enhancing the migration of HCC cells
Enhancing the survival of hepatocytes
Enhancing the migration, invasion, growth and
survival of HCC cells
Enhancing the migration, invasion, and growth
of HCC cells
Enhancing the migration and invasion of HCC
cells

CCL15
CCL20

HCC cells
HCC cells

Not clarified
CCR6

CXCL10
CXCL16
CCL2
CCL5

Angiogenesis

CCL3
Direct effects on HCC cells

CXCL1, CXCL2,
CXCL16
CXCL5

Functions
Increasing inflammatory cytokines
(IL-6, IL-8, etc.) and recruiting leukocytes
(macrophages, neutrophils, etc.)
Chemotaxis of neutrophils
Chemotaxis of T cells

CXCR3

Chemotaxis of T cells and NK cells

CXCR6
CCR2

Chemotaxis of neutrophils
Chemotaxis of HSC, macrophages, MDSC, and T
cells
Chemotaxis of T cells and NK cells

CCR5
CCR6
CCR4
Not clarified

Enhancing the migration, invasion, and growth
of HCC cells

HSC: Hepatic stellate cells; TILs: Tumor-infiltrating leucocytes; MDSC: Myeloid derived suppressor cells; Tregs: Regulatory T cells; DCs: Dendritic cells;
VEGF: Vascular endothelial growth factor; CSCs: Cancer stem cells; WAT: White adipose tissue; CAF: Cancer-associated fibroblast; HCC: Hepatocellular
carcinoma.

chemotactic effect on neutrophils in vitro, and the
level of CXCL5 in HCC tissues significantly associates
with the increased neutrophils in the tumor tissues
[22]
and promotes the progression of tumor . CXCR3 and
CCR5 are reported to facilitate different T cells traffic to
the HCC, either inhibiting or promoting the progression
of HCC. CXCL9 and CXCL10, the ligands for CXCR3, are
produced by HCC cells and show potent attraction of
+
+
[17,67]
CD4 and CD8 T cells
; CCL5 produced by tumor
tissues has closely correlated with infiltration of CCR5
[48,61]
positive T cells and macrophages
.
Although macrophages can be efficiently recruited into
[48,56,57]
the tumor sites in HCC via CCL2/CCR2 and CCR5
,
their functions tightly rely on their phenotypes. Upon
activation by stimuli such as antigens and cytokines,

is also an important signal for Th17 cells infiltration
[66]
into HCC . Because Tregs and Th17 cells are two
representative T cells with relatively opposite functions
in most immune milieu, it is worth elucidating how
the two subpopulations work in the same HCC micro
environment.
The CXCL16-CXCR6 and CXCL5-CXCR2 axes have
a major effect on neutrophils in HCC. HCC cell lines and
tumor tissues contain high levels of CXCL16 and CXCR6,
and the latter correlates with increased neutrophils
in tumor tissues and with a worsen prognosis of HCC
[49]
patients . It should be noted that the evidence for
direct chemotaxis of neutrophils towards CXCL16 is still
lacking, and it is not clear what and how this axis affects
neutrophils. In contrast, CXCL5 shows an obvious
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macrophages undergo different polarization into either
M1 or M2 or M2-like phenotype. M1 phenotype (classical
activation, stimulated by TLR ligands and IFN-γ) shows
potent anti-tumor functions via production of large
amount of proinflammatory cytokines, while M2 and M2like phenotype (alternative activation, stimulated IL-4/
IL-13) promote tumor progression via tissue remodeling
[68,69]
and immunoregulation
. Therefore, it is worth
exploring exactly which phenotypes dominate in the
microenvironment and its roles in the progress of HCC.
The abundant chemokines in the HCC milieu
contribute greatly to the aberrant infiltration of immune
cells; in the meantime, some chemokine receptors
on these immune cells also alter significantly, which
synergistically contributes to the abnormal migration. To
gain a better understanding of the chemokine system in
immune cells, these alterations of chemokine receptors
should not be neglected.
The initial research finds that CCR6 is reduced
+
+
significantly in CD4 and CD8 T cells from peripheral
blood in HCC patients, indicating a possible role in the
recruitment of lymphocytes from peripheral blood to
[70]
HCC ; however, following studies in delineated T cell
subpopulation find that CCR6 expression is not altered
significantly on Th17 cells from either tumor tissues or
[66]
peripheral blood . In contrast, the expression of CCR6
+
is significantly higher on IL-17-producing CD8 T cells
(Tc17 cells, derived from HCC tissues) and Tregs (derived
from peripheral blood), suggesting a role of CCR6
facilitating Tc17 cells and Tregs infiltration into tumor
[31,71]
tissues
. The origins of immune cells might affect
[72]
the expression pattern of CCR6 , but this need more
evidence. Similarly, the expression of CCR5 is reduced
+
+
significantly in CD4 and CD8 T cells from peripheral
[70]
blood in HCC patients , but increased on intrahepatic
+
+
CD4 and CD8 T cells, NKT cells, NK cells, and B cells
[73]
in chronic HCV infection . The detailed comparison
+
+
of expression levels of CCR5 on CD4 and CD8 T cells
from different sources yields interesting results: T cells
from both tumor infiltrating leukocytes and non-tumor
liver-infiltrating lymphocytes show increased levels
of CCR5 compared with those from peripheral blood
[72]
lymphocytes . The expression of other chemokine
receptors (CCR2, CCR4, CXCR3, CXCR4 and CXCR6)
also exhibits certain alterations on T cells, neutrophils,
[34,35,66,71-74]
NK cells, NK T cells
.

CXCR4 antagonist) simultaneously decreases the size
[77]
and number of blood vessels in vivo . In support of
this result, experiments in vitro detect large amount of
VEGF produced by the HCC cell line SMCC7721 in the
presence of CXCL12; the elevated CXCL12 is responsible
for tube formation of endothelial cells in vitro and in
[14]
vivo . Importantly, cancer stem cells or tumor-initiating
cells (TICs) also utilize chemokines to facilitate the
angiogenesis. Previous studies have identified CD133 as a
+
marker of TICs in HCC; the CD133 cells only account for
1.3%-13.6% of the cells in human primary HCC, whereas
they have great potentials to self-renew and differentiate,
[78,79]
and constitute the indispensible core for HCC cells
.
+
The sorted CD133 TICs secrete high levels of CXCL8,
and this chemokine consequently promotes the growth
and capillary tube formation of HUVECs in vitro; blocking
the CXCL8 signal by neutralizing antibodies or RNA
interfering in HUEVCs leads to reduction of their ability to
proliferate and form capillary tubes in vitro, and animal
experiments validate the angiogenic functions of CXCL8
[80]
in vivo .
CCL2 and CCL3, which are significantly up-regulated
in endothelial cells from HCC tissues, also enhance
[81]
the proliferation of endothelial cells strikingly ;
further studies facilitated by the CCR1-knockout mice
demonstrate that CCR1, the putative receptor for
CCL3, directly induces the growth of endothelial cells
[82]
in HCC . In the CCR2-knockout mice, the reduced
microvessel density is correlated with decreased number
of macrophages and hepatic stellate cells which are
[56]
important components during the angiogenesis .
Utilizing a different mechanism, CXCL3, CXCL5,
CXCL8, and CXCL16 are found to recruit neutrophils
into the HCC tissues, and the neutrophils have a welldefined pro-angiogenic role in hepatocarcinogenesis;
disrupting these signals either by antibodies or virusmediated silencing yields potent anti-angiogenic
[49,83]
effects
.
Not all chemokines induce angiogenesis in the
context of HCC. For example, in the CXCR3-knockout
mice, the microvessels in the liver are much higher
than the wild type counterpart; in contrast, stimulation
of chemical carcinogen carbon tetrachloride leads to
the increased levels of the ligand CXCL9 that efficiently
[84]
ameliorates the angiogenesis in the liver .

ANGIOGENESIS

DIRECT EFFECTS ON BEHAVIORS OF
HCC CELLS

HCC is the typical tumor with hypervascular behaviors
and different anti-angiogenic treatments have been utili
[75,76]
zing in clinical practices
. In addition to the traditional
angiogenic factors including vascular endothelial growth
factor (VEGF) and angiopoietins, the chemokine system
is also involved in this process during the development
of HCC.
The CXCL12-CXCR4/CXCR7 axis exhibits a direct
pro-angiogenic effect in HCC. The initial findings in
the rat model demonstrate that AMD3100 (a specific
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[1,85]

As the scenarios in the immune system
, chemokines
not only exert chemotaxis effects on HCC cells but also
directly influence the properties of tumor cells. Now it is
well demonstrated that chemokines directly affect the
migration, invasion, growth and survival of tumor cells,
which plays a critical role in the development of HCC.
Among the chemokines and receptors, the CXCL12CXCR4 axis is of great importance. The first study of
CXCR4 in HCC demonstrates that in the presence of
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2+

CXCL12 HCC cell lines show peri-nuclear translocation of
[86]
CXCR4 and increase the invasion ability significantly ,
and the increased expression level of CXCR4 in HCC
tissues also correlates with the tumor size, metastasis,
[86-88]
and survival
. The binding of CXCL12 to CXCR4 on
HCC cells triggers reorganization of cytoskeleton and
activates matrix metalloproteinase-9 (MMP-9) and
MMP-2, both of which give rise to increased migration
[89-91]
and invasion
. In the cancerous ascitic fluid, CXCL12
is up to 8364 pg/mL, and this concentration effectively
[87]
induces the migration of HCC cells . During the
epithelial-mesenchymal transition (EMT), the CXCL12CXCR4 signal also plays an important role. On the one
hand, in the TGF-β induced EMT system, CXCR4 is highly
expressed and required for the enhanced migration
and invasion of HCC cells, and further immunostaining
in tumor tissues finds that CXCR4 concentrates at the
[92,93]
tumor border and perivascular areas
; on the other
hand, CXCL12 derived from hepatic stellate cells induces
EMT of HCC cells in vitro, coinciding with the increased
[94]
migration . The findings that CXCR4 can be modulated
by several other molecules in the microenvironment
complicate its roles. TGF-β, osteopontin and astrocyte
elevated gene-1 significantly up-regulate the expression
[91,93,95]
of CXCR4 via NF-κB, PI3K-Akt and JNK pathways
.
Glycosaminoglycans also compete with cellular heparan
sulfate chains to bind CXCL12, which finally causes
inhibition of CXCL12 mediated chemotaxis of HCC
[96]
cells .
The other receptor for CXCL12, CXCR7, also has
profound effects on the migration and invasion of HCC
cells. Increased expression of CXCR7 is found in HCC
tumor tissues and highly invasive cell lines; knockdown
of its expression in different invasive cell lines results
in reduced migration and invasion abilities both in vitro
and in vivo, and this reduction are partially caused by
[14,97]
decreased levels of MMP-2 and MMP-9
. However,
in a large cohort of 408 HCC samples, up-regulation
of CXCR7 in HCC tissues is confirmed specifically on
endothelial cells, but neither human primary hepatocytes
nor HCC cell lines. Furthermore, the expression level of
CXCR7 on endothelial cells is regulated by hypoxia and
[15]
low pH which is the typical microenvironment in HCC .
These controversial results need to be verified by more
experiments in future.
The effects of the CXCL12-CXCR4 axis on prolife
ration and survival of HCC cells are examined in different
cell lines. Because of the intrinsic heterogeneity of these
cell lines, the data seem a little paradoxical. Therefore,
when reach the conclusions, we should be more
cautious. CXCL12 stimulates the proliferation of Huh7
[86]
[89]
cells , possibly through activation of JNK ; analysis
of the cell cycle demonstrates that CXCL12 triggers the
transition of Huh7 cells from G0 into cycle phase, and
[89]
also drives those cells in G1 phase into S, G2-M phase .
In contrast, in other HCC cell lines such as HepG2, there
exist no or subtle such effects. Although HepG2 cells
express CXCR4, the binding of CXCL12 does not trigger
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the Ca influx, phosphorylation or internalization of
CXCR4, and finally fails to activate the following cascade
[86,98]
signals
. Consequently, blocking this axis by other
molecules, such as fucoidan, obviously prevents the
[99]
growth of HCC cells induced by CXCL12 . In another
HCC cell line FaO induced by TGF-β, CXCL12 efficiently
activates extracellular signal-regulated protein kinases
(ERK) pathway and enhances the survival in the absence
of serum; however, the proliferation and cell cycle of
[93]
FaO cells is not affected . Recent data also suggest
that CXCL12-CXCR7 axis, another ligation of CXCL12,
has the same function on proliferation of HCC cells.
Silencing CXCR7 by small interfering RNAs in HCCLM3, a
highly invasive HCC cell line with abundant expression of
CXCR7, decreases the growth of tumor cells both in vitro
[97]
and in vivo .
The binding of CCL5 and CCL3 to HCC cells depends
on CCR1 expression. After the ligation, CCL5 stimulates
the tyrosine phosphorylation of focal adhesion kinase,
activates PI3K, MAPK, and Rho kinase, leading to
[100,101]
increased migration and invasion of HCC cells
;
in contrast, knocking down the expression of CCR1 on
HCC cells or disrupting the binding of CCL5 to CCR1
via monoclonal antibodies against SDC-1 or SDC-4
[101,102]
effectively abrogates this effect
. Once binding to
2+
the CCR1, CCL3 also induces the potent influx of Ca in
HCC cells and consequently stimulates the formation of
various pseudopodia. These downstream effects directly
[103]
enhance the migration of tumor cells . Other recent
reports also identify a direct effect of CXCL5, CXCL8,
CCL15 and CCL20 on the migration and invasion of HCC
[22,33,104,105]
cells
, which sheds more light on this field.
CXCR2, along with its ligands CXCL1, CXCL2, and
CXCL5, exhibits potent functions in promoting growth of
HCC cells. CXCL5 efficiently promotes the proliferation
of HCC cells by activating the PI3K-Akt and ERK1/2 path
[22]
ways via the receptor CXCR2 . In another experiment
in vitro, the addition of CXCL1, CXCL2 as well as CXCL16
significantly increases the proliferation of different HCC
[106]
cell lines . In addition, other chemokines belonging to
the CXC family potently drive the growth and survival of
hepatocytes under certain pathophysiological conditions
such as toxic liver injury which increases the risk of
HCC. CXCL10 is largely secreted by hepatocytes treated
with CCL4 in the acute toxic liver injury model, and this
increased chemokine efficiently rescues the injured
[107]
hepatocytes from death in an autocrine manner .
CCL2 secreted by white adipose tissue induces
lipid accumulation in both the primary hepatocytes
and Huh7 cells, suggesting a direct role of CCL2 in the
[108]
pathogenesis of liver steatosis
. In other studies,
treating HCC cells with apigenin or co-culture them with
cancer-associated fibroblasts significantly inhibits or
promotes the proliferation of HCC cells, accompanied
[109,110]
by the increase of CCR2/CCL2
. Nevertheless,
direct evidence demonstrating the effects of CCL2-CCR2
axis on HCC cells is needed. In contrast, CCL20 has a
definitive role and directly enhances the growth of HCC
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[111]

cells through activating the p44/42 MAPK pathway

.

vaccination also achieves better anti-tumor effects and
significantly prolongs the survival of the model mice of
[121]
HCC .
In addition, the traditional therapies of HCC can
benefit from chemokine-based treatments. Radio
frequency ablation (RFA) is used to locally eradicate
HCC, but the recurrence is relatively high. In the HCC
mice model, RFA in combination with injection of CCL3
+
+
significantly enhances the number of CD4 , CD8 T cells
+
and CD11c DCs in a CCR1-dependent manner, which
[122]
finally leads to an obvious inhibition of tumor growth .
Cisplatin (cis-diamminedichloroplatinum) reduces the
tumor burden by 52%, while the combination of cisplatin
and G31P (the CXCL8 antagonist) remarkably enhances
the suppression effects; meanwhile, the side effects of
[123]
cispaltin are also released obviously .

THE CHEMOKINE SYSTEM AS THE
COMBINATION TREATMENT TARGETS
HCC is among one of the most refractory tumors
resistant to chemotherapies, and now there exist very
[112]
few drugs available for systemic chemotherapies
.
The important roles the chemokine system played
pave new roads to solve this problem, albeit there are
no chemokine-based therapies approved in clinical
practices at present.
The roles of each single chemokine and the cor
responding receptor in the development of HCC are well
documented, and disruption of the signal axis indeed
hinders the invasive behaviors of HCC; however, due to
the complex of microenvironment in HCC, targeting the
chemokines alone might not be enough for successful
treatments. In contrast, many studies have already
found that the chemokine-based combination therapies
are promising.
The bicistronic recombinant adenovirus vector
expressing HSV thymidine kinase, a suicide gene, and
CCL2 on HCC cells has shown remarkable anti-tumor
effects in different HCC models. The apoptosis of HCC
cells and abundantly accumulated CCL2 synergistically
elicits enhanced infiltration of M1 macrophages and
NK cells, as well as elevated IL-12 and IL-18 in tumor
[113-115]
tissues
. In the following work, an improved
system with adenovirus vector expressing membranebound form of CCL2 manifests more powerful anti+
tumor effects with increased intratumoral Mac-1
+
+
[116]
macrophages, CD4 and CD8 T cells .
Although the role of CCL21/CCL19-CCR7 axis in the
development of HCC has not been clearly elucidated,
the powerful chemotactic effects of this axis and
the specific immune milieu in the liver prompt us to
explore the therapeutic effects of the CCL21-CCR7
axis. Over-expression of CCL21 either in HCC cells or
in DCs shows potent anti-tumor effects in HCC models.
Within the tumors containing high level of CCL21, the
+
+
number of CD4 and CD8 T cells and DCs significantly
increases, along with elevated levels of IL-12 and IFN-γ
[117,118]
and reduced microvessels
. To further enforce
the anti-tumor effects, we devise the new treatment
policy by combination of CCL21 and depleting the
immunosuppressive Tregs. The combination therapy
manifests better anti-tumor effects with increased
+
+
intratumoral CD4 and CD8 T cells and decreased Tregs
not only in the local tumor tissues but also in peripheral
lymph organs; in addition, the profiles of cytokines and
[119]
MMPs are also optimized in tumor tissues .
Combination therapies based on IL-12 treatment
are very effective in different HCC models. CXCL10 is
utilized and the co-transfer of IL-12 and CXCL10 yields
a very powerful anti-tumor effect, in which the tumor
specific cytotoxic lymphocytes and NK cells both play a
[120]
key role . With the same inspiration, combination of
CXCL10/IL-12 expression vector with α-fetoprotein DNA

WJH|www.wjgnet.com

CONCLUSION
During the carcinogenesis of HCC, the tumor itself
needs pivotal mediators to efficiently modulate the
microenvironment. These mediators should simul
taneously fulfill the basics of tumor cells and steer or
disable the functions of immune cells; the chemokines
and their receptors are the ideal mediators. Firstly,
the Morse code applied by immune cells for routine
surveillance is the most effective way to patrol the
body, but this code is unfortunately spied by the tumor
cells, by which the tumor cells learn and gain effective
invasion and dissemination. Secondly, the mechanisms
and weapons gifted by the chemokine system, which
are originally authorized to the normal immune cells,
are excessively utilized by tumor cells in a pro-tumor
way, such as modulating the cell cycle and survival,
recruiting other immune cells, and secretion of MMPs,
etc. Thirdly, the bidirectional influences between the
tumor cells and the immune cells are bridged by the
chemokine system, and this mutual interaction stabilizes
the immunosuppression in the microenvironment of
HCC. Taking advantages of the strength rooting in
the chemokine system, the HCC cells achieve quick
progression even when confronted with the host immune
system.
Although we have not succeeded in managing HCC
through targeting the chemokine system, the more we
understand this system in the context of tumor, the
more treatment options we will have. It is likely that the
future translational research will give us more answers
in verifying the therapeutic value of this complicated
system in HCC.
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Current concepts in the immunohistochemical evaluation of
liver tumors
Anne K Koehne de Gonzalez, Marcela A Salomao, Stephen M Lagana
seen in inflammatory HCA, and diffuse staining with
glutamine synthetase (GS) is seen in β-catenin activated
HCA. A panel of immunohistochemical stains including
glypican-3 (GPC-3), heat shock protein 70, and GS
are useful in distinguishing HCC from non-malignant
dysplastic nodules. Immunohistochemistry is also
useful to determine whether a liver tumor is of primary
hepatocellular or metastatic origin. Recently described
markers useful for this purpose include arginase-1,
GPC-3, and bile salt export pump. These newer markers
may offer superior utility when compared to traditional
markers of hepatocellular differentiation such as
alpha-fetoprotein, hepatocyte paraffin-1, polyclonal
carcinoembryonic antigen, and CD10. This paper will
review recent advances in the immunohistochemical
evaluation of liver tumors.
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Abstract

Core tip: Immunohistochemical stains may be an
important complement to morphology in the chara
cterization of liver tumors. Immunohistochemical stains
can now be used to subtype hepatocellular adenomas.
A panel of immunohistochemical stains can help
distinguish hepatocellular carcinoma from dysplastic
nodules and hepatocellular adenomas. Several new
markers of hepatocellular differentiation have been
described. These advances are reviewed.

Immunohistochemistry often plays an important role in
the evaluation of liver tumors. Recent advances have
established a classification system for hepatocellular
adenomas (HCAs) based on morphology, molecular
alterations, and immunohistochemistry. Specifically,
loss of liver fatty acid binding protein is seen in HNF1αinactivated HCA, staining with serum amyloid A is

Koehne de Gonzalez AK, Salomao MA, Lagana SM. Current
concepts in the immunohistochemical evaluation of liver tumors.
World J Hepatol 2015; 7(10): 1403-1411 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i10/1403.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i10.1403

WJH|www.wjgnet.com

1403

June 8, 2015|Volume 7|Issue 10|

Koehne de Gonzalez AK et al . Current concepts in the immunohistochemical evaluation of liver tumors
[7,8]

and familial adenomatosis coli . Adenomas can often
be diagnosed on imaging, but if the differential diagnosis
includes FNH or HCC, the lesion may be biopsied. Based
on molecular and immunohistochemical studies, Bioulac[8]
Sage et al have identified 4 types of hepatocellular
adenomas, now recognized by the World Health Organi
zation. Immunohistochemical stains are therefore useful
for both diagnosis and sub-classification.

INTRODUCTION
Although the global incidence of hepatocellular car
cinoma (HCC) varies from region to region, incidence in
[1]
Europe and North America has been increasing . The
majority of these cancers arise in the setting of chronic
liver disease, especially chronic infection by hepatitis B
virus (HBV) and HCV or cirrhosis of any cause. There
[1]
is a male predominance of approximately 3:1 . With
improvements in imaging, specifically four phase multidetector commuted tomography and dynamic, contrastenhanced magnetic resonance imaging, there has been
a concomitant increase in the detection of small liver
nodules. While many of these lesions can be diagnosed
on imaging, histologic diagnosis remains the gold
standard, especially for small nodules (< 1-2 cm), with
the goal of diagnosing cancers at an early stage where
treatment may be curative. Nonetheless, it can be
challenging to distinguish HCC from other hepatocellular
proliferations, such as focal nodular hyperplasia (FNH),
hepatocellular adenoma (HCA), and dysplastic nodules,
particularly when presented with small samples (e.g.,
needle biopsy). Other primary tumors (e.g., cholan
giocarcinoma) and metastases may also enter the
differential depending on morphology and history. In
recent years, there have been a number of advances
reported employing immunohistochemistry to answer
such questions. These advances are reviewed herein.

HNF1α -inactivated HCA

In HNF1α-inactivated HCA (H-HCA), inactivation of both
alleles of the HNF1α gene, which encodes hepatocyte
nuclear factor 1 (a transcription factor related to
hepatocyte differentiation), results in increased production
of fatty acids, steatosis in hepatocytes, and loss of liver
fatty acid binding protein expression, which can be
appreciated by a negative immunohistochemical stain
(Figure 2A and B). H-HCA accounts for 35%-40% of HCAs
[2,6,9]
and is associated with MODY3 and adenomatosis
,
but is not thought to be associated with higher risk of
transformation to HCC.

Inflammatory HCA

In inflammatory HCA (IHCA), activating mutations in
genes (IL6ST, STAT3, GNAS, FRK) along the JAK-STAT
pathway result in increased expression of inflammatory
[9,10]
markers including serum amyloid A (SAA)
. Histolo
gically, IHCA are characterized by an inflammatory
infiltrate, vascular anomalies, and may exhibit a ductular
reaction. In the past, this lesion was known as “telangiec
tatic FNH,” but has now been shown by molecular and
[11]
immunohistochemical analysis to be IHCA . They stain
with SAA and C reactive protein by immunohistochemistry
(Figure 2C and D) and account for 40%-55% of
[6,9,10]
HCAs
.

FNH
FNH is a benign hepatocellular lesion thought to develop
in response to localized hyperperfusion relating to the
[2,3]
presence of an anomalous artery
with a female
[4]
predominance of 8:1 and a median age of 38 . Histolo
gically, the classical type is a hyperplastic nodular lesion
with a central scar containing the anomalous vessel,
and a ductular reaction. Most cases are asymptomatic
[4]
and are often incidentally discovered . Frequently, this
entity can be reliably diagnosed on imaging and no
treatment is required; however, some cases may be
difficult to confirm with imaging, and may require biopsy
to rule out HCA and HCC which could require surgical
excision. In challenging cases, immunohistochemistry
for glutamine synthetase (GS, an enzyme that catalyzes
the synthesis of glutamine from glutamate and ammonia,
important in nitrogen metabolism) is useful and shows a
[5]
characteristic geographic “map-like” pattern of staining
(Figure 1).

β -catenin-activated HCA

β-catenin-activated HCAs (β-HCAs) are the subtype of
[12]
HCA with the highest risk (4%) for transformation to
HCC, and account for 10%-15% of HCAs. Histologically,
β-HCAs may show cholestasis and both architectural
and cytologic atypia including pseudoacinar structures.
In β-HCA, activating mutations (predominantly in exons
3, 7, or 8) in the CTNNB1 gene, which encodes β-catenin,
cause activation of the WNT/β-catenin pathway. This is
[13]
the most commonly mutated pathway in HCC . The
mutations may lead to upregulation of the gene coding
for GS; consequently, this subtype is expected to exhibit
abnormal nuclear staining with β-catenin and diffuse
GS staining by immunohistochemistry (Figure 2E and
F). Staining for β-catenin is less sensitive than staining
for GS, though GS is much less specific than nuclear
beta-catenin. The purported sensitivity and specificity
[8]
of GS in this setting is 100% and 89% . However,
in our experience, GS may diffusely stain many
adenomas which do not exhibit atypical morphologic or
[14]
clinical signs of atypia . Furthermore, when our group
sequenced GS overexpressing HCA, we could identify
β-catenin mutations in only 1 OF 8 HCAs (unpublished

HCA

In contrast to FNH, HCAs are neoplastic clonal pro
liferations. Resection of adenomas larger than 5 cm
is recommended due to the risk of hemorrhage and
[6]
potential malignant transformation in up to 7% of cases .
Risk factors for HCA are female gender, steroid sex
hormone exposure (oral contraceptives, anabolic steroids,
pregnancy), glycogen storage disease types Ⅰand Ⅲ,
maturity onset diabetes of the young type 3 (MODY3),
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A

B

Figure 1 Focal nodular hyperplasia. A: On low-power, focal nodular hyperplasia (FNH) is characterized by nodular hepatocellular proliferation with central
scar (hematoxilin and eosin stain, × 1); B: FNH showing typical map-like pattern on glutamine synthetase immunohistochemistry (anti-glutamine synthetase/
diaminobenzidine chromogen, × 2).

A

B

C

D

E

F

Figure 2 Hepatocellular adenoma. A and B: HNF1α-inactivated hepatocellular adenoma (HCA) with marked steatosis [A, hematoxylin and eosin (HE) stain, ×
20] and loss of liver fatty acid binding protein (LFABP) expression by immunohistochemistry (left) in comparison to non-neoplastic liver (right) [B, anti-LFABP/3,3’diaminobenzidine (DAB), × 1]; C and D: Inflammatory HCA with dilated sinusoids (telangiectasia, black arrowheads) and patchy inflammation (blue arrowheads) (C,
HE stain, × 5) and diffuse serum amyloid A staining by immunohistochemistry (D, anti-serum amyloid A/DAB, × 5); E and F: β-catenin-activated HCA with strong diffuse
staining for glutamine synthetase (upper left), in comparison to centrilobular staining of normal liver (lower right) (E, HE stain, × 20; F, anti-glutamine synthetase/DAB, × 1).

data). In our opinion, GS overexpression is an imperfect
surrogate for β catenin mutation, and should not be a
definitional characteristic.

or molecular changes.

DYSPLASTIC NODULES

Unclassified HCA

The pathogenesis of HCC is thought to be a stepwise
accumulation of mutations arising in a small clonal
population (dysplastic nodules and a small proportion

Unclassified HCAs represent the remaining 10% of HCAs,
and lack characteristic histology, immunohistochemistry,
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A

B

Figure 3 Scirrhous hepatocellular carcinoma. A: Cords and thin trabeculae of neoplastic hepatocytes are embedded in dense, abundant fibrous stroma (hematoxylin
and eosin stain, × 20); B: By immunohistochemistry, strong glypican-3 positivity is present in tumor cells (anti-glypican-3/3,3’-diaminobenzidine, × 20).
[13,15]

57% on biopsy specimens) and 100% specific in
distinguishing early HCC from dysplastic nodules.
Overall, it was found that positive staining in at least
2/3 markers supported a diagnosis of HCC, but lack of
staining was not sufficient to rule out HCC especially on
biopsy specimens.

of adenomas)
. The background liver is most often
cirrhotic, with HBV as the most common underlying
cause worldwide, especially in Sub-Saharan Africa and
Asia where HBV is endemic, and HCV and the most
[16]
common underlying cause in the United States . In
the cirrhotic liver, it is important to distinguish large
regenerative nodules, which are benign, from low- and
high-grade dysplastic nodules (H-DN), which precede
HCC in a stepwise fashion, and to distinguish these
from early and progressed HCC itself. Histologic criteria
were established by the International Consensus Group
for Hepatocellular Neoplasia in 2009, but the differences
between these entities may be subtle as they lie on
a continuum. The best criteria to distinguish H-DN
from early HCC is the presence of invasion into portal
[17]
tracts . This feature may not be identifiable on biopsy
material, however. Historically, thickened portal plates
and subsequently a diminished reticulin framework
were noted to be markers of progression from H-DN to
early HCC, although an intact reticulin framework could
[18]
not exclude HCC . In this case, immunostains are a
useful aid to histomorphology.

GPC-3
GPC-3 is a heparan-sulfate cell surface oncofetal pro
teoglycan noted to be expressed in HCC, but generally
not in benign liver (normal or cirrhotic) or in metastatic
[24,25]
carcinomas
. Immunostaining with GPC-3 in HCC
may be cytoplasmic and/or membranous. Some authors
have found that the sensitivity increases as the tumor
[25,26]
becomes less differentiated
. Other studies have not
found higher GPC-3 expression in poorly differentiated
tumors, however, so confirmation in additional studies
[27]
would be helpful . GPC-3 is also useful in distin
[14]
guishing HCC from HCA . Anecdotally, we have seen
strong positivity in a case of scirrhous variant HCC
which could easily have been mistaken for metastatic
adenocarcinoma (Figure 3). On the other hand, GPC-3
[28]
may be less helpful in the fibrolamellar variant of HCC .
GPC-3 is known to stain a few other malignancies, such
[29]
as yolk sac tumor and melanoma . Another caveat is
the reported expression of GPC-3 in cirrhotic nodules in
[30]
cases of hepatitis C infection .

CD34
Normal sinusoidal endothelium does not express CD34.
However, since capillarization of sinusoidal endothelium
occurs during the progression of dysplastic nodules
to HCC (which corresponds to the enhancement seen
in HCC on the arterial phase of dynamic imaging
modalities), immunostaining for the vascular marker
CD34 has been found to be a useful marker of malignant
transformation (since it does mark capillarized endothelial
cells) . However, while increased to diffuse vascular
markings with CD34 is a suspicious finding in a liver
tumor, no specific cutoff has yet been established in
[18-21]
distinguishing between H-DN and early HCC
.
[22,23]
In studies of biopsy and resection specimens
,a
panel of 3 immunostains including glypican-3 (GPC-3),
heat shock protein 70 (HSP70), and GS was found
to be useful in distinguishing dysplastic nodules from
HCC, with a combination of at least any two positive
stains shown to be 72% sensitive (resection specimens;
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HSP70
HSP70 is an anti-apoptotic regulator promoting cell
survival and has been implicated in tumorigenesis.
HSP70 expression increases stepwise as a lesion
[31]
progresses from precancerous to advanced HCC .
Immunohistochemistry marks HCC, but not dysplastic
[14,23]
nodules or HCA
. Staining is nucleocytoplasmic and
may be focal or diffuse, and is 74% sensitive and 98%
specific for HCC on resection specimens, and 48% and
94% on biopsy specimens, respectively when evaluating
[22,23]
HCC vs dysplastic nodule
. However, a potential pitfall
of HSP70 is that it reacts commonly with metastatic
[14]
adenocarcinomas and cholangiocarcinomas . Therefore,
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HepPar-1

the utility is restricted to tumors which are clearly
hepatocytic in differentiation.

HepPar-1 is an antibody to carbamoyl phosphate
synthetase 1, a urea cycle enzyme in hepatocellular
mitochondria, which is expressed predominantly in the
[40]
liver, but also in other organs such as small intestine .
[36]
Developed in 1993 from a failed liver allograft , this
antibody has been found to be relatively sensitive (70%,
although some authors report higher sensitivity) and
[41]
specific (84%) for hepatocellular differentiation , in
both normal tissue and HCC, as well as hepatoblastoma.
Caveats with this marker include the reported loss of
[36,42,43]
sensitivity as tumors become less differentiated
, and
[44]
frequent negativity in the scirrhous variant . Through
many years of use, many of the pitfalls of HepPar-1 have
been elucidated. For one, it marks hepatoid tumors of
[45-47]
any organ
. Furthermore, because of the expression
of carbamoyl phosphate synthetase in small bowel,
it marks many small intestinal adenocarcinomas, as
well as adenocarcinomas of the ampulla with intestinal
[48]
morphology . Additionally, a large study by Lugli et
[47]
al suggested that other tumors (notably gastric, lung,
small intestinal, colonic, and pancreatic adenocarcinomas,
cholangiocarcinoma, and melanoma) may have low
(generally less than 15%) rates of positive staining with
HepPar-1. Ovarian and neuroendocrine carcinoma have
[42]
also been reported to show occasional positivity .
However, staining in non-hepatocellular tissues has
generally been reported as weak, whereas staining in
tissues of hepatocellular origin tends to be strong and
cytoplasmic. Thus, despite these many well-established
pitfalls, HepPar-1 remains a very useful marker.

GS
GS catalyzes the conversion of glutamate and ammonia
[32]
to glutamine in the liver . As noted in the discussion of
b-HCA, GS is a target of β-catenin, and is upregulated
when this pathway is constitutively activated. In
normal liver, GS expression is restricted to perivenular
hepatocytes. In neoplasms GS expression should be
strong, homogenous, and diffuse (not map-like), and
should stain > 50% of the cells in question. Given these
conditions, on resection specimens, the sensitivity and
specificity were 70% and 94%, respectively (59% and
98% on biopsy specimens) when the consideration
[22,23]
was HCC vs dysplastic nodule
. GS is frequently
positive in HCA, however, and therefore not useful
[14]
in the distinction of HCA from HCC . An important
caveat when using these 3 markers is that GS and
HSP70 are frequently positive in cholangiocarcinoma
and metastases, thus highlighting that the utility of
this panel is restricted to the specific contexts in which
evidence supports their use. GPC-3 is the only one
of the three markers above which is useful in overtly
malignant tumors requiring evaluation of differentiation.

ESTABLISHING HEPATOCELLULAR
ORIGIN
Since poorly differentiated HCC may have histologic
overlap with poorly differentiated metastatic tumors
and intra-hepatic cholangiocarcinomas, there has
always been interest in reliable immunohistochemical
markers of hepatocytic differentiation. At a basic level,
the cytokeratin profile can be helpful but in most cases
of ambiguous morphology, not definitive. Hepatocytes
are generally positive for CK8 and 18 and negative for
both CK7 and CK20, although HCC may acquire CK7
[33]
and or CK20 positivity in some cases . One caveat
is fibrolamellar carcinoma, which tends to be found in
younger patients without cirrhosis, and has been found
[34]
[35]
to be positive for CK7
(as well as CD68 ). Some
HCCs may acquire biliary features (CK19 positivity) by
immunohistochemistry; in one study, these patients had
a higher recurrence rate of HCC after transplantation,
[33]
indicating a worse prognosis in these lesions . Therefore,
it is often necessary to go beyond cytokeratin analysis.

AFP

AFP is an oncofetal glycoprotein that has been used
as a tumor marker both in serum and in tissue by
immunohistochemistry for some time. Although also
positive in yolk sac tumors, specificity by immuno
histochemistry is high (97%) with very few metastatic
adenocarcinomas or cholangiocarcinomas showing
positive staining. However, sensitivity is low, around
[17]
30% , limiting its utility.

p-CEA

In normal liver, p-CEA stains a biliary glycoprotein
similar to CEA (a fetal glycoprotein), present in the bile
canaliculi and ductal epithelium. The staining pattern is
characteristic: a delicate branching canalicular pattern,
which has been reported as 70% sensitive and 100%
[43]
specific for hepatocellular differentiation . However,
this pattern may be lost as HCC dedifferentiates, and
in general, the staining pattern may be difficult to
distinguish from non-specific membranous or cytoplasmic
staining, which can be seen in some HCC, bile duct
epithelium, and metastatic adenocarcinoma and cholangio
[42,43,49]
carcinoma
.

MARKERS OF PRIMARY HCC
Traditionally, the most commonly used markers for this
purpose include hepatocyte paraffin 1 (HepPar-1), alphafetoprotein (AFP), CD10, and polyclonal carcinoembryonic
[36-39]
antigen (p-CEA)
. Each marker has drawbacks
including limitations of sensitivity and specificity, as well
as the requirement of a canalicular staining pattern for
hepatocellular specificity in CD10 and p-CEA.
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CD10 is a membrane metallo-endopeptidase which
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Canalicular

p-CEA
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Cytoplasmic/nuclear
Usually, but not exclusively canalicular

Liver only
Normal, HCC: Canalicular (usually) with
occasional dot-like or incomplete membranous pattern

Normal: Portal vessels, rare sinusoids
HCC: Diffuse capillarization
Normal: Negative
HCC: Positive
Normal: Canalicular
HCC: Canalicular
Metastatic ca: Any pattern other than canalicular
Normal: Canalicular
HCC: Canalicular
Metastatic ca: Any pattern other than canalicular
Liver only

Normal: Diffuse
H-HCA: Negative
Normal: Negative
IHCA: Strong
Normal: Perivenular
FNH: Map-like
β-HCA/HCC: Diffuse
Normal, HCA, H-DN: Negative
HCC: Positive
Normal: Negative
HCC: Positive

Expected staining

Advantages

More sensitive and specific than HepPar-1
High sensitivity and specificity for hepatocytes
Easier to interpret than other p-CEA and CD10

High sensitivity and specificity for
hepatocytes when definite canalicular
pattern present
High sensitivity and specificity for
hepatocytes when definite canalicular
pattern present
Marks cells of liver origin, both normal and neoplastic

High specificity for HCC

More sensitive in poorly differentiated tumors
Marks scirrhous HCC
Only single marker which supports both hepatocellular
differentiation and malignancy
Can help demarcate extent of lesion

Suggestive of malignancy

Can subclassify HCA

Can subclassify HCA

Can subclassify HCA

Mediocre specificity, including any hepatoid lesion
Less sensitive in poorly differentiated tumors
Less sensitive in poorly differentiated tumors
New marker, pitfalls and disadvantages
currently unknown

May be difficult to interpret, since
only canalicular pattern is specific for hepatocytes

May be difficult to interpret, since only
canalicular pattern is specific for hepatocytes

Low sensitivity

No specific cutoff for increased staining

Not specific for β-HCA (other HCA sub-types can stain)
HCA and HCC have similar staining patterns
Metastatic adenocarcinoma in liver usually positive
Staining may be focal
Metastatic adenocarcinoma frequently positive
Low sensitivity in well-differentiated tumors
May not react with fibrolamellar HCC

Disadvantages

[26]

As mentioned previously, some investigators have reported a higher GPC-3 sensitivity in poorly differentiated HCC than in well differentiated tumors . This could be an
important finding, as HepPar-1 expression becomes less sensitive in poorly differentiated lesions. The reported overall sensitivity of GPC-3 for HCC is 75% (39% for well[50]
differentiated, 89% for poorly differentiated) and the specificity is 86%. GPC-3 staining has been reported in extragonadal germ cell tumors, melanoma, ovarian carcinoma,

GPC-3

cleaves the amino group of hydrophobic residues, and is expressed in multiple tissues. Although cytoplasmic, membranous, and apical staining may be seen in
adenocarcinomas from multiple other primary sites, the same canalicular pattern described above for p-CEA when seen with anti-CD10 is specific for both normal and
[39]
neoplastic liver, with a reported sensitivity of 68% and specificity of 100% . As above, however, canalicular staining may be difficult to establish. Recently, additional markers
have been described.

HCC: Hepatocellular carcinoma; HCA: Hepatocellular adenoma; H-DN: High-grade dysplastic nodules; p-CEA: Polyclonal carcinoembryonic antigen; H-HCA: HNF1α-inactivated HCA; LFABP: Liver fatty acid binding protein;
GS: Glutamine synthetase; FNH: Focal nodular hyperplasia; SAA: Serum amyloid A; IHCA: Inflammatory HCA; GPC-3: Glypican-3; HSP70: Heat shock protein 70; HepPar-1: Hepatocyte paraffin 1; AFP: Alpha-fetoprotein; BSEP:
Bile salt export pump; ARG-1: Arginase-1.

ARG-1
BSEP

Cytoplasmic

Cytoplasmic

AFP

HepPar-1

Cytoplasmic/membranous

CD34

Canalicular

Cytoplasmic/membranous

GPC-3

CD10

Cytoplasmic/nuclear

Cytoplasmic

GS

HSP70

Cytoplasmic

LFABP

SAA

Staining pattern

Cytoplasmic/nuclear

Marker

Table 1 Immunohistochemical stains in liver tumors

Koehne de Gonzalez AK et al . Current concepts in the immunohistochemical evaluation of liver tumors

June 8, 2015|Volume 7|Issue 10|

Koehne de Gonzalez AK et al . Current concepts in the immunohistochemical evaluation of liver tumors
[25]

and squamous cell cancer of the lung , and more
recently, in pancreatic acinar cell carcinoma, esophageal
[50]
squamous cell carcinoma and adenocarcinoma . Still,
most of these are rare in the liver, and so GPC-3 is now
commonly used as part of the immunohistochemical
panel used to establish the histogenesis of a tumor in
liver.
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Abstract
Hepatocellular carcinoma (HCC) is the fifth most
common form of human cancer worldwide and the third
most common cause of cancer-related deaths. The
strategies of various treatments for HCC depend on
the stage of tumor, the status of patient’s performance
and the reserved hepatic function. The Barcelona Clinic
Liver Cancer (BCLC) staging system is currently used
most for patients with HCC. For example, for patients
with BCLC stage 0 (very early stage) and stage A (early
stage) HCC, the curable treatment modalities, including
resection, transplantation and radiofrequency ablation,
are taken into consideration. If the patients are in BCLC
stage B (intermediate stage) and stage C (advanced
stage) HCC, they may need the palliative transarterial
chemoembolization and even the target medication
of sorafenib. In addition, symptomatic treatment is
always recommended for patients with BCLC stage D
(end stage) HCC. In this review, we will attempt to
summarize the historical perspective and the current
developments of systemic therapies in BCLC stage B
and C in HCC.
Key words: Hepatocellular carcinoma; Transarterial
chemoembolization; Sorafenib; Systemic treatment;
Molecular target therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Sorafenib is a multi-targeted tyrosine kinase
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liver functional status, cancer-related symptoms and
so on. It may provide the link between diseases and
treatment strategies. Curative therapy, including
various surgeries (e.g., hepatic resection and liver
transplantation), locoregional therapies (percutaneous
ethanol injection and radiofrequency ablation), have
been proven to have better survival benefits in the
very early and early stage of HCC (such as stage 0-A).
However, the intermediate stage (i.e., stage B) of HCC
comprises a highly heterogeneous patient population
and therefore poses challenges for therapeutic
management. A sub-classification B1-B4 was recently
proposed, taking the C-P score, tumor burden (up
to seven criteria), PS and portal vein thrombosis into
[9]
account . Transarterial chemoembolization (TACE)
and radioembolization are the primary options for
these patients with preserved liver function (C-P
classification A) and PS score 0. Unfortunately, if the
HCC has developed into the severely advanced stage,
only systemic medical treatment is indicated and the
prognosis and outcome is very poor for these patients.
In this paper, we will discuss systemic treatment for
patients with HCC for whom liver-directed therapy is not
appropriate.

inhibitor that was the first systemic therapy in the world
to improve the survival rate of patients with advanced
hepatocellular carcinoma (HCC) in a phase Ⅲ trial.
However, the overall outcomes are sometimes unsatis
factory and there is a need for second line therapies in
patients with advanced HCC who still progress after the
use of sorafenib. Novel systemic approaches are needed
in advanced HCC.
Chen KW, Ou TM, Hsu CW, Horng CT, Lee CC, Tsai YY, Tsai
CC, Liou YS, Yang CC, Hsueh CW, Kuo WH. Current systemic
treatment of hepatocellular carcinoma: A review of the literature.
World J Hepatol 2015; 7(10): 1412-1420 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i10/1412.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i10.1412

INTRODUCTION
Hepatocellular carcinoma (HCC) is a primary cancer of the
liver with a rate of occurrence approximately up to 90%.
Clinically, HCC is the fifth most common form of cancer
worldwide and the third most common cause of cancer[1]
related deaths . It is usually diagnosed as the advanced
stage of the hepatic tumor and the median survival rate
[2]
is poor (6-20 mo) when found . The incidence and
distribution of HCC varies widely among geographical
locations and races in the world. For example, the
incidence of HCC is highest in Asia and Africa. Now most
doctors believe that the potential reason for the higher
incidence rates of HCC is the prevalence of hepatitis
B virus (HBV) and/or hepatitis C virus (HCV) which
strongly predisposes to the development of chronic liver
[3]
disease, liver cirrhosis and subsequently HCC . In 1988,
one large prospective HBV study in Taiwan robustly
demonstrated that HBV is the primary cause of the high
[4]
HCC incidence rate in regions of high HBV prevalence .
In Taiwan, nearly 5000 patients die from HCC every
year. Although the newer treatment modalities have
become more multivariate in recent years, the survival
rates of patients with advanced HCC has still not
significantly improved. The one year survival rate of
treated patients with advanced HCC was around 25%
[5]
in 1993 and 30% in 2003 . Until recently, there was no
remarkable and effective medical therapy for patients
with advanced HCC. To the best of our knowledge, HCC
is a more aggressive tumor and the decision regarding
therapeutic options often depends on the stage of this
cancer and the patient’s hepatic reserve. A number
[2,6-8]
of staging systems are available
but there is no
worldwide consensus on a single system. For instance,
the Child-Pugh (C-P) classification system and the model
for end-stage liver disease score can be used to assess
the patient’s hepatic reserve and liver function. Besides,
the performance status (PS) of patients also needs to
be taken into consideration. The Barcelona Clinic Liver
Cancer staging and prognostic system accounts for
variables related to tumor stage, physical performance,

WJH|www.wjgnet.com

SYSTEMIC CYTOTOXIC
CHEMOTHERAPY
HCC is highly refractory to conventional cytotoxic
chemotherapy. In the last decade, no effective con
ventional systemic cytotoxic therapy has been available
and no single regimen has emerged as superior to
[10]
any other . The substances related to sensitive of
[11-13]
chemotherapy include P-glycoprotein
, glutathione[14]
[15]
S-transferase , heat shock proteins , topoisomerase
[16]
[17]
Ⅱα and p53 . Besides resistance, the major side
effects of systemic chemotherapy are poorly tolerated
by patients with severe hepatic dysfunction. One study
which enrolled 147 previously untreated HCC patients
demonstrated that patients with significant cirrhosis
(ascites, serum total bilirubin more than 2.0 mg/dL),
performance status of 2-3, a tumor occupying more than
50% of the entire liver and tumor thrombus in the main
[18]
portal trunk may not be responsive to chemotherapy .
The regimens of systemic chemotherapy for HCC under
clinical study are as follow: monotherapy regimens,
including doxorubicin, mitoxantrone, fluoropyrimidines,
gemcitabine, irinotecan and thalidomide; combination
chemotherapy, including cisplatin-based, gemcitabinebased and oxaliplatin-based regimens; and PIAF
regimen [cisplatin (P)/interferon α-2b (I)/doxorubicin
(A)/fluorouracil (F)]. Most published studies of systemic
chemotherapy revealed that the effective response
rates were no more than 25% and there is no evidence
that it may improve the overall survival rate in patients
[19-21]
with any subset of HCC
. However, chemotherapy
may still be considered for patients whose tumors
progress while on sorafenib treatment. Cytotoxic
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therapy should be reserved for medically appropriate
patients with adequate hepatic function. The national
comprehensive cancer network guidelines (version 2,
2014) recommended that systemic or intra-arterial
chemotherapy can be used to treat patients with
unresectable HCC by surgery and not a transplant
[22]
candidate only in the context of a clinical trial .

received sorafenib 400 mg twice daily or placebo.
Patients with sorafenib therapy had better median OS
(6.5 mo vs 4.2 mo) and TTP (2.8 mo vs 1.4 mo). Only
small side effects about grade 3 or 4, including handfoot syndrome (11%), diarrhea (6%) and fatigue
[28]
(3%), were found in patients . These exciting results
were encouraging and the better efficacy of sorafenib
was validated. Thus, sorafenib was approved by the
Food and Drug Administration in November 2007 in
the United States and has now become the standard
care for first line systemic treatment in advanced
hepatocellular carcinoma.
Although sorafenib is the ﬁrst and only targeted
therapy approved for advanced HCC, it has also
been studied in combination with other systemic che
motherapeutic agents. For example, in a phase Ⅱ trial,
patients with advanced HCC were randomly assigned
to receive doxorubicin in combination with sorafenib or
[29]
doxorubicin alone . The combination of doxorubicin and
sorafenib improved median TTP (6.4 mo vs 2.8 mo, P =
0.02), median OS (13.7 mo vs 6.5 mo, P = 0.006) and
progression-free survival (PFS) (6.0 mo vs 2.7 mo, P =
0.006), compared to doxorubicin alone. However, the
effects and mechanisms of doxorubicin in this synergism
still remained unclear. Recently, another phase Ⅲ drug
trial comparing the combination of doxorubicin and
sorafenib with sorafenib alone conducted by the National
Cancer Institute is still ongoing. Combination of sorafenib
[30]
with other systemic agents, such as octreotide , has
been reported. All of these trials reported improved OS
when compared to sorafenib alone; however, the sample
sizes were small. The exact and final outcomes deserve
intervention.
The worry about the drug resistance of sorafenib has
attracted attention. The primary resistance mechanism
is possibly due to the genetic heterogeneity and
acquired resistance is possibly related to activation of
the compensatory pathways, such as the PI3K/Akt and
[31]
JAK-STAT pathways, tumor hypoxia, EMT, etc. . The
mechanisms for the resistance of HCC to sorafenib are
complicated and remain unclear and need further study.

MOLECULARLY TARGETED THERAPY
Hepatocarcinogenesis is a very complex system of
pathways and the result of the genetic alterations
that may affect multiple signaling cascades. All these
pathways include various growth factors such as
epidermal growth factor (EGF), vascular endothelial
growth factor (VEGF), hepatocyte growth factor
(HGF), insulin-like growth factor and regulating specific
intracellular pathway (RAF/MEK/ERK pathway). For
example, the activation of the RAF/MEK/ERK pathway
may lead to the growth of HCC. The EGF would bind
to its cognate receptor EGF receptor and trigger signal
transduction through the RAF/MEK/ERK pathway.
Besides, VEGF may result in HCC angiogenesis and HGF
will bind to the c-MET receptor and other molecular signal
pathways, including PI3K/PTEN/Akt/mammalian target
of rapamycin (mTOR) and Wnt/β-catenin pathways.
Recently, many medical doctors and scientists have
focused on targeted molecular agents (e.g., sorafenib)
and tried to block one or more steps in carcinogenic
[23,24]
pathways for retardation of tumor formation
.
Until now, sorafenib has been very popular for
patients with the advanced stage of HCC. Clinically,
sorafenib is an oral form and belongs to the multi-tar
geted tyrosine kinase inhibitors (multi-kinase inhibitors)
and anti-angiogenic agents. It may inhibit abnormal
growth of multiple cell surfaces and intra-cellular kinases
which would be involved in angiogenesis, cell proliferation
and cellular differentiation. The different kinases include
various VEGF receptors (VEGFR-1, 2, 3), platelet-derived
growth factor receptor (PDGFR-β), c-KIT and RET.
Furthermore, sorafenib was also shown to inhibit the
[25,26]
RAF/MEK/ERK pathway
.
Sorafenib is also the first medical therapy to show a
statistically significant and clinically meaningful overall
survival benefit in advanced HCC and is considered to be
a standard therapy as it inhibits growth and angiogenesis
of HCC. From the SHARP trial (phase Ⅲ) in many
countries in 2008, 602 patients with advanced HCC and
C-P classification A cirrhosis were randomly assigned to
the sorafenib or placebo group. Improvement of median
overall survival (OS) was seen in the sorafenib group (10.7
mo vs 7.9 mo, HR = 0.69, P < 0.001). Treatment was
also associated with an increased time to progression
(TTP) (5.5 mo vs 2.8 mo, HR = 0.58, 95%CI: 0.45-0.74,
P < 0.001). Overall toxicity did not differ between
[27]
the treatment and placebo arm (52% vs 54%) . In
2009, another phase Ⅲ trial in the Asia-Pacific region
(so called ORIENTAL study) reported 226 patients of
advanced HCC with C-P classification A cirrhosis who
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OTHER ANTIANGIOGENIC AGENTS IN
CLINICAL DEVELOPMENT
Sunitinib

A variety of oral multiple tyrosine kinase inhibitors have
been recently developed after the impact of sorafenib.
Other oral, small molecule, multi-targeted receptor
tyrosine kinases, so called, were developed. This agent
was proved to inhibit the VEGFR (1, 2, 3), PDGFRs, KIT,
RET and the fms-like tyrosine kinase-3 receptor. Some
of these factors pay a role in both tumor angiogenesis
and tumor cell proliferation. When we used sunitinib
to treat patients with advanced HCC, the simultaneous
inhibition of these targets therefore led to reduced
tumor sizes, vascularization cancer cell death and even
tumor shrinkage ultimately.
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Indeed, most of the side effects from sunitinib
are very mild, including fatigue, diarrhea, nausea and
anorexia. In an initial phase Ⅱ trial, 37 patients with
advanced HCC were treated with sunitinib. Only one
patient had a partial response and 35% of patients were
[32]
stable . However, grade 3 to 4 toxicity from agents
was prominent, including thrombocytopenia (37.8%),
neutropenia (24.3%), asthenia (13.5%), hand-foot
syndrome (10.8%) and anemia (10.8%) in some
patients. Fatal treatment-related adverse events were
reported in four patients (10.8%). Therefore, more
attention should be paid to this event when treating
patients. A phase Ⅲ trial of 1074 patients with advanced
HCC disclosed that sunitinib was not superior to sorafenib,
with a worse median OS (7.9 mo vs 10.2 mo) and more
[33]
toxicity .

PFS and OS were 3.8 mo and 8.4 mo, respectively.
Another phaseⅠstudy enrolled 39 patients with advanced
or metastatic HCC and recommended everolimus dosing
[41]
of 7.5 mg daily . The phase Ⅱ study reported that TTP
was longer in the tivantinib group than in the placebo
[42]
group (1.6 mo vs 1.4 mo) . For patients with METhigh tumors, the TTP was longer in the tivantinib group
than in the placebo group (2.7 mo vs 1.4 mo). The most
common grade 3 adverse events in the tivantinib group
were neutropenia (14%) and anemia (11%). The study
recommended tivantinib as an option for second-line
treatment of patients with advanced HCC. Further phase
Ⅲ trials are needed.

ANTIANGIOGENIC AGENTS AS TACE
ENHANCERS

Linifanib

TACE consumes blood and causes hypoxia in patients
with HCC. However, only the deeply hypoxic area in HCC
died and other limited hypoxic areas survived. This is
caused by the extra-hepatic collateral arteries supply for
HCC if the tumors are large or peripherally located. The
development of these vessels interferes with effective
[43]
control of the tumor with TACE . This result of a high
rate of tumor recurrence and low rate of long-term
survival is still common in patients with unresectable
HCC. Post-TACE recurrences may be due to angiogenesis
enhancement and upregulation of VEGF induced by
[44,45]
TACE
. Therefore, new treatment strategies for
patients with unresectable HCC are needed, including
the optimization of TACE with combination of other
modalities. TACE has currently become the standard
treatment for patients with intermediate HCC. However,
for patients unsuitable for TACE or in whom TACE
resulted in unacceptable toxicity, the use of oral
[46-49]
sorafenib is another choice
. Some trials have
focused on the combination of TACE and sorafenib. One
meta-analysis confirmed that the combination therapy
of TACE and sorafenib can improve the OS (HR = 0.65,
95%CI: 0.47-0.89, P = 0.007), TTP (HR = 0.68, 95%CI:
0.52-0.87, P = 0.003) and the objective response
rate (HR = 1.06, 95%CI: 1.01-1.12, P = 0.021).
Nevertheless, it did not affect the progression of free
[50]
survival when compared to TACE alone . Besides, the
significantly increased risks of adverse reactions from
combination therapy were occasionally noted. Another
meta-analysis demonstrated that sorafenib combined
with TACE may have superiority over TACE alone in
terms of TTP. The HR for TTP was found to be 0.76 (P <
2
0.001) with low heterogeneity in studies (P = 0.243, I
[51]
= 25.5%) . However, the HR for OS was found to be
0.81 (P = 0.061) with low heterogeneity in studies (P
2
= 0.259, I = 25.4%). Adverse reactions are generally
manageable with dose reductions. However, one phase
Ⅲ trial enrolled 458 previously TACE-treated patients
and the median TTP in the sorafenib and placebo groups
was 5.4 and 3.7 mo (HR = 0.87, P = 0.252). HR for
OS was 1.06 (P = 0.790). Thus, sorafenib did not

Linifanib is a multi-kinase inhibitor targeting VEGFR
and PDGFR. In a phase Ⅱ trial involving 44 patients (of
which 89% were Asian), the single agent linifanib was
found to be clinically active in patients with advanced
[34]
HCC, with an acceptable safety profile . However, in a
phase Ⅲ study, 1000 patients with advanced HCC and
C-P classification A cirrhosis were randomly assigned to
linifanib or sorafenib treatment. The median OS was 9.1
mo in the linifanib group, compared to 9.8 mo in the
sorafenib group. TTP was 5.4 mo vs 4.0 mo (P = 0.001)
[35]
in the linifanib group vs the sorafenib group . Although
linifanib had a longer TTP, its superiority in survival
needs to be verified.

Brivanib

Brivanib is a selective dual receptor inhibitor against
fibroblastic growth factor receptor and VEGFR. It was
shown to have antitumor activity in patients with
[36,37]
advanced HCC in two phase Ⅱ studies
. In a phase
Ⅲ trial, brivanib was reported to have an OS of 9.4
mo vs 8.2 mo in the placebo group (as a second line
treatment), which was not statistically significant (P =
[38]
0.33) . Another phase Ⅲ trial compared brivanib with
[39]
sorafenib as first line treatment . Among 1150 patients
with advanced HCC, the median OS was 9.5 mo in the
brivanib group and 9.9 mo in the sorafenib group, with
no statistically significant difference. However, brivanib
was less well tolerated than sorafenib. Treatment
discontinued due to side effects was 43% in the brivanib
[39]
group compared to 33% of the sorafenib group .

OTHER INVESTIGATIONAL APPROACHES
IN TARGETED KINASE INHIBITORS
Newer molecularly targeted studies are being developed
in phase 1/2 studies, including everolimus, targeting
[40,41]
inhibitors of the mTOR
and inhibitors of HGF/c-Met,
[42]
such as tivantinib . The single arm, phase 1/2 study of
everolimus enrolled 28 patients with advanced HCC and
[40]
defined 10 mg/d as the phase Ⅱ dosage . The median
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significantly prolong TTP in patients who responded to
[52]
TACE . The efficacy of TACE plus sorafenib still needs
confirmation with further studies.

potentially gain benefit from ER blockade with tamoxifen.
However, some large randomized trials, including CLIP-1
studies, showed no improvement in survival or functional
status advantage when comparing the addition of
[62,63]
tamoxifen to best supportive care
. The possible
reasons include the presence of variant ERs in some
of these tumors, lack of patient selection, the problem
of dosage selection and the fact that tamoxifen in HCC
[64-66]
could indeed act via an ER-independent pathway
.
The efficacy of megestrol acetate has been evaluated in
HCC with variant ER. Better therapeutic benefits were
[64,67]
shown in some studies
. However, in one randomized
double blind trial of megestrol acetate vs placebo in 204
patients with treatment-naive advanced HCC, megestrol
acetate had no role in prolonging OS in advanced
[68]
treatment-naive HCC .

NEW DIRECTION FOR MOLECULARLY
TARGETED THERAPY
Both in vitro and in vivo studies have shown that
sorafenib may promote anti-proliferative and proapoptotic effects in tumor cells as well as in endothelial
cells. However, it appears that the molecular mechan
isms underlying the direct effects of sorafenib in these
cells are not completely understood and probably
[53]
involve additional pathways. Chen et al reported that
sorafenib sensitizes HCC cells to tumor necrosis factor
related apoptosis, inducing ligand (TRAIL) through
the inhibition of signal transducer and activator of
[54]
transcription 3 (STAT3). Tai et al
demonstrated that
sorafenib would inhibit the development of HCC via
the kinase-independent mechanism, SHP-1 dependent
STAT3 inactivation. STAT3 is a transcription factor that
modulates survival-directed transcription. In cancer
cells, STAT3 can be activated by overactive receptors,
including interleukin-6, EGF family members or HGF. In
some research, it could be seen that TAT3-stimulated
genes may promote angiogenesis, proliferation and
survival. In addition, the STAT3 activation could also turn
on the strong negative feedback loops involving tyrosine
phosphatases (SHP-1 and SHP-2) and suppressors
of cytokine signaling. By reducing the levels of STAT3
705
phosphorylation (Tyr - STAT3 phosphorylation), the
phosphatases would block STAT3 dimerization and
[55,56]
transcriptional activity
. The literature has shown
that sorafenib may reduce STAT3 phosphorylation and
induce cell death. A series of sorafenib derivatives were
synthesized as new inhibitors for STAT3 phosphorylation.
Such results provide a new direction for the designs of
[57,58]
anti-HCC drugs
. Novel sorafenib derivatives (SC-40,
SC-43 and SC-60) have been studied in vitro and in vivo.
These sorafenib derivatives induced apoptotic cell death
significantly by enhanced SHP-1 activity and inhibited
the phosphorylation of STAT3 at the concentration of 0.5
μmol/L, which was more potent than sorafenib (5 μmol/
[59,60]
L)
. These new compounds of sorafenib derivatives
appeared to be an important different pathway to
sorafenib, more potent and with not only a tumoristatic
effect but also a tumorcidal effect.

Octreotide: Octreotide is an analogue of the hormone
somatostatin. Over 40% of HCC patients may express
specific somatostatin receptors (SSTR) and in vitro
data showed the direct anti-tumor effect of octreotide
[69,70]
in HCC
. The molecular mechanisms involved in the
anti-neoplastic activity of somatostatin are related to
the direct and indirect growth inhibition mediated by
[71]
SSTR expressed in the target tissue . In a phase Ⅲ
study, octreotide had a favorable safety profile but did
not improve OS and could have a negative impact on
[72]
the quality of life for patients with advanced HCC . A
meta-analysis showed that the 6 and 12 mo survival
rates in the octreotide group were significantly higher
than those of the control group, but only in Eastern
studies. They concluded that octreotide could improve
the survival rates of patients with advanced HCC, but
[73]
possibly not in Western countries . The results are
still controversial so routine administration of octreotide
cannot be recommended.

Immunotherapy anti-programmed death-1

Human endogenous immunity responses can recognize
many cancer cells as non-self and these kinds of
responses have been observed in preclinical models
and patients. However, these responses are ineffective
because of the tumor’s own multiple resistance
mechanisms, including systemic dysfunction in T-cell
[74]
signaling . For instance, programmed death 1 (PD-1),
the T-cell co-inhibitory receptor with its known ligand
PD-L1 (known as B7-H1), plays an important role in
mediating immunosuppression and has been involved in
[75]
multiple immunopathological scenarios . Many studies
have shown that the PD-1/PD-L1 pathway was also the
important factor in compromised tumor immunity. If
the blockade of this pathway by anti-PD-L1 antibodies
occurred, we could easily enhance the antitumor abilities
and inhibit tumor growth in several cancers, such as
melanoma, non-small cell lung cancer and renal cell
[76]
carcinoma . Thus, PD-L1 was demonstrated to deliver
an inhibitory signal to PD-1 expressing T cells leading
to the suppression of the immune response by inducing
apoptosis, unresponsiveness and functional exhaustion

OTHER AGENTS UNDER STUDY FOR
ADVANCED HCC
Hormone therapies

Tamoxifen and megestrol: Many animal models of
experimental liver carcinogenesis and epidemiological
studies in humans have all suggested the relationship
[61]
between the sexual hormones and HCC . The intimate
connection may be due to estrogen receptors (ERs)
present in one-third of HCCs. These tumors could
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[77,78]

of T cells
. The dose escalation study of anti-PD-1
monoclonal antibody BMS-936558 was administered as
a single dose in 39 patients with advanced solid tumors.
A favorable safety profile and preliminary evidence
of clinical activity were shown in this pilot study, esta
blishing the basis for the current multiple dose trial
[79]
involving patients with diverse cancers . In chronic
+
HBV patients, peripheral HBV-specific CD8 T-cells are
mostly PD-1 positive and functionally impaired, with
restoration of their effector function after blocking the
PD-1/PD-L1 pathway. The analogous condition was
[80,81]
also seen in chronic HCV patients
. The levels of
PD-1(+)/CD8(+) T cells may apparently increase with
disease progression from patients with liver cirrhosis to
[82]
HCC vs the healthy control . B7-H1, PD-1(+), CD8(+)
T cells axis contributes to immune suppression in human
HCC, with blockade of this pathway carrying therapeutic
implications. Various studies have demonstrated the
relationships between the expression of intrahepatic
PD-1 on T-cells and postoperative recurrence, the stage
[80,82]
of tumor and the prognosis of diseases
. Thus,
monoclonal antibodies against both PD-L1 and PD-1
have been developed.

none of them had been shown to improve overall
survival effectively. Now, the multi-kinase inhibitor
“sorafenib” is still the only approved drug for patients
with advanced HCC. However, there are also many
mechanisms involving molecular signaling pathways
which may identify different targets for novel molecular
therapies that remain unknown. Thus, the efficacy of
combination of anti-angiogenic agents plus TACE still
needs more confirmation. Besides, immunotherapy
with anti-PD-1 and oncolytic virotherapy also have
therapeutic potential but need approval by further clinical
studies and clues. To our knowledge, the importance of
effective systemic therapies for patients with advanced
HCC is clear now and more effort is required to advance
talent in the future.
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Management of chronic hepatitis B before and after liver
transplantation
James Fung
(HBIG) has been the regimen most widely adopted for
over a decade, recent studies have demonstrated that
newer NAs with low rates of resistance are effective in
preventing graft hepatitis even without the use of HBIG,
achieving excellent long term outcome. For patients
without pre-existing resistant mutations, monotherapy
with a single NA has been shown to be effective. For
those with resistant strains, a combination of nucleoside
analog and nucleotide analog should be used. To date,
clinical trials using therapeutic vaccination have shown
suboptimal response, as CHB patients likely have an
immune deficit against HBV epitopes. Future strategies
include targeting different sites of the hepatitis B
replication cycle and restoring the host immunity
response to facilitate complete viral eradication.
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Core tip: In the era of highly potent nucleoside and
nucleotide analogues for the treatment of hepatitis
B, long term viral suppression can be achieved with
minimal risk of drug resistance. The use of these agents
without hepatitis B immune globulin has been shown to
be highly effective in preventing hepatitis B-related graft
hepatitis, with excellent long-term outcome. Complete
eradication of hepatitis B from the host however is
unlikely, and long-term therapy is therefore required.
Future developments aiming at different target sites
together with immune restoration of the host against
hepatitis B may make this elusive goal possible.

Abstract
Liver transplantation remains the only curative option for
eligible patients with complications of chronic hepatitis B
(CHB) infection, including severe acute hepatitis flares,
decompensated cirrhosis, and hepatocellular carcinoma.
In general, all patients with CHB awaiting liver trans
plantation should be treated with oral nucleos(t)ide
analogs (NAs) with high barriers to resistance to
prevent potential flares of hepatitis and reduce disease
progression. After liver transplantation, lifelong antiviral
therapy is also required to prevent graft hepatitis, which
may lead to subsequent graft loss. Although combination
therapy using NA and hepatitis B immune globulin
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excretion predominantly, it is important to adjust the
doses accordingly for those patients with impaired renal
function. For patients with decompensated liver disease,
an association with the development of severe lactic
acidosis has been reported with the use of entecavir,
[6]
especially for those with underlying renal impairment .
Nucleotide analogues can also directly be nephrotoxic
[7]
causing proximal tubule dysfunction .

INTRODUCTION
Chronic hepatitis B (CHB) remains a major health
burden worldwide, with an estimated 400 million people
affected. Of these, an estimated 15%-40% may develop
complications of hepatitis B virus (HBV) infection,
including cirrhosis, decompensation, and hepatocellular
[1]
carcinoma (HCC) . For those with life-threatening
complications, liver transplantation (LT) remains the only
curative option for those who are eligible and in regions
where LT is available. The indications for LT for CHBrelated complications fall into three major categories.
Firstly, LT is indicated for those with cirrhosis with
evidence of decompensation. The second indication for
LT includes those patients with severe hepatitis flares
with evidence of liver failure. Finally, for those patients
with HBV-related HCC within transplantable criteria, and
where resection is not feasible, LT is indicated.
The use of nucleos(t)ide analogs (NA) is currently
the cornerstone of CHB management. The use of
interferon-based regimen is largely contra-indicated in
the setting of decompensated cirrhosis, and also not
proven in the post transplant setting for CHB. There are
currently 5 NAs approved for treating CHB, of which
three are nucleoside analogs (lamivudine, telbivudine,
and entecavir) and two are nucleotide analogs (adefovir
and tenofovir). The major difference between the
various NAs is the susceptibility to the development of
drug resistant mutations. Lamivudine, the first NA to be
approved, is associated with the highest resistance rate,
with approximately 70% developing drug resistance
after 5 years of therapy. In contrast, newer NAs including
entecavir and tenofovir are associated with extremely
low risk of resistance, and should be considered for first
[2]
line therapy if available .

TREATMENT OF CHB AFTER LT
In CHB infection, complete eradication of HBV from
the host is exceedingly rare. Even after hepatitis B
surface antigen (HBsAg) seroclearance, it is likely that
[8,9]
HBV still persists within the host . This is the reason
why lifelong antiviral therapy is required. Despite the
removal of the liver, HBV may still persist in extrahepatic
sites such as the lymph nodes, spleen, peripheral blood
[10-13]
mononuclear cells, and other organs
. HBV may also
persist in the circulation at the time of transplantation.
These sites serve as reservoirs for re-infection of the
new graft. Furthermore, reactivation of latent HBV
occurs with the use of immunosuppressive therapy after
[14]
transplantation . Therefore, in the absence of effective
antiviral therapy, severe hepatitis leading to graft failure
[15-17]
from recurrent HBV infection is almost universal
.
In fact, prior to the advent of effective HBV therapy,
liver transplantation was considered a contraindication
because of untreatable HBV recurrence.

Hepatitis B immune globulin

Hepatitis B immune globulin (HBIG) is pooled human
immune globulins from donors with high antibody
titers, and is administered as a form of passive immuno
prophylaxis. The exact mechanism as to how HBIG
reduces recurrence rate after liver transplantation is
unclear. Several proposed mechanisms include the
blockage of putative receptors involved in the exportation
of virions from extrahepatic sites, and in the formation
of immune complexes with subsequent neutralization of
[18]
viral particles . In a landmark study published in 1993
of 372 consecutive HBsAg-positive patients undergoing
liver transplantation across 17 European centers, the
recurrence rate was significantly less for patients treated
with HBIG for 6 mo or longer compared with those
receiving no treatment (36% vs 75% respectively, P <
[16]
0.001) .
Several strategies have been adopted to maintain a
protective level of antibody titer in the circulation. These
include injecting at a regular interval (usually monthly)
or administering when the antibody level falls below
an arbitrary cut-off level that is considered protective.
Higher doses have been shown to be more protective,
[19-21]
but at a much higher cost
. The major disadvantage
of using HBIG is the need for regular parental injections,
its high costs, and the risk for developing escape
mutations. The G145A mutation at the antigenic loop
of the “a” determinant is the most common mutation

TREATMENT OF CHB BEFORE LT
There are major regional guidelines with treatment
recommendations regarding criteria for therapy, duration
[3-5]
of therapy, and treatment endpoints . Although the
indications for LT may be different, the principles of CHB
treatment for those waitlisted for transplantation remain
identical. As all patients will have advance liver disease
with liver failure, established cirrhosis, or both, the goal
of antiviral therapy is to prevent further damage from
ongoing hepatitis or from acute flares. Therefore, all
CHB patients who are waitlisted or being worked up for
LT should be treated with antiviral therapy. The major
limitation of NAs is the development of drug resistant
mutation, with subsequent virological rebound leading
to hepatitis flares. Patient who require LT are unlikely
to tolerate further insult to their compromised liver.
Therefore, these patients should be treated with NAs
such as entecavir or tenofovir with high barriers to
resistance. For those with pre-existing drug-resistant
mutations, a combination of a nucleoside and nucleotide
analog is preferred. NAs are generally well tolerated
with minimal adverse effects. As they undergo renal
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associated with immune escape, and may diminish the
[22-24]
efficacy of HBIG
.

of virological rebound or resistance. Importantly,
there was no incidence of HBV related hepatitis, graft
loss, or mortality. Furthermore, quantitative HBsAg
measurements in those with positive HBsAg revealed
a persistently low level in the absence of HBV DNA.
A larger study of 362 patients using a completely
HBIG free regimen also demonstrated excellent long[37]
term survival of 83% at 8 years . In this particular
study, there was no difference in the rate of HBsAg
seroclearance and HBV DNA suppression between those
on lamivudie, combination NA, or entecavir. The key
difference was the significantly lower rate of virological
rebound observed at 3 years after liver transplantation
with entecavir when compared to those treated with
combination NA therapy and lamivudine (0%, 7% and
17% respectively, P < 0.001).

NA

Although the rate of HBV recurrence was reduced
with the use of HBIG, a significant proportion still
developed recurrence of hepatitis. The most widely
adopted use of HBIG as post transplant prophylaxis has
been as part of a combination regimen with oral NA.
Lamivudine was the first oral antiviral agent approved
for CHB treatment. By itself, it reduced the recurrence
[25-28]
of HBV to 3.8%-40.4%
. The combination of HBIG
and lamivudine was synergistic as either agent was
suboptimal when administered alone in preventing HBV
recurrence. The recurrence rate was further reduced to
less than 5% with combination therapy. Subsequently, a
lower dose of HBIG given intramuscularly in combination
[29,30]
with lamivudine was shown to be effective
. Although
the addition of NAs to HBIG significantly reduces the rate
of recurrence after transplantation, the reverse may no
longer be true with the newer and more potent NAs. An
earlier study of 33 CHB patients receiving combination
therapy with lamivudine + HBIG for at least 12 mo
after liver transplantation without evidence of HBV
recurrence, patients were randomized to either continue
[31]
HBIG or replace HBIG with adefovir . At the end of
follow up, only 1 patient developed HBsAg positivity
without evidence of detectable HBV DNA in the adefovir
arm. In another study of 37 CHB patients treated with
tenofovir + emtricitabine + HBIG for at least 12 wk after
liver transplantation, participants were randomized to
[32]
either continue or stop HBIG . At 96 wk, there was no
HBV recurrence reported in both arms. These studies
demonstrated that HBIG withdrawal was safe and
effective for those receiving combination NA therapy.
The effectiveness of NAs alone without HBIG can be
primarily attributed to newer NAs having significantly
lower rates of resistance. The major disadvantage in
using lamivudine is due to its high resistance rate, with
up to 70% after 5 years of therapy in non-transplant
[33]
patients . In contrast, both entecavir and tenofovir
have been associated with resistance rates of < 2%
after 5 years in patients without pre-existing resistant
[34,35]
mutations
. Therefore these newer agents would
appear to be ideal agents to prevent HBV recurrence
after transplantation. In this instance, the role of HBIG
in the era of these new NAs become less obvious,
as resistance and virological breakthrough rates are
extremely low. In a study of 80 CHB patients undergoing
liver transplantation, entecavir was used as monotherapy
in a completely HBIG-free regimen with a median follow
[36]
up of 26 mo . There was a high HBsAg seroclearance
rate of 86% and 91% after 1 and 2 years respectively
despite the absence of HBIG administration. Although
a small proportion (13.7%) had HBsAg positivity
either from re-appearance of HBsAg after initial
seroclearance, or from persistence of HBsAg status
after transplantation, none of the patients had evidence
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Vaccination

The use of vaccination after liver transplantation
is currently not standard practice, and can only be
recommended within the clinical trials setting. Results
so far have been unconvincing. Although initial studies
have been encouraging, subsequent studies have
demonstrated low response rates of 7.7%-17.6%
[38-44]
only
. Perhaps this is not surprising given that CHB
patients have been exposed to high levels of HBsAg
epitopes for most of their lives with the inability to
mount an effective immune response. Therefore, further
exposure to HBV antigens via vaccination is unlikely to
trigger a novel and effective response, especially in an
immunosuppressed host. However, studies using higher
doses of pre-S vaccines have shown that a proportion of
[44]
patients may develop an immune response . Whether
the anti-HBs titers induced by vaccination strategies
can be maintained and confer protection also remains
to be determined. The use of vaccination may also be
associated with the potential risk of developing escape
mutations, rendering the antibody production ineffective.

Adoptive transfer of immunity

In addition to vaccination, adoptive transfer of immunity
against HBV represents another strategy to restore
the immune deficit against HBV. This phenomenon
was initially described in recipients of bone marrow
[45]
transplants from donors immune to HBV . In liver
transplant recipients, the anti-HBs have been frequently
detectable after transplantation even without the
[36,37]
administration of HBIG
. Furthermore, donorderived HBV-specific lymphocytes were found to be
[46]
present in the liver graft . However, the antibody titers
that is observed appears to be transient in the majority
of liver recipients, suggesting that in a proportion of
these patients, passive transfer of antibody and donor
lymphocytes at the time of transplant may occur.

FUTURE STRATEGIES
New approaches for CHB therapy continue to build on
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the current strategies of either targeting factors involved
[47]
in viral replication or at the host immune response .
Potential target sites for the former includes methods
to prevent viral entry, lower covalently closed circular
DNA levels, disrupt viral transcription, assembly,
and exportation of virions. To restore or enhance the
immune response against HBV, other strategies apart
from therapeutic vaccination have been explored. These
include targeting T-cell inhibitor receptors and blocking
suppressive cytokines and regulatory T-cells in the liver.

of hepatitis B core related antigen however remains
unchanged by the administration of HBIG, and has been
shown to persist despite maintaining an anti-HBs titer of
[54]
> 100 U/L .
In summary, all patients wait-listed for liver
transplantation with CHB infection should receive antiviral
therapy with high barriers to resistance. After trans
plantation, life-long prophylaxis to prevent recurrent
hepatitis flares is required. A shifting paradigm of using
high dose HBIG, low dose HBIG, limited-duration HBIG, to
no HBIG using combination of NAs or monotherapy with
NA with high barrier to resistance has been observed,
with the latter showing excellent clinical outcomes. In
the future, other novel methods targeting different sites
of viral replication cycle together with restoration of the
host immune response may allow complete eradication or
long-term immune control of HBV, thereby obviating the
need for long-term therapy.

DISCUSSION
In the last 15 years, NAs have revolutionized the
treatment paradigm of CHB infection. The major limitation
with early NAs was the associated high resistance rate
associated with increase risk of virological breakthrough
and hepatitic flare. This risk has largely been diminished
by the approval of highly potent NAs with high barriers
to resistance. For patients awaiting liver transplantation
with CHB infection, it is recommended that all should
be on NAs irrespective of the viral load. As most of the
patients will already have established cirrhosis, hepatitic
flares may result in further decompensation. This is also
the main reason why NAs with high barriers should be
used to lower the risk of virological breakthrough and
subsequent flare.
After liver transplantation, the choice of NAs will be
dependent on the NA used prior to surgery, and also
whether drug-resistant mutations are present. The
role of HBIG has become diminished with newer NAs,
and studies have already demonstrated the efficacy
of an HBIG-free regimen as antiviral therapy after
transplantation. Although several meta-analyses have
demonstrated that combination therapy with HBIG
appears to be more efficacious than NA alone, it has to
be said that the overwhelming majority of the studies
included in these meta-analyses were patients using
[48-51]
the early NAs such as lamivudine
. Therefore it is
not surprising that the additional of HBIG would be
beneficial.
As complete eradication of HBV from the host is
still not attainable with current antiviral regimens, life
long treatment is required. Intrahepatic HBV remains
detectable even if there is no serological evidence of
[52,53]
HBV infection
. In this respect, antiviral therapy
after liver transplantation does not prevent recurrent
infection. The recipient is unlikely to have complete
clearance of HBV even with removal of the infected liver,
as HBV may be present in the circulation and extrahepatic sites. Therefore, antiviral therapy serves to
prevent recurrent hepatitic flares, rather than recurrent
infection, given the patient is already chronically
infected. The significance of HBsAg positivity remains
unclear, especially when it remains at very low levels in
the absence of virological rebound or detectable HBV
DNA. The administration of HBIG will bind on to HBsAg,
leading to its undetectability, and a higher rate of HBsAg
negativity compared to HBIG-free regimens. The level
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Abstract
AIM: To evaluate the association between alpha-1
antitrypsin deficiency (A1ATD) and hepatocellular
carcinoma (HCC) in patients with end-stage liver disease
(ESLD).
METHODS: Patients with cirrhosis and ESLD referred to
the Cleveland Clinic Foundation for liver transplantation
between 2003 and 2014 were included in the study (N =
675). ESLD was defined as having histological features of
cirrhosis and/or radiological evidence of cirrhosis in the
context of portal hypertension (ascites, variceal bleeding,
thrombocytopenia, or hepatic encephalopathy). A1ATD
was diagnosed using phenotype characterization (MZ
or ZZ), liver biopsy detection of PAS-positive diastaseresistant (PAS+) globules, or both. Patients with other
causes of liver diseases such as hepatitis C virus (HCV),
alcoholic liver disease and non-alcoholic steatohepatitis
(NASH) or NASH were also included in the study. HCC
was diagnosed by using imaging modalities, biopsy
findings, or explanted liver inspection. Follow-up time
was defined as the number of years from the diagnosis
of cirrhosis to the diagnosis of hepatocellular carcinoma,
or from the diagnosis of cirrhosis to the last follow up
visit. The rate of HCC was assessed using time-tointerval analysis for interval censored data.
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RESULTS: This study included 675 patients. 7% of
subjects had A1ATD (n = 47). Out of all subjects who
did not have A1ATD, 46% had HCV, 17% had alcoholic
liver disease, 19% had NASH and 18% had another
primary diagnosis. Of the 47 subjects with A1ATD, 15
had a primary diagnosis of A1ATD (PI*ZZ phenotype
and PAS+ globules), 8 had a PI*MZ phenotype alone,
14 had PAS+ alone, and 10 had both the PI*MZ
phenotype and PAS+. Median follow-up time was 3.4
th
th
(25 , 75 percentiles: 1, 5.2) years. The overall rate of
hepatocellular carcinoma in all subjects was 29% (n =
199). In the A1ATD group, the incidence rate of HCC
was 8.5% compared to 31% in the group of patients
with other causes of cirrhosis (P = 0.001). Patients with
ESLD due to A1ATD had the lowest yearly cumulative
rate of hepatocellular carcinoma at 0.88% per year
compared to 2.7% for those with HCV cirrhosis, 1.5%
in patients with NASH and 0.9% in alcohol-induced liver
disease (P < 0.001).

substitution that alters the A1AT molecular structure
and promotes intra-hepatocyte polymerization, thereby
trapping A1AT in the endoplasmic reticulum of hepa
[5]
tocytes and causing serum A1AT levels to be low . This
mechanism of liver disease has been called a “toxic gain
of function” and the resulting deficient proteolytic screen
in the lung has been called a “toxic loss of function.”
The intracellular accumulation of the A1AT molecule in
hepatocytes triggers apoptosis of liver cells, instigating
[6]
chronic hepatocellular death and regeneration . This can
manifest in a wide range of symptoms and signs from
abnormal liver enzyme tests to liver fibrosis, cirrhosis and
the dreaded hepatocellular carcinoma (HCC).
There is marked variability in the degree of liver
disease among homozygous individuals for the Z allele
(PI*ZZ). Several studies have examined the prevalence
of abnormal liver function tests in these individuals and
found only 7.7%-10% with mild increases in alanine
[7,8]
aminotransferases levels . The prevalence of cirrhosis
in PI*ZZ individuals varies between 2%-43% and
[9-11]
seems to be mostly driven by age
. Some studies
have also reported a similar association between
[12-14]
heterozygous PI*MZ individuals and cirrhosis
,
[15]
though this has been challenged more recently .
The most feared complication of A1ATD cirrhosis is
hepatocellular carcinoma or HCC. HCC is the sixth most
[16]
common neoplasm worldwide . It is the third most
frequent cause of cancer deaths and is a leading cause
[17]
of death among patients with cirrhosis . An autopsy
study from Sweden demonstrated that homozygotes for
the Z allele had increased risk for primary liver cancer,
[11]
especially in male patients . In addition, it has been
suggested in recent studies that heterozygotes for the
Z allele or PI*Z (such as PI*MZ) had an increased risk
of primary liver carcinoma that developed even in the
absence of cirrhosis and was frequently characterized by
[18,19]
cholangiocellular differentiation
. However, the view
that A1ATD confers a substantially higher risk for liver
cancer remains controversial and studies addressing the
occurrence rate of HCC in patients with end-stage liver
disease (ESLD) caused by A1ATD are sparse.
In this context, the specific aims of the current study
were to: (1) estimate the incidence and cumulative
annual risk of HCC in subjects with A1ATD-associated
cirrhosis; and (2) compare this incidence rate to that
of patients with other causes of liver disease, including
hepatitis C virus (HCV), alcoholic liver disease (ALD)
and non-alcoholic steatohepatitis (NASH).

CONCLUSION: Within this group of patients with
ESLD, there was no significant association between
A1ATD and increased risk of HCC.
Key words: Hepatocellular carcinoma; Liver cirrhosis;
End-stage liver disease; Hepatitis C virus; Alpha-1
antitrypsin deficiency
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It’s been postulated that alpha-1 antitrypsin
deficiency (A1ATD) and the presence of the Z allele
increase the risk of hepatocellular carcinoma (HCC)
above that attributable to cirrhosis alone. Our study
showed that the occurrence of HCC in subjects with
cirrhosis due to A1ATD was 0.88%/year. This incidence
rate was considerably lower than that among patients
with other causes of liver disease including hepatitis
C, alcoholic liver disease and non-alcoholic liver stea
tohepatitis. This challenges the view that A1ATD
confers a disproportionate risk of HCC.
Antoury C, Lopez R, Zein N, Stoller JK, Alkhouri N. Alpha-1
antitrypsin deficiency and the risk of hepatocellular carcinoma in
end-stage liver disease. World J Hepatol 2015; 7(10): 1427-1432
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i10/1427.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i10.1427

INTRODUCTION

MATERIALS AND METHODS

Alpha-1 antitrypsin deficiency (A1ATD) is an autosomal
codominant genetic disease affecting 1 per 3000-5000
[1-3]
individuals . Twenty-five million people have been
[4]
estimated to carry at least one defective gene . A1ATD
has been linked to severe pulmonary and liver disease.
The most common, normal allele of the A1AT gene
is called M and produces normal levels of alpha-1
antitrypsin protein. The Z mutation is a single base

Patients

WJH|www.wjgnet.com

The study was approved by the Cleveland Clinic
Institutional Review Board. Patients with cirrhosis
and ESLD referred to the Cleveland Clinic Foundation
for liver transplantation between January 2003 and
January 2014 were identified (N = 675) and their
medical records were retrospectively reviewed using
our electronic medical record (EPIC, Verona, WI).
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Table 1 Patient characteristics
No A1ATD (n = 628)
Factor
Female
Age at cirrhosis diagnosis
Race
Caucasian
African-American
Hispanic
Other
HCC
Follow-up (yr, median)

A1ATD (n = 47)

n

Summary

n

Summary

P -value

628
628
615

194 (30.9)
54.6 ± 9.5

47
47
47

13 (27.7)
55.2 ± 10.3

0.64c
0.68a
0.14c

628
628

513 (83.4)
65 (10.6)
19 (3.1)
18 (2.9)
195 (31.1)
3.2 (1.00, 5.1)

47
47

45 (95.7)
1 (2.1)
1 (2.1)
0 (0.0)
4 (8.5)
4.2 (1.9, 5.2)

0.001c
0.090b

Values presented as mean ± SD, median (P25, P75), or n (column%). P-values: aANOVA, bKruskalWallis test, cPearson’s χ 2 test. A1ATD: Alpha-1 antitrypsin deficiency; HCC: Hepatocellular carcinoma.

Demographic features such as age, sex and race were
extracted.
ESLD was defined as having histologic features of
cirrhosis and/or radiologic evidence of cirrhosis in the
context of portal hypertension (ascites, variceal bleeding,
thrombocytopenia, or hepatic encephalopathy).
The diagnosis of A1ATD was based on phenotype
characterization using isoelectric focusing (MZ or ZZ),
liver biopsy detection of PAS-positive diastase-resistant
(PAS+) globules, or both.
Patients with other causes of liver diseases were
also included in the study. The diagnosis of alcoholinduced cirrhosis was based on history and histological
findings on biopsy. The diagnosis of hepatitis C was
based on detecting hepatitis C antibody and RNA, that of
NASH was based on histological features. The diagnosis
of hepatitis B was established with seropositivity for
hepatitis B surface antigen, hepatitis B core antibody, and
hepatitis B DNA. Autoimmune hepatitis was established
based on finding serum autoantibodies and consistent
histology. Primary biliary cirrhosis was diagnosed
based on finding a serum mitochondrial antibody and
compatible histology. Hereditary hemochromatosis was
established with serum iron studies and genetic testing
and if suspected, primary sclerosing cholangitis was
diagnosed by cholangiogram.
HCC was diagnosed by using imaging modalities,
biopsy findings, or explanted liver inspection.
Follow-up time was defined as the number of
years from the diagnosis of cirrhosis to the diagnosis
of hepatocellular carcinoma, or from the diagnosis of
cirrhosis to the last follow-up visit.
Subjects with A1ATD were recognized and the
incidence of HCC was calculated in this group. The
incidence of hepatocellular carcinoma in patients with
ALD, HCV, NASH and a group of other causes of cirrhosis
(which included hepatitis B, hereditary hemochromatosis,
primary biliary sclerosis, primary sclerosing cholangitis
and autoimmune hepatitis) was assessed using time-toevent analysis for interval-censored data.

N (%). Differences between subjects with and without
A1ATD were determined using univariate analysis.
Analysis of variance was used for continuous variables
and Pearson’s chi-square tests were used for categorical
factors. Time-to-event analysis for interval-censored
data was carried out to determine the incidence of
hepatocellular carcinoma in each group because only
the year of diagnosis was known for many subjects.
A cumulative incidence plot was constructed and the
generalized log-rank test for interval-censored data was
used. Values of P < 0.05 were considered statistically
significant. All analyses were performed using R (version
3.0.1, The R Institute for Statistical Computing, Vienna,
Austria).
The statistical review of the study was performed
by a biomedical statistician.

RESULTS
Demographic, clinical, and histologic characteristics of
the patients

Demographic features of our patient population are
summarized in Table 1. Most (91%) patients were
Caucasian. At time of cirrhosis diagnosis, average age
was 55 ± 10 years; 31% of cirrhotics were female.
The ages and gender distribution were similar between
the A1ATD group and the non-A1ATD group (P =
0.64 and P = 0.68 for age and gender, respectively).
Furthermore, there was no significant age difference
between A1ATD group with or without HCC (53 ± 11
years and 55 ± 10 years respectively) or between HCC
patients with A1ATD or without A1ATD (53 ± 11 years
and 58 ± 8 years respectively). The overall number of
deaths in the cohort was 24.6% (n = 166). Of subjects
with HCC, 30.15% were diseased (60/199).
Seven percent of subjects had A1ATD (n = 47). Out
of all subjects who did not have A1ATD, 46% had HCV,
17% had ALD, 19% had NASH and 18% had other
primary diagnoses.
Of the 47 subjects with A1ATD, 15 had severe
deficiency of A1ATD (based on a confirmed PI*ZZ
phenotype and PAS+ globules), 8 had a PI*MZ
phenotype only, 14 had PAS+ globules only, and 10

Statistical analysis

Data are presented as mean ± standard deviation or
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1.0

A1ATD

0.8

HCC (%)

in the A1ATD group was 27.6. Of the four patients with
A1ATD/HCC, two had a single HCC focal lesion with
BCLC stage A3, one subject had bifocal disease and one
subject had multi-nodular HCC (BCLC stage B).

No A1ATD

P = 0.002

0.6

DISCUSSION

0.4

The principle finding of this study is that the incidence
of HCC among patients with A1ATD was lower than
that among patients with other causes of liver disease,
thereby challenging the view that A1ATD confers a
disproportionate risk of HCC. Our study also confirms
that patients with cirrhosis due to hepatitis C have the
highest risk of hepatocellular carcinoma compared to
patients with NASH or alcohol-induced liver cirrhosis.
In contrast to our findings regarding a low risk of HCC
with A1ATD, previous studies have reported a higher
risk of HCC in A1ATD cirrhotic patients, with prevalence
estimates of 10% to almost 50%. Two autopsy studies
from Sweden assessed the prevalence of cirrhosis and
hepatocellular carcinoma in PI*ZZ elderly individuals.
The first study found that 43% of PI*ZZ patients had
[20]
liver cirrhosis and 28% had HCC . The second study
only found that 16.1% of PI*ZZ patients had HCC at
[21]
the time of autopsy . A case series of 19 patients
with A1ATD-associated liver disease found that 10% of
[22]
patients had HCC (n = 2, both of whom were PI*ZZ) .
Several studies have also reported a similar association
between heterozygous PI*MZ individuals and HCC. In
a series of 61 patients with A1ATD-associated cirrhosis,
[23]
most (89%) of whom were PI*MZ, Propst et al
reported that 10% had HCC. Several methodological
differences could account for the discordance between
our findings and prior reports and must be considered.
First, our study was aimed at investigating the incidence
and annual cumulative risk of developing HCC in A1ATD;
whereas the other studies assessed the prevalence of
HCC at one time point. Second, HCC was ascertained
through imaging studies in our series vs by postmortem in earlier studies. To the extent that imaging
may fail to detect HCC, the frequency would be underestimated here. Given the sensitivity of computed
tomography for HCC, this seems an unlikely source of
bias, however. Another possible explanation is that the
universe of A1ATD patients in this series includes PI*MZ
heterozygotes vs prior observations in all PI*ZZ patients.
Earlier series have discounted the risk of cirrhosis in
[15]
PI*MZ heterozygotes . At the same time, the incidence
of HCC among the 15 confirmed PI*ZZ individuals in this
series is also low, making this less likely as a source of
the discordance with prior reports. While a third potential
source of under-recognizing HCC in the patients with
A1ATD vs among other patients with other causes of
liver disease might be that the duration of follow up was
shorter in the A1ATD group or that they were under
less close surveillance for the occurrence of HCC, the
follow up duration in A1ATD patients was actually longer
(median 4.2 years vs 3.2 years) than in others. Other
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Figure 1 Cumulative incidence of hepatocellular carcinoma. HCC:
Hepatocellular carcinoma; A1ATD: Alpha-1 antitrypsin deficiency.
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Figure 2 Cumulative incidence plot for hepatocellular carcinoma by liver
disease etiology. HCC: Hepatocellular carcinoma; A1ATD: Alpha-1 antitrypsin
deficiency; HCV: Hepatitis C virus; ALD: Alcoholic liver disease; NASH: Nonalcoholic steatohepatitis.

had a PI*MZ phenotype and PAS+. Overall, 32% had
the PI*ZZ phenotype, 38% were PI*MZ, and 83% had
PAS+ globules on liver biopsy.

HCC incidence

th

th

Median follow-up time was 3.4 years (25 , 75
percentiles: 1, 5.2). The overall rate of hepatocellular
carcinoma in all subjects was 29% (n = 199). Of the
47 patients with A1ATD, 8.5% (4/47) developed HCC
compared to 31.1% (195/628) of patients with other
causes of liver disease (P = 0.001, Figure 1). When
comparing the incidence rates of HCC in each subgroup
of subjects, the highest yearly cumulative incidence of
hepatocellular carcinoma was found in HCV subjects
(2.7%/year, Figure 2). This was followed by a yearly
cumulative incidence rate of 2.3% in patients with other
etiologies of cirrhosis, 1.5% in NASH, 0.9% in alcoholinduced liver disease. The rate was lowest (0.88%/
year) in patients with A1ATD cirrhosis (P < 0.001).
Among those with confirmed PI*ZZ A1ATD, the rate of
developing HCC was similar to patients with PI*MZ and
those with PAS+ globules only.
The average AFP value at time of diagnosis of HCC
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potential limitations of this study include the difficulty
of generalizing the findings from this large tertiary
care setting to a community context and the relatively
small sample size upon which to make the frequency
estimates. Knowing the exact risk of occurrence of
HCC in this population is important as it can help guide
management of these patients.
In summary, our findings suggest that out of all
patients with chronic liver disease, HCC incidence was
the lowest among patients with A1ATD. Further study
is needed to confirm these findings and to enhance
generalizability.
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7

8
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function. In alpha-1 antitrypsin deficiency (A1ATD), the molecule is unable to
leave the liver, ends up accumulating in the liver cells causing damage, liver
fibrosis, cirrhosis and potentially hepatocellular carcinoma (HCC). The view that
A1ATD confers a significantly higher risk of liver cancer remains controversial
and studies regarding the incidence of HCC in patients with cirrhosis caused by
A1ATD are sparse. In this study, the authors compared the rate of developing
HCC in patients with liver cirrhosis due to A1ATD to patients with other causes
of cirrhosis.

10

11

12

Research frontiers

Knowing the exact risk of occurrence of HCC in patients with A1ATD can help
guide management of these patients; such as amount of surveillance and
screening they would need over their lifetime.

13

A1ATD was associated with a lower risk of HCC compared to other causes of
liver disease. This challenges the view that A1ATD confers a disproportionate
risk of HCC.

14

Innovations and breakthroughs

Applications

A1ATD does not confer a higher risk of HCC compared to other causes of
liver disease. Therefore, management of these patients should be tailored
accordingly. Further research should be carried out to confirm their findings and
generalize their data.

15

Terminology

Liver disease is characterized by different stages. Injury to liver cells can lead to
inflammation followed by liver fibrosis or the development of scar tissue. If the
injury continues, the liver can lose its normal function and become permanently
cirrhotic.

16

Peer-review

This retrospective study, examining HCC in cirrhosis, is well written, clear, and
appropriately analysed. It also answers an important clinical question.

17

REFERENCES
1
2

3
4

18

O’Brien ML, Buist NR, Murphey WH. Neonatal screening for
alpha1-antitrypsin deficiency. J Pediatr 1978; 92: 1006-1010
[PMID: 307054 DOI: 10.1016/S0022-3476(78)80388-6]
Silverman EK, Miletich JP, Pierce JA, Sherman LA, Endicott
SK, Broze GJ, Campbell EJ. Alpha-1-antitrypsin deficiency. High
prevalence in the St. Louis area determined by direct population
screening. Am Rev Respir Dis 1989; 140: 961-966 [PMID:
2679271 DOI: 10.1164/ajrccm/140.4.961]
Colp C, Pappas J, Moran D, Lieberman J. Variants of alpha
1-antitrypsin in Puerto Rican children with asthma. Chest 1993;
103: 812-815 [PMID: 8449073 DOI: 10.1378/chest.103.3.812]
de Serres FJ, Blanco I, Fernández-Bustillo E. Genetic epidemiology
of alpha-1 antitrypsin deficiency in North America and Australia/New
Zealand: Australia, Canada, New Zealand and the United States of
America. Clin Genet 2003; 64: 382-397 [PMID: 14616761 DOI:

WJH|www.wjgnet.com

19

20

21

1431

10.1034/j.1399-0004.2003.00143.x]
Qu D, Teckman JH, Perlmutter DH. Review: alpha 1-antitrypsin
deficiency associated liver disease. J Gastroenterol Hepatol 1997;
12: 404-416 [PMID: 9195389 DOI: 10.1111/j.1440-1746.1997.
tb00451.x]
Rudnick DA, Perlmutter DH. Alpha-1-antitrypsin deficiency: a
new paradigm for hepatocellular carcinoma in genetic liver disease.
Hepatology 2005; 42: 514-521 [PMID: 16044402 DOI: 10.1002/
hep.20815]
Clark VC, Dhanasekaran R, Brantly M, Rouhani F, Schreck P,
Nelson DR. Liver test results do not identify liver disease in adults
with α(1)-antitrypsin deficiency. Clin Gastroenterol Hepatol 2012;
10: 1278-1283 [PMID: 22835581 DOI: 10.1016/j.cgh.2012.07.007]
Piitulainen E, Carlson J, Ohlsson K, Sveger T. Alpha1-antitrypsin
deficiency in 26-year-old subjects: lung, liver, and protease/
protease inhibitor studies. Chest 2005; 128: 2076-2081 [PMID:
16236857 DOI: 10.1378/chest.128.4.2076]
Berg NO, Eriksson S. Liver disease in adults with alpha-1 -antitrypsin
deficiency. N Engl J Med 1972; 287: 1264-1267 [PMID: 4117996 DOI:
10.1056/NEJM197212212872502]
Eriksson S. Alpha 1-antitrypsin deficiency and liver cirrhosis in
adults. An analysis of 35 Swedish autopsied cases. Acta Med Scand
1987; 221: 461-467 [PMID: 3496734 DOI: 10.1111/j.0954-6820.1987.
tb01281.x]
Eriksson S, Carlson J, Velez R. Risk of cirrhosis and primary liver
cancer in alpha 1-antitrypsin deficiency. N Engl J Med 1986; 314:
736-739 [PMID: 3485248 DOI: 10.1056/NEJM198603203141202]
Hodges JR, Millward-Sadler GH, Barbatis C, Wright R.
Heterozygous MZ alpha 1-antitrypsin deficiency in adults with
chronic active hepatitis and cryptogenic cirrhosis. N Engl J Med
1981; 304: 557-560 [PMID: 6969850 DOI: 10.1056/NEJM19810305
3041001]
Graziadei IW, Joseph JJ, Wiesner RH, Therneau TM, Batts KP,
Porayko MK. Increased risk of chronic liver failure in adults with
heterozygous alpha1-antitrypsin deficiency. Hepatology 1998; 28:
1058-1063 [PMID: 9755243 DOI: 10.1002/hep.510280421]
Fischer HP, Ortiz-Pallardó ME, Ko Y, Esch C, Zhou H. Chronic
liver disease in heterozygous alpha1-antitrypsin deficiency PiZ.
J Hepatol 2000; 33: 883-892 [PMID: 11131449 DOI: 10.1016/
S0168-8278(00)80119-1]
Regev A, Guaqueta C, Molina EG, Conrad A, Mishra V, Brantly
ML, Torres M, De Medina M, Tzakis AG, Schiff ER. Does the
heterozygous state of alpha-1 antitrypsin deficiency have a role in
chronic liver diseases? Interim results of a large case-control study.
J Pediatr Gastroenterol Nutr 2006; 43 Suppl 1: S30-S35 [PMID:
16819398 DOI: 10.1097/01.mpg.0000226387.56612.1e]
Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN
2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269 DOI:
10.1002/ijc.25516]
Alazawi W, Cunningham M, Dearden J, Foster GR. Systematic
review: outcome of compensated cirrhosis due to chronic hepatitis
C infection. Aliment Pharmacol Ther 2010; 32: 344-355 [PMID:
20497143 DOI: 10.1111/j.1365-2036.2010.04370.x]
Zhou H, Fischer HP. Liver carcinoma in PiZ alpha-1-antitrypsin
deficiency. Am J Surg Pathol 1998; 22: 742-748 [PMID: 9630182
DOI: 10.1097/00000478-199806000-00012]
Zhou H, Ortiz-Pallardó ME, Ko Y, Fischer HP. Is heterozygous
alpha-1-antitrypsin deficiency type PIZ a risk factor for primary liver
carcinoma? Cancer 2000; 88: 2668-2676 [PMID: 10870048 DOI: 10.
1002/1097-0142(20000615)88:12<2668::AID-CNCR4>3.0.CO;2-G]
Eriksson SG. Liver disease in alpha 1-antitrypsin deficiency.
Aspects of incidence and prognosis. Scand J Gastroenterol 1985;
20: 907-911 [PMID: 3001926 DOI: 10.3109/00365528509088844]
Elzouki AN, Eriksson S. Risk of hepatobiliary disease in adults with
severe alpha 1-antitrypsin deficiency (PiZZ): is chronic viral hepatitis
B or C an additional risk factor for cirrhosis and hepatocellular
carcinoma? Eur J Gastroenterol Hepatol 1996; 8: 989-994 [PMID:
8930564 DOI: 10.1097/00042737-199610000-00010]

June 8, 2015|Volume 7|Issue 10|

Antoury C et al . Alpha-1 antitrypsin deficiency and HCC
22

Rakela J, Goldschmiedt M, Ludwig J. Late manifestation of
chronic liver disease in adults with alpha-1-antitrypsin deficiency.
Dig Dis Sci 1987; 32: 1358-1362 [PMID: 3500836 DOI: 10.1007/
BF01296661]

23

Propst T, Propst A, Dietze O, Judmaier G, Braunsteiner H, Vogel
W. Prevalence of hepatocellular carcinoma in alpha-1-antitrypsin
deficiency. J Hepatol 1994; 21: 1006-1011 [PMID: 7699220 DOI:
10.1016/S0168-8278(05)80609-9]
P- Reviewer: Andreone P, Turner AM, Teschke R
S- Editor: Ji FF L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1432

June 8, 2015|Volume 7|Issue 10|

World J Hepatol 2015 June 8; 7(10): 1433-1438
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i10.1433

ORIGINAL ARTICLE
Observational Study

Genetic ancestry analysis in non-alcoholic fatty liver disease
patients from Brazil and Portugal
Lourianne Nascimento Cavalcante, Jose Tadeu Stefano, Mariana V Machado, Daniel F Mazo, Fabiola Rabelo,
Kiyoko Abe Sandes, Flair José Carrilho, Helena Cortez-Pinto, Andre Castro Lyra, Claudia P de Oliveira
licenses/by-nc/4.0/
Correspondence to: Lourianne Nascimento Cavalcante,
MD, Gastro-Hepatology Department, Hospital Sao Rafael, Av.
São Rafael 2152, Salvador BA 41253-190,
Brazil. lourianne@gmail.com
Telephone: +55-71-32816432
Fax: +55-71-32816855
Received: October 11, 2014
Peer-review started: October 13, 2014
First decision: October 28, 2014
Revised: December 1, 2014
Accepted: April 8, 2015
Article in press: April 9, 2015
Published online: June 8, 2015

Lourianne Nascimento Cavalcante, Andre Castro Lyra,
Gastro-Hepatology Department, Hospital Sao Rafael, Salvador
BA 41253-190, Brazil
Jose Tadeu Stefano, Daniel F Mazo, Fabiola Rabelo,
Flair José Carrilho, Claudia P de Oliveira, Division of Gas
troenterology and Hepatology, Department of Gastroenterology,
University of São Paulo School of Medicine, São Paulo SP
05469-000, Brazil
Mariana V Machado, Helena Cortez-Pinto, Department of
Gastroenterology, Laboratory of Nutrition, University Hospital of
Santa Maria University, 1649-035 Lisboa, Portugal
Kiyoko Abe Sandes, Life Sciences Department, University of
Bahia State, Salvador BA 41253-190, Brazil
Andre Castro Lyra, Faculty of Medicine, Federal University of
Bahia, Salvador BA 41253-190, Brazil
Author contributions: Cavalcante LN contributed to analysis
and interpretation of the data, drafting of the article and revising
for reviewers comments; Stefano JT, Cortez-Pinto H, Lyra
AC and de Oliveira CP contributed to conception and design,
critical revision of the article and data collection; Sandes KA and
Carrilho FJ contributed to data collection; Machado MV, Mazo
DF and Rabelo F contributed to treatment of patients and data
collection; all authors approved the final version of the paper.
Ethics approval: Ethics Committees and Hospital Institutional
Review Board from University of São Paulo School of Medicine and
from the Hospital of Santa Maria University Lisbon have approved
this study (Doc. No. 435.621, CAAE: 14399113.0.0000.0068).
Informed consent: All patients provided written informed
consent before starting the study procedures.
Conflict-of-interest: All the authors have no conflicts of
interests.
Data sharing: Technical appendix, statistical code, and dataset
available from the corresponding author at email lourianne@
gmail.com. All participants gave written informed consent for
data sharing. Presented data were anonymized.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/

WJH|www.wjgnet.com

Abstract
AIM: To study the association between genetic ancestry,
non-alcoholic fatty liver disease (NAFLD) metabolic
characteristics in two cohorts of patients, from Brazil and
Portugal.
METHODS: We included 131 subjects from Brazil [(n =
45 with simple steatosis (S. Steatosis) and n = 86 with
nonalcoholic steatohepatitis (NASH)] and 90 patients
from Portugal (n = 66, S. Steatosis; n = 24, NASH).
All patients had biopsy-proven NAFLD. In histologic
evaluation NAFLD activity score was used to assess
histology and more than 5 points defined NASH in this
study. Patients were divided into two groups according
to histology diagnosis: simple steatosis or non-alcoholic
statohepatitis. Genetic ancestry was assessed using
real-time polymerase chain reaction. Seven ancestry
informative markers (AT3-I/D, LPL, Sb19.3, APO, FYNull, PV92, and CKMM) with the greatest ethnicgeographical differential frequencies (≥ 48%) were
used to define genetic ancestry. Data were analyzed
using R PROJECTS software. Ancestry allele frequencies
between groups were analyzed by GENEPOP online
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and the estimation of genetic ancestry contribution was
evaluated by ADMIX-95 software. The 5% alpha-error
was considered as significant (P < 0.05).

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) may vary
from simple steatosis across steatohepatitis (NASH) to
hepatic fibrosis and, finally, cirrhosis and hepatocellular
carcinoma. NAFLD is characterized by a potential
and substantial seriousness and by variability interpatient disease progression degree. However, while a
meaningful percentage of the population is in risky of
worsening condition, just a subgroup of patients will
[1]
advance to NASH, liver fibrosis and cirrhosis .
Several studies suggest the presence of diverse risks
factors for NAFLD and differences in clinical features based
upon ancestry, as well as the potential role of ancestry as
[2]
an independent risk factor associated to disease gravity .
In particular, Hispanic Americans and Caucasians have
the larger frequency of NAFLD while African Americans
[2]
have the lowest . However, few data are available about
ancestry contribution in NAFLD using ancestry informative
markers (AIMs). These AIMs are powerful tools for
inferring the genetic composition of admixed populations.
The assessment of accurate admixture estimates is
important in population genetic studies, particularly in the
context of highly admixed populations as those of Brazil
[3-5]
and most American countries . In Brazil, a country
that was colonized by Portugal, the admixtures of three
main parental groups (Amerindians, Europeans and SubSaharan Africans) have originated the current Brazilian
population. Thus, Brazilian population is admixed, trihybrid, with a great heterogeneity, resulting of inter-ethnic
mating between individuals from three major ancestries
contributors: the Amerindians, the Europeans who
colonized South America in the 1500s and the Africans
who arrived through the slave trade over a span of more
[3,6]
than 300 years . Furthermore, the diverse regions of
the country underwent different colonization processes,
which to some extent shaped their genetic backgrounds,
nowadays characterized by different proportions of
[7]
Amerindian, European and African contribution .
To investigate the possible association between
genetic ancestry, NAFLD severity (simple steatosis or
NASH) and metabolic characteristics in two cohorts
with biopsy-proven NAFLD from Brazil and Portugal we
then aimed to identify, for the first time, the ancestry
influence in NAFLD and the possible role of genetic
ancestry as an independent risk factor associated with
non-alcoholic fatty liver disease.

RESULTS: In the Brazilian sample, NASH was signi
ficantly more frequent among the elderly patients with
diabetes (NASH 56 ± 1.1 years old vs S. Steatosis 51
-9
± 1.5 years old, P = 3.7 x 10 ), dyslipidemia (NASH
63% vs S. Steatosis 37%, P = 0.009), higher fasting
glucose levels (NASH 124 ± 5.2 vs S. Steatosis 106 ±
5.3, P = 0.001) and Homeostatic Model of Assessment
index > 2.5 [NASH 5.3 (70.8%) vs S. Steatosis 4.6
(29.2%) P = 0.04]. In the Portuguese study population,
dyslipidemia was present in all patients with NASH
(P = 0.03) and hypertension was present in a larger
percentage of subjects in the S. Steatosis group (P =
0.003, respectively). The genetic ancestry contribution
among Brazilian and Portuguese individuals with NASH
was similar to those with S. Steatosis from each cohort
(Brazilian cohort: P = 0.75; Portuguese cohort: P =
0.97). Nonetheless, the genetic ancestry contribution of
the Brazilian and Portuguese population were different,
and a greater European and Amerindian ancestry
contribution was detected in the Portuguese population
while a higher African genetic ancestry contribution was
observed in Brazilian population of both NASH and S.
Steatosis groups.
CONCLUSION: There was no difference between
the genetic ancestry contribution among Brazilian and
Portuguese individuals with NASH and S. Steatosis from
each cohort.
Key words: Ancestry; Nonalcoholic fatty liver disease;
Simple steatosis; Nonalcoholic steatohepatitis; Admixed
population
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nonalcoholic fatty liver disease (NAFLD) is
frequent and may lead to cirrhosis and hepatocellular
carcinoma. Awareness about its risk factors and predictive
markers of severity is important in the management of
this infirmity. Self-reported ancestry may also influence
NAFLD outcomes in homogeneous populations and
African descendants appear to have milder disease than
Caucasians. However, there are no available data that
demonstrate the relationship between ancestry and
NAFLD in admixed populations. This is the first study
to evaluate the possible association between ancestry
analyzed for genetic markers and biopsy-proven NAFLD
in a homogeneous and a highly admixed population.

MATERIALS AND METHODS
Subjects

We investigated 131 NAFLD patients whose diagnosis
was confirmed by liver biopsy, (n = 45 had simple
steatosis and n = 86 had NASH) from Brazil and
90 NAFLD patients, (n = 66, simple steatosis and n
= 24, NASH) who had undergone bariatric surgery
from Portugal. NASH was diagnosed based upon the
pathologic criteria, and NAFLD activity score (NAS) was
used to evaluate NASH diagnosis. All included patients

Cavalcante LN, Stefano JT, Machado MV, Mazo DF, Rabelo F,
Sandes KA, Carrilho FJ, Cortez-Pinto H, Lyra AC, de Oliveira CP.
Genetic ancestry analysis in non-alcoholic fatty liver disease patients
from Brazil and Portugal. World J Hepatol 2015; 7(10): 1433-1438
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i10/1433.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i10.1433
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[11]

were at least 18 years old. The inclusion criterion
was to have a liver biopsy-proven NAFLD. Exclusion
criteria were the presence of concomitant known liver
disease comprising viral hepatitis, Wilson’s disease,
hemochromatosis, or/and autoimmune liver diseases;
reporting of methotrexate, tamoxifen or corticosteroids
intake; or alcohol drinking ≥ 140 g ethanol weekly.
Ethics Committees from University of São Paulo
School of Medicine and from the Hospital of Santa Maria
University Lisbon have approved this study. The written
informed consent was obtained from subjects, or their
legal guardian, prior to study inclusion.

(rs3138521) and LPL [rs285] ; European ancestry
Sb19.3 (rs3138524), APO (rs3138522) and FY-Null
(rs2814778); and Amerindian ancestry markers PV92
[4,11]
(rs3138523) and CKMM (rs4884)
. The frequency of
allele* 1 in AIM was considered in the analysis.

Ancestral population characteristics

Four hundred eighty-two (n = 482) subjects from
homogeneous populations comprised ancestral popu
lations. These groups were used as a referral to genetic
ancestry assessment. Ancestral African population
included 134 Nigerians subjects; European ancestral
population included 23 Germans and 83 Spanish;
and Amerindian ancestral population had 242 Native
Americans. The ancestral samples were friendly provided
by Mark Shriver, MD. The analyzed AIM from NAFLD
studied samples were verified in the ancestral population.

Laboratory evaluation

Laboratory tests were performed from peripheral blood
sample, including: fasting glucose, plasma insulin,
total cholesterol, high density lipoprotein-, low density
lipoprotein (LDL)-, very LDL-cholesterol, triglycerides,
aspartate aminotransferase and alanine aminotransferase
(ALT). Insulin resistance calculi was performed using
Homeostatic Model of Assessment (HOMA) [(fasting
insulin mU/L) × (fasting glucose mmol/L)/22.5]. The cutoff of HOMA ≥ 2.5 was used to define insulin resistance,
a value that has been assessed at prior studies realized
[8]
in Brazilian population .

Statistics analysis

Data were analyzed using R PROJECTS software version
2.11.1 for Windows (May 31 2010, Statistics Department
of the University of Auckland, Auckland, New Zealand,
http://www.r-project). The continuous variables were
expressed as mean ± SD; data comparison was executed
by the Mann-Whitney U-test. Categorical variables were
presented as number of cases and percentage and
2
analyzed by Pearson’s χ test. Since the sample size
assessment could not be performed previously, power
was calculated posteriorly. The 5% alpha-error was
considered as significant (P < 0.05) (two-sided).
The Hardy-Weinberg equilibrium assessment was
calculated by GENEPOP online version 4.0.10 (Laboratiore
[12]
de Genetique et Environment, Montpellier, France) .
Ancestry allele frequencies evaluation and variation
between groups were analyzed utilizing GENEPOP
[12]
online version 4.0.10 . Estimation of genetic ancestry
contribution was computed by ADMIX-95 software
(Departamento de Genética de la Facultad de Medicina,
Universidad de la Republica, Montevideo, Uruguay,
[13]
http://www.genetica.fmed.edu.uy) . Stimatives of
genetic ancestry contribution from each individual were
determined through STRUCTURE software version 2.2
(Human Genetics Department, University of Chicago,
Chicago, IL, United States).
A biomedical statistician performed the statistical
review of the study.

Histological evaluation

Hepatic biopsy fragments were fixed in formaldehyde
saline (4%) and processed using hematoxylin-eosin
and picrosirius stains. A blinded single pathologist with
liver expertise in each center performed histological
analyzes.
NASH was described as increased hepatic steatosis
with centrilobular ballooning and/or Mallory-Denk bodies
or any level of steatosis beside pericellular or centrilobular
[9,10]
fibrosis perisinusoidal or bridging fibrosis
. We used
the NAS to assess histology and more than 5 points
defined NASH in this study.

DNA extraction and AIMs

Peripheral blood samples were collected and DNA
extraction was performed from mononuclear cell by Pure
Link Genomic DNA Mini Kit (Invitrogen, Carlsbad, CA,
United Sates) following the manufacturer’s guidelines.
Ancestry for genetic markers was evaluated by
analysis of seven specific alleles of population. These
alleles, AIM, were chosen based on the earlier studied
panel of 48 AIMs determined in diverse populations. The
AIM allele* 1 was defined as the existence of insertion
[4,5]
or the absence of restriction enzyme site .
Seven AIM with the greatest ethnic-geographical
differential frequencies (≥ 48%) were chosen in this
study. Polymorphisms as Alu insertion and insertiondeletion (indel, I/D) were identified by conventional
polymerase chain reaction (PCR); single nucleotide
polymorphisms were performed by real-time PCR
(TaqMan™ System, Applied Biosystems).
The examined AIM were: African ancestry AT3-I/D

WJH|www.wjgnet.com

RESULTS
We analyzed 131 Brazilian patients with NAFLD. Fortyfive patients were identified with simple steatosis
and 86 had NASH by histologic liver analysis (Table
1). These results were compared with patients from
Portugal who had undergone bariatric surgery; 90 had
histologic liver information available to analysis. Among
Portuguese subjects 66 had simple steatosis, and 24
had NASH (Table 1). In this sample, NAS criteria were
used as parameters to Simple Steatosis and NASH
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Table 1 Baseline characteristics of Brazilian and Portuguese study population according to non-alcoholic fatty
liver disease status n (%)
Brazil (n = 131)

Gender
Female
Male
Age (yr)
Diabetes-2
Fasting glucose (mg/dL)
HOMA ≥ 2.5 - mean
HOMA ≥ 2.5 - n
Hypertension
ALT (IU/L)
AST (IU/L)
1
Dyslipidemia

NASH

S. Steatosis

86 (65.6)

45 (34.4)

61 (70.1)
25 (56.8)
56 ± 1.1
71 (82.4)
124.9 ± 5.2
5.3
75 (70.8)
59 (68.2)
38.3 ± 0.6
22 ± 22.5
54 (63.0)

Portugal (n = 90)

P -value

26 (29.9)
19 (43.2)
51 ± 1.5
8 (17.6)
106.0 ± 5.3
4.6
31 (29.2)
14 (31.8)
33 ± 5.2
32.8 ± 3.2
17 (37.0)

0.2
2
0.006
3.7 × 10-9
2
0.001
2
0.04
2
0.02
2
8.0 × 10-5
0.2
2
0.009
2
0.009
2

NASH

S. Steatosis

24 (26.7)

66 (73.3)

20 (28.6)
4 (20.0)
47 ± 12.4
14 (33.3)
97.3 ± 28.2
4.9
15 (45.5)
12 (20.1)
31.7 ± 30.6
25.9 ± 24.8
24 (100)

50 (71.4)
16 (80.0)
47 ± 10.2
28 (66.7)
92.6 ± 18.4
4.8
18 (54.5)
34 (73.9)
30.56 ± 15.9
25.06 ± 11.2
55 (83)

P -value

0.6
0.3
0.2
0.3
0.5
0.5
2
0.003
0.7
0.7
2
0.03

High levels of cholesterol and/or triglyceride; 2Statistically significant results, P < 0.05. NASH: Nonalcoholic steatohepatitis; S. Steatosis:
Simple steatosis; HOMA: Homeostatic Model of Assessment; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.
1

DISCUSSION

Table 2 Genetic ancestry contribution in Brazilian and
Portugal populations with non-alcoholic fatty liver disease
Brazil

Of our knowledge, this is the first study that investigated
the possible association between genetic ancestry,
NAFLD and metabolic characteristics using AIM in two
cohorts with biopsy-proven NAFLD from Brazil and
Portugal. However, our results showed that these genetic
ancestry differences do not appear to be associated with
the development of NASH. Genetic ancestry distribution
was quite different between Brazilian and Portuguese
patients. Unexpectedly, there was a higher prevalence
of an Amerindian ancestry in the Portuguese group than
in the Brazilian. On the other hand, as expected there
was a high prevalence of African ancestry in the Brazilian
patients. However, interestingly, no differences in this
distribution were found when NASH or simple steatosis
was compared, either in the Brazilian or the Portuguese
group.
In the Brazilian sample, known risk factors as
diabetes, dyslipidemia, higher fasting glucose levels and
HOMA index ≥ 2.5 were more frequent among patients
with NASH than simple steatosis. In the Portuguese
study population, dyslipidemia was frequent among
patients with NASH; and hypertension was present in a
higher proportion among subjects with simple steatosis
in comparison to those with NASH, possibly due to
larger sample size in simple steatosis group. However,
there were no differences regarding other metabolic
risk factors, what may be due to the fact that the entire
Portuguese cohort had morbid obesity. In the Portugal
sample, the genetic ancestry did not have a significant
influence in the prevalence of insulin resistance as
evaluated by HOMA. Several studies have showed that
individuals with European ancestry have a higher risk of
progression to NASH; however, these studies used selfreported ancestry classification. To our knowledge, no
previous study has evaluated the influence of genetic
ancestry in NASH progression in admixed populations.
The heterogeneity of the Brazilian population presents
an additional difficulty in pharmacogenetic and clinical

Portugal

NASH S. Steatosis P -value NASH S. Steatosis P -value
African
41.7%
Amerindian 9.5%
European
48.8%

37.7%
12.7%
49.6%

0.75

6.4%
37.8%
55.9%

6.1%
39.4%
54.5%

0.97

NASH: Nonalcoholic steatohepatitis; S. Steatosis: Simple steatosis.

diagnosis: 65.6% of Brazilians (n = 86) had NAS score
≥ 5 defining NASH and 26.7% Portuguese people had
NAS score ≥ 5, classified as NASH.
In the Brazilian sample, NASH was more frequent
among the elderly with diabetes, dyslipidemia, high
fasting glucose levels and HOMA index ≥ 2.5. In the
Portuguese study population, dyslipidemia was present
in all patients (n = 24) with NASH and hypertension
was present in a superior number of patients in the
simple steatosis group compared to NASH (Table 1).
ALT levels were similar between NASH and simple
steatosis patients.
The genetic ancestry contribution among Brazilian
and Portuguese individuals with NASH was similar to
those with simple steatosis from each cohort (Table
2). Furthermore, the genetic ancestry contribution of
the Brazilian and Portuguese population were different
and a greater European and Amerindian ancestry
contribution was detected in the Portuguese population
while a higher African genetic ancestry contribution
was observed in Brazilian population of both NASH and
simple steatosis subgroups (Table 2).
In Brazilian population, genetic ancestry did not
influence known risk factors for NAFLD as gender,
hypertension, diabetes, HOMA-index or dyslipidemia.
However, in Portugal sample there was a trend for
European genetic ancestry being greater among subjects
with HOMA ≥ 2.5 and Amerindian ancestry contribution
among those with HOMA-index < 2.5 (Table 3).
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Table 3 Genetic ancestry influence in risk factors for non-alcoholic fatty liver diseases in Brazilian and
Portuguese study populations
Genetic ancestry contribution
Brazil
Diabetes
No
Yes
Dyslipidemia
No
Yes
Gender
No
Yes
HOMA-index
> 2.5
< 2.5
Hypertension
No
Yes

Portugal

African

Amerindian

European

P -value

African

Amerindian

European

P -value

11.7%
12.1%

39.8%
39.6%

48.5%
48.3%

1.00

6.1%
7.2%

37.5%
31.6%

56.4%
61.2%

0.69

11.8%
11.7%

39.5%
39.6%

48.6%
48.7%

0.99

6.0%
6.6%

37.4%
33.6%

56.5%
59.8%

0.90

11.8%
11.7%

39.3%
39.4%

48.9%
48.9%

0.99

6.2%
6.2%

37.9%
39.5%

55.9%
54.3%

0.97

11.7%
10.6%

39.7%
38.3%

48.6%
51.1%

0.94

3.4%
7.8%

33.9%
43.5%

62.7%
48.7%

0.07

45.9%
44.0%

20.4%
18.7%

21.0%
37.3%

0.16

4.7%
7.6%

31.4%
41.2%

63.9%
51.1%

0.18

Brazilian and Portuguese individuals with NASH was
similar to those with simple steatosis from each cohort.
On the other hand, a greater European and Amerindian
ancestry contribution was detected in the Portuguese
population while a higher African genetic ancestry
contribution was observed in Brazilian population of both
NASH and simple steatosis groups.

genetic research. Studies have demonstrated only
a weak association between skin pigmentation, selfreported ancestry and the ancestrality determined by
DNA markers in admixed populations, as is the Brazilian
[3,6,14]
case
. Therefore, assessment of an individual’s genetic
ancestry might be the best way to assess the possible
relation among disease factors and ethnic influence in
association studies from admixed populations as the
Brazilian.
Brazilian and Portuguese populations have different
ancestry’s contributions. More even proportions of ethnic
contribution were observed in the Brazilian population,
reflecting the greater racial admixing, while a higher
genetic European contribution and a small African con
tribution was observed among the Portuguese, probably
reflecting the historic context of both countries.
European and Amerindian come from the same chain
migration and then some specific allele populations
could be difficult to differentiate similar ancestries. So
we believe that a larger number of AIMs with a great
differential of frequency (> 40%) among Amerindians
and Europeans or mitochondrial DNA analysis could be
able to better differentiate the contribution of each of
[15,16]
these ancestries in the Portuguese sample
.
Limitations of the present study could be the
differences in the studied cohorts. While the Brazilian
cohort consisted of a group of patients being evaluated
for suspected NAFLD, the Portuguese cohort was
a cohort of morbid obese patients, with the usual
distribution of about a third having NASH and two thirds
having simple steatosis. Also, we are not aware what the
ancestry distribution of the normal population of either
country is. Regarding the Portuguese cohort it would
be tempting to speculate that this high prevalence of
Amerindian ancestry could be involved in the fact that
they have morbid obesity, since it has been recognized
that Amerindian subjects have an increased susceptibility
[17,18]
to develop obesity
.
In summary, the genetic ancestry contribution among

WJH|www.wjgnet.com
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COMMENTS
COMMENTS
Background

Nonalcoholic fatty liver disease (NAFLD) is a frequent liver disease and may
vary from simple steatosis through steatohepatitis, fibrosis and, finally, cirrhosis
and hepatocellular carcinoma. Several studies suggest the presence of
diverse risks factors for NAFLD and differences in clinical features based upon
ancestry, as well as the potential role of ancestry as an independent risk factor
for disease severity. Hispanic Americans and Caucasians have the highest
prevalence of NAFLD whereas African Americans have the lowest; however,
few data about ancestry contribution in NAFLD patients are available. Brazil is
a country that was colonized by Portugal and its population genetic background
ancestry is an admixture of three main parental groups (Amerindians,
Europeans and Sub-Saharan Africans). Portugal has a more homogeneous
population of European ancestry. In order to analyze the influence that ancestry
of admixed populations has over a specific disease it is necessary to assess
genetic ancestry markers. The ancestry informative markers (AIMs) is powerful
tools for inferring the genetic composition of admixed populations. In this study
the authors investigated the possible association between genetic ancestry,
NAFLD severity [simple steatosis and nonalcoholic steatohepatitis (NASH)] and
metabolic characteristics in two cohorts with biopsy-proven NAFLD from Brazil
and Portugal.

Research frontiers

To their knowledge this is the first study that have utilized genetic ancestry
markers to compare the ancestry influence of an admixed population with a
more homogeneous one such as the Portuguese population.

Innovations and breakthroughs

The authors results showed that these genetic ancestry differences do not
appear to be related with NASH; no differences in genetic ancestry distribution
were found when NASH or simple steatosis were compared, either in the
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Brazilian or the Portuguese study samples. The genetic ancestry distribution
among Brazilian and Portuguese patients were different and they observed a
greater prevalence of Amerindian ancestry among Portugueses compared to
the Brazilians. On the other hand there was a marked prevalence of African
ancestry in the Brazilian patients. However, interestingly, no differences in this
distribution were found when NASH or simple steatosis was compared, either
in the Brazilian or the Portuguese samples. Previous studies have showed that
individuals with European ancestry have a higher risk of progression to NASH;
however, these studies used self-reported ancestry classification, which may
not be accurate when analyzing admixed populations. Known risk factors as
diabetes, dyslipidemia, higher fasting glucose levels and Homeostatic Model of
Assessment index ≥ 2.5 were more frequent among patients with NASH than
simple steatosis in the Brazilian sample. In the Portuguese analyzed sample,
dyslipidemia was present in a higher proportion in the NASH group compared
to simple steatosis. They did not find any association among genetic ancestry
and those risk factors.

5

6

7

8

Applications

This study suggests that ancestry analyzed by genetic markers possibly do not
add as a risk factor in the evaluation of NAFLD disease. However, other known
risk factors were present in this study. The high Amerindian ancestry among
Portugueses is an issue to be studied in future analyses.

9

Terminology

NAFLD comprises two major presentations, simple steatosis and NASH.
The former is a mild clinical condition characterized by fatty deposits in the
hepatocyte cytoplasm while the latter is defined by the presence of any degree
of steatosis along with centrilobular ballooning and/or Mallory-Denk bodies
or any degree of steatosis along with centrilobular pericellular/perisinusoidal
fibrosis or bridging fibrosis. The NAFLD activity score is a tool to assess NASH
diagnosis and NAFLD severity. AIMs are genetic polymorphisms, which have
a frequency differential of at least 30% in order to differentiate two distinct
populations. They have chosen AIMs with high frequency differential in this
analysis (≥ 48%).

10

11

Peer-review

In the original article of Cavalcante et al, the authors investigated the possible
association between genetic ancestry, NAFLD severity and metabolic
characteristics in two cohorts with biopsy-proven NAFLD from Brazil and
Portugal. They found that ancestry markers are not different between subjects
with steatohepatitis and ones suffering from hepatic steatosis in the investigated
populations. They concluded that genetic ancestry is not associated with a
higher risk of NASH in their study.

12
13

14
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EDITORIAL

Understanding the pathophysiological mechanisms in
the pediatric non-alcoholic fatty liver disease: The role of
genetics
Pierluigi Marzuillo, Anna Grandone, Laura Perrone, Emanuele Miraglia del Giudice
by the action of hyperinsulinemia and insulin resistance,
accompanying obesity, that leads to liver steatosis
increasing the absolute non esterified fatty acids uptake
in the liver and the esterification to form triacylglycerol.
The oxidative stress is involved in the second hit lead
ing to the progression to nonalcoholic steatohepatitis
(NASH) because of its harmful action on steatosic
hepatocytes. However, at the present time, the two hits
hypothesis needs to be updated because of the discover
of genetic polymorphisms involved both in the liver fat
accumulation and progression to NASH that make more
intriguing understanding the NAFLD pathophysiological
mechanisms. In this editorial, we want to underline the
role of PNPLA3 I148M, GPR120 R270H and TM6SF2
E167K in the pediatric NAFLD development because
they add new pieces to the comprehension of the
NAFLD pathophysiological puzzle. The PNPLA3 I148M
polymorphism encodes for an abnormal protein which
predisposes to intrahepatic triglycerides accumulation
both for a loss-of-function of its triglyceride hydrolase
activity and for a gain-of-function of its lipogenic activity.
Therefore, it is involved in the first hit, such as TM6SF2
E167K polymorphisms that lead to intrahepatic fat accu
mulation through a reduced very low density lipoprotein
secretion. On the other hand, the GPR120 R270H variant,
reducing the anti-inflammatory action of the GPR120
receptor expressed by Kuppfer cells, is involved in the
second hit leading to the liver injury.
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Core tip: At the present time, the two hits hypothesis
needs to be updated because of the discovery of
new genetic polymorphisms involved both in the liver
fat accumulation and progression to nonalcoholic
steatohepatitis that make more intriguing understanding

Abstract
Classically, the non-alcoholic fatty liver disease (NAFLD)
physiopathology and progression has been summarized
in the two hits hypothesis. The first hit is represented
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the non-alcoholic fatty liver disease (NAFLD) patho
physiological mechanisms. In this editorial, that is not
to consider as a comprehensive review, we want to
underline the role of three polymorphisms, one older
(PNPLA3 I148M) but very important and two recently
discovered (GPR120 R270H and TM6SF2 E167K) that
add new pieces to the comprehension of the NAFLD
pathophysiological puzzle.

editorial, that is not to consider as a comprehensive
review, we want to underline the role of three polymor
phisms, one older but very important and two recently
discovered that added new pieces to the comprehension
of the NAFLD pathophysiological puzzle.

Marzuillo P, Grandone A, Perrone L, Miraglia del Giudice
E. Understanding the pathophysiological mechanisms in the
pediatric non-alcoholic fatty liver disease: The role of genetics.
World J Hepatol 2015; 7(11): 1439-1443 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i11/1439.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i11.1439

The patatin like phospholipase containing domain 3 gene
(PNPLA3) is the most important gene involved in hepatic
steatosis developing. It encodes for the adiponutrin, an
enzyme present in the liver and adipose tissue. Feeding
[8]
and insulin resistance induce the adiponutrin that shows
[9]
lipolytic activity on triglycerides . The PNPLA3 rs738409
(PNPLA3 I148M) single nucleotide polymorphism is a
non-synonymous variant and it is characterized by a
cytosine to guanosine substitution leading to an isoleucine
to methionine substitution at the amino acid position
148 (I148M). This aminoacid substitution affects the
enzyme function probably reducing the substrates access
to the enzyme and then leading to the development
[9]
of microvesicular steatosis . On the other hand, the
adiponutrin could present a gain of lipogenic function,
which could further lead to the hepatic fatty acids
[9]
accumulation . In literature there is strong evidence of
association between the PNPLA3 148M allele and NAFLD
[10]
[11,12]
both in adults and children
.
The PNPLA3 148M allele plays a central role in
NAFLD developing interacting with environmental NAFLD
risk factors, such as obesity (and in particular visceral
[11]
[13]
fat) and alcohol consumption , and then increasing
the risk of fatty liver development. In fact, these
stressors seem to reveal the association between the
PNPLA3 148M allele and hepatic damage in populations
[14]
in whom it is otherwise hidden . Interestingly, the
obesity-driven effect of this polymorphism on liver
[11]
damage
can be reduced by weight loss (expressed
as reduction of the waist/height ratio) in obese children
[15]
and adolescents . Among environmental factors
involved in NAFLD development and interacting with
PNPLA3 148M allele some nutrients appear. Indeed,
[16]
the total carbohydrate
and high omega (n) 6 to n-3
[17]
polyunsaturated fatty acids (PUFA) ratio can enhance
the association between steatosis and the PNPLA3
variant.

PATATIN LIKE PHOSPHOLIPASE
CONTAINING DOMAIN 3 GENE

INTRODUCTION
In the last years, the pediatric obesity prevalence has
[1]
shown a constant increase . The raised pediatric obesity
prevalence has determined an increased prevalence of
obesity complications and the non-alcoholic fatty liver
disease (NAFLD) has become the most common form of
liver disease in childhood. In fact, its prevalence has more
than doubled over the past years. It currently involves
between 3% and 11% of the pediatric population
and affects about the 46% of overweight and obese
[2]
children and adolescents . NAFLD comprehends an
extensive range of conditions, including from fatty liver
or steatohepatitis with or without fibrosis, to cirrhosis
and its complications (e.g., hepatocellular carcinoma and
[3,4]
portal hypertension) . The NAFLD is defined by hepatic
fat infiltration involving > 5% hepatocytes in the absence
of excessive alcohol intake or other demonstrable liver
[3]
diseases .
Classically, the NAFLD pathophysiology and progres
sion has been summarized in the two hits hypothesis.
Obesity related hyperinsulinemia and insulin resistance
represent the first hit. They lead to liver steatosis increa
sing the absolute non esterified fatty acids uptake in
[5,6]
the liver and the esterification to form triacylglycerol .
The oxidative stress is involved in the second hit leading
to the progression to NASH because of its harmful
action on steatosic hepatocytes. The reactive oxygen
species (ROS), in fact, lead to hepatocellular damage
inhibiting the mitochondrial respiratory chain enzymes,
and inactivating both the glyceraldehyde-3-phosphate
dehydrogenase and the membrane sodium channels.
ROS further cause lipid peroxidation, cytokine production,
and induce Fas Ligand, contributing to hepatocellular
[7]
injury and fibrosis .
However, at the present time, the two hits hypothesis
needs to be updated because of the discover of 3
genes whose polymorphisms are involved both in the
liver fat accumulation and progression to non-alcoholic
steatohepatitis (NASH) making intriguing understanding
the NAFLD pathophysiological mechanisms. In this
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G-PROTEIN-COUPLED-RECEPTOR 120
G-protein-coupled-receptor 120 (GPR120) is a receptor
for PUFAs and it is expressed by adipocytes, Kupffer
[18]
cells and, at low level, in hepatocytes . PUFAs could
[19]
play a role in inflammatory response modulation . In
fact, it has been shown that, in the adipose tissue, the
interaction between PUFAs and macrophagic GPR120
switch off inflammation blocking nuclear factor-kappa-B
[20]
activity . In particular docosahexaenoic acid (DHA), an
n-3 PUFA of the fish oil, has recently shown a potential
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role in treatment of liver fat accumulation and of
[21]
metabolic and hepatic complications of NAFLD . The
[19]
270H allele inhibits the GPR120 signalling activity
[20]
and then it reduce its anti-inflammatory activity .
Recently, this variant has been studied in obese children
and adolescents and it has been shown that the
subject carrying the rare GPR120 270H allele presented
higher alanine transaminase (ALT) levels (P = 0.01)
and higher ferritin (marker of inflammation) levels (P
[22]
< 0.003) than wild type subjects . The carriers of
the 270H allele showed an odds ratio (OR) to have
[22]
pathologic ALT of 3.2 . Moreover, PNPLA3 148M
allele demonstrated an interaction with GPR120 270H
allele determining a significant effect on ALT levels (P
= 0.00001) suggesting a driving effect of the PNPLA3
148M allele on liver injury in obese children carrying this
[22]
variant . This is in accord with the findings of Santoro
[17]
et al
demonstrating that the PNPLA3 I148M variant
predispose to liver damage in patients with a lower
intake of n-3 fatty acids. Therefore, GPR120 R270H
variant appear to have an important role in determining
liver injury expressed as ALT elevation and the PNPLA3
148M allele showed an important capacity to promote
the GPR120 270H allele mediated liver damage. This
evidence is in accord with the studies showing that DHA
supplementation, activating the GPR120 receptor and
then exerting potent anti-inflammatory and insulin[20]
sensitizing activities , can reduced liver damage in
[23]
pediatric NAFLD .

pathology could be represented by a reduced VLDL
secretion that could explain the higher HTGC, in turn
resulting in higher ALT levels and in lower serum low
density lipoprotein cholesterol (LDL-C) and triglycerides
levels. In addition, low cholesterol levels in the carrier of
the TM6SF2 167K allele have also been demonstrated
in an adult population presenting, at the same time,
[27]
reduced risk of myocardial infarction . Accordingly,
very recent data showed an effect of this polymorphism
[28]
on reducing carotid atherosclerosis risk in adults .
[25]
Moreover, Liu et al confirmed, using two histologically
characterized cohorts (1074 adults) encompassing
steatosis, steatohepatitis, fibrosis and cirrhosis, the
TM6SF2 minor allele association with NAFLD and,
moreover, with advanced hepatic fibrosis/cirrhosis.
The effect of this polymorphism on ALT and cholesterol
levels has been confirmed also in obese children and
[29]
[29]
adolescents . Grandone et al , in fact, demonstrated,
in a cohort of 1010 obese children and adolescents,
that the TM6SF2 167K allele is associated with steatosis
(P < 0.0001), higher ALT levels (P < 0.001) and lower
total cholesterol (< 0.00001), LDL-C (P < 0.0001),
triglycerides (P = 0.02) and non-high density lipoprotein
[29]
cholesterol levels (P < 0.000001) . Interestingly,
the subjects homozygous for the PNPLA3 148M allele
carrying the rare variant of TM6SF2 showed an OR of
12.2 to present hypertransaminasemia compared to the
[29]
remaining patients . Therefore, the effect of PNPLA3
and TM6SF2 rare alleles appears additive in determining
[29]
pediatric NAFLD .

TRANSMEMBRANE 6 SUPERFAMILY
MEMBER 2 GENE

OLD AND NEW CONCEPTS, AN
INTEGRATED OVERVIEW

Recently, a new gene variant playing a role in the
NAFLD physiopathology has been discovered in the
transmembrane 6 superfamily member 2 (TM6SF2)
[24]
gene . This variant (rs58542926) is characterized by
an adenine-to-guanine substitution in the nucleotide
499 which replaces glutamate at residue 167 with
[24]
lysine (c.499A > G; p.Glu167Lys) . The TM6SF2
minor allele carriage has been causally related to a
previously reported chromosome 19 GWAS signal that
[25]
was ascribed to the gene NCAN . This TM6SF2 variant
has been associated with higher hepatic triglyceride
content (HTGC), with higher serum levels of ALT and
lower plasma levels of liver-derived triglyceride-rich
[24]
lipoproteins in 3 independent populations .
Small intestine, liver and kidney highly express
the TM6SF2 gene, but, in the other tissues, TM6SF2 is
[24]
present at low levels . Recent evidence suggests that
TM6SF2 is a polytopic membrane protein and that the
Glu167Lys variant form is misfolded and undergoes
[24]
accelerated intracellular degradation . Actually, the
hypothesized TM6SF2 protein function appears to be
the promotion of very low density lipoprotein (VLDL)
secretion and, probably, the increased HTGC result from
[24,26]
a reduction in TM6SF2 protein function
. Therefore,
the role of the TM6SF2 167K allele in the NAFLD physio
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NAFLD occurs in overweight and obese children deriving
from intrahepatic accumulation of triglycerides. The
triglycerides accumulated in the liver mostly derive from
the adipose tissue lipolysis (60%) and hepatic de novo
lipogenesis (26%) whereas only in a little part from
[30]
the diet as chylomicron remnants (14%) . This fat
accumulation, as indicated in the “two hits” hypothesis
(Figure 1), is stimulated by obesity-related peripheral
insulin resistance and hyperinsulinemia. In fact they
stimulate the free-fatty-acids (FFA) uptake in the liver,
the esterification of hepatic FFAs to form triglycerides,
the FFA synthesis from cytosolic substrates, and the
decreased apolipoprotein B-100 synthesis. Then,
the export of FFA and triglycerides decreases, while
the beta-oxidation of mitochondrial long-chain fatty
[2]
acids increases . In the last years, the knowledge
[8]
of NAFLD pathophysiology is constantly increasing
with the discovery of new genetic polymorphisms that
could promote the NAFLD development and then the
progression to the NASH. Each polymorphism plays
a role in a different hit and, therefore, in future, the
pathophysiology could be described by a “multiple hit
hypothesis”. PNPLA3 I148M polymorphism plays an
important role in the NAFLD development. In fact, it
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Figure 1 The updated “two hits hypothesis”. The hyperinsulinemia and insulin resistance, accompanying obesity, lead to liver steatosis increasing the absolute
non esterified fatty acids uptake in the liver and the esterification to form triacylglycerol. The PNPLA3 148M allele encodes for an abnormal protein and predisposes
to intrahepatic triglycerides accumulation by both a reduced effect on triglycerides hydrolysis and an enhanced lipogenetic effect. Therefore, it is involved in the first
hit. Also the TM6SF2 E167K polymorphism plays a role in the first hit, in fact, it lead to intrahepatic fat accumulation through a reduced VLDL secretion. The oxidative
stress is involved in the second hit leading to the progression to NASH because of its harmful action on steatosic hepatocytes. Reactive oxygen species can induce
hepatocellular injury and then fibrosis through the inhibition of the mitochondrial respiratory chain enzymes, lipid peroxidation, cytokine production, Fas Ligand
induction. The GPR120 270H allele, reducing the anti-inflammatory action of the GPR120 receptor expressed by Kuppfer cells, is involved in the second hit promoting
the oxidative stress, mitochondrial dysfunction and pro-inflammatory cytokines release. PNPLA3: Patatin like phospholipase containing domain 3 gene; NASH:
Nonalcoholic steatohepatitis; GPR120: G-protein-coupled-receptor 120; TM6SF2: Transmembrane 6 superfamily member 2 gene; NFkB: Nuclear factor-kappa-B;
VLDL: Very low density lipoprotein.

encodes for an abnormal protein which predisposes to
[9,12]
intrahepatic triglycerides accumulation
both for a lossof-function of its triglyceride hydrolase activity and for a
[12]
gain-of-function of its lipogenic activity . Therefore, the
PNPLA3 I148M polymorphism plays a role in predisposing
to the first hit (Figure 1). Another polymorphism acting
on the first hit is the TM6SF2 E167K polymorphism. In
fact, it encodes for an abnormal TM6SF2 protein that
predisposes to intrahepatic fat accumulation thorough
[24,26]
reduced VLDL secretion
(Figure 1). On the other
hand, the reduced VLDL secretion lead to a reduced
[27,28]
cardiovascular risk
. The GPR120 R270H variant pro
motes the second hit determining liver injury (evaluable
[22]
as high ALT levels) . In fact, the lack of GPR120
anti-inflammatory activity promotes oxidative stress,
mitochondrial dysfunction, overproduction and release of
pro-inflammatory cytokines (second hit) (Figure 1). This
hypothesis appears further supported by the evidence
that the GPR120 mutated allele needs the co-presence of
[22]
the PNPLA3 148M allele to lead pathological ALT levels .
Therefore, the PNPLA3 148M allele can play an
important role in the first hit determining hepatic
steatosis and can drive the effect of the GPR120 rare
allele on the second hit leading to liver damage.

therefore our knowledge in this area has been constantly
increased. Starting from the genetic association studies
we can understand new pathophysiological mechanisms
that are firstly implicated in the intrahepatic fat accu
mulation and then, in the progression to the NASH
(Figure 1). This editorial wants to underline how these
new genetic findings have improved our comprehension
of pediatric NAFLD pathophysiology.
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EDITORIAL

Liver-first approach of colorectal cancer with synchronous
hepatic metastases: A reverse strategy
Jaques Waisberg, Ivan Gregório Ivankovics
attributed to the development of more valuable protocols
of chemotherapy and radiotherapy for neoadjuvant
treatment of colorectal neoplasms and their hepatic
metastases. There is a consensus that patients with
synchronous colorectal hepatic metastases have lower
survival than those with metachronous colorectal hepatic
metastases. Currently, controversy remains concerning
the best approach is sequence in a patient with
colorectal cancer and synchronous hepatic metastases
resection. To obtain a better patient selection, the
authors have suggested the initial realization of systemic
chemotherapy in the circumstance of patients with
colorectal tumor stage Ⅳ, since these patients have a
systemic disease. The rationale behind this liver-first
strategy is initially the control of synchronous hepatic
metastases of colorectal carcinoma, which can optimize
a potentially curative hepatic resection and longstanding
survival. The liver-first strategy procedure is indicated
for patients with colorectal hepatic metastases who
require downstaging therapy to make a curative liver
resection possible. Thus, the liver-first strategy is
considered an option in cases of rectal carcinoma in the
early stage and with limited or advanced synchronous
colorectal hepatic metastases or in case of patients
with asymptomatic colorectal carcinoma, but with
extensive liver metastases. Patients undergoing systemic
chemotherapy and with progression of neoplastic
disease should not undergo hepatic resection, because
it does not change the prognosis and may even make
it worse. To date, there have been no randomized
controlled trials on surgical approach of colorectal
synchronous hepatic metastases, despite the relatively
high number of available manuscripts on this subject.
All of these published studies are observational, usually
retrospective, and often non-comparative. The patient
selection criteria for the liver-first strategy should be
individualized, and the approach of these patients should
be performed by a multidisciplinary team so its benefits
will be fully realized.
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Abstract
Recently, there has been a change in the strategy of
how synchronous colorectal hepatic metastases are
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resectable synchronous colorectal hepatic metastases
includes resection of the colorectal carcinoma, followed
by chemotherapy, and eventually synchronous hepatic
[6]
metastases resection . The basis for this traditional
approach is that the colorectal tumor is considered the
[6,7]
common cause of symptoms and metastases .
There are the following arguments in favor of an initial
colorectal cancer resection: in patients with complications
due to tumor (obstruction, bleeding, or perforation)
and who require emergency surgery to control these
complications, the interval time period between the
colorectal resection and hepatic resection of synchronous
metastases may exclude liver resection because
in patients undergoing systematic chemotherapy,
[7,8]
occult metastatic disease may become detectable .
Furthermore, in patients with symptomatic colorectal
[2]
carcinoma, the liver-first strategy is not suitable .
Consequently, patients with disease progression
and unresectable disease should not undergo hepatic
resection, avoiding the perioperative morbidity and
mortality of hepatic surgery without benefit to the
[8]
patient . Furthermore, in patients with a locally advanced
primary tumor there is a risk of complication while on
[9]
chemotherapy . So the preferred alternative is surgery
of the colorectal tumor first to avoid complications related
to this tumor and the need for emergency surgery with a
[9]
high risk of stoma creation .
On the other hand, there are arguments for not
performing a preliminary colorectal resection in patients
with colorectal carcinoma and synchronous colorectal
hepatic metastases: the response of preoperative
chemotherapy with oxaliplatin-and/or irinotecan-based
regimens in colorectal cancer is correlated with a signifi
cantly corresponding response of colorectal hepatic
metastases.
However, colorectal cancer resection in patients with
hepatic metastases was related with a significantly higher
postoperative mortality when compared with colorectal
cancer resection in patients without liver metastases;
the complications of leaving intact the colorectal cancer
are not as high and can be overestimated; disease pro
gression between the timing of the colorectal and hepatic
surgeries may render the colorectal hepatic metastases
unresectable, particularly when there are postoperative
complications after colorectal cancer resection, preventing
systemic chemotherapy and resection of colorectal
hepatic metastases; and the main determinant of the
patient’s survival is the presence of systemic metastases,
and the treatment of colorectal hepatic metastases should
[7]
be the initial priority .
In some cases, in particular with patients with
colonic carcinoma, the approach should be neo-adjuvant
therapy following the simultaneous resection approach.
The traditional approach should be considered in patients
with limited synchronous disease who do not require
downstaging.
In the synchronous strategy, the hepatic metastases
[6]
and colorectal tumor are resected simultaneously with

Liver neoplasms; Liver/surgery; Hepatectomy; Drug
therapy; Survival; Prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The liver-first approach or reverse strategy
is a downstaging regimen, and it consists of systemic
chemotherapy, chemoradiotherapy and/or biological
agents, followed by resection of colorectal hepatic
metastases prior to removal the primary colorectal tumor.
It is a promising strategy in patients with synchronous
colorectal liver metastases. The rationale behind this liverfirst strategy is initially control of synchronous hepatic
metastases of colorectal carcinoma, which can optimize
the opportunity of a potentially curative liver resection
and longstanding survival. The liver-first strategy can be
applied for patients with early stage colorectal carcinoma
and synchronous hepatic metastases. Extensive or locally
advanced rectal carcinoma with limited or advanced
synchronous hepatic metastases and asymptomatic
colonic carcinoma with extensive synchronous hepatic
metastases may be submitted to the liver-first strategy.
Waisberg J, Ivankovics IG. Liver-first approach of colorectal
cancer with synchronous hepatic metastases: A reverse strategy.
World J Hepatol 2015; 7(11): 1444-1449 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i11/1444.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i11.1444

TEXT
Colorectal cancer remains the fourth most common
malignancy in the United States, being the third most
[1]
common cancer in both men and women . Appro
ximately 15% to 25% of these patients present with
colorectal synchronous hepatic metastases detected
[2]
either before or during operation . There is a consensus
that patients with synchronous colorectal hepatic
metastases have lower survival than those with hepatic
[3]
colorectal metachronous metastases , and so this finding
[4]
is considered a poor prognosis predictor . However, the
presence of synchronous colorectal hepatic metastases
does not exclude the potential of long-standing survival
[5]
and the opportunity of cure .
It is agreed in the medical literature that surgical
resection is considered the only curative option for
patients with colorectal carcinoma and synchronous
[6]
hepatic metastases . Currently, combinations of three
treatment regimens have been implemented in the
treatment of colorectal synchronous hepatic metastases:
preliminary resection of the colorectal tumor; concurrent
resection of colorectal tumor and synchronous hepatic
metastases; and the liver-first strategy, wherein resection
of synchronous hepatic colorectal metastases precedes
[5,6]
the resection of the primary colorectal tumor .
The conventional surgical strategy for patients with
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the benefit of removing the entire identifiable tumor
during a single procedure. Furthermore, experimental
and preliminary clinical data indicated an increase in
vascularization of metastatic disease after removing
the colorectal carcinoma, and this event could enhance
[9]
outgrowth of liver metastases . This strategy has an
important limitation, because it can be offered only in
[10]
selected patients with synchronous disease , and this
approach is associated with high rates of postoperative
complications in the case of hepatic resection of advanced
[7]
colorectal hepatic metastases .
The simultaneous resection of colorectal tumor and
synchronous hepatic metastases is usually associated
with good outcomes, shorter hospital stay, and reduced
cost. However, simultaneous resection is accepted to
be not appropriate for patients requiring major hepatic
resection, elderly patients, and patients with locally
[11]
advanced rectal cancer .
[12]
de Haas et al
studied 228 patients submitted
to hepatectomy for synchronous colorectal hepatic
metastases, 55 (24.1%) with a simultaneous colorectal
resection and 173 (75.9%) with delayed hepatectomy.
They observed disadvantages of the simultaneous
strategy of complex hepatic resection associated with
colorectal resection. The morbidity is not negligible,
and there is some evidence that this combined strategy
impacted negatively on free survival progression.
Actually, the incidence of colorectal carcinoma
recurrence is higher in patients treated by the sim
ultaneous strategy, but the three-year overall survival
rates did not differ significantly concerning the surgical
[2,3,6,7]
approach
. Furthermore, progression-free survival
is significantly better when delayed hepatic surgery is
[12]
performed . In simultaneous strategy patients, it was
observed that the morbidity rate persisted lower and the
recurrence rate stayed higher, and the progression-free
[12]
survival was significantly lower .
Chemotherapy to colorectal cancer has considerably
improved with the introduction of new cytotoxic agents
(oxaliplatin, irinotecan) and targeted therapies (bevaci
[2]
zumab, cetuximab, panitumumab) . The underlying
principle for the utilization of preoperative chemo
therapy in these patients is to provide early treatment
of metastatic disease, to decrease the recurrence rate
after surgery, to assess tumor biology, to better select
patients for an aggressive surgical procedure, to avoid
unnecessary surgery in patients with fast-progressing
disease, to test chemosensitivity of the tumor, and to
[10]
tailor postoperative treatment . Tumors responding
to systemic chemotherapy may reflect biologically less
[5]
aggressive metastases .
Furthermore, response to chemotherapy is now
widely recognized as a major prognostic factor in patients
[2]
undergoing resection of colorectal hepatic metastases .
The finding of tumor progression of colorectal hepatic
metastases in preoperative patients under systemic
chemotherapy is associated with a poor outcome,
[13]
independently carrying out a curative intent surgery .
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Taking into account the proposition that the liver
metastases represent the most common cause of a
[14]
patient’s death, Mentha et al
described the liverfirst strategy with systemic chemotherapy followed by
hepatic resection of synchronous hepatic metastases
and subsequent colorectal cancer resection. In this
strategy, after the period of systemic chemotherapy,
the colorectal liver metastases are resected before the
colorectal tumor, usually after a period of downstaging
chemotherapy or radio chemotherapy. This procedure
was first recommended for rectal carcinoma patients
with synchronous hepatic metastases, because these
patients habitually required chemoradiotherapy previous
[2,11]
to their colorectal carcinoma resection
.
The liver-first strategy may represent one treatment
option for patients with locally early/advanced stage
rectal cancer and limited/extensive synchronous hepatic
metastases. Actually, this approach should be called
“chemotherapy-first” and not “liver-first” because
the first approach is systemic chemotherapy that
does not impair negatively on resection of the rectal
carcinoma and synchronous hepatic metastases, and
may downstage previously liver metastases believed
[5]
unresectable . Beside with these effects on synchronous
colorectal hepatic metastases, the chemotherapy could
downstage the primary rectal tumor. Patients with no
obstructive colonic cancer with wide liver disease that
necessitates downstaging may benefit from the liver[11,15]
first approach
.
The logical for the liver-first approach is represented
by the following: major complications are uncommon
in patients with stage Ⅳ colorectal cancer beneath
chemotherapy; hepatectomy before the resection
of colorectal carcinoma permits control of the liver
metastases, making curative hepatic resection possible;
subsequent resection of the primary tumor may
prevent loss of primary tumor-induced inhibition of the
metastases; and treatment of the metastatic disease
is not postponed by radio-chemotherapy of the rectal
tumor or by complications of surgical treatment of the
[2,10,11,16]
colorectal carcinoma
. Moreover, this strategy
provides a period of time that permits occult extrahepatic
[12,17]
metastases existing to be detected
.
The fact that systemic chemotherapy treats both
diseases is an important advantage of the reverse
strategy in patients with locally advanced colorectal
[5,18]
carcinoma and synchronous hepatic metastases
.
Mild colonic obstruction, pain, bleeding, and mucous
discharge usually resolve after few a cycles of systemic
[5]
chemotherapy . Another advantage of the liver-first
strategy is the concept that systemic metastatic disease
[6,19]
originates from the liver’s metastatic disease
.
The failure to complete the liver-first approach is
characterized by disease development in the liver or
primary tumor, death from other comorbidities while
expecting primary surgery, and morbidity and mortality
[11]
succeeding liver resection . When we apply the liverfirst approach, there is a real jeopardy that an primarily
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resectable colorectal tumor may become progressive
and unresectable due to perforation or invasion into
nearby structures, despite the fact that this event
[11,15]
during induction chemotherapy is sporadic
.
However, currently, the surgical pattern sequence for
patients with synchronous colorectal liver metastases
[20]
still remains controversial . The traditional approach
is staged by the limited risk of progression of colorectal
liver metastases during treatment of the primary
colorectal tumor. No less important is that the combined
approach is only suitable for patients with not advanced
or even limited metastatic liver disease. In patients
with advanced metastatic disease requiring major liver
resection or bilateral liver resection, chemotherapy is
started first, and the reverse approach can be proposed
[8,20]
in case of a suitable response to chemotherapy
.
[10]
Brouquet et al
retrospectively analyzed the
outcomes of 156 patients with synchronous colorectal
hepatic metastases managed by three different surgical
approaches: traditional (n = 72), combined (n = 43),
and the liver-first strategy (n = 27). Patients treated
with the liver-first approach had a significantly higher
number and larger colorectal liver metastases than
patients treated by the combined and traditional
approaches. The authors reported that the postoperative
mortality rates in the combined, classic, and reverse
strategies were 5%, 3% and 0%, respectively, and
the postoperative morbidity cumulative rates were
47%, 51% and 31%, respectively. The different
surgical approaches did not exhibit different cumulative
postoperative morbidity and mortality rates. There was
no significant difference in 3-year and 5-year survival
between the three groups, and the median disease-free
survival was 11 mo in all three groups.
[21]
Andres et al
achieved a survival analysis of
the liver-first reversed approach of advanced synch
ronous colorectal hepatic metastases based on the
LiverMetSurvey with patients submitted to resection of
two or more colorectal liver metastases associated with
irinotecan and/or oxaliplatin-based chemotherapy before
liver surgery. The authors analyzed 787 patients: 729
submitted on resection of the colorectal carcinoma, and
subsequent resection of colorectal hepatic metastases
all (classical approach) and 58 patients submitted on
reverse strategy, which consisted of colorectal hepatic
metastases directed systemic chemotherapy, resection of
all hepatic metastases, and the resection of the colorectal
carcinoma with neoadjuvant radiotherapy for rectal
cancer. Overall survival and disease-free survival at 5
years were similar in both groups of patients.
In a systematic review about the liver-first strategy,
[6]
Jegatheeswaran et al evaluated 90 patients. They
reported that disease progression during the procedure
[11]
period occurred in 23 (19%) patients. de Rosa et al
reported the outcomes of 82 patients with synchronous
colorectal hepatic metastases after the liver-first
strategy. The authors related low global morbidity and
mortality rates, with a relapse rate from 25% to 70%
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and an overall 5-year survival rate from 31% to 41%.
[7]
Lam et al reported a systematic review of the liverfirst strategy in patients with colorectal carcinoma and
synchronous colorectal hepatic metastases. One hundred
and twelve (93%) patients underwent hepatic resection
of colorectal liver metastases. Eighty-nine (74%) of the
initial 121 patients underwent colorectal cancer resection.
They observed a post-operative morbidity of 20% and
a mortality of 1% after the hepatic resection. Moreover,
they related postoperative morbidity and mortality after
colorectal cancer resection of 50% and 6%, respectively.
In this systematic review, the overall survival was 40 mo
median (range 19 to 50 mo) with a recurrence rate of
52%.
[22]
Kelly et al
described the network meta-analysis
review comparing classical, combined, and liver-first
approaches. These authors included 18 studies with
3605 patients in this review. Network meta-analysis
and pair-wise meta-analysis of the 5-year overall
survival showed no significant differences between the
three surgical strategies: combined vs colorectal-first,
liver-first vs colorectal-first, liver-first vs combined. In
addition, network meta-analysis of the perioperative
mortality among the three strategies was not significant.
[2]
In a systematic review, Lykoudis et al suggested that
the three surgical strategies have similar results.
Despite the relatively large number of published
studies on surgical strategies to synchronous colorectal
hepatic metastases, there are no randomized con
trolled trials. The greater part of published studies is
observational, usually retrospective, or non-randomized
comparative studies. The identification of subgroups that
could benefit from a specific strategy is a cornerstone,
because outcomes are equivalent in the different
approaches in the treatment of synchronous colorectal
[23-27]
hepatic metastases
.
Although the protocols used in the different studies
are comparable, the liver-first strategy for patients with
synchronous colorectal hepatic metastases is related
[6]
with different survival results . Furthermore, there is
a necessity for a randomized clinical trial comparing
different approaches. Factors previously considered
contraindications for liver resection, such as number of
metastases, synchronous metastases, and even the
presence of extrahepatic disease, must not prevent the
patient from having the opportunity of being treated with
[16,28]
curative intention
. Indeed, nowadays it is accepted
that even in the presence of poor prognostic factors,
the possibility of long-standing survival and cure can be
reached for patients with synchronous colorectal hepatic
[9,29,30]
metastases
.
The liver-first approach has been demonstrated
to be safe and successful and can be an alternative in
patients with locally advanced colorectal carcinoma and
synchronous hepatic metastases. This approach may
allow a negligible number of patients to be submitted
to curative resections for the synchronous colorectal
hepatic metastases and may help avoid unnecessary
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surgeries in patients with incurable metastatic disease.
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REVIEW

Non-alcoholic fatty liver disease in 2015
Monjur Ahmed
hepatic steatosis, non-alcoholic steatohepatitis, hepatic
fibrosis, cirrhosis of liver and hepatocellular carcinoma.
Although the disease remains asymptomatic most
of the time, it can slowly progress to end stage liver
disease. It will be the most common indication of liver
transplantation in the future. It is diagnosed by abnormal
liver chemistry, imaging studies and liver biopsy. As
there are risks of potential complications during liver
biopsy, many patients do not opt for liver biopsy. There
are some noninvasive scoring systems to find out
whether patients have advanced hepatic fibrosis. At the
present time, there are limited treatment options which
include lifestyle modification to loose weight, vitamin
E and thioglitazones. Different therapeutic agents are
being investigated for optimal management of this
entity. There are some studies done on incretin based
therapies in patients with NAFLD. Other potential agents
will be silent information regulator protein Sirtuin and
antifibrotic monoclonal antibody Simtuzumab against
lysyl oxidase like molecule 2. But they are still in the
investigational phase.
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Core tip: While non-alcoholic fatty liver disease is a
very common clinical problem in our day-to-day clinical
practice, the management of this disease is still in its
infancy. This article focuses on the epidemiology, patho
genesis, pathology, clinical presentation, investigations
including noninvasive scoring systems, current treatment
options and future potential agents.

Abstract
There is worldwide epidemic of non-alcoholic fatty liver
disease (NAFLD). NAFLD is a clinical entity related to
metabolic syndrome. Majority of the patients are obese
but the disease can affect non-obese individuals as
well. Metabolic factors and genetics play important roles
in the pathogenesis of this disorder. The spectrum of
disorders included in NAFLD are benign macrovesicular
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fatty acid is also inhibited in the liver. Other factors which
play roles in hepatic lipogenesis include dietary factors,
de novo hepatic synthesis of lipid and genetics. Dietary
fat in the form of chylomicron supplies FFA to the liver.
Carbohydrate metabolism leads to de novo synthesis of
FFA from acetyl CoA. Glucose also activates carbohydrate
responsive element binding protein and promotes hepatic
lipogenesis. Hepatic triglyceride is generally exported
into the blood as very low density lipoprotein (VLDL) with
the help of apolipoprotein B (APOB). Mutation in APOB
[6]
may lead to hepatic steatosis . Insulin resistance can
also occur in liver and skeletal muscle. Normally, insulin
inhibits gluconeogenesis and promotes lipogenesis in the
liver. In insulin resistant liver, gluconeogenesis continues
leading to hyperglycemia and hyperinsulinemia while fatty
acid synthesis is maintained in the liver. In the normal
state, insulin also inhibits the production of VLDL. So in
an insulin resistant state, the overproduction of VLDL in
the fasting state leads to high triglyceride and low HDL
in the blood. Why do obese individuals develop insulin
resistance, i.e., failure of insulin receptors to function?
Obesity leads to hyperlipidemic and pro-inflammatory
[7]
state . Hepatic insulin resistance occurs when there is
excess FFA influx into hepatocytes. Metabolites of FFA
- long-chain acyl-CoAs and diacylglycerol - relocate
cytoplasmic several protein kinase C to the membrane.
Protein kinase Cs then phosphorylate intracellular
portion of insulin receptors with the development of
insulin resistance. It has been proposed that excessive
intraperitoneal fat can cause excessive FFA reflux directly
[8]
into the liver via the portal vein .
“Multiple hit” theory has been proposed in the
[9]
pathogenesis of NAFLD . In the first hit, there is an
accumulation of triglyceride as lipid droplets within the
cytoplasm of hepatocytes (steatosis) in more than 5%
of hepatocytes. Insulin resistance contributes to this
hepatic steatosis. This phase of benign hepatic steatosis
is reversible and can be self-limited but makes the liver
susceptible to the second hit which advances the liver
to a necroinflammatory stage, i.e., NASH. The second
hit includes oxidative stress (free radical formation due
to excessive fatty acid oxidation), cardiolipin (present
on inner mitochondrial membrane) peroxidation leading
to mitochondrial dysfunction and more reactive oxygen
species formation, pro-inflammatory cytokine formation,
apoptosis and gut-derived bacterial endotoxinemia.
The third hit includes palatine-like phospholipase 3
(PNPLA3) gene involvement, and impaired hepatocyte
regeneration. A small proportion (29%) of patients with
NAFLD have normal BMI. There are different genomic
studies done to find out the genetic predisposition to
[10-12]
NAFLD
. Certain single nucleotide polymorphisms
(SNPs) have been found to be associated with higher
frequency, severe histologic changes and more pro
gression of NAFLD. Variant SNPs in PZP and PNPLA3
genes were found to be independent risk factors for
the development of NAFLD. Hence genetics play an
important role along with metabolic factors in the
development of NAFLD.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a universal
disorder which is now considered as the most common
liver disease in the western world. NAFLD is defined
as the accumulation of excessive fat in the liver in
the absence of excessive drinking of alcohol and any
secondary cause. Although initially benign, the disease
can progress slowly from simple non-alcoholic steatosis
(NAS) to non-alcoholic steatohepatitis (NASH) and
subsequently to hepatic fibrosis, cirrhosis of liver and
hepatoma. At the present time, there is no specific
test which can predict progression of NAS to NASH.
Although cirrhosis of liver secondary to hepatitis C is
now the most common indication of liver transplantation
in the United States, as the prevalence of NAFLD is
increasing, NASH-related cirrhosis and hepatocellular
carcinoma will be a major health care problem and the
leading indication of liver transplantation in the future.
As the epidemic of NAFLD is mainly related to insulin
resistance, different therapies are now being directed to
improve insulin resistance.

EPIDEMIOLOGY
Twenty percent to 30% of the general population in the
[1]
western world suffer from NAFLD . The prevalence is
increased in type 2 diabetes mellitus (70%) and morbid
obesity (90%). This correlates with the rising incidence
of obesity and metabolic syndrome in the western
world. In the United States, the National Health and
Nutrition Examination Surveys from 2009-2010 showed
obesity rates of 35.5% among men and 35.8% among
[2]
women . In Asia, similar prevalence of NAFLD has
been found in the range of 15% to 30% in the general
population and over 50% in patients with diabetes and
[3]
metabolic syndrome . In the general population of
United States, the prevalence of NASH is about 3% but
[4]
could be more than 25% in obese individuals .

PATHOGENESIS
Obesity is an important risk factor for the development
of NAFLD. Obesity may lead to insulin resistance and
metabolic syndrome which is diagnosed in the presence
of 2 or more of the criteria: (1) impaired glucose tolerance
(fasting blood glucose > 110 mg/dL); (2) hypertension;
(3) hypertriglyceridemia (> 250 mg/dL); (4) low high
density lipoprotein (HDL) level (< 40 mg/dL for men
and < 50 mg/dL for women); and (5) abdominal obesity
(waist > 40 inches for men and > 35 inches for women).
In fact, hepatic manifestation of metabolic syndrome
[5]
is NAFLD . Insulin resistance may also be responsible
for the development of NAFLD even in non-obese and
lean individuals. How does insulin resistance cause
hepatic steatosis? Insulin suppresses lipolysis in adipose
tissue. Insulin resistance in the adipose tissue leads to
continued lipolysis, increased plasma free fatty acid (FFA)
and FFA influx into the hepatocytes. Beta-oxidation of
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different stages of NAFLD. Transabdominal ultrasound is
[19]
more sensitive than CT in detecting hepatic steatosis .
Magnetic resonance imaging (MRI) shows lower signal
intensity of the hepatic parenchyma as compared to
surrounding muscle and is more sensitive than CT scan
for detection of hepatic steatosis. Hepatic triglyceride
content can also be measured by MR techniques which
decompose the liver signal into fat signal and water signal.
Conventional MR technique (MR spectroscopy) measures
the fraction of the liver signal attributable to hepatic
fat. But in this technique, there can be many biological
and technical confounding factors (T1 bias, T2* decay)
[20]
and measurement of fat content may not be reliable .
New MRI technique can detect the proton density fatfraction (PDFF) attributable to hepatic fat and thus can
measure hepatic fat content directly and generally shows
correlation with histologic grades of NAFLD. As the disease
progresses towards fibrosis, there is less steatosis, and
[21]
this can be detected by MRI-determined PDFF .
Histologic diagnosis of fatty liver disease by liver
biopsy is the gold standard. As the histologic features
of alcoholic and non-alcoholic liver disease are similar,
history is very important in distinguishing these two
entities. The person with NAFLD is a nondrinker or a
social drinker but does not drink excessive amount of
alcohol, i.e., > 30 gm a day for men and > 20 gm a
day for women within the last 5 years. According to
Center for Disease Control and Prevention, a standard
drink contains 14 gm (0.6 ounces) of pure alcohol. The
standard drink could be 5 ounces of wine (12% alcohol)
or 12 ounces of beer (5% alcohol) or 1.5 ounces of shot
or liquor, e.g., vodka, whiskey, gin, rum (40% alcohol)
or 8 ounces of malt liquor (7% alcohol). As per the
National Institute on Alcohol Abuse and Alcoholism, > 4
drinks on any given day or > 14 drinks per week in case
of men, and > 3 drinks on any given day or > 7 drinks
per week in case of women are considered heavy alcohol
drinking. Thus detailed history of drinking of alcohol
is very important despite the chance of inaccurate
estimation. Diagnosis of NAFLD is established if there is
no significant alcohol drinking history and there is fatty
liver on imaging. Then the question comes whether the
patient has simple steatosis, steatohepatitis, hepatic
fibrosis or cirrhosis of liver. Liver biopsy is still the gold
standard of finding out the histological picture of NAFLD
as mentioned before.
In NAFLD, the simple steatosis is generally macro
vesicular but mixed macro and microvesicular steatosis
can also occur. There is fat deposition in the form
of triglyceride in the cytoplasm of more than 5% of
hepatocytes. In macrovesicular steatosis, the nucleus
is displaced to the periphery of the hepatocyte by a
single large fat globule or multiple small fat globules in
the cytoplasm. In microvesicular steatosis, the nucleus
remains in the center with many minute fat globules
[22]
in the cytoplasm . The steatosis is more prominent
in the perivenular regions of the hepatocytes (zone
3). NASH is characterized by the triad of steatosis,
[23]
ballooning degeneration and inflammation . Ballooning

CLINICAL PRESENTATION
Most patients with NAFLD remain asymptomatic until
they develop cirrhosis of liver when they complain
of fatigue. Even before development of cirrhosis,
some patients may complain of right upper quadrant
discomfort or pain due to hepatomegaly and stretching
[13]
of the hepatic capsule . Physical examination may
reveal obesity and hepatomegaly. When they develop
cirrhosis of liver, they may present with cutaneous
stigmata of liver disease (palmar erythema, spider nevi)
or features of hepatic decompensation which include
jaundice, ascites, edema, gastrointestinal bleeding and
encephalopathy. Some of the clinical symptoms and
signs are due to associated metabolic conditions such
as diabetes mellitus, hypertension, and hyperlipidemia.

DIAGNOSIS: BIOCHEMISTRY, IMAGING
AND HISTOLOGY
As most of the patients with NAFLD are free of
symptoms during the pre-cirrhotic stage, they come
to our attention when we find abnormal liver function
tests or abnormal imaging studies done for some other
[13]
reasons . Abnormal liver function test with mild to
moderate elevation (1.5 to 4 fold) of serum alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) levels and greater elevation of ALT than AST (AST/
ALT: < 1) unlike alcoholic liver disease can be found in
patients with NASH. Sometimes this is picked up during
routine Laboratory test or during routine monitoring of
statin therapy for hyperlipidemia. In fact, in the western
world, NAFLD is the commonest cause of incidental
[14]
abnormal liver function test (LFT) . However, AST
and ALT are not reliable markers of NASH as they can
be normal even in advanced NAFLD. Generally, the
AST:ALT ratio increases as the NAFLD advances from
the necroinflammatory stage (NASH) to the fibrotic
[15]
stage .
Imaging studies may show abnormalities suggestive of
fatty liver. In clinical practice, transabdominal ultrasound is
most widely used as an initial imaging modality because
of its availability, low cost and no radiation exposure.
Positive findings may include hyperechogenecity of the
liver parenchyma, i.e., bright liver relative to spleen and
right kidney, hepatomegaly and blurring of vascular
margins. But abdominal ultrasound cannot detect mild
hepatic steatosis and cannot differentiate simple steatosis,
[16]
NASH and hepatic fibrosis . It is operator dependent,
interfered by intra-abdominal gas and technically difficult
with poor image quality in obese patients.
Non-contrast computed tomography (CT) scan may
show hypodensity of the liver parenchyma as compared
[17]
to spleen . Contrast-enhanced CT if done on a specific
protocol (time interval 2 min and liver-spleen differential
of 18.5 Hounsfield units) increases the sensitivity of
[18]
detection of steatosis .
CT involves ionizing radiation and cannot differentiate
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Table 1 Brunt classification of steatohepatitis
Grades of NASH
Grade 1 (mild)
Grade 2 (moderate)
Grade 3 (severe)
Stages of NASH
Stage 1
Stage 2
Stage 3
Stage 4

Steatosis up to 66%. Occasional ballooned hepatocytes predominantly in zone 3. Scattered intra-acinar neutrophils
Steatosis of any degree. Ballooned hepatocytes predominantly in zone 3. Intra-acinar neutrophils. Zone 3 perisinusoidal fibrosis.
Mild to moderate portal and intra-acinar chronic inflammation
Panacinar steatosis. Widespread ballooned hepatocytes predominantly in zone 3. Intra-acinar inflammation. Scattered neutrophils
associated with ballooned hepatocytes. Mild to moderate portal inflammation
Extensive zone 3 perisinusoidal fibrosis
Zone 3 perisinusoidal and portal or periportal fibrosis
Bridging fibrosis
Cirrhosis

NASH: Non-alcoholic steatohepatitis.

disorders:
Simple steatosis → NASH → cirrhosis
NAFLD classification: type 1: Simple steatosis;
type 2: steatosis + inflammation (lobular and portal)
→ NASH; type 3: steatosis + ballooned hepatocytes →
NASH; type 4: steatosis + fibrosis → NASH.
Grades of hepatic steatosis: Hepatocytes containing
fat vacuoles are subjectively visualized and graded.
grade 0 (normal): < 5% of hepatocytes are affected;
grade 1 (mild): 5% to 33% of hepatocytes are affected;
grade 2 (moderate): 34% to 66% of hepatocytes are
affected; grade 3 (severe): > 66% of hepatocytes are
affected (Table 1).
NAS or NAFLD activity score is determined by
evaluating the steatotic and inflammatory activity as
Table 2.
Although liver biopsy is widely available and very
helpful in staging and grading NAFLD, it is an invasive
procedure with inherent risks of complications like pain
at the biopsy site, intraperitoneal bleeding, subcapsular
hematoma, infection and accidental injury to other
organs. After liver biopsy, patients may need to stay
at the hospital for several hours for recovery. Rarely
(1%-3% of cases), patients may need to get admitted
[28]
to the hospital and the mortality is 1 in 10000 . Many
patients are also reluctant to have liver biopsy done.
As advanced hepatic fibrosis can eventually lead to
cirrhosis of liver and hepatoma, assessment of patients
with NAFLD and hepatic fibrosis is important (Table 3).
The Fibrosis 4 index was found to be superior when
comparison was made among the non-invasive markers
of fibrosis in patients with NAFLD.
Hepatic fibrosis can also be evaluated by hepatic
elastography which measures liver stiffness. Hepatic
[34]
elastography can be done by ultrasound or MRI . In
ultrasound elastography also known as Fibroscan or
Transient Elastography, a transducer on an ultrasound
probe transmits ultrasound wave (50-MHz) into the
liver which then produces an elastic shear wave (meter/
sec). The shear wave passes faster through the fibrous
tissue. The shear wave is then converted into liver
[35]
stiffness (kilopascols) . Fibroscan is very sensitive
(70%) and specific (84%) in detecting the stages of
[36]
hepatic fibrosis . There are some technical issues

Table 2 Non-alcoholic steatosis or non-alcoholic fatty liver
disease activity score is determined by evaluating the steatotic
and inflammatory activity
NAS
0
3
6
8

Steatosis

Ballooning

Inflammation, lobular

< 5% (0)
5%-33% (1)
34%-66% (2)
> 66% (3)

None (0)
Rare or few (1)
Many (2)
Many (2)

None (0)
1–2 foci per 20 × field (1)
2–4 foci/20 × field (2)
> 4 foci/20 × field (3)

NAS: Non-alcoholic steatosis.

degeneration also considered as the hallmark of
steatohepatits is recognized by a swollen hepatocyte with
foamy, pale cytoplasm and enlarged hyperchromatic
nucleus. Loss of normal hepatocyte keratins 8/18
immunostaining can be helpful in the detection of the
[24]
ballooned hepatocytes . Mild inflammation mainly
involving the acini and sometimes the portal tract is
the central feature in NASH. Mixed inflammatory cells
consisting of lymphocytes, plasma cells, monocytes,
eosinophils and neutrophils are found. Ballooned
hepatocytes surrounded by neutrophils, a lesion called
“satellitosis” can be rarely seen in NASH. Sometimes,
intracytoplasmic inclusions (ubiquitin-rich) called Mallory’s
hyaline are found in the hepatocytes. As the disease
progresses, portal inflammation becomes more severe.
Hepatic fibrosis generally begins in zone 3. There is
pericellualr and perisinusoidal fibrosis giving characteristic
“chicken wire” appearance. Portal and periportal fibrosis
occurs as well. Then bridging fibrosis with central to
portal, and central to central fibrous septa formation
is seen, ultimately leading to macronodular or mixed
cirrhosis of liver. At this stage, the characteristic triad of
NASH and perisinusoidal fibrosis becomes less prominent
or disappear. As a result, many times NASH-related
cirrhosis are labeled as cryptogenic cirrhosis. This may
lead to hepatic failure and hepatoma. One study showed
that the chance of developing hepatoma in patients with
cirrhosis secondary to NAFLD was 7% over 10 years time
[25]
period . Non-cirrhotic NAFLD patients may also develop
hepatoma possibly because of associated metabolic
[26]
syndrome .
As mentioned before that NAFLD is a spectrum of

WJH|www.wjgnet.com

1453

June 18, 2015|Volume 7|Issue 11|

Ahmed M. Non-alcoholic fatty liver disease in 2015

Table 3 Several noninvasive scoring systems based on indirect serologic markers of fibrosis are available to predict the presence or
absence of advanced hepatic fibrosis
BARD (BMI > 28, AST/ALT ≥ 0.8 and diabetes mellitus)
score[29]: Score ranges from 0 to 4. BMI > 28 (yes = 1, no = 0)
+ AST/ALT (> 0.8 = 2, ≤ 0.8 = 0) + diabetes mellitus (yes =
1, no = 0)
NAFLD fibrosis score: depends on age, BMI, diabetic status,
AST, ALT, Platelet Count and albumin[30]: -1.675 + 0.037 ×
age (yr) + 0.094 × BMI (kg/m2) + 1.13 × IFG/diabetes (yes =
1, no = 0) + 0.99 × AST/ALT ratio - 0.013 × Platelet (109/L) 0.66 × albumin (g/dL)
Fibrosis 4 index: Uses age, AST, ALT and platelet count[31]:
Age (yr) × AST (U/L)/platelet (109/L) × [ALT (U/L)]1/2

Score 0 to 1 means low probability of advanced hepatic fibrosis (negative predictive value
96%) and score 2 to 4 means high probability of hepatic fibrosis (positive predictive value
43%)

If the score is < -1.455, there is low probability of advanced hepatic fibrosis (negative
predictive value ≥ 87%) and if the score is > 0.676, there is high probability of advanced
hepatic fibrosis (positive predictive value ≥ 78%). If the score is intermediate (between
-1.455 and 0.676), there is indeterminate probability and these patients need to have liver
biopsy for further assessment
If the score is < 1.30, there is low probability of advanced hepatic fibrosis (negative predictive
value 90%), if the score is > 2.67, there is high probability of advanced hepatic fibrosis
(positive predictive value 80%). If the score is intermediate (1.30 to 2.67), the possibility of
having advanced hepatic fibrosis is indeterminate and liver biopsy is warranted
APRI[32]: AST level (IU/L)/AST upper limit of normal (IU/ If the score is ≤ 0.5, there is low probability of hepatic fibrosis negative predictive value 83%
L)/[platelet count (109/L)] × 100 =
and if the score is > 1.5, there is high probability (positive predictive value 68.4%) of hepatic
fibrosis[33]. The intermediate score is indeterminate and liver biopsy should be done in those
patients
BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; NAFLD: Non-alcoholic fatty liver disease; IFG: Impaired fasting
blood glucose; APRI: AST platelet ratio index.

which limit performance of doing Fibroscan, including
morbid obesity, ascites, narrow intercostal spaces and
excessive chest wall fat.
MR elastography (MRE) has a vibration device which
produces shear waves in the liver. The shear waves are
detected by the modified MRI machine, generating a
color image (elastogram) that represents wave velocity
and hence stiffness of the liver. MRE is superior in
differentiating different stages of fibrosis (sensitivity
[37]
85.4%, specificity 88.4%) . The limitations will be cost
and claustrophobia.

syrup (Granola bars, condiments, sweetened beverages,
prepared desserts, baked goods, snacks, breakfast
cereal, cookies) may impair insulin sensitivity leading
[40]
to development of NAFLD . Thus sugar consumption
should be less than 10% of one’s total caloric intake and
food rich in high fructose corn syrup should be avoided.
Western diet is also rich in saturated fat and omega-6
[41]
fatty acid but deficient in omega-3 fatty acid . Omega-3
fatty acids normally coordinate with upregulation of fatty
acid oxidation and downregulation of fatty acid synthesis.
Dietary omega-3 fatty acid deficiency associated with
increase in omega-6 fatty acid in the body has been
found to cause NAFLD in rats and mice. Cooking oils
high in omega-6 fatty acid (soybean, sunflower, corn)
should be changed to cooking oils high in omega-3 fatty
acids (Canola, Olive, Chia, Perilla). Patients should be
encouraged to eat more fish as they contain omega-3
fatty acid. Fish oil supplementation helps in improving
the lipid profile and reducing the inflammatory markers
[42]
of metabolic syndrome
although further studies are
needed to find out its beneficial effects on metabolic
syndrome. One study showed diet and exercise were
superior to insulin sensitizers metformin and rosiglitazone
[43]
in ALT normalization in NAFLD .

MANAGEMENT
The goal of management will be to diagnose the disease
early, prevent further progression of the disease from
one stage to the next stage, regression of the disease
as much as possible and improvement of the underlying
metabolic syndrome. When the patient becomes cirrhotic,
standard treatment of cirrhosis should be offered
including liver transplantation in the decompensated
state. NAFLD can recur in the transplanted liver.

Lifestyle modification

As most of the patients with NAFLD are overweight or
obese and have associated metabolic syndrome, gradual
[38]
weight loss is advocated as the first line of intervention .
Diet and exercise (30 min of aerobic exercise 4 times a
week, i.e., moderate physical activity) are the preferred
methods of weight loss. There are many studies showing
[39]
the benefit of weight loss in NAFLD . Five percent
to 10% of body weight loss can reduce a significant
amount of liver fat and improve steatohepatitis. But as
it is difficult to maintain body weight, many patients
regain lost body weight with the recurrence of NAFLD.
Dietary modification is also very important. High sugar
consumption in the Western diet is the major cause of
obesity. Diet rich in fructose particularly high fructose corn
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Pharmacotherapy

As NAFLD is associated with metabolic syndrome, the
associated comorbidities like obesity, diabetes mellitus,
hypertension and hyperlipidemia should be managed
well concurrently as part of the treatment of NAFLD.
There is a practice guideline developed by American Asso
ciation for the study of Liver Diseases and approved by
American College of Gastroenterology and the American
Gastroenterological Association on the management of
NAFLD. The guideline was published in Hepatology in
[44]
2012 .
The broad categories of pharmacotherapy for the
treatment of NAFLD include: (1) Antioxidants; (2)
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[51,52]

Insulin-sensitizing agents; (3) Hepatoprotective and
miscellaneous agents; and (4) Bariatric surgery.

liver histology
. As a result, ursodexycholic acid is not
a treatment option for NAFLD.

Antioxidants

Pentoxifylline

As oxidative stress is considered to be the main
mechanism of progression of steatosis to steatohepatits,
the antioxidant Vitamin E has been studied in different
trials. Vitamin E 800 units per day was studied in the
[45]
PIVENS trial . It showed improvement in steatosis and
steatohepatitis and decrease in serum transaminases
in nondiabetic patients but there was no improvement
of fibrosis histologically. Currently it is recommended as
the first line agent in nondiabetic individuals with biopsy
proven NASH.

Pentoxifylline is a xanthine derivative and is being used
in peripheral vascular disease because of its beneficial
effects like relaxation of smooth muscle, flexibility
of red blood cells and deaggregation of platelets.
Because of anti-tumor necrosis factor activity, it has
been used in alcoholic hepatitis, and studied in NAFLD.
[53]
A randomized placebo controlled trial by Zein et al
showed that pentoxifylline 400 mg 3 times a day over
1 year improved steatosis and lobular inflammation
[53]
with no significant effect on ballooning degeneration .
[54]
However, in a similar study done by Van Wagner et al ,
pentoxifylline improved transaminases, hepatic steatosis
and ballooning degeneration when compared to baseline
but when compared to placebo, the improvement was
not clinically significant. Pentoxifylline did not improve
any metabolic marker of insulin resistance. These
findings warrant further studies to determine the role of
pentoxifylline in NAFLD.

INSULIN SENSITIZING AGENTS
Metformin

Metoformin is a common and first line antidiabetic agent
as it increases insulin sensitivity by upregulating AMPactivated protein kinase which results in the reduction of
[46]
hepatic glucose production . Although there was initial
enthusiasm about Metformin on its therapeutic effect on
NAFLD, subsequent studies did not find much benefit.
A pilot study showed little effect of Metformin on serum
[47]
transaminases and liver histology in NAFLD . Currently
metformin is not recommended as a specific treatment
of NAFLD.

Statins

NAFLD and hyperlipidemia frequently coexist as part
of the metabolic syndrome. Statins are used as one
of the main line therapies for hyperlipidemia. Statins
may cause mild elevation of transaminases but they
have been found to be safe in patients with chronic liver
[55]
diseases including NAFLD . One randomized study
showed that Atorvastatin improved both biochemical
[56]
and ultrasound evidence of NAFLD . But at the present
time, there is no randomized controlled study evaluating
the effect of statin on the histology of NAFLD. Statins
are not currently recommended specifically for the
treatment of NAFLD.

THIOGLITAZONES
Thioglitazones (Pioglitazone and Rosiglitazone) are
agonists of peroxisome proliferator-activated receptor
gamma that controls transcription of insulin receptor
genes involved in the transport, utilization and production
[48]
of glucose and lipid .
These nuclear receptors are found in liver, muscle
and fat cells. Thioglitazones act as insulin sensitizers in
NAFLD by helping to redistribute fat from the liver and
[49]
muscles to the adipose tissue. In the PIVENS trial ,
pioglitazone improved serum transaminases, steatosis
and steatohepatitis in nondiabetic patients with NASH
but histological improvement was not statistically signi
ficant in comparison to placebo. Thioglitazones can
cause weight gain and carry increase risk of congestive
cardiac failure. At the present time, thioglitazones can
be recommended to treat NASH, but long term safety
and efficacy are not known.

Omega-3 fatty acids

In the western diet, omega-6 fatty acid consumption
is high and omega-3 fatty acid consumption is low - a
phenomenon that may lead to an increased amount
of pro-inflammatory arachidonic acid derivatives
(eicosanoids) production and impaired hepatic lipid
metabolism, predisposing to NAFLD. A meta-analysis
showed treatment with omega-3 polyunsaturated fatty
acid improved hepatic steatosis but not transaminases
[57]
but the correct dose is currently not known . Further
randomized controlled trials are needed. At the present
omega-3 fatty acid supplementation is not recommended
for the treatment of NAFLD.

MISCELLANEOUS AGENTS
Ursodeoxycholic acid

Orlistat

A naturally occurring secondary bile acid found in small
quantities in the human small intestine, is produced by
intestinal bacteria as a metabolic by-product and it is
found in large quantities in the bile of certain types of
bear. It has cytoprotective effects along with the ability to
alter lipid properties. The acid can reduce transaminases
[50]
in NAFLD
but long-term study failed to improve any
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Orlistat is a reversible enteric and pancreatic lipase
inhibitor. It promotes fat malabsorption, and decreases
free fatty-acid influx into the liver leading to weight loss
and improvement of insulin sensitivity. In a randomized
controlled trial, Orlistat reduced serum transaminases
and hepatic steatosis as determined by abdominal
[58]
ultrasound . Another study demonstrated that significant
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weight loss of > 9% improved serum transaminases
[59]
and liver histology irrespective of intake of Orlistat .
Currently, Orlistat is approved for weight loss in obese
patients but not recommended solely for the treatment
of NAFLD.

therapeutic options of NAFLD. Sirtuins (SIRTs) are silent
information regulator proteins which act as nicotinamide
adenine dinucleotide dependent deacylases and thus
can modulate activation and deactivation of certain
[67]
proteins . In mammals, there are 7 different types
of SIRT 1-7. SIRT1 has been found to increase insulin
sensitivity and secretion, decrease oxidative stress and
inflammatory activity, and help in glucose and lipid
metabolism. In the rat model, significantly decreased
SIRT expression in the liver was found in NAFLD
and moderate SIRT1 overexpression in the liver was
[68]
protective from developing NAFLD . In another murine
model, resveratrol, a natural SIRT1 activator, showed
improvement of insulin resistance and liver histology
[69]
in NAFLD . Thus pharmacological activation of SIRT1
can be a potential target in the treatment of NAFLD
but human studies (randomized controlled trials) are
needed.
Hepatic fibrosis at a more advanced stage leads to
cirrhosis of the liver. Lysyl Oxidase Like Molecule 2 (LOXL2)
is an enzyme that causes cross linkage of type 1 collagen
[70]
and promotes fibrosis . Its serum level correlates
[71]
with the stage of hepatic fibrosis . Simtuzumab is
a humanized antifibrotic monoclonal antibody (IgG4)
against LOXL2. It was well tolerated in patients with
[72]
liver disease of diverse etiology in a small study .
In multicenter clinical trials, Simtuzumab is currently
being evaluated for its safety and efficacy in patients
with compensated cirrhosis due to NASH, and also in
patients with advanced hepatic fibrosis but not cirrhosis
[73]
secondary to NASH .

Incretin-based therapies

Glucagon-like peptide 1 (GLP-1) secreted by the L cells of
the intestinal mucosa after nutrient ingestion is an incretin
hormone. It increases insulin secretion by stimulating
pancreatic β cells, decreases glucagon secretion and
delays gastric emptying. Thus it lowers blood glucose
in diabetes mellitus and has other beneficial effects
including central appetite suppression, weight reduction
[60]
and improvement of insulin sensitivity . Because of
rapid degradation by dipeptidyl-peptidase Ⅳ (DPPⅣ),
GLP-1 has a short half life. GLP-1 receptor agonists
(exenatide, liraglutide) are long acting as they are DPP
Ⅳ resistant. They are primarily developed for type 2
diabetes mellitus for maintenance of blood glucose. There
are case reports in which diabetic patients with NAFLD
when treated with exenatide showed significant decrease
in liver fat. In obese mouse, exendin-4 improved insulin
[61]
sensitivity and reversed hepatic steatosis . Hepatic DPP
Ⅳ expression and serum DPPⅣ activity are significantly
higher in NAFLD patients and they correlate with hepatic
[62]
steatosis . DPPⅣ inhibitor sitagliptin treated diabetic
NAFLD patients displayed a decrease in transaminases
[63,64]
and hepatic steatosis
. Thus considering the experi
mental and clinical data, incretin-based therapies (GLP-1
analogues and DPPIV inhibitors) can be considered as
potential novel agents in the treatment of NAFLD. Further
randomized controlled trials are needed before starting
incretin-based therapies as therapeutic agents for NAFLD.

PROGNOSIS
Most of the patients with NAFLD will die from cardio
vascular events. Simple steatosis has a benign course and
can be reversible. NASH is a progressive disease leading
to hepatic fibrosis and ultimately cirrhosis of the liver in
20% of the time. The chance of developing hepatoma
is also high in NAFLD, particularly in cirrhotic liver.
Besides the liver disease, the associated components of
metabolic syndrome give rise to morbidity and mortality.
Cardiovascular disease, cancer and cirrhosis are the
[74]
top three causes of death . Recently a long-term (>
12 years) international study found that although lean
2
patients (body mass index < 25 kg/m ) with NAFLD had
less insulin resistance and less advanced hepatic fibrosis,
they had twice (28% vs 14%) the mortality than their
[75]
overweight and obese counterparts .

BARIATRIC SURGERY
Most of the patients who undergo bariatric surgery have
NAFLD. Common bariatric surgeries practiced in the
United States are Roux-en-Y gastric bypass, laparoscopic
adjustable gastric banding, sleeve gastrectomy, and
[65]
biliopancreatic diversion with duodenal switch . Steady
and profound weight loss increases insulin sensitivity,
promotes visceral fat loss and can potentially improve
liver histology in NAFLD. Although beneficial effects
including improved liver histology were seen in few
studies, a randomized controlled trial that has evaluated
bariatric surgery as the treatment of NAFLD has not
been pursued. There is concern of hepatic failure in
[66]
cirrhotic patients due to rapid weight loss . Bariatric
surgery in cirrhosis of liver due to NAFLD could be risky.
Although bariatric surgery is frequently done in morbidly
obese individuals with non-cirrhotic NAFLD to reduce
obesity, it is not recommended as a primary treatment
for NAFLD.

CONCLUSION
NAFLD is the most common cause of incidental abnormal
LFT, and the most prevalent chronic liver disease in the
world. Because of the epidemic of NAFLD, it is predicted
to be the commonest indication of liver transplantation
in the near future. Good preventive measures, better
understanding of the underlying mechanisms of the
disease, reliable non-invasive diagnostic tests and

FUTURE THERAPY
Research is ongoing to find out prevention and better
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effective therapies are essential for optimal management
of the disease. At the present time, we have practical
guidelines but only few options which include life-style
modifications to achieve targeted weight loss, vitamin
E and pioglitazone in non-diabetic patients with biopsyproven NASH. Although metabolic syndrome plays
a major role in most of the patients with NAFLD, the
pathogenic mechanism is heterogenetic as evidenced
in the recent finding of higher mortality in lean NAFLD
patients who are more likely to be men, non-white,
especially Asian and Hispanic, with few metabolic
conditions like diabetes, hypertension, hyperlipidemia,
less elevated transaminases and less fibrosis. In future,
treatment should be more individualized depending on
the underlying pathogenic mechanism.
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Abstract
Hepatocellular carcinoma (HCC) is the most rapidly
increasing type of cancer in the United States. HCC
is a highly malignant cancer, accounting for at least
14000 deaths in the United States annually, and it ranks
third as a cause of cancer mortality in men. One major
difficulty is that most patients with HCC are diagnosed
when the disease is already at an advanced stage, and
the cancer cannot be surgically removed. Furthermore,
because almost all patients have cirrhosis, neither
chemotherapy nor major resections are well tolerated.
Clearly there is need of a multidisciplinary approach for
the management of HCC. For example, there is a need
for better understanding of the fundamental etiologic
mechanisms that are involved in hepatocarcinogenesis,
which could lead to the development of successful
preventive and therapeutic modalities. It is also essential
to define the cellular and molecular bases for malignant
transformation of hepatocytes. Such knowledge would:
(1) greatly facilitate the identification of patients at
risk; (2) prompt efforts to decrease risk factors; and
(3) improve surveillance and early diagnosis through
diagnostic imaging modalities. Possible benefits extend
also to the clinical management of this disease. Because
there are many factors involved in pathogenesis of HCC,
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other risk factors such as viral hepatitis to contribute to
[4-6]
the processes of hepatocarcinogenesis .
The treatment options for HCC include those of
curative potential for early stage of the disease such as
surgical resection, ablation, and liver transplantation.
The only therapies that have been shown to prolong life
for intermediate or advanced stage disease include liverdirected therapy with transarterial chemoembolization
and systemic chemotherapy with sorafenib. As HCC is a
complex type of cancer, optimal management requires
a multidisciplinary-team approach including oncolo
gical surgeons, hepatologists, oncologists, radiologists,
intervention radiologists, transplant surgeons, and
pathologists, who routinely meet and discuss diagnosis and
treatment options towards individualized management
with the goal fulfilling precision medicine. This review aims
to discuss the current understanding of the mechanisms
and signaling pathways involved in hepatocarcinogenesis,
pathological and radiological diagnosis, and management
of HCC with a multidisciplinary approach.

this paper reviews a multidisciplinary perspective of
recent advances in basic and clinical understanding of
HCC that include: molecular hepatocarcinogenesis, noninvasive diagnostics modalities, diagnostic pathology,
surgical modality, transplantation, local therapy and
oncological/target therapeutics.
Key words: Genetic alterations; Epigenetic alterations;
Diagnostic pathology; Diagnostic imaging; Surgical
modality; Liver transplantation; Locoregional therapy;
Sorafenib; Hepatocellular carcinoma; Liver resection
© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: Hepatocellular carcinoma (HCC) is one of
the few tumors in which the incidence is on the rise
worldwide, especially in the United States. The overall
increase in the incidence warrants efforts to prevent and
to more efficiently treat this disease. This necessitates
the need for a multidisciplinary approach for the
management of HCC, because there are many etiological
factors involved in the pathogenesis and malignant
transformation of the disease. For example, there is a
need to improve surveillance and early diagnosis through
diagnostic imaging modalities to facilitate identification
of potential molecular targets for novel therapeutic
strategies. In turn, this will facilitate the identification
of patients at risk. This review summarizes current
knowledge on the clinical management of the disease as
well as etiologic mechanisms of malignant transformation
for better diagnosis, prognosis, and treatment of HCC.

GENETIC ALTERATIONS IN HCC
The genetic heterogeneity of HCC has complicated the
search for driver mutations that initiate or promote
HCC. Technological advancements in genomic research
over the past decade, such as whole exome sequencing
(WES), whole genome sequencing (WGS), and whole
transcriptome analysis, have allowed more extensive
genomic analyses of HCC. This section will focus on
common genetic and epigenetic mutations in HCC,
molecular classification of HCC, and the signaling path
ways that may serve as therapeutic targets.
Multiple groups have performed whole exome as
well as WGS of HCC in order to determine the most
[7-9]
common genetic mutations involved in this disease .
[7]
Cleary et al performed WES of 87 tumors and found
that the most frequent mutations were TP53 (18%),
CTNNB1 (10%) and MLL4 (7%) among others. Their
work demonstrates the heterogeneity of HCC as they
had a relatively even distribution of hepatitis C virus
(HCV), HBV, and cirrhosis not otherwise specified in
their cohort and no single mutation was present in >
[8]
20% of samples. Fujimoto et al performed WGS on
27 tumors, all but two-harbored HCV or HBV. They also
found TP53 to be the most frequent mutation (14/27
samples). Their work also found mutations in CTNNB1,
[9]
MLL, as well as ARID1a/2. Kan et al performed WGS
on 88 tumors, 81 of which were positive for HBV. Their
group also found TP53 as the most frequent mutation
(35%) followed by CTNNB1 (16%) and JAK1 (9%).
Pathway analysis was used to describe five major cellular
pathways that are altered by the somatic mutations
found by WGS: (1) P53/cell cycle; (2) Wnt/β-catenin
(CTNNB1); (3) Chromatin remodeling (ARID); (4) PI3K/
AKT/mammalian target of rapamycin (mTOR); and (5)
Oxidative/ER stress. Overall, specific mutations were
present in < 20% of all samples, further illustrating
the genetic heterogeneity found in HCC (for further
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INTRODUCTION
Hepatocellular carcinoma (HCC) constitutes the majority
of primary liver cancers. It is the fifth most common
malignancy in the world and is the third leading cause
[1,2]
of cancer-related death worldwide . More than half
a million cases are newly diagnosed each year, with
an almost equal annual mortality given its high fatality
rates. The incidence of HCC continues to rise and is
predicted to continue to be the third cause of cancer[3]
related death by 2030 . Viral hepatitis and cirrhosis are
known to be the most common risk factors for HCC,
but the exact mechanisms of hepatocarcinogenesis
remain unclear, particularly in patients without these
risk factors. Fatty liver disease due to diabetes and
obesity has recently been recognized as independent
risk factor of HCC, but may also act synergistically with
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[20]

the mTORC1 and FGFR1 pathways .
There are also genetic signatures for clinical charac
teristics as well as risk assessment for certain HCCs.
[7]
For example, Cleary et al found that increased micro
vascular invasion was associated with MLL mutations,
and those tumors with TP53 mutations were at higher
risk for early recurrence. Multiple groups have also
discovered various SNPs and their association with HCC
[21]
[22]
risk . Budhu et al created 17-gene profile that was
able to predict tumor metastasis and recurrence in an
[23]
independent cohort. Huang et al
used WES of HBV
related HCC with associated portal vein tumor thrombus
(PVTT). They discovered novel mutations present only
in the PVTT that suggest they may be involved in tumor
[23]
progression .
The cumulative genetic and epigenetic alterations lead
to changes in gene expression in HCC. Many groups have
sub-classified HCC based on their transcriptome profile.
Hoshida et al classified HCC into three groups, S1-S3.
S1 tumors tend to have mutations in the Wnt/β-catenin
pathway, have increased risk of early recurrence, and
have increased vascular invasion as well as satellite
lesions. S2 tumors are those with activating mutations
in the MYC and PI3K/AKT pathways. They tend to be
larger tumors that overexpress AFP. S3 tumors are well
differentiated, have fewer inactivating mutations of p53,
[24]
and tended to be smaller tumors . Boyault’s group
used whole transcriptome analysis of 103 HCC samples
to classify six subgroups of HCC. G1-G3 groups were
associated with increased genomic instability. G1-G 2
groups were both found to have AKT activation and were
associated with HBV. For G1 groups, tumors had low
copy numbers of HBV, while G2 tumors had higher copy
numbers of HBV as well as TP53 and PIK3CA mutations.
Tumors for G3 group were classified by having TP53
and cell cycle pathway mutations, whereas tumors
for G4 group were heterogeneous, mostly with TLF-1
mutations. For G5-G6 groups, tumors were found to
carry Wnt/β-catenin mutations such as CTNNB1. They
also exhibited decreased expression of cell adhesion
[25]
proteins and tended to have increased satellite lesions .
Epigenetic changes in HCC carcinogenesis and
prognosis have also been investigated. There are a
myriad of differentially regulated miRNA, alterations
in DNA methylation, and dysregulations of histone
complexes that occur in HCC. The complete list of miRNA
is beyond the scope of this review. Seemingly, the most
clinically relevant are the Let-7 miRNA, which are down
regulated in HBV related HCC. Also, miRNA-196 seems
to have a protective role in HCV related HCC. miRNA26a and 195 are both down regulated inn HCC, which
leads to decreased E2F expression and cell survival/
[26-28]
proliferation
.
DNA hypo-and hypermethylation can lead to diffe
rential regulation of tumor suppressors and oncogenes.
In HCC, multiple groups have identified hypomethylation
(activation) of oncogenes such as LINE-2, ALU, STAT2
as well as hypermethylation (suppression) of RB1, P16,
APC, SOCS1, SOCS3, and RASSF1a. DNA methylation

Table 1 Genes frequently mutated in hepatocellular carcinoma
Gene
p53
CTNNB1
ARID1A
mTOR
NFE2L2
TERT promoter

Pathways/gene functions involved

Ref.

Genome integrity and cell cycle
Wnt/b-catenin signaling
Chromatin remodeling
PI3K/AKT/mTOR
Oxidative/ER stress
Telomere stability

Clearly et al[7]
Kan et al[9]
Fujimoto et al[8]
Riechle et al[20]
Guichard et al[16]
Nault et al[183]

PI3K/AKT/mTOR: Phosphatidylinositol 3-kinase/Akt/mammalian target
of rapamycin.

information about HCC genetic dysregulation in Table 1).
The great diversity of genetic alterations in HCC
reflects the multiple etiologic factors that contribute to its
pathogenesis. It is well known that HBV, HCV, alcoholic
cirrhosis, aflatoxin-B, non-alcoholic steatohepatitis
(NASH) and hemochromatosis all portend a higher risk
of developing HCC. Multiple groups have used WES and
WGS as well as genome wide association studies to define
[10-12]
genetic “signatures” for different etiologies of HCC
.
For example, those associated with alcoholic cirrhosis
tend to have increased mutations in the chromatinremodeling pathway, HCV-associated HCC were shown
to have increased rates of CTNNB1 mutations (Wnt/
β-catenin pathway) and ARID2 mutations (chromatin
remodeling complex). In contrast, HBV-related tumors
are commonly caused by integration of the viral HBx DNA
into the host genome, which creates genetic instability
and mutagenesis in cancer related genes such as TP53.
Multiple groups have found common integration sites
in the promoter sites or exons of TERT (MLL4), CCNE1,
and ROCK1 genes that are significantly increased in
HBV associated HCC. They also have a higher rate of
[13,14]
differentially regulated TP53
. Aflatoxin B1 exposure
results in a predictable mutation in codon 249 of TP53
[15]
[16]
which drives carcinogenesis . Guichard et al described
a novel mutation in IRF2 that is present in HBV-related
HCC which leads to TP53 inactivation. A recent study
[17]
by Lau et al
found a common viral-human chimeric
transcript resulting from HBV integration into a LINE1element on chromosome 8p11.21, which functions as
a long non-coding RNA to drive oncogenesis through its
[18]
influence on Wnt/β-catenin pathway. Zain et al
have
used genome wide analysis of copy number variation
to identify rare or novel copy number variant that are
associated with progression of NASH to cirrhosis and
eventually HCC. There is, however, a paucity of data
regarding the genetics of NASH and HCC, and given
the worldwide rise in prevalence of NASH this presents
a significant gap in our knowledge of the HCC cancer
genetics.
Certain subtypes of HCC, however, have been
associated with single driver mutations. Recently, WGS
of fibrolamellar carcinoma has revealed a chimeric
transcript of DNAJB1-PRKACA that is present in all tumor
[19]
samples studied . This rare variant of HCC occurring in
young adults without cirrhosis also shows involvement of
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Figure 1 Pathology of classical hepatocellular carcinoma. A: Gross photo of a well circumscribed, soft, yellowish to tan, and lobulated hepatocellular carcinoma
(HCC) in a background of non-cirrhotic liver; B: Gross photo of a yellow and greenish, soft and lobulated HCC in a background of cirrhotic liver; C: Microphotos of
HCC showing the pseudoacinar and pseudoglandular patterns, some containg the yellowish bile within the pseudoglandular structure with increased nuclear sizes; D:
Microphotos of HCC showing thickened trabeculi, with increased unpaired arteries. Notice there are no normal structures present, i.e., portal tracts.

abnormalities occur early in the course of HCC, and seem
[29]
to accumulate as the disease progresses . Nagashio’s
group has identified specific methylation signatures that
differentiate malignant HCC from benign lesions with >
95% sensitivity and specificity. They have also shown
that certain methylation sites such as RIZ1a and LINE-1
[30]
may have prognostic value .
The advent of WGS and WES has uncovered a
myriad of novel mutations found in HCC. More studies
are needed to define their role in hepatocarcinogenesis.
This could lead to further targets for therapy, risk
stratification, as well as development of biomarkers for
early detection of HCC. As the technology improves we
may be able to personalize targeted therapy for specific
mutational profile found in each tumor.

resembling hepatocytic cords), pseudoglandular or
pseudoacinar to solid (Figure 1C). Normal structures, i.e.,
portal tracts are not present within the neoplastic tissue,
where the blood is solely supplied by the artery; hence
“unpaired arteries” are increased within HCC (Figure
1D), a phenomenon reflecting the neoangiogenic property
during hepatocarcinogenesis and the hypervascularity
observed by imaging. Sinusoidal capillarization is also a
unique characteristic of HCC in which fenestrated hepatic
sinusoids transform into continuous capillaries. In HCC,
the neoplastic cells can appear similar to hepatocytes to
markedly pleomorphic or small cell and undifferentiated.
Features of hepatocytic differentiation may still retain
in the neoplastic hepatocytes, such as bile, glycogen,
steatosis, and Mallory-Denk bodies. Malignant features
including enlarged and vesicular nuclei with prominent
nucleoli are often seen. Mitotic figures are frequent and
can appear bizarre in the poorly differentiated tumor.
Although not always present, stromal invasion is a
malignant feature of HCC that can be used to distinguish
HCC from dysplastic nodule, where loss of ductular
reaction by keratin 7 (CK7) or CK19 is observed by
[31,32]
immunohistochemistry in HCC
. Reticulin stain has
been traditionally useful to diagnose HCC, in which
the thickened trabecula are highlighted by the loss of
reticulin stain. In HCC, the sinusoidal endothelial cells
[33,34]
stain positive for CD34
, whereas they are negative in
the non-neoplastic liver tissues. While glypican-3 is also
a relatively sensitive and specific marker for HCC, the

PATHOLOGY OF HCC
Pathology has played an important role in the diagnosis,
staging and follow-up for the management of HCC. HCC
is a morphologically heterogeneous tumor. Grossly HCC
appears as circumscribed, yellow to greenish and soft
tumors, often encapsulated with areas of hemorrhage
and necrosis. Infiltrative borders can be seen but are
not common. The background liver may or may not
be cirrhotic (Figure 1A and B). Histologically HCC can
show range of differentiation from well, moderate to
poor, with a spectrum of architectural patterns including
trabecular (greater than two cells in thickness yet still
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A

B

Figure 2 Pathology of fibrolamellar carcinoma. A: Microphotos of fibrolamellar carcinoma showing the thick lamellar bands of fibrosis under low power
magnification; B: In higher power magnification, the tumor cells are large and polygonal with abundant eosinophilic and granular cytoplasm, large vesiculated nuclei,
and prominent nucleoli.

power feature (Figure 2A). The tumor cells are large and
polygonal with abundant eosinophilic cytoplasm, large
[49]
vesiculated nuclei, and large nucleoli (Figure 2B) .
For fear of needle tract seeding and risk of bleeding,
HCC with the classic contrast enhanced imaging
appearance, i.e., arterial enhancement with portal and
delayed venous washout typically do not require pre
operative tissue confirmation by core needle biopsy
or fine needle aspiration biopsy, however, in equivocal
cases, which are not uncommon, histopathology remains
central in the diagnosis of HCC.

staining may be focal, and its sensitivity may decrease
in well differentiated HCC, thus cautious interpretation
[35,36]
is warranted
. Hepatocytic differentiation of HCC can
be demonstrated by several markers such as Hep Par
1, polyclonal CEA, CD10, and the recently developed
arginase (Arg-1), but they cannot distinguish HCC from
benign hepatocytes. Hep Par 1 has a diffuse cytoplasmic
granular staining pattern in normal and neoplastic
[37-40]
hepatocytes
. In HCC, staining with polyclonal CEA
and CD10 produces a canalicular staining pattern that
has been attributed to cross reactivity with the biliary
glycoprotein on the canalicular surface. The canalicular
staining pattern is specific for HCC and is not seen in
cholangiocarcinoma and metastatic adenocarcinoma, but
its sensitivity has been variably reported, ranging from
[41-45]
50%-96%
. Arg-1 is a manganese metalloenzyme
active in the urea cycle that is a recently developed
immunohistochemical marker of hepatocellular neopla
sms of high sensitivity and specificity when used alone or
[46-48]
in combination with glypican-3 or Hep Par 1
.
The differential diagnosis of HCC from other hepa
tocytic lesions includes hepatocellular adenoma,
focal nodular hyperplasia, and dysplastic and macro
regenerative nodules, especially in well-differential
HCC. Other malignant tumors that can cause diagnostic
difficulties include cholangiocarcinoma and metastatic
tumors including carcinoma from any sites and melan
omas. These can be differentiated with clinical history,
radiological findings, histomorphology, reticulin stain and
immunohistochemical markers. Small samples of biopsy
tissue material may cause diagnostic challenges.
Fibrolamellar variant of HCC (fibrolamellar carcinoma)
consists approximately 0.5%-1% of all HCC. It has a
unique clinical presentation, pathological feature, and
biology than the typical HCC. It tends to occur in late
teenage years and young adults years. Unlike the typical
HCC that often arises in a background of chronic liver
disease or cirrhosis, fibrolamellar carcinoma typically
arises in liver without any underlying liver diseases.
60%-70% of fibrolamellar carcinomas have a central
scar, which appear as thick lamellar bands of fibrosis
under microscopy as one of the most characteristic low
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MEDICAL IMAGING OF HCC
Medical imaging has been an essential resource for the
detection and management of HCC. The appropriate use
of the different imaging modalities allows optimization
of resources and more accurate results. Screening,
characterization, staging, therapeutic interventions and
response to treatment assessment are some of the
most important uses of imaging studies.

Ultrasound

Ultrasound (US) imaging utilizes high frequency sound
waves to generate images of the tissues. Most commonly
it does not involve the use of intravenous (iv) contrast
or radiation and therefore there are no contraindications
for its use. It is also one of the least costly imaging
modalities. These facts make it the exam of choice for
[50,51]
screening of HCC in high-risk population
(Figure 3).
Another application of US in HCC patients is to guide
procedures including biopsies, radiofrequency ablation
and ethanol injection of tumors.
The limitations of US are the low specificity for
characterization of liver masses, thus it is frequently
necessary to follow up the patients with contrasted
computed tomography (CT) or magnetic resonance
imaging (MRI) for confirmation of the diagnosis. Recent
studies have demonstrated that the use of iv contrast for
US increases the accuracy for tumor characterization of
this modality, making it comparable to contrast enhanced
[52]
CT or MRI . US contrast is made of microscopic
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Figure 3 A 68-year-old male with cirrhosis and surgically proven hepatocellular carcinoma. A: Thirty-four seconds after intravenous injection of ultrasound
contrast (microbubbles) there is tumor (T with dashed line) enhancement; B: One and half minutes after injection the tumor (T with dashed line) is washing out of
contrast. The images on the right side are a conventional sonogram (non-contrasted) of the lesion. The image on the left is a pulse inversion harmonics ultrasound for
better visualization of ultrasound contrast media.
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Figure 4 Ultrasound of hepatocellular carcinoma. A: Ultrasound of the liver demonstrates a heterogeneous tumor (T) in the right lobe of the liver that was later
characterized as definite hepatocellular carcinoma by computed tomography; B: Same lesion (T) using color Doppler ultrasound images to demonstrate blood flow in
the adjacent vessels.

encapsulated gas bubbles. Although the Federal Drug
Administration has not approved the use of US contrast
for abdominal imaging in the United States it is routinely
used for liver mass characterization in Europe, Canada
and Asia. US contrasted studies show similar enhancing
characteristics than other tomographic contrasted
imaging modalities like CT or MRI (Figure 4).
New advances in US technology include the use of
[53,54]
shear wave elastography
. This new technique uses
estimations of the velocity of the sound in the tissue
for quantitative assessment of fibrosis and prediction of
the risk of HCC development. Shear wave elastography
can also be used for characterization of liver tumors
[55]
including HCC , and also for assessment of response
[56]
to treatment .

supply of HCC determines earlier arrival of injected iv
contrast, compared to liver parenchyma mainly supplied
by the portal vein. This early enhancement of HCC in
contrasted studies is best captured in the set of images
of arterial phase; later on, the HCC typically washesout of contrast earlier than the liver parenchyma, best
demonstrated in the 3-5 min delayed set of images. Also
the tumor capsule shows characteristic enhancement
in the delayed phase due to retention of contrast within
the fibrous tissue of the capsule, as shown in Figure
5. Therefore a tumoral mass enhancing in the arterial
phase, and washing out on the delayed phase in a high
risk patient is a very specific finding for the diagnosis
of HCC with a positive predictive value (PPV) of 98.8%
[57]
for cirrhotic patients , and therefore allows the
medical team to treat the patient without the need of a
diagnostic biopsy.
CT is commonly used for staging HCC, with excellent
detection of vascular invasion and metastasis (Figure 6).
CT can also demonstrate the presence of intratumoral
calcifications, which sometimes can support the diagnosis
of HCC.
Potential future advances in CT imaging of HCC
include standard use of perfusion analysis and dualenergy imaging for assessment of response to therapy,

CT

CT is the workhorse of medical imaging for diagnosis
and staging of HCC. It utilizes measurements of the
attenuation of X-rays to generate images. For accurate
detection and diagnosis of HCC, the correct use of
iodinated iv contrast, specifically with high injection
rates and multiphase imaging with accurate timing for
each phase (late arterial, portal venous and delayed) is
extremely important. The almost exclusive arterial blood
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Figure 5 Computed tomography of hepatocellular carcinoma in 48-year-old male with hepatitis C. A: Arterial phase contrast enhanced CT of the liver shows
a strongly enhancing mass (arrow) in the right lobe, adjacent to the IVC. B: The same lesion (arrow) washes-out of contrast on the delayed phase and shows a thin
capsule, this is diagnostic for HCC and corresponds to LI-RADS category 5. HCC: Hepatocellular carcinoma; CT: Computed tomography; LI-RADS: Liver imaging
reporting and data system; IVC: Inferior vena cava.

T

Figure 6 Portal vein invasion by hepatocellular carcinoma. Computed
tomography in portal venous phase shows a right lobe mass (T) and lack of
enhancement of the portal vein (outlined), consistent with tumor invasion.

Figure 7 Magnetic resonance imaging of hepatocellular carcinoma in
19-year-old female. Post contrast liver magnetic resonance imaging in portal
venous phase shows a large mass (arrows) arising from the left lobe of a liver
without cirrhosis. This lesion that has some imaging similarities with focal nodular
hyperplasia, corresponded to fibrolamellar carcinoma on pathologic analysis.

with some studies showing changes in arterial perfusion
(associated with improve in survival) earlier than changes
[58,59]
in tumor diameter
Potential contraindications for CT
include: anaphylaxis to iodinated contrast media, severe
renal failure, and pregnancy.

renal failure, first trimester pregnancy and pacemakers.
Perfusion analysis and diffusion weighted imaging (DWI)
to evaluate response to local therapy demonstrating
enhancement changes earlier than size response. Whole
body DWI for detection of metastatic disease have been
used mostly in research setting but the standardization
of protocols and other advances will allow the wide use of
these techniques in the common clinical setting.

MAGNETIC RESONANCE
MR generates medical images utilizing radiofrequency
pulses and changes in magnetic gradients within a very
strong magnetic field. Similar to CT, it is crucial to use iv
contrast for detection and characterization of liver masses,
as shown in Figure 7. In the case of MR, the contrast
contains Gadolinium, a strong paramagnetic element that
causes the surrounding molecules to release energy and
show increased tissue intensity (enhancement). Injection
rate and timing of the multiphase post-contrast images
are also crucial for accuracy of the test. As with other
modalities radiologists look for enhancement of the mass
in arterial phase, and washout with capsular enhancement
[60-63]
in delayed phase to make the diagnosis of HCC
. In
addition, MR can demonstrate the presence of ancillary
findings including tumoral fat, hemorrhage and increased
signal in non-contrasted images. Contraindications include
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Angiography

Angiography is not used as a diagnostic tool anymore but
has become a key therapeutic tool for HCC when used to
deliver treatment in Trans Arterial Chemo-Embolization
(TACE) and radioembolization with yttrium-90 (Y90) in
patients with non-resectable tumors.

Positron emission tomography

Fluorodeoxyglucose (FDG) positron emission tomography
(PET) and FDG CT-PET studies have low sensitivity for
well-differentiated HCC and therefore are not commonly
[64,65]
used to diagnose or stage the disease
. Nevertheless
it could be of some value in cases of poorly differentiated
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while preserving as much functional liver parenchyma
with minimal blood loss and no complications. The
safety, result and outcomes of PH for HCC and cirrhotic
patients have improved substantially over the last three
decades. This has to be attributed to refined patient
evaluation and selection, the ability to manipulate the
future liver remnant volume, advances in surgical and
anesthetic techniques, and the enhanced peri-operative
management of these patients. The operative mortality
for LR is less than 5% even in cirrhotic patients or those
undergoing major PH, and the 5-year overall survival is
[69-71]
over 50% for HCC
.

Table 2 Liver imaging reporting and data system categories
LI-RADS category
1
2
3
4
5

Significance
Definitely benign
Probably benign
Indeterminate
Probably HCC
Definitely HCC

LI-RADS: Liver imaging reporting and data system; HCC: Hepatocellular
carcinoma.

tumors to identify metastasis. The development of new
PET radiotracers for HCC could potentially increase the
use for diagnosis, staging and assessment of response
to therapy.

Principles of LR for HCC

Patient selection: Patient selection for LR in HCC is
unique in that in addition to the standard assessment of
the patient’s ability to tolerate the procedure, anesthetic,
potential complications, and the biology and stage of the
cancer, the synthetic function of the liver parenchyma
and the presence of portal hypertension must also be
accounted for, as most patients will have some degree
of fibrosis or cirrhosis, which will determine the liver’s
capacity to regenerate and recover function following
[72]
PH .
A LR patient must be medically fit for a major
operation, have no significant medical co-morbidities,
and should have a good Eastern Cooperative Oncology
Group (ECOG) performance status and quality of life
score. Although there is no strict cut-off in terms of
chronological age, patients with advanced age (> 70) will
have limited physiologic capacity for liver regeneration,
[73]
which must be accounted for in the surgical planning .
Adequacy of hepatic reserve in the future liver
remnant (FLR) is most commonly assessed using the
Child-Turcotte-Pugh (CTP) score, where CTP A5 through
B7 patients are considered reasonable candidates for
LR. Pre-operative Model for End-stage Liver Disease
(MELD) score of greater than 9 predicts increased
operative mortality for major PHs and can supplement
[74]
the CTP score .
The presence of portal hypertension is a relative
contraindication to PH, where only select minor PHs
are appropriate, and trans-jugular intra-hepatic portosystemic gradient (PSG) measurements (significant
portal hypertension when PSG measurements are
greater than 10 mmHg) can help to elucidate equivocal
[75]
cases . Volumetric measurement using CT/MRI is
important in planning major resections and in patients
with cirrhosis. Although up to 80% of functional liver
can be resected safely if two contiguous healthy liver
segments are preserved, increased FLRs [FLR% =
FLR/(total liver volume-tumor volume)] are necessary
for fibrotic (> 30%) and cirrhotic (> 40%) livers.
Preoperative portal vein embolization (PVE) is indicated
in patients with small FLRs (≤ 20% in normal and
≤ 40% in fibrotic/cirrhotic liver), and a FLR volume
increase > 5% with PVE predicts low risk of post-PH
[76,77]
liver failure
.
Biologic markers to predict HCC tumor biology are

Accuracy of different imaging modalities for HCC
diagnosis

Comparison between modalities like US, CT and MR is
difficult due to differences in the methodology of the
[60-63]
multiple published studies
, but a systematic review
[66]
by Colli et al
showed a sensitivity of 60% (95%CI:
44-76) and specificity of 97% (95%CI: 95-98) for US;
for CT, the sensitivity was 68% (95%CI: 55-80) and
specificity was 93% (95%CI: 89-96). The sensitivity for
MR was 81% (95%CI: 70-91) and specificity was 85%
(95%CI: 77-93). Accuracy of imaging tests correlates
directly with tumor size with sensitivities and specificities
around 30% for < 1 cm lesions and more than 90% for
[67]
lesions > 2 cm .

Liver imaging reporting and data system

The American College of Radiology has directed an
effort to standardize the reporting and data collection of
CT and MRI for HCC in cirrhotic population, developing
the liver imaging reporting and data system (LI-RADS)
classification of lesions (http://www.acr.org/QualitySafety/Resources/LIRADS). LI-RADS divide the lesions
in 5 categories from benign (category1-2) to definitely
HCC (category 5). The latest version of LI-RADS is now
concordant with the United Network for Organ Sharing
(UNOS)/Organ Procurement and Transplantation Network
classification, making it valuable for health care workers
[68]
involved in the liver transplant teams . The PPV for
CT and MR in the category 5 lesions is so high that the
patient does not require a biopsy to be treated. Table
2, shows the list of categories with the significance of
each. Category 5 lesions can be treated without the need
of histology confirmation. This classification should be
applied only in cirrhotic patients.

SURGICAL RESECTION OF HCC
Liver resection (LR), also known as partial hepatectomy
(PH) is a potentially curative surgical treatment option
for patients with HCC, and is feasible in approximately
15% to 20% of all case presentations. The goal of
LR is to remove the HCC with an adequate margin,
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under development. Current surrogate prognostic
factors, such as the stage and extent of the HCC used
to formulate the operative plan is based on tumor size,
number, and vascular invasion evaluated by multiphase
liver protocol CT or MRI. For primary HCC tumors, Ho
[78]
et al
reported that larger tumor sizes and AFP levels
over 400 ng/mL were associated with postresection
recurrence of HCC, exceeding the University of California
at San Francisco (UCSF) criteria. Other markers such
as retinoic acid-induced protein 3 as well as miRNA
expression profiles could be used to predict poor
prognosis to assess the risk of disease recurrence after
[79,80]
liver transplantion
.
Large tumor size has traditionally been a relative
contraindication to LR given the elevated risk of vascular
invasion. However, as many HCCs over 10 cm in size that
do not invade the vasculature are amenable to PH with
good results, identification of such tumors is important.
Surgical techniques such as the anterior hanging man
euver can be employed to facilitate resection of such
[81-83]
large HCCs
.
Similarly, multifocal disease generally increases the
risk of recurrence and is a relative contraindication to
LR. However, select patients with multifocal HCC outside
of the Milan criteria for orthotopic liver transplantation
(OLT) can be offered PH in combination with ablative
and catheter-directed therapies in the absence of
vascular invasion or HCV as the etiology for cirrhosis.
Routine use of TACE as a neo-adjuvant therapy has not
been demonstrated beneficial. Y90 radio-embolization
prior to LR may play a role in down-staging tumors and
[84,85]
is being investigated
.
LR for HCC invading the portal vein or hepatic veins
remains controversial, as the outcomes have been
disappointing. However, highly selected cases of HCCs
with tumor thrombus not extending into the major
vascular trunks, e.g., main portal or hepatic veins, can
[86,87]
be resected with reasonable outcomes
.
Ruptured HCC is a life-threatening condition occurring
in approximately 4.5% to 14.5% of cases, and carries a
grim prognosis. Control of bleeding is best accomplished
using hepatic artery embolization. Surgical ligation of
the hepatic artery with packing, plication or selective
resection of the bleeding tumor can be considered
in refractory cases. Interval PH can be considered in
select cases where laparoscopy has ruled out peritoneal
carcinomatosis, and can provide long-term survival in
[88]
highly selected cases .

5-year survival rates between resection margin < 1 cm
[89]
and margin > 1 cm .
The liver consists of eight Couinaud segments with
distinct vascular inflow/outflow and biliary drainage.
Segment-based anatomical PH to remove all intrasegmental portal vein branches is not only less bloody
given the ability to gain control of the inflow to the
segment(s) and parenchymal division through relatively
vessel-free regions, but has also shown to provide better
5-year overall and disease-free survival rates. This is
presumably due to removal of microscopic tumor foci
and is recommended when feasible. However, nonanatomical PH is oftentimes necessary in an effort to
[90]
preserve as much FLR as possible in cirrhotic patients .
Hemorrhage is the most significant operative risk
for LR especially for cirrhotic patients, and excessive
bleeding is an independent risk factor for cancer
recurrence and poor survival. Several surgical and anes
thetic maneuvers have been developed to minimize
intra-operative hemorrhage.
Low central venous pressure (CVP) anesthesia is
preferred when feasible to minimize hemorrhage from
the hepatic veins and inferior vena cava. Low CVP is
maintained by iv fluid restriction and administration of
diuretics and/or vasodilators. For open PHs, the patient
is placed in Trendelenberg position to increase preload
and cardiac output for better end-organ perfusion. For
laparoscopic procedures, the patient is placed in reverse
Trendelenberg position. Intermittent occlusion of the
vascular inflow, or the Pringle maneuver with ischemic
preconditioning, is selectively utilized for challenging
parenchymal transections where potential massive
[91]
hemorrhage is a concern .
Parenchymal division can be performed in a variety
of ways, e.g., Clamp-crush technique, cavitron ultrasonic
surgical aspirator, and Erbe Hydro-jet clear away the
liver cells allowing for visualization of the vascular
and biliary tributaries for ligation of these structures,
whereas Harmonic scalpel, Sonocision, LigaSureand
TissueLinkdissecting sealer are high-energy devices
that can simultaneously seal blood vessels and transect
liver tissue. No major difference in blood loss, morbidity
or mortality has been demonstrated between these
techniques, and choice is best left to the circumstances
of the resection and surgeon preference and comfort
[92]
level .
Comparison to other “Curative” modalities:
Comparison of these two modalities is quite challenging
given that PH and OLT have overlapping yet differing
patient selection criteria. Meta-analyses have demon
strated that OLT increased late disease-free and overall
survival rates when compared to PH. The benefit of OLT
is offset by the higher short-term mortality, shortage of
donor organ availability, and long transplant wait times
[93]
associated with more patient deaths .
PH as bridge to salvage OLT, especially with the
increasing number of patients with non-alcoholic fatty
liver disease associated HCC where cirrhosis is not a

Technical considerations: What is considered an
adequate width for the surgical resection margin has
been a controversial topic of debate. The only rando
mized controlled trial evaluating the influence of the
width of resection margin for HCC concluded that the
recurrence rates decreased and 3- and 5-year survival
rates increased when aiming for 2 cm margins compared
with 1 cm margins. However, the meta-analysis of
this and four non-randomized trials demonstrate no
significant difference in recurrence rate, or 1-, 3-, and
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mandatory step to development of HCC, and the advent
of minimally invasive approaches to PH, is feasible and
can be used to partially address the donor shortage
issue. However, given current UNOS policies regarding
retraction of tumor exception points when a solitary
HCC is resected, a careful balance must be practiced
with the patient’s interest in mind.
Multiple systematic reviews of randomized and nonrandomized trials comparing PH to radio-frequency
ablation (RFA) for patients with HCC meeting Milan
criteria, i.e., small tumors, few in number, demonstrate
that while PH afforded better long-term, i.e., 3- and
5-year disease-free and overall survival over RFA, it
came at a cost of higher rates of complications and
longer hospital stays. Cirrhotic patients with HCC tumor
size less than 3 cm and three or less tumor numbers
should be carefully evaluated and selected for either
[94]
modality based on patient and tumor characteristics .

LIVER TRANSPLANTATION FOR HCC
Liver transplantation for HCC in the early years of
transplantation was complicated by high rates of cancer
recurrence and poor 5-year survival. In the late 1990s,
there was emerging data suggesting that limiting
transplant candidacy based on tumor characteristics
could result in good outcomes, comparable to non[96]
HCC patients. The hallmark study of Mazzaferro et al
in 1996 described 75% 4-year survival in a cohort of
patients with HCC limited to a single tumor ≤ 5 cm
[97]
or up to 3 tumors none greater than 3 cm . These
criteria, now known as the Milan Criteria, have become
the standard for patient selection. In the United States,
patients with HCC within Milan Criteria have been
assigned priority with standardized exception points.
When first created, this exception originally granted
29 MELD points, but was decreased to 24 points in
2003 and then 22 points in 2005, due to concerns that
HCC patients were receiving excessive priority. There
remains concern by some in the transplant community
that HCC patients continue to have excess priority.
With the increasing prevalence of HCC and the priority
given to HCC for liver transplantation, the proportion of
patients transplanted in the US with an HCC exception
now exceeds 25% of total liver transplant volumes.
As patients with HCC await liver transplantation,
there is a significant risk of tumor progression beyond
transplant criteria, resulting in list drop out and exclusion
from transplant. This risk can exceed 30% at one
[98]
year for those with tumors > 3 cm . Concern for
tumor progression has resulted in the frequent use
of locoregional tumor treatment as bridging therapy
for those awaiting transplant. Many centers pursue
locoregional therapy for patients who are likely to be
on the waitlist for more than 6 mo prior to being trans
planted. Modalities used to treat tumors prior to transplant
include RFA, microwave ablation, TACE, transarterial
radioembolization, percutaneous ethanol injection and
irreversible electroporation. The impact of pre-transplant
tumor treatment is not well understood, as studies have
shown conflicting results. It appears that bridging therapy
reduces the risk of list drop out, improving the likelihood
[99,100]
that listed HCC patients will undergo transplant
.
It is unclear if pre-transplant bridging therapy has any
impact on post-transplant outcomes. Studies have been
retrospective, and confounded by the fact that good
response to locoregional therapy is likely a marker of
[100]
favorable tumor biology. A study by Yao et al
showed
an improvement in post-transplant survival in those who
received bridging therapy; however, multiple additional
[101-103]
studies show no impact on post-transplant survival
.
Milan criteria remains the most commonly utilized
inclusion criteria for liver transplantation, yet several
other guidelines have been proposed and are being
used by various centers around the globe. The rationale
for more liberal tumor criteria is the concern that Milan
Criteria may be too restrictive and exclude patients who

Laparoscopic surgical resection: The first laparo
scopic PH for malignant disease was reported just over
two decades ago. However, the last decade was met with
an explosion in the number of reported cases totaling
over 3000, and as more experience has accrued, this
growth has been especially true in the treatment of HCC.
It is well established that post-operative morbidity and
longer-term complications such as incisional hernias
are lower in laparoscopic PH compared to the open
approach. Furthermore, liver-specific complications in
cirrhotic patients are lower in the laparoscopic group,
thought to be due in part to less severance of collateral
vessels in the abdominal wall. Laparoscopic PH possesses
advantages over the open approach in minimizing blood
loss. With better visualization via 6- to 10-time, highdefinition magnification, allowing for improved tissue
handling and control of vessels, especially with the
robotic approach which affords added dexterity, and a
relative tamponade effect on the hepatic veins provided
by the pneumoperitoneum, blood loss and transfusion
requirements have been shown to be more favorable for
the laparoscopic cohort. In an era of cost containment,
the financial aspects are playing an increasingly
important role. Studies directly comparing laparoscopic
vs open PHs demonstrate that the total hospital costs
for laparoscopic PHs are equivalent or less than those
of open cases. The increased operating room costs are
offset by the shorter length of stay following laparoscopic
PH. Studies report equivalent to better margin status,
recurrence rates, and overall survival figures for patients
with HCC. Furthermore, significant decreases in operating
room time, blood loss, transfusion and technical difficulty
of salvage transplantations following laparoscopic PH
for HCC have been reported. Also, there is emerging
evidence that laparoscopic procedures may lessen the
acute metabolic stress response accompanied by a
transient state of post-operative immunosuppression,
[95,96]
which may impact oncologic outcomes
.
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could benefit from transplant with an acceptable risk of
HCC recurrence. There are numerous criteria that have
been proposed, including Up-To-Seven, UCSF, Toronto,
[104-108]
Asan, CUN and Kyoto
. The best described of these
include the Up-To-Seven criteria, in which the sum of
the number of tumors and the diameter of the largest
tumor (in cm) does not exceed 7. The UCSF criteria
allow for a single tumor up to 6.5 cm, or up to three
tumors none greater than 4.5 cm with a total tumor
volume of less than 8 cm, with no extra hepatic disease
or macrovascular invasion. The most recent published
data report excellent 1- and 5-year survival of 90% and
[105]
75% for patients with HCC within UCSF criteria .
A similar concept is that of downstaging, in which
patients with HCC beyond Milan Criteria undergo
locoregional tumor treatment, and those with reduction
in tumor burden within Milan Criteria are eligible for
transplantation. This concept was first introduced in
[108]
1997 by Majno et al
, noting improved post-trans
plant survival in those who responded to TACE with a
[109]
reduction in tumor burden to meet Milan Criteria
.
Multiple centers and UNOS Regions currently have
proposed downstaging criteria, including the UCSF
group, which has published their outcomes. UCSF
downstaging criteria allows for initial tumor burden to
include 1 lesion > 5 cm and ≤ 8 cm, 2 or 3 lesions
each ≤ 5 cm with total tumor diameter ≤ 8 cm, 4 or 5
lesions none > 3 cm with total tumor diameter ≤ 8 cm,
and no vascular invasion on imaging. Importantly, this
algorithm requires 3 mo of imaging stability following
downstaging to Milan prior to listing, to allow for
observation of tumor biology. Five year patient survival
[110]
in this cohort is excellent, at 80% .
In addition to tumor size and number, multiple
additional factors have emerged as potential predictors
of HCC recurrence following liver transplantation. The
presence of vascular invasion on explant pathology is
one of the strongest predictors of recurrence. Histologic
grade of tumor differentiation has also been shown in
multiple studies to be associated with the risk of tumor
recurrence, with well-differentiated tumors having lower
risk, and poorly-differentiated tumors being at high risk.
The predictive value of pre-transplant alphafetoprotein
(AFP) has been highlighted in multiple studies, with a
strong association of AFP > 400 and AFP > 1000 with
[111]
increased risk of post-transplant HCC recurrence
.
As increased knowledge regarding molecular markers
of HCC is gathered, certain microRNA sequences have
been identified which can help predict tumor biology,
[112]
including post-transplant recurrence
. It is possible
that such biomarkers will help with selection of HCC
patients for transplant in the future.
Once transplanted, the use of various immuno
suppressive medications may impact the risk of cancer
recurrence in HCC patients. While the data regarding the
impact of steroids, calcineurin inhibitors and induction
agents is highly variable, there is compelling data
regarding the effects of the mTOR inhibitor sirolimus.
Several studies, including a meta-analysis, have outlined a
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reduction in HCC recurrence and improved post-transplant
[113,114]
survival for HCC patients receiving sirolimus
. If HCC
does recur after transplant, surgical resection of isolated
recurrences is often pursued. The use of sorafenib posttransplant has been reported in multiple studies, with
[115,116]
mixed results regarding tolerability and efficacy
.

LOCOREGIONAL THERAPY
When determining the most appropriate treatment
for HCC, the patient’s underlying liver function and
[117]
performance status play pivotal roles . For patients who
are not considered surgically resectable but otherwise
may be treatment candidates, types of therapy include
ablation and arterial embolization.

Ablation for HCC

Several ablation techniques have been used to treat
HCC. RFA, microwave ablation, percutaneous ethanol
injection, cryoablation, and irreversible electroporation
are the most common modalities. For the purposes of
this review, RFA will be discussed since that is the most
common ablative technology used with the strongest
evidence.
RFA is a thermal-based ablative technology, using
energy to induce local coagulative necrosis. Via an
alternating current, surrounding tissue heats from ion
movement and friction. Tissue temperature in excess of
60 degrees Celsius induces local coagulative necrosis. RFA
can be either done via a percutaneous route, laparascopic
route, or via open surgery. It is often performed using
real-time US guidance, in order to appropriately position
the probe and to monitor the area of ablation (Figure
8). Numerous series have demonstrated consistently
highly local tumor control rates, with relatively low rates
of local tumor recurrence. Many have considered RFA to
be near-equivalent to surgical resection for tumors < 3
[118,119]
cm, with similar 5-year survival rates
. While local
tumor recurrence continues to be an issue with RFA, the
recurrence rates are favorable compared to percutaneous
[120]
ethanol injection , and have improved over time as
new ablation devices and better imaging guidance have
been utilized. Overall, there is a wide range of reported
results both in terms of local tumor recurrence rates and
overall survival. This is likely due to wide-ranging patient
selection and varying levels of operator expertise. While
several factors can affect local tumor recurrence rates,
tumor size has been shown to be the most significant
[121]
factor .
While RFA has been used extensively in various types
of tumors, several drawbacks remain. Thermal damage
to adjacent non-target structures can result in significant
complications. Additionally, ablation of tissue adjacent
to flowing blood is affected by a “heat sink”, whereby
sub-optimal temperatures are reached, resulting in
[122]
incomplete ablation
. Due to these limitations, the
appropriate use of RFA is often location dependent.
Finally, several liver transplant centers consider RFA to
be a relative contraindication for patients undergoing
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Figure 8 Radiofrequency ablation of a focal hepatocellular carcinoma. A: Contrast-enhanced MR of a 60-year-old male with cirrhosis demonstrates a single
hepatocellular carcinoma in the right hepatic lobe (arrow); B: Ultrasound demonstrates a radiofrequency probe coursing through the hypoechoic tumor; C: Contrastenhanced MR 1 mo after radio-frequency ablation demonstrates a large ablation defect, without any residual enhancement to suggest viable tumor. MR: Magnetic
resonance.

liver transplantation, due to the potential risk of “tract
[123]
seeding” .

chemotherapeutic agent into the systemic circulation.
Embolization with drug-eluting beads has gained
popularity over traditional oil-based chemoembolization.
Due to the prolonged binding properties of drug-eluting
beads with doxorubicin, the drug is slowly released
into the tumor reaching higher local concentration and
decreased systemic concentration when compared to oilbased chemoembolization. This may allow for decreased
[126]
side effects and improved tolerance in some patients .
Variation in patient selection and procedure technique
among institutions has led to significant heterogeneity
in response and survival. The publication of two rando
mized trials in 2002 established chemoembolization
as standard of care for patients with unresectable
[127,128]
[127]
HCC
. Llovet et al
reported survival probabilities
at 1 year and 2 years, which were 75% and 50% for
embolization, 82% and 63% for chemoembolization,
and 63% and 27% for control (chemoembolization vs
control, i.e., best supportive care, not tumor treatment,
P = 0.009). The ensuing widespread use and proven
results of chemoembolization have resulted in its
incorporation into standard treatment guidelines for
[129,130]
HCC
.
Chemoembolization is generally considered the first
line non-curative therapy for patients with early- and
intermediate-stage HCC. Chemoembolization can also
be used as a “bridge to transplant”. In these patients the
procedure is performed to prevent disease progression
beyond Milan criteria (single tumor ≤ 5 or three tumors
≤ 3 cm). Patients undergoing chemoembolization
should have adequate hepatic function (Child-Pugh Class
A or B) and acceptable functional performance status
(ECOG 0-2). Chemoembolization can also be done in
conjunction with an ablation procedure in intermediate[131]
sized HCC (3-5 cm) .
Post-embolization syndrome is the most common
side effect of chemoembolization. This is a constellation
of symptoms including low-grade fever, abdominal pain,
nausea, and ileus, often occurring 48-72 h following the
procedure. Serious toxicities from chemoembolization
include liver failure, biloma, and abscess formation.

Embolization for HCC

Patients with HCC frequently present in later stages
[124]
when curative treatments are no longer an option .
Therefore, the majority of patients with HCC eligible
for treatment will undergo non-curative treatments, of
which arterial chemoembolization is the most commonly
performed procedure. As stated above in the section of
surgical treatment, arterial embolization takes advantage
of HCC’s reliance on the hepatic artery as its sole blood
supply, as opposed to the portal vein. By utilizing
hepatic arterial flow, therapeutics can be delivered in
a selective manner to hypervascular tumors such as
HCC. The mechanism of cell death may be from several
causes depending on the embolic used. Tumor necrosis
can result from tissue ischemia, a chemotherapeutic
effect, or via internal radiation. By performing selective
embolization (i.e., lobar or segmental), the degree
of hepatic tissue exposed to the embolic agent can
be potentially minimized and therefore complications
and effectiveness can be optimized. Trans-arterial
chemoembolization and Y90 radioembolization are the
two most commonly used embolic procedures for HCC,
and they will be discussed further.

Chemoembolization

Chemoembolization is defined as the infusion of a
mixture of chemotherapeutic agents with or without
ethiodized oil followed by embolization with particles
such as polyvinyl alcohol, calibrated microspheres, or
[125]
gelfoam
. This is performed by obtaining arterial
access via the femoral artery. A microcatheter is then
advanced into the hepatic artery, and typically advanced
further into the vessel supplying the tumor.
Depending on the techniques employed, tumor death
is caused by the cytotoxic effects through achieving
high intra-tumoral concentration of chemotherapy,
the ischemia induced by embolization, or both. In the
case of oil-based chemoembolization, the mechanism
of action relates to both the cytotoxic effects of the
chemotherapy and ischemic effects induced by embo
lization. Embolization also prevents washout of the
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Y90 radioembolization is a relatively newer embolic
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Figure 9 Yttrium-90 radioembolization of diffuse, infiltrative hepatocellular carcinoma with vascular invasion. A: Contrast-enhanced MR of a 55-year-old
female with cirrhosis demonstrates an infiltrative hepatocellular carcinoma replacing the anterior right hepatic lobe. Tumor-associated portal venous thrombus is
present in the right portal vein (arrow); B: Digital subtraction angiogram with a microcatheter in the right hepatic artery shows diffuse tumor hypervascularity. The
patient underwent a right hepatic artery Y90 radioembolization; C: Contrast-enhanced MR 12 mo after radioembolization demonstrates complete necrosis of the entire
tumor with marked reduction in size. MR: Magnetic resonance; Y90: Yttrium-90.

procedure compared to chemoembolization. Many
consider it to not be a true embolization procedure since
the particle size is much smaller than those used in
chemoembolization. Therefore, arterial stasis does not
typically occur during radioembolization. Y90 is a beta
emitter, with the radioactive element either embedded
within or surface-coated on the particles. The average
tissue penetration of beta radiation in this case is 2.5 mm,
with a maximum distance of 11 mm. Y90 particles use
internal radioactivity as its mechanism of action. Since
HCC is hypervascular, preferential flow of microembolic
particles to the tumor potentially increases dose to the
tumor compared to the surround hepatic parenchyma.
Using these principles, hypervascular tumors can receive
lethal doses of radiation while the surrounding tissue is
relatively spared (Figure 9).
Radioembolization is a complex multi-step pro
[132]
cedure . The first is a mapping angiogram, where a
diagnostic angiogram is performed in order to elucidate
the hepatic arterial anatomy. During this initial step,
extrahepatic vessels (i.e., gastroduodenal artery, right
gastric artery) may be prophylactically coil embolized
in order to prevent inadvertent non-target deposition
of Y90 microspheres into the gut. At the conclusion of
the mapping angiogram, a small dose of Tc99m-MAA
is administered into the hepatic artery and a nuclear
medicine scan is performed in order to determine the
degree of shunting into the lungs, and to assess for
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the potential of extrahepatic uptake. Patients undergo
a second angiogram 2-14 d later, and during this
angiogram the Y90 infusion is performed.
Several studies have now reported tumor response
rates, toxicity, and survival in patients undergoing Y90
[133-135]
[131]
radioembolization
. Salem et al
reported a
prospective evaluation of 291 patients, where patients
were stratified based on their tumor burden and degree of
liver dysfunction. Patients with Child-Pugh A cirrhosis had
significantly longer lengths of survival compared to those
with advance liver dysfunction. Many series have also
demonstrated the effectives of Y90 radioembolization in
[136]
the setting of portal vein thrombosis . These patients
present a particular challenge given that blood supply
to the liver depends primarily on the hepatic artery
and portal flow is compromised by the obstructive
tumor. If hepatic arterial vessels are embolized (as with
chemoembolization) in order to treat advancing disease,
blood flow to the liver is further compromised, increasing
the risk of liver failure. Thanks to its minimally embolic
properties, radioembolization can be used in these
patients without compromising the hepatic arterial flow,
preserving the functional liver reserve.
Fatigue is the most frequent observed toxicity.
Abdominal pain and nausea can also occur, but typically
at a lower incidence and severity compared to chemo
[137]
embolization
. Serious complications include nontarget embolization, which can result in gastrointestinal
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ulceration or cholecystitis. With increasing operator
experience, the incidence of ulcers can be minimized.
Finally, radiation induced liver disease occurs in 2%-20%
of patients. In rare cases, this can be associated with
progressive liver failure.

of radiation (24-54 Gy) over a small number (1-6) of
fractions.SBRT is typically delivered to relatively small
tumors 1-5 cm in size that are not in close proximity
to visceral organs such as the stomach or bowel. The
treatment planning and delivery of liver SBRT are
complex. Robust assessment of tumor/organ motion and
accurate image guidance are essential componentsin
light ofthe high radiation doses that are delivered over
[146]
steep dose gradients .
PhaseⅠand Ⅱ prospective trials, primarily in ChildPugh A cirrhotic patients, have demonstrated comparable
therapeutic efficacy compared to other liver-directed
ablative therapies with 1-year overall survival and local
[147-149]
control of 55%-75% and 75%-90%, respectively
.
RILD reported as Child-Pugh deterioration of at least
2 points at 3 mo varies from 13%-29%. One study
reported a decrease in RILD of 29% at 3 mo to 6% at
12 mo, suggesting the potential for hepatic recovery
after RILD. Multiple modern retrospective studies confirm
these prospective data: 1- to 2-year overall survival
[150-153]
of 64%-79% and local control of 88%-100%
.
When compared to a matched-pair cohort of patients
managed with supportive care only, liver SBRT was
found to improve overall survival from 42% to 73% at
2 years. In regards to treating Child-Pugh B patients,
recent prospective data also highlight caution in treating
Child-Pugh B patients with liver SBRT since Child-Pugh
[154]
progression was noted in 63% of patients .
Charged particle radiation, such as protons and
carbon ions, is a form of EBRT that has been employed
to treat HCC due to its physical properties that allow
the majority of the radiation energy to be deposited
over a narrow range of tissue depth (Bragg peak)
with little to no exit dose deposited beyond the Bragg
peak. This unique dose deposition characteristic may
allow higher doses of radiation to be delivered to HCC
tumors and lower doses to surrounding normal tissues
when compared with photon-based forms of EBRT; a
theoretical advantage that is especially appealing in HCC
patients where sparing as much remnant liver function
as possible is critical.
Protons have been the most commonly studied
charged particle in the treatment of HCC with the vast
majority of experience from Japan. Multiple phase Ⅱ
prospective and retrospective studies using a hypofrac
tionated approach delivering 63-77 GyE over 10-22
fractions have reported effective tumor control rates
[155-158]
and low hepatotoxicity of < 10%
. Local control for
small (< 5 cm) and large (5-10 cm) tumors has been
excellent with protons, ranging from 81%-88% at 5
[156,157]
years in survivors
. Local control for high-risk bulky
tumors (> 10 cm with portal venous thrombosis in 50%)
[158]
has also been encouraging (87% at 2 years) .
EBRT has been explored in multiple other settings.
Limited data with small numbers of patients investigating
SBRT as bridging therapy for liver transplant when
other bridging therapies were not suitable have
shown that SBRT can be delivered safely without risk
of intraoperative complications or long-term clinical

EXTERNAL BEAM RADIATION THERAPY
IN HCC
Although HCC is considered a radioresponsive tumor,
the role of external beam radiation therapy (EBRT) has
historically been limited in the treatment of HCC due
to the high radiosensitivity of normal liver tissue and
the risk of radiation-induced liver disease (RILD) with
[138]
whole liver RT . RILD typically occur within 3-4 mo
after EBRT and may progress to permanent liver failure
and death with no established effective treatment
other than supportive care. In general, the risk of RILD
is considered to be primarily related to the volume of
normal liver that is exposed to potentially hepatotoxic
doses of EBRT. In HCC patients, the severity of cirrhosis
has been found to be the predominant risk factor for the
[139-141]
development of RILD
. In addition to RILD, other
potential side effects of EBRT include fatigue, nausea,
vomiting, and late gastrointestinal bleeding or ulceration
if the target is located in close proximity to visceral
organs.
Technological advances in the field of radiation
oncology such as sophisticated radiation treatment
planning and advanced imaging have allowed the ability
to deliver high tumoricidal doses of radiation to a partial
volume of the liver shaped closely to tumors (conformal
EBRT). To date, published randomized data are lacking
that have studied the efficacy of EBRT in comparison
to alternative treatments or supportive care. However,
the collective experience in treating HCC with EBRT is
rapidly growing.
Phase Ⅱ prospective and retrospective studies
of conformal EBRT have used a range of moderate
radiation doses (generally ≥ 45 Gy, 25-66 Gy) with
various conventional or hypofractionated schemes
(generally 1.8-2.0 Gy per fraction, 1.5-6 Gy) primarily
inpatient with well-compensated liver function (ChildPugh A cirrhosis 77%-100%) and high-risk tumors that
were unsuitable for or refractory to other liver-directed
[142-145]
therapies
. Despite these high-risk features, clinical
outcomes have been encouraging with 1-year overall
survival of 45%-65%, 1-year local control of 69%-81%,
and RILD rates of approximately 15%. Caution in
delivering EBRT to patients with more compromised
liver function was underscored in a study from China
that reported RILD in 60% of Child-Pugh B patients and
an overall fatality of 85% in any patient that developed
[143]
RILD .
Stereotactic body radiation therapy (SBRT) is a more
recent technology that combines stereotaxy (accurate
3D target localization) and multiple finely collimated
radiation beams to more precisely deliver ablative doses
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compromise and effectively with at least some degree of
pathologic response and pathologic complete response
in 82%-100% and 20%-27% of tumors, respec
[159-161]
tively
. EBRT has been reported to treat HCC with
portal venous thrombosis with the goals to restore
portal flow for hepatic function maintenance and/or to
eliminate arteriovenous shunting to allow successful
future delivery of catheter-based therapies. The largest
retrospective study to date with 412 patients treated with
a combination of TACE and EBRT had a median survival
of 11 mo, radiographic response rate of 40% and portal
[162]
venous thrombus progression-free rate of 86% .
Thus, EBRT has the potential to be used in many
different settings for the management of HCC: an
alternative treatment for tumors that are unsuitable
for other liver-directed treatments, salvage therapy for
tumors refractory to other therapies, bridging therapy for
liver transplant, and combination therapy to complement
other treatment modalities. Additional prospective and
randomized studies are needed to more clearly define its
role in the routine management of HCC. The results of
RTOG 1112, an active randomized phase Ⅲ trial studying
the role of SBRT (photons or protons) in addition to
sorafenib in high-risk HCC patients, are eagerly awaited.

hepatic function and ECOG performance status of 0-2.
A statistically significant improvement in both overall
survival (10.7 mo vs 7.9 mo) and time to disease
progression (5.5 mo vs 2.8 mo) favored the active
therapy arm, despite a low documented response rate of
2%. While the SHARP trial included mainly patients from
European or North American sites with HCV and alcoholrelated risk factors, significant improvements with
sorafenib compared to placebo were also documented
in a predominantly Asian, Hepatitis B infected population
[166]
in the Asia-Pacific trial . This second large phase Ⅲ
trial demonstrated a significant improvement in overall
survival (6.5 mo vs 4.2 mo) favoring sorafenib.
Clinical observations based upon exploratory subset
analyses suggest a relative advantage to patients with
Hepatitis C related disease, while patients with Hepatitis
[167]
B may achieve less benefit from sorafenib . Notably,
high quality data exists for patients with relatively
preserved hepatic function, and the benefit of sorafenib
in patients with Child-Pugh B cirrhosis remains unclear.
The prospective, non-interventional phase Ⅳ GIDEON
trial has documented a similar time to progression in
Child-Pugh A vs Child-Pugh B populations, but higher
rates of serious adverse events and dramatically lower
overall survival rates in the Child-Pugh B populations
(5.2 mo), bringing into question the relative benefit of
[168,169]
sorafenib in the Child-Pugh B subgroup
.
At this time, there is no data to suggest benefit of
sorafenib in the adjuvant setting based upon preliminary
results of the STORM trial. In this large phase 3 study,
1114 patients with HCC who had undergone surgical
resection or RFA with curative intent were randomized
to adjuvant sorafenib or placebo, with no differences
detected in relapse free survival, time to recurrence or
[170]
overall survival to date . Additionally, the combination
of sorafenib with catheter-based therapy remains of
unclear clinical benefit and should only be considered
in the context of clinical investigations at this time.
Randomized phase 2 data from the SPACE trial assessing
the potential impact of adding sorafenib to serial drugeluting bead chemoembolization in intermediate-stage
HCC patients, while meeting the predefined primary
endpoint of improved time to progression (HR = 0.8,
95%CI: 0.59-1.08), showed no overall survival benefit
and the expected toxicities predicted from combination
[171]
therapy . At this time, further investigation in phase 3
trials is necessary prior to adopting such a strategy, as
the clinical benefit of such combinations remains unclear
and benefits in delayed progression associated with
early introduction of sorafenib may be outweighed by
increased toxicity and impaired quality of life.
Thus, Sorafenib provides a transient period of
disease stability despite low overall response rates,
translating to a modest survival advantage in patients
with advanced HCC (including macroscopic vascular
invasion or metastatic disease) and Child-Pugh A or
better hepatic function based upon these two trials. Side
effects such as fatigue, nausea, diarrhea, anorexia, and
weight loss have been documented and may prompt

SORAFENIB IN THE TREATMENT OF
ADVANCED HCC
The majority of patients diagnosed with HCC present with
disease not amenable to surgical or potentially curative
[51]
intervention . Systemic therapy with sorafenib confers
modest prolongation of overall survival and transient
disease stability in appropriately selected patients
with locally advanced or metastatic disease. Clinical
investigations of new systemic agents suggesting efficacy
and acceptable tolerance in patient with underlying
cirrhosis have shown promise, and will hopefully fill the
high unmet clinical need in the coming years.
Historically, cytotoxic chemotherapy including
doxorubicin monotherapy was employed in the therapy
of advanced HCC over several decades with negligible
clinical benefit over supportive care without definitive
[163,164]
survival advantage
. More recently, two pivotal
phase Ⅲ clinical trials (SHARP and Asia-Pacific) have
established sorafenib as the current standard of care for
[165,166]
first line systemic therapy of advanced HCC
.
Sorafenib, an oral multikinase inhibitor affects multiple
relevant cellular mechanisms based upon preclinical
models including inhibition of neovascularization and
cellular proliferation, in addition to induction of apoptosis.
Key molecular targets thought to contribute to antitumor
efficacy include VEGF, platelet derived growth factor
[167]
recepter (PDGFR)-B, and RAF kinase inhibition . The
SHARP trial was a large randomized double-blind phase
Ⅲ trial comparing sorafenib 400 mg twice daily vs
[165]
placebo and best supportive care . This trial enrolled
patients with advanced HCC naïve to systemic therapy,
the vast majority of whom had Child-Pugh A or better
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dose reductions. The common side effect of hand-foot
skin reaction can be minimized by introduction of twice
daily urea-based skin cream based upon randomized
data, and anti-diarrheals and antiemetics play a key
[172]
role in symptom management
. While this agent
represents the current standard of care for systemic
therapy in HCC, further clinical trials of new agents with
enhanced efficacy and improved toxicity profile remains
critical.

data from a randomized, placebo-controlled phase 2
trial including patients with unresectable treatmentrefractory HCC treatment with an oral c-Met inhibitor
tivantinib was associated with significantly improved
survival compared to placebo among the approximately
60% of patients with Met-high tumors (7.2 mo vs 3.8
mo, HR = 0.38). Trials of cabozantinib, a combination
VEGFR2/c-Met inhibitor have shown promising median
overall survival (15.1 mo) and time to progression data
in a phase 2 randomized discontinuation study. Taken
in combination, data supports continued investigation
of c-Met inhibitors in advanced HCC populations and
the potential for future biomarker driven selection of
[177]
systemic therapy .
Immune checkpoint inhibition with agents targeting
Programmed cell death 1 (PD1), it’s ligand program
med death ligand 1 (PD-L1), Cytotoxic T lymphocyte
associated antigen 4 (CTLA-4) or other targets have
shown dramatic results in multiple malignancies typically
[178]
deemed refractory to more standard chemotherapy .
Immune checkpoint proteins elicit signals (often present
in the tumor) limiting anti-tumor immune response, but
such inhibitory signals can be negated with a variety of
new agents allowing a more robust tumor specific T-cell
repertoire. HCC is a rational target for such immune
modulation based upon preclinical and observational
[179]
data
. First, multiple case reports of spontaneous
[180]
regression presumably due to immune response exist .
Second, there are observations of improved clinical
outcomes after catheter-based therapy for HCC patients
with higher titers of tumor-associated antigen specific
[181]
T-cell subsets . Third, higher expression of tumoral
PD-L1 (and resultant inhibition of immune response) in
resected HCC has been associated with worse overall
[182]
survival and more rapid time to progression . These
observations and others have led to early investigation
of immune checkpoint inhibitors in patients with HCC.
Notably, a phaseⅠtrial of the CTLA-4 inhibitor treme
limumab in patients with hepatitis C and advanced
HCC demonstrated an impressive 18% response rate
with 45% of patients experiencing disease stability for
over 6 mo with acceptable toxicity profiles. Currently,
phase Ⅰ trials of the PD1 inhibitor nivolumab are
accruing in patients with HCC and Hepatitis B, C or no
viral infection. The results of such studies are eagerly
anticipated. Future combinations of immune checkpoint
inhibitors in combination with local therapy or as adjuvant
therapy should be strongly considered if initial trials
demonstrate promising response rates and adequate
safety profiles.
While cytotoxic chemotherapy alone has not
demonstrated significant benefit, the combination
of doxorubicin and sorafenib may show synergistic
effects and is currently under evaluation in an ongoing
randomized phase 3 trial. This trial builds on a completed
randomized phase 2 data demonstrating significant
benefit of the combination over doxorubicin alone, with
improved overall survival (13.7 mo vs 6.5 mo) and
[183]
time to progression (6.4 mo vs 2.8 mo) . While initial

EXPERIMENTAL AGENTS FOR THE
TREATMENT OF ADVANCED HCC
Enhanced understanding of the molecular pathog
enesis of HCC and the parallel development of novel
targeted therapeutics has led to a dramatic increase
in interventional trials targeting advanced HCC over
the past several years. Further investigation into the
role of optimizing anti-angiogenic therapy, fine-tuning
the spectrum of inhibition with various multi-kinase
inhibitors, targeting of the hepatocyte growth factor/c-Met
pathway, and early investigation into the role of immune
checkpoint blockade agents provide some notable
examples of current trends in clinical investigation and
will be briefly summarized below.
Multiple signaling pathways contribute to angio
genesis in HCC, with subsequent attempts to target
such mediators for therapeutic benefit representing a
viable approach. VEGF is over-expressed in HCC and
optimal inhibition of the ligand and its receptors remains
an active area of investigation. Additionally, targeting of
fibroblast growth factor (FGF), PDGF and angiopoietin 1/2
contribute to angiogenesis and represent rational targets
[173]
for therapeutic intervention . To date, trials attempting
to enhance the anti-angiogenic effect of sorafenib, either
through direct and potent targeting of the VEGF axis
alone (i.e., VEGFR2 inhibitor Ramucirumab), through
an altered spectrum of inhibitory targets (e.g., Brivanib
inhibition of VEGFR/FGFR), or by modulation of the
inhibitory profile of sorafenib (sunitinib, linifanib) have
failed to demonstrate an advantage over Sorafenib in
randomized phase 3 studies through lack of efficacy,
increased toxicity, or both. In short, sorafenib has been
surprisingly difficult to improve upon with such strategies,
although currently lenvatinib, a multi-kinase inhibitor
targeting VEGFR1-3, FGFR1, PDGFR a/b, remains under
investigation in first line trials compared to sorafenib
given promising phase 2 survival data and a reasonable
[174]
toxicity profile .
Preclinical data suggests that Hepatocyte growth
factor and its receptor c-Met play a key role in HCC
[175]
angiogenesis, metastasis and cellular proliferation .
Targeted therapy of c-Met is currently under evaluation
in several trials including two randomized phase 3
studies in advanced HCC after initial treatment with
sorafenib. Previous clinical trial data suggests high
tumoral c-Met expression is associated with poor overall
[176]
prognosis compared to c-Met low HCC . Additionally,
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data has suggested potential benefit when compared
to historical controls of sorafenib monotherapy trials, a
randomized comparison against sorafenib is required to
establish superiority and tolerance of the combination.
These areas of investigation represent an overview
of current trends in the effort to identify active systemic
agents for the treatment of advanced HCC. Additional
investigations in enzymatic therapy targeting impaired
tumoral arginine metabolism, novel antibodies targeting
HCC specific antigens, and modification of relevant
pathways such as transforming growth factor-β and Wnt/
β-catenin represent additional areas in development in
this rapidly evolving field of clinical investigation.
Faced with an increasing incidence of HCC, the
scope of treatment options has broadened significantly
over the last decade to benefit a larger proportion
of patients. The number and diversity of diagnostic
modalities for HCC have also evolved over the past
decade. Beyond the current guidelines outlined in the
Barcelona Center for Liver Cancer staging system, a
number of therapeutic modalities including radiation
(either through radioembolization or external beam
radiation), irreversible electroporation, and systemic
drugs besides sorafenib are being incorporated into the
treatment armamentarium for patients with HCC. Highvolume centers such as the Liver Tumor Clinic at the
University of Washington provide a multi-disciplinary
approach that plays an important role in “designing” an
appropriate treatment program based on the patient’s
tumor, underlying liver disease and overall health. Many
clinical trials are currently ongoing to explore new “drugg
able” targets and treatment combinations. In parallel,
basic investigations into the molecular mechanisms of
disease are shedding new lights into the pathogenesis of a
highly heterogeneous set of tumors collectively classified
as HCC. Findings from the “bench” science are expected
to yield novel strategies towards disease classification,
detection, treatment and prevention.
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“Weighing the risk”: Obesity and outcomes following liver
transplantation
Trevor W Reichman, George Therapondos, Maria-Stella Serrano, John Seal, Rachel Evers-Meltzer, Humberto
Bohorquez, Ari Cohen, Ian Carmody, Emily Ahmed, David Bruce, George E Loss
dented rates of patients are presenting with end stage
liver disease in the setting of non-alcoholic fatty liver
disease (NAFLD) and are requiring liver transplantation.
There are significant concerns that the risk factors
associated with obesity and the metabolic syndrome
might have a detrimental effect on the long term out
comes following liver transplantation. In general, short
term patient and graft outcomes for both obese and
morbidly obese patients are comparable with that of
non-obese patients, however, several studies report an
increase in peri-operative morbidity and increased length
of stay. Continued studies documenting the long-term
outcomes from liver transplantation are needed to further
examine the risk of recurrent disease (NAFLD) and also
further define the role risk factors such cardiovascular
disease might play long term. Effective weight reduction
in the post liver transplant setting may mitigate the risks
associated with the metabolic syndrome long-term.
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Core tip: Cirrhosis in the setting of obesity especially from
non-alcoholic fatty liver disease is quickly becoming one
of the leading indications for liver transplantation. These
patients present unique challenges both at the time of
transplant and long term secondary to chronic illnesses
associated with the metabolic syndrome. Outcomes
following liver transplantation and management of these
patients will be discussed in light of the current available
literature.
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Abstract
Obesity is on the rise worldwide. As a result, unprece
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more aggressive form NASH in which fatty deposition
and necroinflammation are present. Pathologically,
NASH is characterized by macrovesicular steatosis,
ballooning degeneration with or without Mallory bodies,
and lobular or portal inflammation, with or without
[6]
fibrosis . The majority of patients with NAFLD have a
benign course and many have stable fatty liver disease.
NASH is thought to result from a two-hit insult in which
accumulation of fat is the first step but an additional
stressor is necessary in order to lead to progressive liver
[7]
damage and NASH . Interestingly, there also appears
to be a genetic predisposition to developing NAFLD and
[8]
NASH . In addition, there are racial differences observed
in the prevalence of NAFLD in the United States with
the highest prevalence found in Hispanics, followed by
[9-11]
Caucasians, and then African-Americans
.
It is estimated that greater than 25% of patients
with NASH will develop progressive fibrosis over time
with approximately 10%-20% of patients eventually
[12]
developing advanced fibrosis or cirrhosis . Clinical
risk factors for progression of fibrosis include insulin
[13]
resistance and hypertension . NASH likely accounts
for a large portion of cases that were previously labeled
as cryptogenic cirrhosis especially those cases of
cirrhosis that occur in the setting of obesity, diabetes,
and cardiovascular disease. Further support for the
link between NASH and cryptogenic cirrhosis comes
from the fact that patients transplanted for cryptogenic
cirrhosis have a high prevalence of NAFLD and NASH in
[14]
their post transplant grafts .
The incidence of NAFLD in Western countries is
[15]
estimated to be between 20%-30% . Currently in
the United States, NAFLD and NASH are the leading
causes of chronic liver disease and NAFLD is estimated
to effect approximately 30% of the general United
States population and up to 90% of people with morbid
obesity. NASH is thought to affect about 5%-13% of
the general population, and studies have shown the
presence of NASH in 31% of patients with a clinical
[9]
diagnosis of NAFLD on ultrasound .

from: URL: http://www.wjgnet.com/1948-5182/full/v7/i11/1484.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i11.1484

INTRODUCTION
Obesity or the excessive accumulation of body fat
contributes to a host of chronic health problems.
Obesity is defined by a body mass index greater then
30 whereas severe obesity, morbid obesity and super
obesity are defined by a body mass index (BMI) ≥ 35,
[1]
40, and 50, respectively . Obesity rates have continued
to sore throughout the world as populations continue to
adopt a more “Western” type of lifestyle. A diet of highly
processed, refined foods, fat, and red meats has also
been linked to increase rates of cardiovascular disease
and cancer. Based on recent statistics, it is estimated
that greater then 2.1 billion people in the world are
[2]
either overweight or obese . In the United States, there
are approximately 30 million people who are overweight
[2]
equaling greater than 30% of the population .
Obesity is associated with the clinical condition known
as the metabolic syndrome that includes hypertension,
hyperlipidemia, hyperglycemia, and increased abdominal
[3]
fat deposition . In addition to obesity, insulin resistance
has also been found to be associated with the metabolic
[4]
syndrome . Individuals with a diagnosis of metabolic
syndrome are at increased risk for cardiovascular
events, stroke, diabetes, and chronic liver disease.
The natural course of chronic liver disease is pro
gression to cirrhosis and end stage liver disease (ESLD)
if the inciting factor(s) is not controlled. ESLD leads to
portal hypertension and a host of other complications
including gastrointestinal bleeding, encephalopathy,
jaundice, ascites, malnutrition, and hepatocellular cancer
(HCC). Although there are multiple causes of chronic liver
disease and cirrhosis (e.g., viral hepatitis, autoimmune
hepatitis, cholestatic liver diseases, excessive alcohol
consumption), the most common cause of chronic liver
disease in the United States is now non-alcoholic fatty
liver disease (NAFLD) or its more aggressive form, non[5]
alcoholic steatohepatitis (NASH) .
Obesity and its associated complications is thought
to have a significant impact on post-operative outcomes
and survival after surgical procedures. The allocation
of health resources and the expense associated with
caring for obese patients continues to be controversial
especially in light of the current changing health care
landscape. Nowhere is this more true than in the field
of liver transplantation in which there is not only an
obligation to provide cost effective care but also the
responsibility of allocating a scarce resource.

NASH in pediatric patients

The obesity epidemic has not spared the pediatric
population in the world. Typically thought of as a disease
of adulthood, obesity rates and the incidence of NAFLD
and NASH have skyrocketed in the pediatric population.
Like adults, NAFLD now is the most common cause
[16]
of chronic liver disease in children and adolescents .
An autopsy study found that 9.6% of the American
population aged 2-19 years old have NAFLD, and the
percentage increased to 38% among those who were
[17]
obese . NAFLD appears to be more prevalent in the
older adolescents as compared to younger children and
[18]
is also more common in boys (ratio of 2:1) . NAFLD
is more prevalent in the Mexican communities and
also in children from Asian-Indian and Asian-American
[19,20]
descent
. Rates in Asian patients are thought to
potentially be due to increased rates of insulin resistance

NAFLD, NASH, and obesity

NAFLD is thought to be the hepatic manifestation of the
metabolic syndrome. NAFLD encompasses a spectrum of
clinicopathologic disease ranging from hepatic steatosis
(in the absence of significant alcohol consumption) to the
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Outcomes of obese patients: Peri-operative morbidity
and length of stay

[19]

and visceral adiposity . The long-term outcomes of
pediatric NAFLD are not well known and are actively being
investigated. A recent study, however, suggests that
biopsies from adolescents with NAFLD have significantly
higher incidence of NASH, hepatocyte injury scores and
fibrosis when compared to a similar group of adults. The
authors concluded that adolescents with severe obesity
have more advanced liver damage and more severe
systemic inflammation than adults suggesting differences
in NAFLD etiologies and more aggressive disease
[21]
progression in the young obese population .
The data on NAFLD/NASH progression and the need
for liver transplantation are scant. However, in one study,
66 children with NAFLD were followed for up to 20 years
and 2 of these children underwent liver transplantation
for decompensated cirrhosis. In both of these children,
NAFLD recurred in the allograft with one case progressing
[22]
to cirrhosis requiring retransplantation . Further studies
are needed to identify those children that are at higher
risk for progression of NAFLD to NASH and ultimately
might require liver transplantation.

Liver transplant recipients have a significant survival
advantage as compared to patients that continue on
the waiting list regardless of their BMI at the time of
[33,34]
transplant
. Greater peri-operative morbidity and
increased post-operative length of stay appears to
be a fairly consistent but not absolute finding in the
obese and/or morbidly obese patients in the studies
examined (Table 1). In the studies that document a
higher morbidity in obese patients, wound related and
[35-38]
infectious complications appear to predominate
. In
one study, obese patients surprisingly did not require
prolonged ventilatory support as compared to non[39]
obese patients .
The differences seen in peri-operative morbidity
amongst the different studies can potentially be explained
by the heterogeneity amongst the obese and morbidly
obese patients in that co-morbid conditions were not
taken into consideration. Several studies attempted to
take into account these co-morbid conditions. One group
examined obesity along with the presence of coronary
artery disease, and hypertension and calculated patients’
risk of post-operative events. The presence of obesity
and diabetes appeared to be the strongest predictors of
[35]
post-operative events . The presence of cardiovascular
risk factors however did not alter the peri-operative
[35]
[40]
risk . Similarly, Nair et al examined the combination
of several pre-operative risk factors that included obesity
and diabetes to create a risk score and tested its ability
to predict post-operative outcomes. Compared to the
prior study, they found no difference in pre-operative
morbidity and length of stay between the low risk
and high-risk groups. Neither study found that these
conditions affected short-term survival.
Cardiovascular events are a significant cause of
morbidity in the post liver transplant patients, which
maybe related to the higher prevalence of risk factors
associated with the metabolic syndrome such as
[41]
hypertension and hyperlipidemia in these patients .
A similar small study also found an increased risk of
cardiovascular events in post liver transplant patients
although this did not seem to correlate with obesity
as the normal weight cohort had a similar rate of
[42]
cardiovascular events . A more recent, larger study
using the OPTN database attempted to identify predictors
[43]
of early cardiovascular events . A total of 1576 deaths
in the first 30 d post transplant were identified out of
54697 liver transplant recipients of which 42.1% were
secondary to cardiovascular events. Surprising, obesity
and complications of the metabolic syndrome were not
found to be independent predictors of early cardiovascular
mortality. Several other recipient factors were found
to be significant predictors including pre-operative
hospitalization, intensive care unit and ventilator status,
and the presence of portal vein thrombosis. Interestingly,
[44]
Ayala et al also found that obesity was a risk factor for
pre-transplant portal vein thrombosis.

Obesity and HCC

One of the major indications for liver transplantation is
HCC, especially when the tumor is multifocal or when
it occurs in the setting of chronic liver disease. Obesity
has been identified in several studies as a clear risk
[23-25]
factor for the development of HCC
. In the case of
NAFLD, it is estimated that HCC occurs in up to 27% of
patients with cirrhosis, but even patients without NASH
[26]
are at risk for developing HCC . The etiology of HCC
in NAFLD and NASH is thought to be related to chronic
inflammation and repeated injury to hepatocytes
from the accumulation of fat in the liver. Interestingly,
recurrence-free survival in patients with HCC in the
setting of NASH appear to be significantly better than in
the setting of hepatitis C virus (HCV) for both resection
[27,28]
and liver transplantation
.

Outcomes following Liver
Transplantation in Obese
Individuals
Early reports of liver transplantation in obese recipients
demonstrated mixed outcomes perhaps because of small
sample sizes. Studies have also included heterogeneous
groups of recipients; some focus simply on obese
patients (BMI ≥ 30) whereas other studies differentiate
between obese patients and morbidly obese patients (BMI
≥ 40). Initial single center reports showed equivalent
short term survival rates for obese and severely obese
patients with some centers also documenting higher
complication rates (especially wound infections) and
[29-32]
higher health care costs for transplantation
. More
recently, there have been several single center and multicenter studies that have focused on preoperative and
long outcomes following liver transplantation.
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Table 1 Outcomes following liver transplantation in obese patients (2000-present)
Patients (n )

Ref.
Nair et al[31]

121

Nair et al[45]
(UNOS data)
Dare et al[35]
Tanaka et al[38]

18172

Hakeem et al[37]

1325

202
507

Dick et al[51] (UNOS data)
Perez-Protto et al[50]
Fujikawa et al[85]
Hillingsø et al[52]
Conzen et al[53]
Werneck et al[39]
Nair et al[40]
Singhal et al[49] (SRTR)
Schaeffer et al[86]
Orci et al[48] (SRTR)

73538
230
700
365
785

Classification (BMI)

LOS

NW vs OB (27.8-31.1 M and
27.3-32.3 F) MO (> 31.1 M and
> 32.3 F)
NW vs SO (35.1-40) MO (> 40)

In MO

In MO

NA

NA

NO (< 30) vs OB (≥ 30)
In OB
cBMI (≤ 40 vs 40)
In MO
mBMI (≤ 40 vs 40)
ND
NW vs OW (25-29.9), OB
In OW and
(30-34.9) MO (≥ 35)
OB
NW vs MO (≥ 40)
In MO
NW vs OB (≥ 38)
NoD
NW vs OW (25-29.9) OB (≥ 30)
NoD
NW vs OB (> 30)
NoD
NW vs MO (≥ 40)
NoD

136
NW vs OW (25-29.9) OB (≥ 30)
193
NW vs MO (≥ 40)
12445
NW vs MO (≥ 40)
167
NW vs OB (> 35)
38194
NW vs OB (> 35)
(4138 > 5 yr)

NoD
In MO
In MO
NA
NA

Perioperative complication rate Graft survival

In OB
NA
In OW and OB
In MO
NoD
NoD
NoD
NoD
NoD
NA
NA
In OB
NA

NA

Patient survival
NoD

NoD (1 and 2
In SO (5 yr)
yr)
In MO (1, 2 and 5 yr)
NA
NoD
In MO
In MO
NoD
NoD
NoD
NoD
NA
NoD
NoD
NA
NoD (at 3 yr)
In MO (at 5 yr)
NoD
NA
NoD
NoD (at 1 yr)
NA

In MO
NoD
NoD
In OB
NoD (at 3 yr)
In MO (at 5 yr)
NoD
NoD
NoD
NoD (at 1 yr)
NoD (> 5 yr)

NA: Not available; NoD: No difference; NO: Non-obese; OW: Overweight; OB: Obese; SO: Severely obese; MO: Morbidly obese; BMI: Body mass index;
NW: Normal weight; LOS: Length of stay; cBMI: Calculated BMI; mBMI: Modified BMI.

Long-term outcomes

[48]

ranging between 25 and 35 . Another center also
recently examined a very similar cohort of patients
(SRTR database from 2007-2011) and also confirmed
no difference in short-term outcomes. They, however,
noted increased resource utilization by patient with BMIs
≥ 40 with more patients disabled in the pre-operative
[49]
setting and longer post operative hospital stays .
Several single center studies have also documented
long term outcomes. One of the largest series examined
1325 patients from Leeds, United Kingdom and the
authors report no significant difference in graft and
[37]
patient survival up to 10 years post transplant . Another
large single center study found an increased rate of the
metabolic syndrome in their post transplant patients with
BMIs ≥ 38, however, this did not correlate with poor 3
[50]
years outcomes . A smaller study from Ireland also
found no difference in long-term survival between their
[36]
obese patients and non-obese patients . Conversely, a
study that examined outcomes over an extended period
of time, dividing patients into different eras, found a
consistent improvement in outcomes over time. However,
in all eras, survival of the morbidly obese patients was
worse, and morbid obesity was an independent predictor
[51]
of death . Interestingly, the risk of morbid obesity
appeared to be exacerbated in the MELD era in this study
with the poorest long-term survival seen in morbidly
obese patients with MELD 22. A Danish group also had
[52]
similar poor outcomes for their obese group . Another
single center study which examined long term outcomes
(≥ 5 years) noticed a significant decline in both graft and
patient survival at 5 years despite similar outcomes at 3
[53]
years .
Studies that do demonstrate poor long-term out

The long-term outcomes of patients with obesity and
morbid obesity have yet to be fully determined. One
would assume that persistence of obesity and the
metabolic syndrome post transplant would clearly put
these patients at higher risk for developing serious
cardiovascular disease including myocardial infarction
[45]
and stroke. In 2002, Nair et al
published a review
of the UNOS database from 1988 to 1996 comparing
outcomes following liver transplant for patients that
were obese, severely obese, and morbidly obese. A
total of 18172 patients were examined and the authors
found an increased risk of primary non-function and
an increased risk of mortality at 30 d, 1 year, 2 years,
and 5 years in the morbidly obese group. The severely
obese group also had an increased risk of mortality at 5
years. All obese patients (BMI > 30) had an increased
[45]
risk of death from cardiovascular events . This led to
the recommendation by the American Association for
the Study of Liver Disease that morbid obesity was a
[46]
contraindication to liver transplant . Similarly, in 2003,
[47]
Rustgi et al
published their analysis of the UNOS
database from 1992 to 2000 examining a total of 26920
patients. In this study, patients with BMI ≥ 40 were
found to be at increased risk of post-transplant death.
Conversely, a more recent publication examining
the SRTR database from 2004 to 2011 identified 38194
recipients of which 8196 were considered obese.
[45]
Unlike the review by Nair et al , they found no risk
of increase mortality across the different categories of
obese patients as compared to the control group. In
fact, the authors found a protective affect of overweight
male recipients but not female recipients with BMIs
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comes associated with obesity have been criticized by the
fact that they do not take into account malnutrition, low
albumin levels and ascites. In one study, conventional
BMI appears to be able to be mitigated by conversion to
modified BMI that takes into account low albumin levels
and fluid accumulation. When converted to a modified
BMI (calculated by multiplying the serum albumin by
the BMI), there was no difference in long-term survival
[38]
[54]
of the different groups . Similarly, Leonard et al
found that when correcting BMI for ascites, up to 20% of
patients moved to a lower BMI category. Furthermore,
the corrected BMI was not a predictor of poor long-term
outcomes.
The inconsistency in results reported from different
centers would suggest that patient selection plays a
critical role in the outcomes of obese patients after
transplant. The more recent trend in better outcomes
may reflect better patient selection and improved care
in the more recent era. However, more long-term data
looking at 5 years and beyond are needed in order to
adequately characterize the long-term risk to obese and
morbidly obese patients.

patients following liver transplant. Similarly, patients with
a BMI > 25 had more accelerated time to recurrence.

Special Circumstances
Bariatric surgery prior to liver transplantation: Lessons
learned from the jejunal-ileal bypass surgery

There is no question that a prior history of upper
abdominal surgery can increase the risk of peri-operative
complications at the time of liver transplant. Abdominal
scarring and adhesions can increase the complexity of the
initial hepatectomy. In addition, vascularization of these
adhesions from portal hypertension can result in greater
blood loss. Many morbidly obese patients have attempted
weight loss surgery prior to transplantation which puts the
remnant stomach at risk for devascularization and luminal
perforations.
The jejunoileal bypass (JIB) was a bariatric procedure
that was performed with high frequency in the 1960 and
1970s. This weight loss procedure consisted of dividing
and anastomosing the first 35 centimeters of proximal
jejunum to the terminal 10 centimeters of ileum in an
[64]
end-to-side or end-to-end fashion . Although this
procedure was effective in causing malabsorption and
weight loss, it also carried the complication of chronic
[65]
liver disease and in some cases acute liver failure .
There have several reports that have documented the
feasibility of performing liver transplants in patients who
had previously undergone a JIB. Although the reports
were small series, they documented that transplant
was feasible with reasonable patient outcomes. In all
cases, reversal of the bypass appears to be critical for
[66,67]
the prevention of recurrent disease in most patients
.
More recently, there have been several reports of patients
requiring transplant after a biliopancreatic diversion
(Scopinaro procedure or duodenal switch) from massive
[68,69]
.
steatosis and sub-fulminant hepatic failure
A recent survey of transplant centers in Belgium
identified patients that had undergone liver transplant
after bariatric surgery. They identified 10 patients listed
for liver transplantation with a mean time to wait listing
post bariatric surgery of 5 years. The majority of the
patients (9 of 10) had undergone biliopancreatic diversion.
Of the 10 patients, 7 were transplanted, 2 died waiting
for transplant, and one was still waiting at the time of
publication. Of the 7 patients transplanted, 4 patients were
still alive. One of the 4 patients required retransplantation
at 10 mo due to rapid recurrence of liver disease.
Although, liver transplantation can salvage patients with
post bariatric surgery liver failure, outcomes appear to be
poor and bariatric patients should be monitored closely for
[70]
liver dysfunction following surgery .

Recurrent disease in obese patients following liver
transplantation

The risk of recurrent NAFLD in post transplant patients has
[55-58]
been documented and ranges between 25%-60%
.
In one study, 39% of recipients transplanted for NAFLD
had either recurrent NAFLD or NASH with the strongest
independent predictors of recurrence being high pre
transplant and post transplant BMIs. The presence of
recurrent disease, however, did not appear to affect
[56]
overall survival at least in the short term . Similarly,
patients transplanted for cryptogenic cirrhosis (of which
several of the patients were believed to have NASH)
have also been shown to develop NAFLD or NASH in
[59]
the post transplant setting . A more recent study
examined the prevalence of post liver transplant NAFLD
in patients transplanted for non-NAFLD related liver
[60]
disease and found steatosis in 40% of patients . BMI
pre- and post-transplant appeared to correlate with
the risk of developing post transplant steatohepatitis.
Commonly used immunosuppressive medications such
as steroids and calcineurin inhibitors could be potential
factors contributing to insulin resistance/hyperglycemia,
hyperlipidemia, and hypertension. In fact, exposure to a
high total dosage of glucocorticoids has been associated
[61]
with the development of NASH .
The association between chronic HCV infection and
post transplant diabetes is well known. HCV appears to
be partially responsible for inducing insulin resistance
and diabetes mellitus. Unfortunately, the presence of
diabetes mellitus portends a bad outcome with patients
suffering from an accelerated progression to fibrosis
[62]
leading to poor graft and patient survival .
Obesity also appears to affect recurrence of HCC. In
[63]
a study by Mathur et al , the authors demonstrate a
doubling in recurrence rates of HCC in both overweight
and obese patients as compared to a lean group of
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Bariatric surgery in conjunction with or after liver
transplantation

An attempt at bariatric surgery is appropriate for
[71]
patients with early stage liver disease , but is never
indicated in patients with advanced stage liver disease
or cirrhosis. For many of these patients, continued long-
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term obesity post transplant will undoubtedly increase
patients’ risk for long term complications associated
with the metabolic syndrome. The risk obesity poses to
the recurrence of NASH and HCV are also now coming
to light. For many post-transplant patients, diet and
exercise is rarely enough to incur significant, sustainable
weight loss. Bariatric surgery has taken on many
different forms (e.g., gastric bypass, sleeve gastrectomy,
gastric band) all of which have varying rates of technical
complexity, associated complications, and effectiveness
in terms of weight loss.
Several groups have documented the safety of
performing bariatric surgery on post liver transplant
patients either in small studies or case reports. An
[72]
initial report by Duchini et al
documented that rouxen-Y gastric bypass (RYGB) could be safely performed
in post liver transplant patients. This study was further
[73]
supported by larger studies by Al-Nowaylati et al
[74]
and Tichansky et al . Although RYGB was effective
in inducing weight loss, this did not come without risk.
Complications post bariatric surgery included dumping,
wound infections, and in one severe case, multi-system
organ failure and death. One patient required reversal
due to intractable malnutrition and gastrojejunal ulcers.
Other groups have also shown that a sleeve gastrectomy
can be performed safely and is effective in inducing
[75,76]
weight loss in the post liver transplant patient
.
Due to the increased technical complexity secondary
to adhesions and complications related to long-term
immunosuppression, some groups have attempted
bariatric surgery at the time of transplant. In an initial
[77]
report, Campsen et al
reported safely performing a
gastric band in patients immediately after the new liver
was transplanted. In a similar approach, Heimbach
[78]
et al
from the Mayo Clinic reported their initial
experience with performing the gastric sleeve at the
time of liver transplant. This was chosen over the gastric
band due to increased efficacy in inducing weight loss
and the fact that there was no need for a foreign body
in an immunosuppressed patient. In their initial report of
7 patients that underwent a combined liver transplantsleeve gastrectomy, all patient attained weight loss and
none developed post liver transplant diabetes or hepatic
steatosis. However, one patient did have excessive
weight loss and one patient leaked from the gastric
staple line. There were no graft failures or deaths in the
combined groups.

world where deceased donation is non-existent, LDLT is
the only option for patients with ESLD. Appropriate size
matching of the liver graft from the living donor with the
recipient is essential for success with most programs
using a cutoff graft weight to recipient weight ratio
(GRWR) of 0.8. Successful LDLT has been performed
[80]
with lower GRWR
and there is a resurgence of left
[81]
lobe grafts in the Western world .
Appropriate matching of donors with obese recipients
can be especially challenging in the setting of LDLT
especially when using the common cutoff of 0.8 for the
GRWR. Whether this ratio is appropriate in the setting of
obesity has yet to be determined. There are no studies
that examine the morbidly obese population, and studies
examining LDLT in the setting of obesity are scarce. The
[82]
largest study by Gunay et al
examined 380 patients
who underwent LDLT of which 74 were considered
obese (BMI ≥ 30). No patients were morbidly obese
(BMI > 40). Although the obese patients had a harder
time finding suitable living donors, the complication rate,
graft survival, and patient survival were all similar when
comparing the obese recipients to either the overweight
[82]
or normal weight recipients . A smaller study of 7
patients with NASH of which 6 of the patients were
obese also demonstrated that LDLT was feasible, but
again these patients appeared to have a more difficult
[83]
time identifying suitable donors . Further studies are
needed to address long-term outcomes of LDLT and also
to further investigate the applicability of a GRWR of ≤ 0.8
in the setting of morbid obesity.

Our Experience with Morbid
Obesity and Liver Transplantation
at Ochsner Medical Center
Over the last few years, Ochsner medical center has
grown to become one of the largest liver transplant
programs in the United States performing 196 liver
transplants in 2014. Due to its geographic location in the
South Eastern corridor of the United States, the program
has a vast experience with liver transplantation of the
morbidly obese patient. In our experience, it is important
to make sure that the morbidly obese patients are
properly cleared from a cardiopulmonary perspective as
many of them can have occult coronary disease and/or
pulmonary hypertension. From a technical perspective,
line placement and exposure during transplant can be
challenging and we have moved to using a Thompson
retractor with special bariatric blades to aid in exposure.
A chart review of primary liver or combined liverkidney transplants was performed between September
2005 and December 2008 of which 255 adult transplants
were identified. A comparison of morbidly obese patients
(n = 34) vs a control group (n = 221) of non-morbidly
obese patients was performed and several characteristics
including 30 d and 1 year graft and patient survival,
length of stay, and 30 d re-operation rate were recorded.
Based on our data, morbidly obese patients had longer

Living donor liver transplantation

Adult-to-adult living donor liver transplantation (LDLT)
has been shown to have outcomes equivalent to
deceased donor liver transplantation especially in
regions where organ donation is scarce. Death on the
waiting list which can be as high as 20% at some United
States centers. It is well documented that there is a
significant survival advantage to patients transplanted
with living donors as compared to those patients that
wait on the deceased donor list when compared from
[79]
time of listing by preventing . In other parts of the
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median length of stays (19 d vs 13 d), but 30-d reoperation rates were not higher in the morbidly obese
group. Thirty day and 1-year graft and patient survival
[84]
were equivalent .

3

4

CONCLUSION

5

There are multiple indications for liver transplantation
in the obese patient, but NAFLD is the most common.
Obese patients appear to be at higher risk for perioperative complications and length of stay post-transplant
is longer which potentially can increase the global health
care cost to managing these patients. However, this
does not appear to impact both short and long term
outcomes following transplant. The impact of obesity
and the metabolic syndrome on long-term outcomes
remains to be determined but these patients are at
risk for recurrent steatohepatitis. Weight reduction post
transplant is likely to be effective in avoiding complications
of the metabolic syndrome including post transplant
diabetes and steatosis. Weight loss surgery appears to
be advantageous at the time of transplant since it avoids
the need for an additional surgery and also avoids the
potential for increased complications due to abdominal
scarring and long-term immunosuppression. Appropriate
patient selection is critical for minimizing complications
and obtaining optimal short and long-term outcomes.
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REVIEW

Intravenous immunoglobulins in liver transplant patients:
Perspectives of clinical immune modulation
Arno Kornberg
disease (MELD) score helped to reduce waiting list
mortality in liver transplantation (LT). However, due
to an escalating organ scarcity, pre-LT MELD scores
have significantly increased and liver recipients became
more complex in recent years. This has finally led to
posttransplant decreasing survival rates, attributed
mainly to elevated rates of infectious and immunologic
complications. To meet this challenging development,
an increasing number of extended criteria donor grafts
are currently accepted, which may, however, aggravate
the patients’ infectious and immunologic risk profiles.
The administration of intravenous immunoglobulins
(IVIg) is an established treatment in patients with
immune deficiencies and other antibody-mediated
diseases. In addition, IVIg was shown to be useful in
treatment of several disorders caused by deterioration
of the cellular immune system. It proved to be effective
in preventing hyperacute rejection in highly sensitized
kidney and heart transplants. In the liver transplant
setting, the administration of specific Ig against
hepatitis B virus is current standard in post-LT antiviral
prophylaxis. The mechanisms of action of IVIg are
complex and not fully understood. However, there is
increasing experimental and clinical evidence that IVIg
has an immuno-balancing impact by a combination
of immuno-supporting and immuno-suppressive
properties. It may be suggested that, especially in the
context of a worsening organ shortage with all resulting
clinical implications, liver transplant patients should
benefit from immuno-regulatory capabilities of IVIg.
In this review, perspectives of immune modulation by
IVIg and impact on outcome in liver transplant patients
are described.
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Abstract
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Shortage of appropriate donor grafts is the foremost
current problem in organ transplantation. As a logical
consequence, waiting times have extended and
pretransplant mortality rates were significantly increa
sing. The implementation of a priority-based liver
allocation system using the model of end-stage liver
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infections, living-related or non-heart beating donors) are
[15,16]
nowadays accepted
. The use of such marginal grafts
may, however, aggravate the risk of allograft dysfunction,
[15,16]
immunologic imbalance and infectious complications
.
Therefore, balancing the liver recipients’ immune system
has been recognized as key approach in the context of
organ scarcity and resulting clinical implications. Tailoring
the immunosuppressive therapy to the patients’ individual
need is an established strategy for an early immune
[17]
regulation . However, balancing between reduction
of infectious risks and increased susceptibility for graft
rejection may be difficult. Indeed, there are no clinical
parameters that reliably define the lowest possible
immunosuppressants’ dose for avoiding immunologic
[18]
attacks to the allograft . Need of anti-rejection treatment
[19]
may, in turn, increase the risk of septical complications .
Therefore, a combination of immuno-stimulating and
immuno-suppressive properties, as were recently
suggested for intravenous immunoglobulins (IVIg), could
[20-22]
be another attractive immuno-balancing approach
.
Treatment with IVIg was introduced in the 1950’s,
primarily for substitution of antibodies in patients with
[20-22]
immune deficiencies
. Since the evidence that IVIg
may ameliorate immune thrombocytopenic purpura in
1981, it has been used for the treatment of a wide range
of autoimmune and systemic inflammatory disorders.
In addition to these mainly antibody-mediated diseases,
IVIg proved to be effective in several disorders caused by
deterioration of the cellular immune system, like multiple
[20-25]
sclerosis, Kawasaki disease and graft vs host disease
.
Subsequently, IVIg was increasingly used in the transplant
setting. It was shown to be effective in prophylaxis
and treatment of severe allograft rejection, particularly
in highly sensitized kidney and heart recipients. In
addition, IVIg proved to be beneficial in the treatment
[26-28]
of posttransplant hypogammaglobulinemia
. In the
1990’s, the use of specific immunoglobulins (Ig) against
hepatitis B virus (HBV) was established as standard for
prophylaxis against HBV recurrence in liver transplant
[29]
patients .
The exact modes of action of IVIg are complex and
not yet fully understood. However, there is increasing
experimental and clinical evidence that, beyond clearing
pathogenic autoantibodies, IVIg may establish long
[21,22]
lasting modulations of the cellular immune system
.
The nature of these immuno-regulatory capabilities
suggest that, particularly in these times of higher
immunologic and septical risks, liver transplant pati
ents might benefit from early post-LT treatment with
[30,31]
IVIg
.
The aim of this review was to report on current
available data indicating prognostically favourable
immuno-modulatory properties of IVIg and, thereby,
improved outcome following LT. For this purpose, an exten
sive review of the English literature using the PubMed
database was performed by selecting papers according
to the following key terms: “liver transplantation”,
“immunoglobulin”, “hyperimmunoglobulin”, and “immune

Core tip: In times of an escalating organ scarcity,
decreasing posttransplant survival rates following liver
transplantation have been reported. Predominantly
infectious and immunologic complications were identified
to account for this recent outcome deterioration.
Therefore, balancing the recipients’ immune system
is currently discussed as useful approach to improve
prognosis. Intravenous immunoglobulins (IVIg) are
thought to provide favorable immuno-regulatory capa
bilities. This paper summarizes the current available
clinical data that indicate beneficial immuno-modulatory
properties of IVIg in liver transplant patients.
Kornberg A. Intravenous immunoglobulins in liver transplant
patients: Perspectives of clinical immune modulation. World J
Hepatol 2015; 7(11): 1494-1508 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i11/1494.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i11.1494

INTRODUCTION
Liver transplantation (LT) has evolved to become a
standard procedure in the treatment of end-stage
[1,2]
liver disease . Due to refined surgical techniques,
advancements in intensive care treatment and progress
in immunosuppressive medication, post-LT outcome
[3]
improved dramatically over the past decades . As a
result, donors’ and recipients’ selection criteria were
considerably expanded and numbers of LTs performed
were significantly increasing in recent years. Due to
a dramatic donor organ shortage, growing waiting
lists, prolonged waiting times and increasing pre-LT
[4-6]
mortality rates have been reported . To respond to this
challenging situation, the model of end-stage liver disease
(MELD) score was implemented to give priority to the
most urgent patients on the waiting lists. The “sickest
first” approach based on serum creatinine, bilirubin, and
the international normalized ratio contributed to reduction
[7-13]
of waiting list mortality
. However, the problems
were rather shifted from the pre- to the posttransplant
period. It was a consequence of the escalating organ
shortage that final pre-LT MELD scores were significantly
[11-14]
increasing in recent years
. Therefore, liver transplant
patients became more complex with considerably higher
perioperative risk profiles. Rates of early posttransplant
immunologic and infectious complications have markedly
increased and survival rates were, thus, significantly
[10-14]
deteriorating in recent years
. There is evidence that
the immune systems of high-MELD patients are per se
compromised, which in turn, may lead to an increased
risk of septical disorders. Almost 85% of patients become
afflicted with early infections, which is nowadays the
[10-14]
most common cause of death soon following LT
. To
realize LT at an earlier stage of disease progression, an
increasing number of so-called extended criteria donor
organs (ECD; based on donor age, liver steatosis, allograft
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modulation”.

of immune modulation. Up-regulation of the inhibitory
FcγRII as a result of sialylated IgG-Fc is another prevailing
[36]
theory for immunologic impact of IVIg . Furthermore,
saturation of the neonatal FcR (FcRn) may increase the
[37]
clearance of pathogenic antibodies . FcRn is expressed
by human endothelial cells to recycle IgG and, thus,
extends its half-life. Saturation of these receptors with
high-doses of IVIg is supposed to shorten the half-life of
[34,37]
all circulating IgG including harmful auto-antibodies
.

MECHANISMS OF IMMUNE
MODULATION BY IVIG
Therapeutically administered Ig consist of a polyspecific
IgG preparation with small amounts of IgA and IgM. It
is obtained from plasma pools of either thousands of
healthy blood donors or donors with specifically high
[20-22]
antibody titers directed against several viruses
.
Treatment with IVIg was shown to be safe. Only mild
generalized symptoms like headache, fever and nausea
have been described in a small number of patients, but
serious adverse effects are mostly uncommon. The halflife of IVIg is about three weeks. The clinical effects
of IVIg were, however, proven beyond this period.
Therefore, immuno-regulatory capabilities by IVIg were
suggested to be based not only on antibody-mediated
mechanisms but rather on interactions with the cellular
[20-22]
immune system
. The modes of action of IVIg are
[30]
very complex and still elusive . They are triggered
via selective and distinct molecular mechanisms of
biological processes that are implicated in innate or
[20-22,30]
acquired immune responses
. There are some
excellent reviews on the specific effects of IVIg on the
[21,22,30,31]
immune system
. Thus, only some of the most
important immuno-regulatory properties of IVIg are
mentioned below.

Inhibition of the complement cascade

IVIg was shown to contain antibodies against several
components of the classical complement pathways,
[38]
like C1, C3a, C3b and C4 . Apart from that, the Fc
portion of IgG was shown to inhibit C5 convertase, an
enzyme that is required for subsequent formation of the
[21,22,27]
membrane attack complex
.

Effects on cytokines

Modulating the production of cytokines and cytokine
antagonists is supposed to be another important
immuno-modulatory mechanism of IVIg. This capability
is not only triggered by affecting monocytic cytokine
production, but also via increase of T 1 helper (Th1)
[21,39]
and Th2 cytokine gene expression and production
.
IVIg was shown to reduce the level of several cytokines,
like interleukin (IL)-1β, tumor necrosis factor (TNF)-α,
and nuclear factor κB. Furthermore, it may selectively
trigger the production of IL-1-receptor antagonist, the
[21,33,40]
natural antagonist of IL-1
. The anti-inflammatory
cytokine IL-11 was, by contrast, shown to be up[41]
regulated by IVIg . Recently, it has been demonstrated
that plasma levels of IL-33, IL-4 and IL-13 are increased
by IVIg. This molecular mechanism may, in turn, lead to
inhibition of inflammatory processes via Th2-cytokine[42]
mediated down-regulation of FcγRIIa .

Fab-mediated modes of action

Neutralization of auto-antibodies by anti-idiotype
antibodies present in IVIg was one of the first explanations
for the anti-inflammatory impact of IVIg. Apart from
well-known microbial antigen-specific binding effects,
IVIg is supposed to convert a pro-inflammatory trigger
into an anti-inflammatory condition by neutralization of
endogenous inflammatory chemokines and cytokines and
apoptosis-inducing molecules via naturally occurring auto[32-34]
reactive antibodies
.

Interaction with dendritic cells

Dendritic cells (DC) are a heterogeneous group of
antigen-presenting cells that are involved in the
pathogenesis of several immune-mediated diseases
[22,43]
and allograft rejection
. IVIg was shown to inhibit
differentiation and maturation of human DCs. It may
prevent up-regulation of the co-stimulatory molecules
CD80 and CD86 that play a crucial role in the interaction
[22,43,44]
between DCs and T-cells
. It is able to minimize the
capability of mature DCs to secrete the pro-inflammatory
cytokine IL-12, while simultaneously increasing the
[45]
production of the anti-inflammatory cytokine IL-10 .
Apart from that, IVIg suppresses DC-related activation
and proliferation of auto- and allo-reactive T-cells. Thus,
the immunosuppressive properties of IVIg are suggested
to be mainly triggered by suppression of DC-specific
[45,46]
properties
.

Targeting of Fc receptors

Fc gamma receptors (FcγRs) are the main receptors
for IgG and, thus, very likely to be involved in clinically
relevant immuno-regulatory actions of IVIg. They are
found on almost all immune cells (B- and T-cells, natural
kille cells, dendritic cells, macrophages, monocytes
neutrophils, eosinophils, and platelets). They mediate
a wide range of biological immune response, like
phagocytosis of IgG-opsonized microorganisms or
immune complexes, antibody-dependent cellular
cytotoxicity, activation of the NADPH oxidase, and the
[21,22,33]
release of cytokines
. Based on their affinity for
monomeric IgG, they can be divided in high-affinity
FcγRI and the low-affinity FcγRII and FcγRIIII. Biological
pathways may be mediated by activating (FcγRI and
[34-36]
FcγRIII) or inhibiting (FγRII) mechanisms
. Blockade
of activating FcγRs by high doses of IVIg and, thereby,
saturation of FcγRs is discussed as one possible way
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[47]

with IVIg in different ways . Antigen binding to BCR
leads to modulation of gene expression, finally resulting
in activation, anergy or apoptosis of B-cells. Several
co-receptors on the B-cell surface are able to either
positively or negatively affect BCR signaling. It has
been demonstrated that IVIg may interact with almost
[30,47]
all of these co-receptors on the B-cell surface
.
This may lead to other highly relevant B-cell mediated
mechanisms of IVIg, including inhibition of B-cell
differentiation, inhibition of IL-6 and TNF-α production,
induction of B-cell apoptosis, and down-regulation of
specific auto-reactive B cells. In addition, IVIg is able
to induce secretion of de-novo IgG, which may be
beneficial in controlling reactivities of pathogenic auto[30,47,48]
antibodies
.

breakthrough for establishing HBV-related liver cirrhosis
[59]
as standard indication for LT .
HBIg is a polyclonal antibody to HBsAg, derived from
[60,61]
pooled human plasma
. It is supposed to bind and
to neutralize HBsAg expressing virions. Furthermore,
it may prevent cell-to-cell infection within the liver
and destruct infected hepatocytes via cell-mediated
[61]
immunity . However, it has only little impact on viral
replication. Besides producing significant costs, longterm HBIg monotherapy may promote the development
[62,63]
of viral mutations
. Therefore, a combination of HBIg
with potent nucleos(t)ide analogues (NA) is considered
[62-67]
as gold standard in prophylaxis of recurrent HBV
.
Currently, the combination of anti-HBs Ig with
[62,68]
tenofovir or entecavir is under clinical evaluation
.
These novel drugs are characterized by higher antiviral
potency than lamivudine (Lam) or adefovir and, thus,
[68]
decrease the risk of viral resistances . In combination
with high costs and inconvenience of HBIg treatment,
strategies of HBIg minimization/withdrawal or even
anti-HBs Ig-free prophylaxis may be reasonable. Small
sample sizes, short follow-up periods, different virologic
risk profiles and inconsistent definitions of viral relapse
were major limitations of previous studies. In addition,
most trials were predominantly focusing on virologic
outcome results, but not on survival data. It became,
however, evident in recent years that, with availability of
very effective antimicrobial agents, recurrent viral disease
[58,60,68-79]
no longer reduces patients’ long-term prognosis
.
In order to appropriately assess the prognostic value
of HBIg, the focus should, thus, be rather turned on
variables like organ acceptance, graft rejection, infectious
[21,22]
complications and survival
.
Despite an obvious lack of randomized controlled
trials, several clinical studies have in the past demon
strated beneficial immuno-regulatory properties by
HBIg which are beyond its antiviral efficacies (Table 1).
[80]
Already in 1996, Farges et al
noticed that 116
HBV-positive liver transplant patients were on a lower
risk for acute and chronic graft rejection compared to
patients with other indications (P < 0.05). Since the
immunologic benefit was not paid with an increased risk
of infections, these data obviously indicated beneficial
[67]
immuno-balancing capabilities of HBIg . In contrast,
the risk of bacterial infections was significantly higher
in 21 patients with alcoholic liver cirrhosis (P < 0.05),
although their immunologic outcome was comparable
to that of HBV-positive liver recipients (Table 1). Apart
from that, the incidence of death or retransplantation
from rejection or either sepsis or de novo malignancies
was significantly lower in HBV-positive liver recipients
(3.5%) compared to patients with alcoholic liver
cirrhosis (19%; P < 0.05; Table 1).
A Brazilian group reported in 2001 on less acute
rejection episodes (P < 0.05) in 12 HBV-positive liver
recipients following long-term HBIg treatment (rejection
rate 25%; Table 1) compared to both, HBsAg-positive
patients without HBIg treatment (n = 10; rejection rate
70%) and HBV-naïve liver recipients (n = 238; rejection

Effects on T-cells

The capability of IVIg to inhibit human T cell proliferation
and cytokine production in vitro was shown to be
[46,49]
comparable to that of calcineurin inhibitors
. It is
supposed that this inhibitory effect of IVIg on T cells is at
least partly caused by suppression of antigen-presenting
[49,50]
cells, but also mediated by direct interactions
.
IVIg was shown to suppress proliferation and cytokine
production of T-cells by inhibition of IL-2 and interferon-γ
[22,49,50]
production
. In addition, IVIg was demonstrated
to contain antibodies against CD4 cells, soluble human
leukocyte antigen (HLA) class Ⅰ and Ⅱ molecules,
chemokines-receptor CCR-5 and T-cell receptor β
[21,22,51-53]
chain
. It has recently been suggested that a
major mechanism of IVIg to suppress cellular immunity is
+
+
mediated by activating CD4 CD25 forkhead box protein
+
3 (FoxP3 ) regulatory T cells (Tregs). Tregs have been
identified as crucial regulators of cell mediated immune
[22,54]
responses
. They are able to suppress pathogenic
immune activities, which play an important role in the
context of autoimmune diseases, transplantation and
GVHD. Activation of Tregs by IVIg leads to an increased
ability of these regulatory cells to suppress allogeneic T
[22,54]
cell proliferation in vitro
. High-dose IVIg treatment
was demonstrated to stimulate Tregs and, thus, to
enhance their suppressive function in humans. This
mechanism is currently suggested to be crucial for IVIg[55]
induced restoring of imbalanced immune homeostasis .
Regulatory T cell epitopes (Tregitopes) on IgG have been
recently identified to trigger the interaction between Tregs
[56]
and IVIg .

HBV HYPERIMMUNOGLOBULIN AFTER
LT
HBV hyperimmunoglobulin and HBV-positive liver
recipients

HBV-related liver cirrhosis was initially considered as
contraindication for LT, due to high rates of fulminant
[57,58]
recurrent hepatitis B and posttransplant mortality
.
The introduction of anti-HBsIg (hepatitis B hyperim
munoglobulin; HBIg) in the early 1990’s marked a
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Table 1 Clinical data of prognostic relevant immune modulation by hepatitis B hyperimmunoglobulin after liver transplantation
Ref.

No. of patients receiving HBIg

Efficacy of HBIg on immunology/survival

Farges et al[80]

n = 116

Couto et al[81]

n = 12

Kwekkeboom et al[82]

n = 40

Wang et al[83]

n = 1000

Significant reduction (P < 0.05) of acute and chronic rejection rate (1.7%) compared to other
indications like PBC (6.1%), PSC (13%), AIC (17%), and HCV (9.2%), without increased risk of
bacterial infection; significantly lower risk (P < 0.05) of death or retransplantation from rejection
or either sepsis or de novo malignancy (3.5%) compared to patients with alcoholic cirrhosis (19%)
Significantly less acute rejection episodes (0.3 ± 0.5) as compared to HBsAg-positive (0.9 ± 0.7; P
= 0.02) and HBsAg-naïve (0.7 ± 0.7; P = 0.03) liver transplant patients without HBIg therapy
Sigificantly lower rate of acute rejection (12%) as compared to patients without viral hepatitis
(34%; P = 0.012); only HBIg treatment (HR = 0.39, 95%CI: 0.16-0.99, P = 0.047) and year of LT (HR
= 0.87, 95%CI: 0.78-0.98, P = 0.017) were identified as independent predictors of acute rejection
Reduction of HBV recurrence rate and of viral mutants; significantly improved 1-yr (P = 0.03)
and 3-yr survival (P = 0.005) as compared to an antiviral prophylaxis without HBIg

HBIg: Hepatitis B hyperimmunoglobulin; HBV: Hepatitis B virus; HCV: Hepatitis C virus; LT: Liver transplantation; PBC: Primary biliary cirrhosis; PSC:
Primary sclerosing cirrhosis; AIC: Autoimmune cirrhosis; HBsAg: Hepatitis B surface antigen.

Table 2 Clinical data of prognostic relevant immune modulation by hepatitis B hyperimmunoglobulin in recipients of hepatitis B
virus-positive liver allografts
Ref.
Brock et al[94]

Li et al[112]

HBV characteristics donor/recipient

Antiviral prophylaxis

Impact of HBIg on outcome

HBc+/HBsAg- (n = 958)

HBIg alone: n = 61
HBIg + Lam: n = 66
Lam alone: n = 116
None: n = 509
Missing data: n = 206
With HBIg: n = 17
Without HBIg: n = 61
With Lam: n = 14
Without Lam: n = 64

70% reduction in risk of mortality by HBIg prophylaxis;
(HR = 0.29, 95%CI: 0.10-0.86, P = 0.026)

HBsAg+/ HBsAg- (n = 63)
HBsAg+/HBsAg+ (n = 15)

HBIg independently associated with superior
posttransplant graft survival;
(HR = 0.23, 95%CI: 0.06-0.81) and patient survival
(HR = 0.16, 95%CI: 0.04-0.759)

HBV: Hepatitis B virus; HBIg: Hepatitis B hyperimmunoglobulin; HBc+: Hepatitis B core +; HBsAg: Hepatitis B surface antigen.
[81]

rate 56%), respectively .
[82]
In 2005, Kwekkeboom et al
suggested beneficial
immuno-regulatory capabilities of anti-HBsIg. In their
study, 40 HBsAg-positive liver transplant patients had
a significantly lower incidence of acute rejection (12%)
compared with 147 liver recipients without viral diseases
(34%; P = 0.012; Table 1). In multivariate analysis, only
treatment with HBIg and the year of transplantation
were identified as independent factors for reduced risk of
[82]
acute rejection .
[83]
And recently, Wang et al
reported on results of
a meta-analysis including 19 studies and 1484 HBVpositive liver transplant patients. Treatment with HBIg
was not only associated with reduced risk of viral
relapse and development of mutants but lead to a
significantly better overall patients’ 1- (P = 0.03) and
3-year (P = 0.005; Table 1) survival compared to HBIgfree antiviral prophylaxis. The authors did, however, not
[83]
find a benefit of HBIg on long-term survival .

Currently, there seems to be growing need to allocate
Hbc+ livers also to HBsAg- patients, especially to those
with progressive liver function deterioration or advancing
[3,15,16]
HCC
. In the absence of antiviral prophylaxis,
[85-87]
incidences of viral reactivation up to 13%
and de
[88-95]
novo HBV infection rates up to 100%
have been
reported. There is currently no standard recommendation
for antiviral prophylaxis in this special transplant
matching, mainly since well designed studies are lacking.
Treatment with HBIg either as monotherapy or in
combination with Lam was demonstrated to significantly
[96-102]
lower the risk of viral re-activation and infection
.
Recently, monotherapy with potent NAs instead of an
HBIg containing antiviral prophylaxis has been pro
[55,99,103]
posed
. There are only few trials that have focused
on immuno-modulatory impact of HBIg in this special
transplant setting (Table 2).
[102]
Saab et al
reported in 2003 on the UCLA
experience with 22 HBc+/HCV+ liver allografts. They
noted a significant survival benefit in recipients who
received a combination of HBIg and Lam compared with
those receiving either therapy alone or none of them.
However, sample size was rather small and analysis was
[102]
mixed up with data of other subpopulations .
[94]
Brock et al have specifically addressed this issue in
958 HBsAg-negative liver recipients who received HBc+
liver allografts. Evaluating the UNOS STAR registry data

HBIg and HBV-positive donor livers

The worsening scarcity of donor organs recently prompted
several transplant centers to accept donor livers with pre[15,16]
existing exposition to HBV
. Particularly anti-HBcpositive/HbsAg-negative donor grafts were increasingly
accepted, mainly for HBsAg-positive patients who per
[84-87]
se were requiring lifelong antiviral prophylaxis
.
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set, they reported on a 75%-80% risk reduction in graft
failure and mortality in HBIg treatment-only compared
to Lam therapy-only (P < 0.001). Furthermore, im
proved graft survival was observed for HBIg vs Lamonly recipients (HR = 0.34, 95%CI: 0.07-1.56), though
data was not statistically significant (Table 2). No
allograft failures in this series were attributed to de novo
hepatitis B infection. Therefore, the authors drew the
conclusion that patient and graft survival benefits were
rather resulting from anti-inflammatory and immunomodulatory properties than from antiviral efficacies of
[94]
HBIg treatment .
To further expand the available donor pool, the focus
recently shifted towards a greater use of HBsAg-positive
liver grafts from donors with overt HBV infection, but
with normal graft morphology and liver function. Current
experiences with these high-risk ECD allografts are still
limited, particularly because allocation of HBsAg+ liver
[104-113]
grafts is rejected in many transplant centers
.
Therefore, the prognostic value of HBIg and its immunomodulatory efficacies in this special transplant setting is
still undefined.
[112]
Just recently, however, Li et al
reported on
outcome results of the so far largest series including
78 patients who received HBsAg-positive grafts. By
using the US Scientific Registry of Transplant Recipients
database, the authors performed a matched analysis
and demonstrated comparable long-term patient and
graft survival rates between recipients of HBsAg+
(n = 78) and those receiving HBsAg- (n = 312) liver
grafts. Posttransplant outcome of recipients of HBsAg+
livers was significantly better after HBIg prophylaxis
as compared to no HBIg treatment (92% vs 65% at 5
years for patient survival, P = 0.01; 87% vs 60% at 5
years for graft survival, P = 0.02). In contrast, patient
death and graft loss were unrelated to Lam treatment.
In multivariate analysis, only the administration of antiHBs Ig predicted independently posttransplant patient
and graft survival in these high risk patients (Table 2).

and to increase the risk of acute and chronic allograft
[115,116]
rejection
. It may be associated with vanishing bile
duct syndrome and ductopenic chronic rejection and,
[117,118]
thus, with risk of cholestatic allograft dysfunction
.
Infection of endothelial vascular cells with CMV promotes
the risk of hepatic artery thrombosis and subsequent
[119,120]
liver allograft failure
. In addition, CMV-induced
immunologic imbalance increases the susceptibility for
other opportunistic fungal and bacterial infections. Apart
from that, risk of allograft fibrosis and inflammation may
be enhanced and incidence of metabolic disorders was
[115,116,120]
shown to be increased by CMV infection
.
Looking at this harmful impact of CMV on the
immune system, immuno-modulatory properties by
CMVIg could be particularly useful for patients with an
[21,22]
increased immunologic and infectious risk profile
.
However, treatment with anti-CMV Ig is currently not a
[115]
recommended standard in liver transplant recipients .
Although well-designed studies on this issue are rare,
some larger clinical trials have in the past suggested
favourable immuno-balancing capabilities of CMVIg, which
[80,119-126]
are beyond its established antiviral efficacies
(Table
3).
[80]
Farges et al
reported already in 1996 on a
significantly reduced incidence of acute rejection in
liver recipients who received a 3-mo course of CMVIg
(19%) compared to those who did not (48%; P = 0.01).
Treatment with anti-CMV Ig had no impact on chronic
rejection, possibly due to a limited application period.
Incidence or severity of bacterial infections was not
[80]
influenced by treatment with CMVIg .
[121]
Falagas et al
demonstrated in 1997 the results
of their double-blinded, placebo-controlled CMVIg
prophylaxis trial (CMVIg n = 90 vs Placebo n = 72).
They reported on a significantly better 1-year survival
(86% vs 72%; P = 0.029) and an obvious trend toward
improved long-term survival (68% vs 54%; P = 0.055)
in the CMVIg-population. Furthermore, treatment with
anti-CMV Ig was identified as independent predictor of
beneficial outcome at one year post-LT in multivariate
analysis (P = 0.042), and a trend toward increased
[121]
long-term survival (P = 0.098) was also shown .
In a meta-analysis including 11 randomized controlled
[122]
trials, Bonaros et al
reported about improved overall
survival [RR = 0.67 (95%CI: 0.47-0.95)] and reduced
CMV-related death [RR = 0.45 (95%CI: 0.24-0.84)
after prophylactic administration of CMVIg in solid organ
transplantation. However, in the all-cause death analysis,
[122]
only one liver transplant study has been included .
[82]
Kwekkeboom et al
did not observe an outcome
benefit by CMVIg in 18 liver transplant patients, which
was contrary to their experiences with HBIg treatment.
Just recently, differences in the manufacturing process
were identified to account for discrepant immunoregulatory capabilities between both Ig-preparations
[123]
described
. The newly manufactured CMVIg was
subsequently shown to provide immuno-modulatory
[123]
capabilities that were comparable to that of HBIg .
Two large registry studies recently added data that

CYTOMEGALOVIRUS
HYPERIMMUNOGLOBULIN AFTER LT
The introduction of specific IVIg against cytome
galovirus (CMV) infection about two decades ago
resulted in a significant reduction of viral infection rates
[114]
posttransplantation . Important developments have
since changed the perspectives of CMV infection, like
assessment of specific donor (D)/recipient (R) risk
constellations and the introduction of potent antiviral
drugs (ganciclovir; valganciclovir). Between 1% and 30%
of liver transplant patients are supposed to develop CMV
[115,116]
disease in the absence of preventive strategies
.
Indirect virus efficacies were demonstrated to account
[115,116]
essentially for CMV-related morbidity and mortality
.
These are mainly triggered by the capability of CMV to
adversely modulate the recipients’ immune system.
The virus was demonstrated to up-regulate alloantigens

WJH|www.wjgnet.com

1499

June 18, 2015|Volume 7|Issue 11|

Kornberg A. Immunoglobulins in liver transplantation
Table 3 Clinical data of prognostic relevant immune modulation by cytomegalovirus immune globulin after liver transplantation
Ref.

No. of patients receiving CMVIg

Efficacy of CMVIg on immunology/survival

Farges et al[80]

n = 19

Falagas et al[121]

n = 90

Bucuvalas et al[124]

n = 336

Fisher et al[125]

n = 2805

Significant reduction of acute rejection rate (19%) compared to recipients without CMVIg (48%; P
= 0.01); no impact of on incidence of chronic rejection and bacterial infections
Improved 1-yr survival (86% vs 72%; P = 0.029) and a clear trend towards improved long-term
survival (68% vs 54%; P = 0.055). CMVIg as independent predictor of beneficial outcome at one
year post-LT (P = 0.042)
Lower rate of acute rejection at 3-mo (31% vs 40%; P = 0.02); (CMV)Ig treatment as independent
predictor for absence of acute rejection (HR = 0.73; P = 0.0019); significantly increased death-free
allograft survival (HR = 0.57; P = 0.014) by (CMV)Ig
Significantly lower risk of graft loss and recipients' death (with or without additional
antiviral agents; P < 0.001) at 7 yr post-LT; significantly higher 7-yr-survival rate after CMVIg
monoprophylaxis (72%) vs no prophylaxis (67%; P = 0.02)

CMVIg: Cytomegalovirus immune globulin; LT: Liver transplantation.

emphasized on beneficial immuno-modulatory efficacies
[113,114]
of anti-CMVIg
. Using the Studies of Pediatric LT
[124]
Registry, Bucuvalas et al
performed a comparative
trial on 336 pediatric liver transplant patients who
received either CMVIg or unspecific IVIg for the first
week post-LT and 1612 pediatric liver recipients who
[124]
did not receive any of them
. While overall patient
survival was comparable between both groups, deathfree allograft survival was significantly better in patients
treated with (specific or unspecific) Ig (HR = 0.57; P
= 0.014). The risk of allograft rejection at 3 mo was
31% for patients receiving, but 40% for those without
Ig administration (HR = 0.81, P = 0.029), respectively.
The proportion of patients with 2 or more episodes
of liver rejection was significantly lower in patients
receiving Ig treatment (13.1% vs 19.2%; P = 0.009).
In multivariate analysis, treatment with IVIg was
identified as an independent predictor for absence of
[124]
allograft rejection (HR = 0.73; P = 0.0019) .
[125]
Fisher et al
reported in 2012 on the so far largest
study in this special context. Using data of the Scientific
Registry of Transplant Recipients, a total of 64.252 liver
transplant patients were analyzed, with 2805 of them
[125]
receiving CMVIg post-LT . The administration of antiCMVIg (with or without additional antiviral therapy) was
associated with lower rates of graft loss and recipients’
death at 7 years post-LT (P < 0.0019). Apart from
that, CMVIg prophylaxis alone (n = 4559) resulted in a
significantly higher survival rate at 7 years post-LT (72%)
compared to no antiviral prophylaxis (n = 28508; 67%;
P = 0.02), which emphasized on beneficial immune
[125]
regulation by CMVIg .

A positive T-lymphocytotoxic crossmatch, presence
of preformed donor specific HLA antibodies and ABO
blood group incompatibility are considered as progno
stically relevant immunologic barriers in the transplant
[127,128]
setting
. In times of an escalating organ scarcity
there is, however, increasing need to accept immunologic
[15,16]
incompatible ECD liver allografts
. Therefore, the
issue of implementing immuno-modulatory protocols has
[127]
gained clinical relevance in recent years .

IVIg and LT with positive T-lymphocytotoxic crossmatch

A positive lymphocytotoxic crossmatch indicates the
presence of donor-specific antibodies directed either
[127,128]
. Increased immunol
against classⅠor class Ⅱ HLA
ogic sensitization may result from pregnancy, transfusion
[127]
or previous transplants
. The implementation of
immune modulation protocols including high doses of
IVIg, plasmapheresis and potent immunosuppressive
drugs resulted in attenuation of the humoral alloimmune
response and in acceptable outcome in highly sensitized
[127-133]
kidney and heart transplants
.
The prognostic relevance of a positive T-lympho
cytotoxic crossmatch in LT is, however, still discussed
[127,134-144]
controversially
. Originally, the liver was con
sidered to be less susceptible to immunologic attacks.
Therefore, pretransplant T-cell crossmatch was either
[127]
not required, or did not affect the indication for LT .
Nowadays, there is increasing evidence that a highly
positive lymphocytotoxic crossmatch promotes the
risk of acute and chronic allograft rejection, cholestatic
liver dysfunction and impaired allograft and patient
[141-147]
survival
. Direct clinical implications of the organ
shortage, like pre-LT rising transfusion need, prolonged
waiting times and increasing MELD scores, have shown
[127,134,148]
to promote the risk of immunologic imbalance
.
This could be one explanation for the reported outcome
[5,10-14]
deterioration in the MELD era
. As a consequence,
pre-LT immunologic screening has been recently recom
[137,138,149]
mended, particularly in high-risk liver patients
.
The prognostic importance of IVIg in highly sensitized
liver transplant recipients is currently undefined, since
comparative trials are still lacking. In some smaller

IVIG AND LT ACROSS IMMUNOLOGIC
BARRIERS
Without effective down-regulation of the immune system,
transplantation across immunologic barriers may result in
hyperacute and antibody-mediated rejection (AMR) and,
thus, in organ loss and patients’ death. Immunologic
incompatibility was, therefore, originally considered as a
[127-134]
contraindication in all organ transplants, except LT
.
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Table 4 Clinical data of immune modulation by intravenous immunoglobulins in liver transplant recipients with positive
lymphocytotoxic crossmatch
Ref.

Transplant procedure No. of patients receiving IVIg (pre-LT/post-LT) Additional immune modulation Efficacy of IVIg on outcome

Watson et al[150]

LT

Dar et al[151]
Kozlowski et al[142]

SLKT
LT

Koch et al[153]

SLKT

Shindoh et al[154]

LDLT

Leonard et al[137]

LT

Hong et al[155]

LDLT

n = 1; post-LT, after detection of AMR

Plasmapheresis, rituximab

Intermittent decrease of Bili,
liver enzymes and DSAs'; no
survival
n = 6; pre- and post-LT desensitization
Survival rate 83.3%
n = 3; post-LT, after detection of AMR
Plasmapheresis, rituximab
Transient decrease of Bili,
yGT and DSAs' in 2 patients;
survival rate 33.3%
n = 1; post-LT, after liver function deterioration Splenectomy, plasmapheresis, Improvement of liver/kidney
and detection of DSAs'
bortezomid
function; decrease of DSAs';
survived
n = 1; post-LT, after decrease of platelet count
Recovery of platelet count;
and increase of attacking IgG
decrease of attacking IgG;
survived
n = 2; post-LT, after liver function deterioration
Recovery of allograft function;
survival rate 100%
n = 1; post-LT, desensitization
Survived

IVIg: Intravenous immunoglobulins; LT: Liver transplantation (full size deceased); SLKT: Simultaneous liver-kidney transplantation; LDLT: Living donor
liver transplantation; AMR: Antibody-mediated rejection; DSAs: Donor-specific antibodies.

[165,166]

studies of desensitization or treatment, decreasing levels
of cytotoxic antibodies and improved allograft function
[142,149-155]
(Table 4) were reported
. Well-designed studies
on this subject are needed.

was successfully introduced in ABO-I LT
. The
implementation of beneficial immuno-regulatory pro
perties by IVIg encouraged many transplant groups
to perform ABO-I LT without complicating local graft
[161,165-177]
catheterization and/or splenectomy
.
[169]
Testa et al
reported in 2008 on survival of 4 of 5
patients at mean of 43 mo after ABO-I LDLT following
a combination of pretransplant IVIg, pre- and post-LT
plasmapheresis and splenectomy.
[171]
In the same year, Urbani et al
demonstrated
excellent outcome in 8 patients after ABO-I LT without
any case of acute or chronic rejection by using plasma
exchange and IVIg. In contrast, there were 3 cases of
AMR (27.3%), 5 cases of acute biopsy-proven rejection
(45.4%), 1 case of chronic rejection (9.1%) and 3
cases of ITBL (27.3%) following ABO-I LT in 11 patients
without IVIg, respectively. Since plasma exchange was
performed in both study groups, these results provided
some good evidence on beneficial immuno-modulatory
capabilities of IVIg, which were beyond its antibody[171]
depleting properties .
[172]
Ikegami et al
reported in 2009 on their novel
ABO-I LDLT immuno protocol containing rituximab, IVIg,
plasmaexchange and splenectomy, but without local
graft perfusion. This immuno-regulatory approach was
effective and safe in 4 patients after ABO-I LDLT, who
were all alive after 26, 8, 6, and 5 mo, respectively. In
contrast, two severe catheter-associated complications
were reported in 3 historic patients receiving local graft
infusion, including one of them suffering from allograft
[172]
loss .
[174]
Mendes et al
reported on a single center expe
rience of emergency ABO-I LT in 10 patients with
severe hepatic failure, immediately leading to death
without intervention. Plasmapheresis and IVIg were
implemented for immune modulation before and after
LT. At a mean follow-up of 19.6 mo post-LT, 5 of these

IVIg and ABO incompatible LT

Early results of LT across the ABO blood type barrier
were devastation, due to high rates of hyperacute cellular
rejection, AMR, vascular thrombosis and ischemictype biliary lesions (ITBL). As a consequence, ABOincompatible (ABO-I) LT was originally considered as
[156-158]
contraindication
. In the last decade, ABO-I livingdonor LT (LDLT) was implemented in those Asian
countries where patients have no chance of receiving a
[159,160]
deceased donor graft
. The escalating discrepancy
between growing waiting lists and available donor organs
recently put this transplant approach also into the focus
in Western countries, mainly for rescue treatment of liver
[161]
failure and advanced malignancy .
Historically, kidney transplantation first broke the
ABO barrier and novel immune modulation protocols
containing high doses of specific or unspecific IVIg
[162-164]
essentially contributed to this success
. Since
immunologic barriers may be even higher in ABO-I
LT, its establishment as clinical routine has been more
[165]
demanding .
The introduction of B-cell depletion by a chimeric antiCD20 antibody (rituximab) and local graft perfusion of
vasoactive substances added significantly to improved
allograft acceptance in the early 2000’s. However,
their combination with established immuno-depressive
strategies (plasmapheresis, splenectomy, intensified
immunosuppression) resulted frequently in aggressive
down-regulation of the immune system and, thus, in
increasing risks of life threatening infections and vascular
[165,166]
complications
.
More recently, treatment with high doses of IVIg
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Table 5 Clinical data of immune modulation by intravenous immunoglobulins in ABO-incompatible liver transplant recipients
Ref.
Morioka et al[167]
Urbani et al[170]
Ikegami et al[168]
Testa et al[169]

Transplant

No. of patients receiving

procedure

IVIg (pre-LT/post-LT)

LDLT
LT
LDLT
LDLT

Urbani et al[172]

LT

Ikegami et al[161]

LDLT

Takeda et al[173]
Mendes et al[174]

LDLT
LT

Kim et al[175]

LDLT

Lee et al[176]

LDLT

Shen et al[177]

LT

Additional immune modulation

Efficacy of IVIg on immunology/survival

n = 2; post-LDLT; treatment of AMR
Plasmapheresis
n = 1; post-LT; treatment of AMR
Plasmapheresis
n = 1; post-LDLT; treatment of AMR Rituximab, plasma exchange, splenectomy
n = 5; pre-LDLT
Plasmapheresis, splenectomy

Normalization of liver function; survived
Normalization of liver function; survived
Normalization of liver function; survived
Patient and graft survival 80% at mean of
43 mo post-LDLT
n = 8; pre- and post-LT
Plasma exchange
Patient and graft survival 87.5% at 18 mo;
no case of acute or chronic rejection, no
ITBL
n = 4; post-LDLT
Rituximab, plasma exchange, splenectomy Survival rate 100% (28, 8, 6, 5 mo postLDLT)
n = 3; post-LDLT; treatment of AMR
Plasma exchange
Normalization liver function; survived
n = 10; pre- and post-LT
Rituximab, plasmapheresis
Survival rate 50%; death mainly related
to MOF and sepsis
n = 14; post-LDLT
Rituximab, plasma exchange
Survival 100%; no case of acute or chronic
rejection
n = 15; post-LT
Rituximab, plasma exchange
Survival 100%; no case of bacterial
or fungal infection; 3 cases of biliary
strictures
n = 35; pre- and post-LT
Rituximab
Survival rate 83.1% at 3-yr; one case of
acute celluar rejection; two cases of AMR

IVIg: Intravenous immunoglobulins; LT: Liver transplantation (full size deceased); AMR: Antibody-mediated rejection; LDLT: Living donor liver
transplantation; MOF: Multi organ failure; ITBL: Ischemic-type biliary lesions.
[174]

high-risk liver recipients were still alive .
[175]
Kim et al
presented in 2014 excellent outcome
results in 14 patients after ABO-I LDLT using a simplified
protocol. It consisted of pretransplant rituximab and
plasma exchange, and post-LT treatment with IVIg,
[175]
but without splenectomy and local graft perfusion .
Neither AMR nor biliary strictures have been reported
[175]
after a mean follow-up of 16.2 ± 9.4 mo .
[176]
Lee et al
reported on 15 patients after ABO-I
LDLT by using rituximab, plasma exchange and IVIg,
but without local graft infusion and splenectomy. They
demonstrated excellent survival without any case of
hyperacute rejection or AMR. Furthermore, the authors
did not observe any case of prognostic relevant bacterial
[176]
or fungal infection .
[177]
And just recently, Shen et al
presented their
results of a study comparing outcome between
emergency ABO-compatible (n = 66) and ABO-I LT (n
= 35). They have adopted a very simplified protocol,
consisting of a single dose rituximab and of IVIg at the
beginning of LT and for 10 d post-LT, respectively. Plasma
exchange, splenectomy and local graft perfusion were
[177]
not implemented . The 3-year survival rates in these
high-risk patients were excellent (86.3% vs 83.1%) and
rates of complications were comparable between both
[177]
subsets .
Large comparative trials on this issue are not yet
available, mainly since ABO-I LT is a highly demanding
and very exclusive procedure. Apart from that, the
interpretation of previous studies are hampered by
differences regarding indications, transplant techniques,
recipients’ characteristics, immunosuppressive treat
ments and immune modulation protocols (Table 5).
Nonetheless, current available data suggest that the
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implementation of IVIg and its immuno-modulatory
properties contributed significantly to recent outcome
[165-177]
improvement in ABO-I LT
.

CONCLUSION
There is increasing experimental and clinical body
of evidence that IVIg provides beneficial immunomodulatory capabilities beyond its antibody-mediated
mechanisms. The combination of immuno-stimulating
and immuno-suppressive efficacies might be particularly
attractive for liver transplant patients with increased
infectious and immunologic risk profiles. Although
number of immuno-compromised liver recipients was
continuously increasing in recent years, well-designed
studies on this subject are still rare. Only treatment
with specific anti-HBs Ig in HBV-positive liver transplant
patients is a recommended standard, but mainly due to
its antiviral potency and less for its immuno-regulatory
properties.
Current available clinical data on valuable immunobalancing efficacies of IVIg is intriguing and encouraging,
but still based on smaller monocentric studies, larger
retrospective registry data and on different outcome
variables. However, particularly the identified data
on specific IVIg suggest that immuno-modulatory
approaches with hyperimmunoglobulins may become
more important in times of an escalating organ shortage
and its negative clinical consequences. At the very least,
they should prompt discussion and emphasize the need
to conduct larger prospective trials. It would be very
important that future investigations include appropriate
risk stratifications, in order to identify subsets that
particularly benefit from IVIg. Apart from that, adequate
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cost-benefit analyses are needed, since treatment with
IVIg may be a rather expensive treatment.
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Current developments in pediatric liver transplantation
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Abstract
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In 1953, the pioneer of human orthotopic liver trans
plantation (LT), Thomas E Starzl, was the first to attempt
an orthotopic liver transplant into a 3 years old patient
suffering from biliary atresia. Thus, the first LT in humans
was attempted in a disease, which, up until today,
remains the main indication for pediatric LT (pLT). During
the last sixty years, refinements in diagnostics and surgical
technique, the introduction of new immunosuppressive
medications and improvements in perioperative pediatric
care have established LT as routine procedure for
childhood acute and chronic liver failure as well as
inherited liver diseases. In contrast to adult recipients,
pLT differs greatly in indications for LT, allocation practice,
surgical technique, immunosuppression and postoperative life-long aftercare. Many aspects are focus of
ongoing preclinical and clinical research. The present
review gives an overview of current developments and
the clinical outcome of pLT, with a focus on alternatives
to full-size deceased-donor organ transplantation.
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Core tip: As of today, pediatric liver transplantation
(pLT) has become a safe and routine procedure for
the treatment of childhood acute and chronic liver
failure as well as inherited liver diseases. In contrast
to adult recipients, pLT differs greatly in indications
for LT, allocation practice, surgical technique, immuno
suppression and post-operative life-long aftercare.
Long-term survival after pLT implies life-long aftercare
in an interdisciplinary team. The present review gives an
insight into current indications for pLT, outcome after
living-donor and deceased-donor organ transplantation
and of ongoing clinical and preclinical developments to
improve long-term outcome.
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can either be cured or extrahepatic manifestations can be
significantly improved. A contraindication in this setting
would be advanced stage of irreversible extrahepatic
manifestations.

Hackl C, Schlitt HJ, Melter M, Knoppke B, Loss M. Current
developments in pediatric liver transplantation. World J Hepatol
2015; 7(11): 1509-1520 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i11/1509.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i11.1509

LISTING OF PATIENTS AND ORGAN
ALLOCATION

INTRODUCTION

Listing of patients

In patients with chronic liver disease, listing for LT should
be performed in case of (1) reduced liver synthesis
function (e.g., decreased cholinesterase, decreased factor
Ⅴ); (2) portal hypertension with or without gastroin
testinal bleeding, severe hypersplenism, and/or refractory
ascites; (3) failure to thrive despite adequate nutritional
therapy; (4) recurrent cholangitis; (5) development of
hepatorenal/hepatopulmonary syndrome; (6) recurrent
or persistent hepatic encephalopathy; (7) significantly
reduced quality of life; and/or (8) early in metabolic
[7]
liver diseases resulting in life-threatening conditions .
Pre- and perioperative morbidity and nutritional status
significantly correlate with long-term survival, morbidity
[8-13]
as well as physical and cognitive function after pLT
.
Therefore, accurately timed listing and meticulous
pediatric management before and after pLT is crucial for
long-term outcome.
In pediatric patients with acute liver failure, listing
criteria, as in adults, focus more on acute metabolic and
synthetic liver function, including the following criteria:
hepatic encephalopathy (> grade 2), factor Ⅴ < 20%
without adequate increase after sufficient substitution,
hyperbilirubinemia (> 17.5 mg/dL), phosphate level
[7]
above upper reference and/or significant renal failure .

In 1953, the pioneer of human orthotopic liver trans
plantation (LT), Thomas E Starzl, was the first to
attempt an orthotopic liver transplant into a 3 years old
[1]
patient suffering from biliary atresia . LT is the only
curative treatment option for patients with irrevocable
acute or chronic liver failure and, in the last six decades,
has developed from an experimental approach with very
high mortality to an almost routine procedure with good
short and long-term survival rates. In the early years,
long-term survival rates after pediatric LT (pLT) were
[2-4]
11%-39%
and, since then, have improved to up to
90% with long-term graft survival rates of > 80% (Figure
[5,6]
1) . Due to continuing improvements of surgical
and interventional techniques as well as perioperative
neonatal and pediatric intensive care medicine, the
average age of pediatric transplant recipients has
steadily declined, with a continuous increase of patients
transplanted within the first year of life. As of today,
approximately 27% of pLT are performed in recipients
younger than 12 mo (Figure 2). Patients in this young
age, which in former years could not be transplanted
(and mostly died before reaching the size and age of
transplantability), today show a long-term survival of
almost 90%, which is comparable to older children
(Figure 3). At the same time, long-term survival after
pLT implies life-long aftercare in an interdisciplinary
team to ensure a life with as little as possible secondary
morbidity. The present review gives an insight into
current indications for pLT, outcome after living-donor
and deceased-donor organ transplantation and of
ongoing clinical and preclinical developments to improve
long-term outcome after pLT.

Organ allocation

Due to shortage of deceased-donor organs, different
allocation solutions are intensively discussed and perma
nently adapted. In adult LT, a model for the sickest first
policy, the Model of End Stage Liver Disease (MELD),
was implemented in the allocation procedure within
the United Network for Organ Sharing (UNOS) in
2002 and within the Eurotransplant (ET) network in
[14,15]
2007
. The MELD allocation system is not applicable
to all patient groups, especially not to those who have
progressive liver disease but no significant impairment
of liver or renal function (e.g., patients with liver tumor,
some metabolic and/or inherited diseases as well as
patients with primary sclerosing cholangitis). For these
patients a special allocation system by an exceptional
[16]
MELD (eMELD) calculation has been implemented .
Center based allocation is in use especially in
countries with few transplant centers, e.g., in Australia,
United Kingdom, and Austria. Moreover, it is used in
parallel to the MELD system for extended criteria donor
organs. The advantage of the center-based allocation is
that the physicians can match the organ to the patient
and therefore enable transplantation in patients not
well represented by the MELD allocation system. Yet,

INDICATIONS FOR PLT
Indications for LT in pediatric patients are manifold and
can be classified into cholestatic disorders, metabolic
liver diseases causing liver cirrhosis, metabolic liver
diseases without liver cirrhosis, acute liver failure, acute
and chronic hepatitis, and liver tumors (Table 1). With
approximately 40%, the main indication for pLT is biliary
atresia. Thus, the indications for pLT are significantly
different to indications in adult LT recipients.
In former years, pLT was only performed in curative
intent. Today, pLT is also performed, if life expectancy
and/or quality of life can be significantly improved. In
patients diagnosed with metabolic liver diseases not
resulting in liver cirrhosis, the indication for LT has to be
carefully evaluated. LT should be performed if the disease
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Table 1 Diseases indicating pediatric liver transplantation
[7]
(modified after )

Acute liver failure
Metabolic, with cirrhosis

Metabolic, without cirrhosis

Hepatitis

Graft survival (%)

=
=
=
=
=

1192
2030
1765
1606
1628

60
50

1985-89 n = 658

40
30
20
10
0

P < 0.001 CTS
0

1

2

3

4

5

Time post-transplant (yr)

Alpha 1-antitrypsin deficiency
Wilson's disease
Tyrosinemia
Galactosemia
Neonatal hemochromatosis
Cystic fibrosis
Glycogenosis type Ⅳ
Metabolic bile acid dysfunction
Niemann-Pick's disease
Gaucher's disease
Hyperoxaluria
Crigler-Najjar syndrome
Urea cycle disorders
Familial hypercholesteremia type ⅡA
Glycogenosis type ⅠA
Hemophilia type A, type B
Protein C deficiency
Wolman's disease
Organic acidemia
Hepatitis B
Hepatitis C
Hepatitis non-ABC
Autoimmune hepatitis
Neonatal hepatitis
Hepatoblastoma
Hepatocellular carcinoma
Fibrolamellar carcinoma
Hemangioendothelioma
Budd-Chiari syndrome
Cryptogenic liver cirrhosis
Infantile copper overload

Figure 1 Development of graft survival after pediatric liver transplantation
from 1985 until 2013 (collaborative transplant study data). CTS: Collaborative
transplant study; LT: Liver transplants.
Transplant year - recipient age
LT
Pediatrics 0-17 yr
100
90
80
70

9.9

10.3

12.0

12.4

27.4

27.6

27.0

28.6

42.4

41.2

33.2

19.7

19.7

25.8

P < 0.001

9.3

9.0

15-17

27.7

25.3

6-14

37.9

39.0

1-5

25.0

26.7

0

60
50
40

53.7

30
20
10
0

9.0

CTS

Figure 2 Age distribution of pediatric liver transplantation recipients from
1985 until 2013 (collaborative transplant study data). CTS: Collaborative
transplant study; LT: Liver transplants.

this system is prone to a more subjective decision
making when allocating an organ and must be assessed
critically.
Due to special characteristics in infants and children,
especially concerning the inability to develop high
serum creatinine values as a marker of severe liver and
overall disease, the MELD allocation system can not be
[17,18]
applied for this patient group
. Therefore a special
liver allocation system for patients younger than 12
years of age was developed within the UNOS network,
not including creatinine as a major component. The so
called Pediatric Model for End Stage Liver Disease (PELD)
is calculated from serum albumin, bilirubin, INR, age
at listing and failure to thrive (based on height, weight
and gender) and was implemented for pediatric liver
[18-20]
allocation within the UNOS network in 2002
. Based
on multivariate analyses of the Studies of Pediatric
LT (SPLIT) database, the PELD score predicts the
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3
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20 = 2
n
4
00
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00 23
20 = 2
n
9
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-1 7
95 201
19
=
n
4
99
-1 4
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19 = 1
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9
-1
85 37
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Liver tumors

90

Extrahepatic biliary atresia
Intrahepatic biliary hypoplasia
(Alagille disease, other)
Progressive familial intrahepatic cholestasis
Sclerosing cholangitis
(primary, neonatal, secondary)
Nutritive-toxic cirrhosis
Caroli disease
Cholangiodysplasia
Congenital liver fibrosis
Langerhans cell histiocytosis

Recipient age of pediatrics patients (%)

Cholestatic disorders

Transplant year
LT
Pediatrics 0-14 yr

100

probability of death or hospitalization to the intensive
[19]
care unit within 3 mo of listing for LT .
When the MELD system was introduced in the ET
network in 2007, allocation via PELD was not implemented
for pediatric liver transplant patients. Alternatively,
the so-called matchMELD was introduced, a system
comparable to the eMELD granted to defined subgroups
of adult recipients not adequately represented by the
MELD system. The initial matchMELD at the time of
listing is set at a calculated 3-mo-mortality of 35% for
children younger than 12 years of age and 15% for
children aged 12 to 16 years. Every three months (90
d), the matchMELD increases according to a calculated
increase in 3-mo-mortality of 15% (children < 12 years)
or 10% (children aged 12 to 16 years). Furthermore,
organs derived from small adults or pediatric donors
(< 46 kg body weight) are allocated with priority to
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B

Recipient age
All LT 2000-2012

100
90

0 yr
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6-14 yr n = 1464
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Patient survival (%)
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1-5 yr n = 1943
6-14 yr n = 1464

80
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0
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Graft survival (%)

A
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5

Time post-transplant (yr)

P = 0.69
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5

Time post-transplant (yr)

Figure 3 Outcome after pediatric liver transplantation in relation to the recipients age. A: Patient survival; B: Graft survival (collaborative transplant study data).
CTS: Collaborative transplant study; LT: Liver transplants.
[26,27]

technique of reduced-size LT in children
. In 1988,
Rudolf Pichlmayr performed the first split LT offering one
[28]
cadaveric liver to two recipients . However, pediatric
deceased donors as well as organs suitable for split-LT
remain rare. Figure 4 demonstrates the age of deceased
liver donors within the ET network in 2013. Numbers
of pLT performed significantly exceed the number of
[21]
available pediatric organ donors .

Donor age < 15
Donor age 16-55
Donor age ≥ 56

Surgical techniques: Full-size vs split LT

The technique of full size LT in children is equivalent to
adult LT (piggy back or conventional technique). Partial
liver grafts can be obtained either by splitting a cadaveric
donor organ or by living-donor liver donation. For liver
splitting, the anatomical determination of the eight liver
[29,30]
segments first described by Couinaud
in 1957 is
essential. Two standard splitting procedures exist: the
anatomical splitting (dividing the liver at Cantlie’s line)
[31]
and splitting along the falciform ligament . Splitting
of the left lateral segment is technically easier to perform
than the true right/left lobe split procedure. Furthermore,
the left lateral segment is the smallest part of the liver
compared to the extended right, the anatomical left or
the right liver lobe and is preferentially used in pLT. In
small infants, even the left lateral segment of the liver
often is too large and techniques to cut down left lateral
lobes may be used to prevent graft-size mismatching
[32]
and the so-called “large-for-size” syndrome . Due to
size mismatch (large graft in small recipient), primary
closure of the abdominal wall after pLT is often not
possible and should not be enforced in order to prevent
compromising graft perfusion by external pressure.
In these cases, abdominal wall closure is performed
in stages during the first week post-transplant after
continuous recovery of the graft from reperfusion injury
[33]
and edema or accomplished by using mesh grafts .

Figure 4 Donor age within the Eurotransplant network in 2013.
[21,22]

pediatric recipients
. High urgency allocation is
generally only possible in case of acute liver failure or for
re-transplantation due to graft impairment within 14 d of
transplantation.
However, due to a significant mismatch in available
pediatric donor organs compared to organs needed
for pLT (Figure 4), alternative techniques to increase
the donor pool must be applied. Here, living-donorLT (LDLT) is of particular interest in pLT. In many EastAsian countries deceased-donor liver transplant (DDLT)
is rarely performed due to religious and other reasons,
which has led to a broad establishment of LDLT in
[23-25]
these countries
and might serve as an example for
Western countries to expand the donor pool especially
in pLT.

SCARCITY OF DONOR ORGANS AND
POTENTIAL SOLUTIONS
Scarcity of donor organs

Auxilliary transplantation

Before the technique of liver splitting was established,
pediatric patients were dependent on donors with
similar age or size. In the early 1980’s, Christoph
Broelsch and Henri Bismuth were the first applying the
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A special surgical technique is auxilliary LT [auxilliary
partial orthotopic LT (APOLT)] with implantation of a
partial graft without fully removing the native liver.
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Transplant year - donor relationship
LT
Pediatrics 0-14 yr
100

6.2

90

14.0

20.2

Relationship (%)

80
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[43-45]
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However, numbers are increasing with 12 transplanted
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CTS

After successful implementation of split-liver LT in pLT,
this technique lead to the first LDLT. In 1989, the first
series of LDLT in pediatric recipients were performed in
[46]
Chicago . As of today, LDLT is an established procedure
and the main form of LT due to scarcity of deceased
[23]
donor organs in most East-Asian countries . In western
countries and especially in the UNOS area, use of livingdonor organs for LT is less frequent and within UNOS
[47]
constantly < 5% of LT over the last years . Within the
ET network, rates of LDLT in pLT are steadily increasing.
Analyses of the collaborative transplant study (CTS)
database show LDLT rates in pLT of 33% (Figure 5).
Retrospective analyses have shown favorable or equal
[48-56]
results as compared to pLT after DDLT
. CTS database
analyses show a similar long-term patient survival of
pLT after LDLT vs DDLT (5-year patient survival 83.7%
after LDLT and 81% after DDLT, P = 0.062) (Figure
6A). However, long-term graft survival is significantly
better after LDLT vs DDLT (5-year graft survival 78.2%
in LDLT vs 71.4% in DDLT, P < 0.001) (Figure 6B). The
advantages of LDLT are the use of an optimal healthy
donor, minimal ischemic time, elective surgery and
timing of transplantation according to the recipients’
need, which is particularly relevant for pediatric patients,
as during a waiting time for pLT, the underlying disease
can cause significant somatic and psycho-social longterm morbidity in the developing pediatric organism.
It has been shown that long-term-outcome after
pLT significantly correlates with the severity of morbidity
[11]
at pLT . LDLT offers the possibility and advantage of
optimal timing of the transplant procedure before severe
morbidity develops. Therefore the main advantage
of LDLT is the immediate organ availability for the
patient in need. Recipients of living donor livers have
a shorter waiting time than recipients of organs from
deceased donors. Thus, waiting time mortality can
be reduced. However, living donation is not without
risk for the healthy donor and LDLT is surgically more
demanding than whole organ transplantation. For the
donor, major complications (exceeding Clavien grade Ⅱ)
were described in up to 44% after right-lobe LDLT and
[57-59]
mortality risk was up to 0.8%
. Right lobe donors

Figure 5 Relation of living (purple) vs deceased (blue) donors in pediatric
liver transplantation from 1985 until 2013 (collaborative transplant study
data). CTS: Collaborative transplant study; LT: Liver transplants.
[34]

Gubernatis et al reported the first successful case in a
patient with acute liver failure. She recovered, her native
liver regenerated and immunosuppressive treatment
[34]
could be withdrawn . APOLT can be successfully
performed in children with acute fulminant liver failure
or in children with metabolic liver diseases without
[7,35]
primary hepatocellular dysfunction or cirrhosis
. The
rationale to perform APOLT in patients with metabolic
diseases is to provide sufficient liver mass containing the
missing enzyme to correct metabolic function. In case
of graft failure, the patient’s native liver is still present
to secure general liver function. Furthermore these
patients preserve the option for later genetic therapy if
this can be provided to correct metabolic function in the
[35]
future . If APOLT is performed in acute fulminant liver
failure, e.g., due to severe hepatic necrosis (viral/toxic),
the immunosuppressive therapy can be ceased in case
the native liver recovers, resulting in an atrophy of the
[36]
transplanted liver . Yet it must be mentioned that
APOLT is technically highly demanding and associated
with a higher rate of complications.

Donation after circulatory death

Complementary to splitting organs obtained from donors
after brain death, organ donation after circulatory
death (DCD) has been shown to increase the organ
donor pool. DCD can be performed either as “controlled
donation”, i.e., planned withdrawal of medical support
(ventilation, inotropic support) in the context of catas
[37]
trophic illness , or as “uncontrolled donation” in
patients with uncontrolled, out-of-hospital circulatory
arrest. Although multiple ethical concerns are connected
[38,39]
with donation after circulatory arrest
, the World
Health Organization encourages implementation of
[40]
DCD worldwide . DCD is currently performed in the
United States, in 10 of 27 European nations, in Canada,
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Figure 6 Outcome after living vs deceased donor pediatric liver transplantation. A: Patient survival; B: Graft survival (collaborative transplant study data). CTS:
Collaborative transplant study; LT: Liver transplants.
[66]

undergo operating procedures of longer duration, have
significant longer hospital stay and require more blood
[60,61]
transfusions
. However, for pLT, in most cases left-lobe
liver donation is performed and the complication rates
after full left lobe or left lateral lobectomy are significantly
[62-64]
lower
. Overall biliary complications are one of the
major concerns in LDLT donors. In order to decrease
morbidity and mortality after liver donation, a thorough
evaluation of the potential donor is essential to detect
and exclude potential increased medical risk factors for
the otherwise healthy donor. Furthermore, complications
decrease as surgeon and center experience grows.

after pLT . In multivariate analyses, predictors of graft
loss have been shown to be DDLT split graft, reduced
size DDLT graft, fulminant liver failure as indication for
pLT, donor age < 5 mo and prolonged warm ischemia
[65]
time .

Acute complications: Comparison of DDLT, LDLT, and
split DDLT

Main reasons for patient mortality are early postoperative
complications, primary non-function and infections.
Reasons for repeated surgical interventions after pLT are
complications caused by anatomical-technical aspects.
Overall rates of complications are observed in 45.1%
after full organ pLT, vs 51.9% in LDLT pLT, vs 66.7% in
DDLT split organ pLT. Repeated surgery within the first
3 mo after pLT is performed in 29.5% after full organ
pLT vs 41.9% after LDLT pLT and 47.1% after DDLT
split pLT. Biliary complications have been observed in
7.5% after full-organ DDLT pLT, which was significantly
lower than after DDLT split organ pLT (18.8%) or LDLT
[65]
pLT (17.5%) . In overall vascular complications and
arterial thrombosis, no significant difference was seen
between full organ DDLT, split organ DDLT, and LDLT.
Portal vein thrombosis has been shown to be significantly
lower in full-organ pLT (3.6%) vs split DDLT (14.6%)
or LDLT (11.1%). Although overall complications,
biliary complications and portal vein thrombosis happen
significantly more often after LDLT vs DDLT, there is no
significant difference in 30-d post-LT mortality after fullorgan pLT (3%) vs LDLT (3.6%), but significantly less
in both techniques compared to DDLT split organ pLT
[65]
(6.9%) .

OUTCOME AFTER PLT
Age of recipients, patient and graft survival

Analyses of 2192 pLT within UNOS between 1995 and
2006 (1832 DDLT, thereof 1183 whole organs, 261 split
organs, 388 reduced size organs; 360 LDLT) showed,
that only 33.9% of patients younger than 1 year of age
received a full organ, with increasing numbers in older
recipients (49.1% in patients 1-5 years of age; 65.3%
in patients 5-12 years of age, 79.4% in patients older
[65]
than 12 years ). Operating time, ischemia time and
anhepatic time were significantly longer in reduced size
or split organs, but with no clinically relevant significance.
Acute graft rejections are observed in 30%-50%
during the first year after pLT, but become rare in the
long-term outcome. In contrast to adult LT and to trans
plantation of other organs, acute rejections in pLT do not
correlate with long-term outcome or long-term chronic
[7,11]
rejection
.
Analyses of the SPLIT database have shown a
[65]
long-term patient survival after pLT of almost 90% ,
which is in line with CTS database analyses (Figure 3).
[66]
Mortality in patients > 1 year after pLT is below 5%
and mainly caused by posttransplant lymphoproliferative
disease (PTLD), recurrent malignancy, sepsis and
multi-organ failure. Loss of graft function is observed
in 20%-30% after pLT, with < 5% graft loss > 1 year

WJH|www.wjgnet.com

Long-term transplant-related complications

Graft fibrosis has been described in 60% of patients
at 10 years after pLT and has been shown to correlate
significantly with (1) partial organ graft; (2) young
age of recipient; (3) increased donor/recipient age
[67]
mismatch; and (4) prolonged cold ischemia time .
Additionally, graft fibrosis seems to be associated with
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[67,68]

to avoid immediate as well as long-term rejection of
the transplanted organ. Therefore all patients, adults
and children, are treated according to standardized
immunosuppression protocols consisting of protocols for
the early post-transplant period and protocols for longterm maintanance therapy.
As in adult LT, the introduction of calcineurin inhi
bitors (CNI) in the early 1980s gave way to long-term
survival also for pediatric transplant recipients and until
today remain the backbone of immunosuppression
[81,82]
protocols
. The early post-transplant phase is the time
of highest risk for immunologic reactions between graft
and host and therefore the highest immunosuppression
is required during this period. Most protocols comprise of
induction therapy, dominated by interleukin-2 receptor
antibodies especially in the pediatric transplant population
(Basiliximab® and Daclizumab®), combined with corti
costeroids and calcineurin inhibitors (cyclosporine A and
[83-88]
tacrolimus) as maintenance therapy
.
In contrast to adults, the use of other mono- or
polyclonal antibodies [e.g., monoclonal anti-CD3 anti
body preparations (OKT3) and rabbit or equine antithymocyte globulin] for induction therapy has not been
adopted by the pediatric transplantation community
because of concern of undesired short - and uncertain
long-term effects of such potent drugs on the developing
[89]
organism and immune system .
Over the past years many studies could show that an
overall minimization of immunosuppression is possible,
especially in pediatric liver transplant patients, which may
be of significant advantage for long-term quality of life.
Especially in pediatric recipients, it is of great concern
to compose the immunosuppressant drugs according
to the individual need to minimize long-term undesired
[90-93]
side effects
. The main goal of drug minimization
is reduction of negative side effects, especially on the
growing organism, and avoiding long-term morbidity
while preserving graft function. The most significant
side-effects of different immunosuppressants are
nephrotoxicity, diabetes, development of hypertension,
hyperlipidemia, impairment of growth, neurologic altera
tions, hypertrichosis and bone marrow suppression. Yet,
up to date we are missing appropriate tools to determine
the optimal level of immunosuppression due to great
differences between individuals as well as within the same
individual over time.
Regarding these aspects and based on increasing
data to safety aspects in the use of different immuno
suppressant drugs in the adult population, multiple
combination treatments, such as mycophenolatemofetil and mammalian target of rapamycin inhibitors
(Sirolimus and Everolimus), with and without CNIs
have been introduced for maintenance therapy also in
pediatric solid organ transplant patients and are topic
[94-101]
of ongoing studies
. By this strategy the single
immunosuppressive drugs may be decreased to levels
that do not cause significant clinical side-effects but are
sufficient to avoid rejection.

high de novo donor specific antibodies
. Comparing
graft fibrosis after LDLT vs DDLT, no significant difference
has been described.
Acute rejections are responsible for 10% of late organ
[66]
losses . Another 10% of late organ losses are caused
[7]
by arterial thrombosis and biliary complications .
Chronic rejection, even if rare in absolute numbers,
develops in 5%-10% of patients and is responsible
[69]
for 30% of late graft failures . Positive predictors for
late graft failure are (1) pLT for malignant disease;
(2) pLT for acute liver failure; (3) repeated surgery
within the first 30 d after pLT (other than scheduled
nd
2 look surgery); (4) > 5 hospital admissions during
the first year after pLT; and (5) steroid-resistant acute
[66]
rejections .

Long-term morbidity and quality of life

In addition to direct transplant-related complications,
long-term morbidity and quality of life is a main focus in
ongoing research in pLT. Major long-term complications
after pLT are reduction of kidney function (17%-32% of
[70,71]
patients after pLT
, arterial hypertension (15%-30%
[72,73]
of patients after LT)
and development of secondary
neoplasias, particularly PTLD (5%-10% of patients after
[74,75]
LT)
.
Kidney function can be reduced as a consequence of
long-term immunosuppression, but may also be caused
by the underlying disease (e.g., Alagille’s disease).
Furthermore, long-term influence on kidney function
of many chronic liver diseases before LT is unknown.
Therefore development of kidney protective new immuno
suppressive regiments (see below) and close post-pLT
aftercare including translation of care into adulthood are
crucial for long-term morbidity and quality of life.
PTLD is seen in up to 15% of patients after pLT
and mortality rates of 30%, in single reports of up to
[76,77]
50% have been described
. Main risk-factors for
the development of PTLD are Epstein-Barr virus-naïve
recipients, high total immuosuppressive load and the
[78]
intensity of active viral load . In addition to optimal
antiviral therapy, the choice of the immunosuppressive
regimen can significantly influence the risk of PTLD and
is an ongoing focus of preclinical and clinical research.
Of special importance in pediatric organ trans
plantation is the problem of achieving a successful transi
tion into adult care. Medication nonadherence as one
of the main problems has been described in 17%-53%
[79]
adolescents after LT . Nonadherence to medical
regimens post transplantation increases rates of compli
cations, graft rejection, health care utilization and
mortality. Therefore targeting problems of nonadherence
should be the main focus in strategies to improve the
[80]
transition process .

IMMUNOSUPPRESSION
Equal to patients after LT from a deceased donor, patients
after living liver donation require immunosuppression
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Figure 7 Outcome of liver transplantation in pediatric vs adult recipients. A: Patient survival; B: Graft survival (collaborative transplant study data). CTS: Collaborative
transplant study; LT: Liver transplants.

Up to date, life-long immunosuppression is suggested
after solid organ transplantation, but more and more data
is evolving that especially patients who are transplanted
early in life or receive a parental living liver donation may
develop a certain extent of immune tolerance towards
the transplanted graft. Single center experiences in
which patients were withdrawn from immunosuppression
because of medical reasons (e.g., PTLD or renal
insufficiency) or had self-withdrawn their medication
due to non-compliance suggest that approximately
20% of liver transplant patients become operationally
[102-107]
tolerant towards the graft
. Yet, up to date there
are no reliable markers to determine, which patient has
developed tolerance and which patient should remain
on immunosuppressive drugs. Clinical experience shows
that graft rejection may occur even years after weaning
of immunosuppression and a focus of ongoing research
is the definition of robust markers for distinguishing
[107,108]
tolerant from non-tolerant liver transplant patients
.
Another, more aggressive approach to induce
immune tolerance in solid organ transplantation is to
combine solid organ transplantation with hematopoietic
[109-111]
stem cell transplantation from the same donor
.
In our opinion future immunosuppressive strategies
in pLT have to imply 3 main goals: (1) minimization
as well as individualization of immunosuppression to
reduce long-term negative side effects; (2) preservation
of long-term allograft function; and (3) development
of strategies to monitor and induce tolerance as well as
differentiate between operationally tolerant and nontolerant patients.

diseases in children. Short and long-term survival
are significantly better in pLT compared to LT in adult
recipients (Figure 7) and patient survival curves plateau
at 4 years after pLT. A main problem of pLT, especially
within the ET network, is the scarcity of pediatric donor
organs or organs suitable for splitting after DDLT. Here,
LDLT is a valid solution and should further be promoted.
In conspect with the comparable long-term patient
survival after LDLT and increased graft survival after
LDLT vs DDLT pLT, results discussed in this review on
outcome after pLT lead us to the following conclusions:
(1) In pediatric LT, LDLT is a safe procedure with longterm outcomes equal to or even better than DDLT; (2)
In small infants, where full-organ LT is not an option due
to donor/recipient size mismatch, LDLT enables LT in
patients which in former times could not be transplanted
due to the scarcity of deceased donor livers suitable for
splitting; (3) LDLT enables pLT at a recipient-controlled
time, when perioperative morbidity can be minimized
and long-term negative effects of the underlying
disease may be prevented; (4) Immunosuppression
after LDLT can often be significantly reduced in pediatric
recipients and further research in immunosuppressive
therapies may in future minimize immunosuppressionrelated morbidity and PTLD and, in some cases, may
induce immune tolerance; (5) Microsurgical techniques
and interdisciplinary management of pLT recipient need
to be further improved to reduce acute complications
due to biliary or portal vein complications and to further
increase long-term patient and graft survival; (6) In
line with the latter argument, pLT should be exclusively
performed in highly specialized centers, where several
disciplines (pediatric transplant surgery, pediatric and
adolescent medicine, pediatric intensive care medicine,
interventional radiology and anesthesiology trained
in pediatric treatment) closely interact and are on call
24/7/365; and (7) Meticulous donor selection and donor
safety must continue to have highest priority in LDLT.

CONCLUSION

ACKNOWLEDGMENTS

pLT is a routine and safe procedure to treat acute
or chronic liver failure or selected metabolic liver

The authors sincerely thank Dr. Bernd Döhler and
Professor, Dr. Gerhard Opelz for compiling and providing

IMMUNE TOLERANCE
AND WITHDRAWAL OF
IMMUNOSUPPRESSION IN PLT
RECIPIENTS

WJH|www.wjgnet.com

1516

June 18, 2015|Volume 7|Issue 11|

Hackl C et al . Current developments in pediatric liver transplantation
CTS data.

REFERENCES
1
2

3
4
5
6
7
8
9

10

11

12

13

14

15

16

17

18

19

Starzl TE, Marchioro TL, Vonkaulla KN, Hermann G, Brittain RS,
Waddell WR. Homotransplantation of the liver in humans. Surg
Gynecol Obstet 1963; 117: 659-676 [PMID: 14100514]
Starzl TE, Groth CG, Brettschneider L, Penn I, Fulginiti VA,
Moon JB, Blanchard H, Martin AJ, Porter KA. Orthotopic
homotransplantation of the human liver. Ann Surg 1968; 168:
392-415 [PMID: 4877589]
Starzl TE, Koep LJ, Schröter GP, Halgrimson CG, Porter KA,
Weil R. Liver replacement for pediatric patients. Pediatrics 1979;
63: 825-829 [PMID: 377201]
Pichlmayr R, Brölsch C, Wonigeit K, Neuhaus P, Siegismund S,
Schmidt FW, Burdelski M. Experiences with liver transplantation
in Hannover. Hepatology 1984; 4: 56S-60S [PMID: 6319265]
Yazigi NA. Long term outcomes after pediatric liver trans
plantation. Pediatr Gastroenterol Hepatol Nutr 2013; 16: 207-218
[PMID: 24511516 DOI: 10.5223/pghn.2013.16.4.207]
Abramson O, Rosenthal P. Current status of pediatric liver trans
plantation. Clin Liver Dis 2000; 4: 533-552 [PMID: 11232160]
Melter M, Grothues D, Knoppke B. Pädiatrische Lebertrans
plantation. Monatsschr Kinderheilkd 2012; 160: 343-357 [DOI:
10.1007/s00112-011-2561-9]
Fine RN. Growth following solid-organ transplantation. Pediatr
Transplant 2002; 6: 47-52 [PMID: 11906643]
Moukarzel AA, Najm I, Vargas J, McDiarmid SV, Busuttil RW,
Ament ME. Effect of nutritional status on outcome of orthotopic
liver transplantation in pediatric patients. Transplant Proc 1990;
22: 1560-1563 [PMID: 2389401]
Moukarzel AA, Najm I, Vargas J, McDiarmid SV, Busuttil RW,
Ament ME. Prediction of long-term linear growth following liver
transplantation. Transplant Proc 1990; 22: 1558-1559 [PMID:
2389400]
Rodeck B, Melter M, Kardorff R, Hoyer PF, Ringe B, Burdelski
M, Oldhafer KJ, Pichlmayr R, Brodehl J. Liver transplantation in
children with chronic end stage liver disease: factors influencing
survival after transplantation. Transplantation 1996; 62: 1071-1076
[PMID: 8900304]
Stewart SM, Uauy R, Waller DA, Kennard BD, Benser M,
Andrews WS. Mental and motor development, social competence,
and growth one year after successful pediatric liver transplantation.
J Pediatr 1989; 114: 574-581 [PMID: 2647947]
Wayman KI, Cox KL, Esquivel CO. Neurodevelopmental
outcome of young children with extrahepatic biliary atresia 1 year
after liver transplantation. J Pediatr 1997; 131: 894-898 [PMID:
9427896]
Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, ter
Borg PC. A model to predict poor survival in patients undergoing
transjugular intrahepatic portosystemic shunts. Hepatology 2000;
31: 864-871 [PMID: 10733541 DOI: 10.1053/he.2000.5852]
Said A, Williams J, Holden J, Remington P, Gangnon R, Musat
A, Lucey MR. Model for end stage liver disease score predicts
mortality across a broad spectrum of liver disease. J Hepatol 2004;
40: 897-903 [PMID: 15158328 DOI: 10.1016/j.jhep.2004.02.010]
Rodeck B, Melter M, Kardorff R, Hoyer PF, Ringe B, Burdelski
M, Oldhafer KJ, Pichlmayr R, Brodehl J. Liver transplantation in
children with chronic end stage liver disease: factors influencing
survival after transplantation. Transplantation 1996; 62: 1071-1076
[PMID: 8900304]
Freeman RB, Wiesner RH, Harper A, McDiarmid SV, Lake J,
Edwards E, Merion R, Wolfe R, Turcotte J, Teperman L; UNOS/
OPTN Liver Disease Severity Score, UNOS/OPTN Liver and
Intestine, and UNOS/OPTN Pediatric Transplantation Committees.
The new liver allocation system: moving toward evidence-based
transplantation policy. Liver Transpl 2002; 8: 851-858 [PMID:
12200791 DOI: 10.1053/jlts.2002.35927]
Wiesner RH, McDiarmid SV, Kamath PS, Edwards EB, Malinchoc

WJH|www.wjgnet.com

20
21
22
23
24

25

26

27

28

29
30
31
32

33

34

35

1517

M, Kremers WK, Krom RA, Kim WR. MELD and PELD:
application of survival models to liver allocation. Liver Transpl
2001; 7: 567-580 [PMID: 11460223 DOI: 10.1053/jlts.2001.25879]
McDiarmid SV, Anand R, Lindblad AS; Principal Investigators
and Institutions of the Studies of Pediatric Liver Transplantation
(SPLIT) Research Group. Development of a pediatric end-stage
liver disease score to predict poor outcome in children awaiting
liver transplantation. Transplantation 2002; 74: 173-181 [PMID:
12151728]
McDiarmid SV. New liver allocation policies and their potential
effect on pediatric patients awaiting liver transplantation. Pediatr
Transplant 2002; 6: 180-186 [PMID: 12100501]
Eurotransplant International Foundation. EAR 2013. Available
from: http://www.eurotransplant.org/cms/index.php?page=
annual_reports
McDiarmid SV, Merion RM, Dykstra DM, Harper AM.
Selection of pediatric candidates under the PELD system. Liver
Transplantation 2004; 10: S23-S30 [DOI: 10.1002/lt.20272]
Lee SG, Moon DB. Living donor liver transplantation for
hepatocellular carcinoma. Recent Results Cancer Res 2013; 190:
165-179 [PMID: 22941020 DOI: 10.1007/978-3-642-16037-0_11]
Moon DB, Lee SG, Hwang S, Kim KH, Ahn CS, Ha TY, Song
GW, Jung DH, Park GC, Namkoong JM, Park HW, Park YH, Park
CS. More than 300 consecutive living donor liver transplants a year
at a single center. Transplant Proc 2013; 45: 1942-1947 [PMID:
23769079]
Song GW, Lee SG, Hwang S, Ahn CS, Moon DB, Kim KH, Ha
TY, Jung DH, Park GC, Namgung JM, Park CS, Park HW, Park
YH. Successful experiences of ABO-incompatible adult living
donor liver transplantation in a single institute: no immunological
failure in 10 consecutive cases. Transplant Proc 2013; 45: 272-275
[PMID: 23375314 DOI: 10.1016/j.transproceed]
Broelsch CE, Emond JC, Thistlethwaite JR, Whitington PF,
Zucker AR, Baker AL, Aran PF, Rouch DA, Lichtor JL. Liver
transplantation, including the concept of reduced-size liver
transplants in children. Ann Surg 1988; 208: 410-420 [PMID:
3052326]
Broelsch CE, Emond JC, Thistlethwaite JR, Rouch DA,
Whitington PF, Lichtor JL. Liver transplantation with reducedsize donor organs. Transplantation 1988; 45: 519-524 [PMID:
3279573]
Pichlmayr R, Ringe B, Gubernatis G, Hauss J, Bunzendahl
H. [Transplantation of a donor liver to 2 recipients (splitting
transplantation)--a new method in the further development of
segmental liver transplantation]. Langenbecks Arch Chir 1988; 373:
127-130 [PMID: 3287073]
Couinaud C. [Liver lobes and segments: notes on the anatomical
architecture and surgery of the liver]. Presse Med 1954; 62:
709-712 [PMID: 13177441]
Couinaud C. Liver anatomy: portal (and suprahepatic) or biliary
segmentation. Dig Surg 1999; 16: 459-467 [PMID: 10805544]
Busuttil RW, Goss JA. Split liver transplantation. Ann Surg 1999;
229: 313-321 [PMID: 10077042]
Kanazawa H, Sakamoto S, Fukuda A, Uchida H, Hamano I,
Shigeta T, Kobayashi M, Karaki C, Tanaka H, Kasahara M. Livingdonor liver transplantation with hyperreduced left lateral segment
grafts: a single-center experience. Transplantation 2013; 95:
750-754 [PMID: 23503505 DOI: 10.1097/TP.0b013e31827a93b4]
Caso Maestro O, Abradelo de Usera M, Justo Alonso I, Calvo
Pulido J, Manrique Municio A, Cambra Molero F, García Sesma
A, Loinaz Segurola C, Moreno González E, Jiménez Romero C.
Porcine acellular dermal matrix for delayed abdominal wall closure
after pediatric liver transplantation. Pediatr Transplant 2014; 18:
594-598 [PMID: 25039398 DOI: 10.1111/petr.12319]
Gubernatis G, Pichlmayr R, Kemnitz J, Gratz K. Auxiliary
partial orthotopic liver transplantation (APOLT) for fulminant
hepatic failure: first successful case report. World J Surg 1991; 15:
660-665; discussion 665-666 [PMID: 1949867]
Faraj W, Dar F, Bartlett A, Melendez HV, Marangoni G, Mukherji
D, Vergani GM, Dhawan A, Heaton N, Rela M. Auxiliary liver

June 18, 2015|Volume 7|Issue 11|

Hackl C et al . Current developments in pediatric liver transplantation

36

37

38

39

40

41

42

43
44

45

46

47
48

49

50

transplantation for acute liver failure in children. Ann Surg 2010;
251: 351-356 [PMID: 20054274 DOI: 10.1097/SLA.0b013e3181b
dfef6]
Shanmugam NP, Dhawan A. Selection criteria for liver trans
plantation in paediatric acute liver failure: the saga continues.
Pediatr Transplant 2011; 15: 5-6 [PMID: 21241436 DOI: 10.1111/
j.1399-3046.2010.01457.x]
Reich DJ, Mulligan DC, Abt PL, Pruett TL, Abecassis MM, D’
Alessandro A, Pomfret EA, Freeman RB, Markmann JF, Hanto
DW, Matas AJ, Roberts JP, Merion RM, Klintmalm GB. ASTS
recommended practice guidelines for controlled donation after
cardiac death organ procurement and transplantation. Am J
Transplant 2009; 9: 2004-2011 [PMID: 19624569 DOI: 10.1111/
j.1600-6143.2009.02739.x]
Snoeijs MG, Wind T, van Heurn E. Protocols for uncontrolled
donation after circulatory death. Lancet 2012; 380: 974-975; author
reply 975 [PMID: 22981110 DOI: 10.1016/S0140-6736(12)615335]
Bernat JL, Capron AM, Bleck TP, Blosser S, Bratton SL, Childress
JF, DeVita MA, Fulda GJ, Gries CJ, Mathur M, Nakagawa TA,
Rushton CH, Shemie SD, White DB. The circulatory-respiratory
determination of death in organ donation. Crit Care Med 2010; 38:
963-970 [PMID: 20124892 DOI: 10.1097/CCM.0b013e3181c58916]
WHO; Transplantation Society (TTS); Organizatión Nacional
de Transplantes (ONT). Third WHO Global Consultation on
Organ Donation and Transplantation: striving to achieve selfsufficiency, March 23–25, 2010, Madrid, Spain. Transplantation
2011; 91 Suppl 11: S27-S28 [PMID: 21633280 DOI: 10.1097/
TP.0b013e3182190b29]
Morrissey PE, Monaco AP. Donation after circulatory death:
current practices, ongoing challenges, and potential improvements.
Transplantation 2014; 97: 258-264 [PMID: 24492420 DOI:
10.1097/01.TP.0000437178.48174.db]
Fondevila C, Hessheimer AJ, Flores E, Ruiz A, Mestres N,
Calatayud D, Paredes D, Rodríguez C, Fuster J, Navasa M, Rimola
A, Taurá P, García-Valdecasas JC. Applicability and results of
Maastricht type 2 donation after cardiac death liver transplantation.
Am J Transplant 2012; 12: 162-170 [PMID: 22070538 DOI:
10.1111/j.1600-6143.2011.03834.x]
Waki K. UNOS Liver Registry: ten year survivals. Clin Transpl
2006: 29-39 [PMID: 18368704]
Dubbeld J, Hoekstra H, Farid W, Ringers J, Porte RJ, Metselaar
HJ, Baranski AG, Kazemier G, van den Berg AP, van Hoek B.
Similar liver transplantation survival with selected cardiac death
donors and brain death donors. Br J Surg 2010; 97: 744-753 [PMID:
20393979 DOI: 10.1002/bjs.7043]
Jay CL, Lyuksemburg V, Ladner DP, Wang E, Caicedo JC, Holl
JL, Abecassis MM, Skaro AI. Ischemic cholangiopathy after
controlled donation after cardiac death liver transplantation: a
meta-analysis. Ann Surg 2011; 253: 259-264 [PMID: 21245668
DOI: 10.1097/SLA.0b013e318204e658]
Broelsch CE, Emond JC, Whitington PF, Thistlethwaite JR, Baker
AL, Lichtor JL. Application of reduced-size liver transplants as
split grafts, auxiliary orthotopic grafts, and living related segmental
transplants. Ann Surg 1990; 212: 368-375; discussion 375-377
[PMID: 2396888]
Organ Procurement and Transplantation Network. [Accessed 2014
Dec 1]. Available from: URL: http://optn.transplant.hrsa.gov/
converge/latestdata/rptData.asp
Bhangui P, Vibert E, Majno P, Salloum C, Andreani P, Zocrato J,
Ichai P, Saliba F, Adam R, Castaing D, Azoulay D. Intention-totreat analysis of liver transplantation for hepatocellular carcinoma:
living versus deceased donor transplantation. Hepatology 2011; 53:
1570-1579 [PMID: 21520172 DOI: 10.1002/hep.24231]
Gondolesi GE, Roayaie S, Muñoz L, Kim-Schluger L, Schiano T,
Fishbein TM, Emre S, Miller CM, Schwartz ME. Adult living donor
liver transplantation for patients with hepatocellular carcinoma:
extending UNOS priority criteria. Ann Surg 2004; 239: 142-149
[PMID: 14745320 DOI: 10.1097/01.sla.0000109022.32391.eb]
Grant RC, Sandhu L, Dixon PR, Greig PD, Grant DR,

WJH|www.wjgnet.com

51

52

53

54

55

56

57
58

59

60

61

62
63

64

65

1518

McGilvray ID. Living vs. deceased donor liver transplantation for
hepatocellular carcinoma: a systematic review and meta-analysis.
Clin Transplant 2013; 27: 140-147 [PMID: 23157398 DOI:
10.1111/ctr.12031]
Kaihara S, Kiuchi T, Ueda M, Oike F, Fujimoto Y, Ogawa K,
Kozaki K, Tanaka K. Living-donor liver transplantation for
hepatocellular carcinoma. Transplantation 2003; 75: S37-S40
[PMID: 12589138 DOI: 10.1097/01.TP.0000047029.02806.16]
Sandhu L, Sandroussi C, Guba M, Selzner M, Ghanekar A, Cattral
MS, McGilvray ID, Levy G, Greig PD, Renner EL, Grant DR.
Living donor liver transplantation versus deceased donor liver
transplantation for hepatocellular carcinoma: comparable survival
and recurrence. Liver Transpl 2012; 18: 315-322 [PMID: 22140013
DOI: 10.1002/lt.22477]
Todo S, Furukawa H; Japanese Study Group on Organ
Transplantation. Living donor liver transplantation for adult
patients with hepatocellular carcinoma: experience in Japan. Ann
Surg 2004; 240: 451-459; discussion 459-461 [PMID: 15319716]
Saidi RF, Jabbour N, Li Y, Shah SA, Bozorgzadeh A. Is left
lobe adult-to-adult living donor liver transplantation ready for
widespread use? The US experience (1998-2010). HPB (Oxford)
2012; 14: 455-460 [PMID: 22672547 DOI: 10.1111/j.1477-2574.2
012.00475.x]
Saidi RF, Markmann JF, Jabbour N, Li Y, Shah SA, Cosimi AB,
Bozorgzadeh A. The faltering solid organ donor pool in the United
States (2001-2010). World J Surg 2012; 36: 2909-2913 [PMID:
22933050 DOI: 10.1007/s00268-012-1748-0]
Muzaale AD, Dagher NN, Montgomery RA, Taranto SE, McBride
MA, Segev DL. Estimates of early death, acute liver failure, and
long-term mortality among live liver donors. Gastroenterology
2012; 142: 273-280 [PMID: 22108193 DOI: 10.1053/j.
gastro.2011.11.015]
Roll GR, Roberts JP. Left versus right lobe liver donation. Am J
Transplant 2014; 14: 251-252 [PMID: 24304562 DOI: 10.1111/
ajt.12556]
Roll GR, Parekh JR, Parker WF, Siegler M, Pomfret EA, Ascher
NL, Roberts JP. Left hepatectomy versus right hepatectomy
for living donor liver transplantation: shifting the risk from the
donor to the recipient. Liver Transpl 2013; 19: 472-481 [PMID:
23447523 DOI: 10.1002/lt.23608]
Ghobrial RM, Freise CE, Trotter JF, Tong L, Ojo AO, Fair
JH, Fisher RA, Emond JC, Koffron AJ, Pruett TL, Olthoff KM.
Donor morbidity after living donation for liver transplantation.
Gastroenterology 2008; 135: 468-476 [PMID: 18505689 DOI:
10.1053/j.gastro.2008.04.018]
Kousoulas L, Becker T, Richter N, Emmanouilidis N, Schrem
H, Barg-Hock H, Klempnauer J, Lehner F. Living donor liver
transplantation: effect of the type of liver graft donation on donor
mortality and morbidity. Transpl Int 2011; 24: 251-258 [PMID:
21062368 DOI: 10.1111/j.1432-2277.2010.01183.x]
Kousoulas L, Emmanouilidis N, Klempnauer J, Lehner F. Livingdonor liver transplantation: impact on donor’s health-related
quality of life. Transplant Proc 2011; 43: 3584-3587 [PMID:
22172809 DOI: 10.1016/j.transproceed.2011.10.038]
Lo CM. Complications and long-term outcome of living liver donors:
a survey of 1,508 cases in five Asian centers. Transplantation 2003;
75: S12-S15 [PMID: 12589131]
Morioka D, Egawa H, Kasahara M, Ito T, Haga H, Takada Y,
Shimada H, Tanaka K. Outcomes of adult-to-adult living donor
liver transplantation: a single institution’s experience with 335
consecutive cases. Ann Surg 2007; 245: 315-325 [PMID: 17245187
DOI: 10.1097/01.sla.0000236600.24667.a4]
Umeshita K, Fujiwara K, Kiyosawa K, Makuuchi M, Satomi
S, Sugimachi K, Tanaka K, Monden M; Japanese Liver Trans
plantation Society. Operative morbidity of living liver donors in
Japan. Lancet 2003; 362: 687-690 [PMID: 12957090 DOI: 10.1016/
S0140-6736(03)14230-4]
Diamond IR, Fecteau A, Millis JM, Losanoff JE, Ng V, Anand R,
Song C; SPLIT Research Group. Impact of graft type on outcome
in pediatric liver transplantation: a report From Studies of Pediatric

June 18, 2015|Volume 7|Issue 11|

Hackl C et al . Current developments in pediatric liver transplantation

66

67

68

69
70

71

72

73

74

75

76

77

78

79

80
81

Liver Transplantation (SPLIT). Ann Surg 2007; 246: 301-310
[PMID: 17667510 DOI: 10.1097/SLA.0b013e3180caa415]
Soltys KA, Mazariegos GV, Squires RH, Sindhi RK, Anand R.
Late graft loss or death in pediatric liver transplantation: an analysis
of the SPLIT database. Am J Transplant 2007; 7: 2165-2171
[PMID: 17608834 DOI: 10.1111/j.1600-6143.2007.01893.x]
Scheenstra R, Peeters PM, Verkade HJ, Gouw AS. Graft fibrosis
after pediatric liver transplantation: ten years of follow-up.
Hepatology 2009; 49: 880-886 [PMID: 19101912 DOI: 10.1002/
hep.22686]
Ekong UD, Melin-Aldana H, Seshadri R, Lokar J, Harris D,
Whitington PF, Alonso EM. Graft histology characteristics in longterm survivors of pediatric liver transplantation. Liver Transpl
2008; 14: 1582-1587 [PMID: 18975292 DOI: 10.1002/lt.21549]
Spada M, Riva S, Maggiore G, Cintorino D, Gridelli B. Pediatric
liver transplantation. World J Gastroenterol 2009; 15: 648-674
[PMID: 19222089]
Campbell KM, Bucuvalas JC. Renal function in the long term
after pediatric liver transplantation: is there a need for protocol
kidney biopsies? Curr Opin Organ Transplant 2010; 15: 608-613
[PMID: 20733490 DOI: 10.1097/MOT.0b013e32833da439]
Harambat J, Ranchin B, Dubourg L, Liutkus A, Hadj-Haïssa
A, Rivet C, Boillot O, Lachaux A, Cochat P. Renal function
in pediatric liver transplantation: a long-term follow-up study.
Transplantation 2008; 86: 1028-1034 [PMID: 18946339 DOI:
10.1097/TP.0b013e318187748f]
Bayrakci US, Baskin E, Ozcay F, Gulleroglu K, Ozbay F, Sevmis
S, Karakayali H, Haberal M. Abnormal circadian blood pressure
regulation in liver transplanted children. Pediatr Transplant 2012;
16: 160-164 [PMID: 22321218 DOI: 10.1111/j.1399-3046.2012.01
646.x]
McLin VA, Anand R, Daniels SR, Yin W, Alonso EM; SPLIT
Research Group. Blood pressure elevation in long-term survivors
of pediatric liver transplantation. Am J Transplant 2012; 12:
183-190 [PMID: 21992721 DOI: 10.1111/j.1600-6143.2011.03772.
x]
Gross TG, Hinrichs SH, Winner J, Greiner TC, Kaufman
SS, Sammut PH, Langnas AN. Treatment of post-transplant
lymphoproliferative disease (PTLD) following solid organ
transplantation with low-dose chemotherapy. Ann Oncol 1998; 9:
339-340 [PMID: 9602271]
Gross TG, Orjuela MA, Perkins SL, Park JR, Lynch JC, Cairo MS,
Smith LM, Hayashi RJ. Low-dose chemotherapy and rituximab for
posttransplant lymphoproliferative disease (PTLD): a Children’s
Oncology Group Report. Am J Transplant 2012; 12: 3069-3075 [PMID:
22883417 DOI: 10.1111/j.1600-6143.2012.04206.x]
Kamdar KY, Rooney CM, Heslop HE. Posttransplant lympho
proliferative disease following liver transplantation. Curr Opin
Organ Transplant 2011; 16: 274-280 [PMID: 21467936 DOI:
10.1097/MOT.0b013e3283465715]
Taylor AL, Marcus R, Bradley JA. Post-transplant lymphoproliferative
disorders (PTLD) after solid organ transplantation. Crit Rev Oncol
Hematol 2005; 56: 155-167 [PMID: 15979320 DOI: 10.1016/j.critrevo
nc.2005.03.015]
Guthery SL, Heubi JE, Bucuvalas JC, Gross TG, Ryckman
FC, Alonso MH, Balistreri WF, Hornung RW. Determination
of risk factors for Epstein-Barr virus-associated posttransplant
lymphoproliferative disorder in pediatric liver transplant recipients
using objective case ascertainment. Transplantation 2003; 75:
987-993 [PMID: 12698085]
Dobbels F, Vanhaecke J, Desmyttere A, Dupont L, Nevens F, De
Geest S. Prevalence and correlates of self-reported pretransplant
nonadherence with medication in heart, liver, and lung transplant
candidates. Transplantation 2005; 79: 1588-1595 [PMID:
15940050]
Fredericks EM. Nonadherence and the transition to adulthood.
Liver Transpl 2009; 15 Suppl 2: S63-S69 [PMID: 19876953 DOI:
10.1002/lt.21892]
Starzl TE, Iwatsuki S, Klintmalm G, Schröter GP, Weil R,
Koep LJ, Porter KA. Liver transplantation, 1980, with particular

WJH|www.wjgnet.com

82

83
84

85

86

87

88
89

90

91

92

93

94
95

96

97

1519

reference to cyclosporin-A. Transplant Proc 1981; 13: 281-285
[PMID: 7022839]
Starzl TE, Todo S, Tzakis AG, Gordon RD, Makowka L, Stieber
A, Podesta L, Yanaga K, Concepcion W, Iwatsuki S. Liver
transplantation: an unfinished product. Transplant Proc 1989; 21:
2197-2200 [PMID: 2469232]
Ganschow R, Grabhorn E, Burdelski M. Basiliximab in paediatric
liver-transplant recipients. Lancet 2001; 357: 388 [PMID: 11211016
DOI: 10.1016/S0140-6736(00)03654-0]
Ganschow R, Grabhorn E, Schulz A, Von Hugo A, Rogiers
X, Burdelski M. Long-term results of basiliximab induction
immunosuppression in pediatric liver transplant recipients. Pediatr
Transplant 2005; 9: 741-745 [PMID: 16269045 DOI: 10.1111/
j.1399-3046.2005.00371.x]
Grabhorn E, Schulz A, Helmke K, Hinrichs B, Rogiers X,
Broering DC, Burdelski M, Ganschow R. Short- and long-term
results of liver transplantation in infants aged less than 6 months.
Transplantation 2004; 78: 235-241 [PMID: 15280684]
Heffron TG, Pillen T, Smallwood GA, Welch D, Oakley B,
Romero R. Pediatric liver transplantation with daclizumab
induction. Transplantation 2003; 75: 2040-2043 [PMID: 12829908
DOI: 10.1097/01.TP.0000065740.69296.DA]
Schuller S, Wiederkehr JC, Coelho-Lemos IM, Avilla SG, Schultz
C. Daclizumab induction therapy associated with tacrolimusMMF has better outcome compared with tacrolimus-MMF alone in
pediatric living donor liver transplantation. Transplant Proc 2005;
37: 1151-1152 [PMID: 15848653 DOI: 10.1016/j.transproceed.200
5.01.023]
Strassburg CP, Manns MP. [Partial liver transplantation and living
donation from the viewpoint of internal medicine]. Der Internist
2002; 43: 1551-1558
Di Filippo S. Anti-IL-2 receptor antibody vs. polyclonal antilymphocyte antibody as induction therapy in pediatric transplantation.
Pediatr Transplant 2005; 9: 373-380 [PMID: 15910396 DOI:
10.1111/j.1399-3046.2005.00303.x]
Dell-Olio D, Kelly DA. Calcineurin inhibitor minimization in
pediatric liver allograft recipients. Pediatr Transplant 2009; 13:
670-681 [PMID: 19413716 DOI: 10.1111/j.1399-3046.2009.01184.
x]
Tönshoff B, Höcker B. Treatment strategies in pediatric solid
organ transplant recipients with calcineurin inhibitor-induced
nephrotoxicity. Pediatr Transplant 2006; 10: 721-729 [PMID:
16911497 DOI: 10.1111/j.1399-3046.2006.00577.x]
Tredger JM, Brown NW, Dhawan A. Immunosuppression in
pediatric solid organ transplantation: opportunities, risks, and
management. Pediatr Transplant 2006; 10: 879-892 [PMID:
17096754 DOI: 10.1111/j.1399-3046.2006.00604.x]
Turmelle YP, Nadler ML, Anderson CD, Doyle MB, Lowell
JA, Shepherd RW. Towards minimizing immunosuppression in
pediatric liver transplant recipients. Pediatr Transplant 2009; 13:
553-559 [PMID: 19067920 DOI: 10.1111/j.1399-3046.2008.01061.
x]
Evans HM, McKiernan PJ, Kelly DA. Mycophenolate mofetil
for renal dysfunction after pediatric liver transplantation.
Transplantation 2005; 79: 1575-1580 [PMID: 15940048]
Ferraris JR, Duca P, Prigoshin N, Tambutti ML, Boldrini G,
Cardoni RL, D’Agostino D. Mycophenolate mofetil and reduced
doses of cyclosporine in pediatric liver transplantation with chronic
renal dysfunction: changes in the immune responses. Pediatr
Transplant 2004; 8: 454-459 [PMID: 15367280 DOI: 10.1111/
j.1399-3046.2004.00172.x]
Filler G, Gellermann J, Zimmering M, Mai I. Effect of adding
Mycophenolate mofetil in paediatric renal transplant recipients
with chronical cyclosporine nephrotoxicity. Transpl Int 2000; 13:
201-206 [PMID: 10935703]
Hoyer PF, Ettenger R, Kovarik JM, Webb NJ, Lemire J, Mentser
M, Mahan J, Loirat C, Niaudet P, VanDamme-Lombaerts R, Offner
G, Wehr S, Moeller V, Mayer H. Everolimus in pediatric de nova
renal transplant patients. Transplantation 2003; 75: 2082-2085
[PMID: 12829916 DOI: 10.1097/01.TP.0000070139.63068.54]

June 18, 2015|Volume 7|Issue 11|

Hackl C et al . Current developments in pediatric liver transplantation
98

99

100

101

102

103

104

105

Jiménez-Rivera C, Avitzur Y, Fecteau AH, Jones N, Grant D, Ng
VL. Sirolimus for pediatric liver transplant recipients with posttransplant lymphoproliferative disease and hepatoblastoma. Pediatr
Transplant 2004; 8: 243-248 [PMID: 15176961 DOI: 10.1111/
j.1399-3046.2004.00156.x]
Scheenstra R, Torringa ML, Waalkens HJ, Middelveld EH,
Peeters PM, Slooff MJ, Gouw AS, Verkade HJ, Bijleveld CM.
Cyclosporine A withdrawal during follow-up after pediatric liver
transplantation. Liver Transpl 2006; 12: 240-246 [PMID: 16447209
DOI: 10.1002/lt.20591]
Sindhi R, Ganjoo J, McGhee W, Mazariegos G, Reyes J.
Preliminary immunosuppression withdrawal strategies with
sirolimus in children with liver transplants. Transplant Proc 2002;
34: 1972-1973 [PMID: 12176651]
Vester U, Kranz B, Wehr S, Boger R, Hoyer PF; RAD B 351
Study Group. Everolimus (Certican) in combination with neoral
in pediatric renal transplant recipients: interim analysis after 3
months. Transplant Proc 2002; 34: 2209-2210 [PMID: 12270366]
Feng S, Ekong UD, Lobritto SJ, Demetris AJ, Roberts JP,
Rosenthal P, Alonso EM, Philogene MC, Ikle D, Poole KM,
Bridges ND, Turka LA, Tchao NK. Complete immunosuppression
withdrawal and subsequent allograft function among pediatric
recipients of parental living donor liver transplants. JAMA 2012;
307: 283-293 [PMID: 22253395 DOI: 10.1001/jama.2011.2014]
Koshiba T, Li Y, Takemura M, Wu Y, Sakaguchi S, Minato N,
Wood KJ, Haga H, Ueda M, Uemoto S. Clinical, immunological,
and pathological aspects of operational tolerance after pediatric
living-donor liver transplantation. Transpl Immunol 2007; 17:
94-97 [PMID: 17306739 DOI: 10.1016/j.trim.2006.10.004]
Mazariegos GV, Reyes J, Marino IR, Demetris AJ, Flynn B,
Irish W, McMichael J, Fung JJ, Starzl TE. Weaning of immuno
suppression in liver transplant recipients. Transplantation 1997;
63: 243-249 [PMID: 9020325]
Mazariegos GV, Sindhi R, Thomson AW, Marcos A. Clinical
tolerance following liver transplantation: long term results and

106

107

108

109

110

111

future prospects. Transpl Immunol 2007; 17: 114-119 [PMID:
17306742 DOI: 10.1016/j.trim.2006.09.033]
Starzl TE, Demetris AJ, Trucco M, Ricordi C, Murase N, Thomson
AW. The Role of Cell Migration and Chimerism in Organ Transplant
Acceptance and Tolerance Induction. Transplant Sci 1993; 3: 47-50
[PMID: 21572595]
Takatsuki M, Uemoto S, Inomata Y, Egawa H, Kiuchi T, Fujita S,
Hayashi M, Kanematsu T, Tanaka K. Weaning of immunosuppression
in living donor liver transplant recipients. Transplantation 2001; 72:
449-454 [PMID: 11502975]
Martínez-Llordella M, Lozano JJ, Puig-Pey I, Orlando G, Tisone
G, Lerut J, Benítez C, Pons JA, Parrilla P, Ramírez P, Bruguera
M, Rimola A, Sánchez-Fueyo A. Using transcriptional profiling to
develop a diagnostic test of operational tolerance in liver transplant
recipients. J Clin Invest 2008; 118: 2845-2857 [PMID: 18654667
DOI: 10.1172/JCI35342]
Donckier V, Troisi R, Le Moine A, Toungouz M, Ricciardi S,
Colle I, Van Vlierberghe H, Craciun L, Libin M, Praet M, Noens
L, Stordeur P, Andrien M, Lambermont M, Gelin M, Bourgeois N,
Adler M, de Hemptinne B, Goldman M. Early immunosuppression
withdrawal after living donor liver transplantation and donor
stem cell infusion. Liver Transpl 2006; 12: 1523-1528 [PMID:
17004249 DOI: 10.1002/lt.20872]
Kawai T, Cosimi AB, Spitzer TR, Tolkoff-Rubin N, Suthanthiran
M, Saidman SL, Shaffer J, Preffer FI, Ding R, Sharma V, Fishman
JA, Dey B, Ko DS, Hertl M, Goes NB, Wong W, Williams
WW, Colvin RB, Sykes M, Sachs DH. HLA-mismatched renal
transplantation without maintenance immunosuppression. N Engl
J Med 2008; 358: 353-361 [PMID: 18216355 DOI: 10.1056/
NEJMoa071074]
Scandling JD, Busque S, Dejbakhsh-Jones S, Benike C, Millan
MT, Shizuru JA, Hoppe RT, Lowsky R, Engleman EG, Strober
S. Tolerance and chimerism after renal and hematopoieticcell transplantation. N Engl J Med 2008; 358: 362-368 [PMID:
18216356 DOI: 10.1056/NEJMoa074191]
P- Reviewer: Yagi H, Wong GLH S- Editor: Song XX
L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1520

June 18, 2015|Volume 7|Issue 11|

World J Hepatol 2015 June 18; 7(11): 1521-1529
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i11.1521

REVIEW

Management of hepatocellular carcinoma in the elderly
Mauro Borzio, Elena Dionigi, Giancarlo Parisi, Ivana Raguzzi, Rodolfo Sacco
recommendation. We carried out a literature search in
MEDLINE database for studies reporting on epidemiology,
clinical characteristics and treatment outcome of HCC
in elderly patients. Available data seem to indicate
that in elderly patients the outcome of HCC is mostly
influenced by liver function and tumor stage rather than
by age and the latter should not influence treatment
allocation. Age is not a risk for resection and older
patients with resectable HCC and good liver function
could gain benefit from surgery. Mild comorbidities
do not seem a contraindication for surgery in aged
patients. Conversely, major resection in elderly, even
when performed in experienced high-volume centres,
should be avoided. Both percutaneous ablation and
transarterial chemoembolization are not contraindicated
in aged patients and safety profile of these procedures
is acceptable. Sorafenib is a viable option for advanced
HCC in elderly provided that a careful evaluation of
concomitant comorbidities, particularly cardiovascular
ones, is taken into account. Available data seem to
suggest that in either elderly and younger, treatment is
a main predictor of outcome. Consequently, a nihilistic
attitude of physicians towards under- or no-treatment of
aged patients should not be longer justified.
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Core tip: The number of elderly patients with cancer
is expected to rise in the next future, and facing with
elderly cirrhotic patients with hepatocellular carcinoma
(HCC) will characterize liver oncology scenario in the
near future. International guidelines do not specifically
address how to approach HCC in aged patients and
no recommendations are available on age threshold
to which clinical decisions should refer. Available data
seem to rule out an intrinsic negative impact of age
itself on HCC prognosis, and treatment allocation should
be decided mainly according to HCC stage, liver residual
function and general conditions. Indeed, a nihilistic

Abstract
Mean age of hepatocellular carcinoma (HCC) patients has
been progressively increasing over the last decades and
ageing of these patients is becoming a real challenge in
every day clinical practice. Unfortunately, international
guidelines on HCC management do not address this
problem exhaustively and do not provide any specific
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analysis”, “randomized controlled trial”, “prospective
study” or “retrospective study” AND “elderly”. We
restricted the time interval for literature search regarding
overall survival and disease free survival in specific
treatment approach from January 2000 to October
2014, because several international guidelines on
management of HCC have been produced worldwide in
that period. However, we included few articles published
before, because of their relevance on general epide
miology and changing population scenario of HCC. In
addition, bibliographies of review articles were handsearched to identify additional relevant studies and
randomized controlled trial on therapeutic outcome
in elderly, which were considered for analysis. Only
articles published in full text and in English language
were considered. Abstracts were not included. The title
and abstract of studies identified in the search were
reviewed by two authors independently (Borzio M and
Dionigi E) to exclude studies that did not address the
specific research question of interest. After this initial
screening, a cross-checked to identify discrepancies was
done. If multiple publications from the same cohort were
found, the most recent report was considered. The latest
electronic search date was the 30 October 2014.

attitude to restrict treatment in this population is not
longer justified.
Borzio M, Dionigi E, Parisi G, Raguzzi I, Sacco R. Management
of hepatocellular carcinoma in the elderly. World J Hepatol
2015; 7(11): 1521-1529 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i11/1521.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i11.1521

INTRODUCTION
In Western countries, the number of elderly subjects
is increasing, and 75 years old people may have
[1]
an expected life expectancy of 5-10 years . The
progressive ageing of population also means that the
number of elderly patients with cancer is expected to
[2-4]
rise in the next future . It is widely accepted that the
risk of developing hepatocellular carcinoma (HCC) is
[5]
age-dependent ; hence, in our countries, the diagnosis
[6]
of HCC is more frequent in patients aged ≥ 70 years .
In fact, over the last two decades, the mean age of HCC
patients at first diagnosis has progressively increased
from 60 years in the mid-nineties to 70 years in more
[6-11]
recent series
. Thus, facing with elderly cirrhotic
patients with HCC is becoming a routine in clinical
practice, and clinicians should be aware of the scenario
that will characterize liver oncology in the near future.
Therefore, investigations on the approach to HCC in
aged patients are urgently warranted. International
guidelines do not specifically address whether the
management and outcomes of HCC in elderly patients
are different from those observed in their younger
[12-16]
counterpart
. In fact, elderly patients are usually
under-represented in clinical trials or in seminal studies,
which represent the key evidence to support the
recommendations on HCC management. Therefore, a
gap between guidelines and clinical practice may arise.
In particular, no recommendations are available on
age threshold to which clinical decisions should refer
and older patients are merely defined as difficult-to
[17-19]
treat or fragile patients
. Establishing an “a priori”
age threshold for HCC treatment could be viewed as
unethical; in daily practice, however, age plays a critical
role in the decision making process of HCC treatment,
with particular reference to liver transplantation and
resection.
In this brief review, we will focus on some relevant
issues associated with the management of HCC in
elderly patients, with the aim of providing physicians
with some scientific information useful to approach the
management of these patients. An extensive literature
search in MEDLINE was performed with different
combinations of the following keywords: “hepatocellular
carcinoma” AND [“surgery” OR “hepatectomy”, OR
“resection”, OR “radiofrequency”, OR “percutaneous
ablation”, OR “chemoembolization”, OR “TACE”, OR
“radioembolization”, OR “sorafenib”] AND “meta-
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ELDERLY: DEFINITION OF AND CLINICAL
IMPLICATION
The concept of “elderly” has become more difficult
to define. Definition of elderly is still uneven, mostly
because the life expectancy varies from different geogra
phical areas. Therefore, there is no general agreement
on the age at which a person should be considered
[20]
old . Moreover, chronological age is not necessarily a
synonymous of biological age, and this latter may be
different in men as compared to women. In general,
the chronological age of 65 years-roughly equivalent to
retirement age - is currently accepted as a threshold to
define an “elderly” person. In scientific literature on liver
disease, and in particular in papers dealing with HCC,
[21-23]
the most used threshold is 70 years
. More recently,
clinical studies adopting a threshold of 75/80 years have
[24-26]
been published
.
The increasing age of the HCC population brings some
drawbacks to HCC treatment, due to the occurrence
of comorbidities which can be associated with reduced
treatment tolerability and an increased risk of severe
toxicity. In a recent survey on naïve HCC patients by our
group, the prevalence of relevant comorbidities in aged
[6]
patients was > 60% . Comorbidities could also limit the
access to proper treatment and may represent a barrier
hampering the adherence to therapeutic flow-charts
recommendations by international guidelines. Moreover,
comorbidities make difficult the correct staging of HCC
in elderly patients. According to the classification of the
barcelona clinic for liver cancer (BCLC), which is the
most widely-adopted staging system worldwide, Eastern
Cooperative Oncology Group Performance Status that
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quantizes constitutional syndrome due to tumour burden
is one of the key variables which determine disease stage
[27]
and, consequently, influence treatment allocation .
In particular, according to BCLC, patients with a PS ≥
1 are excluded from curative treatments regardless of
tumour extension. However, the difference between PS
0 and 1 is very narrow, and it is based only on the ability
to carry out heavy works. It appears intuitive that this
ability could deteriorate simply because of ageing and/or
presence of comorbidities, and it may be independent
from disease stage. This problem has been recently
addressed and adjustments of BCLC staging system are
[28]
warranted . Another problem frequently encountered
in elderly patients is the reluctance of relatives in
approving to invasive therapies, erroneously considered
too risky. In this context, the final therapeutic decision
should be taken within a multidisciplinary setting and
be shared with relatives who should be made aware of
survival benefit and risks of treatment balanced to life
expectancy.

that encapsulation is a favorable prognostic factor for
HCC being indicative of higher differentiation of HCC
[37,38]
and a lower incidence of vascular invasion
.

HCC OUTCOME IN ELDERLY
Prospective studies specifically designed to compare
the outcomes of HCC in older and younger patients
are lacking. Available data on HCC outcome in elderly
patients mainly derive from retrospective sub-analyses
of observational, in-field surveys performed in the
last decades and designed to follow HCC patients pro
spectively. These studies showed that short-term survival
was unaffected by age and it was primarily predicted
[24,29,41]
by cancer stage and the underlying cirrhosis
.
Conversely, long-term survival in elderly patients is
mostly dependent on their expected shorter life-span and
[29]
occurrence of comorbidities. Kim et al , in a large series
of Korean HCC patients, showed that non-liver related
mortality was significantly higher in older patients (> 70
years) than in younger subjects, although the overall
survival was similar to that found in non-aged patients.
Available data seem to rule out an intrinsic negative
impact of age itself on HCC prognosis, suggesting
that treatment allocation should be decided according
to HCC stage, liver residual function and general
conditions, rather than to age of patients. In addition,
hepatic functional reserve in elderly HCC patients was
almost the same as that in younger HCC patients.
Consequently, as for younger patients, in older
patients the early diagnosis of HCC is mandatory and
aged cirrhotic patients should not be excluded from
ultrasound screening/surveillance programs. The evi
dence that elderly patients undergoing treatment
displayed a similar survival rate compared with younger
patients, and the survival rate depended solely on
whether treatment was initiated, further support the
role of treatment itself as an independent predictor of
[29]
outcome irrespective of age . Results from a subanalysis on data collected from a large cohort of “reallife” Italian cirrhotic patients (CLIP cohort), prospectively
followed over a period of twelve years, showed that
being under treatment was an independent predictor of
[41]
better prognosis for elderly patients . This would mean
that a nihilistic attitude to restrict treatment does not
appear justified in this population.

EPIDEMIOLOGIC CONSIDERATIONS
Older population with HCC is characterized by a higher
[29,30]
prevalence of females
. This likely simply reflects
the longer life span in this gender. The reasons for the
higher proportion of females in elderly HCC patients are
that the average life expectancy at birth for females
is longer than that of males, and thus the proportion
of females is higher than that of males in the elderly
population.
In many studies, elderly patients with HCC were
[30-43]
more likely to be hepatitis C virus (HCV) carriers
.
In fact, unlike HBV infection, most HCV infections are
acquired late in life and HCV-related carcinogenesis
needs a long-time interval to accomplish. Nonalcoholic
steatohepatitis (NASH) is another etiologic condition
frequently associated with HCC in elderly. NASH-related
carcinogenesis is indeed characterized by a long-lasting
and insidious development. Patients with NASH-related
HCC are generally older than those with virus-related
[44,45]
HCC
. Given that a relevant proportion of cirrhosis
previously classified as cryptogenic are indeed NASH[46]
related , it must be argued that a large proportion of
non-viral, non-alcoholic HCC in elderly are related to
longstanding NASH, in particular when associated with
[44,45]
diabetes
.
With respect to the gross pathology of HCC at
presentation, several studies reported that in elderly
patients HCC is more frequently mono-pauci focal and
it is frequently associated with less advanced fibrosis.
It is well-known that multifocal liver carcinogenesis is
associated with the degree of liver fibrosis while, with
ageing, carcinogenesis has much more time to progress
even in the absence of relevant inflammation and
[26,34-42,47-52]
fibrosis
.
It has been reported that HCC in elderly patients
[35]
was more frequently encapsulated . It is well known
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RESECTION
Hepatic resection is considered a first-line curative
therapy for early HCC in patients with well-compensated
cirrhosis, and in those with large tumours and without
cirrhosis. However, elderly patients have long been
considered unfit for surgery due to their intrinsic fragility.
Moreover, practical guidelines do not specify any age
limit for surgery. In the last decades, however, technical
progresses have made surgery for HCC in elderly
[53]
patients safer and feasible . Studies comparing the
outcome of HCC resection in old and young patients
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Table 1 Outcome of elderly and younger patients with hepatocellular carcinoma undergoing resection
Ref.

Age limits (yr)

O/Y

Yeh et al[38]

70

30/398

Zhou et al[39]

70

55/124

Kondo et al[34]

70

109/210

Kaibori et al[50]

70

155/333

Oishi et al[25]

75

62/504

Huang et al[35]

70

67/268

Poon et al[23]

70

31/299

Tsujita et al[47]

75

23/77

Su et al[36]

55

700/374

Nishikawa et al[51]

75

92/206

Survival (%)

DFS

1 yr

3 yr

5 yr

1 yr

3 yr

5 yr

85
NA
89
80
78
79
NA
NA
NA
NA
83
72
79
75
95
96
87
82
90
91

64
46
57
49
45
52
70
70
77
81
55
40
58
51
70
83
66
67
73
78

39
NA
50
38
42
47
55
57
58
64
43b
31
29
40
NA
NA
51
59
43
64

NA
NA
74
63
NA

NA
NA
31
34
NA

29
27
30
16
NA

NA
NA
NA
NA
69
65
57
54
60
61
NA
NA
66
66

30
38
43
46
58
41
27
38
38
35
NA
NA
39
39

21
23
30
28
47
36
27
24
NA
NA
NA
NA
26
22

b

P < 0.01. Data on younger patients are reported in italics. Only articles reporting on either survival and disease free survival
(DFS) were considered. O/Y: Old/young.
[35]

performed in the last 15 years indeed documented
[25,26,34-39,42,47-50]
encouraging results
(Table 1).
Many authors agree that age is not a risk factor
for resection and those older patients with HCC and
good liver functional reserve could gain benefit from
surgery. In surgical series, the rate of HCCs diagnosed
in the background of non-cirrhotic liver ranged from
[37,54]
0.3% to 30% approximately
. It cannot be excluded
that this bias of selection may have influenced the
final favourable outcome in aged patients treated with
surgical resection. However, these findings may simply
reflect the more scrupulous and restrictive criteria as to
liver function reserve adopted in these fragile patients
before allocating them to liver surgery.
Opposite conclusions were in two independent
studies from different geographical areas, multivariate
analysis revealed that age was an independent negative
[55,56]
predictor of outcome after liver resection
.
Data on survival and disease free survival in old and
young patients undergoing HCC resection are reported
in Table 1. Post-operative mortality in elderly patients
[25,34-42,48-50,55-57]
was reported to range from 0 to 3.2%
.
In two retrospective studies from Far East, surgeryrelated in-hospital morbidity and mortality were not
significantly different in older as compared to younger
[26,50]
patient
. A surprisingly high mortality (10.5%) was
found in aged (> 70 years) resected patients which,
however, was not so different from that observed in
younger patients (7.7%).
Mild comorbidities do not seem a contraindication
[23]
for surgery in aged patients. Poon et al , in their
retrospective analysis on aged patients (≥ 70 old)
undergoing hepatic resection for HCC, concluded that
surgery is safe in well-selected patients even in presence
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of comorbidities. In the study by Huang et al , a better
post-surgical overall survival was reported in the elderly
group despite a higher prevalence of comorbidities.
Conversely, chronic renal diseases and cardiovascular
diseases were significantly associated with higher
[54]
mortality in elderly in Sato et al study.
Comorbidities such as cardiovascular diseases or
chronic renal diseases should be therefore carefully
evaluated before present aged patients as a candidate
to hepatic resection, in particular if HCC is associated
with cirrhosis.
Comorbidities were among the five characteristics
included in a recently proposed simple risk score, to
predict in-hospital mortality after hepatectomy for
HCC. The strongest predictors of in-hospital death were
a Charlson score of 3 or more (indicating at least 2
comorbid conditions or those of greater severity) and a
[58]
more invasive procedure (lobectomy) .
Major resection (> 3 segments) should be considered
[56]
with caution in older patients. Portolani et al , in a
multivariate analysis on 175 elderly patients undergoing
surgery, showed that major resection was an adverse
predictor of overall survival (OS). Similar results were
[40]
reported by Reddy et al
who found that increasing
age (> 60 years) was independently associated with
postoperative mortality after major hepatic resection
even when performed in experienced, high-volume
centres. The authors concluded that major resection in
elderly patients should be avoided or limited to selected
cases and possibly performed by experienced.
Attitude to perform liver resection in older patients is
indeed another variable influencing the outcome. Highvolume hospitals seem to be characterized by lesser
[55]
morbidity and in-hospital mortality .
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Table 2 Outcome of elderly and younger patients with hepatocellular carcinoma undergoing radiofrequency ablation
Ref.

Age limits (yr)

O/Y

Tateishi et al[62]

68

159/160

Mirici-Cappa et al[41]

70

159/230

Nishikawa et al[31]

75

130/238

Takahashi et al[32]

75

107/354

Kao et al[33]

65

158/100

Hiraoka et al[63]

75

63/143

Survival (%)

DFS

1 yr

3 yr

5 yr

1 yr

3 yr

5 yr

NA
NA
90.1
89.9
90
97.6
NA
NA
NA
NA
93
93

76
79
53.4
52.9
64.1
83.7
82
80
NA
NA
83
78

NA
NA
29
35.1
44.8
64b
61
63
81.3
65.4
501
58

NA
NA
NA
NA
66.9
80.5
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
21.3
40
492
492
NA
NA
NA
NA

NA
NA
NA
NA
19
19.5b
562
562
NA
NA
NA
NA

Data on younger patients are reported in italics. Only articles reporting on either survival and disease free survival (DFS) or overall
recurrence2 were considered. bP = 0.001; 1Not significant. O/Y: Old/young; NA: Not available.

popularity being, in early HCC, equally effective, safer
and less invasive than resection. In a population-based
survey carried out in United States which addressed
temporal changing of therapeutic interventions to HCC
in clinical practice, a 43% increase of RFA over time was
found, and this change was particularly evident in aged
[60]
patients .
Studies on outcome after radiofrequency ablation
(RFA) in elderly patients yielded conflicting results (Table
2). In two retrospective studies performed on large
series from Japan, old age emerged as an independent
[61]
predictor of poor prognosis at multivariate analysis .
[26]
In the study by Nishikawa et al , the reduction in
OS observed in elderly patients compared with their
younger counterpart was primarily due to the higher
rate of early recurrence. Conversely, other studies have
reported that old age was not a independent predictor
[60-62]
of reduced survival after RFA
. Good safety profile
of RFA is maintained in elderly and the rate of major
complications was found to be similar in elderly and in
[32]
younger cirrhotic patients . Comorbidities seem unlike
to impact on the post-RFA outcome.
Overall, RFA as well as other ablative techniques such
as percutaneous alcohol injection and microwaves could
be used in elderly subjects with satisfactory results and
outcome and may represent a valid alternative to surgery
for early HCC being less risky and largely preferred in
these fragile patients. Moreover, percutaneous ablation
is by far the most frequently used treatment for HCC
recurrence. Clinicians should be therefore trained in these
procedures, particularly when facing with patients aged
75 years or more.

Overall, available data should reassure surgeons and
hepatologists on the feasibility of curative resection even
in elderly patients. On a patient-by-patient approach,
surgery should be offered to well-selected cases follow
ing a multidisciplinary discussion and after a careful
evaluation of resection benefit, risks of treatment and
expected life span.

LIVER TRANSPLANTATION
Orthotopic liver transplant (OLT) is a curative treatment
for HCC Due to the organ shortage, access to OLT is
still narrowed and age is one of the most important
variables limiting access to the waiting list. Living
donor transplant (LDT) may be a reliable option even
for older patients but LDT programs are still limited or
not available in many countries. Although there is not
an established age limit for OLT, an arbitrary threshold
of > 65-70 years is generally adopted worldwide.
Elderly patients are considered poor candidates due to
the frequent presence of ischemic heart disease and
diabetes, which are known to adversely affect post OLT
course.
OLT outcome in patients ≥ 70 years has been only
[57]
seldom documented. In the study by Taner et al ,
13 transplanted patients ≥ 75 years experienced a
favorable outcome and seven of them experienced
a mean survival of 65 mo. A large-scale survey from
Switzerland concluded that advanced age was not a
[58]
significant predictor of survival . However, in clinical
practice, patients older than 65 years are seldom listed
for OLT. In countries where paucity of organ donors is a
problem, OLT for HCC in elderly remains an unrealistic
option.

RADIOFREQUENCY ABLATION

TRANSHEPATIC ARTERIAL
CHEMOEMBOIZATION

Percutaneous thermal ablation is recommended as a
curative treatment for single unresectable HCC < 3
cm or multiple HCC (till 3 nodules < 3 cm). Since its
introduction in the early 90’s, radiofrequency has gained

The efficacy of transarterial chemoembolization (TACE)
for unresectable HCC in cirrhotic patients emerged from
two meta-analyses published during the last ten years.
For these reasons, American and European guidelines
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approved TACE as the treatment of choice of HCC in
intermediate stage in cirrhotic patient with preserved
liver function. There are only few studies addressing
the use of TACE in elderly and its use in this setting
is still debated. In two retrospective cohort studies,
TACE was less frequently offered to older patients
mainly because this technique was considered less
[24,41]
feasible and potentially risky in elderly patients
.
More recent studies did not confirm this finding. A
prospective cohort study performed on 102 patients
with HCC who underwent TACE showed similar survival
[64,65]
and safety profile irrespective of age
. In a large
retrospective study from Korea, the authors found that
TACE was associated with even better results in elderly
than in younger patients, with respect to median OS
and disease-specific survival (15.2 mo vs 8.7 mo, P
< 0.001) without significant differences in terms of
[43]
TACE-related mortality . In an “in field” study from
Italy, the authors reported similar outcomes in elderly
[66]
and younger patients treated with TACE . These data
suggest that in the elderly population, TACE should
be part of therapeutic armamentarium for HCC being
effective with a satisfactorily safety profile.

HCC stage rather than on the actual age of the patient.
Thus a nihilistic attitude of physicians towards under- or
no-treatment should be discouraged. It is important to
note however, that these recommendations are based
on data mostly obtained in carefully selected patients.
The decision whether or not to start treatment should
therefore follow a patient-by patient strategy, discussed
within a multidisciplinary team and shared with patient
and relatives taking in great consideration the balance
between clinical benefit, risks and life expectancy.
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Hepatocellular carcinoma (HCC) is the leading primary
liver cancer and its clinical outcome is still poor. Micro
RNAs (miRNAs) have demonstrated an interesting
potential to regulate gene expression at post-trans
criptional level. Current findings suggest that miRNAs
deregulation in cancer is caused by genetic and/or
epigenetic, transcriptional and post-transcriptional
modifications resulting in abnormal expression and
hallmarks of malignant transformation: aberrant cell
growth, cell death, differentiation, angiogenesis, invasion
and metástasis. The important role of miRNAs in the
development and progression of HCC has increased
the efforts to understand and develop mechanisms of
control overt this single-stranded RNAs. Several studies
have analyzed tumoral response to the regulation and
control of deregulated miRNAs with good results in vitro
and in vivo , proving that targeting aberrant expression
of miRNAs is a powerful anticancer therapeutic.
Identification of up and/or down regulated miRNAs
related to HCC has led to the discovery of new potential
application for detection of their presence in the affected
organism. MiRNAs represent a relevant new target for
diagnosis, prognosis and treatment in a wide variety
of pathologic entities, including HCC. This manuscript
intends to summarize current knowledge regarding
miRNAs and their role in HCC development.
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Core tip: MicroRNAs are implicated in the control of
gene expression which enable them a relevant new
target for diagnosis, prognosis and treatment in a wide
variety of pathologic entities, including hepatocellular
carcinoma (HCC). This manuscript represents an attempt
to summarize current knowledge regarding miRNAs and
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their role in HCC development.

MIRNAS OVERVIEW AND ITS ROLE IN
CANCER DEVELOPMENT

Lyra-González I, Flores-Fong LE, González-García I, MedinaPreciado D, Armendáriz-Borunda J. MicroRNAs dysregulation in
hepatocellular carcinoma: Insights in genomic medicine. World
J Hepatol 2015; 7(11): 1530-1540 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i11/1530.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i11.1530

MicroRNAs (miRNAs) are defined as non-coding singlestranded RNAs (ssRNAs) of 19-25 nucleotides in length
that are generated from endogenous hairpin-shaped
[24]
[25]
transcripts . MiRNAs were first reported by Lee et al ,
who described a small noncoding RNA encoded by the
lin-4 locus associated to the developmental timing of the
nematode Caenorhabditis elegans. Since that moment,
thousands of miRNAs have been identified in a wide
variety of organisms, including mammals and specifically
humans. Actually, we know that about 3% of human
genes encode miRNAs and more than 1500 miRNA
genes have been predicted or experimentally shown to
[26-28]
play critical roles in normal cellular functions
.
Up to date, miRNAs have demonstrated an interes
ting potential to regulate gene expression at posttranscriptional level, binding through partial comple
mentarity to target mRNAs, and mainly leading to
[29]
mRNA degradation or translation inhibition . Imperfect
base pairing between miRNAs and mRNAs is common
and enables miRNAs to regulate a broad, but specific
[30]
set of genes .
The first evidence of the involvement of miRNAs
in human cancer was reported in chronic lymphocytic
[31]
leukemia (CLL) patients in 2002, when Calin et al
showed miR-16-1 and miR-15a deletion in chromosome
13q14 in more than 59% of CLL patients. Recently,
miRNAs alterations have been described in different
types of cancer, including CLL, acute promyelocytic
leukemia, acute myeloid leukemia, multiple myeloma,
monoclonal gammopathy of undetermined significance,
non-Hodgkin lymphoma, breast cancer, esophageal
cancer, gastric cancer, clear-cell kidney cancer, cervical
[23]
cancer, and others .
Current findings suggest that miRNAs deregulation
in cancer is caused by genetic and/or epigenetic,
transcriptional, and post-transcriptional modifications
resulting in abnormal expression and hallmarks of
malignant transformation: aberrant cell growth, cell
death, differentiation, angiogenesis, invasion and meta
[32,33]
stasis
. This knowledge has established miRNAs
as potential diagnostic biomarkers or even as new
therapeutic targets in the fight against cancer.
The difficulty of miRNA target prediction and
biological validation has been a major obstacle to
miRNA research. Experimental identification of miRNAs
is difficult to isolate by cloning due to low expression,
low stability, tissue specificity and problems in cloning
[34]
procedures .

INTRODUCTION
Hepatocellular carcinoma (HCC) is the leading primary
liver cancer and represents the fifth most common
cause of cancer in men, the seventh in women, and
is considered the third most frequent cause of cancer[1]
related death worldwide . Almost 85% of new cases
occur in developing countries, with highest incidence in
areas located in sub-Saharan Africa, east and southeast
Asia but also Melanesia and Micronesia/Polynesia;
whereas low-incidence areas include northern and
[1,2]
Western Europe and North America . Nonetheless,
clinical outcome of HCC is still poor, which can be
attributed to lack of reliable markers for early diagnosis,
resistance to treatment, tumor recurrence, and
metastasis. Recent evidence suggests a rising incidence
of HCC-related deaths in the United States, and during
the last two decades, the incidence of HCC in this
country has tripled with no difference in 5-year survival
[3,4]
rate (12%) .
HCC develops within an established background
of chronic liver disease like cirrhosis due to hepatitis B
virus (HBV) and/or HCV, non-alcoholic steatohepatitis,
autoimmune hepatitis, iron overload syndromes, diabetes,
alcohol abuse, smoking, oral contraceptive use and
[5-8]
aflatoxin exposure .
HCC is believed to be a multistep process, though
despite an increasing knowledge of molecular mech
anisms inducing hepatocarcinogenesis, poor prognosis
of HCC patients reflects the failure to block and reverse
[9,10]
the steps of molecular transformation
.
Up to now, alpha-fetoprotein (AFP) along with ultra
sounds every 6-12 mo remains as the most commonly
used approach to monitoring patients at high risk for
[6,11]
HCC
. Unfortunately the use of both diagnostic tools
not only fails to increase detection rates, but also raises
[12]
false positive uncertainties .
Recent studies have demonstrated evidence that
anomalous expression of specific miRNAs are implicated
in a broad spectrum of human ailments, including
[13-15]
[16-18]
rheumatic diseases
, diabetes/insulin resistance
,
[19-21]
[22]
cardiovascular disease
, renal disease and a wide
[23]
variety of cancers .
Last but not least, the aim of this review is to provide
an update in the field of miRNAs and their application in
different aspects of HCC.
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MIRNAS IN HCC
As discussed before, miRNAs have important functions
in cancer development because of their relevant role in
regulation of cell proliferation, avoidance of apoptosis
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(cell perpetuation) and metastasis.
Recently, the identification of up and/or down
regulated miRNAs related to HCC has led to the dis
covery of new potential application for detection of their
presence in the affected organism. Up to now, every
week appears new evidence of miRNAs with potential
effect on carcinogenesis; therefore, in this review we
expose the most relevant findings on the field of miRNAs
in HCC. To provide an easy comprehension of the data,
we have classified our findings based in the up or down
regulation status of the most relevant minas implicated
[35]
in HCC development .

is a direct and functional target for miR-151, which
once suppresses RhoGDIA expression activate Rac1,
Cdc42 and Rho GTPases, and this inhibitory effect may
work synergistically with FAK signaling to promote cell
motility and invasion. This situation indicates that it may
be a general mechanism for the metastasis of human
cancer cells.
Upregulation of miR-191 after hepatocyte injury
has been linked with extensive changes in gene ex
pression. The most affected pathways are transforming
growth factor beta (TGF-β) and mitogen-activated
protein kinases (MAPK) which play a significant role in
hepatocarcinogenesis. TGF-β pathway regulates cell
proliferation, differentiation, and adhesion. While MEPK
signaling pathway is also involved in diverse cellular
processes such as cell survival, differentiation, and
[41]
proliferation .
Overexpression of miR-221 is present in almost 71%
of HCC and plays an important role in HCC development
due to its ability to modulate the expression of the
oncogenic proteins c-kit and cyclin-dependent kinase
inhibitors CDKN1B/p27 and CDKN1C/p57, promoting
cancer cell proliferation. Dysregulation of CDKN1B/
p27 exhibits a relevant prognostic significance, being
associated with advanced tumor staged, poor survival
and recurrence of small HCC. Whereas CDKN1C/p57,
has been linked with higher biological aggressiveness,
advanced stage, poor differentiation, larger size,
[42]
portal invasion and high proliferative activity . Other
studies showed that miR-221 dysregulation alters G1/S
transition inhibitors, where p27 and p21 proteins are
frequently down-regulated in HCC, while TGF-β proteins
were frequently up-regulated. These alterations lead
in loss of control of the transition G1/S in HCC cells,
which result in cellular proliferation and metastasis
[43]
improvement . Furthermore, new evidence suggests a
[44]
wider role of miRNA in HCC , and recently Gramantieri
[45]
et al , described how throughout a pro-apoptotic
molecule called Bmf, miR-221 can simultaneously affect
proliferation and apoptosis. Bmf is involved in the balance
of pro-apoptotic and anti-apoptotic stimuli in Bcl-2/BclxL-induced apoptosis and also seems to follow TGF-β up[45]
regulation .
MiR-224 over-expression found in HCC tissues
suggests its key role in the malignant phenotype of
hepatocarcinoma cells. Recent findings affirmed that
miR-224 can modulate cell proliferation and has an
important role in cell migration and invasion. Alteration
of molecules PAK4 and MMP-9 are considered as the
misbalance responsible of the carcinogenic role of
[46]
miR-224 .
MiR-183 in the liver acts as negative regulator of
programmed cell death 4 (PDCD4) molecule acting at
posttranscriptional level which has been found to inhibit
activator protein-1 (AP-1) mediated trans-activation
and to induce expression of the cyclin-dependent kinase
inhibitor p21. MiR-183 up-regulation and subsequent loss
of PDCD4 improves cell growing and thereby facilitates
[47]
cancer development . PDCD4 down-regulation was

Up-regulated miRNAs in HCC

The role of several miRNAs has been studied in other
malignances, this is the case of miR-181a which is
associated with malignancies such as chronic lymphocytic
[36]
leukemia and acute myelogenous leukemia , and
has been linked to improved survival and decrease
recurrence in gliomas, where it seems to be an inhibitor
of oncogenesis and tumor growth with importance in
+
the development of epithelial cell adhesion molecule /
+
AFP HCC associated with increased metastases and
[37]
poor survival. Bhattacharya et al analyzed the role of
osteopontin (OPN) in HCC, and their findings suggested
that OPN confer a prometastatic phenotype to cancer
cell lines. Recent findings have described that miR-181
are up-regulated in hepatic stem cell populations and
HCC cells with progenitor cell features, implying that
miR-181 functions in maintaining an undifferentiated
state of hepatic progenitor cells. In this regard, evidence
suggests that miR-181 may activate hepatic progenitor
cells and HCCs through two cellular signaling pathways:
(1) blockage of HCC cell differentiation through inhibition
of GATA6 or CDX2, two transcriptional activators
regulating hepatocyte differentiation; and (2) activation
of Wnt/β-catenin pathway by down-regulating NLK, a
[38]
Wnt/β-catenin signaling inhibitor .
MiR-21 overexpression is found in HCC cells and has
been linked to inhibition of apoptosis and promotion
[39]
of cell proliferation. Connolly et al , studied the role
of miR-21 in cell invasion and migration, and found
that overexpression of this miRNA increases matrix
metalloproteinase-9 (MMP-9) activity in multiple cell
lines. These findings described the role of MMP-9
expression with invasive and/or metastasic phenotypes
of tumors. Other mechanism of metastases identified
the role of tumor suppressor RECK, in conjunction with
RHOB, in regulating the in vitro metastatic properties,
[39]
being associated with poor prognosis .
MiR-151 is localized within intron 22 of focal
adhesion kinase (FAK), which is often overexpressed in
human tumors and promotes cancer cell invasion and
[40]
metastasis. A study carried-out by Ding et al
found
that suppression of p53 can increase the expression
of both FAK and miR-151 simultaneously, suggesting
that p53 may be a potential transcriptional regulator
for FAK and miR-151 in liver cancer cells. Other
description made by this team revealed that RhoGDIA
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also with lower rates of recurrence-free survival and
lower overall survival due to increased expression of
[89]
CUX1, a direct target of miR-122 .
Decreased levels of miR-26 in HCC have been
associated with poor prognosis and are considered
predictive of therapeutic response to interferon-α.
Recent studies have reported that animals treated
systemically with miR26 presented tumor regression.
Recent studies elucidated the role of miR-26 in
hepatocyte proliferation confirming that E2 promotes
liver cancer cells growth via the E2-ERα pathway and
suggested that miR-26 significantly down-regulates
ERα preventing hepatoma cell growth, suggesting anti[90,91]
carcinogenic activities in women
. Also, miR-26
directly or indirectly regulates expression of a wide
variety of genes by down-regulating AFP, PCNA, PR,
CEA, nuclear factor-κB and interleukin-6 or increasing
[90-92]
P53 and PTEN
.
MiR-34a has been considered a direct transcriptional
target of p53 and is commonly reduced or deleted in
[93]
HCC and other cancers . To date, there are more than
34 proteins altered by miR-34a down-regulation, which
include LMNA, ALDH2, MACF1, LOC100129335, GFAP
and c-Met as targets of miR-34a with a crucial role in
[94]
hepatocarcinogenesis . Likewise, down-regulation of
miR-34 has shown to down-regulate CyclinD1-CDK6
complex, which is one of the critical positive regulators
during G1/S phase transition and a major checkpoint
for cell progression. These alterations proved that miR34a deregulation has the capacity to increase adhesion
of tumoral cells to regional lymph nodes improving
[95,96]
metastasis
.
Recently, it has been demonstrated that miR-29b
is capable of repressing tumor angiogenesis, invasion
and metastasis in normal subjects by suppressing
[97]
MMP-2. Data provided by Fang et al , suggest that
miR-29b deregulation result in enhanced MMP-2 level
in the tumor microenvironment, which in turn activates
vascular endothelial growth factor receptor-2 (VEGFR-2)
in endothelial cells promoting angiogenesis. Conclusions
[97]
provided by Fang et al , showed inhibitory effects
on invasion and metastasis and established MMP-2 as
a relevant protein implicated in tumoral growth and
metastasis.
MiR-145 forms a double negative feedback loop with
key stemness factors OCT4, SOX2, and KLF. And, at
the same time, OCT4 binds to the miR-145 promoter
and suppresses its expression. Down-regulation of
miR-145 in human embryonic stem cells impairs its
differentiation and enhances stem cell self-renewal,
these findings suggest an important role of miR-145
[98]
[99]
in carcinogenesis . A study published by Gao et al ,
studied the role of miR-145 in hepatocarcinogenesis
and they concluded that down-regulation of miR-145
favors cellular proliferation and migration, suggesting
that miR-145 acts as a negative regulator of HCC
development.
The analysis of miR-199 down-regulation showed
new specific targets like CD44, a member of trans

Table 1 Upregulated miRNAs in hepatocellular carcinoma
MiRNA
MiR-10a
MiR-130a
MiR-135a
MiR-143
MiR-155
MiR-18a
MiR-181b
MiR-182
MiR-183
MiR-21
MiR-210
MiR-216a
MiR-221
MiR-224
MiR-23a
MiR-373
MiR-301a
MiR-490-3p
MiR-519d
MiR-550a
MiR-590-5p
MiR-615-5p
MiR-657
MiR-96
MiR-222

Cellular process
Epithelial to mesenchymal transition and
metastasis
Drug resistance
Metastasis
Metastasis
Proliferation and tumorigenesis
Proliferation
Cell growth, tumorigenesis and metastasis
Metastasis
Apoptosis
Metastasis and drug resistance
Metastasis, apoptosis and proliferation
Tumorigenesis
Apoptosis, proliferation and angiogenesis
Metastasis, proliferation and apoptosis
Gluconeogenesis
Cell cycle
Metastasis
Epithelial to mesenchymal transition
Proliferation, invasion and apoptosis
Metastasis
Metastasis and proliferation
Cell growth and migration
Proliferation
Proliferation
Metastasis

Ref.
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[47]
[39,58,59]
[60,61]
[62]
[42,45,63,64]
[65-67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77,78]
[79]

MiRNAs: MicroRNAs.

previously recognized in human colorectal cancer and
[48,49]
melanoma
.
Other up-regulated miRNAs related to hepato
carcinogenesis are included in Table 1.

Down-regulated miRNAs in HCC

MiR-122 is highly abundant in liver, accounting for 70%
[80-82]
of total liver miRNA reported
. Previous reports
had shown its positive regulation of lipid metabolism
and disease, but recent knowledge has established an
important role of miR-122 in hepatocarcinoma/hepatoma,
acting as tumor suppressor gene frequently downregulated in HCC cell lines and correlated with clinical
parameters as etiology, tumor size and differentiation
grade. Recent findings suggest that miR-122 inhibits and
controls all characteristic properties of cancer cells such
as cell cycle, clonogenic survival, anchorage-independent
growth, migration, invasion, epithelial-mesenchymal
[83-85]
transition and mutagenesis
. The mechanisms of this
dysregulation are unknown, but studies have provided
genes and molecules implicated which include ADAM10,
Igf1R, SRF, peroxiredoxin 2, members of the septin
family like SEPT2 and SEPT9, vimentin, MMP-7, Aldoase
A, the muscle isoform of pyruvate kinase (PKM2), and
[83-87]
[88]
cyclin G1
. Coulouarn et al showed that repression
of miR-122 was characteristic of HCC displaying either
a hepatoblast, c-Met or late TGF-β signature; these
results showed that HCC cell lines exhibit a more invasive
phenotype once decreased miR-122 expression is
present. Other study correlated high AFP level with more
aggressive properties of HCC. These findings correlated
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DNMT1 is necessary and sufficient for maintaining
global methylation and aberrant CpG island methylation
in human cancer cells contributing to pathogenesis of
[104]
HCC .
Recently, an inverse correlation between miR-338
and smoothened (SMO) expression has been elucidated
[105]
by Huang et al , where miR-338 showed an important
role in suppressing HCC metastasis through downregulating SMO. MMP-9 expression is increased in HCC,
correlates with metastasis and advanced tumor stages,
and this study has demonstrated that SMO siRNA can
abolish MMP-9 expression. These results indicate that
miR-338 suppresses the invasiveness of liver cancer
through down-regulation of SMO-induced MMP-9
[105]
expression .
MiR-101 has been shown to be down-regulated in
different tumors like breast, lung and pituitary adenoma,
[106]
but Li et al
have demonstrated that its underexpression also has an important role in cell invasion and
migration in HCC. This oncogenic activity is attributed to
FBJ murine osteosarcoma (FOS), which in normal tissues
is negatively regulated by miR-101 at posttranscriptional
level via a specific target site within the 3’-UTR. Downregulation of miR-101 may contribute to the high
expression level of FOS protein, which activates the AP-1
family of transcription factors (c-fos and c-jun). Both, c-fos
and c-jun can induce epithelial-mesenchymal transition,
a hallmark of metastasis and invasive growth associated
with loss of cell polarity in epithelial cells. Therefore,
[106]
according with Li et al
regulation of miR-101 could be
a potentially suitable candidate for anticancer therapy.
Additional down-regulated miRNAs are included in
Table 2.

Table 2 Downregulated microRNAs in hepatocellular carcinoma
MiRNA

Cellular process

Let-7a
Let-7b
Let-7c
Let-7d
Let-7f-1
Let-7g
MiR-1
MiR-34a
MiR-101
MiR-122
MiR-124
MiR-125a
MiR-125b

Apoptosis and proliferation
Apoptosis and proliferation
Apoptosis, proliferation and cell growth
Apoptosis and proliferation
Apoptosis and proliferation
Apoptosis and metastasis
Proliferation
Metastasis
Apoptosis and DNA methylation
Apoptosis, metastasis and angiogenesis
Proliferation
Proliferation, metastasis and metabolism
Proliferation, metastasis, angiogenesis,
apoptosis and histone modification
MiR-139
Metastasis
MiR-138
Cell cycle
MiR-145
Cell growth and tumorigenesis
MiR-195
Tumorigenesis, cell cycle and apoptosis
MiR-199a-3p Drug resistance and cell growth
MiR-199a-5p Invasion and autophagy
MiR-200a
Proliferation and metastasis
MiR-203
Proliferation
MiR-214
Cell growth, metastasis and angiogenesis
MiR-219-5p Proliferation
MiR-223
Proliferation
MiR-26a/b Cell cycle
MiR-29a
Proliferation
MiR-34a
Metastasis
MiR-375
Autophagy
MiR-376a
Apoptosis and proliferation
MiR-449
Proliferation and apoptosis
MiR-450a
Proliferation
MiR-520b
Cell growth and proliferation
MiR-7
Tumorigenesis and metastasis

Ref.
[107,108]
[109]
[110-112]
[107]
[107]
[113-115]
[116]
[96]
[110,117,118]
[119-122]
[123]
[124-126]
[110,125-127]
[128,129]
[130]
[131]
[132,133]
[101,134]
[135]
[136]
[137]
[138,139]
[140]
[141]
[142]
[143]
[96,144]
[145]
[146]
[147]
[148]
[149]
[150]

MiRNAs: MicroRNAs.

membrane glycoproteins which acts mainly as receptor
of hyaluronic acid, being involved in cell-cell interactions,
cell adhesion and migration. Studies have demon
strated that inhibition of CD44 enhances apoptosis and
improves chemosensitivity, diminishes tumorigenesis and
[100]
invasion . Interestingly, miR-199 also plays a relevant
role in regulation of mammalian target of rapamycin
(mTOR) which stands a key role in cell growth, protein
translation, metabolism, cell invasion and apoptosis; and
c-Met, a proto-oncogene involved in a biological “invasive
growth” that result from stimulation of cell motility,
[101,102]
invasion, and protection from apoptosis
.
Up-regulation of MKi67 is considered an important
risk factor for pathologies in breast, prostate and others
[103]
cancers like meningiomas, but Hou et al
found
that higher levels in human HCC cells contribute to
malignant phenotype. This study recently published
showed that in normal situations, miR-519 suppresses
cellular growth by MKi67 due to direct binding of the
miRNA to an identified target site in the MKi67 3’-UTR
where mutation of this region abolishes this effect.
MiR-152 down-regulation was described as a cause
of aberrant DNA methylation by targeting DNMT1, and
is inversely correlated with DNMT1 expression in HCC.
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DISCUSSION
Thus far, more than 800 human miRNAs have been
described and speculations about the total number of
[106]
human miRNAs have exceeded 1000
. In human
cancer, every type of tumor shows a miRNA profile
significantly different compared with normal cells from
the same tissue.
Single nucleotide polymorphisms in miRs and their
targets have been associated with risk of various cancers
because changes in the expression pattern of a gene
could therefore influence a person’s risk of illness.
Noteworthy, miRs are considered promising prognostic
markers of HCC. Some studies have shown that miRs are
protected from enzymatic cleavage by RNAses in blood,
and therefore their expression profile in serum or plasma
could also be utilized as novel diagnostic and prognostic
[151,152]
markers
.
Taking into account all this great deal of data, miRNAs
issue is one of the most complex topics in oncology
due to its wide range of actions as either oncogenes or
tumor-suppressors genes in HCC. These facts have led
investigators to device two approaches for developing
[30]
miRNA-based therapies: antagonists and/or mimics .
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The important role of miRNAs as players in the
development and progression of HCC has increased
the efforts to understand and develop mechanisms
of control overt this ssRNAs. In the last years, several
studies have been designed to analyze tumoral response
to the regulation and control of deregulated miRNAs
with good results in vitro and in vivo, proving that
targeting aberrant expression of miRNAs is a powerful
[9]
anticancer therapeutic . Recent data showed that
tumor suppressive miRs expressed in normal liver are
down-regulated in tumor tissues during tumorigenesis
and metastasis. Hence, a potentially plausible strategy
would be to replenish those miRs systemically in HCC
patients (miR-181, miR-29, miR-221, miR-122, miR-29,
miR-199, etc.) to restore altered pathways balance,
and stimulate and/or increase cellular mechanisms
to regulate cell proliferation, cell cycle regulation, cell
[35]
migration and invasion and apoptosis .
One of the biggest challenges to translate this
knowledge to humans resides that every miRNA may
[78]
target several mRNAs . This situation empowers
selective delivery a crucial issue, which calls for alter
nate targeted delivery strategy more refined and
accurate. The use of viral vectors represents a promising
[5]
approach .
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CONCLUSION
MiRNAs are implicated in the control of gene expression
which enable them a relevant new target for diagnosis,
prognosis and treatment in a wide variety of pathologic
entities, including HCC. This manuscript represents an
attempt to summarize current knowledge regarding
miRNAs and their role in HCC development.
We believe that miRNA is one of the most promising
and challenging opportunities to classify and attack
cancer. However, translation of knowledge from
experimental models to humans remains as a critical
point due to the wide and different range of effects
caused by each miRNA from cell to cell. Thus, cell-specific
delivery most be improved to increase tumoral-specificity
and then be considered as a potential therapy in human
cancer.

14

15
16
17
18
19
20

REFERENCES
1

2
3
4

5

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN
2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269 DOI:
10.1002/ijc.25516]
Wong CM, Ng IO. Molecular pathogenesis of hepatocellular
carcinoma. Liver Int 2008; 28: 160-174 [PMID: 18069974 DOI:
10.1111/j.1478-3231.2007.01637.x]
El-Serag HB. Hepatocellular carcinoma. N Engl J Med 2011; 365:
1118-1127 [PMID: 21992124 DOI: 10.1056/NEJMra1001683]
Hamed O, Kimchi ET, Sehmbey M, Gusani NJ, Kaifi JT,
Staveley-O’Carroll K. Impact of genetic targets on cancer therapy:
hepatocellular cancer. Adv Exp Med Biol 2013; 779: 67-90 [PMID:
23288636 DOI: 10.1007/978-1-4614-6176-0_4]
Lyra-González I, Flores-Fong LE, González-García I, MedinaPreciado D, Armendariz-Borunda J. Adenoviral gene therapy in
hepatocellular carcinoma: a review. Hepatol Int 2013; 7: 48-58

WJH|www.wjgnet.com

21

22
23
24
25

1535

[DOI: 10.1007/s12072-012-9367-2]
Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet
2012; 379: 1245-1255 [PMID: 22353262 DOI: 10.1016/S0140-67
36(11)61347-0]
Cabibbo G, Maida M, Genco C, Antonucci M, Cammà C. Causes
of and prevention strategies for hepatocellular carcinoma. Semin
Oncol 2012; 39: 374-383 [PMID: 22846856 DOI: 10.1053/j.
seminoncol.2012.05.00]
Sanyal AJ, Yoon SK, Lencioni R. The etiology of hepatocellular
carcinoma and consequences for treatment. Oncologist 2010; 15
Suppl 4: 14-22 [PMID: 21115577 DOI: 10.1634/theoncologist.201
0-S4-14]
Braconi C, Henry JC, Kogure T, Schmittgen T, Patel T. The role
of microRNAs in human liver cancers. Semin Oncol 2011; 38:
752-763 [PMID: 22082761 DOI: 10.1053/j.seminoncol.2011.08.00
1]
Tanaka S, Arii S. Molecular targeted therapies in hepatocellular
carcinoma. Semin Oncol 2012; 39: 486-492 [PMID: 22846865
DOI: 10.1053/j.seminoncol.2012.05.005]
Ray K. Liver cancer: The promise of new approaches in the
management of hepatocellular carcinoma--adding to the toolbox?
Nat Rev Gastroenterol Hepatol 2013; 10: 195 [PMID: 23528346
DOI: 10.1038/nrgastro.2013.52]
Trinchet JC, Chaffaut C, Bourcier V, Degos F, Henrion J, Fontaine
H, Roulot D, Mallat A, Hillaire S, Cales P, Ollivier I, Vinel JP,
Mathurin P, Bronowicki JP, Vilgrain V, N’Kontchou G, Beaugrand
M, Chevret S. Ultrasonographic surveillance of hepatocellular
carcinoma in cirrhosis: a randomized trial comparing 3- and
6-month periodicities. Hepatology 2011; 54: 1987-1997 [PMID:
22144108 DOI: 10.1002/hep.24545]
Alevizos I, Illei GG. MicroRNAs as biomarkers in rheumatic
diseases. Nat Rev Rheumatol 2010; 6: 391-398 [PMID: 20517293
DOI: 10.1038/nrrheum.2010.81]
Filková M, Jüngel A, Gay RE, Gay S. MicroRNAs in rheumatoid
arthritis: potential role in diagnosis and therapy. BioDrugs 2012;
26: 131-141 [PMID: 22494429 DOI: 10.2165/11631480-00000000
0-00000]
Ceribelli A, Yao B, Dominguez-Gutierrez PR, Nahid MA, Satoh
M, Chan EK. MicroRNAs in systemic rheumatic diseases. Arthritis
Res Ther 2011; 13: 229 [PMID: 21787439 DOI: 10.1186/ar3377]
Dehwah MA, Xu A, Huang Q. MicroRNAs and type 2 diabetes/
obesity. J Genet Genomics 2012; 39: 11-18 [PMID: 22293113
DOI: 10.1016/j.jgg.2011.11.007]
Williams MD, Mitchell GM. MicroRNAs in insulin resistance and
obesity. Exp Diabetes Res 2012; 2012: 484696 [PMID: 22851965
DOI: 10.1155/2012/484696]
Natarajan R, Putta S, Kato M. MicroRNAs and diabetic com
plications. J Cardiovasc Transl Res 2012; 5: 413-422 [PMID:
22552970 DOI: 10.1007/s12265-012-9368-5]
Check JH. Serum CA 125 levels in early pregnancy and
subsequent spontaneous abortion. Obstet Gynecol 1990; 76:
894-895 [PMID: 2216246 DOI: 10.1002/emmm.201100191]
van Rooij E, Olson EN. MicroRNA therapeutics for cardiovascular
disease: opportunities and obstacles. Nat Rev Drug Discov 2012;
11: 860-872 [PMID: 23080337 DOI: 10.1038/nrd3864]
Papageorgiou N, Tousoulis D, Androulakis E, Siasos G,
Briasoulis A, Vogiatzi G, Kampoli AM, Tsiamis E, Tentolouris C,
Stefanadis C. The role of microRNAs in cardiovascular disease.
Curr Med Chem 2012; 19: 2605-2610 [PMID: 22489721 DOI:
10.2174/092986712800493048#sthash.Wq5In2BK.dpuf]
Ho J, Kreidberg JA. The long and short of microRNAs in the
kidney. J Am Soc Nephrol 2012; 23: 400-404 [PMID: 22302196
DOI: 10.1681/ASN.2011080797]
Di Leva G, Croce CM. Roles of small RNAs in tumor formation.
Trends Mol Med 2010; 16: 257-267 [PMID: 20493775 DOI:
10.1016/j.molmed.2010.04.001]
Kim VN. MicroRNA biogenesis: coordinated cropping and dicing.
Nat Rev Mol Cell Biol 2005; 6: 376-385 [PMID: 15852042 DOI:
10.1038/nrm1644]
Lee RC, Feinbaum RL, Ambros V. The C. elegans heterochronic

June 18, 2015|Volume 7|Issue 11|

Lyra-González I et al . MiRNAs in hepatocellular carcinoma

26
27

28

29

30
31

32
33
34

35
36

37

38

39

40

41

gene lin-4 encodes small RNAs with antisense complementarity to
lin-14. Cell 1993; 75: 843-854 [PMID: 8252621 DOI: 10.1016/009
2-8674(93)90529-Y]
Sassen S, Miska EA, Caldas C. MicroRNA: implications for
cancer. Virchows Arch 2008; 452: 1-10 [PMID: 18040713 DOI:
10.1007/s00428-007-0532-2]
Xiao ZD, Diao LT, Yang JH, Xu H, Huang MB, Deng YJ, Zhou H,
Qu LH. Deciphering the transcriptional regulation of microRNA
genes in humans with ACTLocater. Nucleic Acids Res 2013; 41: e5
[PMID: 22941648 DOI: 10.1093/nar/gks821]
Holland B, Wong J, Li M, Rasheed S. Identification of human
microRNA-like sequences embedded within the protein-encoding
genes of the human immunodeficiency virus. PLoS One 2013; 8:
e58586 [PMID: 23520522 DOI: 10.1371/journal.pone.0058586]
Iorio MV, Croce CM. MicroRNA dysregulation in cancer:
diagnostics, monitoring and therapeutics. A comprehensive review.
EMBO Mol Med 2012; 4: 143-159 [PMID: 22351564 DOI:
10.1002/emmm.201100209]
Bader AG, Brown D, Stoudemire J, Lammers P. Developing
therapeutic microRNAs for cancer. Gene Ther 2011; 18: 1121-1126
[PMID: 21633392 DOI: 10.1038/gt.2011.79]
Calin GA, Dumitru CD, Shimizu M, Bichi R, Zupo S, Noch
E, Aldler H, Rattan S, Keating M, Rai K, Rassenti L, Kipps T,
Negrini M, Bullrich F, Croce CM. Frequent deletions and downregulation of micro- RNA genes miR15 and miR16 at 13q14 in
chronic lymphocytic leukemia. Proc Natl Acad Sci USA 2002; 99:
15524-15529 [PMID: 12434020 DOI: 10.1073/pnas.242606799]
Benetatos L, Vartholomatos G. Deregulated microRNAs in
multiple myeloma. Cancer 2012; 118: 878-887 [PMID: 21837684
DOI: 10.1002/cncr.26297]
Hanahan D, Weinberg RA. The hallmarks of cancer. Cell 2000;
100: 57-70 [PMID: 10647931 DOI: 10.1016/S0092-8674(00)8168
3-9]
ElHefnawi M, Soliman B, Abu-Shahba N, Amer M. An integrative
meta-analysis of microRNAs in hepatocellular carcinoma.
Genomics Proteomics Bioinformatics 2013; 11: 354-367 [PMID:
24287119 DOI: 10.1016/j.gpb.2013.05.007]
Khare S, Zhang Q, Ibdah JA. Epigenetics of hepatocellular
carcinoma: role of microRNA. World J Gastroenterol 2013; 19:
5439-5445 [PMID: 24023486 DOI: 10.3748/wjg.v19.i33.5439]
Marcucci G, Radmacher MD, Maharry K, Mrózek K, Ruppert AS,
Paschka P, Vukosavljevic T, Whitman SP, Baldus CD, Langer C,
Liu CG, Carroll AJ, Powell BL, Garzon R, Croce CM, Kolitz JE,
Caligiuri MA, Larson RA, Bloomfield CD. MicroRNA expression
in cytogenetically normal acute myeloid leukemia. N Engl J
Med 2008; 358: 1919-1928 [PMID: 18450603 DOI: 10.1056/
NEJMoa074256]
Bhattacharya SD, Garrison J, Guo H, Mi Z, Markovic J, Kim
VM, Kuo PC. Micro-RNA-181a regulates osteopontin-dependent
metastatic function in hepatocellular cancer cell lines. Surgery 2010;
148: 291-297 [PMID: 20576283 DOI: 10.1016/j.surg.2010.05.007]
Ji J, Yamashita T, Budhu A, Forgues M, Jia HL, Li C, Deng C,
Wauthier E, Reid LM, Ye QH, Qin LX, Yang W, Wang HY, Tang
ZY, Croce CM, Wang XW. Identification of microRNA-181 by
genome-wide screening as a critical player in EpCAM-positive
hepatic cancer stem cells. Hepatology 2009; 50: 472-480 [PMID:
19585654 DOI: 10.1002/hep.22989]
Connolly EC, Van Doorslaer K, Rogler LE, Rogler CE.
Overexpression of miR-21 promotes an in vitro metastatic
phenotype by targeting the tumor suppressor RHOB. Mol Cancer
Res 2010; 8: 691-700 [PMID: 20460403 DOI: 10.1158/1541-7786.
MCR-09-0465]
Ding J, Huang S, Wu S, Zhao Y, Liang L, Yan M, Ge C, Yao J,
Chen T, Wan D, Wang H, Gu J, Yao M, Li J, Tu H, He X. Gain of
miR-151 on chromosome 8q24.3 facilitates tumour cell migration
and spreading through downregulating RhoGDIA. Nat Cell Biol
2010; 12: 390-399 [PMID: 20305651 DOI: 10.1038/ncb2039]
Elyakim E, Sitbon E, Faerman A, Tabak S, Montia E, Belanis
L, Dov A, Marcusson EG, Bennett CF, Chajut A, Cohen D,
Yerushalmi N. hsa-miR-191 is a candidate oncogene target for

WJH|www.wjgnet.com

42

43

44

45

46

47

48

49

50

51

52

53

54

55

1536

hepatocellular carcinoma therapy. Cancer Res 2010; 70: 8077-8087
[PMID: 20924108 DOI: 10.1158/0008-5472.CAN-10-1313]
Fornari F, Gramantieri L, Ferracin M, Veronese A, Sabbioni
S, Calin GA, Grazi GL, Giovannini C, Croce CM, Bolondi L,
Negrini M. MiR-221 controls CDKN1C/p57 and CDKN1B/p27
expression in human hepatocellular carcinoma. Oncogene 2008;
27: 5651-5661 [PMID: 18521080 DOI: 10.1038/onc.2008]
Fu X, Wang Q, Chen J, Huang X, Chen X, Cao L, Tan H, Li W,
Zhang L, Bi J, Su Q, Chen L. Clinical significance of miR-221 and
its inverse correlation with p27Kip¹ in hepatocellular carcinoma.
Mol Biol Rep 2011; 38: 3029-3035 [PMID: 20146005 DOI:
10.1007/s11033-010-9969-5]
Li J, Wang Y, Yu W, Chen J, Luo J. Expression of serum miR-221
in human hepatocellular carcinoma and its prognostic significance.
Biochem Biophys Res Commun 2011; 406: 70-73 [PMID:
21295551 DOI: 10.1016/j.bbrc.2011.01.111]
Gramantieri L, Fornari F, Ferracin M, Veronese A, Sabbioni S, Calin
GA, Grazi GL, Croce CM, Bolondi L, Negrini M. MicroRNA-221
targets Bmf in hepatocellular carcinoma and correlates with tumor
multifocality. Clin Cancer Res 2009; 15: 5073-5081 [PMID:
19671867 DOI: 10.1158/1078-0432.CCR-09-0092]
Li Q, Wang G, Shan JL, Yang ZX, Wang HZ, Feng J, Zhen JJ,
Chen C, Zhang ZM, Xu W, Luo XZ, Wang D. MicroRNA-224
is upregulated in HepG2 cells and involved in cellular migration
and invasion. J Gastroenterol Hepatol 2010; 25: 164-171 [PMID:
19793168 DOI: 10.1111/j.1440-1746.2009.05971]
Li J, Fu H, Xu C, Tie Y, Xing R, Zhu J, Qin Y, Sun Z, Zheng X.
miR-183 inhibits TGF-beta1-induced apoptosis by downregulation
of PDCD4 expression in human hepatocellular carcinoma cells.
BMC Cancer 2010; 10: 354 [PMID: 20602797 DOI: 10.1186/1471
-2407-10-354]
Motoyama K, Inoue H, Takatsuno Y, Tanaka F, Mimori K, Uetake
H, Sugihara K, Mori M. Over- and under-expressed microRNAs in
human colorectal cancer. Int J Oncol 2009; 34: 1069-1075 [PMID:
19287964 DOI: 10.3892/ijo_00000233]
Lin WM, Baker AC, Beroukhim R, Winckler W, Feng W, Marmion
JM, Laine E, Greulich H, Tseng H, Gates C, Hodi FS, Dranoff G,
Sellers WR, Thomas RK, Meyerson M, Golub TR, Dummer R,
Herlyn M, Getz G, Garraway LA. Modeling genomic diversity
and tumor dependency in malignant melanoma. Cancer Res
2008; 68: 664-673 [PMID: 18245465 DOI: 10.1158/0008-5472.
CAN-07-2615]
Yan Y, Luo YC, Wan HY, Wang J, Zhang PP, Liu M, Li X, Li S,
Tang H. MicroRNA-10a is involved in the metastatic process by
regulating Eph tyrosine kinase receptor A4-mediated epithelialmesenchymal transition and adhesion in hepatoma cells.
Hepatology 2013; 57: 667-677 [PMID: 22996586 DOI: 10.1002/
hep.26071]
Xu N, Shen C, Luo Y, Xia L, Xue F, Xia Q, Zhang J. Upregulated
miR-130a increases drug resistance by regulating RUNX3 and
Wnt signaling in cisplatin-treated HCC cell. Biochem Biophys Res
Commun 2012; 425: 468-472 [PMID: 22846564 DOI: 10.1016/
j.bbrc.2012.07.127]
Liu S, Guo W, Shi J, Li N, Yu X, Xue J, Fu X, Chu K, Lu C, Zhao
J, Xie D, Wu M, Cheng S, Liu S. MicroRNA-135a contributes
to the development of portal vein tumor thrombus by promoting
metastasis in hepatocellular carcinoma. J Hepatol 2012; 56:
389-396 [PMID: 21888875 DOI: 10.1016/j.jhep.2011.08.008]
Zhang X, Liu S, Hu T, Liu S, He Y, Sun S. Up-regulated
microRNA-143 transcribed by nuclear factor kappa B enhances
hepatocarcinoma metastasis by repressing fibronectin expression.
Hepatology 2009; 50: 490-499 [PMID: 19472311 DOI: 10.1002/
hep.23008]
Zhang Y, Wei W, Cheng N, Wang K, Li B, Jiang X, Sun S.
Hepatitis C virus-induced up-regulation of microRNA-155
promotes hepatocarcinogenesis by activating Wnt signaling.
Hepatology 2012; 56: 1631-1640 [PMID: 22610915 DOI: 10.1002/
hep.25849]
Liu WH, Yeh SH, Lu CC, Yu SL, Chen HY, Lin CY, Chen
DS, Chen PJ. MicroRNA-18a prevents estrogen receptor-alpha

June 18, 2015|Volume 7|Issue 11|

Lyra-González I et al . MiRNAs in hepatocellular carcinoma

56

57

58

59

60

61

62

63

64

65

66

67

68

69

expression, promoting proliferation of hepatocellular carcinoma
cells. Gastroenterology 2009; 136: 683-693 [PMID: 19027010
DOI: 10.1053/j.gastro.2008.10.029]
Wang B, Hsu SH, Majumder S, Kutay H, Huang W, Jacob ST,
Ghoshal K. TGFbeta-mediated upregulation of hepatic miR181b promotes hepatocarcinogenesis by targeting TIMP3.
Oncogene 2010; 29: 1787-1797 [PMID: 20023698 DOI: 10.1038/
onc.2009.468]
Wang J, Li J, Shen J, Wang C, Yang L, Zhang X. MicroRNA-182
downregulates metastasis suppressor 1 and contributes to
metastasis of hepatocellular carcinoma. BMC Cancer 2012; 12:
227 [PMID: 22681717 DOI: 10.1186/1471-2407-12-227]
Meng F, Henson R, Wehbe-Janek H, Ghoshal K, Jacob ST, Patel T.
MicroRNA-21 regulates expression of the PTEN tumor suppressor
gene in human hepatocellular cancer. Gastroenterology 2007; 133:
647-658 [PMID: 17681183 DOI: 10.1053/j.gastro.2007.05.022]
Tomimaru Y, Eguchi H, Nagano H, Wada H, Tomokuni A,
Kobayashi S, Marubashi S, Takeda Y, Tanemura M, Umeshita K,
Doki Y, Mori M. MicroRNA-21 induces resistance to the antitumour effect of interferon-α/5-fluorouracil in hepatocellular
carcinoma cells. Br J Cancer 2010; 103: 1617-1626 [PMID:
20978511 DOI: 10.1038/sj.bjc.6605958]
Ying Q, Liang L, Guo W, Zha R, Tian Q, Huang S, Yao J,
Ding J, Bao M, Ge C, Yao M, Li J, He X. Hypoxia-inducible
microRNA-210 augments the metastatic potential of tumor cells by
targeting vacuole membrane protein 1 in hepatocellular carcinoma.
Hepatology 2011; 54: 2064-2075 [PMID: 22144109 DOI: 10.1002/
hep.24614]
Yang W, Sun T, Cao J, Liu F, Tian Y, Zhu W. Downregulation of
miR-210 expression inhibits proliferation, induces apoptosis and
enhances radiosensitivity in hypoxic human hepatoma cells in
vitro. Exp Cell Res 2012; 318: 944-954 [PMID: 22387901 DOI:
10.1016/j.yexcr.2012.02.010]
Chen PJ, Yeh SH, Liu WH, Lin CC, Huang HC, Chen CL, Chen
DS, Chen PJ. Androgen pathway stimulates microRNA-216a
transcription to suppress the tumor suppressor in lung cancer-1
gene in early hepatocarcinogenesis. Hepatology 2012; 56: 632-643
[PMID: 22392644 DOI: 10.1002/hep.25695]
Santhekadur PK, Das SK, Gredler R, Chen D, Srivastava J,
Robertson C, Baldwin AS, Fisher PB, Sarkar D. Multifunction
protein staphylococcal nuclease domain containing 1 (SND1)
promotes tumor angiogenesis in human hepatocellular carcinoma
through novel pathway that involves nuclear factor κB and
miR-221. J Biol Chem 2012; 287: 13952-13958 [PMID: 22396537
DOI: 10.1074/jbc.M111.321646]
Pineau P, Volinia S, McJunkin K, Marchio A, Battiston C, Terris
B, Mazzaferro V, Lowe SW, Croce CM, Dejean A. miR-221
overexpression contributes to liver tumorigenesis. Proc Natl Acad
Sci USA 2010; 107: 264-269 [PMID: 20018759 DOI: 10.1073/
pnas.0907904107]
Zhang Y, Takahashi S, Tasaka A, Yoshima T, Ochi H, Chayama
K. Involvement of microRNA-224 in cell proliferation, migration,
invasion, and anti-apoptosis in hepatocellular carcinoma. J
Gastroenterol Hepatol 2013; 28: 565-575 [PMID: 22989374 DOI:
10.1111/j.1440-1746.2012.07271.x]
Wang Y, Toh HC, Chow P, Chung AY, Meyers DJ, Cole PA, Ooi
LL, Lee CG. MicroRNA-224 is up-regulated in hepatocellular
carcinoma through epigenetic mechanisms. FASEB J 2012; 26:
3032-3041 [PMID: 22459148 DOI: 10.1096/fj.11-201855]
Scisciani C, Vossio S, Guerrieri F, Schinzari V, De Iaco R, D’Onorio
de Meo P, Cervello M, Montalto G, Pollicino T, Raimondo G, Levrero
M, Pediconi N. Transcriptional regulation of miR-224 upregulated in
human HCCs by NFκB inflammatory pathways. J Hepatol 2012; 56:
855-861 [PMID: 22178270 DOI: 10.1016/j.jhep.2011.11.017]
Wang B, Hsu SH, Frankel W, Ghoshal K, Jacob ST. Stat3-mediated
activation of microRNA-23a suppresses gluconeogenesis in
hepatocellular carcinoma by down-regulating glucose-6-phosphatase
and peroxisome proliferator-activated receptor gamma, coactivator
1 alpha. Hepatology 2012; 56: 186-197 [PMID: 22318941 DOI:
10.1002/hep.25632]

WJH|www.wjgnet.com

70

71

72

73

74

75

76

77

78

79

80

81

82

83

1537

Wu N, Liu X, Xu X, Fan X, Liu M, Li X, Zhong Q, Tang H.
MicroRNA-373, a new regulator of protein phosphatase 6, functions
as an oncogene in hepatocellular carcinoma. FEBS J 2011; 278:
2044-2054 [PMID: 21481188 DOI: 10.1111/j.1742-4658.2011.0812
0.x]
Zhou P, Jiang W, Wu L, Chang R, Wu K, Wang Z. miR-301a is a
candidate oncogene that targets the homeobox gene Gax in human
hepatocellular carcinoma. Dig Dis Sci 2012; 57: 1171-1180 [PMID:
22373864 DOI: 10.1007/s10620-012-2099-2]
Zhang LY, Liu M, Li X, Tang H. miR-490-3p modulates cell growth
and epithelial to mesenchymal transition of hepatocellular carcinoma
cells by targeting endoplasmic reticulum-Golgi intermediate
compartment protein 3 (ERGIC3). J Biol Chem 2013; 288:
4035-4047 [PMID: 23212913 DOI: 10.1074/jbc.M112.410506]
Fornari F, Milazzo M, Chieco P, Negrini M, Marasco E,
Capranico G, Mantovani V, Marinello J, Sabbioni S, Callegari E,
Cescon M, Ravaioli M, Croce CM, Bolondi L, Gramantieri L. In
hepatocellular carcinoma miR-519d is up-regulated by p53 and
DNA hypomethylation and targets CDKN1A/p21, PTEN, AKT3
and TIMP2. J Pathol 2012; 227: 275-285 [PMID: 22262409 DOI:
10.1002/path.3995]
Tian Q, Liang L, Ding J, Zha R, Shi H, Wang Q, Huang S, Guo W,
Ge C, Chen T, Li J, He X. MicroRNA-550a acts as a pro-metastatic
gene and directly targets cytoplasmic polyadenylation elementbinding protein 4 in hepatocellular carcinoma. PLoS One 2012; 7:
e48958 [PMID: 23145039 DOI: 10.1371/journal.pone.0048958]
Jiang X, Xiang G, Wang Y, Zhang L, Yang X, Cao L, Peng H, Xue
P, Chen D. MicroRNA-590-5p regulates proliferation and invasion
in human hepatocellular carcinoma cells by targeting TGF-β RII.
Mol Cells 2012; 33: 545-551 [PMID: 22684895 DOI: 10.1007/
s10059-012-2267-4]
El Tayebi HM, Hosny KA, Esmat G, Breuhahn K, Abdelaziz AI.
miR-615-5p is restrictedly expressed in cirrhotic and cancerous
liver tissues and its overexpression alleviates the tumorigenic
effects in hepatocellular carcinoma. FEBS Lett 2012; 586:
3309-3316 [PMID: 22819824 DOI: 10.1016/j.febslet.2012.06.054]
Zhang L, Yang L, Liu X, Chen W, Chang L, Chen L, Loera S,
Chu P, Huang WC, Liu YR, Yen Y. MicroRNA-657 promotes
tumorigenesis in hepatocellular carcinoma by targeting transducinlike enhancer protein 1 through nuclear factor kappa B pathways.
Hepatology 2013; 57: 1919-1930 [PMID: 23175432 DOI: 10.1002/
hep.26162]
Xu D, He X, Chang Y, Xu C, Jiang X, Sun S, Lin J. Inhibition of
miR-96 expression reduces cell proliferation and clonogenicity
of HepG2 hepatoma cells. Oncol Rep 2013; 29: 653-661 [PMID:
23151657 DOI: 10.3892/or.2012.2138]
Chen RX, Xia YH, Xue TC, Ye SL. Suppression of microRNA-96
expression inhibits the invasion of hepatocellular carcinoma cells.
Mol Med Rep 2012; 5: 800-804 [PMID: 22160187 DOI: 10.3892/
mmr.2011.695]
Wong QW, Ching AK, Chan AW, Choy KW, To KF, Lai PB, Wong
N. MiR-222 overexpression confers cell migratory advantages
in hepatocellular carcinoma through enhancing AKT signaling.
Clin Cancer Res 2010; 16: 867-875 [PMID: 20103675 DOI:
10.1158/1078-0432.CCR-09-1840]
Esau C, Davis S, Murray SF, Yu XX, Pandey SK, Pear M, Watts
L, Booten SL, Graham M, McKay R, Subramaniam A, Propp S,
Lollo BA, Freier S, Bennett CF, Bhanot S, Monia BP. miR-122
regulation of lipid metabolism revealed by in vivo antisense
targeting. Cell Metab 2006; 3: 87-98 [PMID: 16459310 DOI:
10.1016/j.cmet.2006.01.005]
Lagos-Quintana M, Rauhut R, Yalcin A, Meyer J, Lendeckel W,
Tuschl T. Identification of tissue-specific microRNAs from mouse.
Curr Biol 2002; 12: 735-739 [PMID: 12007417 DOI: 10.1016/
S0960-9822(02)00809-6]
Kutay H, Bai S, Datta J, Motiwala T, Pogribny I, Frankel W,
Jacob ST, Ghoshal K. Downregulation of miR-122 in the rodent
and human hepatocellular carcinomas. J Cell Biochem 2006; 99:
671-678 [PMID: 16924677 DOI: 10.1002/jcb.20982]
Bai S, Nasser MW, Wang B, Hsu SH, Datta J, Kutay H, Yadav A,

June 18, 2015|Volume 7|Issue 11|

Lyra-González I et al . MiRNAs in hepatocellular carcinoma

84

85

86

87

88

89

90

91

92

93

94

95

96

Nuovo G, Kumar P, Ghoshal K. MicroRNA-122 inhibits tumorigenic
properties of hepatocellular carcinoma cells and sensitizes these cells
to sorafenib. J Biol Chem 2009; 284: 32015-32027 [PMID: 19726678
DOI: 10.1074/jbc.M109.016774]
Boutz DR, Collins PJ, Suresh U, Lu M, Ramírez CM, FernándezHernando C, Huang Y, Abreu Rde S, Le SY, Shapiro BA, Liu
AM, Luk JM, Aldred SF, Trinklein ND, Marcotte EM, Penalva
LO. Two-tiered approach identifies a network of cancer and
liver disease-related genes regulated by miR-122. J Biol Chem
2011; 286: 18066-18078 [PMID: 21402708 DOI: 10.1074/jbc.
M110.196451]
Diao S, Zhang JF, Wang H, He ML, Lin MC, Chen Y, Kung HF.
Proteomic identification of microRNA-122a target proteins in
hepatocellular carcinoma. Proteomics 2010; 10: 3723-3731 [PMID:
20859956 DOI: 10.1002/pmic.201000050]
Fornari F, Gramantieri L, Giovannini C, Veronese A, Ferracin M,
Sabbioni S, Calin GA, Grazi GL, Croce CM, Tavolari S, Chieco P,
Negrini M, Bolondi L. MiR-122/cyclin G1 interaction modulates
p53 activity and affects doxorubicin sensitivity of human
hepatocarcinoma cells. Cancer Res 2009; 69: 5761-5767 [PMID:
19584283 DOI: 10.1158/0008-5472.CAN-08-4797]
Gramantieri L, Ferracin M, Fornari F, Veronese A, Sabbioni S,
Liu CG, Calin GA, Giovannini C, Ferrazzi E, Grazi GL, Croce
CM, Bolondi L, Negrini M. Cyclin G1 is a target of miR-122a, a
microRNA frequently down-regulated in human hepatocellular
carcinoma. Cancer Res 2007; 67: 6092-6099 [PMID: 17616664
DOI: 10.1158/0008-5472.CAN-06-4607]
Coulouarn C, Factor VM, Andersen JB, Durkin ME, Thorgeirsson
SS. Loss of miR-122 expression in liver cancer correlates with
suppression of the hepatic phenotype and gain of metastatic
properties. Oncogene 2009; 28: 3526-3536 [PMID: 19617899
DOI: 10.1038/onc.2009.211]
Kojima K, Takata A, Vadnais C, Otsuka M, Yoshikawa T, Akanuma
M, Kondo Y, Kang YJ, Kishikawa T, Kato N, Xie Z, Zhang WJ,
Yoshida H, Omata M, Nepveu A, Koike K. MicroRNA122 is
a key regulator of α-fetoprotein expression and influences the
aggressiveness of hepatocellular carcinoma. Nat Commun 2011; 2:
338 [PMID: 21654638 DOI: 10.1038/ncomms1345]
Chen L, Zheng J, Zhang Y, Yang L, Wang J, Ni J, Cui D, Yu C,
Cai Z. Tumor-specific expression of microRNA-26a suppresses
human hepatocellular carcinoma growth via cyclin-dependent and
-independent pathways. Mol Ther 2011; 19: 1521-1528 [PMID:
21610700 DOI: 10.1038/mt.2011.64]
Ji J, Shi J, Budhu A, Yu Z, Forgues M, Roessler S, Ambs S, Chen Y,
Meltzer PS, Croce CM, Qin LX, Man K, Lo CM, Lee J, Ng IO, Fan
J, Tang ZY, Sun HC, Wang XW. MicroRNA expression, survival,
and response to interferon in liver cancer. N Engl J Med 2009; 361:
1437-1447 [PMID: 19812400 DOI: 10.1056/NEJMoa0901282]
Kota J, Chivukula RR, O’Donnell KA, Wentzel EA, Montgomery
CL, Hwang HW, Chang TC, Vivekanandan P, Torbenson M,
Clark KR, Mendell JR, Mendell JT. Therapeutic microRNA
delivery suppresses tumorigenesis in a murine liver cancer model.
Cell 2009; 137: 1005-1017 [PMID: 19524505 DOI: 10.1016/
j.cell.2009.04.021]
Bommer GT, Gerin I, Feng Y, Kaczorowski AJ, Kuick R, Love
RE, Zhai Y, Giordano TJ, Qin ZS, Moore BB, MacDougald
OA, Cho KR, Fearon ER. p53-mediated activation of miRNA34
candidate tumor-suppressor genes. Curr Biol 2007; 17: 1298-1307
[PMID: 17656095 DOI: 10.1016/j.cub.2007.06.068]
Cheng J, Zhou L, Xie QF, Xie HY, Wei XY, Gao F, Xing CY, Xu
X, Li LJ, Zheng SS. The impact of miR-34a on protein output
in hepatocellular carcinoma HepG2 cells. Proteomics 2010; 10:
1557-1572 [PMID: 20186752 DOI: 10.1002/pmic.200900646]
Guo Y, Li S, Qu J, Wang S, Dang Y, Fan J, Yu S, Zhang J. MiR34a inhibits lymphatic metastasis potential of mouse hepatoma
cells. Mol Cell Biochem 2011; 354: 275-282 [PMID: 21553024
DOI: 10.1007/s11010-011-0827-0]
Li N, Fu H, Tie Y, Hu Z, Kong W, Wu Y, Zheng X. miR-34a
inhibits migration and invasion by down-regulation of c-Met
expression in human hepatocellular carcinoma cells. Cancer

WJH|www.wjgnet.com

97

98

99

100

101

102

103

104

105

106

107

108

109

110

1538

Lett 2009; 275: 44-53 [PMID: 19006648 DOI: 10.1016/j.
canlet.2008.09.035]
Fang JH, Zhou HC, Zeng C, Yang J, Liu Y, Huang X, Zhang
JP, Guan XY, Zhuang SM. MicroRNA-29b suppresses tumor
angiogenesis, invasion, and metastasis by regulating matrix
metalloproteinase 2 expression. Hepatology 2011; 54: 1729-1740
[PMID: 21793034 DOI: 10.1002/hep.24577]
Xu N, Papagiannakopoulos T, Pan G, Thomson JA, Kosik KS.
MicroRNA-145 regulates OCT4, SOX2, and KLF4 and represses
pluripotency in human embryonic stem cells. Cell 2009; 137:
647-658 [PMID: 19409607 DOI: 10.1016/j.cell.2009.02.038]
Gao P, Wong CC, Tung EK, Lee JM, Wong CM, Ng IO.
Deregulation of microRNA expression occurs early and accumulates
in early stages of HBV-associated multistep hepatocarcinogenesis.
J Hepatol 2011; 54: 1177-1184 [PMID: 21145831 DOI: 10.1016/
j.jhep.2010.09.023]
Henry JC, Park JK, Jiang J, Kim JH, Nagorney DM, Roberts
LR, Banerjee S, Schmittgen TD. miR-199a-3p targets CD44 and
reduces proliferation of CD44 positive hepatocellular carcinoma
cell lines. Biochem Biophys Res Commun 2010; 403: 120-125
[PMID: 21055388 DOI: 10.1016/j.bbrc.2010.10.130]
Fornari F, Milazzo M, Chieco P, Negrini M, Calin GA, Grazi GL,
Pollutri D, Croce CM, Bolondi L, Gramantieri L. MiR-199a-3p
regulates mTOR and c-Met to influence the doxorubicin sensitivity
of human hepatocarcinoma cells. Cancer Res 2010; 70: 5184-5193
[PMID: 20501828 DOI: 10.1158/0008-5472.CAN-10-0145]
Hou J, Lin L, Zhou W, Wang Z, Ding G, Dong Q, Qin L, Wu
X, Zheng Y, Yang Y, Tian W, Zhang Q, Wang C, Zhang Q,
Zhuang SM, Zheng L, Liang A, Tao W, Cao X. Identification of
miRNomes in human liver and hepatocellular carcinoma reveals
miR-199a/b-3p as therapeutic target for hepatocellular carcinoma.
Cancer Cell 2011; 19: 232-243 [PMID: 21316602 DOI: 10.1016/
j.ccr.2011.01.001]
Hou YY, Cao WW, Li L, Li SP, Liu T, Wan HY, Liu M, Li X,
Tang H. MicroRNA-519d targets MKi67 and suppresses cell
growth in the hepatocellular carcinoma cell line QGY-7703.
Cancer Lett 2011; 307: 182-190 [PMID: 21524841 DOI: 10.1016/
j.canlet.2011.04.002]
Huang J, Wang Y, Guo Y, Sun S. Down-regulated microRNA-152
induces aberrant DNA methylation in hepatitis B virus-related
hepatocellular carcinoma by targeting DNA methyltransferase 1.
Hepatology 2010; 52: 60-70 [PMID: 20578129 DOI: 10.1002/
hep.23660]
Huang XH, Chen JS, Wang Q, Chen XL, Wen L, Chen LZ, Bi
J, Zhang LJ, Su Q, Zeng WT. miR-338-3p suppresses invasion
of liver cancer cell by targeting smoothened. J Pathol 2011; 225:
463-472 [PMID: 21671467 DOI: 10.1002/path.2877]
Li S, Fu H, Wang Y, Tie Y, Xing R, Zhu J, Sun Z, Wei L, Zheng
X. MicroRNA-101 regulates expression of the v-fos FBJ murine
osteosarcoma viral oncogene homolog (FOS) oncogene in human
hepatocellular carcinoma. Hepatology 2009; 49: 1194-1202 [PMID:
19133651 DOI: 10.1002/hep.22757]
Wang Z, Lin S, Li JJ, Xu Z, Yao H, Zhu X, Xie D, Shen Z, Sze J,
Li K, Lu G, Chan DT, Poon WS, Kung HF, Lin MC. MYC protein
inhibits transcription of the microRNA cluster MC-let-7a-1~let7d via noncanonical E-box. J Biol Chem 2011; 286: 39703-39714
[PMID: 21903590 DOI: 10.1074/jbc.M111.293126]
Tsang WP, Kwok TT. Let-7a microRNA suppresses therapeuticsinduced cancer cell death by targeting caspase-3. Apoptosis 2008;
13: 1215-1222 [PMID: 18758960 DOI: 10.1007/s10495-0080256-z]
Di Fazio P, Montalbano R, Neureiter D, Alinger B, Schmidt A,
Merkel AL, Quint K, Ocker M. Downregulation of HMGA2 by
the pan-deacetylase inhibitor panobinostat is dependent on hsa-let7b expression in liver cancer cell lines. Exp Cell Res 2012; 318:
1832-1843 [PMID: 22683924 DOI: 10.1016/j.yexcr.2012.04.018]
Au SL, Wong CC, Lee JM, Fan DN, Tsang FH, Ng IO, Wong
CM. Enhancer of zeste homolog 2 epigenetically silences multiple
tumor suppressor microRNAs to promote liver cancer metastasis.
Hepatology 2012; 56: 622-631 [PMID: 22370893 DOI: 10.1002/

June 18, 2015|Volume 7|Issue 11|

Lyra-González I et al . MiRNAs in hepatocellular carcinoma
hep.25679]
111 Zhu XM, Wu LJ, Xu J, Yang R, Wu FS. Let-7c microRNA
expression and clinical significance in hepatocellular carcinoma. J
Int Med Res 2011; 39: 2323-2329 [PMID: 22289550 DOI: 10.1177
/147323001103900631]
112 Shah YM, Morimura K, Yang Q, Tanabe T, Takagi M, Gonzalez
FJ. Peroxisome proliferator-activated receptor alpha regulates
a microRNA-mediated signaling cascade responsible for
hepatocellular proliferation. Mol Cell Biol 2007; 27: 4238-4247
[PMID: 17438130 DOI: 10.1128/MCB.00317-07]
113 Shimizu S, Takehara T, Hikita H, Kodama T, Miyagi T, Hosui A,
Tatsumi T, Ishida H, Noda T, Nagano H, Doki Y, Mori M, Hayashi
N. The let-7 family of microRNAs inhibits Bcl-xL expression and
potentiates sorafenib-induced apoptosis in human hepatocellular
carcinoma. J Hepatol 2010; 52: 698-704 [PMID: 20347499 DOI:
10.1016/j.jhep.2009.12.024]
114 Ji J, Zhao L, Budhu A, Forgues M, Jia HL, Qin LX, Ye QH,
Yu J, Shi X, Tang ZY, Wang XW. Let-7g targets collagen type I
alpha2 and inhibits cell migration in hepatocellular carcinoma.
J Hepatol 2010; 52: 690-697 [PMID: 20338660 DOI: 10.1016/
j.jhep.2009.12.025]
115 Lan FF, Wang H, Chen YC, Chan CY, Ng SS, Li K, Xie D,
He ML, Lin MC, Kung HF. Hsa-let-7g inhibits proliferation of
hepatocellular carcinoma cells by downregulation of c-Myc and
upregulation of p16(INK4A). Int J Cancer 2011; 128: 319-331
[PMID: 20309945 DOI: 10.1002/ijc.25336]
116 Li D, Yang P, Li H, Cheng P, Zhang L, Wei D, Su X, Peng J, Gao H,
Tan Y, Zhao Z, Li Y, Qi Z, Rui Y, Zhang T. MicroRNA-1 inhibits
proliferation of hepatocarcinoma cells by targeting endothelin-1.
Life Sci 2012; 91: 440-447 [PMID: 22963810 DOI: 10.1016/
j.lfs.2012.08.015]
117 Su H, Yang JR, Xu T, Huang J, Xu L, Yuan Y, Zhuang SM.
MicroRNA-101, down-regulated in hepatocellular carcinoma,
promotes apoptosis and suppresses tumorigenicity. Cancer Res
2009; 69: 1135-1142 [PMID: 19155302 DOI: 10.1158/0008-5472.
CAN-08-2886]
118 Wei X, Xiang T, Ren G, Tan C, Liu R, Xu X, Wu Z. miR-101
is down-regulated by the hepatitis B virus x protein and induces
aberrant DNA methylation by targeting DNA methyltransferase
3A. Cell Signal 2013; 25: 439-446 [PMID: 23124077 DOI:
10.1016/j.cellsig.2012.10.013]
119 Lin CJ, Gong HY, Tseng HC, Wang WL, Wu JL. miR-122 targets
an anti-apoptotic gene, Bcl-w, in human hepatocellular carcinoma
cell lines. Biochem Biophys Res Commun 2008; 375: 315-320
[PMID: 18692484 DOI: 10.1016/j.bbrc.2008.07.154]
120 Tsai WC, Hsu PW, Lai TC, Chau GY, Lin CW, Chen CM, Lin CD,
Liao YL, Wang JL, Chau YP, Hsu MT, Hsiao M, Huang HD, Tsou
AP. MicroRNA-122, a tumor suppressor microRNA that regulates
intrahepatic metastasis of hepatocellular carcinoma. Hepatology
2009; 49: 1571-1582 [PMID: 19296470 DOI: 10.1002/hep.22806]
121 Reddi HV, Madde P, Milosevic D, Hackbarth JS, AlgecirasSchimnich A, McIver B, Grebe SK, Eberhardt NL. The Putative
PAX8/PPARγ Fusion Oncoprotein Exhibits Partial Tumor
Suppressor Activity through Up-Regulation of Micro-RNA-122
and Dominant-Negative PPARγ Activity. Genes Cancer 2011; 2:
46-55 [PMID: 21779480 DOI: 10.1177/1947601911405045]
122 Xu J, Zhu X, Wu L, Yang R, Yang Z, Wang Q, Wu F.
MicroRNA-122 suppresses cell proliferation and induces cell
apoptosis in hepatocellular carcinoma by directly targeting Wnt/
β-catenin pathway. Liver Int 2012; 32: 752-760 [PMID: 22276989
DOI: 10.1111/j.1478-3231.2011.02750.x]
123 Lang Q, Ling C. MiR-124 suppresses cell proliferation in
hepatocellular carcinoma by targeting PIK3CA. Biochem Biophys
Res Commun 2012; 426: 247-252 [PMID: 22940133 DOI:
10.1016/j.bbrc.2012.08.075]
124 Bi Q, Tang S, Xia L, Du R, Fan R, Gao L, Jin J, Liang S, Chen
Z, Xu G, Nie Y, Wu K, Liu J, Shi Y, Ding J, Fan D. Ectopic
expression of MiR-125a inhibits the proliferation and metastasis of
hepatocellular carcinoma by targeting MMP11 and VEGF. PLoS
One 2012; 7: e40169 [PMID: 22768249 DOI: 10.1371/journal.

WJH|www.wjgnet.com

pone.0040169]
125 Kim JK, Noh JH, Jung KH, Eun JW, Bae HJ, Kim MG, Chang
YG, Shen Q, Park WS, Lee JY, Borlak J, Nam SW. Sirtuin7
oncogenic potential in human hepatocellular carcinoma and its
regulation by the tumor suppressors MiR-125a-5p and MiR-125b.
Hepatology 2013; 57: 1055-1067 [PMID: 23079745 DOI: 10.1002/
hep.26101]
126 Zhao A, Zeng Q, Xie X, Zhou J, Yue W, Li Y, Pei X. MicroRNA125b induces cancer cell apoptosis through suppression of Bcl-2
expression. J Genet Genomics 2012; 39: 29-35 [PMID: 22293115
DOI: 10.1016/j.jgg.2011.12.003]
127 Alpini G, Glaser SS, Zhang JP, Francis H, Han Y, Gong J, Stokes A,
Francis T, Hughart N, Hubble L, Zhuang SM, Meng F. Regulation
of placenta growth factor by microRNA-125b in hepatocellular
cancer. J Hepatol 2011; 55: 1339-1345 [PMID: 21703189 DOI:
10.1016/j.jhep.2011.04.015]
128 Wong CC, Wong CM, Tung EK, Au SL, Lee JM, Poon RT, Man
K, Ng IO. The microRNA miR-139 suppresses metastasis and
progression of hepatocellular carcinoma by down-regulating Rhokinase 2. Gastroenterology 2011; 140: 322-331 [PMID: 20951699
DOI: 10.1053/j.gastro.2010.10.006]
129 Fan Q, He M, Deng X, Wu WK, Zhao L, Tang J, Wen G, Sun X,
Liu Y. Derepression of c-Fos caused by microRNA-139 downregulation contributes to the metastasis of human hepatocellular
carcinoma. Cell Biochem Funct 2013; 31: 319-324 [PMID:
23001723 DOI: 10.1002/cbf.2902]
130 Wang W, Zhao LJ, Tan YX, Ren H, Qi ZT. MiR-138 induces cell
cycle arrest by targeting cyclin D3 in hepatocellular carcinoma.
Carcinogenesis 2012; 33: 1113-1120 [PMID: 22362728 DOI:
10.1093/carcin/bgs113]
131 Law PT, Ching AK, Chan AW, Wong QW, Wong CK, To KF,
Wong N. MiR-145 modulates multiple components of the
insulin-like growth factor pathway in hepatocellular carcinoma.
Carcinogenesis 2012; 33: 1134-1141 [PMID: 22431718 DOI:
10.1093/carcin/bgs130]
132 Xu T, Zhu Y, Xiong Y, Ge YY, Yun JP, Zhuang SM. MicroRNA-195
suppresses tumorigenicity and regulates G1/S transition of human
hepatocellular carcinoma cells. Hepatology 2009; 50: 113-121
[PMID: 19441017 DOI: 10.1002/hep.22919]
133 Yang X, Yu J, Yin J, Xiang Q, Tang H, Lei X. MiR-195 regulates
cell apoptosis of human hepatocellular carcinoma cells by targeting
LATS2. Pharmazie 2012; 67: 645-651 [PMID: 22888524 DOI:
10.1691/ph.2012.1704]
134 Shatseva T, Lee DY, Deng Z, Yang BB. MicroRNA miR-199a-3p
regulates cell proliferation and survival by targeting caveolin-2. J
Cell Sci 2011; 124: 2826-2836 [PMID: 21807947 DOI: 10.1242/
jcs.077529]
135 Shen Q, Cicinnati VR, Zhang X, Iacob S, Weber F, Sotiropoulos
GC, Radtke A, Lu M, Paul A, Gerken G, Beckebaum S. Role of
microRNA-199a-5p and discoidin domain receptor 1 in human
hepatocellular carcinoma invasion. Mol Cancer 2010; 9: 227
[PMID: 20799954 DOI: 10.1186/1476-4598-9-227]
136 Yuan JH, Yang F, Chen BF, Lu Z, Huo XS, Zhou WP, Wang
F, Sun SH. The histone deacetylase 4/SP1/microrna-200a
regulatory network contributes to aberrant histone acetylation in
hepatocellular carcinoma. Hepatology 2011; 54: 2025-2035 [PMID:
21837748 DOI: 10.1002/hep.24606]
137 Wei W, Wanjun L, Hui S, Dongyue C, Xinjun Y, Jisheng Z.
miR-203 inhibits proliferation of HCC cells by targeting survivin.
Cell Biochem Funct 2013; 31: 82-85 [PMID: 22886454 DOI:
10.1002/cbf.2863]
138 Shih TC, Tien YJ, Wen CJ, Yeh TS, Yu MC, Huang CH, Lee YS,
Yen TC, Hsieh SY. MicroRNA-214 downregulation contributes to
tumor angiogenesis by inducing secretion of the hepatoma-derived
growth factor in human hepatoma. J Hepatol 2012; 57: 584-591
[PMID: 22613005 DOI: 10.1016/j.jhep.2012.04.031]
139 Xia H, Ooi LL, Hui KM. MiR-214 targets β-catenin pathway
to suppress invasion, stem-like traits and recurrence of human
hepatocellular carcinoma. PLoS One 2012; 7: e44206 [PMID:
22962603 DOI: 10.1371/journal.pone.0044206]

1539

June 18, 2015|Volume 7|Issue 11|

Lyra-González I et al . MiRNAs in hepatocellular carcinoma
140 Huang N, Lin J, Ruan J, Su N, Qing R, Liu F, He B, Lv C,
Zheng D, Luo R. MiR-219-5p inhibits hepatocellular carcinoma
cell proliferation by targeting glypican-3. FEBS Lett 2012; 586:
884-891 [PMID: 22449976 DOI: 10.1016/j.febslet.2012.02.017]
141 Wong QW, Lung RW, Law PT, Lai PB, Chan KY, To KF, Wong N.
MicroRNA-223 is commonly repressed in hepatocellular carcinoma
and potentiates expression of Stathmin1. Gastroenterology 2008; 135:
257-269 [PMID: 18555017 DOI: 10.1053/j.gastro.2008.04.003]
142 Zhu Y, Lu Y, Zhang Q, Liu JJ, Li TJ, Yang JR, Zeng C, Zhuang
SM. MicroRNA-26a/b and their host genes cooperate to inhibit
the G1/S transition by activating the pRb protein. Nucleic Acids
Res 2012; 40: 4615-4625 [PMID: 22210897 DOI: 10.1093/nar/
gkr1278]
143 Zhu XC, Dong QZ, Zhang XF, Deng B, Jia HL, Ye QH, Qin LX,
Wu XZ. microRNA-29a suppresses cell proliferation by targeting
SPARC in hepatocellular carcinoma. Int J Mol Med 2012; 30:
1321-1326 [PMID: 23023935 DOI: 10.3892/ijmm.2012.1140]
144 Yang P, Li QJ, Feng Y, Zhang Y, Markowitz GJ, Ning S, Deng Y,
Zhao J, Jiang S, Yuan Y, Wang HY, Cheng SQ, Xie D, Wang XF.
TGF-β-miR-34a-CCL22 signaling-induced Treg cell recruitment
promotes venous metastases of HBV-positive hepatocellular
carcinoma. Cancer Cell 2012; 22: 291-303 [PMID: 22975373
DOI: 10.1016/j.ccr.2012.07.023]
145 Chang Y, Yan W, He X, Zhang L, Li C, Huang H, Nace G,
Geller DA, Lin J, Tsung A. miR-375 inhibits autophagy and
reduces viability of hepatocellular carcinoma cells under hypoxic
conditions. Gastroenterology 2012; 143: 177-187.e8 [PMID:
22504094 DOI: 10.1053/j.gastro.2012.04.009]
146 Zheng Y, Yin L, Chen H, Yang S, Pan C, Lu S, Miao M, Jiao

147

148

149

150

151
152

B. miR-376a suppresses proliferation and induces apoptosis in
hepatocellular carcinoma. FEBS Lett 2012; 586: 2396-2403 [PMID:
22684007 DOI: 10.1016/j.febslet.2012.05.054]
Buurman R, Gürlevik E, Schäffer V, Eilers M, Sandbothe M,
Kreipe H, Wilkens L, Schlegelberger B, Kühnel F, Skawran B.
Histone deacetylases activate hepatocyte growth factor signaling
by repressing microRNA-449 in hepatocellular carcinoma cells.
Gastroenterology 2012; 143: 811-20.e1-15 [PMID: 22641068 DOI:
10.1053/j.gastro.2012.05.033]
Weng Z, Wang D, Zhao W, Song M, You F, Yang L, Chen
L. microRNA-450a targets DNA methyltransferase 3a in
hepatocellular carcinoma. Exp Ther Med 2011; 2: 951-955 [PMID:
22977604 DOI: 10.3892/etm.2011.288]
Zhang W, Kong G, Zhang J, Wang T, Ye L, Zhang X. MicroRNA520b inhibits growth of hepatoma cells by targeting MEKK2 and
cyclin D1. PLoS One 2012; 7: e31450 [PMID: 22319632 DOI:
10.1371/journal.pone.0031450]
Fang Y, Xue JL, Shen Q, Chen J, Tian L. MicroRNA-7 inhibits
tumor growth and metastasis by targeting the phosphoinositide
3-kinase/Akt pathway in hepatocellular carcinoma. Hepatology
2012; 55: 1852-1862 [PMID: 22234835 DOI: 10.1002/hep.25576]
Calin GA, Croce CM. MicroRNA signatures in human cancers.
Nat Rev Cancer 2006; 6: 857-866 [PMID: 17060945 DOI:
10.1038/nrc1997]
Gilad S, Meiri E, Yogev Y, Benjamin S, Lebanony D, Yerushalmi
N, Benjamin H, Kushnir M, Cholakh H, Melamed N, Bentwich
Z, Hod M, Goren Y, Chajut A. Serum microRNAs are promising
novel biomarkers. PLoS One 2008; 3: e3148 [PMID: 18773077
DOI: 10.1371/journal.pone.0003148]
P- Reviewer: Chuang WL, Yang J S- Editor: Tian YL
L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1540

June 18, 2015|Volume 7|Issue 11|

World J Hepatol 2015 June 18; 7(11): 1541-1552
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i11.1541

REVIEW

Current and future directions for treating hepatitis B virus
infection
Akinobu Tawada, Tatsuo Kanda, Osamu Yokosuka
350 million people, and approximately 600000 liverrelated deaths are observed per year worldwide.
HBV infection is also one of the major risk factors for
hepatocellular carcinoma (HCC). The persistence of
serum hepatitis B e antigen (HBeAg) and high level
of serum HBV DNA are thought to reflect a high HBV
replication status in hepatocytes, causing cirrhosis,
HCC and liver-related deaths. It has been reported that
antiviral therapy, such as peginterferon and nucleos(t)ide
analogues (NUCs), could suppress liver-related
death by inhibiting the HBV DNA levels and inducing
seroconversion from HBeAg to antibody to HBe antigen.
Currently, peginterferon is widely used, but there are
also several disadvantages in the use of peginterferon,
such as various adverse events, the administration
route and duration. It is difficult to predict the effects
of treatment and interferon is contraindicated for the
patients with advanced fibrosis of the liver and cirrhosis.
With respect to NUCs, entecavir and tenofovir disoproxil
fumarate are current the first-choice drugs. NUCs can
be administered orally, and their anti-viral effects are
stronger than that of peginterferon. However, because
cessation of NUC administration leads to high levels of
viral replication and causes severe hepatitis, they must
be administered for a long time. On the other hand,
the use of both interferon and NUCs cannot eliminate
covalently closed circular DNA of HBV. In this review, we
evaluate the natural course of chronic HBV infection and
then provide an outline of these representative drugs,
such as peginterferon, entecavir and tenofovir disoproxil
fumarate.
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Core tip: Chronic hepatitis B virus (HBV) infection is one
of the major causes of hepatocellular carcinoma, which
is a cancer with poor prognosis. We reviewed the natural
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Hepatitis B virus (HBV) persistently infects approximately
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rapidly proceed to cirrhosis (HBeAg-positive hepatitis).
In approximately 10%-20% of HBeAg-negative carriers,
HBV DNA replication is reactivated and active hepatitis
[14]
flares again (HBeAg-negative hepatitis) (phase 4) . It
should be noted that there are some developments in
[15]
HCC even at low rates in this phase . For approximately
4% to 20% of HBeAg-negative carriers, anti-HBe is lost
and HBeAg reappears again (reverse seroconversion).
In the natural course of HBeAg-negative carriers, HBs
antigen (HBsAg) converts to negative and antibody to
HBs antigen (anti-HBs) develops at a rate of 1% per
year (phase 5, remission phase). In this phase, the
both blood test and liver histology findings might be
improved.
For acute-on-chronic liver failure and HCC, the risk
factors are obvious and antiviral therapies could reduce
the risk of developing acute-on-chronic liver failure
[16]
and HCC . In general, the indication and selection
of antiviral therapies for persistent HBV infection is
decided according to the age, disease phase, fibrosis
stage and inflammatory activity of the liver, and risk of
disease progression. In the immune tolerance phase,
the rate of HBV clearance from the hepatocytes is very
low because of the lack of a host immune response. In
the low replication phase (inactive carriers), antiviral
therapy may not be indicated if the liver histological
findings are mild and the serum ALT level is within
normal limits. In the remission phase (negative HBsAg),
if HBV DNA is not detected, antiviral therapy may not
be indicated because hepatitis calms down and the HCC
[17]
development rates decrease while NUC administration
may be stopped. In young patients with HBeAg-positive
chronic hepatitis and elevated serum ALT levels, there
is a 7%-16% possibility of HBeAg-negative conversion.
Then, strict observation without treatment may be
chosen if there is no advanced fibrosis or possibility of
[16]
fulminant hepatitis .

course of HBV infection and current standard therapies
for chronic HBV infection. Peginterferon and nucleos(t)ide
analogues, such as entecavir and tenofovir disoproxil
fumarate, have several drug-specific advantages and
disadvantages. It is difficult to eliminate covalently
closed circular DNA of HBV with these current standard
therapies. Further improvements of the therapeutic
options for HBV infections should be needed.
Tawada A, Kanda T, Yokosuka O. Current and future directions
for treating hepatitis B virus infection. World J Hepatol 2015;
7(11): 1541-1552 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i11/1541.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i11.1541

INTRODUCTION
Approximately 350 million people are persistently infected
with hepatitis B virus (HBV) and there are 600000
[1]
HBV-related deaths annually worldwide . It has been
reported that more than 90% of patients infected with
HBV in their infancy or childhood become chronic HBV
[1]
carriers . Of them, approximately 15%-40% develop
chronic hepatitis B. In the patients with chronic hepatitis
B, approximately 90% could achieve seroconversion of
hepatitis B e antigen (HBeAg) to antibody to HBe antigen
(anti-HBe) and become inactive carriers. However,
approximately 10% of patients with chronic hepatitis
B have chronic active hepatitis and develop cirrhosis
at a rate of approximately 2% per year, leading to
[2-5]
liver failure and/or hepatocellular carcinoma (HCC) .
Globally, HBV infection is one of the major risk factors of
HCC, and it accounts for up to 50% of all HCC patients.
Positive serum HBeAg and a high level of serum HBV
[6-8]
DNA are indicative of high HBV replication in the liver .
Therefore, it is important to suppress HBV replication
to prevent hepatic failure and the development of
cirrhosis and HCC. To prevent the disease progression,
peginterferon and nucleos(t)ide analogues (NUCs) are
[9-12]
now available as antivirals against HBV
.
In general, the natural history of chronic HBV
infection in birth or early childhood is divided into five
phases as follows (Figure 1). In phase 1 (immune
tolerance phase/asymptomatic carrier phase), HBV
is actively replicating, but the host lacks an immune
response. The serum alanine aminotransferase (ALT)
level is within the normal limit and liver inflammation is
almost absent. In phase 2 (immune clearance phase),
in adulthood, the immune response to HBV becomes
active, and an elevated serum ALT level and active
hepatitis are observed. In phase 3 (inactive phase), as
a result of an immune response, HBeAg is lost, antiHBe emerges, the serum HBV DNA level is suppressed
[13]
and liver inflammation is low . Some patients cannot
achieve seroconversion from HBeAg to anti-HBe and
HBeAg persists as positive. For most of those with
positive HBeAg, active hepatitis persists, and they often

WJH|www.wjgnet.com

HBV-INFECTED PATIENTS WITH
CIRRHOSIS
While cirrhotic patients are thought to be therapeutic
indication even if HBeAg is negative, the serum ALT
level is normal and serum HBV DNA level is suppressed
at a low level. If advanced fibrosis is clinically suspected,
the assessment of fibrosis should be performed by
liver biopsy, abdominal ultrasonography, elastography
[18-22]
or abdominal computed tomography
. If advanced
fibrosis is observed, antiviral therapy should be started.
HBV carriers who are not asymptomatic or inactive
carriers are indicated to receive antiviral therapy, and
inactive carriers with advanced fibrosis and a high
serum HBV DNA level are also indicated to receive
antiviral therapy.
At present, the complete elimination of covalently
[23]
closed circular DNA (cccDNA) in nucleus of liver cells
seems difficult using peginterferon and NUCs. The best
surrogate markers for antiviral treatment against HBV
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Table 1 Treatment efficacy at 24 wk after the end of peginterferon treatment in hepatitis B e antigen-positive chronic hepatitis B
Ref.

No. of patients

Formula of therapy

Seroconversion from HBeAg
to anti-HBe (%)

Suppression of
HBV DNA (%)

51

IFNα-2a 4.5 MIU three times weekly for
24 wk
Peg-IFNα-2a 90 μg weekly for 24 wk
Peg-IFNα-2a 180 μg weekly for 24 wk
Peg-IFNα-2a 270 μg weekly for 24 wk
Peg-IFNα-2a 180 μg weekly plus
placebo for 48 wk
Peg-IFNα-2a 180 μg weekly plus LAM
100 mg daily for 48 wk
LAM 100 mg/d for 48 wk
Peg-IFNα-2b 1.5 μg/kg weekly for 32
wk plus LAM 100 mg daily for 52 wk
LAM 100 mg daily for 52 wk
Peg-IFNα-2a 90 μg weekly for 24 wk
Peg-IFN α-2a 180 μg weekly for 24 wk
Peg-IFNα-2a 90 μg weekly for 48 wk
Peg-IFNα-2a 180 μg weekly for 48 wk

25

25a

26

0

37
35
27
32

43a
39a
27a
32b

43
35
31
41

0
0
0
8

27

34b

39

8

19
36

22b
36a

28
50

0
1

14
14
22
25
36

14a
21c
21c
32c
42c

30
30
30
43
52

0
1
0
3
3

Cooksley et al[27]

49
46
48
214

Lau et al[28]

271
272
50

[29]

Chan et al

50
140
136
136
136

Liaw et al[30]

Normalization HBsAg loss
of ALT (%)
(n )

a < 500000 copies/mL; b < 100000 copies/mL; c < 20000 copies/mL. LAM: Lamivudine; Peg-IFN: Peginterferon; HBV: Hepatitis B virus; HBeAg: Hepatitis
B e antigen; HBsAg: Hepatitis B surface antigen; Anti-HBe: Antibody to HBe antigen; ALT: Alanine aminotransferase.

[25]

antiviral effects . The HBeAg-negative conversion rate
of the interferon treated group was significantly higher
[26]
than that of the untreated control group . Interferon
is non-antigen specific immunomodulator. Compared
with NUCs, one of the advantages of interferon is that
its treatment duration is limited and its effect is durable.
The other benefit of interferon is that there is no risk of
resistance mutants. However, interferon has no direct
inhibitory effect on viral replication and its short-term
effect, such as suppressing serum HBV DNA level, is
inferior to NUCs. The other disadvantage of interferon
is the difficulty in predicting the treatment effect and
several adverse events, such as flu-like syndrome.
Additionally, it is difficult to use interferon on patients
with advanced liver fibrosis and cirrhosis.
Compared to standard interferon, peginterferonalpha has a long half-life and gains its long-acting
effect through the addition of polyethylene glycol high
molecular proteins to interferon. Its administration is
performed only once per week. There have been several
reports about peginterferon for HBeAg-positive or HBeAg[27-35]
negative patients (Tables 1-3)
. In the comparison
trial with standard interferon-alpha and peginterferonalpha in Asia, the combined responses, defined as HBeAg
loss, HBV DNA suppression (< 500000 copies/mL) and
ALT normalization, were 28% vs 12%, respectively (P
= 0.036), and the superiority of peginterferon-alpha to
[27]
standard interferon has been demonstrated . A report
comparing three groups of 48 wk of peginterferonalpha-2a alone, 48 wk of peginterferon-alpha2a plus
lamivudine, and 48 wk of lamivudine alone in 814 HBe
positive patients reported that the HBeAg seroconversion
rates 24 wk after the end of administration were 32%,
27% and 19%, respectively, and the peginterferonalpha-2a alone group had a significantly higher effect
[28]
than lamivudine alone group . The HBsAg-negative

Anti-HBs

HBsAg
HBeAg
Anti-HBe
HBV DNA

ALT
Phase 1
immune
tolerance

Phase 2
immune
clearance

Phase 3
inactive

Phase 4
HBeAgnegative
hepatitis

Phase 5
remission

Figure 1 Natural course of hepatitis B virus infection[116]. HBeAg: Hepatitis
B e antigen; HBV: Hepatitis B virus; ALT: Alanine aminotransferase; HBsAg:
Hepatitis B s antigen; Anti-HBe: Antibody to HBe antigen; Anti-HBs: Antibody to
HBs antigen.

are HBsAg as a long-term marker as well as sustained
normalization of the serum ALT level, negative serum
HBV DNA level and negative HBeAg as short-term
[16]
markers .

PEGINTERFERON THERAPY
[24]

Greenberg et al reported the usefulness of interferon
therapy for chronic hepatitis B in 1976. Interferon
exerts antiviral activity, cell growth inhibition and
immunomodulatory effects. It binds to the interferon
receptors of hepatocytes, activates tyrosine type protein
kinase Janus kinase 1 and induces phosphorylation
and dimerization of signal transducer and activator of
transcription 1 (STAT1). The STAT1 dimer translocates
into the nucleus, induces interferon stimulated genes,
and expresses various antiviral proteins that have
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Table 2 Long-term treatment efficacy of peginterferon treatment in hepatitis B e antigen-positive chronic hepatitis B
Ref.

No. of patients

Formula of therapy

Seroconversion from
HBeAg to anti-HBe (%)

Suppression of
HBV DNA (%)

Normalization of
ALT (%)

HBsAg loss
(n )

91
81
85

Peg-IFNα-2b for 52 wk
Peg-IFNα-2b plus LAM for 52 wk
Peg-IFNα-2b for 32 wk plus LAM for
52 or 104 wk

35
25
60

25a
31a
13b

30
30
57

7 (8%)
12 (15%)
2 (2.4%)

c

Buster et al[31]
Wong et al[32]

d

a < 10000 copies/mL; b < 100 copies/mL. The treatment efficacies were assessed at approximately 3-year follow-upc or approximately 5-year follow-upd.
LAM: Lamivudine; Peg-IFN: Peginterferon; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; ALT: Alanine
aminotransferase.

Table 3 Treatment efficacy of peginterferon treatment in hepatitis B e antigen-negative chronic hepatitis B
Ref.
c

Marcellin et al[33]

[34]

c

Papadopoulos et al

d

Marcellin et al[35]

No. of patients

Therapy regimen

HBV DNA
suppression (%)

ALT normalization
(%)

HBsAg loss
(n )

177
179

Peg-IFNα-2a 180 μg weekly plus placebo for 48 wk
Peg-IFNα-2a 180 μg weekly plus LAM 100 mg daily
for 48 wk
LAM 100 mg daily for 48 wk
Peg-IFNα-2b 1.5 μg/kg weekly plus LAM 100 mg
daily for 48 wk
Peg-IFNα-2b 1.5 μg/kg weekly for 48 wk
Peg-IFNα-2a 180 μg weekly plus placebo for 48 wk
Peg-IFNα-2a 180 μg daily plus LAM 100 mg daily
for 48 wk
LAM 100 mg daily for 48 wk

43a
44a

59
60

7
5

29a
59
(60 IU/mL below)
42
28b
25b

44
27

0
NA

40
31
31

NA
9 (8%)
9 (8%)

15b

18

0 (0%)

181
88
35
116
114
85

a < 20000 copies/mL; b < 10000 copies/mL. The treatment efficacies were assessed at 24-wk follow-upc or approximately 3-year follow-upd. LAM:
Lamivudine; Peg-IFN: Peginterferon; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; NA: Not available.
[28]

conversion rate was 3% . In a NEPTUNE trial exploring
the appropriate dose and duration of interferon
treatment, the HBeAg seroconversion rate of 180 μg
peginterferon-alpha-2a for 48 wk was significantly
higher than that of 24 wk or 90 μg. Therefore, 180 μg
peginterferon-alpha-2a administrations for 48 wk were
[30]
considered the standard treatment . The durable
effect after stopping (peg)interferon administration
is one specific advantage of this therapy. In another
[31]
report , 81% of HBeAg-positive patients who achieved
HBeAg-negative conversion by peginterferon-alpha-2b
sustained their effect at years 3 after stopping interferon
administration, and 27% of patients who could not
achieve HBeAg-negative conversion at week 26 achieved
[31]
HBeAg-negative conversion at years 3 (Table 2) . In
[31]
that report , 11% of all patients and 30% of patients
who achieved HBeAg-negative conversion at month 6
achieved HBsAg-negative conversion even though 31%
of all patients in this trial were genotype A and 47% were
given additional NUCs. In a multicenter, randomized
control trial conducted in Europe on peginterferon-alpha2a for HBeAg-negative patients comparing three groups
treated with 48 wk of peginterferon-alpha-2a alone, 48
wk of peginterferon-alpha-2a plus lamivudine and 48
wk of lamivudine alone, the serum ALT normalization
rates 24 wk after end of administration were 59%, 60%
and 44% and the serum HBV DNA negative rates were
[33]
43%, 44% and 29%, respectively (Table 3) . HBsAg
converted to negative in 7 patients in the peginterferonalpha-2a alone group and 5 patients in the peginterferon-
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alpha-2a plus lamivudine group. A meta-analysis
comparing peginterferon with NUCs has already been
published and it was reported that peginterferon-alpha
achieved a higher serum HBsAg-negative conversion rate
[36]
compared to lamivudine monotherapy . In a European
multicenter trial conducted over 3 years, 8.7% of all
patients and 44% of HBV DNA-negative patients treated
with peginterferon-alpha-2a alone had HBsAg-negative
[35]
conversion . For a longer duration of peginterferon
administration in HBeAg-negative patients, 180 μg of
peginterferon-alpha-2a administered for 48 wk or 96
wk (49 wk or later, the peginterferon dose was down
to 135 μg) were compared and the serum HBV DNA
suppression rates (< 2000 IU/mL) were 29% vs 12%
and serum HBsAg-negative conversion rates were 0%
vs 6%, respectively. Also, the 96 wk administration was
[37]
superior to 48 wk administration . Patients in this study
were infected with HBV genotype D. The HBeAg-negative
patients treated by peginterferon-alpha-2a had worse
results than HBeAg-positive patients treated by the same
regimen.
While the prediction of the treatment effect by pretreatment factors is difficult for (peg)interferon therapy,
some reports have showed that measuring the serum
HBsAg level at weeks 12, 24 and 48 after starting
interferon administration contributed to predicting
the therapeutic response (HBeAg seroconversion,
HBV DNA-negative conversion and HBsAg-negative
conversion) for both HBeAg-negative and HBeAg[38,39]
positive patients
.
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Table 4 Treatment efficacy of entecavir in chronic hepatitis B
Ref.

No. of patients

HBeAg

Therapy regimen

1

354 NUCs treatment-naive
355 NUCs treatment-naive
243 NUCs treatment-naive
164 NUCs treatment-naive
296
287

Positive

ETV 0.5 mg daily for 48 wk

22/21

67

68

6

Positive

LAM 100 mg daily for 48 wk

20/18

36

60

4

Positive

ETV 0.5 mg daily for 2 yr

NA/31

80

87

18

Positive

LAM 100 mg daily for 2 yr

NA/26

39

79

10

Negative
Negative

ETV 0.5 mg daily for 48 wk
LAM 100 mg daily for 48 wk

NA/NA
NA/NA

90
72

78
71

1
1

Chang et al[66]

2

Gish et al[67]

1

Lai et al[70]

HBeAg loss (%)/seroconversion Undetectable of Normalization HBsAg
from HBeAg to anti-HBe (%) HBV DNA (%) of ALT (%) loss (n )

Treatment efficacies were assessed at 48 wk1, or 2 years2. ETV: Entecavir; NUCs: Nucleos(t)ide analogues; NA: Not available; LAM: Lamivudine; HBeAg:
Hepatitis B e antigen; HBV: Hepatitis B virus; ALT: Alanine aminotransferase; HBsAg: Hepatitis B surface antigen; Anti-HBe: Antibody to HBe antigen.

With respect to the factors affecting the outcome
[40-42]
[43]
of interferon therapy, the HBV genotype
, age
[44]
and fibrosis of the liver
were reported to affect
the therapeutic outcome of standard interferon. On
the other hand, peginterferon is highly effective and
the age and HBV genotypes are no longer related to
the treatment effect of peginterferon except for HBV
[45,46]
genotype A
. For the other HBV genotypes, the
therapeutic effects of genotypes C and B for HBeAgpositive and HBeAg-negative patients have been
[28,35,47-49]
reported to be equivalent
. The pretreatment
level of HBsAg could not predict the treatment effect, but
its reduction rate and level during treatment can predict
[39,50]
the therapeutic effect for both HBeAg-positive
[48,51]
and HBeAg-negative patients
, and it is thought to
be useful marker for predicting the therapeutic effect.
Additionally, older age is not reported to be related to
[30,46]
the therapeutic effect with current peginterferon
,
whereas it has been reported that older age has a
[45,52]
favorable effect for HBeAg-positive patients
. Also,
advanced fibrosis of the liver was reported to affect
treatment response with current peginterferon for chronic
[53]
hepatitis B . It was reported that the interleukin-28B
(IL28B) genotypes affected the HBeAg seroconversion
[52]
and HBsAg-negative conversion rates , although the
impact of the IL28B gene on the treatment effect of
interferon is controversial.
Interferon has immunostimulatory action, and it is
generally necessary to consider the acute exacerbation
risk of hepatitis by immunological destruction of HBV
infected cells, especially for cirrhotic patients. Therefore,
interferon therapy is thought to be contraindicated for
HBV-related cirrhosis.

short-term adverse events of NUCs are rare and mild,
and they are effective for either genotype. Furthermore,
unlike interferon, they are easy for cirrhotic patients
to use. On the other hand, HBV cannot be completely
eliminated because NUCs cannot eliminate mRNA or
cccDNA in the host nucleus, which acts as a template
for HBV DNA.
Once NUC administration is stopped, HBV DNA
starts to reappear or increase, and hepatitis recurs
[54-58]
in some patients
. Additionally, HBeAg that is
negatively converted by NUC administration frequently
re-appears when NUC administration is stopped (reverse
[59,60]
[61]
seroconversion)
after a flare of severe hepatitis .
There have been several reports that NUC contributes to
[62-65]
HBsAg-negative conversion
. To improve the longterm prognosis of patients, continuous administration of
NUCs for long-term HBV suppression is necessary. Here
we focus especially on entecavir and tenofovir disoproxil
fumarate (tenofovir), which are now available as first
line drugs for chronic hepatitis B in many countries.

Entecavir

Previous reports about entecavir treatment are sum
[66-76]
marized in Table 4
. The serum HBV DNA-negative
conversion and serum ALT normalization rates of entecavir
for 48 to 96 wk were superior to those in response to
lamivudine for both HBeAg-positive and HBeAg-negative
[66,67,70,77]
patients
. With entecavir administration for 3 to
5 years, the serum HBV DNA-negative conversion rates
were 55% to 88%/1 year, 83% to 93%/2 years, 89% to
95%/3 years, and 91% to 96%/4 years, 94%/5 years;
the serum ALT normalization rates were 65% to 84%/1
year, 78% to 88%/2 years, 77% to 90%/3 years, 86%/4
years, and 80%/5 years; and the HBeAg seroconversion
rates were 12% to 22%/1 year, 18% to 41%/2 years,
[69,74-76,78]
29% to 44%/3 years and 38%/4 years
. The
resistance mutant emergence rates were reported to be
0.2%/1 year, 0.5%/2 years, and 1.2%/3 to 5 years for
[69,78]
the NUCs-treatment-naive patients
.
Today, entecavir is one of the first line NUCs for
NUC-treatment-naive patients as well as tenofovir in
many countries. However, the serum HBsAg-negative

NUCS
NUCs specifically inhibit DNA polymerase that HBV DNA
itself produces in the reverse transcription process of
HBV replication. NUCs strongly inhibit the synthesis of
the plus and minus strand chains in the HBV life cycle.
The effect is highly specific and efficient. All NUCs can
be administered orally and their use is simple. The
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Table 5 Treatment efficacy of tenofovir in chronic hepatitis B
Ref.

No. of patients

1

176 NUCs Positive TDF 300 mg daily (> 48 wk)
treatment-naive
90
Positive ADF 10 mg daily (> 48 wk)
90
Positive
ADF (48 wk)
125
Negative
ADF (48 wk)
266
Positive
TDF (> 144 wk)
365
Negative
TDF (> 144 wk)
266
Positive
TDF (> 240 wk)
375
Negative
TDF (> 240 wk)

Marcellin et al[83]

2

Heathcote et al[88]

2

Marcellin et al[91]

HBeAg

Therapy regimen

HBeAg loss (%)/seroconversion Undetectable of Normalization HBsAg
from HBeAg to anti-HBe (%) HBV DNA (%) of ALT (%) loss (n )
NA/21

76

68

5

NA/18
NA/18
NA/NA
34/26
NA/NA
49/40
NA/NA

13
13
63
71
87
65
83

54
54
77
74
81
73
85

0
0
0
20
0
10
1

The treatment efficacies were assessed at 48 wk1, or 144 wk2. TDF: Tenofovir; ADF: Adefovir; NA: Not available; HBeAg: Hepatitis B e antigen; HBV:
Hepatitis B virus; ALT: Alanine aminotransferase; HBsAg: Hepatitis B s antigen; Anti-HBe: Antibody to HBe antigen.

conversion is very rare compared with peginterferon
and was reported to be 0 to 5.1%/3 to 5 years and
[69,78]
10%/10 years
.
In general, the patients treated with lamivudine
and sustained negative HBV DNA are recommended to
switch to entecavir or tenofovir. It has been reported
that, if the serum HBV DNA level stays negative and
there are no resistance mutants during lamivudine
administration, entecavir-resistance mutants rarely
[79]
emerge even when patients are switched to entecavir .
Entecavir resistance easily occurs in lamivudineresistance mutants (rtL180M plus rtM204V) by adding
only one more mutation (rt184G, rtS202I or rtM250V)
[80]
and these states are thought as a low genetic barrier .
On the other hand, tenofovir and adefovir lack crossresistance to entecavir-resistance (rt184G/S, rtS202G/I,
[81]
M250V) . Therefore, patients who have viral break
through under lamivudine administration could easily
have entecavir-resistance mutants if they are switched
to entecavir, and adding adefovir to lamivudine is
generally recommended. Like lamivudine, entecavir
was also reported to have a suppressive effect to HCC
development compared with the control, and the
reported HCC development rates for entecavir vs control
[10]
were 3.7%/5 years vs 13.7%/5 years, respectively .
The United States Food and Drug Administration (FDA)
assigned entecavir to pregnancy category C. Entecavir
should not be used for the patients who are co-infected
with human immunodeficiency virus (HIV) because of
the risk of resistance mutant emergence in HIV.

start of administration were 76% vs 13% for HBeAgpositive patients and 93% vs 63% for HBeAg-negative
patients, respectively; also, in general, tenofovir has
[83]
been superior to adefovir . A study with 144 wk of
follow up showed that the serum HBV DNA suppression
rates (< 400 copies/mL) were 87% for HBeAg-positive
patients and 72% in HBeAg-negative patients at week
[88]
144 . A 5-year study showed that tenofovir achieved
a higher HBsAg-negative conversion rate compared to
[91]
other NUCs .
A recent report with 288 wk of follow up suggested
[94]
that no apparent resistance mutations were observed .
For decompensated cirrhosis, the combination of
tenofovir with emtricitabine was reported to achieve
[89]
positive results . With tenofovir treatment, the
serum HBV DNA-negative conversion rate for patients
without adefovir-resistance was 100%, but the rate
was down to 52% for patients with adefovir-resis
[89]
tance . An important feature of tenofovir is that
tenofovir alone or with emtricitabine exerts an anti-viral
effect to lamivudine, adefovir or entecavir resistance
[85,86,93,95,96]
mutants
. For example, an article reported
that for patients who achieved an insufficient effect by
lamivudine, adefovir or the combination of these two
drugs, tenofovir resulted in a serum HBV DNA-negative
conversion rate of 79%, HBeAg-negative conversion
rate of 24% and HBsAg-negative conversion rate of 3%
of all patients (the median time from administration to
[86]
HBsAg-negative conversion was 23 mo) . For patients
who achieved insufficient effect by lamivudine and
adefovir, tenofovir alone or with lamivudine achieved a
64% serum HBV DNA-negative conversion rate 96 wk
[93]
after changing therapy . They also reported that they
[93]
did not observe an obvious resistance mutant .
It has been reported that the long-term admini
stration of NUCs improves liver fibrosis. Tenofovir
treatment resulted in improvement of the histological
findings in 87% of all patients and improvement of liver
[91]
fibrosis in 51% of all patients . They also reported
that 10% of HBeAg-positive patients achieved HBsAgnegative conversion, and most of them were genotype
[91]
A or D . Tenofovir is only classified as pregnancy
category B by the United States FDA.

Tenofovir disoproxil fumarate (tenofovir)

Similar to adefovir, tenofovir is categorized as an
acyclic nucleoside phosphonate diester derivative
from adenosine monophosphate. Tenofovir has also
an antiviral effect against HIV. The usual dosage of
tenofovir is 300 mg once a day and higher than that
of adefovir 10 mg once a day, owing to the lower
nephron-toxicity of tenofovir. The results of tenofovir
[82-93]
treatment are shown in Table 5
. Several reports
comparing adefovir 10 mg/d vs tenofovir 300 mg/d
for NUC-naïve patients reported that the serum HBV
DNA suppression rates (< 400 copies/mL) 48 wk after
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are causally related to the activity of liver disease,
but the persistence of HBV infection is maintained by
the nuclear cccDNA, which serves as a transcription
[111,112]
template for HBV mRNA
. Although there are
[113]
several opposing views
, it was reported that HBV
cccDNA is noncytolytically degraded by agents that upregulate apolipoprotein B mRNA editing enzyme and
[23]
catalytic polypeptide-like (APOBEC) 3A and 3B . In
the near future, new therapeutic options to control HBV
[114-117]
cccDNA are needed
.

Table 6 Summary of current and future treatments for
hepatitis B virus infection
Current treatments for HBV
Peginterferon therapy
NUCs
Entecavir
Tenofovir disoproxil fumarate (tenofovir)
Future treatments for HBV
NUCs
Tenofovir alafenamide
Treatments for HBV cccDNA
Entry inhibitors targeting of sodium taurocholate cotransporting
polypeptide

Sodium taurocholate cotransporting polypeptide

Sodium taurocholate cotransporting polypeptide (NTCP)
membrane transporter was reported as an HBV entry
[118,119]
[120]
[121]
receptor
. Iwamoto et al
, Watashi et al
[122]
and Tsukuda et al
reported that cyclosporine A and
its analogs blocked HBV entry through inhibiting the
interaction between NTCP and the HBV large surface
protein. HBV entry inhibitors might also be useful for
controlling HBV infection in the near future.

NUCs: Nucleos(t)ide analogues; HBV: Hepatitis B virus; cccDNA: Covalently
closed circular DNA.

Stoppage of entecavir or tenofovir

Apart from interferon, with the use of NUCs such as
entecavir and tenofovir, it is always possible for resistant
[97-101]
[101]
mutants to emerge
. Suzuki et al
reported that
51-year-old Japanese women with chronic hepatitis
B and cirrhosis have virological breakthrough during
combination therapy with tenofovir and entecavir against
entecavir-resistant virus. Even long-term therapy with
tenofovir against the entecavir-resistant virus has
the potential to induce virological breakthrough and
resistance. We also reported that virological breakthrough
during NUC therapies is also dependent on the adherence
[99,100]
to medication
. In treatment with stronger NUCs,
such as entecavir, viral breakthrough associated with
[102]
poor adherence could be a more important issue
.
Although we do not know whether durable control of HBV
is observed after NUCs are discontinued, NUCs could
possibly be stopped in selected patients without causing
advanced liver fibrosis.
Adefovir or tenofovir-related Fanconi syndrome is a
severe adverse event that results from proximal renal
tubular toxicity, which leads to impaired re-absorption
of amino acids, uric acid, bicarbonate, glucose and
phosphate associated with the increased urinary
[103-106]
excretion of these solutes
. Some cases associated
with Fanconi syndrome induced by NUCs-treatment
[106]
were fully recovered following tenofovir withdrawal .
Mitochondrial DNA depletion results in mitochondrial
dysfunction in the lamivudine/telbivudine-associated
[107]
neuromyopathy
. During treatment with NUCs,
attention should be paid to these adverse events.

CONCLUSION
The development of therapies aimed at HBsAg loss,
which is the final goal of hepatitis B, is a goal for future
research. Further improvements in the therapeutic
options for HBV cccDNA are needed.
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REVIEW

Effective treatment strategies other than sorafenib for the
patients with advanced hepatocellular carcinoma invading
portal vein
Su Jong Yu, Yoon Jun Kim
clinic liver cancer stage C and sorafenib is suggested as
the standard therapy of care. However, overall survival
(OS) gain from sorafenib is unsatisfactory and better
treatment modalities are urgently required. Therefore,
we critically appraised recent data for the various
treatment strategies for patients with HCC accompanying
PVTT. In suitable patients, even surgical resection can be
considered a potentially curative strategy. Transarterial
chemoembolization (TACE) can be performed effectively
and safely in a carefully chosen population of patients
with reserved liver function and sufficient collateral blood
flow nearby the blocked portal vein. A recent metaanalysis demonstrated that TACE achieved a substantial
improvement of OS in HCC patients accompanying
PVTT compared with best supportive care. In addition,
transarterial radioembolization (TARE) using yttrium-90
microspheres achieves quality-of-life advantages and is
as effective as TACE. A large proportion of HCC patients
accompanying PVTT are considered to be proper for
TARE. Moreover, TACE or TARE achieved comparable
outcomes to sorafenib in recent studies and it was also
reported that the combination of radiotherapy with
TACE achieved a survival gain compared to sorafenib in
HCC patients accompanying PVTT. Surgical resectionbased multimodal treatments, transarterial approaches
including TACE and TARE, and TACE-based appropriate
combination strategies may improve OS of HCC patients
accompanying PVTT.
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Abstract

Core tip: Given the modest survival gain and the
limitation of sorafenib, such as resistance and tolerability,
there are still clinical unmet needs in the management
of patients with hepatocellular carcinoma (HCC) accom
panying portal vein tumor thrombosis (PVTT). Surgical

Patients with hepatocellular carcinoma (HCC) accom
panying portal vein tumor thrombosis (PVTT) have
relatively few therapeutic options and an extremely poor
prognosis. These patients are classified into barcelona
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[14]

(SHARP) study and multicenter study in Asian-Pacific
[15]
region , sorafenib was proved to be efficacious and
safe to patients with advanced HCC. Nevertheless,
subgroup analyses for macroscopic vascular invasion
(MVI) in these two pivotal studies showed only a
[16,17]
marginal survival benefit for sorafenib over placebo
.
Therefore, there are still clinical unmet needs in the
treatment of patients with HCC accompanying PVTT.
This article review recent data for the various treat
ment strategies for the patients with HCC accompanying
PVTT.

resection-based multimodal treatments including liver
transplantation and transarterial chemoembolizationbased appropriate combination strategies for resectable
HCC accompanying PVTT may improve overall survival in
these patients.
Yu SJ, Kim YJ. Effective treatment strategies other than sorafenib
for the patients with advanced hepatocellular carcinoma invading
portal vein. World J Hepatol 2015; 7(11): 1553-1561 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i11/1553.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i11.1553

SYSTEMIC THERAPY
HCC is relatively resistant to traditional chemotherapy
and liver dysfunction complicates the use of chemo
[8,11]
therapeutic agents that undergo hepatic metabolism
.
Sorafenib, a multiple tyrosine kinases inhibitor that blocks
tumor angiogenesis and tumor cell proliferation, was
st
the 1 systemic agent proven to significantly increase
survival in advanced-stage HCC in randomized controlled
[14,15]
[17]
trials
. Sub-analyses of SHARP trial identified 231
patients staged barcelona clinic liver cancer (BCLC) C
due to MVI and demonstrated that the sorafenib group
(n = 108) achieved a longer median overall survival
(OS) (8.1 mo vs 4.9 mo) and time to progression (TTP)
(4.1 mo vs 2.7 mo) than the control group (n = 123)
received placebo. In the sub-group analyses of the Asia[16]
Pacific trial , patients with MVI and/or extrahepatic
spread who received sorafenib (n = 118) showed a
better clinical outcome than in placebo group (n = 61):
median OS (5.6 mo vs 4.1 mo), TTP (2.7 mo vs 1.3 mo)
and disease control rate (30.5% vs 11.5%), respectively.
Although the authors argued that the survival benefit
with sorafenib was evident regardless of the presence of
PVTT in those two pivotal studies, subgroup analyses for
MVI showed only a marginal survival benefit of sorafenib
over placebo.

INTRODUCTION
Globally, hepatocellular carcinoma (HCC) is one of the
[1,2]
main reasons of malignancy related death . Most
HCCs are detected in an advanced stage in spite of
surveillance programs for high risk populations, and the
prognosis for these patients is poor. Consequently, a
minority of patients is eligible for liver resection.
Portal vein tumor thrombosis (PVTT) arises in about
[3-5]
10%-40% of patients at diagnosis ; lower rates are
reported when HCC is diagnosed early usually as a
[3]
consequence of screening and is apparent in up to
[6]
44% of patients with HCC at the end of life . PVTT
has a profound adverse effect on prognosis, with the
median survival time of patients with unresectable
HCC accompanying PVTT being significantly reduced
(2-4 mo) compared to those not accompanying PVTT
[4,5,7]
(10-24 mo)
. The range and position of PVTT further
affect the prognosis. PVTT is related with poor prognosis
probably because of the intensified risk of tumor spread,
raised portal pressure inducing variceal bleeding and
reduced portal flow causing jaundice, ascites, hepatic
[4,8]
encephalopathy and hepatic failure .
The Liver Cancer Study Group of Japan suggested
a macroscopic classification for PVTT: categorized into
five grades, Vp0-Vp4 (Figure 1). Each one is defined
as follows: no PVTT, Vp0; existence of PVTT not in,
nd
but distal to, the 2 -order branches of the portal vein,
nd
Vp1; existence of PVTT in the 2 -order branches of
st
the portal vein, Vp2; existence of PVTT in the 1 -order
branches of the portal vein, Vp3; and existence of PVTT
in the main trunk of the portal vein or a portal vein
branch contralateral to the mainly involved lobe (or
[9]
both), Vp4 . This classification is helpful, because it is
established by surgical outcomes and by the clinical,
imaging, and pathological findings.
The presence of PVTT also limits the treatment options,
with HCC treatment guidelines often considering PVTT
a contraindication for transplantation, curative resection
[10-12]
and transarterial chemoembolization (TACE)
. Current
guidelines recommend sorafenib for the patients with
HCC with PVTT. Sorafenib is an oral multiple tyrosine
kinases inhibitor that suppresses angiogenesis and tumor[13]
cell proliferation and augments the rate of apoptosis .
In the Sorafenib HCC Assessment Randomized Protocol
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TACE

Two key trials and a meta-analysis indicated that TACE
can improve survival (median 19-20 mo compared
to 16 mo for untreated patients in clinical trials) in
[18-20]
intermediate-stage HCC
. However, PVTT is generally
considered a contraindication for TACE because of
concerns that interruption to hepatic arterial blood
supply could result in an enormous segment of hepatic
necrosis in patients whose blood supply is already
[8,12]
compromised
. Nevertheless, there is evidence that
selected patients with PVTT can tolerate a modified
delivery of TACE provided they have good liver function
and collateral blood flow around the obstructed portal
[4,21]
vein
. Recent two studies reported improvements in
survival compared to conservative care in HCC patients
[22,23]
[22]
accompanying PVTT
. Luo et al
a performed a
prospective nonrandomized study and reported signi
ficantly better survival with TACE (n = 84) compared
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Vp0: No tumor thrombus in the portal vein
Vp1: Presence of a tumor thrombus distal to, but not in, the second-order branches of the portal vein

Vp2: Presence of a tumor thrombus in the second-order branches of the portal vein

Tumor

Vp3: Presence of a tumor thrombus in the first-order branches of the portal vein

Vp4: Presence of a tumor thrombus in the main trunk of the portal vein or a portal vein branch
contralateral to the primarily involved lobe (or both)

Superior mesenteric vein

Figure 1 Classification for hepatocellular carcinoma with portal vein tumor thrombosis.

to conservative treatment (n = 80) either in noncirrhotic or Child A cirrhotic HCC patients accompanying
PVTT. The median OS, the 1-, and 2-year survival rates
were 7.1 mo, 30.9%, and 9.2% for the TACE arm
and 4.1 mo, 3.8%, and 0% for the conservative arm,
[22]
respectively (P < 0.001) . In the TACE group, the 40
patients with Vp1 or Vp2 survived longer than the 44
patients with Vp3 or Vp4 (median OS 10.2 mo vs 5.3
[22]
[23]
mo) . In the second study, Chung et al reported that
TACE (n = 83) significantly improved survival compared
to supportive care (n = 42; median OS 5.6 mo vs 2.2
mo, respectively; P < 0.001) in HCC patients with Vp4.
Regardless of treatment (TACE or supportive care),
patients with Child class B had worse outcomes (median
OS 2.8 mo vs 1.9 mo) than those with Child class A
[23]
(median OS 7.4 mo vs 2.6 mo) . In addition, a recent
meta-analysis evaluating 8 controlled trials (total 1601
HCC patients) demonstrated that TACE significantly
improved the 6-mo (HR = 0.41; 95%CI: 0.32-0.53; P
= 0.000) and 1-year (HR = 0.44; 95%CI: 0.34-0.57;
P = 0.000) OS of HCC patients accompanying PVTT
[24]
compared with best supportive treatment . Moreover,
another recent study comparing TACE and sorafenib in
BCLC stage C HCC patients showed that TACE attained
a comparable clinical outcome to sorafenib: the median
OS was 9.2 mo (95%CI: 6.1-12.3 mo) for TACE group
and 7.4 mo (95%CI: 5.6-9.2 mo) for sorafenib group (P
[25]
= 0.377) . The proportion of patients who had highgrade adverse events (grade ≥ 3) was significantly
lower in the sorafenib arm (17%) than in the TACE arm
(38%) (P = 0.024).

involving BCLC B HCC patients showed that DC Bead
TACE resulted in a significantly better clinical outcome
[27]
compared to conventional TACE . However, Sellers et
[26]
al
reported poor OS in HCC patients accompanying
PVTT underwent DC Bead TACE. Further studies are
warranted to evaluate the efficacy of DC Bead TACE and
sorafenib in HCC patients accompanying PVTT.

Transarterial radioembolization

Transarterial radioembolization (TARE) is a form of
catheter-directed, selective internal radiation therapy
which delivers 25-32.5 μm sized microspheres loaded
90
with high-energy radioisotope of yttrium-90 ( Y), pure
[28]
β-ray, into tumor tissue . Tumoricidal radiation doses
are delivered with minimal toxicity to functional liver
parenchyma and minimal alteration in vascularity with
[29,30]
TARE
. However, there is only microembolization
[8,31]
(minimal to moderate embolization)
. Studies report
improved median OS (7-41.6 mo) in BCLC B to C HCC
patients following TARE and objective response rates
[32]
(20%-77%) . Although previous studies reported
comparable efficacy for TARE and TACE in terms of
tumor response and OS, patients receiving TARE tended
to experience fewer complications and fewer days in
hospital (typically 0-1.7 d with TARE compared to 1.8-6
[33-36]
d with TACE)
, which are important quality-of-life
considerations in patients with unresectable HCC.
Moreover, there is increasing evidence that TARE
can be delivered safely and effectively in suitable HCC
patients with PVTT, with several studies reporting
median OS rates of approximately 10 mo following the
[34,37-42]
procedure in these patients
. Again the extent of
[36]
PVTT affected survival outcome. Salem et al reported
that the median OS for patients with Child class A
(without extrahepatic spread) ranged from a median
16.6 mo for patients with branch involvement to 7.4 mo
for those with Vp4. Median OS in patients accompanying
PVTT and Child class B was only 5.6 mo. The risk of

Drug-eluting bead TACE

TACE using DC Bead, drug-eluting microsphere
(Biocompatibles UK Ltd, Farnham, United Kingdom), is a
relatively novel modality related with favorable systemic
doxorubicin exposure/toxicity and liver-specific toxicity
[26]
compared to conventional TACE . A recent study
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Table 1 Clinical outcomes for hepatocellular carcinoma patients accompanying
portal vein tumor thrombosis following surgical resection
1

Ref.

PVTT status

Shi et al[49]

Lin et al[50]

Chen et al[78]
Matono et al[79]

No. of patients

Vp2
Vp3
Vp4
Beyond Vp4
Vp2
Vp3
Vp4
Vp2-4
Vp3-4

Survival

2

Median (mo)

1-yr (%)

3-yr (%)

139
169
78
20

NR

52.1
38.2
24.7
18.3

25.1
17.78
3.6
0

63
5
88
29

NR

52.1
33.1
31.1
62.1

16
0
15.2
24.1

9
16.9

1

Beyond Vp4 = extending to superior mesenteric vein; 2Intrahepatic recurred lesions were
treated by percutaneous ethanol injection therapy, radiofrequency ablation, transarterial
chemoembolization, or systemic chemotherapy based on their hepatic functional reserve and
the pattern of intrahepatic recurrence. NR: Not reported; PVTT: Portal vein tumor thrombosis.

death due to underlying liver disease rather than tumor
progression becomes a factor in Child class B patients
as evidenced by a median OS of only 7.7 mo in the total
[43]
Child class B cohort despite a TTP of 8.4 mo . Overall,
the tolerability of TARE in patients with PVTT appeared
[37,38,41,42]
to be comparable to that in those without PVTT
.
When safety issues were specifically investigated, liver
decompensation was not observed in the 2-mo period
[39]
following TARE among HCC patients with PVTT ,
and clinical and laboratory adverse events in the 90-d
period after TARE were not more frequent in BCLC
[38]
C HCC patients than in BCLC A to B HCC patients .
[44]
Recently, Gramenzi et al
performed a cohort study
directly comparing TARE and sorafenib in patients with
intermediate-locally advanced HCC. Median OS of the
two groups were comparable even after matching for
independent prognostic factors including PVTT: sorafenib
group (median OS: 13.1 mo; 95%CI: 1.2-25.9) and
TARE group (median OS: 11.2 mo; 95%CI: 6.7-15.7).

survival rate was 22.38%.

SURGICAL TREATMENTS
Most patients with HCC with Vp4 are considered
technically unsuitable for curative resection, and the
presence of PVTT is usually considered a contraindication
for liver transplantation due to higher tumor recurrence
[8]
rates . Surgical resection in HCC patients accompanying
PVTT is rare in Occidental area where the BCLC staging
system which regards PVTT as a contraindication for
[8]
surgery is endorsed . However, throughout Oriental area,
operation is considered a potentially curative treatment
in suitable patients with PVTT as reflected in the
consensus recommendations of Asia-Pacific Association
[11]
for the Study of the Liver , although only about 10%
[48,49]
of patients undergoing surgery have PVTT
. Surgical
resection in these patients may improve portal venous
[8]
pressure, liver function, quality of life and survival .
The range and position of PVTT significantly affect the
[8]
potential clinical results following resection . Previous
studies have shown that HCC patients accompanying
Vp2-Vp3 have better clinical outcomes after resection
[48-50]
compared to those with Vp4 or beyond (Table 1)
.
Surgical resection provided survival gains for patients
with resectable HCC accompanying PVTT compared
with TACE: the 1-, 3-, and 5-year OS rates were 42.0%,
14.1%, and 11.1% for the surgical group and 37.8%,
7.3%, and 0.5% for the TACE group, respectively (P
[51]
< 0.001) . A sub-group analysis by the PVTT type
identified increased survival in the surgical group
compared with the TACE group in patients accompanying
type Ⅰ PVTT (Vp1-Vp2) or type Ⅱ PVTT (Vp3) (P <
[51]
0.001, P = 0.002, respectively) . However, there were
no significant differences in OS between the resection
group and the TACE group for patients accompanying
type Ⅲ PVTT (Vp4) and type Ⅳ PVTT (tumor thrombi
involving the superior mesenteric vein) (P = 0.541, P
[51]
= 0.371, respectively) . In this study, after resection,
there was only one postoperative in-hospital mortality
caused by postoperative hepatic failure (0.5%), and the

Hepatic arterial infusion chemotherapy

The most studies regarding hepatic arterial infusion (HAI)
used a combined regimen of cisplatin and 5-fluorouracil.
[45]
The best results were reported by Ando et al . The
5-year OS rate was 11.0% and the median OS was 10.2
mo in that study involving 48 patients treated with Vp2
to Vp4 by HAI with cisplatin plus 5-fluorouracil.

Radiofrequency ablation

In a small sample sized retrospective study (n =
13), radiofrequency ablation could ablaze both single
intrahepatic medium-sized (3.7-5 cm) HCCs and the
accompanying Vp4 with high efficacy and safety. The
3-year cumulative survival rate was 77%. There were
no major adverse events. Mild ascites and elevated trans
[46]
aminase levels were observed in only three patients .

Percutaneous laser ablation

[47]

In a retrospective study, Lu et al
evaluated the
application of percutaneous laser ablation as a treatment
for PVTT in 108 patients and demonstrated that 3 years
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major complication rate was 4.0% (8 of 201). If PVTT is
not stick to the portal vein wall, total thrombectomy is
possible. However, when the PVTT is adhered to the wall
of the portal vein, there is a high chance of intramural
invasion of HCC cells into the vessel wall on pathological
[52]
examination after resection . Therefore, in case of Vp4,
the prognosis is extremely poor if the involved wall of
portal vein is not resected. Although PVTT is generally
considered a contraindication to liver transplantation,
some centers have reported their positive results for
transplant in the setting of gross vascular invasion. Xu et
[53]
al performed a study involving 24 patients undergoing
liver transplantation for HCC accompanying PVTT (10 at
main trunk, 10 at right branch, and 4 at left branch) and
demonstrated a 6-mo, 1-year, and 2-year OS of 66.7%,
29.5%, and 23.6%, respectively.

the efficacy and safety of TACE plus sorafenib in 91 HCC
patients accompanying PVTT (46 TACE-sorafenib vs 45
TACE alone). TACE plus sorafenib showed significant
survival benefits over TACE alone in patients with Vp3
(median OS, 13 mo vs 6 mo; P = 0.002) or Vp1-2
(median OS, 15 mo vs 10 mo; P = 0.003). However,
the control arm of this study was TACE alone instead
of sorafenib alone. A randomized, controlled phase Ⅲ
trial of sorafenib with or without conventional TACE in
patients with advanced HCC is recruiting participants
(NCT01829035). The result of this study is awaited to
answer whether TACE, as a powerful complimentary
armament for sorafenib, could be allowed for HCC
patients accompanying PVTT.

TACE combined with radiotherapy

The recent advances with a co-treatment modality of
TACE combined with radiotherapy have demonstrated
[65]
superior results over TACE alone . In addition,
the survival benefit has been reported in patients
accompanying PVTT who have been treated with TACE
[66-68]
[69]
plus radiotherapy
. Recently, Cho et al conducted
a retrospective study comparing TACE combined with
radiotherapy (n = 67) with sorafenib (n = 49) in 116
patients accompanying PVTT and demonstrated that OS
in the TACE plus radiotherapy group was significantly
prolonged over the sorafenib group (14.1 mo vs
3.3 mo, P < 0.001). Even in the matched cohort by
propensity score, the TACE combined with radiotherapy
group demonstrated extended OS over the sorafenib
[69]
group (6.7 mo vs 3.1 mo, P < 0.001) .

EXTERNAL BEAM RADIOTHERAPY
Advances in technology, including three-dimensional
conformal radiotherapy, proton beam radiotherapy and
stereotactic body radiosurgery, have allowed selective
delivery of increased radiation doses to tumors with
[54]
minimal doses to normal tissue . A number of mostly
retrospective studies have examined the use of these
new technologies in selected patients accompanying
PVTT: median OS (6.7-11 mo), and 1-, 2-, and 5-year
survival rates (30%-40%, 20%-30%, and 5.1%-24%,
[55-61]
respectively)
. In a recent retrospective study
assessing radiotherapy and surgical resection in 371
resectable HCC patients accompanying PVTT enrolled
from two tertiary referral centers, the median OS was
12.3 mo for radiotherapy (n = 185) and 10.0 mo for
resection (n = 186). The 1-, 2-, and 3-year OS were
51.6%, 28.4%, and 19.9% for radiotherapy group
and 40.1%, 17.0%, and 13.6% for surgical group,
[62]
respectively (P = 0.029) . More recently, Nakazawa
[63]
et al did a retrospective study comparing the survival
benefits of sorafenib vs radiotherapy in unresectable HCC
patients accompanying PVTT (Vp3 or Vp4). Median OS
did not differ significantly between the sorafenib and the
radiotherapy group (4.3 mo vs 5.9 mo, respectively; P
[63]
= 0.115) . However, after propensity score matching
(n = 28 per group), better median OS was noted in the
radiotherapy than in the sorafenib group (10.9 mo vs 4.8
[63]
mo, respectively; P = 0.025) . In the sorafenib group,
90% (25 of 28) patients permanently discontinued
sorafenib owing to disease progression (n = 10) or
adverse events (n = 15). However, there was no highgrade (grade ≥ 3) gastrointestinal or hepatic toxicity in
the radiotherapy group. Future large scale prospective
studies are warranted to approve the results of these
retrospective studies.

Surgical resection combined with multimodal treatments

There have been several studies of surgical resectionbased multimodality treatment including surgical
resection after TACE; surgical resection followed by
90
TACE, HAI, and portal vein infusion chemotherapy; Y
plus doxorubicin or preoperative intravenous chemo
therapy with doxorubicin, cisplatin and 5-fluorouracil
plus subcutaneous interferon-α (PIAF); postoperative
percutaneous isolated hepatic perfusion; surgical
resection followed by interferon with 5-fluorouracil;
and surgical resection after radiotherapy. The median
OS after surgical resection-based multidisciplinary
treatments ranged from 13.0 to 22.1 mo, implying that
multimodality therapy contributed to prolonged long[70-77]
[77]
term survival
. In a controlled trial by Peng et al ,
126 HCC patients accompanying PVTT (Vp3-4) were
randomized into TACE after surgical resection (TACE
group) or surgical resection alone (control group). The
median OS was better in the TACE group (13 mo) than
in the control group (9 mo). The estimated survival rates
for 1-, 3-, and 5 years were significantly improved in the
TACE group (50.9%, 33.8%, and 21.5%; respectively)
than in the control group (33.3%, 17.0%, and 8.5%,
respectively; P = 0.0094). The available evidence shows
that surgical resection-based multimodality treatments
are effective and should be estimated in further trials.

COMBINATION STRATEGIES
TACE combined with sorafenib
[64]

Zhu et al

conducted a retrospective study comparing

WJH|www.wjgnet.com

1557

June 18, 2015|Volume 7|Issue 11|

Yu SJ et al . Effective treatments for advanced HCC
Table 2 Comparing various treatment strategies for hepatocellular carcinoma patients accompanying portal vein tumor thrombosis

Sorafenib
TACE

Indication

Advantages

Disadvantages

BCLC stage C

Showing survival benefit
in infiltrative type HCC
Wide indication

Modest efficacy compared to placebo control
Hand-foot skin reaction
Post TACE syndrome
Potential risk of liver failure
Requiring additional lung shunt study
due to the risk of lung injury

Nodular type HCC up to Vp4
Child A liver function
Tumor extension ≤ 50% of liver volume
Unilobar
Nodular type
Up to Vp4
Single medium-sized HCCs (3-5 cm)

TARE

RFA

Surgery

External beam
radiotherapy

Up to Vp4
Single medium-sized HCCs (≤ 7 cm)
Up to Vp4
No HV/IVC invasion
AFP ≤ 30 ng/mL
Tumor extension ≤ 60% of liver volume

Down-staging allowing
liver transplantation

Less invasive

Less expensive technic
Better outcomes than other patients
with HCC who are BCLC stage C
with Child A liver function
Combined to multimodal strategies

If the intraparenchymal tumor was not completely
ablated by RFA, complete effects on the thrombus
probably would not be produced
Invasive and expensive technic
Potential risk of liver failure

Potential risk of radiation induced liver disease
Potential risk of GI tract toxicities

BCLC: Barcelona clinic liver cancer; HCC: Hepatocellular carcinoma; TACE: Transarterial chemoembolization; TARE: Transarterial radioembolization;
RFA: Radiofrequency ablation; HV: Hepatic vein; IVC: Inferior vena cava; AFP: Alpha-fetoprotein; GI: Gastrointestinal.

treatment are inappropriate by the differences in the
patients’ baseline characteristics (Table 2), in HCC
patients accompanying PVTT, evidence from retrospective
and prospective studies suggests that multidisciplinary
approaches including TACE and/or radiotherapy, TARE,
and surgical resection-based multimodal treatments in
selected patients may provide better outcomes than
sorafenib. For resectable single nodular HCC patients
with PVTT, we could treat these patients with surgical
st
resection as 1 line treatment if they have Child class
A, no portal hypertension, and ECOG 0-1. TACE, EBRT,
and sorafenib would be alternative treatment options
for these patients. For multi-nodular HCC patients
accompanying PVTT, we could treat these patients with
TACE or sorafenib if they have Child class A, no portal
st
hypertension, and ECOG 0-1. TACE would be 1 line if
maximal tumor size is 2 cm or less and sorafenib would
st
be 1 line if maximal tumor size is greater than 2 cm.
For HCC patients accompanying PVTT with Child class B,
portal hypertension, or ECOG 2, sorafenib would be best
option. However, for HCC patients accompanying PVTT
with Child class C, portal hypertension, or ECOG > 2,
we should treat these patients with best supportive care
as recommended in BCLC guideline. Given the modest
survival gain of sorafenib, surgical resection-based
multimodal treatments for resectable HCC accompanying
PVTT and TACE-based appropriate combined therapies
for unresectable HCC accompanying PVTT may enhance
the clinical outcomes of HCC patients with PVTT.

INDIVIDUALIZED TREATMENT PLANS
FOR DIFFERENT PATIENTS
For HCC patients accompanying PVTT with Child
class B, portal hypertension, or Eastern Cooperative
Oncology Group (ECOG) 2, sorafenib would be best
option as recommended in BCLC guideline. For HCC
patients accompanying PVTT with Child class C, portal
hypertension, or ECOG > 2, we have to treat these
patients with best supportive care. For HCC patients
accompanying PVTT with Child class A, no portal
hypertension, and ECOG 0-1, we could treat these
patients with individualized treatment plans, as follows:
(1) Single HCC (≤ 2cm) with PVTT: In this setting, we
could consider surgical resection as best options other
than sorafenib. Alternatively, TACE and external beam
radiotherapy (EBRT) could be other good options; (2)
Single HCC (> 2 cm) with PVTT: For single HCC larger
than 2 cm with PVTT, we still consider surgical resection
as best option for patients with resectable tumor,
reserved hepatic function and sufficient post-operative
remnant hepatic volume. If tumor size is 10 cm or less,
TACE and EBRT could be alternative options. For single
huge HCC larger than 10 cm with PVTT, sorafenib would
st
be 1 line option; (3) Multiple (maximal tumor size
≤ 2 cm) with PVTT: If maximal tumor size is 2 cm or
less, we could adopt TACE as best option for multiple
HCC. Sorafenib would be another best option for these
patients; and (4) Multiple (maximal tumor size > 2
st
cm) with PVTT: In this setting, sorafenib would be 1
line option. However, we could still consider TACE as
alternative option if maximal tumor size is 10 cm or less
and tumor extent ≤ 50% of liver volume.
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REVIEW

Update in management of hepatocellular carcinoma in
Eastern population
Kevin Ka Wan Chu, Tan To Cheung
associated with cirrhosis and the treatment of HCC must
take into account the presence and stage of chronic
liver disease. The major treatment modalities of HCC
include: (1) surgical resection; (2) liver transplantation;
(3) local ablation therapy; (4) transarterial locoregional
treatment; and (5) systemic treatment. Among these,
resection, liver transplantation and ablation therapy for
small HCC are considered as curative treatment. Portal
vein embolisation and the associating liver partition
with portal vein ligation for staged hepatectomy may
reduce dropout in patients with marginally resectable
disease but the midterm and long-term results are still
to be confirmed. Patient selection for the best treatment
modality is the key to success of treatment of HCC. The
purpose of current review is to provide a description
of the current advances in diagnosis, staging, preoperative liver function assessment and treatment
options for patients with HCC in the east.
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Core tip: Management of hepatocellular carcinoma
(HCC) has changed significantly over the past several
decades. However, the management of patients has
yet to be standardized. As a result of high prevalence
of hepatitis B infection in Asia, the experience of the
East helped to develop a more aggressive management
algorithm. There has been a lot of advancement in
terms of diagnosis, management algorithm, staging
and treatment methods. This paper will give an update
on the management of HCC in the eastern population.

Abstract
Hepatocellular carcinoma (HCC) is one of the com
monest malignant tumours in the East. Although the
management of HCC in the West is mainly based
on the Barcelona Clinic for Liver Cancer staging, it is
considered too conservative by Asian countries where
the number of HCC patients is huge. Scientific and
clinical advances were made in aspects of diagnosis,
staging, and treatment of HCC. HCC is well known to be
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role in providing prognostic indicators to lesion with
[17]
poorly differentiated HCCs .
Tumour biopsy can be done if non-invasive studies
failed to characterize the lesion.
Diagnostic strategies vary between guidelines, e.g.,
[18]
European Association for the Study of the Liver
and
[19]
AASLD , but the process is generally determined by the
size of liver nodules. The recently developed technique of
dual-tracer PET-CT may help for atypical lesions.
Knowing that in around 30% patients with HCC, the
AFP level remains normal, a high index of suspicion is
crucial particularly in area like Southeast Asia where
hepatitis B is endemic.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common cancer and the third most common cause of
[1]
cancer-related deaths worldwide . Because of the high
[2]
prevalence of hepatitis B virus infection , countries in
Eastern and Southeast Asia have the highest incidence
[3]
of HCC in the world . However, the management of
patients with HCC has yet to be standardized in aspects
of diagnosis, staging and treatment. Although the
management of HCC in the West is mainly based on
[4]
the Barcelona Clinic for Liver Cancer (BCLC) staging ,
it is considered too conservative by Asian countries.
With advancement in diagnosis, staging and treatment,
management algorithm of HCC is further modified.
The aim of the present review is to provide a summary
and update for clinical practice to determine the most
appropriate treatment for HCC patients.

Staging
Cancer staging is the process of determining the extent
to which a cancer has developed and help to select the
most appropriate treatment for any particular stage
[20]
of disease . The prognosis and treatment outcome
of HCC is related with tumour staging, liver function
[19]
and patient’s physical status . The BCLC staging
[21]
system
and the newly developed Hong Kong Liver
[22]
Cancer (HKLC) staging system
addresses all these
factors. A number of other staging systems for HCC
[23]
are available, e.g., TNM system , The Cancer of Liver
[24]
[25]
Italian Program , Okuda staging system , etc., but
they only included some of these related factors.
In Eastern Asia where the highest incidence rates (>
20/100000 per year) of HCC occur, hepatitis B infection
[26]
accounts for 70% of HCC cases . While in Europe and
North America where lower incidence rates (< 5/100000
per year) of HCC, hepatitis C and alcohol are the major
etiologies. In view of the difference in epidemiologic and
clinical characteristics, different therapeutic approaches
[4,22,27,28]
were developed in the East and West centres
.
Indeed, until recently, studies comparing treatment
outcomes of eastern and western experiences with HCC
are lacking.
The BCLC is widely used and quoted in the literature.
However, it was derived from analysis of cohorts involving
mainly Caucasian and may work better in Caucasian
[29-31]
populations
. In Asia, more aggressive treatment
options were recommended especially for BCLC
[32,33]
intermediate- and advanced-stage patients
. The
differences of treatment algorithms of APASL guideline,
Japan Society of Hepatology guidelines, HKLC and BCLC
staging systems were summarized in table 1. These
guidelines are followed by the corresponding community.
However, the comparison between treatment outcomes
following different algorithms is subjected to future study.
Recently, a new HCC classification system has been
proposed in Hong Kong in order to provide a better
guideline in area where the proportion of HCC and
cirrhosis is higher. Although BCLC staging had fairly
good discriminatory power in the test set, HKLC staging
was significantly better than BCLC staging statistically
in stratifying HCC patients into different prognostic
groups. Overall, our HKLC treatment algorithm yielded

Diagnosis
With clinical suspicion or screening, the diagnosis of
HCC is based on laboratory tests, radiological imaging
and, where appropriate, liver biopsy. The American
[5]
Association for the Study of Liver Disease (AASLD)
diagnostic algorithm is widely used for surveillance and
diagnosis. In short, nodules less than 1 cm which cannot
be precisely characterised in ultrasound are subjected
to interval scan. Nodules detected at ultrasound with
diameter greater than 10 mm are further investigated
with contrast computed tomography (CT) or magnetic
resonance imaging (MRI). Nodules with typical feature
of arterial enhancement and porto-venous washout are
[6]
treated as HCC .
MRI was reported to have a higher sensitivity
[7]
compared with CT . In cases in which the diagnosis
is uncertain, a serum alpha-fetoprotein (AFP) level >
[8]
400 ng/ml has a high positive predictive value . The
sensitivity of MRI scan with contrast ranged from 33%
to 61.7% according to different studies targeted for
[9]
lesions smaller than 2 cm . In order to provide better
results, the use of gadoxetic acid-enhanced MRI as an
investigation tool has been widely investigated. The
initial result of Primovist base MRI showed an improved
[10]
sensitivity from 64% to 86% .
Dual tracer positron emission tomography (PET)11
18
CT with C-acetate and F-fludeoxyglucose (FDG)
markers was reported to have high sensitivity and
specificity for diagnosis of HCC. The liver helps to
[11]
maintain glucose homeostasis and there are a variety
of different levels of glucose-6-phosphatase activity
[12-14]
and glucose transporters in HCC
. It was reported
that well-differentiated HCCs preferentially accumulate
11
[15]
C-acetate
and poorly differentiated tumours tend
[15]
to preferentially accumulate FDG. Ho et al
found
dual-tracer PET-CT to have a sensitivity of 98% and a
specificity of 86% which were considered significantly
[16]
improved to other imaging modality alone . Apart from
18
higher sensitivity, the F-FDG tracer played an additional
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Table 1 Comparison between treatment algorithms of Asian guidelines for hepatocellular carcinoma and Barcelona Clinic for Liver
Cancer staging system
The HKLC staging system

[22]

The JSH guidelines

Parameters included

[28]

The APASL guidelines

[27]

Performance status
Liver function
Liver function
Liver function
Vascular invasion/metastases Vascular invasion/metastases
Vascular invasion/metastases
Tumour staging
Tumour staging
Tumour staging
Definition of vascular Extrahepatic vascular invasion:
Portal vein invasion
Invasion to hepatic/portal vein
invasion
main portal vein and inferior
categorized into Vp1-4
branches
vena cava invasion
Definition of tumour 3 categories: early, intermediate,
Categories according to
3 categories: resectable, nonstaging
locally advanced
number and size
resectable within Milan criteria,
non-resectable exceeding Milan
criteria
Criteria for resection
Early tumour, Child A/B and
Any resectable HCC
Resection can be considered for
intermediate tumour Child A
number ≥ 4 although TACE is
the first choice
Left or right portal vein invasion
HCC with portal invasion at
can be considered for resection
second or more peripheral
portal branch can be considered
for resection

The BCLC staging system

[4]

Performance status
Liver function
Vascular invasion/metastases
Tumour staging
Portal vein invasion considered
as advanced stage
5 categories: very early, early,
intermediate, advanced and
terminal stages
Only solitary HCC or 3
nodules < 3 cm are subjected to
resection

HKLC: Hong Kong Liver Cancer; JSH: Japan Society of Hepatology; BCLC: Barcelona Clinic for Liver Cancer; HCC: Hepatocellular carcinoma; TACE:
Transarterial chemoembolization; APASL: The Asian Pacific Association for the Study of the Liver.

Indocyanine green clearance test: Indocyanine
green (ICG) is a dye which binds completely to albumin
and β-lipoprotein and is exclusively removed by the
liver and excreted unchanged in bile without any
[36]
entero-hepatic circulation . The ICG retention at
15 min (ICGR-15) can be measured with serial blood
[37,38]
sampling or pulse spectrophotometry methods
.
ICGR-15 is about 10% in normal person. It was shown
to be correlated with hospital mortality so that it was
recommended that ICGR-15 for a safe major and minor
[35]
hepatectomy are 14% and 22%, respectively .

better survival outcomes when compared with the BCLC
treatment algorithm, as evidenced by the hypothetical
survival curves. The effectiveness of the HKLC treat
ment guidelines vs the BCLC treatment schedule has
been clearly observed in the aforementioned patient
subsets.The Hong Kong group showed better survival
outcomes can be achieved if these patients received a
[22]
more radical approach of therapies .

Liver resection
Pre-operative patient evaluation and case selection

Imaging-based volumetry: Liver volumetry is most
[39]
commonly estimated with 3-D volume CT calculation .
The post-operative residual liver volume [future liver
remnant (FLR)] can be calculated based on crossimaging techniques, on each slice FLR are outlined and
[40]
integrated . The estimated standard liver volume (ESLV)
can be calculated with a formula based upon regression
analysis of normal population in which body weight and
[41,42]
height are included
. The FLR-to-ESLV ratio was
shown to have inverse correlation with increasing risk for
post-hepatectomy liver failure and post-operative death.
The critical residual liver volume for patients with
normal liver had been reported to be 20%-30% according
[43-47]
to different authors
. In general FLR > 20% is
considered safe and with low risk of postoperative hepatic
[46]
dysfunction . However, most HCCs are associated with
cirrhotic liver or diseased liver. The safety of surgical
resection is greatly determined by the degree of liver
[48,49]
dysfunction due to the underlying liver disease
. In
literature, it is generally accepted that the FLR required is
considerably larger than those with a normal liver, given
the impaired baseline function of hepatocytes. It was

Liver resection follows the basic principle of surgery.
The patients have to be fully assessed for performance
status and anaesthesiology fitness together with the
tumour status including the tumour locations. Although
BCLC criteria do not suggest liver resection for Stage
B disease which comprise of tumour larger than 5 cm
in size, many centres in Asia does not consider tumour
size as an absolute contraindication to surgery. In many
of the Asian centres including Hong Kong will consider
hepatectomy for HCC as long as there is no extrahepatic
[34]
disease or multifocal diffuse disease .
The other factor that affects liver resection is liver
function reserve assessment. More than 80% of
patients with HCC are hepatitis B carrier and around
half of these patients have different degree of cirrhosis.
It is important that patients with poor liver function
reserve should not receive excessive removal of liver
parenchyma in order to avoid postoperative liver failure.
In general only selected patients with Child A cirrhosis
[35]
should be considered for major hepatectomy . In
addition, several adjuvant investigations are crucial as
part of preoperative liver function assessment.
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reported that FLR > 30%-50% are considered safe for
[50-52]
patients with diseased liver
.

The mean period between PVE and hepatectomy was
reported to be 37 d (range: 21-84 d) and the mean
[64]
hypertrophy rate of FLR was reported to be 38% .
On the other hand, approximately 10% of patient
cannot have the surgery performed because of failure
of PVE, inadequate hypertrophy, complication leading to
[64]
unresectability and local tumour progression .
The associating liver partition with portal vein
ligation for staged hepatectomy approach associates insitu splitting to portal vein ligation. It has been shown to
be effective for the induction of rapid FLR hypertrophy
[65]
so as to improve the respectability . It was proposed
that the portal flow deprivation in future resected
liver and accentuated inflammatory response induces
faster regeneration compared to traditional portal vein
[66]
occlusion methods . Therefore, the approach may
reduce dropout in patients with marginally resectable
disease but the midterm and long-term results are still
to be confirmed.

Surgical resection
The aim of hepatectomy is to obtain radical resection
with adequate liver reserve. When performed in
specialised centres, hepatectomy can achieve 5-year
[53]
survival above 50% . In the more aggressive APASL
guideline, the only contraindication to resection is the
presence of distant metastases, main portal vein or
[27]
inferior vena cava involvement . Even for advanced
tumour > 5 cm or multinodular (> 3 nodules), a 5-year
[34]
survival of 39% was reported comparing with 5-year
survival for transarterial chemoembolisation (TACE) was
[54-56]
only 6%-19%
. While following the BCLC protocol,
patients with multinodular tumours would be excluded
for surgical resection. Vascular invasion was associated
[4]
with poor prognosis in untreated patients . As liver
transplant is contraindicated and TACE or systemic
therapy is ineffective, surgical resection remains the
only possible curative treatment in patients with good
liver reserve. Five years survival of patients with portal
vein thrombus underwent liver resection was reported
[57,58]
to be 26%-42%
.
Conventionally, liver resection is mainly carried
by open approach. In recent years, laparoscopic liver
resection for cancer has gaining popularity and many
results showed that minimally invasive approach can
produce equally good oncological outcome even in
[59]
patients with liver cirrhosis for minor hepatectomy .
Laparoscopic hepatectomy was initially adopted
to treat peripheral, benign tumour in a normal liver.
Multiple series showed the feasibility of its application
[60]
for HCC . However, patient selection needs to be
careful. Some technical manoeuvres frequently used in
open hepatectomy, such as organ mobilization, control
of vascular inflow, and hanging manoeuvre are difficult
in laparoscopic setting and controlling haemorrhage is
also difficult. The Louisville consensus suggested that
the laparoscopic approach to left lateral sectionectomy
[61]
should be considered standard practice .

Local ablation therapy
Local ablation therapy is used in patients with early-stage
[67]
HCC who are not suitable for surgical resection . The
currently preferred methods included radiofrequency
ablation, microwave ablation and High Intensity Focused
Ultrasound (HIFU).
Radiofrequency ablation (RFA) utilises alternating
electrical current with a frequency 200 k-20 MHz in the
range of radio-waves and causes coagulative necrosis
[68]
and tissue desiccation . RFA has largely replaced
percutaneous ethanol injection because it produces
better recurrence-free survival and requires fewer
[69]
treatment sessions . RFA can be performed percuta
neously under image guidance or during surgery guided
by intraoperative ultrasound. Complete ablation of small
[70]
lesions is possible in more than 90% of cases . The
overall 5-year survival rates between 33% and 55% in
[71]
selected series . and lower mortality and morbidity
[72]
rates were reported . Therefore, RFA is considered as
an alternative to resection especially for small HCC. Three
randomized controlled trials are available comparing
[73-75]
hepatic resection and RFA
. Although they reported
conflicting results, it seems reasonable to offer RFA to
very small HCC (< 2 cm) with no technical contrain
[76]
dications . Except for the use of RFA on solitary
tumours, multifocal tumour prevalence was also high in
ablated patients. Rather than competing techniques, RFA
can sometimes be combined with hepatectomy tailored
to suit the anatomical condition.
Microwave ablation (MWA) utilizes electromagnetic
methods for tumour destruction with frequency ≥
[77]
900 MHz . Microwave ablation can achieve higher
[78]
[78-81]
temperature
shorter ablation time
and does not
[82-84]
require the placement of ground pads. Several studies
showed that the local tumour control, complications and
long-term survival were equivalent for RFA and MWA in
the treatment of HCC.
HIFU is a non-invasive modality that uses an

Portal vein embolisation and the
Associating Liver Partition with
Portal Vein Ligation for Staged
Hepatectomy
Hepatectomy is the only option for long term survival for
many patients with HCC. However, the resectability rate
for HCC is approximately 20%-30% with normal liver,
[62]
and further reduced in patients with cirrhotic liver .
Portal vein embolisation (PVE) is one of the methods to
[63]
stimulate growth of the FLR. Kinoshita et al reported
the first preoperative PVE in 1986. Various techniques
for PVE were reported and percutaneous transhepatic
technique has become the standard technique for PVE.
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extracorporeal source of focused ultrasound energy .
It is able to induce coagulative necrosis in selected
tissues. HIFU ablation utilizes a unique frequency
of ultrasound wave of 0.8 to 3.5 MHz, which can be
focused at a distance from the therapeutic transducer.
The accumulated energy at the focused region induces
necrosis of the target lesion by elevating the tissue
temperature to above 60 ℃. Temperature outside the
focus point remains static as particle oscillation remains
minimal. As ultrasound energy travels much better in
water than in air, the presence of ascites in HCC patients
actually facilitates energy propagation to the target HCC.
Passage of energy without the puncture of a physical
instrument and its superior performance in patients
with ascites give HIFU ablation superiority over other
treatment modalities for HCC. Initial results of HIFU
ablation in the management of HCC were promising with
a complete ablation rate of 28.5% to 68% for single
[86]
treatment . This non-invasive approaches has shown
to produce very little collateral damage to the normal
liver parenchymal in patients with cirrhosis and is well
tolerated even in selected patients with Child Pugh C
liver cirrhosis. HIFU was also shown to be safe and
effective to reduce the drop-out rate of liver transplant
[87]
candidate .

Transarterial locoregional
therapy
TACE is the most widely used treatment for HCCs which
are unresectable or cannot be effectively treated with
[54,101,102]
percutaneous intervention for over 3 decades
.
During the procedure, iodized poppy seed oil (lipiodol)
and chemotherapeutic agents are administered through
the feeding artery of the tumour, followed by arterial
embolization. TACE results in delay tumour progression
and vascular invasion and result in a survival benefit
compared with conservative management. The most
important aspect is the selection of patients, i.e.,
patients should have preserved liver function, with no
portal vein thrombosis and extrahepatic spread. A metaanalysis of six trials found a survival benefit for TACE
[101]
over conservative management . Two-year survival
rates were reported as 31% vs 11% for conservative
[54]
treatment . TACE can be combined with other ablative
[103,104]
therapies such as RFA
.
The use of drug eluting bead (DEB) in TACE was
[105,106]
reported in 2007
for its safety and efficacy.
Microspheres composed of synthetic polymers or
natural materials such as albumin, gelatine, chitosa or
aliginate roughly fall into two categories - 15-60 μm and
[107]
100-250 μm . Drugs included doxorubicin, mitomycin
[107]
C, cisplatin, etc., can be loaded to the beads
.
DEBs have potential to simplify and standardize the
TACE procedure by preloading the embolic with drug
[107]
followed by controlled drug elution in target tissue .
A randomized controlled trial in 212 patients with HCC
demonstrated that DEB-TACE is better tolerated than
conventional lipiodol-based TACE, but this trial failed to
[108]
demonstrate superiority in tumour response .
Transarterial radioembolization (TARE) using
yttrium-90 microspheres can be used for patients with
[109-115]
portal vein thrombosis
. Tumoricidal radiation doses
are delivered with minimal toxicity to functional liver
and there is minimal to moderate embolization (micro
embolization) and minimal alteration in vascularity
with TARE. Several authors have compared outcomes
following TACE with TARE in matched patient cohorts,
and reported comparable efficacy for TACE and TARE
[116-119]
in terms of tumour response and overall survival
.
However, randomized controlled trials comparing their
[120]
efficacy with other therapies are lacking .

Liver transplantation
Liver transplantation treats HCC together with the
underlying liver disease. The Milan criteria (single tumour
≤ 5 cm, up to 3 tumours each ≤ 3 cm in diameter) is
the gold standard for selection of deceased donor liver
transplantation (DDLT). The disease-free survival at 4
years for patients within the criteria was reported to be
[88]
92% . Many centres extended the criteria as evidence
showed that patients outside the Milan criteria also have
favourable outcomes after liver transplantation. In the
west, the University of California, San Francisco criteria
(single tumour ≤ 6.5 cm, up to 3 tumours at most
with the largest ≤ 4.5 cm, and total diameter ≤ 8cm)
had been shown with comparable outcome with Milan
[89]
criteria . Asian centres extended the HCC transplant
criteria further because the majority of liver grafts were
[90-93]
from living donor
. Living donor organ is considered a
[94]
“gift” and there is less societal concern of equity .
In Asia, the organ donation rates remain the lowest
[90]
worldwide . As a result, living donor liver transplantation
(LDLT) comprises the major workload and becomes an
important treatment option for managing HCC in Asia.
The overall survival rates were shown to be the same
[95-99]
with studies comparing outcomes of DDLT and LDLT
.
In view of the shortage of donated organ in Asia,
multiple strategies had been developed, including using
marginal livers, domino donors, and split liver transplant.
Also bridging therapy with ablative and transarterial
[100]
interventions aims to prevent tumour progression .
However, in survey up to 2005, 96% of liver transplant
[90]
for HCC in Asian centers were from live donors .

WJH|www.wjgnet.com

Systemic therapy
Systemic chemotherapy had a disappointing record
[121]
in management of HCC . With recent knowledge of
hepato-carcinogenesis, there has been encouraging
development in target therapy of advanced HCC. Sorafenib
is an oral multikinase inhibitor that has activity against
several serine/threonine kinases and tyrosine kinases. It
was the first systemic therapy shown to prolong survival
in patients with HCC, and is approved for use in advanced
[122]
HCC . The Sorafenib HCC Assessment Randomized
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Protocol trial
is a large, placebo-controlled phase Ⅲ
trial in patients with advanced HCC and preserved liver
function (Child-Pugh class A). It demonstrated prolonged
median survival for approximately 3 mo in sorafenib
[124]
group. Cheng et al
in another study involving 271 Asian
patients showed a 2 mo prolongation in survival in patients
with advanced HCC. Many other novo agents were being
investigated at the moment but it was only Sorafenib that
has demonstrated the effect of providing significant longer
overall survival.
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14

CONCLUSION
Management of HCC has changed significantly over the
past several decades. However, the management of
patients has yet to be standardized. As a result of high
prevalence of hepatitis B infection in Asia, the experience
of the East helped to develop a more aggressive
management algorithm. To ensure the most effective
treatment to be offered for HCC patients, a good patient
selection for the right modality need to be practised.
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MINIREVIEWS

Th1/Th2 cytokines and their genotypes as predictors of
hepatitis B virus related hepatocellular carcinoma
Roli Saxena, Jyotdeep Kaur
this condition. It has been well documented that HBV,
being the inducer of chronic inflammation, is the main
causative agent in causing HCC, particularly in Asian
countries. The HBV infection leads to a wide range of
clinical symptoms from carrier state to malignancy.
Cytokines being immune-modulatory molecules, are
the key mediators in the defense mechanism against
viral infection. In this regard, this review will detail the
substantial role of key Th1: interleukin 1 (IL-1), IL-2,
IL-12, tumor necrosis factor-α, interferon-γ; Th2: IL-4,
IL-10 and non Th1/Th2: IL-6, transforming growth
factor-β1 cytokines genotypes in analyzing the variability
in the clinical manifestations in an HBV-afflicted individual,
which might finally, culminates into HCC. Since cytokine
production is regulated genetically, the cytokine promoter
region single-nucleotide polymorphisms induced changes,
greatly affects the cytokine production, thus resulting into
differential outcome of immune balance.
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Core tip: Hepatocellular carcinoma is the prime mani
festation of primary liver cancer. Besides, hepatitis
B virus (HBV) infection accounts for nearly 50% of
hepatocellular carcinoma cases worldwide. The injuries
afflicted by HBV infection are predominantly immunemediated. Th1/Th2 cytokines play a significant role
in modulating almost all phases of the host immune
response. Moreover, cytokine production and response
is genetically controlled. Hence, the population-based
variability in patterns of cytokine polymorphisms, might
alter the ability of an individual to mount an appropriate
immune response, thus causing a differential effect on
the progression of the HBV disease pathogenesis.

Abstract
Hepatocellular carcinoma (HCC), the predominant type
of primary liver cancer, is one of the most serious lifethreatening malignancies, worldwide. In majority of
the cases, HCC develops after prolonged and persistent
chronic liver disease. hepatitis B virus (HBV) or HCV
infection is prominent etiological factors, attributing to

WJH|www.wjgnet.com

Saxena R, Kaur J. Th1/Th2 cytokines and their genotypes as
predictors of hepatitis B virus related hepatocellular carcinoma.

1572

June 18, 2015|Volume 7|Issue 11|

Saxena R et al . Cytokines in HBV-HCC risk
World J Hepatol 2015; 7(11): 1572-1580 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i11/1572.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i11.1572

cause the accumulation of genetic alterations in infected
[3]
liver cells . Thus, these findings strongly reflect the
role of immune responses following HBV infection, in
causing the chronic disease to carcinoma. Also, all the
other procarcinogenic events leading to HCC, most likely
[13]
occur due to this process . Therefore, the probability
and intensity of the hepatocyte injury and its further
progression to cirrhosis and consequently to HCC, is an
outcome of the interplay between the host immunity
[14]
and the virus replication ability .

INTRODUCTION
Liver cancer includes a wide array of histologically
different primary liver cancers comprising hepatocellular
carcinoma (HCC), cholangiocarcinoma, hepatoblastoma,
bile duct cystadenocarcinoma and haemangiosarcoma.
However, out of all these, HCC, a type of hepatocyte
epithelial tumor, is the most common, constituting 83%
[1,2]
of all the incidences . Additionally, HCC is one of the
[3]
virus-induced human cancers .
HCC, poses as a worldwide public health issue,
being one of the most widespread and lethal cancers.
[4]
Accounting for 85%-90% of primary liver cancers , HCC
[5]
is the third most frequent mortality causing malignancy .
Roughly 6% of the existing human cancers are HCC
induced. The occurrence of over half a million HCC cases,
[6]
annually worldwide , makes it the fifth most widespread
[7,8]
cancer (fifth in men and seventh in women), globally .
The major fraction of the HCC afflicted patients,
occur due to infections with hepatitis B virus (HBV) or
HCV, constituting the main agents, attributing to this
condition. This is primarily due to their role in induction
of chronic inflammation. However, out of these two
causative agents, HBV is regarded as the predominant
causative factor of HCC, worldwide, with the incidence
rate of hepatitis B surface antigen (HBsAg) carriers
[9]
accounting for nearly 2% to 11% of the Indians .
The variability in HBV infection induced response, is
partly due to different immunological factors like the
innate and adaptive immune response against the viral
infection. Besides, HBV being a non-cytopathic virus, viral
persistence/clearance following HBV infection, occur due
to the body’s immune response against viral antigens.

CYTOKINES
Cytokines are proteineous moieties, produced chiefly
[15]
by immune/non-immune cells . They are potent
immune-modulatory molecules and major players in
protection against viral infection, by either analyzing the
[16]
host response pattern or by inhibiting viral replication .
Since cytokine production is controlled genetically,
variations caused due to single-nucleotide polymorphisms
(SNPs) in cytokine genes’ promoter region, affect the
cytokine production to a great extent, thus affecting
the immune balance response. This might hold true
for cytokine gene polymorphisms and the HBV related
HCC, as liver is an lymphocyte enriched organ, involved
in numerous cytotoxic activities and having variable
cytokine secretion patterns. Besides, HBV is widely
believed to be strongest inducer of HCC, primarily by
inducing chronic inflammation. Though, some earlier
studies have been carried out in this regard, which
have reported variable results concerning association of
cytokine polymorphism/expression with HBV-HCC risk
in different ethnic groups, but till date, no substantial
evidence has been yet obtained from the Indian
population.
Though, initial classification divided the cytokines
into four large groups, on the basis of their biological
[17]
functions : (1) Natural immunity mediators: like
tumor necrosis factor-α (TNF-α), interleukin 1 (IL-1),
IL-6 (minor role), IL-5, IL-8 and the chemokines; (2)
Lymphocyte activation, growth and differentiation
regulators: like IL-2, IL-4, transforming growth
factor-β (TGF-β); (3) Regulators of Immune-mediated
inflammation: IL-4, TGF-β, IL-10, IL-1, interferon-γ
(IFN-γ), granulocyte macrophage-colony stimulating
factor (GM-CSF), macrophage activating factor; and
(4) Stimulators of immature leucocyte growth and
differentiation: IL-1, IL-3, IL-5, IL-6, granulocyte-CSF,
macrophage-CSF, GM-CSF.
However, due to the overlapping and multifunctional
nature of many of these cytokines, this classification
[15]
is considered to be random . So, these are generally
[18]
catagorized into two groups : (1) Th1 (pro-inflamma
tory) cytokines: IL-1, IL-2, IL-12 and non-ILs like TNF-α
and IFN-γ. These cytokines cause stimulation of virusspecific CD8-positive cytolytic T lymphocytes, leading
to viral clearance; and (2) Th2 (anti-inflammatory)
cytokines: IL-4, IL-10. They induce Th1 cytokines and
stimulate activation/differentiation of B cells. Although

HBV: Major causative factor for HCC

HBV infection is considered to be one of the pivotal
factor in causation of HCC, with the occurrence of
more than 350 million chronic carriers worldwide. HBV
has been declared a human cancer causing agent by
International Association for Research on Cancer, in
1994. Besides, the recent Asian and Northern-American
studies conducted, estimated that the chances of HCC
development increases by 25-37 times in HBsAg carriers
[10]
as compared to control populations . India, one of
the most populous developing countries has about
[11]
45 million chronic-HBV afflicted people . Numerous
reports has suggested that the HBV is not directly
cytopathic and hence, any injury to the liver cell is
[12]
chiefly governed by cytotoxic T cells . A large body of
evidence has demonstrated that liver cell injury resulting
from chronic immune response triggers the causation
of HCC. Moreover, cell-mediated immune responses’
induced chronic hepatic inflammation and regeneration,
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Table 1 Cytokines involved in hepatitis B virus - hepatocellular carcinoma risk
Cytokine genes

Physiological function

Role in viral clearance/persistence

SNP analyzed

Disease association

IL-1

Proinflammatory

Viral clearance

IL-6

Pro- as well as anti-inﬂammatory

Both

IFN-γ
IL-10

Proinflammatory
Anti-inflammatory

Viral clearance
Viral persistence

Proinflammatory
Proinflammatory
Pro- as well as anti-inﬂammatory
Proinflammatory
Anti-inflammatory

Viral clearance
Viral clearance
Both
Viral clearance
Viral persistence

IL-1B (-511 C > T)
IL-1RN (VNTR)
Intron 2
IL-1 haplotypes
-572 C > G
-597 G > A
IL-6 haplotypes
+874 T > A
-819 C > T/-592 C > A
IL-10 haplotypes
+1188 A > C 3’UTR
-308 G > A
-509 C > T
-330 T > G
-590 C > T

NS[28,29,31]; risk[30]
Risk[28]; protection[29];
NS[30,31]
Protection[28]
Protection[38]; NS[39]
Protection[38]
Risk[38]
Protection[42]; NS[43]
Risk[49]; NS[50]
NS[49,51]
NS[50,54,55]
NS[42,60]; risk[59]
Risk[54]; protection[54,70,71]
NS[50,54,77]; risk[78]
Protection[54]; NS[50]

IL-12B
TNF-a
TGF-β 1
IL-2
IL-4

NS: Non-significant; TNF-a: Tumor necrosis factor-a; IL: Interleukin; TGF-β: Transforming growth factor-β; VNTR: Variable number tandem repeat; IFN-γ:
Interferon-γ; 3’UTR: 3’ untranslated region.

several of them do not fit specifically into either category
like non Th1/Th2 cytokines; IL-6, TGF-β. Although
cytokines act at very low concentrations (pg/mL), their
effect is closely related to their circulating levels. Besides,
an individual’s cytokine production capacity is genetically
regulated, which accounts for remarkable variation
[19]
among individuals . Thus, deregulation of the gene
expression that alters the cytokine production may alter
the homeostasis of the organism, resulting in organspecific or systemic failures. This is quite relevant for
[20]
cytokine gene polymorphisms and HCC , as cytokines
are key determinants in regulating the immune response
during HBV infection.

are primarily the result of the variability in response of
the immune system in the presence of primary lesion.
However, the genetic make-up of an individual may also
alter the immune system and generate tumorigenic
effects. The principal cytokines and their genotypes,
found to be involved in HBV-HCC development are
listed below.

IL-1

This is a multifunctional proinflammatory cytokine.
The IL-1 gene family comprises IL-1α, IL-1β and IL-1
receptor antagonist (IL-1Ra/IL-1RN). It is located on
[24]
long arm of chromosome 2 (2q13.21)
and encodes
three proteins namely: IL-α, IL-β (agonists) and IL[25]
1Ra (naturally occurring inhibitor) . An 86-bp variable
number tandem repeat (VNTR) polymorphism is present
[26]
in intron 2 of the IL-1RN gene . The IL-1RN (VNTR)
polymerase chain reaction-analysis, depicted five
different allelic combinations (allele 1 - allele 5) of the
86-bp sequence to be present in intron 2 of the IL-1RN
[27]
gene. Pociot et al have identified an IL-1B biallelic (C/
T), promoter region polymorphism (-511), affecting its
secretion in vitro.
The IL-1B (-511) genotypes and HBV-HCC asso
ciation analysis (Tables 1 and 2), revealed that there
was no significant association between the IL-1B (-511)
heterozygous (CT) and variant (TT) genotypes with
HBV-HCC risk, in healthy controls and inactive-HBV
[28]
[29]
carriers . Similarly, a study by Zhang et al indicated
no change in IL-1B allele/genotype frequencies between
hepatitis patients and the controls. These findings,
[30]
however, differed from a study by Tanaka et al , where
IL-1B-511(TT) genotype was potentially in positive
association with HCC development (Table 1). Further,
we observed that the IL-1RN (VNTR) genotypes and the
HCC risk association analysis (Tables 1 and 2), revealed
a significant positive association between 1/2 genotype
with HCC development, among healthy controls and
[28]
inactive carriers . However, a study by Zhang et

Role in HBV-HCC pathogenesis

Induction of chronic inflammation creates a tumorfavouring microenvironment that eventually participates
in the necroplastic process. Moreover, in immune cell
enriched liver, immune responses following hepatitis
infection, cause cell damage, regeneration, finally
leading to liver cancer due to continued cell proliferation
[18]
and death . Thus the chances for HCC development
in HBV-afflicted individuals increases with up-regulated
[21]
inflammation and fibrosis . T-lymphocyte immunoregulatory cytokines are crucial players in regulation
of the host response to against HBV infection. In fact,
it has been shown that the cell-mediated immunity is
[22]
responsible for viral recovery , while Th2 cytokines
[23]
actively participate in causing persistent infection . In
this context, an HBV-infected individual having downregulated Th1 and up-regulated Th2 cytokine production,
might experience an increased likelihood to HCC
development. Hence, polymorphisms in cytokine genes
can influence body’s immune system; inflammation and
tissue injury in HBV related malignancy.
Several studies have documented functional cytokine
polymorphisms, associated with varying stages of liver
disease. The differences in cytokine expression and the
functional consequence of these modifications in HCC,
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Table 2 Association of various cytokine genotypes in progression of hepatitis B infection
Cytokine genes
IL-1RN (VNTR) 1/2
IL-6 (-572 G > C) GC
CC
IL-6 (-597 G > A) GA
IFN-γ (+874 T > A) TA
AA
IL-10 (-819 C > T/-592 C > A)
IL-12B (+1188 A > C 3’UTR) CC
TGF-β 1 (-509 C > T) CT
TT
IL-4 (-590 C > T)

OR (95%CI)
Control

Inactive HBV-carrier

Chronic-active HBV

1 (REF)
1 (REF)
1 (REF)
1 (REF)
1 (REF)
1 (REF)
1 (REF)
1 (REF)
1 (REF)
1 (REF)
1 (REF)

0.45a (0.2-1)
1 (REF)
3.98b (1.5-10.2)
1 (REF)
1.8 (0.6-5.6)
1 (REF)
8.65d (3-25)
1 (REF)
2.20 (0.6-8)
0.65 (0.26-1.7)
4.34d (1.83-10.3)
1.44 (0.5-4.1)
4.70d (1.8-12)
15.42d (5-47.6)
1 (REF)
2.26b (1.2-4.2)

2.70b (1.3-5.3)
5.80h (2.5-13.4)
2.50a (1.1-6)
0.63 (0.2-2)
2.54a (1.05-6.2)
1.30 (0.3-5)
0.52 (0.2-1.2)
0.06h (0.02-0.2)
0.34b (0.14-0.8)
0.78 (0.34-1.8)
ND
3.30b (1.3-8)
2.20a (1-4.5)
5.87d (2.2-15.7)
0.38 (0.13-1.1)
0.40b (0.2-0.7)

Ref.
HBV-cirrhotic
2 (1-4)
4.20f (1.8-10)
0.94 (0.4-2)
0.24f (0.1-0.7)
0.40a (0.16-1)
0.20c (0.01-0.6)
0.63 (0.3-1.5)
0.07h (0.03-0.2)
0.56 (0.24-1.3)
0.62 (0.26-1.5)
2.02a (1-4.1)
1.3 (0.5-3.8)
2.81b (1.3-5.8)
1.50 (0.4-4.8)
0.10h (0.03-0.3)
0.70 (0.38-1.27)

HBV-HCC
1.90 (1-4)
4.12f (1.7-10)
0.75 (0.3-1.7)
0.20f (0.06-0.6)
1.50 (0.6-3.8)
0.83 (0.2-3.2)
2.1 (0.7-6.4)
0.22c (0.06-0.8)
0.39a (0.17-0.85)
0.31b (0.13-0.72)
2.20a (1.05-4.5)
1.80 (0.6-5.3)
2.10a (1-4.2)
3.72b (1.4-10)
0.24f (0.1-0.7)
1.65 (0.9-3)

[28]
[38]

[42]
[49]
[54]

OR: Odd ratio adjusted with age, sex, bilirubin, total protein, A/G, aspartate transaminase, alanine transaminase, alkaline phosphatase; ND: Not
determined due to a single subject having this genotype. aP < 0.05, bP < 0.01, dP < 0.001 with respect to control; cP < 0.05, fP < 0.01, hP < 0.001 with respect to
inactive HBV-carrier. HBV: Hepatitis B virus; IFN-γ: Interferon-γ; IL: Interleukin; TGF-β: Transforming growth factor-β; HCC: Hepatocellular carcinoma.

[29]

al , documented conflicting results, by showing a
significant negative association of the carriage of IL1RN (VNTR) allele 2 with HBV infection. On the contrary,
a non-significant association was evident between 2/2
genotype and the liver disease progression in a Japanese
[30]
study , while a potential association was found
between the same genotype and cirrhosis development,
[28]
[31]
in our case . Moreover, as reported by Chan et al , no
significant association was found between IL-1B and ILRN (VNTR) polymorphisms and liver fibrosis, in Chinese
hepatitis patients. Besides, we found that the IL-1
haplotypes 2 and 3 acted as significant protective factors
for hepatitis and subsequently for HCC development
[28]
(Table 1) .
[32]
Besides, similar to the Portuguese population ,
the IL-1B-511 and IL-1RN (VNTR) loci were observed
to be in a weak linkage disequilibrium with each other,
[28]
among controls . Furthermore, on analyzing the effect
of IL-1B (-511C/T) genotypes on its levels, a substantial
decrease in the levels was evident in TT genotyped
controls, with respect to those with the heterozygous
(CT) genotype but not in HBV-infected individuals. This
observation was in line with the previous documentation
of an up-regulated IL-1B production due to the presence
[33]
of C allele .

Studies conducted so far, have reported three SNPs
located in the IL-6 gene promoter (-597G/A, -572C/G
and -174G/C), which result in up-regulation of IL-6
levels and have been observed in chronic hepatitis B
patients. The association analysis carried out by us
(Table 2), between IL-6 (-572) genotypes and the HCC
risk, showed that in case of GC genotype, a significant
negative association was evident for HCC development,
among carriers. While the CC genotype, acted as vital
[38]
protective factor for cirrhosis development . However,
a Korean study reported a non-significant association of
IL-6-572 (G > C) polymorphism with hepatitis outcome,
i.e., the occurrence of liver cirrhosis and HCC following
hepatitis, in individuals hetero-and homozygotes for
G allele, as compared to the CC homozygotes (Table
[39]
1) . Further, on associating IL-6 (-597) genotypes with
HCC susceptibility, the heterozygous genotype (GA)
was significantly in negative association with HCC risk,
among HBV carriers. Besides, when we determined IL-6
haplotypes with the HCC risk, haplotypes 2 (GA) and 3
(CG) were found to be significantly positively associated
with HCC development, while the haplotype 4 (CA)
acted as a potential protective factor for the same.
Additionally, no difference was evident in IL-6 levels in
case of IL-6 (-572) and IL-6 (-597) genotypes, in our
[38]
study (Tables 1 and 2) . However, earlier, a study
conducted in healthy Spanish population, showed that
G allele at -597 is associated with significantly elevated
[40]
IL-6 circulating levels .

IL-6

This is a 23.7 kDa pleiotropic cytokine, produced by both
[34]
lymphoid and non-lymphoidcells . This cytokine acts
as both pro-as well as anti-inﬂammatory cytokine and
has a key role in growth-promotion and anti-apoptotic
[35]
activities . The genes involved in processes like
differentiation, survival, apoptosis and proliferation are
[36]
mainly targeted by the IL-6 family . Inter-individual
variations at transcription and expression level occur
[37]
due to IL-6 polymorphisms (promoter region) .

WJH|www.wjgnet.com

IFN-γ

This cytokine has a multifunctional role, produced
exclusively by T lymphocytes and natural killer (NK)
[41]
cells . Several reports have indicated the significance
of IFN-γ gene polymorphism (+874), situated in its
first intron, which coincides with the nuclear factor kB
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[41]

molecular epidemiologic studies have stated the func
tional importance of SNP at +1188 (A/C) in the 3’
untranslated region (3’UTR) of IL-12p40/IL-12B in
immune mediated diseases and cancer risk.
The association study done between the IL-12B
(+1188 3’UTR) genotypes and HCC risk, revealed
no significant association between the AC and CC
[54]
genotypes with HCC risk (Tables 1 and 2) . Similar
observations were reported in two separate studies
done in the Chinese population, where these genotypes
of IL-12B were not found to be significantly associated
[50,55]
with HBV induced HCC (Table 1)
. Another study
done in HCV patients, showed that the association of AC
genotype with self-limited infection, while the persistent
HCV infection was observed to be associated with AA
[56]
genotype . The presence of “A” allele at IL-12B (+1188
[57]
3’UTR) resulted in elevated IL-12B production .

binding area , in modulating HBV infection risk. In
our lab, the association analysis conducted between
the IFN-γ (+874 T > A) genotypes and the cancer risk
in Indian population, showed that the heterozygous
genotype (TA) was significantly in negative association
with hepatitis and later on with HCC development,
in healthy controls as well as HBV-inactive carriers.
The variant AA genotype was also observed to be in
significant negative association with HBV-HCC risk,
[42]
among controls as reference (Tables 1 and 2) . The
[43]
results differed from study by Cheong et al , where no
significant association was evident between IFN-γ (+874)
polymorphism and susceptibility to HBV infection (Table
1). Studies by several authors carried out in different
[44]
[45]
populations (Colakogullari et al ; Farhat et al ; and
[46]
Forte et al ), showed that the levels of wild genotype
individuals were significantly elevated when compared
to TA genotype subjects while, we did not observe such
changes in IFN-γ levels among individuals with different
[42]
genotypes .

TNF-α

It is a potent pleiotropic cytokine. It’s gene is located
[58]
on the short arm of human chromosome 6 (6p21.3) .
TNF-α is a proinflammatory and an immunomodulatory
cytokine. Various studies have shown that TNF-α,
along with IFN-γ exerts an antiviral effect, profoundly
suppressing HBV gene expression in infected hepa
tocytes noncytolytically. Literature has shown, several
functional SNPs in the TNF-α promoter region, which
were reported to influence the TNF-α constituitive and
inducible expression levels. Till date, however, the best
described SNP is at -308 position of the TNF-α promoter.
[59]
A study conducted by Jeng et al , showed that the
TNF308.2 (A) allele significantly contributes to a higher
HCC risk in Taiwanese population (Table 1). However,
[42]
in our study in Indian population
and in a study by
[60]
Somi et al
in Iranian population, no such association
was observed (Tables 1 and 2). Numerous studies
have observed the TNF2 allele(A) to be a stronger
[61-64]
transcriptional activator than wild (G) allele
. On
the contrary, no significant difference was evident
between the TNF-α (-308) genotypes, its serum and ex
[65]
vivo levels in Chilean rheumatoid arthritis patients ,
[66]
[67]
Taiwanese and the Asian Indians .

IL-10

IL-10 is regarded as a pleiotropic Th2 cytokine, mainly
involved in regulation of inflammatory responses. It
primarily participates in inhibiting cytokine synthesis
[47]
by Th1 cells . It acts both as an anti-inflammatory
(tumorigenic) and anti-angiogenic (anti-tumorigenic)
[48]
cytokine. Further, as reported by Breen et al , IL-10
upstream promoter region has two linked biallelic SNPs
at positions -819 (C/T) and -592 (C/A).
Upon studying the association analysis of IL-10
genotypes with HBV-HCC risk, we found the CC/TA
genotype to be in a significant positive association
[49]
with HBV-HCC development (Tables 1 and 2) . While
[50]
a study conducted by Nieters et al , in Chinese
population, showed that the wild and heterozygous
genotypes shared no significant association with HCC
(Table 1). Moreover, the haplotype analysis, revealed a
strong linkage disequilibrium between the two studied
single nucleotide polymorphisms, consistent to the
[48]
[51]
other studies by Breen et al ; Shin et al ; Tseng
[52]
[53]
et al ; and Gambhir et al . However, in case of
Indian population, no significant association was found
between the 2 haplotypic combinations (CC and TA)
[49]
observed and HCC risk (Tables 1 and 2) . On the
contrary, the CC haplotype was found to accelerate the
HCC progression rate in HBV patients in a study by Shin
[51]
et al .

TGF-β 1

TGF-β, a polypeptide growth factor family, being
encoded by three different genes-TGF-β 1, TGF-β 2, and
TGF-β 3. Among these, TGF-β1 is most frequently up[68]
regulated in tumor cells . TGF-β1, a multifunctional
cytokine, acts a potent growth inhibitor in wound healing
and differentiation processes. Owing to this, great
stress has been laid on studies about impact of TGF-β1
and its gene variations in susceptibility/pathogenesis of
various diseases. So far, many TGF-β 1 polymorphisms
have been documented viz. three variations, located
upstream of exon 1 (at positions -988C/A, -800G/A,
and -509C/T), an insertion/deletion of cytosine residue
in the 5’UTR (at position +72) and three nucleotide
[69]
substitutions in the gene’s coding region . However,
the most reported -509 C > T polymorphism in TGF-β 1

IL-12

IL-12, a key Th1 proinflammatory cytokine and is
produced chiefly by the antigen presenting cells. This
heterodimeric cytokine suppresses the Th2 function and
was initially recognized as a connecting link between
innate and adaptive immune responses. It’s major
biological functions include activation of NK and T cells,
causing induction of IFN-γ and imparts resistance to
tumors, by promoting Th1 adaptive immunity and
cytotoxic T lymphocyte responses. Besides, several
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promoter is linked with its increased circulating levels.
The association analysis concerning the TGF-β 1
(-509) genotypes with HBV-HCC risk, revealed that both
hetero- and homozygotes for the T allele, acted as vital
risk factors for HCC, in Indian healthy subjects. While,
the variant genotype acted as a significant protective
factor for cirrhosis and the subsequent HCC risk, among
[54]
inactive carriers (Tables 1 and 2) . Similarly, a study
reported significantly lowered HCC risk in hepatitis B
patients with variant (TT) genotype, than in those with
[70]
wild (CC) genotype
and another study also reported
decreased HCC risk in patients with TT or CT genotypes
[71]
than in those with the wild genotype . Both the CC
and TT genotypes were found to be significant risk
factors for cirrhosis in an earlier study done in Italian
[72]
population (Table 1) . Besides, the -509C allele was
also observed to be significantly associated with higher
HCV clearance rates (P < 0.01), in a study by Kimura
[73]
et al . A Chinese case-control study revealed that
both T allele heteo- and homozygotes were significantly
[74]
associated with decreased colorectal cancer risk .
[75]
Grainger et al , have observed that the T allele
of -509C/T polymorphism accounts for higher TGF-β1
production. However, our study differed from this finding
as no substantial difference in the levels in any of the
[54]
TGF-β 1 genotypes was observed . Further, a study
[70]
done by Qi et al , also did not show any significant
difference in TGF-β1 plasma concentration, between CC
and TT genotypes among diseased or healthy controls.
Ethnic disparity could be the most probable reason
for the apparent discrepancy on the genetic control of
TGF-β1 production level.

various IFN-stimulated functions on Th1 differentiation/
[79]
stability . In vitro and in vivo studies had documented
the T allele of IL-4 (C-590T) polymorphism, which is in
linkage disequilibrium with-33T, to be associated with
an increased IL-4 expression.
The association study showed that the CT genotype
was found to be potentially negatively associated with
hepatitis B development in healthy Indians (Tables 1
[54]
and 2) . On the contrary, in a Chinese cohort study,
IL-4 (-590 C > T) genotypes were not found to be
significantly associated with the HCC risk in American
[50]
population (Table 1) . Besides, in another study,
IL-4 (-590) CT and CC genotype frequencies were
significantly higher in chronic hepatitis B patients with
abnormal ALT levels, thereby associating them with liver
[78]
inflammatory injury . Moreover, subjects harboring the
IL-4 (-590) CT genotype, showed significantly raised IL-4
levels, with respect to CC genotype subjects (Tables 1
[54]
and 2) . Earlier studies have shown enhanced promoter
strength with the variant (T) allele at position -590 due to
increased binding of the nuclear transcription factors to
the promoter, thus up-regulating IL-4 expression.

CONCLUSION
The association studies carried out with cytokine gene
polymorphism and HBV related disease chronicity
vary considerably across different populations studied.
Due to ethnic variability of the results, it is difficult to
conclude the associations based on the available data.
In nutshell, on the basis of these observations, it can be
said that there is a dire need for analyzing the individual
and collective polymorphic forms of various cytokines,
both mRNA and the protein expression, the correlation
between them, in a larger set of individuals in various
set of populations, so as to enhance, not only the
diagnostic and prognostic value of such studies, but also
for determining an individual’s susceptibility to HBV-HCC
disease.

IL-2

IL-2, a proinflammatory and strong immunoregulatory
Th1 cytokine, affecting various immune cells. John et
[76]
al
had reported two SNPs in IL-2 gene (-330 and
+166). The +166 change occurs in the leader peptide,
so no change occurs in amino acid sequence. The SNP
at -330 promoter region position produces two alleles (T
and G). Since, the -330 promoter region polymorphism
consists of two common alleles, so it is regarded as an
appropriate marker for association studies.
On associating the IL-2 (-330 T > G) genotypes
with HCC progression in HBV infected individuals, we
showed that both the TG and GG genotypes remained
largely non-significant in HBV chronicity, among controls
[54]
and carriers . Similarly, the IL-2 (-330 T > G) poly
morphism did not appear to modify HBV-HCC risk in
[50,77]
the Chinese and American populations
. On the
[78]
contrary, a study by Gao et al
reported, IL-2-330
TT genotype to be associated with an increased risk of
chronic hepatitis, in case of either HBV or HCV or HBVHCV coinfection in Chinese population (Table 1).
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Autoantibodies against tumor-associated antigens for
detection of hepatocellular carcinoma
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Abstract

Yu Hong, Jian Huang, Liver Research Center, Experimental
Center, Beijing Friendship Hospital, Capital Medical University,
Beijing 100050, China

Hepatocellular carcinoma (HCC) is one of the most
common tumors worldwide. The survival rate after the
onset of symptoms is generally less than one year for
the late presentation of HCC, and reliable tools for early
diagnosis are lacking. Therefore, novel biomarkers for
the early detection of HCC are urgently required. Recent
studies show that the abnormal release of proteins by
tumor cells can elicit humoral immune responses to
self-antigens called tumor-associated antigens (TAAs).
The corresponding autoantibodies can be detected
before the clinical diagnosis of cancer. Therefore, there
is growing interest in using serum autoantibodies as
cancer biomarkers. In this review, we focus on the
advances in research on autoantibodies against TAAs as
serum biomarker for detection of HCC, the mechanism
of the production of TAAs, and the association of
autoantibodies with patients’ clinical characteristics.
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this review, we focus on the advances in research on
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as serum biomarker for detection of HCC, the mechanism
of the production of TAAs, and the association of
autoantibodies with patients’ clinical characteristics.
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upon assays employing conventional biomarkers . For
[12]
example, Li et al
reported that the elevated levels
of serum antibodies against insulin-like growth factorbinding protein-2 allowed detection of early-stage
cancers.
In this review, we discuss advances in research
on autoantibodies against TAAs as biomarkers for the
detection of HCC, with particular focus on the mechanism
of the production of TAAs and the association of auto
antibodies with clinical parameters.

INTRODUCTION
Liver cancer is the sixth most common malignant
disease worldwide, and approximately 50.5% of new
cases and 51.4% of cancer-related deaths occur in
[1]
China . The survival rate after the onset of symptoms
is generally less than one year for the late presentation
of hepatocellular carcinoma (HCC), and reliable tools for
early diagnosis are lacking.
Ultrasound is recommended as a screening tool
for early detection of HCC, although it is not very
sensitive and is highly operator dependent. Computed
tomography is not recommended as a screening
[2,3]
tool for HCC because of radiation exposure . One
current focus of HCC research is the development of a
blood test to aid in the diagnosis of this disease. Many
serologic biomarkers of HCC are available, including
alpha-fetoprotein (AFP), des-γ-carboxyprothrombin, lens
[4,5]
[6]
culinaris agglutinin-reactive AFP-L3 , Dickkopf-1 ,
[7]
and squamous cell carcinoma antigen . To date, AFP is
the only serum biomarker available for HCC surveillance.
However, AFP does not yield satisfactory results to
diagnosis HCC in its early stages. Specifically, using a
cutoff value of 20 ng/mL, the sensitivity and specificity
of AFP assays range between 41%-65% and 80%-90%,
respectively, and the sensitivity is lower when AFP is
[8]
used to detect early-stage HCC . Therefore, novel
serum biomarkers that detect HCC before symptoms
are apparent are urgently required.
The immune system is the first line of defense
against pathogens. During the earliest stage of tumo
rigenesis, proteins released by tumor cells, or peptides
at the surface of tumor cells, can elicit humoral immune
responses against the tumor and are therefore called
tumor-associated antigens (TAAs). The production
of TAAs is not completely understood. The proteins
are likely mutated, overexpressed, posttranslationally
modified, misfolded, aberrantly cleaved, or aberrantly
[9]
localized in tumor cells . Therefore, autoantibodies
against TAAs are readily isolated, because they are
secreted, and their titers increase in response to robust
biological amplification of TAAs. Most important, TAAs
can be detected before the clinical diagnosis of cancer.
Further, unlike polypeptides, antibodies are highly
stable in serum and are not proteolyzed. The halflife of TAAs in the bloodstream ranges between 7-30
d, depending on the subclass of immunoglobulin, and
may persist for as long as the immunizing autoantigen,
[10]
which simplifies sample preparation . Thus, detection
of anti-TAA autoantibodies will be easier than detecting
TAAs themselves, suggesting that the measurement of
anti-TAA antibodies may offer the potential to improve
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ANTI-TAA AUTOANTIBODIES IDENTIFIED
IN PATIENTS WITH HCC
The number of reports of TAAs in patients with HCC has
recently increased. The main TAAs reported since 1993
are listed in Table 1. Among them, the tumor suppressor
protein p53 is one of the most highly immunogenic
TAAs identified to date. The prevalence of serum
anti-p53 antibodies among HCC patients ranges from
[13-15]
12.2%-73.07%
. The reasons for the differences are
unknown but may be caused by unidentified biological
and geographical differences in study populations.
Except for HCC, antibodies against p53 are present in
patients with many types of cancer and may provide a
[16]
tool for detection of cancer recurrence .
The insulin-like growth factor mRNA-binding (IMP)
family member IMP2 binds to mRNA and regulates
translation of the mRNA that encodes insulin-like
growth factor 2 and is frequently reported as a TAA in
[17-19]
patients with HCC
. Members of the IMP family are
oncofetal proteins, which disappear from all tissues soon
after birth but are frequently re-expressed during the
malignant transformation of numerous cell types. IMP2
[20]
was first identified as a TAA for HCC in 1999 . An
autoantibody against IMP2 is present in 21% of patients
with HCC patients, but is undetectable in precursors
[20]
such as chronic hepatitis and liver cirrhosis .
[21]
Elevated levels of autoantibodies to calreticulin ,
[22]
[23]
cyclin B1 , centromere protein F (CENPF) , and
[24,25]
survivin
are frequently detected in the sera of
patients with HCC. However, no autoantibody binds its
[26]
immunogen with enough sensitivity to detect HCC .
To overcome this drawback, multi-autoantibody panels
were applied to improve sensitivity. For example, Zhang
[27]
and colleagues
constructed an antigen microarray
comprising IMP1, IMP2, IMP3, p53, c-myc, cyclin
B1, survivin, and p16, and the results show that the
frequency of antibody detection to any individual TAA of
patients with HCC varied from 9.9%-21.8%. With the
successive addition of TAAs of all eight antigens, there
was a stepwise increase in positive antibody reactions,
reaching a frequency of 59.8% in an entire cohort.
This shows that a mini-array of eight TAAs enhanced
antibody detection for the diagnosis of HCC. When Sui1
and RalA were added to the panel, the final cumulative
prevalence of anti-TAA antibodies increased to 66.2%
[28]
(51/77) . Therefore, multi-autoantibody panels might
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in the cytoplasm and cell membrane, leading to the
[33]
induction of an autoimmune response . Moreover, the
level of expression of HSP60 is significantly higher in
breast tumor tissues, suggesting that overexpression
of HSP60 may represent a mechanism of developing
[33]
immunogenicity in patients with breast cancer . Simil
arly, our recent study shows that the high titer of antiCENPF autoantibody in HCC serum is likely caused by an
autoimmune reaction in response to overexpression of
[34]
CENPF .

Table 1 Tumor-associated antigens detected in patients with
hepatocellular carcinoma reported since 1993
Ref.

TAAs reported
[36]

Yau et al
Akada et al[42]
Shao et al[41]
Nomura et al[39]
Liu et al[40]
Pekáriková et al[21]
Chen et al[28]
Wang et al[43]
Wang et al[44]
Looi et al[45]
Li et al[35]
Chen et al[46]
Zhang et al[27]
Akere et al[13]
Zhou et al[47]
Takashima et al[48]
Looi et al[49]
Yagihashi et al[25]
Su et al[17]
Himoto et al[19]
Himoto et al[18]
Zhang et al[24]
Soo Hoo et al[50]
Le Naour et al[51]
Zhang et al[23]
Zhang et al[20]
Raedle et al[52]
Covini et al[22]
Imai et al[53]

hnRNP L
HSP70, SOD2, and PRDX6
Glucose-regulated protein 78
Ku86
CENPF, DDX3, HSPA4, HSPA5, VIM, LMNB1, and
p53
CRT
Sui1, RalA
KRT23, AHSG and FTL
RalA
HSP60, HSP70
DDX3, eEF2, AIF, hnRNP A2, PBP, and TIM
EIF3SI, LDHA, RFC2, and MCART1
IMP1, IMP2, IMP3, p53, c-myc, cyclin B1, survivin
and p16
p53
HCC-22-5
HSP70, GAPDH, PRX, Mn-SOD
p16
Survivin
IMP2
IMPs
IMPs, p53, c-myc, and survivin
c-myc, cyclin B1, IMP1, Koc, p53, IMP2, and survivin
p53, IMP2, Koc, CENP-F, p90
CRT, CK8, NDK-A, and ATP5B
IMP2, CENPF
IMP2
p53
Cyclin B1
HCC1

ASSOCIATION OF THE PREVALENCE OF
AUTOANTIBODIES WITH THE CLINICAL
CHARACTERISTICS OF PATIENTS WITH
HCC
There are relatively few studies on the clinical significance
of autoantibodies in patients with HCC because of
insufficient numbers of patients and the lack of accurate
clinical information. There is evidence, however, showing
that there are no statistically significant differences in
patients with HCC in the prevalence of autoantibodies
against DEAD box 3, eEF2, AIF, hnRNP A2, PBP, and TIM
and patients’ characteristics of sex, histological grade,
[35]
or TNM classification . However, tumors > 5 cm in
diameter are present more frequently in patients with
anti-eEF2 autoantibodies compared with those with small
[35]
tumors (> 5 cm in diameter) (P < 0.05) . The rates
of detection of autoantibodies against AIF and hnRNP
A2 in patients with HCC without regional lymph node
metastasis were significantly higher compared with
[35]
those with regional lymph node metastasis (P < 0.05) .
There is a significant difference in size of tumors of
patients with HCC cases that correlates with prevalence
of autoantibodies against hnRNP L-67-88, with the
average tumor size of 5.84 ± 4.23 cm in patients with
detectable autoantibodies whereas 3.70 ± 2.07 cm in
[36]
patients without detectable autoantibodies . Survival
analysis shows that the survival rates of patients with
hepatitis B virus-positive HCC with autoantibodies
are significantly lower compared with those without
detectable autoantibodies (P < 0.05), indicating that an
elevated level of autoantibody against hnRNP L-67-88 is
[36]
associated with larger tumors and poorer prognosis .
In our recent study (data not shown), analysis of
clinicopathological associations shows that the prevalence
of positive for autoantibodies against CENPF and HSP60
is higher in patients with HCC < 50 years of age. The
prevalence of autoantibodies against CENPF is higher
in patients with well-differentiated HCC with Child-Pugh
grade A liver function. In contrast, there are no data
available, to our knowledge that associates autoantibodies
against p53 with patients’ clinical characteristics. In
patients with colorectal cancer (CRC), there is an increase
in the prevalence of anti-p53 autoantibodies in carcinoma
in-situ (6%) compared with adenomas (1%), indicating
that the level of anti-p53 autoantibody increases with CRC

TAAs: Tumor-associated antigens; HCC: Hepatocellular carcinoma; IMP:
Insulin-like growth factor mRNA-binding; CENPF: Centromere protein F.

be useful tools for HCC diagnosis.
A feature of HCC is that antecedent liver cirrhosis
and chronic hepatitis are common precursors, and
[29]
80%-90% of patients with cirrhosis develop HCC .
Autoantibodies to TAAs are detected during the transition
[30]
to malignancy . It was proposed that these antibody
responses might be stimulated by cellular proteins
that are involved in carcinogenesis. Thus, cirrhosisassociated autoantibodies can identify individuals at risk
of developing HCC.

MECHANISM OF THE PRODUCTION OF
AUTOANTIBODIES AGAINST TAAs
The mechanism of generation of autoantibodies against
TAAs is not fully understood. TAA proteins are likely
either mutated, overexpressed, or aberrantly localized
[9]
in tumor cells . Autoantibodies may be elicited by
proteins with incorrect posttranslational modifications
[31]
that are recognized as nonautologous . Phosphorylation,
glycosylation, oxidation, or proteolytic cleavage may
generate a neo-epitope with affinity for the major histo
compatibility complex or T-cell receptor that induces
[32]
an immune response . For example, HSP60 localizes
mainly to mitochondria, but in tumor cells it is present
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[37]

progression . However, almost all studies report that
there is no association between anti-p53 autoantibodies
[37]
and CRC stage progression , and only a handful
of studies suggest an association between anti-p53
autoantibody and T-stage, selected nodal disease, and
[37]
metastases , suggesting that the autoantibody may
have more value in the early diagnosis of cancer than
for prognosis. However, subanalysis of autoantibody
detection rates in tumors of different causes or stage
was not possible in many studies, because of unknown
cause or lack of tumor-stage data of many of the HCC
[38]
samples .

9

10
11

12

PROSPECTS
During the past few years, the potential utility of
autoantibodies against TAAs as biomarkers for HCC has
been explored. However, their value for this purpose is
controversial. There is concern that there is no single
anti-TAA autoantibody with high sensitivity and specificity
that detects HCC, and no large-scale clinical trial has
[26,28,35,39-41]
been conducted to validate candidate TAAs
.
Further studies of large populations with precise clinical
information should be conducted to determine whether
autoantibodies to TAAs are associated with patients’
clinical characteristics as well studies on the mechanism
of the production of TAAs, with the aim of clarifying
the role of specific TAAs as biomarkers for the early
diagnosis and prognosis of HCC.
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Abstract
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AIM: To investigate the potential burden of nonalcoholic
steatohepatitis (NASH) and advanced fibrosis in a
hispanic community.

Core tip: Among different racial and ethnic populations
in the United States, Hispanics (predominantly of
Mexican origin) are at particular risk for nonalcoholic
fatty liver disease (NAFLD) and appear to have a more
aggressive disease course. From the risk stratification
and early intervention perspective, it is pivotal to define
the magnitude of the burden of NAFLD in asymptomatic
individuals in Hispanic communities and identify the
subset with nonalcoholic steatohepatitis (NASH). Such
community based data are scarce. In this study, we
assessed the potential burden of NASH and advanced
fibrosis in a Hispanic community utilizing four common
diagnostic panels and ultrasonography.

METHODS: Four hundred and forty two participants
with available ultrasonography data from the Cameron
County Hispanic Cohort were included in this study. Each
participant completed a comprehensive questionnaire
regarding basic demographic information, medical
history, medication use, and social and family history
including alcohol use. Values of the nonalcoholic fatty
liver disease fibrosis score (NFS), FIB4 index, BARD
score, and Aspartate aminotransferase to Platelet Ratio
Index (APRI) were computed using the blood samples
collected within 6 mo of liver ultrasonography from
each participant. Hepatic steatosis was determined
by ultrasonography. As part of univariable analysis,
for continuous variables, comparisons among groups
were performed with student-t test, one way analysis
2
of variance, and Mann-Whitney test. Pearson χ and
the Fisher exact test are used to assess differences
in categorical variables. For multivariable analyses,
logistic regression analyses were performed to identify
characteristics associated with hepatic steatosis. All
reported P values are based two-sided tests, and a
P value of less than 0.05 was considered to indicate
statistical significance.

Pan JJ, Fisher-Hoch SP, Chen C, Feldstein AE, McCormick
JB, Rahbar MH, Beretta L, Fallon MB. Burden of nonalcoholic
fatty liver disease and advanced fibrosis in a Texas Hispanic
community cohort. World J Hepatol 2015; 7(11): 1586-1594
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i11/1586.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i11.1586

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) represents a
spectrum of liver injury ranging from simple steatosis
with a more benign course to nonalcoholic steatohepatitis
(NASH) which may progress to advanced fibrosis,
[1,2]
cirrhosis and liver cancer . Among different racial
and ethnic populations in the United States, Hispanics
(predominantly of Mexican origin) are at particular
risk for NAFLD and appear to have a more aggressive
[3]
disease course . Hispanics accounted for nearly 50% of
the United States population growth from 2000 to 2010
and are projected to reach 30% of the United States
[4]
population within the next three decades . Given the
increasing prevalence and the expected growth in the
Hispanic population, NAFLD poses a significant threat to
this population.
From the risk stratification and early intervention
perspective, it is pivotal to define the magnitude of the
burden of NAFLD in asymptomatic individuals in Hispanic
communities and identify the subset with NASH. Such
community based data are scarce. Liver biopsy remains
the standard for the diagnosis and staging of NASH,
although invasiveness and cost preclude its use as a
[5]
screening tool in general populations . Markers that
either individually or as composite panels predict the
presence of NASH and advanced fibrosis of liver have
[6]
been developed . These panels have been advocated
as a means to target liver biopsy to those at increased
risk by identifying those at low, intermediate or high
risk of NASH and advanced fibrosis. Practice guidelines
recommend the NAFLD fibrosis score (NFS) as a clinically
useful tool for identifying patients at higher likelihood

RESULTS: The mean age and body mass index (BMI)
of the study participants were 49.1 years and 31.3 kg/
2
m , respectively. Among them, 65.6% were females,
52% had hepatic steatosis, 49.5% had metabolic
syndrome, and 29% had elevated aminotransferases.
Based on established cut-offs for diagnostic panels,
between 17%-63% of the entire cohort was predicted
to have NASH with indeterminate or advanced fibrosis.
Participants with hepatic steatosis had significantly
2
2
higher BMI (32.9 ± 5.6 kg/m vs 29.6 ± 6.1 kg/m ,
P < 0.001) and higher prevalence rates of elevation
of ALT (42.2% vs 14.6%, P < 0.001), elevation of
aspartate aminotransferase (38.7% vs 18.9%, P <
0.001), and metabolic syndrome (64.8% vs 33%, P <
0.001) than those without hepatic steatosis. The NFS
scores (P = 0.002) and the APRI scores (P = 0.002)
were significantly higher in those with steatosis but
the scores of the FIB4 index and BARD were similar
between the two groups. After adjusting for age,
gender and BMI, elevated transaminases, metabolic
syndrome and its components, intermediate NFS
and APRI scores were associated hepatic steatosis in
multivariable analysis.
CONCLUSION: The burden of NASH and advanced
fibrosis in the Hispanic community in South Texas may
be more substantial than predicted from referral clinic
studies.
Key words: Noninvasive biomarkers; Nonalcoholic fatty
liver disease; Hispanics; Ultrasonography; Liver fibrosis
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of having bridging fibrosis and/or NASH . Moreover,
three panels derived from common anthropometric,
hematological and biochemical parameters, the FIB4
index, the BARD score, and Aspartate aminotransferase
(AST) to Platelet Ratio Index (APRI) are used to predict
[8-10]
advanced fibrosis in NAFLD
. These biomarkers and
panels have been validated in cross-sectional studies of
non-Hispanic cohorts evaluated for liver abnormalities
but have not been evaluated in a population setting in
Hispanics.
In this study, we assessed four diagnostic panels for
NASH and fibrosis in relation to demographic, laboratory
and liver ultrasonography data in asymptomatic indivi
duals enrolled in the Cameron County Hispanic Cohort
(CCHC); an extensively studied ethnic populationbased cohort of community-dwelling Mexican Americans
followed longitudinally who live in a city on the TexasMexico border.

and intercostally in the decubitus position as well in
modified slightly oblique positions with the right arm
above the head and the right leg stretched during all
respiration cycles to identify the best approach and to
avoid artefacts caused by the thorax. For diagnosis
of hepatic steatosis, the following features were
recorded: (1) Ultrasonographic contrast between the
liver and right renal parenchyma of right intercostal
sonogram in midaxillary line; (2) Brightness of the
liver; (3) Deep attenuation of echo penetration into
the deep portion of the liver and impaired visualization
of the diaphragm; and (4) Impaired visualization of
the borders of intrahepatic vessels and narrowing the
their lumen. The overall gain, initial gain, and time gain
compensation settings were kept within a narrow range.
The ultrasonographic images were interpreted by one
person (JJP) in a blinded fashion.

Definitions

The presence of hepatic steatosis is qualitatively defined
as a brighter liver parenchyma than the right kidney on
ultrasonography. Based on the third National Health and
Nutrition Examination Survey (NHAHES Ⅲ 1988-1994)
definition, abnormal aminotransferases are defined
as alanine aminotransferase (ALT) greater than 40
U/L for men and greater than 31 U/L for women; AST
greater than 37 U/L for men and greater than 31 U/L
for women. According to the United States National
Cholesterol Education Program Adult Treatment Panel
Ⅲ, the metabolic syndrome (MetS) is defined as the
presence of at least 3 of the following 5 components:
elevated waist circumference (> 102 cm for men and
> 88 cm for women), elevated triglycerides (≥ 150
mg/dL), reduced high-density lipoprotein cholesterol
(HDL-C) (< 40 mg/dL for men and < 50 mg/dL for
women), elevated blood pressure (≥ 130/85 mm Hg
or use of medication for hypertension), and elevated
[13]
fasting glucose (≥ 110 mg/dL) . The formulae and
cut-off scores of the diagnostic panels for detection of
liver fibrosis are shown in the Table 1.

MATERIALS AND METHODS
Study participants

This study has been approved by the institutional
review board of the University of Texas Health Science
Center at Houston. Written consent was obtained from
each participant. The CCHC (n = 3200) was originally
established in 2003 and the participants were randomly
selected based on the 2000 Census tract data in the city
of Brownsville, Texas. Over 90% of them are Mexican
[11]
Americans . During initial visit, the participants
completed a comprehensive questionnaire regarding
basic demographic information, medical history, medi
cation use, and social and family history including alcohol
use. Starting in 2012, consenting participants were
offered liver ultrasonography performed prospectively for
the assessment of hepatic steatosis. The scores of the
diagnostic panel for each participant were retrospectively
computed using the blood samples collected within 6
mo of liver ultrasonography. Blood samples were taken
and plasma aliquots immediately stored at -70 ℃ for
a range of assays. Plasma glucose and complete blood
count were performed on site. Stored specimens were
sent in batches to a clinical laboratory for biochemistries,
including hepatic function tests. Hepatitis C antibody was
measured using the ORTHO® hepatitis C virus Version
3.0 Elisa Test System (Ortho Clinical Diagnostics Inc,
Rochester, NY).

Statistical analysis

Descriptive data are presented as either means ±
SD or median (interquartile range) for continuous
variables, depending on whether the distribution of the
variables is symmetrical or skewed. Frequencies and
percentages are reported for categorical variables. As
part of univariable analysis, for continuous variables,
comparisons among groups were performed with
student-t test, one way analysis of variance, and Mann2
Whitney test. Pearson χ and the Fisher exact test are
used to assess differences in categorical variables. For
multivariable analyses, we used logistic regression.
All reported P values are based two-sided tests, and
a P value of less than 0.05 was considered to indicate
statistical significance. All statistical analyses were
performed with SPSS 22.0 (SPSS Inc., Chicago, IL).
A statistical review of the study was performed by a
biomedical statistician (Dr. Mohammad H Rahbar).

Liver ultrasonography

Ultrasonography was performed using an established
[12]
protocol . Study participants were asked to be fasting
for at least 6 h prior to ultrasound examination to
maximize the distention of gall bladder and to reduce
food residue and gas in the upper gastrointestinal
tract which may reduce image quality or preclude
liver imaging. Trained technicians performed the
abdominal ultrasonography with a 5 MHz transducer
(Ch5-2, Siemens, Mountain View, CA, United States).
During the scan, liver parenchyma was examined sub-
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Table 1 Formulae and cut-off scores of diagnostic panels for detection of liver fibrosis
Diagnostic panel

Formula

Cut-off scores for advanced fibrosis
Absent

BARD score[8]

FIB4 index[9]
APRI[10]
NAFLD fibrosis score[15]

Scale 0-4
BMI ≥ 28 kg/m2 = 1 point
AST/ALT ratio ≥ 0.8 = 2 points
DM = 1 point
Age (yr) × AST (U/L)]/(platelet (109) × [ALT (U/L)]1/2
(AST/ULN)/platelets (109/L) × 100
-1.675 + 0.037 × age (yr) + 0.094 × BMI
(kg/m2) + 1.13 × IFG/DM (yes = 1, no = 0)
+ 0.99 × AST/ALT ratio - 0.013 × platelet
(× 109/L) - 0.66 × albumin (g/dL)

Present
≥2

< 1.3
≤ 0.5
< -1.455

> 2.67
> 1.5
> 0.676

BMI: Body mass index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ULN: Upper limit of
normal; DM: Diabetes mellitus; IFG: Impaired fasting glucose; NAFLD: Nonalcoholic fatty liver disease.

on ultrasound. Regarding the individual components
of the MetS, 37.8% had hypertension, 30.3% had
hyperglycemia, 39.6% had hypertriglyceridemia, 73.3%
had central obesity, and 60.4% had low HDL-C.
Among the CCHC participants from whom this
sample was drawn (n = 1847), we previously reported
that 67% were females, 39% had elevated ALT (≥
[14]
40 U/L), and 44% had MetS . Given the similarities
between the current report and the previous report,
we believe that the study cohort is representative of its
parent cohort.

498 identified
56 excluded:
21 missing of ultrasound finding
9 positive for hepatitis C antibody
9 missing data on platelets
8 positive for hepatitis B surface antigen
5 missing data on ALT, AST and albumin
3 missing data on height, weight,
waist or hip measurements
1 missing data on diabetes status
442 included for final analysis

212 negative for fatty liver

NASH/fibrosis panels in the study participants

230 positive for fatty liver

Table 2 shows the components and scoring for the
diagnostic panels measured in the study. As shown
in Table 2, a significant percentage of participants
had elevated values on diagnostic panels suggesting
the presence of NASH with fibrosis. The median
(interquartile range) NFS value in the cohort was -1.63
(-2.57, -0.62). Based on published cut-off scores for
[15]
the NFS , advanced liver fibrosis would be excluded
in 55%, present in 7%, and indeterminate in 38%
of the study participants. The median (interquartile
range) FIB4 index in this cohort was 0.89 (0.58, 1.35).
[9]
Similarly, based on published cut-off scores , advanced
liver fibrosis would be excluded in 73%, present in
3% and indeterminate in 24% of the participants. The
median (interquartile range) of the BARD score was 2
[8]
(1, 3). Using established cut-offs , 63% of the cohort
would have been predicted to have advanced liver
fibrosis. Finally, the median (interquartile range) of
the APRI was 0.31 (0.21, 0.45). Using published cut[10]
off values , advanced fibrosis would be excluded in
83%, present in 1% and indeterminate in 16% of the
cohort. Based on these scores only 26% would have
no predicted fibrosis and 0.4% would have predicted
advanced fibrosis using all 4 panels. The majority of the
cohort (73%) was predicted to have indeterminate risk
for advanced liver fibrosis when using all 4 panels.

Figure 1 Overview of the study. ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase.

RESULTS
Characteristics of the study participants

Four hundred and forty two participants were included in
this study. Figure 1 shows an overview of the inclusion
of individuals. Among the 498 consecutive participants
recruited to this study, 56 were excluded for the
following reasons: lack of data on liver ultrasonography (n
= 21), positive Hepatitis C antibody (n = 9), lack of data
on platelet counts (n = 9), positive Hepatitis B surface
antigen (n = 8), lack of data on ALT, AST or albumin
levels (n = 5), lack of data on height, weight, waist or
hip measurements (n = 3), and lack of data on diabetes
status (n = 1). Among the 442 remaining participants
in this study, none reported excessive alcohol use (< 20
g of alcohol/day). As shown in Table 2, the mean age
and body mass index (BMI) of the study participants
2
was 49.1 years and 31.3 kg/m , respectively. Among
the participants in this study, 65.6% were females,
52% had hepatic steatosis, and nearly half had MetS.
Approximately one-third of the participants had elevated
ALT and AST. Ten participants had serum albumin less
than 3.5 g/dL and 11 had platelet counts less than
9
150 × 10 /μL. None of the participants with either
hypoalbuminemia or thrombocytopenia had ascites
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the scores of the FIB4 index and BARD were similar
between the two groups.
In univariable analysis, BMI [odds ratio (OR) =
1.11; 95%CI: 1.07-1.15, P < 0.0001], elevated ALT
(OR = 4.26; 95%CI: 2.68-6.76, P < 0.0001), elevated
AST (OR = 2.71; 95%CI: 1.76-4.19, P < 0.0001),
MetS (OR= 3.73; 95%CI: 2.52-5.53, P < 0.0001) and
its components including hyperglycemia (OR = 3.28;
95%CI: 2.12-5.08, P < 0.0001), hypertriglyceridemia
(OR = 1.92; 95%CI: 1.30-2.83, P = 0.001), low HDL-C
(OR = 2.43; 95%CI: 1.64-3.59, P < 0.0001), and
central obesity (OR = 4.47; 95%CI: 2.80-7.13, P <
0.0001) were associated with fatty liver on ultrasound.
Intermediate (OR = 2.05; 95%CI: 1.37-3.06, P
= 0.0005) but not high NFS scores (OR = 1.14;
95%CI: 0.53-2.46, P = 0.74) were associated with
ultrasonographic fatty liver. Similarly, intermediate (OR
= 2.52; 95%CI: 1.47-4.32, P = 0.0008) were also
associated with hepatic steatosis. Neither the FIB4
index nor the BARD was associated with fatty liver on
ultrasound (Table 4).
After adjusting for age, gender and BMI, elevated
ALT (OR = 4.04; 95%CI: 2.50-6.52, P < 0.0001),
elevated AST (OR = 2.63; 95%CI: 1.67-4.13, P <
0.0001), MetS (OR = 3.33; 95%CI: 2.07-5.01, P <
0.0001) and its components including hyperglycemia
(OR = 2.87; 95%CI: 1.78-4.61, P < 0.0001),
hypertriglyceridemia (OR = 1.82; 95%CI: 1.21-2.75, P
= 0.004), low HDL-C (OR = 1.93; 95%CI: 1.28-2.93,
P = 0.002) and central obesity (OR = 3.52; 95%CI:
1.94-6.39, P < 0.0001) remained as independent
factors associated with hepatic steatosis in multivariable
analysis. Similarly, intermediate but not high NFS scores
(OR= 1.83; 95%CI: 1.10-3.04, P = 0.02) and APRI
scores (OR = 2.62; 95%CI: 1.49-4.60, P = 0.0008)
continued to be significantly associated with hepatic
steatosis in multivariable analysis. Furthermore, serum
albumin level became associated with hepatic steatosis
in multivariable analysis (OR = 2.29; 95%CI: 1.07-4.88,
P = 0.03) (Table 4).

Table 2 Summary of the characteristics of participants (n =
442)
Characteristics
Age (yr)
Gender
Female
Male
BMI (kg/m2)
Hepatic steatosis
Elevated ALT1
Elevated AST2
Albumin (g/dL)
Platelet (109/μL)
DM3
Hypertension
Hyperglycemia
Hypertriglyceridemia
Low HDL-C
Central obesity
Metabolic syndrome
NAFLD fibrosis score
< -1.455
-1.455-0.676
> 0.676
FIB4 index
≤ 1.31
1.31-2.66
≥ 2.67
BARD
0-1
2-4
APRI
≤ 0.5
0.51-1.5
> 1.5

49.1 ± 14.2
290 (65.6)
152 (34.4)
31.3 ± 6.1
230 (52.0)
128 (29.0)
129 (29.2)
4.0 (3.8-4.2)
243.5 (207.0-282.0)
97 (21.9)
167 (37.8)
134 (30.3)
175 (39.6)
267 (60.4)
324 (73.3)
219 (49.5)
244 (55.2)
169 (38.2)
29 (6.6)
323 (73.1)
106 (24.0)
13 (2.9)
163 (36.9)
279 (63.1)
365 (82.6)
73 (16.5)
4 (0.9)

Age and BMI are described as mean ± SD. Other continuous variables
are described as median (interquartile range). Categorical variables
are described as frequency (%). 1ALT > 40 U/L for men and > 31 U/L
for women; 2AST > 37 U/L for men and > 31 U/L for women; 3Either
history of diabetes mellitus, use medication for diabetes mellitus, fasting
plasma glucose ≥ 126 mg/dL, or glycosylated hemoglobin A1C ≥ 6.5
g/dL. BMI: Body mass index; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; DM: Diabetes mellitus; HDL-C: Highdensity lipoprotein cholesterol; APRI: AST to platelet ratio index; NAFLD:
Nonalcoholic fatty liver disease.

based on the presence or absence of hepatic steatosis
on ultrasonography revealed the following results. As
shown in Table 3, there was no difference in either
age or gender between the two groups. However, the
hepatic steatosis group had significantly higher BMI
2
2
(32.9 ± 5.6 kg/m vs 29.6 ± 6.1 kg/m , P < 0.001) and
higher prevalence rates of elevation of ALT (42.2% vs
14.6%, P < 0.001), elevation of AST (38.7% vs 18.9%,
P < 0.001), and MetS (64.8% vs 33%, P < 0.001) than
those without hepatic steatosis. In addition, features
of MetS including central obesity (86.5% vs 59%, P <
0.001), hyperglycemia (41.7% vs 17.9%, P < 0.001),
hypertriglyceridemia (47% vs 31.6%, P = 0.001), and
lower HDL-C levels (70.4% vs 49.5%, P < 0.001) were
significantly more common in participants with hepatic
steatosis than those without hepatic steatosis. The NFS
scores (P = 0.002) and the APRI scores (P = 0.002)
were significantly higher in those with steatosis but
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DISCUSSION
This study is unique in examining community-recruited
individuals from a population with multiple risk factors
for NASH. The presumptive prevalence of liver fibrosis
is startling particularly since our sampling methods
avoided the bias of studies from specialized clinics.
The potential disease burden of advanced liver disease
in these Mexican Americans is of great public health
concern.
To reach these conclusions we assessed the poten
tial burden of NASH and advanced fibrosis in our
participants utilizing four noninvasive diagnostic panels.
We found that 52% of all individuals had evidence of
hepatic steatosis and thereby NAFLD, in line with the
high prevalence of elevated BMI, abnormal amino
transferase levels and MetS in the cohort. Based on
established cut-offs for the diagnostic panels, we found
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Table 3 Comparison of the characteristics of participants with and without
hepatic steatosis
Characteristics
Age (yr)
Gender
Female
Male
BMI (kg/m2)
Elevated ALT1
Elevated AST2
Albumin (g/dL)
Platelets (109/μL)
DM3
Hypertension
Hyperglycemia
Hypertriglyceridemia
Low HDL-C
Central obesity
Metabolic syndrome
NAFLD Fibrosis Score
< -1.455
-1.455-0.676
> 0.676
FIB4 index
≤ 1.3
1.31-2.66
≥ 2.67
BARD
0-1
2-4
APRI
≤ 0.5
0.51-1.5
> 1.5

P value

Hepatic steatosis
Absent (n = 212)

Present (n = 230)

49.5 ± 16.3

48.7 ± 12.0

134 (63.2)
78 (36.8)
29.6 ± 6.1
31 (14.6)
40 (18.9)
4.0 (3.8-4.2)
237.5 (204.0-277.8)
29 (13.7)
72 (34.0)
38 (17.9)
67 (31.6)
105 (49.5)
125 (59.0)
70 (33.0)

0.6

156 (67.8)
74 (32.2)
32.9 ± 5.6
97 (42.2)
89 (38.7)
4.0 (3.9-4.2)
251.0 (214.0-283.5)
68 (29.6)
95 (41.3)
96 (41.7)
108 (47.0)
162 (70.4)
199 (86.5)
149 (64.8)

0.3
< 0.001
< 0.001
< 0.001
0.4
0.1
< 0.001
0.1
< 0.001
0.001
< 0.001
< 0.001
< 0.001

134 (63.2)
63 (29.7)
15 (7.1)

110 (47.8)
106 (46.1)
14 (6.1)

0.002

157 (74.1)
47 (22.2)
8 (3.8)

166 (72.2)
59 (25.7)
5 (2.2)

0.46

79 (37.3)
133 (62.7)

84 (36.5)
146 (63.5)

0.87

190 (89.6)
22 (10.2)
0 (0)

175 (76.1)
51 (22.2)
4 (1.7)

0.0024

Age and BMI are described as mean ± SD. Categorical variables are described as frequency
(%). 1ALT > 40 U/L for men and > 31 U/L for women; 2AST > 37 U/L for men and > 31 U/L
for women; 3Either history of diabetes mellitus, use medication for diabetes mellitus, fasting
plasma glucose ≥ 126 mg/dL, or glycosylated hemoglobin A1C ≥ 6.5 g/dL; 4χ 2 with Yate’s
correction is computed. BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; DM: Diabetes mellitus; HDL-C: High-density lipoprotein cholesterol; APRI:
AST to platelet ratio index; NAFLD: Nonalcoholic fatty liver disease.
[16]

that between 17%-63% of the cohort would be
predicted to have NASH with indeterminate or advanced
fibrosis, depending on the method used. Evidence of
the potential burden of hepatic disease was seen both
in those with and without steatosis on ultrasound.
However, the severity of the NFS and APRI scores were
higher in those with steatosis. These findings, although
imprecise, support the hypothesis that the burden of
NAFLD related diseases in Mexican Americans on the
south Texas border may be even greater than anticipated
from published studies. Our data underscore the need
to directly assess hepatic histology from the high risk
participants we identified in order to validate more
precise non-invasive diagnostic panels and to determine
the need and targets for therapeutic interventions and
prevention.
Our observation that 52% of a population-based
Mexican American cohort has NAFLD by ultrasound
extends our prior work and substantiates studies where
Hispanic individuals were recruited from primary care

WJH|www.wjgnet.com

and gastroenterology clinics from military facilities .
This burden of disease parallels the high prevalence
of obesity, diabetes and lipid abnormalities in these
populations. We may in fact have underestimated
the true overall prevalence of advancing liver disease
since we were limited in this study to ultrasonography
which is not the most sensitive means of detecting liver
[5]
fat . This is likely, since, many of the individuals who
did not have steatosis on ultrasound did have multiple
risk factors for NAFLD. It is likely that lesser degrees
of steatosis were not appreciated. The fact that our
individuals represent a health disparity cohort with
diminished access to health care magnifies the potential
clinical consequences of NAFLD. This is a population that
has little access to therapy for underlying conditions
that contribute to liver fat and inflammation.
We were constrained to use a noninvasive approach
to explore the potential burden of NASH and advanced
fibrosis in this cohort, since at this stage we could
not justify liver biopsy. Our participants are recruited
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Table 4 Univariable and multivariable analysis of the characteristics associated with fatty liver on ultrasound
Univariable analysis

Multivariable analysis

Characteristics

OR

95%CI for OR

P value

OR

Age (yr)
Male gender
BMI (kg/m2)
Elevated ALT1
Elevated AST2
Albumin (g/dL)
Platelets (109/μL)
DM3
Hypertension
Hyperglycemia
Hypertriglyceridemia
Low HDL-C
Central obesity
Metabolic syndrome
NAFLD fibrosis score
< -1.455
-1.455-0.676
> 0.676
FIB4 index
≤ 1.3
1.31-2.66
≥ 2.67
BARD
0-1
2- 4
APRI
≤ 0.5
0.51-1.5
> 1.5

0.99
0.81
1.11
4.26
2.71
1.26
1.00
2.65
1.37
3.28
1.92
2.43
4.47
3.73

0.98-1.01
0.55-1.21
1.07-1.15
2.68-6.76
1.76-4.19
0.65-2.45
0.99-1.01
1.63-4.29
0.93-2.01
2.12-5.08
1.30-2.83
1.64-3.59
2.80-7.13
2.52-5.53

0.55
0.31
< 0.0001
< 0.0001
< 0.0001
0.49
0.14
0.0001
0.11
< 0.0001
0.001
< 0.0001
< 0.0001
< 0.0001

1.00
2.05
1.14

1.37-3.06
0.53-2.46

1.00
1.19
0.59

1

1

95%CI for OR

P value

4.04
2.63
2.29
1.00
2.22
1.18
2.87
1.82
1.93
3.52
3.33

2.50-6.52
1.67-4.13
1.07-4.88
0.99-1.00
1.31-3.77
0.72-1.82
1.78-4.61
1.21-2.75
1.28-2.93
1.94-6.39
2.07-5.01

< 0.0001
< 0.0001
0.03
0.55
0.003
0.45
< 0.0001
0.004
0.002
< 0.0001
< 0.0001

0.0005
0.74

1.00
1.83
0.58

1.10-3.04
0.22-1.56

0.02
0.28

0.76-1.85
0.19-1.85

0.45
0.37

1.004
1.404
0.694

0.83-2.39
0.19-2.47

0.21
0.57

1.00
1.03

0.70-1.52

0.87

1.004
1.004

0.65-1.52

0.99

1.00
2.52
-

1.47-4.32
-

0.0008
-

1.004
2.624
-

1.49-4.60
-

0.0008
-

1

ALT > 40 U/L for men and > 31 U/L for women; 2AST > 37 U/L for men and > 31 U/L for women; 3Either history of
diabetes mellitus, use medication for diabetes mellitus, fasting plasma glucose ≥ 126 mg/dL, or glycosylated hemoglobin
A1C ≥ 6.5 g/dL; 4Adjusted for age, gender, and BMI. BMI: Body mass index; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; DM: Diabetes mellitus; HDL-C: High-density lipoprotein cholesterol; APRI: AST to platelet
ratio index; NAFLD: Nonalcoholic fatty liver disease.

from households and are not aware of their disease.
However, given the striking findings in this small pilot
sample, we now need to validate the non-invasive
markers so that population based screening for early
liver disease becomes feasible in high risk populations.
The series of panels, comprised of common, easily
available anthropometric, hematologic and biochemical
parameters were chosen based on published studies
and practice guidelines supporting utility in detecting
or excluding advanced fibrosis in NASH or Hepatitis C
[7]
[15]
induced liver disease . The NFS score (n = 733) ,
[9]
the FIB4 index (n = 541) , and the BARD score
[8]
(n = 827) were derived from largely Caucasian
cohorts who underwent liver biopsy during evaluation
for NAFLD. The APRI (n = 270) was derived from
a cohort of patients with chronic hepatitis C who
[10]
underwent biopsy . Twenty to 50% of individuals
in these cohorts had advanced fibrosis by biopsy and
the scoring systems were useful in identifying these
individuals. Applied in our cohort, the NFS, FIB4 and
BARD scores predicted that between 24%-38% have
indeterminate and up to 63% have high probability
of NASH with advanced fibrosis. The APRI predicted
17% with indeterminate or advanced fibrosis. This high
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percentage of indeterminate or advanced fibrosis (73%)
is surprising in a community based cohort without prior
history of liver diseases. However, only the intermediate
NFS and APRI scores between published low and high
cut-offs correlated directly with the presence of steatosis
by ultrasonography. The lack of significant association
between the NFS or APRI scores higher than published
high cut-off values and hepatic steatosis could be due
to “burn-out” NASH as advanced liver fibrosis in NASH
is often accompanied by a reduction in hepatic fat to
[17]
the point of complete fat loss . Alternatively, the lack
of association might be attributed to type Ⅱ error
due to the small number of participants who had high
NFS or APRI scores. Nonetheless, the values of these
scores demonstrate the need to accurately define the
prevalence of advanced fibrosis in this cohort.
There are several limitations in this study. First, hepatic
steatosis was detected by ultrasonography, which has
[5]
decreased sensitivity with lower degrees of steatosis .
This approach could have resulted in misclassification of
some patients with mild steatosis as having no steatosis,
thereby contributing to the imprecision in diagnostic
scores. However, ultrasonography is the standard
technique for detecting steatosis in large clinical trials
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panels, between 17%-63% of the entire cohort was predicted to have NASH
with indeterminate or advanced fibrosis.

and we prospectively performed imaging in consecutive
well phenotyped participants with extensive clinical
and biochemical data. The observation that over 50%
of our community based cohort has steatosis despite
the sensitivity limitations of ultrasound attests to the
frequency of disease. In support of this we were able to
utilized noninvasive panels to predict the potential burden
of disease without histology. Our data are useful since
these panels have been advocated for use in identifying
patients at significantly increased risk for advanced fibrosis
to target or avoid biopsy, respectively, and their utility in
[6]
population screening has not been determined . Though
the potential burden of advancing liver disease looks to be
high, variability and lack of concordance between panels
underscore the imprecision in these measures. Our data
provide a strong rationale for proceeding to liver biopsy
in a sample of these individuals most at risk to directly
define disease burden and to further evaluate the utility
of noninvasive diagnostic strategies.
In conclusion, in this community-based study of
asymptomatic Hispanics, we found a surprisingly high
potential burden of NASH and advanced fibrosis. We
further found that commonly used diagnostic panels
employing published cut-offs, are imprecise as predictors
of steatosis and NASH. We document an urgent need
to identify accessible and useful screening modalities for
population-based studies in Hispanics so that we can
develop targeted preventive and therapeutic measures.
In short, community-based prospective studies in
Hispanics which include liver histology will be needed.

Applications

The burden of NASH and advanced fibrosis in the Hispanic community in
South Texas may be more substantial than predicted from referral clinic
studies. Delineation of the true prevalence of disease and validation of noninvasive diagnostic markers in this high risk population will require prospective
correlation with liver histology.

Terminology

The nonalcoholic fatty liver disease (NAFLD) fibrosis score, the FIB4 index, the
BARD score, and the aspartate aminotransferase to Platelet Ratio Index are
non-invasive diagnostic panels that are derived from common anthropometric,
hematological and biochemical parameters and are used to predict advanced
fibrosis in NAFLD.

Peer-review

The study by Pan et al highlights the burden of NAFLD within a well defined
population within the United States (viz the Cameron County Hispanic Cohort).
The study is essentially a hypothesis generating piece of research that the
researchers acknowledge requires prospective follow-up with liver histology.
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EDITORIAL

Liver ultrasound elastography: More than staging the
disease
George S Gherlan
presence of the complications of cirrhosis: portal
hypertension, presence of esophageal varices (and even
their risk of bleeding) and hepatocellular carcinoma.
It has been shown that liver elastography can predict
the progression of liver fibrosis and also the survival
(hepatic events - free) of the patients with chronic liver
diseases. These are the real quests of the clinicians,
this is the ultimate scope of any medical investigation to predict the outcome of a patient and to help making
therapeutic decisions. I brought together only a small
amount of the data that has already been written
on this subject to support my affirmation that liver
ultrasound elastography is more than a tool for staging
the liver disease, but it is also comparable to a crystal
ball which in the hands of a skilled clinician can reveal
the future of the patient and can help to improve this
future.
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Core tip: In this editorial I brought together data from
the literature in the support of the affirmation that
liver ultrasound elastography is more than a tool for
staging the disease, that it can also be used to predict
the presence of the complications of cirrhosis: portal
hypertension, presence of esophageal varices (and
even their risk of bleeding), ascites and hepatocellular
carcinoma. Studies shown that liver elastography can
predict the progression of liver fibrosis and also the
survival (hepatic events - free) of the patients with
chronic liver diseases, being therefore a helpful tool in
the hands of a skilled clinician.

Abstract
Ultrasound elastography is perhaps the most important
breakthrough in the evolution of ultrasonography in
the last 15 years. Since transient elastography was
introduced, many other methods have been developed
and became more and more widely available. The value
of ultrasound elastography in staging a chronic liver
disease has been established by numerous studies.
There have been many studies that have shown that
using liver elastography it is possible to predict the
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the presence of the complications of cirrhosis: portal
hypertension (PH), presence of esophageal varices (EV)
and their risk of rupture, ascites and hepatocellular
carcinoma (HCC). It has been shown that liver elasto
graphy can predict the progression of liver fibrosis and
can also predict the survival of patients with chronic liver
diseases.

INTRODUCTION
Ultrasound elastography is perhaps the most important
breakthrough in the evolution of ultrasonography in
the last 15 years. Liver elastography in particular has
seen an unprecedented development in the last 10
years since transient elastography (TE) was introduced
in 2003 as a tool to assess the liver fibrosis. Since
then, many approaches have been tried with the same
purpose: to evaluate the stiffness of the liver tissue and
thus to appreciate the extension of the liver damage, to
correctly identify the stage of the fibrosis.
The main idea behind elastography is that the
elasticity of the analyzed tissue can offer information on
the health of that particular organ. A stiffer liver tissue
usually indicates the presence of the consequence of
any chronic liver disease: the fibrosis. There can be
some interferences (inflammation, steatosis, meal
[1-5]
consumption prior the examination) , but the increase
of the stiffness of the liver is mostly due to fibrosis.
Liver ultrasound elastography techniques are based
on the principle that the speed of a wave that propagates
through the liver is influenced by the stiffness of the
tissue. Basically, the stiffer the liver, the faster the wave
passes through.
TE (Fibroscan/Echosens) uses a mechanical wave
generated by a special transducer, while acoustic
radiation force impulse imaging (ARFI, Siemens) and
shear wave elastography (SWE, Supersonic Imaging) use
sound waves. Other ultrasound elastography techniques
have been also developed, but TE and ARFI are the
subjects of most researches, these two techniques being
the oldest in use.
The value of ultrasound elastography in staging a
chronic liver disease has been established by numerous
[6-14]
studies
. But staging the disease is just one step
towards what the clinician actually wants to achieve:
to glimpse into the future of the patient, to see how
the disease is going to evolve, what complications and
when are they going to occur.
Liver elastography has some limitations - TE cannot
be performed or the results may be influenced in the
presence of the obesity, ascites, narrow intercostal
spaces. ARFI overcomes most of these limitations, the
rate of unsuccessful or unreliable measurements being
significantly lower than with TE.
The predictive value of the liver ultrasound elasto
graphy is the subject of this editorial. If not otherwise
mentioned, the following information refers to TE.

Liver elastography in the
prediction of PH
PH is traditionally evaluated by measuring (invasively) the
hepatic vein portal gradient (HVPG) and is defined as the
HVPG of over 5 mmHg. PH becomes clinically significant
when HVPG value is over 10 mmHg as it is more often
[15,16]
associated with the presence of the varices
. A
value of over 12 mmHg predicts a high risk of variceal
[15,16]
bleeding
. HVPG measurement is recommended to all
patients newly diagnosed with cirrhosis for the evaluation
[17]
of risk and establishment of prognosis
and is also a
good tool to monitor the response to treatment and
achievement of endpoints (over 20% HVPG decrease as
[17]
compared to baseline and/or HVPG < 12 mmHg) .
Both liver stiffness and spleen stiffness have shown
[18-21]
to be predictors for detecting PH
. Liver stiffness
measurement (LSM) has a good correlation with HVPG
[18]
r = 0.81, P < 0.0001 when using TE , and r = 0.611,
[20]
P < 0.0001 with SWE . One study that compared LS
with spleen stiffness (SS) assessed both by SWE found
that the diagnostic performance of LSM was significantly
better than that of SS for the diagnosis of clinically
significant PH (area under the receiver operating
characteristic curve of 0.87 vs 0.64, P = 0.003).
LSM has also a good correlation with the stage of
cirrhosis, increasing along with HVPG as the Child stage
[22]
increases . A meta analysis made on 18 studies which
included 3644 patients found an overall specificity of
90% (95%CI: 0.81-0.95) and a sensitivity of 79%
(95%CI: 0.58-0.91) for LSM by TE in the detection of
[23]
significant PH . The study of Zhang in 2014 showed
that a value of over 13.6 kPa at TE predicts significant
PH with a specificity of 72.53% and a sensitivity of
[21]
83.87% . Another study comparing TE with ARFI
found that both are well correlated with PH: r = 0.765;
[24]
P < 0.001 for TE and r = 0.646; P < 0.001 for ARFI .
At the optimal cut-off (2.58 m/s), the sensitivity and
specificity for ARFI (AUROC: 0.855) were 71.4% and
[24]
[25]
87.5%, respectively . In the study by Carrión et al ,
there was a close correlation of TE with HVPG (r = 0.84,
P < 0.001). The optimal liver stiffness cutoff value for
diagnosis of PH (HVPG 6 mmHg) was 8.74 kPa, with a
sensitivity of 90%, specificity 81%, positive predictive
[25]
value 81%, and negative predictive value of 90% .
Predicting clinically significant PH is one step towards
the prediction of the presence of EV and their risk of
bleeding.

USE OF LIVER ULTRASOUND
ELASTOGRAPHY FOR THE PREDICTION
OF THE PATIENT'S PROGNOSIS
There have been many studies that have shown
that using liver elastography it is possible to predict
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patients that are at risk for late recurrence after curative
resection of HCC. On multivariate analysis, patients with
older age, male sex, heavy alcohol consumption (> 80
g/d), lower serum albumin, HBe antigen positivity and
LSM > 8 kPa were at a significantly greater risk of HCC
development.

LIVER ELASTOGRAPHY IN THE
PREDICTION OF THE PRESENCE OF EV
AND THEIR RISK OF RUPTURE
Liver stiffness measured by TE showed good results
in detecting the presence of EV, with AUROC’s ranging
[18,26-28]
between 0.76 and 0.88
. The cut-offs mentioned
by the above studies were 17.6, 21.5, 19 kPa and
respectively 19.2 kPa and for these cut-offs the
sensitivities were 0.9, 0.76, 0.84 and 0.85 while the
specificities were 0.43, 0.78, 0.7 and 0.87.
Studies have also shown a correlation between LSM
[27,29,30]
and the size of the EV
. Thus, LSM may be of help
in the selection of patients for endoscopic screening for
EV and their complications.
Liver stiffness may also predict the risk of variceal
bleeding by predicting large grade EV (Paquet grade
higher or equal to 2), AUROC = 0.85 (95%CI:
[28]
0.75-0.94) . Another study found an AUROC of
0.58 (95%CI: 0.48-0.67) for ARFI and 0.53 (95%CI:
[31]
0.44-0.63) for TE for predicting variceal bleeding
sowing that the two analyzed methods have similar
value for this purpose. Elastography may be helpful
to screen and identify patients who are at high risk of
having large grade EV, which predict variceal bleeding
and, therefore, need endoscopic screening.
Liver elastography can also be used in combination
with other markers (such as spleen diameter and
platelet count) to identify more precisely the patients
[32]
with higher risk for EV bleeding .

Liver elastography in the
prediction of the survival of
the patients with chronic liver
diseases
Liver stiffness, expressing the severity of the liver
damage, is correlated with hepatic events and death. It
has been shown by many studies that measuring liver
[37-40]
elasticity one can predict the survival of a patient
.
[37]
In the study conducted by Wong et al , they found
age, Hui index and liver stiffness to be independent
predictors of hepatic event - free survival. The same
study showed that the worsening of the liver stiffness
and Hui index at a follow up visit compared to baseline
predicted a hepatic event.
[38]
Pang et al found that liver stiffness by TE was an
independent predictor of complications (hazard ratio
1.05 per kPa; 95%CI: 1.03-1.06), with the 2-year
incidence rates of death or hepatic complications
of 2.6%, 9%, 19%, and 34% in patients with liver
stiffness < 10 kPa, 10-19.9 kPa, 20-39.9 kPa, and ≥
40 kPa, respectively (P < 0.00005).
[39]
de Lédinghen et al showed that survival in patients
with chronic B hepatitis was significantly decreased in
patients diagnosed with severe fibrosis, no matter if liver
elastography was used (P < 0.0001) or liver biopsy (P =
0.02) for the staging of fibrosis.
[40]
The study conducted by Vergniol et al also showed
that in patients with chronic C hepatitis, noninvasive
tests for liver fibrosis (measurement of liver stiffness or
FibroTest) can predict 5-year survival.
The fact that liver stiffness can predict survival may
help clinicians in their decision-making process for
establishing therapeutic options for the patient and even
liver transplantation indication.

LIVER ELASTOGRAPHY IN THE
PREDICTION OF THE PRESENCE OF HCC
Prognosis of patients with chronic liver disease is
determined by the extent and progression of liver
fibrosis, which may lead to the development of HCC.
Liver stiffness is significantly higher in patients
[33-35]
with HCC than in patients without HCC
. However,
most of the studies found that liver stiffness alone is
insufficient to predict the presence or absence of HCC
and that it should be associated in a score with other
[33]
markers. A score developed by Wong et al
based
on liver stiffness, age, serum albumin and hepatitis B
virus DNA level was found to have AUROC’s of 0.83 to
0.89 in the identification of the HCC patients and a very
good negative (99.4%-100%) for the exclusion of HCC
[34]
in patients. In the study conducted by Feier et al , LS
was significantly higher (42 kPa vs 27 kPa, P < 0.0001)
in the HCC group than in the non-HCC group, but
other 3 parameters (alanine-aminotransferase, alphafetoprotein and interquartile range of the LSMs) were
added to elastography in a score and the resulted model
combining the four variables showed a good diagnostic
performance in both training and validation groups, with
[34]
AUROCs of 0.86 and 0.8, respectively .
[36]
Jung et al
has shown that liver stiffness is also
useful as a part of a predictive model that identifies
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CONCLUSION
In the past 10 years, liver ultrasound elastography
struggled and succeeded to partially replace liver biopsy
for the purpose of staging the liver diseases regardless
of their etiology. However, as the method became more
widely available and because the actual quest of the
clinician is to evaluate as completely as possible the
extent of the liver damage, its complications and if
possible, even to predict an outcome, LSM was studied
recently for these purposes also.
It is now known that cirrhosis has a complex and
dynamic pathologic spectrum. The average risk of
progressing from compensated to decompensated
[41]
cirrhosis is 6%-9% per year . Survival in the com
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Table 1 Use of ultrasound elastography to predict liver disease related complications
Ref.

Method

Cut-off value

Sensitivity

Specificity

Elastography to predict significant portal hypertension
Zhang et al[21]
TE
13.6 kPa
83.87%
72.53%
Salzl et al[24]
TE
16.8 kPa
89.75%
75%
Salzl et al[24]
ARFI
2.58 m/s
71.4%
87.5%
Carrión et al[25]
TE
8.74 kPa
90%
81%
Elastography to predict the presence of esophageal varices
Vizzutti et al[18]
TE
17.6 kPa
90%
43%
Castéra et al[26]
TE
21.5 kPa
76%
78%
Kazemi et al[27]
TE
19 kPa
84%
70%
Pár et al[28]
TE
19.2 kPa
85%
87%
Elastography to predict hepatocellular carcinoma
Feier et al[34]
TE
38 kPa
51.7%
90.4%
Wong et al[33]
TE (part of a score)
Elastography to predict the liver related death of the patients with liver cirrhosis
Rate of death
Pang et al[38]
TE
40 kPa
34%/3 yr
de Lédinghen et al[39]
TE
< 9 kPa
2.9%/5 yr
> 20 kPa
38.5%/5 yr

AUROC
0.83
0.87
0.85
0.94
0.76
0.86
0.84
0.88
0.68
0.83-0.89

TE: Transient elastography (fibroscan); ARFI: Acoustic radiation force impulse imaging.

pensated state is of an average of 12 years, while in the
decompensated state the median survival is of only 2
[41]
years . Thus identifying patients in early stages of a
liver disease (even in the compensated state of cirrhosis)
is crucial for the outcome of the patient. Besides,
identifying patients with complications and establishing
their survival prognostic is of more help in the treatment
decision and in the monitoring plan for the future.
We now have noninvasive means to precisely stage
the fibrosis. Particularly, as shown above, liver ultrasound
elastography (with many methods developed by now
for the same purpose - TE, ARFI or SWE) is also a useful
tool for identifying patients with a higher risk of having
complications like PH, EV and even HCC. With the use of
elastography the clinician can also appreciate the risk of
the patient of having an unfavorable course and develop
complications like EV rupture, decompensation of the
cirrhosis and even death (Table 1).
Therefore, used rationally, liver ultrasound is more
than a tool for staging the disease, is a kind of crystal
ball that in the hand of a skilled clinician can reveal the
future of the patient and contribute to the improvement
of this future.
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INTRODUCTION
Portal hypertension results from an increase in the
resistance of blood flow in the intrahepatic portal vein
[1]
and can cause the reopening of embryonic channels .
Portal venous pressure is critical in the liver function of
cirrhosis and esophageal varices are the most common
complication of cirrhosis. Ectopic varices are portosystemic
collaterals along the digestive tract outside the gastro
[2,3]
esophageal region and are unusual . Endoscopic
procedures such as endoscopic injection sclerotherapy
(EIS) and endoscopic band ligation (EBL) have been
[4,5]
carried out for treating esophageal varices . Balloonoccluded retrograde transvenous obliteration (B-RTO)
is an angiographic technique for fundic varices of
[6]
stomach . But, the optimal procedure has not been
defined for hemorrhage from ectopic varices.
Here, we review the options in the treatment of

Abstract
Ectopic varices are unusual with portal hypertension and
can involve any site along the digestive tract outside
the gastroesophageal region. Hemorrhage from ectopic
varices generally are massive and life threatening.
Diagnosis of ectopic varices is difficult and subsequent
treatment is also difficult; the optimal treatment has
not been established. Recently, interventional radiology
and endoscopic treatments have been carried out
successfully for hemorrhage from ectopic varices.
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A
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Figure 1 Endoscopy showed enlarged and tortuous, erosion positive rectal varices in a cirrhotic patient with anal bleeding (A) and endoscopic band
ligation was performed successfully (B).
[22]

hemorrhaging ectopic varices.

into the systemic circulation. Sato et al evaluated the
efficacy of EIS for rectal varices and reported that EIS
was a useful and safe treatment for rectal varices with
[23]
regard to effectiveness and complication .

ECTOPIC VARICES
The majority of portosystemic collaterals with portal
hypertension are located in the esophagus and stomach
and, especially, esophageal varices are the most
common site. Ectopic variceal bleeding is massive and
serious condition. Other sites of ectopic varices are
the duodenum, small intestine, colon, rectum, and the
[7]
peritoneum . A current survey of ectopic varices in
Japan has been reported and the most frequent sites
of ectopic varices are the rectum in 44.5%, followed by
[8]
the duodenum in 32.9% .

Case presentation

EBL for rectal varices: Endoscopic finding of liver
cirrhosis with anal bleeding revealed enlarged and
tortuous, erosion positive rectal varices (Figure 1A), and
endoscopic band ligation was performed successfully
(Figure 1B).
EIS for rectal varices: EIS was performed using a
flexible gastrointestinal endoscope, with a transparent
hood attached to the tip, and the injection needle
was placed into the varices (Figure 2A). Fluoroscopic
observation with infusion of 5% ethanolamine oleate
with iopamidol was made to determine the extent of the
varices (Figure 2B).

Rectal varices

Rectal varices are a consequence of portosystemic
collaterals from the superior rectal veins to the middle
inferior rectal veins. Endoscopy can detect the discrete
dilated submucosal varices in the rectum and some
investigators have reported that rectal varices occur at
[9-11]
a high frequency
. Hemorrhage from rectal varices
[12-14]
occurs at a low frequency from 0.5% to 3.6%
.
Several medical procedures have been performed
for controlling rectal variceal bleeding, however, a
standard treatment has not been established.
Surgical procedures such as portosystemic shunting,
ligation, and under-running suturing, also have been
[9]
reported . Interventional radiologic techniques,
including transjugular intrahepatic portosystemic shunts
(TIPS), have been performed successfully for bleeding
[15-17]
rectal varices
.
[18]
As an endoscopic treatment, Wang et al used EIS
for rectal variceal bleeding. EBL has been performed
[19-21]
as an effective procedure for rectal varices
and
[19]
Levine et al
used EBL successfully for the rectal
varices remaining after EIS. EBL is a safe and effective
treatment for rectal varices. However, a retrospective
study comparing EIS and EBL concluded that recurrence
[22]
rate tended to be greater with EBL
and stated that
5% ethanolamine oleate of the sclerosant should be
carefully injected using fluoroscopy, avoiding injection

WJH|www.wjgnet.com

Duodenal varices

Hemorrhage from duodenal varices is low frequent,
[24]
however, it is often serious condition . The hemo
dynamics of duodenal varices involved the development
of collateral veins between the portal vein trunk or
[25]
superior mesenteric vein and the inferior vena cava .
Hemorrhage from duodenal varices is generally massive
[25,26]
and fatal
. The diagnosis of duodenal varices is done
ordinary by endoscopic examination, however, it is often
difficult to observe hemorrhaging duodenal varices. The
[26]
common site of duodenal varices is the duodenal bulb ,
[27]
ranked next the second portion of the duodenum . In
the United States and Europe, varices of the duodenal
bulb occur most frequently because of extrahepatic
portal obstruction, causing portal hypertension. On the
other hand, in Japan, common site of duodenal varices
is the second portion of the duodenum. In addition,
hemorrhage from duodenal varices in the distal third
[28,29]
portion is very rare
.
Recently, interventional radiology and endoscopic
treatments have been performed successfully for duodenal
[30,31]
varices. EBL is useful for obtaining hemostasis
,
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A

B

Figure 2 Endoscopic injection sclerotherapy was performed using a transparent hood attached to the tip and injection needle placed into the varices (A)
and fluoroscopic observation with infusion of 5% ethanolamine oleate with iopamidol was made to determine the extent of the varices (B).

A

B

Figure 3 Endoscopy revealed tortuous duodenal varices in the anterior wall of the second portion (A) and N-butyl-2-cyanoacrylate was injected with
contrast medium into the duodenal varices on fluoroscopic observation (B).

however, re-bleeding of varices is an weak point with EBL.
EIS has been performed successfully for the treatment
[32,33]
of duodenal variceal bleeding
but there were serious
[34,35]
problem of re-bleeding of the varices
. N-butyl-2cyanoacrylate is a tissue glue monomer; upon contact
with blood, it immediately polymerizes and solidifies,
resultings in hemostasis of variceal bleeding. Endoscopic
therapy using N-butyl-2-cyanoacrylate is also very useful
[29,30]
for massive duodenal variceal bleeding
because of
the high blood velocity and blood flow. Interventional
radiologic techniques such as TIPS, B-RTO, and percu
taneous transhepatic obliteration (PTO) are options
for hemorrhaging duodenal varices and successful
[26]
treatments have been reported, including TIPS
and
[35-37]
B-RTO
. B-RTO is able to obliterate the afferent and
efferent veins and may be considered as a treatment
option for duodenal varices. PTO also has been used
[38,39]
successfully in some cases
.

observation (Figure 3B).

Small intestinal varices

Bleeding from jejunal and ileal varices may be massive
and serious and it is difficult to achieve early diagnosis.
Most cases are detected following intra-abdominal
surgery. The development of collateral circulation via
the post-operative adhesions is a risk factor of small
intestinal varices in patients with portal hypertension.
[40-45]
Many literatures of hemorrhaging jejunal
and
[46-54]
ileal varices
have been described. Bleeding small
intestinal varices are as follows: portal hypertension,
hematochezia without hematemesis, and previous
[55]
abdominal surgery . Several treatments are available
[40]
for jejunal varices, such as surgery , portal venous
[42,44,45]
[40,43]
stenting
and percutaneous embolization
, and
surgery has been used successfully for bleeding ileal
[50,51,56,57]
varices
. In ileal variceal patients with a serious
condition, angiographic techniques including TIPS have
[3,52,54]
been used successfully as a non-surgical approach
.
[58,59]
B-RTO is also practical for treating ileal varices
and it
also may be used for patients in a serious condition.

Case presentation

Endoscopic treatment using cyanoacrylate for
duodenal varices: Endoscopy of liver cirrhosis with
massive melena revealed tortuous duodenal varices
in the anterior wall of the second portion (Figure 3A).
N-butyl-2-cyanoacrylate was injected with contrast
medium into the duodenal varices on fluoroscopic
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CONCLUSION
Ectopic varices in patients with portal hypertension are
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considered to be the cause of hemorrhage presenting
with lower gastrointestinal bleeding, and recently, their
frequency has been increasing.
The diagnosis of ectopic varices and subsequent
treatment are difficult. Recently, interventional radiology
and endoscopic treatments have been performed
successfully for ectopic varices. More investigations are
necessary in a large number of patients.
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Treatment of chronic hepatitis C in liver transplant
candidates and recipients: Where do we stand?
Chrysoula Pipili, Evangelos Cholongitas
2014, second generation DAAs are associated with
high sustained virological response rates (> 95%),
shortened duration courses and relatively few toxicities.
In keeping with the currently available data, patients
with decompensated cirrhosis awaiting LT is preferable
to be treated with interferon-free, new generation
DAAs, with or without ribavirin combinations. Although
data about the safety of new DAAs combinations in
this patient population are limited, sofosbuvir and
daclatasvir pharmacokinetics do not appear to change
significantly in moderate or severe liver impairment,
while other new DAAs (simeprevir, asunaprevir)
seem to be contraindicated in patients with severe
liver impairment (Child-Pugh class C). On the other
hand, sofosbuvir should not be given in patients with
glomerular filtration rate ≤ 30 mL/min, but ongoing
trials will clarify better this issue. With the objective
that newer antiviral combinations will yield safer and
more efficient manipulation of HCV recurrence posttransplant, the European Association for the Study of the
Liver has recently updated its recommendations towards
this direction. Nevertheless the new antivirals’ high cost
may be the biggest challenge to their implementation
worldwide.
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Core tip: Treatment landscape for liver transplant (LT)
candidates and recipients with chronic hepatitis C is
rapidly shifting due to novel updated data on direct
antiviral agents (DAAs); Patients with decompensated
cirrhosis awaiting LT should be treated with the inter
feron (IFN)-free, new generation DAAs, with or without
ribavirin (RBV) regimens; IFN-free combinations of
sofosbuvir with other novel DAAs with or without RBV
led to remarkable on-treatment virological response

Abstract
The first generation direct antiviral agents (DAAs)
highlighted substantial prognosis improvement among
liver transplant (LT) candidates and recipients with
recurrent hepatitis C virus (HCV) infection. During
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use in combined therapies against HCV infection in the
European Union. These include sofosbuvir, (Sovaldi,
Gilead Sciences) which represents the first NS5B HCV
polymerase inhibitor that has pangenotypic antiviral
[9]
activity and a high genetic barrier to resistance ;
simeprevir (Olysio, Janssen), a second-wave NS3/4A
protease inhibitor; and daclatasvir (Daklinza, BMS), an
[6]
NS5A inhibitor . In addition, other DAAs are currently
under consideration and their final approval is waiting
in the first half of 2015 (Table 1). All these DAAs have
been evaluated with or without Peg-IFN ± RBV. Although
scarce data is available in LT candidates and recipients,
novel DAAs combinations seem more efficacious and
better-tolerated option. Nevertheless, cost limitations
across various health insurances may avert their use.
The current review updates treatment for patients with
CHC before and after LT.

along with minimal adverse effects “on difficult to treat”
LT recipients with recurrent hepatitis C - those with
chronic hepatitis C genotype 1, decompensated cirrhosis
with Child-Pugh stage B and C as well as previously
intolerant or non responsive to IFN therapy; Evidence
regarding the efficacy and safety of novel combinative
treatments although are very promising, refer still to
patients case series.
Pipili C, Cholongitas E. Treatment of chronic hepatitis C in liver
transplant candidates and recipients: Where do we stand? World
J Hepatol 2015; 7(12): 1606-1616 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i12/1606.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i12.1606

INTRODUCTION

HCV positive LT candidates

Hepatitis C virus (HCV) infection is the leading liver
cause of death worldwide and the main indication for
[1-3]
liver transplantation (LT) . It also diminishes overall
and graft survival in LT recipients resulting in shorter
[4,5]
survival comparing with other LT recipients . Ideally,
viral load elimination prior to LT hampers graft loss from
[6]
chronic hepatitis C (CHC) recurrence . In the absence
of an HCV vaccine to prevent infection and with therapy
until very recently limited to interferon (IFN)-based
regimens, most HCV-infected candidates for LT patients
remained untreated.
Direct antiviral agents (DAAs) represent a striking
innovation in HCV treatment. The first generation
DAAs, boceprevir and telaprevir, act mainly as NS3-4A
serine protease inhibitors and have been in use since
2011. When combined with pegylated IFN (Peg-IFN)
and ribavirin (RBV) lead to 30% increase of sustained
virological response (SVR) on CHC patients with
genotype 1 treated for the first time and to 50%-60%
increase on those who experienced at least one episode
of relapse compared to the standard of care (Peg-IFN
[7]
plus RBV) . However, first generation DAAs present
significant draw backs such as limited efficacy on HCV
genotype 1, absolute co-administration with Peg-IFN
and RBV, frequent drug-to drug interactions and toxicity,
[7]
particularly in patients with underlying cirrhosis .
Patients with decompensated cirrhosis who are on the
transplant list should be considered for IFN-free, ideally
RBV-free therapy because both Peg-IFN and RBV are
associated with poor tolerability and many side effects
[6]
mainly due to the splenomegaly-related pancytopenia .
Other classes of DAAs targeting different steps of
HCV replication have been approved more recently,
including nucleotide polymerase (NUC-NS5B) inhibitors,
non-nucleotide polymerase (non-NUC-NS5B) inhibitors
and NS5A inhibitors. Several dual and triple DAA regimens
are in clinical development in patients before and after
LT suggesting that these regimens will dramatically
[8]
reduce the impact of recurrent HCV post LT .
Within 2014, three new DAAs were licensed for
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The aim of antiviral therapy before LT is the undetectable
[10]
HCV RNA at the time of LT or SVR before LT . PegIFN and RBV was the standard of care for patients with
CHC up to 2011. Indeed they reduced cirrhosis driven
complications such as HCC and improved the abnormal
[10,11]
histological changes
, but in an inadequate per
[12-16]
centage of patients
. Generally, SVR rates are lower
in patients with cirrhosis ranging 40%-50% for Child[17-20]
Pugh (CP) class A and 7%-26% for CP class C
and in patients with genotypes 1 and 4 compared with
[20]
genotype 2 and 3 patients (51% vs 61%)
while a
reduction on SVR is evident regarding the level of fibrosis
(Tables 2 and 3).
Peg-IFN-based treatment has also been associated
[3,5]
with poor tolerability and lots of adverse effects .
These include neuropsychiatric disorders and mainly
[20]
pancytopenia , requiring erythropoietin and granulocyte
[21,22]
colony- stimulating factors
. Of note, LT candidates
with HCV compensated cirrhosis are more prone to PegIFN- and RBV-related hematologic toxicities, because
splenomegaly caused by portal hypertension enhances
[23]
the risk for cytopenias . Therefore, Peg-IFN and RBV
dose adjustment and close monitoring is recommendable.
More specifically, patients with CP score B require
treatment tailoring decisions focused on type of genotype,
[10]
level of viral load and first or repeat antiviral treatment .
A triple therapy with the addition of first generation
DAAs is the preferred choice for patients with genotype
[6]
1 when newer DAAs are not available . Boceprevir and
telabrevir are better therapeutic choice for patients with
genotype 1 ensuring excellent efficacy and prognosis
compared to Peg-IFN and RBV treatment. Data showed
that triple therapy increased SVR rates in naïve and
previously treated patients with genotype 1 between
[24-28]
68%-75% and 59%-88% respectively
. Boceprevir
therapy also offers the possibility of shortened duration
therapy for rapid responders, defined by an undetectable
[24]
plasma HCV RNA level at treatment week 8 . One
should notice that DAAs should not be applied as
monotherapy and their dose should not be reduced,
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Table 2 Doses of antivirals in liver transplant candidates and
recipients

Table 1 Direct acting antivirals commenced on patients
with decompensated cirrhosis or recipients after liver trans
plantation
Approved protease inhibitors
Boceprevir
Telaprevir
Simeprevir
Approved NS5A inhibitors
Daclatasvir
Approved NS5B RNA-dependent
RNA polymerase nucleotide
inhibitor
Sofosbuvir

Peg-IFN-α 2a 180 μg/wk, subcutaneous
Peg-IFN-α 2b Weight-based 1.5 μg/kg
per week, subcutaneous
Ribavirin
Weight-based, 1000 mg in patients
< 75 kg, 1200 mg in patients ≥ 75
kg, orally twice a day
Boceprevir
800 mg orally three times a day
Telaprevir
1125 mg orally twice a day
Sofosbuvir
400 mg daily, orally
Daclatasvir
60 mg daily, orally
Simeprevir
150 mg daily, orally

NS3-4A serine protease inhibitors
Second-wave NS3/4A protease
inhibitor

NS5A inhibitor

NS5B RNA-dependent RNA
polymerase nucleotide inhibitor

No renal adjustment
CNI adjustment
No renal adjustment1
No CNI adjustment2

1

Sofosbuvir only in patients with glomerular filtration rate > 30 mL/min;
Simeprevir should not be given with cyclosporine. CNI: Calcineurin
inhibitor; Peg-IFN: Pegylated interferon.

Newer DAAs evaluated in
combination regimens without PegIFN
Ledipasvir (formerly GS-5885)
NS5A inhibitor
ABT-450
NS3/4A protease inhibitor
Ombitasvir (formerly ABT-267)
NS5A inhibitor
Dasabuvir (formerly ABT-333)
Non-nucleoside NS5B polymerase
inhibitor

2

[36]

list , it is apparent that IFN-free therapies are highly
[34,35]
desirable for patients with decompensated disease
.
In fact, the treatment chances of critical CHC can
didates for LT will be very high should second generation
DAAs is applicable. Sofosbuvir, a nucleotide HCV
polymerase inhibitor, is now available and offers better
tolerability and efficacy across all HCV genotypes making
sustained clearance of HCV deliverable to a much larger
[8]
number of infected individuals . We are at the beginning
of an era where combinations of DAAs may pave the way
for IFN-free regimens, even improving the viral clearance
rate to near 100%. Evidence comes from the following
[37-40]
four trials
. In the open label phase II study of Curry
[37]
et al
61 CHC candidates with HCC and normal liver
function tests (CP score ≤ 7) commenced on sofosbuvir
(400 mg/d) and RBV (based on their weight) until LT for
a maximum of 48 wk. Thirty six out of the 40 patients
who underwent LT achieved viral load below 25 IU/mL
pre LT. In the view of excellent tolerability, 96% had
unidentifiable HCV RNA and no viral recurrence at four
weeks post LT. Nevertheless, 69% achieved SVR and
27% had HCV recurrence, 12 wk post LT. Curiously, one
patient undergone second LT died and one presented
anemia related to RBV.
Given the high mortality due to HCV recurrence
after LT, the evidence that sofosbuvir and RBV before
LT prevented the recurrence of CHC after LT in 70%
of patients who had undetectable HCV RNA prior to
LT, provide great hope for patients in need. In the
[38]
randomized open label study of Afdhal et al
50 CHC
with genotypes 1-4 either commenced on sofosbuvir
plus RBV for 12 mo or were observed for 6 mo and
then treated. Patients’ characteristics included portal
hypertension plus/or minus decompensated liver disease,
CP score 5-10 and MELD score > 13. Undetectable
HCV-RNA was achieved in 100% for CP class A and
93% for CP class B after 6 mo of treatment. No patient
experienced treatment breakthroughs. Ultimately, in the
[39]
study of Gane et al 20 patients with CHC genotype
1 and CP class B received sofovusvir ± RBV combined
with the newer NS5A inhibitor ledipasvir for four weeks

Peg-IFN: Pegylated interferon.
[29]

stopped and then restarted . However, high rates of
serious adverse events, discontinuation and deaths have
[30]
been recorded . The adverse effects included anaemia,
metallic taste, infection and rash which were more
[24-28]
evident in patients with cirrhosis
. For this reason
the administration of the triple therapy remains of high
risk in patients with cirrhosis. Anaemia is considered
positive predictor of SVR in patients receiving the triple
regimen and should be corrected with erythropoietin
[31-33]
and reduction of RBV dose
without any change in
boceprevir or telaprevir administration.
The data regarding the efficacy and safety of triple
therapy to HCV patient with decompensated cirrhosis
[34]
are very limited. Verna et al treated 29 patients with
cirrhosis CP class A (62%) or B (38%) while waiting on
the transplant list with telaprevir (93%) or boceprevirbased (7%) triple therapy for a median (range) of 27
(3-50) wk, including a Peg-IFN and RBV lead-in phase in
18%. Overall SVR at 12 wk was 52%, including patients
who completed a full course of therapy, but 28% of
patients require hospital admission because of treatment
complications including decompensation of liver disease,
variceal hemorrhage, cholecystits, optic neuritis and
[34]
anemia requiring transfusion . The efficacy and the
safety of triple therapy have been tested in patients with
[35]
mildly decompensated cirrhosis as well . SVR at 12 wk
was achieved by 35% of patients with CP ≥ 6 vs 54%
[35]
of those with CP = 5 . Furthermore, 25% of patients
with compensated cirrhosis discontinued treatment
early due to adverse events, while high proportion
required drug dose reductions and hospitalizations due
[35]
to side effects . Although a French multicenter phase
II trial is being assessing the safety and the efficacy
of boceprevir-based triple therapy in patients with
genotype 1 and a baseline MELD score 18 on the waiting
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Renal adjustment
No CNI adjustment
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Table 3 Treatment of liver transplant candidates with hepatitis C
Cirrhosis CP A, all HCV genotypes
Sofosbuvir + RBV until LT
Cirrhosis CP B and C, all HCV genotypes
Sofosbuvir + RBV until LT

[6]

Peg-IFN + RBV + sofosbuvir for 12 wk

RBV + sofosbuvir + daclatasvir for 12 wk

IFN contraindicated

RBV + sofosbuvir + daclatasvir for 12 wk

CP: Child-Pugh; HCV: Hepatitis C virus; LT: Liver transplant; RBV: Ribavirin; Peg-IFN: Pegylated interferon.

Table 4 Major studies of interferon-free regimens for treatment of hepatitis C virus positive liver transplant candidates reported in
2014
Ref.
Curry et al[37]
Gane et al[39]
Flamm et al[40]
Afdhal et al[38]

n

CP score

Antiviral scheme

Virological response

61
20
108
50

≤7
7-9
Decompensated cirrhosis (range: 7-12)
5-10

SOF + RBV for 48 wk or until LT
SOF ± RBV + ledipasvir for 12 wk
SOF + RBV + ledipasvir for 12 or 24 wk
SOF + RBV for 48 wk

69% (12 wk after LT)
89% (SVR 4 wk)
87% and 89%, respectively (SVR 12 wk)
100% CP class A
93% CP class B at 24 wk under treatment

n: Number of patients; CP: Child-Pugh; SOF: Sofosbuvir; RBV: Ribavirin; SVR: Sustained virological response.

[6]

RBV, daily sofosbuvir and daily daclatasvir . Candidates
with more advanced decompensated cirrhosis (CP
class B and C), should be commenced only in IFNfree regimes; i.e., daily weight-based RBV and daily
sofosbuvir for minimization post-LT HCV recurrence; for
genotypes 1 to 4 the triple combination of daily weightbased RBV, daily sofosbuvir and daily daclatasvir until
[6]
LT in experienced centres under close monitoring .
Both sofosbuvir and daclatasvir do not need dose
adjustments in patients with CP class B or C disease.
Their most frequently reported side effects were fatigue,
headache, nausea and anemia, the latter attributable to
[6,43]
the co-administration of RBV
.

(preliminary data for the ongoing Electron Study). High
percentage (89%) achieved SVR so far (at four weeks)
with good safety and tolerance profile (there were
no treatment discontinuations). Similarly, sofosbuvir,
ledipasvir and RBV for 3 or 6 mo were well tolerated and
resulted in high SVR (87% and 89%, respectively) in 108
[40]
patients with decompensated cirrhosis CP class B or C .
[41]
Interestingly, Donato et al reported undetectable HCV
RNA for 24 wk after treatment discontinuation in a LT
recipient treated prior LT - on the waiting list- over LT and
post LT for a total period of 24 wk with the combination
of sofosbuvir and RBV (Table 4).
Based on the currently available data, patients
with decompensated cirrhosis awaiting LT should be
treated with the IFN-free, new generation DAAs, with or
without RBV regimens. Although more data are needed
about the safety of new DAAs drug combinations in this
patient population, it seems that the pharmacokinetics
of sofosbuvir and daclatasvir do not appear to change
[42]
significantly in moderate or severe liver impairment ,
while other new DAAs (simeprevir, asunaprevir) seem
to be contraindicated in patients with severe liver
impairment (CP class C). On the other hand, sofosbuvir
should not be given in patients with GFR ≤ 30 mL/min,
but ongoing trials will clarify better this issue. With the
objective that newer drug combinations will yield safer
and more efficient prevention of HCV recurrence posttransplant and the - so far poorly treated - patients
[6]
with low MELD scores and HCC will benefit most ,
treatment recommendations for LT candidates are
updated as below: Patients with conserved liver function
(CP class A) in whom the indication is HCC for LT is
strongly recommended to be treated with daily weightbased RBV (1000 or 1200 mg in patients < 75 kg or
≥ 75 kg, respectively) and daily sofosbuvir until LT.
Otherwise, they should be offered a 12-wk treatment
prior to LT with the combination of Peg-IFN, RBV and
sofosbuvir or the combination of daily weight-based
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HCV positive LT recipients

Reinfection of liver allograft is universal resulting in
acceleration of HCV recurrence compared with nonLT patients leading in 70% decompensation vs 10%
in other immunocompetent groups three years post[44]
[45,46]
transplant ; graft loss and lower survival rates
.
HCV recurrence is the most frequent cause of death and
accounts for the two thirds of graft failures in patients
[39]
transplanted for HCV infection . Fibrosing cholestatic
hepatitis is the most severe aggressive form of HCV
[47]
recurrence affecting 5%-8% of LT recipients . It is
characterized by high viral load levels and extensive
dense portal fibrosis extending into the sinusoidal spaces,
ductular proliferation, cholestasis and mononuclear
[48]
inflammation . Its prognosis is very poor if recipients
do not respond to antiviral treatment (Tables 2 and 5).
Several strategies, including the new generation of
antivirals, the optimal donor and the immunosuppre
ssant selection, have been applied to improve outcomes
post LT. Negative predictive factors associated with
aggressive recurrent HCV infection and graft loss are
the high HCV RNA levels in both serum and liver at
the time of or early post-LT, female gender and older
donor age, steatosis of the graft as well as the degree
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Table 5 Treatment of hepatitis C virus recurrence post liver transplant
IFN-free: Sofosbuvir + RBV (HCV genotype 2 for 12-24 wk); sofosbuvir + daclatasvir ± RBV (HCV genotypes 1, 3-6 for 12-24 wk); sofosbuvir + simeprevir
± RBV (HCV genotypes 1, 4 for 12 -24 wk)
In case of restriction applying first generation DAAs
Fibrosis metavir stage 3-4
Genotype 2/3
Genotype 1
Genotype 1a
Fibrosis metavir stage 2
IL-28B polymorphism
Predictors of poor response
Fibrosing cholestatic hepatitis
Peg-IFN plus RBV
Peg-IFN plus RBV plus boceprevir or telaprevir
Non responders to previous treatments Monitor closely Hb, WBC, PLTs CNI levels, renal function
Consider
Administration of blood transfusions, EPO, CSGF
Decrease of RBV dose
Renal dose adjustment
Decrease of CNI dose
IFN: Interferon; RBV: Ribavirin; CNI: Calcineurin inhibitor; HCV: Hepatitis C virus; Peg-IFN: Pegylated interferon; DAA: Direct antiviral agent; WBC: White
cells blood count; PLTs: Platelets; EPO: Erythropoietin; CSGF: Granulocyte-colony stimulating factor.

of human leukocyte antigen matching of the donor and
[49,50]
recipient
. Moreover, immunosuppressant selection
is considered a major factor contributing to acceleration
of HCV recurrence. While methyl prednisolone pulses
for treatment of acute rejection could drive aggressive
HCV recurrence ending up to graft loss, sirolimus could
result on HCV RNA elimination without additional antiviral
[51,52]
treatment
. Ultimately, everolimus may offer a benefit
[53]
for posttransplant HCV-related fibrosis progression .
Cyclosporine is considered to have advantage over the
other immunosuppressants, because of potential antiviral
action (the target protein of cyclosporine, cyclophilin A
[54]
is involved in the HCV replication) ; the enhancement
[55]
of SVR in LT recipients treated with the dual therapy
and the fewer interactions with the triple regimen.
Steroid free regimens have been also tried; although
they were safe and effective, they did not influence HCV
[56,57]
recurrence
. Nevertheless, many of these issues
might have limited impact in the era of the newer DAAs,
since the majority of patients with HCV recurrence can
effectively be treated.
Preemptive prophylaxis for CHC recurrence post
LT is not recommendable so far with Peg-IFN-based
regimens, because as determined by randomized trials
the therapeutic cost is high, tolerability is poor and no
[58-60]
additional therapeutic effect is gained
. Nevertheless,
new DAAs clinical application this may change this
therapeutic strategy in the near future. The presence of
significant fibrosis or portal hypertension one year after
transplantation is predictive of rapid disease progression
[61,62]
and graft loss, requiring urgent antiviral treatment
.
[63]
Fibrosing cholestatic hepatitis and significant fibrosis
[64]
determined by METAVIR score > F1 , liver stiffness
[65]
[60]
> 8.7 kPa
and hepatic venous gradient > 6
are additional indications for antiviral treatment. Of
note is the fact that patients with fibrosis level > 3
[66]
cannot tolerate Peg-IFN-based therapy . Timely
diagnosis of HCV recurrence based on histology is also
recommendable, but should be properly differentiated
with acute liver rejection since pathology is similar
[67]
but treatment distinct . Simultaneous use of regular
protocol biopsies, transient elastography and fibrosis
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markers are necessary to determine the progression of
[22]
rejection and/or fibrosis .
The therapeutic strategy for treatment of HCV
recurrence post LT continues to be updated. Initially,
Peg-IFN combined with RBV was the only therapeutic
choice. SVR stabilization has been achieved in only
[62-71]
30% of recipients
and IFN on the top of intense
immunosuppression lead to multiple episodes of sepsis,
acute and chronic rejection and plasma cell hepa
[10,63,68]
titis
. Secondly, the addition of first generation
DAAs on the classical Peg-IFN and RBV regimen was
applied to LT recipients with genotype 1, non-responders
to dual therapy, cases of METAVIR fibrosis stage 2, and
[63,72]
cholestatic hepatitis
. The results were satisfactory
[63]
[73-79]
and encouraging . Seven studies
(including four
multicenter) suggested that triple therapy was effective
in LT recipients, particularly those experiencing severe
recurrence, demonstrating SVR in 50%-91% when
administered for 12 to 66 wk (Table 6). One major benefit
of the triple therapy was the success in treating recipients
[73]
with fibrosing cholestatic hepatitis . Nevertheless,
serious adverse and few fatal events were recorded. The
most common side effect was anaemia (40%-50%)
required red blood cell transfusions, erythropoietin and/or
RBV dose reduction. The mechanism of anaemia was
the combination of hemolysis with suppression of bone
marrow. In cirrhotic non-responding patients severe
infections have been marked in the context of neutropenia
(pneumocystosis, aspergilosis, urinary tract infections and
erysipelas have been noted). On this ground, severe liver
disease may be a contraindication for triple regimen or
may require antibiotic prophylaxis and colony-stimulating
[73]
factors . Kidney insufficiency has also been reported in
[73,74]
13%-38%
.
Furthermore drug-drug interactions remain a crucial
clinical issue. Close monitoring of daily calcineurin
inhibitors (CNIs) levels and reduction of CNIs dose
[80]
was required . CNI trough level is increased when
first generation DAAs are initiated because they may
inhibit cytochrome P450 3A4 and P-glucoprotein. With
boceprevir the average reductions were about 2-fold and
5-fold with cyclosporine and tacrolimus respectively, while
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Table 6 Major studies tested the efficacy of first generation direct antiviral agents combined with
peg-interferon and ribavirin in liver transplant recipients
Ref.
Coilly et al[73]
Pungpapong et al[74]
Werner et al[75]
Stravitz et al[76]
Ann Brown et al[77]
Faisal et al[78]
Werner et al[79]

Year of publication

No. of patients

Sustained virological response

2013
2013
2012
2013
2013
2014
2014

37
60
9
122
46
76
14

50% (20% for telaprevir and 71% for boceprevir)
56% (67% for telaprevir and 45% for boceprevir)
89%
28%
60%
59.5%
50%

with telaprevir the interactions were more potent around
3-fold and 23-fold with cyclosporine and tacrolimus
[73]
respectively . Great attention is needed at the time
of DAAs discontinuation, increasing the CNI dose the
next day and measuring CNI levels at least every 48 h
until steady state to be achieved. mammalian target of
rapamycin inhibitors are also metabolized by CYP3A4;
the clearance of everolimus was reported to decrease by
[80]
55% when boceprevir is commenced . No information
on the interactions between mycophenolate mofetil and
DAAs is available. In healthy individuals prednisone area
[81]
under the curve was increased by 22% .
So far, triple antiviral therapy with first generation
DAAs was less effective in patients with genotype 1a,
TT/CT interleukin-28B polymorphism and non res
[82]
ponders to previous peg-IFN/RBV regimen . However,
the approval of sofosbuvir headed forward the care of
naive and treatment experienced LT recipients with
CHC recurrence with excellent tolerability, without
interaction with the immunosuppressive regimen and
potent antiviral activity across a broad range of HCV
[43,83]
genotypes
. Particularly, in the single-arm open[83]
label pilot study of Samuel et al , 40 LT recipients with
CHC recurrence after 6 mo of LT treated with sofosbuvir
plus RBV for maximum of 6 mo. Thirty-three (83%)
patients had genotype 1, 16 (40%) were cirrhotic
and 9 (23%) patients were previously on telaprevir or
boceprevir combined regimens. All patients (100%)
had undetectable HCV RNA after a month of treatment
and 70% achieved SVR. Rejection and CNIs dose
adjustment were not needed. Only fatigue, anemia,
[43]
arthralgia and diarrhea were of note. Forns et al
demonstrated significant antiviral efficacy associated
with disease amelioration in 87 LT recipients [72 (83%)
presented HCV genotype 1] with severe CHC recurrence
including fibrosing cholestatic hepatitis. Fifty-seven
(65%) were treated with sofosbuvir combined only with
RBV, while 30 (35%) received additional Peg-IFN for
up to 48 wk. SVR at 12 wk was achieved in 47 (54%)
of LT recipients treated with sofosbuvir plus RBV and in
40 (44%) of LT recipients treated with sofosbuvir plus
RBV plus Peg-IFN. No drug side effects were reported.
Importantly, 53 (70%) of patients had improved on
treatment, 10 (13%) had stabilized and 13 (17%) died
with all deaths attributed to progression of liver disease
or associated complications.
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More recently, very promising are the IFN-free
combinations of sofosbuvir with other novel DAAs with
or without RBV after LT (Table 7). Although these new
DAAs may have interactions with several drugs, they
have no contraindication for CNIs co-administration (only
simeprevir should not be given with cyclosporine) (Tables
[84-89]
2 and 8). Preliminary data
showed that they led
to excellent on treatment virological response and SVR
rates along with minimal adverse effects on difficult to
treat LT recipients - those with CHC genotype 1, cirrhosis
CP stage B and C as well as previously intolerant or non
responsive to IFN therapy. More specifically, sofosbuvir
plus simeprevir presented 91% SVR in LT recipients
[85]
with genotype 1 ; Sofosbuvir and daclatasvir showed
85% on treatment virological response in LT recipients
[86]
with genotype 1
and major clinical improvement
in 71% along with HCV RNA < 15 IU/mL in 95% at
12 wk under treatment in LT recipients with fibrosing
[87]
cholestatic hepatitis ; ledipasvir plus sofosbuvir plus
RBV presented 96%-98% SVR in LT recipients with CHC
[88]
recurrence .
[89]
Ultimately, preliminary data from Coral Ⅰ study
showed breakthrough results in 34 LT recipients with
CHC genotype 1 treated for 24 wk with the following
four-drug combination: Paritaprevir (potent NS3/4A
protease inhibitor identified by AbbVie and Enanta,
formely ABT-450) with ritonavir (which increases overall
drug exposures of paritaprevir and enables once daily
dosing) combined with Ombitasvir (potent NS5A inhibitor,
formerly ABT-267) and Dasabuvir (non-nucleoside NS5B
polymerase inhibitor, formerly ABT-333) and RBV. More
specifically, 97.1% (33/34) achieved SVR at 4 wk and
97% (33/34) achieved SVR at 12 wk. The regimen was
generally well tolerated with 1 patient discontinuing study
drug due to adverse events. No deaths, no graft losses,
or episodes of rejection were recorded. CNI dosing was
manageable over the period of the study (Table 7).
[6]
Although data are preliminary, current EASL
guidelines recommend the following therapeutic regimens
to treat HCV recurrence after LT: sofosbuvir and RBV for
LT recipients HCV genotype 2; sofosbuvir and daclatasvir
plus/minus RBV for LT recipients HCV genotypes 1,
3-6 and sofosbuvir and simeprevir plus/minus RBV for
genotypes 1, 4. All regimens should be continued for
12-24 wk and no dose adjustments are required for CNI
inhibitors.

1611

June 28, 2015|Volume 7|Issue 12|

Pipili C et al . Hepatitis C and direct acting antivirals

Table 7 Major studies of sofosbuvir with other novel direct antiviral agents with or without ribavirin for treatment of hepatitis C
virus positive liver transplant recipients reported in 2014
Ref.

n

Pungpapong et al[85]

55

Leroy et al[87]
(CUPILT)

Patient characteristics

Antiviral scheme

Virological response

SVR

Duration (wk)

SOF + simeprevir ± RBV

98% (EOT)

91%

12

21

Fibrosis 3-4 (29%)
Decompensated cirrhosis (4%)
Cholestatic recurrence (15%)
Fibrosing cholestatic hepatitis

SOF + daclatasvir ± RBV
(n = 13)
SOF + RBV (n = 6)

-

24

Conti et al[86]

55

Fibrosis 3-4 (33%)

95% HCV RNA
< 15 IU/mL
81% were not detectable
(at week 12 under
treatment)
85% (at week 8 under
treatment)

-

24

Kwo et al[89]
(CORAL I)
Reddy et al[88]

34

Fibrosing cholestatic hepatitis (7%)
Fibrosis 0-2

100% (EOT)

97%

24

223

Fibrosis 0-3, CP A-C

-

96%-98%
(CP A: 9%
CP B: 83%-85%
CP C: 60%-67%)

12-24

SOF + daclatasvir

Paritaprevir + ritonavir +
ombitasvir + dasabuvir + RBV
SOF + ledipasvir + RBV

n: Number of patients included in the study; RBV: Ribavirin; SOF: Sofosbuvir; EOT: End of treatment; SVR: Sustained virological response; CP: Child-Pugh;
HCV: Hepatitis C virus.

Table 8 Major drug-drug interactions of the newer direct acting antivirals for hepatitis C
DAA
Sofosbuvir

Simeprevir

Daclatasvir

Sofosbuvir/ledipasvir

Co-administration should be avoided
P-glycoprotein inducers
Anticonvulsants: Carbamazepine, oxcarbazepine, phenobarbital, phenytoin; antimycobacterials: Rifampin, rifabutin,
rifapentin; St. John's wort; HIV drugs: Tipranavir/ritonavir
Inhibitors or inducers of CYP3A4
Antifungals: Fluconazole, itraconazole, ketoconazole, posaconazole, voriconazole; Antibiotics: Clarithromycin, erythromycin,
telithromycin; Dexamethasone; Cicapride; HIV drugs: Cobicistat, efavirenz, delavirdine, etravirine, nevirapine, ritonavir and
any HIV protease inhibitor
P-glycoprotein inducers
Strong inducers of CYP3A4 and/or P-glycoprotein
e.g., phenytoin, carbamazepine, oxcarbazepine, phenobarbital, rifampicin, rifabutin, rifapentine, dexamethasone, St. John's
wort; HIV drugs: darunavir, lopinavir, etravirine
P-glycoprotein inducers, rosuvastatin, simeprevir

DAA: Direct acting antiviral; HIV: Human immunodeficiency virus.

in patients with advanced decompensated cirrhosis
waiting for LT is not yet established and their high cost
may be the biggest challenge to their implementation
worldwide. Immune therapies and therapeutic vaccines
are very promising but still in progress. Based on the
current related published data and the EASL therapeutic
recommendations it was presented the rapidly shifting
treatment landscape for CHC LT candidates and recipients.
In the context of that treatment decisions continue to be
individualized.

CONCLUSION
Until 2011, the standard of care treatment for geno
type 1 HCV was dual therapy with Peg-IFN and
RBV. Unfortunately the success rate was less than
50%, and treatment was frequently associated with
significant toxicity. For this reason, much effort has
been invested in the development of new treatment
for HCV, leading to the approval of the first generation
DAAs. Triple therapy with Peg-IFN, RBV and boceprevir
or telaprevir was associated with 68% SVR rates in
treatment-naïve patients. Whilst the addition of these
first generation DAAs marked a bright new era for the
prognosis amelioration of LT candidates and recipients
with recurrent HCV, there remains the potential for
side effects and drug-drug interactions. During 2014,
different IFN-free regimens, combinations of second
generations DAAs associated with high SVR rates (>
95%), shortened duration courses and relatively few
toxicities. However, the efficacy of IFN-free regimens
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REVIEW

Predictive factors associated with hepatitis C antiviral
therapy response
Lourianne Nascimento Cavalcante, André Castro Lyra
of pegylated interferon plus ribavirin (PR) became
the standard of care for HCV treatment. In this PR
era, predictive factors of therapy response related to
virus and host have been identified. In 2010/2011,
therapeutic regimens for HCV genotype 1 patients were
modified, and the addition of NS3/4a protease inhibitors
(boceprevir or telaprevir) to dual therapy increased
the effectiveness and chances of sustained virologic
response (SVR). Nevertheless, the first-generation triple
therapy is associated with many adverse events, some of
which are serious and associated with death, particularly
in cirrhotic patients. This led to the need to identify
viral and host predictive factors that might influence
the SVR rate to triple therapy and avoid unnecessary
exposure to these drugs. Over the past four years,
hepatitis C treatment has been rapidly changing with the
development of new therapies and other developments.
Currently, with the more recent generations of pan
genotipic antiviral therapies, there have been higher
sustained virologic rates, and prognostic factors may
not have the same importance and strength as before.
Nonetheless, some variables may still be consistent with
the low rates of non-response with regimens that include
sofosbuvir, daclatasvir and ledipasvir. In this manuscript,
we review the predictive factors of therapy response
across the different treatment regimens over the last
decade including the new antiviral drugs.
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Core tip: Treatment of chronic hepatitis C has been
changing very rapidly in recent years. The chances of
cure have increased with the new drugs. Predictive
factors of sustained treatment response in the “age”
of based-interferon therapy is becoming less important
with the arrival of the direct acting antivirals, however,
viral genotype, cirrhosis and viral kinetics may still

Abstract
Hepatitis C virus (HCV) infection may lead to significant
liver injury, and viral, environmental, host, immunologic
and genetic factors may contribute to the differences
in the disease expression and treatment response.
In the early 2000s, dual therapy using a combination
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cure are significantly increasing. Initially, with the firstgeneration direct acting antivirals (DAA) boceprevir and
telaprevir, individuals with HCV genotype 1 achieved
sustained virologic response (SVR) rates of nearly 70%
or greater, and the viral kinetics and hepatic fibrosis
[8,9]
were the main predictors of response . Currently, with
the more recent generations of pangenotipic antiviral
therapies, there have been even higher SVR rates, and
prognostic factors may not have the same importance
and strength as before. Nevertheless, viral kinetics, the
presence of liver cirrhosis and HCV genotype 3 may still
[9]
be relevant factors that influence the rates of SVR .

impact on therapy outcome with the new available
drugs.
Cavalcante LN, Lyra AC. Predictive factors associated with
hepatitis C antiviral therapy response. World J Hepatol 2015; 7(12):
1617-1631 Available from: URL: http://www.wjgnet.com/19485182/full/v7/i12/1617.htm DOI: http://dx.doi.org/10.4254/wjh.
v7.i12.1617

INTRODUCTION
Hepatitis C virus (HCV) is an important etiology of
chronic hepatitis and cirrhosis and is the leading
indication for liver transplantation (LT) in adults around
[1,2]
the world . Therefore, early recognition and effective
management of the disease can modify its natural
history. HCV infection may lead to significant liver injury,
and viral, environmental and host factors, including
immunologic and genetic susceptibilities, may contribute
to differences in the disease expression and treatment
[3]
response . This genetic susceptibility has a significant
part in developing of HCV infection, from viral antigen
recognition and presentation to the type of immune
[3]
response developed against the pathogen .
The natural history of HCV genotypes 1, 2 and 3
infection appears to be similar, and patients are at risk
for developing liver cirrhosis, decompensation of liver
disease and hepatocellular carcinoma. HCV genotype 3
is also associated with an increase in hepatic steatosis,
which is believed to be related to viral interference in
[4]
host lipid metabolism .
The predictive factors of therapy response are also
related to the virus and hosts, and they can be classified
as clinical, immunologic and genetic factors. HCV
genotype 1, male gender, advanced liver fibrosis, human
immunodeficiency virus (HIV) and HBV coinfection,
insulin resistance, poor treatment adherence, high viral
load (≥ 600.000 UI/mL) and African ancestry have
been related with the failure of interferon (IFN) based
therapies, particularly with dual therapy (pegylated
[1,5]
interferon and ribavirin) .
Gene polymorphisms that encode or regulate the
host molecular expression may be useful as disease
evaluation markers and therapy response predictors;
moreover, they could provide helpful information for
understanding the complex mechanisms underlying the
virus-host interaction and the variations observed in
antiviral therapy responses. The interleukin-28B (IL28B)
polymorphisms were considered the strongest baseline
identified predictors of dual therapy response (pegylated
interferon and ribavirin); they are also predictors of
viral kinetics and spontaneous clearance in acute HCV
infection. IL28B polymorphisms differs among different
[6,7]
ethnic backgrounds .
Along the last four years, hepatitis C treatment
has rapidly changed with the development of new
therapies and other advancements, and the chances of
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PROGNOSTIC FACTORS IN DUAL
PEGYLATED INTERFERON PLUS
RIBAVIRIN THERAPY ERA
Early in 2000s, dual therapy using a combination of
pegylated interferon-alpha plus ribavirin (PR) was the
standard of care for HCV treatment. HCV genotype 1
infection used to be the most difficult genotype to treat,
with relatively low SVR rates compared to current rates,
and required an expected duration of therapy of 48 wk
that could be extended to 72 wk for partial responders.
Conversely, for genotypes 2 and 3 HCV infected patients,
the recommended treatment time was 12 to 48 wk,
and superior SVR rates were reached compared with
[1,5,10]
HCV genotype 1
. The sustained virological response
proportion for HCV genotype 1 infected patients were
40%-50%, whereas for HCV genotype 2 and 3 infected
[1]
subjects it was, approximately, 75%-80% .
In the PR era, predictive factors of therapy response
related to virus and host have been identified. Clinical
host characteristics possibly correlated with the response
to dual regimen are gender, age, dyslipidemia, insulin
resistance, liver fibrosis stage, ancestry, 25(OH) vitamin
D status, coinfection with HBV and/or HIV. Immunologic
elements related with response to PR treatment are
cytokines and interferon-gamma inducible protein 10
(IP-10); in addition, genetic factors such as IL28B poly
morphisms, other genes associated with JAK-STAT
pathway polymorphisms and genetic ancestry markers
[11]
have also been described as predictors of response .
The HCV features associated with therapy antiviral
response are genotype, baseline viral load and viral
kinetics at specific time-points throughout the treatment.
The single most important viral factor that influences the
response to antiviral treatment is HCV genotype, and the
most important host factors are IL28B genotype and liver
[12-14]
fibrosis
.

Pegylated interferon alpha-2a and -2b

Both pegylated interferons may be used during PR
therapy. In the Ideal study, which included 3070 HCV
genotype 1 infected patients, the SVR rates were
similar among the schemes with pegylated interferon
alpha 2a or 2b; the SVR rates were 40.9% and 39.8%,
[15]
respectively, without statistically significant differences .
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In HCV genotypes 2 and 3, ribavirin doses (800 mg/d
compared to 1000-1200 g/d adjusted for weight (kg) did
not produce any difference in SVR rates when patients
[13,16]
were treated for at least 24 wk
.
On the other hand, a meta-analysis of 26 studies
included, 11 were randomized and 15 were nonrandomized, with a total number of 18260 patients
(8125 patients were treated with PEG-IFN alpha 2a
and 10135 were treated with PEG-IFN alpha-2b) and
showed that dual therapy with PEG-INF-alpha 2a was
associated with a greater SVR than PEG-IFN-alpha 2b in
HCV monoinfected patients, particularly for genotypes 1
and 4. An analysis of randomized clinical trials, including
HCV-type 1 and 4 patients, showed SVR rates of 43.2%
for the PEG-IFN-alpha 2a group and 38.7% for the PEGIFN-alpha 2b and ribavirin group. In the HCV genotypes
2 and 3 group, the SVR rates among patients treated
with PEG-IFN-alpha 2a was 82.6% and 75.5% for the
[17]
PEG-IFN-alpha 2b and ribavirin group .

which are separated by 4378 nucleotides. In genetic
studies with hepatitis C infected patients, both IL28B
variants (rs12979860 and rs8099917) are in linkage
disequilibrium, and in HCV genotype 1 patients treated
with pegylated IFN PR, the IL28B C/C genotype in
rs12979860, T/T in rs8099917 and A/A in rs12980275
[7,25]
were associated with sustained virological response
.
According to GWAS, SNP rs12979860 IL28B C/C
genotype was strongly related with superior chances
of SVR, and it was observed that ancestry had affected
the results. Individuals with European ancestry and C/C
genotype had two times superior chances of achieving
SVR than did subjects with T/T genotype; IL28B C/C
African Americans had three times higher chances
of achieving SVR than IL28B T/T genotype African
Americans, and among Hispanics, the C/C genotype
was associated with a twofold higher chance of SVR
[26]
compared to the T/T genotype . Data revealed that
African Americans with chronic hepatitis C genotype
1 and Il28B C/C have better SVR rates compared to
European Americans (north American Caucasians)
[27]
without the IL28B C/C genotype . The C allele is
more common in populations of European and Asian
ancestries, and this supports the hypothesis that
some of the differences in SVR rates among people of
African descent and Caucasians can be explained by
the variance in the frequency of the C allele in these
populations. Asians infected with hepatitis C genotype 1
virus had higher SVR rates compared with Caucasians,
African Americans and Hispanics, and the frequency
of the IL28B alleles is a possible explanation for this
[7]
difference .
An analysis of the Brazilian admixed population
showed that the IL28B gene polymorphisms, rs12979860
and rs8099917, were also predictors of SVR to PR dual
therapy consistent with results of studies conducted
[18]
in populations with low levels of racial admixture .
However, in the studied admixed population, the
association among ancestry, IL28B polymorphisms and
therapy response was detected only when ancestry was
[18]
assessed using genetic markers .

Ancestry/race and SVR

Ancestry is an important marker of response to IFNbased treatments in people chronically infected by HCV.
People of African descent have lower chances of success
with dual antiviral therapy compared with Caucasians.
These findings were observed in more homogeneous
populations, with low rates of racial admixture assessed
by self-reported ancestry; similar findings were found
in admixed populations when ancestry was assessed
[18]
using genetic markers . Although people of African
descent are most commonly infected by HCV genotype
1, randomized studies ruled out the possibility that HCV
genotype infection was the reason for the lower response
to antiviral treatment in this group. The immunological
and genetic background appear to be the reasons for this
suboptimal response because these differences did not
occur as a result of therapy adherence, viral genotype,
histopathological changes, type of IFN or social or
[19,20]
the economic status of the patients
. The IL28B
polymorphisms are most likely influenced by ancestry,
and these variables may modify IFN-based therapy
[21]
outcomes .

Liver fibrosis

IL28B polymorphisms

Liver fibrosis is a host factor that has consistently been
associated with response rates to IFN-based therapies.
Patients with advanced liver fibrosis (Metavir F3 or F4)
have a lower chance of SVR compared to subjects with
milder liver fibrosis. Invasive (liver-biopsy) and noninvasive methods may be used to assess the fibrosis
[25]
stage .

Genome Wide Association Studies (GWAS) described
single nucleotide polymorphisms of genes in the area
of the IFN-λ as powerful predictors of therapy response
with double regimen with peg-IFN PR in patients infected
by hepatitis C genotype 1 and of spontaneous viral
[6,7,18,21-24]
clearance during acute HCV infection
. In HCV
genotypes 2 and 3 infected individuals, the outcomes
were somewhat controversial; some studies showed
that IL28B polymorphisms are associated with rapid
virologic response (RVR) and not SVR, whereas others
showed that IL28B polymorphisms are associated with
[24]
SVR only in patients who did not get RVR .
The most studied IL28B genetic polymorphisms
are IL28B (IFN-λIII) rs12979860 single nucleotide
polymorphism (SNP) (T > C) and rs8099917 (T > G),
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IP-10

The combination of serum IP-10 and IL28B SNPs may
increase the predictive value of the treatment response.
The IP-10 (IFN - IP-10) is also called CXCL10 and belongs
to the CXC chemokine family. IP-10 is a indicator of liver
inflammation and fibrosis in individuals with chronic
hepatitis C. Low pre-treatment IP-10 levels have been
related with SVR and on the other hand, increased levels
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have been associated with therapy failure. A baseline
IP-10 level > 600 pg/mL was determined to be greatly
[26,27]
predictive of an unfavorable therapy outcome
.

RVR in higher proportions than patients infected with
genotype 1. However, regardless of the HCV genotype,
patients who reach RVR have the highest rates of SVR.
[37]
In the study by Fried et al RVR was achieved by 16%
of patients with genotype 1, 71% of genotype 2 and
60% of genotype 3. Among individuals who reached
RVR, the SVR rate was high across all HCV-genotypes
and ranged from 88% to 100% (genotypes 1-4).
Baseline predictive factors of RVR comprised genotype,
low baseline viral load, high alanina aminotransferase
ratio, nonexistence of advanced fibrosis, and younger
age. RVR was the most important predictor of SVR
[37]
based on logistic regression analysis . Among HCV
genotype 3 infected patients, if RVR is present, the
treatment period may be shortened. In a previous
trial, among patients with RVR - week 4, SVR was
81.6% among patients treated for 24 wk and 82.5%
among them treated for 12 wk. In patients without
RVR, SVR was 52.1% if the treatment duration was 24
wk and 61.7% if the duration was 36 wk. According
to this study, HCV genotype 3 patients with RVR may
be treated for 12 wk if the appropriate ribavirin doses
are used; in patients without RVR, the SVR rates were
[38]
higher with 36 wk of treatment compared with 24 wk .

Vitamin D

Studies including HCV genotypes 1 and 4 infected
patients have revealed that low vitamin D status is
related with inferior probabilities of achieving SVR
[28,29]
following peg-IFN alpha PR therapy
. Nevertheless,
a recent published systematic review and meta-analysis
[30]
did not confirm these findings . The authors found
no significant association between the baseline mean
25(OH) D level and SVR (OR = 1.44; P = 0.11), either
in patients infected with HCV genotypes 1, 4, 5 (OR =
1.48; P = 0.09) or genotypes 2/3 (OR = 1.51; P = 0.65).

Statin use

The role of metabolic factors as well overweight and
visceral obesity, hepatic steatosis, insulin resistance
and diabetes, in the response to antiviral therapy has
[30]
been studied widely in the last decade . To assessing
the role of statins on HCV response rate to treatment,
several studies analyzed the addition of fluvastatin
[31,32]
to the HCV treatment (peg-IFN and ribavirin)
.
The use of statins significantly improved SVR (OR =
2.02, 95%CI: 1.38-2.94), RVR (OR = 3.51, 95%CI:
1.08-11.42) and early virologic response (OR =
1.89, 95%CI: 1.20-2.98). The SVR rate substantially
improved for HCV genotype 1 (OR = 2.11; 95%CI:
1.40-3.18). There was not an important increase in
adverse events reports and withdrawn with the adding
of statins.

FIRST WAVE OF DIRECT ACTING
ANTIVIRAL (TELAPREVIR AND
BOCEPREVIR)
In 2010/2011, therapeutic regimens for HCV genotype 1
patients were modified, and the adding NS3/4a protease
inhibitors to dual therapy increased the effectiveness and
chances of SVR. The grouping of pegylated IFN, ribavirin
and a protease inhibitor (boceprevir or telaprevir)
significantly improved the SVR rates compared with dual
treatment (approximately 70% to 80% vs 40% to 50%
[9,39,40]
SVR, respectively)
. Protease inhibitors should not
be used as monotherapy, due to the development of
resistance and genetic modification of the host barrier.
With triple therapy, there is the possibility of shortening
treatment as guided by viral kinetics. Individuals with
IL28B (rs12979860) genotype C/C have higher chances
of achieving shortened response guided therapy.
Randomized trials have suggested that patients with
unfavorable IL28B genotypes (C/T and T/T, rs12979860)
had significantly improved SVR rates when protease
[9,39,41-45]
inhibitors were combined with dual therapy
(Tables 1 and 2).
Nevertheless, the first generation triple therapy is
associated with many adverse events, some of which
are serious and associated with death, especially in
cirrhotic patients. This led to the need to identify viral
and host predictive factors that might influence the SVR
rate to triple therapy, and additionally, it was important
to determine whether a subdivision of patients might
have a higher likelihood of response to dual therapy so
that the use of first-generation protease inhibitors with
their associated adverse effects and high costs could be

Gender

Females overall appear to have higher chances of
achieving SVR. Nevertheless, several studies have
suggested that in HCV genotype 1 infected women,
menopause is related with an increased severity of
liver fibrosis, and with a lower likelihood of response to
[33-36]
therapy with peg-IFN and ribavirin
.
A cohort of HCV patients treated with dual therapy
revealed that SVR was independently related with
female gender, younger age, IL28B C/C genotype, viral
[35]
genotype and low baseline levels of serum HCV-RNA .
However, females older than 50 years infected with HCV
genotype 1 achieved lower rates of SVR. The possible
reason was that, at baseline, females older than 50
years included in cohort had high body mass index
and visceral obesity, metabolic alterations and severe
histological liver damage, findings more frequently
observed in the menopause females. In genotype 2 and
genotype 3 patients, gender usually does not affect the
[37]
SVR .

RVR

As reported in several studies, RVR (HCV RNA viral load
undetectable at week 4) is associated with a notably
higher rate of SVR. Some trials have observed that
patients infected with HCV genotypes 2 or 3 achieve
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Table 1 Risk factors associated with response (sustained virologic response 12) to firstgeneration direct acting antivirals in naive patients

Predictive variables
Naïve
Mild-moderate fibrosis
Advanced fibrosis
Black race
HCVRNA viral load < 800.000 IU/mL
IL28B C/C
Il28B C/T
IL28B T/T
HCV genotype 1a
HCV genotype 1b
BMI < 25
BMI ≥ 30
Relapse

PR48
40
38
38
23
64
78
28
27
35
40
47
33
22

SVR12 rates (%)
Boceprevir
Telaprevir
BOCRGT BOCPR48
PR48
T12PR48
67
66
44
75
67
67
47
118.5
41
52
33
62
42
53
25
62
76
85
36
74
82
80
64
90
65
71
23
71
55
59
25
73
59
63
41
71
66
70
4
79
58
67
44
83
48
66
41
71
9
9
28
9

Data obtained, analyzed and adapted from Ref. [8,9,44]. PR48: Standard therapy with pegylated interferon plus
ribavirin for 48 wk; BOCRGT: Boceprevir with therapy possibly shortened by response guided therapy; BOCPR48:
Boceprevir with treatment fixed time for 48 wk; T12PR48: Telaprevir by 12 wk and standard therapy for 48 wk;
IL28B: Interleukin-28B; BMI: Body mass index; HCV: Hepatitis C virus; SVR: Sustained virologic response.

Table 2 Risk factors associated with therapeutic response to first-generation direct acting
antivirals in patients previously treated with pegylated interferon and ribavirin

Predictive variables
Previous relapser
Previous partial-responder
Previous null responder
Mild-moderate fibrosis
Advanced fibrosis
Black race
HCVRNA viral load > 800.000 IU/mL (baseline)
IL28B C/C
Il28B C/T
IL28B T/T
HCV genotype 1a
HCV genotype 1b
BMI < 25
BMI ≥ 30
Relapse

PR48
29
7
23
13
8
46
17
50
24
22
20
11
15

SVR rates (%)
Boceprevir
Telaprevir
BOCRGT BOCPR48
PR48
T12PR48
69
75
24
83
40
52
15
59
5
29
63
68
16
76
44
68
11
49
61
63
10
55
79
61
55
5
65
6
56
59

77
73
72
61
73
68
65
54

29
16
13

79
60
61

Data obtained, analyzed and adapted from Ref. [40,41,44,45]. PR48: Standard therapy with pegylated interferon
plus ribavirin for 48 wk; BOCRGT: Boceprevir with therapy possibly shortened by response guided therapy;
BOCPR48: Boceprevir with treatment fixed time for 48 wk; T12PR48: Telaprevir by 12 wk and standard therapy
for 48 wk; IL28B: Interleukin-28B; BMI: Body mass index; HCV: Hepatitis C virus; SVR: Sustained virologic
response.

avoided.
SVR rates to treatment regimens containing pro
tease inhibitors vary with the type of prior non-response
to treatment. Naïve individuals reach response rates
between 67% and 75% (Table 1), and among relapsers
to previous dual PR therapy, the response rates vary
between 69% and 88%; for previous partial responders,
the response rates are between 40% and 59%, and for
previous null responders, the SVR rates vary between
[9,39,41,45]
23% and 38%
. However, the response rates
are lower among individuals with liver cirrhosis (SVR =
11%-68%) and are higher among subjects with IL28B
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genotype C/C (Table 2).
In two phase 3 trials including boceprevir, baseline
predictors of SVR in previously treated patients include
former treatment response (previous relapse rather
than previous partial nonresponse), nonexistence of
cirrhosis, use of triple therapy rather than PR, low viral
load at baseline and lack of cirrhosis. In previously
naive patients, based on multivariate analysis, baseline
predictors of SVR were triple therapy, non-black race,
low viral load at baseline (< 400.00 UI/mL), age (≤
40 years), statin use and absence of cirrhosis. In both
studies, a 1 log10 IU/mL decline in HCV-RNA viral load
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after the 4-wk (lead-in) on-treatment was the greatest
[8,45,46]
predictor of SVR
.
Untreated subjects with unfavorable predictive
variables of therapy response to PR treatment have
improved the chances of cure with the addition of
telaprevir. Patients with advanced fibrosis (bridging
fibrosis or cirrhosis), older age, diabetes mellitus, and
HCV RNA levels of 800000 IU/mL or higher, black race
and C/T and T/T IL28B genotypes showed improved
[9]
chances of an HCV cure . Studies with telaprevir-based
triple therapy including previously treated patients
evaluated previous partial responders, relapsers and null
responders. The SVR rates during treatment were higher
in patients who had previous relapse or partial response
than in patients who had null response. Based on these
analyzes, advanced fibrosis appears to be associated
to unsuccessful, especially among patients with no
response or a partial response to previous treatment,
although there was no such effect on prior relapsers. The
lead-in phase with peguilated IFN alpha-2a PR before
[41]
telaprevir intake did not improve the response rate
(Table 2).

1b vs 1a (47% vs 25%), METAVIR score F0/1/2 vs
F3/4 (38% vs 17%), and baseline viral load ≤ 800000
vs > 800000 (69% vs 31%). Gender, race (black vs
nonblack), age, BMI and steatosis score were not
[44]
associated with response in this subgroup of patients .

First generation DAA and IL28B

The IL28B C/C genotype is a strong predictor of IFN
response with PR therapy, however, with first wave DAA
IFN-based triple therapy IL28B C/C genotype is a good
marker of early response in naïve or previous treatment
experimented patients and viral kinetics is the strongest
predictor of SVR.
Sprint-2 and Respond-2 were phase Ⅲ studies
that evaluated the effectiveness of triple therapy with
pegylated IFN, ribavirin and boceprevir in naïve and
previous treated patients, respectively. Subanalysis
of these studies assessed the impact of the IL28B
polymorphism (rs12979860) as a predictor of therapy
[41,43,47,48]
response
. The genotype C/C IL28B was the
best predictor of treatment response at week 4 (after
lead-in) and week 8. Considering the IL28B C/C and
RVR (HCVRNA < 100 IU/mL at week 8 and 12), the
duration of treatment with triple therapy was reduced in
approximately 90% of previously treated and treatmentnaïve patients. In the IL28B C/C genotype group in the
Sprint-2 study, the SVR rates were higher in all three
treatment studied arms (dual therapy, response-guided
triple therapy with boceprevir and triple therapy with
[8]
boceprevir fixed dose) . However, in this cohort, the
IL28B genotype C/C was a more important predictor
of shortening treatment; 89% of patients cleared the
virus at week 8 of treatment. IL28B C/C was a predictor
of SVR in a limited model analysis with covariates
(Respond-2: OR = 2.2, P = 0.025 and Sprint-2: OR =
4.5, P < 0.001), but when a model of logistic regression
analysis was performed, the response after lead-in (week
4) was a stronger variable for predicting SVR than
any other, including IL28B C/C, based on the baseline
evaluation. In a combined Sprint-2 and Respond-2
studies analysis, early response to pegylated IFN and
ribavirin, i.e., response after week 4, was the best
predictor of SVR in patients with unfavorable IL28B
genotypes C/T and T/T. In the response-guided therapy,
the duration of therapy was based on the detection of
HCV-RNA at week 8 and patients who had undetectable
HCV at this time point were eligible for shortening their
therapy. The majority of C/C patients treated with
boceprevir had undetectable HCV-RNA viral load by
week 8 (89% in Sprint-2, and 76% in Respond-2), and
consequently was eligible for abbreviated treatment. On
the other hand, a fewer number of patients with the C/T
and T/T IL28B genotypes had undetectable viral loads
at week 8 (CT, 53% in Sprint-2 and 46% in Respond-2/
TT, 42% in Sprint-2 and 63% in Respond-2). The SVR
rate for patients in the boceprevir groups who became
undetectable by week 8 was 81%-100%, regardless of
[8,45]
the IL28B genotype
.

Lead in phase as a predictor of SVR

Clinical trials have suggested that the lead-in phase, by
evaluating the sensitivity to IFN, is able to predict the
[47]
efficacy of triple therapy using first generation DAA .
Lead-in phase consists of four weeks of pegylated IFN
and ribavirin treatment before triple therapy. A viral
load decline > 1 log after lead-in was the strongest
predictor of SVR in both naïve and previously treated
[44]
patients with boceprevir . Notably, in individuals with
a viral load decline less than 1 log after lead-in phase,
the chances of achieving SVR were lower, which may
reflect resistance to IFN. In the Sprint-2 trial, patients
who achieved more than a 2 log viral load decline after
lead-in had an SVR rate greater that 80%.
The rationale for performing a lead-in phase is to
avoid adverse effects associated with triple therapy with
boceprevir or telaprevir in patients with few chances of
SVR, particularly in cirrhotic and previous experimented
patients. Poor-IFN sensitive patients without RVR
at week 4 after lead-in and with other unfavorable
predictors to SVR may avoid the disadvantages of triple
therapy with boceprevir or telaprevir and should be
treated with new IFN-free therapies.
A multivariate analysis to evaluate the baseline
markers that predict this IFN response after the lead-in
phase, accessing previously untreated patients, showed
that baseline markers of good response involved the
following: IL28B C/C genotype, low baseline viral load,
absence of cirrhosis, and lower body mass index (BMI).
In previous treatment-failures, baseline predictors of
good response after lead-in were IL28B C/C genotype
and previous relapse to PR therapy. Statistically
significant differences in SVR rates for patients who
did not reach a 1 Log IU/mL decline after lead-in were
observed such as the following: patients with genotype
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[42]

TT: 61% vs 13%, respectively)

Table 3 Cupic study evaluation of the risk/benefit of the
treatment cirrhotic patients with telaprevir or boceprevir
triple therapy considering the chances of death or severe
complications and sustained virologic response 12 according
to cutoffs of serum albumin level and platelet count n (%)
Factors

Platelet count
3

Serum albumin level > 35 g/L
Patients with severe
complications or death)
SVR12
Serum albumin level > 35 g/L
Patients with severe
complications or death
SVR12

Role of advanced liver fibrosis in first wave DAA
treatment regimens

Although triple therapy combining the protease inhibitors
(telaprevir or boceprevir), pegylated-IFN and ribavirin
have increased the chances to eliminate HCV in many
groups of patients, its efficacy remains suboptimal in
treatment experienced cirrhosis patients. These patients
are considered difficult-to-treat, and lower SVR rates
than noncirrhotics are achieved; they have an enlarged
risk of developing serious adverse events. Moreover,
cirrhosis patients were underrepresented in first
generation DAA clinical trials.
A real life study analyzed a total of 660 cirrhosis
patients who were previous relapsers, partial responders
and null responders to pegylated IFN and ribavirin
treatment, including 299 treated with telaprevir and 212
with boceprevir. Patients were included in each group at
[50]
the discretion of the physician . The first endpoint (SVR
12) achieved among patients treated with telaprevir was
74.2% for relapsers, 40.0% for partial responders and
19.4% for null responders. Among individuals treated
with boceprevir, 53.9% of relapsers, 38.3% of partial
responders and none of null responders got SVR at week
12. A late virologic breakthrough during therapy was
observed after discontinuing TVR in 16.4% of the cases,
a relapse in 14.7%, and 4.7% patients failed for other
reasons (7 were lost to follow-up, 4 died, and 3 were
missing HCV-RNA level measurements). Among the
121 patients who failed boceprevir treatment, virologic
breakthrough during therapy was observed in 9%, 17%
relapsed and 1.9% patients failed for other reasons (2
deaths and 2 missing HCV-RNA level measurements).
Variables associated with SVR 12 among patients
treated with telaprevir were HCV subtype 1b and RVR.
In the group treated with boceprevir, HCV subtype 1b,
1 Log HCV-RNA decline after lead in (week 4), 3 Log
HCV-RNA decline or undetectable viral load at week 8
were good predictors of SVR12. In multivariate analysis,
factors associated with SVR12 included previous
response to previous treatment, HCV subtype 1b and
3
baseline platelet count greater than 100000/mm .
Serious adverse events occurred in 49.9% of cases,
comprising hepatic decompensation, severe infections
in 10.4%, and death in 2.2%. According to multivariate
analysis, baseline serum albumin level less than 35
3
g/L and platelet counts of 100000/mm or less predict
serious side effects or death. Among patients with
serum albumin levels < 35 g/L and platelet counts ≤
3
100.000/mm , the proportion of severe complications
or death was 51.4%, and therefore, this treatment is
[50]
not advisable for this subgroup of patients (Table 3) .
In the Cupic study, the long follow-up period (60 wk)
of subjects treated with telaprevir or boceprevir revealed
a large number of serious adverse events (SAE), such as
severe infection or hepatic decompensation and death in
10.6% of patients. These SAE were attributed, in part, to

Platelet count

> 100000/mm

≤ 100000/mm3

19 (6.2)

9 (12.2)

168 (54.9)

27 (36.5)

5 (16.1)

19 (51.4)

9 (29.0)

10 (27.0)

Adapted from Hézode et al[50]. SVR12: Sustained virologic response at 12
wk after ending of treatment.

The phase Ⅲ study Advance analyzed triple therapy
with pegylated IFN, ribavirin and telaprevir in treatment[49]
naïve patients with genotype 1 chronic hepatitis C .
Retrospective analysis of the Advance study evaluated
SVR rates based on IL28B genotypes in 42% (n =
454/1088) of patients from the study population, all
Caucasians based on self-reported ancestry. In the
group with IL28B C/C, 90% of subjects (n = 45/50)
achieved SVR with triple therapy vs 64% SVR among
those who received pegylated IFN and ribavirin in the
control group. The genotypes C/T and T/T patients had
SVR rates of 71% and 73%, respectively in the group
treated with triple therapy compared with SVR rates of
23% and 25% in those treated with dual therapy. The
C/C patients achieved higher rates of extended RVR
(eRVR) characterized by HCVRNA viral load < 1000
IU/mL at week 4 and 12 of treatment; subjects with
eRVR were eligible for shortened therapy. In this study,
eRVR was the best predictor of SVR, although, notably,
individuals with the IL28B C/C genotype also had high
rates of SVR. The overall SVR rate in the group with
eRVR was 91%, but among individuals who also had
the IL28B C/C genotype, the SVR rate increased by 6%
(97%); among those who did not achieve eRVR, the
SVR rate was significantly lower (43%), but in those
without eRVR and with genotype C/C IL28B, the SVR
was 63%.
The phase Ⅲ study Realize compared the efficacy,
safety and tolerability of telaprevir (with or without leadin) in combination with pegylated IFN and ribavirin,
with the control group treated with pegylated IFN and
ribavirin in patients non responsive to prior treatment,
including relapsers, as well as partial and null responders.
In a retrospective analysis, the association between the
IL28B genotype (rs12979860) and SVR was investigated
in 527 (80%) patients included in the study; however,
the IL28B C/C genotypes were not predictors of SVR
among individuals treated with triple therapy. SVR rates
were greater in telaprevir treated groups vs PR for all
IL28B genotypes (CC: 79% vs 29%, CT: 60% vs 16%,
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[55]

a higher mean age of the study population compared to
phase 3 studies, as well as a more severe liver disease
and portal hypertension. Therefore, treatment with firstgeneration DAA is not recommended for patients with
[50]
advanced cirrhosis and severe portal hypertension .

end of the study

NEW WAVES OF DAA
Currently, the hepatitis C virus antiviral therapy challenge
is the development of drugs and therapy regimens
with markedly antiviral activity, high genetic barrier
to resistance, few side effects and short duration. An
improved understanding of the HCV genome lifecycle led
to the discovery of many potential targets for antiviral
therapy. The polyprotein processing and replication, viral
entry and fusion, the RNA virus translation, assembly
and release of host cells and numerous other factors
are attractive targets for new and alternative antiviral
therapies. Combinations of antiviral agents with different
action mechanisms have brought about IFN-free
treatment regimens, with expressive rates of sustained
[56]
response, better tolerability and fewer side effects .
Some characteristics of the new DAA are summarized in
Table 4.

First wave DAA and drug resistance

The emergence of drug-resistant variants is a concern
with the utilization of antiviral drugs. A large amount
of genetically different variants, or viral quasispecies
may occur in a unique individual, considering that about
12
10 HCV are produced daily with a mutation rate of
4
-5
[51]
approximately 1 × 10 to 1 × 10 per nucleotides .
These resistant variants can be selected in antiviral
treatment as the level of wild-type HCV decreases.
The most common resistance variants related
to therapy failure are comparable for telaprevir and
boceprevir. V36A/M, T54A/S, R155K/T and A156S/T
are clinically expressive variants that are resistant
[52]
to both drugs . The V55A and A156V are variants
associated with boceprevir only. In patients treated with
telaprevir or boceprevir, diverse resistance patterns are
identified for the HCV genotype 1 subtypes (1a and 1b).
Genotype 1b is correlated with a low-resistant variant
selection rate, the higher genetic barrier and superior
response to triple therapy in comparison with genotype
[53]
1a . The most probable reason for these differences
are the lower genetic barriers to resistant variants at
key-sites on the HCV NS3 protease in genotype 1a
patients in comparison to patients with genotype 1b.
In phase 3 trials, patients who did not reach SVR
with telaprevir and boceprevir triple therapy, resistant
variants were identified in 86% and 55% of genotype
1a patients, respectively; 56% and 47%, of those with
[54]
genotype 1b, respectively . Genotype 1b-resistant
variants sustained for a median of 1-2 mo comparatively
with 8-11 mo for genotype 1a, in phase 3 clinical
[54]
trials with telaprevir . In phase 1b trials, ultradeep
sequencing showed more variants in patients treated
with telaprevir or boceprevir: R117H in patients treated
with telaprevir, S174F in boceprevir-treated patients and
A87T in both groups; they were only found in genotype
1b, and the effect of these variants on triple therapy is
undetermined.
If patients do not get SVR with telaprevir-based
therapy, telaprevir-resistant variants are often increased
at the end of treatment. Population sequencing revealed
that the telaprevir-resistant variants are typically not
detectable at baseline (prevalence of patients ≤ 5%)
and the majority of the variants present at the time of
treatment failure are no longer detectable at the end
of the study. The analysis performed in the Realize
study using a deep-sequencing technique showed that
before treatment, telaprevir-resistant variants (T54A,
T54S, or R155K) were detected in 2% of patients and
that these variants were not essentially detected at the
time of treatment failure. Analysis of 49 patients, deepsequencing technique, revealed the presence of variants
V36A/L/M, T54S or R155K in 16 patients (33%) at the
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Sofosbuvir

Sofosbuvir is a nucleotide analogue inhibitor of the
HCV NS5B RNA-dependent RNA polymerase, with HCV
pangenotypic action.
The phase 3 NEUTRINO trial evaluated sofosbuvir
(400 mg/d) in combination with PEG-IFN and weight[57]
based RBV (1000 mg to 1200 mg daily) for 12 wk .
In the NEUTRINO study, of the 456 patients with HCV
genotype 1, 4, 5, or 6, 291 had HCV genotype 1 and
327 began treatment. A total of 17% of patients were
black, 71% were non-CC IL28B genotype, and 17%
had cirrhosis. The SVR rate at 12 wk after treatment
was 90%. The variables associated with therapy
response were cirrhosis, IL28B (rs12979860) genotype
and ribavirin exposure. The SVR12 for patients with
genotype 1 infection was 89.4% (SVR12 91.6% to HCV
subtype 1a and 81.9% to HCV 1b); SVR12 was inferior
in patients with cirrhosis (80%) than in those without
cirrhosis (92%). Subjects with IL28B CC achieved a
97.9% SVR12 compared to 87.1% among non-CC
[57]
IL28B genotypes .
In the FISSION study, 499 patients with HCV
genotype 2 or 3 began treatment and 20.5% of patients
[57]
in all groups had cirrhosis . In this phase 3 trial, among
patients receiving sofosbuvir-ribavirin, the predictive
factors associated with SVR12 were HCV genotype,
presence of cirrhosis, HCV-RNA viral load at baseline
and ribavirin exposure. The response rates were lower
among patients with HCV genotype 3 than among those
with genotype 2 (55.7% vs 97.1%); in addition, SVR
rates observed were worse for cirrhotic patients than for
those without cirrhosis (46.9% vs 72.1%), and patients
with HCVRNA ≥ 6 log10 UI/mL at baseline also had lower
SVR rates at week 12 (61.6% vs 78%).
In both Neutrino and Fission trials, known variables
such as older age, black race (self-reported), body
2
mass index ≥ 30 kg/m that are commonly associated
with failure of previous IFN-based treatments were not
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Table 4 Characteristics of the "New-wave" direct acting antivirals and the most important variables associated with sustained
virological response
Drug
Sofosbuvir

Simeprevir

Daclatasvir

Ledipasvir

ABT-450
Ritonavir
Ombitasvir
Dasabuvir

Characteristics
Nucleotide analogue HCV
NS5B
Polymerase inhibitor
Against all HCV genotypes

NS3/4A serine protease
inhibitor
HCV genotype 1

NS5A replication complex
inhibitor
Against all HCV genotypes
HCV NS5A replication
complex inhibitor
HCV genotype 1
NS3/4A protease inhibitor
HCV NS5A replication
complex inhibitor
HCV NS5A inhibitor
(Pangenotipic)
HCV NS5B RNA nonnucleoside polymerase
inhibitor
HCV genotype 1

Resistance-associated SVR predictive factors

OR

1

P -value1
McHutchison et al[15]

HCV mutation S282T Genotype 1
Cirrhosis: no vs yes
IL28B: CC vs CT/TT
RBV exposure (mg/kg per day)
Genotypes 2 and 3
HCV genotypes 2 vs 3
Cirrhosis: no vs yes
HCV RNA baseline: < vs ≥ 6 Log IU/mL
RBV exposure (mg/kg per day)
HCV 1a: Q80K: no vs yes

3.93
7.99
1.39

0.0018
0.006
0.0005

Neutrino study

42.49
2.94
2.33
1.26
0.19

< 0.0001
0.005
0.009
0.002
1.7 × 10-5

Fission study

F0-F2 vs F3-F4
IL28B: CC vs CT/TT

2.09
5.11

0.029
1.3 × 10-4

HCV RNA baseline: ≤ vs > 800.000 IU/mL
NS3 polymorphisms HCV genotype 1a vs 1b

3.13
2.82

0.028
0.025

HCV genotypes 2 vs 3

1.31

0.740

Sulkowski et al[46]
Afdhal et al[67]

Treatment vs placebo

7.19

4.3 × 20-11

Feld et al[70]

3.50

0.038

Ferenci et al[69]

Q80K-HCV
subtype 1a
R155K
D168V - HCV
subtype 1b

NS5A-A30K

Jacobson et al[61]
Quest-1 study

Hézode et al[63]

HCV genotype 1a
Ribavirin: with vs without

1

Statistical analyses were performed using Fisher’s test, two-tailed. An alpha error < 5% was considered. IL28B: Interleukin-28B; HCV: Hepatitis C virus;
SVR: Sustained virologic response; RBV: Ribavirin.

associated with SVR based on the multivariate logistic
regression.
Notably, 28 patients from NEUTRINO study and
the 74 patients from FISSION study who received
sofosbuvir relapsed after a virologic response at the end
of treatment; however, the reason for this non-response
is unknown. Testing for viral resistance did not find the
S282T HCV mutation associated with Sofosbuvir.
Daily sofosbuvir (400 mg) and weight-based
ribavirin plus weekly pegylated IFN for 12 wk is one of
the recommended treatment regimens for IFN-eligible
[58,59]
subjects with HCV genotype 1, 2 and 3 infection
.
Cost-effectiveness exploratory analysis showed
that in developed countries the strategy of treating all
individuals with genotype 1 and 4 chronic hepatitis C
with Peg-IFN alpha-2a, ribavirin and sofosbuvir (12
wk) as well as treating HCV genotype 2 and 3 patients
with sofosbuvir PR (12 wk) would be cost-effective
when compared to no treatment or to restricting
therapy according to stage of fibrosis (≥ F2, analyzed
by non-invasive tests). This analysis has considered
other treatment options and has showed that treating
everyone would be cost-effective if the overall increase
in treatment reached up to about £ 37500, but not over.
If costs increased to greater than £ 37500 the strategy
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to restrict the treatment for patients with METAVIR
≥ F2 would be the most cost effective. Unfortunately
these results can’t be extrapolated to developing
countries, where local cost-effectiveness analyzes need
[60]
to be evaluated .

Simeprevir

Simeprevir is a specific inhibitor of the HCV NS3/4A
serine protease, which is used to treat HCV genotype
1 patients. The recommendations have comprised
a treatment regimen of simeprevir plus PR for HCV
infected patients, especially HCV genotype 1b. If the
IFN-based treatment is not appropriate for patients,
combination with sofosbuvir ± ribavirin should be
considered.
In the Quest-1 trial, patients with HCV genotype 1
were treated with simeprevir once daily plus peg-IFN
[61]
alpha 2a and ribavirin compared to PR treatment .
Therapy period was 24 wk or 48 wk in the simeprevir
group agreeing with response-guided therapy. The
SVR12 from the Simeprevir group was higher when
compared to the PR group (80% vs 50%, respectively),
without worsening the adverse events associated with
peg-IFN. RVR and SVR12 was better in the simeprevir
group compared to the PR group independent of
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baseline HCV RNA, HCV subtype (1a without Q80K or
1b), METAVIR score (F0-F2, F3, or F4), IL28B genotype
(CC, CT, or TT) and race. Cirrhotic patients achieved
58% SVR12 in the Simeprevir group compared with
29% in the PR group; F0-F2 had 83% and 60% SVR12
in simeprevir and PR regimens, respectively; F3,
achieved 78% SVR12 when treated with simeprevir
and 26% SVR12 with PR treatment. Black or AfricanAmerican patients in the simeprevir group achieved
63% SVR12 compared with 25% in the PR group;
59% black or African-American patients treated with
simeprevir had RVR and 94% of them achieved SVR12.
In the Quest-2 trial, simeprevir was added to peg-IFN
alpha 2a or peg-IFN alpha 2b PR, and the combination
improved SVR in treatment-naive patients with HCV
[62]
genotype 1 infection .
In the Cosmos study, combination treatment with
simeprevir and sofosbuvir, in an IFN-free regimen was
evaluated in 167 patients with chronic HCV genotype 1
infection who had previously not response to peg-IFN
[57]
and ribavirin or who were untreated . There were two
groups: cohort 1 (enrolled patients with a null response
to PEG-IFN/RBV with Metavir fibrosis stage 0 or 2) and
Cohort 2 (including patients who were treatment-naïve
or with a previous null response with Metavir fibrosis
stage 3 or 4). SVR12 were reached within 154 (92%)
patients, 90% in cohort 1 and 94% in-group 2.
The ATTAIN phase Ⅲ study compared two
treatments regimens, simeprevir plus PR and telaprevir
plus PR in HCV genotype 1 patients who were previously
treated with PR therapy. The SVR in the simeprevir
group was achieved in 69.7% in partial responders
and in 43.6% of previous null responders to PR. In the
teleprevir group, the SVR was 68.5% among partial
[47,59]
responders and 46.6% among the null responders
.
For patients with HCV genotype 1a infection, the
Q80K polymorphism is a negative predictive variable
for achieving SVR, and baseline resistance testing may
be considered because the mutation clearly modifies
the probability of SVR to simeprevir. The SVR12 was
90% in the HCV genotype 1 group; however, in subtype
1a with Q80K polymorphism at baseline, SVR12 was
52% whereas in the 1a group without Q80K, SVR12
[61]
was 85% . Most likely, the Q80K polymorphism does
not prevent treatment with simeprevir plus sofosbuvir
since SVR rate remains high in patients with genotype
1a/Q80K infection treated with this regimen (SVR 12 in
[57]
cohort 1 was 86%) .
Patients treated with simeprevir who did not achieve
SVR12 progressed with increasing number of mutations
up to the time of failure in 92% (35 of 38) of patients.
In HCV genotype 1a infected patients, the mutations
were mainly R155K and for patients infected with HCV
[57]
genotype 1b, the mutations were mainly D168V .

may be combined with peg-IFN PR or sofosbuvir PR and
therapy duration varies between 12 and 24 wk.
The phase Ⅱb COMMAND-1 study analyzed HCV
genotype 1 untreated patients and showed SVR rates of
[63]
87% in subtype 1b and 58% in subtype 1a patients .
This trial evaluated the combination of sofosbuvir
and daclatasvir in HCV genotypes 1, 2 and 3 infected
[46]
patients . The results showed that once-daily oral
daclatasvir plus sofosbuvir was related with increased
rates of SVR among patients infected with HCV
genotypes 1, 2 or 3, comprising those with no response
to previous therapy with telaprevir or boceprevir. Among
individuals infected by genotype 1, 98% of previously
naive patients and 98% who did not achieve SVR with
first-generation protease inhibitors had SVR12.Among
HCV genotype 2 patients, 92% had SVR as well as 89%
of HCV genotype 3 subjects. The SVR rates at 12 wk
after treatment were similar in subgroups in accordance
with viral subtype (genotype 1a, 98% vs genotype 1b,
100%), IL28B genotype (CC, 93% vs CT/TT, 98%),
race (white, 97% vs black, 96% and other race, 90%),
ribavirin presence (ribavirin, 94% vs without ribavirin,
98%) and, finally, previous treatment failure with
[46]
telaprevir or boceprevir (98%) .
The virologic response was high despite the presence
or absence of baseline NS3 mutations that confer
resistance to telaprevir or boceprevir. At baseline,
resistance analysis detected an NS5A-A30K existing
polymorphism related with daclatasvir resistance at
baseline; nevertheless, all of the patients with preexisting
[46,63,64]
daclatasvir resistance variants achieved SVR
.

Ledipasvir

Ledispavir is a NS5A inhibitor that has been associated
with high rates of SVR among patients with HCV
genotype 1. Multicentric trials have showed that com
bination treatment with sofosbuvir and ledipasvir for
12 wk was effective in patients with HCV genotype 1
[65-67]
infection
.
In naïve patients, the SVR12 rate among those who
were treated with 12 wk of ledipasvir plus sofosbuvir
was 99%; among patients treated with 12 wk of
ledipasvir plus sofosbuvir PR, the SVR rate was 97%.
Among individuals who received 24 wk of ledipasvir plus
sofosbuvir the SVR12 was 98%, while subjects treated
with 24 wk of ledipasvir plus sofosbuvir PR had an
[65]
SVR of 99% . In this trial, the SVR rates were similar
among known subgroups traditionally associated with
low chances of SVR such as cirrhotic patients in whom
[65]
SVR12 ranged from 94% to 100% . Patients with HCV
genotype 1a had 97%-99% rates of SVR; among those
with a non-CC IL28B allele, the SVR12 rate also ranged
between 97%-99%, and among black patients, the
[65]
SVR12 ranged from 91% to 100% .
Good SVR rates were also detected when previous
non-responders to IFN-based therapies (including
protease inhibitors previous non-responders) were
treated with sofosbuvir plus ledipasvir regimens. A trial
with 440 patients previously non responders to IFN

Daclatasvir

Daclatasvir is a HCV NS5A replication complex inhibitor
that has great antiviral activity and is effective in patients
infected with HCV genotypes 1, 2, 3 and 4. Treatment
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associated treatment, including 20% cirrhosis patients
and 79% HCV genotype 1a infected individuals, the
SVR12 rates in treatment groups were as follows:
94% response in patients receiving 12-wk-ledipasvir
sofosbuvir; 96% among those who received 12 wk of
ledipasvir-sofosbuvir and ribavirin; 99% among patients
who received 24 wk of ledipasvir-sofosbuvir; and
99% in the group that received 24 wk of ribavirin and
[67]
ledipasvir-sofosbuvir . Treatment was well tolerated
with rare cases of breakthrough or relapse.

to prevent HCV infection of the graft; and patients with
hepatitis C recurrence after LT in order to reduce the
damage to the already infected graft.

Patients awaiting LT

Post-transplant recurrence of HCV is common in
patients who have detectable HCV RNA at the time of
transplantation. In patients waiting for LT, antiviral
therapy may be indicated because it prevents graft
infection if HCV RNA becomes undetectable at least
[59]
30 d prior to transplantation . Current IFN-based
treatments are not effective and safe in patients with
[73]
advanced cirrhosis . With the recent approval of
sofosbuvir, simeprevir and daclatasvir in the United
States and Europe, IFN-free regimens are being used in
those cirrhotic patients with compensated liver disease
awaiting LT. Guidelines have recommended antiviral
therapy to Child-Pugh A patients in whom the indication
[59]
for transplantation is HCC .
Sixty-one patients with hepatocellular carcinoma,
HCV- any genotype, Child-Pugh score ≤ 7, on LT wait
lists, were evaluated in an open-label phase 2 study,
that aimed to avoid HCV recurrence after LT. Subjects
received up to 48 wk sofosbuvir and ribavirin before
LT. Among them, 46 received transplanted livers, 43
(93.5%) patients had HCV-RNA level less than 25 IU/mL
at the time of transplantation; 30 of 43 subjects (70%)
achieved a post-transplantation SVR at week 12. In this
analysis, 10 (23%) had recurrent infection that was
related inversely to the number of consecutive days
of undetectable HCV RNA before transplantation. The
authors concluded that sofosbuvir and ribavirin before
[74]
LT can prevent post-transplant HCV recurrence .
In decompensated cirrhotic patients (Child-Pugh B or
C) waiting for transplantation, antiviral therapy may be
offered on an individual decision in experienced centers.
Data about safety and efficacy data are still scarce and
therefore there are no clear recommendations as well
as there are insufficient data about time of treatment,
post-LT relapse rate and safety. Of note, a few patients
without HCC may be delisted they improve liver function
and/or portal hypertension after achieving SVR.

ABT-450/r-ombitasvir and dasabuvir

A 12-wk treatment with the combination of ABT-450/
r-ombitasvir, an NS5a inhibitor (a once-daily dose of
150 mg of ABT-450, 100 mg of ritonavir, and 25 mg
of ombitasvir), dasabuvir, NS5B RNA non-nucleoside
polymerase inhibitor (250 mg twice daily) and ribavirin
according to body weight was tested in the HCV
genotype 1 infected non-cirrhotic patients who achieved
[68-71]
SVR12 rates of approximately 96%
. There was
no difference in SVR12 among HCV genotype 1b or
1a. Among patients with HCV genotype 1b, the SVR
rates were 99.5% including ribavirin in the regimen
and 99.0% without ribavirin; on the other hand,
among those with HCV genotype 1a, the addition of
ribavirin appeared to increase the SVR rates (97.0%
and 90.2%, SVR12 with and without ribavirin, res
[69]
pectively) . Another trial analysed the efficacy of
ABT-450/r-ombitasvir and dasabuvir ± ribavirin among
HCV genotype 1b infected patients without cirrhosis
and previously treated with peg-IFN and ribavirin. The
SVR12 rate including ribavirin was 96.6% and without
[71]
ribavirin, was 100% . The SVR rates were 95.3% for
previously relapsed patients, 100% among patients with
previous partial response and 95.2% among those with
[71]
a null response .

MK-5172 + MK-8742 ± RBV in HCV genotype 1

MK-5172 100 mg once daily plus MK-8742 50 mg once
daily and RBV 1000-1200 mg divided twice daily is
another treatment regimen, which is under evaluation
for HCV genotype 1 patients. Therapy-naïve patients
with HCV genotype 1 and cirrhosis were treated for 12
wk with MK-5172 + MK-8742 ± ribavirin and obtained
SVR 4/8 rates of 90% with ribavirin containing regimen
and 97% when ribavirin was not included. Groups in
which patients were treated for 18 wk presented SVR
rates of 97% with or without ribavirin. Previous HCV
genotype 1 patients null responders to PR therapy
when treated for 12 wk had a 94% SVR 4/8 rate in the
regimen with ribavirin, and a 91% SVR 4/8 rate in the
regimen without ribavirin. When treated for 18 wk, the
SVR4/8 was 100% in the ribavirin-containing regimen
[72]
group and 97% if ribavirin was not added to therapy .

Post-LT hepatitis C recurrence

Hepatitis C recurrence after transplantation is responsible
for reduced post-transplant survival. Approximately 30%
of patients with HCV develop severe recurrent acute
hepatitis C after transplant which rapidly progress to liver
cirrhosis; 5% to 7% have fibrosing cholestatic hepatitis
[75,76]
and may rapidly progress to death
. Patients with
HCV post-transplant recurrence should be considered for
therapy. The treatment of recurrent HCV infection with
combination of peg-IFN PR after LT is associated with
low rates of SVR, ranging between 15%-35%, and with
[77]
significant adverse effects . The triple therapy adding
boceprevir and telaprevir to PEG-IFN and ribavirin have
improved the therapeutic efficacy in comparison with
dual therapy, increasing in 30% the SVR rate, however,
this is accompanied by an additional cost and high

LT
Treatment of HCV infection in the transplant scenario is
indicated in two different situations: patients awaiting LT
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toxicity with often serious adverse events and important
[78]
drug interactions, especially with calcineurin inhibitors .
The new wave of DAA with fully oral schemes of sim
eprevir, sofosbuvir and/or daclatasvir has achieved
significant SVR rates and better tolerability. Combination
of sofosbuvir PR has been associated to better SVR rates
[79]
as high as 70% and good tolerance .
All-oral sofosbuvir plus daclatasvir combination shows
high virological efficacy in liver transplant recipients and
[80]
appears not to interact with immunosuppressants .
Drug-drug interactions may be important in the posttransplant setting; until this moment, no clinically signi
ficant drug-drug interactions have been found between
sofosbuvir, simeprevir or daclatasvir and cyclosporine and
tacrolimus imunossupressants.
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Guide for diagnosis and treatment of hepatocellular
carcinoma
Magdy Hamed Attwa, Shahira Aly El-Etreby
is determined by several factors; tumour extension,
alpha-fetoprotein (AFP) concentration, histologic
subtype of the tumour, degree of liver dysfunction,
and the patient’s performance status. HCC prognosis
is strongly correlated with diagnostic delay. To date,
no ideal screening modality has been developed.
Analysis of recent studies showed that AFP assessment
lacks adequate sensitivity and specificity for effective
surveillance and diagnosis. Many tumour markers
have been tested in clinical trials without progressing
to routine use in clinical practice. Thus, surveillance is
still based on ultrasound (US) examination every 6 mo.
Imaging studies for diagnosis of HCC can fall into one
of two main categories: routine non-invasive studies
such as US, computed tomography (CT), and magnetic
resonance imaging, and more specialized invasive
techniques including CT during hepatic arteriography
and CT arterial portography in addition to the conventional
hepatic angiography. This article provides an overview
and spotlight on the different diagnostic modalities and
treatment options of HCC.
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Core tip: This review aims to spotlight on the different
diagnostic modalities, and treatment options of
hepatocellular carcinoma (HCC). Despite lack of adequate
sensitivity of ultrasound (US) examination and alphafetoprotein, both are still considered the cornerstone for
surveillance for HCC. So, a plethora of clinical studies
searching for a more ideal tool are running. One of these
tools is the microRNAs which can be considered as a
promising diagnostic as well as prognostic tool for HCC.

Abstract
th

Hepatocellular carcinoma (HCC) is ranked as the 5
common type of cancer worldwide and is considered as
rd
the 3 common reason for cancer-related deaths. HCC
often occurs on top of a cirrhotic liver. The prognosis
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modalities (resection and liver transplantation) and
radiological techniques [radiofrequency ablation (RFA),
microwave ablation, percutaneous ethanol (or acetic
acid) ablation and transarterial chemoembolisation
(TACE)] in addition to systemic chemotherapy and
molecularly targeted therapies.

This review discusses the diagnostic utility of computed
tomography and magnetic resonance imaging, as
well as the enhanced US efficacy in diagnosis of HCC.
Management of HCC depends on the tumour stage,
liver function reserve, and patient performance status,
and requires a multidisciplinary approach for optimal
treatment. Liver transplantation and hepatic resection
are the only curative options in early stage of disease. In
addition, radiofrequency ablation is equivalent to surgical
resection in well-selected patients. Radioembolization
with use of resin or glass sphere appear promising.
Novel molecular therapies are also discussed. For
patients with advanced disease, sorafenib is the only
approved therapy, but novel targeted agents and their
combinations are emerging.

DIAGNOSIS OF HCC
A multidisciplinary approach includes clinical, radiological,
and laboratory modalities with or without liver biopsy (in
certain cases) to establish the diagnosis of HCC.

CLINICAL PRESENTATION
In early stages, HCC usually runs a silent course
making clinical diagnosis difficult. This may be due to
the deep position of the liver underneath the lower
ribs, making the liver difficult to feel; moreover, the
tumour must reach a substantial size before it invades
adjacent structures or organs. The liver has considerable
functional reserves, so clinical manifestation as jaundice
and other evidence of hepatic dysfunction do not appear
until a large part of the organ has been replaced by
tumour. Additionally, no pathognomonic symptoms or
signs are attributable to HCC; tumours generally spread
to distant sites late in the disease. As a result, the clinical
picture is extremely variable and the patient may be
completely asymptomatic with no physical signs other
than of cirrhosis. Alternatively, the presentation may be
[12]
florid, indicative that liver failure has occurred . These
complications are frequently associated with the tumour
spread into the portal or hepatic veins or through
[13]
arteriovenous shunt induced by the tumour .
Few patients may have weight loss, sense of poor
appetite or early fullness of the stomach, or a visible
mass in the upper abdominal part. These symptoms
often signify the presence of an advanced hepatic
[13]
lesion .
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INTRODUCTION
th

Hepatocellular carcinoma (HCC) is the 5 common
type of cancer all over the world; after lung, prostate,
colorectal, and stomach cancers. It evolves at a fairly
constant rate of 3% per year, and is often preceded
[1]
by liver cirrhosis . In Egypt, incidence of HCC has
[2,3]
increased over the last decade from 4% to 7.2% .
This remarkable increase may be explained by an
increase in risk factors, such as the hepatitis C virus
(HCV) infection that emerges over the same period
[4]
of time . Additionally, Egypt has a high prevalence
of HCV affecting approximately 12% of the general
[5,6]
population . Cirrhosis represents an entity of diffuse
hepatic disease that results from exposure to chronic
injury with subsequent regeneration of liver cells and
formation of abnormal structural nodules surrounded by
fibrosis. It occurs secondary to chronic viral hepatitis,
metabolic liver diseases (e.g., hemochromatosis, α1antitrypsin deficiency, Wilson’s disease, non-alcoholic
steatohepatitis), alcoholic liver disease, and autoimmune
diseases (e.g., primary sclerosing cholangitis, primary
[7]
biliary cirrhosis, and autoimmune hepatitis) . The
prognosis of HCC is strongly correlated with diagnostic
delay. To date, no ideal screening modality has been
developed. Recent studies revealed poor sensitivity
and specificity of alpha-fetoprotein (AFP) for proper
surveillance and diagnosis. Thus, the basis for surveill
ance is still an abdominal ultrasound (US) every 6
[8-10]
mo despite inadequate sensitivity
. The barcelonaclinic liver cancer (BCLC) system has been certified for
use by both European (EASL) and American (AASLD)
[9,10]
associations for the Study of Liver Diseases
. The
best treatment modality for liver cirrhosis as well as
[11]
HCC is orthotopic liver transplantation (OLT) . Different
treatment options are available, including both surgical
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Pain

Pain is a common feature, which is dull aching in
nature, of mild to moderate severity, continuous, felt
as a non-specific, located in the epigastrium, and right
upper quadrant or back. Rarely, pain of severe degree
occurs and is due to perihepatitis or infiltration of the
diaphragm. Acute abdomen may occur as a result of
sudden intra-peritoneal bleeding when the tumour
ruptures. The most important determinant of this
complication is the superficial location of the tumour in
the liver. Rupture of the tumour is either spontaneous, or
[14]
follow mild blunt abdominal trauma . This complication
is associated with a severe drop in haematocrit and
hypotension and diagnosis is made by peritoneal lavage
and laparotomy. A liver mass and free intraperitoneal
blood are typically seen on computed tomography (CT)
[15]
scan . This complication is a life-threatening, and
control of bleeding is a goal. It may require emergent
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angiography and embolization of the bleeding vessel or
[16]
even surgery . Delayed resection may be considered,
although there is a high risk of peritoneal dissemination.
Other unusual clinical presentations include: (1)
Obstructive jaundice owing to intrahepatic duct com
pression, infiltration of biliary tract or rarely, as a result
of hemobilia. It occurs in less than 10% of patients
[17]
from a high incidence population ; (2) Diarrhoea;
(3) Bone aches or dyspnoea due to metastases; (4)
Fever might develop in association with central tumour
[18]
[19]
necrosis ; (5) Pyogenic liver abscess (very rare) ;
(6) Paraneoplastic syndromes: Occasionally, patients
with HCC presented by a paraneoplastic syndrome
that can manifest as hypoglycaemia, thrombocytosis,
erythrocytosis, hypercalcemia, or diarrhoea of watery
nature. The presence of any of these manifestations,
other than erythrocytosis, is generally associated with
[20]
a poor prognosis ; (7) Hypoglycaemia: In advanced
HCC, hypoglycaemia usually occurs as a reflection of
increased metabolic demands of the tumour. Typically,
the hypoglycaemia is mild degree and present without
symptoms; however, severe reductions in the levels
of plasma glucose can happen, resulting in state of
lethargy and confusion. The types of hypoglycaemia
have been described in HCC are two: Type A: hypogly
caemia that occurs in the late stages of the disease, the
severity is a mild to moderate degree and associated
with a poorly differentiated tumour; and Type B (less
common): hypoglycaemia of severe degree that occurs
in the early stages of the HCC and is associated with a
well-differentiated slow growing tumour. The possible
explanations of hypoglycaemia that occurs in HCC
include high secretion of insulin-like growth factor Ⅱ
by the tumour tissue (< 5% of patients) and impaired
gluconeogenesis due to liver decompensation (glucose
[21-27]
underproduction)
; (8) Erythrocytosis: In HCC,
tumour secretion of erythropoietin raises in up to 23%
of patients, this is probably the cause of erythrocytosis.
However, elevations in packed cell volume or haemo
globin concentration are uncommon. Indeed, at the
time of diagnosis most patients are anaemic, because
[28,29]
of other effects of the tumour
; (9) Thrombocytosis:
Underestimation of thrombocytosis might represent a
difficult issue in HCC cases owing to the fact that most
patients already have low platelet count caused by the
underlying liver cirrhosis. Mean serum thrombopoietin
level is significantly increased in HCC patients with
thrombocytosis rather than those with normal or low
platelet count. In addition, interventions like hepatic
resection or TACE in HCC patients with thrombocytosis
result in drop of both serum thrombopoietin level
and platelet count which rise again in case of tumour
[30,31]
recurrence
; (10) Hypercalcaemia: HCC cases might
present with hypercalcaemia due to associated osteolytic
metastases or secretion of parathyroid hormone-related
[32,33]
protein
; (11) Watery diarrhoea: In one study,
diarrhoea was statistically significantly more frequent
among cirrhotic patients with HCC when compared to
[18]
those without HCC (48% vs 9%, P < 0.05) . It might
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be intractable and severe, leading to achlorhydria and
[34]
hypokalaemia . The actual mechanism of watery
diarrhoea in HCC is not clearly understood. An increase
in intestinal production of different peptides including
vasoactive intestinal polypeptide, prostaglandin-like
immunoreactivity peptides and gastrin might be a
[34]
plausible explanation ; (12) Hyperthyroidism: may
be due to increased thyroid-stimulating hormone pro
[35]
duction ; (13) Gynaecomastia: is painful and associated
[36]
with increased level of oestrogen ; and (14) Systemic
[37]
arterial hypertension in few patients with HCC .

Budd-Chiari syndrome

Budd-Chiari syndrome (BCS) is found in less than 1%
of all HCC patients. Clinical features that occur in HCC
patients complicated by BCS are diverse. These range
from complete absence of symptoms and signs to a
variable degree of abdominal or chest pain, dyspnoea,
and even variceal haemorrhage. BCS diagnosis can
be exclusively done by using imaging techniques only
without the need to do percutaneous liver biopsy.
The diagnostic accuracy (sensitivity and specificity)
of Doppler ultrasonography for the diagnosis of BCS is
[38]
considered to be high ranging from 85% to 90% .
[39]
Bargalló et al
classified the ultrasonographic features
of BCS into three categories: (1) Specific: Obstructed
hepatic vein; (2) Suggestive: Collaterals between
intrahepatic, portal or caval veins and caudate vein diame
ter more than 3 mm; and (3) Nonspecific: Hypertrophied
caudate lobe, portal vein thrombosis, extrahepatic
collaterals, regenerating nodules, non-homogeneous liver
parenchyma, and ascites.
The most frequent US signs of BCS are altered
hepatic (71.1%) and/or caval (28.9%) veins. Com
bination of these two signs together with caudate lobe
hypertrophy has the highest positive predictive value
[38]
(PPV) of 97.8% for the diagnosis of BCS .
CT scan allows for more comprehensive assessment
of the patency of both hepatic and caval veins. It also
allows for more accurate measurement of the degree
of hypertrophy of caudate lobe. Magnetic resonance
imaging (MRI) helps in the differentiation of chronic BCS
from acute form as well as further delineation of vascular
[39,40]
anatomy
.

Cutaneous features

Numerous cutaneous manifestations have been reported
in association with HCC; however, none of them are
[41]
clue for the diagnosis of HCC . These comprise;
dermatomyositis, pemphigus foliaceus, pityriasis rotunda,
[42,43]
Leser-Trélat sign, and porphyria cutanea tarda
.
The physical findings in most patients with HCC are
[44]
manifestations of decompensated cirrhosis . Rarely,
bruits over the liver are heard.
Laboratory examination is often nonspecific. The
majority of HCCs patients have underlying hepatic
disease, and subsequent cirrhosis, so hyperbilirubi
naemia, hypoalbuminemia, and hypoprothrombinaemia
are frequently encountered. Patients are often mildly

1634

June 28, 2015|Volume 7|Issue 12|

Attwa MH et al . Diagnosis and management of hepatocellular carcinoma

B

A

Figure 1 Abdominal ultrasound of the liver. A: Transverse sonogram shows a small, 3 cm, hypoechoic mass in the right lobe of the liver; B: Transverse sonogram
shows a heterogeneous large mass in the right lobe of the liver[47].
[48-51]

of HCC
. One systematic review concluded that
the specificity was 97% (95%CI: 95%-98%) and
sensitivity was 60% (95%CI: 44%-76%) compared
with pathologic assessment of resected or explanted
[52,53]
liver as a standard reference
. In a large prospective
study enrolling non-cirrhotic hepatitis B carriers, the
specificity, sensitivity, and PPV of US were 93%, 71%,
[49]
and 15%, respectively . The sensitivity increased up
to 79%, when combined with AFP assessment. In other
[50]
studies, sensitivity values have ranged from 78%
to
much lower values of 40% to 50%, mostly when the
diagnosis is established by examination of the resected
[54]
liver after transplantation or autopsy specimens .
Abdominal US allows the recognition of tumours as
small as 1 cm in size. Furthermore, the identification
of metastases by US in a normal liver is much easier
[46]
than the recognition of small HCC in a cirrhotic liver .
In advanced tumour stage, the patency of vascular
structures and the existence of adenopathies at the hilum
[55]
can be assessed by US . In addition, small tumour
nodules can be detected by intraoperative US during
hepatic resection.
US offers many signs that raise the suspicion of
malignant transformation, including the presence of
[38]
intrahepatic venous thrombosis
(Figure 2), a mass
protruding from the hepatic surface or dilated intrahepatic
[56]
bile duct, even in the absence of a definite liver mass .

Table 1 Sensitivity and specificity of different radiological
modalities in hepatocellular carcinoma
Sensitivity (%)
US
Colour Doppler US
MPCT
MRI
Angiography

60
92
68
81
82-93

Specificity (%)
97
100
93
85
73

MPCT: Multiphasic helical computed tomography; MRI: Magnetic resonance
imaging; US: Ultrasound.

anaemic and may have thrombocytopenia. They may
have electrolyte disturbances (e.g., hyponatraemia,
hypokalaemia, metabolic alkalosis) that are associated
with defective water handling. Liver enzymes as serum
aminotransferases, alkaline phosphatase, and gamma
glutamyl transpeptidase are often abnormal with non
[45]
specific patterns .

RADIOLOGICAL DIAGNOSIS
Imaging studies for diagnosis of HCC can fall into one
of two main categories: routine non-invasive studies
such as US, CT, and MRI, and more specialized invasive
techniques including CT during hepatic arteriography,
iodised oil-CT, and CT arterial portography in addition
[46]
to the conventional hepatic angiography . Diagnostic
accuracy assessed by the sensitivity and specificity of
these different radiological modalities in HCC detection
was shown in Table 1.

Colour Doppler US

When combining Doppler with US in patients with HCC,
the detection rate of malignant portal vein thrombosis
can be increased. Thus, the diagnostic accuracy can
be improved, to achieve a sensitivity of 92% and a
[47]
specificity of nearly 100% (Figure 3). Portal thrombosis
is ruled out, when US-Doppler shows no obstruction and
evidence of normal permeability of the portal venous
[55]
system .

US

To date, the surveillance for hepatic focal lesions in high
risk patients is based on US. Different appearances in
US may be present; either hypoechoic, hyperechoic
or target lesions. Unfortunately, all of these signs are
non-specific. Suspicion for HCC is raised when any
lesion is recognized in US, particularly if it is more
[47]
than 1 cm in size in the background of liver cirrhosis
(Figure 1). Several studies assessed the diagnostic
accuracy of US as a screening tool for early detection
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Contrast-enhanced US

Ultrasonographic visualization and characterization
of hepatic tumor vascularity can be improved by
using contrast-enhanced US (CEUS) that utilizes on-
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hypervascular appearance throughout the hepatic arterial
phase. Conversely, throughout the delayed phase due to
early washout of contrast, HCCs appear hypodense. It
was observed that images of delayed phase could assist
[56]
in confirming the diagnosis of HCC in 14% of patients .
The gold standard imaging modality for evaluating
the response after loco-regional intervention of HCC is
[63]
Spiral CT . In some centers, CT scan is also used as a
principal screening modality for HCC in cirrhotic patients.
Numerous studies have assessed test characteristics of
CT for diagnosis of HCC. A systematic review estimated
that the specificity was 93% (95%CI: 89%-96%) and
the sensitivity was 68% (95%CI: 55%-80%) compared
with pathologic tissue examination of an explanted or
[52]
resected liver as the reference standard .

0

21

5
-21
cm/s

10

15

Figure 2 Doppler abdominal ultrasound shows the disappearance of Doppler
flow in the intrahepatic segment of the inferior vena cava (arrowhead) and
the right hepatic vein[38].

Multi-detector helical CT

[57]

linear imaging modes . CEUS can provide useful
data about the characteristics of hepatic lesions that
are not recognized with conventional US. CEUS has
comparable diagnostic performance of CT and MRI in the
characterization of hepatic focal lesions that are identified
during US screening in patients with chronic liver disease
[58]
or with a past history of prior malignancy . CEUS is well
tolerated, safe and may be the best choice when the CT
[59]
or MRI are contraindicated . However, a meta-analysis
of 18 studies was unable to determine whether CEUS
was adequate to exclude HCC lesions of size less than 30
[60]
mm .

Endoscopic US can establish a diagnosis of HCC especially
if combined with fine needle aspiration (FNA) and has
the probability to enhance the diagnostic accuracy of
[61]
staging of HCC compared with CT and MRI . The role of
endoscopic US (EUS) in the assessment of patients with
suspected HCC is still being investigated. Early experience
in assessment of EUS-FNA diagnostic accuracy in
detection of focal liver lesions, suggests that EUS-FNA is
comparable to the results of CT-FNA. However, EUS-FNA
is limited anatomically to only a portion of the hepatic
parenchyma including the left hepatic lobe, hilum and
proximal biliary tree. Meanwhile, extrahepatic biliary
tree, gallbladder, and perihilar lymph nodes are all readily
[62]
accessible .

Multi-detector helical CT (MDCT) has permitted us
to collect early arterial phase images (18-28 s post
contrast injection) as well as late (early parenchymal)
arterial phase images (35-45 s post contrast injection).
Although the lesions are demonstrated better in the
“late” rather than the “early” arterial phase, the latter
clarifies more optimally the vessels in patients who are
[64]
considered for surgical resection . The capability and
sensitivity of MDCT in the identification of HCC lesions
within the cirrhotic parenchyma of the liver is very high.
This can be attributed to its elasticity and rapid speed of
the device which lead to gaining images of high quality
[65]
by using both thin sections and 3-D capabilities . In
the equilibrium phase (3-5 min after injection), the
appearance of vascular tumors is hypodense relative to
the surrounding liver tissue. In addition, focal hepatic
lesions that measure less than 2 cm can be accurately
identified in this phase due to washout of contrast
rapidly from the tumor tissue than from the normal
[66,67]
parenchyma of the liver
(Figure 4). It was observed
that MDCT scan is valuable in early diagnosis of HCC
and in monitoring the successful treatment of HCC
lesions particularly the small ones. This is the most
important issue especially during follow-up of patients
[46]
with chronic viral hepatitis and/or cirrhosis . Noncontrast CT scan has very low sensitivity for detecting
small HCCs. If contrast cannot be given safely, US or
[62]
MRI is the preferred diagnostic modality .

Abdominal CT multiphase perfusion CT

MRI

Endoscopic US

The advantage of MRI over CT is obtaining images of the
liver of high-resolution without using ionizing radiation
or nephrotoxic contrast agents. MRI has an equivalent
diagnostic accuracy as helical CT in the early detection
[68,69]
and diagnosis of HCC
. On T2-weighted MRI images,
HCC gives a high intensity pattern, while on T1-weighted
[70]
MRI images it gives a low intensity pattern (Figure 5).
MRI is superior to both US and CT in differentiating the
nature of regenerative nodules from HCC nodules in the
[71]
patient with cirrhosis . A systematic review described
that the sensitivity was 81% (95%CI: 70%-91%) and
specificity was 85% (95%CI: 77%-93%) compared

Currently, multiphase perfusion CT is the technique
of choice for diagnosis of HCC with an excellent
performance in the early detection of hepatic focal lesions
and staging. It comprises four subsequent phases;
namely pre-contrast, hepatic arterial, portal venous and
finally the delayed phases. This technique utilizes a single
detector spiral scanner of a high-speed and images are
taken out after injection of the contrast at a delay of
25, 70 and 300 s that correspond to the three phases
of arterial, portal venous, and equilibrium, respectively.
From the anatomical view, hepatic artery supplies the
principal blood flow to the tumour tissues, owing to their
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A

B

Figure 3 Colour Doppler ultrasound of the liver. A: Transverse sonogram shows portal vein thrombus; B: Transverse colour Doppler sonogram of the right upper
quadrant shows heterogeneous flow within the tumour thrombus[47].

A

B

C

D

E

F

Figure 4 Multi-detector computed tomography of hepatocellular carcinoma. A: Pre-contrast; B: Late arterial phase; C: Portal venous phase; D: Equilibrium
phase dynamic multi-detector computed tomography images. The hepatocellular carcinoma (arrowheads) is visualised as an enhanced nodule in the late arterial
phase and as a hypo-attenuated nodule in the equilibrium phase; E: Three-dimensional computed tomography angiography of hepatic arteries shows that the right
hepatic artery branches (arrow in E) from the superior mesenteric artery; F: The portal venous system with creation of varices (arrow)[66].

with pathologic tissue assessment of an explanted or
[52]
resected liver tissue as the reference standard . The
sensitivity may be higher when used in conjunction
with US. In one series of patients with known HCC,
the combination of MRI and US detected 85 out of 87
[72]
HCCs . The sensitivity also appears to be augmented
when gadoxetic acid-enhanced and diffusion-weighted
[73,74]
imaging are combined
. In a study of 130 patients
with small (≤ 2.0 cm) HCCs and 130 cirrhotic patients
[73]
without HCC , the sensitivity of the combined approach
was 91% to 93%, compared with 81% to 82% for
gadoxetic acid-enhanced imaging and 78% to 80% for
diffusion-weighted imaging alone. The specificity did not
differ among the groups. In patients with advanced renal
failure, gadolinium used for MRI can cause nephrogenic
systemic fibrosis/nephrogenic fibrosing dermopathy, and
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thus alternatives should be used. As a novel technique,
MRI angiography during a single breath-hold, allows for
the achievement of a three-dimensional data set. This
will include the 3 subsequent phases; arterial phase,
[75]
portal venous phase and late venous phase . In one
series, comparing this procedure to triphasic CT found
that it had higher sensitivity (76% vs 61%) for detection
of HCC nodules ≥ 10 mm. Indeed, helical CT scanning
is still the preferred technique used by most radiologists,
because of both the high cost of MRI and the extended
duration necessitated to achieve standard MRI images
with good quality. MRI may be important in patients
presented with renal impairment or those who had a
hypersensitivity to CT contrast agents. MRI may also be
valuable in cases in which CT results are unclear; this is
predominantly true when the liver is severely nodular,
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Figure 5 Dynamic magnetic resonance imaging of hepatocellular carcinoma. A: Precontrast; B: Arterial phase; C: Portal venous phase; D: Equilibrium phase;
dynamic magnetic resonance imaging obtained with the LAVA sequence prior to therapeutic treatment. The hepatocellular carcinoma (HCC) (arrow) is seen adjacent
to the hepatic vein as an enhanced nodule in the late arterial phase and as hypo-attenuated nodule in the portal venous and equilibrium phases; E: T1-weighted
gradient echo image; F: Spin echo T2-weighted image two days after radiofrequency ablation therapy for HCC. The completely ablated area shows as hyperintense
on T1-weighted images and as hypointense on T2–weighted images (arrowheads)[66].

technique includes injection of intra-arterial contrast
dye (usually in the superior mesenteric, splenic, or
hepatic artery) instantly before performing CT or MRI,
followed by achieving images through both arterial and
portal phases. The diagnostic performance of hepatic
arteriography largely depends on the size of hepatic
[83]
tumour and the pattern of vascularization . The overall
diagnostic accuracy of angiography in the diagnosis of
smaller HCCs (< 5 cm) is up to 89%, with sensitivity
of 82%-93%, and specificity of 73%. These estimated
values were reduced, when the size of the tumor was
[55]
smaller than 2 cm . Recently, the less invasive and
novel techniques discussed above have substituted
conventional angiography for the diagnosis and early
detection of HCC. So, angiography became reserved for
therapeutic use during chemoembolization of tumors
and for the control of bleeding from ruptured focal
[65]
HCC . In a randomized trial with 280 HCC patients
eligible for RFA, performing CT hepatic arteriography and
portography led to the identification of 75 nodules that
were not detected by conventional CT scan, but this fact
[84]
did not improve the recurrence-free survival rates .

Figure 6 Hepatic angiography. Typical hyper-vascular pattern, correspon
ding to the findings of enhanced Doppler study, is clearly demonstrated by
angiography[77].

because MRI can distinguish HCC focal lesions from
[71-76]
dysplastic nodules
. MRI has higher performance
compared to CT scanning in the characterization of focal
fat lesion from HCC and vascular lesions (such as a
haemangioma).

Angiography

LABORATORY DIAGNOSIS

Owing to the hypervascular characteristic of HCC, the
tumor frequently has dilated, distorted, tortuous, and
[77]
displaced arterial supply
(Figure 6). Strong tumour
staining, presence of vascular lakes and venous pools are
[56]
the most common features described in angiography .
It can enhance the detection and characterization of
[78-82]
HCC if combined with CT or MRI scanning
. The
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Serum markers

The ideal tumour marker should possess the following
properties: (1) high specificity and not detected in benign
diseases and healthy subjects; (2) high sensitivity and
detectable very early when few cancer cells are present;
(3) organ specificity; (4) correlation with tumour stage
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Table 2 Currently used and investigational serum tumour markers
Markers
AFP

[101]

Character

Cut-off level

Sensitivity

Specificity

Comments

Oncofoetal glycoprotein

10-16 ng/dL
20 ng/dL
10%
15%
10 relative units
2 ng/dL
40 mAU/mL
5.5 IU/mL
870 nmol/mL per hour

60%-80%
39%-66%
39.9%
36.1%-96%
69%
51%
48%-62%
43.8%-74%
82%

70%-90%
76%-97%
93.4%
92%-99.5%
86%
90%
81%-98%
Not available
71%

Poor marker alone

AFP-L3

AFP variant (subtype)

GP73
GPC3
DCP
HS-GGT
AFU

Golgi-specific membrane protein
Oncofoetal glycoprotein
Abnormal prothrombin
Abnormal prothrombin
Lysosomal enzyme

Useful in combination
with other markers
Promising marker
Limited utility as a marker
Useful in combination
Non specific
Lower specificity and poor marker

AFP: Alpha-fetoprotein; AFP-L3: Lens culinaris-reactive AFP; GP73: Golgi protein 73; GPC3: Glypican-3; DCP: Des-gamma-carboxyprothrombin; GGT:
Gamma-glutamyl transferase; AFU: Alpha-L-fucosidase.

or tumour mass; (5) correlation with prognosis; and (6)
reliable predictive value. Such a tumour marker could be
used for diagnosis (in screening programs), prognosis,
monitoring the effects of the therapy and as a target for
localisation and therapy.
The most frequently used marker for diagnosis of
HCC is the serum concentration level of AFP. Numerous
serologic markers (such as des-gamma-carboxy
prothrombin) may be used; the diagnostic accuracy of
which may be improved when they are combined with
serum AFP. While in clinical practice, these markers
are not routinely used, they represent a fruitful area of
investigation (Table 2).
AFP is a glycoprotein of an oncofoetal origin. Its
level is increased in patients with cirrhosis complicated
by HCC. Primarily, it is a foetal-specific antigen
produced in the liver of the foetus. After birth, its serum
concentration falls rapidly and decreases through adult
life. Elevation of serum AFP occurs normally during
pregnancy, and an abnormal rise has been reported
with gonadal tumours (both germ cell and non-germ
[85]
cell)
and in a different variety of other malignancies,
[86]
especially cancer stomach . Several studies reported a
rise of serum AFP in patients with chronic hepatic disease
without HCC, and in patients with acute or chronic viral
[87,88]
hepatitis
. In addition, patients with HCV-related
cirrhosis may have a slightly higher concentration level
of AFP. In one series, patients who had been treated
with a combination of pegylated interferon plus ribavirin
for HCV-related cirrhosis demonstrated significant
[89]
decrease in AFP level after treatment . Additionally, in
small HCCs the serum concentrations of AFP are normal
[90]
in up to 40%, as not all tumours secrete AFP .
A fibrolamellar carcinoma is a variant of HCC
characterized by normal AFP levels in the majority
[91]
of cases . In one report, patients with cirrhosis and
persistently elevated AFP values compared with those
who have fluctuating or normal levels have an increased
risk of developing HCC (29% vs 13% and 2.4%,
[92]
respectively) .
Assessment of diagnostic performance of serum
AFP as a screening tool in the early detection of HCC
using certain parameters as sensitivity, specificity,
and predictive values depends upon the value of cut-

WJH|www.wjgnet.com

off chosen for confirming the diagnosis, the natural
characteristics of the population under study, and the
gold standard test used to establish the diagnosis of
HCC. Test characteristics in different situations have
[49,93]
described in several studies
. A large systematic
review that enrolled five studies revealed the following
prognostic values; sensitivity of 41% to 65%, specificity
of 80% to 94%, negative likelihood ratio of 0.4 to 0.6
and a positive likelihood ratio of 3.1 to 6.8 when a cut[89-94]
off value based upon > 20 mcg/L
.
Although values of AFP above 400 ng/dL are
considered diagnostic for HCC, such a high level of
[95]
AFP present only in a small percentage of patients .
Patients with high AFP levels (above 400 ng/dL) tend
to have larger tumour mass, diffuse or multilobar
involvement, thrombosis of the portal vein and a lower
[96]
survival rate .
The utility of AFP in differentiating HCC from benign
liver diseases has also been noted to be limited with
[97]
false negative rates and high false positive rates .
Although AFP is considered to be the gold standard as
a serum bio-marker of HCC, its utility as a screening
tool for HCC detection is of a questionable issue due
to its poor performance. The role of variant forms of
AFP has been investigated, to improve the diagnostic
performance of AFP.
Three different AFP variants (AFP-L1, AFP-L2, and
AFP-L3) have been investigated. Each variant has
a different sugar chain with a differential affinity for
lectins, such as Lens culinaris agglutinin. AFP-L3 (Lens
culinaris-reactive AFP) is more specific and superior for
[98]
HCC than is global AFP . The United States Food and
Drug Administration approved AFP-L3 as a screening
marker for HCC. The AFP-L3 percentage is calculated
as a ratio of AFP-L3 to whole AFP. Initial investigations
demonstrated a specificity and sensitivity of 93.9%
and 55.3%, respectively, when a cut-off value of 15%
[95]
AFP-L3 was used .
More recent studies using the same cut-off value
[89]
showed a sensitivity of 96% and specificity of 92% .
Another series, using cut-off values of AFP-L3 about 10%
to 15% exhibited a lower sensitivity (30.9%-36.1%)
[99]
but comparable specificity (93.4%-99.5%) . However,
the diagnostic accuracy of AFP-L3 vs whole AFP in
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Table 3 MicroRNAs with potential prognostic impact in patients with hepatocellular carcinoma
MiRNAs
20 miRNAs
19 mi NAs
MiR-19a, miR-886-5p, miR-126, miR-233, miR-24,
and miR-147
MiR-26a
MiR-122
MiR-122
Let-7 members
MiR-199a-3p
MiR-199b-5p
MiR-101
MiR-125a
MiR-92, miR-20, miR-18
MiR-372
MiR-221
MiR-221
MiR-221
MiR-17-5p
MiR-155
MiR-203
MiR-18

Molecular alteration

Clinical significance

Signature
Signature
Signature

Venous metastasis, overall survival
Poor survival
Predictor of overall survival and recurrence-free survival after LT

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

Poor survival
Gain of metastasis properties
Early recurrence
Early recurrence
Reduced time to recurrence
Poor overall survival and progression-free survival rates
Advanced tumour progression, poor prognosis
Better survival
Poor differentiation
Advanced TNM stage
Multi-nodularity, reduced time to recurrence
Gain of metastatic properties
High tumour capsular infiltration
Multiple tumour nodules, vein invasion, shortened overall survival
High recurrence and poor prognosis following OLT
Good prognosis
Poor prognosis

Ref.
[154]
[155]
[156]
[157]
[158,159]
[160]
[161]
[162]
[163]
[164]
[165]
[166]
[167]
[168]
[169]
[170]
[171]
[172]
[173]
[174]

Data adapted from Negrini et al[175]. MiRNAs: MicroRNAs; TNM: Tumour-node-metastasis; LT: Liver transplantation; OLT: Orthotopic liver transplantation.

distinguishing patients with HCC from patients who
have only cirrhosis and regenerating nodules, is still a
matter of debate and has not been well investigated.
Interestingly, several studies have reported that AFP-L3
may be a useful prognostic bio-marker for HCC, and
higher percentage values are associated with increased
tumour size, poorly differentiated HCC, vascular invasion,
[100]
and metastasis . Therefore, it appears that because
of inconsistencies in its sensitivity and specificity data
for predicting HCC occurrence, AFP-L3 is still unreliable,
even though it is more precise and specific than whole
AFP. Also, AFP-L3 may not be very useful for surveillance
even though it may be a valuable prognostic bio-marker
[101]
in patients with known HCC .
Des-gamma-carboxyprothrombin (also recognized
as “prothrombin produced by vitamin K absence or
antagonism Ⅱ”) has also shown advances in the
detection of HCC. In one series, 69 out of total 76
patients diagnosed as HCC, had a mean serum level
concentration of this marker in the range of 900 mcg/L;
much lower mean values were reported in chronic
hepatitis patients, metastatic liver disease, and healthy
individuals (10 and 42 mcg/L and undetectable,
respectively). Tumours of less than 3 cm in size show less
frequent elevations in des-gamma-carboxyprothrombin.
In addition, there is no significant correlation between
[102-107]
serum levels of abnormal prothrombin and AFP
.

miR-801 accurately identified patients with HCC (AUC
0.89 with a specificity of 84% and a sensitivity of 82% for
the validation set). This microRNA panel also accurately
differentiated patients with HCC from healthy individuals
and those with cirrhosis or chronic HBV. Additionally,
microRNAs have a potential prognostic impact in patients
with HCC (Table 3).
Other serum bio-markers of HCC that have been
studied include: (1) Tumour-associated isoenzymes of
[111]
gamma-glutamyl transpeptidase ; (2) Transforming
[112]
growth factor-β-1 in urine
; (3) Serum circulating
[113]
intercellular adhesion molecule-1 level ; (4) Serum
[114]
alpha-L-fucosidase activity
; (5) Glypican-3 (a cell[115]
surface heparin sulfate proteoglycan) ; (6) Dickkopf[116]
[117]
1 ; (7) Human carboxylesterase 1 ; and (8) Plasma
[118,119]
proteasome
.

PERCUTANEOUS LIVER BIOPSY
It should only be considered when diagnostic imaging
results are doubtful, for example, in patients with
cirrhosis and nodules of hypovascular nature, and
the result would directly have an impact on manage
[120,121]
ment
. Both the European (EASL) and the American
(AASLD) Associations for the Study of Liver Diseases
have proposed a role for liver biopsy in confirming the
[9,10]
diagnosis and identification of HCC
. In addition,
clinical criteria have been developed that can be designed
for prioritising patients with any suspicion of HCC prior
to liver transplantation without confirming the diagnosis
[63]
with a biopsy . Possible risks encountered of a biopsy
include bleeding, and tumour spread through the track
of the needle. The magnitude of the risk ranges from
[122-126]
1.6% to 5%
. A large meta-analysis of eight clinical
[127]
studies estimated that the overall risk was 2.7%
.

MicroRNAs

The plasma microRNA expression has also been
[108-110]
investigated as a possible marker of HCC
. One
study examined 934 participants in 4 groups; healthy,
[108]
chronic HBV, cirrhosis, and HBV-related HCC . Regard
less of the stage of HCC, a microRNA panel that included
miR-122, miR-192, miR-21, miR-223, miR-26a, and
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HCC

Stage 0

Stage A-C

Stage D

PST 0, Child-Pugh A

PST 0-2, Child-Pugh A-B

PST > 2, Child-Pugh C

Very early stage (0)

Early stage (A)

Intermediate stage (B)

Advanced stage (C)

Single < 2 cm
Carcinoma in situ

Single 3 nodules
≤ 3 cm, PS 0

Multinodular, PS 0

Portal invasion
N1, M1, PS 1-2

Single

3 nodules ≤ 3 cm

TACE

Sorafenib

Best supportive care

Target: 40%
OS: 11 mo (6-14)

Target: 10%
OS: < 3 mo

Portal pressure/bilirubin

Increased

Terminal stage (D)

Associated diseases

Normal

No

Yes

Resection

Liver transplantation
(CLT/LDLT)

RF/PEI

Curative treatment (30%-40%)
Median OS: 60; 5-yr survival: 40%-70%

Target: 10%
OS: 20 mo (45-14)

Figure 7 Updated Barcelona Clinic Liver Cancer staging system and treatment strategy, 2011[10]. The BCLC algorithm classifies HCC into five stages-based on
the extent of disease, Child-Pugh score, and ECOG performance status-that enables prognostication and informs allocation of first-line treatment. BCLC: Barcelona
Clinic Liver Cancer (group); HCC: Hepatocellular carcinoma; PST: Performance status test; TACE: Transarterial chemoembolization; RF: Radiofrequency; PEI:
Percutaneous ethanol infusion; CLT: Cadaveric liver transplant; LDLT: Living donor liver transplant.

However, some reports have not observed any adverse
impact of preoperative FNA, or an increased risk of
needle tract seeding, on long-term outcome and survival
in patients who were considered for elective surgical
[120,128,129]
resection of HCC
. Although the potential risk
of spreading tumour through the biopsy tract should
always be considered, liver biopsy might be performed
in certain circumstances as surgical resection and liver
transplantation.

molecularly targeted therapies.

SURGICAL RESECTION
In patients with adequate liver functional reserve,
potentially curative partial hepatectomy is the optimal
treatment for HCC. Solitary HCC confined to the liver is
ideal for surgical resection, which shows no radiographic
evidence of portal hypertension, no evidence of invasion
of the hepatic vasculature, and preserved hepatic
function. In carefully selected patients, Relapse-free
Long-term survival rates, average 40% or better and
five-year survival rates as high as 90% are reported.
The preoperative evaluation should focus on the
probability of disease being confined to the liver, and
whether the anatomic bonds of the intrahepatic tumour
and the underlying liver function will permit resection.
Although surgeons restrict suitability for resection of
patients with tumours that are ≤ 5 cm in diameter,
there is no general basis regarding tumour size for
determination of patients for resection. A comparable
survival rate reported in patients with a solitary HCC
without vascular invasion regardless of tumour size,
although patients with smaller tumours tend to have a
better outcome.
Hepatic reserve assessment is of paramount im

TREATMENT OF HCC
Surveillance programs have been conducted in the highrisk group patients; and led to an increasing number of
[130]
early detection of HCC . Nevertheless, HCC is usually
diagnosed late along its course, and the median survival
is approximately 6 to 20 mo after the establishment of
[9,10]
the diagnosis
. Based upon pre-established prognostic
criteria, the BCLC classification categorizes HCC patients
[10]
into five stages (0, A, B, C and D) (Figure 7). Different
treatment modalities are available including: (1) Surgical
resection; (2) Liver transplantation; (3) RFA; (4)
Microwave ablation; (5) Percutaneous ethanol or acetic
acid ablation; (6) TACE; (7) Radioembolization; (8)
Cryoablation; (9) Radiation therapy (RT) and stereotactic
radiotherapy; and (10) Systemic chemotherapy and
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portance in the selection of patients for resection.
Perioperative mortality is twice as high in cirrhotic as in
non-cirrhotic patients unless proper selection of patient
is applied. Patients with Child-Pugh class (A) cirrhosis,
who have a normal bilirubin and well-preserved hepatic
function, can undergo operative surgical resection
safely. Also, liver volumetry, and portal vein patency
should be assessed before major surgical liver resection
in those patients.
The utilization of intraoperative US allows accurate
localisation and staging of tumours. Anatomical consi
deration is favoured by some gastrointestinal surgeons
during surgical resection, where segment-wise hepa
tectomies is carried out whenever feasible. This depends
on the fact that microscopic intrahepatic metastasis is
expected to rise in the same original segment from which
the tumour rise. Interestingly, even after apparently
curative surgical resection, recurrent HCC develops
in 80% of patients within five years because of latent
metachronous multicentric carcinogenesis or intrahepatic
[131]
metastasis .

to the development of schema, whereby preference for
donor organs is given to the most critically ill patients. In
the United States, the selection depends on the “model
for end-stage liver disease” score which is used in the
prediction of median survival in cirrhotic patients putting
into consideration that diagnosis of HCC will increase the
[131,133]
priority score for donor organs
.

RFA
As regards loco-regional intervention ablation therapy
of HCC, RFA has been the most commonly evaluated
option. Distinctive types of electrode are available
including internally cooled electrodes and multi-tined
expandable electrodes with or without perfusion for
[134]
clinical RF ablation . The raising of temperature with
subsequent damage is dependent on both the degree
of the temperature achieved within the tissue and
the whole length of exposure to the heating process.
Irreversible cellular damage produced by raising the
temperature of tumour tissue to 50 ℃-55 ℃ for 4-6 min.
In addition, tissue vaporises and carbonises at more than
100 ℃-110 ℃. A key factor that affects the achievement
of successfully RF ablation is the capability to destroy
all viable tumour tissues and probably a satisfactory
tumour-free margin. Ideally, ablative margin at 360°, and
0.5-1 cm-thick should be created around the tumour.
This cutoff would verify that microscopic invasions around
[135]
the margin of a tumour have been eliminated .
While there is no precise tumour size beyond which
RFA should not be applied, single tumour < 4 cm in
diameter have the best outcome. As noted above, RFA
[136]
has also been used as a “bridging” therapy .
Five randomised controlled trials (RCTs) have
compared the efficacy of RFA vs percutaneous ethanol
infusion (PEI) in the management of early-stage HCC.
RF ablation showed superiority in the local control of the
[137]
HCC than PEI due to its higher anti-cancer effects .
In addition, two large meta-analyses endorsed RF
ablation as the standard percutaneous modality for HCC
[138]
treatment .
A question arises here, whether RFA can replace the
surgical resection as the first-line option for patients
with small, single HCCs. A RCT comparing RFA ablation
vs surgical resection in Child A patients with a solitary
HCC lesion of diameter 5 cm or less, has failed to
demonstrate any statistically significant differences in
disease-free survival and overall survival rate between
[139]
the two treatment groups .
Another limitation of RFA applicability in the
treatment of HCC is the anatomical location of the HCC
lesions; those who are close to the gastrointestinal
system or near portahepatis or gall bladder are risky,
[140]
with the potential for major complications
. Up to
30% of the small size tumours may not be appropriate
for RFA due to their unfavourable position. Consequently,
there are no clear data to support RFA as an alternative
technique for surgical resection as a first-line in the
[141]
management plan for patients with early-stage HCC .

LIVER TRANSPLANTATION
Practically all patients who are candidate for liver
transplantation are unresectable because of the degree
of underlying liver dysfunction rather than tumour
extent. Liver transplantation can be considered as an
appropriate treatment option for patients with end
stage liver disease and earlier stage HCC. OLT is an
appropriate option for patients with chronic liver disease
(usually cirrhosis) who would not tolerate liver resection
and according to Milan criteria have a single HCC focal
mass with size ≤ 5 cm in diameter or up to three
separate focal lesions, with any one of them is not larger
than 3 cm, with no distant metastases or regional nodal
and no evidence of gross invasion of vascular structure.
When these strict selection criteria used, excellent
overall three- to four-year actuarial (75% to 85%) and
recurrence-free survival rates (83% to 92%) could be
achieved. Long-term survival is similar to or only a little
worse in precisely designated patients experiencing
OLT for HCC, than survival for patients performing OLT
[132]
for non-malignant aetiologies. Patel et al
found that
patients transplanted within Milan criteria and those
transplanted outside of Milan criteria but within the
University of California, San Francisco criteria (one
tumor ≤ 6.5 cm, or ≤ 3 tumors with largest tumor
diameter ≤ 4.5 cm and total tumor diameter ≤ 8 cm)
had equivalent outcomes.
A major disadvantage with OLT (in addition to the
need for lifelong immunosuppression with its attendant
risks) is the long waiting time for donor organs. The
requirement for livers continues to go up as the waiting
list of possible recipients remains to be extended. The
shortage of donor organs is a universal problem. With 12
mo duration waiting lists, many patients (up to 25%) are
expected to be excluded from liver transplantation due
to tumour progression. A scarcity of donor livers has led
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a single session ablation. Acetic acid injection as another
method of chemical ablation has been utilized for the
treatment of HCC. However, this procedure has been
[145]
investigated by very few researchers worldwide .

MICROWAVE ABLATION
Microwave ablation is a medical term used for all
electromagnetic methods that result in tumour damage
by using different devices with various frequencies (equal
to or more than 900 kHz). These microwaves move
through the cells or other materials containing water
leading to rotation of the different molecules. The rapid
rotation of these molecules produces a consistent and
evenly distributed hotness, which is continued until the
radiation is completely stopped. A necrosis area in the
form of round or column shape, created by microwave
irradiation around the needle is formed, depending
on the type of needle used and the amount of power
[142]
generated .
One RCT compared the efficacy of both microwave
ablation and RF ablation in the management of HCC.
There is a propensity favouring RFA over microwave
ablation despite taking into account the rate of both
complications and local recurrences and that there was
no statistically significant differences in the efficacy of
the two procedures. It has to be noted that technology
of microwave ablation has improved dramatically.
Newer devices seem to have overcome the limitation
encountered by the small size of the coagulation area
produced by a single probe insertion. Microwave ablation
offers an important advantage over RF ablation in that
treatment outcome is not influenced by the site of the
[135]
tumour .

TACE
TACE has been commonly used for treatment of
unresectable type of HCC. The principle of TACE depends
on deprivation of HCC lesions from their blood supply
which is predominantly derived from the hepatic artery,
whereas portal system supplies blood to surrounding
liver tissue. TACE is preferable for multiple or large size
focal HCC lesions and even in cases of impaired hepatic
reserve. The tip of the catheter is introduced at the
nearest and the achievable site of the feeding artery of
HCC lesion. Under fluoroscopic monitoring, an emulsion
of anti-cancer agents combined with lipidol followed
by careful injection of gelatin sponge particles. The
dose of chemotherapeutic agent and lipidol emulsion
used in TACE is calculated and determined according
[131]
to tumour size and extension of the lesions . A more
recent method of chemoembolisation involves the use of
drug-eluting polyvinyl alcohol microspheres (“beads”),
which seems to cause less toxicity with similar efficacy.
Use of drug-eluting beads causes simultaneous or
sequential occlusion of the feeding branch of hepatic
artery until blood flow to the tumour tissue ceases, which
may lead to greater efficacy of anti-cancer drug than
chemotherapy alone.
TACE is the first-line strategy in the plan of down
staging of HCC tumours that exceed the criteria for
[146]
transplantation . During follow up, dynamic CT or MRI
has been done every 3 to 4 mo and TACE was considered
when local recurrence, second primary HCCs and/or
intrahepatic metastasis were found. Limitations of TACE
include invasion of liver capsule, extracapsular growth of
the tumour, or invasion of the vessels with thrombosis.
Rarely, complete ablation and necrosis of whole lesions is
obtained, so the TACE should be considered for advanced
HCC lesions that cannot be treated by resection or
ablation.
[146]
Takayaso et al
noticed that TACE resulted in a
five-year survival rate of 26%. A mortality rate of 0.5%
was reported in 8510 patients with unresectable tumour
of HCC. Patient survival can be predicted by assessment
of hepatic reserve, characteristics of HCC (size, number
of lesions, portal vein patency, and presence of tumour
[147,148]
invasion) and values of alpha fetoprotein
.
Adverse events associated with TACE were described
in approximately 10% of treated patients; these
events include abdominal pain, nausea, vomiting, bone
marrow suppression, and ischemic cholecystitis. A postembolisation syndrome has been observed in > 50%
of patients treated with TACE and the patients usually
presented with fever, abdominal pain, and intestinal
obstruction of moderate degree. Treatment-related
[147]
mortality is less than 5% .
Absolute contraindications to TACE include portal

PEI OR ACETIC ACID ABLATION
PEI is often indicated in patients who are not suitable
for resection and with small HCCs due to their poor
functional hepatic reserve. The ethanol produces
coagulation necrosis of the tumour mass, through differ
ent mechanisms as dehydration of cells, denaturation
of protein, and occlusion of small vessels. PEI is a wellestablished technique for the management of HCC
nodular-type. Nodules of HCC have soft consistency
within a firm cirrhotic liver. Consequently, the injected
ethanol diffuses easily and selectively within these lesions.
Multiple (4-6) sessions of PEI have been shown to be
effective with complete response (CR) in approximately
[143]
70% of all lesions of small size .
An inherent advantages of PEI are low financial
cost and low morbidity, but the higher local recurrence
rate is a major limitation, that may occur in up to 33%
in small lesions (less than 3 cm) and in up to 43% in
[144]
larger lesions .
The CR is not usually achieved by ethanol injection,
due to the uneven allocation of the ethanol within the
lesion (particularly in the existence of intra-tumoural
septa) and a restricted influence on extracapsular
cancer cells spread. The current advance of dedicated
multi-pronged PEI needles has been shown to overcome
some of these limitations, leading to the achievement of
90% sustained rate of CR, when the size of the tumour
is smaller than 3 cm and furthermore treated only with
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vein thrombosis (absence of hepatopetal blood flow),
encephalopathy, and biliary obstruction. Relative
contraindications include increased level of bilirubin >
2 mg/dL, aspartate aminotransferase > 100 unit/L,
lactate dehydrogenase > 425 unit/L, tumour burden
occupying > 50% of the liver, cardiac or renal comorbidities, ascites, significant thrombocytopaenia, or
[149]
recent variceal hemorrhage .

yttrium-90 of approximately 25 mm in diameter are
introduced through a catheter precisely inserted into
the hepatic artery at the lobar or segmental level,
and discharge of local radiation with minimal radiation
[125]
exposure to neighbouring healthy tissue .
High intensity focused US (HIFU) therapy has been
evolved for the treatment of solid organs tumours.
The principle of HIFU is based on an extracorporal US
source that focuses to a predetermined target lesion
inside the body. The US energy passes safely through
overlying tissues to a predetermined specific target
area. The energy deposition rapidly produces a rapid
elevation of the temperature of this area, resulting in an
irreversible death of cells with an obvious area of tissue
necrosis. The reported disadvantages of HIFU therapy
include the long duration of the procedure (3-4 h) and
the rarely required rib resection when the tumour is
[131]
situated behind the rib bone . In addition to the high
cost, certain anatomical constraints (e.g., pass-through
of the radioactive material to the lung in some patients
with shunting) and a question of less effective tumour
necrosis than is seen with TACE limit the utility of this
treatment. It is under active study for patients with
thrombosis of the portal vein and those with advanced
disease, but still there is an appropriate liver reserve.
No RCTs are currently available.

TACE PLUS RFA
Combined TACE and RFA can be applied to overcome
the limitations of RFA when used alone. Three metaanalyses have concluded that combined TACE together
with RFA was associated with an improvement of overall
survival rate than RFA alone. While the combination
of TACE plus RFA may be better than RFA alone, there
is no obvious indication that it is better than TACE
[10]
alone .

CRYOABLATION
Cryoablation is the application of alternating freeze-thaw
cycles through the use of a cryoprobe inserted directly
into the tumour; this procedure is used intraoperatively
more frequently in HCC patients with unresectable
lesions. RFA has supplanted the use of percutaneous
[10]
cryoablation .

SYSTEMIC THERAPY
Molecularly targeted therapy (sorafenib)

RT AND STEREOTACTIC BODY
RADIOTHERAPY

One of the oral multi-tyrosine kinase inhibitor is
sorafenib which is currently considered as the first drug
that might improve survival in patients with advanced
HCC. The multicentre European randomised SHARP
trial in 2007, demonstrated monotherapy with sorafenib
agent as a standard systemic treatment for advanced
tumour of HCC.
In a large series, double-blinded placebo-controlled
phase Ⅲ, the estimated median overall survival
estimated in months was found to increase from 7.9 in
the placebo arm to 10.7 in the sorafenib arm (HR = 0.69;
95%CI: 0.55-0.87; P = 0.00058), which results in a
31% decrease in the relative risk of death.
A preliminary data from a randomised phase Ⅱ trial
comparing the results of sorafenib plus doxorubicin vs
doxorubicin alone suggested an advantage for combined
therapy; however, whether this combination is superior
to sorafenib alone will necessitate a randomised trial in
which the sorafenib is the control arm.

External-beam RT is an emerging utility in the mana
gement of liver cancer, although its place among other
treatment modalities for patients with unresectable
HCC, its role has yet to be clarified. HCC is considered
one of the radiosensitive tumours, and the liver is an
extremely radiosensitive organ. As a whole, the liver
can only tolerate radiation doses of approximately 20
Gy, although newer techniques using three-dimensional
conformal treatment planning or stereotactic focusing
may permit the guided delivery of up to 100 Gy.
Stereotactic body radiotherapy (SBRT) is a technique
in which a high-dose radiation fractions used as a single
or in limited numbers are delivered and condensed
to a small, accurately distinct target lesion by utilizing
multiple, non-parallel beams of radiation. These beams
focus and converge exactly on the precise target lesion,
minimising adjacent healthy tissue from exposure to
radiation. This precise targeting facilitate treatment of
small- or medium-sized tumours in extracranial sites
in either both types of single or limited number of dose
[150-152]
fractions, but experience with SBRT is still limited
.

Cytotoxic chemotherapy

Chemotherapy has not been used consistently in the
treatment of advanced HCC for a several reasons: (1)
the relatively chemotherapy-refractory nature of HCC
tumour. This is partially due to the high rate of drug
resistance gene expression, including mutations in p53,
glutathione-S-transferase, P-glycoprotein, and the heat
shock proteins; (2) systemic chemotherapy is typically

RADIOEMBOLISATION
A variety of hepatic artery-directed treatment is
radionuclide yttrium-90 therapy. Microspheres containing
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CONCLUSION

Table 4 Ongoing randomised phase Ⅱ-Ⅲ trials aimed at
changing the standard of care in hepatocellular carcinoma
[10]
management during the period 2012-2013
Indication

At present, the surveillance of HCC is based on US
examination every 6 mo because AFP lacks the satis
factory sensitivity and specificity necessary for successful
surveillance and diagnosis. Numerous clinical trials
searching for a more ideal tool are running. One of these
tools is the microRNAs which can be considered as a
promising diagnostic as well as prognostic tool for HCC.
Treatment of HCC depends on assessment of the tumour
stage using BCLC or other scoring systems, preserved
hepatic function, and performance status of the patients.
Thus, a multidisciplinary approach is required for an
optimal treatment of HCC. Indeed, hepatic surgical
resection and liver transplantation are the only curative
treatment options in the early stages of disease. RFA
is equivalent to surgical resection in highly-selected
patients with an early stage of HCC. Radioembolisation
using resin or glass spheres appears to be a promising
tool. Molecular studies of HCC have recognized peculiar
activation of different signalling pathways, which signify
key targets for emerging molecular therapies. The only
approved therapy in patients with advanced disease
is sorafenib, but novel and emerging targeted agents
and their combinations are promising and being used in
several clinical trials.

Randomised studies

Adjuvant
Intermediate HCC

Advanced HCC
First line

Second line

Sorafenib vs placebo
Chemoembolisation ± sorafenib
Chemoembolisation ± brivanib
Chemoembolisation ± everolimus
Sorafenib ± erlotinib
Sorafenib vs brivanib
Sorafenib vs sunitinib
Sorafenib vs linifanib
Sorafenib ± yttrium-90
Sorafenib ± doxorubicin
Brivanib vs placebo
Everolimus vs placebo
Ramucirmab vs placebo

HCC: Hepatocellular carcinoma.

not properly acknowledged and endured by patients
owing to the presence of significant underlying poor
hepatic reserve. The overall survival of the patients is
most often estimated neither by tumour aggressiveness
nor the impact of a systemic treatment, but by the
degree of impairment of hepatic reserve; and (3) clinical
trials of systemic chemotherapy in patients with advanc
ed stage of HCC have been conducted in different variety
of populations.
Despite these issues, emerging data suggest a
modest degree of antitumour efficacy for several
cytotoxic agents and/or combined drug regimens; a
chemotherapy trial may be warranted in many indivi
duals, particularly if they have normal underlying liver.
Reactivation of viral hepatitis may happen in patients
with HCC who are experiencing intense systemic
chemotherapy; it is therefore important to continue their
antiviral medications.
Using a combination therapy of intra-arterial infusion
of 5-Fluorouracil (5-FU) and subcutaneous interferon in
116 HCC patients with portal vein invasion has shown
[153]
promising results .
The treatment cycle comprises of 4 wk; 5000000 u
(5 MU) IFU was administered three times weekly, given
intramuscularly at days 1, 3, and 5 from each week,
with a total dose of 60 MU per cycle. 5-FU (500 mg/d)
was injected into the hepatic artery through a portable
infusion pump on days 1-5 of the first and second weeks
through the intra-arterial catheter (5 gm per cycle) over
a period of five hours each time. A CR achieved in 19
(16%) patients and a partial response obtained in the
other 42 (36%). Only, nausea and appetite loss were
noticed as adverse events. The overall survival rates
reported at 12 and 14 mo among those patients were
34% and 18%, respectively, and those among patients
[131]
who achieved CR were 81% and 59%, respectively .
Other molecular targets under clinical development
are shown in Table 4.
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MINIREVIEWS

Systematic review: Preventive and therapeutic applications
of metformin in liver disease
Aparna Bhat, Giada Sebastiani, Mamatha Bhat
we critically analyze the literature behind the potential
use of metformin across the spectrum of liver disease
and malignancies. The PubMed and Ovid MEDLINE
databases were searched from 2000 to March 2015,
using a combination of relevant text words and MeSH
terms: metformin and mammalian target of rapamycin,
hepatitis B virus (HBV), hepatitis B virus (HCV), nonalcoholic fatty liver disease (NAFLD), hepatocellular
carcinoma (HCC) or cholangiocarcinoma. The search
results were evaluated for pertinence to the issue of
metformin in liver disease as well as for quality of study
design. Metformin has a number of biochemical effects
that would suggest a benefit in treating chronic liver
diseases, particularly in the context of insulin resistance
and inflammation. However, the literature thus far does
not support any independent therapeutic role in NAFLD
or HCV. Nonetheless, there is Level Ⅲ evidence for
a chemopreventive role in patients with diabetes and
chronic liver disease, with decreased incidence of HCC
and cholangiocarcinoma. The use of metformin seems
to be safe in patients with cirrhosis, and provides a
survival benefit. Once hepatic malignancies are already
established, metformin does not offer any therapeutic
potential. In conclusion, there is insufficient evidence to
recommend use of metformin in the adjunctive treatment
of chronic liver diseases, including NAFLD and HCV.
However, there is good evidence for a chemopreventive
role against HCC among patients with diabetes and
chronic liver disease, and metformin should be continued
in patients even with cirrhosis to provide this benefit.
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Abstract
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Metformin, a biguanide derivative, is the most commonly
prescribed medication in the treatment of type 2 diabetes
mellitus. More recently, the use of metformin has shown
potential as a preventive and therapeutic agent for a
broad spectrum of conditions, including liver disease
and hepatic malignancies. In this systematic review,
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Core tip: There has recently been a growing literature
on the use of metformin as a potential preventive and
therapeutic agent for various chronic liver diseases and
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(cytokines that have action on adipose tissue). Adipokines
such as tumor necrosis factor-α and interleukin-6 can
directly stimulate AMPK, thereby preventing hepatic
fat accumulation through an increase in β-oxidation of
free fatty acids (FFAs) and/or by decreasing de novo
[14]
[15]
synthesis . Zhang et al have shown that metformin
exerts antagonistic effects on catecholamine-induced
lipolysis via decrease in cAMP production.
Recent years have seen investigation of its use in
a variety of conditions, such as NAFLD, in addition to
potential use as a chemopreventive and chemotherapeutic
agent. The exploration into the use of metformin in
[16]
chemoprevention began in 2005, with Evans et al
demonstrating that metformin significantly reduced
the risk of cancer development in diabetic patients. The
findings of this large cohort study demonstrated a 23%
reduction in overall cancer incidence among diabetic
patients treated with metformin as compared to those
[4]
treated with sulfonylurea derivatives . The discovery
gave rise to a number of studies focusing on the ability
of metformin to lower the risk of cancer in long-term
users of the medication. A prospective cohort study by
[17]
Libby et al demonstrated that 7.3% of patients taking
metformin had a diagnosis of cancer, as compared
to 11.6% of a control population. After adjusting for
confounding variables, patients on metformin still had a
significantly decreased risk of cancer, with a hazard ratio
of 0.63 (95%CI: 0.53-0.75). A second prospective cohort
[18]
study by Bowker et al similarly showed that the use of
metformin reduced cancer-related mortality as compared
to sulfonylureas or insulin in diabetic patients, with an
adjusted hazard ratio of 0.80 (95%CI: 0.65-0.98). These
studies fuelled further investigation into chemopreventive
use in hepatic malignancies, as well as applications
to target insulin resistance in chronic liver disease.
The biochemical basis of these effects, along with the
literature behind potential applications in hepatology, are
systematically detailed in this review.

hepatic malignancies. We therefore decided to review
the efficacy of metformin across the spectrum of liver
disease and malignancies. Based on our systematic
review, there is insufficient evidence to recommend
use of metformin in the adjunctive treatment of nonalcoholic fatty liver disease and hepatitis C. However,
there is good evidence for a chemopreventive role
against hepatocellular carcinoma among patients with
diabetes and chronic liver disease, and metformin
should be continued in patients even with cirrhosis to
provide this benefit.
Bhat A, Sebastiani G, Bhat M. Systematic review: Preventive
and therapeutic applications of metformin in liver disease. World
J Hepatol 2015; 7(12): 1652-1659 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i12/1652.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i12.1652

INTRODUCTION
Metformin as an oral hypoglycemic medication has
been typically prescribed for type 2 diabetes and insulin
resistance in polycystic ovarian disease. Its hypoglycemic
action occurs by virtue of its ability to inhibit both
[1]
gluconeogenesis and glycogenolysis in hepatocytes
(Figure 1). It also indirectly downregulates circulating
insulin and insulin growth factor-1, by virtue of decreasing
[2-4]
serum glucose
. Additionally, metformin binds
reversibly to complex Ⅰ of the mitochondrial electron
transport chain in hepatocytes, giving rise to cellular
[1,5]
stress . This inhibition leads to an increase in adenosine
monophosphate (AMP) generation, with a concomitant
decrease in adenosine triphosphate (ATP) production.
Increasing levels of AMP bind to AMP kinase (AMPK), a
key regulator of cellular metabolism in both normal and
cancer cells, resulting in a conformational change and
[1,6,7]
activation
. Cellular stress, such as nutrient deprivation
[7]
and hypoxic conditions, also increase AMP levels . Once
activated by AMP, the conformational change facilitates
liver kinase B1 (LKB1) phosphorylation of AMPK, which
in turn phosphorylates Tsc1/2. This leads to negative
regulation of the mammalian target of rapamycin (mTOR)
[8]
pathway . Metformin improves insulin resistance through
activation of AMPK, which subsequently blocks hepatic
glucose release and promotes glucose uptake in skeletal
[9]
muscle . It also likely uses various mechanisms to restore
insulin sensitivity by limiting lipid storage through the
inhibition of free fatty acid formation; AMPK suppression
of acetyl-CoA carboxylase 1 (ACC1), ACC2, and HMG-CoA
reductase decreases fatty acid synthase expression and
[3,10,11]
activates malonyl-CoA carboxylase
. Moreover, AMPK
suppresses fatty acid synthesis through the inhibition of
transcription factor SREBP-1c. This transcription factor is
induced by glucose and insulin excess, and is therefore
inappropriately elevated in patients with non-alcoholic
[12,13]
fatty liver disease (NAFLD)
. Interestingly, metformin
has also been shown to modulate adipokine synthesis
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LITERATURE STUDY
We systematically searched PubMed and Ovid
MEDLINE databases from 2000 to March 2015, using
a combination of metformin with the following relevant
text words and MeSH terms: hepatitis B virus (HBV),
HCV, NAFLD, hepatocellular carcinoma (HCC) or
cholangiocarcinoma. The search results were evaluated
for pertinence to the issue of metformin in liver disease
as well as for quality of study design, and we used
material written in English. The reference lists from all
identified studies were searched for further relevant
papers. Review articles were used as a reference, but
not as primary sources of information.

NAFLD
Although the pathogenesis of NAFLD is not clearly
understood, it is known that insulin resistance assumes
a pivotal role. Importantly, NAFLD is associated with
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Figure 1 Effects of metformin on hepatocyte energy status and the mammalian target of rapamycin pathway, in turn affecting metabolism and
inflammation. 4E-BP: 4 eukaryotic-binding protein; ACC: Acetyl-CoA carboxylase; PKB: Protein kinase B; AMPK: Adenosine monophosphate kinase; cAMP: Cyclic
adenosine monophosphate; DEPTOR: DEP domain-containing mTOR interacting protein; EGF: Epidermal growth factor; eIF4E: Eukaryotic translation initiation factor
4E; FFAs: Free fatty acids; HIF-1α: Hypoxia-inducible factor-1 alpha; IGF: Insulin growth factor; LKB1: Liver kinase B1; mLSTB: Mammalian lethal with SEC13 protein B;
mTOR: Mammalian target of rapamycin; PI3K: Phosphoinositol 3 kinase; PKA: Protein kinase A; PPARγ: Peroxisome proliferator-activated receptor gamma; PRAS40:
Proline-rich Akt substrate of 40 kDa; RAPTOR: Regulatory-associated protein of mTOR; Rheb: Ras homolog enriched in brain; RTK: Receptor tyrosine kinase;
SREBP: Sterol regulatory element-binding proteins; TSC: Tumor suppressor complex; VEGF: Vascular endothelial growth factor.

In a 6-mo, prospective, randomized study (level Ⅱ) that
compared low-dose metformin (1 g/d) with diet to diet
alone, both groups achieved a significant reduction in
the proportion of patients with ultrasonographic evidence
[24]
of hepatic steatosis . Although metabolic parameters
were significantly better in the metformin group, this
study illustrated that diet in itself could ameliorate hepatic
steatosis. Improvement in liver histology of NAFLD
patients on metformin treatment has been documented
[25-27]
(level Ⅳ - open-label, single arm)
. In a pilot study,
26 NASH patients were treated with 48 wk of metformin
[26]
2000 mg a day . This resulted in a histological response
and improvement in alanine aminotransferase levels in
only 30% of the patients, and correlated with weight
loss rather than with improvement in insulin sensitivity.
Histological improvement was limited to hepatocellular
injury and parenchymal inflammation. Along with
histological improvement, there was a significant decrease
[26]
in the aminotransferase levels observed . Another
uncontrolled trial of metformin (850-1000 mg/d) with
N-acetylcysteine (1.2 g/d) for 12 mo demonstrated
significant improvement in steatosis and fibrosis, although
lobular inflammation and hepatocellular ballooning
remained unchanged. Aminotransferase levels also
were not significantly different following the treatment

an increased risk of type 2 diabetes mellitus and
[19]
cardiovascular disease . In insulin-resistant patients,
the increased influx of FFAs into the liver due to
peripheral lipolysis leads to hepatic steatosis. Insulin
resistance is said to increase hepatic lipogenesis through
activation of the lipogenic transcription factor sterolregulator element binding protein-1 (SREBP1). The state
of hyperinsulinemia upregulates glycogenolysis, leading
[20]
to increased fatty acid synthesis in the hepatocytes .
The “two-hit” hypothesis of non-alcoholic steatohepatitis
(NASH) pathophysiology proposes a synergistic effect
of “first-hit” obesity and diet, followed by the “secondhit” of inflammation and cellular injury. The “secondhit” is thought to contribute to the insulin resistance by
releasing cytokines and free fatty acids, and increasing
[20,21]
intracellular oxidative stress
.
Current management of patients with NAFLD prin
[13]
cipally involves weight loss through diet and exercise .
Vitamin E is recommended as first line pharmacotherapy
in non-diabetic adults with biopsy-proven NASH but not
[22]
in diabetic patients due to lack of ad hoc data . Hence,
there is no pharmacotherapy as yet for diabetic NASH
patients. There have been several pharmacotherapeutic
attempts to target the insulin resistance thought to be
[23]
the underlying pathophysiologic mechanism of NAFLD .
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[35]

[27]

course . In three randomized trials (level Ⅱ), metformin
treatment had very little effect on liver histology, but it
did ameliorate the liver aminotransferases and insulin
[28-30]
resistance
. A 12-mo, randomized, placebo-controlled
trial of diet, exercise and metformin vs diet and exercise
only in 19 non-diabetic patients with insulin resistance and
NASH failed to show any improvement in histology and
[28]
liver enzyme levels . It was rather weight loss in itself
through diet and exercise that correlated with improved
liver histology, aminotransferases and insulin resistance.
Another randomized trial (not placebo-controlled) of
metformin (850 mg twice daily) and dietary treatment vs
dietary treatment alone in 36 patients showed histological
[29]
improvement in both groups . The metformin group did
nonetheless have significantly decreased insulin resistance
and aminotransferases. An additional randomized,
placebo-controlled trial of metformin in 48 patients with
biopsy-proven NAFLD failed to show any histological
[30]
improvement as compared to placebo .
In the pediatric context as well, metformin has failed
to show any histological benefit. In a small observational
pilot study of 57 overweight or obese children between
ages of 9 to 18 years with biopsy-proven NAFLD or NASH
for 24 mo, metformin was no more efficacious than
lifestyle modifications in improving serum transaminases,
hepatic steatosis or liver histology in patients (level Ⅳ
[31]
[13]
- open label trial) . A meta-analysis by Mazza et al
concluded that the addition of metformin may still be
an attractive option to patients who have prediabetes or
diabetes, due to clear evidence of improvement in insulin
resistance associated with NAFLD. However, metformin
has not demonstrated concrete improvement in liver
histology in randomized, controlled studies, and therefore
[22]
cannot be recommended for treatment of NASH .

of diabetes mellitus in patients with chronic HCV .
Evidence indicates that there is an association between
patient metabolic profiles and the severity of hepatic
[36]
fibrosis in HCV patients . One of the key metabolic
factors is insulin resistance, known to aggravate hepatic
steatosis, which promotes liver fibrosis progression
and increases the risk of HCC. It is also associated
with high HCV viral load and poor virologic response to
[37]
interferon treatment . As oral hypoglycemic agents are
the treatment of choice for insulin resistance, Romero[37]
Gómez et al hypothesized that metformin would aid in
improved responses to peg-IFN (PEG-IFN) alfa-2a plus
ribavirin (RBV) treatment in patients with naïve genotype
1 CHC patients. Although addition of metformin to
peginterferon and RBV improved insulin sensitivity in this
randomized, placebo-controlled trial of 123 patients, the
results failed to show a significant difference in sustained
virological response (SVR) between treatment and
[37]
control groups . Though the aforementioned results
were not as promising as anticipated, additional trials
were conducted to study whether metformin could help
improve HCV treatment outcomes by correcting insulin
resistance. A randomized, double-blind controlled trial of
metformin vs placebo in addition to PEG-IFN and RBV
treatment showed that SVR was no different between
[38]
the 2 groups (75% vs 79%) . In a small, randomized
[35]
controlled trial by Hsu et al , various oral hypoglycemic
agents, including metformin, were combined with
the standard IFN-based therapy in patients with HCV
genotype 1 and insulin resistance. Although the study
was too small to derive definite conclusions, the data
suggested that the addition of an oral hypoglycemic
agent to PEG-IFN alfa-2a plus RBV achieved a better SVR
(level Ⅱ - randomized, not placebo-controlled). Although
new oral interferon-free regimens are rapidly changing
the therapeutic landscape of HCV treatment, these
findings suggest metformin may play a role in improving
HCV treatment response specifically in the subgroup of
patients with insulin resistance. Furthermore, metformin
has an impact on the prognosis of HCV-induced liver
cirrhosis, as shown by a reduction in the incidence of
HCC and liver-related death or transplantation (level
[39]
Ⅱ) .

METFORMIN IN HBV
There have been conflicting reports as to whether chronic
[32,33]
HBV infection is correlated with insulin resistance
.
Insulin resistance in patients with HBV is more likely
concordant with their individual metabolic profiles.
There are therefore no clinical studies of metformin on
patients with HBV infection. Nonetheless, an in vitro
study demonstrated that metformin transcriptionally
downregulated hepatitis B surface antigen expression
and HBV replication when used on a human hepatoma
cell line. Additionally, it was found to act synergistically
with antiviral effects of Lamivudine and interferon (IFN)
[34]
alpha-2b . Based on in vitro studies, metformin may
have potential benefit for patients with HBV, however
clinical trials are needed to further explore this therapy.

METFORMIN IN HEPATIC MALIGNANCIES
The PI3K/Akt/mTOR pathway is often activated in
malignancies, and phosphorylates downstream signaling
effector molecules involved in cell cycle progression,
[4]
protein synthesis, cell growth, and angiogenesis .
Metformin is known to inhibit the mTOR pathway at least
partly through an LKB1-AMPK-dependent mechanism,
as illustrated by the lack of its effects in LKB1-deficient
[7]
mice . The effects of metformin on cell survival and
metabolism can be explained both by this LKB1-AMPKdependent mechanism as well as its insulin-lowering
effects. Insulin has mitogenic and pro-survival effects
on cells, and tumor cells often express insulin receptors
at higher levels, making them highly sensitive to insulin

METFORMIN IN HCV
It is well established that HCV infection can induce a
state of insulin resistance, ultimately leading to hepatic
steatosis. It is hypothesized that HCV utilizes host
cell glucose or lipid metabolism in order to complete
its own life cycle, giving rise to the high prevalence
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[45]

[40]

stimulation . Ultimately, metformin results in inhibition
of the mTOR pathway and downstream effectors.
These downstream effectors include eIF4E, which is
normally bound to the 4E-BPs (eIF4E-binding proteins).
When phosphorylated by mTORC1, the 4E-BPs detach
from eIF4E, which is then free to complex with other
proteins to initiate translation. The translation of mRNAs
coding for proteins involved in processes pertinent to
tumorigenesis, such as the cell cycle, angiogenesis, and
[41]
apoptosis, is particularly favored . Other effectors of
mTORC1 are cyclin D1 (cell cycle regulation), p70S6K
=> phospho-S6 (ribosome biogenesis), and SREBP (lipid
synthesis), which all contribute to fuelling tumorigenesis.
Specific effects of metformin on the hallmarks of
cancer as defined by Weinberg and Hanahan have been
[42]
elucidated . In tumor development, the growth of the
cell mass quickly exceeds its supply of nutrients and
oxygen. Rapidly growing tumors encounter hypoxic
conditions that hinder their ability to grow. However,
cancer cells are able to circumvent these metabolic
limitations. Despite conditions of cellular stress, there
may be insufficient activity of AMPK, enabling the mTOR
pathway-activated and uncontrolled cell growth. This
makes metformin an attractive chemopreventive agent
[8]
as it is an AMPK activator . Angiogenesis is essential
in the growth and invasive properties of tumor cells.
Studies have shown that metformin negatively regulates
hypoxia-inducible factor-1α, tumor necrosis factor-α,
plasminogen activator inhibitor-1, and von Willebrand
Factor, which decreases the levels of vascular endothelial
[8]
growth factor (VEGF) and ultimately angiogenesis .
Metformin plays a role in induction of apoptosis
through either p53-dependent or independent me
chanisms. The tumor suppressor p53 is involved in DNA
damage repair and cell cycle regulation. Ultimately, the
activation of p53 induces apoptosis of cells under low
[2,8]
nutrient conditions . Tumor suppressor p53 regulates
synthesis of cytochrome c oxidase 2 (SCO2) activity,
allowing the cell to efficiently couple mitochondrial
oxidative phosphorylation. Hence p53-defective cells, as
is seen in over 50% of tumors, have a decrease in SCO2
activity and a deregulation of cell metabolism in a hypoxic
environment. The inability of these cells to conserve
energy when exposed to metformin-induced energetic
[1,5]
crisis ultimately leads to apoptosis . Metformin blocks
the cell cycle partly through decreased levels of cyclin
D1 expression, with a dose-dependent inhibition of cell
[8]
proliferation . Hence, metformin inhibits all of these
processes that are key to tumorigenesis.
HCC is one of the leading causes of cancer-related
[43]
deaths
and its incidence is on the rise in North
America particularly due to the increasing burden of
[44]
HCV cirrhosis . Most HCC tumors are diagnosed at an
advanced stage, when curative therapy is no longer an
option. The only chemotherapy with survival benefit,
though minimal, is the Ras-Raf kinase inhibitor sorafenib.
The mTOR pathway is upregulated in up to 50% of
HCCs. The mTOR pathway has also been found to play
an essential role specifically in hepatocarcinogenesis

WJH|www.wjgnet.com

arising in the context of NASH .
In vitro data have shown metformin to be a potent
inhibitor of HepG2 and Huh7 liver cancer cell pro
[7,46]
liferation
. An apoptotic effect has also been noted
through increased expression of cleaved caspase-3 and
a significantly increased percentage of early apoptotic
[44]
cells . Cell cycle arrest in G0/G1 phase in several HCC
cell lines has also been found in vitro, correlating with a
strong decrease in expression of G1 cyclins, specifically
[47]
cyclin D1, cyclin E and cyclin-dependent kinase 4 .
In vivo studies have shown that metformin also exerts
effects on apoptosis, cell cycle, and proliferation, likely
through the mTOR pathway. In an in vivo study on
[44]
HepG2 cells xenografted into nude mice, Xiong et al
demonstrated that metformin treatment at 200-mg/kg
per day dose led to a 40.8% reduction in tumor
volume. In this study as well, metformin was shown to
suppress the protein synthesis machinery downstream
of mTOR, inhibit cell proliferation and induce apoptosis.
In a diethylnitrosamine-induced HCC mouse model,
metformin was shown to down-regulate lipogenesis
[48]
through decreased expression of lipogenic enzymes .
In addition, the restoration of these lipogenic enzymes
through ectopic expression rescued the metforminmediated growth inhibition. These findings provide an
interesting application of metformin in patients with HCC
in the context of disorders where there is upregulation of
[48]
lipid synthesis such as NAFLD .
Population data have suggested a role for metformin
as a chemopreventive agent against HCC among
[49-56]
[57,58]
patients with diabetes
and chronic liver disease
.
In a meta-analysis of 8 observational studies, including
22650 cases of HCC in 334307 patients with type 2
diabetes, it was found that metformin given to diabetic
patients resulted in a 50% risk reduction in HCC
[53,54]
incidence (OR = 0.50, 95%CI: 0.34-0.73)
. A similar
meta-analysis of 7 studies (3 cohort, 4 case-control,
with 562 HCC cases out of 16549 patients) reported an
even further reduced risk of HCC in diabetic patients on
metformin vs those using other hypoglycemic agents
[55]
(OR = 0.24, 95%CI: 0.13-0.46) . Although these data
are striking, it should be kept in mind that the studies
used in these meta-analysis were observational, and
higher quality randomized trials would be optimal to
consolidate whether metformin has a chemopreventive
benefit.
In already-diagnosed HCC, the clinical literature is
sparse. A retrospective clinical study determined that
[59]
in patients with already-established HCC , though
duration of exposure to metformin prior to diagnosis
was not available. Combination therapy of metformin
with radiofrequency ablation (RFA) has also been
attempted prospectively. In a prospective case cohort
study, diabetic patients with early stage HCC were
[60]
treated with RFA concurrently with metformin . The
use of metformin as a chemotherapeutic adjunct in
these patients was observed to have a lower mortality
rate as compared to the untreated diabetic patients with
early stage HCC. Furthermore, patients with early stage
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HCC receiving sulfonylureas and insulin exposures did
not achieve the same effects as metformin (level Ⅲ [60]
prospective case cohort study) .
Physicians are often hesitant to use metformin in
cirrhotic patients, given previous reports of lactic acidosis.
A recent study has disproven this concern, revealing
[61]
that cirrhotic patients may safely take metformin .
Additionally, use of metformin significantly extended
survival in cirrhotic patients, with continuation decreasing
risk of death by 57%. Hence, using metformin as a
chemopreventive agent against HCC is a reasonable
option in patients with chronic liver disease. However, it
is unclear at this time whether metformin is beneficial as
an adjunct in the treatment of HCC.

effect on the mTOR pathway, there is good evidence for a
chemopreventive role against HCC among patients with
diabetes and chronic liver disease, and metformin should
be continued in patients even with cirrhosis to provide
this benefit.
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Induced immunity against hepatitis B virus
Zeinab Nabil Ahmed Said, Kouka Saadeldin Abdelwahab
HBV vaccination programs has accumulated and the
policy of booster vaccination has been evaluated. This
review article provides an overview of the natural history
of HBV infection, immune responses and the future of
HBV infection. It also summarizes the updated sources,
types and uses of HBV vaccines, whether in the preclinical
phase or in the post-field vaccination.
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Core tip: Worldwide, it is estimated that more than
2 billion people have been infected with hepatitis B
virus (HBV). Of these, approximately 240 million are
chronically infected and at risk of serious illness or
death from development of cirrhosis and subsequent
progression to hepatocellular carcinoma (HCC), estimated
to cause one million deaths each year worldwide.
Prevention and control of HBV infection can therefore
make a significant contribution to community health and
to saving lives by preventing HCC. This review concerns
the major advances in the field of HBV over the last
few decades which have resulted in understanding the
natural history of HBV infection and the development
of effective vaccines against the virus. In the era of
universal HBV vaccination coverage, the current growing
body of knowledge regarding monitoring and surveillance
of HBV vaccination programs and the policy of booster
vaccination, several issues have to be evaluated re
garding the vaccination policy and booster doses. In
addition, it is worth evaluating vaccine-escape viral
mutants, long-term protection and the therapeutic use of
HBV vaccine as a promising new strategy for controlling
chronic HBV infection.
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Abstract
Prevention of hepatitis B virus (HBV) infection with its
consequent development of HBV chronic liver disease
and hepatocellular carcinoma is a global mandatory
goal. Fortunately, safe and effective HBV vaccines are
currently available. Universal hepatitis B surface antigen
HBV vaccination coverage is almost done. Growing
knowledge based upon monitoring and surveillance of
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variations . The outcome of infection and the patho
genesis of hepatic disease are determined by host
factors and viral factors that play an essential role in
virus clearance and persistence. It has been difficult to
fully elucidate such factors on an experimental basis
because of the restricted host range of HBV to man and
[9]
chimpanzees . Clinical research showed that there is
a relationship between HBV genotype, natural history
of infection and response to specific HBV antiviral
[10]
treatment . Both antibodies and cytotoxic T cells
directed to different HBV antigens play an important role
for decreasing viral load and clearing HBV-infected hepa
[11]
tocytes from the liver . On the other hand, very weak
or functionally impaired virus-specific immune responses
have an essential role in the persistence of HBV
[12]
infection . Most primary infections of adults (70%-90%),
whether symptomatic or not, ends up with efficient
control of infection, with virus clearance from blood,
liver and extrahepatic cells supporting HBV replication.
The risk for chronicity decreases with increasing age at
the time of exposure to HBV infection. HBV infection in
nonimmune young children is mainly asymptomatic.
Unlike adults who mostly do not develop chronic infec
tion, neonates and infants who acquire HBV infection
from their mothers at birth are most susceptible to the
[13-15]
establishment of chronic HBV infection
. Currently,
it is clearly emphasized that there are extrahepatic cells
that support HBV replication and survival for several
years or lifelong. These cells cause HBV infection of
transplanted liver and rejection of the transplant.
HBV infected adults showed no clinically evident liver
disease or mild acute hepatitis that terminated without
long-term sequelae with development of lasting immunity
[16,17]
to re-infection
. The other patients (10%-30%) who
do not succeed in clearing the virus progress to chronic
infection with continuous HBV replication. Host immune
response plays an essential role in HBV-related hepatocyte
damage because the virus itself is not cytolytic. The
balance between host immune response and HBV
replication in hepatocytes and in extrahepatic host cells is
[18]
dynamic . Fortunately, 70%-90% chronic HBV infected
patients are asymptomatic without life-threatening
effects on liver cells, while 10%-30% of patients develop
[19]
liver cirrhosis
with consequent hepatic insufficiency
and portal hypertension that make liver cirrhosis one
of the most frightening consequences of chronic HBV
[8]
infection . Development of HCC is also a catastrophic
result of chronic HBV infection with a lot of evidence
supporting an association between HBV replication and
[18,20]
the risk of development of HCC
. The HBx protein is a
potent transactivator that activates host genes, including
[21]
oncogenes .

htm DOI: http://dx.doi.org/10.4254/wjh.v7.i12.1660

INTRODUCTION
A serum antigen named Australia antigen was detected
[1]
in sera from Australian aborigines . Later it was
found in sera from Down’s syndrome, leukemia and
hepatitis patients. It was identified as a marker of posttransfusion viral hepatitis and given the letter hepatitis
B virus (HBV) to replace the previous term of serum
hepatitis. Data accumulated to document that HBV has
7-9 genotypes with more or less defined geographical
[2]
distribution . The “a” component of hepatitis B surface
antigen (HBsAg) is shared by all genotypes; however,
infection by one genotype does not prevent subsequent
infection by other types. Moreover, the antiviral effec
tiveness is related to HBV genotype and genotype D
prevalent in the Middle Eastern countries, which is the
most resistant to antivirals.
The virus morphology visualized by electron micro
[3]
scopy was described by Dane et al and the complete
HBV virion was named Dane particle, synonymous
with HBV. The immunogen of HBV is a subviral unit of
envelope proteins named HBsAg. During HBV replication,
excess of the subviral components are produced. The
hepatitis B core antigen (HBcAg) is restricted to the
hepatocytes and to the full virion. Modified HBcAg,
named hepatitis B e antigen (HBeAg), is released into the
circulation. Moreover, excess HBsAg is released into the
circulation in different morphological forms.
According to the 2010 Global Disease Burden
[4,5]
estimates , both HBV and HCV caused 1.4 million
deaths from acute infection, chronic infection, cirrhosis
and hepatocellular carcinoma (HCC). It was reported
that 240 million people are chronically infected with
HBV and are at risk of serious illness or death from
development of cirrhosis and subsequent progression
to HCC. Later data showed that approximately 780000
[6]
persons die each year from hepatitis B infection .
The first anti HBV infectivity vaccine was HBsAg
vaccine, which was produced by recombinant-DNA
technology using yeasts. The r-DNA HBsAg vaccine
produced robust immunity against the HBV infectivity
and consequently prevented all the post HBV infection
complications, including HCC. Prevention of HBV hepatitis
and HCC is a significant contribution to global health
and productivity. Progress in knowledge of HBV within
the last few decades resulted in the understanding of
the natural history of HBV infection, the development
of sensitive assays for screening of blood donors for
safe blood donation and monitoring of antiviral drugs,
[7]
viral suppression and clearance , plus manufacturing
improved r-DNA HBsAg vaccines. This progress paves
the way for worldwide future elimination of HBV.

Occult HBV infection

Occult HBV (OHBV) infection is a potential transmission
source of post transfusion or organ transplantation
HBV infection. To investigate the properties of hepatitis
B surface antibody (HBsAb) in OHBV infection and its

Natural history of HBV infection

Severity of HBV liver diseases shows great individual
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+

affinity to different serotypes of HBsAg, Zhang et al
conducted long-term follow-up in 2 HBsAb positive
patients with occult HBV infection where the HBsAb
subtype was determined by performing neutralization
experiments with different serotypes of HBsAg. They
showed that the HBsAbs are mainly specific for common
epitopes among different serotypes of HBsAg and are
probably different than those produced by vaccine
inoculation.

by cytokine-mediated noncytolytic mechanisms. CD8
lymphocytes produce different cytokines, including IFN-γ
and tumor necrosis factor-α, that lead to inactivation
[29]
of HBV in infected hepatocytes . The cytolytic and
+
noncytolytic action of virus-specific CD8 lymphocytes
in its reaction with HBV-producing host cells adds up
in acquired immune reactions against HBV infected
hepatocytes. However, the noncytolytic mechanisms
[29]
retain the more effective role .
Chronic HBV infected patients have impaired
[30,31]
immune response to HBV
. In chronic HBV carriers,
virus-specific T-cell responses are mainly attenuated;
however, antibody responses are vigorous and sustained
but free anti-HBs antibodies are undetectable because of
[8]
excess circulating HBsAg . Also, toll-like receptor (TLR)
signaling in murine nonparenchymal liver cells (NPCs)
is suppressed in the presence of HBsAg. This has been
shown when peripheral blood mononuclear cells (PBMCs)
from HBV infected patients and controls were stimulated
by TLR ligands in the presence or absence of autologous
serum. The expression of both TLR-mediated cytokine
[e.g., interleukin-6 (IL-6) and IL-10] and TLR3-induced
IFN in PBMCs of HBV infected patients demonstrated a
significant increase compared to the healthy volunteers,
denoting a negative correlation between HBsAg and
[32]
TLR3-mediated IFN-γ levels .
Six viral epitopes that are reactive with autologous
HLA-A2 domains on cytotoxic T lymphocytes(CTL) were
[33]
identified by Rehermann et al . These epitopes are
present in the highly conserved reverse transcriptase
and RNase H domains of the viral polymerase protein.
In acute HBV infected patients, the CTL response to
polymerase is polyclonal, multi-specific and is mediated
+
by CD8 T cells, but it is undetectable in chronic HBV
[33]
infected patients or in healthy blood donors . CTL
responses against polymerase, core and envelope
epitopes were identified up to one year following
complete clinical recovery and seroconversion, indicating
either the persistence of viral replication or the presence
of long lasting memory CTL despite the absence of the
viral antigens. It was shown that wild type viral DNA and
RNA can persist indefinitely in trace amounts in serum
and PBMC following complete clinical and serological
recovery, despite a concomitant, vigorous and sustained
[33]
polyclonal CTL response . In order to explain the
persistence of HBV, the authors further emphasized that
the virus may retreat into immunologically privileged
places from where it can seed the circulation and reach
CTL inaccessible tissues, thereby maintaining the CTL
response in apparently cured individuals and thus
prolonging the liver disease in chronic HBV hepatitis
[33]
patients . In a large prospective clinic-based cohort of
[34]
Asian chronic HBV patients, Desmond et al identified
significant associations between HLA types and HBV
sequence variation at 41 sites within the HBV genome.

Immune response

Experimental infection of chimpanzees does not produce
the same events as in human infection, which greatly
limits the tools to study the natural life cycle of HBV in
humans. Few well documented human HBV infections
have shown that the virus itself is not cytolytic and the
hepatolysis is immune-mediated. It was also shown
that the HBsAg level varied with a different clinical
or virological status. A low baseline level of HBsAg is
associated with advanced liver fibrosis in HBeAg positive
[23]
CHB patients . Experimental studies demonstrated
that acute HBV infected animal models developed silent
[21]
innate immunity
and HBV does not immediately
[9,24]
begin to replicate efficiently after inoculation
, as it
does in acutely infected humans. Following infection and
up to 4-7 wk later, neither HBV antigens nor HBV-DNA
[24-26]
are detectable in serum or liver
. The absence of
early symptoms in HBV-infected patients is an indirect
indication of the defective type Ⅰ interferon (IFN)
production during the early phase of HBV infection when
[9]
exponential virus replication is going on .
The immunological events in the early phase of
HBV replication mainly influence the differences in the
adaptive immune response to HBV that characterizes
[26]
resolved and chronic HBV infections . Coordinated
activation of the different branches of adaptive immunity
[9]
is necessary for effective viral control . Researchers
showed that macrophages have an essential role in
modulating HBV clearance, chronic hepatitis and the
developed tissue damage, with M1-like macrophages
promoting HBV clearance and M2-like macrophages
impairing Th1 immune response and promoting tissue
[27]
fibrosis/remodeling/wound healing . Full recovery
with elimination of HBV infected hepatocytes depends
+
on active CD8 cytotoxic T lymphocytes. Following HBV
infection, early immunological response failed to be
activated as it is delayed until the exponential phase of
[28]
replication . In acute, self-limited hepatitis B infection,
strong antiviral T-cell response is detected in peripheral
+
+
blood. It includes both CD4 helper and CD8 cytotoxic
T lymphocytes reactive with epitopes of multiple HBV
antigens within the HBV core, polymerase and envelope
[8]
+
proteins . Virus-specific CD8 T cells have an essential
[26]
role in HBV clearance . Resolution of human HBV
infection was believed to be solely dependent upon
+
contact cytolysis of virus infected hepatocytes by CD8
cytotoxic T lymphocytes. However, researches on HBV
transgenic mice and HBV-infected chimpanzees showed
that T cell control of HBV replication is also influenced
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worldwide HBV incidence and its complications, including
liver cirrhosis and HCC. Worldwide, immunization
has been an essential strategy for many countries to
[5]
decrease the burden of HBV infection . Economically,
vaccination is an attractive option, both in terms of costeffectiveness and benefit-cost ratios when compared
[35]
with other health care interventions . Commercial HBV
vaccine supplies have been available for thirty years. HBV
vaccine was the first vaccine against a chronic disease,
the first vaccine to protect from a sexually transmitted
[36]
infection and the first vaccine against a cancer . The
choice of a vaccine type and a schedule for doses and
route of vaccination varies between countries. An ideal
HBV vaccine schedule should protect against infection
in infancy when the risk of becoming a chronic HBV
carrier is high and in adolescence with common, high
[37]
risk behaviors such as sex and drug abuse . The CDC
Advisory Committee on Immunization Practices (ACIP)
recommends that all children should receive a birth dose
of HBV vaccine and complete the vaccine series by 6-18
mo of age. It also recommends that older children and
adolescents who did not previously receive the HBV
[38]
vaccine should be vaccinated . These policies were
implemented by several countries with medium to high
endemicity of HBV infection.

CHO-derived vaccine contains the small hepatitis B
surface antigen (HBs protein) as the major component,
together with pre-S2 and pre-S1 antigens, induced an
augmented anti-HBs response in mice when compared
with mice receiving the already used yeast-derived
[43]
vaccines .
The current widely used r-HBsAg vaccines are a viral
subunit produced by yeast that has been transfected
with a plasmid that contains the S gene (codes for
HBsAg) either as a single preparation or in combined
form. Commercial r-HBsAg single antigen vaccines are
Recombivax-HB (Merck) and Engerix-B (Glaxo). There
are other approved combined vaccines against both HAV
[44]
and HBV (Twinrix-Glaxo) . Other formulations for infants
are tetra or penta vaccines against diphtheria, tetanus,
pertussis (whooping cough) and HBV for tetra vaccine
and with the addition of injectable inactivated Salk polio
[45]
(IPN) for the penta vaccine . Combined Hepatitis
B-Haemophilus influenzae type b (Hib) conjugate vaccine
cannot be given before age of six weeks or after the
[15]
age of seventy-one months . Hexavalent combined
vaccine, including diphtheria, tetanus, pertussis, HBV,
Haemophilus b (Hib) and the three IPV serotypes
antigens, is considered the most suitable combination
[35,46]
vaccine for routine immunization
. Combined vaccines
aid in improving compliance and simplifying complex
pediatric immunization schedules, reduce storage require
ments, reduce handling, costs of immunization programs
and minimize the number of injections required, thereby
[46,47]
reducing distress for infants and parents
. Their
development is restricted because of their technical
manufacturing complexity. High technical complexity
increases production costs and therefore many manu
facturers target them as premium products for developed
[46]
countries .

History of HBV vaccine development

The first HBV vaccine was prepared from the plasma
of asymptomatic carriers of HBV in the form of purified
[39]
inactivated HBsAg particles . Later on, the r-HBsAg
vaccines that contain the major (s) small protein
spanning the hydrophilic amino acids 124-149 as the
dominant immunogenic epitope were developed. HBV
vaccinations induce neutralizing antibodies (anti-HBs)
that are directed mainly towards the “a” determinant of
[40]
HBsAg in all HBV genotypes from A to H . The r-HBsAg
vaccine elicits active synthesis of anti-HBs and prolonged
immunological memory which provides continuous
[41]
protection . Persistent memory for 5 years or more is
recognized from large, fast increases in anti-HBs level
after booster vaccination, even in those who showed
undetectable anti-HBs as measured by the available
commercial kits. Using an in vitro enzyme linked
immunosorbent assay (spot-ELISA), it was shown that
the number of memory B lymphocytes able to induce
anti-HBs does not decrease with decline of the anti-HBs
[41]
level . It was found that the value of immune memory
and of the following secondary immune response can
be estimated by the antibody response after primary
vaccination. Both dose and structure of vaccine antigen
influence the primary antibody response as well as the
[42]
development of immune memory .
To increase the efficacy and prolong the duration
of protection against HBV, second generation r-HBsAg
vaccines, including the middle (pre-S2) and the large
(pre-S1) proteins in HBV vaccine, were recognized. The
immunogenicity of r-HBs 20 nm particles secreted by
transfected Chinese hamster ovary (CHO) cells was
[43]
compared with yeast-derived r-HBsAg vaccines . The
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Formulating of different types of HBV vaccine

Prophylactic vaccines: The need for HBV immu
noprophylaxis was recognized as early as the late 1970s.
The plasma derived vaccine was licensed in 1981. The
vaccine contained a purified HBsAg single component
that was obtained from sera of HBsAg carriers. Plasma
derived HBV vaccines have been demonstrated to be
[48,49]
highly immunogenic, efficacious and safe
. The longterm effect of plasma-derived HBV vaccine which was
given to children born in 1986 was observed in a recent
Chinese study. The vaccine showed a good long-term
protective effect and there was no need for boosting the
[50]
immunization 23 years later . However, the use of this
vaccine was dropped due to concern regarding the safety
of a human blood-derived products, the inconsistency of
a source of raw viral particles and the availability of new
recombinant vaccines produced from yeast transfected
with vector plasmid with DNA sequence coding for the
production of soluble r-HBsAg proteins that are easily
[45]
purified from the yeast proteins .
Yeast-derived recombinant hepatitis B vaccine
contains a gene for the HBV surface antigen (S) which
has been cloned into yeast cells that are cultured on
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a wide scale to amplify the recombinant DNA coding
for producing a large amount of the specified antigen
(HBsAg) which is further purified, concentrated and
combined with adjuvant to be ready for vaccination.
Alum is included as an adjuvant in all licensed HBV
[45]
vaccines . HBsAg prevalence decreased dramatically
after the implementation of yeast-derived r-HBsAg
vaccine for 12 years for children in HBV-endemic areas in
[51]
China, with no need for booster immunization . Billions
of doses of r-HBsAg vaccines have been administered
worldwide, with a high record of immunogenicity and
[44]
safety .
Years ago, several preclinical studies were conducted
to evaluate the potential use of synthetic preS analogues
[52]
for hepatitis B vaccination ; however, global adoption of
these experimental vaccines was not achieved.
HBV DNA vaccines have been shown to be useful for
both prophylaxis and treatment of HBV infection. It is one
of the most effective ways to elicit protective immunity
against infections. Preclinical studies in animal models,
including mouse, chimpanzee, duck and woodchuck,
were developed to evaluate the ability of DNA vaccines
targeting hepadnaviral proteins to induce sustained strong
immune responses in naïve animals and to enhance
virus clearance and break immune tolerance in chronic
[12]
HBV carriers . HBV-DNA based vaccine is a plasmid
DNA encoding the hepatitis HBVsAg that was shown to
be immunologically effective, safe and well tolerated in
chronic HBV carriers and non-responders to routinely
[53,54]
used HBV vaccines
. The protective immunogenicity
of a particle-mediated HBV-DNA vaccine in subjects
who have responded suboptimally to conventional
[54]
vaccination was evident . In comparison with antigenbased HBV vaccines, plasmid DNA vaccine against HBV
was evaluated in chimpanzees and protective antiHBs antibody response was attained together with a
[55]
strong anamnestic response achieved one year later .
It was well recognized that HBV DNA vaccine induces
strong antigens that stimulate both humoral and cellular
immunities that can be promoted by a joining of DNA
[56]
that expresses IL-2 or IL-12 epitopes . HBV-DNA based
+
vaccines stimulated CD8 CTL cells. Among the recently
studied adjuvants, layered double hydroxide (LDH)
nanoparticles as well as core-shell structure SiO2＠LDH
nanoparticles were effectively proven adjuvants.
Experimentally, SiO2＠LDH nanoparticles taken in
by macrophages caused a higher dose-dependent
expression of IFN-γ, IL-6, CD86 and MHC Ⅱ. Further
more, in vivo immunization of BALB/c mice indicated
that HBV DNA vaccine loaded-SiO2＠LDH nanoparticles
not only induced increased serum antibody response
compared to naked DNA vaccine and plain nanoparticles,
but also obviously promoted T-cell proliferation and
[57]
skewed T helper to Th1 polarization ; however, these
experimental adjuvenated HBV DNA vaccines have not
been adopted for humans so far.
Early trials to make use of genetically engineered
plants as an alternative way for developing an HBV
inexpensive and edible vaccine showed preservation of
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epitopes of HBsAg of both B- and T-cells when the antigen
[58]
is expressed in a transgenic plant . Also, HBVsAg
encoding DNA gene was previously introduced into
Agrobacterium tumerifacience LBA4404 that was used
to get transgenic lupin (Lupinus luteus L.) and transgenic
lettuce (Lactuca sativa L.) cv. Burpee Bibb expressing
envelope surface protein. It was found that mice that
were fed on HBV transgenic lupin tissue developed a
significant amount of HBV specific antibodies. Meanwhile,
human volunteers fed with transgenic lettuce plants
expressing HBVsAg also developed a specific serum[59]
IgG response to plant produced HBsAg . Later on, a
new modified HBV pre-S1 protein gene was constructed
[60]
and expressed by transgenic tomato plants . The
specific antigen expression from transgenic plants was
proved by molecular techniques, including polymerase
chain reaction (PCR) and reverse transcriptase PCR.
Enzyme-linked immunoassays using a monoclonal
antibody directed against human serum-derived HBsAg
revealed that the highest amount of HBsAg was about
0.02% of the soluble protein in transgenic tomato fruit.
The amount of HBsAg in mature fruit was found to be
much more than that in small or medium fruit or leaf
tissues. The ability of potato-derived HBV major surface
antigen (P-HBsAg) that was orally administered to mice
in different dosages (0.02 to 30 μg) to induce antibody
[61]
responses was evaluated . It was shown that all
immunized mice developed specific serum IgG and fecal
IgA antibodies against P-HBsAg even at low levels (< 5
μg), comparable to development of serum IgG anti-HBs
following administration of a 0.5-μg yeast-derived HBsAg.
Recently, a plant-derived prototype oral tri-component
vaccine against HBV was evaluated for the potential of
M/L-HBsAg expression in leaf tissue and the conditions
of its processing for a prototype oral vaccine were
assessed. Tobacco and lettuce carrying M- or L-HBsAg
genes and resistant to the herbicide glufosinate were
engineered and integration of the HBV-DNA transgenes
[62]
was evaluated by PCR and Southern hybridizations .
Currently, several experimental trials for developing
virus vector HBV vaccines are ongoing. Following a
single immunization in mice, a recombinant vesicular
stomatitis virus-based vaccine vector expressing the
HBV pre-S2 protein was able to efficiently promote a
strong HBs-specific antibody response. It also developed
robust CD8 T-cell activation, where response was
broader in specificity and greater in magnitude than
that acquired by a vaccinia virus-based vaccine vector
[63]
or by recombinant protein immunization . In addition,
it was found that recombinant lentivectors could induce
strong HBV HBsAg specific T cell responses and humoral
immune responses. The HBS-Fc-lv lentivector could
effectively break immune tolerance and elucidate strong
HBsAg specific adaptive immune responses in HBsAg
transgenic (Tg) mice with low serum level of HBsAg.
The induction of HBsAg specific immune responses in
TG mice accompanied seroconversion from HBsAg to
[64]
[65]
anti-HBsAb . Recently, Song et al
investigated the
generation of recombinant influenza viruses that had
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HBV B cell epitopes in its neuraminidase stalk region as
a dual vaccine candidate against both HBV and influenza
viruses. They successfully generated a chimeric influenza
virus which contained 22 amino acid peptides derived
from the surface and pre-surface HBV protein as foreign
[65]
antigens .
Universal childhood immunization in the first year of
life with three doses of HBV vaccine is a highly effective
[66]
way for control and prevention of HBV infection .
Prevention of prenatal HBV infection is achieved by
active and passive HBV immunization after birth as an
intervention for preventing mother-to-child transmission
of the HBV infection. A recent Taiwanese study was
conducted in 2013 to compare the cost-effectiveness
of strategies to control HBV that combine universal
vaccination with hepatitis B immunoglobulin (HBIG) for
neonates of carrier mothers. It was found that HBIG
additional treatment to universal vaccination is likely to
be cost-effective, particularly in settings with available
healthcare infrastructure. Targeting HBIG in neonates of
higher risk HBeAg-positive mothers may be preferred
where willingness-to-pay is moderate. However, in very
resource-limited settings, universal vaccination only is
[67]
adequate . CDC recommends vaccination of adults
at high risk for infection, including dialysis patients,
recipients of certain blood products, healthcare workers,
household contacts and sex partners of persons with
chronic HBV infection, those with a recent history of
multiple sex partners, those with a sexually transmitted
[16]
disease, IDUs and MSM .
Following vaccination, testing for antibodies is
not needed for healthy people; however, it should
be evaluated following vaccination in hemodialysis
patients, those at occupational risk of infection, babies
born to HBsAg-positive mothers, those with a family
history of HBV carriers and human immunodeficiency
[66]
virus positive people . Long-term protection against
HBV infection depends on the persistence of strong
immunological memory. There is no need for boosters
in immune competent individuals who have finished
their vaccination course properly according to the
recommended timelines. This was demonstrated in
several studies conducted up to 20 years following the
original immunization course. However, a booster dose
is recommended for immunocompromised individuals
[68]
based on serological monitoring .
[69]
The ACIP , the United States government,
recommends that all children receive a birth dose of
HBV vaccine and complete the vaccine series by 6-18
mo of age. Older children and adolescents who did not
previously receive the HBV vaccine have to be vaccinated.
A titer of anti-HBs antibodies to HBVsAg ≥ 10 IU/L is the
marker of seroconversion to anti-HBs positivity following
vaccination. It was found that the mean antibody level
[70,71]
decreased significantly with increasing age
. Longterm follow-up studies have demonstrated that 10%
to 50% of infants with seroprotective levels post third
dose of vaccination had low or undetectable levels of
[72]
antibody 5-15 years later . Long-term protection due to
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persistent memory is obvious from quick rises in antibody
after booster vaccination, even in those who have lost
their anti-HBs. Recently, we conducted an Egyptian
study aimed at estimating the seroprotection rate and
evaluating the immune response to a booster dose in
children and adolescents with an age range of 9 mo to
16 years who completed HBV vaccination during infancy.
It was concluded from this Egyptian study that, in spite
of the significant decline of level of antibodies over time,
about half of the studied children have a seroprotective
level of antibodies after primary compulsory vaccination.
Moreover, the developed anamnestic response among
children with a non-seroprotective level confirms imm
unological memory that can outlast the presence of
[73]
[74]
protective level of antibodies . Werner et al
found
that HBsAg vaccine-induced immunity protects against
new infection but does not induce sterilizing immunity
in vaccinated healthcare workers with occupational
exposure to HBV, as evidenced by detection of HBcore[74]
and polymerase-specific CD8 (+) T cells .
[75-77]
According to current CDC recommendations
,
all healthcare providers and students should receive a
3 dose series of HBV vaccine followed by assessment
of HBsAb to determine vaccination immunogenicity.
Revaccination should be provided if indicated. Following
revaccination (receiving a total of 6 doses), healthcare
providers whose anti-HBs concentration is still not
protective (< 10 mIU/mL) should be evaluated for HBsAg
[54]
and anti-HBc to determine their infection status .
When considering offering a booster dose of
[78]
the vaccine, Fitzsimons et al
recommended that
vaccinees who were not tested for anti-HBs antibody
one month following vaccination or those who have
undetectable anti-HBs antibodies when tested should
be potential recipients of it. Long-term protection
is usually evaluated by 4 methods: the anamnestic
response following administration of a booster dose,
in vitro B and T cell activity evaluation, infection rate
in vaccinated populations and seroepidemiological
[68]
studies . Estimation of the incidence of break-through
infection (positive anti-HBc), as well as chronic carrier
state (positive HBsAg) among previously vaccinated
individuals, is used to determine the long-term protection
[79]
provided by the HBV vaccine . Many factors are
related to HBV vaccination non response, including age
above 40 years, male gender, impaired vaccine storage
conditions, administration of the vaccine in buttocks,
infections, obesity, drug abuse, smoking, chronic kidney/
liver diseases, human immunodeficiency virus infection,
celiac disease, thalassemia, type Ⅰ diabetes mellitus,
Down’s syndrome and other forms of mental retardation
that are characterized by a poorer response than
[66,80]
healthy subjects to HBV vaccination
. It has been
shown that development of anti-HBs in hemodialysis
patients is associated with gene polymorphisms of
[81]
interleukins involved in the Th1 system . Also, it was
found that the administration of HBV recombinant
vaccine by the intradermal route is very effective and
could be a more useful strategy and an alternative to
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[88]

conventional intramuscular vaccine in all non-responder
[80]
patients . As obesity is considered to be a major cause
of decreasing the rate of antibody production by the HBV
vaccine, recently it was reported that antibody titers
can be raised in vaccinating obese youth by using long
[82]
needles .

vaccination

What is the future HBV epidemiology after universal
mass vaccination?

In 1992, the World Health Organization recommended
that all countries integrate the hepatitis B vaccine
into their childhood national immunization programs.
By 2012, 181 countries implemented this vaccine in
their national immunization program, with the global
hepatitis B vaccine coverage estimated at 79%. 119
countries have reported > 90% vaccination coverage
with consequent decrease in the prevalence of chronic
HBV infection in children born since the r-HBsAg vaccine
[5]
was included in infant immunization schedules . It is
well recognized that the use of highly immunogenic
HBV vaccines produces long-lasting immunity. Some
of the major challenges facing current HBV vaccines
have been their inability to induce both humoral and
cellular immunity to multiple antigenic targets and
the induction of potent immune responses against the
[11]
major genotypes of HBV .
The efficacy of universal immunization has been
demonstrated in many countries, with a prominent
decrease in the prevalence of HBV carriage in children.
Moreover, HBV vaccination can protect children against
[89]
fulminant hepatitis and HCC . The success of the
vaccination programs has also now been challenged
by the discovery of mutant viruses showing amino acid
substitutions in HBsAg, which may lead to evasion of
[90]
vaccine-induced immunity . Induction of immune
escape mutants is one of the unwanted effects of the
widely used HBV vaccine. It was first described in 1990
[91]
by Carman et al
when they observed the acquiring
of HBV infection in 44 contacts of HBV carriers despite
passive and active immunization according to the
implemented standard schedules. There was partial loss
of the common “a” determinant to which the vaccineinduced immunity is mainly directed. Globally, several S
mutations that are potentially able to evade neutralizing
anti-HBs immune response and thus infect vaccinated
[40]
individuals have been recognized . Inclusion of Pres2
and Pre-S1 epitopes may be recommended in order to
reduce the emergence of such vaccine escape mutants.
Meanwhile, it was shown that selection of pre-S/S
mutants may demonstrate a relevant pathobiological
and clinical impact. HBV mutants with an antigenically
modified surface antigen may be potentially infectious
for immune-protected patients and may account for
[92]
those with occult HBV infection . On the other hand,
[40]
Romanò et al
confirmed that the overall effect of
vaccine escape mutants is likely to be low and thus does
not cause a public health threat or a need to modify the
implemented HBV vaccination programs.
The effectiveness of universal hepatitis B vaccination
is promising, although the coverage of vaccination varies
between countries. The inclusion of r-HBsAg vaccine
in the expanded programs of childhood vaccination
had a major impact on protection against the disease
and its complications and was successful in almost

Therapeutic HBV vaccine: HBV vaccines have been
recently identified as a promising therapeutic strategy
for treatment and control HBV infection in HBV carriers
[39,83]
and persistently infected patients
. Clinical trials
of its therapeutic use in chronic HBV infection rely
on using the conventional sAg based HBV vaccine.
Specific treatment by the standard anti-HBV vaccine
is effective in decreasing the replication of HBV and
inhibiting the immune tolerance to HBsAg protein in
[84]
about 50% of chronic active HBV patients . However,
it is well recognized that monotherapy with HBsAgbased immune therapy cannot lead to sustained control
[85]
of HBV replication and/or liver damage . New therapy
strategies are currently shown to provide potent and
durable antiviral immune responses in patients who can
[83]
maintain long-term control of HBV replication . Recent
research concentrates on the clinical use of combined
[85]
HBsAg- and HBcAg-based vaccines in CHB patients .
Using a duck HBV model, therapeutic DNA vacci
nation was proven to be able to enhance hepadnavirus
[86]
intrahepatic covalently closed circular DNA clearance .
It was shown in humans that HBV DNA vaccination can
specifically but transiently activate T-cell responses in
some chronic HBV carriers who showed no response to
[53]
the available HBV antiviral therapies . Obeng-Adjei et
[11]
al evaluated the use of multivalent synthetic plasmids
against HBV consensus core (HBc) and surface (HBs)
antigens genotypes A and C for their immune potential
in animal models and they found that it induced binding
antibodies to HBsAg and robust cell-mediated immunity.
The same responses to both HBc and HBs antigens
were demonstrated by inoculation of HBc-HBs cocktails
in mice and non-human primates. Besides the cytotoxic
T-lymphocyte activities exhibited by the immunized mice,
the vaccine-induced responses were broadly distributed
[11]
across multiple antigenic epitopes . Immune therapy
with HBV-related antigens (HBsAg-based vaccine) has
been used in CHB patients as a combination therapy
with cytokines, growth factors and antiviral drugs, but
proper designs of antigens, types of adjuvant, dose of
vaccinations and routes of administration need further
analyses for the development of an effective protocol
[85]
of immune therapy for HBV infection . GS-4774 is a
safe and well-tolerated recombinant, heat-killed, yeastbased immunotherapy engineered to express HBV
(HBV)-specific antigens and it is a promising therapeutic
[87]
vaccine for chronic HBV infection . Intensive research
is currently concentrated on a better understanding
of immune responses in hepatocytes, on mechanisms
by which HBV evades innate immunity and on proper
selection of patients susceptible to benefit from immune
therapy, which could increase the efficacy of therapeutic

WJH|www.wjgnet.com

.

1666

June 28, 2015|Volume 7|Issue 12|

Said ZNA et al . Hepatitis B virus induced immunity
eliminating childhood chronic HBV infection. However,
this recombinant HBV yeast derived vaccine has a
number of limitations that justify the development of
new HBV vaccines: the need for multiple doses, lack
of long-lasting immunity, incomplete protection in all
vaccinees where a group of non-responders do exist and
[45,63]
it is therapeutically ineffective
.
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Abstract
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The emerging evidence of the potentially clinical
importance of occult hepatitis B virus (HBV) infection
(OBI) increases the interest in this topic. OBI may
impact in several clinical contexts, which include the
possible transmission of the infection, the contribution
to liver disease progression, the development of
hepatocellular carcinoma, and the risk of reactivation.
There are several articles that have published on OBI in
Egyptian populations. A review of MEDLINE database
was undertaken for relevant articles to clarify the
epidemiology of OBI in Egypt. HBV genotype D is the
only detectable genotype among Egyptian OBI patients.
Higher rates of OBI reported among Egyptian chronic
HCV, hemodialysis, children with malignant disorders, and
cryptogenic liver disease patients. There is an evidence
of OBI reactivation after treatment with chemotherapy.
The available data suggested that screening for OBI must
be a routine practice in these groups of patients. Further
studies needed for better understand of the epidemiology
of OBI among Egyptian young generations after the era
of hepatitis B vaccination.
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Core tip: Hepatitis B virus (HBV) genotype D is the
only detectable genotype among Egyptian occult HBV
infection (OBI) patients. Higher rates of OBI reported
among Egyptian chronic HCV, hemodialysis, children
with malignant disorders, and cryptogenic liver disease
patients. There is an evidence of OBI reactivation
after treatment with chemotherapy. The available data
suggested that screening for OBI must be a routine
practice in these groups of patients. Further studies are
needed to understand the epidemiology of OBI among

Received: November 29, 2014
Peer-review started: December 2, 2014
First decision: January 8, 2015
Revised: January 27, 2015
Accepted: May 8, 2015
Article in press: May 11, 2015
Published online: June 28, 2015

WJH|www.wjgnet.com

1671

June 28, 2015|Volume 7|Issue 12|

Elbahrawy A et al . Occult HBV infection in Egypt
[1]

sequences highly suggested . Anti-HBc should be used,
as a less than ideal surrogate marker if highly sensitive
[1,6]
HBV-DNA testing is not feasible .
[7]
Worldwide, the prevalence of OBI is quite variable .
This variability depends on the sensitivity of the HBV
DNA detection assay, the sample size, and whether it
[8,9]
tested in the liver or the serum . There is a growing
evidence of a positive correlation between prevalence
[1,3]
of OBI and the endemicity of HBV infection . HCV
infected patients appear to be a category of individuals
[1,3]
with a higher prevalence of occult HBV . In particular,
HBV-DNA is detectable in about one-third of HBsAg[1,3]
negative HCV carriers in the Mediterranean countries .
In addition, it was suggested that OBI is highly prevalent
in HCV-infected patients with the advanced liver disease
[1]
even in areas with less HBV spread . Prevalence of
OBI appears to be fairly elevated even in patients with
the cryptogenic liver disease, particularly in those with
[1]
cirrhosis . Among blood donors, OBI appears to be a
rare occurrence in the western world. It is a frequent
[1]
incident in the developing countries . OBI rate in
hepatitis B (HB)-vaccinated children varies in different
risk groups, according to the local incidence of HBV, and
[10]
irrespective to anti-HBs sero-status.
The emerging evidence of the potentially considerable
clinical importance of occult HBV infection is the main
[11]
reason for increasing interest in this topic . OBI
may impact in several clinical contexts. The possible
[11]
transmission of the infection , the contribution to liver
[11]
disease progression , the development of hepatocellular
[11]
carcinoma (HCC) , and the risk of reactivation are the
[12-14]
most relevant contexts
.
In 2013, the Food and Drug Administration had
drawn attention to the possible fatal risk of hepatitis B
[12]
reactivation in patients receiving anti-CD20 drugs .
HBV reactivation is known to occur with a wide variety
of immune-suppressive therapies and may occur in the
[12]
context of cancer treatment , immunosuppressive
[12]
therapy for autoimmune disease and transplantation. It
[12]
is a potentially lethal condition and yet is preventable .
HBV reactivation does occur in persons who have
[12]
anti-HBc with and without anti-HBs and no detectable
[12]
HBsAg in serum . Among 100 patients undergoing
chemotherapy for non-Hodgkins lymphoma, reactivation
was noted in 2 of 45 (4%) anti-HBc positive/HBsAg
[12]
[12]
negative patients . In a study from the Brigham and
Women’s Hospital in Boston. Sixty-one patients identified
with resolved HBV infection before a hematopoietic
stem cell transplant (HSCT), (HBsAg negative, anti[12]
HBc positive) . Of these, 12 (20%) developed reverse
[12]
seroconversion . A recent systematic literature review
identified reports of 257 patients with active or recovered
[12]
HBV infection
treated with anti-tumor necrosis
[14]
factor . Reactivation detected in 5% of those who
[14]
were HBsAg negative but anti-HBc positive . These
data hint that all patients undergoing chemotherapy,
immunosuppressive therapy, HSCT or solid organ
[11]
transplantation should screen for prior HBV infection .
The use of antiviral treatment appears to diminish the

Egyptian young generations after the era of hepatitis B
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INTRODUCTION
The detection of hepatitis B virus (HBV) nucleic acid in
the blood or liver of hepatitis B surface antigen (HBsAg)
negative patients is called occult HBV infection (OBI).
The molecular basis of OBI usually attributed to the
long-term persistence viral covalently-closed-circular
[1,2]
DNA in the nuclei of the hepatocytes . The majority
of the OBI cases infected with replication-competent
HBV showing strong suppression of replication and
[1]
gene expression . The causes of this suppression
had not yet clarified, although host immune response
and epigenetic factors may play crucial roles. As a
consequence of HBV suppression, the viral load is very
low (usually below 200 IU/mL) or even undetectable in
[1]
OBI cases .
Patients with OBI can be either seropositive or
seronegative. Seropositive OBI is characterized by
positivity of anti-hepatitis B core antibody (anti-HBc)
with or without the presence of anti-hepatitis B surface
antibody (anti-HBs) while the seronegative OBI s
characterized by the negativity of both antibodies.
Sero-positive OBI constitutes the vast majority of OBI
which can be quite explained by the larger proportion of
[3]
resolved HBV infection . More than 20% of the occult
[1,3]
carriers are seronegative for all HBV markers . Whether
OBI-seronegative persons lack circulating antibodies
due to the progressive antibodies disappearance in the
years after acute infection resolution or it occurs from
[1,4]
the beginning of HBV infection is unknown . Similarly,
the difference in terms of clinical impact between OBIseropositive and OBI-seronegative individuals is entirely
obscure. What is known that OBI shows long-lasting
specific T-cell immune response against HBV epitopes
with a profile that is different between these two subsets
of individuals? In fact, while ex vivo responses are
similarly weak, in vitro T-cell expansion following specific
peptide stimulation is more efficient among seropositive
[1,5]
OBI cases than seronegative OBI cases .
The only reliable diagnostic marker of OBI is HBVDNA detection. No standardized assays for the detection
[1]
of OBI in liver tissue are available . It is strongly
[1]
recommended to utilize a highly sensitive and specific
approach, for both blood and liver analysis based on
“nested” or “real time” polymerase chain reaction (PCR)
techniques. In addition, the use of primers specific for
different HBV genomic regions and complementary
to highly conserved (genotype shared) nucleotide
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Table 1 General, and epidemiological characteristics of included studies n (%)
Ref.

Study period

Elrashidy et al[10]
Raouf et al[20]
Kishk et al[21]
Elkady et al[22]
Said et al[34]
El-Ghitany et al[31]
Youssef et al[23]
Abu El Makarem et al[18]
Elgohry et al[19]
Shaker et al[27]
Selim et al[30]
Hassan et al[54]
Emara et al[32]
Antar et al[25]
El-Sherif et al[29]
Youssef et al[26]
El-Zayadi et al[33]
Said et al[28]
1
El-Sherif et al[39]

2013-2014
2011-2013
ND
2010-2011
ND
ND
ND
ND
ND
ND
2008-2009
ND
ND
2007-2008
2005-2006
ND
2005
ND
1998-1999

Studied population

Location of the study

Healthy/diabetic children
Lower Egypt
HCV positive cancer
Lower Egypt
HCV
Lower Egypt
Hematologic malignancy
Upper Egypt
HBD
Lower Egypt
HBD and HCV-BD
Lower Egypt
CLD
Lower Egypt
HD
Upper Egypt
HD
Lower Egypt
Thalasemics
Lower Egypt
HCV
Lower Egypt
HCC
Lower Egypt
HCV
Lower Egypt
HBD
ND
HCV
Lower Egypt
CLD
Lower Egypt
HBD
Upper/lower Egypt
Hematologic malignancy and disorders
Lower Egypt
HBD
Lower Egypt

Age group

Total number

OBI rate

Children
Children
Adults
Adults
Adults
Adults
Children
Adults
Adult
Children
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Children
Adults

170
50
162
53
3167
504
24
145
93
80
60
40
155
1021
100
204
712
100
150

0 (0)
16 (32)
3 (1.85)
1 (1.88)
52 (1.64)
21 (4.16)
7 (29.2)
6 (4.1)
25 (26.9)
26 (32.5)
23 (38.3)
25 (62.5)
6 (3.9)
5 (0.48)
16 (16)
119 (58.3)
9 (1.26)
21 (21)
2 (1.3)

1

Data taken by direct contact with authors. ND: Not determined; OBI: Occult HBV; HBD: Healthy blood donors; HCV-BD: Blood donors positive for HCV;
CLD: Cryptogenic liver disease; HD: Hemodialysis; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus.
[12]

risk of severe or fatal reactivation of HB infection .
[15,16]
Egypt had a high prevalence of HCV (17.5%)
and
[16]
intermediate endemicity for HBV infection . The rising
prevalence of OBI in Egypt is not surprising. Several
reports published on OBI in Egyptian populations. We
find that it will prudent to enumerate those studies, and
review them to clarify the overall prevalence of OBI and
determine the size of that problem in Egypt.

were presumed to be the cause of OBI. The remaining
two mutations were considered silent and not the
[21]
cause of OBI. In addition Kishk et al concluded that
HBV genotype D was the only detectable genotype in
[21]
Egyptian OBI patients with chronic HCV . Among 53
HBsAg negative patients with hematologic malignancies,
5 of them (9.4%) experienced HBV reactivation. OBI
was confirmed in one of them (1.88%) (Table 1), and
[22]
all five patients had Genotype D1 . HBV-DNA detected
in 7/24 HBsAg-negative children with symptomatic
hepatic dysfunction. The G1896A mutation found in
3/7 (43%) HBsAg-negative children and all classified
[23]
as genotype D . Classically it had been concluded that
HBV genotype D is more common in the Mediterranean
[24]
area, the Middle East and India . The similarity of
OBI genotype and the reported HBV genotype in Egypt
could support the assumption that OBI infection is part
of the natural history of HBV rather than a distinct entity
of infection.

GEOGRAPHIC DISTRIBUTION OF OBI IN
EGYPT
[17]

Lehman et al
were unable to compare the HBV
prevalence between Upper and Lower Egypt due to the
inadequate number of HBV prevalence studies in Upper
[18,19]
Egypt. Similarly, only two studies
addressed OBI
prevalence in Upper Egypt (Table 1). Lower OBI rate
[18]
(4.1%)
reported among Upper Egypt hemodialysis
(HD) patients compared with HD patients in Lower Egypt
[19]
(26.9%) . HCV prevalence was significantly higher in
[17]
patients from Lower Egypt according to Lehman et al ,
which in turn confirms the positive correlation between
HCV and OBI frequencies.

OBI DISTRIBUTION AMONG DIFFERENT
AGE GROUPS
HBV prevalence is decreasing in Egyptian young
[10]
generations , which may attributed to universal HBV
vaccination. The average prevalence of HBV in Egyptian
adults is 8% while the average prevalence in children is
[10]
1.6% . OBI prevalence among Egyptian adults ranges
[25]
[26]
from 0.48%
to 58.3% , with lower prevalence
among blood donors and higher prevalence among
chronic liver disease patients (Table 1). Unexpectedly
the prevalence of OBI in children was high according
[20]
[27]
to available data. OBI detected in 32% , 32.5% ,
[28]
21%
of HCV-positive cancer children, thalassemic
and children with hematologic malignancy and disorders

OBI GENOTYPES AMONG EGYPTIANS
The genetic background of OBI studied by Raouf et
[20]
al . The researchers recruited only children with
cancer and the results pointed out that the incidence of
OBI in those patients was 32% (Table 1). All infections
were with genotype D, and 5 out of 16 OBI patients
showed some mutation in the HBV sequence. Two
patients had a mutation in the surface gene, and a
third one had mutation with a significant shift from the
wild-type genetic sequence and those three mutations
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respectively (Table 1). These high OBI rates could be
attributed to the fact that; these studies assessed OBI
in children with multiple risks for HBV transmission,
includes poly-transfusion and immunosuppression. In
addition, many children in these studies were HCV coinfected, which may explain the higher OBI prevalence
among tested children. Going with our notion Elrashidy
[10]
et al , were unable to detect OBI among HB-vaccinated
healthy children (n = 107).

the available literature data. Two studies, with a small
number of OBI patients (6 patients), addressed the
impact of OBI on the response of HCV patients to
[32]
antiviral therapy. Emara et al concluded that; detection
of OBI in chronic HCV-positive patients (n = 3) has no
impact on response to combined pegylated interferon/
[21]
ribavirin therapy. Similarly, Kishk et al . 2014 reported
OBI patients (n = 3) were responsive to combine
pegylated interferon/ribavirin therapy after 12 wk.

OBI IN HCV EGYPTIAN PATIENTS

OBI IN EGYPTIAN BLOOD DONORS

As HBV and HCV share many risk factors and the same
transmission routes, OBI detection in HCV patients
[29]
is not surprising. Indeed, El-Sherif et al
showed
that; among HBsAg-negative patients, the number of
patients with parenteral antischistosomal therapy (PAT)
is significantly higher in anti-HBc-positive HCV-positive
patients, compared with anti-HBc-negative HCV-positive
[29]
patients . They concluded that PAT transmitted both
HCV and HBV in many Egyptians. OBI prevalence in
Egyptian HCV-positive patients is 1.85% to 38.3%
[21,30]
according to the available data
(Table 1). This wide
range of OBI may be related to different study designs
as well as different HBV-DNA detection methods.
Moreover, it may related to the liver disease severity
and the immunity of the studied patients.
Occult HBV prevalence correlated with the severity of
[1]
liver disease in HCV patient , and it inflicted an adverse
[29]
[30]
impact on HCV outcome . Selim et al
found that
OBI prevalence was higher among patients with alanine
aminotransferase (ALT) flare (63.3%) in contrast with
normal ALT patients (13.3%). One hundred chronic HCV
patients negative for HBsAg subdivided into two groups
according to anti-HBc seroreactivity and tested for
[29]
OBI by El-Sherif et al . Group A included 71 patients
positive for anti-HBc and group B included 29 patients
negative for anti-HBc. HCV- patients positive for antiHBc have more severe liver disease compared with anti[29]
HBc negative patients . Although HBV-DNA in the
serum detected in 22.5% of anti-HBc-positive chronic
HCV patients, it was not detected in any of anti-HBc[29]
negative patients . There was no significant difference
in the clinical and laboratory parameters tested,
between anti-HBc-positive patients with and without
[29]
[21]
HBV-DNA in the serum . Kishk et al
examined the
difference between HCV-infected and HCV/OBI dually
infected patients in terms of proinflammatory markers,
and histopathological picture. Although they used small
sample size (3 patients) their results highlighted that OBI
associated with higher Necro inflammatory markers and
worse histopathological picture. A clear example came
[31]
from El-Ghitany et al
who compared OBI prevalence
between two groups of apparently healthy blood donors,
they found no significant difference between OBI
prevalence among both HCV-positive (3.2%) and HCVnegative (5.1%) cohorts.
One cannot perform firm conclusion about the
OBI impact on response to HCV antiviral therapy from

Occult HBV infection extensively explored in blood
[1]
donors where it appears to occur quite rarely in the
western world and more frequently in developing
[1]
countries . According to available data, OBI was
[33]
[31]
detected in 1.26%
to 4.16%
of Egyptian blood
donors (Table 1). The detection rate of OBI in Egyptian
HBsAg-negative blood donors, without known anti[31]
HBc serostatus, is relatively low (4.16%) . This rate
markedly increased when OBI tested in anti-HBc positive
[34]
donors (14.3%) . This high rate of OBI among antiHBc-positive donors is not consistent with the findings
[35-38]
of many published studies
, which ranged from
0%-6%. This high prevalence may attributed to the high
[25,33,39]
sensitivity of used assay. Out of five studies, three
[34]
used nested PCR. The fourth one
used a real time
PCR with very low detection limit (3.8 IU/mL) (Table 2),
increasing the sensitivity of OBI detection.
Little data are available about the infectivity of
OBI after a blood transfusion, although the overall
OBI transmission rate is 28% according to a recent
[40]
European study . A lower rate detected in a Taiwanese
[41]
study (18.2%). The lower transmission rate detected
among Japanese (3%) may related to exclusion of
patients with detectable levels of HBV-DNA in mini pool
nucleic acid test and those with high titer anti-HBc,
[42]
and many recipients were immune . The infectivity
of OBI assessed in a small number of Egyptian blood
[34]
recipients , where 11/34 recipients received anti-HBc
positive blood, two of them were HBV-DNA positive, and
none developed post-transfusion hepatitis. Like other
lookback studies; this study reported several difficulties
and limitations in addition to the small sample.
These data indicated that screening Egyptian
blood donors for HBsAg only is not safe and the need
for additional blood safety measures to reduce posttransfusion HBV transmission. Anti-HBc screening of
Egyptian blood donors (in addition to HBsAg) is not
practical. It could result in discarding a significant amount
[25]
of blood, where HBV-DNA not detected in 82.8% ,
[33]
[39]
[34]
88% , 90% , 93.7% of HBsAg-negative/anti-HBcpositive blood donors according to available data. On the
other hand missing anti-HBc/HBV-DNA-definite units may
[39]
have serious implication if used in blood transfusion .
Based on the high OBI rate among blood donors, we
believe that HBV-DNA testing should introduce in Egypt’s
blood banks. Whether to test HBV-DNA in a mini pool,
in all blood donors or in anti-HBc-positive donors only is
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Table 2 Methods of hepatitis B virus DNA detection in included studies
Ref.
Elrashidy et al[10]
Raouf et al[20]
Kishk et al[21]
Elkady et al[22]
Said et al[34]
El-Ghitany et al[31]
Youssef et al[23]
Abu El Makarem et al[18]
Elgohry et al[19]
Shaker et al[27]
Selim et al[30]
Hassan et al[54]
Emara et al[32]
Antar et al[25]
El-Sherif et al[29]
Youssef et al[26]
El-Zayadi et al[33]
Said et al[28]
1
El-Sherif et al[39]

HBV DNA detected in

PCR method

DNA limit of detection

Serum
Serum
Serum
Serum
Serum
Serum
Serum
Serum

Nested
Real-time and Nested
Real-time and Nested
Real-time
Real-time
Semi-nested
Real-time
Nested and Real-time for HBVDNA-positive by nested PCR
Real-time
Real-time
Semi-nested
Nested
Real-time
Real-time
Real-time
Nested
Nested
Nested
Nested

ND
ND
ND
20 IU/mL
3.8 IU/mL
45 copies/mL
10 copies/mL
6 IU/mL for real-time PCR

Serum
Serum
Serum
Liver tissue
Serum
Serum
Serum
Serum
Serum
Serum
Serum

ND
ND
45 copies/mL
ND
12 IU/mL
ND
35 copies/mL
ND
ND
ND
ND

1

Data taken by direct contact with authors. ND: Not determined; PCR: Polymerase chain reaction; HBV: Hepatitis B
virus.

debatable and attractive area for research. Similarly, the
relatively high OBI rate among Egyptian blood donors
justifies further lookback and traceback extensive study
of OBI infectivity among blood recipients.

schistosomal antibodies, liver enzymes, and serum
albumin level not associated with OBI in Egyptian hemo
dialysis patients. In addition, no significant differences
in the age, duration of hemodialysis, biochemical
parameters, and serological markers of HBV, or HBVDNA between patients with and without HCV infection.
In contrast, the presence of HBV-DNA significantly
[18]
associated with anti-HBc (P = 0.003) . These data
support the role of anti-HBc as a useful surrogate marker
for OBI in HD-patients whenever HBV-DNA testing is not
available.

OBI IN EGYPTIAN THALASSEMIC
Populations at high risk of parenterally transmitted
infection have widely investigated for OBI. Thalassemic,
are at increased risk of infectious disease transmission.
The prevalence of OBI among Egyptian thalassemic
[27]
children was found to be 32.5% (26/80) (Table 1). The
[43]
prevalence of OBI was 0% and 31.4% among Iranian
[44]
and Indian
thalassemic respectively. This variation
may mostly related to small samples size.

OBI IN EGYPTIAN CHILDREN WITH
HEMATOLOGIC MALIGNANCIES
[20]

OBI IN EGYPTIAN HEMODIALYSIS
PATIENTS
The OBI prevalence in Egyptian hemodialysis (HD)[18,19]
patients range from 4.1% to 26.9%
(Table 1).
Studies on HD-patients have provided widely divergent
results. The highest OBI prevalence (58%) in HD-patients
[45]
reported from Spain . The results reported from Turkey
[46,47]
varied from 0% to 27.5%
. Lower prevalence (3.8%)
[48]
was reported by American investigators . Studies
from Greece showed that 0.9%-20.4% of HD-patients
[49,50]
suffered from OBI
. The prevalence of OBI among
HD-patients seems to be multi-factorial and could not be
explained by one factor. It is not region specific, where
different studies reported contradictory results from the
same county. The difference in methods sensitivity and
specificity in the various studies could be the main cause
responsible for the discrepant findings.
Age, sex, history of hepatitis, blood transfusion,
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[28]

Raouf et al
and Said et al
tested OBI in children
with hematologic malignancies, and the results pointed
out that the incidence of OBI in those patients was
21%-32%, respectively (Table 1). The majority of OBI
patients were seronegative to anti-HBc which point
that anti-HBc is not sufficient to exclude OBI at least in
patients with hematologic malignancies. It believed that
hematological malignancies associated with an immune
deficiency that could preclude the synthesis of anti-HBs
and anti-HBc. Another interesting finding is the higher
OBI prevalence in HCV-infected patients.

OBI IN CRYPTOGENIC LIVER DISEASE
PATIENTS
Occult HBV infection is becoming an important disease
entity as a cause of liver disease in HBsAg negative
[26]
patients. OBI diagnosed in 58.3% of Egyptian patients
with symptomatic hepatitis (Table 1). Lower OBI
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[51]

frequency (30%) reported by Chemin et al
among
patients with chronic non-A non-E hepatitis in France.
This difference may related to the difference of HBV
prevalence in general populations of both countries.

addition screening for OBI must be a routine practice in
blood donors and poly transfused as well as cryptogenic
liver disease patients. A definitive assessment of OBI
among Egyptian blood donors needed for testing all
HBsAg-negative blood donors, instead of only testing
anti-HBc-positive patients. Further evaluation of the OBI
epidemiology among Egyptian young generations after
the era of HBV vaccination is needed. As well, studies of
OBI in Upper Egypt should be encouraged.

OBI IN EGYPTIAN HCC PATIENTS
Occult HBV infection may play a direct oncogenic role
through both its integration into the host genome and
the maintained transcriptional activity. The prevalence
of OBI in HBsAg-negative and anti-HBC-negative HCC
patients varies among the different population. It
ranges from 16% in the United States, which has a low
prevalence of chronic hepatitis B, to 70% in endemic
[52,53]
areas like china
. A high rate of OBI was found
[54]
among Egyptian HCC patients 62.55% (25/40) (Table
1). This high frequency of OBI in Egyptian patients
with HCC cannot explain the level of HBV endemicity in
Egypt. The small samples size in addition to combined
OBI and HCV infection may partially explain the higher
OBI frequency among studied HCC patients.
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Influence of gut bacteria on development and progression
of non-alcoholic fatty liver disease
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of hepatic pathology and is thought to be the hepatic
manifestation of the metabolic syndrome. In this review
we examine the effect of the human microbiome on
the components and pathogenesis of the metabolic
syndrome. We are now on the threshold of therapeutic
interventions on the human microbiome in order to effect
human disease including NAFLD.
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Core tip: The human intestine contains more bacterial
cells than mammalian cells. These have a symbiotic
relationship with the host. Non-alcoholic fatty liver
disease is the hepatic manifestation of the metabolic
syndrome and a major cause of hepatic morbidity as a
consequence of the obesity epidemic. We examine the
effect of the human microbiome on the components of
the metabolic syndrome and fatty liver and mention the
possibility of therapeutic interventions in humans.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is considered
the hepatic manifestation of the metabolic syndrome.
The metabolic syndrome is defined by clear clinical and
laboratory criteria (Table 1). NAFLD encompasses a
range of liver damage ranging from simple steatosis to
non-alcoholic steatohepatitis (NASH), fibrosis, cirrhosis
and its complications. NAFLD is present in approximately

Abstract
The intestine of the human contains a dynamic population
of microbes that have a symbiotic relationship with
the host. In addition, there is an effect of the intestinal
microbiota on metabolism and digestion. Non-alcoholic
fatty liver disease (NAFLD) is a common cause worldwide
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Table 1 The definitions of the metabolic syndrome

Absolutely required

Criteria
Obesity
Hyperglycemia
Dyslipidemia

Hypertension

NCEP ATP Ⅲ

IDF

None

Central obesity (waist circumference) ≥ 94 cm in males or ≥ 80 cm
in females European origin
≥ 90 cm in males or ≥ 80 cm in females
Central obesity plus two of the four criteria below

Any three of the five criteria below
(1) waist circumference > 40 inches in males, or > 35 inches
in females
(2) fasting glucose ≥ 100 mg/dL or treated for DM
(1) fasting glucose ≥ 100 mg/dL
(3) TG ≥ 150 mg/dL or treated for dyslipidemia
(2) TG ≥ 150 mg/dL or treated for dyslipidemia
Or
Or
(4) HDL cholesterol < 40 mg/dL in males, or < 50 mg/dL (3) HDL cholesterol < 40 mg/dL in males, or < 50 mg/dL in females
in females or under treatment
or under treatment
(5) > 130 mmHg systolic or > 85 mmHg diastolic or treated (4) > 130 mmHg systolic or > 85 mmHg diastolic or treated for HTN
for HTN

NCEP ATP Ⅲ: National Cholesterol and Education Program - Adult Treatment Panel Ⅲ; IDF: International diabetes federation; DM: Diabetes mellitus; TG:
TG: Triglycerides; HTN: Hypertension.

1/3 of the United States population, who have isolated
[1]
steatosis of the liver . Of the patients with NAFLD,
[2]
approximately 30% have NASH . NASH refers to
those patients who have developed liver inflammation
and fibrosis. It is those patients with NASH who may
[3]
develop stage 3 or 4 fibrosis (cirrhosis) .
Many factors including diet, sedentary lifestyle and
genetics have been shown to influence the progression
from steatosis through NASH to cirrhosis. However, not
all people who are obese develop NAFLD and neither
are all patients with NAFLD obese.

in the transfer of the adiposity phenotype of the donor
[11]
twin . Thus, the transfer of human fecal microbiota
to GF mice may result in the development of human
diseases and provide an experimental study system.

INTESTINAL MICROBIOTA ARE RELATED
TO OBESITY AND INSULIN RESISTANCE
The gut microbiota is now recognized as contributing
[12]
to obesity and NAFLD . GF mice have been found to
gain less weight than conventional mice after being fed
a high sugar and fat diet in spite of a higher amount
[13,14]
of food consumption
. Furthermore, GF mice on an
[15]
HFD develop an increase in insulin sensitivity
and
GF mice colonized with conventional mouse intestinal
[13]
microbiota develop an increase in body fat content .
There are, however, wide variations in the development
[16,17]
of HFD-associated features
, but the responsible
factors are still undefined.
The insulin resistance index can be transferred
[18]
by gut microbiota transplantation . Gut microbiota
affects both macrophage fat accumulation and systemic
[19]
glucose metabolism by different mechanisms . In
a diet-induced obesity mouse model, administration
of antibiotics improved fasting glycemia and insulin
resistance independently of both food intake or adi
[20]
posity . Furthermore the improved insulin sensitivity
correlated with less hepatic lipogenesis and steatosis
[21]
in the antibiotic-treated mice . Taken together, these
findings suggest that the gut microbiota influences both
host glucose metabolism and liver function.
A study in humans showed that transfer of intes
tinal microbiota from lean donors to males with the
metabolic syndrome resulted in increased insulin sensi
[21]
tivity . Dietary factors and changes in diet influence
the composition of the microbiome. The intestinal
microbiota of obese individuals has a different microbial
diversity compared to lean persons. They have less
[22]
Bacteroides and more Firmicutes . Furthermore,
an HFD increases the proportion of Gram-negative to

GUT MICROBIOTA
The intestinal microbiome is attracting an increasing
[4]
amount of attention . It is becoming apparent that there
is a symbiotic relationship between the intestine and
its microbiota and that disturbance in this relationship
can be associated with the pathogenesis of many
disorders. The most striking example of such an asso
ciation is Clostridium difficile infection, for which fecal
transplantation from healthy donors is now an accepted
[5]
treatment .
Distinct gut microbiota profiles are linked with specific
metabolomes. Ninety-five percent of the gut microbiota
of humans consists of the Firmicutes, Bacteroidetes
and Actinobacteria phyla. The species level of the
human microbiota, however, has higher diversity, with
approximately 200 highly prevalent and up to 1000 less
[6]
common bacterial species . In humans as in mice, each
[7]
individual has an unique bacterial species profile . The
gut bacteria may alter in response to a high fat diet (HFD),
which could be responsible for some of the responses to
an HFD.
Bacteria from human stools can be transferred to
germ free (GF) mice and result in a similar microbiome
[8]
in the host mice . This can result in the appearance
of human gut enzymatic activities in GF rodents after
[9,10]
human fecal transplantation
.
Recently, the transfer of human gut microbiome from
obesity discordant twins to GF mice was shown to result
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Gram-positive microbes, resulting in the production
of lipopolysaccharide (LPS) which is responsible for
[23]
inflammation . Gram-positive microbes are increased
[24]
following the administration of prebiotics . A prebiotic
is a nondigestible food substrate which increases the
growth of intestinal bacteria that can result in health
benefits for the host.
The intestinal microbiome in obesity has an increased
capacity to extract energy from the host diet. Bacterial
enzymes extract calories from otherwise indigestible
[25]
dietary polysaccharides . Enteric bacteria suppress the
synthesis and secretion of small intestinal fasting-induced
adipocyte factor, resulting in an increased activity of
[13,14]
lipoprotein lipase and increased liver triglyceride
.
GF lean mice that were resistant to becoming obese
on a fat-enriched diet had an increase of phosphorylated
adenosine monophosphate-activated protein kinase
(AMPK) in both the skeletal muscle and liver. AMPK
phosphorylates acetyl coenzyme A (CoA) carboxylase,
resulting in decreased malonyl CoA levels. Malonyl CoA
controls the rate-limiting step of long-chain fatty acyl
CoA entry to the mitochondria by blocking carnitine
palmitoyltransferase which promotes the oxidation of
[14,26]
fatty acid and results in a lower storage of fat
.
Thus, the intestinal microbiome has an effect on
both obesity and insulin resistance, as well as hepatic
fat content.

and endotoxins. Obese animals have been shown to
have higher levels of alcohol in breath tests than thin
[34]
animals . Alcohol reaches the liver via the portal blood
[35]
and can cause triglyceride accumulation in hepatocytes .
In addition, alcohol may provide the “second hit” to the
liver for making the transformation from steatosis to
[36]
steatohepatitis .
Choline may also be involved in the development of
NAFLD and NASH. It is well known that choline deficiency
[37]
may result in chronic liver disease . In animal models
choline-deficient diets were utilized, but it is now known
that choline deficiency can exist while there is a diet that
is not deficient. HFDs produce intestinal microbiota that
converts dietary choline into methylamines. This results
in a reduction of serum level of phosphatidylcholine which
[26]
can cause NASH . Phosphatidylcholine is important for
[38]
the production of very low-density lipoprotein (VLDL)
and thus choline deficiency secondary to the intestinal
microbiome will result in lower hepatic secretion of VLDL
and result in triglyceride accumulation in hepatocytes.
The products of the intestinal microbiota are also
implicated in the development of NAFLD and NASH.
[39]
Endotoxemia has been found in patients with NASH .
Toll-like receptor 4, a receptor for LPS, in hematopoieticderived cells is necessary for the development of hepatic
[40]
steatosis but not for obesity in mice . Mice that are
deficient in sensing pathogen-associated molecular
patterns (PAMPs) or downstream signaling are resistant
[41,42]
to NASH
.
The microbial products reach the liver via the portal
vein and cause inflammation. Mice that are genetically
obese are more sensitive to endotoxin-induced hepa
totoxicity and develop steatohepatitis after being exposed
[43]
to low doses of LPS . NAFLD patients have an increased
intestinal permeability and changes in the intestinal tight
[31]
junctions, as compared to healthy individuals . The
increased permeability, in combination with bacterial
overgrowth, increases the hepatic exposure to endotoxins.
Alteration of the fecal microbiome by administration
of probiotics has been shown to decrease the amount of
intrahepatic triglyceride content in addition to a decrease
[30]
in Firmicutes and an increase in Bacteroidetes . A
meta-analysis of the published trials of probiotics in
patients with NAFLD, showed a reduction in serum
transaminases, total cholesterol, tumor necrosis factor-α
[44]
and an improvement in insulin resistance .
Dysbiosis can induce intestinal inflammation. Indeed
GF mice are protected from inflammation of the small
[45]
intestine . Mice deficient in Nlrp3 and Nlrp6 are unable
to form cytoplasmic multiprotein complexes composed
of nucleotide-binding domain and leucine-rich repeatcontaining proteins (NLR) family, inflammasomes. Inflam
masomes are sensors of exogenous PAMPs that regulate
cleavage of precursors of inflammatory cytokines
including pro-interleukin 1 beta (pro-IL1β) and proIL18. In mice, loss of Nlrp3 and Nlrp6 inflammasomes
is associated with intestinal dysbiosis and colonic
inflammation via CCL5. Dysbiosis is linked to an increase
[46]
in Prevotella . The consequent translocation of bacteria

GUT MICROBIOTA AND NAFLD
In view of the intimate connection between the metabolic
syndrome with its concomitant insulin resistance and
NAFLD, it is expected that there is an effect of the
intestinal microbiome on NAFLD.
The fecal microbiota in NAFLD and NASH patients
has been examined using quantitative polymerase chain
reaction (PCR) and deep sequencing of a conserved
[27-30]
region in the bacterial 16S ribosomal RNA gene
.
A recent review provides a summary of the changes
in the intestinal microbiota associated with NAFLD and
[12]
NASH . Many of these studies have variable and often
contradictory findings. This may be due to differences
in patient mix, methodology and documentation of liver
disease.
In addition to the mixture of bacteria in the colon,
patients with obesity or NAFLD have more small intestinal
[31,32]
bacterial overgrowth
. Small intestinal bacterial
overgrowth was found in 50% of patients with NASH,
[33]
significantly more than that in a control population .
The intestinal permeability and bacterial overgrowth were
shown to be related to the degree of hepatic steatosis
[31]
but not inflammation or fibrosis .
However, it is not clear if the assessment of small
bowel bacterial overgrowth by breath tests is accurate
since an estimate of total fecal bacterial count by realtime PCR did not detect any difference between healthy
[28]
controls and patients with NAFLD and NASH .
Possible mediators of the link between the enteric
microbiome and the host include alcohol, choline
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Colon lumen

HFD

Dysbiosis

ETOH

SBIO

Bacterides ↑
Firmicules ↓
Oligo + MS
Dietary choline

Dietary fiber
SCFA

Intestinal epithelium
TMA

Liver
Fiaf inhibition

CCL-5 ↑
Choline

LPL inhibition

Intestinal permeability ↑
VLDL efflux

FFA ↑

Microbial endotoxins
Steatosis

Figure 1 The effect of the intestinal microbiota on non-alcoholic fatty liver disease. High fat diets (HFD) produce dysbiosis and small bowel intestinal
overgrowth (SBIO). There is an increase in energy extraction and fermentation of dietary fibers to oligo- and mono-saccahrides and short chain fatty acids (SCFA).
There is also an increase in ethanol (ETOH) production. The microbiota metabolize choline to trimethylamine (TMA). There is a choline deficiency which decreases
very low-density lipoprotein (VLDL) efflux and hepatic steatosis. In addition the intestinal microbiota suppresses the production of fasting induced adipocyte factor (Fiaf)
in intestinal epithelia, which increases the activity of lipoprotein lipase and the levels of free fatty acids (FFA). Dysbiosis results in a disruption of tight junctions in the
enterocytes via chemokine (C-C motif) ligand 5 (CCL-5). The resulting increase in intestinal permeability results in the translocation of microbial products to the liver
and inflammation; MS: Monosaccharides; LPL: Lipoprotein lipase.

leads to an increase in bacterial products including LPS
and bacterial DNA in the portal vein. The ensuing hepatic
inflammatory response promotes progression of NAFLD
to NASH (Figure 1). This change in phenotype can be
transmitted by co-housing wild-type and NASH-prone
[46]
mice .
Thus, intestinal dysbiosis can induce colonic inflam
mation and bacterial translocation which accelerates the
progression of simple steatosis to NASH. As a result of
these findings attention is beginning to be directed at
fecal microbiota transplantation (FMT). FMT was first
[47]
used in China more than 1500 years ago . In 1958, 4
cases of treatment of pseudomembranous colitis by fecal
[48]
enemas were reported . This is now an established
[49]
treatment . At present there is only one report of FMT
[21]
for metabolic syndrome. Vrieze et al
reported 18
patients with the metabolic syndrome who underwent a
stool transplant that was either autologous or from lean
healthy volunteers. Six weeks following the FMT there
was a significant increase in insulin sensitivity together
with an increase in the levels of butyrate-producing
intestinal microbiota.
In summary, there appears to be an effect of the
fecal microbiome on the development of the metabolic
syndrome and its hepatic manifestation NAFLD and
NASH. Further investigation of this relationship will
increase our understanding of this connection. There
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is evidence that manipulation of the fecal microbiome
may result in a change in the metabolic syndrome and
an improvement in the features of NAFLD. This needs
to be explored further in order to investigate if there will
be an improvement in clinically significant end points.
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Abstract

Takamasa Ohki, Koki Sato, Tomoharu Yamada, Mari
Yamagami, Daisaku Ito, Koki Kawanishi, Kentaro Kojima,
Michiharu Seki, Nobuo Toda, Kazumi Tagawa, Department
of Gastroenterology, Mitsui Memorial Hospital, Tokyo 101-8643,
Japan

AIM: To elucidate the efficacies of tolvaptan (TLV)
as a treatment for refractory ascites compared with
conventional treatment.
METHODS: We retrospectively enrolled 120 refractory
ascites patients between January 1, 2009 and Septe
mber 31, 2014. Sixty patients were treated with oral TLV
at a starting dose of 3.75 mg/d in addition to sodium
restriction (> 7 g/d), albumin infusion (10-20 g/wk), and
standard diuretic therapy (20-60 mg/d furosemide and
25-50 mg/d spironolactone) and 60 patients with large
volume paracentesis in addition to sodium restriction
(less than 7 g/d), albumin infusion (10-20 g/wk), and
standard diuretic therapy (20-120 mg/d furosemide and
25-150 mg/d spironolactone). Patient demographics
and laboratory data, including liver function, were
not matched due to the small number of patients.
Continuous variables were analyzed by unpaired t -test
or paired t -test. Fisher’s exact test was applied in cases
comparing two nominal variables. We analyzed factors
affecting clinical outcomes using receiver operating
characteristic curves and multivariate regression
analysis. We also used multivariate Cox’s proportional
hazard regression analysis to elucidate the risk factors
that contributed to the increased incidence of ascites.
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RESULTS: TLV was effective in 38 (63.3%) patients.
The best cut-off values for urine output and reduced
urine osmolality as measures of refractory ascites
improvement were > 1800 mL within the first 24 h and
> 30%, respectively. Multivariate regression analysis
indicated that > 25% reduced urine osmolality [odds
ratio (OR) = 20.7; P < 0.01] and positive hepatitis C
viral antibodies (OR = 5.93; P = 0.05) were positively
correlated with an improvement of refractory ascites,
while the total bilirubin level per 1.0 mg/dL (OR = 0.57;
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P = 0.02) was negatively correlated with improvement.

treatment of hypervolemic or euvolemic hyponatremia
in patients with heart failure, cirrhosis or syndrome
[6,7]
of inappropriate antidiuretic hormone . Inhibition
of the vasopressin V2 receptor by TLV prevents the
insertion of aquaporin 2 water channels into the apical
cell membrane of the collecting duct, which increases
free water excretion without significantly affecting
[8]
urinary sodium or potassium secretion . This allows for
reduced water retention with elevated serum sodium
levels, which is an ideal outcome in decompensated
liver cirrhosis patients with refractory ascites.
In Japan, the addition of TLV to conventional diuretic
therapy has been useful for the treatment of refractory
ascites. A phase 3 study showed a remarkable reduction
in ascites with a median loss of 2 kg body weight
compared with the placebo controls. However, the
administration of TLV was limited to 7 d because of the
[9]
study design , and since decompensated cirrhosis is
a progressive disease, even transient improvement of
refractory ascites could eventually result in uncontrolled
ascites.
Our principal objective was to conduct an obser
vational retrospective study to elucidate the clinical
outcomes of TLV. These outcomes included assessing
the safety and efficacy of long-term administration,
determining the effectiveness cut-off level, and identifying
factors that contribute to improved refractory ascites
in a clinical setting. In addition, since decompensated
cirrhosis is a progressive disease, we examined the
time to progression by comparing TLV to conventional
treatment.

In comparing the TLV group and controls, only the
serum sodium level was significantly lower in the TLV
group (133 mEq/L vs 136 mEq/L; P = 0.02). However,
there were no significant differences in the other
parameters between the two groups. The cumulative
incidence rate was significantly higher in the control
group with a median incidence time of 30 d in the TLV
group and 20 d in the control group (P = 0.01). Cox
hazard proportional multivariate analysis indicated that
the use of TLV (OR = 0.58; P < 0.01), uncontrolled
liver neoplasms (OR = 1.92; P < 0.01), total bilirubin
level per 1.0 mg/dL (OR = 1.10; P < 0.01), and higher
sodium level per 1.0 mEq/L (OR = 0.94; P < 0.01)
were independent factors that contributed to incidence.
CONCLUSION: Administration of TLV results in better
control of refractory ascites and reduced the incidence
of additional invasive procedures or hospitalization
compared with conventional ascites treatments.
Key words: Refractory ascites; Tolvaptan; Paracentesis;
Decompensated cirrhosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Tolvaptan (TLV) was effective in 38 (63.3%)
refractory ascites patients. The best cut-off values for
urine output and reduced urine osmolality as measures
of refractory ascites improvement were > 1800 mL
within the first 24 h and > 30%, respectively. The
cumulative incidence rate was significantly higher in the
control group with a median incidence time of 30 d in the
TLV group and 20 d in the control group. Administration
of TLV results in better control of refractory ascites and
reduced the incidence of additional invasive procedures
or hospitalization compared with conventional ascites
treatments.

MATERIALS AND METHODS
Study design

A single center, open label, observational retrospective
study was conducted in Mitsui Memorial Hospital (Tokyo,
st
Japan) between January 1 2009 and September 30
2014. The last follow-up date was October 31 2014.

Ohki T, Sato K, Yamada T, Yamagami M, Ito D, Kawanishi K,
Kojima K, Seki M, Toda N, Tagawa K. Efficacy of tolvaptan
in patients with refractory ascites in a clinical setting. World J
Hepatol 2015; 7(12): 1685-1693 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i12/1685.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i12.1685

Inclusion criteria

This study enrolled liver cirrhosis patients 20-80
years of age with refractory ascites who had been
receiving loop diuretic and/or anti-aldosterone agents.
Refractory ascites was defined as follows: existence
of ascites detected by ultrasound under the treatment
of a loop diuretic at a daily dose equivalent to ≥ 40
mg/d furosemide and ≥ 25 mg/d spironolactone, a
loop diuretic at a daily dose equivalent to ≥ 20 mg/d
furosemide and ≥ 50 mg/d spironolactone, or a loop
diuretic alone at a daily dose equivalent to ≥ 60 mg/d
furosemide. Patients were required to be hospitalized or
to be available for hospitalization during the treatment
period. Exclusion criteria were existence of hepatic
encephalopathy, inability to take oral medication, or end
stage renal disease on hemodialysis.

INTRODUCTION
Hepatic edema and ascites are common complications
[1,2]
in decompensated liver cirrhosis patients . Refractory
ascites is defined as non-responsiveness to sodium
dietary restriction and high dose diuretic therapy that
[3]
occurs in 15%-20% of all ascites patients . Refractory
ascites is also associated with a poor quality of life (QOL)
[4,5]
and prognosis due to restricted treatment options .
Tolvaptan (TLV) is a new oral, selective vasopressin
V2 receptor antagonist originally developed for the
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Statistical analysis

TLV until September 30, 2014. We included another
60 refractory ascites patients treated with conventional
large volume paracentesis as a control group from
our liver disease database between January 1, 2009
and September 30, 2012. Patient demographics and
laboratory data, including liver function, were not
matched due to the small number of patients. The final
analysis included 120 patients.

Therapeutic protocol

Sixty patients received oral TLV at a starting dose of
3.75 mg/d in addition to sodium restriction (> 7 g/d),
albumin infusion (10-20 g/wk), and standard diuretic
therapy (20-60 mg/d furosemide and 25-50 mg/d
spironolactone). Patients could drink water without
restriction. The dose of TLV was increased to 7.5 mg/d
if insufficient effects were seen. Because the effect
[9]
of TLV is closely related to serum creatinine levels ,
in some patients with poor renal function, the TLV
dose was increased to 15.0 mg/d as directed by the
primary physician. TLV was discontinued if patients
had encephalopathy, hematemesis, hemodialysis or
side effects of > grade 3 assessed using the common
terminology criteria for adverse events (CTCAE) version
4.0 or if the patients were unable to take the medication
orally. If there were no improvements with TLV, the
patients received large-volume paracentesis as a rescue
treatment for refractory ascites.
The control patients received conventional large
volume paracentesis as a treatment for refractory
ascites in addition to sodium restriction (less than 7 g/d),
albumin infusion (10-20 g/wk), and standard diuretic
therapy (20-120 mg/d furosemide and 25-150 mg/d
spironolactone). In all cases, total paracentesis was
achieved by removal of all ascites by supplementing
10-20 g albumin per each liter exceeding 5 L. If ascites
re-accumulated during the follow-up period, largevolume paracentesis was repeated.

RESULTS
Characteristics of patients treated with TLV

Sixty patients were treated with TLV. The demographics
and other baseline characteristics of these patients
are shown in Table 1. The mean dosing period was
54 d, and the mean observational period was 168 d.
There were 27 (45.0%) Child-Pugh class C patients
and 26 (43.3%) patients who had uncontrollable liver
neoplasms, defined as TNM stage 3, 4a or 4b. There
were four patients with a small amount of ascites who
had severe hepatic hydrothorax. The mean estimated
glomerular filtration rate (eGFR) was 43.1 mL/min per
2
1.73 m , which indicated the existence of moderate
chronic kidney disease.

Changes after administration of TLV

Body weight was significantly reduced during the
treatment period. The median reduction in bodyweight
was 3 kg (P < 0.01), and 38 (63.3%) patients had
improved bloating sensation or respiratory discomfort
or achieved a > 2-kg weight reduction (Figure 1).
The serum sodium concentration increased, peaking
3 d after administration of TLV. The median elevated
serum sodium concentration was 4.5 mEq/L (P < 0.01,
Figure 2). The eGFR was decreased significantly after
2
administration of TLV from 43.1 mL/min per 1.73 m
2
to 38.1 mL/min per 1.73 m (P < 0.01, Figure 3). The
minimum urine osmolality was markedly reduced 7 d
after administration of TLV with a 34% reduction in the
urine osmolality rate (Table 2).

Efficacy assessment

In the TLV-treated group, the primary endpoint was
improvement of symptoms, such as bloating sensation
or respiratory discomfort, or a > 2-kg reduction in body
weight. We also assessed factors that contributed to
the effectiveness of TLV by comparing the TLV-treated
group with the controls. The primary endpoint was the
cumulative incidence rate. In the controls, all ascites
was removed transiently by large volume paracentesis.
The cumulative incidence rate was defined as the
necessity of an additional invasive procedure to treat
refractory ascites, including large volume paracentesis,
or admission for the treatment of refractory ascites. The
secondary endpoint was overall survival rate.

Follow-up of TLV treated patients

Safety assessment

The median follow-up period was 168 d. During this
follow-up period, 33 of 38 patients (86.8%) treated
with TLV who improved then experienced exacerbated
symptoms, such as bloating sensation or respiratory
discomfort, or an increase in body weight, which

Patients were monitored throughout the study period,
and any incidences of adverse events or deaths were
recorded. Adverse events were evaluated using CTCAE
version 4.0.

WJH|www.wjgnet.com

th

Data was expressed as medians (25-75 percentile
range) or means ± SD deviations, unless otherwise
indicated. Continuous variables were analyzed by
unpaired t-test or paired t-test. Fisher’s exact test was
applied in cases comparing two nominal variables.
We applied receiver operating characteristic (ROC)
curve analysis to determine the ideal cut-off levels that
indicate the potency of TLV. Univariate and multivariate
logistic regression analyses were used to assess the
predictors for improvement of refractory ascites by TLV.
The cumulative incidence rate and survival rate were
estimated using the Kaplan-Meier method compared with
the log-rank test. We used univariate and multivariate
Cox’s proportional hazard regression analysis to elucidate
the risk factors that contributed to the increased
incidence of ascites. Differences with a P < 0.05 were
considered statistically significant. Data processing and
analysis were performed using StatView version 5 (SAS
institute, Cary, NC, United States).
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(kg)
110

Median (min - max)
58 kg (39-102 kg)

61 kg (39-102 kg)

mEg/L
155
150

100

P < 0.01
Paired t -test

90
80

145

135

60

130

50

125

40

120
Before administration

135 mEg/L (126-141 mEg/L)

140

70

30

134 mEg/L (116-143 mEg/L)

Median (min - max)
138.5 mEg/L(127-148 mEg/L)

115

After administration

Figure 1 The median reduction in body weight was 3 kg (P < 0.01) during
the tolvaptan treatment period.

Before administration

After 24 h

After 3 d

Figure 2 The serum sodium concentration peaked 3 d after administration
of tolvaptan. The median elevated serum sodium concentration was 4.5 mEq/L.

Table 1 Baseline characteristics of the patients treated with tolvaptan and controls
TLV group (n = 60)

Characteristic
Age (yr)
Male
Bodyweight (kg)
HCV antibody positive
Child-Pugh class C
Refractory ascites
Hepatic hydrothorax
Liver neoplasms stage 3, 4a, or 4b
Serum albumin (g/dL)
Total bilirubin (mg/dL)
ALT (IU/L)
Serum creatinine (mg/dL)
eGFR (mL/min per 1.73 m2)
Serum sodium (mEq/L)
Platelet count (× 103/μL)
Prothrombin activity (%)

67.1 ± 11.2
46 (76.7%)
61 (54-69)
36 (60.0%)
27 (45.0%)
56 (93.3%)
32 (53.3%)
26 (43.3%)
2.8 (2.5-3.1)
2.7 (0.7-3.1)
42 (20-44)
1.40 (0.90-1.61)
43.1 (31.0-62.7)
133 (130-136)
114 (58-147)
58.7 (45.0-70.0)

Controls (n = 60)
69.5 ± 9.0
46 (76.7%)
64 (55-73)
35 (58.3%)
24 (40.0%)
60 (100%)
29 (48.3%)
25 (41.7%)
2.8 (2.5-3.1)
2.8 (1.1-3.6)
36 (20-53)
1.45 (0.78-1.59)
49.8 (33.5-67.8)
136 (132-139)
95 (69-139)
57.3 (42.3-70.2)

P
0.21
1.00
0.58
1.00
0.71
0.12
0.72
1.00
0.98
0.81
0.27
0.30
0.95
0.02
0.80
0.71

ALT: Alanine aminotransferase; eGFR: Estimated glomerular filtration rate; HCV: Hepatitis C virus;
TLV: Tolvaptan.

2

mL/min per 1.73 m
160

43.1 (11.4-142.8)

140
120
100

Table 2 Changes in the urine volume and osmolality after
administration of tolvaptan

Median (min - max)
38.1 (11.4-109.8)

TLV group (n = 60)

P < 0.01
Paired t -test

24 h urine volume (mL)
24 h water intake (mL)
Pre-urine osmolality (OSM)
Time to achieve the minimum urine osmolality (d)
The minimum urine osmolality (OSM)
Pre-post-urine osmolality rate (%)

80
60
40
20
0

1844 (1200-2400)
1231 (894-1463)
417 (366-487)
7 (2-6)
274 (230-311)
66 (55-79)

OSM: Osmole; TLV: Tolvaptan.
Before administration

After administration

TLV adverse events during the hospitalization period

Figure 3 The estimated glomerular filtration rate significantly decreased
after administration of tolvaptan from 43.1 to 38.1 mL/min per 1.73 m2.

Patients received TLV while hospitalized for 6-8 d.
Adverse events were observed in 19 (31.7%) patients
during the hospitalization period. The most common
adverse event was thirst. Polydipsia was observed in 14
(23.3%) patients (CTCAE grade 1 to 2). There were no
other severe side-effects higher than grade 3 as defined
by CTCAE version 4 during the hospitalization period;
CTCAE grade 2 tachycardia was seen in 1 patient,

indicates the progression of ascites. The median time to
progression was 48 d. Although administration of TLV
transiently improved refractory ascites, decompensated
cirrhosis is a progressive disease that will eventually lead
to the development of uncontrolled ascites.
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Table 3 Comparison of baseline characteristics (effective vs ineffective with tolvaptan)
Characteristic

Effective (n = 38)

Dosing period (d)
TLV (mg/d)
Age (yr)
Male
Bodyweight (kg)
1
Bodyweight (kg)
HCV antibody positive
Child-Pugh class C
Refractory ascites
Hepatic hydrothorax
Liver neoplasms stage 3, 4a, or 4b
Serum albumin (g/dL)
Total bilirubin (mg/dL)
ALT (IU/L)
Serum creatinine (mg/dL)
eGFR (mL/min per 1.73 m2)
Serum sodium (mEq/L)
Platelet count (× 103/μL)
Prothrombin activity (%)

Ineffective (n = 22)

73 (12-109)
7.5 (7.5-7.5)
66.7 ± 11.1
33 (86.8%)
62 (54-68)
3.6 (2.1-4.7)
27 (71.1%)
11 (28.9%)
35 (92.1%)
21 (55.3%)
11 (28.9%)
2.9 (2.6-3.2)
1.7 (0.7-1.9)
37 (20-41)
1.53 (0.89-2.09)
49.8 (26.7-62.7)
134 (132-138)
107 (58-144)
61.5 (46.3-73.2)

22 (7-36)
7.5 (7.5-7.5)
67.0 ± 11.4
13 (59.1%)
60 (48-71)
0.2 (0.1-0.8)
9 (40.9%)
16 (72.7%)
32 (95.5%)
11 (50.0%)
15 (68.2%)
2.7 (2.3-3.0)
4.5 (1.5-6.3)
50 (25-77)
1.17 (0.95-1.40)
51.7 (34.6-62.5)
131 (128-136)
127 (65-190)
53.8 (41.2-64.2)

P
0.02
0.36
0.95
0.02
0.58
< 0.01
0.03
< 0.01
1.00
0.79
< 0.01
0.20
< 0.01
0.18
0.11
0.80
0.03
0.27
0.10

1

Reduction. ALT: Alanine aminotransferase; eGFR: Estimated glomerular filtration rate; HCV:
Hepatitis C virus; TLV: Tolvaptan.

Table 4 Comparison of the changes after administration of tolvaptan (effective vs
ineffective with tolvaptan)
Effective (n = 38) Ineffective (n = 22)
1

Bodyweight
24 h urine volume (mL)
24 h water intake (mL)
Pre-urine osmolality (OSM)
Time to achieve the minimum urine osmolality (d)
The minimum urine osmolality (OSM)
Pre-post-urine osmolality rate (%)

3.6 (2.1-4.7)
2154 (1448-2516)
1238 (800-1429)
445 (411-485)
7 (3-9)
251 (213-288)
58 (51-69)

0.2 (0.1-0.8)
1352 (871-1675)
1235 (1000-1463)
417 (335-495)
4 (1-6)
313 (256-359)
78 (66-90)

P
< 0.01
< 0.01
0.96
0.42
0.02
< 0.01
< 0.01

1

Reduction. OSM: Osmole.

CTCAE grade 2 fatigue in 1 patient, CTCAE grade 2
cough in 1 patient, and CTCAE grade 2 acute kidney
injury in 1 patient. One patient discontinued TLV due to
the necessity for frequent blood tests. During the entire
follow-up period, 8 (13.3%) patients developed hepatic
encephalopathy. However, it is difficult to determine
whether this was due to adverse events or the natural
course of decompensated cirrhosis.

between the two groups after administration of TLV (Table
4). Urine volume recorded at 24 h after administration
of TLV was significantly higher in the effective group
(2154 mL vs 1352 mL; P < 0.01). The minimum urine
osmolality was also significantly lower in the effective
group (251 osmole vs 313 osmole; P < 0.01). The time
to reach minimum urine osmolality was significantly
longer in the effective group (median: 7 d vs 4 d; P =
0.02).

Comparison of TLV effectiveness

There were 38 patients who had improved symptoms,
such as a bloating sensation or respiratory discomfort,
or a loss of 2 kg body weight. There were significant
differences in TLV effectiveness related to the proportion
of male patients, comorbidity with hepatitis C virus
(HCV), severe liver dysfunction, and uncontrolled liver
neoplasms. Blood tests showed significantly higher
levels of serum bilirubin and lower levels of sodium in
patients in whom TLV was ineffective (Table 3).

eGFR analysis to determine the cut-off level

Comparison of the changes between effective and
ineffective patients after administration of TLV

Multivariate regression analysis to elucidate the factor
contributing to improved refractory ascites

Figure 4A indicated that a reduction in urine osmolality
over 25% was the single best cut-off level to clarify
the improvement of refractory ascites with 89.5%
sensitivity and 59.1% specificity. A combined measure
of urine > 1800 mL within the first 24 h and a reduction
in urine osmolality > 30% were the best cut-off levels
to clarify refractory ascites improvements with 84.2%
sensitivity and 81.8% specificity (Figure 4B).

Multivariate regression analysis was performed to

We evaluated the changes in urine volume and osmolality
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Figure 4 Receiver operating characteristic analysis. A: A reduction in urine osmolality > 25% was the single best cut-off level for improvement of refractory ascites
with 89.5% sensitivity and 59.1% specificity; B: A combination of urine output > 1800 mL within the first 24 h and a 30% reduction in urine osmolality were the best cutoff levels for improvement of refractory ascites with 84.2% sensitivity and 81.8% specificity.
1.0

Table 5 Multivariate regression analysis assessing the effec
tiveness of tolvaptan

0.8
0.6

TLV n = 60
Controls n = 60

0.4
0.2

P = 0.01

0.0
0

50

100

150

200

250

300

Variables

HR (95%CI)

P

Reduction of urine osmolality over 25%
Age (yr)
HCV antibody positive
Uncontrollable liver neoplasms
Total bilirubin (per 1.0 mg/dL)
Na (per 1.0 mEq/mL)

20.7 (3.26-132)
1.00 (0.93-1.08)
5.93 (1.01-34.8)
0.68 (0.03-1.20)
0.57 (0.35-0.93)
0.99 (0.84-1.17)

< 0.01
0.91
0.05
0.21
0.02
0.93

HCV: Hepatitis C virus.

350

t /d

ascites, including large volume paracentesis, or hospital
admission for the treatment of refractory ascites. The
cumulative incidence rate was significantly higher in the
control group, with a median incidence time of 30 d in
the TLV group and 20 d in the control group (P = 0.01,
Figure 5).

Figure 5 The cumulative incidence rate was significantly higher in the
control group, with a median incidence time of 30 d in the tolvaptan group
and 20 d in the control group.

evaluate the factors found to be significant in univariate
analysis. As a result, a reduction in urine osmolality
> 25% [odds ratio (OR) = 20.7; P < 0.01] and the
presence of positive HCV antibodies (OR = 5.93; P =
0.05) were positively correlated with an improvement of
refractory ascites, while the total bilirubin level per 1.0
mg/dL (OR = 0.57; P = 0.02) was negatively correlated
with improvement (Table 5).

Factors affecting the incidence of refractory ascites

We used univariate and multivariate Cox’s proportional
hazard regression analysis to elucidate the risk factors
predicting incidence. Cox hazard proportional multivariate
analysis indicated that the use of TLV (OR = 0.58; P <
0.01), uncontrolled liver neoplasms (OR = 1.92; P <
0.01), a total bilirubin level per 1.0 mg/dL (OR = 1.10; P
< 0.01), and a higher sodium level per 1.0 mEq/L (OR =
0.94; P < 0.01) were independent factors contributing to
the incidence of refractory ascites (Table 6).

Comparing the patients backgrounds between the TLV
group and historical controls

Due to the small number of patients, their backgrounds
and laboratory data, including liver function, were not
matched. In comparing the TLV group and controls, only
the serum sodium level was significantly lower in the TLV
group (133 mEq/L vs 136 mEq/L; P = 0.02). However,
there were no significant differences in the other
parameters between the two groups (Table 1).

Cumulative survival rate

There was no significant difference in cumulative
survival rate between the TLV group (median survival
time = 121 d) and control group (median survival time
= 123 d; P = 0.57, Figure 6).

Cumulative incidence rate

DISCUSSION

The cumulative incidence rate was defined as the need
for an additional invasive procedure to treat refractory
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Table 6 Cox’s proportional hazard multivariate regression
analysis assessing the factors contributing to the incidence of
refractory ascites

0.8
Controls n = 60

0.6

TLV n = 60
0.4
0.2

P = 0.57
0.0
0

200

400

600

800 1000 1200 1400 1600 1800
t /d

HR (95%CI)

P

Use of TLV
Age (yr)
Uncontrollable liver neoplasms
ALT (IU/L)
Total bilirubin (mg/dL)
Na (mEq/mL)

0.58 (0.39-0.87)
1.01 (0.99-1.03)
1.92 (1.23-2.94)
1.00 (0.98-1.01)
1.10 (1.03-1.18)
0.94 (0.91-0.98)

< 0.01
0.19
< 0.01
0.11
< 0.01
< 0.01

HCV: Hepatitis C virus; ALT: Alanine aminotransferase; TLV: Tolvaptan.

Figure 6 There was no significant difference in cumulative survival rate
between the groups, with a median survival time of 121 d in the tolvaptan
group and 123 d in the control group.

showed that the minimum urine osmolality was reached
at a median of 7 d after TLV administration (Table 2),
which indicated that the reduction rate in urine osmolality
was a promising measure of TLV effectiveness. However,
the sensitivity and specificity were more accurate
using the combination of 24-h urine volume and urine
osmolality reduction rate after the administration of
TLV. The mechanisms underlying this difference remain
unknown, although it has been reported that elevated
intra-abdominal pressure due to refractory ascites might
[15]
affect renal function . Treating refractory ascites with
TLV may lead to a gradual improvement of glomerular
blood flow. Thus, the decrease in urine osmolality was
slower in refractory ascites patients compared with the
change in chronic heart failure patients. At any rate,
the results showed that it was difficult to predict the
effectiveness of TLV in a short-term study.
TLV is thought to be a relatively safe drug with little
[9,16]
impact on renal function
. However, in our study, TLV
administration deteriorated renal function. Although
there is a possibility that TLV could lead to dehydration
and decrease eGFR, progressive liver disease induces
renal impairment, a phenomenon known as hepatorenal
[17]
syndrome . The control patients also had a significant
decrease in eGFR during the follow-up period. These
patients were treated with large-volume paracentesis
under infusion of albumin, which was also reported to
[18]
have less impact on renal function . In a comprehensive
manner, the decrease in eGFR did not depend on TLV but
on progressive liver disease itself. Thus, we concluded
that TLV could be used safely in patients with refractory
ascites.
An elevation in the serum sodium level is a major
[19]
side effect of TLV . Advanced liver cirrhosis tends to
result in hyponatremia, and TLV is used as a treatment
option for hyponatremia in patients with euvolemic
[20]
hyponatremia . In this study, we did not experience
any side effects of hypernatremia in patients treated
with TLV. Although the median level of serum sodium
was elevated to a maximum of 138.5 mEq/L, this was
preferable to hyponatremia in advanced liver cirrhosis
patients. Comorbidity with hyponatremia has a high
[21]
risk for mortality . In this current study, there were
no significant differences in the cumulative survival
rate between the TLV and control group. However, the

improved refractory ascites in 38 (63.3%) patients.
Before the introduction of TLV, treatment of refractory
ascites was initially based on invasive procedures,
such as paracentesis, concentrated ascites reinfusion
therapy, the Denver® shunt, or transjugular intrahepatic
[10-12]
portosystemic shunt
. Although, increased doses
of loop diuretic agents or spironolactone were also
allowed, the effectiveness was limited and renal
[13]
function deteriorated . TLV is a less invasive novel oral
aquaresis treatment that complements conventional
refractory ascites therapies. The effectiveness of TLV is
limited, however, because decompensated liver cirrhosis
is a progressive disease, although compared with
conventional large volume paracentesis treatment, TLV
may prolong the time to disease progression. Thus, TLV
may be an important therapy that transiently improves
refractory ascites to avoid early invasive treatment or
hospitalization.
Determining the best timing of TLV administration
is difficult, since TLV was not effective in 22 cases of
patients with either uncontrolled liver neoplasms or
severe liver dysfunction Child-Pugh class C. In this study,
we defined refractory ascites as follows: existence of
ascites detected by ultrasound under the treatment
of a loop diuretic at a daily dose equivalent to ≥ 40
mg/d furosemide and ≥ 25 mg/d spironolactone, a
loop diuretic at a daily dose equivalent to ≥ 20 mg/d
furosemide and ≥ 50 mg/d spironolactone, or a loop
diuretic alone at a daily dose equivalent to ≥ 60 mg/d
furosemide. If refractory ascites was not controlled
with these doses of standard diuretic medicines, TLV
administration should be considered. If TLV is initiated
later, its effects may be restricted due to liver dysfunction
or progression of liver neoplasms.
The change in urine osmolality is an important factor
to consider when evaluating the effectiveness of TLV. It
has been reported that a reduction in the rate of urine
osmolality can predict TLV effectiveness in chronic heart
[14]
failure patients . In these patients, urine osmolality was
measured before and 4-6 h after administration of TLV.
However, in refractory ascites patients, our current study
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Applications

patients’ backgrounds between the two groups were not
matched, and it was difficult to elucidate the true effect
of treating hyponatremia with TLV. A further prospective
study is needed to clarify the outcome of improving
hyponatremia on the cumulative survival rate.
There were no severe adverse events that exceeded
CTCAE grade 2 during the hospitalization period.
The most common side effect was thirst observed in
14 (23.3%) patients, which was similar to previous
[22,23]
reports
. Hypernatremia was also reported as an
[20]
adverse effect of TLV treatment . However, there were
no patients with a severe elevation in serum sodium.
During the follow-up period after hospital discharge,
hepatic encephalopathy occurred in 8 patients. It is
difficult to clarify whether the cause of encephalopathy
was administration of TLV or part of the natural course
of severe liver dysfunction. On the whole, TLV is a safe
treatment for refractory ascites patients with advanced
liver cirrhosis.
This study has several limitations. It was not a
randomized retrospective study, and the control group
was not matched to the TLV group. However, this study
was conducted in a realistic clinical setting. We propose
that the clinical outcomes of TLV will have significant
meaning for the treatment of refractory ascites, and the
current results revealed that the best new indicators
to predict efficacy of TLV were a 24-h urine volume >
1800 mL and > 30% urine osmolality reduction rate, as
well as prolongation of progression-free survival. Thus,
this retrospective study will serve as a reference for
using TLV in refractory ascites patients.
In conclusion, administration of TLV achieved not
only better control of refractory ascites but also improved
QOL by avoiding additional invasive procedures, including
paracentesis, or the need for hospitalization compared
with conventional ascites treatments.

This study may provide a new treatment option for refractory ascites. TLV
could use safely in refractory ascites patients with over 60% of effectiveness.
Administration of TLV may be considered before invasive procedure such as
paracentesis.
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Abstract
AIM: To evaluate the downstaging rates in hepatitis
C virus-patients with hepatocellular carcinoma (HCC),
treated with degradable starch microspheres trans
catheter arterial chemoembolization (DSM-TACE), to
reach new-Milan-criteria (nMC) for transplantation.

Ethics approval: This study was approved by the Ethics
Committee of our institution, No. 175/13.
Informed consent: All patients declared the informed consent.
Conflict-of-interest: All authors declare no conflict of interest.
Data sharing: Thecnical appendix, statistical code and data set
available from the corresponding auhor at aorlacchio@uniroma2.it.
The present data are anonymized without risk of identification.

METHODS: This study was approved by the Ethics
Committee of our institution. From September 2013 to
March 2014 eight patients (5 men and 3 women) with
liver cirrhosis and multinodular HCC, that did not meet
nMC at baseline, were enrolled in this study. Patients
who received any other type of treatment such as
termal ablation or percutaneous ethanol injection were
excluded. DSM-TACE was performed in all patients
using EmboCept ® S and doxorubicin. Baseline and
follow-up computed tomography or magnetic resonance
imaging was assessed measuring the longest enhancing
axial dimension of each tumor according to the modified
Response Evaluation Criteria In Solid Tumors measure
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notably in patients with a relatively preserved liver
function without vascular invasion and/or extra-hepatic
[1]
spread .
HCC ranks as the third most common cause of
cancer-related death and is the sixth most common form
[2]
of cancer worldwide .
The purpose of TACE is to reach high and lasting
concentrations of chemotherapeutic drugs in the tumor
site in order to increase their uptake by neoplastic cells,
reducing at the meantime systemic side effects.
Nevertheless, liver transplantation (LT) remains the
ideal treatment for small HCC resulting from chronic
liver disease. Given the difference between donor organ
availability and need, rigorous inclusion criteria, named
the Milan criteria, have been originally adopted to
warrant tumor free survival after LT. They was defined
as having a single tumor 5 cm or less in diameter in
patients with single HCC, or up to 3 separate lesions
< 3 cm and without microscopic vascular invasion or
[3]
extra-hepatic spread .
The excessive intransigence of those criteria has
been a matter of debate, with some groups questioning
[4,5]
their restrictive settings . Afterwards, the tendency
of the Milan group was to make the previous criteria
less stringent, so were developed new ones called the
up-to-seven criteria [new-Milan-criteria (nMC)]: HCCs
with seven as the sum of the size of the largest tumor
[6]
(in cm) and the number of tumors . Several studies
have then evaluated their reliability and usefulness in
assessing the possible candidates for LT among patients
[7,8]
with HCC . Nevertheless, albeit have been analyzed
all over the world, up-to-seven criteria have not been as
widely accepted as the Milan criteria.
In prospective studies on selected patients with
HCC, loco-regional treatments has been shown both
to downstage the disease and to confer acceptable
disease free survival after liver trasplantation. Several
[9,10]
locoregional treatment for downstaging may be used
.
[10]
Green et al using doxorubicin-eluting bead transarterial
chemoembolization showed that a treatment with
drug eluting beads (DEB) has a high likelihood (77%)
of downstaging the disease so that it can meet Milan
criteria.
Nevertheless, by interrupting blood flow to the
tumor, TACE induces necrosis at the site of disease but
it may create conditions that permit or even encourage
[11]
angiogenesis .
[12]
A recent study performed by Pieper et al
in a
swine model demonstrated that using degradable starch
microspheres (DSMs) a short term embolization can
be achieved (30 min), without significant hystological
differences in damage between treated or untreated liver.
Thus, using DSMs it is possible to avoid the paradoxical
[13]
angiogenetic effect due to ischemia , emphasizing the
effects of arterial chemotherapy.
[14]
As reported by Furuse et al
in their work, DSMTACE should not be employed as a single session therapy
but needs to be performed at least three times until there
was evidence of disease progression or unacceptable

ments, and medical records were reviewed.
RESULTS: DSM-TACE was successfully performed in
all patients without major complication. We treated 35
lesions (mean 4.3 per patient). Six of eight patients
(75%) had their HCC downstaged to meet nMC. Every
patient whose disease was downstaged eventually
underwent transplantation. The six patients who re
ceived transplant were still living at the time of this
writing, without recurrence of HCC. Baseline age (P =
0.25), Model for End-stage Liver Disease score (P =
0. 77), and α-fetoprotein level (P = 1.00) were similar
between patients with and without downstaged HCC.
CONCLUSION: DSM-TACE represents a safely and
effective treatment option with similar safety and
efficacy of conventional chemoembolization and could
be successfully performed also for downstaging disease
in patients without nMC, allowing them to reach liver
transplantation.
Key words: Hepatocellular carcinoma; Transcatheter
arterial chemoembolization; Liver transplantation;
Degradable starch microspheres; New-Milan-criteria;
Recurrence-free survival; Locoregional therapies
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Liver transplantation (LT) is the standard of
care for select patients with hepatocellular carcinoma
(HCC) and cirrhosis and recently more transplant centers
use the new Milan criteria to assess the candidacy of HCC
patients for LT. This manuscript reports a preliminary
experience on the HCC treatment in liver transplant
candidates without new-Milan-criteria, using a new
technique of transcatheter arterial chemoembolization
with degradable starch microspheres transcatheter
arterial chemoembolization (DSM-TACE). Providing a
temporary embolization DSM-TACE allows to treat more
patients with an impaired liver function reducing toxicity
due to standard arterial embolization. Moreover good
down-staging rates after repeated DSM-TACE were
successfully achieved.
Orlacchio A, Chegai F, Merolla S, Francioso S, Del Giudice
C, Angelico M, Tisone G, Simonetti G. Downstaging disease
in patients with hepatocellular carcinoma outside up-to-seven
criteria: Strategies using degradable starch microspheres trans
catheter arterial chemo-embolization. World J Hepatol 2015;
7(12): 1694-1700 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i12/1694.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i12.1694

INTRODUCTION
Currently, trans-arterial chemoembolization (TACE)
represents the most accepted and widely used treatment
for large or multinodular hepatocellular carcinoma (HCC),

WJH|www.wjgnet.com

1695

June 28, 2015|Volume 7|Issue 12|

Orlacchio A et al . Liver transplantation downstaging strategy with DSM-TACE

A

B

C

1
1

1

D

E
1

Figure 1 Contrast enhanced computed tomography in patient with multinodular hepatocellular carcinoma before the degradable starch microspheres
transcatheter arterial chemoembolization not in agreement with new-Milan-criteria. The enhanced computed tomography images show 5 hypervascular lesions,
in the patients with a score of 8 using the new-Milan-criteria. A: Hepatocellular carcinoma (HCC) on Ⅶ segment with maximum diameter of 14 mm1; B: HCC on Ⅷ
segment with maximum diameter of 10 mm1; C: HCC on Ⅶ segment with maximum diameter of 12 mm1; D: HCC on Ⅷ segment with maximum diameter of 31 mm1; E:
HCC on Ⅳ-Ⅱ segment with maximum diameter of 14 mm.

toxicity.
Anyhow this procedure is well tolerated by the
patients and it could be safe also in those with a severe
hepatic disease, even with a Child-Pugh score C.
The aim of our work is to assess downstaging rates in
patients with HCC using DSM TACE and doxorubicin, in
order to meet new Milan criteria and to create conditions
allowing LT.

by a multidisciplinary team of hepatologists, surgeons,
[15]
radiologists and interventional radiologists .
We have selected patients with a multinodular
HCC that did not meet, at baseline, Milan criteria. The
diagnosis of HCC was set according to the guidelines of
[16]
the European Association for the Study of the Liver .
All patients underwent, within two weeks before
treatment, a dynamic multislice computed tomography
(CT) (Light Speed 64 CT, GE Medical Systems,
Milwaukee, United States) (Figure 1).
A dynamic CT evaluation following the DSM-TACE
treatment was performed to assess whether HCC
patients were downstaged to meet the nMC.

MATERIALS AND METHODS
The herein described study was approved by the
Ethics Committee of our institution. The Child-Pugh
score, the Model for End Stage Liver Disease (MELD
score), radiological and pathological tumor classification
according to nMC, demographics (age, sex), etiology
of cirrhosis, laboratory tests, imaging studies and
pathology reports were recorded for each patient.
Exclusion criteria were an active peptic ulcer,
unmanageable ascites or pleural effusion, hepatic ence
phalopathy, or any other preexisting medical condition
of sufficient severity to prevent full compliance with
the study. Moreover, patients who received any other
type of treatment such as thermoablative treatment, or
percutaneous ethanol injection were excluded.
All patients in our study were selected during the
follow-up for liver cirrhosis and the opportunity of
locoregional ablative treatment was carefully evaluated

WJH|www.wjgnet.com

Embolization technique

Under local anesthesia the right common femoral artery
was punctured using the Seldinger approach and a
4-French (4-Fr) sheath introducer was placed to secure
the access site. Selective hepatic angiography was then
performed with a 4-Fr catheter. The tip of the catheter
was placed in the proper hepatic artery or right and/or
left hepatic artery to inject embolic agents (Figure 2).
A combination of DSM, at a concentration of 225
mg per 6 mL of contrast medium, and doxorubicin at
2
a dose of 50 mg/m , was injected until embolization
of peripheral hepatic arteries was confirmed; the
aforementioned procedure was repeated for three times
every 4 to 6 wk.
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Figure 2 Hepatic intraprocedural angiograms show staining of multiple tumors, which are diagnosed as hepatocellular carcinoma. A and B: Early arterial
digital subtraction angiography (DSA) phase; C: Late parenchymal DSA phase.

treatment, were defined complete [complete response
(CR)] when there was disappearance of all signs of the
lesion and no pathological enhancement was detectable
on the edges of the area treated and partial or in
complete [partial response (PR)] in case of a limited
destruction of the lesion, with at least a 30% reduction
in volume. A lesion not presenting such dimensional
decrease or increase was considered stable disease
(SD).

Table 1 Demographics and clinical characteristics of the series
Characteristics
Gender (male), n
Mean age (yr) ± SD
Mean aspartate aminotransferase levels (IU/L) ± SD
Mean alanine transaminase levels (IU/L) ± SD
Mean gamma-glutamyl-transpeptidase levels
(IU/L) ± SD
Mean creatinine levels (mg/dL)
Mean international normalized ratio
Mean platelet levels (103/μL) ± SD
Mean alfa fetoprotein (ng/mL) ± SD

5
59 ± 6
68.8 ± 53
62.5 ± 65
156 ± 211
0.86 ± 0.25
1.2 ± 0.1
975000 ± 57000
14.9 ± 21.4

Statistical analysis

A descriptive statistics for baseline demographics and
staging criteria were calculated.
Continuous variables were reported as the mean ± SD
or the median (25%-75% interquartile range), depending
on the variable distribution whereas categorical variables
were reported as numbers and percentages.
Recurrence-free survival was calculated from the
day of the transplantation to the first evidence of tumor
relapse during follow-up or, in patients without recurrence,
to the most recent follow-up visit. Follow-up of those
patients who died without evidence of recurrence was
censored at the time of death.

Imaging evaluations

All patients were scanned by contrast-enhanced CT
(ceCT), at the baseline, within two weeks before the
first DSM-TACE. Thirty days after each DSM-TACE,
patients were re-assessed by ceCT.

CeCT protocol

To assess any changes in the size of the nodule and/or
appearance of new lesions, multidetector ceCT scan
was obtained with triphasic technique (30, 65 and
180 s) after intravenous administration of 125-175
mL of iodinate contrast medium (350 mg iodine/mL)
depending on the body mass index of the patient,
followed by administration of saline solution (20-30 mL)
using an automatic injector at flow rates of 3-4 mL/s.
CT was performed with the following parameters:
rotation time of 0.6 s; 2.5 to 5 mm thick sections with
the possibility of back-reconstructions up to 0.6 mm;
automatic milliamperage (mA) (min 300 mA, max 450
mA), 120 kV (Figure 2).

RESULTS
From September 2013 to March 2014 eight patients (5
men and 3 women) with liver cirrhosis and multinodular
HCC were enrolled in this study.
Demographics and clinical characteristic are reported
in Table 1.
The age of patients ranged from 56-64 years. Four
patients were in Child-Pugh class B and four patients
were in Child-Pugh class C. All of them had hepatitis C
virus (HCV)-related cirrhosis, 2 patients had a coinfection
with HBV and one had a combined HCV and alcohol
related cirrhosis.
The α-fetoprotein (AFP) levels, registered before the
procedure, were on average 14.9 ± 21.4 ng/mL.
A total of 35 HCC nodules were treated, 25 of
which were located in the right lobe (segments ⅤⅧ) and 10 in the left lobe (segments Ⅰ-Ⅳ). No major
complications were observed after DSM-TACE. The post-

Assessment of treatment effectiveness

Therapeutic response was determined on a lesion-bylesion basis by evaluating morphological and vascul
arization changes in tumor between baseline and sub
sequent ratings based on ceCT.
The treatment response was evaluated according to
modified Response Evaluation Criteria in Solid Tumors
[17]
criteria . Based on CT results, tumor response to
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Figure 3 Enhanced computed tomography control after degradable starch microspheres transcatheter arterial chemoembolization shows a complete
response of 4/5 lesions in well downstaged patient. After degradable starch microspheres transcatheter arterial chemoembolization patients had a new-Milancriteria score of 4. A: Complete response of hepatocellular carcinoma (HCC) nodule on Ⅷ segment; B: On Ⅶ segment (white arrows); C and D: Partial response of
HCC nodules (red and white arrows).

Thirteen years after the Milan criteria were developed,
the Mazzaferro group developed more indulgent criteria
called the up-to-seven criteria (nMC). In their study, the
5-year overall survival rate for Milan group patients was
[5]
73.3% and overall survival rate was 71.2% .
Afterwards, numerous studies have appraised the
effectiveness of adopting the up-to-seven criteria as
inclusion criteria for HCC LT. Similar post LT survival
rates among patients were demonstrated in a study
[19]
by de Ataide et al . They directly compared the longterm outcomes of an up-to-seven criteria group, whose
survival rates of 87.7%, 74.5% and 65.3% at 1, 3, and
5 years were similar to those in patients meeting the
Milan criteria.
In our preliminary experience we achieved a
downstaging disease within the nMC in 75% of patient
treated with DSM-TACE. Moreover these patients were
successfully transplanted without any complication.
[10]
In a study by Green et al with DEB-TACE in patient
with T3N0M0 HCC, were obtained survival rates quite
comparable with our results with an high likelihood (77%)
of downstaging the disease to meet Milan criteria.
[20]
In another recent work by Nicolini et al
on re
currence-free survival after LT in patients with HCC,
were assessed the possible effect of two different types
of preoperative TACE. Additionally, the effects of TACE
on tumor were histologically analyzed. The authors
used conventional Lipiodol TACE and DEB-TACE gaining
better result with the latter treatment.

embolization syndrome (transient fever, abdominal pain,
nausea) was the most common complication following
chemoembolization; all side effects were successfully
treated with medical therapy.
Six patients met the nMC and had downstaging of
their disease (Figure 3). Two patients were considered
non-downstaged. Baseline age (P = 0.25), Model for
End-stage Liver Disease score (P = 0.77), and AFP
level (P = 1.00) were similar between patients with and
without downstaged HCC.
Complete necrosis of tumor with no evidence of
viable tumor on pathologic examination was observed
in 4 patients. After the treatments 18/35 lesions were
classified as CR, 12 as PR and 5 as SD. Microscopically,
in all lesions classified as CR, tumor necrosis was
mixed, both colliquative and coagulative. The median
time spent on the waiting list was 3.3 mo in patients
downstaged with DSM-TACE. All six patients downstaged
were successfully transplanted and after three months
from LT did not experience tumor recurrence.

DISCUSSION
One of the main drawbacks of LT in patients with HCC
is the downtime on the waiting list while the risk of
tumor progression increases, resulting in a cumulative
probability of dropout from the waiting list of 7.2% for a
6-mo waiting time, which rises to 37.8% and 55.1% for
[18]
12 and 18 mo of waiting time, respectively .
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Research frontiers

DEB-TACE could effectively promote tumor necrosis
and improving recurrence-free survival after LT in HCC.
In the authors’ opinion the best result carried out with
DEB TACE was mostly due to the increase of intra-tumor
drug delivery. Indeed there are 3 main pharmacokinetic
advantages associated with DEB-TACE: a long lasting
elution of the drug, an higher concentration distributed
locally into the tumor and a lower systemic exposure to
[21]
the drug in comparison with conventional-TACE .
DSM were developed to avoid a permanent occlusion
of blood flow to the tumor, a condition which could permit
or even encourage angiogenesis.
-6
The microspheres are 45 ± 7 × 10 m in diameter
and descend until the arteriole/capillary level, where
[22]
they lodge . The duration of occlusion in the hepatic
arteries by DSM may range between 30 and 80 min. An
anticancer drug coadministered with DSM is selectively
trapped with DSM in small arteries, and is concentrated
in areas of liver tumor. Consequently, the activity of
the drug is expected to increase in effectiveness and
durability. Thus, in light of the expected reduction in
toxicity levels and adverse events, it could be used
safety in patients with Child C or a high MELD score.
[23]
In this respect, Niessen et al shown that patients
with unresectable intermediate-stage HCC had a
lower increase in aminotransferase when they were
treated with DSM-TACE compared to patients treated
with doxorubicin and ethidiol TACE. In our experience
the procedure with DSM-TACE was well tolerated by
patients and no major complications were seen.
However, the present study results have to be viewed
with caution because this is a preliminary experienced
with a relative new type of chemoembolization agent and
because of the small number of patients and the relative
short time of follow-up after the LT.
These concerns were also expressed by Sotiropoulos
[24]
[6]
et al who, in a letter to Mazzaferro et al , stated that
although the up-to-seven criteria are based on objective
tumor characteristics such as tumor size, tumor number
and microvascular invasion, these aspects represent
pathology findings and not preoperative objective tumor
characteristics. Hence, they conclude that the up-toseven criteria are illusive and not applicable in clinical
[24]
practice .
Anyhow, in our experience, DSM-TACE represents
an effective treatment option with a similar safety and
efficacy as a conventional TACE (Lipiodol or DEB),
and could be safety and successfully used in patients
without nMC for downstaging disease.

This new technique permits to dowsntage HCC patients without nMC saftely
and with a good results in term of tumor response and tolerability.

Innovations and breakthroughs

This is the first study where DSM TACE was used to obtain a down staging
disease in patients with multi-nodular HCC. Previous study evaluated the
efficacy of conventional TACE and drug eluting beads-TACE.

Applications

DSM-TACE represents an effective simple treatment option with a similar safety
and efficacy as a conventional TACE. Transient occlusion of tumor feeding
arteries permits to obtain good results in terms of tumor response without
significant worsening liver function. It can be used safety in multifocal and multinodular HCC even when HCC has a bilobar localization.

Terminology

DSM: Degradable starch microspheres. The starch microspheres consist of a
three-dimensional, cross linked hydrophilic starch matrix, which swells heavily
in a water suspension environment (the specific diameter refers to its swollen
state) and are completely degradable by amylase.
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Abstract
AIM: To identify plasma metabolites used as biomarkers
in order to distinguish cirrhotics from controls and ence
phalopathics.

Ethics approval: The study was reviewed and approved by the
Lothian Research Ethics Committee Institutional Review Board.
Clinical trial registration: As this trial recruited before 1999 it
was not registered with a clinical trials registry.
Informed consent: All study participants or their next of kin
provided written informed consent prior to study enrolment.
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Data sharing: No additional data are available.

METHODS: A clinical study involving stable cirrhotic
patients with and without overt hepatic encephalopathy
was designed. A control group of healthy volunteers was
used. Plasma from those patients was analysed using
1
H - nuclear magnetic resonance spectroscopy. We
used the Carr Purcell Meiboom Gill sequence to process
the sample spectra at ambient probe temperature. We
used a gated secondary irradiation field for water signal
suppression. Samples were calibrated and referenced
using the sodium trimethyl silyl propionate peak at
0.00 ppm. For each sample 128 transients (FID’s)
were acquired into 32 K complex data points over a
spectral width of 6 KHz. 30 degree pulses were applied
with an acquisition time of 4.0 s in order to achieve
better resolution, followed by a recovery delay of 12
s, to allow for complete relaxation and recovery of
the magnetisation. A metabolic profile was created for
stable cirrhotic patients without signs of overt hepatic
encephalopathy and encephalopathic patients as well
as healthy controls. Stepwise discriminant analysis was
then used and discriminant factors were created to
differentiate between the three groups.
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RESULTS: Eighteen stabled cirrhotic patients, eighteen
patients with overt hepatic encephalopathy and seventeen
healthy volunteers were recruited. Patients with cirrhosis
had significantly impaired ketone body metabolism, urea
synthesis and gluconeogenesis. This was demonstrated
by higher concentrations of acetoacetate (0.23 ± 0.02
vs 0.05 ± 0.00, P < 0.01), and b-hydroxybutarate (0.58
± 0.14 vs 0.08 ± 0.00, P < 0.01), lower concentrations
of glutamine (0.44 ± 0.08 vs 0.63 ± 0.03, P < 0.05),
histidine (0.16 ± 0.01 vs 0.36 ± 0.04, P < 0.01) and
arginine (0.08 ± 0.01 vs 0.14 ± 0.02, P < 0.03) and
higher concentrations of glutamate (1.36 ± 0.25 vs
0.58 ± 0.04, P < 0.01), lactate (1.53 ± 0.11 vs 0.42
± 0.05, P < 0.01), pyruvate (0.11 ± 0.02 vs 0.03 ±
0.00, P < 0.01) threonine (0.39 ± 0.02 vs 0.08 ± 0.01,
P < 0.01) and aspartate (0.37 ± 0.03 vs 0.03 ± 0.01).
A five metabolite signature by stepwise discriminant
analysis could separate between controls and cirrhotic
patients with an accuracy of 98%. In patients with
encephalopathy we observed further derangement
of ketone body metabolism, impaired production of
glycerol and myoinositol, reversal of Fischer’s ratio and
impaired glutamine production as demonstrated by
lower b-hydroxybutyrate (0.58 ± 0.14 vs 0.16 ± 0.02, P
< 0.0002), higher acetoacetate (0.23 ± 0.02 vs 0.41 ±
0.16, P < 0.05), leucine (0.33 ± 0.02 vs 0.49 ± 0.05, P
< 0.005) and isoleucine (0.12 ± 0.02 vs 0.27 ± 0.02, P
< 0.0004) and lower glutamine (0.44 ± 0.08 vs 0.36 ±
0.04, P < 0.013), glycerol (0.53 ± 0.03 vs 0.19 ± 0.02,
P < 0.000) and myoinositol (0.36 ± 0.04 vs 0.18 ± 0.02,
P < 0.010) concentrations. A four metabolite signature
by stepwise discriminant analysis could separate
between encephalopathic and cirrhotic patients with an
accuracy of 87%.

nuclear magnetic resonance spectroscopy-based metabonomic
study in patients with cirrhosis and hepatic encephalopathy.
World J Hepatol 2015; 7(12): 1701-1707 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i12/1701.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i12.1701

INTRODUCTION
Insults on the liver parenchyma could result in fat
accumulation, inflammation and fibrosis. Most chronic
liver injuries could result in cirrhosis, which is a com
bination of hepatic fibrosis and nodular regenerative
hyperplasia. Hepatitis B infection is the most common
cause in Asia and Africa whereas alcohol is the most
common cause in the developed world. Currently worldwide, the proportion of cirrhosis due to chronic Hepatitis
[1,2]
C infection is on the increase .
One of the major complications of cirrhosis is hepatic
encephalopathy. This is a complex neuropsychiatric
syndrome which has a potential for full reversibility.
It is characterised by global depression of the central
nervous system (CNS) and has different degrees of
severity. The syndrome is usually episodic and relapsing
[3]
but some patients exhibit a chronic protracted course .
Cirrhosis is associated with alterations in proteins
and amino acids metabolism, including diminished urea
[4,5]
formation and hyperammonaemia . Most studies that
have looked at amino acid metabolism in cirrhosis would
agree that there seems to be a recognisable pattern
in the plasma amino acid profile with an elevation of
aromatic amino acids (AAA) and methionine and reduced
[6,7]
levels of branch chain amino acids (BCAA) . Although
this pattern has been used as the basis for the false
neurotransmitter theory in the pathogenesis of hepatic
[8]
encephalopathy , not many studies have proved that the
pattern observed in cirrhosis is valid for encepahlopathy
[6,9,10]
too
. Furthermore it is now well accepted that
encephalopathy due to acute hepatic failure is a different
entity and the mechanisms contributing to the CNS
dysfunction in the two diseases might be different.
Apart from disturbances in the BCAA to AAA ratio,
other biochemical abnormalities are present in cirrhotics.
Gluconeogensis is impaired and hyperammonaemia and
diminished urea production make it necessary for the
[5,11,12]
body to find other pathways for nitrogen elimination
.
In the last few years, the emerging field of meta
bonomics, which examines global metabolic profiles
using various data collection techniques, offered the
[13]
possibility to identify biomarkers in evolving diseases .
Lately, this technique has been used in delineating
disease phenotypes in humans suffering from chronic
[14,15]
[16,17]
liver disease
and animal models of liver failure
.
Metabonomics makes use of multivariate statistical
approaches to analyse complex data sets, such as those
1
[16]
obtained by H NMR spectroscopy . It is particularly
useful if there are few samples to analyze and many
variables to consider.
1
The aim of our study was to apply H NMR spec

CONCLUSION: Patients with cirrhosis and patients
with hepatic encephalopathy exhibit distinct metabolic
abnormalities and the use of metabonomics can select
biomarkers for these diseases.
Key words: Ketone bodies; Branch chain amino acids;
Glutamine; Glycolysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Few studies have approached the metabolic
abnormalities of liver cirrhosis and its complication hepatic
encephalopathy. This study provides evidence that in
stable cirrhosis key metabolic pathways are impaired and
confirms the fact that there is impaired gluconeogensis,
impaired ketogensis and ketone bodies break down as
well as impaired urea cycle. In encephalopathy there
is a reversal in the pattern of branch chain amino acids
concentrations towards normal. By using stepwise
discriminating analysis we were able to separate with
remarkable accuracy metabolic phenotypes of cirrhotic
patients from controls and also those who suffered from
encephalopathy from those cirrhotics who did not.
Dabos KJ, Parkinson JA, Sadler IH, Plevris JN, Hayes PC. 1H
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Proton NMR spectroscopy

troscopy in controls, cirrhotics and cirrhotics with
hepatic encephalopathy and analyse the data to identify
metabolic patterns that could distinguish between the
three groups.

The CMPG sequence was applied, to acquire our data,
as this sequence enabled us to observe a flat baseline
in our spectra from plasma samples, by minimising the
signals acquired from macromolecules present in the
plasma such as proteins and lipoproteins. All spectra
were acquired at ambient probe temperature (298 ± 0.2
K). For each sample 128 transients (FID’s) were acquired
into 32 K complex data points over a spectral width of 6
KHz. 30° pulses were applied with an acquisition time of
4.0 s in order to achieve better resolution, followed by a
recovery delay of 12 s, to allow for complete relaxation
and recovery of the magnetisation. Water signal
suppression was achieved by applying a gated secondary
irradiation field at the water resonance frequency.

MATERIALS AND METHODS
Patients

The Local Research Ethics committee had approved
the study protocol (373/1997). The study protocol
conformed to the guidelines of the 1975 Declaration of
Helsinki. Patients were recruited at the Centre of Liver
and Digestive Disorders and at the Day Case Unit at
the Royal Infirmary of Edinburgh. All patients signed
an informed consent. For those unable to consent due
to encephalopathy, consent from the next of kin was
sought. Encephalopathy was defined using the West
[8]
Haven Criteria . The diagnosis of cirrhosis was based
on a combination of clinical, histopathological and
imaging criteria. Patients with grade Ⅲ or Ⅳ hepatic
encephalopathy were excluded from the study as
they usually had an acute precipitating episode and
were not stable cirrhotics. Patients with coagulation
abnormalities (International Normalized Ratio < 2.0,
platelets < 80000) were excluded from the study as
the ethics committee did not approve internal jugular
vein puncture in patients with impaired coagulation.
Patients with an upper gastrointestinal bleeding episode
in the previous two weeks were also excluded. Patients
with hepatocellular carcinoma, pregnant and lactating
women were also excluded from the study.
A total of 42 patients were recruited. Six of them
eventually withdrew consent and were not included in
the study. The study recruited for just over 16 mo.
We studied patients with stable cirrhosis (group A, 18
patients), patients with stable cirrhosis during an episode
of hepatic encephalopathy (group B, 18 patients) and
sex and age matched normal controls (group C, 17
subjects).
All patients were fasted overnight before blood
collection. Blood was collected from the internal jugular
vein, from all three groups two to three hours following
a main meal as differences in the concentration of amino
acids between sexes are less pronounced postprandially,
in lithium heparin tubes. It was immediately centrifuged
at 2000 g for 15 min at 4 ℃. The supernatant was then
aliquoted in 2.5 mL vials. The vials were then stored at
-40 ℃ until NMR analysis.

Spectral processing

FID’s were multiplied by an exponential function before
applying Fourier transform. Transformed spectra were
automatically corrected for phase and baseline distortions
and calibrated using the TSP peak at 0.00 ppm. A
preliminary assignment of the amino acid metabolites
was performed and only the areas between 0.70 and 3.80
ppm and between 6.80 and 7.70 ppm were subjected to
stepwise discriminant analysis (SDA).
To assess which peaks were significantly different
between the three groups a one-way analysis of variants
was used. Normality of data distribution was assessed
using the Wilk’s Lamda distribution.
Spectral assignments were made by reference to
literature values of chemical shifts in various media and
biological fluids (18) and coupling constants. Spectra
were processed using the Mestre-C software (Mestrelab,
Santiago de Compostela, Spain).

Variables

We measured a large array of aminoacids and products
of cellular metabolism to ensure representation of the
main metabolic pathways performed by the hepatocyte
in our results. The following substances were measured.
Lactate, pyruvate, acetoacetate, b-hydroxybutyrate,
leucine, isoleucine, valine, alanine, threonine, glycine,
aspartate, glutamine, glutamate, histidine, arginine,
methylamine, dimethylamine, trimethylamineoxide
(TMAO), glycerol, and myoinositol. Results are expressed
as mmols/L unless otherwise state.

Statistical analysis

To compare between the three groups we used the
three way ANOVA test. Where the ANOVA test was
statistically significant the Tuckey test was performed
to compare between groups. Values are expressed as
mean (range and standard error). A P value of < 0.05
was taken as statistically significant (two-tail test of
significance).
For the multivariate analysis we opted for the SDA.
Data with statistical significance on ANOVA were entered
into the SDA. We used SDA to extract and classify
variables from different spectra. Analysis was performed

Sample preparation for NMR spectroscopy

Samples were prepared by adding a D2O solution
(150 μL) to plasma (600 μL) providing an internal field
frequency lock for the spectrometer, a Varian 600 MHz
at 14.1T. Five millimeter probes were used for the
analysis. Chemical shifts were referenced externally to
the singlet methyl resonance of sodium trimethyl silyl
propionate (TSP) (75 μL) at zero ppm. Plasma samples
were left in room temperature for 1 h before samples
for the NMR analysis were prepared.
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Table 1 Patients and controls were well matched for age and
sex
Controls
Age
Sex

Cirrhosis

48.8 ± 9.9
M: 10
F: 7
N/A
N/A
N/A
N/A

CP score
Child class a
Child class b
Child class c

Table 2 Results for ketone bodies, branch chain and aromatic
amino acids are shown
Chemical shift

Encephalopathy

54.3 ± 8.8
M: 9
F: 9
7.8 ± 1.6
1
11
6

Acetoacetate
Β-hydroxybutyr
Leucine
Isoleucine
Valine
Phenylalanine
Tyrosine
Methionine

56.8 ± 6.0
M: 12
F: 6
9.9 ± 2.1
1
6
11

Patients with hepatic encephalopathy had more severe liver disease. CP:
Child-Pugh; M: Male; F: Female.

Chemical shift

Cirrhosis

Encephalopathy

Controls

1.33
2.38
1.48
1.34
3.57
2.82

1.53 ± 0.11b
0.11 ± 0.02b
0.77 ± 0.04b
0.39 ± 0.02b
0.31 ± 0.03b
0.37 ± 0.03b

1.41 ± 0.13b
0.17 ± 0.02b
0.73 ± 0.06b
0.25 ± 0.01b
0.18 ± 0.01b
0.27 ± 0.02b

0.42 ± 0.05
0.03 ± 0.00
0.61 ± 0.05
0.08 ± 0.1
0.09 ± 0.1
0.03 ± 0.1

0.23 ± 0.02
0.58 ± 0.14b
0.33 ± 0.02
0.12 ± 0.02
0.14 ± 0.01d
0.08 ± 0.01b
0.23 ± 0.02b
0.07 ± 0.02b

0.41 ± 0.05b
0.16 ± 0.02b
0.49 ± 0.05b
0.27 ± 0.02b
0.16 ± 0.02d
0.06 ± 0.02b
0.25 ± 0.06b
0.08 ± 0.02b

0.05 ± 0.00
0.08 ± 0.00
0.35 ± 0.02
0.13 ± 0.02
0.36 ± 0.03
0.02 ± 0.01
0.07 ± 0.00
0.03 ± 0.01

Table 4 Results for urea cycle intermediates are shown

Glutamine
Glutamate
Histidine
Arginine

Lactate, pyruvate, alanine, threonine, glycine and aspartate concentrations
were all significantly higher in patients than controls (bP < 0.01 in all
cases).

Chemical shift

Cirrhosis

Encephalopathy

Controls

2.46
2.36
7.83
1.93

0.44 ± 0.08b
1.36 ± 0.25d
0.16 ± 0.01b
0.08 ± 0.01b

0.36 ± 0.04b
0.84 ± 0.16a
0.18 ± 0.02b
0.1 ± 0.01b

0.63 ± 0.03
0.58 ± 0.04
0.36 ± 0.04
0.14 ± 0.02

Glutamine, histidine and arginine concentrations were significantly lower
in patients than controls (bP < 0.01 in all cases). Glutamate concentrations
were significantly higher in cirrhotics (dP < 0.01) compared to controls. It
was also significantly increased if we compared encephalopathics with
controls (aP < 0.05).

in stepwise manner entering variables with the highest
statistical significance first. A discriminant function was
thus established and receiver operator curves (ROC)
analysis was performed. Analyses were performed
using SAS 8.0 software (SAS Institute, Cary, NC, United
States).

Table 4 shows the results obtained for urea cycle
end products. Glutamine, histidine and arginine
concentrations were significantly lower in patients than
controls (P < 0.01 in all cases). Glutamate concen
trations were significantly higher in cirrhotics (P <
0.01) compared to controls. They are also significantly
increased if we compared encephalopathics with controls
(P < 0.05).
Table 5 shows the results for methylamine, dimethy
lamine, TMAO, glycerol and myoinositol. Methylamine,
dimethylamine and TMAO concentrations were present in
similar amounts in cirrhotic and encephalopathic patients
but were absent in controls. Glycerol concentrations
were significantly higher in patients than controls (P <
0.01 in both cases). Myoinositol concentrations were
significantly higher in cirrhotics (P < 0.015) but there
were no differences between encephalopathic patients
and controls.
Using SDA we were able to identify five metabolites,
tyrosine, phenylalanine, methionine, pyruvate and glycine
that yielded the strongest segregation between groups
A and C. A discriminant function (sum of concentrations
of all five metabolites (tyrosine + phenylalanine +
methionine + pyruvate + glycine) in mmols/L < 0.50 for
controls) was created. By performing ROC analysis it had

RESULTS
Patient characteristics in groups A and C are shown in
Table 1. Patients were well matched for age and sex.
Patients with hepatic encephalopathy had in general
more severe liver failure.
Table 2 shows the results for ketone bodies, BCAA
and AAA. Acetoacetate and β-hydroxybutyrate, tyrosine,
phenylalanine and methionine concentrations were all
significantly higher in patients than controls (P < 0.01
in all cases). Valine was significantly lower in patients
than controls (P < 0.01 in both cases). Leucine was
significantly higher in encephalopathics than controls (P
< 0.01), but there was no difference between cirrhotics
and controls. Isoleucine was significantly lower in
controls than encephalopathics (P < 0.01) but there
was no difference between cirrhotics and controls.
Table 3 shows the results obtained for glycolysis.
Lactate and pyruvate concentrations were significantly
higher in patients than controls (P < 0.01 in all cases).
Alanine, threonine, glycine and aspartate concentrations
were significantly higher in patients than controls (P <
0.01 in all cases).

WJH|www.wjgnet.com
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Acetoacetate and β-hydroxybutyrate concentrations were significantly
higher in patients than controls (bP < 0.01 in all cases). Aromatic amino
acids concentrations were significantly higher in patients than controls
(P < 0.01 in all cases). Valine concentrations were significantly lower
in patients than controls (dP < 0.01). Leucine was significantly higher if
we compared encephalopathics with controls (bP < 0.01), but there was
no difference if we compared cirrhotics and controls. Isoleucine was
significantly lower if we compared encephalopathics with controls (bP <
0.01) but there was no difference between cirrhotics and controls.

Table 3 Results for glycolysis end products and gluconeo
genetic precursors are shown

Lactate
Pyruvate
Alanine
Threonine
Glycine
Aspartate

2.29
2.31
0.96
1.01
1.04
7.38
6.91
2.14

Cirrhosis
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that gluconeogesis is generally impaired in cirrhosis
and encephalopathy. This would be in accordance with
[17,18]
[19,20]
previous studies in humans
and animal models
.
Pyruvate and glycine were part of the discriminate
function between cirrhotics and healthy controls.
Our study showed that the concentrations of ketone
bodies were significantly increased in both groups of
patients compared to controls. In encephalopathics,
acetoacaetate was even more increased than in
cirrhotics but β-hydroxybutyrate concentrations were
decreased. The fact that all ketogenic amino acids are
increased in cirrhosis as well, would favour a hypothesis
of impaired ketone bodies utilisation in the periphery
(muscle, brain) The fact that β-hydroxybutyrate and
acetate are significantly decreased in encephalopathic
cirrhotics is indicative of an impaired ketogensis. We
observed, however, that acetoacetate is increased in
encephalopathics. Acetoacetate is the main product of
ketogenesis and then by using nicotinamide adenine
dinucleotide hydrogen (NADH) as co-substrate is further
metabolised to acetate in the cellular mitochondria.
β-hydroxybutyrate was part of the main discriminate
function between cirrhotic and encephalopathic patients.
We can hypothesize that, possibly, the precarious state
of energy production in encephalopathy makes the
availability of NADH for this further reaction minimal and
it is shifted towards energy production from the Kreb’s
cycle, which is vital to the hepatocytes, instead of finali
sing a product which is destined for export to other
organs like muscle and brain. This is further consolidated
by the fact that encephalopathics were shown to have a
significantly lower glycerol level. This is an indication that
fewer triglycerides are broken down and fewer lipids are
made available for oxidation which is the main pathway
that would lead to ketone body production. Glycerol was
part of the main discriminant function between cirrhotic
and encephalopathic patients. This lends support to
the recent hypothesis that the phenylacetate could be
[21]
used as a treatment in hepatic encephalopathy
and
to subsequent studies in animal models that were in
[22,23]
accordance with that
.
Typical changes in plasma amino acid patterns have
[24,25]
been found in different studies in patients
and
[26,27]
experimental animals in chronic liver failure
. Those
changes are increased concentrations of the AAA and
methionine and decreased concentrations of the BCAA.
The AAA and methionine are primarily metabolised
by the liver and their raised concentrations in both
cirrhotics and encepahlopathic cirrhotics are probably
due to impaired liver metabolism and portosystemic
shunting of blood. Our findings related to AAA confirm
[24-27]
findings by numerous previous studies
which
showed an increase in AAA concentrations.
The story is more complex for the BCAA and is
further complicated by the findings of this study that
in encepohalopathics there was an increase in the
concentrations of leucine and isoleucine. The normal liver
does not play a major role in the breakdown of the BCAA
which are mostly catabolised in the skeletal muscle

Table 5 Results for amines, glycerol and myo-inositol are
shown
Chemical shift Cirrhotics Encephalopathics Controls
Methylamine
Dimethylamine
Tmao
Glycerol
Myoinositol

2.54
2.72
3.27
3.79
3.63

0.17 ± 0.03
0.29 ± 0.03
0.45 ± 0.07
0.53 ± 0.09b
0.37 ± 0.06a

0.19 ± 0.03
0.31 ± 0.04
0.51 ± 0.08
0.2 ± 0.02b
0.19 ± 0.04

0
0
0
0.08 ± 0.02
0.16 ± 0.03

Methylamine, dimethylamine and TMAO were present in patients and
absent in controls. Glycerol concentrations were significantly higher
in patients than controls (bP < 0.01). Myo-inositol concentrations were
significantly higher in cirrhotics (aP < 0.015) but there were no differences
between encephalopathics and controls.

a positive predictive value (PPV) of 100%, a negative
predictive value (NPV) of 94% a sensitivity of 95%, a
specificity of 100% and an overall accuracy of 98%.
If we compared between patients in groups A
and B, β-hydroxybutyrate was significantly lower in
encephalopathics (0.58 ± 0.14 vs 0.16 ± 0.02, P <
0.0002). In contrast, acetoacetate was significantly
higher in encephalopathics (0.23 ± 0.02 vs 0.41 ± 0.16,
P < 0.05). The concentration of leucine (0.33 ± 0.02 vs
0.49 ± 0.05, P < 0.005) and isoleucine 0.12 ± 0.02 vs
0.27 ± 0.02, P < 0.0004) were significantly higher in
encepahopathics. Glutamine concentrations were lower
in encephalopathic patients (0.44 ± 0.08 vs 0.36 ± 0.04,
P < 0.013). Glycerol (0.53 ± 0.03 vs 0.19 ± 0.02, P
< 0.000) and myoinositol concentrations (0.36 ± 0.04
vs 0.18 ± 0.02, P < 0.01) were significantly lower in
encepahlopathic patients.
The strongest segregation was observed with
input from β-hydroxybutyrate, glutamine, glycerol and
glutamate in the SDA. A discriminate function (sum of
concentrations of all four metabolites (β-hydroxybutyrate
+ glutamine + glycerol + glutamate) in mmols/L <
1.5 for encephalopathics) was created. By performing
ROC analysis it had a PPV of 89%, a NPV of 83%, a
sensitivity of 84%, a specificity of 88% and an overall
accuracy of 87%.

DISCUSSION
Our study has confirmed that significant changes
occur in plasma concentrations of amino acids and
other key metabolites in patients with cirrhosis in the
presence or not of hepatic encephalopathy. By using
the metabonomics approach we were able to pinpoint
metabolites that could be used to identify a patient
with or without cirrhosis and with or without hepatic
encephalopathy. We will now look at some particular
substances in more detail.
Lactate and the amino acids alanine, threonine,
glycine and aspartate are major precursors for
gluconeogenesis. Pyruvate is also a central substance
in glucose metabolism. In both cirrhotics and ence
phalopathics we found that the concentrations of those
substances were uniformly increased. It appears then
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and kidneys. It was postulated that hyperisulinaemia
which is present in cirrhosis may drive BCAA to the
[28]
muscle and the kidneys where they are broken down .
Our results do not support this hypothesis particularly
in encephalopathy as concentrations of leucine and
isoleucine are increased in encephalopathy. If we look
at BCAA individually we find that their metabolic fate
after the initials transamination and decarboxylation
can be very different from one to the other. Leucine is
a ketogenic amino acid which can be oxidised to acetylCoA. This study provides evidence that ketogenesis
is impaired in encephalopathy as is the peripheral utili
sation of the ketone bodies and this might explain the
increased concentrations of leucine. Valine can only be
a gluconeogenic amino acid that could enter the Kreb’s
cycle and provide towards the production of ATP. As
acetyl-CoA is in short supply Kreb’s cycle can be fuelled
from alternative sources such as valine. And this might
explain the decreased concentrations of that amino acid.
We do not have an immediate explanation as to why
the concentration of isoleucine is high in encephalopathic
cirrhotics in our study population. Isoleucine is a ketogenic
amino acid and as the production of acetoacetate is
increased but its catabolism is not it might be an index of
diminished ketogenesis in encephalopathy.
Hyperammonaemia and diminished urea production
[29-31]
are well characterised phenomena in cirrhotic patients
.
Our study showed that cirrhotics had increased levels of
glutamate, histidine and arginine and decreased levels
of glutamine. This is a pattern which is not in accordance
with the previous studies which showed a generalised
decrease in those amino acids in chronic liver failure. It is
in accordance though with studies in experimental animal
models of liver failure. Although other studies in patients
suffering acute liver failure confirmed this pattern, our
studies in acute liver failure found no differences in any
[32,33]
of those substances between patients and controls
.
Arginine is an amino acid that is an intermediary of
the urea cycle. Its observed increased concentrations
are in agreement with a decreased urea cycle as is the
increased histidine concentrations which is a glutamate
precursor.
Glutamine however, was part of the main discriminate
function between cirrhotic and encephalopathic patients.
Although this might seem paradoxical, there is evidence
of increased ammonia production during encephalopathy,
which is implicated in its pathogenesis. The fact that
glutamine synthesis is impaired may provide another
point for the hyperammonaemia of encephalopathy. An
alternative pathway to this is the production of amines
and TMAO which can assist in the ammonia detoxification
in the presence of urea cycle impairment. Glutamate and
glutamine were part of the discriminate function between
cirrhotics and encephalopathic patients.
In conclusion, this study provides evidence that in
stable cirrhosis key metabolic pathways are impaired and
confirms the fact that there is impaired gluconeogensis,
impaired ketogensis and ketone bodies break down
and impaired urea cycle. In encephalopathy there is a
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reversal in the pattern of BCAA concentrations towards
normal. By using SDA we were able to separate with
remarkable accuracy metabolic phenotypes of cirrhotic
patients from controls and also those who suffered from
encephalopathy from those cirrhotics who were not.
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SYSTEMATIC REVIEWS

Hepatocellular carcinoma in Asia: Prevention strategy and
planning
Sara Ashtari, Mohamad Amin Pourhoseingholi, Afsaneh Sharifian, Mohamad Reza Zali

Abstract

Sara Ashtari, Mohamad Amin Pourhoseingholi, Afsaneh
Sharifian, Mohamad Reza Zali, Gastroenterology and Liver
Diseases Research Center, Research Institute for Gastroen
terology and Liver Diseases, Shahid Beheshti University of
Medical Sciences, Tehran 1985717413, Iran

AIM: To review all of epidemiological and etiological
aspects of hepatocellular carcinoma (HCC) and examined
the prevention of this disease in Asia.
METHODS: We conducted a systematic review
according to the PRISMA guidelines. We were chosen
articles that published previously, from PubMed
(MEDLINE), the Cochrane database and Scopus. The
key words used in this research were as follows: HCC
in Asia and the way of prevention of this disease, with
no language limitations. We selected those papers
published before 2014 that we considered to be most
important and appropriate. All relevant articles were
accessed in full text and all relevant materials was
evaluated and reviewed.
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RESULTS: More than 70% of all new cases of liver
cancer were diagnosed in Asia, a region that 75% of all
those chronically infected with hepatitis B virus (HBV)
in the world. Chronic HBV infection is the main cause
of HCC in Asia, where the virus is endemic and vertical
transmission is common. Japan, Saudi Arabia, Egypt
and Pakistan are exception because of high prevalence
of HCV infection in these regions. The prevalence of this
cancer is high in Eastern and South-Eastern Asia, But
Middle Eastern countries are characterized as moderate
prevalence rate of HCC region and Central Asia and
some part of Middle Eastern countries are known as low
prevalence rate of HCC. In addition of HBV and HCV
the other factors such as aflatoxin, alcohol, obesity,
diabetes and non-alcoholic fatty liver disease (NAFLD)
might be responsible for a low prevalence of HCC in
Asian countries. Currently available HCC therapies,
chemotherapy, surgical are inefficient, mainly due to
usually late diagnosis and high recurrence rates after
surgical resection, and usually end with treatment
failure. Liver transplantation also remains as a difficult
strategy in patients with HCC. Thus prevention of HCC
by treating and prevention HBV and HCV infection,
the major causative agents of HCC, and the other risk
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women, the rates are much lower, the highest rate are
in Eastern Asia and Western Africa (5-10 per 100000),
the lowest in Northern Europe and Micronesia (< 5 per
[1,3]
100000) . In Asian and African countries, HBV is the
most common cause of HCC, while HCV is the most
common cause in regions with a low prevalence of HBV
[10]
(e.g., America, Northern Europe and Australia) .
This cancer is generally affecting men more than
women, although this difference varies across the
[4,7,11]
world
. According to the GLOBOCON estimates for
2002, the overall male to female ratio was 2.4 and this
ratio was even higher in regions with high incidence
[9,12]
rate of HCC
. High rate of HCC in men (compare to
women) may be related to higher consume of alcohol
and smoking, or/and it has been related to the estrogen
[13-15]
and androgens activities
.
The age distribution of HCC varies by incidence rate,
[16]
sex and region . In low-risk countries (e.g., United
States, Canada, and United Kingdom), and also in highrisk Asian countries (e.g., Hong Kong and China) the
highest age-specific rates are among persons aged 75
[13]
and older
and this is despite the fact that, the agespecific rates occur among male aged 60 and 65 before
declining in high-risk African countries (e.g., Gambia,
Mali), whereas the peak of female’s rates are between
[8,13]
65 and 70 before declining
.

factors such as aflatoxin, alcohol, obesity, diabetes and
NAFLD is of a great medical importance.
CONCLUSION: The main challenge which still present
in Asia, is the high prevalence of chronic hepatitis.
So, prevention of HBV and HCV is the key strategy to
reduce the incidence of HCC in Asia.
Key words: Hepatocellular carcinoma; Viral hepatitis;
Prevention strategy; Asian countries
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this current review, the burden and
incidence of hepatocellular carcinoma (HCC) in Asian
countries, risk factors and prevention of HCC are
discussed. Infection of hepatitis B virus (HBV) is the
main cause of HCC in Asia continent, where the virus is
endemic and vertical transmission is common. Japan,
Saudi Arabia, Egypt and Pakistan are exception due to
of high prevalence of HCV infection. The main challenge
which still present in Asia, is the high prevalence of
chronic hepatitis. So, HBV and HCV prevention is the
key strategy to decrease the incidence and burden of
HCC in Asia.
Ashtari S, Pourhoseingholi MA, Sharifian A, Zali MR. Hepato
cellular carcinoma in Asia: Prevention strategy and planning.
World J Hepatol 2015; 7(12): 1708-1717 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i12/1708.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i12.1708

MATERIALS AND METHODS
We conducted a systematic review according to
the PRISMA guidelines. All searches for writing this
review is based on the papers was found in PubMed
(MEDLINE), Cochrane database and Scopus in August
and September 2014 for topic of HCC in Asia and the
way of prevention of this disease, with no language
limitations. All relevant articles were accessed in full text
and all relevant materials was evaluated and reviewed.
We extracted data on epidemiology of HCC, burden
and prevalence of HCC, risk factors characteristics
association HCC, and prevention of HCC. All findings
were reviewed and analyzed, then reported as results in
the tables and text.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide. HCC is the fifth most
common cancer in men (554000 cases, 7.5% of the
total) and the ninth in women (228000 cases, 3.4% of
the total), with 782000 new cases occurring in 2012
and approximately 746000 persons die each year from
[1-3]
this . The rate of incidence and mortality are similar
because most HCCs are diagnosed at an advanced
[4]
stage . HCC is the second most common cause of
[1,5]
death from cancer in the world . Its distribution geo
graphically related to the hepatitis B virus (HBV) and/or
[6]
HCV prevalence, which are HCC’s main risk factors . Its
burden is the highest in the South-East Asia and Sub[7]
Saharan Africa due to HBV infection’s endemic and
most new cases (up to 80%) occur in theses area with
the age-standardized incidence (> 20 per 100000),
compared to low-incidence areas with (< 5 per 100000)
in South and Central America, and the some part of
[6,8,9]
Europe
. For men, high incidence regions are Eastern
and South-Eastern Asia (> 20 per 100000). Intermediate
rates occur in Southern Europe and Northern America
(5-10 per 100000) and the lowest rates are in Northern
[1]
Europe and South-Central Asia (< 5 per 100000) . For
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RESULTS
Burden of liver cancer in Asia

Asian continent covers approximately 4.3 billion people
(60% of the world’s current population). More than
70% (50% in China alone) of all new cases of liver
cancer were diagnosed in Asia, a region that 75% of
[17]
all those chronically infected with HBV in the world .
HBV is the main cause of HCC in Asia, where the virus
[5,18]
is endemic and vertical transmission is common
. In
Japan (68%), Saudi Arabia (39.5%), Egypt (69%) and
Pakistan (45%) infected with HCV is the main risk factor
[19-22]
for HCC
.
Incidence rate of HCC is high in Eastern and SouthEastern Asia (e.g., China, Hong Kong, Taiwan, South
[6]
Korea, Thailand, and Philippines) . It is less in the
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Table 1 Incidence rate for males and females, and common cause of
[6,10]
hepatocellular carcinoma in some Asian countries
Country

Incidence rate (per 100000 persons)
Males

China
Hong Kong
India
Japan
South Korea
Malaysia
Philippines
Singapore
Taiwan
Thailand
Egypt
Iran
Kuwait
Oman
Saudi Arabia
Bahrain
Lebanon
Qatar
Palestine
Tunisia
Jordan

58
29.9
0.9-3.4
8
45
3.6
13.4
7.1
53
33.4
21.9
1.4
8.1
7.4
5.9
5.3
3.5
3.4
2.6
2.2
1.9

Common cause of HCC

Females
22
8.3
0.2-1.8
6
33.6
1.6
4.8
1.5
21
12.3
4.5
1.9
3.6
3.2
2.2
3.1
2.2
1.8
0.7
0.7
1.3

HBV
HBV
HBV
HCV
HBV
HBV
HBV
HCV
HBV
HBV
HCV
HBV
HBV
HBV
HCV
HBV
HBV
HBV
HBV
HBV
HBV

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

Middle-East countries (e.g., Iran, Iraq, Kuwait, Oman,
Qatar, Saudi Arabia, Bahrain, and Lebanon) compared
to high incidence countries in South-East Asia, except
in Egypt because of higher incidence of HCC in Middle[10]
East region . Central Asia and some part of Middle
East regions (Kazakhstan, Kyrgyzstan, Tajikistan, and
Turkmenistan) are characterized by a low incidence rate
[1]
of HCC . The summery of incidence rate of HCC for
males and females and also common cause of HCC in
some countries of Asia are shows in Table 1.

increased HCC risk associated with HBV. Thus, the HCC’s
incidence increases with the prevalence of hepatitis B
surface antigen (HBsAg) in all areas, particularly in
[31,32]
endemic HBV region
. Similar to the world distribution
of HBV, Asian countries also divided in to the low (<
2%), intermediate (2%-8%) and high endemic areas
[33]
(> 8%) of HBV . Although the region of South-East
Asia previously has classified as a high endemicity area,
China is now the only country, classified as high endemic
[34]
area with 8%-20% prevalence of HBV . Oman, Yemen
and Jordan in the Middle East are characterizes by a
moderate to high prevalence rate of HBV in their own
[34,35]
populations
. Countries with intermediate endemicity
in Asia includes; India, Taiwan, Thailand, Philippines,
Korea, Iraq and United Arab Emirates, and countries with
low endemicity including Japan, Pakistan, Singapore,
Sri Lanka, Bangladesh, Malaysia, Iran, Kuwait and
[36,37]
Bahrain
.
Because of hepatitis B prevention programs (vacci
nation), the epidemiological pattern of HBV prevalence
changes with time in most Asian countries. In Taiwan
due immunization program of HBV, the percentage of
HBV-related HCC in children and adolescents decre
[38,39]
ased
. In Saudi Arabia and Malaysia, the prevalence
of HBV infection in children have declined since the
[40,41]
beginning of the vaccination
. Iran is located in low
risk area and characterized as low incidence rate of
[42]
HCC (< 5 per 100000) . According to a recent study
designed in Southern Iran, HBV was the main HCC’s risk
[43]
factor, accounts for of 52.1% of cases . After setting
the HBV National Vaccination Program for all newborns
and high risk groups since 1992 in Iran, the prevalence
[35,44]
of the virus decreased dramatically
. According to
World Health’s report in 2001 and Centers for Disease

Risk factors of HCC: HCC is a complex disease
[12,23]
associated with many risk factors and cofactors
.
Main risk factors for HCC include HBV/HCV infection,
alcohol, aflatoxin exposure, obesity, non-alcoholic fatty
[12,24,25]
liver disease (NAFLD) and diabetes
. In developing
countries, chronic HBV with or without aflatoxin exposure
in most cases, is the major cause of HCC. Besides,
in these countries, HBV infection is transmitted from
mother to newborn and in these infected children, 90%
[23,26]
experienced developing chronic HBV
. In developed
countries, in contrast, 90% of HCC cases occur in
cirrhosis patients (with chronic HCV or alcohol abuse)
and in this regions HCV infection spreads mainly through
sexual and other horizontal transmission an adulthood,
and if that the HBV vaccination is widely effective in this
[27-29]
countries
.
Hepatitis B in Asia: In general, the 350 million people
diagnosed with HBV worldwide, and it is estimated that
[24,30]
HBV is responsible for (50% to 80%) cause of HCC
.
Although HBV would be the cause HCC in the absence
of cirrhosis, the majority of HCC patients (70%-80%)
who infected with HBV-related, have cirrhosis too. The
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Control and Prevention’s in 2005, prevalence of chronic
hepatitis B (CHB) infection in Iran ranges between
[35,45]
2%-7%
. Factors which increased the risk of HCC
in persons with chronic HBV infection include; male,
age, long time infected, family history of HCC, aflatoxin
exposure, alcohol, tobacco, and infected with HBV
[46]
genotype C .

proliferation. In spite of that, HCC only occurs in a
small proportion of HBsAg carriers. Because the hepato
carcinogenic process includes the interplay between
hepatitis B and host hepatocytes, both genomes could
contribute to the final pathogenic outcomes, individually
[68]
or synergistically .
HBV contains a double stranded genomic DNA that
may encode oncogenic viral proteins which is possibly
[69]
contributed to hepatocarcinogenesis . For example,
protein HBx (which is a well-known viral non-structural
gene) operates as a multifunctional regulator modulating
gene transcription, cell responses to oxidative stress,
protein degradation, apoptosis, and several signaling
[70]
pathways . Due to this fact that, the specific mechanism
is still unknown, its role in liver malignant transformation
[71]
has been clearly demonstrated by HBx . In addition to
viral oncogenic proteins, several viral factors, including
genotype, BCP mutation, and viral load have been
confirmed to be associated with hepatocarcinogensis. In
Asia, it is revealed that, genotype C is more commonly
associated with liver cirrhosis and HCC compared with
[23,72]
genotype B
.
Hepatitis C is member of the flaviviruses, which it
forms its own genus, hepacivirus. HCV is a small, enve
loped positive-sense, single stranded RNA virus, and
[73]
its life cycle is predominantly cytoplasmic . Therefore,
this virus is likely to predispose to cancer by alteration of
cell signaling and metabolism as similar as by inducing
[74]
immune responses . Modulation of cellular immunity
and metabolism are processes that establish a liver
microenvironment which characterized by chronic inflam
mation, oxidative stress and repair processes that lead to
[75-78]
liver fibrosis, cirrhosis and HCC
.

Hepatitis C in Asia: 170-200 million people are
infected with HCV worldwide and its play an important
role in HCC especially in regions where CHB is less
[47,48]
common
. In contrast, HCC in HCV patients almost
[49,50]
occurs in people with cirrhosis
. The estimated
risk of HCC in patients with HCV is 15 to 20 times
higher in healthy persons, and also increased the risk
of HCC in patients with advanced hepatic fibrosis or
[51]
cirrhosis . Prior to anti-HCV screening tests for blood
donors (in 1990/1991 in Europe and United States),
blood transfusion and injection drug use (IDU) were
recognized as the leading cause of HCV, but after the
implementation of routine blood donor screening, IDU is
[10,52]
the main risk factor (only in developed countries)
.
According to World Health Organization’s (WHO) Global
Database for Blood Safety. It is calculated that 43% of
blood donors (in developing countries) are not properly
screened for prevent the transfer of infections, including
[53]
HCV . Therefore, in developing countries blood
transfusion is a highly main risk for HCV transmission.
Sexual and maternal-infant HCV transmission can
[54]
occur but it is rare . Generally, the population at risk
for HCV infections who are exposed to infected blood,
hemodialysis, IDU, prisoners, tattooing, and during
[55]
medical and dental care .
The most high prevalence rate of HCV occurs in
African and Asian countries (5.3% in Africa and 2.15%[56,57]
3.9% in Asia)
. The prevalence of HCV infection in
Asian countries varies geographically, In Japan, Saudi
Arabia, Egypt and Pakistan, HCV is the cause of HCC.
The markers of Hepatitis C infection (positive anti-HCV)
are found in 80%-90% HCC patients in Japan, 70% in
Egypt, 40%-50% in the Pakistan and 35%-40% in Saudi
[10,58-61]
Arabia
.
According to the population-based study of Merat et
[62]
al the prevalence of HCV in Iran was 0.3%, 1.6% and
1.0% in Tehran, Hormozgan, and Golestan provinces,
respectively. After HBV, HCV infection is the main risk
[43]
factor of HCC in Iran with an incidence of 8.5% .
Factors which increased the risk of HCC in persons
with chronic HCV include; male, elderly, co-infected
with human immunodeficiency virus and HBV infection,
[63-66]
heavy alcohol intake, diabetes and obesity
.

Other environmental and genetic risk factors of HCC

HBV and HCV infections are the major causes of
more than 75% of the HCC in the world, with an even
[16]
more in developing countries . HBV infection is most
common in Asia, except in Japan, Saudi Arabia, Egypt
and Pakistan, where HCV instead, is the main cause of
primary HCC. In addition, exposure to aflatoxin in Asia is
a significant risk factor, especially in China and Tai
[18,79]
wan
. On the other hand, other factors such as
alcohol, obesity, diabetes and NAFLD might be responsible
[6,10]
for a low prevalence of HCC in Asian countries
.
Aflatoxin: Aflatoxin is a mycotoxin produced by
the Aspergillus fungus. This fungus grows easily on
foodstuffs including; peanuts, corn, pistachio, etc., which
[80]
stored in warm and damp conditions . Studies have
been done in sub-Saharan Africa and South-East Asia
[81]
revealed the association between aflatoxin and HCC .
Also, some studies in Asia, Shanghai and Taiwan,
indicated the interaction between aflatoxin exposure and
hepatitis B infection and a study in Taiwan reported that
in HBsAg carriers, who were susceptible to aflatoxin,
[82-86]
were more likely to develop HCC
. Besides, in most
regions where aflatoxin exposure is high, HBV infection
[13]
[87]
also is highly prevalent . A recent study in Taiwan

Concept of carcinogens in HBV and HCV

HBV is members of hepadnaviruses that can cause
transient or chronic infections. And finally chronic
infections can lead to liver failure with cirrhosis and
[67]
HCC . Multiple factors are involved in the hepatocar
cinogenesis of HBV infection. A main factor is chronic
necroinflammation and subsequent fibrosis/liver cell
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[64,65,93]

reported the relationship between aflatoxin and HCV
with advanced liver disease. Unfortunately we don’t
have any study in Middle East countries that worked on
association between of aflatoxin and HCC.

United States, Scandinavia, Taiwan, and Japan
,
the occurrences of HCC was 1.5 to 2.0 times higher in
obese persons than in people with normal weight. Also
some case-control studies and a few cohort studies
indicated that, occurrence of HCC in persons with T2DM
[100,101]
than in non-diabetics persons is double
. NAFLD
is clearly linked with obesity and T2DM, that is way
[102]
it is recognizes as a possible risk factor for HCC
.
NAFLD may started as simple steatosis (NAFLD), to
non-alcoholic steatohepatitis (NASH) or cirrhosis and
HCC (due to obesity), T2DM associated to metabolic
[103]
derangements . NASH is a more advanced stage of
NAFLD, so that about 20% of NASH patients usually
progress to liver cirrhosis or even some patients with
[104,105]
NASH show HCC with or without liver cirrhosis
.
NASH is the first damage caused by a buildup of fat in
the liver (NAFLD), NASH can progress and get worse
with scar and severe inflammation and fibrosis. With
5-year follow-up of patients with NASH, observed that
[104]
the progression of fibrosis can lead to cirrhosis
.
Some factors such as abnormal glucose regulation,
obesity, T2DM and triglyceride can increase the risk of
[106]
NASH . Generally the whole fibrogenesis develops of
NASH from NAFLD due to multiple factors, including;
oxidative stress, insulin resistance, lipotoxicity, pro[107]
inflammatory cytokine and hepatic stem cells .

Alcohol: Alcohol generally contributed to 15% to 45%
of HCC cases in developed countries due to its significant
[13,88]
role in cirrhosis
. Many studies have shown the
association of heavy alcohol intake (> 50-70 g/d for
[89-91]
several years) and HCC
. Men tend to consume more
[10]
alcohol than women . The annual incidence of HCC due
[92]
to alcohol cirrhosis is 1%-4% . Alcohol consumption in
Asian countries, in contrast to American and European
countries, plays a minor role for HCC development.
Especially in Middle Eastern countries, rather than to
south Eastern countries in Asia the consumption of
[6,10,43]
alcohol is very low
.
Obesity, diabetes and non-alcoholic fatty liver:
Epidemiological studies have shown that obesity is a risk
factor for HCC. Similar studies further indicate that type
2 of diabetes milieus (T2DM) is also a major risk factor.
Both obesity and T2DM are often related to NAFLD. Case
reports have shown progression of NAFLD to cirrhosis
[93,94]
and HCC
. A Danish study indicated that, the chance
of HCC is more in obese people than general population
[65]
(RR = 1.9) . The risk of HCC in obese Patients (with
body mass index greater than 30) is increasing more
[95]
than cirrhotic patients . The prevalence of obesity in
Asian countries varies geographically. This prevalence is
19.4% in Iran, 33.3% in Saudi Arabia, 33.2% in Qatar,
33.1% in Egypt, 32.9% in Bahrain, 5.7% in China, 5.0%
[96]
in Japan, 14.0% in Malaysia . The highest prevalence
belongs to Kuwait with 42.0% and lowest prevalence
[96]
belongs to Bangladesh with 1.1%
(data adjusted for
2008 for comparability). Prevalence of overweight and
obese people based on several national health surveys in
[97]
Asia has increased . The prevalence of obesity in adults
in South-East Asian countries is usually low, compared
to developed countries like as the United State, but in
contrast to South-East Asian countries, the prevalence
of obesity in Middle-East countries is high and almost is
equal to developed countries. In the future, obesity may
be play as an important role of HCC because of the high
[98]
prevalence in Middle-East countries .
Comparative Prevalence of diabetes in Asian countries
also, varies geographically. This prevalence is 9.94%
in Iran, 23.09% in Kuwait, 22.87% in Qatar, 16.80%
in Egypt, 17.30% in Bahrain, 9.02% in China, 12.28%
[99]
in Singapore, 10.85% in Malaysia . The highest
prevalence belongs to Saudi Arabia with 23.87% and
[99]
lowest prevalence belongs to Japan with 5.12% . The
prevalence of diabetes in countries located in Southeast Asia is quite low but, in contrast, this prevalence
is high in Middle-East countries. In the future, the high
incidence rate of diabetes in countries of Middle-East
might become it as the major risk factor for HCC in this
region.
According to community-based cohort studies in the
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DISCUSSION
The main challenge which still present in Asia, is the
high prevalence of chronic hepatitis. So, prevention of
infection with hepatitis B and hepatitis C is the key to
[108,109]
reduce the burden of HCC in Asia
.

Prevention of HBV

HBV vaccination is the most effective methods to
prevent HBV in both newborn and adult infections with
[110]
HBV
. National HBV vaccination program reduces
the prevalence of HBV and also the incidence of HCC
[24]
dramatically . However, more time is needed to reach
the final results, because this program were introduced
between 1982 and 1990 in the world and most cases of
[111,112]
HCC occur after the age of 40 years
.

Antiviral treatment of HBV

The results of many studies suggested that antiviral
therapy is very effective to controls HBV infection. In
a study has been done in China, cirrhosis and fibrosis
HBV patients randomly assigned in two groups; first
received 100 mg of lamivudine per day and second
received placebo for up to 5 years. According to the
results, the incidence of HCC was significantly reduced
in the lamivudine group (3.9% vs 7.4%; HR = 0.49; P
[113]
= 0.047) .

Prevention of HCV

HCV’s prevention, in absence of an effective vaccine,
is more challenging than the HBV’s and requires a
fundamental and comprehensive strategy, including;
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[124]

blood donations screening, safe injection and systematic
[22]
avoidance of unnecessary injections .

the world
. Therefore, changing the life style such
as weight loss and regular physical activity is directed
towards reducing HCC risk factors. Based on the
epidemiologic evidence, obesity and T2DM are associated
to NAFLD and they are independent risk factors of HCC.
In addition, early detection and treatment of diabetes
and hyperinsulinemia are very essential and critical to
prevent of HCC associated with diabetes and NAFLD.
Several studies showed that the use of insulin-sensitizing
(metformin and thiazolidinediones) agents in diabetes
[125-127]
could reduce the risk of HCC
. Insulin-sensitizing
drugs and avoiding from treatments contributing to
hyperinsulinemia would be helpful to prevent HCC and
[103]
to improve disease outcomes .

Antiviral treatment of HCV

Combination antiviral therapy helps to prevent the
HCV and followed by HCC. Combination therapy
decreases the risk of HCC in patients with HCV-related
cirrhosis, even without complete biochemical and
[60]
virological clearing . The current treatments for HCV
are combination therapy of pegylated interferon with
[114-117]
ribavirin
.
Other strategy and remaining challenge to
prevent HBV and HCV infection: In most Asian
countries, HBV is usually transmitted from mother
[118]
to newborn
. In order to avoid of maternal-child
transmission, WHO is recommending HBV vaccination at
birth, but unfortunately less than half of member states
have policy to provide HBV vaccination at birth and only
[119,120]
27% of newborns globally received this vaccine
.
Raising awareness and knowledge about the viral
hepatitis B and C infection help reduce transmission in
the community, also increasing awareness among policymakers, health professionals and decision- makers in
society can help to make better decision and planning
[120]
to prevent viral hepatitis . Implementation of blood
safety strategies is one of the best ways to prevent
[24,108]
transmission of hepatitis C infection
, screening
blood donation is really effective but in low-income
countries where data available, only 35% of donated
blood samples were screened in a quality assured
[120]
manner in 2008 .
Early detection of HBV and HCV cases provides
the best opportunity for effective medical support and
[22,108]
prevention of further spread
.
Most new cases of HCV and HBV infections in Asia
(or elsewhere) are due to IDU. Needle and syringe
sharing practices between Injecting drug users, largely
increase the risk of HCV and HBV. Generally, about
60%-80% (about 10 million people) of injecting drug
users is positive for HCV and 5%-10% positive for HBV.
Controlling this social problem is important in prevention
[121-123]
of HCV and HBV cirrhosis related to HCC
.

COMMENTS
COMMENTS
Background

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide
and the second cause of cancer death. Hepatitis B virus (HBV) and HCV
infections are the major cause of HCC in the Asian countries, where the virus
is endemic and vertical transmission is common. In addition of HBV and HCV
the other factors such as aflatoxin, alcohol, obesity, diabetes and non-alcoholic
fatty liver disease (NAFLD) might be responsible for a low prevalence of HCC
in Asian countries.

Research frontiers

The objective of this study was to review systematically all of aspects of HCC in
Asia, provides updated epidemiological data on HCC and its etiology and also
this study have examined the current and future possibilities of prevention of
this disease in Asian countries.

Innovations and breakthroughs

Unfortunately, most previous studies only focused on South-East countries on
Asia. However, in this study the authors have tried to consider all the countries
is located in Asia. And generally the authors collected useful information.

Applications

Based on this systematic review obesity, diabetes and NAFLD is growing in
Asian countries, which can increase the risk of HCC. An also aflatoxin should
be more considered.

Terminology

HCC, also called malignant hepatoma, is the most common type of liver cancer.
Most cases of HCC are due to HBV, HCV or cirrhosis.

Peer-review

This is a well-written comprehensive review of the epidemiology of HCC in Asia.

REFERENCES
1

Prevention of HCC associated with other risk
factors: The proportion of HCC cases due to other
causes (except HBV and HCV) is usually between 10%
[108]
and 20% in Asia . Such cases include aflatoxin, alcohol
consumption, obesity, type 2 diabetes and NAFLD.
Therefore abstaining from alcohol and toxin exposure is
very effective for reducing the risk of HCC.
NAFLD in synergy with other risk factors such as
obesity, diabetes and metabolic syndrome, is becoming
one of the other risk factors for HCC. Due to the lack of
understanding of the pathogenesis of the disease, the
prevention of NAFLD remains as a difficult problem. So
prevention of the risk factors of NAFLD such as obesity,
insulin resistance, diabetes and metabolic syndrome is
the key strategy to reduce the incidence of NAFLD in

WJH|www.wjgnet.com

2

3

4
5
6

1713

IARC. Liver Cancer: Estimated Incidence, Mortality, Prevalence
Worldwide in 2012. [Accessed 2013 Dec 12]. Available from:
URL: http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx 2012
Flores A, Marrero JA. Emerging trends in hepatocellular
carcinoma: focus on diagnosis and therapeutics. Clin Med Insights
Oncol 2014; 8: 71-76 [PMID: 24899827 DOI: 10.4137/CMO.
S9926]
Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo
M, Parkin DM, Forman D, Bray F. Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN
2012. Int J Cancer 2015; 136: E359-E386 [PMID: 25220842 DOI:
10.1002/ijc.29210]
Yang JD, Roberts LR. Hepatocellular carcinoma: A global
view. Nat Rev Gastroenterol Hepatol 2010; 7: 448-458 [PMID:
20628345 DOI: 10.1038/nrgastro.2010.100]
Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global
cancer statistics. CA Cancer J Clin 2011; 61: 69-90 [PMID:
21296855 DOI: 10.3322/caac.20107]
Yuen MF, Hou JL, Chutaputti A. Hepatocellular carcinoma in the

June 28, 2015|Volume 7|Issue 12|

Ashtari S et al . Hepatocellular carcinoma in Asia

7
8

9
10
11
12

13
14

15

16
17
18
19

20

21
22
23

24
25
26
27

Asia pacific region. J Gastroenterol Hepatol 2009; 24: 346-353
[PMID: 19220670 DOI: 10.1111/j.1440-1746.2009.05784.x]
Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics,
2002. CA Cancer J Clin 2005; 55: 74-108 [PMID: 15761078 DOI:
10.3322/canjclin.55.2.74]
Nordenstedt H, White DL, El-Serag HB. The changing pattern
of epidemiology in hepatocellular carcinoma. Dig Liver Dis
2010; 42 Suppl 3: S206-S214 [PMID: 20547305 DOI: 10.1016/
S1590-8658(10)60507-5]
Ferlay J, Bray F, Pisani P, Parkin DM. GLOBOCAN 2000: Cancer
Incidence, Mortality and Prevalence Worldwide, Version 1.0. Lyon:
IARC Press, 2001
Poustchi H, Sepanlou S, Esmaili S, Mehrabi N, Ansarymoghadam
A. Hepatocellular carcinoma in the world and the middle East.
Middle East J Dig Dis 2010; 2: 31-41 [PMID: 25197510]
McGlynn KA, Tsao L, Hsing AW, Devesa SS, Fraumeni JF.
International trends and patterns of primary liver cancer. Int J
Cancer 2001; 94: 290-296 [PMID: 11668511]
Venook AP, Papandreou C, Furuse J, de Guevara LL. The
incidence and epidemiology of hepatocellular carcinoma: a global
and regional perspective. Oncologist 2010; 15 Suppl 4: 5-13
[PMID: 21115576 DOI: 10.1634/theoncologist.2010-S4-05]
El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology
and molecular carcinogenesis. Gastroenterology 2007; 132:
2557-2576 [PMID: 17570226 DOI: 10.1053/j.gastro.2007.04.061]
Naugler WE, Sakurai T, Kim S, Maeda S, Kim K, Elsharkawy
AM, Karin M. Gender disparity in liver cancer due to sex
differences in MyD88-dependent IL-6 production. Science 2007;
317: 121-124 [PMID: 17615358 DOI: 10.1126/science.1140485]
Nagasue N, Ogawa Y, Yukaya H, Ohta N, Ito A. Serum levels
of estrogens and testosterone in cirrhotic men with and without
hepatocellular carcinoma. Gastroenterology 1985; 88: 768-772
[PMID: 2981753]
Cancer incidence in five continents. Volume VIII. IARC Sci Publ
2002; (155): 1-781 [PMID: 12812229]
Lai CL, Ratziu V, Yuen MF, Poynard T. Viral hepatitis B. Lancet
2003; 362: 2089-2094 [PMID: 14697813 DOI: 10.1016/S0140-67
36(03)15108-2]
Bosch FX, Ribes J, Cléries R, Díaz M. Epidemiology of
hepatocellular carcinoma. Clin Liver Dis 2005; 9: 191-211, v
[PMID: 15831268 DOI: 10.1016/j.cld.2004.12.009]
Salim EI, Moore MA, Al-Lawati JA, Al-Sayyad J, Bazawir A,
Bener A, Corbex M, El-Saghir N, Habib OS, Maziak W, Mokhtar
HC, Seif-Eldrin IA, Sobue T. Cancer epidemiology and control in
the arab world - past, present and future. Asian Pac J Cancer Prev
2009; 10: 3-16 [PMID: 19469617]
Umemura T, Ichijo T, Yoshizawa K, Tanaka E, Kiyosawa K.
Epidemiology of hepatocellular carcinoma in Japan. J Gastroenterol
2009; 44 Suppl 19: 102-107 [PMID: 19148802 DOI: 10.1007/
s00535-008-2251-0]
But DY, Lai CL, Yuen MF. Natural history of hepatitis-related
hepatocellular carcinoma. World J Gastroenterol 2008; 14: 1652-1656
[PMID: 18350595 DOI: 10.3748/wjg.14.1652]
Franceschi S, Raza SA. Epidemiology and prevention of hepa
tocellular carcinoma. Cancer Lett 2009; 286: 5-8 [PMID: 19070421
DOI: 10.1016/j.canlet.2008.10.046]
Gomaa AI, Khan SA, Toledano MB, Waked I, Taylor-Robinson
SD. Hepatocellular carcinoma: epidemiology, risk factors and
pathogenesis. World J Gastroenterol 2008; 14: 4300-4308 [PMID:
18666317 DOI: 10.3748/wjg.14.4300]
El-Serag HB. Hepatocellular carcinoma. N Engl J Med 2011; 365:
1118-1127 [PMID: 21992124 DOI: 10.1056/NEJMra1001683]
Kim do Y, Han KH. Epidemiology and surveillance of hepato
cellular carcinoma. Liver Cancer 2012; 1: 2-14 [PMID: 24159567
DOI: 10.1159/000339016]
Parikh A, Taouli B. Imaging of hepatocellular carcinoma: current
concepts. Recent Results Cancer Res 2013; 190: 33-55 [PMID:
22941012 DOI: 10.1007/978-3-642-16037-0_3]
Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma.
Lancet 2003; 362: 1907-1917 [PMID: 14667750 DOI: 10.1016/

WJH|www.wjgnet.com

28

29

30
31

32
33
34

35

36
37
38

39

40

41

42

43
44
45

1714

S0140-6736(03)14964-1]
Montalto G, Cervello M, Giannitrapani L, Dantona F, Terranova
A, Castagnetta LA. Epidemiology, risk factors, and natural history
of hepatocellular carcinoma. Ann N Y Acad Sci 2002; 963: 13-20
[PMID: 12095924 DOI: 10.1111/j.1749-6632.2002.tb04090.x]
Seeff LB, Hoofnagle JH. Epidemiology of hepatocellular
carcinoma in areas of low hepatitis B and hepatitis C endemicity.
Oncogene 2006; 25: 3771-3777 [PMID: 16799618 DOI: 10.1038/
sj.onc.1209560]
El-Serag HB. Epidemiology of hepatocellular carcinoma in USA.
Hepatol Res 2007; 37 Suppl 2: S88-S94 [PMID: 17877502 DOI:
10.1111/j.1872-034X.2007.00168.x]
Simonetti RG, Cammà C, Fiorello F, Politi F, D’Amico G,
Pagliaro L. Hepatocellular carcinoma. A worldwide problem and
the major risk factors. Dig Dis Sci 1991; 36: 962-972 [PMID:
1649041 DOI: 10.1007/BF01297149]
Sherman M. Hepatocellular carcinoma: epidemiology, risk
factors, and screening. Semin Liver Dis 2005; 25: 143-154 [PMID:
15918143 DOI: 10.1055/s-2005-871194]
World Health Organization. Global Alert and Response (GAR):
Hepatitis B. Available from: URL: http://www.who.int/csr/disease/
hepatitis/whocdscsrlyo20022/en/index1.html
Zidan A, Scheuerlein H, Schüle S, Settmacher U, Rauchfuss F.
Epidemiological pattern of hepatitis B and hepatitis C as etiological
agents for hepatocellular carcinoma in iran and worldwide.
Hepat Mon 2012; 12: e6894 [PMID: 23233864 DOI: 10.5812/
hepatmon.6894]
Smolle E, Zöhrer E, Bettermann K, Haybaeck J. Viral hepatitis
induces hepatocellular cancer: what can we learn from epidemiology
comparing iran and worldwide findings? Hepat Mon 2012; 12: e7879
[PMID: 23233866 DOI: 10.5812/hepatmon.7879]
Qirbi N, Hall AJ. Epidemiology of hepatitis B virus infection
in the Middle East. East Mediterr Health J 2001; 7: 1034-1045
[PMID: 15332746]
André F. Hepatitis B epidemiology in Asia, the Middle East and
Africa. Vaccine 2000; 18 Suppl 1: S20-S22 [PMID: 10683538
DOI: 10.1016/S0264-410X(99)00456-9]
Lu SN, Su WW, Yang SS, Chang TT, Cheng KS, Wu JC, Lin HH,
Wu SS, Lee CM, Changchien CS, Chen CJ, Sheu JC, Chen DS,
Chen CH. Secular trends and geographic variations of hepatitis B
virus and hepatitis C virus-associated hepatocellular carcinoma
in Taiwan. Int J Cancer 2006; 119: 1946-1952 [PMID: 16708389
DOI: 10.1002/ijc.22045]
Chen CH, Su WW, Yang SS, Chang TT, Cheng KS, Lin HH, Wu
SS, Lee CM, Changchien CS, Chen CJ, Sheu JC, Chen DS, Lu
SN. Long-term trends and geographic variations in the survival of
patients with hepatocellular carcinoma: analysis of 11,312 patients
in Taiwan. J Gastroenterol Hepatol 2006; 21: 1561-1566 [PMID:
16928217 DOI: 10.1111/j.1440-1746.2006.04425.x]
Al-Faleh FZ, Ayoola EA, Al-Jeffry M, Arif M, Al-Rashed RS,
Ramia S. Integration of hepatitis B vaccine into the expanded
program on immunization: The Saudi Arabian experience. Ann
Saudi Med 1993; 13: 231-236 [PMID: 17590667]
Ng KP, Saw TL, Baki A, Rozainah K, Pang KW, Ramanathan
M. Impact of the Expanded Program of Immunization against
hepatitis B infection in school children in Malaysia. Med Microbiol
Immunol 2005; 194: 163-168 [PMID: 15834754 DOI: 10.1007/
s00430-004-0231-4]
Pourhoseingholi MA, Fazeli Z, Zali MR, Alavian SM. Burden of
hepatocellular carcinoma in Iran; Bayesian projection and trend
analysis. Asian Pac J Cancer Prev 2010; 11: 859-862 [PMID:
21133591]
Hajiani E, Masjedizadeh R, Hashemi J, Azmi M, Rajabi T. Risk
factors for hepatocellular carcinoma in Southern Iran. Saudi Med J
2005; 26: 974-977 [PMID: 15983686]
Alavian SM, Fallahian F, Lankarani KB. The changing
epidemiology of viral hepatitis B in Iran. J Gastrointestin Liver Dis
2007; 16: 403-406 [PMID: 18193122]
Poorolajal J, Majdzadeh R. Prevalence of chronic hepatitis B
infection in Iran: a review article. J Res Med Sci 2009; 14: 249-258

June 28, 2015|Volume 7|Issue 12|

Ashtari S et al . Hepatocellular carcinoma in Asia

46

47

48
49

50
51

52

53
54

55

56
57
58

59

60

[PMID: 21772891]
Yang HI, Yeh SH, Chen PJ, Iloeje UH, Jen CL, Su J, Wang
LY, Lu SN, You SL, Chen DS, Liaw YF, Chen CJ. Associations
between hepatitis B virus genotype and mutants and the risk of
hepatocellular carcinoma. J Natl Cancer Inst 2008; 100: 1134-1143
[PMID: 18695135 DOI: 10.1093/jnci/djn243]
Bruix J, Barrera JM, Calvet X, Ercilla G, Costa J, SanchezTapias JM, Ventura M, Vall M, Bruguera M, Bru C. Prevalence
of antibodies to hepatitis C virus in Spanish patients with
hepatocellular carcinoma and hepatic cirrhosis. Lancet 1989; 2:
1004-1006 [PMID: 2572739 DOI: 10.1016/S0140-6736(89)910155]
Chen DS. Hepatitis C virus in chronic liver disease and hepato
cellular carcinoma in Taiwan. Princess Takamatsu Symp 1995; 25:
27-32 [PMID: 8875606]
Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G, Almasio
P, Nevens F, Solinas A, Mura D, Brouwer JT, Thomas H, Njapoum
C, Casarin C, Bonetti P, Fuschi P, Basho J, Tocco A, Bhalla A,
Galassini R, Noventa F, Schalm SW, Realdi G. Morbidity and
mortality in compensated cirrhosis type C: a retrospective follow-up
study of 384 patients. Gastroenterology 1997; 112: 463-472 [PMID:
9024300 DOI: 10.1053/gast.1997.v112.pm9024300]
Tan A, Yeh SH, Liu CJ, Cheung C, Chen PJ. Viral hepa
tocarcinogenesis: from infection to cancer. Liver Int 2008; 28:
175-188 [PMID: 18251977 DOI: 10.1111/j.1478-3231.2007.01652.x]
Donato F, Tagger A, Gelatti U, Parrinello G, Boffetta P, Albertini
A, Decarli A, Trevisi P, Ribero ML, Martelli C, Porru S, Nardi
G. Alcohol and hepatocellular carcinoma: the effect of lifetime
intake and hepatitis virus infections in men and women. Am J
Epidemiol 2002; 155: 323-331 [PMID: 11836196 DOI: 10.1093/
aje/155.4.323]
Touzet S, Kraemer L, Colin C, Pradat P, Lanoir D, Bailly F,
Coppola RC, Sauleda S, Thursz MR, Tillmann H, Alberti A,
Braconier JH, Esteban JI, Hadziyannis SJ, Manns MP, Saracco G,
Thomas HC, Trépo C. Epidemiology of hepatitis C virus infection
in seven European Union countries: a critical analysis of the
literature. HENCORE Group. (Hepatitis C European Network for
Co-operative Research. Eur J Gastroenterol Hepatol 2000; 12:
667-678 [PMID: 10912488 DOI: 10.1097/00042737-200012060-0
0017]
World Health Organization. Global database on blood safety
summary report: 1998-1999. Available from: URL: http://www.
who.int/bloodsafety/global_database/en/
Ohto H, Terazawa S, Sasaki N, Sasaki N, Hino K, Ishiwata C,
Kako M, Ujiie N, Endo C, Matsui A. Transmission of hepatitis
C virus from mothers to infants. The Vertical Transmission of
Hepatitis C Virus Collaborative Study Group. N Engl J Med 1994;
330: 744-750 [PMID: 8107740 DOI: 10.1056/NEJM19940317330
1103]
Sarkari B, Eilami O, Khosravani A, Sharifi A, Tabatabaee M,
Fararouei M. High prevalence of hepatitis C infection among high
risk groups in Kohgiloyeh and Boyerahmad Province, Southwest
Iran. Arch Iran Med 2012; 15: 271-274 [PMID: 22519374]
Shepard CW, Finelli L, Alter MJ. Global epidemiology of
hepatitis C virus infection. Lancet Infect Dis 2005; 5: 558-567
[PMID: 16122679 DOI: 10.1016/S1473-3099(05)70216-4]
Sy T, Jamal MM. Epidemiology of hepatitis C virus (HCV)
infection. Int J Med Sci 2006; 3: 41-46 [PMID: 16614741 DOI:
10.7150/ijms.3.41]
Miyakawa Y, Iino S. Toward prevention of hepatocellular
carcinoma developing in chronic hepatitis C. J Gastroenterol
Hepatol 2001; 16: 711-714 [PMID: 11446875 DOI: 10.1046/
j.1440-1746.2001.02543.x]
Rahman El-Zayadi A, Abaza H, Shawky S, Mohamed MK,
Selim OE, Badran HM. Prevalence and epidemiological features
of hepatocellular carcinoma in Egypt-a single center experience.
Hepatol Res 2001; 19: 170-179 [PMID: 11164741]
Sievert W, Altraif I, Razavi HA, Abdo A, Ahmed EA, Alomair
A, Amarapurkar D, Chen CH, Dou X, El Khayat H, Elshazly M,
Esmat G, Guan R, Han KH, Koike K, Largen A, McCaughan G,

WJH|www.wjgnet.com

61
62

63

64

65

66

67
68
69
70
71

72

73
74
75
76

77

78

1715

Mogawer S, Monis A, Nawaz A, Piratvisuth T, Sanai FM, Sharara
AI, Sibbel S, Sood A, Suh DJ, Wallace C, Young K, Negro F.
A systematic review of hepatitis C virus epidemiology in Asia,
Australia and Egypt. Liver Int 2011; 31 Suppl 2: 61-80 [PMID:
21651703 DOI: 10.1111/j.1478-3231.2011.02540.x]
Fakeeh M, Zaki AM. Hepatitis C: prevalence and common
genotypes among ethnic groups in Jeddah, Saudi Arabia. Am J
Trop Med Hyg 1999; 61: 889-892 [PMID: 10674665]
Merat S, Rezvan H, Nouraie M, Jafari E, Abolghasemi H,
Radmard AR, Zaer-rezaii H, Amini-Kafiabad S, Maghsudlu
M, Pourshams A, Malekzadeh R, Esmaili S. Seroprevalence of
hepatitis C virus: the first population-based study from Iran. Int J
Infect Dis 2010; 14 Suppl 3: e113-e116 [PMID: 20362479 DOI:
10.1016/j.ijid.2009.11.032]
Davis GL, Alter MJ, El-Serag H, Poynard T, Jennings LW. Aging
of hepatitis C virus (HCV)-infected persons in the United States: a
multiple cohort model of HCV prevalence and disease progression.
Gastroenterology 2010; 138: 513-521, 521.e1-6 [PMID: 19861128
DOI: 10.1053/j.gastro.2009.09.067]
Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ.
Overweight, obesity, and mortality from cancer in a prospectively
studied cohort of U.S. adults. N Engl J Med 2003; 348: 1625-1638
[PMID: 12711737 DOI: 10.1056/NEJMoa021423]
Møller H, Mellemgaard A, Lindvig K, Olsen JH. Obesity and
cancer risk: a Danish record-linkage study. Eur J Cancer 1994;
30A: 344-350 [PMID: 8204357 DOI: 10.1016/0959-8049(94)9025
4-2]
Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular
carcinoma in cirrhosis: incidence and risk factors. Gastroen
terology 2004; 127: S35-S50 [PMID: 15508101 DOI: 10.1053/j.
gastro.2004.09.014]
Bréchot C. Pathogenesis of hepatitis B virus-related hepatocellular
carcinoma: old and new paradigms. Gastroenterology 2004; 127:
S56-S61 [PMID: 15508104 DOI: 10.1053/j.gastro.2004.09.016]
Amit S, Jorge A M. Screening for hepatocellular carcinoma.
Gastroenterol Hepatol (N Y) 2008; 4: 201-208 [PMID: 21904498]
Miller JC, Hahn PF, Chung RT, Thrall JH, Lee SI. Screening for
hepatocellular carcinoma in cirrhotic patients. J Am Coll Radiol 2008;
5: 1012-1014 [PMID: 18755444 DOI: 10.1016/j.jacr.2008.01.017]
Murakami S. Hepatitis B virus X protein: a multifunctional viral
regulator. J Gastroenterol 2001; 36: 651-660 [PMID: 11686474
DOI: 10.1007/s005350170027]
Liu CJ, Kao JH. Hepatitis B virus-related hepatocellular carcinoma:
epidemiology and pathogenic role of viral factors. J Chin Med Assoc
2007; 70: 141-145 [PMID: 17475593 DOI: 10.1016/S1726-4901(09)
70346-6]
Shlomai A, de Jong YP, Rice CM. Virus associated malignancies:
the role of viral hepatitis in hepatocellular carcinoma. Semin
Cancer Biol 2014; 26: 78-88 [PMID: 24457013 DOI: 10.1016/
j.semcancer.2014.01.004]
Moradpour D, Penin F, Rice CM. Replication of hepatitis C virus.
Nat Rev Microbiol 2007; 5: 453-463 [PMID: 17487147 DOI:
10.1038/nrmicro1645]
Bartosch B, Thimme R, Blum HE, Zoulim F. Hepatitis C virusinduced hepatocarcinogenesis. J Hepatol 2009; 51: 810-820
[PMID: 19545926 DOI: 10.1016/j.jhep.2009.05.008]
Friedman SL. Mechanisms of hepatic fibrogenesis. Gastroen
terology 2008; 134: 1655-1669 [PMID: 18471545 DOI: 10.1053/
j.gastro.2008.03.003]
McGivern DR, Lemon SM. Tumor suppressors, chromosomal
instability, and hepatitis C virus-associated liver cancer. Annu Rev
Pathol 2009; 4: 399-415 [PMID: 18928409 DOI: 10.1146/annurev.
pathol.4.110807.092202]
Koike K. Pathogenesis of HCV-associated HCC: Dual-pass
carcinogenesis through activation of oxidative stress and
intracellular signaling. Hepatol Res 2007; 37 Suppl 2: S115-S120
[PMID: 17877471 DOI: 10.1111/j.1872-034X.2007.00173.x]
Bartosch B. Hepatitis B and C viruses and hepatocellular
carcinoma. Viruses 2010; 2: 1504-1509 [PMID: 21994691 DOI:
10.3390/v2081504]

June 28, 2015|Volume 7|Issue 12|

Ashtari S et al . Hepatocellular carcinoma in Asia
79
80

81
82

83
84

85

86

87

88
89

90
91

92

93

94
95

Ananthakrishnan A, Gogineni V, Saeian K. Epidemiology of
primary and secondary liver cancers. Semin Intervent Radiol 2006;
23: 47-63 [PMID: 21326720 DOI: 10.1055/s-2006-939841]
Wild CP, Montesano R. A model of interaction: aflatoxins
and hepatitis viruses in liver cancer aetiology and prevention.
Cancer Lett 2009; 286: 22-28 [PMID: 19345001 DOI: 10.1016/
j.canlet.2009.02.053]
IARC. Some Naturally Occurring Substances: Food Items and
Constituents, Heterocyclic Aromatic Amines and Mycotoxins.
Lyon: IARC Press, 1993
Qian GS, Ross RK, Yu MC, Yuan JM, Gao YT, Henderson BE,
Wogan GN, Groopman JD. A follow-up study of urinary markers
of aflatoxin exposure and liver cancer risk in Shanghai, People’s
Republic of China. Cancer Epidemiol Biomarkers Prev 1994; 3:
3-10 [PMID: 8118382]
Wu W. Occupational cancer epidemiology in the People’s Republic
of China. J Occup Med 1988; 30: 968-974 [PMID: 3068337 DOI:
10.1097/00043764-198812000-00017]
Wang JS, Huang T, Su J, Liang F, Wei Z, Liang Y, Luo H,
Kuang SY, Qian GS, Sun G, He X, Kensler TW, Groopman JD.
Hepatocellular carcinoma and aflatoxin exposure in Zhuqing
Village, Fusui County, People’s Republic of China. Cancer
Epidemiol Biomarkers Prev 2001; 10: 143-146 [PMID: 11219772]
Wang LY, Hatch M, Chen CJ, Levin B, You SL, Lu SN, Wu
MH, Wu WP, Wang LW, Wang Q, Huang GT, Yang PM, Lee
HS, Santella RM. Aflatoxin exposure and risk of hepatocellular
carcinoma in Taiwan. Int J Cancer 1996; 67: 620-625 [PMID:
8782648 DOI: 10.1002/(SICI)1097-0215(19960904)67:5<620::
AID-IJC5>3.0.CO;2-W]
Wu HC, Wang Q, Yang HI, Ahsan H, Tsai WY, Wang LY, Chen
SY, Chen CJ, Santella RM. Aflatoxin B1 exposure, hepatitis B
virus infection, and hepatocellular carcinoma in Taiwan. Cancer
Epidemiol Biomarkers Prev 2009; 18: 846-853 [PMID: 19273485
DOI: 10.1158/1055-9965.epi-08-0697]
Chen CH, Wang MH, Wang JH, Hung CH, Hu TH, Lee SC,
Tung HD, Lee CM, Changchien CS, Chen PF, Hsu MC, Lu SN.
Aflatoxin exposure and hepatitis C virus in advanced liver disease
in a hepatitis C virus endemic area in Taiwan. Am J Trop Med Hyg
2007; 77: 747-752 [PMID: 17978082]
Abdel-Hamid NM. Recent insights on risk factors of hepa
tocellular carcinoma. World J Hepatol 2009; 1: 3-7 [PMID:
21160959 DOI: 10.4254/wjh.v1.i1.3]
Hassan MM, Hwang LY, Hatten CJ, Swaim M, Li D, Abbruzzese
JL, Beasley P, Patt YZ. Risk factors for hepatocellular carcinoma:
synergism of alcohol with viral hepatitis and diabetes mellitus.
Hepatology 2002; 36: 1206-1213 [PMID: 12395331 DOI: 10.1053/
jhep.2002.36780]
Braga C, La Vecchia C, Negri E, Franceschi S. Attributable risks for
hepatocellular carcinoma in northern Italy. Eur J Cancer 1997; 33:
629-634 [PMID: 9274446 DOI: 10.1016/S0959-8049(96)00500-X]
Donato F, Tagger A, Chiesa R, Ribero ML, Tomasoni V, Fasola M,
Gelatti U, Portera G, Boffetta P, Nardi G. Hepatitis B and C virus
infection, alcohol drinking, and hepatocellular carcinoma: a casecontrol study in Italy. Brescia HCC Study. Hepatology 1997; 26:
579-584 [PMID: 9303486 DOI: 10.1002/hep.510260308]
Jepsen P, Ott P, Andersen PK, Sørensen HT, Vilstrup H. Risk
for hepatocellular carcinoma in patients with alcoholic cirrhosis:
a Danish nationwide cohort study. Ann Intern Med 2012; 156:
841-847, W295 [PMID: 22711076 DOI: 10.7326/0003-4819-156-1
2-201206190-00004]
Wolk A, Gridley G, Svensson M, Nyrén O, McLaughlin JK,
Fraumeni JF, Adam HO. A prospective study of obesity and cancer
risk (Sweden). Cancer Causes Control 2001; 12: 13-21 [PMID:
11227921]
Caldwell SH, Crespo DM, Kang HS, Al-Osaimi AM. Obesity and
hepatocellular carcinoma. Gastroenterology 2004; 127: S97-S103
[PMID: 15508109 DOI: 10.1053/j.gastro.2004.09.021]
Marrero JA, Fontana RJ, Fu S, Conjeevaram HS, Su GL, Lok
AS. Alcohol, tobacco and obesity are synergistic risk factors for
hepatocellular carcinoma. J Hepatol 2005; 42: 218-224 [PMID:

WJH|www.wjgnet.com

96
97
98

99
100

101

102

103

104

105

106

107

108

109
110
111
112

113

1716

15664247 DOI: 10.1016/j.jhep.2004.10.005]
World Health Organization. Global status report on non-commu
nicable diseases 2010. [Accessed 2011 April]. Available from: URL:
http://www.who.int/nmh/publications/ncd_report_full_en.pdf
Ramachandran A, Snehalatha C. Rising burden of obesity in
Asia. J Obes 2010; 2010: pii: 868573 [PMID: 20871654 DOI:
10.1155/2010/868573]
Yoon KH, Lee JH, Kim JW, Cho JH, Choi YH, Ko SH, Zimmet
P, Son HY. Epidemic obesity and type 2 diabetes in Asia. Lancet
2006; 368: 1681-1688 [PMID: 17098087 DOI: 10.1016/s0140-673
6(06)69703-1]
International Diabetes Federation. IDF Diabetes Atlas. 6th ed.
Brussles, Belgium: International Diabetes Federation, 2013
El-Serag HB, Tran T, Everhart JE. Diabetes increases the
risk of chronic liver disease and hepatocellular carcinoma.
Gastroenterology 2004; 126: 460-468 [PMID: 14762783 DOI:
10.1053/j.gastro.2003.10.065]
El-Serag HB, Hampel H, Javadi F. The association between
diabetes and hepatocellular carcinoma: a systematic review of
epidemiologic evidence. Clin Gastroenterol Hepatol 2006; 4:
369-380 [PMID: 16527702 DOI: 10.1016/j.cgh.2005.12.007]
Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steato
hepatitis: summary of an AASLD Single Topic Conference.
Hepatology 2003; 37: 1202-1219 [PMID: 12717402 DOI: 10.1053/
jhep.2003.50193]
Baffy G, Brunt EM, Caldwell SH. Hepatocellular carcinoma
in non-alcoholic fatty liver disease: an emerging menace. J
Hepatol 2012; 56: 1384-1391 [PMID: 22326465 DOI: 10.1016/
j.jhep.2011.10.027]
Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty liver
disease and hepatocellular carcinoma: a weighty connection.
Hepatology 2010; 51: 1820-1832 [PMID: 20432259 DOI: 10.1002/
hep.23594]
Ertle J, Dechêne A, Sowa JP, Penndorf V, Herzer K, Kaiser G,
Schlaak JF, Gerken G, Syn WK, Canbay A. Non-alcoholic fatty
liver disease progresses to hepatocellular carcinoma in the absence
of apparent cirrhosis. Int J Cancer 2011; 128: 2436-2443 [PMID:
21128245 DOI: 10.1002/ijc.25797]
van der Poorten D, Milner KL, Hui J, Hodge A, Trenell MI,
Kench JG, London R, Peduto T, Chisholm DJ, George J. Visceral
fat: a key mediator of steatohepatitis in metabolic liver disease.
Hepatology 2008; 48: 449-457 [PMID: 18627003 DOI: 10.1002/
hep.22350]
Okazaki I, Noro T, Tsutsui N, Yamanouchi E, Kuroda H, Nakano
M, Yokomori H, Inagaki Y. Fibrogenesis and Carcinogenesis in
Nonalcoholic Steatohepatitis (NASH): Involvement of Matrix
Metalloproteinases (MMPs) and Tissue Inhibitors of Metallo
proteinase (TIMPs). Cancers (Basel) 2014; 6: 1220-1255 [PMID:
24978432 DOI: 10.3390/cancers6031220]
Asia-Pacific Working Party on Prevention of Hepatocellular
Carcinoma. Prevention of hepatocellular carcinoma in the AsiaPacific region: consensus statements. J Gastroenterol Hepatol
2010; 25: 657-663 [PMID: 20492323 DOI: 10.1111/j.1440-1746.2
009.06167.x]
Fazeli Z, Pourhoseingholi MA, Vahedi M, Zali MR. Burden of
Hepatocellular Carcinoma in Aisa. Asian Pacific J Cancer Prevention
2012; 13: 5955-5958 [DOI: 10.7314/APJCP.2012.13.12.5955]
Zanetti AR, Van Damme P, Shouval D. The global impact of
vaccination against hepatitis B: a historical overview. Vaccine 2008;
26: 6266-6273 [PMID: 18848855 DOI: 10.1016/j.vaccine.2008.09.056]
Chen DS. Toward elimination and eradication of hepatitis B. J
Gastroenterol Hepatol 2010; 25: 19-25 [PMID: 20136972 DOI:
10.1111/j.1440-1746.2009.06165.x]
Lim SG, Mohammed R, Yuen MF, Kao JH. Prevention of
hepatocellular carcinoma in hepatitis B virus infection. J Gastroe
nterol Hepatol 2009; 24: 1352-1357 [PMID: 19702903 DOI:
10.1111/j.1440-1746.2009.05985.x]
Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H,
Tanwandee T, Tao QM, Shue K, Keene ON, Dixon JS, Gray DF,
Sabbat J. Lamivudine for patients with chronic hepatitis B and

June 28, 2015|Volume 7|Issue 12|

Ashtari S et al . Hepatocellular carcinoma in Asia

114

115

116

117

118

119

120

121

advanced liver disease. N Engl J Med 2004; 351: 1521-1531
[PMID: 15470215 DOI: 10.1056/NEJMoa033364]
Ashtari S, Vahedi M, Pourhoseingholi MA, Karkhane M, Kimiia
Z, Pourhoseingholi A, Safaee A, Moghimi-Dehkordi B, Zali MR,
Alavian SM. Direct medical care costs associated with patients
diagnosed with chronic HCV. Hepat Mon 2013; 13: e8415 [PMID:
23930132 DOI: 10.5812/hepatmon.8415]
Coppola N, Pisaturo M, Tonziello G, Sagnelli C, Sagnelli E,
Angelillo IF. Efficacy of Pegylated interferon α-2a and α-2b in
patients with genotype 1 chronic hepatitis C: a meta-analysis. BMC
Infect Dis 2012; 12: 357 [PMID: 23245594 DOI: 10.1186/1471-23
34-12-357]
Singal AK, Singh A, Jaganmohan S, Guturu P, Mummadi R, Kuo
YF, Sood GK. Antiviral therapy reduces risk of hepatocellular
carcinoma in patients with hepatitis C virus-related cirrhosis. Clin
Gastroenterol Hepatol 2010; 8: 192-199 [PMID: 19879972 DOI:
10.1016/j.cgh.2009.10.026]
Ashtari S, Vahedi M, Pourhoseingholi MA, Pourhoseingholi A,
Safaee A, Moghimi-Dehkordi B, Zali MR. Estimation of average
diagnosis and treatment costs of hepatitis C. Gastroenterol Hepatol
Bed Bench 2012; 5: 139-145 [PMID: 24834215]
McMahon BJ, Alberts SR, Wainwright RB, Bulkow L, Lanier AP.
Hepatitis B-related sequelae. Prospective study in 1400 hepatitis
B surface antigen-positive Alaska native carriers. Arch Intern Med
1990; 150: 1051-1054 [PMID: 2158773 DOI: 10.1001/archinte.15
0.5.1051]
World Health Organization. Global Immunization Data.
[Accessed 2012 March]. Available from: URL: http://www.who.int/
immunization/monitoring_surveillance/global_immunization_data.
pdf
World Health Organization. Prevention and control of viral
hepatitis infection: framework for global action. [Accessed 2012].
Available from: URL: http://www.who.int/csr/disease/hepatitis/
GHP_Framework_En.pdf
McCaughan GW, Omata M, Amarapurkar D, Bowden S, Chow
WC, Chutaputti A, Dore G, Gane E, Guan R, Hamid SS, Hardikar

122

123

124

125

126

127

W, Hui CK, Jafri W, Jia JD, Lai MY, Wei L, Leung N, Piratvisuth
T, Sarin S, Sollano J, Tateishi R. Asian Pacific Association for
the Study of the Liver consensus statements on the diagnosis,
management and treatment of hepatitis C virus infection. J
Gastroenterol Hepatol 2007; 22: 615-633 [PMID: 17444847 DOI:
10.1111/j.1440-1746.2007.04883.x]
Farrell GC. New hepatitis C guidelines for the Asia-Pacific region:
APASL consensus statements on the diagnosis, management and
treatment of hepatitis C virus infection. J Gastroenterol Hepatol
2007; 22: 607-610 [PMID: 17444844 DOI: 10.1111/j.1440-1746.2
007.04969.x]
Li L, Fan HB, Yang DL. [An introduction of the consensus
statements on the diagnosis, management and treatment of hepatitis
C virus infection from the Asian Pacific Association for the Study
of the Liver]. Zhonghua Gan Zang Bing Za Zhi 2007; 15: 955-957
[PMID: 18171543]
Zelber-Sagi S, Lotan R, Shlomai A, Webb M, Harrari G, Buch A,
Nitzan Kaluski D, Halpern Z, Oren R. Predictors for incidence and
remission of NAFLD in the general population during a sevenyear prospective follow-up. J Hepatol 2012; 56: 1145-1151 [PMID:
22245895 DOI: 10.1016/j.jhep.2011.12.011]
Donadon V, Balbi M, Mas MD, Casarin P, Zanette G. Metformin
and reduced risk of hepatocellular carcinoma in diabetic patients
with chronic liver disease. Liver Int 2010; 30: 750-758 [PMID:
20331505 DOI: 10.1111/j.1478-3231.2010.02223.x]
Nkontchou G, Cosson E, Aout M, Mahmoudi A, Bourcier V,
Charif I, Ganne-Carrie N, Grando-Lemaire V, Vicaut E, Trinchet
JC, Beaugrand M. Impact of metformin on the prognosis of
cirrhosis induced by viral hepatitis C in diabetic patients. J Clin
Endocrinol Metab 2011; 96: 2601-2608 [PMID: 21752887 DOI:
10.1210/jc.2010-2415]
Hassan MM, Curley SA, Li D, Kaseb A, Davila M, Abdalla EK,
Javle M, Moghazy DM, Lozano RD, Abbruzzese JL, Vauthey JN.
Association of diabetes duration and diabetes treatment with the
risk of hepatocellular carcinoma. Cancer 2010; 116: 1938-1946
[PMID: 20166205 DOI: 10.1002/cncr.24982]

P- Reviewer: Fujino Y, Mihaila RG, Tomizawa M S- Editor: Tian YL
L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1717

June 28, 2015|Volume 7|Issue 12|

World J Hepatol 2015 June 28; 7(12): 1718-1722
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i12.1718

CASE REPORT

Severe immune thrombocytopenia after peg-interferonalpha2a, ribavirin and telaprevir treatment completion: a
case report and systematic review of literature
Rosario Arena, Paolo Cecinato, Andrea Lisotti, Federica Buonfiglioli, Claudio Calvanese, Giuseppe Grande,
Marco Montagnani, Francesco Azzaroli, Giuseppe Mazzella
Rosario Arena, Paolo Cecinato, Andrea Lisotti, Federica
Buonfiglioli, Claudio Calvanese, Giuseppe Grande, Marco
Montagnani, Francesco Azzaroli, Giuseppe Mazzella,
Department of Medical and Surgical Science - DIMEC, University
of Bologna, S.Orsola-Malpighi Hospital, 40138 Bologna, Italy

First decision: April 10, 2015
Revised: May 1, 2015
Accepted: May 27, 2015
Article in press: May 28, 2015
Published online: June 28, 2015

Author contributions: Arena R and Mazzella G wrote the
paper; Cecinato P, Lisotti A, Buonfiglioli F, Calvanese C and
Grande G performed literature search; Montagnani M and
Azzaroli F reviewed the paper for important intellectual content.

Abstract
Mild to moderate autoimmune thrombocytopenia (AITP)
is a common finding in patients receiving interferonbased antiviral treatment, due to bone marrow suppre
ssion. Here we report the case of a patient with chronic
genotype 1b hepatitis C virus (HCV) infection treated
with pegylated-interferon alpha-2a, ribavirin and
telaprevir for 24 wk; the patient developed severe AITP
three weeks after treatment withdrawal. We performed
a systematic literature search in order to review
all published cases of AITP related to HCV antiviral
treatment. To our knowledge, this is the second case of
AITP observed after antiviral treatment withdrawal. In
most published cases AITP occurred during treatment;
in fact, among 24 cases of AITP related to interferonbased antiviral treatment, only one occurred after
discontinuation. Early diagnosis of AITP is a key factor in
order to achieve an early interferon discontinuation; in
the era of new direct antiviral agents those patients have
to be considered for interferon-free treatment regimens.
Prompt prescription of immuno-suppressant treatment
(i.e. , corticosteroids, immunoglobulin infusion and even
rituximab for unresponsive cases) leads to favourable
prognosis in most of cases. Physicians using interferonbased treatments should be aware that AITP can occur
both during and after treatment, specially in the new era
of interferon-free antiviral treatment. Finally, in the case
of suspected AITP, presence of anti-platelet antibodies
should be checked not only during treatment but also
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affected by genotype 1b chronic HCV infection (on
histology, fibrosis staging F3 according to Metavir); the
patient reported a partial response (fall of 4 log10 HCVRNA) to a previous course of therapy with Peg-IFNα-2a
plus RBV and, in February 2012, started treatment with
Peg-INFα-2a (180 mcg/wk) plus RBV (1200 mg/d) and
telaprevir (2250 mg/d during the first 12 wk).
Before starting treatment the patient had normal
laboratory tests, in particular: haemoglobin 14 g/dL,
white blood cell count 6.840/mmc, platelet count
155.000/microl, aspartate aminotransferase (AST) 32
IU/L, alanine aminotransferase (ALT) 52 IU/L, γ-glutamyl
transpeptidase 48 IU/L, total bilirubin 0.89 mg/dL,
albumin 4.1 g/dL, gamma-globulin 1550 mg/dL, HCVRNA 256665 IU/mL, thyroid stimulating hormone
2.08 microU/mL; anti-mitochondrial antibodies, antismooth muscle antibodies, anti-thyroid autoantibodies
were negative while anti-nuclear antibodies were found
positive at a title of 1:80 with speckled pattern. Antiplatelet antibodies were not assessed. HCV-RNA level
decreased rapidly and became undetectable after 2
wk of treatment (-5.4 log UI/mL HCV-RNA in 2 wk).
After completing the 12-wk course of triple therapy, the
patient continued Peg-INFα-2a and RBV for other 36 wk.
During treatment, the patient developed severe
anemia without clinical signs of blood loss that required
two blood transfusions and then therapy with erythro
poietin 40000 U/wk for 14 wk.
At the end of the treatment, laboratory values
showed: HCV RNA not detectable, normal ALT and AST,
hemoglobin 11 g/dL, platelets 115.000/mmc, white
blood 2.560/mmc, gamma-globulins 1280 mg/dL.
Three weeks after treatment withdrawal, an episode
of gingival bleeding occurred; laboratory finding showed
severe thrombocytopenia (1.000/microl) with normal
white and red blood cells count; liver and kidney function
and coagulation tests were normal. Anti-platelets autoantibodies, both immunoglobulin M (IgM) and IgG, were
found positive, while direct Coomb’s test and irregular
antibodies against erythrocytes were negative. Antinuclear antibodies were still positive with a speckled
pattern. Antibodies anti-Helicobacter pylori were
negative.
Clinical and laboratory findings were consistent with
the diagnosis of AITP; therefore, intravenous methylprednisolone 60 mg/d was started for one week, followed
by 30 mg/d of oral prednisone, gradually tapered for
three months. No further bleeding and a gradual increase
in platelet count were observed; after one week of
treatment, platelet count was 40.000/microl. After eight
weeks, platelet count was within normal range (211.000/
microl), anti-platelet as well as antinuclear antibodies
became negative and HCV-RNA was persistently unde
tectable (the patient achieved a sustained virological
response).

after discontinuation.
Key words: Autoimmune thrombocytopenia; Pegylated
interferon; Chronic hepatitis C; Viral hepatitis; Antiplatelet antibody
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the second case report of autoimmune
thrombocytopenia (AITP) occurred after peg-interferon/
ribavirin treatment completion: generally, AITP was
observed in course of interferon treatment. To our
knowledge, among 24 interferon-related AITP cases
reported in literature, in 23 cases the side effect
occurred during treatment while in only one after
treatment completion. Physicians using interferon-based
antiviral therapy should be aware that acute AITP can
occur both during and after treatment; in the case of
suspected AITP, presence of anti-platelet antibodies
should be checked not only during treatment but also
after discontinuation.
Arena R, Cecinato P, Lisotti A, Buonfiglioli F, Calvanese C,
Grande G, Montagnani M, Azzaroli F, Mazzella G. Severe
immune thrombocytopenia after peg-interferon-alpha2a, ribavirin
and telaprevir treatment completion: A case report and systematic
review of literature. World J Hepatol 2015; 7(12): 1718-1722
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i12/1718.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i12.1718

INTRODUCTION
Presence of autoimmune thrombocytopenia (AITP)
could be directly related to hepatitis C virus (HCV)
infection, even in early stages of the disease. To date,
AITP was not considered an absolute contraindication
for interferon-based antiviral treatment and usually
[1,2]
resolves after virus clearance ; however, with the
registration of interferon-free regimen, patients with
severe thrombocytopenia should be considered for alloral new direct antiviral agents therapy.
On the other side, mild to moderate thrombocyto
penia could be observed in patients receiving antiviral
treatment with interferon alpha, due to bone marrow
[3]
suppression . However, severe life-threatening immune
thrombocytopenia has rarely been associated with
[4-26]
interferon treatment
. Finally, thrombocytopenia
is a common finding in liver cirrhosis, usually related
to congestive splenomegaly and to inadequate liver
[27]
thrombopoietin synthesis .
We present a case of a chronic HCV infected patient
in which severe AITP occurred 3 wk after pegylatedinterferon (Peg-IFN)α-2a, ribavirin (RBV) and telaprevir
treatment completion.

DISCUSSION

CASE REPORT

This is the second case of AITP occurred after Peg-IFN
and RBV treatment completion: generally, this side

We describe the case of a 68-year-old female patient
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Table 1 Literature review and summary of all published cases of interferon-induced autoimmune thrombocytopenia for hepatitis C
virus infection
Ref.

Sex

Age

HCV genotype

Antiviral therapy

Occurrence of AITP

Clinical outcome

de Manuel Moreno et al
Kim et al[6]
Li et al[26]
Elefsiniotis et al[16]

F
F
F
M

46
72
54
27

1b
NR
1b
NR

Peg-IFNα-2b + RBV
Peg-IFNα-2a
Peg-IFNα-2a + RBV
Peg-IFNα-2b + RBV

Corticosteroids responsive
Corticosteroids responsive
CR
CR

Huang et al[7]
Naz et al[8]
Enomoto et al[9]
Carnero-Fernández et al[10]
Alves Couto et al[11]
Weitz et al[12]
Lambotte et al[24]
Nakajima et al[23]
Medeiros et al[13]

F
F
F
M
M
F
F
M
M

48
60
69
20
44
43
73
47
40

2
NR
1b
NR
NR
1b
1b
1b
NR

Corticosteroids responsive
CR (treated with ursodeoxycholic acid)
Corticosteroids responsive
CR (treated with iv immunoglobulin )
CR
CR (treated with Rituximab)
CR
Incomplete response
CR

Dimitroulopoulos et al[22]
Sevastianos et al[14]
Fujii et al[21]
Sagir et al[15]
Pockros et al[20]
Jiménez-Sáenz et al[19]
Tappero et al[18]
Dourakis et al[25]
Dourakis et al[25]
Shrestha et al[17]
Demirturk et al[27]

F
F
F
M
M
M
F
M
F
M
NR

20
38
24
45
61
46
NR
39
64
41
NR

3
4
NR
NR
1b
NR
NR
NR
NR
NR
NR

Peg-IFNα-2a + RBV
Peg-IFNα-2b + RBV
Peg-IFNα-2b + RBV
Peg-IFNα-2b + RBV
Peg-IFNα-2b + RBV
Peg-INF + RBV
Peg-IFNα-2a + RBV
IFNα-2a + RBV
IFN-α + RBV (for 24 wk)
and Peg-IFNα-2a + RBV
IFNα
Peg-IFNα-2b
IFNα
Peg-IFNα-2b + RBV
IFNα
IFNα-2b
IFNα-2a
IFNα
IFNα
IFNα
Peg-IFN + RBV

12 wk
120 wk
12 wk
24 wk after therapy
discontinuation
1 wk
7 wk
12 wk
20 wk
16 wk
48 wk
8 wk
8 wk
36 wk
28 wk
4 wk
4 wk
10 wk
16 wk
144 wk
8 wk
32 wk
24 wk
NR
NR

CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR

[5]

CR: Completely resolved; NR: Not reported; HCV: Hepatitis C virus; IFN: Interferon; Peg-IFN: Pegylated-IFN; AITP: Autoimmune thrombocytopenia;
RBV: Ribavirin; iv: Intravenous.
[16]

effect is observed in course of interferon treatment.
Thrombocytopenia is usually defined as a platelet count
less than 100000/microl. Severe thrombocytopenia (<
50000/microl) is associated with increased bleeding
risk during invasive procedures, while spontaneous and
even severe bleeding could be observed in patients with
platelet count less than 1000/microl.
Thrombocytopenia is a frequently observed in patients
with haematological disorders, with HCV infection, with
hypersplenism associated to liver cirrhosis or related to
drug assumption.
Drug-induced thrombocytopenia develop through
two main mechanisms: (1) bone marrow toxicity (i.e.,
cytotoxic drugs) resulting in reduced production of all
blood cells (red cells, white cells and platelets); and (2)
increased destruction of normal platelets (both immune[28]
mediated or not) .
The incidence of drug induced AITP in the general
population is approximately 10 cases per million inha
bitants per year, and its pathogenesis is not completely
understood yet; however, IgG-type antibodies against
platelet glycoprotein (GP) Ⅱb/Ⅲa, GPⅠa/Ⅱa, and/or
[29]
GPⅠb/Ⅸ seem to play an important role .
In literature, we found several cases of PegIFNinduced autoimmune cytopenias; among those, severe
life-threatening AITP, although rare, is a well-documented
and recognized adverse event.
To our knowledge, 24 cases of AITP are related to
interferon-based treatment for HCV; among those, only

WJH|www.wjgnet.com

one occurred after treatment discontinuation
(Table
1).
In the reported case, the patient experienced an
episode of severe thrombocytopenia three weeks after
antiviral therapy completion, despite negative HCV-RNA
(the patient achieved a sustained virological response):
the concomitant presence of spontaneous bleeding,
anti-platelets antibodies positivity, the exclusion of all
other possible causes (i.e., viral and Helicobacter pylori
infection, haematological or autoimmune disorders and
other concomitant therapies) led to the diagnosis of
Peg-IFN-induced AITP.
The relationship between AITP and discontinuation
of the drug, in our case, could be explained by the long
half-life of Peg-IFNα-2a (T1/2 = approximately 160 h);
since five plasma half-lives are necessary to eliminate
about 99% of administered drug, 33 d are necessary
[30]
for a 99% clearance of Peg-IFNα-2a .
Peg-IFN-induced autoimmune diseases may appear
even after treatment withdrawal; however, we encourage
the investigation all other causes of autoimmunity,
especially when a tight time-correlation with the event is
absent.
Based on the latest guidelines on the management
[31]
of AITP , we prescribed a first-line long course of
corticosteroids (e.g., prednisone 1 mg/kg orally for 21
d then tapered off); in this case, the patient presented
a rapid improvement in platelet count after first-line
treatment (Figure 1); therefore the administration of
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250000

Peg-IFNa-2a +
RBV + telaprevir

Peg-IFNa-2a
+ RBV

Table 1.

Methylprednisolone

Term explanation

IFN: Interferon; Peg-IFN: Pegylated-IFN; AITP: Autoimmune thrombocytopenia;
RBV: Ribavirin.

200000

Experiences and lessons

150000

AITP can occur even after interferon withdrawal; physicians must be aware of
this unusual clinical manifestation and consider interferon-related AITP also in
this setting.

100000

Peer-review

Platelet

Authors report a rare case of AITP in a very particular population.

50000
0

0

4

8

12

24

48

51
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Figure 1 Total platelet count during antiviral treatment, after discontinuation
and during steroid therapy. IFN: Interferon; Peg-IFN: Pegylated-IFN; RBV:
Ribavirin.

2

3

Ⅳ immunoglobulin was not necessary. In fact, immuno

globulin infusion should be prescribed, together with
corticosteroids, when a rapid increase in platelet count is
[30]
clinically required . In non-responsive cases, rituximab
may be an option. Platelets infusion should be considered
only in cases of severe thrombocytopenia associated with
active bleeding. In cases of AITP survival time of infused
platelets is reduced to a few hours. However, this practice
[32]
can help to control acute bleeding .
Literature review shows a higher incidence of AITP
in patients treated with Peg-IFNα-2b compared to
those treated with α-2a; however, published data are
insufficient to assume a greater immunogenicity of Peg[30]
IFNα-2b over Peg-IFNα-2a .
In conclusion, physicians prescribing pegylated
interferon should be aware that acute AITP can occur
both during and after treatment. Consequently, it seems
logical to us that anti-platelet antibodies dosage should
be determined in all patients presenting with thrombo
cytopenia both during treatment and after discontinuation.
A deep knowledge and prompt recognition of interferonrelated adverse events is even more important with the
availability of interferon-sparing treatment regimens.

4

5

6

7

8
9

COMMENTS
COMMENTS

10

Clinical diagnosis

Gingival spontaneous bleeding was the first finding in this patient; severe
thrombocytopenia coupled with positive anti-platelet antibodies led to the
diagnosis.

11

Differential diagnosis

All other causes of autoimmune thrombocytopenia (AITP) had been evaluated;
moreover, the not-tight time-correlation required an accurate evaluation of
possible hematological or autoimmune disorders, assumption of concomitant
drugs.

Laboratory diagnosis

12

Severe thrombocytopenia (1000/mmc) and positive anti-platelet antibodies
suggested the diagnosis of AITP.

Treatment

Treatment with intravenous corticosteroids led to prompt total platelet count
increase within one week; after 8 wk of treatment, normal platelet count and
negative anti-platelet antibodies were observed.

13

All related cases of interferon-related AITP were reviewed and summarized in

14

Related reports

WJH|www.wjgnet.com

1721

Durand JM. Extrahepatic manifestations of hepatitis C virus
infection. Am J Gastroenterol 1997; 92: 1402 [PMID: 9260829]
Hernández F, Blanquer A, Linares M, López A, Tarín F, Cerveró A.
Autoimmune thrombocytopenia associated with hepatitis C virus
infection. Acta Haematol 1998; 99: 217-220 [PMID: 9644300
DOI: 10.1159/000040842]
Raanani P, Ben-Bassat I. Immune-mediated complications during
interferon therapy in hematological patients. Acta Haematol 2002;
107: 133-144 [PMID: 11978934 DOI: 10.1159/000057631]
Peck-Radosavljevic M, Zacherl J, Meng YG, Pidlich J, Lipinski
E, Längle F, Steininger R, Mühlbacher F, Gangl A. Is inadequate
thrombopoietin production a major cause of thrombocytopenia
in cirrhosis of the liver? J Hepatol 1997; 27: 127-131 [PMID:
9252085]
de Manuel Moreno J, Costero Pastor B, Sandoval Martínez
A, Villafruela Cives M, Bejarano Redondo L, del Pozo Prieto
D, Becerro Pedreño I, Borrego Rodríguez G, Poves Martínez E.
[Idiopathic thrombocytopenic purpura induced by PEG interferon].
Rev Esp Enferm Dig 2010; 102: 400-401 [PMID: 20575609]
Kim SR, Imoto S, Kudo M, Nakajima T, Ando K, Mita K, Fukuda
K, Hong HS, Lee YH, Nakashima K, Shoji I, Nagano-Fujii M,
Hotta H, Hayashi Y. Autoimmune thrombocytopenic purpura
during pegylated interferon α treatment for chronic hepatitis C.
Intern Med 2010; 49: 1119-1122 [PMID: 20558927]
Huang HH, Lin CF, Shih YL, Chang WK, Hsieh TY. Rapid
development of severe thrombocytopenia in a female with chronic
hepatitis C after single-dose pegylated interferon therapy. Dig Liver
Dis 2010; 42: 233-234 [PMID: 19592316]
Naz H, Aslan V. Treatment of autoimmune thrombocytopenia in a
case of chronic hepatitis C with ursodeoxycholic acid. J Infect Dev
Ctries 2009; 3: 644-646 [PMID: 19801810 DOI: 10.3855/jidc.559]
Enomoto M, Yamane T, Hino M, Ohnishi M, Tamori A, Kawada
N. Platelet-associated IgG for the diagnosis of immune throm
bocytopaenic purpura during peginterferon alpha and ribavirin
treatment for chronic hepatitis C. Liver Int 2008; 28: 1314-1315
[PMID: 18662271 DOI: 10.1111/j.1478-3231.2008.01747.x]
Carnero-Fernández M, Pineda JR, Lite-Alvarez JM. [Severe
thrombocytopenia with probable autoimmune mechanism
associated with interferon therapy in a patient with chronic hepatitis
C]. Gastroenterol Hepatol 2006; 29: 297-298 [PMID: 16733036]
Alves Couto C, Costa Faria L, Dias Ribeiro D, de Paula Farah
K, de Melo Couto OF, de Abreu Ferrari TC. Life-threatening
thrombocytopenia and nephrotic syndrome due to focal segmental
glomerulosclerosis associated with pegylated interferon alpha2b and ribavirin treatment for hepatitis C. Liver Int 2006; 26:
1294-1297 [PMID: 17105597 DOI: 10.1111/j.1478-3231.2006.013
61.x]
Weitz IC. Treatment of immune thrombocytopenia associated with
interferon therapy of hepatitis C with the anti-CD20 monoclonal
antibody, rituximab. Am J Hematol 2005; 78: 138-141 [PMID:
15682410 DOI: 10.1002/ajh.20270.x]
Medeiros BC, Seligman PA, Everson GT, Forman LM. Possible
autoimmune thrombocytopenia associated with pegylated
interferon-alpha2a plus ribavarin treatment for hepatitis C. J Clin
Gastroenterol 2004; 38: 84-86 [PMID: 14679335]
Sevastianos VA, Deutsch M, Dourakis SP, Manesis EK. Pegylated

June 28, 2015|Volume 7|Issue 12|

Arena R et al . Severe AITP after Peg-IFN alpha2a withdrawal

15
16

17

18

19

20

21

22

23

interferon-2b-associated autoimmune thrombocytopenia in a
patient with chronic hepatitis C. Am J Gastroenterol 2003; 98:
706-707 [PMID: 12650821]
Sagir A, Wettstein M, Heintges T, Häussinger D. Autoimmune
thrombocytopenia induced by PEG-IFN-alpha2b plus ribavirin in
hepatitis C. Dig Dis Sci 2002; 47: 562-563 [PMID: 11911342]
Elefsiniotis IS, Pantazis KD, Fotos NV, Moulakakis A, Mavrogiannis
C. Late onset autoimmune thrombocytopenia associated with
pegylated interferon-alpha-2b plus ribavirin treatment for chronic
hepatitis C. J Gastroenterol Hepatol 2006; 21: 622-623 [PMID:
16638114 DOI: 10.1111/j.1440-1746.2006.03418.x]
Shrestha R, McKinley C, Bilir BM, Everson GT. Possible idiopathic
thrombocytopenic purpura associated with natural alpha interferon
therapy for chronic hepatitis C infection. Am J Gastroenterol 1995;
90: 1146-1147 [PMID: 7611214]
Tappero G, Negro F, Farina M, Gallo M, Angeli A, Hadengue
A. Safe switch to beta-interferon treatment of chronic hepatitis C
after alpha-interferon-induced autoimmune thrombocytopenia. J
Hepatol 1996; 25: 270 [PMID: 8878792]
Jiménez-Sáenz M, Rojas M, Piñar A, Salas E, Rebollo J, Carmona I,
Herrerías-Esteban JM, Herrerías-Gutiérrez JM. Sustained response
to combination therapy in a patient with chronic hepatitis C and
thrombocytopenia secondary to alpha-interferon. J Gastroenterol
Hepatol 2000; 15: 567-569 [PMID: 10847447 DOI: 10.1046/
j.1440-1746.2000.02155.x]
Pockros PJ, Duchini A, McMillan R, Nyberg LM, McHutchison
J, Viernes E. Immune thrombocytopenic purpura in patients with
chronic hepatitis C virus infection. Am J Gastroenterol 2002; 97:
2040-2045 [PMID: 12190174]
Fujii H, Kitada T, Yamada T, Sakaguchi H, Seki S, Hino M.
Life-threatening severe immune thrombocytopenia during alphainterferon therapy for chronic hepatitis C. Hepatogastroenterology
2003; 50: 841-842 [PMID: 12828100]
Dimitroulopoulos D, Dourakis SP, Xinopoulos D, Tsamakidis
K, Paraskevas E. Immune thrombocytopenic purpura in a patient
treated with interferon alfacon-1. J Viral Hepat 2004; 11: 477-478
[PMID: 15357656 DOI: 10.1111/j.1365-2893.2004.00536.x]
Nakajima H, Takagi H, Yamazaki Y, Toyoda M, Takezawa J,

24

25
26

27

28
29
30

31

32

Nagamine T, Mori M. Immune thrombocytopenic purpura in
patients with hepatitis C virus infection. Hepatogastroenterology
2005; 52: 1197-1200 [PMID: 16001660]
Lambotte O, Gelu-Simeon M, Maigne G, Kotb R, Buffet C,
Delfraissy JF, Goujard C. Pegylated interferon alpha-2a-associated
life-threatening Evans’ syndrome in a patient with chronic hepatitis
C. J Infect 2005; 51: e113-e115 [PMID: 16230187 DOI: 10.1016/
j.jinf.2004.10.010]
Dourakis SP, Deutsch M, Hadziyannis SJ. Immune thrombo
cytopenia and alpha-interferon therapy. J Hepatol 1996; 25:
972-975 [PMID: 9007728]
Li L, Han DK, Lu J. Interferon-alpha induced severe thrombo
cytopenia: a case report and review of the literature. World J
Gastroenterol 2010; 16: 1414-1417 [PMID: 20238410 DOI: 10.3748/
wjg.v16.i11.1414]
Demirturk N, Cevik F, Demirdal T, Aykin N, Aslan V. Autoi
mmune thrombocytopenia induced by PEG-IFN-alpha plus
ribavirin in hepatitis C. Platelets 2006; 17: 340-343 [PMID:
16928608 DOI: 10.1080/09537100600757935]
van den Bemt PM, Meyboom RH, Egberts AC. Drug-induced
immune thrombocytopenia. Drug Saf 2004; 27: 1243-1252 [PMID:
15588119]
McCarthy LJ, Dzik W. Immune thrombocytopenic purpura. N
Engl J Med 2002; 347: 449-450; author reply 449-450 [PMID:
12168645 DOI: 10.1056/NEJM200208083470617]
Foster GR. Pegylated interferons for the treatment of chronic
hepatitis C: pharmacological and clinical differences between
peginterferon-alpha-2a and peginterferon-alpha-2b. Drugs 2010;
70: 147-165 [PMID: 20108989 DOI: 10.2165/11531990-00000000
0-00000]
Neunert C, Lim W, Crowther M, Cohen A, Solberg L Jr, Crowther
MA. The American Society of Hematology 2011 evidence-based
practice guideline for immune thrombocytopenia. Blood 2011; 117:
4190-4207 [PMID: 21325604 DOI: 10.1182/blood-2010-08-302984]
Wazny LD, Ariano RE. Evaluation and management of druginduced thrombocytopenia in the acutely ill patient. Phar
macotherapy 2000; 20: 292-307 [PMID: 10730685 DOI: 10.1592/
phco.20.4.292.34883]
P- Reviewer: Imashuku S, Lesmana CRA, Redondo PC, Zhu X
S- Editor: Ji FF L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1722

June 28, 2015|Volume 7|Issue 12|

World J Hepatol 2015 June 28; 7(12): 1723-1724
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i12.1723

LETTERS TO THE EDITOR

Non-alcoholic fatty liver disease and beneficial effects of
dietary supplements
Ludovico Abenavoli
not only anthropometric parameters, but also insulinresistance, lipid serum levels, and intra-hepatic fat
accumulation.

Ludovico Abenavoli, Department of Health Sciences, University
Magna Graecia, 88100 Catanzaro, Italy
Author contributions: Abenavoli L designed the paper, performed
research of literature data and wrote the paper.

Key words: Non-alcoholic fatty liver disease; Metabolic
syndrome; Mediterranean diet; Milk thistle; Antioxidant

Conflict-of-interest: No conflicts of interest are reported.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Core tip: The prescription of an antioxidant rich dietary
regimen by the physicians and nutritionists, may
represent an appropriate approach on non-alcoholic
fatty liver disease, in clinical practice.
Abenavoli L. Non-alcoholic fatty liver disease and beneficial
effects of dietary supplements. World J Hepatol 2015; 7(12):
1723-1724 Available from: URL: http://www.wjgnet.com/1948-5182/
full/v7/i12/1723.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i12.1723

Correspondence to: Ludovico Abenavoli, MD, PhD, Depart
ment of Health Sciences, University Magna Graecia, Campus
Germaneto, Viale Europa, 88100 Catanzaro,
Italy. l.abenavoli@unicz.it
Telephone: +39-0961-3694387
Fax: +39-0961-754220
Received: March 31, 2015
Peer-review started: April 1, 2015
First decision: April 27, 2015
Revised: May 6, 2015
Accepted: May 16, 2015
Article in press: May 18, 2015
Published online: June 28, 2015

TO THE EDITOR
I read with a great interest the review published by
[1]
Eslamparast et al , on the dietary supplements with
hepato-protective properties, and their proposed
mechanisms to protect against non-alcoholic fatty liver
disease (NAFLD). Actually, NAFLD is emerging as one of
the most common chronic liver diseases worldwide, and
represents one of main cause of hepatology referral in
some centers. NAFLD is a clinical syndrome that ranges
from simple fatty liver, to non-alcoholic steatohepatitis,
[2]
to advanced fibrosis, and cirrhosis . It is associated
with insulin-resistance, obesity, and dyslipidemia, which
are the main features of the metabolic syndrome (MS).
NAFLD and MS are often seen in the same individual,
and it has been reported that nearly 90% of the subjects
affected by NAFLD, have more than one component
of MS. In fact, the NAFLD patients are inclined to a

Abstract
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Eslamparast et al , on the dietary supplements with
hepato-protective properties, and their proposed
mechanisms to protect against non-alcoholic fatty liver
disease. In this way, recently, our study group reported
the efficacy of the Mediterranean diet associated to an
antioxidant complex, to improve in overweight patients
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higher energy intake, and in particular to a greater
carbohydrate intake when compared with the healthy
[3]
subjects .
Currently dietary modifications and physical exercise,
should be recommended in clinical practice for the
management of NAFLD. The general recommendations
for the diet are individualized, depending on the body
weight of the subject, and one should aim to achieve
energy restriction of 500-1000 kcal/d. Total fat and
reduced saturated fat, should constitute less than 30%
of the total energy input, with an increase in soluble fibre
intake and the decrease of refined sugars consumption.
The recommended physical activity is 60 min/d for
at least 3 d/wk, and the physical exercise should be
[4]
progressively increased to 5 d/wk . The reduction of
hepatic fat deposition is directly related to the lifestyle
intervention, and requires a weight loss of 5% to 10%.
The traditional Mediterranean diet, is a dietary pattern
that has been associated with a favourable health profile,
mainly in relation to cardiovascular diseases, cancers,
[5]
and in the treatment of MS . It has been hypothesized
that carotenoids, fibres and folic acid, characteristic
components of this diet, can play a central role in pre
venting or slowing oxidative stress phenomena. In
addition the vegetables, important elements of the
Mediterranean diet, are the main source of phytosterols
and a natural cholesterol-lowering agent, that reduce
cardiovascular risk. Finally, Mediterranean diet can
improve the serum level of adiponectin, a soluble matrix
protein expressed by adipoctyes and hepatocytes,
reduced in insulin resistance, type-2 diabetes, and
obesity, and linked with development of liver steatosis.
Recently, our study group reported the efficacy of
the Mediterranean diet associated to an antioxidant
complex with silybin phytosome complex (silybin plus
phosphatidylcholine) and with vitamin E in improving in

overweight patients not only anthropometric parameters,
but also insulin-resistance, lipid serum levels, and intra[6]
hepatic fat accumulation . In this way, the prescription
of an antioxidant rich dietary regimen by the physicians
and nutritionists, may present an appropriate approach in
clinical practice. It can play a main role in the prevention
and in the treatment of several chronic diseases, and in
particular in the management of NAFLD.
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EDITORIAL

Is there a role for adaptive immunity in nonalcoholic
steatohepatitis?
Salvatore Sutti, Aastha Jindal, Stefania Bruzzì, Irene Locatelli, Cristina Bozzola, Emanuele Albano
recent evidence suggesting that oxidative stress-derived
antigens originating within fatty livers stimulate both
humoral and cellular adaptive immune responses and
the possible mechanisms involved in sustaining hepatic
inflammation in NASH.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is
becoming one of the most common hepatic diseases,
yet the factors responsible for the wide inter-individual
variability in NAFLD evolution to nonalcoholic steato
hepatitis are still poorly understood. In this Editorial, we
comment on recent evidence suggesting the involvement
of adaptive immune responses in sustaining hepatic
inflammation during NAFLD evolution.
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INTRODUCTION
One of the consequences of the epidemical worldwide
diffusion of obesity is the growing prevalence of
nonalcoholic fatty liver disease (NAFLD) that has become
[1-3]
the most frequent hepatic lesion in western countries .
Although NAFLD is most often benign, in about
20%-30% of the patients steatosis evolves to nonalcoholic
[1-3]
steatohepatitis (NASH) and fibrosis , making NAFLD
an increasingly important cause of hepatic cirrhosis.
In recent past, many studies have investigated the

Abstract
The growing diffusion of nonalcoholic fatty liver disease
(NAFLD) is a consequence of the worldwide increase
in the prevalence of obesity. Oxidative stress is widely
recognized to play a pivotal role in NAFLD evolution to
nonalcoholic steatohepatitis (NASH). Here we review
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[4]

pathogenesis of NAFLD/NASH . However, several issues
concerning the mechanisms responsible for promoting
lobular inflammation are still incompletely understood.
In particular, it is unclear why only a fraction of NAFLD
patients develop steatohepatitis and what are the factors
responsible for the large inter-individual variability in the
disease evolution to fibrosis. Lymphocytes represent
along with macrophages the most frequent inflammatory
[5]
cells in lobular and periportal infiltrates of NASH . This
has several analogies with that observed in the adipose
tissue of obese subjects where lymphocyte infiltration
has emerged as an important player in orchestrating
[6,7]
inflammation . In fact, chemokines released by fatresident macrophages recruit to the adipose tissue
+
+
CD4 /CD8 T-lymphocytes and natural killer T-cells (NKT),
that, in turn, stimulate macrophage activation and the
[6,7]
release of pro-inflammatory mediators . B-cell are
also involved in the process by driving T-cell activation
[8]
and secreting pro-inflammatory cyto/chemokines .
Accordingly, T- or B-cell-null mice are less susceptible to
fat inflammation and insulin resistance when fed a high
[9,10]
fat diet
.

have also observed a stimulation of humoral immunity
with an increase of circulating IgG recognizing antigens
derived from protein modification by lipid peroxidation
[17]
derived adducts . Interestingly, the same antigens
are also recognized by hepatic T-cells confirming that
oxidative stress can represent the source of neo-antigens
[17]
able to promote adaptive immune responses . The
characterization of the epitopes recognized by circulating
antibodies associated with human NASH has revealed
that they mainly interact with the cyclic methyl-1,4-dihy
droxypyridine-3,5-dicarbaldehyde adducts also known
[14]
as malonyldialdehyde-acetaldehyde (MAA) adducts
which originate by the combined interaction of these
[18]
aldehydes with protein lysine ε-amino groups . MAA
[18]
adducts are known to be very antigenic . Furthermore,
[19]
a recent study by Henning et al
has shown that the
development of MCD-induced NASH is associated with
an early expansion in hepatic mature myeloid dendritic
cells, which acquire the capacity to specifically stimulate
+
CD4 T-cells. Thus, this combination can likely drive
the activation of adaptive immunity during the onset of
NASH. It is noteworthy that immune reactions toward
lipid peroxidation-derived epitopes, including the MAA
adducts, characterize alcoholic liver disease in both
[20-22]
humans and experimental animals
. In heavy drinkers
elevated titres of IgG recognizing lipid peroxidationrelated antigens are associated with a 5-fold increase
in circulating tumor necrosis factor (TNF)-α levels as
compared to subjects without these antibodies and with
an enhanced probability to progress to more severe
[23]
liver injury . Moreover, antigens derived from oxidative
modification of low density lipoprotein are also among
the triggers of adaptive immune mechanisms involved in
the evolution of atherosclerosis and anti-MAA antibodies
predict coronary artery disease in atherosclerotic
[24]
patients . This latter analogy might have clinical
relevance in the light of the data suggesting that NAFLD/
NASH and atherosclerosis share common pathogenetic
mechanisms and the presence of NASH increases the risk
[25]
of atherosclerotic ischemic complications .

ROLE OF OXIDATIVE STRESS-MEDIATED
IMMUNE RESPONSES IN NAFLD
EVOLUTION
In spite of the growing importance of adaptive immunity
in stimulating adipose tissue inflammation, so far little
attention has been paid to the possible involvement of
similar mechanisms in NASH. Oxidative stress is a key
[11,12]
feature of NAFLD/NASH
and many data show that
lipid peroxidation products arisen from the oxidation of
phospholipids can elicit humoral and cellular immune
responses by forming immunogenic adducts through
[13]
the interaction with cellular proteins . In this regard,
our experimental data have shown that 40%-60%
of both adults and children with NAFLD/NASH have
circulating antibodies against lipid peroxidation-derived
antigens, namely malonyldialdehyde (MDA) and 4-hy
[14,15]
droxynonenal
. Noteworthy, high titres of these
antibodies are also associated with increased hepatic
inflammation, and advanced fibrosis in, respectively
[15]
[14]
children and adults . Similar antibodies against lipid
peroxidation-derived antigens are detectable in a dietary
rat model of NAFLD and reducing lipid peroxidation by
supplementation with the antioxidant N-acetylcysteine
prevents antibody response and ameliorates hepatic
[16]
injury . In line with these observations, experiments
using mice with NASH induced by feeding a methionine
and choline deficient (MCD) diet demonstrate that
+
+
CD4 and CD8 T-lymphocytes are recruited within the
liver and their prevalence parallels the worsening of
[17]
parechymal injury and lobular inflammation . Both
lymphocyte subsets express the CD69 activation marker
+
and CD4 T-cells show an increased interferon-γ (IFN-γ)
production indicating that liver infiltrating lymphocytes
[17]
have an activated phenotype . Concomitantly, we
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INTERACTION BETWEEN INNATE
AND ADAPTIVE IMMUNITY IN NASH
EVOLUTION
More insides in understanding of the possible role of
adaptive immunity in sustaining NASH-associated
hepatic inflammation have been obtained by immunizing
mice with MDA-derived protein adducts, that are among
the antigens related to oxidative stress detected in both
in human and experimental NASH. By this approach,
we have observed that the stimulation of immune
responses worsens parenchymal injury and lobular
inflammation in mice receiving the MCD diet and that
these effects are associated with an enhanced hepatic
[17]
+
lymphocyte infiltration . In these animals, CD4
T-cell depletion with specific antibodies demonstrates
+
that Th-1 polarized CD4 T-cells are able to stimulate
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hepatic macrophages through the expression of CD40
[17]
ligand and IFN-γ . On their turn, by releasing TNF-α,
interleukin 12 (IL-12), reactive oxygen species and nitric
oxide macrophages further contributes in promoting
lymphocyte functions, oxidative stress and parenchymal
+
injury. In fact, CD4 T-cell ablation in MCD-fed MDAimmunized mice significantly improves liver damage and
[17]
lobular inflammation . Interestingly, IFN-γ deficiency
attenuates steatohepatitis and hepatic fibrosis in mice
[26]
fed with the MCD diet , while interference with CD40/
CD154 dyad reduces adipose tissue inflammation in
[27]
obese mice . Altogether, these results indicate that
+
Th-1 CD4 T cells activation might represent one of the
mechanisms by which adaptive immunity can sustain
hepatic inflammation during NASH progression. Overall,
these findings are relevant for the human disease since
both paediatric and adult NASH are characterized by an
up-regulation in liver IFN-γ expression and an increase
+
[28,29]
in circulating CD4 T-cells producing IFN-γ
. This
does not exclude that additional mechanisms might also
[30]
be involved. For instance, Tank et al
have recently
+
reported an increase in Th-17 CD4 T-cells in mice
with steatosis induced by feeding a high fat diet. They
also have observed an up-regulation of Th-17 related
cytokines (IL-17, IL-21, IL-23) in liver biopsies of NASH
[30]
+
patients . In our hands, CD4 T cells activation in MCDfed MDA-immunized mice does not affect ROR-γt as well
[17]
as IL-17a hepatic gene expression . Nonetheless, the
+
actual role of CD4 Th-17 T-cells in the pathogenesis
of NASH requires further investigations, as IL-17 upregulation has been associated to the pathogenesis of
[31]
liver fibrosis in mice .
Although B-cell depletion reduces fat inflammation
[10]
in obese mice , so far the role of humoral immunity
in NASH is poorly investigated. Our preliminary results
indicate that in MCD-induced steatohepatitis the
presence of antibodies recognizing MDA-antigens is
associated with IgG deposition within the inflammatory
infiltrates suggesting the possibility that these antibodies
may contribute to hepatic damage by inducing antibodydependent cytotoxicity or complement activation. On
[32]
this latter respect, Rensen et al have recently reported
extensive complement activation in liver biopsies of
NASH patients, which in turn is associated with enhanced
hepatocyte death, granulocyte infiltration and higher liver
expression of IL-1β, IL-6 and IL-8 mRNAs. Furthermore,
in the livers of immunized mice we have observed that
the up-regulation in the B-cell markers parallel with that
of pro-inflammatory cytokines. Nonetheless, further
investigations are needed to better clarify the possible
involvement of humoral responses in NASH.

recognized to be an important cause of hepatic
fibrosis/cirrhosis, but has also been associated with the
growing prevalence of the hepatocellular-carcinoma
[33]
(HCC) . In this latter respect, the possible relevance
of adaptive immune mechanisms has emerged from
a recent report showing that lymphocyte responses
promote HCC development in a dietary model of NASH
consisting in mice feeding with a choline deficient high
[34]
[34]
fat diet (CD-HFD) . In this study, Wolf et al
have
observed that NASH and hepatic fibrosis parallel with
+
+
the liver recruitment of activated CD4 , CD8 T and
NKT cells. Moreover, after 12 mo a substantial fraction
-/CD-HCF-fed animals develops HCC, while β2m mice
+
lacking CD8 T- and NKT cells are protected from both
[34]
NASH and HCC . These findings are in line with recent
data pointing to an involvement of NKT-cells in the
[35]
evolution of chronic liver disease . In particular, NKT
cell expansion characterizes advanced NASH in both
humans and rodents, while MCD-fed NKT cells deficient
mice show lower hepatic inflammation and fibrosis than
[36,37]
wild type littermates
. On the same line, we have
reported that an increased prevalence of hepatic NKT
cells is associated with the worsening of steatohepatitis
[17]
in MDA-immunized mice receiving the MCD diet . A
stimulation in the macrophage production of CXCL16, a
chemokine specifically involved in NKT cell recruitment
along with an elevation in hepatic levels of IL-15 have
[38,39]
been proposed to regulate NKT cell pool in NASH
. In
accord with the importance of IL-15 in supporting T- and
[40]
NKT cell differentiation and survival , we have observed
that IL-15 is selectively up-regulated in MDA-immunized
MCD-fed mice concomitantly with the expansion of NKT
+
cells, while CD4 T cell ablation significantly lower the
[17]
intrahepatic IL-15 mRNA level . This suggests that Th-1
responses might promote NKT cell expansion through
IL-15 up-regulation. At present, the mechanisms by
which NKT cells contribute to liver injury in NASH are
[41]
still poorly understood. Syn et al have proposed that
osteopontin (OPN) producing NKT cells can sustain
NASH evolution to fibrosis. An over-expression of liver
OPN has been described both in humans and rodents
[41-43]
suffering from advanced NASH
, whereas OPNdeficient mice are protected from the development
of steatohepatitis and fibrosis induced by the MCD
[42,44]
diet
. In our hands, liver OPN content is selectively
up-regulated in immunized MCD-fed mice concurrently
with NKT cell recruitment and OPN-producing NKT cells
[17]
are also increased in the livers of these animals . This
could explain the stimulation in collagen deposition
that is evident in these animals, as OPN can directly
promote collagen production by activated hepatic stellate
[45]
cells . OPN has also been proposed to induce ductular
[46]
reaction
that is associated with an increased risk of
[47,48]
fibrosis evolution in NASH patients
.

IS THERE A ROLE OF ADAPTIVE
IMMUNITY IN NASH PROGRESSION
TO FIBROSIS AND HEPATOCELLULAR
CARCINOMA?

CONCLUSION
Available evidence indicates that immune responses
stimulated by oxidative stress-related antigens can

In recent years, NAFLD/NASH has not only been
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sustain the progression of experimental NASH through
+
the Th-1 activation of CD4 T-cells, which, in turn,
+
stimulate macrophage M1 responses and liver CD8 Tand NKT cell recruitment. These data along with the
findings in humans support the possible contribution
of adaptive immunity in the processes driving NAFLD
evolution. However, further researches are required to
better characterize the interaction between innate and
adaptive immunity in sustaining hepatic inflammation
and to evaluate the possible application to NASH
therapy of the large variety of molecules already under
study in other conditions characterized by impaired
immune regulation or autoimmunity.
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EDITORIAL

Changing common sense: Anti-platelet/coagulation therapy
against cirrhosis
Yoshihiro Ikura, Tatsuya Osuga
associated with atherosclerosis are not infrequent in
cirrhotic patients, many clinicians have tended to hesitate
to introduce anti-platelet/coagulation therapy to their
patients. Undoubtedly, this is due to the increased risk
of hemorrhagic diathesis in cirrhotic patients. However,
accumulating evidence has revealed the benefits of
anti-platelet/coagulation therapy for cirrhotic patients.
In addition to the safety of the therapy carried out
against cardiovascular diseases in cirrhotic patients,
some clinical data have indicated its preventive effect
on venous thrombosis. Moreover, the efficacy of antiplatelet/coagulation therapy against cirrhosis itself has
been demonstrated both clinically and experimentally.
The conceptual basis for application of anti-platelet/
coagulation therapy against cirrhosis was constructed
through two pathologic studies on intrahepatic thrombosis
in cirrhotic livers. It may be better to use thrombopoietinreceptor agonists, which have been tested as a treatment
for cirrhosis-related thrombocytopenia, in combination
with anti-platelet drugs to reduce the risk of venous
thrombosis. During the last decade, the World Journal
of Gastroenterology , a sister journal of World Journal of
Hepatology , has been one of the main platforms of active
discussion of this theme.
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Core tip: Recognition concerning anti-platelet/coagulation
therapy for cirrhotic patients has been changing from
relative contraindication to recommendable. Admini
stration of this type of drugs is expected to not only
prevent cirrhosis-related thrombotic disorders but also
slow down the progression of liver disease itself.

Abstract
Until recently, anti-platelet/coagulation therapy had
not been recommended for patients with cirrhosis.
Although venous thrombosis is one of the representative
complications of cirrhosis and ischemic disorders
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patients although sufficient prophylactic means against
gastrointestinal bleeding are required.
[15]
After the article of Shi et al , WJG has steadily
published further articles suggesting the benefits of
[2,5-8,16,17,22,31,32]
this therapy
. Some papers in WJG have
discussed the efficacy of this therapy not only for
thrombotic complications but also for the diseased liver
[3,6,17]
itself
. The journal and its contributors possessed
amazing prospective insight; they were approximately
4 years ahead of analogous publications in other
[18-20]
journals
.

7(13): 1730-1734 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i13/1730.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i13.1730

PROLOGUE: CONTRAINDICATION?
Until recently, it was thought that a balance between
the necessity and risks of anti-platelet/coagulation
therapy for patients with cirrhosis had to be carefully
considered. This therapy was believed to be rather a
relative contraindication for cirrhotic patients. Even
currently, no one can dispute that this therapy increases
the risk of gastrointestinal bleeding in patients with
[1,2]
advanced decompensated cirrhosis . In contrast,
venous thrombosis is one of important complications
[1-7]
of cirrhosis . In addition, cirrhotic patients who suffer
from atherosclerotic cardiovascular and cerebrovascular
diseases have been increasing in number with the
prevalence of metabolic syndrome. As a result, a
certain number of cirrhotic patients need anti-platelet/
coagulation therapy. Many physicians seem to administer
a minimum amount of anti-platelet/coagulation drugs to
such cirrhotic patients very carefully but timidly.
The coagulation status of cirrhotic patients is certainly
delicate and is placed on a very sensitive balance.
Importantly, the balance easily leans towards coagulable
[8-11]
as well as hemorrhagic
.

THE SOURCE OF THE IDEA
[33,34]

Undoubtedly, two papers written by Wanless et al
and published in 1995 are the source of the present
idea that anti-platelet/coagulation therapy may be
beneficial for cirrhotic patients. They demonstrated
both macroscopically and histologically the presence of
intrahepatic thrombi in cirrhotic livers, and suggested
that the thrombi potentially contribute to further liver
damage (i.e., parenchymal extinction) and to the
development and progression of portal hypertension.
Subsequently, relevant data indicating abnormal intrahe
patic platelet aggregation in cirrhotic patients have been
[20,35,36]
published
. These papers disclose a part of the
mechanisms of cirrhosis-related thrombocytopenia, and
prove the usefulness of anti-platelet/coagulation therapy
for cirrhotic patients.

DISCUSSIONS IN THE WORLD JOURNAL
OF GASTROENTEROLOGY AND THE
COAGULATION IN LIVER DISEASE
STUDY GROUP

THROMBOPOIETIN RECEPTOR
AGONISTS
As the latest subject in this research field, we refer
to clinical trials of administration of thrombopoietin
receptor agonists (eltrombopag and avatrombopag) to
[37-40]
cirrhotic patients with thrombocytopenia
. The aim
of the interventional trials is to expand the indication of
antiviral therapies and invasive procedures for cirrhotic
[39,40]
patients
. These agents obviously increase the
circulating platelet count through direct stimulation of
thrombopoiesis. Similar to splenectomy for cirrhotic
patients, the theoretical background seems to be
simple and to make sense. However, since the projects
lacked enough insight into coagulation abnormalities of
cirrhotic patients, many patients developed portal vein
[40]
thrombosis . A member of the CLDSG immediately
pointed out the significant risk of hypercoagulable
complications introduced by non-selective administration
[41]
of thrombopoietin receptor agonists . A similar discus
[42]
sion was presented in the recent issue of WJG .
Because the etiology of cirrhosis-related thrombo
[32,36,43,44]
cytopenia is quite diverse
, forcible normalization
of the platelet count targeting only one factor may
[44]
be either ineffective or even risky. Our recent data
suggest that at least three major factors, including
decreased thrombopoiesis, hypersplenism and excessive
platelet aggregation, contribute to the development of

The accumulation of recent evidence through clinical
observations and experimental investigations has been
upsetting the hitherto common sense about anti-platelet/
coagulation therapy for cirrhotic patients. Previous
reports in this research field were mostly negative ones,
which emphasized the risks and potential side effects
[12-14]
of this therapy
. In 2003, however, a revolutionary
[15]
research paper by Shi et al
published in the World
Journal of Gastroenterology (WJG), a sister journal of
the World Journal of Hepatology (WJH), reported the
efficacy of heparin administration to cirrhotic patients.
Thereafter, papers suggesting the safety and benefits
of anti-platelet/coagulation therapy for cirrhotic patients
[6-8,16-30]
have been published
.
An international workshop of the Coagulation in
Liver Disease Study Group (CLDSG) established by
Professor Caldwell at the University of Virginia, has been
promoting this movement. Since 2005, every other year
this group has held a symposium with heated discussions
to form a consensus for the best management of liver[9,20,21]
related coagulation disorders
. Their latest con
clusion states that anti-platelet/coagulation therapy is
applicable as a treatment and preventive tool for cirrhotic
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Figure 2 Platelet aggregation in a cirrhotic liver. A: Immunohistochemical
findings. Platelets are stained in brown. (Immunoperoxidase for CD41; original
magnification, × 400); B: The corresponding histological findings. Platelets
cannot be identified in this photomicrograph. (Hematoxylin-eosin; original
magnification, × 400).

Figure 1 Theoretically ideal therapies against cirrhosis-related throm
bocytopenia depending on the etiology. The platelet count in cirrhotics is
determined mainly by three major factors, including (A) a rate of thrombopoiesis,
(B) the presence/abscence of hypersplenism, and (C) the presence/abscence
of thrombotic diathesis, which differently affect each case. Patients with
thrombocytopenic conditions A, B, or C are considered to respond well to
thrombopoietin receptor agonists, splenectomy, and anti-platelet/coagulation
drugs, respectively. In patients with condition D, a combination of thrombopoietin
receptor agonists and anti-platelet/coagulation drugs is thought to be necessary.
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EDITORIAL

Pancreaticobiliary reflux as a high-risk factor for biliary
malignancy: Clinical features and diagnostic advancements
Reiji Sugita
pancreaticobiliary maljunction (PBM) and is characterized
by pancreatic and bile ducts joining outside of the
duodenal wall. PBM is an important anatomical finding
because many studies have revealed that biliary
malignancies are related due to the carcinogenetic effect
of the pancreatic back flow on the biliary mucosa. On
the other hand, several studies have been published on
the reflux of pancreatic juice into the bile duct without
morphological PBM, and the correlation of such cases
with biliary diseases, especially biliary malignancies, is
drawing considerable attention. Although it has long
been possible to diagnose PBM by various imaging
modalities, PBR without PBM has remained difficult to
assess. Therefore, the pathological features of PBR
without PBM have not been yet fully elucidated. Lately,
a new method of diagnosing PBR without PBM has
appeared, and the features of PBR without PBM should
soon be better understood.
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Core tip: Pancreaticobiliary reflux (PBR) is an important
pathologic state that can cause biliary malignancy.
PBR can occur regardless of whether the patient has
pancreaticobiliary maljunction (PBM) or not. Although
it has long been possible to diagnose PBM by various
imaging modalities, PBR without PBM has remained
difficult to assess. Therefore, the pathological features
of PBR without PBM have not been yet fully elucidated.
Lately, a new method of diagnosing PBR without PBM
has appeared, and the features of PBR without PBM
should soon be better understood.

Abstract
Pancreaticobiliary junction is composed of complex
structure with which biliary duct and pancreatic duct
assemble and go out into the ampulla of Vater during
duodenum wall surrounding the sphincter of Oddi.
Although the sphincter of Oddi functionally prevents
the reflux of pancreatic juice, pancreaticobiliary reflux
(PBR) occurs when function of the sphincter of Oddi
halt. The anatomically abnormal junction is termed
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the sphincter mechanism impair and induce the reflux of
pancreatic juice, as the pressure of the pancreatic duct is
[2]
higher than that of the bile duct .
However, PBR in patients without PBM is being
[2,7-12]
increasingly recognized
, and may develop due to a
number of reasons: dysfunction of the sphincter of Oddi,
periamupullary diverticula, endoscopic sphincterotomy,
and endoscopic papillary balloon dilatation. Of these,
most cases of PBR without PBM seem to be caused by
[2]
dysfunction of the sphincter of Oddi .

INTRODUCTION
The pancreaticobiliary junction is a complex structure
composed of the biliary and pancreatic ducts, and is
surrounded by the sphincter of Oddi. Although the
sphincter of Oddi precludes the reflux of pancreatic juice
into the bile duct, pancreaticobiliary reflux (PBR) may
occur in case where the functioning of the sphincter of
[1,2]
Oddi is impaired .
An anatomically abnormal pancreaticobiliary junction
is termed as a “pancreaticobiliary maljunction” (PBM),
and is characterized by the joining of the pancreatic and
[3,4]
bile ducts outside the duodenal wall . This deformity
was first reported in 1916 in case with a choledochal
[5]
cyst . PBM is an important pathological condition as
many studies have indicated that it may be associated
[6]
with biliary malignancies .
Futhermore, several studies have been assessed
the reflux of pancreatic juice into the bile duct in the
absence of morphological PBM, and the relationship
of such cases with biliary diseases, including biliary
[2,7-12]
malignancies, is gaining prominence
.
In this editorial, the current knowledge and diagnostic
advancements concerning PBR are described.

Etiology of cancer

Although the etiology of biliary cancer in patients with
PBR is not yet fully understood, PBR is believed to play
an important role in bile duct carcinoma. Once PBR
occurs in the pancreaticobiliary junction, the pancreatic
and bile juices become mixed and regurgitated mutually,
and stagnate in the gallbladder and the bile duct. As
a result, activated pancreatic enzymes induce chronic
inflammation of the biliary tree and lead to proliferation
of the biliary epithelium; moreover this can even cause
the expression of carcinogenic substances in the biliary
[19-22]
system
. Therefore, the carcinogenesis process in
cases of biliary cancer with PBR is believed to involve
the hyperplasia-dysplasia-carcinoma sequence. Several
factors that are reportedly related to carcinogenesis in
case of biliary cancer have been identified including p53
mutations, microsatellite instability, Bcl-2, and k-Ras
[6,23-28]
point mutations
.

ETIOLOGY

CLASSIFICATION

Anatomy and physiology

PBR can be divided into two categories on the presence
or absence of PBM. PBM can also be divided into two
categories on the presence or absence of common bile
duct dilatation (Figure 1).

The ampulla of Vater is composed of the confluence of
the biliary and pancreatic ducts, and the duodenum,
and marks the transition from the embryologic foregut
to the midgut. The ampulla includes the junction of
the common bile duct and the pancreatic duct, the
surrounding sphincter of Oddi, the fenestra choledochae,
and the duodenal papilla. Although the arrangement of
these intersections has some variability, the reported
[13]
structural relation are common and predictable .
The sphincter of Oddi, the regulator of biliary and
pancreatic drainage that enable intermittent biliary
drainage, originates separately from the duodenal muscu
lature and the periductal mesenchyme, and subseqently
becomes incorporated into the duodenal wall. Anatomical
studies suggest that the papilla and the duodenal wall
contained components specific to the common channel,
as well as components specific to the pancreatic and
common bile duct that extend outside the duodenal wall.
The common channel is present in 55%-90% of
[14-16]
cases
. The common channel ranges in length from
1 to 12 mm, with an a mean length of approximately 4
[14,17,18]
mm
. In addition to controlling secretion into the
duodenum, the sphincter of Oddi also preclude the mixing
of bile and pancreatic juice within the duct system. The
long common channels with PBM may cause to become
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PBM with choledochal cysts

Choledochal cysts are rare congenital biliary tract
anomalies formed by biliary tree dilatation. Although the
relative frequency of this abnormality in the Western
population is 1 in 100000-150000 live births, it is
markedly high frequency in Asian countries, particularly
[29]
Japan, where it may be observed in up to 1 in 1000 .
The main clinical symptoms include abdominal pain,
vomiting, jaundice, and fever. Although the incidence
of cholangitis is unclear, cholangitis was observed
[6]
as a preoperative symptom in 13.2% of patients .
Choledochal cysts are commonly divided into several
categories on the anatomical features. In 1959, Alonso[30]
lej et al
devised a classification for choledochal cysts
[31]
that was modified in 1977 by Todani et al . According
to Todani’s system, choledochal cysts can be divided into
five main types. Neverthless, in this system, almost all
patients with choledochal cysts fall into three categories
(Todani’s typeⅠa,Ⅰc and Ⅳ-A), and are related with
PBM.
PBR may contribute to dilatation of the biliary
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and also could not be acculately detected by using
current available imaging modalities based on the
morphological changes. Thus, it was difficult to predict
and detect PBR without PBM. Generally, PBR in these
patients is diagnosed on the basis of elevated pancreatic
enzyme levels in bile juice samples, or by using magnetic
resonance cholangiopancreatography (MRCP) after
secretin injection.
[9]
Anderson et al demonstrated that elevated
amylase levels in bile juice taken from indwelling T-tubes,
suggestive of PBR were found in 81% (21 of 26) of
patients with biliary disease without PBM. Horaguchi et
[8]
al presented that elevated amylase levels in bile juice
after endoscopic retrograde cholangiopancreatography
(ERCP) were found in 26% (46 of 178) of patients with
[38]
a normal junction. Similarly, Sakamoto et al detected
elevated amylase levels in bile juice juice in 20% (39 of
196) of patients undergoing cholecystectomy without
[33]
[2]
PBM . Kamisawa et al focused on the hypothesis
that a relatively long common channel without PBM
may be related to PBR. They defined a high confluence
of the pancreaticobiliary ducts as a common channel
length of more than 6 mm, in which communication
may be sustained even when the sphincter of Oddi is
contracted. They reported that a high confluence of the
pancreaticobiliary ducts was found in 1.9% (65 of 3459)
of patients who underwent ERCP in their single institute,
and that the incidences of gallbladder cancer in patients
with a high confluence of the pancreaticobiliary ducts
was very high compared to that in controls.
Recently, a multi-center trial in Japan revealed that
elevated amylase levels in bile juice after ERCP were
found in 5.5% (23 of 420) of patients with a normal
[36]
junction . This trial showed that the presence of a
relative long common channel (not shorter than 5 mm)
was the only significant factor for PBR in multivariate
analysis, and that the incidence of high amylase levels
was significantly higher in patients with gallbladder
cancer than in those without gallblader cancer.

PBR

PBR with PBM

Common bile duct
Dilatation
(choledochal cyst)

PBR without PBM

No common bile
duct dilatation

Figure 1 Classification of pancreaticobiliary reflux. PBR: Pancreaticobiliary
reflux; PBM: Panceraticobiliary maljunction.
[32,33]

[34]

tree
. Babbit suggested an etiological mechanism
for choledochal cyst shaping; it was proposed that
enzymes activated in refluxed pancreatic juice induce
inflammation, and finaly lead to damage and cystic
dilatation of the biliary wall. This theory, however, does
not explain the development of all choledochal cysts, as
showed by choledochal cysts of newbone infant, which
are known to be congenital rather than degenerative.
Biliary tract malignancies are noted in 21.6% of
patients with choledochal cysts who are aged > 15
years, whereas biliary malignancies are much rarer
[6]
in children who present aged < 15 years (0.1%) .
Immediate and exact diagnosis of a choledochal cyst,
followed by surgical treatment, is crucial consequently.

PBM without choledochal cysts

PBM without a choledochal cyst may result in the
reflux of pancreatic juice into the bile duct and may
present clinical symptoms similar to those observed
in case with PBM with a choledochal cyst. Cholangitis
was observed as a preoperative symptom in 8.9% of
[6]
patients . However, only few patients with PBM without
a choledochal cyst have symptoms in childhood; thus,
in these patients, PBM tends to be diagnosed at a
[6,35]
later stage than in those with a choledochal cyst
.
Pancreatic juice is often refluxed into the biliary duct in
PBM patients, and this may be associated with a high
frequency of biliary cancer among such patients. While
both PBM patients with and those without choledochal
cysts are at a risk for biliary malignancies, they differ in
[6]
the site of malignancy in the biliary tract .
In a previous study, biliary cancer was noted in
21.6% of adult patients with choledochal cysts, and in
42.2% of patients with PBM without biliary dilatation.
Of all cases of biliary cancer associated with PBM
without biliary dilatation, 88.1% were cancers of the
[6]
gallbladder .

DIAGNOSIS
PBM

PBM can be detected with ERCP, ultrasonography (US),
endoscopic US (EUS), computed tomography and MRCP.
ERCP is the gold standard method for diagnosis of PBM,
and pancreatography through the minor duodenal
papilla can directly demonstrate pancreatobiliary reflux
in PBM patients. When the contrast medium is injected
endoscopically through the minor duodenal papilla, it
is possible to monitor the reflux of contrast medium
into the bile duct through the common channel without
[2]
outflow into the duodenum . Although ERCP is the
diagnostic standard method for PBM, it is somewhat
invasive and has a non-negligible risk of morbidity. US
can detect choledochal cysts as well as abnormalities of
the gallbladder that are possibly associated with PBM.
However, because US cannot directly detect PBM, it may

PBR without PBM

Lately, several researches on the reflux of pancreatic
juice into the bile duct in case without PBM have been
published, and the relationship of such a condition
with biliary diseases, especially biliary malignancies, is
[1,2,7-12,36-38]
attracting considerable attention
. However,
these cases do not present specific clinical symptoms
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(time-SLIP) has been developed for direct visualization
of pancreatic juice flow (Figure 3). Initially, this technique
allowed the examination of blood flow in vessels to a
[42,43]
region of interest
. This technique could enable the
visualization of the flow of bile and pancreatic juices and
may allow the evaluation of various pancreatico-biliary
[44,45]
diseases based on this information
. This method
revealed new knowledge regarding physiology of bile
and pancreatic juices, and was applied for the diagnosis
of chronic pancreatitis.
Moreover, this new technique enables the visualization
of the reflux of pancreatic juice flow into the bile duct
without PBM, although no clinical results have yet been
reported (Figure 4). This technique, involving the use
of the pancreatic juice as an intrinsic imaging agent,
facilitates the examination of pancreatic juice movement
similar to more physiolosical situation. In addition,
this technique is not time consuming. Accordingly, the
method can be easily adopted as a screening tool for
PBR. Therefore, this new technique may reveal what
proportion of patients without PBM have PBR, and
whether reflux is related to biliary carcinogenesis. Further
clinical studies are required.

CBD

MPD

Figure 2 A 56-year-old female with pancreaticobiliary maljunction without
choledochal cyst. Endoscopic ultrasound image shows pancreaticobiliary
maljunction. CBD: Common bile duct; MPD: Main pancreatic duct.

be suitable for use only as a screening tool. Moreover,
EUS has a high spatial resolution and therefore is
another modality capable of detecting PBM (Figure 2).
However, it is operator dependent and offers a less
objective evaluation. In addition, MRCP is a completely
non-invasive procedure and causes no adverse reactions
due to the contrast medium; however, it may offer a
slightly lower spatial resolution than ERCP.

THERAPY

PBR without PBM

Once PBM is diagnosed, preventive flow-diversion
surgery (biloenteric anastomosis and bile duct resection)
[4,6]
is excuted for patients with choledochal cysts . These
operations are often associated with complications such
as anastomotic stricture, cholangitis, and secondary
[46]
liver cirrhosis; therefore, careful follow-up is needed .
Nevertheless, any treatment for patients with PBM
without biliary dilatation and biliary malignancy is
controversial. Preventive cholecystectomy is first choise
in many institutions because the majority of biliary
malignancies that develop in PBM patients without
[4,6,47,48]
biliary dilatation are cancers of the gallbladder
.
On the other hand, excision of the extrahepatic bile
duct along with the gallbladder is selected by some
[4,24,49,50]
surgeons
. The treatment for patients with PBR
without PBM is not defined because the pathology of PBR
without PBM is less well understood. Moreover, strategies
for the screening and prevention of PBR without PBM are
not yet established.

Several researchers have described that elevated
amylase levels in bile juice samples after ERCP or during
the operation (which suggest reflux of pancreatic juice
and contrast medium into the pancreatic duct during
intraoperative cholangiography) are seen in patients
[1,2,7-12,36]
without PBM
. The normal values of pancreatic
enzymes in bile have yet to be fully elucidated. Many
researchers use the normal values of pancreatic enzymes
in plasma as a reference for detecting PBR without PBM.
Some researchers have applyed radioimmunoassays
of biliary trypsin in bile samples collected from a T-tube
[9,39]
inserted into the common bile duct after surgery
.
Among these methods, the most commonly used method
involves the assessmente of bile sample taken directly
from the gallbladder at the time of cholecystectomy or
ERCP.
However, several researchers have reported that
PBR without PBM can be diagnosed by using secretin[10,37]
stimulating magnetic resonance imaging
. This
method makes it possible to demonstrate pancreatic
juice movement on changes in pancreatic or bile duct
diameter in consequence of secretin injection. However,
this does not visualize pancreatic juice movement
directly, and a few controversial reports have therefore
questioned the validity of pancreatic juice movement
[37,39-41]
demonstrated by using this method
. Therefore, a
robust method is still required.

CONCLUSION
PBR is an important pathologic state that can cause
biliary malignancy. PBR can occur regardless of the
presence of PBM. Although it has been possible to
diagnose PBM by using various imaging modalities, PBR
without PBM has remained difficult to assess. Thus,
the pathological features of PBR without PBM have not
yet been fully elucidated. Recently, a new method for
diagnosing PBR without PBM has been introduced, and
this would enable a better understanding the feature of

Advanced diagnosis for detecting PBR without PBM

Recently, a new magnetic resonance-based method

WJH|www.wjgnet.com

1738

July 8, 2015|Volume 7|Issue 13|

Sugita R. PBR as a high-risk factor for biliary malignancy

A

B

C

CBD

MPD

Figure 3 A 47-year-old male with normal volunteer. A: Magnetic resonance cholangiopancreatography image. Labelling pulse of pancreas juice is applying to box
surrounded by dotted lines on pancreas juice in body and caudal portion of the 3) main pancreatic duct; B: Time-SLIP image is not showing movement of pancreatic
juice; C: Flow of pancreatic juice from body of the pancreas into head of pancreas is noted by high signal intensity (arrows). Reprinted from Sugita et al[43] (by
permission of Wiley Periodicals, Inc). CBD: Common bile duct; MPD: Main pancreatic duct.

A

B

C

Figure 4 A 75-year-old male with common bile duct carcinoma without pancreaticobiliary maljunction. A: Magnetic resonance cholangiopancreatography
image shows the irregular wall throughout the entire common bile duct, with bile duct carcinoma revealed by biopsy. During endoscopic retrograde
cholangiopancreatography, amylase level was measured in the bile. The amylase level in the collected bile was 1415 IU/L, higher than the upper limit of serum
amylase of 130 IU/L; B and C: Labeled pancreatic juice in the main pancreatic duct refluxing into the common bile duct. Reprinted from Sugita et al[43] (by permission
of Wiley Periodicals, Inc).

PBR without PBM.
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REVIEW

Nucleos(t)ide analogs in the prevention of hepatitis B virus
related hepatocellular carcinoma
Bulent Baran
reported to be 0.02% in inactive carriers, 0.3% in
subjects with chronic hepatitis without cirrhosis, and
2.2% in subjects with compensated cirrhosis. Despite
effective antiviral treatment options which are able to
transform chronic hepatitis into an inactive carrier state,
the risk of HCC cannot be fully ruled out to exclude
those patients from surveillance. Newer nucleos(t)ide
analogues (NAs) as entecavir and tenofovir are very
potent in terms of sustained virological suppression
which leads to improved liver histology. However, they
do not have any influence on the cccDNA or integrated
DNA of HBV in the liver. Nonetheless, viral replication is
the only modifiable component among the established
risk factors for HBV-related HCC with the current treat
ment options. In this review, it was aimed to summarize
cumulative evidence behind the concept of prevention
of HBV related HCC by NAs, and to discuss remaining
obstacles to eliminate the risk of HCC.
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Core tip: After the introduction of potent nucleos(t)ide
analogues with high genetic barrier to resistance, main
taining long-term virological suppression is achievable in
almost all patients with chronic hepatitis B. The currently
recommended first-line antiviral drugs, entecavir and
tenofovir, can significantly reduce hepatocellular carci
noma (HCC) incidence, but the observed risk under
efficient therapy is not zero in the long-term. There are
established risk factors including age, gender, family
history, low platelet levels, presence of cirrhosis or
severity of liver disease, which should be incorporated
into the clinical decision making to differentiate those
patients under risk of developing HCC.

Abstract
Hepatocellular carcinoma (HCC) is among the most
common cancer types and causes of cancer related
mortality worldwide. Almost 50% of all HCC cases
globally are attributable to chronic hepatitis B virus (HBV)
infection. The incidence rates of HCC in untreated Asian
subjects with HBV infection was estimated to be 0.2%
in inactive carriers, 0.6% for those with chronic hepatitis
without cirrhosis, and 3.7% for those with compensated
cirrhosis. In Western populations, HCC incidences are
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Baran B. Prevention of HBV-related HCC
according to one of the following topics: (1) NAs in
chemoprevention of HCC; (2) HCC risk in patients who
clear hepatitis B surface antigen (HBsAg); and (3) HCC
recurrence risk in patients with HBV-related HCC after
curative treatments. Both randomized-controlled and
non-randomized studies were considered for inclusion.
Uncontrolled studies were excluded unless an estimated
HCC risk model was used to assess efficacy of NAs on
HCC incidence. Reference lists of all papers, including
reviews and meta-analyses, found during electronic
search were checked manually to find relevant articles.
The papers which were judged to be pertinent to the
topic exceeded 100, and the number of included fulllength articles were 51.

7(13): 1742-1754 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i13/1742.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i13.1742

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and third most common cause of cancer
[1]
related mortality worldwide . HCC virtually always
develops within a background chronic liver disease.
Globally, almost 50% of all HCC cases are attributable to
[2]
chronic hepatitis B virus (HBV) infection . HCC incidence
is highly variable in different geographic locations and
the distribution of the disease may be different even
[1]
among ethnic groups living in the same country . These
differences are most probably due to geographical
variations in the prevalence of hepatitis viruses. In SubSaharan Africa and Asia most cases of HCC develop in
the presence of chronic hepatitis B (CHB) infection (up to
60%), however in Western countries only up to 20% of
[2]
cases can be attributed to HBV infection . Fortunately,
after the introduction of universal vaccination programs
throughout the world, the incidence of CHB infection
[3]
was significantly decreased . In the countries that have
adopted the HBV vaccination program, a significant
decrease in carrier rates as well as complications including
[4]
HCC development have been experienced . However,
HBV infection is still a major health problem in most parts
of the world and development of HCC is an important
complication of chronic infection, even in inactive carrier
[5]
patients . In cirrhotic patients, surveillance for HCC
increases the possibility of an earlier diagnosis that gives
[2]
the patient a chance to undergo curative treatments .
However, current recommendations for screening of
HCC in patients at risk is far from being satisfactory, and
prognosis remains poor because treatment options are
[6]
rather non-curative in advanced stages of the disease .
In this context, it is imperative to implement preventive
strategies in patients with CHB infection. Despite effective
antiviral treatment options which are able to transform
chronic hepatitis into an inactive carrier state, the risk of
HCC cannot be fully ruled out to exclude those patients
from surveillance.

HBV AND THE RISK OF HCC
The association between HBV infection and development
of HCC is well-established and has been demonstrated
in several studies. In an early prospective controlled
study from Asia, it was shown that the annual incidence
of HCC was 0.5% in HBV-infected individuals; and
the risk increased with age where annual incidence
[7]
reached 1% at the age of 70 . HBV-infected subjects
were found to be 100 times more likely to develop
HCC compared to uninfected subjects. The incidence
ratio for HCC was even higher as much as 2.5% per
year in patients with known cirrhosis. In a recent study
[5]
by Chen et al , a lesser but still substantial risk of
HCC development was reported in an Asian cohort of
patients with inactive HBV infection. In this study, the
authors reported an annual incidence rate of 0.06% for
HCC development with a relative risk of 4.4 compared
to uninfected controls. In Western populations most
studies are inadequate to drive conclusions and results
are variable. This discrepancy between incidence rates
among studies is probably due to the different patient
settings (referral or population-based) and definitions
for the HBV carrier state. Annual rates as high as 0.47%
[8]
was reported in a study by Sherman et al , which
can be explained by high prevalence (71%) of Asian
background in this North American population. Yet,
most studies reported that annual incidence of HBVrelated HCC in Europe or North America seems to be
[9,10]
less significant
, and it is generally accepted to be
[11]
around or less than 0.2% . Therefore, it is not clear if
surveillance is worthwhile or when is it cost-effective to
start screening in Caucasian populations. HBV-infected
patients with African ancestry seem to possess a higher
[12]
risk of developing HCC, particularly at a younger age .
A database analysis from the United States reported
higher incidence rates among Asians/Pacific Islanders,
blacks, Native Americans/Alaska Natives, compared
[13]
to people with European ancestry . Although HCC
may arise in the setting of inactive HBV infection, most
patients with HBV who develop HCC have cirrhosis
either long-standing or undiagnosed at the time of
[14,15]
[16]
HCC diagnosis
. In a review of cohort studies ,
it was summarized that incidence rates of HCC in

LITERATURE STUDY
In this review, it is sought to summarize the cumulative
evidence on the role of antiviral therapy with NAs in
the chemoprevention of HCC. Studies on prevention
of HBV-related HCC were identified through electronic
and manual search using online databases including
MEDLINE and Web of Science. The relevant papers and
conference proceedings in English language published
from January, 2001 to January, 2015 were searched
using following keywords: HCC, HBV, prevention,
recurrence, curative treatment, resection, nucleos(t)ide
analogue (NA), lamivudine, adefovir, telbivudine,
entecavir, tenofovir. Selected studies were grouped
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Figure 1 Chronic inflammation in the liver is characterized by sustained damage leading to hepatocyte death/regeneration and tissue repair cycle.
Activation of inflammatory signaling with increased cytokine and growth factor production leads to oxidative stress which contributes to cellular damage. Cumulative
damage to cellular structures, proteins and chromosomes alters genomic and epigenomic functions which can eventually induce hepatocarcinogenesis.

Asian subjects with HBV infection was estimated to be
0.2% in inactive carriers, 0.6% for those with chronic
hepatitis without cirrhosis, and 3.7% for those with
compensated cirrhosis. With an attention to inadequacy
of studies in Western populations, they calculated an
annual incidence rate of 0.02% in inactive carriers, 0.3%
in subjects with chronic hepatitis without cirrhosis, and
2.2% in subjects with compensated cirrhosis.
There are a number of factors other than cirrhosis
and ethnicity that have been reported to increase HCC
risk among HBV carriers. Patient related factors include
male gender, older age, high alcohol consumption and
family history of HCC, and viral factors include duration
of infection, higher viral replication, HBV genotype,
and co-infection [hepatitis C, hepatitis D or human
[14]
immunodeficiency virus (HIV)] . Recently, it was also
shown that high levels of HBsAg titer (HBsAg ≥ 1000
IU/mL) is associated with increased risk of HCC in CHB
[17]
patients with low viral load (HBVDNA < 2000 IU/mL) .

hepatic damage, damage-induced apoptosis, hepatocyte
death/regeneration cycle, and tissue repair. In addition to
continuous cycle of cell death and regeneration, constant
activation of inflammatory signaling and increased
cytokine production by innate and adaptive immune
system contribute to generation of reactive oxygen and
nitrogen species which can cause damage to important
cellular components including cytoplasmic membrane
[18,19]
lipids, intracellular proteins and DNA
. Genomic
instability and alterations in epigenetic regulation of
genes can cause inappropriate gene expression and
enhanced proliferation of induced cells leading to neo
[20]
plastic changes in susceptible individuals (Figure 1) .
Interestingly, induced cells may have clonal properties
which were demonstrated in experimental models that
show clonal hepatocyte repopulation is a major risk
[21,22]
factor for HCC development
. In addition to nonspecific hepatocarcinogenesis by chronic inflammation,
HBV has unique virus-specific mechanisms involving
the viral proteins HBx and preS/S, and the insertional
mutagenesis with integration of HBV-DNA into the host
genome that alters the expression of endogenous genes
or induces chromosomal instability, and causes epigenetic
changes including alterations in genomic methylation and
[23]
regulation of microRNA expression (Figure 2) .

MECHANISMS OF HBV-ASSOCIATED
HEPATOCARCINOGENESIS
An interaction of complex mechanisms and pathways
contribute to the initiation of hepatocarcinogenesis. HBV
infection is among the most important risk factors for
development of HCC, and can influence carcinogenesis
by multiple ways. Chronic inflammation, a driving factor
in many types of cancers, is an important pathogenetic
mechanism for development of HBV-related HCC. Chronic
inflammation in the liver is characterized by sustained
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Figure 2 Hepatitis B virus has unique virus-specific mechanisms to induce carcinogenesis in the liver. The integration of hepatitis B virus (HBV)-DNA into the
host genome alters DNA expression by gene and/or chromosomal deletions/translocations, and epigenetic changes (aberrant DNA methylation, miRNA changes).
Viral protein HBV protein X may cause interference with transcription and signaling pathways leading to altered p53 mediated apoptosis and angiogenesis by upregulation of vascular endothelial growth factor (VEGF), hypoxia inducible factor-1 (HIF-1) and angiopoietin-2 (ANG2). HBV preS/S proteins cause endoplasmic
reticulum stress and mitochondrial dysfunction leading to oxidative stress.

same year, AISF (Italian Association for the Study of
Liver Disease) Lamivudine Study Group investigated
the effect of lamivudine treatment on the outcome of
patients with HBeAg-negative CHB in a multicenter
[31]
retrospective study . They found that cirrhotic patients
with maintained virological response were less likely
to develop HCC and disease worsening. But, presence
of cirrhosis and virological breakthrough were inde
pendently related to mortality and development of
HCC. In another randomized-controlled trial by Chan
[32]
et al , HBeAg-negative CHB patients were enrolled to
lamivudine (100 mg/d) or placebo arms to investigate
the efficacy of 2-year lamivudine treatment. Apparently,
they did not find a risk reduction for HCC, but the
study was not designed to answer this question and
sample size was too small to get conclusions. Owing
to undeniable beneficial effects of lamivudine therapy
in CHB, subsequent randomized-controlled studies
cannot be conducted to evaluate the influence of NAs.
Thereafter, multiple case-control studies and prospective
or retrospective cohort studies using historical controls
were published. In a retrospective cohort study in Japan
[33]
by Matsumoto et al , which included 377 treated
patients (lamivudine 100 mg/d) vs 377 matched
untreated controls showed a significant risk reduction
for HCC in treated cohort (0.4% per year vs 2.5% per
year, P < 0.001). Several other Asian cohort studies from
[34,35]
[36-38]
[39]
China
, South Korea
and India also confirmed
the protective effect of antiviral therapy with lamivudine
against development of HCC. The evidence behind HCC
chemoprevention with oral antivirals comes largely
from Asian cohort studies; however data obtained in
Caucasian populations also exists. In a European cohort
[40]
study from Greece, Papatheodoridis et al
reported
that lamivudine (with adefovir switch or add-on therapy
when required) treatment significantly improved survival

and modification in patients with chronic infection.
Among the established risk factors for HBV-related
HCC, patient or virus-related factors cannot be modified
except viral replication. In a large prospective cohort by
REVEAL-HBV study group, the relationship between HBVDNA titer and HCC risk was demonstrated without any
[24,25]
doubt
. Currently, there are five NAs approved for the
treatment of patient with CHB: lamivudine, telbivudine,
[26]
adefovir, entecavir and tenofovir disoproxil . In the
era of antiviral drugs with high barrier to resistance, we
can suppress HBV-DNA in almost all patients receiving
NAs, but the question remains if treatment prevents the
development of HCC in every patient.
Lamivudine is a potent reverse transcriptase inhibitor
which was originally developed for the treatment of
patients with HIV infection. It is the first oral antiviral
drug that was approved for treatment of patients
with CHB. Lamivudine monotherapy in patients with
CHB is associated with ALT normalization, HBV-DNA
suppression, hepatitis B “e” antigen (HBeAg) sero
[27,28]
conversion
, and histological improvement (regression
[29]
of necroinflammation and fibrosis) in the long-term .
The role of NAs to prevent HCC has been thoroughly
investigated in multiple studies but the largest number
of studies available considered only lamivudine. The
studies which investigated effects of NAs in reduction of
HCC risk in CHB are summarized in Table 1. In a study
[30]
by Liaw et al , which evaluated long-term benefits of
lamivudine monotherapy included 651 CHB patients
with biopsy-proven advanced fibrosis or cirrhosis in a
prospective randomized-placebo controlled setting. This
pivotal study was terminated early due to significant
beneficial effects seen in the treatment arm. Specifically,
HCC development was observed in 3.9% of the patients
in the treatment group and 7.4% of those in the placebo
group with a hazard ratio of 0.49 (P = 0.047). In the
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Table 1 Summary of controlled studies investigating the effect of nucleos(t)ide analogues on hepatocellular carcinoma risk among
treated and untreated patients with chronic hepatitis B
Ref.

Country/
region

Study type

Treatment

No. of
patients (T/C)

Patient cohort

Follow-up (T/C),
mean or median (yr)

Treatment outcome

Asia

RCT

436/215

Reduced HCC risk

Greece

Case-control

1.5/1.8

No risk reduction

Japan

Retrospective
cohort
Retrospective
cohort

Advanced fibrosis
or cirrhosis
Decompensated
cirrhosis
Chronic hepatitis B
(any stage)
HBeAg-negative
chronic hepatitis B

2.7/2.7

Manolakopoulos
et al[80]
Matsumoto et
al[33]
Papatheodoridis
et al[40]

2.7/5.3

Reduced HCC risk

3.8/6.1

Chan et al[32]

China

RCT

2.5/2.5

China

Lee et al[36]
Ma et al[35]

South
Korea
China

Das et al[39]

India

Prospective
cohort
Retrospective
cohort
Prospective
cohort
Case-control

HBeAg-negative
chronic hepatitis B
HBeAg-positive
chronic hepatitis B
Chronic hepatitis B
(any stage)
Cirrhosis

Better overall survival.
Reduced risk of major
events including HCC
No risk reduction

Yuen et al[34]

Eun et al[37]

South
Korea

Retrospective
cohort

Lamivudine
(100 mg/d)
Lamivudine
(100 mg/d)
Lamivudine
(100 mg/d)
Lamivudine (adefovir
switch or add-on
when required)
Lamivudine
(100 mg/d)
Lamivudine
(25-100 mg/d)
Lamivudine
(100 mg/d)
Lamivudine
(100 mg/d)
Lamivudine or
adefovir
Lamivudine
(100 mg/d)

Kim et al[38]

South
Korea

Retrospective
cohort

Lamivudine and/or
adefovir, or entecavir

Hosaka et al[46]

Japan

Wong et al[47]

China

Kumada et al[81]

Japan

Retrospective
cohort
Retrospective
cohort
Retrospective
cohort
Prospective
cohort

Entecavir
(0.5 mg/d)
Entecavir
(0.5 mg/d)
Lamivudine ±
adefovir, entecavir
Tenofovir
(300 mg/d)

Prospective
cohort

Entecavir
(0.5 mg/d)

Liaw et al[30]

Sievert et al[49]

Greece

Reg. trial
(abstract)

Su et al[48]

Taiwan

Wu et al[44]

Taiwan

Gordon et al[82]

United
States

Coffin et al[83]

United
States

Retrospective Lamivudine, adefovir
nationwide
or entecavir
cohort
Retrospective
94% received NAs,
cohort
remaining received
IFNs
Retrospective
NAs
cohort

30/30
377/377
201/195

89/47
142/124

2.9/5.3

Reduced cirrhosis/
HCC risk
Reduced HCC risk

3.16/NS

Reduced HCC risk

Decompensated
cirrhosis
Chronic hepatitis B
(any stage)

4.0/3.8

240/481

Cirrhosis

3.9/4.3

316/316

Chronic hepatitis B
(any stage)
Chronic hepatitis B
(any stage)
Chronic hepatitis B
(any stage)
Chronic hepatitis B
(any stage)

3.3/7.6

Less HCC rate in
treated group
Reduced HCC risk in
cirrhotic patients with
SVS
Better overall
survival. Reduced
HCC risk (borderline
significance)
Reduced HCC risk

589/589
41/176
151/102
872/699

1446/424
117/117
641

1123/503

7.5/9.0

4.7/5.7

3.0/9.5
12.3/11.6
6

Reduced HCC risk in
cirrhotic patients
Reduced HCC risk
Reduced HCC risk
compared to estimated
risk (REACH-B model)

Cirrhosis
(HBVDNA > 2000
IU/mL)
Chronic hepatitis B
(any stage)

3.6/6.8

3.5/5.2

Reduced HCC risk

820/1851

Chronic hepatitis B
(any stage)

5.2

Reduced HCC risk

322

Chronic hepatitis B
(any stage)

3.2

Reduced HCC risk
compared to estimated
risk (REACH-B model)

21595/21595

NAs: Nucleos(t)ide analogues; HCC: Hepatocellular carcinoma; T: Treatment group; C: Control group; RCT: Randomized-controlled trial; HBeAg: Hepatitis
B e antigen; SVS: Sustained virological suppression; IFNs: Interferons.

Korea, lamivudine treatment reduced the incidence of
HCC both in patients with CHB and cirrhosis, yet the risk
reduction was significant only for compensated cirrhotic
[37]
patients and when the viral suppression was sustained .
Patients with virological breakthrough or suboptimal
response during lamivudine therapy were shown to
have an increased risk for HCC which was comparable
[41]
to untreated controls. Kurokawa et al
evaluated 283
patients with CHB treated with lamivudine 100 mg/d in
an uncontrolled cohort study. They found that maintained
virological response, presence of cirrhosis, and age are

and reduced the risk of major events including HCC
compared to interferon non-sustained responders and
untreated controls.
Despite these encouraging results of lamivudine
monotherapy, the development of resistant strains of
HBV have been the main problem since it was introduced
into the clinical practice. An important finding of the study
[30]
by Liaw et al was that clinical deterioration defined as
≥ 2 increase in Child-Pugh score was significantly more
frequent in patients who develop YMDD mutation under
lamivudine treatment. In a large cohort study from South
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independent risk factors for development of HCC in
patients under lamivudine therapy.
In the era of NAs with high genetic barrier against
resistance, entecavir and tenofovir are the only oral
antiviral drugs recommended by major society treatment
[26,42,43]
guidelines for CHB
. However, the evidence behind
these novel oral antivirals regarding HCC risk reduction
is scarce. In the largest retrospective nationwide CHB
[44]
cohort from Taiwan , the investigators included 21595
matched patients in the treatment and control groups.
Most of the patients were treated by lamivudine, yet
5748 patients received entecavir 0.5 mg/d. The treated
cohort had a significantly lower 7-year incidence of HCC
(7.32%; 95%CI: 6.77%-7.87%) than controls (22.7%;
95%CI: 22.1%-23.3%; P < 0.001). After adjusting for
confounding factors, NA treatment was associated with a
reduced risk of HCC, with an adjusted hazard ratio of 0.37
(95%CI: 0.34-0.39; P < 0.001). However, the authors
did not report if there were any differences between
lamivudine and entecavir treated patients regarding
HCC incidence. In a randomized trial of 191 patients
with decompensated cirrhosis, entecavir-treated patients
tended to have a lower incidence of HCC than those
treated with adefovir, but the risk reduction was not
statistically significant (HR = 0.74, 95%CI: 0.46-1.18,
[45]
P = 0.20) . A recent study from Japan that compared
the incidence of HCC in entecavir-treated patients and
a matched historical cohort of untreated patients (316
vs 316 patients), the investigators found a significantly
reduced risk of HCC in the treated group (5 years
incidence rates were 3.7% and 13.7% for the treatment
[46]
and control groups, respectively; P < 0.001) . They
also compared treatment effect between matched
entecavir and lamivudine-treated patients without rescue
therapy. It was reported that when the control group
was taken as reference HCC risk reduction was more
profound in entecavir-treated cirrhotic patients than it
is for lamivudine-treated cirrhotic patients (P < 0.001
vs P = 0.019). Of note, this effect was seen in cirrhotic
patients but not in non-cirrhotics. In a study from China
[47]
by Wong et al , the cumulative probability of HCC
between entecavir and untreated historical controls were
comparable (P = 0.82). However, entecavir-treated
patients with radiological cirrhosis had a significantly
lower 5-year cumulative probability of HCC (13.8% vs
26.4%, P = 0.036) compared to the untreated patients
with cirrhosis. This effect was more profound in cirrhotic
patients with maintained virological suppression. On
the other hand, entecavir-treated patients with cirrhosis
who failed to achieve undetectable HBV-DNA had a
comparable risk of HCC with the untreated patients. In a
[48]
recent multicenter study from Taiwan , 1123 patients
with HBV-related cirrhosis treated with entecavir were
compared to 503 historical controls with HBV-related
cirrhosis. All patients had baseline serum HBV-DNA
level > 2000 IU/mL. Although treated patients were
significantly older and had more advanced liver disease
compared to historical controls, entecavir treatment
was shown to be associated with an adjusted hazard
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ratio of 0.40 (95%CI: 0.27-0.60) in cirrhotic patients.
After adjusting for age, the multivariate analysis showed
that male gender, no treatment, lower albumin level
and lower platelet count were independent risk factors
associated with HCC development.
There are very few data regarding treatment effect
of tenofovir on HCC incidence. One of them comes from
post-hoc analysis of the registration trial of tenofovir,
which was reported as an abstract. In this report by
[49]
Sievert et al , investigators included 641 patients with
CHB receiving open-label tenofovir therapy for 6 years
and compared HCC incidence with the estimated risk
[50]
calculated by REACH-B model . They reported that
14 tenofovir-treated patients (6 of them were cirrhotic)
developed HCC during the follow-up and the incidence
of HCC decreased with a standardized incidence ratio of
0.45 (95%CI: 0.23-0.91) compared to the estimated
risk. Despite the low number of HCC cases in this study,
they concluded by emphasizing continued surveillance
for CHB patients receiving long term oral antiviral
treatment.
There are several meta-analyses or systematic
reviews that confirmed the beneficial effects of NAs in
the prevention of HCC in CHB. In a systematic review
[51]
by Papatheodoridis et al , 21 studies were reviewed
and 3 of them which were of high quality and included
untreated controls. In the pooled analysis of 3 studies,
HCC was detected significantly less frequently in treated
than in untreated patients (2.8% vs 6.4%, respectively,
P = 0.003). Interestingly, they found that incidence of
HCC was significantly higher in untreated patients even
when compared to treated patients with virological
breakthroughs or no response. Similarly, other metaanalyses confirmed these results regarding the influence
[52-54]
of NAs on HCC risk (Table 2)
.
Although it is evident to say that antiviral therapy
decrease HBV-related HCC incidence when compared
with the natural course of the disease, there are
sufficient data showing that antiviral therapy does
not eliminate the HCC risk completely, even in noncirrhotic patients with sustained virological suppression.
[55]
Papatheodoridis et al
included 818 patients with
HBeAg-negative CHB treated with NAs in a retrospective
study investigating HCC incidence. All patients were
treated with NAs starting with lamivudine monotherapy,
and during a median follow-up of 4.7 years 49 patients
(6%) eventually developed HCC. The study demons
trated a trend for lower cumulative HCC incidence in
CHB patients with virological on-therapy remission (P =
0.076), which was defined as maintained undetectable
HBV-DNA (< 200 IU/mL). However, virological remission
did not significantly influence the incidence of HCC in
patients with cirrhosis (0.327). Moreover, multivariate
analysis revealed that age, gender and cirrhosis were
independently associated with HCC risk regardless of
virological remission. In a recent study by Arends et
[56]
al , 14 of 744 patients (42% Caucasian ethnicity)
with CHB developed HCC during a median followup of 167 wk. Nine (64%) patients among them had
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Table 2 Systematic review and meta-analyses investigating hepatocellular
carcinoma risk reduction in patients receiving nucleos(t)ide analogues vs
untreated controls
Ref.

No. of studies

Papatheodoridis et al[51]
Zhang et al[52]
Singal et al[53]
Sung et al[54]

3
6
6
5

No. of patients (T/C)
1313 (779/534)
3644 (2035/1609)
6877 (3306/3571)
2289 (1267/1022)

OR (95%CI)

P

0.43 (0.25-0.74)
0.26 (0.15-0.47)
0.48 (0.38-0.61)
0.22 (0.10-0.50)

0.002
< 0.00001
< 0.00001
0.0003

T: Treatment group; C: Control group.

cirrhosis at baseline, and 12 patients developed HCC
even after achieving virological response (HBV-DNA <
80 IU/mL). The 5-year cumulative incidence rate of HCC
was reported to be low for non-cirrhotic patients, yet it
was significantly higher for cirrhotic patients (2.1% vs
10.9%, respectively, P < 0.001).
Several studies investigated independent risk
factors associated with HCC development in patients
receiving NAs. The factors commonly attributed to
HCC risk in patients receiving NAs were age, male
gender, duration of disease, presence of cirrhosis and
[41,51,55,57-59]
no virological response
. Recently in a large
European retrospective multicenter cohort of 1666
patients with CHB (all Caucasian) treated with entecavir
or tenofovir, 71 patients (4.3%) developed HCC within
a median follow-up duration of 39 mo (range, 8-140
[60]
mo) . The importance of this study is that there was
little information available regarding the risk factors of
HCC in Caucasian patients treated with novel antiviral
drugs. The authors reported an annual incidence rate
of 1.37 (95%CI: 1.09-1.73) per 100 patient. The
cumulative probability of developing HCC reached
8.7% after 5 years of antiviral therapy. In multivariate
Cox regression analysis they found age, male gender,
3
low platelet levels (< 100000/mm ), and liver disease
severity were independently associated with subsequent
development of HCC. Of note, they did not find a
significant association between virological remission
under treatment and risk of HCC development, which
was contrary to previous studies. However, this result
is probably related to the high virological remission rate
(92%) under antiviral treatment. A recent study from
Turkey; which investigated the risk of HCC development
in 641 CHB patients on-therapy; showed that cirrhosis,
NAs with low-genetic barrier against resistance, and
development of resistance or virological breakthrough
[61]
were independent predictors of HCC development .

hepatic cccDNA of HBV. Nonetheless, it is still the holy
grail of a treatment course which can be achieved
by only a small group of patients, even in the longterm. However, until recently data was insufficient to
determine if it is reasonable to exclude those patients
who achieve HBsAg loss or seroconversion from routine
clinical follow-up. Although there is evidence showing
that disease progression may still occur after HBsAg
[62]
loss , the common practice have been continuing
follow-up and HCC screening only in those with cirrhosis.
This seems to be an evidence-based approach, because
cirrhosis is the major risk factor for HCC and should be
considered a premalignant condition even after HBsAg
[63]
loss or seroconversion . In a recent study by Simonetti
[64]
et al , 1271 Alaskan native patients with CHB were
included in a prospective population-based cohort study,
and 158 patients achieved HBsAg loss during a mean
follow-up duration of 19.6 years. The authors reported
that 6 patients (2 of them were cirrhotic) developed
HCC during a mean follow-up of 7.3 years after HBsAg
clearance. Although the HCC incidence after HBsAg
clearance was reported to be significantly lower than
the rate in those who remained seropositive, the risk
was still high enough to justify continuum of periodic
follow-up visits with HCC surveillance.

HCC RECURRENCE RISK IN PATIENTS
WITH HBV-RELATED HCC AFTER
CURATIVE TREATMENTS
Despite advances in surgical techniques, survival
after curative resection for HBV-related HCC remains
dissatisfactory with recurrence rates of more than
[65]
50% . There is no proven adjuvant chemotherapeutic
regimen that can reduce recurrence risk or improve
patient survival after curative resection. However, the
above mentioned body of data provides solid evidence
that antiviral therapy in patients with CHB or cirrhosis
reduces the risk of HCC development, leading to the
notion that antiviral therapy might prevent recurrence
and improve survival after curative therapy. There
is convincing evidence that persistent high viremia
is associated with increased risk of HCC recurrence
in CHB patients who underwent resection for HBV[66,67]
related HCC
. Therefore, the aim has been focused
on suppression of persistent HBV replication, which

HCC RISK IN PATIENTS WHO CLEAR
HBSAG
Whether it is spontaneous or therapy-induced, HBsAg
clearance with or without anti-HBs seroconversion
is considered highly beneficial. Although HBsAg loss
or seroconversion has been the ultimate goal in the
treatment of CHB, it is rarely achievable with the
available NA options which have no influence on intra
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Table 3 Summary of controlled studies investigating the efficacy of nucleos(t)ide analogues in prevention of hepatocellular
carcinoma recurrence after curative treatments
Ref.

Country

Study type

Antiviral treatment

No. of
patients (T/C)

HCC
treatment

Follow-up (T/C),
mean/median (yr)

Treatment outcome

Piao et al[69]

Japan

Retrospective
cohort

Lamivudine
(100 mg/d)

30/40

Resection or
ablation/TACE

Not specified

No risk reduction for HCC
recurrence
Better overall survival

Shuqun et al[70]

China

17/16

Resection

1-3

Reduced HCC recurrence (NS)

Kuzuya et al[71]

Japan

16/33

No risk reduction

Japan

14/10

Resection or
RFA
Resection

3.2/2.7

Kubo et al[72]

2.1

Higher tumor-free survival

Yoshida et al[84]

Japan

33/71

RFA

2.8/3.9

No risk reduction

Hung et al[85]

China

10/62

Resection

1.6

Reduced HCC recurrence

Koda et al[86]

Japan

Retrospective Lamivudine (100 mg/d)
cohort
+ thymosin α1
Retrospective
Lamivudine
cohort
(100 mg/d)
Retrospective
Lamivudine
cohort
(100 mg/d)
Retrospective
Lamivudine
cohort
(100 mg/d)
Retrospective
Lamivudine
cohort
(100 mg/d)
Retrospective Lamivudine or entecavir
cohort

30/20

Resection or
ablation/TAE

2.4/3.0

No risk reduction for HCC
recurrence
Better overall survival

Chuma et al[87]

Japan

39/64

Reduced HCC recurrence

China

43/36

Resection or
RFA
Resection

2.9/4.4

Li et al[74]

1.0

No risk reduction

Chan et al[73]

China

42/94

Resection

Not specified

Reduced HCC recurrence

Urata et al[88]

Japan

46/242

Resection

3.1

Yang et al[89]

China

Retrospective
Lamivudine
cohort
(100 mg/d)
Prospective
Lamivudine ± adefovir
cohort
Retrospective Lamivudine or entecavir
cohort
Retrospective
Not specified
cohort
Prospective Lamivudine, adefovir or
cohort
entecavir
Retrospective Nucleoside analogue(s)
nationwide
cohort
Prospective Lamivudine, adefovir or
cohort
entecavir

142/188

Resection

4.0

Tumor-free survival is better
vs patients with high viral load
Reduced HCC recurrence

518/4051

Resection

2.6/2.2

Reduced HCC recurrence

865/175

3.5

Better disease-free survival
(borderline significance)
Better overall survival

2.9-3.3

Better disease-free survival

2.0/1.9

No risk reduction for HCC
recurrence
Better overall survival

Wu et al[75]

Taiwan

Huang et al[90]

China

Huang et al[68]

China

Retrospective Lamivudine, adefovir or
cohort
entecavir

150/1459

Ke et al[91]

China

Retrospective
cohort

Lamivudine
(100 mg/d)

141/337

Resection
(HBVDNA >
2000 IU/mL)
Resection
(HBVDNA <
2000 IU/mL)
Resection

Su et al[92]

Taiwan

Retrospective
cohort

Lamivudine, entecavir
or pegylated interferon

62/271

Resection

3.8

Reduced HCC recurrence

Yin et al[76]

China

2 cohorts (RCT
and NRC)

Lamivudine1
(100 mg/d)

RCT: 81/82;
NRC: 215/402

Resection

RCT: 3.3;
NRC: 1.98

Yeh et al[93]

Taiwan

Retrospective
cohort

490/3369

Resection, RFA,
PEI

3.3/3.3

Zhang et al[94]

China

40/47

Resection

2.6

Hann et al[95]

United
States

Retrospective
cohort
Retrospective
cohort

Entecavir, lamivudine,
telbivudine, or
combination
Entecavir
(0.5 mg/d)
NAs

Reduced HCC recurrence and
better overall survival in both
cohorts
No benefits for HCC
progression or overall survival

16/9

Resection, RFA,
PEI, TACE

5.0

Nishikawa et
al[96]

Japan

99/32

Resection, RFA,
PEI

3.5/4.0

No risk reduction for HCC
recurrence
Better overall survival

Huang et al[77]

China

100/100

Resection

5.0

Reduced HCC recurrence

Chong et al[97]

China

Retrospective Lamivudine, adefovir or
cohort
entecavir
RCT

Retrospectiveprospective
cohort

Adefovir (10 mg/d)
Switch to entecavir (18
patients)
Nucleoside analog(s)

Better overall survival

Reduced recurrence if HCC ≤
3 cm
Reduced HCC recurrence
Better overall survival

Better overall survival
254/150

Resection

3.3/3.6

No risk reduction for HCC
recurrence
Better overall survival

1

Adefovir ± lamivudine or entecavir for drug resistance; 213 patients with high viral load, 11 patients with low viral load. HCC: Hepatocellular carcinoma;
T: Treatment group; C: Control group; NS: Not significant; TACE: Transarterial chemoembolization; TAE: Transarterial embolization; RFA: Radiofrequency
ablation; PEI: Percutaneous ethanol injection; NAs: Nucleos(t)ide analogues; RCT: Randomized-controlled trial; NRC: Non-randomized cohort.
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Table 4 Summary of meta-analyses which investigated preventive effect of
nucleos(t)ide analogues on hepatocellular carcinoma recurrence in patients
who underwent curative treatments
Ref.

No. of studies

No. of patients (T/C)

OR (95%CI)

P

2
2
9
13
8

119 (46/73)
119 (46/73)
555 (204/347)
6350 (1227/5123)
6127 (NS)

0.59 (0.24-1.43)
0.82 (0.34-1.74)
0.59 (0.35-0.97)
0.66 (0.54-0.80)
0.69 (0.59-0.80)

0.24
0.60
0.04
< 0.0001
< 0.00001

Miao et al[98]
1 yr recurrence
2 yr recurrence
Wong et al[65]
Sun et al[78]
Zhou et al[79]

NS: Not significant; T: Treatment group; C: Control group.

occurs in almost all patients after liver resection and
[68]
can severely reduce liver function and survival .
Initial studies with small sample sizes did not find any
[69-71]
significant effect of NAs to prevent HCC recurrence
.
In the first study that demonstrated a beneficial effect,
[72]
Kubo et al found a lower 5-year disease-free survival
rate after surgery in the lamivudine-treated group than
control group. Subsequent studies provided conflicting
results most probably due to the insufficient number of
patients included, treatment heterogeneity (resection,
local ablation, chemoembolization), and short duration
of follow-up after resection (Table 3). For example,
[73]
Chan et al
reported a significantly higher 5-year
tumor-free survival rates in the treatment group (42
patients, lamivudine 100 mg/d or entecavir 0.5 mg/
d) than in the control group (94 patients) (51.4% vs
[74]
33.8%, respectively, P = 0.05). In contrast, Li et al
demonstrated a higher but insignificant 1-year tumor
free survival after curative hepatectomy in treated
(Lamivudine ± adefovir) vs control groups (23.3% vs
8.3%, respectively, P = 0.072). Yet, the duration of
follow-up after resection was too short to get conclusions.
A larger study with a longer duration of follow-up
[75]
in a retrospective nationwide cohort by Wu et al
demonstrated a significantly reduced HCC recurrence
rate in patients receiving NAs after liver resection. Two
recently published randomized-controlled trials and
several meta-analyses (Table 4) also confirmed these
results which were obtained from retrospective cohort
[65,76-79]
studies
.

long-term virological suppression leading to reduced HCC
incidence and better patient survival. Regardless of the
antiviral treatment, several risk factors including but not
limited to old age, male gender, longer duration of the
disease, inadequate virological suppression and presence
of cirrhosis are clearly associated with the ongoing risk
of HCC development. Fortunately, inadequate virological
suppression is not an issue with the newer antivirals,
if patients are adherent with their medications. Recent
evidence also shows that treatment with NAs cannot
completely wipe out the risk of HCC, even in patients
without risk factors or patients who clear HBsAg.
Therefore, future studies should focus on differentiating
patients who remain under risk despite effective antiviral
therapy and providing cost-effective surveillance
strategies in those patients under risk of HCC.
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Surgical treatment of intra hepatic recurrence of
hepatocellular carcinoma
Laurence Lacaze, Michel Scotté
Repeat hepatectomy and salvage liver transplantation
(SLT) could be performed in selected patients to treat
recurrent HCC and enable prolonged overall survival
after treatment of recurrence. Other therapies such as
local ablation, chemoembolization or sorafenib could
be proposed to those patients unable to benefit from
resection or SLT. A clear definition of the place of SLT and
“prophylactic” liver transplantation is required. Indeed,
identifying risks factors for recurrence at time of primary
liver resection of HCC may help to avoid recurrence
beyond Milan criteria and non-resectable situations. In
this review, we summarize the recent data available in
the literature on the feasibility and outcomes of repeat
hepatectomy and SLT as treatment for recurrent HCC.
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Core tip: Recurrence after hepatocellular carcinoma
(HCC) is frequent. Repeat hepatectomy and salvage
liver transplantation (SLT) could be performed in
selected patients to treat recurrent HCC and enable
prolonged overall survival after treatment of recurrence.
A clear definition of the place of SLT and “prophylactic”
liver transplantation is required. Identifying risks factors
for recurrence at time of primary liver resection of HCC
may help to avoid recurrence beyond Milan criteria and
non-resectable situations. In this review, we summarize
the recent data available in the literature on the
feasibility and outcomes of repeat hepatectomy and SLT
as treatment for recurrent HCC.
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Abstract

Lacaze L, Scotté M. Surgical treatment of intra hepatic re
currence of hepatocellular carcinoma. World J Hepatol 2015;
7(13): 1755-1760 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i13/1755.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i13.1755

Recurrence after hepatocellular carcinoma (HCC) is
frequent. Currently, there are no recommendations on
therapeutic strategy after recurrence of HCC. Whereas
the 5 year-recurrence rate after resection of HCC is 100%,
this drops to 15% after primary liver transplantation.
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HCC: re-resection and liver transplantation. Because
of the lack of available grafts, few patients are able to
benefit from treatment by transplantation.
Re-resection is considered as the treatment of
choice for patients with intra hepatic recurrence and
well-preserved liver function, while liver transplantation
is mostly performed in patients with poor liver function.
However, some authors recommend other therapeutic
strategies.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequent
primary liver tumor. Worldwide, it represents the sixth
most common cancer in terms of incidence and is the
[1]
second cause of cancer-related death .
The European Association for the Study of the LiverEuropean Organisation for Research and Treatment
of Cancer group has defined therapeutic strategies for
management of primary HCC with the Barcelona-Clinic
[2]
Liver Cancer (BCLC) algorithm . Currently, there are
no published guidelines for treatment of recurrent HCC.
Furthermore, there are no randomized prospective
studies available in the literature, to determine treatment
of choice. In absence of guidelines, some authors have
used the BCLC algorithm for cases of recurrent HCC.
As for primary tumors, different treatments could be
performed in cases of recurrent HCC: second or more
resection, salvage liver transplantation (SLT), local
ablation, chemoembolization or antiangiogenic therapy.
In this short review, we highlight potential surgical
treatments for recurrent HCC, including second resection
or liver transplantation.

REPEAT HEPATECTOMY
Only about 20% of patients with recurrent HCC are
candidates for surgical treatment. Localization of the
tumor, number of tumors, and liver function determine
choice of treatment for recurrent HCC. In cases of
multinodular liver recurrence, repeat resection should
not be recommended.
Repeat liver resection is reserved for patients with
good liver function and sufficient estimated remnant liver
volume (RLV) after re-resection. If the volume of the
future liver remnant is estimated to be inadequate, portal
embolization may increase the volume of the future liver
remnant. If the change in volume is insufficient, repeat
hepatectomy is absolutely contraindicated and another
treatment should be considered. In cirrhotic liver, RLV
should be more than 40% of total liver volume. In a
[13]
retrospective study, Lin et al suggested a cut-off of the
ratio of RLV-body weight of 1.4% to avoid postoperative
liver failure.
[14]
In 1986, Nagasue et al
was the first to report a
series of repeat hepatic resections for recurrent HCC
without mortality. Subsequent progress in hepatobiliary
surgery and methods for evaluating liver function led
to publication of several series of patients with repeat
resection for recurrent HCC.
[15]
In 2013 Chan et al published, a systematic review
of the outcomes of repeat hepatectomy. This review
included series between January 2000 and November
2012. Twenty-two series were identified, with no
randomized trial. This review confirmed the feasibility of
repeat hepatectomy in patients with cirrhotic liver. The
median morbidity range of this review was between 0%
and 6%, confirming the safety of repeat hepatectomy.
Ascites was the most frequent morbidity with a median
range of between 0% and 32%.
Since this publication, other series on repeat
hepatectomy have been published, notably two major
series on second or more hepatectomies to treat
[16]
repeat hepatectomy. Mise et al
report a study on
third or more hepatectomies for recurrent HCC. The
results of three hepatectomy groups were compared:
first hepatectomy, second hepatectomy, and third
hepatectomy or more. In this study, no 90-d mortality
was reported for either second hepatectomy or third
hepatectomy and more. No significant difference
in morbidity rate was found between the different
hepatectomy groups. The morbidity rate of patients
after second hepatectomy was 18% in 289 patients and
the morbidity rate after third hepatectomy or more was

RECURRENT HCC
Tumor recurrence is common after primary resection
of HCC. After HCC resection, the 5-year survival rate is
about 70%. However, the rate of recurrence remains
[3]
high, with a 5-year cumulative rate of up to 100% .
After liver transplantation, the 5-year recurrence rate is
[4-6]
estimated at between 5% and 15% in the literature .
In addition, no adjuvant treatment is recommended to
prevent recurrence.
Recurrence is confined to the liver in 80% to
95% of cases. In about 50% of cases, recurrence is
multifocal. In 15% of cases, extra hepatic recurrence
[7,8]
is associated . Two types of recurrences may be
[9]
distinguished: early recurrence and late recurrence .
The literature is unclear regarding cut-off time with
some authors considering cut-off at 12 mo and others 2
years. Usually, early recurrence is considered to occur up
to 2 years after primary HCC and late recurrence more
than 2 years after primary resection. Early recurrence
and late recurrence are considered to represent
different mechanisms of recurrence. Early recurrence is
considered as metastatic occurrence and late recurrence
[9]
as multicentric occurrence of HCC . These two types
of recurrences seem to have different outcomes sug
gesting different treatments. Risk factors for both
early and late recurrence have been reported in the
literature. Microvascular invasion, satellite nodule, poor
differentiation, nonanatomic resection are risk factors for
early recurrence. Late recurrence shares the same risk
[9,10]
factors as primary HCC
. According to the literature,
recurrence within Milan criteria after primary resection of
[11,12]
HCC ranges between 60% to 80%
.

Surgical treatment of recurrence

Two surgical treatments may be considered for recurrent
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Table 1 Major studies of outcomes of repeat hepatectomy for recurrent hepatocellular carcinoma from 2010
Type of study

Patients (n )

Treatment

5 yr overall survival

Prognostic factors for time to recurrence

Systematic review

1149

Re resection

48.5%
(25%-87%)

Huang et al[23]
Chan et al[15]

Retrospective study
Systematic review

82
1125

Re resection
Repeat hepatectomy

22.4%
52%
(22%-83%)

Yamashita et al[17]

Female gender
Younger age
Tumor grade
Microvascular invasion
Recurrent tumor > 3 cm
Albumin < 35 g/L
Microvascular invasion
Blood transfusion
Macro/microvascular invasion
Tumor number
Tumor size
Liver status

Retrospective study

Tabrizian et al[27]

Retrospective study

163
46
356

Mise et al[16]

Retrospective study

Second hepatectomy
Third or more hepatectomy
Re resection: 19%
Transplant listing: 16%
Local ablation: 17%
Embolization: 23%
Other: 12%
None: 7%
Second hepatectomy
Third or more hepatectomy

60%
43%
47%
51%
25%
9%
0%
0%
60.5%
68.5%

Ref.
Zhou et al[26]

289
110

[16]

Satellite nodules

[16]

23% in 110 patients .
[17]
In a retrospective study, Yamashita et al compared
the results of repeat hepatectomy for recurrent HCC.
Second hepatectomy was performed in 163 patients and
third hepatectomy or more in 46 patients. The mortality
rate after second hepatectomy was 1.2%, compared
to 0% mortality rate after third or more hepatectomy.
No significant difference was found between the three
groups in terms of morbidity. The morbidity rate was
[17]
26% for second and 30% for third hepatectomy .
The above two publications confirm the feasibility of
repeat hepatectomy for recurrent HCC.
Concerning the survival rate after hepatectomy for
recurrent HCC, data in the literature confirm the longterm survival of patients after this surgical treatment
[15]
(Table 1). In the review by Chan et al , the 5-year
survival rate was evaluated at between 22% and 83%
[16]
with a median rate of 52%. Mise et al found a 5-year
overall survival rate after second liver resection of
60.5% and after third hepatectomy or more of 68.2%.
They reported no significant difference between first,
second and third or more hepatectomy for overall
survival rate. Yamashita etal showed a 5-year overall
survival rate of 60% after second and 43% after third
[17]
or more hepatectomy .
Second resection or more for recurrent HCC enabled
long-term survival and must be considered in cases of
resectable liver intrahepatic recurrence of HCC.
So, second resection or more could be safely per
formed without high morbidity or mortality and allow
prolonged overall survival, but what about disease free
survival thereafter?
[15]
According to the review published by Chan et al ,
length of median disease free survival was 15 mo,
ranging between 7 and 32 mo. In the more recent

WJH|www.wjgnet.com

Type of treatment
Tumor number
Tumor size
Alphafoeto protein rate

[17]

articles by Mise et al and Yamashita et al , the 5-year
disease free survival rate was 17.9% and 29% after
second hepatectomy and 12.8% and 18% after third
hepatectomy or more respectively.
In our personal experience in an intention-to-treat
study comparing the results of repeat resection with
local ablation of recurrent HCC (data not published), we
found a 5-year overall survival rate of 27% after repeat
hepatectomy.
In conclusion, repeat hepatectomy is a feasible
treatment for recurrent HCC and should be considered
for patients with one HCC nodule and good liver function
with sufficient estimated liver remnant. It enables long
term overall survival even in cases of third or more
repeat hepatectomy.

THE ROLE OF LIVER TRANSPLANTION
The advantage of liver transplantation after first hepatic
recurrence is to treat the underlying cirrhotic liver to
prevent another recurrence.

SLT
In cases of recurrent HCC according to Milan criteria,
SLT could be proposed if age of patients and comorbidity
allow.
[18]
In 2000, Majno et al
were the first to describe
SLT for recurrent HCC in selected patients and showed
that overall survival and disease free survival were the
same after primary liver transplantation (PLT) or SLT. A
[19]
meta-analysis by Zhu et al
of 14 studies conducted
between 2000 and 2012 confirmed that SLT offers the
same mortality rate as PLT. The mortality rate of ten
studies pooled was 6.34%, with no significant statistical
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Table 2 Five years overall survival and prognostic factors for overall survival after salvage liver
transplantation
Ref.

Type of study

Patients (n ) 5 yr overall survival

Sapisochin et al[24]
Wu et al[28]
Liu et al[29]
Fuks et al[11]
Guerrini et al[22]
Chan et al[20]
Qu et al[30]

Case control study
Retrospective study
Retrospective study
Retrospective study
Retrospective study
Systematic review
Retrospective Study

17
36
39
138
28
319
111

52%
69.4%
61%
71%
49.2%
62%
49.5%

Lee et al[31]

Retrospective study

69

54.6%

Prognostic factors for overall survival

Edmonson grade
Hepatic vein invasion
Portal vein invasion
TNM stage
Time to recurrence
Alpha foetoprotein > 200 ng/mL
HCC outside Milan criteria

HCC: Hepatocellular carcinoma.

and/or abdnormal bilirubin, patients could be proposed
liver transplantation. Because of the lack of liver donors,
some authors suggest identifying criteria for high or
low risk of recurrence to choose between SLT or repeat
resection in patients within Milan criteria for recurrent
HCC.
The delay of recurrence seems to have an impact
on the long-term outcomes of treatment. In a single
[23]
center study, Huang et al showed that overall survival
rate was significantly better after repeat hepatectomy
in patients with late recurrence than in patients with
early recurrence. In this study, the cut-off was 18 mo.
[15]
Furthermore, in the review by Chan et al , the only
prognostic factor, which impacted on the outcome after
repeat hepatectomy, was time to recurrence. A time to
recurrence greater than 12-18 mo allowed better longterm survival.
From data in the literature, we should consider
repeat hepatectomy in patients with a time to recurrence
of more than 12 mo even if this cut-off is arbitrary.
[24]
Sapisochin et al
published a comparative study
to determine if patients eligible for SLT should be
contraindicated because of high risk of recurrence. In this
article, they showed that patients with early recurrence
after liver resection for primary HCC had statistically
significant poor outcomes after salvage transplantation,
especially in patients with poorly differentiated tumors.
Even if this study included a small number of patients, it
suggests that SLT should be limited in these cases.
[10]
In 2012, Belghiti et al identified predictive factors
for nontransplantability because of recurrence beyond
Milan criteria: microvascular invasion, satellite nodules,
tumor size > 3 cm, poorly differentiated tumors and
liver cirrhosis. In the presence of three factors or more,
[10]
Belghiti et al proposed performing liver transplantation
prior to recurrence to avoid recurrence beyond Milan
criteria. For patients with fewer than three negative
factors, liver transplantation should be performed only in
cases of HCC recurrence.
[25]
Another publication by Lee et al
confirmed that
early recurrence (before 8 mo) after primary liver

difference with PLT.
Another systematic review published by Chan et
[20]
al in 2013, showed a median perioperative mortality
rate of 5% (0%-24%).
Regarding perioperative morbidity, no significant
statistical difference was found compared to PLT. The
morbidity rate reached 34% in the meta analysis by
[19]
Zhu et al .
[21]
Laurent et al
showed that SLT could be safely
performed after open primary liver resection or laparo
scopic liver resection but that laparoscopic liver resection
required less operative time, and blood transfusion.
All these data confirm that SLT could be safely
performed without high morbidity or mortality rate.
The short and long-term outcomes after SLT have
been studied to evaluate the validity of this therapeutic
strategy (Table 2).
[22]
Guerrini et al
published a 5-year overall survival
[19]
rate of 49.2%. The meta analysis by Zhu et al
showed that the 5-year overall survival rate was lower
[20]
after SLT than after PLT. In the review by Chan et al ,
the median overall survival rate reached 62% at 5 years
with a range between 41% and 89%.
Another point to highlight regarding SLT strategy
is the disease free survival rate. In the literature, the
median 5-year disease free survival rate was 67% with
[20]
a range between 29% and 100% .
Even if no prospective studies have been published
on SLT, the literature confirms the feasibility of SLT that
could achieve long-term survival and prolonged disease
free survival after primary resection of HCC.

INDICATIONS FOR REPEAT
HEPATECTOMY OR SLT
There are no current guidelines on treatment of choice
for recurrent intrahepatic HCC. If recurrence is beyond
Milan criteria, SLT cannot be performed. If intrahepatic
recurrence is within Milan criteria with age 70 years or
less, no medical contra indications, portal hypertension
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Liver resection for HCC

HCC recurrence within Milan criteria

Yes

No
Repeat resection

Others therapies

Time to recurrence < 12-18 mo

Time to recurrence > 12-18 mo

Repeat hepatectomy

Salvage liver transplantation

Others therapies

Figure 1 Proposed decisional algorithm according to delay of recurrence. HCC: Hepatocellular carcinoma.

resection was a negative factor for disease free survival
after SLT. A rate of 200 ng/mL or more and recurrence
beyond Milan criteria were also independent negative
prognostic factors for disease free survival after SLT. In
this study, patients with one or more of these factors
showed worse overall survival and poorer disease free
survival than patients without these three risk factors.
Due to insufficient data in the literature and absence
of prospective studies, it is difficult to propose a decisional
algorithm (Figure 1). We should consider that time to
recurrence is the most important prognostic factor for
impairment of overall survival after repeat hepatectomy
or SLT. In cases of HCC recurrence before 12-18 mo,
we should not perform SLT or repeat hepatectomy and
other therapies such as chemoembolization or sorafenib
should be considered. The role of “prophylactic” liver
transplantation must be specified, especially in patients
with negative histological factors so to avoid recurrence
beyond Milan criteria.
In conclusion, there are no standardized guidelines
for the therapeutic strategy of intrahepatic HCC. We
should consider repeat hepatectomy and SLT as safe and
feasible treatments. These two treatments allow longterm outcomes. Nevertherless, the place of SLT remains
to be clearly defined. According to data in the literature,
certain negative histological factors as well as delay of
recurrence should be taken into account when choosing
the best treatment for the patient. A prospective study
evaluating SLT and repeat hepatectomy is warranted to
confirm the place of liver transplantation after primary
resection of HCC and prior to recurrence.
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MINIREVIEWS

Drug- and herb-induced liver injury: Progress, current
challenges and emerging signals of post-marketing risk
Emanuel Raschi, Fabrizio De Ponti
This review will first provide clues for clinicians to
suspect idiosyncratic (unpredictable) DILI and succeed
in diagnosis. Causality assessment remains challenging
and requires careful medical history as well as aware
ness of multifaceted aspects, especially for herbs.
Drug discontinuation and therapy reconciliation remain
the mainstay in patent’s management to minimize
occurrence of acute liver failure. The second section will
address novel agents associated with liver injury in 2014
(referred to as “signals”), especially in terms of clinical,
research and drug development implications. Insights
will be provided into recent trends by highlighting the
contribution of different post-marketing data, especially
registries and spontaneous reporting systems. This
literature scrutiny suggests: (1) the importance of postmarketing databases as tools of clinical evidence to
detect signals of DILI risk; and (2) the need for joining
efforts in improving predictivity of pre-clinical assays,
continuing post-marketing surveillance and design ad
hoc post-authorization safety studies. In this context,
ongoing European/United States research consortia and
novel pharmaco-epidemiological tools (e.g. , specialist
prescription event monitoring) will support innovation in
this field. Direct oral anticoagulants and herbal/dietary
supplements appear as key research priorities.
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Core tip: Drug- and herb-induced liver injury remains
a clinical challenge, attracting multidisciplinary interest
for its translational aspects (from bench to bedside
approach and vice versa). When considering differential
diagnosis in patients with liver damage, clinicians should
always keep in mind drugs and herbs as possible liver
offenders, especially in subjects with comorbidities
requiring long-term multiple therapies (likelihood of drug
interactions). Drug withdrawal and therapy reconciliation

Abstract
Drug-induced liver injury (DILI) and herb-induced
liver injury is a hot topic for clinicians, academia, drug
companies and regulators, as shown by the steadily
increasing number of publications in the past 15 years.
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From a drug development perspective, DILI caused
a number of regulatory actions in the past decades.
[4]
Very recently, Wang et al reviewed formal reasons
for non-approval of 27 drug applications and identified
hepatotoxicity in 4 (15%) cases. The oral anticoagulant
ximelgatran is a typical example of interruption of
drug development for hepatic concern: in 2006, the
manufacturer withdrew a pending application to the
[5]
Food and Drug Administration (FDA). Shah analyzed
38 drugs withdrawn between 1990 and 2006, and found
that 14 of them (37%) were removed from the market
due to hepatotoxicity. A more recent review highlighted
that, among 25 safety-based withdrawals in Europe and
United States, ten (40%) were related to cardiovascular
issues and seven (28%) to gastrointestinal, primarily
hepatic, adverse events, which were not predicted
[6]
from known pharmacological action . From a historical
perspective, in several circumstances, hepatotoxic
agents were identified after being used in clinical practice
for several months: for instance, this was the case of
troglitazone, which was withdrawn after more than 3
years on the United States market.
Form a clinical standpoint, the assessment of DILI
risk in individual patients should be performed on a caseby-case basis according to different clinical elements
(see below), whereas the evaluation of drug-related
liver risk in a population perspective requires integration
of data originated from multiple lines of evidence and
data sources, including clinical trials, observational
studies (cohort and case-control approaches), registries,
[7]
spontaneous reporting systems, case series/reports .
We present this overview to highlight present trends
and potential new areas of research: because of the
large number of studies in the past year and the nonsystematic nature of this review, we selected only
articles that, in our opinion, provide key contributions to
understand the way forward. After a brief description of
key aspects to diagnose and manage drug-related liver
disease, the next sections are organized by data source
and mainly discuss novel agents associated with DILI
in various settings. Specifically, the term “signal” will be
used thereafter to indicate any new information/data
regarding a possible drug-related association with liver
damage (either clinical or statistical), which requires
further investigation.

represent key issues in patient’ management to minimize
the risk of acute liver failure. Notwithstanding the
progress in the tools for early detection of hepatotoxicity,
there is growing literature on drugs and herbs possibly
associated with liver injury in the post-marketing phase:
often undetected during drug development, signals
of liver toxicity emerge from spontaneous reporting
systems and registries. This calls for a joint, multi
disciplinary action to improve predictivity of pre-clinical
assays, continuing post-marketing surveillance and
designing ad hoc population-based studies.
Raschi E, De Ponti F. Drug- and herb-induced liver injury:
Progress, current challenges and emerging signals of postmarketing risk. World J Hepatol 2015; 7(13): 1761-1771
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i13/1761.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i13.1761

INTRODUCTION: A MULTIDISCIPLINARY
FIELD OF INTEREST
Drug- and herb-induced liver injury (DILI and HILI,
respectively) continues to attract interest, as shown
by the growing number of publications indexed in
PubMed. A broad strategy (i.e., by combining the terms
DILI, drug-induced liver injury/damage, HILI/damage,
st
st
hepatotoxicity), from January 1 to December 31 2014,
yielded 1060 publications, with a mean publication
rate of 1440 articles in the last 5-year period (search
th
performed on Jan 13 , 2015) (Figure 1). A publication
trend can be easily found in the last 15 years, with
remarkable increase since 2010, especially for preclinical evidence; as compared to 2013, the apparent
decrease in the overall number of publications in 2014
is likely to be related to the delay in publication indexing
rather than to an actual decrease in publication rate.
The multidisciplinary interest is indicated by the
variety of periodicals covering this topic in 2014: apart
from dedicated high-ranking Journals (e.g., Seminars
in Liver Disease, which entirely devoted an issue to
hepatotoxicity, Gastroenterology, Hepatology, Journal
of Hepatology and Clinical Gastroenterology and
Hepatology), also non-specialized Journals published
original research articles, expert opinion and com
prehensive reviews for primary care clinicians, who
frequently encounter this clinical problem in their daily
[1,2]
practice . The official Journal of the International
Society of Pharmacovigilance Drug Safety published a
supplement, called “Liver Safety Assessment in Clinical
Drug Development: A Best Practices Workshop report”,
describing major achievements and accomplishments for
[3]
the future (see below for details) .
The multifaceted aspects of DILI and its idiosyncratic
nature (i.e., unpredictable from the mechanism of
drug action) pose a challenge to hepatologists, pharma
cologists, toxicologists, clinical investigators and
regulators.

WJH|www.wjgnet.com

DILI AND HILI: CLUES FOR CLINICIANS
Epidemiology

The list of drugs that have been associated with
[8]
hepatotoxicity is constantly growing . A collaborative
study published in 2010 collected information from
different sources to select a unified list of drugs
associated with DILI: among 385 agents, 319 com
pounds were identified in three DILI registries (Spain,
Sweden and United States), with notable differences
among the different cohorts, depending on the drug
[9]
marketing access and prescribing patterns .
Determining the true incidence of DILI remains
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Figure 1 Publication trend over the past 15 years of articles on drug- and herb-induced liver injury, classified in terms of preclinical and clinical evidence.
The search was performed in PubMed on January 13th, 2015, through automatic filters and keywords (see text for details).

difficult. The recent population-based study from Iceland
[10]
found an incidence of 19 cases per 100000 per year ,
higher than previous findings from France and United
[11,12]
Kingdom: 13.9 and 2.4 per 100000, respectively
.
The latest retrospective cohort study, using data from
the Kaiser Permanente Northern California healthcare
system, calculated an incidence rate of any definite druginduced acute liver failure (ALF) of 1.61 events/1000000
[13]
person-years . For a comprehensive discussion of the
current status on epidemiology the reader should refer
[14]
to Björnsson ; in summary, current data consistently
identify particular drugs (e.g., amoxicillin-clavulanic
acid, isoniazid) and confirms the two drug classes
of antibiotics and antiepileptics as most prevalent in
causing hepatotoxicity. Notably, recent population-based
epidemiologic data on acute liver injury (ALI) found that
incidence of ALI in pediatrics is relatively low and broadly
comparable with adults, with higher incidence rate in
Italy, as compared to the Netherlands (73 vs 21/100000
person-years, respectively) and antibiotics as the drugs
[15]
most frequently implicated with ALI .
As regards HILI, the absence of regulatory guidelines
further compromises calculation of true incidence.
Notably, complementary and alternative medicines was
one of the two most common etiologies reported among
[16]
24112 Chinese patients with DILI . Current estimates
suggest that 15% of DILI are caused by herbs and a
recent tabular compilation of published case reports,
including traditional Chinese medicines, established
causality for 28 out of 57 different herbs and herbal
[17]
mixture selected in 77 publications .

with antivirals for systemic use, whereas ALF and
hepatocellular injury were more frequently reported
[19,20]
among children)
. There is considerable body of
evidence (through genome-wide association studies)
indicating that susceptibility to DILI is genetically
determined, at least for some compounds (e.g., fluclox
[21]
acillin) ; (2) Environment. Our understanding of
environmental factors is limited, with coffee, alcohol
consumption, and diet that have not been identified as
bona fide risk factors for DILI; and (3) Drug-related risk
factors. Recent studies have suggested that drugs with
high daily dose (> 50 to 100 mg/die), high lipophilicity
(known as the “rule-of-two”) and extensive hepatic
[22,23]
metabolism are more prone to cause DILI
. The socalled “damage hypothesis” regards the inadvertent
generation of reactive metabolites or parent drugprotein complex that can directly or indirectly mediate
intracellular damage via oxidative endoplasmic reticulum
stress, mitochondrial damage, inhibition of bile salt
export pump. In the “hapten hypothesis”, the drugprotein or metabolite-protein adduct leads to inadvertent
[24]
activation of the adaptive immune system . At the
current state of the art, however, the actual clinical
relevance of these pathophysiological mechanisms still
requires formal evaluation.

Diagnosis

Patients with DILI pose substantial diagnostic, prognostic,
[25]
and therapeutic challenges to the gastroenterologist .
The presentation of DILI may vary from asymptomatic
liver enzyme elevation (which incidentally may come
to the attention of clinicians during planned laboratory
tests for other medical reasons) to ALF causing hospital
admission and potentially requiring transplantation.
The thresholds and cutoffs for enzymes elevation has
been subject to debate and changes over time for a
number of reasons. From one hand, the prevalence of
non alcoholic fatty liver disease (NAFLD) is increasing
and some subjects are known as “adaptors” (showing
transient increase in enzyme levels, which eventually

Risk factors and pathogenesis

The pathogenesis of DILI and HILI is only partially
understood, with three intertwined factors: (1) Clinical
host-related risk factors. Age and gender are perceived
[18]
as non-modifiable risk factors ; recent studies
highlighted age- and gender-related differences in the
reporting of DILI that depend on drug and/or drug class
(e.g., male were overrepresented in cases associated

WJH|www.wjgnet.com

1763

July 8, 2015|Volume 7|Issue 13|

Raschi E et al . Drug- and herb-induced liver injury
return to baseline despite continuation of the drug);
on the other hand, it is crucial to identify early signals
of DILI that are predictive of ALF during drug develop
[26]
ment . Currently, a 3- to 5-fold elevation (x upper limit
of normal) in alanine aminotransferase or aspartate
aminotransferase represent the most commonly used
thresholds. In most of the cases, DILI resolves following
drug discontinuation, albeit up to 20% of patients pro
gress to chronic liver damage further challenging the
clinicians’ management skills. Although usually the first
step in describing DILI is to differentiate “idiosyncratic”
(unpredictable) from intrinsic (predictable) type, this
distinction is highly debated and, more importantly,
it does not affect clinical management. Therefore,
diagnosis of DILI first and mostly depends on obtaining a
detailed patient’s history and thoughtful use of diagnostic
[25]
tests .
Overall, the clinical assessment focuses on four
major areas: (1) timing (exposure or latency; recovery
or dechallenge; information about the latest laboratory
test before starting treatment can be of great value);
(2) pattern of liver biochemistries at presentation (this
aspect may influence the request for serological, imaging
investigation and liver biopsy); (3) hepatotoxicity profile
of suspect agent (some drugs such as telithromycin may
have a distinctive clinical signature that may be indicative
[27]
of high mortality rate ); (4) other extra-hepatic signs/
symptoms (immune-allergic features such as rash,
fever and eosinophilia argue for a drug etiology); and
(5) exclusion of competing causes: in particular, acute
viral hepatitis caused by less common viruses (type E
hepatitis virus, cytomegalovirus, Epstein-Barr virus)
and chronic liver diseases (e.g., NAFLD) should be ruled
out. Judicious use of blood tests and liver imaging are
necessary, but liver biopsy, while often helpful, is not
mandatory.
Different clinical algorithms have been published
to facilitate diagnosis and management; the reader
can refer to the latest recommendations provided by
[28]
the American College of Gastroenterology . These
diagnostic algorithms are based on clinical scoring
systems. According to major experts in the field, the
Council for International Organizations of Medical
Sciences scale has the potential to be a standard scale
for DILI and HILI causality assessment and can be
adopted by physicians, regulatory agencies, expert
panels and the scientific community. Other advantages
include its liver specificity and its validation for hepato
toxicity cases, with excellent sensitivity, specificity and
predictive validity based on results obtained from cases
[29]
with a positive re-exposure test . In case of suspect,
instead of checking published case reports (which
are of varying quality), clinicians should refer to the
LiverTox database (http://www.livertox.nih.gov/), a
free periodically updated online DILI resource detailing
information on more than 600 agents. It should be kept
in mind that, causality assessment and actual diagnosis
is based on a case-by-case clinical judgment and, in
[28,30]
doubtful cases, expert consultation is needed
.
Two clinical issues are particularly challenging for
WJH|www.wjgnet.com

gastroenterologists: HILI and drug-induced autoimmune
liver disease. The former may have similar or identical
clinical presentation of DILI, raising debate on whether
or not HILI needs a separate term. However, major
differences exist between DILI and HILI: DILI is usually
caused by a single drug (either chemical or biological),
whereas HILI is triggered by a chemical mixture from the
herbal extract, which often lacks regulatory assessment
and surveillance. Herbal product quality varies and is a
major issue in HILI, adding to the complexity in evalu
ating causality for herbs. This may explain why HILI is
considered as a poorly defined entity, is a neglected dis
[31]
ease, and requires special attention . The latter (druginduced autoimmune liver disease) is emerging as a
poorly defined under-reported and underestimated liver
[32]
disorder, and poses particular diagnostic dilemma ;
indeed, overlaps and different clinical scenarios exist
among DILI and autoimmune hepatitis. What is clear is
that the diagnosis of autoimmune hepatitis is often made
in the setting of a patient under poly-pharmacotherapy.
Discriminating between true autoimmune hepatitis
triggered by drugs and immune-mediated DILI still
remains a challenge.

Management

The key treatment of DILI remains withdrawal of the
[28]
offending medication
(hence, the importance of
correct differential diagnosis). However, early drug
discontinuation does not always prevent the occurrence
of ALF. Nonetheless, only a small fraction (10%) of
idiosyncratic DILI exceeds in ALF, with coagulopathy
and any degree of encephalopathy. Unfortunately,
prognostic scores to early predict the clinical outcome
for DILI reaching the threshold of ALF are still under
development. From a drug development standpoint,
the decision on drug discontinuation should be carefully
[33]
balanced, with stopping rules suggested by the FDA .
No definitive therapies are available for idiosyncratic
DILI with or without ALF: N-acetylcysteine (NAC), the
antidote for acetaminophen overdoses (dose-dependent
DILI), may be considered in adults with early-stage
ALF, for its good safety profile and some evidence for
efficacy in early coma stage patients. A meta-analysis
(4 trials selected) concluded that NAC is safe for nonacetaminophen-induced ALF. It can prolong patients’
survival with native liver without transplantation and
survival after transplantation, without improvement in
[34]
the overall survival . Re-exposure to a drug that is
thought likely to have caused hepatotoxicity is strongly
discouraged, especially if the initial liver injury was
associated with remarkable enzyme elevation. Follow-up
is also needed until resolution, as chronicity may occur
[28]
in approximately 14% of those experiencing DILI .

SIGNALS EMERGING FROM
SPONTANEOUS REPORTING SYSTEMS
AND CASE SERIES/REPORTS
Because of limited predictive value of pre-clinical
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[35]

assays , the lack of fully validated biomarkers and the
limited power of pre-marketing randomized clinical trials
to detect rare safety issues, large spontaneous reporting
systems of adverse drug reactions are a pivotal source
for early identification of safety signals, especially for rare
idiosyncratic events such as DILI. Several analyses on
spontaneous reporting databases have been published
in 2014 (60 out of 369 publications retrieved in PubMed
are based on case reports/series and pharmacovigilance
databases), thus highlighting the contribution of this
tool as a source of clinical evidence. For this reason, we
provide here below a few key examples.
Three pharmacological classes of medications were
investigated through pharmacovigilance databases:
direct oral anticoagulants (DOACs), antimycotics and
antidepressants. As regards DOACs, although a recent
systematic review on phase Ⅲ randomized clinical trials
[36]
failed to demonstrate a significant risk of DILI , the
experience gained from the history of ximelagatran
suggested that caution is needed before considering
them free from DILI risk. As a matter of fact, case series
have become to accrue and suggested a potential safety
[37,38]
signal, especially for rivaroxaban
. In particular,
the assessment of spontaneous reports submitted to
the publicly available FDA Adverse Event Reporting
System (FAERS) detected a disproportionality signal
of DILI for rivaroxaban (including ALF), whereas no
association emerged for dabigatran, even when potential
competition biases were tested. Notably, a considerable
proportion of DILI reports of rivaroxaban (42%) and
dabigatran (37%) co-listed possible hepatotoxic and/or
interacting drugs, with fatal outcome and very rapid
[39]
time-to-onset in almost half of ALF reports . These
signals should not automatically generate alarm, but
certainly prompt comparative population-based studies
to characterize and quantify the actual risk, taking
[40]
into account drug- and patient-related risk factors .
Meanwhile, as DILI is unpredictable, these findings
strengthen the importance of timely pharmacovigilance
to detect post-marketing signals of DILI and underline
the role of clinicians in early recognition of signs/
symptoms suggestive of severe hepatic damage.
Among the first detected hepatotoxins in 2014, we
selected the first post-marketing report by pomalidomide,
the latest immunomodulating drugs approved by the FDA
for multiple myeloma. The causal association was based
on the temporal association with drug exposure and
[41]
the exclusion of other causes . Notably, DILI occurred
despite dose titration and monitoring of liver function.
A second biopsy was performed because, within 2 wk
of completing steroids, bilirubin markedly increased;
this second histological evaluation raised the possibility
of acute hepatitis presentation of chronic graft-vs-host
disease. Steroids should be considered if hepatotoxicity
persists despite discontinuation of pomalidomide.
A case series from Germany highlighted a typical
clinical pattern of flupirtine: it almost exclusively occurred
in females and was characterized by hepatocellular
pattern as a key histological feature and clinical mani
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festation with jaundice and ALF. In March 2013, the
European Medicines Agency (EMA) recommended to limit
the duration of flupirtine treatment to 2 wk; however,
[42]
data by Douros et al
suggested that early, severe
hepatotoxic symptoms cannot be ruled out.
As regards antimycotics, the 2013 regulatory
interventions on ketoconazole for DILI (the oral formu
lation was withdrawn) posed a prescribing challenge
to clinicians, who should now carefully consider safer
therapeutic alternatives. Data mining of the publicly
available FAERS database highlighted that antimy
cotics are involved in approximately 3% of DILI
cases (including ALF events); as compared to topicaladministered antimycotics, virtually all systemic
antimycotics (including ketoconazole, newer triazole
derivatives voriconazole and posaconazole, as well as
terbinafine) generated a significant disproportionality,
indicating a post-marketing signal of risk. Thus, clinicians
should assume a potential class effect and, in case a
therapeutic switch is considered, careful monitoring
is recommended, especially in critical poly-treated
[43]
patients with multiple comorbidities . The worldwide
re-appraisal of oral ketoconazole reminds clinicians of
the importance of liver safety during oral antifungal
treatment and carries implications for future antifungal
[44]
development . In fact, clinical research on drug-drug
interactions is now challenged by the prohibition of
ketoconazole, previously used as a prototype CYP3A4
inhibitor in healthy volunteers. Ritonavir and itraconazole
have been suggested as possible alternatives, but not
[45]
clarithromycin .
The case of antidepressants carries similar clinical
implications. A review of clinical data suggested that
duloxetine, bupropion, trazodone, tianeptine, and agome
latine are associated with greater risk, as compared to
[46]
selective serotonin reuptake inhibitors . Although an
infrequent event, DILI from antidepressants may be
irreversible, and clinicians should be aware of this. Data
from Spanish, French, and Italian spontaneous reporting
databases consistently showed a signal of hepatotoxicity
[47]
for agomelatine . These data and other clinical evidence
prompted assessment by the EMA, which confirmed
the positive risk-benefit profile of agomelatine, although
measures for intense liver function monitoring and new
contraindications were introduced: elevation of liver
enzymes higher than 3 times as compared to reference
values, hepatic impairment (not further specified),
[48]
parallel use of potent CYP1A2 inhibitors .

SIGNALS EMERGING FROM REGISTRIES
During the last decade, data from large registries of
DILI patients have been published. Although most
of these registries cannot be formally considered
population based, they do provide important data on
relative prevalence of agents, they may better detect
rare hepatoxicity signals in early post-marketing
phase and also allow important comparisons between
[10,14,49]
countries
.
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In 2014, the United States DILI Network (DILIN)
continued to publish new analyses from prospective
registry, especially by defining clinical signatures of
specific agent. Notably, a new syndrome was identified
and characterized after a single intravenous dose of
cefazolin: 1-3 wk of latency period after exposure (usually
following a minor outpatient surgical procedure), marked
cholestasis and a self-limited moderate to severe clinical
[50]
course .
New information was provided also for anti-tumor
necrosis factor (TNF) agents, among which infliximab
was the most frequently implicated (1 in 120 patients):
50% of patients required steroid therapy, but without
long-term treatment. Moreover, the addition of metho
trexate to anti-TNF therapy might reduce the risk of
[51]
DILI .
The DILIN consortium also addressed the spectrum
of statins hepatotoxicity and provided novel previously
unknown aspects: DILI with statins is rare and chara
cterized by variable patterns of injury, a range of
latencies to onset, autoimmune features in some cases,
and persistent or chronic injury in 18% of patients, with
[52]
an autoimmune phenotype in most of the cases .
Herbal and dietary supplements (HDSs) were also
[53]
under scrutiny . During the 2004-2013 period, it was
noted that the proportion of liver injuries attributed
to HDSs increased from 7% to 20%, as compared to
medications. It is noteworthy that, bodybuilding HDSs
are the most commonly implicated class of products
and, most importantly, non-bodybuilding HDSs (e.g.,
products for weight loss) can cause more severe liver
injury than conventional medications, as reflected by a
higher transplantation rate (13% vs 3%). As discussed
below, the relationship between herbal administration
and hepatic safety represents a current research
question, as demonstrated by some products used to
treat liver disease that may also have a detrimental
hepatic effect and confounders exist (e.g., multiple
[54]
ingredients and sometimes undeclared components) .

validity as compared to clinical trials), methodological
complexity and the need for long-term follow up (for
cohort studies) often compromise feasibility and optimal
data collection.
In 2014, we identified three publications deserving
consideration. The first one regards a comparative
hepatic evaluation of antithyroid drugs, for which only
anecdotic case reports/series were provided: in a
population-based cohort study on Taiwan National Health
Insurance Research Database, methimazole/carbimazole
showed a dose-dependent increased risk of hepatitis, as
compared to propylthiouracil, while the risks were similar
[55]
for ALF and cholestasis .
The second contribution emerged from the hospitalbased Berlin Case-Control Surveillance Study: apart
from known hepatotoxic drugs (e.g., amiodarone),
novel hepatotoxic risk was suggested for biperiden,
thus highlighting the need for post-authorization safety
[56]
studies . These types of researches should be replicated
in different settings to highlight possible differences in the
pattern of drug use among the different clinical scenarios.
The third study was conducted within the Exploring
and Understanding Adverse Drug Reactions by Integrative
Mining of Clinical Records and Biomedical Knowledge
project and designed as a multi-country cohort study in
7 European healthcare databases with a focus on ALI in
children and adolescents. Apart from known signals, three
associations (i.e., domperidone, flunisolide and human
insulin) were previously undocumented (literature and
labels) either in adults or in children, whereas two drugs
(citalopram, cetirizine) were not previously described in
[57]
children but reported in adults .

SIGNALS EMERGING FROM CLINICAL
TRIALS (INCLUDING META-ANALYSES)
Apart from cardiotoxicity, DILI is a recently recognized
safety concern, albeit not formally quantified yet, of
oral tyrosine kinase inhibitors (TKIs). The latest metaanalysis of 6 randomized controlled trials on antiangiogenic TKIs found that hepatotoxicity is a relatively
common (occurring in 23%-40% of patients) but non
severe event (only 5% of patients experienced high[58]
grade toxicity) . These data corroborate previous
[59]
findings from an earlier meta-analysis
and indicate
that TKIs are associated with potentially fatal hepato
toxicity, usually reversible on dose reduction or drug
discontinuation. Of note, incidence varies widely among
agents, thus suggesting that a class effect is unlikely:
the potential for serious hepatotoxicity with lapatinib,
pazopanib, ponatinib, regorafenib and sunitinib was
believed to be sufficiently high as to require a boxed
label warning. Post-marketing surveillance is warranted,
especially for newer agents, to assess the actual role of
TKIs in the occurrence of DILI, especially in the presence
of hepatocellular carcinoma, hepatic metastasis and
[60]
potential drug interactions . Pre-clinical research should
investigate the mechanism of TKI-related DILI; the

SIGNALS EMERGING FROM
OBSERVATIONAL STUDIES
Observational studies, namely population-based casecontrol and cohort studies, represent key pharmacoepidemiological tools aimed to assess the likelihood
of association. These studies are usually triggered by
previous (early) analysis on spontaneous reporting
systems highlighting possible drug-event association
(signal detection). These analytical approaches may
allow risk quantification of adverse events that have a
long delay between exposure and clinical manifestations,
highlight new risks associated with old drugs, as well
as adverse events characterized by high background
incidence rates and less likely to carry a drug-induced
[6]
component .
Although these post-marketing studies are highly
representative of actual practice (i.e., high external
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formation of reactive metabolites has been suggested
to play a role in the pathogenesis, at least as a key
prerequisite. Current clinical management strategies
are based on (1) switching to an alternative TKI with
similar mechanism of action (e.g., erlotinib vs gefitinib);
(2) using an alternative dosing regimen (reduced doses
or dosing frequency); and (3) introduction of steroids
for the treatment and prevention of hepatotoxicity (if
[61]
autoimmune response is present) .
Very recently, the debate on alogliptin hepatotoxicity
has aroused interest; Scheen reviewed the pharmaco
kinetics and hepatic profile of incretin-based therapies
and concluded that the overall liver safety of dipeptidyl
peptidase-4 inhibitors is reassuring, and, in particular,
that “no hepatotoxicity has been reported in the
[62]
development programme of alogliptin” . By contrast,
[63]
Barbehenn et al pointed out the numerical imbalance,
albeit not statistical significant, emerging for alogliptin
from the publication of the Examination of Cardiovascular
Outcomes with Alogliptin vs Standard of Care (EXAMINE)
trial. This signal together with other reports from Japan
prompted a careful FDA hepatological assessment, which
culminated in recommending liver function evaluation
before starting alogliptin therapy. Scheen’s rebuttal
challenged the FDA measures by providing new pooled
data that “indicate that alogliptin is associated with a low
[64]
risk of hepatic toxicity” . Considering the heterogeneous
marketing life, penetration and utilization of the different
dipeptidyl peptidase-4 inhibitors, analytical postmarketing studies should be encouraged, especially in
the wake of a recent FAERS analysis, showing no signal
of liver injury for alogliptin, but statistically significant
[65]
associations for sitagliptin, saxagliptin and vildagliptin .

accepted animal model and no formal approval is
granted by Regulatory Agencies.
The use of various techniques involving liver cell
cultures for DILI prediction is highly controversial
for several reasons. Although it is well accepted the
contribution of drug metabolism as initiating step,
numerous mechanistic studies have emphasized the
fact that DILI may be a multicellular event. Over the
past decade, attempts have been made to compile
hepatotoxicity data and develop in silico models to be
[67]
used as a first-line screening of drug candidates .
In vitro battery for hepatotoxicity testing comprises
a number of cell models, among which 3D cultures,
engineered liver-derived cell line and pluripotent stem
cell-derived hepatocytes are emerging as promising
[68]
for toxicological screening of drug candidates . In this
context, a chimeric TK-NOG mice model with humanized
livers was recently implemented as predictive model to
assess cholestatic liver damage induced by fialuridine and
bosentan, known to be hepatotoxic from clinical trials.
These findings suggested that the use of chimeric mice
could improve the pre-clinical drug safety assessment of
[69,70]
candidate drugs
.

Novel and current clinical issues

From a clinical standpoint, although progress has been
achieved in diagnosis and timely recognition of hepatic
damage by drugs and herbs, the idiosyncratic nature of
liver toxicity calls for continuing monitoring and vigilance
of patients, especially those with comorbidities requiring
chronic long-term treatment with multiple agents. In
clinical practice, viral hepatitis and NAFLD represent the
two most common hepatic disorders that can mimic
DILI and should be always considered among the
various differential diagnoses. In clinical phases of drug
development, DILI prediction and detection relies on
Hy’s law and the Evaluation of Drug-Induced Serious
[71]
Hepatotoxicity (eDISH) plot . Recently, Robles-Diaz
[72]
et al
suggested a new model using liver enzymes
to improve prediction of ALF. Moreover, Fontana et
[73]
al
analysed 660 patients with definite, highly likely,
or probable DILI and found that, within 6 mo of DILI
onset, 9.4% of patients either died or required liver trans
plantation. However, these results do not convincingly
demonstrate that mild liver test abnormalities seen during
[74]
follow-up are of clinical significance . In populations
with underlying liver diseases, such as viral hepatitis,
liver safety assessment is particularly challenging,
especially because liver enzymes elevation at baseline is
quite common, as well as administration of concomitant
hepatotoxic drugs and comorbidities such as steatohepatitis and dyslipidemia. In addition, in oncology,
hepatic abnormalities may reflect involvement of the liver
[75]
in tumor progression .
As a general recommendation, clinicians should: (1)
be aware and consider DILI and HILI among the various
differential diagnoses; (2) inform patients of the potential
risk associated with certain drugs, if documented;
(3) discontinue suspect offender agent(s); (4) start

PERSPECTIVES
The role of biomarkers in drug development

The present multidisciplinary interest in DILI and HILI
is well documented by the exponential increase in preclinical publications, which suggest a gap in knowledge
on the predictivity of in vitro/in vivo assays.
Despite intensive efforts to develop biomarkers
sufficiently predictive of DILI risk in earlier phases of
drug development, there is still room for improvement
in this area as no biomarkers are currently validated for
[66]
routine use . The role of new serum biomarkers such
as glutamate dehydrogenase, high mobility group box
protein 1, and microRNA-122 is under scrutiny for possible
use in diagnosis and prognosis and provide important
insights into the mechanisms of the pathogenesis, which
[24]
is only partially understood (from bench to bedside) .
Thus, new prediction methodologies are needed.

Emerging issues in pre-clinical research

The role of animal studies remains questionable,
mainly because of the incomplete understanding of the
mechanisms underlying DILI, as well as marked species
differences in response to, and in the metabolism of,
xenobiotics. As a result, there is currently no universally
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immunosuppressive agents (e.g., corticosteroids) in case
an autoimmune liver disease is considered; (5) overall
reconcile drug therapy by paying attention to concomitant
medications; (6) consider referral to specialized centers
for support in diagnosis and management; and (7)
voluntarily report potential drug-related clinical event,
especially those with serious life-threatening outcome
(e.g., ALF).

project; it was developed to exploit systems biology
analysis for DILI assessment and prediction (http://
www.fda.gov/ScienceResearch/BioinformaticsTools/
LiverToxicityKnowledgeBase/default.htm). As a first step,
a benchmark dataset of 287 drugs with established DILI
risk was created using the FDA-approved prescription
[79]
drug labels .
In Europe, there are two initiatives comprising
European Federation of Pharmaceutical Industries and
Associations members, Academia, Regulatory Agencies
and Small Medium Enterprises: the Innovative Medicines
Initiative called Safer and Faster Evidence-based Trans
lation (http://www.imi-safe-t.eu/htdocs/), involving 25
members and aiming at qualifying new safety biomarkers
for pre-clinical and clinical regulatory decision-making
needs; and Mechanism based integrated systems for the
prediction of DILI (http://www.mip-dili.eu/), involving 26
participants, aiming to develop and validate novel in vitro
assays. The proposal for recent future is to create a Liver
Safety Research Consortium comprising representatives
from industry, academia and regulatory agencies, a
framework similar to the highly successful Cardiac
[3]
Research Safety Consortium .

Research agenda on HILI

The research agenda of HILI is complicated by a
further dimension, as the most effective approach to
identify culprit herbal agents requires careful separa
tion of products into their often multiple components,
[53]
followed by in vitro/in vivo toxicological evaluation . In
addition, the precise epidemiology is far from being fully
appreciated, mainly because the available evidence is
mostly based on case reports/series, which have been
[17]
systematically collected to create tabular lists . Large
registries will be crucial for this purpose; in fact, the
DILIN consortium created a repository to explore the
hepatotoxic potential of certain ingredients (as of October
st
1 , 2014, 318 herbal products have been collected)
and a workshop took place on May 5-6, 2015 to define
[76]
opportunities and directions for future research .
Among cases of HILI reported worldwide, the
following products should be emphasized: herbals
containing pyrrolizidine alkaloids, herbal medicine as part
of traditional chinese medicine, kava, black cohosh and
HDSs (e.g., Herbalife®, Hydroxycut, green tea, anabolic
steroids). From one hand, the use of these products,
mainly for healthy indications such as weight loss and
improvement of physical performance, is extensive
and largely uncontrolled by regulatory authorities. On
the other hand, their safety and efficacy have not been
rigorously tested, thus strengthening the importance
of active vigilance, international harmonization and
regulatory supervision similar to synthetic drugs, especially
[77]
in the light of modern globalization .

CONCLUSION
The aforementioned multidisciplinary consortia represent
excellent examples to boost innovation and develop
collaborative research comprising all stakeholders. The
curiosity, expectations and evidence emerging from
these multidisciplinary networks are certainly welcome
to advance the knowledge on DILI prediction, diagnosis
and management.
At the current state of the art, the unpredictable
nature of DILI and HILI strongly supports (1) the impor
tance of post-marketing studies to fully characterize
the actual liver damage associated with drugs and
herbs, in terms of drug- and host-related risk factors
(clinical pharmacology perspective) as well as the epide
miological dimension (population perspective); and (2)
the timely recognition of signs/symptoms indicative
of liver dysfunction by clinicians, who should consider
the potential responsibility of drugs/herbs among the
differential diagnoses.
In the near future, two key topics should be prioritized
for research activities. First, HDSs require better
understanding of their actual epidemiological magnitude,
which may be achieved by considering international
harmonization of their regulatory status. Second, the
rapid accrual of clinical evidence on liver injury induced by
DOACs calls for well-designed post-authorization safety
studies, especially in the light of their potential therapeutic
role in a triple antithrombotic therapy after acute coronary
[80]
syndromes . In this context, specialist prescription event
monitoring may be a candidate pharmaco-epidemiological
tool to assess the real-world risk in clinical practice and
develop proper risk management plans, as recommended
[81]
by the new pharmacovigilance legislation .

Existing projects

The interest in DILI is also underlined by the number
of active research consortia worldwide. Apart from the
American DILIN, set up in 2003 and now including
retrospective and prospective nationwide registries
(https://dilin.dcri.duke.edu/), the International Serious
Adverse Events Consortium is a pharmaceuticalindustry-led and FDA-supported international research
network, focused on identifying and validating DNA
variants predictive of the risk of drug-induced serious
adverse events. Launched in 2007, by the end of
2015 the consortium expects to have aggregated
information for 7500 cases, of which 2500 on DILI
[78]
phenotype . The DILI-sim Initiative, started in early
2011, is a pre-competitive partnership aiming to develop
a computational model (DILIsym® software) for early
prediction of DILI (http://www.dilisym.com/). Liver
Toxicity Knowledge Base is another FDA-supporter

WJH|www.wjgnet.com

1768

July 8, 2015|Volume 7|Issue 13|

Raschi E et al . Drug- and herb-induced liver injury
17

REFERENCES
1

2

3

4
5
6

7
8
9

10

11

12

13

14
15

16

Chalhoub WM, Sliman KD, Arumuganathan M, Lewis JH. Druginduced liver injury: what was new in 2013? Expert Opin Drug
Metab Toxicol 2014; 10: 959-980 [PMID: 24746272 DOI: 10.1517/
17425255.2014.909408]
O’Donnell JT, Marks DH, Danese P, O’Donnell JJ. Druginduced liver disease: primer for the primary care physician.
Dis Mon 2014; 60: 55-104 [PMID: 24507900 DOI: 10.1016/j.
disamonth.2013.11.002]
Watkins PB, Merz M, Avigan MI, Kaplowitz N, Regev A, Senior
JR. The clinical liver safety assessment best practices workshop:
rationale, goals, accomplishments and the future. Drug Saf 2014;
37 Suppl 1: S1-S7 [PMID: 25352323 DOI: 10.1007/s40264-014-0
181-8]
Wang B, Avorn J, Kesselheim AS. Clinical and regulatory features
of drugs not initially approved by the FDA. Clin Pharmacol Ther
2013; 94: 670-677 [PMID: 23963252 DOI: 10.1038/clpt.2013.165]
Shah RR. Can pharmacogenetics help rescue drugs withdrawn
from the market? Pharmacogenomics 2006; 7: 889-908 [PMID:
16981848]
Coloma PM, Trifirò G, Patadia V, Sturkenboom M. Postmarketing
safety surveillance : where does signal detection using electronic
healthcare records fit into the big picture? Drug Saf 2013; 36:
183-197 [PMID: 23377696 DOI: 10.1007/s40264-013-0018-x]
Avigan MI. DILI and drug development: a regulatory perspective.
Semin Liver Dis 2014; 34: 215-226 [PMID: 24879985 DOI:
10.1055/s-0034-1375961]
Björnsson ES. Drug-induced liver injury: an overview over the
most critical compounds. Arch Toxicol 2015; 89: 327-334 [PMID:
25618544 DOI: 10.1007/s00204-015-1456-2]
Suzuki A, Andrade RJ, Bjornsson E, Lucena MI, Lee WM, Yuen
NA, Hunt CM, Freston JW. Drugs associated with hepatotoxicity
and their reporting frequency of liver adverse events in VigiBase:
unified list based on international collaborative work. Drug Saf
2010; 33: 503-522 [PMID: 20486732 DOI: 10.2165/11535340-000
000000-00000]
Björnsson ES, Bergmann OM, Björnsson HK, Kvaran RB,
Olafsson S. Incidence, presentation, and outcomes in patients with
drug-induced liver injury in the general population of Iceland.
Gastroenterology 2013; 144: 1419-1425, 1425.e1-3, quiz e19-20
[PMID: 23419359 DOI: 10.1053/j.gastro.2013.02.006]
Sgro C, Clinard F, Ouazir K, Chanay H, Allard C, Guilleminet C,
Lenoir C, Lemoine A, Hillon P. Incidence of drug-induced hepatic
injuries: a French population-based study. Hepatology 2002; 36:
451-455 [PMID: 12143055]
de Abajo FJ, Montero D, Madurga M, García Rodríguez LA. Acute
and clinically relevant drug-induced liver injury: a population based
case-control study. Br J Clin Pharmacol 2004; 58: 71-80 [PMID:
15206996]
Goldberg DS, Forde KA, Carbonari DM, Lewis JD, Leidl KB,
Reddy KR, Haynes K, Roy J, Sha D, Marks AR, Schneider
JL, Strom BL, Corley DA, Lo Re V. Population-representative
incidence of drug-induced acute liver failure based on an analysis
of an integrated health care system. Gastroenterology 2015; 148:
1353-1361.e3 [PMID: 25733099]
Björnsson ES. Epidemiology and risk factors for idiosyncratic
drug-induced liver injury. Semin Liver Dis 2014; 34: 115-122
[PMID: 24879977 DOI: 10.1055/s-0034-1375953]
Ferrajolo C, Verhamme KM, Trifirò G, ‘t Jong GW, Giaquinto
C, Picelli G, Oteri A, de Bie S, Valkhoff VE, Schuemie MJ,
Mazzaglia G, Cricelli C, Rossi F, Capuano A, Sturkenboom MC.
Idiopathic acute liver injury in paediatric outpatients: incidence
and signal detection in two European countries. Drug Saf 2013; 36:
1007-1016 [PMID: 23591830 DOI: 10.1007/s40264-013-0045-7]
Zhou Y, Yang L, Liao Z, He X, Zhou Y, Guo H. Epidemiology
of drug-induced liver injury in China: a systematic analysis of the
Chinese literature including 21,789 patients. Eur J Gastroenterol
Hepatol 2013; 25: 825-829 [PMID: 23510965 DOI: 10.1097/
MEG.0b013e32835f6889]

WJH|www.wjgnet.com

18
19

20

21
22

23

24
25
26
27

28

29

30
31
32

33

34

35

1769

Teschke R, Zhang L, Long H, Schwarzenboeck A, SchmidtTaenzer W, Genthner A, Wolff A, Frenzel C, Schulze J, Eickhoff A.
Traditional Chinese Medicine and herbal hepatotoxicity: a tabular
compilation of reported cases. Ann Hepatol 2015; 14: 7-19 [PMID:
25536637]
Chalasani N, Björnsson E. Risk factors for idiosyncratic druginduced liver injury. Gastroenterology 2010; 138: 2246-2259
[PMID: 20394749 DOI: 10.1053/j.gastro.2010.04.001]
Petronijevic M, Ilic K. Associations of gender and age with the
reporting of drug-induced hepatic failure: data from the VigiBase™. J
Clin Pharmacol 2013; 53: 435-443 [PMID: 23440959 DOI: 10.1002/
jcph.3]
Hunt CM, Yuen NA, Stirnadel-Farrant HA, Suzuki A. Age-related
differences in reporting of drug-associated liver injury: data-mining
of WHO Safety Report Database. Regul Toxicol Pharmacol 2014;
70: 519-526 [PMID: 25236535 DOI: 10.1016/j.yrtph.2014.09.007]
Urban TJ, Daly AK, Aithal GP. Genetic basis of drug-induced
liver injury: present and future. Semin Liver Dis 2014; 34: 123-133
[PMID: 24879978 DOI: 10.1055/s-0034-1375954]
Chen M, Borlak J, Tong W. High lipophilicity and high daily
dose of oral medications are associated with significant risk for
drug-induced liver injury. Hepatology 2013; 58: 388-396 [PMID:
23258593 DOI: 10.1002/hep.26208]
Yu K, Geng X, Chen M, Zhang J, Wang B, Ilic K, Tong W. High
daily dose and being a substrate of cytochrome P450 enzymes
are two important predictors of drug-induced liver injury. Drug
Metab Dispos 2014; 42: 744-750 [PMID: 24464804 DOI: 10.1124/
dmd.113.056267]
Fontana RJ. Pathogenesis of idiosyncratic drug-induced liver
injury and clinical perspectives. Gastroenterology 2014; 146:
914-928 [PMID: 24389305 DOI: 10.1053/j.gastro.2013.12.032]
Hayashi PH, Fontana RJ. Clinical features, diagnosis, and natural
history of drug-induced liver injury. Semin Liver Dis 2014; 34:
134-144 [PMID: 24879979 DOI: 10.1055/s-0034-1375955]
Regev A. How to avoid being surprised by hepatotoxicity at the
final stages of drug development and approval. Clin Liver Dis 2013;
17: 749-767, xi [PMID: 24099029 DOI: 10.1016/j.cld.2013.07.014]
Brinker AD, Wassel RT, Lyndly J, Serrano J, Avigan M, Lee
WM, Seeff LB. Telithromycin-associated hepatotoxicity: Clinical
spectrum and causality assessment of 42 cases. Hepatology 2009;
49: 250-257 [PMID: 19085949 DOI: 10.1002/hep.22620]
Chalasani NP, Hayashi PH, Bonkovsky HL, Navarro VJ, Lee
WM, Fontana RJ. ACG Clinical Guideline: the diagnosis and
management of idiosyncratic drug-induced liver injury. Am J
Gastroenterol 2014; 109: 950-966; quiz 967 [PMID: 24935270
DOI: 10.1038/ajg.2014.131]
Teschke R, Wolff A, Frenzel C, Schwarzenboeck A, Schulze
J, Eickhoff A. Drug and herb induced liver injury: Council for
International Organizations of Medical Sciences scale for causality
assessment. World J Hepatol 2014; 6: 17-32 [PMID: 24653791
DOI: 10.4254/wjh.v6.i1.17]
Leise MD, Poterucha JJ, Talwalkar JA. Drug-induced liver
injury. Mayo Clin Proc 2014; 89: 95-106 [PMID: 24388027 DOI:
10.1016/j.mayocp.2013.09.016]
Navarro VJ, Lucena MI. Hepatotoxicity induced by herbal and
dietary supplements. Semin Liver Dis 2014; 34: 172-193 [PMID:
24879982 DOI: 10.1055/s-0034-1375958]
Castiella A, Zapata E, Lucena MI, Andrade RJ. Drug-induced
autoimmune liver disease: A diagnostic dilemma of an increasingly
reported disease. World J Hepatol 2014; 6: 160-168 [PMID:
24799984 DOI: 10.4254/wjh.v6.i4.160]
FDA. Guidance for Industry Drug-Induced Liver Injury: Premarketing
Clinical Evaluation. Available from: URL: http: //wwwfda gov/
downloads/Drugs/GuidanceComplianceRegulatoryInformation/
Guidances/UCM174090 pdf 2009
Hu J, Zhang Q, Ren X, Sun Z, Quan Q. Efficacy and safety of
acetylcysteine in “non-acetaminophen” acute liver failure: A
meta-analysis of prospective clinical trials. Clin Res Hepatol
Gastroenterol 2015; Epub ahead of print [PMID: 25732608 DOI:
10.1016/j.clinre.2015.01.003]
Corsini A, Ganey P, Ju C, Kaplowitz N, Pessayre D, Roth R,

July 8, 2015|Volume 7|Issue 13|

Raschi E et al . Drug- and herb-induced liver injury

36

37

38

39

40
41

42

43

44
45
46
47

48
49
50

51

Watkins PB, Albassam M, Liu B, Stancic S, Suter L, Bortolini M.
Current challenges and controversies in drug-induced liver injury.
Drug Saf 2012; 35: 1099-1117 [PMID: 23137150 DOI: 10.2165/11
632970-000000000-00000]
Caldeira D, Barra M, Santos AT, de Abreu D, Pinto FJ, Ferreira
JJ, Costa J. Risk of drug-induced liver injury with the new oral
anticoagulants: systematic review and meta-analysis. Heart 2014;
100: 550-556 [PMID: 24476812 DOI: 10.1136/heartjnl-2013-3052
88]
Russmann S, Niedrig DF, Budmiger M, Schmidt C, Stieger B,
Hürlimann S, Kullak-Ublick GA. Rivaroxaban postmarketing risk
of liver injury. J Hepatol 2014; 61: 293-300 [PMID: 24681117
DOI: 10.1016/j.jhep.2014.03.026]
Liakoni E, Rätz Bravo AE, Terracciano L, Heim M, Krähenbühl
S. Symptomatic hepatocellular liver injury with hyperbilirubinemia
in two patients treated with rivaroxaban. JAMA Intern Med 2014;
174: 1683-1686 [PMID: 25155865 DOI: 10.1001/jamainternmed.2
014.3912]
Raschi E, Poluzzi E, Koci A, Salvo F, Pariente A, Biselli M,
Moretti U, Moore N, De Ponti F. Liver injury with novel oral
anticoagulants: assessing post-marketing reports in the US Food
and Drug Administration adverse event reporting system. Br J Clin
Pharmacol 2015; Epub ahead of print [PMID: 25689417 DOI:
10.1111/bcp.12611]
Moore N, Blin P, Gulmez SE. New oral anticoagulants (NOAC)
and liver injury. J Hepatol 2014; 61: 198-199 [PMID: 24837361
DOI: 10.1016/j.jhep.2014.05.010]
Veluswamy RR, Ward SC, Yum K, Abramovitz RB, Isola LM,
Jagannath S, Parekh S. Adverse drug reaction: pomalidomideinduced liver injury. Lancet 2014; 383: 2125-2126 [PMID:
24953475 DOI: 10.1016/S0140-6736(14)61030-8]
Douros A, Bronder E, Andersohn F, Klimpel A, Thomae M,
Orzechowski HD, Kreutz R, Garbe E. Flupirtine-induced liver
injury--seven cases from the Berlin Case-control Surveillance
Study and review of the German spontaneous adverse drug reaction
reporting database. Eur J Clin Pharmacol 2014; 70: 453-459
[PMID: 24366502 DOI: 10.1007/s00228-013-1631-4]
Raschi E, Poluzzi E, Koci A, Caraceni P, Ponti FD. Assessing liver
injury associated with antimycotics: Concise literature review and
clues from data mining of the FAERS database. World J Hepatol
2014; 6: 601-612 [PMID: 25232453 DOI: 10.4254/wjh.v6.i8.601]
Gupta AK, Daigle D, Foley KA. Drug safety assessment of oral
formulations of ketoconazole. Expert Opin Drug Saf 2015; 14:
325-334 [PMID: 25409549 DOI: 10.1517/14740338.2015.983071]
Greenblatt HK, Greenblatt DJ. Liver injury associated with
ketoconazole: review of the published evidence. J Clin Pharmacol
2014; 54: 1321-1329 [PMID: 25216238 DOI: 10.1002/jcph.400]
Voican CS, Corruble E, Naveau S, Perlemuter G. Antidepressantinduced liver injury: a review for clinicians. Am J Psychiatry 2014; 171:
404-415 [PMID: 24362450 DOI: 10.1176/appi.ajp.2013.13050709]
Montastruc F, Scotto S, Vaz IR, Guerra LN, Escudero A, Sáinz M,
Falomir T, Bagheri H, Herdeiro MT, Venegoni M, Montastruc JL,
Carvajal A. Hepatotoxicity related to agomelatine and other new
antidepressants: a case/noncase approach with information from
the Portuguese, French, Spanish, and Italian pharmacovigilance
systems. J Clin Psychopharmacol 2014; 34: 327-330 [PMID:
24561328 DOI: 10.1097/JCP.0000000000000094]
Gahr M, Kratzer W, Fuchs M, Connemann BJ. Safety and
tolerability of agomelatine: focus on hepatotoxicity. Curr Drug
Metab 2014; 15: 694-702 [PMID: 25255870]
Björnsson E, Olsson R. Outcome and prognostic markers in
severe drug-induced liver disease. Hepatology 2005; 42: 481-489
[PMID: 16025496]
Alqahtani SA, Kleiner DE, Ghabril M, Gu J, Hoofnagle JH,
Rockey DC. Identification and Characterization of CefazolinInduced Liver Injury. Clin Gastroenterol Hepatol 2015; 13:
1328-1336.e2 [PMID: 25528012 DOI: 10.1016/j.cgh.2014.11.036]
Björnsson ES, Gunnarsson BI, Gröndal G, Jonasson JG,
Einarsdottir R, Ludviksson BR, Gudbjörnsson B, Olafsson S. Risk
of drug-induced liver injury from tumor necrosis factor antagonists.

WJH|www.wjgnet.com

52

53

54

55

56

57

58

59

60

61

62

63
64
65

66
67

1770

Clin Gastroenterol Hepatol 2015; 13: 602-608 [PMID: 25131534
DOI: 10.1016/j.cgh.2014.07.062]
Russo MW, Hoofnagle JH, Gu J, Fontana RJ, Barnhart H,
Kleiner DE, Chalasani N, Bonkovsky HL. Spectrum of statin
hepatotoxicity: experience of the drug-induced liver injury
network. Hepatology 2014; 60: 679-686 [PMID: 24700436 DOI:
10.1002/hep.27157]
Navarro VJ, Barnhart H, Bonkovsky HL, Davern T, Fontana RJ,
Grant L, Reddy KR, Seeff LB, Serrano J, Sherker AH, Stolz A,
Talwalkar J, Vega M, Vuppalanchi R. Liver injury from herbals
and dietary supplements in the U.S. Drug-Induced Liver Injury
Network. Hepatology 2014; 60: 1399-1408 [PMID: 25043597
DOI: 10.1002/hep.27317]
Seeff LB, Bonkovsky HL, Navarro VJ, Wang G. Herbal products
and the liver: a review of adverse effects and mechanisms. Gastroen
terology 2015; 148: 517-532.e3 [PMID: 25500423 DOI: 10.1053/
j.gastro.2014.12.004]
Wang MT, Lee WJ, Huang TY, Chu CL, Hsieh CH. Antithyroid
drug-related hepatotoxicity in hyperthyroidism patients: a
population-based cohort study. Br J Clin Pharmacol 2014; 78:
619-629 [PMID: 25279406]
Douros A, Bronder E, Andersohn F, Klimpel A, Thomae M,
Sarganas G, Kreutz R, Garbe E. Drug-induced liver injury: results
from the hospital-based Berlin Case-Control Surveillance Study.
Br J Clin Pharmacol 2015; 79: 988-999 [PMID: 25444550 DOI:
10.1111/bcp.12565]
Ferrajolo C, Coloma PM, Verhamme KM, Schuemie MJ, de Bie S,
Gini R, Herings R, Mazzaglia G, Picelli G, Giaquinto C, Scotti L,
Avillach P, Pedersen L, Rossi F, Capuano A, van der Lei J, Trifiró
G, Sturkenboom MC. Signal detection of potentially drug-induced
acute liver injury in children using a multi-country healthcare
database network. Drug Saf 2014; 37: 99-108 [PMID: 24446276
DOI: 10.1007/s40264-013-0132-9]
Iacovelli R, Palazzo A, Procopio G, Santoni M, Trenta P, De
Benedetto A, Mezi S, Cortesi E. Incidence and relative risk of
hepatic toxicity in patients treated with anti-angiogenic tyrosine
kinase inhibitors for malignancy. Br J Clin Pharmacol 2014; 77:
929-938 [PMID: 23981115 DOI: 10.1111/bcp.12231]
Teo YL, Ho HK, Chan A. Risk of tyrosine kinase inhibitorsinduced hepatotoxicity in cancer patients: a meta-analysis. Cancer
Treat Rev 2013; 39: 199-206 [PMID: 23099278 DOI: 10.1016/
j.ctrv.2012.09.004]
Shah RR, Morganroth J, Shah DR. Hepatotoxicity of tyrosine
kinase inhibitors: clinical and regulatory perspectives. Drug Saf
2013; 36: 491-503 [PMID: 23620168 DOI: 10.1007/s40264-013-0
048-4]
Teo YL, Ho HK, Chan A. Formation of reactive metabolites and
management of tyrosine kinase inhibitor-induced hepatotoxicity:
a literature review. Expert Opin Drug Metab Toxicol 2015; 11:
231-242 [PMID: 25400226 DOI: 10.1517/17425255.2015.983075]
Scheen AJ. Pharmacokinetics in patients with chronic liver disease
and hepatic safety of incretin-based therapies for the management
of type 2 diabetes mellitus. Clin Pharmacokinet 2014; 53: 773-785
[PMID: 25091053 DOI: 10.1007/s40262-014-0157-y]
Barbehenn E, Almashat S, Carome M, Wolfe S. Hepatotoxicity
of alogliptin. Clin Pharmacokinet 2014; 53: 1055-1056 [PMID:
25336392 DOI: 10.1007/s40262-014-0199-1]
Scheen AJ. Alogliptin: concern about hepatotoxicity? Clin
Pharmacokinet 2014; 53: 1057-1059 [PMID: 25336393 DOI:
10.1007/s40262-014-0200-z]
Raschi E, Poluzzi E, De Ponti F. Comment on: “Pharmacokinetics
in patients with chronic liver disease and hepatic safety of incretinbased therapies for the management of type 2 diabetes mellitus”.
Clin Pharmacokinet 2015; 54: 447-448 [PMID: 25721222 DOI:
10.1007/s40262-015-0248-4]
Regev A. Drug-induced liver injury and drug development:
industry perspective. Semin Liver Dis 2014; 34: 227-239 [PMID:
24879986 DOI: 10.1055/s-0034-1375962]
Przybylak KR, Cronin MT. In silico models for drug-induced liver
injury--current status. Expert Opin Drug Metab Toxicol 2012; 8:

July 8, 2015|Volume 7|Issue 13|

Raschi E et al . Drug- and herb-induced liver injury

68

69

70

71

72

73

201-217 [PMID: 22248266 DOI: 10.1517/17425255.2012.648613]
Gómez-Lechón MJ, Tolosa L, Conde I, Donato MT. Competency
of different cell models to predict human hepatotoxic drugs. Expert
Opin Drug Metab Toxicol 2014; 10: 1553-1568 [PMID: 25297626
DOI: 10.1517/17425255.2014.967680]
Xu D, Nishimura T, Nishimura S, Zhang H, Zheng M, Guo YY,
Masek M, Michie SA, Glenn J, Peltz G. Fialuridine induces acute
liver failure in chimeric TK-NOG mice: a model for detecting
hepatic drug toxicity prior to human testing. PLoS Med 2014; 11:
e1001628 [PMID: 24736310 DOI: 10.1371/journal.pmed.1001628]
Xu D, Wu M, Nishimura S, Nishimura T, Michie SA, Zheng M,
Yang Z, Yates AJ, Day JS, Hillgren KM, Takeda ST, Guan Y,
Guo Y, Peltz G. Chimeric TK-NOG mice: a predictive model for
cholestatic human liver toxicity. J Pharmacol Exp Ther 2015; 352:
274-280 [PMID: 25424997 DOI: 10.1124/jpet.114.220798]
Watkins PB, Desai M, Berkowitz SD, Peters G, Horsmans
Y, Larrey D, Maddrey W. Evaluation of drug-induced serious
hepatotoxicity (eDISH): application of this data organization
approach to phase III clinical trials of rivaroxaban after total hip
or knee replacement surgery. Drug Saf 2011; 34: 243-252 [PMID:
21332248 DOI: 10.2165/11586600-000000000-00000]
Robles-Diaz M, Lucena MI, Kaplowitz N, Stephens C, MedinaCáliz I, González-Jimenez A, Ulzurrun E, Gonzalez AF, Fernandez
MC, Romero-Gómez M, Jimenez-Perez M, Bruguera M, Prieto
M, Bessone F, Hernandez N, Arrese M, Andrade RJ. Use of Hy’s
law and a new composite algorithm to predict acute liver failure in
patients with drug-induced liver injury. Gastroenterology 2014; 147:
109-118.e5 [PMID: 24704526 DOI: 10.1053/j.gastro.2014.03.050]
Fontana RJ, Hayashi PH, Gu J, Reddy KR, Barnhart H, Watkins
PB, Serrano J, Lee WM, Chalasani N, Stolz A, Davern T, Talwakar
JA. Idiosyncratic drug-induced liver injury is associated with
substantial morbidity and mortality within 6 months from onset.

74
75

76

77

78
79

80

81

Gastroenterology 2014; 147: 96-108.e4 [PMID: 24681128 DOI:
10.1053/j.gastro.2014.03.045]
Regev A, Björnsson ES. Drug-induced liver injury: morbidity,
mortality, and Hy’s law. Gastroenterology 2014; 147: 20-24 [PMID:
24880009 DOI: 10.1053/j.gastro.2014.05.027]
Kullak-Ublick GA, Merz M, Griffel L, Kaplowitz N, Watkins
PB. Liver safety assessment in special populations (hepatitis B, C,
and oncology trials). Drug Saf 2014; 37 Suppl 1: S57-S62 [PMID:
25352328 DOI: 10.1007/s40264-014-0186-3]
Vuppalanchi R, Navarro V, Vega M, Bonkovsky HL, Seeff L,
Serrano J. Herbal dietary supplement associated hepatotoxicity: an
upcoming workshop and need for research. Gastroenterology 2015;
148: 480-482 [PMID: 25579757 DOI: 10.1053/j.gastro.2015.01.004]
Teschke R, Eickhoff A. Herbal hepatotoxicity in traditional and
modern medicine: actual key issues and new encouraging steps.
Front Pharmacol 2015; 6: 72 [PMID: 25954198 DOI: 10.3389/
fphar.2015.00072]
Holden AL, Contreras JL, John S, Nelson MR. The international
serious adverse events consortium. Nat Rev Drug Discov 2014; 13:
795-796 [PMID: 25359365 DOI: 10.1038/nrd4441]
Chen M, Vijay V, Shi Q, Liu Z, Fang H, Tong W. FDA-approved
drug labeling for the study of drug-induced liver injury. Drug
Discov Today 2011; 16: 697-703 [PMID: 21624500 DOI: 10.1016/
j.drudis.2011.05.007]
Alfredsson J, Roe MT. Risks and benefits of triple oral antithrombotic therapies after acute coronary syndromes and
percutaneous coronary intervention. Drug Saf 2015; 38: 481-491
[PMID: 25829216 DOI: 10.1007/s40264-015-0286-8]
Layton D, Shakir SA. Specialist Cohort Event Monitoring studies:
a new study method for risk management in pharmacovigilance.
Drug Saf 2015; 38: 153-163 [PMID: 25564333 DOI: 10.1007/
s40264-014-0260-x]
P- Reviewer: Devarbhavi H, Losanoff JE S- Editor: Ji FF
L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1771

July 8, 2015|Volume 7|Issue 13|

World J Hepatol 2015 July 8; 7(13): 1772-1781
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i13.1772

MINIREVIEWS

Relevance of ADAMTS13 to liver transplantation and
surgery
Saiho Ko, Hisanao Chisuwa, Masanori Matsumoto, Yoshihiro Fujimura, Eiji Okano, Yoshiyuki Nakajima
Saiho Ko, Department of Surgery, Nara Prefecture General
Medical Center, Nara 631-0846, Japan

Peer-review started: August 24, 2014
First decision: September 16, 2014
Revised: March 23, 2015
Accepted: April 10, 2015
Article in press: April 14, 2015
Published online: July 8, 2015

Saiho Ko, Eiji Okano, Yoshiyuki Nakajima, Departement of
Surgery, Nara Medical University, Kashihara, Nara 634-8522,
Japan
Hisanao Chisuwa, Department of Surgery, Kofu City Hospital,
Kofu, Yamanashi 400-0832, Japan

Abstract
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A disintegrin-like and metalloproteinase with throm
bospondin type-1 motifs 13 (ADAMTS13) specifically
cleaves unusually-large von Willebrand factor (VWF)
multimers under high shear stress, and down-regulates
VWF function to form platelet thrombi. Deficiency of
plasma ADAMTS13 activity induces a life-threatening
systemic disease, termed thrombotic microangiopathy
(TMA) including thrombotic thrombocytopenic purpura
(TTP). Children with advanced biliary cirrhosis due to
congenital biliary atresia sometimes showed pathological
features of TMA, with a concomitant decrease of plasma
ADAMTS13 activity. Disappearance of their clinical
findings of TTP after successful liver transplantation
suggested that the liver is a major organ producing
plasma ADAMTS13. In situ hybridization analysis showed
that ADAMTS13 was produced by hepatic stellate cells.
Subsequently, it was found that ADADTS13 was not
merely responsible to development of TMA and TTP,
but also related to some kinds of liver dysfunction after
liver transplantation. Ischemia-reperfusion injury and
acute rejection in liver transplant recipients were often
associated with marked decrease of ADAMTS13 and
concomitant formation of unusually large VWF multimers
without findings of TMA/TTP. The similar phenomenon
was observed also in patients who underwent hepatec
tomy for liver tumors. Imbalance between ADAMTS13
and VWF in the hepatic sinusoid might cause liver
damage due to microcirculatory disturbance. It can be
called as “local TTP like mechanism” which plays a crucial
role in liver dysfunction after liver transplantation and
surgery.

Author contributions: Nakajima Y conducted entire study;
Fujimura Y constructed study design of the analysis of ADAMTS13
and von Willebrand factor related molecules; Matsumoto M
instructed the analysis of ADAMTS13 and von Willebrand factor
related molecules and refined and improved the entire study;
Chisuwa H performed analysis and management of pediatric liver
transplant patients; Ko S and Okano E conceived the idea of the
study and performed analysis of data, adult liver transplantion,
syrgery, and management of the patients.
Conflict-of-interest statement: The authors declare no conflict
of interest associated with this study.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Saiho Ko, Director, Departement of
Surgery, Nara Prefecture General Medical Center, 1-30-1
Hiramatsu, Nara-city, Nara 631-0846,
Japan. saihoko@naramed-u.ac.jp
Telephone: +81-742-466001
Fax: +81-742-466011
Received: August 24, 2014

WJH|www.wjgnet.com

1772

July 8, 2015|Volume 7|Issue 13|

Ko S et al . ADAMTS13 in liver transplantation and surgery

Key words: A disintegrin-like and metalloproteinase with
thrombospondin type-1 motifs 13; Thrombocytopenia;
Microcirculation; Liver dysfunction; von Willebrand
factor; Liver transplantation; Acute rejection; Ischemiareperfusion injury; Hepatectomy; Liver surgery; Local
thrombotic thrombocytopenic purpura like mechanism

revealed that ADAMTS13 is unambiguously produced in
[7]
hepatic stellate cells (Itoh cells) . However, ADAMTS13
[8]
was also identified in platelets , vascular endothelial
[9]
[10]
cell , and kidney podocytes . Therefore, an important
question has been arisen which organ is most responsible
for maintaining the plasma levels of ADAMTS13 activity.
In this regard, we found that pediatric patients with
advanced biliary cirrhosis due to bile duct atresia often
showed pathological features resembling to thrombotic
microangiopathy (TMA) which shows microangiopathic
hemolytic anemia, destructive thrombocytopenia,
and organ dysfunction caused by platelet thrombi.
Further, these patients usually had a significantly low
plasma level of ADAMTS13 activity, and interestingly
their clinical and laboratory findings rapidly improved
after a successful liver transplantation (our original
data). These results strongly suggested that the liver
is a major organ producing plasma ADAMTS13. In the
absence of ADAMTS13, UL-VWFM released from vascular
endothelial cells left uncleaved, which induce platelet
hyperagglutination under high shear stress and generate
[3,4,11-13]
platelet thrombi in organ microcirculation
, typically
shown in thrombotic thrombocytopenic purpura (TTP), a
life-threatening generalized disease and a phenotype of
common pathological features of TMA.
Subsequently we have reported that the decrease
of plasma ADAMTS13 activity correlates with the
disease progression of various chronic liver diseases
[14]
including hepatitis C-associated liver cirrhosis , the
ischemia-reperfusion injury and acute rejection in
[15]
liver transplant recipients , and hepatic dysfunction
[16]
after hepatectomy for liver tumors . The hepatic
sinusoid is the narrowest vascular structure within the
liver and is the principal site of blood flow regulation.
The anatomical location of hepatic stellate cells, which
embrace the sinusoids, provides a favorable arrangement
for sinusoidal constriction, and for control of sinusoidal
[17]
vascular tone and blood flow . Because of this specific
microanatomical environment, it is suspected that
hepatic stellate cell is a key player in regulating hepatic
sinusoidal blood circulation. From this point of view, this
review is showing the dynamics of ADAMTS13 activity
and its clinical relevance to the pathogenesis of liver
dysfunction after liver transplantation and surgery.

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A disintegrin-like and metalloproteinase with
thrombospondin type-1 motifs 13 (ADAMTS13) is a
cleaving protease of von Willebrand factor (VWF). The
deficiency of this molecule is known to cause thrombotic
thrombocytopenic purpura (TTP). Recent studies
revealed that ADAMTS13 might have functional relevance
to pathogenesis of various liver disease separately
from the development of TTP. Imbalance between
ADAMTS13 and VWF in the hepatic sinusoid might cause
liver damage due to microcirculatory disturbance. It can
be called as “local TTP like mechanism” which plays a
crucial role in liver dysfunction after liver transplantation
and surgery including ischemia reperfusion injury and
acute rejection.
Ko S, Chisuwa H, Matsumoto M, Fujimura Y, Okano E,
Nakajima Y. Relevance of ADAMTS13 to liver transplantation
and surgery. World J Hepatol 2015; 7(13): 1772-1781 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i13/1772.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i13.1772

INTRODUCTION
The liver produces a variety of coagulation and fibrinolytic
proteins, which are essential to create the hemostatic
[1,2]
network on a basis of coagulation cascade . In contrast,
plasma von Willebrand factor (VWF) plays a pivotal
role in primary hemostasis by anchoring platelets onto
the denuded vascular subendothelial matrices under
high shear stress generated in microvasculatures. VWF
is produced exclusively in vascular endothelial cells
as unusually large VWF multimers (UL-VWFM) and
the secreted into circulation. Before secretion, VWF is
cleaved into the smaller multimers by a specific plasma
protease, termed a disintegrin-like and metalloproteinase
with thrombospondin type-1 motifs 13 (ADAMTS13),
at the peptide bond between Tyr1605 and Met1606
[3,4]
within the VWF-A2 domain . The lack of ADAMTS13
induces excess activity of UL-VWFM and may results in
microcirculatory disturbance with formation of thrombi in
microvasculatures.
The ADAMTS13 gene is located on chromosome
9q34, and the enzyme consists of 1427 amino acid
[5]
residues with a multi-domain structure . The initial
northern blotting studies indicated that ADAMTS13 mRNA
[6]
is exclusively expressed in the liver , and the subsequent
immunological studies with in situ hybridization analyses

WJH|www.wjgnet.com

ENDOTHELIAL CELL INJURY AND
ADAMTS13 IN CIRRHOTIC LIVER
The mechanism of thrombocytopenia in patients with
liver cirrhosis provides suggestion to relevance of
ADAMTS13 to development of liver dysfunction due to
microcirculatory disturbance. It has been speculated
that thrombocytopenia in liver cirrhosis is caused by
hypersplenism and impaired synthesis of thrombopoietin
[18,19]
[14,20]
in the liver
. However, Uemura et al
provided
an evidence of increase of UL-VWFM in patients with
severe liver cirrhosis. Thrombocytopenia may be
enhanced by platelet aggregation increased UL-VWFM
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under high shear stress. Their data showed a significant
reduction of plasma ADAMTS13 activity in patients with
advanced liver cirrhosis mainly caused by hepatitis C
[20]
virus infection . The results are consistent with reports
[21]
[22]
by Mannucci et al
and Feys et al . Severity of
decreased ADAMTS13 activity was parallel to impaired
[20]
hepatic functional reserve . The plasma ADAMTS13
activity in Child-Pugh classification (Child) C patients was
significantly lower than those in patients with Child A and
B. Among these, UL-VWFM-positive patients showed the
lowest plasma ADAMTS13 activity, most impaired liver
and renal function, and lowest Child-Pugh scores. These
results indicate that severe cirrhosis may be prone to
platelet aggregation. High susceptibility to thrombotic
formation may be supported by high incidence of portal
or hepatic venous thrombosis in patients with severe
[23,24]
liver cirrhosis
. Even in the absence of clinically overt
thrombotic events, microcirculation may be disturbed
by formation of platelet microthrombi caused by the
enzyme-substrate imbalance between ADAMTS13 and
UL-VWFM.
Substantial increase of plasma VWF levels according
to progression of liver diseases has been reported
[25,26]
previously
. This is probably due to endothelial
damage of the hepatic sinusoid caused by endotoxin
[25-28]
and cytokines
. Hepatic cell necrosis and subsequent
liver regeneration, and/or high shear stress due to portal
hypertension in cirrhotic liver may play major roles in upregulating VWF in hepatic sinusoidal endothelium. The
mechanism responsible for the decrease of ADAMTS13
activity in advanced cirrhotic patients may include
enhanced consumption due to a degradation of a large
[21]
[29,30]
quantities of VWF , inflammatory cytokines
,
[13,31]
and/or ADAMTS13 plasma inhibitor
. These findings
in patients with liver cirrhosis suggest that imbalance
between ADAMTS13 and UL-VWFM can induce liver
dysfunction due to microcirculatory disturbance.
It is well-known that ticlopidine, which is one of the
most popular antiplatelet agents, can be a cause of
severe deficiency of ADAMTS13 activity, the condition
[32]
known as TTP . The drug may induce inhibitor of
ADAMTS13. Because the patients with cirrhosis are
prone to deficiency of ADAMTS13 activity, the use of
ticlopidine is better to be avoided as possible.

The method required at least 3 d to assay the activity of
ADAMTS13. Our newly developed method is enzymelinked immunosorbent assay (ELISA) using a specific
murine monoclonal antibody to Tyr1605 residue of
VWF-A2 domain which is generated by ADAMTS13
cleavage. Rrecombinant GST-VWF73-His polypeptide
[33]
is used as a substrate . One of the advantages of this
method is that the assay time is significantly shortened.
This new method is more sensitive and more rapid
than the traditional multimer method. This ELISA kit is
available on commercial base now. Plasma UL-VWFM
can be analyzed by vertical agarose gel electrophoresis
[15]
as described .

IMPACT OF ADAMTS13 IN PATIENTS
WITH LIVER TRANSPLANTATION
We have revealed significant decrease of ADAMTS13
activity in very sick children with advanced cirrhotic
biliary atresia (BA) and full recovery of the activity after
living-related liver transplantation (LRLT). This finding
strongly suggested that the liver is the major source of
ADAMTS13. Briefly, 8 pediatric patients with BA received
LRLT from adult live donors, indicating that almost a
normal size of liver was transplanted into the recipients
(Table 1). Before LRLT, plasma ADMTS13 activity showed
a significant decrease in 7 out of 8 patients, and the
value for two patients (cases 1 and 8) was extremely
low at 13% and 6% of the control, respectively. One to
three months after successful LRLT, six patients showed
an increase in ADAMTS13 activity. It is noteworthy
that decreased ADAMTS13 activity restored by liver
transplantation in the majority of patients (Figure 1).
Table 1 and Figure 1 are original data of our research
team. With regard to the increase in ADAMTS13 activity
after LRLT, there were two possible explanations. One
is simply that the liver is the major organ to synthesize
ADAMTS13, like blood coagulation factors Ⅷ and Ⅸ
previously shown in hemophiliacs who received liver
[34-36]
transplantation
. Another explanation might be
that liver dysfunction produces a harmful substance
which may affect the systemic production or activity
of ADAMTS13. However, the presence of a substance
interfering with the enzyme activity is plausible, because
no inhibitor of ADAMTS13 was detected in sick BA
patients. While the site of ADAMTS13 synthesis still
remained to be elucidated at the time of study about
pediatric BA patients, the results strongly suggested
that the liver is the critical organ in the synthesis of
ADAMTS13. Following this finding, our research group
performed in situ hybridization analyses of the liver,
which revealed that stellate cells (Ito cells) of sinusoid of
[7]
the liver produced ADAMTS13 .
Subsequently, we experienced one noticeable adult
patient who developed severe thrombocytopenia soon
after LRLT because of advanced liver failure due to
Budd-Chiari syndrome (Figure 2). The analysis of the
thrombocytopenic mechanism in this patient gave a

ASSAY SYSTEM OF ADAMTS13 AND
UL-VWFM
The article contains some original data in the part of
liver transplantation. ADAMTS13 and UL-VWFM were
measured with the methods described below. Written
informed consent was obtained in all patients in whom
the blood samples were used for the assay.
Traditionally, the activity of plasma ADAMTS13 was
measured by the multimer method using full length
VWF as a substrate according to the method reported
[12]
by Furlan et al , although we made slight modification
[15]
to this method as described in our previous study .
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Table 1 Profiles of patients who received living-related liver transplantation

Case
1
2
3
4
5
6
7
8

Age

Sex

9 mo
1 yr 4 mo
12 yr
11 mo
8 mo
1 yr
11 mo
7 mo

M
F
F
F
F
F
F
M

Underlying
disease
BA
BA
BA
BA
BA
BA
BA
BA

Recipient
ABO-Rh (D)
blood group
A+
A+
A+
A+
O+
A+
AB+
A+

SV (g) Presence of schistocytes Relation to
before LRLT
the recipient
274
+
Father
245
+
Mother
891
Mother
259
+
Mother
185
+
Father
262
+
Mother
280
Mother
226
Mother

Donor
ABO-Rh(D)
blood group
35 yr
A+
38 yr
A+
44 yr
A+
35 yr
A+
36 yr
O+
41 yr
O+
35 yr
A+
30 yr
A+
Age

GV (g)

GV/SV ratio

290
314
392
306
263
215
266
228

1.06
1.28
0.44
1.18
1.42
0.82
0.95
1.01

LRLT: Living-related liver transplantation; SV: Standard liver volume; GV: Graft liver volume; BA: Biliary atresia; M: Male; F: Female.
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100

4
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1

7

60
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40

2

3

20
0

acute rejection resulted in recovery of thrombocytopenia
and liver function, and substantial increase of ADMTS13.
Thereafter, the ADAMTS13 activity finally recovered to
50%, corresponding to the lower limit of the normal
range, until day 98. The UL-VWFM tended to diminish
on day 15, but again became prominent on day 22
during the second episode of acute rejection, and
became undetectable until day 45. Profound decrease
of plasma ADAMTS13 is a specific finding of TMA which
is known as a sporadic serious complication after solid
organ transplantation with an estimated frequency of
[38-41]
0.5%-3.0%
. However, the patient never showed
any apparent clinical features including renal dysfunction,
neuro-psychological symptoms or hemolytic anemia,
[41]
as typically seen in TMA . Because the patient
certainly had a remarkably increased plasma level of
VWF, together with the presence of UL-VWFM, we have
supposed that platelet transfusion might generate
microcirculatory disturbance due to the enhanced microthrombi formation, initially localized to the transplant liver,
but later could be expanded systematically. This idea
came from the findings, in which liver transplantation
often accompanies with the endothelial cell damage due
to ischemia-reperfusion injury and acute rejection. In
fact, the injured hepatic vascular endothelial cells may
[42,43]
release a large quantity of VWF/UL-VWFM
, which
may induce a consumption of ADAMTS13 in plasma.
Then we supposed new hypothesis that the initiation of
pathological mechanism may occurs locally at the site of
the transplanted liver.
Based on these findings, we have started analysis of
ADAMTS13 activity and UL-VWFM in patients after liver
transplant recipients. The results revealed that significant
decrease of ADAMTS13 and up-regulation of UL-VWFM
were commonly and frequently observed after liver
transplantation without findings of usual systemic TMA
[15]
or TTP . These changes in ADAMTS13 activity and ULVWFM were relevant to posttransplant liver dysfunction,
including ischemia-reperfusion injury and acute rejection
(Figure 3). Many of patients with decreased ADAMTS13
activity showed concurrent thrombocytopenia. The
clinical manifestation was analogous with TMA, especially
to TTP. However, different from TTP, the deterioration was
restricted to the transplanted liver, without development

LRLT

Pre

1

2

3

4

5

6

7

Months after LRLT

Figure 1 Plasma a disintegrin-like and metalloproteinase with thrombospondin type-1 motifs 13 activity before and after living-related liver
transplantation. Predominantly decreased ADAMTS13 activity could be fully
restored after living-related liver transplantation in 6 out of 8 sick children
with advanced cirrhotic biliary atresia (cases 1, 4, 5, 6, 7 and 8). Pre: Before
transplantation; LRLT: Living-related liver transplantation; ADAMTS13: A
disintegrin-like and metalloproteinase with thrombospondin type-1 motifs 13.

paradigm shift, which closely linked the axis of VWFADAMTS13 reaction to liver transplantation. Briefly,
during his uneventful clinical course in the early stage
after liver transplantation, the platelet count decreased
gradually from 83000/μL to 62000/μL until postoperative
day 5, and decreased further to 25000/μL until day 7
(Figure 2, left). While the patient developed graft liver
dysfunction due to acute rejection around day 7, no
possible causes of thrombocytopenia were found from
clinical findings and usual laboratory tests. To make a
decision of platelet transfusion to this patient, plasma
ADMTS13 activity was assessed. This was because it has
been said that prophylactic platelet transfusion is better
avoided to TMA-patients, who had no manifestations
[37]
of overt bleeding . The result of assay showed a
remarkable decrease of ADAMTS13 activity to 3% from
108% before surgery. Presence of UL-VWFM in patient
plasma was also identified apparently on day 1 and day
7 using SDS-agarose gel electrophoretic analysis (Figure
2, right panel). Transfusion of a large amount of fresh
frozen plasma (FFP) as a treatment for TMA together
with a high-dose steroid pulse therapy as treatment for
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Figure 2 Clinical course of 27-year-old male with Budd-Chiari syndrome after liver transplantation. Serum ALT level mildly increased on days 1 and 2 because
of ischemia-reperfusion injury, decreased thereafter, but rapidly increased again on day 7 due to acute rejection (left panel). The platelet count decreased gradually
and reached a nadir on day 7, when ADAMTS13 activity decreased markedly to less than 3% from 108% before surgery. After the administration of fresh frozen
plasma and bolus injection of methylprednisolone (arrow), ALT level decreased and the platelet count gradually increased. The ADAMTS13 activity increased to 22%
on day 14. After the first episode of acute rejection, VWF:Ag increased further and reached 368% on day 21, when ALT again increased due to a second episode of
acute rejection. Bolus injection of methylprednisolone (arrow) led to a rapid decrease of ALT and a gradual increase in the platelet count. VWF:Ag decreased gradually,
and ADAMTS13 activity finally recovered to 50% until day 98. Plasma UL-VWFM was detectable on day 1 at the time of ischemia-reperfusion injury, thereafter
diminishing gradually during days 2 to 4, and again becoming evident on day 7 when acute rejection developed (right panel). The UL-VWFM disappeared transiently
on day 9, but reappeared on day 11, coinciding with a mild increase of transaminase. UL-VWFM tended to diminish on day 15, but again became prominent on day
22 during the second episode of acute rejection. Pre: Before transplantation; NP: Normal plasma control; ALT: Alanine transaminase; LDH: Lactate dehydrogenase;
FFP: Fresh frozen plasma; VWF: von Willebrand factor; UL-VWFM: Unusually large VWF multimers; ADAMTS13: A disintegrin-like and metalloproteinase with
thrombospondin type-1 motifs 13.

of renal dysfunction or neurological disorders which were
characteristic to usual TTP. Then we have advocated “local
TTP like mechanism” for the first time as a pathogenesis
of imbalance between plasma ADAMTS13 and UL-VWFM
[15]
in liver transplant recipients .
It was reported that increased numbers of activated
platelets and VWF expression were indicated in the
hepatic sinusoidal endothelial cells of the re-perfused
[42,43]
or cold-preserved liver
. VWF expression was
increased significantly in the grafted liver with acute
[43]
rejection due to allogenic immune response . After
up-regulation of VWF, formation of UL-VWFM on the
vascular endothelial cells may induce platelet thrombi
in the hepatic sinusoid. This may be the mechanism of
microcirculatory disturbance due to imbalance between
ADAMTS13 and UL-VWFM in liver transplant recipients.
This hypothesis explains clearly why organ dysfunction
restricts to the grafted liver in liver transplant recipients
with low ADAMTS13 activity, distinct from systemic
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organ disorders in patients with “classical TTP”.
[44]
Recent report by Kobayashi et al
confirmed our
findings by showing cross correlation between decrease
of ADAMTS13 activity and thrombocytopenia in 81 liver
transplant recipients. They also showed increased levels
of VWF and up-regulated UL-VWFM. More recently,
[45]
Hori et al reported poor outcomes in patients who
developed TMA like disorder after liver transplantation.
Most of these patients showed marked decrease of
ADAMTS13 activity, while they did not include ADAMTS13
activity in the diagnostic criteria of the disorder. Cross
correlation between low ADAMTS13 activity and poor
outcomes of the patients was shown in their study.
[15]
Following our study , another group also reported
that a reduction of ADAMTS13 activity after liver trans
[46]
plantation . They insisted that reduction of ADAMTS13
correlated to thrombotic complication by showing a
patient with hepatic artery thrombosis. However, different
from our findings, they failed to detect UL-VWFM in any
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[15]

Rejection
400

ALT (IU/L)

mechanism . Liver dysfunction with marked decrease
of ADAMTS13 activity should be treated with a large
amount of FFP or plasma exchange as indicated for TTP,
even when the patient shows no clinical signs of usual
TTP.

LDH (IU/L)

200

0

0
Pre

ADAMTS13 activity (%)

60

7
14
Days after transplantation

23

KINETICS OF ADAMTS13 AFTER
HEPATECTOMY FOR LIVER TUMORS

30

Hepatectomy is mainly indicated for treatment of liver
tumors. Because hepatic functional mass is reduced
after hepatectomy, thrombo-hemostatsis related agents
produced in the liver may decrease at least in the early
phase before regeneration of the residual liver. Because
ADAMTS13 is produced mainly by the hepatic stellate
[7]
cells , production of ADAMTS13 may decrease after
hepatetctomy. In addition, ischemia-reperfusion injury
of the liver is an inevitable event in liver surgery due to
manipulation of the liver and/or Pringle’s maneuver which
occludes hepatic blood inflow transiently to decrease
[49]
bleeding during hepatic transection . Therefore,
hepatectomy may induce UL-VWFM in the hepatic
sinusoid and result in microcirculatory disturbance via
the “local TTP like mechanism” as mentioned in the
liver transplantation section. Liver failure is a most
serious complication after liver surgery. Microcirculatory
disturbance may further deteriorate liver dysfunction
after hepatectomy.
We reported that plasma ADAMTS13 decreased
[16]
significantly after hepatectomy . The activity of
ADMTS13 showed marked and rapid drop from 67%
± 30.6% before surgery to 48% ± 24.6% (mean ±
standard deviation) on day 1 after hepatectomy (n =
[16]
70, P < 0.0001) . The decrease of ADAMTS13 activity
was more profound in patients with major hepatectomy
[16]
in comparison to those with minor hepatectomy .
Multivariate analysis revealed that patients with Pringle’s
maneuver for longer than 60 min induced most marked
decrease of ADAMTS13 activity compared to those with
shorter Pringle’s maneuver and those without Pringle’s
maneuver (Figure 4). The severity of ADAMTS13 reduc
tion was significantly correlated with the amount of
resected liver mass and the severity of ischemic injury of
the liver. ADAMTS13 activity on day 1 strongly correlated
with the postoperative maximal levels of total bilirubin as
[16]
an indicator of postoperative liver dysfunction . These
results suggested crucial roles of ADAMTS13 in liver
dysfunction and liver failure after hepatectomy.
Figure 5 shows kinetics of ADAMTS13 and UL-VWFM
in a patient who underwent major hepatectomy with long
Pringle’s maneuver. Interestingly, ADAMTS13 activity did
not decrease during ischemia by Pringle’s maneuver, and
decreased very significantly after re-perfusion until the
next day. UL-VWFM did not appear during ischemia, and
significantly up-regulated after surgery. Induction of ULVWFM and decrease of ADAMTS13 may develop in the
reperfusion phase after ischemic events.

Bolus steroid and FFP

40

20

0

0
Pre

7
14
Days after transplantation

23

30

Figure 3 A disintegrin-like and metalloproteinase with thrombospondin
type-1 motifs 13 activity before and after treatment for acute rejection
in a liver transplant recipient. Decreased ADAMTS13 activity during acute
rejection recovered after treatment for rejection. Pre: Before transplantation; FFP:
Fresh frozen plasma; ALT: Alanine transaminase; LDH: Lactate dehydrogenase;
ADAMTS13: A disintegrin-like and metalloproteinase with thrombospondin type-1
motifs 13.

patients with decreased ADAMTS13 activity. The authors
speculated that increased plasmin or other proteolytic
enzymes cleaved UL-VWFM demonstrating increased
plasma levels of tissue plasminogen activator in these
[46,47]
patients
. However, if plasmin cleaves UL-VWFM
effectively, thrombotic complications could be prevented.
Actually, it has been accepted commonly that UL-VWFM
[20,48]
is detected in patients with TTP
. This may suggest
that the deficiency of ADAMTS13 can induce formation of
UL-VWFM independently of plasmin and other proteolytic
pathways. In addition, hepatic artery thrombosis is a
complication crossly linked technical and anatomical
implications at the arterial anastomotic site. Basically,
ADAMTS13 relates to the formation of platelet thrombi at
the “micro” vasculature. Thrombosis of peripheral arterial
system as a consequence of microcirculatory disturbance
of the graft liver and surgical hepatic arterial thrombosis
at the anastomotic site should be distinguished strictly
to elucidate the real correlation between ADAMTS13 and
the development of thrombotic complications after liver
transplantation.
Our experience in liver transplant recipients strongly
emphasize the importance of monitoring plasma
ADAMTS13 activity not only in diagnosing adverse
events including ischemic injury and acute rejection,
but also in the treatment of thrombocytopenia after
liver transplantation. It should be stressed that platelet
transfusion under the decreased activity of ADAMTS13
in liver transplant recipients may deteriorate graft
microcirculatory disturbance due to further formation
of platelet aggregates in the liver via the “local TTP”
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Figure 4 A disintegrin-like and metalloproteinase with thrombospondin type-1 motifs 13 activity according to blood occlusion time by Pringle’s maneuver.
Pringle’s maneuver for long time (over 60 min: L) induced significantly profound decrease of ADAMTS13 activity, comparing to short (15-45 min: S) or no blood
occlusion (N). The box shows the 25th-75th percentile, the bar indicates the median value, and the whiskers indicates the 5th-95th percentile. aP < 0.05 by ANOVA.
ANOVA: Analysis of variance; ADAMTS13: A disintegrin-like and metalloproteinase with thrombospondin type-1 motifs 13.

Marked decrease of platelet count with unexplainable
origin is often observed during the first postoperative
week after hepatectomy. In our study, significant
correlation was observed between ADAMTS13 activity
[16]
and decrease of platelet count . Reduction of ADAMTS13
synthesis by decreased hepatic functional mass after
hepatectomy may be a cause of decreased plasma
ADAMTS13 activity. Another possible mechanism of
marked decrease of ADAMTS13 may be high share
stress after major hepatectomy. Major hepatectomy
increases relative amount of portal inflow of residual liver.
Because UL-VWFM is stretched by high share stress, a
large amount of ADAMTS 13 may be consumed (Figure
6). Decrease of ADAMTS13 may be a possible indicator
of postoperative liver dysfunction. From our findings,
40% may be the safe line of ADAMTS13 activity after
[16]
hepatectomy . Replacement therapy for decreased
ADAMTS13 may prevent postoperative liver dysfunction.
Recent study also reported decrease of ADAMTS13
[50]
after major hepatectomy . The study showed corre
lation between increased VWF to ADAMTS13 ratio and
thrombotic complication after major hepatectomy.
[51]
Melloul et al refered to the possible role of ADAMTS13
activity in development of pulmonary embolism after
hepatectomy. Correlation between overt embolism and
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decreased activity of ADAMTS after hepatectomy is
needs to be further elucidated.

THROMBOCYTOPENIA AND
TRANSFUSION OF PLATELET
CONCENTRATES
Various degrees of thrombocytopenia are commonly
observed in cirrhotic patients and in those who received
surgical interventions, such as liver transplantation and
[52,53]
hepatectomy
. Before discovery of ADAMTS13,
transfusion of platelet concentrates to these patients
has been simply and routinely performed to prevent
hemorrhagic events. But after discovery of ADAMTS13,
the investigators have become cautious to platelet
transfusions to such patients. This is because our groups
of investigators have shown that a significant decrease
of plasma ADMTS13 activity and vice versa a remarkably
high plasma concentration of VWF, containing UL-VWFM,
are both frequently observed in patients with various
[15,16,20]
liver diseases including surgical interventions
.
These circumstances generate an extremely high plasma
ratio of VWF or UL-VWFM to ADAMTS13, that lead to an
unstable condition forming platelet thrombi by UL-VWFM
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Figure 5 Perioperative changes of a disintegrin-like and metalloproteinase with thrombospondin type-1 motifs 13 activity and unusually large von
Willebrand factor multimers in a patient with large hepatectomy. The patient underwent long Pringles’s maneuver (75 min). While ADAMTS13 did not decrease
during hepatectomy even with long ischemic time by hepatic inflow occlusion, the activity markedly decreased until the next day. Consistently, UL-VWFM did not
appeared during hepatectomy, and significantly up-regulated from day 3. Pre: Before transplantation; NP: Normal plasma controls; UL-VWFM: Unusually large von
Willebrand factor multimers; ADAMTS13: A disintegrin-like and metalloproteinase with thrombospondin type-1 motifs 13.

that platelet transfusions should be performed if overt
bleeding once developed, supplying ADAMTS13 by
infusion of FFP simultaneously.

Liver damage/hepatectomy

Sinusoidal endothelial injury

Stellate cell reduction

CONCLUSION
Release of UL-VWFM

ADAMTS13/UL-VWFM paradigm, which we advocated,
is a new concept in the field of liver disease and surgery.
The partnership between hematology and hepatology not
only suggests a novel mechanism for thrombocytopenia,
but also provides a useful diagnostic tool for the treat
ment of thrombocytopenia and liver dysfunction in
patients with various liver diseases. Introduction of
ADAMTS13 activity assay system as a routine clinical
laboratory tests may help to prevent inadequate platelet
transfusion. The efficacy of preemptive supplementation
of ADAMTS13 activity by administrating FFP as a source
of ADAMTS13 after liver surgery should be investi
gated in view of ADAMTS13/UL-VWF dynamics. We
are particularly interested in developing recombinant
ADAMTS13 preparations, which provides a new therapy
for patients with hematologic and various liver diseases.

Decreased of ADAMTS13 synthesis

Consumption of ADAMTS13

Decrease of ADAMTS13 activity

Platelet thrombus in sinusoid

Liver dysfunction

Figure 6 Hypothesis about mechanism of liver dysfunction via the local
thrombotic thrombocytopenic purpura like mechanism. UL-VWFM: Unusually
large von Willebrand factor multimers; ADAMTS13: A disintegrin-like and
metalloproteinase with thrombospondin type-1 motifs 13.
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under high shear stress generated in microvasculatures,
and may induce multiple organ failure resembling to TTP.
Actually, porto-pulmonary hypertension exacerbated
by platelet transfusion in a patient with ADAMTS13
deficiency due to platelet aggregation in microcirculation
of the liver and lung, and the pulmonary arterial pressure
fell after replacement of plasma ADAMTS13 by infusion
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clinical course in these patients, and the prophylactic
platelet infusion is better to be avoided or rather
contraindicated. However, we also must emphasize
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Abstract
AIM: To illustrate the application and utility of
Geographic Information System (GIS) in exploring
patterns of liver transplantation. Specifically, we aim
to describe the geographic distribution of transplant
registrations and identify disparities in access to liver
transplantation across United Network of Organ Sharing
(UNOS) region 1.
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METHODS: Based on UNOS data, the number of listed
transplant candidates by ZIP code from 2003 to 2012
for Region 1 was obtained. Choropleth (color-coded)
maps were used to visualize the geographic distribution
of transplant registrations across the region. Spatial
interaction analysis was used to analyze the geographic
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combination of three epidemics: (1) Hepatitis C that may
lead to a quadrupling of the number of patients with
[1]
decompensated cirrhosis in 10 years ; (2) the obesity
epidemic leading to cirrhosis through non-alcoholic fatty
[2]
[3]
liver disease ; and (3) hepatocellular carcinoma .
This alarming shortage of organs is likely going
to exacerbate the established healthcare disparities
including the ones stemming from Geography. With
regard to access to liver transplantation, 7 of 11
United States regions differed significantly from the
[4]
national average . This has clear implications on the
management of patients with hepatocellular carcinoma;
a United Network for Organ Sharing (UNOS) database
has showed that regions with longer waiting times used
[5]
more loco-regional palliative therapy . This occurs
despite tumor allocation points that aim at giving an
advantage to liver cancer candidates, especially with long
[6]
waiting time on the transplant lists . In the United States
and based on a study from Region 4, it was suggested
that the distance from the transplant center should be
included to improve the estimate of the mortality risk for
[7]
patients on the waiting list .
A Geographic Information System (GIS) represents
a systematic way to study the impact of geography
on this problem. GIS can synthesize data from several
different sources, visualize trends in maps that would
not otherwise be apparent, and reveal significant spatial
associations through statistical modeling and analysis.
GIS has long been used to guide decision-making
process in disparate fields such as business, government,
environment and conservation, the military and epide
miology. The impact of GIS in strategic decisions in
healthcare has not been widely adopted.
Accordingly, the aim of our study was to demonstrate
the utility of GIS with organ transplantation data to
assess geographic disparities in burden of care and
access to liver transplantation across UNOS region 1
and to examine the stability of these disparities over
time. We also wanted to determine if geography should
be considered as a factor in building satellite clinics to
evaluate patients for liver transplantation.

pattern of total transplant registrations by ZIP code.
Factors tested included ZIP code log population and log
distance from each ZIP code to the nearest transplant
center; ZIP code population density; distance from the
nearest city over 50000; and dummy variables for state
residence and location in the southern portion of the
region.
RESULTS: Visualization of transplant registrations
revealed geographic disparities in organ allocation
across Region 1. The total number of registrations was
highest in the southern portion of the region. Spatial
interaction analysis, after adjusting for the size of the
underlying population, revealed statistically significant
clustering of high and low rates in several geographic
areas could not be predicted based solely on distance
to the transplant center or density of population.
CONCLUSION: GIS represents a new method to
evaluate the access to liver transplantation within one
region and can be used to identify the presence of
disparities and reasons for their existence in order to
alleviate them.
Key words: Health geographic’s; Healthcare disparities;
Outcome research
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Geographic Information System (GIS) studies
the impact of geography on many problems through
statistical modeling and analysis. It has been used to
guide decisions in business, government, environment,
but has yet to be adopted in healthcare. Based on
the United Network of Organ Sharing database from
2003 to 2012 in one region, GIS revealed clustering of
high and low rates of listing for liver transplantation in
several geographic areas that could not have otherwise
been predicted. This method can be adopted in different
parts of the world and contribute to better allocation of
resources to decrease the disparities in access to liver
transplantation.

MATERIALS AND METHODS

Ghaoui R, Garb J, Gordon F, Pomfret E. Impact of geography
on organ allocation: Beyond the distance to the transplantation
center. World J Hepatol 2015; 7(13): 1782-1787 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i13/1782.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i13.1782

The total number of transplant registrations (listed
candidates) for UNOS Region 1 by ZIP code from 2003
to 2012, was obtained from UNOS. This represents
the total transplant burden of care on local transplant
facilities or need. ZIP code geographic data was originally
obtained as geographic coordinates and was projected
to Lambert Conformal for visualization and analysis. The
number of transplant registrations by ZIP code were
[8]
mapped with ArcGIS software using a choropleth
(color-coded) map, where number of registrations is
represented by the intensity of color. Spatial interaction
analysis based on the gravity model was used to analyze
the geographic pattern of total transplant registrations
by ZIP code. Transplant registrations were analyzed for
all years combined to stabilize numbers. The gravity

INTRODUCTION
Liver transplantation remains the only truly therapeutic
intervention for patients with end stage liver disease
and decompensated cirrhosis. Unfortunately, the
access to organ transplantation from a cadaveric or
living donor is limited by a shortage of donors. This
has become especially problematic given the expected
surge of patients in need of a transplant due to the
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Figure 1 United Network of Organ Sharing Region 1 ZIP code transplant registrations 2003-2012. UNOS: United Network of Organ Sharing.

model is used to model flow (in this case, number of
transplant registrations) from one or more origins (in
this case, ZIP code) to one or more destinations (in
this case, transplant centers). The model assumes that
flow is determined by the population of the origin and
[9]
distance from the origin to the destination . Poisson
regression was used to derive the gravity model using
[10]
STATA software . Factors tested included ZIP code log
population and log distance from each ZIP code to the
nearest transplant center (both specified by the gravity
model); ZIP code population density; distance from
the nearest city over 50000; and dummy variables for
state residence and location in the southern portion of
the region (consisting of Massachusetts, Connecticut or
Rhode Island) which houses all the region’s transplant
centers.
To adjust for the size of the underlying population,
ZIP code registration rates were calculated as the
number of candidates registered in a ZIP code divided
by the total ZIP code population for each time period.
Census 2000 population counts were used to calculated
2003-2005 rates, and Census 2010 counts were used
for 2006-2012 rates.
If services were equally accessible throughout the
region, registration rates should not vary geographically.
To identify regional disparities in accessibility, we looked
for clusters of excessively high or low rates relative to
the rest of the region by year using the Spatial Scan
[11]
Statistic . The geographic locations of high and low
clusters identified in this manner were then displayed
using choropleth mapping. The statistical review of the

WJH|www.wjgnet.com

study was performed by a biomedical statistician.

RESULTS
Table 1 gives the total number of registrations (burden
of care) and registration rates (accessibility) by state
for the total 10-year period. States are arranged in
ascending order according to registration rate. There is
great disparity in rates according to state. Massachusetts
had the highest rate, almost three times that of
Connecticut, which had the lowest rate. In Region 1, liver
transplant programs include 5 in Massachusetts and 2 in
Connecticut.
To visualize geographic variability in burden of
care, Figure 1 shows the total number of transplant
registrations by ZIP code for 2003-2012. ZIP codes with
higher numbers of registrations are represented in darker
shades of gray or black. Those with no registrations in the
10-year period are represented in white. As can be seen,
there is wide variability in total registration numbers
across the region, generated in part by variability of
population size. A large number of ZIP codes had no
transplant registrations. Visually, it is apparent that the
number of registrations was highest in the southern
portion of the region, in Massachusetts, Connecticut and
Rhode Island.
Factors in burden of care were examined with Poisson
regression on registration totals. As predicated by the
gravity model, registrations showed a strong, significant
association with between population size and total
number of registrations indicated by the Z-value (25.03)
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Figure 2 Clustering of ZIP code listing rates over time. UNOS: United Network of Organ Sharing.

high clusters, which centered on the Southeast corner of
the region in Rhode Island, Eastern Massachusetts and
Southeast New Hampshire. There has been somewhat
more variation in the location of low clusters over time.
However, these clusters were generally confined to
Connecticut and to the central sections of the region, in
New Hampshire, Vermont and Maine. Table 2 shows the
details of significant clusters in 2012. As can be seen,
the most significant cluster, which included 63 ZIP codes
and a relatively small population, had a registration
rate 3 times the prevailing rate in the region. The other
clusters covered a larger area and represented a larger
population.

Table 1 Total registrations by state
State

Total registrations

Rate per 100000 population

CT
VT1
ME
NH
RI
MA

1024
104
637
652
655
5241

29.0
41.6
48.4
50.0
62.8
80.4

1

Partial-only a portion of the state is included in United Network of Organ
Sharing Region 1. CT: Connecticut; VT: Vermont; ME: Maine; NH: New
Hampshire; RI: Rhode Island; MA: Massachusetts.

and P-value (< 0.001). Distance from a transplant
center was not significant (P = 0.1), implying that the
gravity model does not completely specify registration
patterns. The model did, however, account for 31%
2
of the variability in registration numbers (R = 0.31).
Other factors examined that were not significant were
population density, location in the south of the region
and distance to the nearest city > 50000 population.
To visualize disparities in accessibility of transplant
services, Figure 2 shows the location of high and low
clusters of registration rates per 100000 population in
the region each year from 2003-2012. The 2012 map
is shown at a smaller scale for more detail. A cluster is
defined as a group of ZIP codes with significantly higher
or lower registration rates than the rest of the region.
Low clusters are represented as gray areas, and high
clusters as black areas. It is clear from the map that
there was very little variation over time in the location of

WJH|www.wjgnet.com

DISCUSSION
With its relatively small geographical extent and the
availability of numerous health systems of global
reputation, one would expect that the impact of geo
graphy on organ allocation in Region 1 would be limited.
The analysis of the UNOS data with a GIS brings a new
perspective. The maps generated revealed clusters
of excessively high listing rates for ZIP codes in the
Boston area that remained stable over a decade with an
increasing disparity and worsening access in the northern
part of the region. More intriguing is the revelation of a
new cluster of excessively low registration rates covering
a good portion of Rhode Island despite its close driving
distance to several transplant centers in 2012. This
relates to the finding in multivariate analysis that distance
to a transplant center as a predictor of listing rates

1785

July 8, 2015|Volume 7|Issue 13|

Ghaoui R et al . Geography in liver transplantation
Table 2 Details of significant clusters in 2012
Cluster
1
2
3
4

Cluster type

Listed

Expected

Relative risk

Significance

ZIP codes

Population

High
High
Low
Low

114
198
107
34

39
144
171
67

3.3
1.5
0.57
0.48

<< 0.0001
0.039
0.00025
0.055

63
165
710
89

683114
2554406
3027545
1191886

implies that adding transplant centers in areas with low
listing rates would not solve the problem. It seems more
likely that local characteristics explain this phenomenon
including, but not limited to, variable access to healthcare
and subspecialists, educational and cultural beliefs related
to transplantation. However this is difficult to prove in the
absence of reliable databases.
Another geographical area worth investigating
further is Connecticut with a progressive transition to a
homogenous registration pattern over the past decade
which correlates with the reopening of a transplant center.
A practical conclusion from our study might be to consider
establishing satellite clinics in the low-cluster areas with
a connection to a main transplant centers following a
model like the ECHO project. This initiative in New Mexico
demonstrated that primary care providers anywhere
can be trained via videoconferencing technology to
manage complex chronic conditions formerly outside
their expertise, thus expanding their ability to treat very
sick patients and showing equal outcomes to academic
[12]
settings . In a setting of transplantation these satellite
clinics could allow a better understanding of the local
barriers preventing optimal access to listing for liver
transplantation not to mention optimizing the care of
patients with decompensated cirrhosis.
Our study certainly has limitations. We chose to
study the listing rates for liver transplantation and not
the actual organ recipients given the smaller number
of the latter group which would have left blank vast
portions of the map. Our analysis assumes a similar
effectiveness of the organ procurement organizations
across the region as well as a homogeneous distribution
of the burden of chronic liver disease. We could not
obtain data on individual level patient characteristics
and our statistics are based on aggregate numbers only.
ZIP codes have limited utility as unit of analysis as they
cover large demographically heterogeneous geographic
areas. Also the population counts are estimates, as
the census data is not collected at the ZIP code level.
Despite these limitations our results reveal striking
trends and generate hypotheses for further studies.
There is a clear perception, and often direct knowle
dge among patients and providers alike, that geography
impacts organ allocation. This regional disparity, which
[13]
was also seen outside of the United States , is often
assumed to be the result of the distance between
the patient’s home and the transplant center and its
policy. This contention is not supported by our analysis,
suggesting a more complex situation. As reported
previously, significant variations in access to liver
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transplantation for ethnic minorities continue to be seen
[14]
across geographic lines . Furthermore in Canada,
rural residence of a candidate was not associated with
[15]
inferior survival while awaiting liver transplantation .
Our analysis using GIS explores the distribution of listing
for liver transplantation from a new perspective, raising
several points that once further clarified could lead to a
better understanding of the impact of geography and
how to mitigate it: What are the policies or changes
in Connecticut that have allowed a more homogenous
outcome after a decade? Why did large portions of
Rhode Island lose their better access in 2012? How do
we contain the worsening disparities seen in the northern
part of the region? These questions should find their
answers with a closer collaboration and communication
among stakeholders in the region.
The analysis of the UNOS data of registrations for
liver transplantations using GIS has challenged several
assumptions including the absence of disparity within a
small geographical area or the stability of this disparity
over time. It has also revealed that the impact of
geography goes beyond distance to the transplant center
and needs to be further evaluated. Future studies should
explore and analyze the UNOS data in other regions
and for other types of organ transplantation. Only then
would we be able to identify low-cluster areas for organ
transplantation across the nation. This is crucial at a time
when healthcare is redefined by value and quality and
[16]
redistricting for organ allocation might be on the way .
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public health outcomes it should be included in the decision making process of
allocating resources to decrease disparity and reveal unsuspected variables.

Terminology

United Network for Organ Sharing is a private, non-profit organization that
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SYSTEMATIC REVIEWS

Non-alcohol fatty liver disease in Asia: Prevention and
planning
Sara Ashtari, Mohamad Amin Pourhoseingholi, Mohamad Reza Zali

Abstract

Sara Ashtari, Mohamad Amin Pourhoseingholi, Mohamad
Reza Zali, Gastroenterology and Liver Disease Research Center,
Research Institute for Gastroenterology and Liver Diseases, Shahid
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AIM: To review all of epidemiological aspects of nonalcoholic fatty liver disease (NAFLD) and also prevent
this disease is examined.

Author contributions: Pourhoseingholi MA and Zali MR
designed the research; Ashtari S performed the research and
writes the paper.

METHODS: We conducted a systematic review
according to the PRISMA guidelines. All searches for
writing this review is based on the papers was found
in PubMed (MEDLINE), Cochrane database and Scopus
in August and September 2014 for topic of NAFLD in
Asia and the way of prevention of this disease, with no
language limitations. All relevant articles were accessed
in full text and all relevant materials was evaluated and
reviewed.
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RESULTS: NAFLD is the most common liver disorder in
worldwide, with an estimated with 20%-30% prevalence
in Western countries and 2%-4% worldwide. The
prevalence of NAFLD in Asia, depending on location
(urban vs rural), gender, ethnicity, and age is variable
between 15%-20%. According to the many studies in
the world, the relationship between NAFLD, obesity,
diabetes mellitus, and metabolic syndrome (MS) is
quiet obvious. Prevalence of NAFLD in Asian countries
seems to be lower than the Western countries but, it
has increased recently due to the rise of obesity, type 2
diabetes and MS in this region. One of the main reasons
for the increase in obesity, diabetes and MS in Asia is
a lifestyle change and industrialization. Today, NAFLD
is recognized as a major chronic liver disease in Asia.
Therefore, prevention of this disease in Asian countries
is very important and the best strategy for prevention
and control of NAFLD is lifestyle modifications. Lifestyle
modification programs are typically designed to change
bad eating habits and increase physical activity that is
associated with clinically significant improvements in
obesity, type 2 diabetes and MS.
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CONCLUSION: Prevention of NAFLD is very important
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According to the other studies especially in South-East
[15-18]
region of Asia
, more men than women had NAFLD.
For diagnosis of NASH, liver biopsy is required and it’s
costly especially in low-income countries so the establish
the prevalence of NASH is difficult. More than 30% of
obese patients may have NASH and 12%-25% have
[2,19,20]
fibrosis
. In predictors and diagnosis of NASH and
fibrosis, diabetes and insulin resistance are the two main
[21,22]
factors than body mass index (BMI)
.

in Asian countries particularly in Arab countries because
of high prevalence of obesity, diabetes and MS.
Key words: Non-alcoholic fatty liver disease; Metabolic
risk factors; Asian countries; Prevention
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Today non-alcoholic fatty liver disease (NAFLD)
is one of the main concerns of the medical world. NAFLD
is identified as a main risk factor for chronic liver disease
across the world. NAFLD is clearly linked with obesity,
type 2 diabetes and metabolic syndrome (MS). The
prevalence of NAFLD is lower in Asian countries than
Western countries but, it has increased dramatically in
recent years because of increasing rate of obesity, type
2 diabetes and MS in this region. The high prevalence of
obesity with diabetes, and MS would increase the risk of
NAFLD in recent years. So, prevention of these factors is
the key strategy to reduce the incidence of NAFLD.

MATERIALS AND METHODS
We conducted a systematic review according to the
PRISMA guidelines. All searches for writing this review is
based on the papers was found in PubMed (MEDLINE),
Cochrane database and Scopus in August and September
2014 for topic of NAFLD in Asia and the way of prevention
of this disease, with no language limitations. All relevant
articles were accessed in full text and all relevant
materials was evaluated and reviewed. We extracted data
on epidemiology of NAFLD, Burden and prevalence of
NAFLD, risk factors characteristics association NAFLD, and
prevention of NAFLD. We analyzed the data and reported
the results in the tables and text.

Ashtari S, Pourhoseingholi MA, Zali MR. Non-alcohol fatty
liver disease in Asia: Prevention and planning. World J Hepatol
2015; 7(13): 1788-1796 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i13/1788.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i13.1788

RESULTS
Based on systematic reviews, defines NAFLD as a
compound disorder delineated by a set of metabolic
syndrome (MS) risk factors, usually related to obesity,
[3,11,23,24]
diabetes, hypertension and dyslipidemia
. Insulin
resistance is the main factor in NAFLD pathogenesis,
[11]
because of association between NAFLD and MS .
The presence of obesity and type 2 diabetes mellitus
[11]
(T2DM) significantly increases the risk of NAFLD .
Available data from previous studies indicate that the
[2,25-27]
prevalence of NAFLD likely increases 65%-70%
in T2DM populations and greater than 75% and 90%
[28,29]
[30,31]
in obese people
and morbidly obese patients
,
respectively. In addition, NAFLD can be increase the
risk of cardiovascular events in obese and diabetic
[2,32]
people
.

INTRODUCTION
Nowadays, non-alcoholic fatty liver disease (NAFLD) is a
major health concern worldwide which is characterized
[1,2]
by abnormal fat accumulation in liver cells . The
development process of NAFLD can be started from
simple steatosis (NAFLD) to non-alcoholic steatohepatitis
(NASH) and finally leads to cirrhosis and hepatocellular
[3,4]
carcinoma in absence excessive alcohol intake .
NAFLD is one of the main cause of chronic liver disease
[5,6]
in industrializes countries . According to the American
[7]
Association for the Study of Liver Disease Guidelines ,
liver biopsy is the gold standard for the diagnosis of
NAFLD, nevertheless ultrasonography is more commonly
used particularly in developing countries, because of
increased health risks and high expenditures associated
[2]
with liver biopsies . So, the prevalence of NAFLD varies
according to the method used to diagnosis and study
[7-9]
population . In generally, the prevalence of NAFLD
ranges is from 6.3% to 33% worldwide, and prevalence
[7,10]
of NASH is from 3% to 5% in general population
.
Despite the low prevalence of NAFLD in Asian countries
[11]
[12]
(12%-24%) , than in Western countries (> 20%) , it
is identified as a main risk factor for chronic liver disorder
[13]
in all over world . In Asian countries, the prevalence of
NAFLD varies in different countries, and is related to the
[11]
age, gender, locality and ethnicity . NAFLD prevalence
[6]
increases with age , and also men (40-49 years) tend
[11,14]
to get NAFLD earlier than women (over 50 years)
.

WJH|www.wjgnet.com

Obesity

Obesity has doubled worldwide since 1980. In Asia also,
[33-36]
based on several national health surveys
prevalence
of overweight and obese subjects has increased in the
[37]
past few decades, but it varies between countries [Table
1: Provides the 2010 World Health Organization (WHO);
Global status report on non-communicable disease
statistics for overweigh and obesity prevalence in Asian
countries, Data adjusted for 2008 for comparability].
The prevalence of obesity in eastern Asia (e.g., China,
Japan, South Korea and Taiwan), Southern Asia (e.g.,
Bangladesh, India, Pakistan and Sri Lanka), and SouthEastern Asia (e.g., Malaysia, Philippines, Singapore,
Thailand and Vietnam) is quite low compared with
[38-40]
developed countries such as the United States
. The
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Table 1 Prevalence of overweight and obesity in Asian countries, estimates for 2008 (%)
Country

Overweight

Kuwait
Saudi Arabia
Qatar
Egypt
Bahrain
UAE
Turkey
Lebanon
Iraq
Oman
Iran
Malaysia
Thailand
South Korea
Singapore
Philippines
China
Pakistan
Japan
India
Vietnam
Bangladesh

1

Obesity

2

Males

Females

Total

Males

Females

Total

78.4
69.1
73.1
60.4
70.9
71.3
59.7
66.1
59.5
56.9
46.0
42.1
26.5
34.3
33.9
24.6
25.5
19.1
30.1
9.9
9.5
7.4

79.5
68.8
70.2
75.3
70.3
71.2
64.1
57.9
65.1
54.2
56.8
46.3
37.4
29.2
26.4
28.4
25.4
27.1
19.2
12.2
10.9
7.8

78.8
69.0
72.3
67.9
70.6
71.3
61.9
61.8
62.3
55.8
51.4
44.2
32.2
31.8
30.2
26.5
25.4
23.0
24.4
11.0
10.2
7.6

37.5
28.6
31.3
21.4
29.5
30.0
21.7
25.8
20.6
18.9
12.4
10.4
5.0
7.2
7.0
4.6
4.7
3.3
5.8
1.3
1.2
0.9

49.8
39.1
38.1
44.5
38.0
39.0
34.0
29.0
33.4
23.8
26.5
17.6
12.2
8.3
7.1
8.0
6.7
7.8
4.4
2.4
2.1
1.3

42.0
33.3
33.2
33.1
32.9
32.7
27.8
27.4
27.0
20.9
19.4
14.0
8.8
7.7
7.1
6.3
5.7
5.5
5.0
1.9
1.7
1.1

1

Overweight: The percentage of the population aged 20 or older having a body mass index (BMI) ≥ 25
kg/m2; 2Obesity: The percentage of the population aged 20 or older having a BMI ≥ 30 kg/m2. Adapted
from World Health Organization, non-communicable diseases report[41]. UAE: United Arab Emirates.

highest rate of obesity in these regions of Asia are in
Malaysia and Thailand, where 14% and 8.8% of adults
[41]
are reported to be obese, respectively . The lowest
obesity rates in these regions are in the less developed
parts of Asia: 1.1% in Bangladesh, 1.7% in Vietnam and
[36,41]
1.9% in India
. In contrast to these regions of Asia,
in West Asian countries (Middle East countries; e.g., Iran,
Iraq, Bahrain, Egypt, Kuwait, Saudi Arabia, Oman and
Qatar) prevalence of obesity is very high and almost is
equal with the Western developed countries. So that in
countries such as Kuwait (42%), Saudi Arabia (33.3%),
Qatar (33.2%) and Egypt (33.1%), the prevalence of
[41]
obesity is higher than United States (33%) . Except in
Japan, Rates of obesity among women are twice that of
men in all Asian countries.
NAFLD prevalence is much higher estimates in
[42]
obese people . Population-based survey from Iran
reported that obesity and MS are the most predictive
[43]
factors of NAFLD . In addition, in the other Populationbased study conducted China, the relationship between
NAFLD and obesity have been reported so that, among
661 patients with fatty liver, 611 (92%) patients were
[44]
obese . The high prevalence of obesity in the West of
[11]
Asia also increases the risk of NAFLD .

8.8%) by 2035. Approximately 175 million people
worldwide living with diabetes are unaware of their
[46]
th
disease . According to the 6 edition of the Diabetes
[46]
Atlas in 2013 , Saudi Arabia (24%), Kuwait (23.1%)
and Qatar (2.9%) are among the world’s top ten
countries with the highest prevalence of diabetes in
20-79 years population are in the Middle-East countries.
And also from the ten countries with the highest
number of diabetic people (20-79 years), five countries
are located in Asia that which includes; China, India,
Indonesia, Egypt and Japan. T2DM consist 85% to 95%
in high-income countries and even higher percentage
[47]
in low and middle income countries . It is one of the
major health problems in the world, and also is known
[48,49]
as an important risk factor for NAFLD
. T2DM
[50]
prevalence is increasing in the world and also in Asian
countries the prevalence rate of it has increased during
[51]
the past three decades . Increasing the T2DM in Asian
countries for the following reasons is different from the
countries because of the short time spread, and that can
be seen in a younger age group and people with much
[37]
lower BMI . Many ethnic studies on Asian population
pointed out, that they have more abdominal obesity
[52-54]
and visceral fat (3%-5%) than other ethnic groups
.
Improper accumulation of fat in abdominal and visceral
adiposity can cause to increase hepatic insulin resistance
and T2DM, which can cause an abnormal accumulation
[55,56]
of fat in the liver
. This rapidly-growing prevalence of
T2DM among the Asian countries is related to the rapid
economic developments, aging, urbanization, changes
in nutrition, and increases in sedentary lifestyles, and
also increases with increasing prevalence of obesity and

Diabetes mellitus

Diabetes mellitus is present as one of the biggest
[45]
public health problems of the recent century . The
[46]
International diabetes federation (IDF) estimated the
global burden diabetes was 382 million (comparative
prevalence: 8.3%) in 2013 and it would be likely more
than double to 592 million (comparative prevalence:
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Table 2 Prevalence of diabetes in Asian countries, estimates for 2013
Country
Saudi Arabia
Kuwait
Qatar
Bahrain
UAE
Egypt
Lebanon
Oman
Malaysia
Singapore
Iran
Iraq
India
China
Yemen
Taiwan
Afghanistan
Pakistan
South Korea
Philippines
Bangladesh
Vietnam
Thailand
Japan

Adult population
(20-79) in 1000s

Diabetes cases
(20-79) in 1000s

Diabetes national
prevalence (%)

18056.84
2293.74
1796.42
974.96
7443.81
48276.39
3295.49
2493.25
18919.44
4058.27
52145.45
16473.21
760429.73
1023050.42
11568.55
17605.38
12619.61
99369.82
37365.67
54210.53
92271.61
61387.55
49049.75
95304.38

3650.89
407.53
282.53
168.66
745.94
7510.60
478.96
199.78
1913.24
498.19
4395.93
1226.22
65076.36
98407.38
708.12
1721.06
794.70
6712.70
3323.90
3256.21
5089.04
3299.11
3150.67
7203.78

20.22
17.77
15.73
17.30
10.02
15.56
14.53
8.01
10.11
12.28
8.43
7.44
8.56
9.62
6.12
9.78
6.30
6.76
8.90
6.01
5.52
5.37
6.42
7.56

1

Diabetes comparative
prevalence (%)

Diabetes related
deaths (20-79)

23.87
23.09
22.87
21.84
18.98
16.80
14.99
14.24
10.85
10.42
9.94
9.50
9.09
9.02
8.45
8.30
8.27
7.90
7.48
6.86
6.31
5.81
5.67
5.12

22113
1122
651
706
1385
86478
6637
1214
24049
4134
38002
17643
1065053
1271003
9892
18864
87354
30836
54535
102139
54953
66943
64680

1

All comparisons between countries should be done using the comparative prevalence, which is adjusted to the world population.
Adapted from International Diabetes Institute[46]. UAE: United Arab Emirates.
[57,58]

2

MS

.
Middle East region, particularly Arab speaking
countries have some of the highest rate of diabetes in
[59]
the world . The prevalence of T2DM has increased
dramatically in this region over the last three decades
because of industrial development. Most of countries
in the Middle East such as Kuwait, Saudi Arabia, Qatar,
Bahrain and the United Arab Emirates are the world’s
[60]
leaders in term of T2DM prevalence . In both developed
and developing countries diabetes is the main cause of
NAFLD, and also the prevalence of NAFLD is higher in
[61]
people with diabetes than in non-diabetic
(Table 2:
Provides the 2013 IDF statistics for diabetes prevalence
in Asian countries).

kg/m ), hypertriglyceridemia (≥ 150 mg/dL) or high
density lipoprotein cholesterol (HDL-C) values (< 35 in
males and < 40 in females) and microalbuminuria (≥ 20
[65-67]
. On the other hand, in 2001, the National
μg/min)
Cholesterol Education Program Adult Treatment Panel
Ⅲ (NCEP-ATP Ⅲ) published a new set of criteria of MS
that included waist circumference as define obesity
(≥ 102 cm in males and ≥ 88 cm in females), arterial
hypertension (≥ 130/85 mmHg), fasting glucose(≥
110 mg/dL) and blood lipids as HDL-C values (< 40
mg/dL in males and < 50 mg/dL in females) and
[68]
hypertriglyceridemia (≥ 150 mg/dL) . The NCEP-ATP
Ⅲ definitions differed from WHO and European Group for
the study of Insulin Resistance definitions in that insulin
resistance is not necessary for diagnostic. In 2005, the
IDF published other criteria to define the MS which
proposed abdominal obesity as the essential components
of the diagnosis of MS, abdominal obesity (Europe men:
≥ 94 cm, Europe women ≥ 80 cm and for Asian men:
≥ 90 cm, Asian women ≥ 80 cm), arterial hypertension
(≥ 130/85 mmHg), fasting glycaemia (≥ 100 mg/dL),
HDL-C values (< 40 mg/dL in males and < 50 mg/dL in
[69-72]
females) and hypertriglyceridemia (≥ 150 mg/dL)
.
The American Heart Association/National Heart Lung
and Blood Institute (AHA/NHLBI) published a new set of
criteria of MS that abdominal obesity is not required as
a risk factor. The definition provided by the AHA/NHLBI
of abdominal obesity with IDF guidelines was quite
[70,73]
different
. So, in recent years AHA/NHLBI and IDF
offered a new definition of criteria that two side agreed
that abdominal obesity is 1 of 5 criteria for identifying

MS

MS is known as a collection of interrelated abnormalities
[62]
that increase the risk of T2DM and NAFLD . According
to the available data, experimental and epidemiological
studies describe the NAFLD as the hepatic manifestation
[63,64]
of MS
. Today prevalence of MS is increasing and
the main risk factors associated with MS are abdominal
obesity, hypertension, dyslipdemia, insulin resistance
[24]
and glycemia intolerance . Different criteria have
been introduced in recent years to detect MS. The
first criteria definition of MS was published in 1998
by WHO, according to this definition impaired glucose
tolerance, and impaired fasting glucose, T2DM or insulin
resistance are known as essential components of the
MS, along with at least two of the following parameters:
hypertension (> 140/90 mmHg), obesity (BMI = 30
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[91,93]

higher in women in Arab populations
. And also the
other components of the MS, diabetes is more common
among the Arab population than other regions of the
world and is estimated to have increased rapidly in the
[81,91]
region
. Approximately 50% of patients with T2DM
also suffer from MS, whereas the risk of NAFLD in these
[94]
patients is higher more than the other persons .

Table 3 American Heart Association/National Heart, Lung
and Blood Institute metabolic syndrome diagnostic criteria
Measure

Categorical cut points
1

Elevated waist circumference
Elevated triglycerides

Low HDL-C2

Elevated blood pressure

Elevated fasting glucose

Population and country specific
definition
≥ 150 mg/dL (1.7 mmol/L) or drug
treatment for high triglycerides (i.e.,
fibrates or nicotinic acid)
< 40 mg/dL (1.0 mmol/L) in males
< 50 mg/dL (1.3 mmol/L) in females
Or drug treatment for low HDL-C (i.e.,
fibrates or nicotinic acid)
Systolic ≥ 130 mmHg
Diastolic ≥ 85 mmHg
Or drug treatment for hypertension
≥ 100 mg/dL
Or drug treatment for elevated glucose

DISCUSSION
Due to the increasing rate of NAFLD, prevention of
this is one of the most important issues of the world.
Prevention methods of NAFLD that is limited to the
prevention of risk factors, because the pathogenesis of
this disease is unknown. So prevention of the risk factors
of NAFLD such as obesity, insulin resistance, T2DM and
MS is the key strategy to reduce the incidence rate of
[95]
NAFLD in the world . Today, due to drastic changes in
lifestyle and desire to in sedentary lifestyle, because of
rapid economic and social changes in many countries,
including Asian countries, prevalence of obesity, T2DM
and MS are on the rise, which are important risk factors
for NAFLD.
Hence, the key management of NAFLD is lifestyle
modifications. Lifestyle modification programs are
typically designed to change bad eating habits and
increase physical activity that is associated with clinically
significant improvements in obesity, T2DM and MS.
Many studies indicate that lifestyle modification, including
a reduction in intake of saturated fat and refined car
bohydrates and sweetened beverages, may reduce
[96-99]
aminotransferases and improve hepatic steatosis
.
Earlier studies suggested that reduction of body weight
by 10% can normalize liver test, but recent studies have
shown that loss of at least 3%-5% of body weight can
[100,101]
achieve improvement in hepatic steatosis
. Control
and reduce the incidence of insulin resistance and MS is
another important aspect of prevention and management
[7,14]
of NAFLD
. Early detection, appropriate treatment,
and also care programs with essential training can be
an effective step in control and reduce the incidence of
MS, insulin resistance and also cardiovascular disease
and diabetes. Not only Lifestyle changes, weight loss and
regular physical activity are essential first steps for the
prevention and treated patients with NAFLD, but also the
prevention of metabolic risk factors, such as diabetes,
[4]
dyslipidemia, hypertension is also very important .
However, in addition to lifestyle changes for the treatment
of patients with NAFLD, are there specific pharmacologic
therapies such as insulin sensitizers (metformin and
[102-105]
thiazolidinediones)
, weight loss drugs (orlistat and
[106]
[107]
sibutramine) , antioxidants (vitamin E) , and have
also considered bariatric surgery for morbidly obese
[4,108]
patients
.

1

Waist circumference for abdominal obesity by different organization for
each population or country specific: (1) Asian (WHO) ≥ 90 cm men or ≥
80 cm women; (2) Japanese (Japanese obesity society) ≥ 85 cm men or ≥
90 cm women; (3) China (Cooperative Task Force) ≥ 85 cm men or ≥ 80
cm women; (4) Mediterranean and Middle East (Arab) population (IDF) ≥
94 cm men or ≥ 80 cm women; (5) United States (AHA/NHLBI) ≥ 102 cm
men or ≥ 88 cm women; (6) South and Central American (WHO) ≥ 90 cm
men or ≥ 80 cm women; (7) European (European Cardiovascular Societies)
≥ 102 cm men or ≥ 88 cm women; and (8) Sub-Saharan African (IDF) ≥ 94
cm men or ≥ 80 cm women; 2High density lipoprotein cholesterol indicates
high-density lipoprotein cholesterol. Adapted from Alberti et al[74]. AHA/
NHLBI: American Heart Association/National Heart, Lung and Blood
Institute; WHO: World Health Organization; IDF: International diabetes
federation.
[74]

but is not essential for diagnosis (Table 3: Provides the
criteria for clinical diagnosis of the MS).
Prevalence of MS varies and depends on the criteria
[75,76]
used in different definitions
. And it is increasing in
[77]
[78]
different region like Asia and developing countries ,
it has been reported 12.8% to 41.1% in different part
[79]
of the world . Prevalence of MS depends on criteria
used is different for example the IDF guidelines with
a lower abdominal obesity cut-off (90 cm for men, 80
cm for women) identify a greater prevalence of MS
[80-83]
than the NCEP-ATP Ⅲ
. In 2007, the prevalence of
MS in the Iran was reported by IDF and ATPⅢ criteria
[84]
32.1% and 33.2% respectively . According to 2005
[67]
[85,86]
version of IDF criteria, China , Taiwan
, Hong
[87]
[88]
Kong , and Thailand
had prevalence rates ranging
between 10%-15% (in 2008). On the other hand, rates
[89]
for Koreans , approximately one quarter, were higher
[90]
than the Chinese and Thais. India
had significantly
high prevalence rates compared to the rest of Asia.
Unfortunately, no many studies have been done in the
[81]
field of MS in Arab countries . Because of increasing
prevalence of obesity and diabetes in Middle-East
countries particularly in Arab countries, increased risk of
[91,92]
MS is high
.
The major reason for the higher rate using in
the new definition is because of focus on abdominal
obesity, which is the most common component in Arab
[81]
countries . The increased prevalence of MS was shown
in both genders, whereas the increased prevalence is
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AIM: To assess the effectiveness of transjugular
intrahepatic portosystemic stent shunt (TIPSS) in
refractory hepatic hydrothorax (RHH) in a systematic
review and cumulative meta-analysis.
METHODS: A comprehensive literature search
was conducted on MEDLINE, EMBASE, and PubMed
covering the period from January 1970 to August 2014.
Two authors independently selected and abstracted
data from eligible studies. Data were summarized using
a random-effects model. Heterogeneity was assessed
2
using the I test.
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RESULTS: Six studies involving a total of 198 patients
were included in the analysis. The mean (SD) age of
patients was 56 (1.8) years. Most patients (56.9%) had
Child-Turcott-Pugh class C disease. The mean duration of
follow-up was 10 mo (range, 5.7-16 mo). Response to
TIPSS was complete in 55.8% (95%CI: 44.7%-66.9%),
partial in 17.6% (95%CI: 10.9%-24.2%), and absent
in 21.2% (95%CI: 14.2%-28.3%). The mean change in
hepatic venous pressure gradient post-TIPSS was 12.7
mmHg. The incidence of TIPSS-related encephalopathy
was 11.7% (95%CI: 6.3%-17.2%), and the 45-d
mortality was 17.7% (95%CI: 11.34%-24.13%).
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generally recommended as treatments for HH
. In
the absence of a large pneumothorax, hemothorax, or
frank empyema, a chest tube should not be inserted in
[16,17]
patients with HH
.
Up to 25% of patients with HH will become refractory
[18]
[17]
to treatment , compared to only 10% of patients with
cirrhotic ascites. Refractory HH (RHH) has traditionally
been associated with poor prognosis. Patients with RHH
should therefore be considered for liver transplantation.
The treatment strategies for RHH are similar but not
identical to those for refractory ascites. In patients with
prerenal azotemia, therapeutic thoracentesis as a longterm regular treatment is not recommended because of
[6]
the risk for bleeding and pneumothorax . Transjugular
intrahepatic portosystemic stent shunt (TIPSS) is a
nonsurgical, angiographic technique of reducing hepatic
sinusoidal pressure, which then results in a reduction in
the accumulation of fluid in the peritoneal and pleural
space. The procedure is often used as a bridge to liver
transplantation in patients with end-stage liver disease.
Since RHH is an uncommon complication of cirrhosis,
most of the studies on the effectiveness of TIPSS have
been limited to small numbers of patients, primarily
[19-22]
[3,14,23-28]
in the form of case reports
or case series
.
Findings from these studies have varied substantially. The
purpose of this study was to evaluate the effectiveness
of TIPSS in patients with RHH by pooling all available
evidence in a systematic review with cumulative metaanalysis.

Core tip: Evidence on the effectiveness of transjugular
intrahepatic portosystemic stent shunt (TIPSS) in
patients with refractory hepatic hydrothorax (RHH) is
scarce and variable. This paper summarizes available
data on the effectiveness of TIPSS in RHH in a cumu
lative meta-analysis. The sum total of the evidence
shows that TIPSS is associated with a clinically relevant
response in three-quarters of patients with medically
RHH. We suggest that TIPSS be considered early in
patients with RHH, given its impact on quality of life
and prognosis. However, caution should be exercised in
older patients and those with severe underlying liver or
renal dysfunction.
Ditah IC, Al Bawardy BF, Saberi B, Ditah C, Kamath PS.
Transjugular intrahepatic portosystemic stent shunt for medically
refractory hepatic hydrothorax: A systematic review and cumulative
meta-analysis. World J Hepatol 2015; 7(13): 1797-1806 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i13/1797.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i13.1797

INTRODUCTION
Hepatic hydrothorax (HH) is the accumulation of
significant pleural effusion, usually in excess of 500
mL, in a patient with cirrhosis without coexisting
[1-3]
primary cardiopulmonary disease . It is a relatively
uncommon complication of end-stage liver disease, with
an estimated prevalence among cirrhotic patients of 5%
[1,3-5]
to 10%
. Although the exact mechanisms involved
in the development of HH have not been completely
elucidated, the most widely accepted mechanism is the
passage of fluid from the peritoneal to the pleural cavity
through diaphragmatic defects, usually less than 1 cm
[6-9]
in diameter . The one way flow of the ascitic fluid into
the pleural cavity is also thought to be influenced by the
negative intrathoracic pressure. The effusion, typically
a transudate, most commonly occurs in the right
[3,10]
hemithorax (85%)
. Ascites can be absent in up to
[11-13]
20% of patients with HH
. A diagnostic thoracentesis
often confirms diagnosis and excludes infection.
The initial management of HH is similar to that for
ascites. Maximal sodium restriction (< 70-90 mmol/d)
and optimal tolerated diuretics are the first-line therapy.
Therapeutic thoracentesis is a safe and effective way
to rapidly relieve symptoms of dyspnea in patients
[5]
with large effusions (1.5-2.0 L) . However, when
thoracentesis is required more than once every 2 to 3 wk
in patients on maximal sodium restriction and optimal
diuretics, it is considered refractory, and alternative
treatments should be considered. Pleurodesis and
peritoneovenous shunts are surgical options that are
usually associated with rapid fluid reaccumulation and
procedure-related complications, and they are not

WJH|www.wjgnet.com

MATERIALS AND METHODS
Literature search

A comprehensive literature search was conducted using
Ovid on MEDLINE and EMBASE, PubMed Cochrane
Library, and the Web of Science for the period from
January 1970 to August 2014. The search terms included,
in different combinations: “portosystemic shunt”, “trans
jugular intrahepatic stent shunt”, “liver cirrhosis or endstage liver disease”, “hydrothorax”, “pleural effusion” and
“ascites”. The search was limited to studies in humans
published in English. References of articles meeting
inclusion criteria and review articles on the subject were
manually searched for other relevant studies that might
have been missed.

Selection of articles

The selection criteria were studies in: (1) patients
with cirrhosis irrespective of etiology; (2) patients with
medically RHH with or without ascites; and (3) series that
included at least 10 patients. Case reports or series with
fewer than 10 patients were excluded. Two reviewers
(ICD and BFAB) independently screened article titles
and abstracts for selection. Once unrelated articles were
excluded, each eligible article was then reviewed in full.

Data extraction

Data were abstracted by the same 2 investigators onto
standardized paper forms and entered into an Excel
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and/or persistent need for thoracentesis. Radiologically,
complete response was defined as undetectable pleural
effusion on chest radiographs, computed tomogram,
or ultrasonogram; partial response if pleural effusion
decreased compared to pre-TIPSS; and absent response
if pleural effusion was unchanged or increased. The
studies used either radiologic and/or clinical criteria to
assess response to TIPSS.

No. of studies
identified on search
n = 301
Duplicates (13)
No studies reviewed
(abstracts) n = 288
TIPSS in ascites (189)
Bleeding (51)
Reviews (8)
Case reports (32)
Studies eligible
n =8

TIPSS-related complications: (1) HE. TIPSS related
HE was defined as new onset (i.e., never existed prior
to TIPSS) or worsening (increased in frequency or
severity of encephalopathy, compared to pre-TIPSS
status). One study considered HE as TIPSS related if
[24]
it occurred within 30 d of the procedure ; and (2)
Mortality After TIPSS. Death was evaluated as early (i.e.,
occurred within 45 d of the procedure) and overall (death
irrespective of when the event occurred throughout the
follow-up period). The follow-up period varied across
the studies, with the longest duration being 5 years.

< 5 subjects (1)
Spanish language (1)

Included in analysis
n =6

Figure 1 Study selection flow chart. Of a total of 301 studies that included
at least 10 patients in the series, only 6 studies met selection criteria.
TIPSS indicates transjugular intrahepatic portosystemic stent shunt. TIPSS:
Transjugular intrahepatic portosystemic stent shunt.

Statistical analysis

Data from eligible studies were pooled using a randomeffects model with Stata version 11 (Stata Corp LP,
College Station, Texas). Outcomes are expressed as
proportions (percentages) with 95%CIs. The pooled
analyses are presented as forest plots. Since there
were only 6 eligible studies, we determined a priori that
subgroup analyses would not be performed. Statistical
heterogeneity between studies was assessed using the
2
2
Cochran Q test and the I statistic. An I value of greater
than 50% or a P value of less than 0.05 for the Q
statistic was taken to indicate significant heterogeneity.
All analyses were performed in accordance with the
Meta-analysis of Observational Studies in Epidemiology
[29]
guidelines (Table 1) . Since this was a cumulative
meta-analysis, publication bias was not assessed.

spreadsheet (Microsoft Corp, Redmond, Washington).
The following information were abstracted from each
study: author, time period of study, study methods and
participants, outcome of interest [mortality/survival,
response to TIPSS, TIPSS-related complications,
incidence of hepatic encephalopathy (HE), mean change
in hepatic venous pressure gradient (HVPG), and
country of study]. Differences between the 2 abstracting
investigators were settled by reviewing the article
together and seeking an independent input from a third
investigator (BS).

Definition of operational variables

Medically RHH: Patients with underlying liver cirrhosis
who underwent TIPSS because of symptomatic HH that
had failed to respond to sodium (< 2 g/d) restriction,
who had optimal diuretics dosing (maximal tolerated
doses without electrolyte abnormalities or clinically
significant side effects), and who required frequent (more
than once every 2-3 wk) thoracentesis were classified as
having medically RHH.

RESULTS
Literature search results

Six studies involving a total of 198 patients were
included in the analyses. Two studies were excluded
because each had a small number of study subjects
and were judged by 2 of the reviewing authors to be of
[3,25]
poor quality
. Figure 1 summarizes the results of the
literature search, including the reasons for the exclusion
of studies, and Table 2 summarizes the characteristics
of the 6 studies that were included in the analysis.

Response to TIPSS

Response to TIPSS was based on clinical or radiographic
evidence of hydrothorax post-TIPSS. Response was
categorized as complete, partial, or absent. Response
was classified as complete if the patients’ symptoms of
shortness of breath resolved or returned to baseline, with
no evidence of pleural effusion requiring thoracentesis.
Partial response was defined as improvement of
shortness of breath but without complete symptomatic
resolution; thoracentesis was required less frequently
than pre-TIPSS. Absent response was defined as per
sistent or worsening symptoms of shortness of breath

WJH|www.wjgnet.com

Characteristics of study participants

The mean (SD) age of the 198 patients was 56 years (1.8
years) and 52% were male. The majority of patients had
Child class C disease (56.9%), while 40.7% and 0.8%
were Child class B and A, respectively. The mean preand post-TIPSS HVPG values were 20.14 mmHg (range,
17.4-26.0 mmHg) and 7.37 mmHg (range, 5.7-10.0
mmHg), respectively. The mean duration of follow-up
was 10 mo (5.7-16.0 mo). Table 3 shows the results of
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Table 1 Checklist summarizing compliance with meta-analysis of observational studies in Epidemiology Guidelines
MOOSE criteria

a

Met (yes/no)

Reporting background should include
Problem definition
Hypothesis statement
Description of study outcome(s)
Type of exposure or intervention used
Type of study designs used
Study population
Reporting of search strategy should include
Qualifications of searchers (e.g., librarians and investigators)
Search strategy, including time period included in the synthesis and keywords
Effort to include all available studies, including contact with authors
Databases and registries searched
Search software used, name and version, including special features used (e.g., explosion)
Use of hand searching (e.g., reference lists of obtained articles)
List of citations located and those excluded, including justification
Method of addressing articles published in languages other than English
Method of handling abstracts and unpublished studies
Description of any contact with authors
Reporting methods should include
Description of relevance or appropriateness of studies assembled for assessing the hypothesis to be tested
Rationale for the selection and coding of data (e.g., sound clinical principles or convenience)
Documentation of how data were classified and coded (e.g., multiple raters, blinding, and interrater reliability)
Assessment of confounding (e.g., comparability of cases and controls in studies where appropriate)
Assessment of study quality, including blinding of quality assessors; stratification or regression on possible predictors of study results
Assessment of heterogeneity
Description of statistical methods (e.g., complete description of fixed or random effects models, justification of whether the chosen
models account for predictors of study results, dose-response models, or cumulative meta-analysis) in sufficient detail to be replicated
Provision of appropriate tables and graphics
Reporting of results should include
Graphic summarizing individual study estimates and overall estimate
Table giving descriptive information for each study included
Results of sensitivity testing (e.g., subgroup analysis)
Indication of statistical uncertainty of findings
Reporting of discussion should include
Quantitative assessment of bias (e.g., publication bias)
Justification for exclusion (e.g., exclusion of non-English-language citations)
Assessment of quality of included studies
Reporting of conclusions should include
Consideration of alternative explanations for observed results
Generalization of the conclusions (e.g., appropriate for the data presented and within the domain of the literature review)
Guidelines for future research
Disclosure of funding source

Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
NA
Yes
Yes
Yes
Yes
Yes
Yes

a

Adapted from Stroup et al[29]. Used with permission. MOOSE: Meta-analysis of Observational Studies in Epidemiolgy; NA: Not applicable.

the various outcomes of the individual studies.

TIPSS. There was no evidence of heterogeneity among
the studies (P = 0.86 and P = 0.81, respectively).
The incidence of post-TIPSS encephalopathy was
11.7% (95%CI: 6.3%-17.2%) (Figure 4). On this
outcome, however, there was evidence of significant
heterogeneity among the studies (P = 0.04).

RHH response to TIPSS, post-TIPSS mortality, and
incident HE

Response to TIPSS was complete in 55.8% (95%CI:
44.7%-66.9%) (Figure 2A) and partial in 17.6%
(95%CI: 10.9%-24.2%) of patients (Figure 2B). There
was absent response in 21.2% (95%CI: 14.2%-28.3%)
of the patients (Figure 2C). There was no evidence of
heterogeneity among the 6 studies (P = 0.99, P = 0.65,
and P = 0.76) respectively.
Mortality within 45 d (early mortality) of TIPSS
placement was 17.74 (95%CI: 11.34%-24.13%)
(Figure 3A), while the overall mortality post-TIPSS
was 50.17% (95%CI: 39.63%-60.71%) (Figure 3B).
Predictors of mortality included older age, severity of
liver disease, elevated creatinine and nonresponse to

WJH|www.wjgnet.com

DISCUSSION
This study shows that TIPSS relieves symptoms in close
to three-fourths (73%) of patients with RHH. The 45-d
mortality and the 1-year survival in patients with RHH
are comparable to those seen in patients with refractory
ascites and variceal hemorrhage. The most important
predictors of poor outcomes after TIPSS for RHH include
older age and severe underlying liver disease and/or
associated renal dysfunction.
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Table 2 Characteristics of 6 studies evaluating the effectiveness of transjugular intrahepatic portosystemic stent shunt in patients
with refractory hepatic hydrothorax
Ref.

Methods and patients

Gordon et al[14]

Retrospective chart review of 24 consecutive
patients with medically RHH
Post-TIPSS patients underwent Doppler US
studies every 3 to 6 mo
Mean follow-up was 7.2 mo (range, 0.25-49.0 mo)

Outcomes/complications
Post-TIPSS response was categorized
as complete, partial, or absent
Mean change in HVPG
TIPSS patency was assessed by change
in CTP score, survival, and new or
worsened HE

Patients with infection were excluded

Jeffries et al[24]

Siegerstetter et al[26]

Spencer et al[27]

Wilputte et al[28]

Dhanasekaran et al[23]

Remarks
11 patients had variceal bleeding > 4 wk
before TIPSS
Stent revision if decreased flow noted
5 failures were CTP C

12 patients had medically RHH; the rest
of the 9 patients had TIPSS and RHH as
a secondary indication with the primary
indication being intractable ascites (n = 7)
and gastric varices (n = 2)
Immediate pre- and post-TIPSS
prophylactic antibiotics given

Retrospective chart review of 12 consecutive
patients with medically RHH

Post-TIPSS response at ≤ 1 or > 1
mowas categorized as complete,
partial, or absent
Post-TIPSS, patients had Doppler US studies TIPSS-related complications: ≤ 30 and Shunt thrombosis or decreased velocities
every 3 mo
> 30 d
requiredangioplastic revision
Mean follow-up was 173 d (range, 7-926 d)
New-onset or worsened HE survival
4 patients had shunt revisions
Patients with heart failure, HCC, alcoholic
Mean change in HVPG
Patients who died or underwent
hepatitis, or intrinsic renal disease were excluded
transplant ≤ 30 d after TIPSS were
classified as nonresponders to TIPSS
Retrospective chart review of 40 consecutive
Post-TIPSS response was categorized
8 patients had no ascites; RHH was
patients with medically RHH
as complete, partial, or absent
diagnosed by intraperitoneal methylene
blue injection or technetium-Tc-99
Post-TIPSS, patients had Doppler US studies at 4
2 stent size reductions due to chronic HE
wk, then every 3 mo
Predictors of survival:
Mean (SD) follow-up was 14 mo
Mean change in HVPG
[14 (range, 1-54 mo)]
New-onset or worsened HE
Patients with infection were excluded
CTP score improvement
Survival at 1 yr
Retrospective chart review of 21 consecutive
30-d mortality
Prophylactic antibiotics administered
patients with medically RHH
Post-TIPSS, patients had Doppler US studies at 1, Post-TIPSS complications: Early (≤ 30
Radiographic and clinical response
3, and 6 mo, then every 6 mo
d) or late(> 30 d)
Mean follow-up was 223 d
New-onset or worsened HE
TIPSS placement 100% successful
Patients with severe right-sided heart failure and Post-TIPSS response was categorized
1 patient with a partial response was
patients with PVT with cavernous transformation as complete, partial, or absent
weaned off oxygen due to decreased
were excluded
pleural fluid
Mean change in HVPG
Cumulative survival
Retrospective chart review of 28 consecutive
Mean change in HVPG
Stent revised for stenosis, obstruction, or
patients with medically RHH
relapsing RHH
Post-TIPSS, patients had Doppler US at 24 h and 30-d mortality post-TIPSS
Patients who underwent transplant were
at 1, 2, 3, 6, 9, and 12 mo, then every 6 mo
censored at surgery date
Mean (SD) follow-up was 358 d (121 d); 3
Response to TIPSS was categorized as
6 patients required TIPSS revision
patients were excluded due to grade 3 HE, HCC, complete, partial, and absent
cardiopulmonary disease, and infection
2 patients had TIPSS reduction due to
intractable HE
Both covered and uncovered stents were
used
Retrospective chart review of 73 consecutive
Post-TIPSS response at 1 mo and 6 mo
TIPSS catheterization used if stenosis
patients with medically RHH
was categorized as complete, partial,
suspected or RHH reaccumulated
or absent
Patients had Doppler US every 3 mo for 12 mo, Evaluated predictors of response to
Angioplasty performed, if needed
then annually
TIPSS
Patients with heart failure, pulmonary disease, Assessed for new or worsening HE
Uncovered and covered stents used
infection, severe HE, portal vein thrombosis, and
multiple hepatic cysts were excluded
Mean change in HVPG
Overall and 30-d mortality

CTP: Child-Turcotte-Pugh; HE: Hepatic encephalopathy; HCC: Hepatocellular carcinoma; HVPG: Hepatic venous pressure gradient; PVT: Portal vein
thrombosis; RHH: Refractory hepatic hydrothorax; TIPSS: Transjugular intrahepatic portosystemic shunt; US: Ultrasound.
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Table 3 Summary of studies included in the pooled analyses of transjugular intrahepatic portosystemic shunt in patients with
refractory hepatic hydrothorax
Ref.

Partial response (%)

45-d mortality (%)

Gordon et al[14]

No. of patients Complete response (%)
24

58

21

21

1-yr survival (%) Predictors of mortality
NA

Jeffries et al[24]
Siegerstetter et al[26]
Spencer et al[27]
Wilputte et al[28]

12
40
21
28

42
53
57
57

17
28
10
11

25
13
29
14

NA
64
NA
41

Dhanasekaran
et al[23]

73

59

21

19

48

TIPSS nonresponse
CTP class C
Age > 65 yr
Age > 60 yr
Medical comorbidities
CTP score > 10
Mayo score > 1.5
MELD > 15
Nonresponse
Elevated creatinine

CTP: Child-Turcotte-Pugh; MELD: Model for end-stage liver disease; NA: Not applicable; TIPSS: Transjugular intrahepatic portosystemic stent shunt.

A

Complete response to TIPSS-approximately 56%
Study

Period

Dhanasekaran
Gordon
Jeffries
Siegerstetter
Spencer
Wilputte
Overall

Proportion (95%CI)

1992-2008
1992-1995
1993-1997
1994-1998
1995-2000
1992-2001

58.90
58.33
41.67
52.50
57.14
57.14
55.83
0

B

25

50
75
Proportion (%)

(42.63,
(31.89,
(13.53,
(32.50,
(29.53,
(32.66,
(44.74,

79.34)
97.87)
97.24)
80.25)
99.82)
92.80)
66.92)

100

Partial response to TIPSS-approximately 18%
Study
Dhanasekaran
Gordon
Jeffries
Siegerstetter
Spencer
Wilputte
Overall

Period

Proportion (95%CI)

1992-2008
1992-1995
1993-1997
1994-1998
1995-2000
1992-2001

20.55 (11.50, 33.89)
20.83 (6.76, 48.62)
16.67 (2.02, 60.21)
27.50 (13.73, 49.21)
9.52 (1.15, 34.40)
10.71 (2.21, 31.30)
17.58 (10.98, 24.18)
0

C

25
50
Proportion (%)

75

Absent response to TIPSS-21%
Study
Dhanasekaran
Gordon
Jeffries
Siegerstetter
Spencer
Wilputte
Overall

Period

Proportion (95%CI)

1992-2008
1992-1995
1993-1997
1994-1998
1995-2000
1992-2001

20.55 (11.50, 33.89)
20.83 (6.76, 48.62)
41.67 (13.53, 97.23)
15.00 (5.50, 32.65)
23.81 (7.73, 55.56)
32.14 (14.70, 61.02)
21.05 (13.95, 28.14)
0

25
50
75
Proportion (%)

100

Figure 2 Response to transjugular intrahepatic portosystemic stent shunt. A: Forest plot shows that most [55.8% (95%CI: 44.7%-66.9%)] of the 198 patients
in the 6 studies had a complete response (resolution of refractory hepatic hydrothorax without further need for thoracentesis) after TIPSS. There was no evidence of
heterogeneity among studies (P = 0.99); B: About one-fifth [17.6% (10.9%-24.2%)] of the patients had only a partial response (defined as improvement in refractory
hepatic hydrothorax symptoms and/or a decrease for the need for thoracentesis). There was no evidence of heterogeneity among studies (P = 0.65); C: Just over
one-fifth (21.2%) of the patients had no improvement in refractory hepatic hydrothorax after TIPSS. There was no evidence of heterogeneity among studies (P = 0.76).
TIPSS indicates transjugular intrahepatic portosystemic stent shunt.
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A

45-d mortality post-TIPSS-approximately 18%
Study
Dhanasekaran
Gordon
Jeffries
Spencer
Wilputte
Siegerstetter
Overall

Period

Proportion (95%CI)

1992-2008
1992-1995
1993-1997
1995-2000
1992-2001
1994-1998

19.18 (10.48, 32.18)
21.00 (2.58, 36.53)
25.00 (5.16, 73.06)
28.58 (10.49, 62.19)
14.29 (3.89, 36.58)
12.50 (4.10, 29.20)
17.74 (11.34, 24.13)
0

B

25
50
Proportion (%)

75

Overall mortality post-TIPSS-approximately 50%
Study
Dhanasekaran
Gordon
Jeffries
Siegerstetter
Spencer
Wilputte
Overall

Period

Proportion (95%CI)

1992-2008
1992-1995
1993-1997
1994-1998
1995-2000
1992-2001

52.05 (36.84, 71.45)
54.17 (28.84, 92.63)
58.33 (23.45, 120.19)
37.50 (20.99, 61.85)
57.14 (29.53, 99.82)
60.71 (35.37, 97.21)
50.17 (39.63, 60.71)
0

50
75 100 121
Proportion (%)

Figure 3 Mortality after transjugular intrahepatic portosystemic stent shunt. A: Forest plot shows that about one-fifth [17.74% (95%CI: 11.34%-24.13%)] of
the 198 patients in the 6 studies died within 45 d of undergoing TIPSS. There was no evidence of heterogeneity among studies (P = 0.86); B: Overall mortality after
TIPSS was 50.17% (95%CI: 39.63%-60.71%) at a maximum follow-up of 5 years. There was no evidence of heterogeneity among studies (P = 0.81). TIPSS indicates
transjugular intrahepatic portosystemic stent shunt.
Encephalopathy post-TIPSS-approximately 12%
Study
Dhanasekaran
Gordon
Jeffries
Siegerstetter
Spencer
Wilputte
Overall

Period

Proportion (95%CI)

1992-2008
1992-1995
1993-1997
1994-1998
1995-2000
1992-2001

15.07 (7.52, 26.96)
37.50 (17.15, 71.19)
33.33 (9.08, 85.34)
5.00 (0.61, 18.06)
42.86 (19.60, 81.36)
7.14 (0.87, 25.80)
11.74 (6.25, 17.22)
0

25
50
Proportion (%)

87

Figure 4 Encephalopathy after transjugular intrahepatic portosystemic stent. TIPSS-related hepatic encephalopathy (new onset or worsening from baseline)
was noted in 11.7% (95%CI: 6.3%-17.2%) of the 198 patients in the 6 studies. There was, however, evidence of heterogeneity among the studies (P = 0.04). TIPSS
indicates transjugular intrahepatic portosystemic stent shunt.

HH remains a rare complication of liver cirrhosis, with
limited therapeutic options. When symptomatic HH fails
to respond to medical treatment, repeat thoracentesis is
often undertaken. Although thoracentesis is less invasive
than TIPSS and is effective in quickly relieving symptoms
of dyspnea, it can be associated with complications such
as re-expansion pulmonary edema, pneumothorax, and
[5,30]
empyema
. Repeated thoracentesis is also associated
[1,6]
with deteriorating clinical status and poor quality of life .
TIPSS is a nonsurgical approach that decompresses
the portal system, thereby addressing the mechanism
[31]
of fluid collection in the abdomen and/or chest .
TIPSS is superior to other treatment modalities in the
prevention of rebleeding from varices, and its control
of refractory ascites has been well studied in controlled
[32-36]
trials
. In contrast, controlled studies on its use in

WJH|www.wjgnet.com

patients with RHH are lacking, and comparative studies
[37,38]
with other treatment options may not be feasible
.
Consequently, evidence on the effectiveness of TIPSS
in RHH has been limited to case series with often small
numbers of study participants. Results from the 6 studies
included in this pooled analysis found a wide range of
responses and complication rates, perhaps due to the
lack of statistical power. In this study, we combined data
from all the small studies, which allowed us to provide
the best evidence on TIPSS effectiveness in RHH.
One-fifth of the patients died in the first 45 d
after TIPSS placement. This number is well within the
range for mortality following TIPSS use in patients
[39-44]
with refractory ascites and variceal bleeding
. Early
mortality was observed in patients who developed
progressive liver failure, sepsis, renal failure, bleeding,

1803

July 8, 2015|Volume 7|Issue 13|

Ditah IC et al . TIPSS in refractory hepatic hydrothorax
cardiac complications, and pulmonary complications.
Pre-TIPSS factors associated with post-TIPSS mortality
included older age, severe liver disease as measured
by the Child-Turcott-Pugh score, and renal dysfunction.
Ideally, patients with a high likelihood of decompensation
after TIPSS should also initiate evaluation for liver
transplantation, with TIPSS serving only as a bridge. In a
[45]
meta-analysis of individual patient data, Salerno et al
also found that a model composed of age (< 60 years),
bilirubin (< 3 mg/dL), and sodium level reliably predicted
successful outcomes after TIPSS placement in patients
with refractory ascites.
Another important outcome of this study was
estimating the incidence of TIPSS-related HE. HE has
been shown to predict mortality after TIPSS placement,
[46]
with survival decreasing from 8 years to about 2 years .
The overall incidence of TIPSS-related HE was noted to
be 12%. This rate falls within the rate of HE observed
[34,35,47]
with TIPSS for established indications
. The
heterogeneity noted between the studies on HE incidence
highlights the fact that its diagnosis is subjective.
These results should be interpreted bearing in mind
the following: First, this summative analysis was based
purely on the published medical literature. We did not
have access to individual patient data, which could
have allowed us to perform more detailed analysis,
especially on factors associated with response to TIPSS
and survival (e.g., acute liver failure and procedure
related complications). Second, contrary to the extensive
literature on refractory ascites, there is a complete lack
of controlled trials comparing TIPSS to other therapeutic
options for RHH. Conducting a randomized controlled trial
on RHH is not feasible because of its relative rarity, and a
step-up approach in management is often preferred by
clinicians. Most of the 6 studies did not have information
[23]
on what type of stents were used. Dhanasekaran et al
compared patients with covered and uncovered stents in
a subgroup analysis and found no significant difference
in survival, although the patients with covered stents
had longer patency rates. Perhaps the small number of
patients with covered stents in that study led to the nonsignificant result. It has been reported that patients who
receive covered stents have better outcomes than those
[48]
who receive uncovered stents .
To our knowledge, this is the first ever pooled
analysis on TIPSS in patients with RHH. By combining
data from all available studies, we were able to present
the best evidence on the effectiveness of TIPSS in RHH.
We showed that TIPSS is a reasonable therapeutic
option in patients with RHH. It is associated with a
clinically relevant response in close to three-fourths
of patients with RHH. The incidence of TIPSS-related
complications in RHH is similar to that observed with
other established indications for TIPSS. We suggest that
TIPSS should be considered relatively early in patients
with RHH, given their poor prognosis. However, caution
should be exercised in older patients and in those with
severe underlying liver or renal dysfunction.
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COMMENTS
COMMENTS
Background

Hepatic hydrothorax (HH) which is the accumulation of “ascitic fluid” in the
pleural cavity is an uncommon complication of cirrhosis with poor prognosis.
When HH fils to respond to traditional medical management (salt restriction and
diuretics), it is referred to as refractory HH (RHH).

Research frontiers

Therapeutic options for RHH are limited. Transjugular intrahepatic portosystemic shunt (TIPSS) has been proposed as an option for RHH. Because
HH is rare, studies on the effectiveness of TIPSS in RHH have been restricted
to small numbers of patients and findings have varied substantially and are
controversial.

Innovations and breakthroughs

The purpose of this study was to evaluate the effectiveness of TIPSS in
patients with RHH by pooling all available evidence in a systematic review and
cumulative meta-analysis. By combining data from all available studies, the
authors generated enough statistical power to study the clinical effectiveness of
TIPSS in RHH.

Applications

This study shows that TIPSS leads to a clinically relevant response in about
three-fourths (73%) of patients with RHH. The 45-d mortality and the 1-year
survival in patients with RHH are comparable to those seen in patients with
refractory ascites and variceal hemorrhage. The most important predictors of
poor outcomes after TIPSS for RHH include older age and severe underlying
liver disease and/or associated renal dysfunction. The authors suggest that
TIPSS should be considered early in patients with RHH.

Terminology

HH is the accumulation of fluid in the pleural cavity in patients with cirrhosis.
The most widely accepted mechanism for HH is the passage of fluid from
the peritoneal to the pleural cavity through a diaphragmatic defect. When HH
fails to respond to medical management including salt restriction and maximal
tolerated diuretics, it is considered refractory. Transjugular intrahepatic portosystemic shunt decompresses the portal system, thereby addressing the
mechanism of fluid collection in the abdomen and/or chest.

Peer-review

The manuscript is very well written.
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EDITORIAL

Hepatic metastatic disease in pediatric and adolescent solid
tumors
Israel Fernandez-Pineda, John A Sandoval, Andrew M Davidoff
demonstrated therapeutic benefits in select patients.
However, there are few reports in the literature on the
management of hepatic metastatic disease in the pediatric
and adolescent populations and the effectiveness of
hepatic metastasectomy. This may be due to the much
lower incidence of pediatric malignancies and the higher
chemosensitivity of childhood tumors which make hepatic
metastasectomy less likely to be required. We review
liver involvement with metastatic disease from the main
pediatric solid tumors, including neuroblastoma and
Wilms tumor focusing on the management and treatment
options. We also review other solid malignant tumors
which may have liver metastases including germ cell
tumors, gastrointestinal stromal tumors, osteosarcoma,
desmoplastic small round cell tumors and NET. However,
these histological subtypes are so rare in the pediatric
and adolescent populations that the exact incidence
and best management of hepatic metastatic disease are
unknown and can only be extrapolated from adult series.
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Core tip: Management of hepatic metastatic disease in
pediatric and adolescent cancer patients is not as well
delineated as for adults due to the lower incidence of
pediatric malignancies and the higher chemosensitivity
of childhood tumors. We review liver involvement by
metastatic disease from the main pediatric and adolescent
solid tumors focusing on management and treatment
options.

Abstract
Fernandez-Pineda I, Sandoval JA, Davidoff AM. Hepatic
metastatic disease in pediatric and adolescent solid tumors. World
J Hepatol 2015; 7(14): 1807-1817 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i14/1807.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i14.1807

The management of hepatic metastatic disease from
solid tumors in adults has been extensively described
and resection of metastatic liver lesions from colorectal
adenocarcinoma, renal adenocarcinoma, breast cancer,
testicular cancer, and neuroendocrine tumors (NET) have
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obstruction to improve liver function tests and permit
the continuation of chemotherapy. Herein, we review
liver involvement by metastatic disease from the main
pediatric and adolescent solid tumors focusing on
management and treatment options.

INTRODUCTION
Cancer is the most common cause of disease-related
mortality for children and adolescents 1-19 years of
[1]
age . More than 12000 children and adolescents
younger than 20 years of age are diagnosed with cancer
every year in United States with approximately 2300
[2,3]
deaths in this age group . Primary liver malignancies
are uncommon in children (annual incidence rate of
1.5 per million) and account for only 0.5% to 2% of all
pediatric neoplasms (100-150 new cases/year in United
States). The two main histologies are hepatoblastoma
[1,4]
and hepatocellular carcinoma . Hepatoblastoma is the
most common malignant tumor of the liver in children
with a higher incidence during the first year of life.
Hepatocellular carcinoma is the second most common
[5]
hepatic malignancy and occurrs primarily in adolescents .
The most common site of origin of liver metastases
in children with solid tumors is neuroblastoma (NB)
followed by Wilms tumor (WT). Other solid malignant
tumors which may give liver metastases are germ cell
tumors (GCT), gastrointestinal stromal tumors (GIST),
osteosarcoma (OS), desmoplastic small round cell
[6,7]
tumors and neuroendocrine tumors (NET) . Table 1
summarizes liver involvement from pediatric solid tumors.
Some histological subtypes are so rare in the pediatric
population that the exact incidence of hepatic metastatic
disease is unknown and extrapolated from series of adult
patients. Although hepatic metastatic disease in adults
is often associated with abnormal liver function tests,
including a decreased serum albumin and elevated serum
levels of transaminases, bilirubin and alkaline phosphatase,
these findings are rarely seen in pediatric patients with
hepatic tumor involvement. While the exact mechanisms
underlying hepatic metastasis in children remain unclear,
we briefly summarize tumor biology concepts underlying
liver metastatic disease.
Different treatment modalities have been used in
the management of liver metastases in childhood in
cluding systemic chemotherapy, radiation therapy (RT),
surgical resection, ablation techniques and image-guided
interventional procedures (Table 1). Surgical resection
of liver metastases from colorectal adenocarcinoma,
renal adenocarcinoma, breast cancer, testicular cancer,
and NET is feasible and has demonstrated therapeutic
[8-13]
benefits in select adult patients
. The role of surgery
for hepatic metastatic disease in pediatric malignancies
is not as well described as for adults. This may be due to
the lower incidence of malignancies in children and the
higher chemosensitivity of pediatric histological subtypes.
The decision to perform resection of liver metastases in
pediatric cancer patients should be highly individualized
with a clear understanding of tumor biology and
chemosensitivity.
Patients whose primary tumor is under control and
have adequate hepatic reserve for resection may be
good candidates for liver metastasectomies. Some
other patients may not be good surgical candidates but
they may benefit from surgical relief of tumor biliary
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TUMOR BIOLOGY IN HEPATIC
METASTASIS
As dissemination of systemic metastasis to the liver in
advanced stage pediatric solid neoplasms is limited, the
liver remains a select host to pediatric solid cancers,
particularly NB and WT. While the exact mechanisms
underlying hepatic metastases remain unclear in these
particular tumors, the general understanding of the
interactions between metastatic tumor cells and the liver
microenvironment involves a reciprocal dynamic between
[14]
primary tumor and the hepatic microenvironment .
Metastatic cells arriving at the liver via the bloodstream
encounter the microenvironment of the hepatic sinusoid.
The interactions of the tumor cells with hepatic sinu
soidal and extrasinusoidal cells (endothelial, Kupffer,
stellate, and inflammatory cells) determine their fate.
The sinusoidal cells may play a dual role, sometimes
killing the tumor cells but also facilitating their survival
and growth. Adhesion molecules participate in these
interactions and may affect their outcome. In NB and
WT, for instance, the association of various growth
factors, cell adhesion molecules, and extracellular matrix
proteins have been described for these tumors and have
[15,16]
been shown to be involved in metastases
. Lastly,
bone marrow-derived cells and chemokines play a part
in the early struggle for survival of the metastases. Once
the tumor cells have arrested and survived the initial
onslaught, tumors can grow within the liver in 3 distinct
patterns, reflecting differing host responses, mechanisms
of vascularization, and proteolytic activity. While much
has been accomplished in the understanding of the
complex biology of liver metastases, in the following
sections, we emphasize recent progress in the clinical
management and treatment of hepatic metastases in
advanced childhood tumors. We refer the reader to the
[17-19]
references
for reviews on the current understanding
of the biology of liver metastases.

NB
NB is the most common extracranial malignant solid
tumor in the pediatric population, representing approxi
mately 8%-10% of total cancer cases in children
[20]
younger than 15 years of age . More than 650 cases
are diagnosed each year in North America (incidence
of 10.54 cases per 1 million per year). The prognosis of
NB is dependent on age at diagnosis, stage of disease,
histology and molecular biologic characteristics of the
[21-24]
tumor (e.g., amplification of MYCN-oncogene)
.
Specifically, age less than 1 year is associated with a
favourable prognosis, while MYCN-oncogene-ampli
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Table 1 Metastatic disease, liver metastases and treatment options in pediatric solid tumors
Primary malignancy
NB
WT
GCT
GIST
OS
DSRCT
NET

Metastatic disease at diagnosis

Hepatic metastatic disease

Treatment options

50%-60%
10%-20%
20%-30%
30%-40%1
15%-20%1
30%-50%1
30%-45%1

20%-30%
10%-15%
15%-20%1
15%-20%1
1%-3%1
30%-40%1
30%-45%1

Surgery, chemotherapy and radiation therapy
Surgery, chemotherapy and radiation therapy
Surgery and chemotherapy
Surgery and imatinib
Surgery
HIPEC and surgery
Surgery, HAE, cryoablation, radiofrequency ablation, liver
transplant and radionuclides therapy

1

Data from adult populations. DSRCT: Desmoplastic small round cell tumor; GCT: Germ cell tumor; GIST: Gastrointestinal stromal tumor; NB:
Neuroblastoma; NET: Neuroendocrine tumor; OS: Osteosarcoma; WT: Wilms tumor; HAE: Hepatic artery embolization; HIPEC: Hyperthermic peritoneal
perfusion with chemotherapy.

A

B

Figure 1 Hepatic involvement from (A) stage 4S vs (B) stage 4 neuroblastoma. Primary neuroblastoma (arrowhead).
[25-27]

[31]

fication confers a poor prognosis
. Since NB is the
most common pediatric extracranial solid tumor and
the most frequent tumor which metastasizes to liver
in children, knowledge of the management of hepatic
metastatic disease from NB is particularly important.
Approximately, 30% of NB patients with metastatic
disease have liver involvement and two distinct clinical
entities can be differentiated: stage 4S (or metastatic
which metastases are confined to skin, liver and/or bone
marrow in children younger than 18 mo, according to the
International Neuroblastoma Risk Group Staging System)
[28]
and stage 4 (or metastatic) . Liver involvement is seen
in approximately 80% of patients with stage 4S NB,
whereas 10%-50% of stage 4 NB patients have liver
[29]
metastasis . Differences have been observed in the
initial presentation of hepatic metastatic disease from
NB in these 2 stages. Stage 4S NB is reported to usually
present with multiple ill-defined nodules or diffuse liver
involvement where stage 4 NB hepatic involvement
presents more frequently with discrete liver nodules
(Figure 1).

of stage 4S NB by D’Angio et al
in 1971, reported
frequent spontaneous tumor regression without adjuvant
therapy. More recent reports have confirmed that stage
4S NB, with or without liver involvement, resolved in
[32,33]
up to 50% of the cases without requiring therapy
.
Overall survival is approximately 85%-92% in this
group of patients and mortality is generally secondary
to massive hepatic tumor infiltration causing respiratory
compromise.
[34]
DuBois et al
reported the incidence of metastatic
sites in stage 4 and 4S NB and the extent to which
metastatic sites correlate with age, tumor biology, and
survival. With regards to hepatic involvement, they
showed that liver metastases were associated with a
more favorable outcome overall, but in infants predicted
a slightly greater event-free survival (EFS) and were
associated with non-amplified MYCN and favorable
histology tumors, while in children > 1 year at diagnosis,
liver metastases were an unfavorable prognostic marker
and associated with MYCN-amplified tumors. Although
excellent outcome in stage 4S NB is common, there
are subsets of infants with massive infiltration of the
liver by tumor who experience significant morbidity
and mortality secondary to respiratory compromise
and symptoms of abdominal compartment syndrome
with decreased venous return, renal impairment and
[35,36]
[30]
coagulation disorders
. Nickerson et al
from the
Children’s Cancer Study Group reported six deaths, five

Stage 4S NB

Stage 4S NB is defined by a localized primary tumor with
dissemination limited to skin, liver, and/or bone marrow
[30]
(involvement < 10%) in infants younger than 12 mo .
Bone marrow involvement > 10% or bone involvement
is considered stage 4 disease. The first description
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of which were in infants younger than 2 mo of age at
diagnosis and were due to complications of extensive
abdominal involvement with respiratory compromise or
disseminated intravascular coagulation. Schleiermacher
[37]
et al
reported that patients with stage 4S NB and
progressive disease had a 20% mortality rate and
suggested that the combination of etoposide and car
boplatin may be more effective in these infants than
radiation or vincristine and cyclophosphamide.
Multimodality therapy with surgery, radiation and
chemotherapy has been used but the outcome of
this approach has not yet been ascertained. In 2004,
[38]
Weintraub et al
reported the first successful case of
hepatic intra-arterial chemoembolization (HACE) in a
neonate and 8 years later, they published a sequential
treatment algorithm for infants with stage 4S NB and
massive hepatomegaly based on initial observation
without treatment, intravenous chemotherapy for those
who have progressive disease and HACE for patients
[39]
with progression despite chemotherapy . Surgical
management by partial hepatic resection or abdominal
decompression with mesh placement in case of abdominal
compartment syndrome has a high rate of associated
[40]
complications and has rarely been shown to be effective .

4S or 4 NB are rare and when they do occur, often
resolve over time. Also, infants with NB and metastatic
hepatic disease seem to be a specific risk-group for the
development of focal nodular hyperplasia (FNH) of the
liver, especially if they underwent chemotherapy and/or
hepatic RT during treatment and it should be considered
[47]
in patients with persistent late imaging changes .
Although FNH is a benign lesion that is typically managed
conservatively in adults, most children with FNH undergo
biopsy or resection because of increasing size, concerning
symptoms or inability to rule out malignancy, especially
[48,49]
in pediatric cancer survivors
.
Long-term follow-up guidelines from the Children’s
Oncology Group (COG) recommend yearly hepatic
bloodwork screening (aspartate aminotransferase,
alanine aminotransferase, and bilirubin) upon entry to
the long-term follow-up clinic with repeat bloodwork
only if clinically indicated in a patient that has received
greater than 20-30 Gy to the liver. Bloodwork to check
liver function is recommended by COG if there is an
[50,51]
abnormality on screening bloodwork
.
In summary, although stage 4 NB patients with
isolated liver metastases may benefit from resection
of these lesions, this is a rare clinical situation. Careful
patient selection is indicated focusing on the histological
tumor characteristics, evaluation of extrahepatic
metastatic disease and tumor chemosensitivity. The
role of surgery by partial liver resection or abdominal
decompression with mesh or silo placement in stage
4S patients with massive hepatomegaly who are not
responsive to chemotherapy/RT is also controversial and
it has rarely been shown to be effective.

Stage 4 NB

Stage 4 NB patients under 1 year of age have an overall
survival ranging from 70% to 93%, in contrast to overall
survival between 35% and 60% for patients greater
than 1 year. Patients with isolated liver metastases
may benefit from resection of these lesions, resulting in
[41,42]
prolonged survival and/or treatment reductions
, but
these clinical circumstances are rare and several factors
including histological tumor characteristics and close
evaluation of extrahepatic metastatic disease should be
discussed before considering hepatic metastasectomies.
There are some reports of stage 4S NB that recurs after
initial regression or progresses to stage 4 with bone
metastases. There are no guidelines for patients with
responsive extrahepatic metastatic disease to therapy
and persistent liver disease. The biology of the tumor
may lead the therapeutic approach and tumors without
MYC-N amplification may have a chance of survival and
[43-45]
no indication for major liver resections
.
[46]
French et al
investigated the long-term hepatic
outcomes in infants with stage 4S and 4 NB, with a
special focus on the impact of liver involvement and
abdominal radiation. They reviewed 38 patients with
available follow-up 5 years following diagnosis, assessing
hepatic imaging and function (transaminases, bilirubin,
alkaline phosphatase). For stage 4S, benign hepatic
changes on imaging studies in patients treated with
hepatic radiation as well as those who had hepatic
involvement at diagnosis but did not receive radiation
were observed. For infants with stage 4 and hepatic
metastasis at diagnosis, none was found to have late
hepatic imaging changes. Blood work was normal in both
groups. They concluded that adverse hepatic outcomes
after liver involvement or radiation in infants with stage

WJH|www.wjgnet.com

WT
WT or nephroblastoma is the most common malignant
renal tumor in children, representing approximately
6% of total cancer diagnoses among children younger
than 15 years with 500 new cases in United States each
[1]
year . Overall survival for children with WT has been
consistently above 90% since the 1980s. Prognosis
depends on the stage of disease at diagnosis and
histopathologic and molecular features of the tumor.
According to the staging criteria, the primary renal
tumor is assigned a local stage (1-3), which determines
[52-55]
local therapy with or without RT
. Stage 4 WT is
defined by hematogenous metastases or lymph node
metastases outside the abdominopelvic region and it
[56]
represents 10% of the patients . The most common
sites of metastatic spread of WT are the lungs, regional
lymph nodes and liver. In the National Wilms Tumor
Study Group (NWTSG), the lung was the only metastatic
site in approximately 80% of patients presenting with
stage 4 disease at diagnosis, whereas metastases were
present in the liver with or without lung involvement in
[56-60]
15% of the patients
.
Metastatic disease is recognized as a poor prognostic
factor with a lower overall survival rate that ranges from
30%-50% for diffuse anaplastic WT to 85% for favorable
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improved outcome may be the result of having limited
hepatic disease and being a more appropriate surgical
candidate. There was no significant difference in EFS
for patients treated with chemotherapy compared with
that of patients treated with chemotherapy and RT (P =
0.63). The EFS (95%CI) for patients who did not receive
abdominal RT was 64% compared to 77% for patients
who received abdominal RT without boost and 72%
for patients who received abdominal RT with boost (P
= 0.05). They concluded that liver metastases was not
an independent adverse prognostic factor for children
with stage 4 favorable histology WT. Although a more
aggressive initial surgical approach for a child with WT
and liver metastasis is not supported by this report,
patients with residual liver disease after treatment with
chemotherapy and/or RT that could be completely
resected did well, suggesting there may be a role for
complete surgical resection of residual metastases after
adjuvant therapy. Furthermore, the impact of boost
radiation to liver metastases on survival was not clear.
The current approach for hepatic only metastatic disease
WT patients depends on the tumor histology and type of
protocol. Patients with favorable histology WT enrolled
on the NWTSG protocol will undergo nephrectomy
and lymph node sampling, followed by abdominal RT
(planned according to local stage of renal tumor) and RT
to sites of metastases and regimen DD-4A (vincristine,
[61]
dactinomycin, doxorubicin × 24 wk) .
In conclusion, a role exists for complete surgical
resection of residual metastases after adjuvant therapy
in children with WT (Figure 2), a tumor that generally is
very sensitive to chemotherapy.

Figure 2 Patient with stage 3 favourable histology Wilms tumor who
recurred eight years after therapy with an isolated liver metastasis. As part
of the therapy for this disease recurrence, he underwent right hepatectomy and
is currently disease free six years later.
[61]

[62]

histology WT . Varan et al reported results from 1971
to 2002 on 18 patients with liver metastases who were
noted to have a lower overall survival than patients with
pulmonary disease (16.6% vs 50.2%). These authors
recommended a more intensive chemotherapy and more
aggressive surgical treatment for patients with hepatic
[63]
metastatic disease. Breslow et al
in the past have
given a detailed analysis on the metastatic pattern of
children with stage 4 WT from the NWTSG which showed
no difference in survival according to metastatic site (liver
[64]
and/or lung vs lung only). Szavay et al observed a less
favorable outcome in 29 patients with WT complicated
by metastases of the liver primarily enrolled in the
International Society of Pediatric Oncology (SIOP) and
the German Pediatric Oncology Group studies, SIOP
93-01/GPOH study and the SIOP 2001/GPOH study.
[65]
Two years later, Fuchs et al
published a series of a
total of 45 patients enrolled in these two studies that
corroborated the previous findings and suggested that
successful complete surgical resection of the primary
tumor and of liver metastases in children with WT
improves survival.
[66]
Ehrlich et al reported the largest series about the
treatment and outcomes of patients with WT metastatic
to the liver. They reviewed patients with favorable
histology WT and hepatic metastasis at diagnosis
treated on NWTS 4 and 5 to ascertain if they had a
worse prognosis than other stage 4 disease. A total of
96 patients were identified. Twenty-two patients (22.9%)
had a primary liver resection; 13 patients (13.5%)
underwent liver resection after chemotherapy and/or RT.
Seventy-one patients (67%) did not undergo surgery
for their liver disease. In 14 patients, the liver disease
disappeared with chemotherapy only. Eighty-two
patients received abdominal RT. EFS for the patients with
liver only metastatic favorable histology WT was 76%
(95%CI: 58%, 87%) compared to 70% for patients with
liver and lung involvement. EFS (95%CI) for the patients
with primary resection of the liver metastases was 86%
compared with 68% (P = 0.09) for the patients who
did not have primary resection of liver metastases. This
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OTHER MALIGNANCIES
GCT

GCT represent 7% of cancer diagnoses among children
younger than 20% and 3.5% of cancer diagnoses for
children younger than 15 with approximately 900 new
[1]
cases under 20 years of age each year in United States .
After the introduction of cisplatin-based chemotherapy in
the 1970s, the survival of children with GCTs substantially
improved. For gonadal GCT, the 5-year survival rate has
increased from 89% to 98% for children younger than
15 years and from 70% to 95% for adolescents aged
15 to 19 years. Extragonadal GCT 5-year survival rate
has increased from 42% to 83% for children younger
[67-69]
than 15 years
. The effectiveness of chemotherapy
is monitored by decreases in serum tumor markers
(alpha-fetoprotein and beta-HCG) which are produced
by malignant GCT. Stage 4 disease includes distant
metastases to liver, brain, bone, or lung. The presence
of liver metastases represents an independent poor
prognostic factor and one of the strongest indicators of a
poor long-term outcome in adult patients with advanced
GCTs. The literature suggests that liver resection in this
[70]
[71]
age group age is feasible and safe . Rivoire et al
reported 37 patients with a median age of 26 years
(range, 14-47 years) who underwent liver resection
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[81]

for the treatment of metastatic GCT. Their results were
favorable with a median survival of 54 mo and an overall
5-year survival rate of 62% which appeared to justify an
aggressive surgical approach for treatment of patients
with postchemotherapy residual hepatic metastatic
disease. Interestingly, time to appearance of liver
metastases, lesion distribution within the liver, timing of
liver surgery, extent of resection, and size of resection
margins were not of additional predictive value. They
recommended close follow-up for patients with residual
liver metastases measuring < 10 mm regardless of the
primary tumor type and patient gender; close follow-up
for male patients with residual metastases measuring
> 30 mm regardless of the primary tumor type and
delayed surgery for surviving patients with growing
lesions even if they are teratomas; liver resection for
male patients with metastases measuring 10-29 mm,
particularly in the absence of embryonal carcinoma in the
primary or mixed tumor; and liver resection for female
patients with metastases measuring > 10 mm.
The differences between children and adults
regarding the location of the primary GCT site, pattern
of metastatic dissemination and the biology of childhood
GCTs may limit the applicability of adult therapeutic
approaches to children. A report from the Children’s
Cancer Study Group showed that patients with malignant
GCTs, (excluding dysgerminoma and tumors of the testis
or brain) with more than one structure or organ involved
[72,73]
at diagnosis increased the risk for adverse event
.
[74]
In another study
from the Pediatric Oncology Group
that aimed to investigate prognostic factors for pediatric
extragonadal malignant GCT, patients older than 12
years of age with thoracic tumors had six times the risk
of death compared with patients younger than 12 years
of age with tumors at other sites. Metastatic disease at
diagnosis was not a statistically significant prognostic
factor for EFS. The role of postchemotherapy surgical
exeresis of all residual hepatic metastatic disease
may be justified for evaluation of the effectiveness of
chemotherapy and resection of refractory disease, but
this needs to be individualized.

predict clinical behavior . Multifocal tumors and nodal
metastases are common, which account for the high
incidence of local recurrence seen in the pediatric popu
[82]
lation . Pathogenesis in children and young adults may
also differ from that of adult GIST, because activating
mutations of KIT and platelet-derived growth factor
receptor (PDGFR), which are seen in 90% of adult GIST,
are present in only 11% of pediatric GIST. This fact is
important in terms of therapeutic management. The
administration of adjuvant imatinib mesylate, a selective
tyrosine kinase inhibitor, has been shown to improve EFS
in adult patients with GIST but this benefit is restricted to
those with KIT and PDGFR mutations, and thus the use
of this agent in pediatric GIST cannot be recommended
[83-85]
if the mutation is not present
. Responses to imatinib
in pediatric patients are uncommon and consist mainly
[86]
of disease stabilization . At presentation, approximately
half of adult GISTs have already metastasized with the
liver being the most frequent site of metastases. In
this age group, gastric tumors of large size (> 5 cm)
or arising from small intestine, colon, mesentery and
omentum have a high frequency of recurrence and liver
metastases. Few pediatric GISTs with hepatic metastatic
[87]
disease have been reported .
The only definitive treatment for GIST is surgical
resection, since it is highly resistant to conventional
systemic chemotherapy and RT. The mainstay of surgical
resection is to achieve a complete resection with negative
[88]
margins in the primary and/or the metastatic disease .
Treatment varies based on whether a mutation is
detected or not. For most pediatric patients with GIST
and absence of KIT and PDGFR mutations, complete
surgical resection of localized disease is recommended
as long as it can be accomplished without significant
morbidity. Since lymph node involvement is relatively
common in younger patients, searching for overt or
occult nodal involvement should be encouraged. Given
the indolent course of the disease in pediatric patients,
it is reasonable to withhold extensive and mutilative
surgeries and to carefully observe children with locally
[89]
recurrent or unresectable asymptomatic disease .
The few pediatric patients with KIT or PDGFR mutations
should be managed according to adult guidelines and
for those patients, resection of hepatic metastases
following imatinib treatment may be curative when
the primary disease has been eradicated and negative
surgical resection margins are attained. Patients with
solitary or limited hepatic metastases may be potential
surgical candidates. However, a large tumor burden in
the hepatic parenchyma may prohibit resection given the
risk of insufficient remaining liver tissue and subsequent
postoperative liver failure. Other treatment options
may include thermal ablation (radiofrequency, laser,
microwave, cryoablation), hepatic artery embolization
and hepatic artery chemoembolization, but no experience
[90,91]
has been reported in pediatric GIST patients
.
In conclusion, the few pediatric patients with KIT or
PDGFR mutations who present with solitary or limited
hepatic metastases may be potential surgical candidates.

GIST

GIST is a mesenchymal neoplasm of the gastrointestinal
tract that originates from intestinal pacemaker cells,
also known as interstitial cells of Cajal. It is typically
seen in adults over the age of 40 and children are
rarely affected. It has been estimated that there are
3300 to 6000 new GIST cases per year in the United
[75,76]
States
. Of all GISTs, 1.4% to 2.7% occur in children
[77]
and adolescents in large series . A minority of GIST in
pediatric patients (10%) can arise within the context of
tumor predisposition syndromes such as Carney triad
[78,79]
and Carney-Stratakis syndrome
. Pediatric GIST is
commonly located in the stomach (gastric antrum) and
[80]
usually occurs in adolescent females . Histology in
children is characterized by a predominance of epithelioid
or epithelioid/spindle cell morphology and, unlike adult
GIST, their mitotic rate does not appear to accurately
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[103]

Given the indolent course of GIST in pediatric patients
with absence of KIT and PDGFR mutations, it is reason
able to withhold extensive hepatic resections, but further
investigations are needed.

et al
have recently published the largest series
with a multimodal management of abdominal DSRCT.
They reported on 38 patients with a median age of
27 years (range 13-57 years), but some adolescents
were included. Nearly half of the patients at the time
of diagnosis had extraperitoneal metastases with the
liver involved in 78% of the cases. Different treatment
modalities were used including systemic chemothe
rapy, surgery, HIPEC and RT. They concluded that the
factors predictive of 3-year overall survival were the
absence of extraperitoneal disease, complete surgical
resection, postoperative whole abdominopelvic RT and
postoperative chemotherapy. Patients with synchronous
liver metastases treated with peritoneal cytoreductive
surgery had an overall survival (14.8 mo) similar to
patients treated with systemic chemotherapy alone.
Therefore, no benefit of surgery was demonstrated in
this group of patients. HIPEC had no impact on overall
[104,105]
survival. In contrast, Hayes-Jordan et al
published
the first report on the use of HIPEC in young children
and showed that patients with disease limited to the
abdominal cavity, including those with resectable liver
metastases, were good candidates for HIPEC with good
outcomes.
Therefore, conclusions about the best management
of hepatic metastatic disease in DSRCT are difficult
to draw. More studies in children and adolescents are
necessary to elucidate if a different clinical behavior is
documented in this age group.

OS

OS is the most common malignant bone tumor arising
in children and adolescents. In the United States, 400
children and adolescents younger than 20 years of
[1]
age are diagnosed with OS each year . At diagnosis,
20% of patients will have radiographically detectable
metastases, with the lung being the most common site.
With improved survival of OS patients with pulmonary
metastatic disease owing to a more aggressive treatment
with surgery and intensified chemotherapy, the pattern
[92-95]
of metastatic disease may be changing
. Moreover,
new imaging modalities which are more sensitive at
discovering new metastatic lesions are being incorporated
in the tumor protocols.
Although extrapulmonary metastatic disease from OS
is considered rare and generally occurs after the diagnosis
of pulmonary metastases, a few studies also report
some cases with presentation of isolated extrapulmonary
[96]
metastases and no signs of lung invasion . Hepatic
metastatic disease from OS is extremely rare and few
cases with or without simultaneous pulmonary metastases
have been reported, although it is more commonly found
[97]
[98]
at autopsy . Daw et al
reported a case of ossified
hepatic metastases detected at the time of diagnosis
of a secondary OS. Complete resection of all disease is
required for cure in patients with OS. Whereas pulmonary
metastasectomy for OS has been shown to improve
survival, surgical resection of hepatic metastases for this
[99,100]
disease has been less well characterized
. Despite
multimodal therapy including different chemotherapeutic
agents, surgical resection and radiofrequency ablation,
OS patients with hepatic metastatic disease have a poor
prognosis and selection of surgical candidates must be
individualized.

NET

NET are rarely seen in the pediatric population with
[106]
an incidence rate of 2.8 per million
. Overall, ap
pendiceal NET (carcinoids) are the most common
subtype and they are usually found incidentally upon
final histopathologic analysis in cases of a suspected
[107]
appendicitis . This tumor location is rarely associated
with metastatic disease in children. Extra-appendiceal
carcinoid tumors and neuroendocrine carcinomas are
more poorly characterized and have a greater chance
for metastatic spread compared with carcinoids arising
[108]
[109]
in the appendix
. Broaddus et al
published 5 of
13 cases that were initially diagnosed in the liver, with
no other primary sites identified. They concluded that
it is not known if these tumors represent true primary
hepatic neoplasms or metastases from asymptomatic,
occult gastrointestinal, pancreatic, or pulmonary primary
tumors. Although the definitive role of surgery in
children with metastatic disease from NET has not been
established, the management of hepatic metastases may
[110]
include surgical resection
. In adults, cytoreductive
surgery for hepatic metastases from gastrointestinal
[111]
NETs has resulted in prolonged survival rates
.
Other treatment options may include hepatic artery
embolization, cryoablation, radiofrequency ablation,
orthotopic liver transplantation and radionuclides therapy
[112-114]
such as 131I-MIBG and 177Lu-octreotate
.
In summary, there may be a potential role for surgical
resection of liver metastases in pediatric patients with

Desmoplastic small round cell tumor

Desmoplastic small round cell tumor (DSRCT) is a rare
malignant abdominal tumor with less than 300 cases
reported in the literature. It typically arises in adolescents
and young adult men and has a strong tendency to
spread within the peritoneum but also to the liver and
[101]
lungs . It is classified as a small round cell tumor and
it is characterized by a distinct immunohistochemical
pattern and a recurrent, specific, chromosomal trans
location [t (11; 22) (p13; p12)] which results in a
[102]
chimeric EWS-WT1 fusion gene . Most of the patients
present with disseminated disease at diagnosis and the
primary site of origin is frequently unknown. Because
of this, it is associated with a very poor prognosis.
Although surgery, chemotherapy, RT, radiofrequency
ablation, hyperthermic intraperitoneal perfusion with
chemotherapy (HIPEC) and combined therapy have
been used in the treatment of DSRCT, no single therapy
has been accepted as the standard strategy. Honoré
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NET, but more experience is needed.

15

CONCLUSION

16

Hepatic metastatic disease and the benefit of hepatic
metastasectomies in pediatric cancer patients are not as
well delineated as for adults due to the lower incidence of
pediatric malignancies and the higher chemosensitivity
of childhood tumors. Patients with residual localized
hepatic disease after neoadjuvant therapy and nonchemosensitive tumors may benefit from surgical resec
tion, but careful patient selection remains critical.
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EDITORIAL

Spontaneous bleeding or thrombosis in cirrhosis: What
should be feared the most?
Kryssia Isabel Rodríguez-Castro, Alessandro Antonello, Alberto Ferrarese
anticoagulated”, prone only to bleeding complications,
and protected from thrombotic events. With greater
attention to clinical thrombotic events, their impact on the
natural history of cirrhosis, and with the emergence and
increased use of point-of-care and global assays, it is now
understood that cirrhosis results in profound hemostatic
alterations that can lead to thrombosis as well as to
bleeding complications. Although many clinical decisions
are still based on traditional coagulation parameters such
as prothrombin (PT), PT, and international normalized
ratio, it is increasingly recognized that these tests do
not adequately predict the risk of bleeding, nor they
should guide pre-emptive interventions. Moreover,
altered coagulation tests should not be considered as a
contraindication to the use of anticoagulation, although
this therapeutic or prophylactic approach is not at
present routinely undertaken. Gastroesophageal variceal
bleeding continues to be one of the most feared and
deadly complications of cirrhosis and portal hypertension,
but great progresses have been made in prevention
and treatment strategies. Other bleeding sites that are
frequently part of end-stage liver disease are similar to
clinical manifestations of thrombocytopenia, with gum
bleeding and epistaxis being very common but fortunately
only rarely a cause of life-threatening bleeding. On
the contrary, manifestations of coagulation factor
deficiencies like soft tissue bleeding and hemartrosis
are rare in patients with cirrhosis. As far as thrombotic
complications are concerned, portal vein thrombosis is
the most common event in patients with cirrhosis, but
venous thromboembolism is not infrequent, and results
in important morbidity and mortality in patients with
cirrhosis, especially those with decompensated disease.
Future studies and the more widespread use of point-ofcare tests in evaluating hemostasis will aid the clinician
in decision making when facing the patient with bleeding
or with thrombotic complications, with both ends of a
continuum being potentially fatal.
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Abstract
The more modern and accurate concept of a rebalanced
hemostatic status in cirrhosis is slowly replacing the
traditional belief of patients with cirrhosis being “auto-
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to an alteration of traditional coagulation parameters, in
cirrhosis actually both pro- as well as anti-coagulation
factors are affected, the latter of which are not adequately
reflected in these tests. Typical of cirrhosis are reduced
levels of factors Ⅱ, Ⅸ, Ⅺ, and Ⅻ, and the magnitude of
the reduction correlates with the severity of liver disease.
However, levels of anticoagulant factors including protein
S, protein C, and antithrombin, are also decreased in
cirrhosis, and procoagulant factor Ⅷ is notably increased.
Magnifying the complexity of hemostatic and coagulation
abnormalities in cirrhosis, studies have demonstrated that
liver damage increases plasminogen activator inhibitor
[1,2]
(PAI-1) expression . Increased to a greater extent than
PAI-1, tissue plasminogen activator is elevated both due
[3]
to reduced hepatic clearance and to enhanced release ,
which has been interpreted as a hyperfibrinolytic state
[4]
in cirrhosis . Moreover, levels of plasminogen and anti
plasmin antiplasmin (α 2-antiplasmin) are reduced, as
well as levels of thrombin-activatable fibrinolysis inhibitor
(TAFI). Whether observed alterations such as elevated
[5-7]
fibrin degradation products , abnormalities in throm
[8]
boelastography (TEG) tracings , and a decrease in
[9]
TAFI actually correspond to a state of hyperfibrinolysis
which would hypothetically be frequent even in compen
sated cirrhosis is still controversial, however. Other
studies have suggested that actually fibrinolysis is not
enhanced in cirrhosis, with a balanced reduction of
[10]
both pro- as well as anti-fibrinolytic agents , and a
lack of association between TAFI reduction and actual
[11,12]
hyperfibrinolysis
. Moreover, elevated levels of Ddimer may be a consequence of the activation of the
coagulation cascade, which might accumulate in the
[13-15]
presence of diminished hepatic clearance
.
Responsible for stabilization of the fibrin clot and its
resistance to lysis, factor XIII (FXIII) correlates with the
liver’s biosynthetic capacity, and has been shown to be
diminished in nearly half of patients with advanced stages
of cirrhosis (Child C); FXIII levels < 50% significantly
correlated with an increased risk of severe upper
gastrointestinal bleeding and mortality in a 6-year follow[16]
up period . Although this could be a reflection of the
severity of liver disease, and despite reduced FXIII activity
by itself is probably not sufficient to cause bleeding, the
addition of this alteration upon the underlying multiple
coagulation and hemostatic defects, might increase the
[16,17]
risk of hemorrhage
. As the only method of detecting
FXIII deficiency is at present measuring the factor itself,
it is probably reasonable to perform this test in the
event of uncontrolled bleeding in the presence of regular
rotation thromboelastometry (ROTEM) patterns, and
when bleeding cannot be explained by platelet count
[18]
and serum fibrinogen within the normal ranges . The
combination of these events results in the establishment
of a new - fragile and dynamic - thrombotic/hemostatic
[10,11]
balance
.
Regarding primary hemostasis, chronic liver disease is
characterized by a variable degree of thrombocytopenia
due to increased platelet destruction, increased splenic
and/or hepatic sequestration, and to reduced levels of

Core tip: The two-faced, dynamic, and fragile hemostatic
and coagulation system of patients with cirrhosis is
of increasing interest. Thrombotic complications, and
not only the well-known bleeding complications such
as gastroesophageal bleeding, are now recognized
complications of cirrhosis. Whether confined to the
portal vein, due to venous stasis but also to other yet
poorly characterized local as well as systemic factors,
or in the presence venous thromboembolism, these
complications warrant prevention and treatment with
anticoagulation. Future clinical studies, as well as the
broader implementation of point-of-care instruments
and results from studies using global coagulation
assays will outline the best strategies, tailored to each
patient according to the severity of liver disease and
the particular hemostatic alterations present at a given
timepoint.
Rodríguez-Castro KI, Antonello A, Ferrarese A. Spontaneous
bleeding or thrombosis in cirrhosis: What should be feared the
most? World J Hepatol 2015; 7(14): 1818-1827 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i14/1818.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i14.1818

INTRODUCTION
The traditional concept of an “auto-anticoagulated
patient” has given way to the modern, and more accurate
notion of a rebalanced hemostatic status in patients with
cirrhosis. It is now accepted that classic determinations
of the coagulation status such as prothrombin (PT) time,
international normalized ratio (INR), and activated partial
thromboplastin time (aPTT), although useful in the noncirrhosis setting, are of much less value in patients with
advanced chronic liver disease, firstly because they
describe only a fraction of what is actually occurring in
the hemostatic system, secondly because this system
is fragile and dynamic, and thirdly because they do not
predict neither thrombotic nor bleeding events.
Hand in hand with this new bulk of knowledge
regarding both the pre-clinical as well as the clinical
picture of hemostasis and coagulation in cirrhosis,
therapeutic and preventive strategies that were routinely
used in the non-cirrhotic population and rigorously
avoided in the cirrhotic population, are being used with
increasing frequency and confidence.

SPECIFIC ALTERATIONS OF THE
HEMOSTATIC AND COAGULATION
SYSTEM
Although the clinician might be misled to judging the
state of a patient with cirrhosis as pro-hemorrhagic due

WJH|www.wjgnet.com

1819

July 18, 2015|Volume 7|Issue 14|

Rodríguez-Castro KI et al . Spontaneous bleeding or thrombosis in cirrhosis
thrombopoietin. Moreover, not only platelet number, but
also platelet function has been shown to be compromised
due to defective thromboxane A2 synthesis, storage
pool deﬁciency and abnormalities of the platelet
[19-22]
glycoproteinⅠb
. Different mechanisms compensate
for reduced platelet number and function: von Willebrand
factor is notably elevated in cirrhosis, probably as a result
of its reduced clearance resulting from diminished levels
of its cleaver ADAMTS13 and as a reflection of high
levels of FXIII, to which it is bound when circulating in
[23]
plasma .
In addition to these acquired hemostatic and
coagulation defects, superimposed (or rather, underlying)
genetic thrombophilias may play an important role in
tilting the balance towards thrombosis. In a study by
[24]
Amitrano et al , the frequencies of factor Ⅴ Leiden and
of PT A20210 polymorphism were reportedly 13% and
34.8% in cirrhotic patients with portal vein thrombosis
(PVT), whereas frequencies were 7.5% and 2.5% in
cirrhotic patients without PVT.
The actual hemostatic and coagulation changes in
cirrhosis are not adequately reflected by traditional tests
including the INR, aPTT, bleeding time, and platelet
count, and are also imprecise in predicting bleeding
[25]
episodes . These tests are not able to detect natural
anticoagulant deficiencies, nor do they reveal other
pro-thrombotic alterations such as the elevation of von
Willebrand factor. In addition, other aspects related
to the risk of bleeding or thrombosis, such as clot
formation, firmness, and degradation, are not assessed
by conventional tests. Likewise, the determination of the
individual factors does not provide a complete picture
of hemostatic alterations occurring in vivo, either, since
the intricate system strongly depends on the balance of
pro- and anti-fibrinolytic as well as coagulation factors.
A test that is used ever less frequently, bleeding time
[26]
correlates with platelet count , and is prolonged in
nearly half of patients with cirrhosis, without, however a
[27]
certain relationship with bleeding risk .
Whereas traditional coagulation tests measure only
the initial 5% of thrombin that is generated and are
insensible to detecting deficiencies in the anticoagulation
mechanisms, global assays such as the thrombin gene
ration test analyze more components of the hemostatic
status and therefore offer a view that is closer to what is
actually going on in vivo. When performed in the presence
of thrombomodulin, which enables the activation of
protein C, the amount of thrombin generated in plasma
from patients with cirrhosis is at least equal to - even
[28,29]
increased with respect to - that of healthy subjects
.
Despite this test yields a more approximate view
regarding generation as well as degradation of thrombin,
this in vitro technique, apart from being impractical and
complex, has the drawback of excluding platelets, which
serve not only as a scaffold for coagulation, but play an
active role in the process.
The “newcomers” in the field of bedside coagulation
monitoring, which have actually been around for quite
a while in other clinical scenarios, provide a more

WJH|www.wjgnet.com

complete picture of what is going on in vivo. Point-ofcare coagulation monitoring devices which assessing
the viscoelastic properties of whole blood include TEG
(Haemonetics Corporation, Braintree, MA, United States),
ROTEM™ (Tem International, Munich, Germany), and
theSonoclot coagulation and platelet function analyzer or
[30]
Sonoclot (Sienco Inc., Arvada, CO, United States) . The
fact that analyses are performed in whole blood allow
[31]
for platelets and red cells to be accurately reflected
and the interactions between plasmatic and cellular
components of hemostasis to be analyzed. The rate of
[32,33]
fibrin formation, clot strength, and clot lysis
can
be determined by all three instruments. Moreover,
TEG provides a more adequate characterization of
[34]
hypofibrinogenemia and hyperfibrinolysis than the clot
[35]
lysis time and global fibrinolysis capacity .
At present, ROTEM™ or TEG™ are valuable tools that
aid in decision making in the context of direct therapeutic
[18]
interventions in the actual case of bleeding . TEG
is in fact currently employed to guide therapy during
[36-38]
liver transplantation in many centers
and is gain
ing importance in the assessment of liver-disease
[39,40]
associated hemostasis alterations
, with a possible
[41]
role in predicting variceal rebleeding
and guiding
[42]
pre-procedural transfusions . Intense correction of
coagulation abnormalities should be avoided, and rather
transfusions and other therapeutic interventions should
be tailored to each patient’s specific case, hopefully
guided by point-of-care testing. This is very important in
order to avoid risks associated with transfusions (acute
lung injury, increase in portal pressure, etc.) and the
increased risk of thromboembolism with, for example,
[43]
the use of recombinant factor Ⅶa .

GASTROESOPHAGEAL VARICEAL
BLEEDING
Gastroesophageal variceal bleeding (GEVB) constitutes
a landmark in the natural history of a patient with
cirrhosis, represents decompensated disease, and is
one of the most feared complications. Mortality reaches
15%-20% during the 6 wk that follow an episode of
variceal bleeding and is closely related to the severity
of the underlying liver disease, ranging from 0% in
patients in Child-Pugh class A to 40% in Child-Pugh
[44,45]
class C patients
. Mortality significantly correlates
with the presence of ascites or encephalopathy (OR
= 4.18, 95%CI: 1.58-11.06; P = 0.004), the finding
of fresh blood in the upper gastrointestinal tract at
endoscopy (OR = 2.40, 95%CI: 1.28-4.51; P = 0.01),
the presence of INR > 1.5 and/or PT prolonged > 3 s (OR
= 3.06, 95%CI: 1.29-7.26; P = 0.01), in-patient status
at the time of bleeding (OR = 7.14, 95%CI: 3.45-14.3;
P < 0.001), and the presentation with hemodynamic
shock (OR = 2.10, 95%CI: 1.07-4.13; P = 0.03), as
[46]
demonstrated in a large United Kingdom study .
The principal determinants of GEVB are the severity
of liver disease - as expressed by a Child Pugh class B
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or C, the presence of portal hypertension, variceal wall
[47-50]
tension, and the characteristics of the varix wall
.
In fact, anticoagulants at a prophylactic dose do not
seem to increase the risk of GEVB, even in patients
with advanced stages of liver disease, while actually
[51]
preventing thrombotic events and decompensation .
Rebleeding occurs in approximately 26% of cases
and results in a dramatic increase in mortality of up to
39%. This event correlates with the presence of INR
> 1.5 and/or PT prolonged > 3 s (OR = 2.23, 95%CI:
1.22-4.07; P = 0.01), as well as with the presence of
high risk endoscopic stigmata (OR = 1.74, 95%CI:
[46]
1.02-2.99, P = 0.04) . Moreover, an underlying
bacterial infection, followed by the circulatory release of
endogenous heparin-like substances with established
[52]
anti-Xa activity
and abnormal thromboelastographic
curves, appears to be an important trigger for bleeding,
for the persistence of bleeding, and correlates with the
[41,53-56]
impossibility of controlling bleeding
. Supporting
this concept, a consistent reduction of both mortality and
frequency of early rebleeding has been achieved with
[57]
the use of antibiotics following GEVB .
The risk of bleeding from variceal ulcers following
endoscopic band ligation seems to depend exclusively
on the severity of liver disease, and not the hemostatic
status, as demonstrated by thromboelastographic
[58]
parameters and traditional coagulation tests . As in
the occurrence of a spontaneous event of GEVB, the use
of anticoagulants - may it be vitamin k antagonists or
[59,60]
heparins - does not seem to increase the risk further
.

was 13.75% (22 of 160 patients). Although deaths were
due to reasons other than hypovolemia in 12 patients,
and other causes of death included renal, hepatic, or
respiratory failure, amongst others, the initial reason for
[62]
hospitalization had been the bleeding episode .
Portal hypertensive gastropathy, which has been
described in as many as 80%-90% of patients with
[63,64]
cirrhosis
, has been shown to correlate with severity
of liver disease and to hepatic venous portal gradient
[63,65]
in patients with cirrhosis
. Bleeding from portal
hypertensive gastropathy most often leads to chronic
anemia, but can also cause important blood losses over
a short period of time. In a multi-center Italian study
published on behalf of the New Italian Endoscopic Club
for the Study and Treatment of Esophageal Varices, the
prevalence of portal hypertensive gastropathy was 80%
and was associated to the duration of liver disease, past
medical history of endoscopic variceal slerotherapy, and
with the presence and size of esophagogastric varices.
During the follow-up period of 18 mo (± 8 mo), acute
bleeding from portal hypertensive gastropathy was
observed in 2.5% of patients (8 of 315 patients), with
bleeding-related mortality rate of 12.5%, and chronic
[64]
bleeding in 10.8% (34 patients) . Treatment and
prevention consist primarily in reducing portal pressure,
[66]
principally with the use of non-selective beta-blockers ,
although treatment with other vasoactive drugs such
[67]
as long-acting somatostatin, TIPS placement , argon
[68]
plasma coagulation , and newer therapies such as
[69]
hemospray are increasingly being used.

NON-VARICEAL SPONTANEOUS
BLEEDING

Lower gastrointestinal bleeding

According to the study design, including the population
analyzed, portal hypertensive colopathy has been
reported to occur in 50%-80% of patients with cirrhosis,
and is apparently more frequent in patients with
[70-72]
ascites
. In a study analyzing 60 cirrhosis patients
who underwent colonoscopy before undergoing upper
endoscopic variceal band ligation, hemorrhoids, anorectal
varices, and portal hypertensive colopathy were found
[73]
in 37%, 40%, and 57% of patients, respectively .
A higher prevalence (66%) of portal hypertensive
colopathy was found in a Japanese study analyzing
endoscopic findings in 47 patients with cirrhosis who
underwent colonoscopy for positive fecal occult blood
(34%), melena (23%), iron deficiency anemia (10%),
diarrhea (4%), abdominal pain (4%), and screening
[74]
(10%), amongst other causes . Although large,
prospective studies are lacking, the presence of portal
hypertensive colopathy appears to correlate with severity
of liver disease, and an increase in portal hypertension,
as that induced by endoscopic esophageal variceal band
ligation, does not seem to worsen preexisting colopathy
[73]
or induce the appearance of new lesions . Whether
portal hypertensive colopathy is associated with the
degree of portal hypertension as determined by hepatic
[74,75]
vein pressure gradient, is yet controversial, however
.
Regarding the ano-rectal tract, rectal varices

Upper non-variceal gastrointestinal bleeding

Non-variceal upper gastrointestinal bleeding is not an
infrequent cause of morbidity and mortality in patients
with cirrhosis. In a recently published cross-sectional
nationwide study conducted in the United States, of
96887 hospital discharges for peptic ulcer bleeding,
[61]
3574 (3.69%) occurred in patients with cirrhosis .
Mortality of peptic ulcer bleeding was significantly higher
in patients with cirrhosis (5.5%) vs in the group without
cirrhosis (2%, P = 0.01), and decompensated cirrhosis
was associated with a significantly higher mortality
than that of patients with compensated cirrhosis
(6.6% vs 3.9%; P = 0.01). Moreover, multivariate
analysis demonstrated that the presence of cirrhosis
independently increased mortality (adjusted odds ratio)
[61]
3.3; 95%CI: 2.2-4.9) . A prospective, 10-year study
analyzing patients admitted for non-variceal upper
gastrointestinal bleeding showed that of 2217 patients
with upper gastrointestinal bleeding, 1077 patients had
non-variceal bleeding (48.7%) patients, and amongst
[62]
these, 160 (14.8%) were patients with cirrhosis . Of
note, within the group of cirrhosis patients with nonvariceal upper gastrointestinal bleeding, rebleeding
occurred in 3 patients (1.9%), and in-hospital mortality
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2004 were performed in patients with PVT, for a pre
[89]
valence of 9.7% ± 4.5% .
The most important risk factor for the development
[90,91]
of PVT seems to be the severity of liver disease
,
with “paradoxically” a greater frequency of PVT when
coagulation factors are lowest, as shown by traditional
coagulation tests. Locally, venous stasis favors the
development of thrombosis, and a prospective study
revealed that reduced portal flow velocity was the only
independent variable that correlated with the risk of
[92]
developing PVT at 1 year follow-up , but this finding
[93]
has not been univocally confirmed . Elevated levels of
FVIII have been correlated with PVT both in the presence
[94,95]
and in the absence of concomitant cirrhosis
,
finding which was confirmed in a larger cohort study
demonstrating that the odds ratio for PVT was 6.0 for
patients with cirrhosis in whom FVIII levels were above
[96]
129 UI/dL . Moreover, genetic thrombophilias have
been found in up to 34% of patients with cirrhosis
[24]
and PVT , which is why every patient who present
this complication warrants complete thrombophilic
screening.
Not only is this complication frequent, but its
clinical presentation can be deadly in some cases; in
a study analyzing newly diagnosed PVT in 79 patients
with cirrhosis, in 39% the initial presentation was
gastrointestinal bleeding (from esophagogastric varices
or portal hypertensive gastropathy), and abdominal pain
was the cardinal symptom in 18% of cases, amongst
which 70% had intestinal infarction due to the extension
[97]
of the thrombosis into the superior mesenteric vein .
Although recently it has been reported that PVT, when
diagnosed during routine imaging screening in patients
with cirrhosis, may not cause clinical deterioration
[98,99]
and may even resolve spontaneously
, a recently
published systematic review revealed that the presence
of non-neoplastic PVT at liver transplant entails a
greater 30-d mortality after surgery when compared
to patients without PVT (10.5% vs 7.7%, respectively
[89]
(P = 0.01) . Moreover, the presence of PVT at liver
transplantation also increases the one-year mortality
with respect to that of patients with patent portal vein
(18.8% vs 15.3%, respectively (P < 0.001), and this
is especially true for cases in which PVT is complete
and extends into the superior mesenteric vein and the
splenic vein.

have been reported in 8% to 56% of patients with
[72,76,77]
cirrhosis and portal hypertension
. Although
hemorrhoids and polyps do not seem to occur more
frequently in cirrhotics with respect to non-cirrhotic
[76]
subjects undergoing colonoscopic evaluation , others
hypothesize that the degree of portal hypertension
and/or disease severity seems to be associated with
[78,79]
hemorrhoids but not with rectal varices
. However,
the improvement of bleeding rectal varices seems to
[80]
point out a role for portal hypertension . Moreover,
[79]
although hematochezia has been reported , and a
[81]
few cases of massive, fatal bleeding , life-endangering
hemorrhage from the lower gastrointestinal tract due to
complications of cirrhosis is relatively infrequent. Large,
prospective studies are warranted in order to accurately
determine the incidence and prevalence of these clinical
entities, as well as their associated morbidity. Although
studies which evaluate the best treatment options are
lacking, reduction of portal hypertension with the use
of non-selective beta-blockers and the employment
of vasoactive agents such as somatostatin, octreotide
[82,83]
and terlipressin, have demonstrated some benefit
.
More recently, the use of argon plasma coagulation and
[69,84]
hemospray have also been advocated
.

Other bleeding sites

Minor but frequent bleeding in patients with cirrhosis
seems to be more akin to that observed in patients
with platelet defects than that observed in patients with
hemophilia or other disorders that affect coagulation.
Thus, aside from variceal bleeding, in which local
factors, portal pressure and severity of liver disease
play preponderant roles, manifestations of primary
hemostasis defects are most frequently encountered in
patients with cirrhosis: recurrent and prolonged epistaxis,
gingivorrhagia, purpuric skin lesions, menometrorrhagia,
and excessive bleeding after dental extractions or other
surgical procedures. On the contrary, coagulationrelated clinical manifestations such as intracerebral
bleeding, deep muscle bleeding, and hemartrosis, are
no more frequent in cirrhosis that they are in the general
[85]
population. Although only very rarely epistaxis
and
[86]
oral cavity bleeding
(gum bleeding and dental root
bleeding) have been reported to be the cause of bleeding
that endangers life, minor but repeated episodes are
commonly encountered in cirrhosis.

PVT

DEEP VEIN THROMBOSIS AND VENOUS
THROMBOEMBOLISM

PVT is the most common thrombotic event in patients
with cirrhosis, and although its frequency is higher
in patients with hepatic malignancy (approximately
[87]
35% , with reportedly 40% of these cases having
[88]
histological confirmation of neoplastic thrombosis ),
it is also common in patients with cirrhosis and without
malignancy, with a prevalence of reportedly 0.6%
to 26%. Moreover, a systematic review analyzing
PVT in patients with cirrhosis who underwent liver
transplantation found that of 25753 liver transplants,
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It has been some time now since the publication of
Northup and collaborators’ important study demon
strating that not only “coagulopathy” does not protect
cirrhosis patients from life-threatening venous throm
boembolic events, but that these patients are actually
[100]
at a greater risk for these events
. Low albumin,
surrogate of a greater severity of liver disease, was
associated with the greatest risk. Although large,
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prospective population studies considering out-patient
subjects with cirrhosis are needed, it seems that
compared to the general population, the incidence
of unprovoked deep vein thrombosis and pulmonary
embolism (DVT/PE) is increased. In a large, prospective
cohort study with case-control analysis of 6550 patients
with venous thromboembolism, the presence of chronic
liver disease was associated with PE (OR = 1.75,
95%CI: 0.91-3.36) and with DVT/PE combined (OR =
[101]
1.65, 95%CI: 0.97-2.82) . Moreover, a large Danish
population-based study showed that cirrhosis and liver
disease were associated with a greater risk of venous
thromboembolism (OR = 2.10) amongst 99000 patients
[102]
with thromboembolism . Thus, the incidence of DVT/
PE in patients with cirrhosis has been reported to be
[101-105]
between 0.5% to 8.1%
.
Already deadly in the non-cirrhotic population, venous
thromboembolism is associated with increased mortality in
patients with compensated cirrhosis (OR = 2.16, 95%CI:
1.96-2.38) and those with decompensated cirrhosis
(OR = 1.66, 95%CI: 1.47-1.87), with an in-hospital
mortality for patients with venous thromboembolism of
16.8% and 18.6% for patients with compensated and
[106]
decompensated cirrhosis, respectively
. Moreover,
although the risk of venous thromboembolism is reduced
with prophylactic anticoagulation, it is not annulled, as
demonstrated in a recent study in which a higher than
expected rate of venous thromboembolism occurred while
on prophylaxis with unfractioned heparin or low molecular
[107]
weight heparin .
Although guidelines do not yet provide recommen
dations regarding anticoagulation neither as prophylaxis
nor as therapy, evidence has been accumulating suppor
[108]
ting the efficacy and safety of such interventions
.
Future studies, including the use of new anticoagulants
such as direct thrombin inhibitors are warranted to
establish which patients will benefit most from treatment,
the time after which the risk-benefit ratio becomes inclined
towards a greater risk, the most adequate dose, the
choice of anticoagulant, and the means of monitoring of
[109]
anticoagulation .
In conclusion, the pro-hemorrhagic and pro-thrombotic
alterations of patients with cirrhosis correlate principally
with the severity of liver disease, that determine a
reduction in both pro- and anti-coagulant factors and an
increased derangement of physiological blood flow causing
portal hypertension and localized venous stasis. Routine
laboratory tests do not reliably predict the risk of bleeding
and there is yet no optimal management strategy to
foretell potential bleeding complications. Although point-ofcare testing is slowly being introduced to avoid intensive
correction of coagulation parameters and better guide
therapeutic decisions tailored to each patient’s clinical and
hemostatic status, more studies are clearly needed to
determine the actual role of these new tools. A myriad of
both thrombotic and bleeding complications can aggravate
the clinical course of cirrhosis, but as for frequency and
gravity, GEVB remains probably the most feared event.
However, thrombotic complications should also be con
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sidered, especially in more advanced stages of disease,
when anticoagulation prophylaxis and therapy might
represent the less traveled, but proper, road to follow.
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EDITORIAL

Voriconazole and the liver
Romeo-Gabriel Mihăilă
pharmacokinetics, certain patient-related factors,
including genetic polymorphisms in the cytochrome P450
2C19 gene, the kidney and liver function, simultaneous
administration with other drugs metabolised by the same
cytochrome. It is recommended to maintain the serum
concentrations of voriconazole between 1.5 and 4 μg/mL.
At lower values its efficacy decreases and at higher
values the risk of neurological toxicity increases. Even
at these concentrations it is not excluded the possible
appearance of a variety of toxic effects, including on
the liver, manifested by cholestasis, hepatocytolisis, or
their combination. It is recommended to monitor the
clinical and laboratory evolution of all patients treated
with voriconazole, and of the serum levels of the drug
of those who belong to risk groups, even if there is still
no consensus on this issue, given the lack of correlation
between the serum level and the occurrence of adverse
effects in many patients.
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Core tip: Voriconazole is an azole useful for the
prophylaxis and the treatment of aspergillosis and other
fungal infections in immunosuppressed subjects. Its
administration in therapeutic doses lead to extremely
varied serum levels from patient to patient and even to
the same patient. It is recommended to maintain the
serum concentrations of voriconazole between 1.5 and
4 μg/mL. At lower values its efficacy decreases and at
higher values the risk of neurological toxicity increases.
Even at these concentrations it is not excluded the
possible appearance of a variety of toxic effects,
including on the liver, manifested by cholestasis, hepato
cytolisis, or their combination.

Abstract
Voriconazole is an azole useful for the prophylaxis and
the treatment of aspergillosis and other fungal infections
in immunosuppressed subjects, as those found in aplasia
after aggressive polychemotherapy treatments, after
hematopoietic stem cell, liver or lung transplantation.
Its administration in therapeutic doses lead to extremely
varied serum levels from patient to patient and even to
the same patient. The explanations are varied: nonlinear
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established that the following factors were associated
with liver toxicity: age younger as 40 years, azathioprine
treatment, presence of cystic fibrosis, history of hepatic
disease and early start of voriconazole. The authors
have developed an algorithm predictive model to predict
liver toxicity, that has an accuracy of 70%, using the
above risk factors. The start of voriconazole in the first
30 d since the date of transplantation was the sole
factor independently associated with liver toxicity in
[8]
the multivariable logistic regression analysis . Patients
aged ≥ 60 years were significantly more likely to have
higher initial voriconazole plasma levels, while those with
cystic fibrosis - higher ones, in a prospective study on
93 lung transplant recipients who received prophylaxis
with voriconazole. Voriconazole serum levels were not
correlated with the presence or absence of liver toxicity,
[9]
neither here .
A worsening of liver function tests was shown at 69%
of patients with severe liver dysfunction who received at
least 4 doses of voriconazole, in an observational study.
Most of them had a combination of liver cytolysis and
cholestasis (45%). An increase of transaminases was
shown in 35%, and an isolated cholestasis was present
in 15% of them. All of them had a severe reaction.
There was noted a correlation between the initial dose
of more than 300 mg (4.5 mg/kg) and the risk of liver
toxicity. These patients represent a special category that
[10]
needs a frequent monitoring of liver function tests .
Two percent of patients with liver transplantation
who received different antifungal drugs as targeted
prophylaxis (including voriconazole in 54% of 145
subjects) or universal voriconazole prophylaxis (237
patients) developed toxicity which required drug dis
continuation, after a median treatment of 11, and,
[11]
respectively, 6 d . It was shown that liver dysfunction
had greater rates under voriconazole, as fluconazole
or itraconazole, but voriconazole decreased transplant
mortality in a meta-analysis which included 5122 patients
[12]
who received antifungal prophylaxis .
Prophylaxis with voriconazole was better tolerated
by patients who received allogeneic hematopoietic
stem-cell transplant as those with itraconazole. It was
shown that 12.9% of those who received voriconazole
had liver toxicity/dysfunction, which was the most
[13]
frequent adverse effect .
A recently published method uses unlabeled or
deuterated methanol, followed by GC-MS analysis in
order to speed up the metabolic profiling of fatty acids,
useful for establishing the presence and the mechanism
of voriconazole induced liver toxicity, and the possibility
[14]
to use fatty acids as markers of toxicity . Frechen
[15]
et al
developed a coupled dynamic model useful to
study the interaction of voriconazole (a CYP3A inhibitor)
and midazolam (a CYP3A substrate). Thus, it is possible
to maximize the information obtained from clinical drug[15]
drug interactions studies .
Therefore, among the liver side effects of vori
conazole, jaundice, including the cholestatic one, is
more common while hepatomegaly or hepatitis occurs
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INTRODUCTION
This article is written for clinicians who use voriconazole.
Starting from pharmacological data, the aim of this
literature synthesis is to find explanations and to
establish correlations with clinical manifestations that
may occur during its use.
Voriconazole is a usual antifungal drug with a good
bioavailability, which is bound to plasma protein in a high
[1]
percentage . It is considered to be the drug of choice
[2]
for the treatment of invasive aspergillosis . Voriconazole
was approved by the United States Food and Drug
[3]
Administration in 2002 . Its metabolisation takes place
[1,2]
in the liver, at the level of P450 CYP2C19 , CYP2C9,
and CYP3A4, and its products of metabolism are excreted
[2]
by the kidneys . Only 2% of the dose excreted in urine
is unchanged. There is a variety of drug-drug interactions
that must be considered. The ratio between the area
under the time-concentration profile and the minimal
inhibitory concentration is the main pharmacokinetic/
[2]
pharmacodynamic parameter for voriconazole . It is
active against a large variety of fungi, but it also can have
[1]
adverse effects, including the liver toxicity . This aspect
deserves to be good understood, as it is commonly
administered to patients with various associated
diseases, and sometime immunocompromised, together
with other drugs, for serious infections.

LIVER TOXICITY
Liver toxicity can sometimes be present. From a total
of 68115 regarded liver injuries, 2.9% of them (1964
cases, including 112 with acute liver failure) were related
to antimycotics, during a period of 8 years, as was
found in FAERS database. All antimycotics with systemic
action or absorption can induce such toxicity, including
[4]
voriconazole . This was shown in 2 of 21 patients
with chronic pulmonary aspergillosis treated with oral
voriconazole, which imposed the drug discontinuation,
[5]
in a recent published study . In a prospective study,
which included 95 patients, 6.3% of them developed
[6]
liver toxicity under voriconazole . In a prospective,
open-label, multicenter study in which voriconazole was
given to 48 patients, as first-line treatment for chronic
pulmonary aspergillosis, 16.9% of treated patients had
abnormal liver function tests. Liver serious adverse
events were noted at 2.8% of them and imposed to
stop the drug administration. The authors did not show
any association between voriconazole serum levels and
[7]
the appearance of adverse effects . In a retrospective
study made on a group of 105 patients who received
a lung transplant and were treated with voriconazole,
it was found that 51% of them developed liver toxicity
and 34% of them had to discontinue the treatment
for this reason. The univariate statistical analysis
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less frequently. It rarely induces liver failure and very
rarely hepatic coma. So the liver damage produced by
voriconazole is mainly due to cholestasis, and more
rarely can be cytotoxic or mixed.
Voriconazole is not involved in the appearance of
autoimmune hepatitis, but an increase in the levels of
immunosuppressive drugs (cyclosporine or tacrolimus)
used in patients after solid organ transplants or with
autoimmune disorders was reported during coadmini
stration with this antifungal drug. One of five such patients
developed a moderate increase in hepatic enzymes. This
combination of drugs requires immunosuppressive dose
[16]
adjustment (by its reducing) .

with hematological diseases, who received voriconazole
for prophylaxis or treatment of invasive aspergillosis, a
large range of plasma concentration (between < 0.20
and 13.47 μg/mL) was also seen. The authors found only
an association between voriconazole plasma troughs
and the use of omeprazole. They did not find any
correlation with other parameters, as age, gender, dose
or route of voriconazole administration (including those
by nasogastric tube), CYP2C19*2 genotype, possible
abnormalities of gastrointestinal tract, serum levels of
liver enzymes or creatinine, with treatment outcome of
patients with invasive aspergillosis, or with the cases of
reported toxicity to this drug. This study also raises the
question of the utility of routine clinical monitoring of
[19]
voriconazole plasma concentrations .
It was shown that 40 immunocompromised children
had higher average exposure to voriconazole at steady
state during oral treatment with 200 mg q12h than
adults, so that a weight-based oral dose could be more
[20]
appropriate for them .
Given the accumulated clinical and laboratory
experience, in order to obtain therapeutic efficacy and to
avoid toxicity, most authors suggest a serum voriconazole
[9,21]
concentrations between 1.5 and 4 μg/mL
. The lower
limit was set considering the significantly higher success
rate of fungal infections treatment over this level, and the
superior limit - due to the fact that above its it was shown
that adverse neurological effects appeared significantly
more frequent. The metaanalysis included 12 studies and
also found an increase of liver adverse effects at higher
blood concentrations, but obtained data did not allow
the formulation of a limit above which the risk increases
[19,21]
significantly
.

IS THERAPEUTIC DRUG MONITORING
NECESSARY?
Serum levels

Voriconazole serum levels are important in relation to
efficacy and toxicity: a lack of clinical response has been
seen at below 1 or 2 μg/mL and toxic effects appear
[1]
frequently at above 5 μg/mL . But, it was shown
that voriconazole steady-state concentrations had a
large variability from patient to patient, with values
between 0 and 16.6 μg/mL, in a study that included 69
patients with primarily acute leukemia under intensive
chemotherapy. In this study, about 20% of patients
[17]
had concentrations < 1 μg/mL , therefore, ineffective.
This variability was even larger (< 0.10-20 mg/L) in
a study made on 108 patients of whom 77.8% had a
hematologic cancer, who were treated for a presumed
[18]
fungal infection .
There may be several explanations for this inter
patient variability: the nonlinear pharmacokinetics and
some patient-related data, as gender, age, weight, a
possible liver disease, and genetic polymorphisms in
the cytochrome P450 2C19 gene (CYP2C19), so that
the knowledge of CYP2C19 genotype can be used to
establish initial voriconazole dose and the modality
of therapeutic drug monitoring, in order to obtain the
[3]
therapeutic effects without toxicity . But, contrary to
theoretical considerations, it was observed that CYP2C19
and CYP2C9 genotypes had only a minor influence on the
serum levels of voriconazole, though the 4 patients who
were homozygous for the 2C19*2 genotype had higher
average serum levels of the drug, in a prospective study
which included 95 patients. It is notable that patients
who had hallucinations had higher average voriconazole
[6]
levels , which highlights the importance of careful
clinical monitoring of patients. But in the study of Chu
[18]
et al , mentioned above, where was no relationship
between therapeutic drug levels of voriconazole and the
response to this antifungal treatment, and unlike other
studies, there was no association with an increase of
hepatotoxicity at voriconazole levels > 5.5 mg/L. This
observation suggests that therapeutic drug monitoring
[18]
could be limited to a subset of high-risk patients . In
another multicenter study which included 264 patients
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Arguments for clinical monitoring

The following categories of patients should be carefully
monitored, although there is no consensus in this
respect: the children, the patients with cystic fibrosis,
liver or renal failure (including those under chronic
hemodialysis), and those who are concomitant under
treatment with other drugs, which voriconazole could
[1]
interfere with . There was found no relationship between
plasma voriconazole concentrations and age, gender,
genotype or concomitant administration of proton pump
inhibitors, but there was a correlation between the drug
concentration and higher serum levels of serum alkaline
phosphatase, aspartate aminotransferase, and bilirubin,
[17]
in the study published by Saini et al .
A case of triple drug combination was published in
the literature: lansoprazole, voriconazole (400 mg/d)
and tactolimus. It was found that the concentration of
voriconazole became half of the initial one (from 5.0
ng/mL) and those of tactolimus also fell after reducing
the dose of lansoprazole [from 60 mg/d intravenous
(iv) to 15 mg/d per os] in a patient with CYP2C19 and
CYP3A5 heterozygous mutations. This is an example
of drug interaction: the lowering of lansoprazole dose
decreased voriconazole concentration and this seems
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to be the explanation for the decrease of those of
[22]
tacrolimus . This drug monitorization needs future
controlled studies for its validation and for a personalized
[1]
treatment, with dose adjusted according to the patient .
Another explanation for high voriconazole levels
consists in the presence of inflammation, due to the
fact that inflammatory stimuli can modify the activities
and expression levels of cytochrome P450 isoenzymes.
Indeed, in a retrospective chart review which included
128 patients found under voriconazole treatment, higher
drug trough concentrations were present in those with
severe inflammation (C-reactive protein about 6.2 mg/L),
although the dose of the drug was similar reported on
mg/kg body weight. Every increase of C-reactive protein
with 1-mg/L contributed to an elevation of voriconazole
[23]
trough concentration with 0.015 mg/L . It was found
that lipopolysaccharide did not exacerbate the effect of
voriconazole, which induces non-idiosyncratic liver injury,
[24]
unlike clozapine and ketoconazole .
An association between the use of voriconazole and
a higher survival probability in liver transplant recipients
with invasive aspergillosis was found, comparing to
[25]
other antifungal drugs . In another retrospective study,
39 patients with acute-on-chronic liver failure developed
invasive pulmonary aspergillosis; it was shown that
those treated with voriconazole had better prognosis
comparing with those without antifungal drug. Although
the dose of voriconazole was not adjusted, there was
no negative impact on renal or hepatic function, but
this does not preclude the need for careful monitoring
the function of vital organs for the metabolism of
[26]
voriconazole . Multiple logistic regression analysis
made on 39 patients established that persistent high
trough concentration of this drug may increase the risk
of liver toxicity; this fact may be avoided by reducing the
[27]
trough concentration to < 4 μg/mL .
An important drug association that may be found in
oncohematology is between voriconazole and tacrolimus,
especially in patients who received allogeneic bone
marrow transplantation. Voriconazole at clinically relevant
concentrations will increase more than two-fold the
serum levels of tacrolimus, by the inhibition of its hepatic
[28]
metabolism .
Baseline liver impairment of patients with renal
dysfunction was found to be a significant predictor of
worsening renal function in multivariate analyses in the
[29]
seventh day of voriconazole treatment .

administration, especially when we are not able to
monitor the serum drug level. That was done in a
study that included 83 patients who were subjected to
allogeneic hematopoietic stem cell transplantation, and
who received iv voriconazole (only 100 mg two times
per day) since the time of conditioning regimen until
9
their neutrophils exceeded 0.5 × 10 /L. This led to a rate
of invasive fungal infections of only 8.43%, compared
to 18.06% in the group treated with oral fluconazole
(200 mg/d). This difference was statistically significant,
and, very important, the frequency of functional liver
[30]
abnormalities was similar under the two drugs . The
question which remains is whether the fungal infection
rate would have not been lower under a normal dose
of voriconazole, and also whether the benefit gained by
lowering the rate of fungal infections would not have
been canceled by the increased toxicity induced by
voriconazole.
Other ways to prevent the potential drug toxicity,
including those on the liver, are avoiding the use of this
drug in patients with severe liver disease or advanced
renal failure, and clinical (for the detection of the first
events that might suggest toxicity, e.g., hallucinations)
and laboratory monitoring (transaminases, bilirubin,
cholestatic enzymes, serum creatinine), especially in
patients who are in treatment with other drugs that
are metabolized by cytochrome P450. Voriconazole is
recommended for patients with liver disease only if the
benefit outweighs the potential risk.
Another way to reduce the adverse effects (including
those on the liver) induced by azols consists in the
development of new antifungal agents that are more
selective for the target fungal enzyme CYP51, in com
parison with the human CYP enzymes CYP3A4. These
newly created agents have less avid metal-binding
groups and molecular changes in order to enhance their
potency. Such an oral agent is 7 d (VT-1161), found in
[31]
phase 2 of clinical trials .

CONCLUSION
Voriconazole serum levels are not correlated with the
presence or absence of liver toxicity in many studies, but
in others an increase of liver adverse effects at higher
blood concentrations was shown, although obtained data
did not allow the formulation of a limit above which the
risk increases significantly.
Patients who have hallucinations have, probably,
higher average voriconazole levels.
Most authors suggest a steady-state serum vori
conazole concentrations between 1.5 and 4 μg/mL.
A correlation between the drug concentration and
higher serum levels of serum alkaline phosphatase,
aspartate aminotransferase, and bilirubin was found.
Therapeutic drug monitoring could be limited to a
subset of high-risk patients, as those with severe liver
dysfunction, who are prone to develop liver toxicity
under voriconazole, especially if the initial dose is more
than 300 mg (4.5 mg/kg). The following categories of

HOW TO REDUCE THE TOXICITY OF
VORICONAZOLE?
It would be ideal to have the possibility to measure
serum concentrations of voriconazole in all patients and
to ensure that during treatment they are between the
recommended limits, although we know that it is not a
way able to prevent the possible occurrence of adverse
effects in all cases.
But lowering the dose is another way to reduce the
likelihood of adverse effects induced by voriconazole
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high-risk patients should also be carefully monitored,
although there is no consensus in this respect: the
children, the patients with cystic fibrosis, liver or renal
failure (including those under chronic hemodialysis), and
those who have severe inflammation or are concomitant
under treatment with other drugs, which voriconazole
could interfere with.
A weight-based oral dose could be more appropriate
for children.
In order to reduce the likelihood of its adverse
effects, lowering the iv dose of voriconazole was able
to reduce the fungal infection rate comparing with
oral fluconazole, but there is no study to prove that its
efficiency is the same with that of normal dose.
A way to avoid its potential toxicity is the develop
ment of new antifungal agents that are more selective
for the target fungal enzyme CYP51, in comparison with
the human CYP enzymes CYP3A4.
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REVIEW

Circulating biomarkers of hepatocellular carcinoma
response after locoregional treatments: New insights
Maria Tampaki, Polyxeni P Doumba, Melanie Deutsch, John Koskinas
tools for the detection of recurrence are the radiological
techniques such as 4-phase computed tomography
or dynamic contrast enhanced magnetic resonance
imaging. However, in order to achieve best evaluation
of treatment outcome and recurrence rates, there is a
great need for the identification of specific and easily
measured circulating biomarkers. The aim of this review
is to analyze the existing data considering the prognostic
significance of changes of serum diagnostic markers such
as alpha-fetoprotein, des-gamma-carboxy prothrombin,
alpha-fetoprotein-L3, angiogenetic factors (vascular
endothelial growth factor, hypoxia inducible factor-1a)
and immune parameters before and after radiofrequency
ablation or transarterial chemoembolization.
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Core tip: Hepatocellular cancer is the 5th most common
cancer in the world and the third cause of death by
malignant disease. Locoregional therapies are available
for patients with early or intermediate stage of disease.
However even with these techniques recurrence rates
are high. The use of accurate prognostic biomarkers
is of great importance in order to select the most
suitable-personalised treatment. The aim of this review
is to analyze the existing data regarding circulating
biomarkers measured before and after locoregional
therapies and their effect on treatment outcome.
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Abstract

Tampaki M, Doumba PP, Deutsch M, Koskinas J. Circulating
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th

Hepatocellular cancer is the 5 most common cancer
in the world and the third cause of death by mali
gnant disease. Locoregional therapies are the most
usual treatment of choice for patients with early or
intermediate stage of disease. The main diagnostic
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prognostic value of diagnostic markers’ post-treatment
[11-13]
changes such as alpha-fetoprotein (AFP)
, lens
[14]
culinaris agglutinin A-reactive fraction of AFP (AFP-L3)
[15,16]
and des-gamma-carboxy prothrombin (DCP)
has
been put under investigation. At the same time, the
response of vascular endothelial growth factor (VEGF)
and other angiogenetic factors to hypoxic conditions
caused by TACE or RF was evaluated according to tumor
[17-21]
response
. Another intriguing observation was the
immunomodulatory effect of loco-regional techniques,
+
+
affecting CD4 , CD8 T cells and T regulatory cells
[22-24]
(Treg)
and its potential impact on patients’ survival.
Finally, the post-treatment behavior of various new
serum HCC markers such as nucleosomes, osteopontin
[25]
(OPN) , soluble receptor of advanced glycation end
[26]
[27,28]
products (sRAGE)
and heat shock proteins
has been examined along with its role in treatment
outcome (Figure 2). The aim of this review is to present
the results of these studies and analyze the emerging
conclusions.

INTRODUCTION
th

Hepatocellular cancer (HCC) is the 5 most common
cancer in the world and the third cause of death by
[1]
malignant disease . Despite its high occurrence, the
survival rates are not yet satisfying. The therapeutic
tools that we possess are variable depending on the
stage of HCC and the severity of the underlying liver
disease. However, the only one that provides complete
cure is liver transplantation. Unfortunately, due to the
specific selection criteria and the low availability of liver
transplants, this treatment is implemented in a limited
[2]
number of patients . Moreover, surgical resection is
applicable to a confined number of patients, as over 70%
of them have advanced hepatic disease often combined
with portal hypertension or multifocal disease, conditions
[3,4]
that preclude any possibility of hepatic surgery .
Therefore, locoregional therapies have been developed
in order to treat patients that did not fulfill the criteria for
surgical interventions. Transarterial chemoembolization
(TACE) is a minimally invasive technique combining the
impact of chemotherapy and obstruction of blood supply
on the tumor area without systematic effects. The
patients that benefit mostly are those with intermediate
[5,6]
stage of HCC . On the other hand, radiofrequency
ablation (RFA) is a technique suitable for small tumors
[7]
(< 3 cm) and early stage disease . Its action is based
on the direct destruction of the tumor by radiofrequency
[7]
waves . Despite their efficacy, both these techniques
[8,9]
have high rates of local and distant recurrence
(Figure
1). The main diagnostic tools for the early detection
of recurrence are the radiological techniques such as
4-phase computed tomography or dynamic contrast
enhanced magnetic resonance imaging based on the
[10]
mRECIST criteria . The tumor response is evaluated
according to target lesions’ diameters after locoregional
treatment. Complete response indicates disappearance
of targeted lesions, while partial response indicates that
the the sum of the greatest one-dimensional diameters
is decreased more than 30%. When the targeted lesions’
diameters are increased more than 20% according
to baseline the tumor is characterized as progressive.
Finally in cases that do not qualify for partial response
or progressive disease the term “stable disease” is
[10]
used . However, these tools are not adequate for the
exact estimation of treatment response, the immediate
diagnosis of disease recurrence and the patients’
prognosis. For the above reasons, there is a current
need for biomarkers that may provide the possibility to
predict the course of the disease post-treatment and
to recognize certain groups of patients with different
prognosis. In other words, there is a need for biomarkers
that could allow the personalization of therapy aiming
to better treatment results and reduction of recurrence
rates. To achieve this goal, a number of traditional as
well as recently discovered serum biomarkers have
been measured before and after locoregional therapies,
in order to identify patterns that could be indicative of
treatment efficacy and prognosis. For example, the
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AFP
AFP is one of the first markers used for the detection and
prognosis of HCC. It has been used in clinical practice
for many years despite its limitations in the diagnosis of
small tumors and the fact that other diseases apart from
[12]
HCC may cause a mild to moderate rise of its levels .
The diagnostic values of this marker vary according
to the chosen cut-off values. In cirrhotic patients,
when the cut-off value is 20 ng/mL, its sensitivity and
[12]
specificity are 60% and 90% respectively . Lately, the
use of AFP as a screening test for HCC is not strongly
recommended as curable tumors smaller than 3 cm
may not cause a detectable rise and thus may not be
immediately diagnosed. However, AFP is regarded as a
[13]
reliable prognostic marker of recurrence .
It has been shown that high levels of AFP in the
serum of patients 24 h after TACE are a strong indepen
[29]
dent prognostic factor for poor survival . Additionally,
patients with poor response of AFP levels after TACE
(decrease less than 50% of baseline) had a hazard ratio
for progression free survival up to 4.2 (95%CI: 2.4 to
[30]
7.2) in comparison to patients with a higher response .
According to another study, reduction of AFP less than
20% from the baseline level was correlated to the
progression free survival as well as the overall survival
[31]
of treatment naïve patients after TACE (P = 0.009) .
The decrease of AFP is also predictive one month posttreatment as the patients without strong AFP response
at that point of time have lower overall survival (34.9 mo
[32]
vs 13.2 mo; P = 0.002) and are more likely to have
extrahepatic metastasis six months of TACE initiation (P
[33]
< 0.001) . Consequently, the impact of TACE on AFP
levels may reflect the efficacy of the method and the
patients’ overall survival. Therefore, AFP could be used as
a possible tool for further treatment choices.
As far as RFA is concerned, pre and post-treatment
levels of AFP have been also associated with the
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Transplantation

Complete cure < 15% recurrence

Strict patient selection criteria,
low number of donors

Surgical resection

70% in 5 yr

Applicable only to 20%-30% of patients

13.3% local recurrence
45% distant recurrence in 3 yr

High recurrence rates

75% at 6 mo (incomplete
response to treatment)

Low complete response rates

HCC
RF

TACE

Figure 1 Hepatocellular cancer therapeutic methods. HCC: Hepatocellular cancer; TACE: Transarterial chemoembolization; RF: Radiofrequency.
AFP ↓

AFP-L3 is not currently integrated in clinical practice.
Positive pre-treatment values of AFP-L3 (> 24.4%)
along with tumor size were found to be the two sta
tistically significant predicting factors of treatment
[14]
response . Additionally, AFP-L3 positivity before TACE
was significantly associated with 2-year survival rates (P
[14]
= 0.01) . Recently, it has been shown that An AFP-L3
decrease > 20% after 2 cycles of TACE is indicative
[38]
of median overall survival (P < 0.0001) . Therefore,
the evaluation and the surveillance of its values in the
course of therapy could be useful for the estimation of
disease progression.
In contrast to TACE, the role of AFP-L3 changes
in the serum of patients before and after RFA has
been more thoroughly investigated. AFP-L3 fragment
positivity (> 15%) before and 2 mo after ablation was
found to be indicative of high risk of recurrence (P =
0.0096) and possibly a marker of residual HCC that
[39]
cannot be depicted by radiological techniques . On
the other hand, the patients who had positive pretreatment values of AFP-L3 and became negative posttreatment, did not show significantly higher rates of
[39]
recurrence . In another study, AFP-L3 was the only
significant predictor of disease free and overall survival
in comparison to AFP and DCP when measured before
[40]
and after RFA .

AFP-L3 ↓
DCP ↓
VEGF ↓
HIF-1a ↓
TACE

HCC

RF

NLR ↓
sRAGE ↑
CD4 T cells ↑
Cytotoxic CD8 T cells ↑
HSP70 ↑

Changes after TACE

OPN ↓

Changes after RF

LDH ↓

Changes after both techniques

Treg cells ↓

Figure 2 Changes of circulating markers and immune parameters associated
with good hepatocellular cancer response after radiofrequency or transarterial
chemoembolization. HCC: Hepatocellular cancer; TACE: Transarterial
chemoembolization; RF: Radiofrequency; AFP: Alpha-fetoprotein; DCP: Desgamma-carboxy prothrombin; VEGF: Vascular endothelial growth factor; HIF1a: Hypoxia inducible factor-1a; NLR: Neutrophil-to-lymphocyte ratio; sRAGE:
Soluble receptor of advanced glycation end products; HSP70: Heat shock
protein 70; OPN: Osteopontin; LDH: Lactate dehydrogenase.

response as well. It is believed that patients without an
adequate decrease of AFP after RFA (AFP half-life less
than 7 d) have not a complete response to treatment
and thus have a lower disease free survival even if the
radiological findings show successful outcome (P =
[34]
0.003) . Moreover, high post treatment AFP levels (less
than 20% reduction from baseline) one month after
RFA are an independent risk factor for tumor recurrence
(P < 0.001) as well as for low overall survival (P = 0.023)
[35]
according to multivariative analysis .

DCP
DCP is an abnormal form of prothrombin produced by
malignant hepatocytes. It has been used as a diagnostic
marker (sensitivity 72%, specificity 90%) mainly in
Japan and is associated with microvascular invasion
[41-44]
of tumor cells
. Due to its correlation with HCC
[41]
angiogenesis , it is thought to be indicative of high
recurrence incidence. Like AFP, the elevation of its levels
may be induced by chronic hepatitis C or advanced
[41]
cirrhosis
and consequently DCP is not suitable for
surveillance protocols. However, if combined with AFP,
the sensitivity of the screening test may be increased.
As a marker of tumor invasiveness, it is another
potential biomarker for the effectiveness of locoregional
treatments for HCC.
As suggested by a recent study, the response of
DCP values to TACE may be useful for the estimation of
treatment outcome. Decrease of DCP values greater than

AFP-L3
AFP-L3 is a biomarker detected in the serum of HCC
patients even in cases of small tumors (35% of patients
[36]
with tumors < 3 cm) . Its sensitivity varies from 45%
for tumors < 2 cm to 90% for tumors > 5 cm and its
specificity reaches 95%. It is considered to be a marker
of poor prognosis as it is often combined with tumor
size, higher possibility of early metastasis and limited
[37]
liver function . It is believed that in combination with
AFP or other markers may enhance the sensitivity and
[12]
specificity of HCC diagnostic tools . However, the utility
of this biomarker is not yet adequately established and
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50% was significantly associated with radiologic response
to therapy (P < 0.001) as well as higher disease free
[45]
and overall survival (P < 0.001) . Moreover, DCP levels
trend before and after TACE is considered to correlate
both with treatment response (P = 0.009) (according to
Response Evaluation Criteria in Solid Tumors) and overall
[15]
survival .
On the other hand, it has not been proved so far
that the change of DCP levels before and after RFA
reflects the progress of the disease. Despite the fact
that high DCP pre-treatment values are considered
as a marker of high possibility of local recurrence, no
study has yet proposed that the response of DCP levels
after RFA has a statistically significant correlation with
[46]
recurrence free survival or overall survival . However,
in a study examining the vascular invasion predictive
factors after RFA in 1057 HCC patients, DCP was found
[16]
to be the most significant predictor .

complete response to TACE had lower levels of both
HIF-1a and VEGF 1 mo after TACE than those with
partial response, stable or progressive disease (all P <
[21]
0.01) . Recently, the changes of the two angiogenetic
markers in the serum of 22 patients 30 to 40 d after
TACE were correlated with tumor’s hepatic artery
perfusion (HAP) and hepatic artery perfusion index
(HPI). According to the study, VEGF and HIF-1a posttreatment levels were higher while HAP and HPI were
lower in patients with recurrent disease comparing to
[51]
the baseline values (P < 0.05) . As a result, VEFG and
HIF-1a should be further studied as potential markers
of response to this therapeutic technique.
The levels of VEGF in the serum of patients
treated with RFA are also considered to be a potential
prognostic factor. High pre-treatment levels (> 240
pg/mL) are an independent prognostic factor of the
recurrence free survival as well as the overall survival
[52]
after RFA (P = 0.005 and 0.002, respectively) .
However, when serum VEGF levels were measured
2 and 5 d after RFA, there was no significant change
[53]
between the pre- and post-treatment levels . This is
probably explained by the mechanism of action of RFA.
In other words, this treatment method is based on
the direct necrosis of the tumor tissue and has not as
a clear antiangiogenetic effect as TACE. Therefore the
impact of RFA on the levels of angiogenetic factors and
tumor angiogenesis is not yet adequately delineated
and should be investigated in future studies.

ANGIOGENETIC FACTORS
Angiogenesis is a key process for the expansion of
hepatocellular carcinoma involving a number of factors
stimulating, inhibiting or regulating various cellular
[47]
pathways . VEGF for example, is an angiogenetic
factor often up regulated in the serum of HCC patients.
The VEGF serum levels are proven to reflect the tumor
mass size as well as the tumor potential to infiltrate
nearby tissues. Moreover, VEGF elevated values are
associated with portal vein invasion and extended
[48]
disease . Therefore, it is a possible tool to predict
HCC prognosis and metastasis. Nevertheless, more
extended investigation is needed to prove its value in
HCC patients’ monitoring. Hypoxia inducible factor-1a
(HIF-1a) plays also an important role in the angiogenetic
[49]
process . The survival of malignant cells under hypoxic
conditions is mainly regulated by this factor, as it is
responsible for the expression of a number of proteins
[49]
including VEGF . As a result, the evaluation of its
behavior in HCC patients is really interesting.
Especially for TACE, a technique that induces
hypoxic conditions in the tumor environment, the
response of factors such as VEGF and HIF-1a has been
put under investigation in a number of studies. Patients
with complete response to TACE were found to have
lower pretreatment levels of serum VEGF (P < 0.001)
[50]
than patients with partial or no response . Serum
VEGF, when measured after TACE, seems to reach
the highest value 1 d after treatment and then it is
[17]
gradually reduced . It has been shown that patients
with higher levels of VEGF 7 d after TACE had a rapid
[18]
progression of HCC in a 3-mo period (P < 0.05) .
Additionally, decreased levels of serum VEGF receptor-2
4 wk after TACE are predictive of higher survival
[19]
rates (19.0 mo vs 9.8 mo, P < 0.001) . Moreover,
HIF-1a, a factor responsible for the regulation of the
[20]
expression of VEGF , showed the same response as
VEGF in the serum of patients 1 d, 1 wk and 1 mo after
[21]
TACE . The above support the correlation between
the two angiogenetic factors. Additionally, patients with
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OSTEOPONTIN
OPN is an integrin-binding glycophosphoprotein with an
important role in bone metabolism, immune responses
and vascular remodeling. It is produced by various
tissues including macrophages, activated lymphocytes
and Kupffer cells and is considered to have a cytokine’s
[54,55]
action
. Additionally, OPN due to its immunogenic
function is involved in the pathogenesis of alcoholic and
nonalcoholic liver disease and T cell mediated hepatitis.
Its expression has been found to be up regulated in
HCC tumors and especially in metastatic HCC tumors.
As a result, OPN has been associated with advanced
disease, portal vein and lymph node invasion and early
[55]
metastasis . However, its value as a prognostic HCC
biomarker is not yet proven by a large study in broader
HCC populations. The above OPN functions though,
could explain the fact that low baseline OPN levels and
their decrease (> 10%) 4 wk after TACE, have been
correlated to better response to treatment and better
[25]
cumulative survival . Nevertheless, when evaluated
in a multivariative analysis, this relationship was not
[25]
statistically significant .

IMMUNE RESPONSE CIRCULATING
PARAMETERS
Locoregional therapies for HCC cause tumoral necrosis
resulting in an immunomodulatory effect. Necrotic cell
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death provides a source of antigens that stimulate a
strong immune response firstly mediated by antigen
[56]
presenting cells .
The outcome of TACE has been associated to the
blood neutrophil-to-lymphocyte ratio (NLR), a marker
of immune activity often up regulated in patients with
[25,57]
HCC
. In a recent study 42 patients with an elevated
pre-treatment NLR (> 1.85) had a median survival of 8
mo while 136 patients with normal NLR had a median
[58]
survival of 17.5 mo (P < 0.001) . In addition, the
down regulation of NLR after TACE is indicative of higher
overall survival and thus an independent prognostic
[59]
factor with possible clinical value (P = 0.006) . TACE
may also influence the levels of sRAGE, a biomarker still
under investigation, related to immunogenic cell death
with a possible role in stimulation of immune response
[60]
and angiogenesis . Patients that exhibited higher
levels of sRAGE before and 24 h after treatment had a
[26]
better treatment response . Moreover, TACE induces
+
a specific CD4 T cell response targeting the tumor
tissue. It is possible that the acute inflammation caused
by the necrosis of the tumor sensitizes the previously
tolerant immune system and promotes the activation
+
[22]
of AFP- specific CD4 T Cells . These cells through the
production of interferon-gamma (IFN-γ) further promote
+
[22]
the destruction of tumor cells by cytotoxic CD8 T cells .
Finally, according to a recent paper, higher levels of
Th17 cells 30 d post-TACE were found to be significantly
[23]
associated with elevated overall survival (P = 0.007) .
Th17 cells through the production of interleukin-17 (IL-17)
are responsible for the accumulation of neutrophils after
[24]
acute tissue injury . Consequently it is possible that
TACE due to its hypoxic effect on HCC tissue promotes
the activation of Th17 cells resulting it the recruitment of
neutrophils in the damaged area.
RFA causes direct destruction of the targeted HCC
lesion, resulting in the induction of acute inflammation
and extended immune response. It has been shown
in vitro that the ablated malignant tissue promotes
intensely the maturation of antigen presenting cells
in comparison to the non-ablated malignant tissue or
normal liver tissue. This possibly happens due to the
release of previously “hidden” intracellular antigens of
[61]
malignant cells . Additionally, the dendritic cells (DCs)
that were activated in the presence of ablated HCC tissue
produce higher amounts of IL-12, a cytokine promoting
T helper 1 cells responses, while DCs activated by nonablated HCC tissue produce mainly IL-10 resulting in the
[61]
induction of T helper 2 cells responses . The post-RFA
activated DCs were also found to secrete high amounts
[61]
of IL-1 and tumor necrosis factor-a . In another study,
RFA caused a significant 5-6 fold rise (P < 0.0001) of
+
HCC specific CD4 T cells, cytotoxic T cells and IFN-γ
[62]
8 wk after treatment . Interestingly, this strong antitumor T cell immune response has been proven to be
+
mediated mainly by CD4 T cells. However, the pool of
circulating lymphocytes when measured 1 mo after RFA,
presented an elevation of CD56 differentiation antigens
of T cells and natural killer cells. In other words, RFA
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caused the rise of circulating effector cytotoxic cells.
Despite this fact, the tumor recurrence rate was not
correlated to the extent of the immune response. In fact,
the antigens extracted from the recurrent tumor tissue
did not initiate an intense response of DCs and T cells
[62]
that was produced by the ablated tumor tissue . The
effect of RFA on the levels of cytotoxic T cells was further
confirmed recently, as 5 out of 9 patients presented
with elevated glypican-3 specific cytotoxic T cells after
[63]
treatment . On the contrary, only 1 of 9 patients
treated with surgical resection had increased levels of
[63]
this specific type of cells . Moreover, the number of
tumor-associated antigen - specific T cells produced after
[64]
RFA has been correlated to HCC recurrence rates .
Additionally, a recent study focusing on the role of
+
+
+
CD4 CD25 Foxp3 Treg cells in the prognosis of HCC
[65]
after cryoablation has produced interesting results .
This type of cells is known to affect the immune response
against malignant cells through the production of specific
cytokines such as transforming growth factor-β or by
direct cell contact. The above functions result in the
suppression of APCs maturation and T cell differentiation
[66]
and the apoptosis of effector cells . According to
the study, patients with higher levels of circulating
+
+
+
CD4 CD25 FoxP3 Treg had significantly higher rates
of reccurence after cryoablation (P = 0.026). Moreover,
among 31 patients subjected to cryoablation, those who
presented with tumor progression during the follow-up
period (12-48 wk after treatment), had elevated Treg
frequency. In fact, the Treg cells isolated from 6 patients
with recurrent HCC had increased immunosuppressive
effect against PBMCs isolated from healthy controls.
On the contrary, Treg cells extracted from 6 patients
with good tumor response did not have such a strong
[65]
immunosuppressive effect .
Finally, as suggested by studies on animal models
and patients with HCC as well, RFA enhances the
production of heat shock proteins such as heat shock
[67,68]
protein 70 (HSP70)
. In HCC tissue extracted
immediately before and 24 h after RFA the expression of
HSP70 and HSP90 was found to be increased 8-fold and
[27]
1.2-fold respectively . In a study with a limited number
of patients with liver, kidney or lung malignancies, the
levels of serum HSP70 were significantly higher 1 d
[28]
after RFA (paired t test, P = 0.001) . Moreover the
patients with the higher increase tended to have lower
recurrence rates than those without detectable increase
[28]
post-RFA . Heat shock proteins are thought to play
an important role in the activation of dendritic cells and
may be the local stimuli for the strong immune response
[69]
taking part after RFA .
All the above mechanisms could be the basis of
new treatment strategies combining immunotherapy
with locoregional therapies in order to enhance the
therapeutic effect of these techniques.

CELL DEATH PARAMETERS
As mentioned above, due to the induction of tumor
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necrosis by local therapies, a number of cell death
products are released into the circulation directly after
[61]
treatment . Some of these products could be put
under investigation in order to acquire useful markers
for the evaluation of early treatment response.
Recently, the kinetics of serum cell death products,
such as nucleosomes, cytokeratine-19 fragments
(CYFRA 21-1) and lactate dehydrogenase (LDH) preand post-TACE, have been studied along with their
[70]
correlation with treatment response . The results
showed that all three parameters were increased 24
h after TACE. However, the levels of nucleosomes
were the only marker that was significantly different
between the group of responders and the group of
[70]
non-responders (P < 0.001) . In other words, higher
percentage changes between the baseline levels and the
levels of serum nucleosomes 24 h post-treatment were
correlated with disease progression. Interestingly, in the
multivariative analysis the combination of nucleosomes
(24 h), alkaline phosphatase (24 h) and number of
TACE was the best prognostic model for treatment
[70]
response . LDH is considered to be another potential
prognostic marker for patients treated with TACE. It has
been shown that patients with increased post-treatment
LDH values had lower disease free and overall survival
in comparison to patients with decreased values within
[71]
1 mo after TACE . This difference was found to be
statistically significant both for disease free and overall
[71]
survival (P < 0.0087 and P < 0.0001 respectively) .
Nevertheless, due to the limited patient number in this
study, the exploitation of cell death markers needs to be
extensively studied by further clinical trials.

mechanism of action. Another interesting development
is the measurement of cell death products caused by
the destruction of the malignant tissue. The extent of
tumor necrosis is indicative of treatment efficiency.
Therefore, the quantification of tumor necrosis with
the use of circulating cell death parameters provides
a direct measure of treatment outcome even more
specific than mRECIST criteria. Finally, the unique ability
of locoregional therapies to induce a major immune
response could be also exploited either by associating the
intensity of specific HCC-targeting cell production with
treatment outcome or by the implementation of a new
combination of treatment strategies.

CONCLUSION
As locoregional therapies are currently the most
common treatment choice for patients with early or
intermediate stage of HCC, the discovery of prognostic
models for patients stratification is undoubtedly of great
importance. Apart from the above biomarkers, there is a
need for new molecular parameters that could enhance
the understanding of HCC behavior and susceptibility
to different therapeutic techniques. In other words,
the identification of more specific molecular markers
for HCC may permit the generation of specific HCC
molecular profiles resulting in more targeted treatment
strategies or perhaps new combinations of them. In
order to achieve this, a number of clinical trials should
be conducted in the future.
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MINIREVIEWS

Hepatitis C cirrhosis: New perspectives for diagnosis and
treatment
Vikas Khullar, Roberto J Firpi
chronic liver disease, cirrhosis, hepatocellular car
cinoma as well as the primary indication for liver
transplantation in the United States. Despite recent
advances in drugs for the treatment of hepatitis C,
predictive models estimate the incidence of cirrhosis
due to hepatitis C infection will to continue to rise for
the next two decades. There is currently an immense
interest in the treatment of patients with fibrosis and
early-stage cirrhosis as treatment can lead to decrease
in the rates of decompensated cirrhosis, hepatocellular
carcinoma and need for liver transplantation in these
patients. The goal of this paper is to provide clinicians
and health care professionals further information about
the treatment of patients with hepatitis C infection and
cirrhosis. Additionally, the paper focuses on the disease
burden, epidemiology, diagnosis and the disease course
from infection to treatment. We provide an overview of
multiple studies for the treatment of chronic hepatitis
C infection that have included patients with cirrhosis.
We also discuss the advantages and disadvantages of
treatment in cirrhotic patients and focus on the most up
to date guidelines available for treatment.
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Core tip: The treatment of chronic hepatitis C infection
has undergone a revolution with the introduction of new
and highly-effective therapies allowing for high rates of
cure and relatively low adverse effects. While there is
strong evidence for the treatment of patients without
cirrhosis, limited studies and numbers are available for
patients with cirrhosis; yet this is the group likely to
benefit most from treatment. This paper focuses on
the current evidence and regimens for the treatment of
patients with cirrhosis and addresses the advantages
and disadvantages of pursuing treatment.

Abstract
Chronic hepatitis C infection is the leading cause of
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or pursing treatment for chronic HCV infection in patients
with cirrhosis. Additionally, as cirrhotic patients represent
a challenge among those with chronic HCV infection,
we also discuss the advantages and disadvantages of
providing treatment to patients in this pathologic stage
of disease.

Khullar V, Firpi RJ. Hepatitis C cirrhosis: New perspectives for
diagnosis and treatment. World J Hepatol 2015; 7(14): 1843-1855
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i14/1843.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i14.1843

INTRODUCTION

Disease Burden and Epidemiology

Hepatitis C virus (HCV) infection is the leading cause of
chronic liver disease, cirrhosis, hepatocellular carcinoma
(HCC) and currently the primary indication for liver
[1]
transplantation in the United States . As per most
recent estimates from the World Health Organization,
chronic HCV infection is estimated to have a prevalence
[2]
between 130 to 150 million worldwide . Chronic HCV
infection is defined as the persistence of HCV viremia for
greater than 6 mo. While the estimated prevalence is
low in developed countries (1%-2%), the less developed
countries may carry a prevalence as high as 5%-10%
[3]
of the adult population . In United States alone, the
most conservative estimates suggest the prevalence of
people infected with chronic HCV to be around 2.7-5.2
[4,5]
million . Amongst those who are infected with chronic
HCV, studies evaluating the natural course of the
disease suggest that around 55%-85% would progress
to chronic liver disease, 15%-30% would progress
to cirrhosis and 1%-5% are expected to die due to
[2]
decompensated cirrhosis and HCC . Worldwide, there
are an estimated 350000 to 500000 deaths per year
[2]
due to HCV related liver disease . Hence, identifying the
patients infected with chronic HCV infection and treating
them with newly available treatments provides a unique
opportunity to help decrease the morbidity and mortality
from the disease. Based on these potential benefits, the
center for disease control (CDC) in the United States
recommends one time birth cohort screening of the
population born between 1945-1965 (defined as “baby
[6]
boomers”) with a HCV antibody test . However, despite
recent advancements in the treatment of chronic HCV
infection, predictive models estimate that the prevalence
of HCV cirrhosis will continue to increase through the
next decade and is projected to reach 45% in 2030 of
[7]
chronically infected persons . The incidence of hepatic
decompensation and HCC is also expected to continue to
increase for an additional 10 to 13 years prior to seeing a
decline due to the wider application of antiviral treatment
[7]
and better responses with newer agents . Currently
those with cirrhosis due to chronic HCV infection are
considered difficult-to-treat however may be the group
that is likely to benefit most from treatment as virus
eradication can potential reduce morbidity and mortality
in this population.
In this manuscript, we provide an overview of
chronic HCV infection in the context of disease burden,
epidemiology, diagnosis and the disease course of HCV
infection in the United States population. We present
the current treatment regimens and trials which have
included patients with cirrhosis and provide information
for physicians who may be interested in learning further
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Many patients with chronic HCV infection are asympto
matic and it is estimated that 45%-85% are unaware
[6]
they are even infected . Large population studies
testing for positivity of anti-HCV antibody in noninstitutionalized population in the United States have
shown the prevalence to be approximately 1.8% in the
[8]
general population . In these studies, the strongest
risk factors predicting a positive HCV infection were
illegal drug use, blood transfusions prior to 1992 and
high risk sexual behavior with high number of lifetime
sexual partners. Other risk factors associated with a
positive HCV infection included poverty, having less than
twelve years of education and having been divorced or
[8]
separated . Surprisingly the study also showed that
15%-30% of infected patients’ reported no risk factors
for the transmission of HCV infection. Additional studies
examining the burden of HCV infection in the United
States, show that by 2007, HCV had superseded human
immunodeficiency virus (HIV) as a cause of death in the
[9]
United States . Several additional United States studies
have also predicted a two-fold increase in HCV related
deaths with direct medical expenditure exceeding $6.7
[10]
billion USD between 2010 and 2019
and without
intervention, suggest that morbidity and mortality from
HCV will peak between 2030 and 2035 forecasting
for 38600 incident cases of end-stage liver disease,
3200 referrals per year for liver transplant and 36100
[11]
deaths .

Diagnosis and Disease Course for
chronic HCV infection
HCV infection is rarely diagnosed during in the acute
phase of infection. Although a variety of host-factors play
a role in eradication of HCV, only 15%-25% of adults
[12]
spontaneously clear the infection . The remaining pro
[8]
portion of patients continue to have persistent viremia
and retrospective studies on the natural history of HCV
infection, have found that about 15%-30% of people
with chronic infection would progress to cirrhosis over
[13]
the duration of two to three decades . Progression to
cirrhosis has been shown to occur at an accelerated pace
in those with concomitant alcohol use (> 50 g/d), coinfection with HIV and hepatitis B virus (HBV), as well as
[13,14]
male sex, and older age at time of infection (Figure 1)
.
In the patients’ that develop HCV related cirrhosis, the
risk of development of HCC has been shown to be 1%-4%
[15]
per year and warrant surveillance for complications .
The first step in the diagnosis of HCV infection is
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Natural progression of HCV infection

Table 1 Centers of disease control recommendations on
[17]
hepatitis C virus infection screening in the general population

20-30 yr

Chronic
infection
persists
in 70%Acute infection 80% of
with HCV
patients

Chronic
fibrosis
and
hepatitis

Development
of cirrhosis
in 20%

Birth between 1945-1965 without identifiable risk factors
History of illegal drug use
Receipient for clotting factors before 1987
Receipients for blood transfusion or solid organ transplantation before
1992
Received hemodialysis
Health-care workers after needle sticks
All HIV-positive individuals
Signs and symptoms of liver disease
Children born to HCV positive mothers
Elevated liver function tests

Risk of HCC
= 1%-4%
per year

Factors causing accelerated progression
to cirrhosis: Alcohol use, HIV, HBV, male,
older age at time of infection

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.

Figure 1 Natural progression of hepatitis C virus infection in the United
States. HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: Hepatocellular
carcinoma; HIV: Human immunodeficiency virus.

chronic HCV infection due to its beneficial potential.
Once a person is diagnosed with chronic HCV
infection, the decision on when to start treatment
is controversial, however, generally depends on the
level of fibrosis and staging. Liver biopsy is the “gold
standard” for the evaluation of the level of fibrosis and
can be a key factor in determining follow-up evaluation
in patients. Although multiple scoring systems exist for
[21]
the evaluation of the stage of liver fibrosis (Table 2) ,
a general recommendation is to initiative treatment
in those with stage ≥ 3 as this stage in an important
[22]
predictor of future progression to cirrhosis . However,
a liver biopsy carries potential risk such as excessive
bleeding and injury to the liver and less invasive methods
can also be utilized for determination of inflammation
and fibrosis. Many clinicians use the Aspartate amino
transferase-to-platelet ratio index to determine the
degree of fibrosis and studies have validated this index
to be sensitive in detecting minimal fibrosis or cirrhosis
[23]
in patients with HCV infection . Liver elastography is
also increasingly being used to determine liver stiffness;
however, can only reliably distinguish cirrhosis from
[24]
non-cirrhosis at this time . The decision to pursue a
liver biopsy over currently available non-invasive tests
should be based on both the clinician and patient’s wish
to gain useful information regarding fibrosis stage for
prognostic purposes as well as to determine the urgency
[21]
for treatment .

testing for anti-HCV antibody. Currently in the United
States, HCV testing is recommended at least once for
[6]
persons born between 1945 and 1965 . A positive test
result for anti-HCV antibody indicates either current
infection - acute or chronic, previous infection that may
[16]
have resolved, or a false positive test result . For
individuals with a positive test result, confirmatory test
(HCV RNA) to confirm viremia should be performed.
In certain individuals who are negative for anti-HCV
antibody, however are either immunocompromised or
who might have been exposed to HCV within the last 6
mo further testing with HCV RNA test is recommended.
A negative test to HCV RNA indicates that patient has
no evidence of current HCV infection and further HCV
testing is unnecessary. Quantitative HCV RNA testing
is also recommended prior to the initiation of antiviral
[17]
therapy to document the level of baseline viral load .
Table 1 highlights current CDC recommendations on
testing of the general population based on risk and
non-risk factors for HCV infection in the United States.
People with risk factors of exposure to HCV should be
periodically tested, although the evidence regarding the
frequency of testing is lacking. Hence, physicians should
determine the periodicity of testing depending upon the
risk of re-infection and risk factors.
Interventions at the time of diagnosis are aimed
at reducing the progression to liver cirrhosis as well
as educating the patient to prevent the transmission
to others. Multiple studies have documented the detri
mental effects of alcohol on the liver and the association
between alcohol intake and development of liver fibrosis
[13,18,19]
and cirrhosis, including the development of HCC
.
HBV and HIV co-infections have been associated with
an accelerated fibrosis in patients with chronic HCV
[13]
infection
and testing patients for both HIV and HBV
infection may be beneficial. Obesity and metabolic
syndrome have also been associated with development
of non-alcoholic fatty liver disease and there is some
evidence that obesity may be associated with rapid
[20]
disease progression to cirrhosis . Therefore, weight
loss should be advised to any persons infected with
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New Perspective on Treatments
for patients with HCV infection
and cirrhosis
The goal of treatment for HCV infection early in the
disease process is to reduce all-cause mortality and
prevent development of liver complications. Immediate
benefits of treatment include decrease in liver inflam
mation as reflected by improvement in aminotransferase
[25]
levels and reduction in the rate of liver fibrosis . Longterm benefits include a more than 70% reduction in the
[26]
risk of HCC
and a 90% reduction in the risk of liver
[26,27]
related mortality and need for liver transplantation
.
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Table 2 Various scoring system for the histological staging for liver fibrosis
IASL score

Bats-Ludwig score

Metavir

Ishak score

0
1

Stage

No fibrosis
Mild fibrosis

No fibrosis
Fibrous portal expansion

2

Moderate fibrosis

Rare bridges or septae

No fibrosis
Presence of periportal fibrotic
expansion
Periportal septae 1 (septum)

3

Severe fibrosis

4

Cirrhosis

Numerous bridges or
septae
Cirrhosis

No fibrosis
Fibrous expansion of some portal areas with or without
short fibrous septae
Fibrous expansion of most portal areas with or without
short fibrous septae
Fibrous expansion of most portal areas with occasional
portal to portal bridging
Fibrous expansion of most portal areas with marked
bridging (portal to portal and portal to central)
Marked bridging (portal to portal and portal to central)
with occasional nodules (incomplete cirrhosis)
Cirrhosis

Porto-central septae
Cirrhosis

5
6
Adapted from Ghany et al[21].

past decades and many more changes are anticipated in
the treatment of patients in the coming years. The focus
of this paper is to discuss treatment regimens based
on recent clinical trials that have included patients with
cirrhosis and discuss their success rates in achieving
SVR. Although many changes are anticipated in the
coming months, currently the American Association
for the Study of Liver Disease (AASLD) guidelines for
the treatment of cirrhotic patients recommend that
treatment-naïve patients with compensated cirrhosis,
including those with HCC, may be treated with the same
[22]
regimen as patients without cirrhosis . Tables 3 and 4
provide AASLD recommendations for treatment based
on genotype and peg IFN eligibility. For patients who are
decompensated (moderate to severe hepatic impairment
or CP-B or CP-C) who may or may not be candidates for
liver transplantation including HCC, AASLD recommends
referral to an experienced treatment center ideally
with liver transplantation capabilities. In this paper, we
present the current treatment regimens and trials which
have included patients with compensated cirrhosis
and provide information for physicians who may be
interested in learning further or pursing treatment for
chronic HCV infection in patients with cirrhosis.

Achievement of virologic cure is determined by achieving
undetectable HCV RNA levels defined as sustained
virologic response (SVR) at 12 wk or more following
[21,22]
treatment completion
. SVR has been shown in
multiple studies to be a good marker for cure of chronic
HCV infection in patients followed for greater than
[28]
five years
and corresponds with presence of antiHCV antibodies but without detectable HCV RNA in the
[29]
serum, in liver tissue and mononuclear cells . SVR at
12 wk (SVR12) has generally been accepted as primary
[22]
efficacy end-point and a marker for “virologic cure” .
Although previously SVR at 24 wk (SVR 24) was used as
a marker for “virologic cure”, multiple new studies show
high concordance rate between SVR24 and SVR12 hence
allowing for its use in multiple studies for effectiveness of
[30]
treatment .
Multiple studies have evaluated SVR rates in patients
with and without cirrhosis, and all studies have concluded
that patients with cirrhosis have lower SVR rates.
Previous studies have provided ranges of SVR between
40%-50% in patients with Child-Pugh (CP) class A and
[31-33]
7%-26% in patients with CP class C
. Additionally,
genotype also shown to have an influence on the
treatment of patients with HCV cirrhosis with patients
with genotype 1 and 4 having suboptimal SVR rates
compared with those with genotype 2 and 3. A study
[34]
by Bruno et al
showed that in patient treated with
pegylated interferon alfa-2a (peg IFN) plus ribavirin those
with genotype 1 and 4 had SVR rates of 51% if they had
advanced fibrosis and 33% if they had cirrhosis. Same
study also showed that patients with genotype 2 and 3
had SVR rates of 61% in those with advanced fibrosis
and 57% if they had cirrhosis. These studies hence show
us that patients without advanced fibrosis are more likely
to have an earlier response to treatment and higher rates
of SVR and if affordable treatments are available, should
undergo treatment prior to development of fibrosis and
[34]
cirrhosis .

SOFOSBUVIR BASED TRIALS
Sofosbuvir (SOF) is a nucleotide analogue HCV nonstructural protein (NS)5B polymerase inhibitor which
has shown to have in-vitro activity against all HCV
[35]
genotypes . When incorporated as a substrate for
viral RNA polymerase in the HCV-RNA genome, SOF
leads to inhibition of viral replication. Studies have also
shown pan-genotype antiviral activity against HCV
and a high barrier to resistance. SOF is administered
once daily via oral tablets (400 mg) with no restrictions
on food intake. It enters the hepatic circulation as a
pro-drug and undergoes phosphorylation to its active
form in hepatocytes. While studies have shown that
variables such as age, sex, body mass index (BMI),
race, common concomitant medications and cirrhosis
have less influence on the metabolism of the drug, it is
cleared by the renal system and dose adjustment may

NEW TREATMENTS FOR HCV INFECTION
IN CIRRHOTIC PATIENTS
The treatment of HCV infection has evolved over the
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Table 3 The recommended for treatment of hepatitis C virus infection by genotype in treatment-naïve patients and in treatment
[22]
naïve patients with compensated cirrhosis
Genotype
1a

1b

2
3

4

5

6

Recommended regimen and duration

Recommended regimen for compensated cirrhosis (CP-A) and duration

Three options with similar efficacy:
(1) Daily fixed dose LDP (90 mg)/SOF (400 mg) for 12 wk
(2) Daily fixed-dose combination of paritaprevir (150 mg)/
ritonavir (100 mg)/ombitasvir (25 mg) plus twice-daily dosed
dasabuvir (250 mg) and weight-based RBV [1000 mg (< 75 kg) to
1200 mg (≥ 75 kg)] for 12 wk
(3) Daily SOF (400 mg) plus SMV (150 mg) with or without
weight-based RBV [1000 mg (< 75 kg) to 1200 mg (≥ 75 kg)] for
12 wk
Three options with similar efficacy:
(1) Daily fixed dose LDP (90 mg)/SOF (400 mg) for 12 wk
(2) Daily fixed-dose combination of paritaprevir (150 mg)/
ritonavir (100 mg)/ombitasvir (25 mg) plus twice-daily dosed
dasabuvir (250 mg) for 12 wk
(3) Daily SOF (400 mg) plus SMV (150 mg) with or without
weight-based RBV [1000 mg (< 75 kg) to 1200 mg (≥ 75 kg)]
for12 wk
SOF (400 mg) and weight-based RBV [1000 mg (< 75 kg) to 1200
mg (≥ 75 kg)] for 12 wk
(1) SOF (400 mg) and weight-based RBV [1000 mg (< 75 kg) to
1200 mg (≥ 75 kg)] for 24 wk
(2) Alternative for IFN eligible: SOF (400 mg) and weight-based
RBV [1000 mg (< 75 kg) to 1200 mg (≥ 75 kg)] plus weekly peg
IFN for 12 wk
Three options with similar efficacy and 2 alternatives available:
(1) Daily fixed dose LDP (90 mg)/SOF (400 mg) for 12 wk
(2) Daily fixed-dose combination of paritaprevir (150 mg)/
ritonavir (100 mg)/ombitasvir (25 mg) and weight-based RBV
[1000 mg (< 75 kg) to 1200 mg (≥ 75 kg)] for 12 wk
(3) Daily SOF (400 mg) and weight-based RBV [1000 mg (< 75 kg)
to 1200 mg (≥ 75 kg)] for 24 wk
(4) Alternative 1 for IFN eligible: Daily SOF (400 mg) and weightbased RBV [1000 mg (< 75 kg) to 1200 mg (≥ 75 kg)] plus weekly
peg IFN for 12 wk
(5) Alternative 2 for IFN eligible: Daily SOF (400 mg) plus SMV (150
mg) and weight-based RBV [1000 mg (< 75 kg) to 1200 mg (≥ 75
kg)] for 12 wk
(1) Daily SOF (400 mg) and weight-based RBV [1000 mg (< 75 kg)
to 1200 mg (≥ 75 kg)] plus weekly peg IFN for 12 wk
(2) Alternative 1 for IFN eligible: Weight-based RBV [1000 mg (<
75 kg) to 1200 mg (≥ 75 kg)] plus weekly peg IFN for 48 wk
(1) Daily fixed dose LDP (90 mg)/SOF (400 mg) for 12 wk
(2) Alternative 1 for IFN eligible: Daily SOF (400 mg) and weightbased RBV [1000 mg (< 75 kg) to 1200 mg (≥ 75 kg)] plus weekly
peg IFN for 12 wk

Three options with similar efficacy:
(1) Daily fixed dose LDP (90 mg)/SOF (400 mg) for 12 wk
(2) Daily fixed-dose combination of paritaprevir (150 mg)/ritonavir (100
mg)/ombitasvir (25 mg) plus twice-daily dosed dasabuvir (250 mg) and
weight-based RBV [1000 mg (< 75 kg) to 1200 mg (≥ 75 kg)] for 12 wk
(3) Daily SOF (400 mg) plus sMV (150 mg) with or without weightbased RBV [1000 mg (< 75 kg) to 1200 mg (≥ 75 kg)] for 24 wk
Three options with similar efficacy:
(1) Daily fixed dose LDP (90 mg)/SOF (400 mg) for 12 wk
(2) Daily fixed-dose combination of paritaprevir (150 mg)/ritonavir (100
mg)/ombitasvir (25 mg) plus twice-daily dosed dasabuvir (250 mg) and
weight-based RBV [1000 mg (< 75 kg) to 1200 mg (≥ 75 kg)] for 12 wk
(3) Daily SOF (400 mg) plus SMV (150 mg) with or without weightbased RBV [1000 mg (< 75 kg) to 1200 mg (≥ 75 kg)] for 24 wk
SOF (400 mg) and weight-based RBV [1000 mg (< 75 kg) to 1200 mg (≥
75 kg)] for 16 wk

LDP: Ledipasvir; SOF: Sofosbuvir; SMV: Simeprevir; Peg IFN: Pegylated interferon alfa-2a; RBV: Ribavirin; CP-A: Child-Pugh class A.

30 mL/min. Studies have also shown that despite being
metabolized in the hepatocytes, no dose adjustment is
recommended in patients with mild or severe hepatic
impairment. The following studies evaluated the use of
SOF in cirrhotic patients (summarized in Table 5).

Table 4 Factors that determine ineligibility to interferon based
[22]
regimens for treatment
Intolerance to IFN in the past
Autoimmune hepatitis or other autoimmune disorders
Hypersensitivity to PEG or any of its components
Decompensated hepatic disease
Major uncontrolled depression
A baseline neutrophil count below 1500/μL, a baseline platelet count
below 90000/μL or baseline hemoglobin below 10 g/dL
A history of pre-existing heart disease

NEUTRINO trial[36]

The NEUTRINO trial was a phase Ⅲ single-group, open
label study of SOF with peg IFN plus ribavirin in 327
treatment naïve patients infected with HCV genotype 1,
4, 5 and 6. All patients received a 12-wk treatment with
SOF plus peg IFN plus ribavirin. SOF was administered
once daily at a dose of 400 mg orally, with daily weightbased ribavirin (1000 mg if body weight < 75 kg

IFN: Interferon; PEG: Percutaneous endoscopic gastrostomy.

be needed in patients with creatinine clearance less than
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Table 5 Summary of sofosbuvir trials and enrollment of cirrhotic patients
Trial
NEUTRINO[36]

FISSION[36]

Regimen

Duration (wk)

Patient population (patients with
cirrhosis in treatment group)

SOF + peg IFN + RBV

12

SOF + RBV

12

327 treatment naïve (54) with G1, 4-6
G1: 292
G4: 28
G5-6: 7
253/499 treatment naïve with G2, G3 (49
cirrhotic) assigned to treatment arm
G2: 70/253
G3: 183/253
207/278 IFN intolerant or ineligible with G2, G3
(31 cirrhotic) assigned to treatment group
G2: 109
G3: 98
100 treatment experienced with G2, G3 (26)
G2: 36
G3: 64
95 treatment experienced with G2, G3 (32)
G2: 32
G3: 63
73 patients with G2 (10)
Treatment naïve G2: 32
Treatment experienced G2: 41
250 patients with G3: (58)
Treatment naïve G3: 105
Treatment experienced G3: 145

POSITRON[37]

SOF + RBV

12

FUSION[37]

SOF + RBV

12

SOF + RBV

16

SOF + RBV

12

SOF + RBV

24

VALENCE[38]

SVR and additional
findings

SVR for cirrhotic
patients

90% overall
89%
96%
100%
67%

80%

47%

97%
56%
78%

91%
34%
61%

93%
61%
50%
86%
30%
73%
94%
62%
93%
97%
90%
85%
93%
79%

94%
21%
42%
60%
19%
66%
78%
61%
90%
100%
88%
67%
92%
60%

SOF: Sofosbuvir; Peg IFN: Pegylated interferon alfa-2a; RBV: Ribavirin; G: Hepatitis C virus genotype; SVR: Sustained virologic response.

were 243 patients in the peg IFN plus ribavirin group.
At the end of the study, SOF plus ribavirin was
shown to be non-inferior to peg IFN plus ribavirin and
both groups had overall similar SVR of 67%. However,
significant differences were present between the two
genotypes. Patients with genotype 2 achieved a 93%
SVR while only 56% SVR was achieved in genotype
3 patients. Liver fibrosis was one of the strongest pre
dictors of treatment failure in the multivariate analysis
and showed that presence of cirrhosis was associated
with an SVR of 34% in genotype 3 patients, while did
not influence SVR rates in genotype 2 patients. This
trial would suggest the patients with HCV genotype 3
with advanced liver fibrosis or cirrhosis would be the
“difficult to treat” patient group despite advancements in
treatment regimen (Table 5).

and 1200 mg if body weight ≥ 75 kg) and peg IFN
administered subcutaneously once weekly at dose of 180
μg. Of the 327 patients who underwent treatment, 89%
had HCV genotype 1; 9% had genotype 4, and 2% had
genotype 5 or 6. Black patients represented 17% of the
patients, and 17% of the patients had cirrhosis. At the
end of the study, 90% of the patients overall (295/327)
achieved SVR. It should be noted however that the SVR
was 92% for genotype 1a and 82% for genotype 1b).
When comparing patients who were cirrhotic, SVR rates
were lower (80% or 43/54 patients in cirrhotic cohort
compared with 92% or 252/273 patients in non-cirrhotic
cohort) (Table 5).

FISSION trial[36]

The FISSION trial was a phase Ⅲ randomized, open
label active-control study of SOF plus ribavirin in 499
treatment naïve patients infected with HCV genotype
2 or 3. Patients were enrolled in an approximately 1:3
ratio and patients were further assigned in a 1:1 ratio
to receive either 12 wk of SOF plus ribavirin or 24 wk
of peg IFN plus ribavirin. HCV genotype 3 accounted
for 72% of the patients and 20% of the patients in this
study had cirrhosis. SOF was dosed at 400 mg daily
while ribavirin was dosed daily based on weight (1000
mg if body weight < 75 kg and 1200 mg if body weight
≥ 75 kg) in group receiving SOF plus ribavirin however,
in patients receiving peg IFN plus ribavirin it was dosed
at 800 mg in two divided doses as per product labeling.
Peg IFN was administered subcutaneously once weekly
at dose of 180 μg. There were 253 patients in the
treatment group with SOF plus ribavirin while there

WJH|www.wjgnet.com

POSITRON trial[37]

The goal of the POSITRON trial was to evaluate for
tolerability of the drug SOF. It was a blinded, placebo
controlled trial which compared 12 wk of treatment with
SOF plus ribavirin with matching placebo in patients who
had previously discontinued IFN therapy due to adverse
events or had a contraindication to IFN treatment. These
patients had either HCV genotype 2 or genotype 3
infections. In this study, 207/278 patients were assigned
to the treatment group, out of which 31 (15%) of the
patients had evidence of cirrhosis. Findings of this trial
showed that genotype 3 infection was associated with
a lower SVR compared with those infected with HCV
genotype 2. Presence of cirrhosis was associated with a
lower SVR. Patients without cirrhosis achieved an SVR of
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93% for HCV genotype 2 and 61% for HCV genotype 3
while patients with cirrhosis achieved an SVR of 94% for
HCV genotype 2 and 21% for HCV genotype 3 infection.
The trial also showed that the combination of SOF plus
ribavirin was an optimal regimen with better tolerability.
Most frequent adverse effects included fatigue (44%),
nausea (22%), headache (21%), insomnia (19%) and
pruritus (11%) with these symptoms likely from ribavirin
than SOF. The drop in hemoglobin to < 10 g/dL occurred
in only 7% of the patients and no reduction in platelets
or neutrophil values were reported. Additionally, the
discontinuation rate due to adverse effects was low at
only 2%.

protocol to allow for extending treatment beyond 12
wk. The study protocol was amended to allow for studygroup assignment such that they were unblended and
the placebo group was removed and only patients with
HCV genotype 3 were extended treatment to 24 wk.
Patient with HCV genotype 3 who had finished 12 wk of
treatment before the amendment were not candidates
to receive additional duration of treatment. Subgroup
analysis in this trial showed that among patients with
HCV genotype 2, the response were consistently high
across subgroups as seen in previous studies (SVR
rates of 93% after 12 wk of treatment) (Table 5). Rates
of SVR for HCV genotype 3 patients (identified as the
“difficult-to-treat”) however depended on treatment
history, cirrhosis status and length of treatment. Patients
with HCV genotype 3 who received 24 wk of treatment,
213/250 (85%) achieved SVR 12 after cessation of
treatment. At 24 wk however 2 patients had virologic
relapse while 4 were lost to follow-up and 1 patient had
invalid HCV RNA result. Among patients who had not
received prior treatment who were treated for 24 wk,
the rates of SVR were 92% among those with cirrhosis
and 93% among those without cirrhosis. However, if
patient had received prior treatment, the rates SVR
were 60% among those with cirrhosis compared with
79% among those without cirrhosis. The presence of
cirrhosis had an overall lower SVR (67%) compared
with non-cirrhotic patients who had higher SVR (85%).

FUSION trial[37]

The FUSION trial evaluated the efficacy of SOF plus
ribavirin in patients with mainly HCV genotype 2 and
3 who had failed prior treatment with Peg IFN plus
ribavirin. Two hundred and one patients with HCV
genotype 2 and 3 were included in the FUSION trial with
76% of patients having prior relapse. Treatment was
continued for either 12 or 16 wk. Approximately 35%
of the patients had compensated cirrhosis although
the majority of them had HCV genotype 3 (62%). The
results of the study showed an overall SVR in treatment
experienced patients with SOF plus ribavirin to be
significantly lower in the 12 wk (100 patients included
in analysis with SVR of 50%) when compared with
16 wk arm (95 patients included in analysis with SVR
of 73%). HCV genotype 2 patients had SVR of 86%
with 12-wk treatment regimen and 94% for 16-wk
treatment regimen, however HCV genotype 3 had SVR
of only 30% with 12-wk and 62% with 16-wk regimen.
Cirrhosis was associated with poor SVR rates with only
60% (12-wk regimen) and 78% (16-wk regimen) in
patients with HCV genotype 2 and with 19% (12-wk
regimen) and 61% (16-wk regimen) in patients with
HCV genotype 3. Although the trial demonstrated
efficacy in HCV genotype 2 treatment with a shorter
and all oral regimen in patients with prior treatment
failure, it identified both cirrhosis and HCV genotype
3 as a major predictors of SVR failures. The trials
also showed that extension to a 16 wk regimen was
associated with higher SVR and further studies may be
needed to evaluate for a longer treatment regimen for
treatment in HCV genotype 3 patients.

SIMEPREVIR BASED TRIALS
Simeprevir (SMV) is an oral, reversible HCV NS3/4A
protease inhibitor which has been shown to have invivo activity against all genotype except for HCV
[39]
genotype 3 . Studies show that SMV is extensively
metabolized in the liver and intestinal tract and has
bioavailability of 44% after a single oral administration.
It is a CYP3A4 substrate and hence its concentration
is significantly affected based on drugs that are either
inhibitors or inducers of the CYP3A4. Additionally, its
efficacy is decreased in patients with certain mutations,
most concerning in-vivo studies being the Q80K poly
morphism at baseline in patients with genotype 1a
who are now advised to seek alternative therapy. The
following studies evaluated the use of SMV in cirrhotic
patients.

VALENCE trial[38]

QUEST trials

Two trials evaluated the use of SMV in phase Ⅲ clinical
trials for genotype 1 infection. Both QUEST-1 and
QUEST-2 were global phase Ⅲ, randomized, double
blind, placebo controlled clinical trials which were
designed to assess the safety, efficacy and tolerability
of SMV with combination with peg IFN and ribavirin in
treatment naïve patients with genotype 1 HCV infection
with compensated liver disease.
[40]
In QUEST-1 trial , 394 patients with chronic HCV
genotype 1 who were treatment naïve were stratified

The VALENCE trial was a multi-center phase 3 clinical
trial with European patients with genotype 2 and 3 HCV
infection who were randomly assigned in a 4:1 ratio to
either receive SOF plus ribavirin or matching placebo.
Randomization was stratified according to status with
respect to prior therapy (defined either a previous
therapy or no previous therapy), and the presence or
absence of cirrhosis. Although initially planned to treat
patients with only a 12-wk regimen of SOF plus ribavirin,
results of the FUSION trial led to an amendment of the
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[43]

Table 6 Sustained virologic response achieved in the COSMOS study
Cohort
Cohort 1: Prior non-responder HCV
patients with METAVIR scores (F0-F2)

Cohort 2: Prior non-responder and
treatment naïve HCV patients with
METAVIR scores (F3-F4)

Regimen

Duration (wk)

SVR12

SMV/SOF + RBV
SMV/SOF
SMV/SOF + RBV
SMV/SOF
SMV/SOF + RBV
SMV/SOF
SMV/SOF + RBV
SMV/SOF

24
24
12
12
24
24
12
12

79%
93%
96%
93%
93%
100%
93%
93%

SOF: Sofosbuvir; SMV: Simeprevir; RBV: Ribavirin; SVR12: Sustained virologic response at
12 wk; HCV: Hepatitis C virus.

by HCV subtype and interleukin-28B genotype and
were randomly assigned in a 2:1 ratio to received SMV
(150 mg orally once daily) with peg IFN plus ribavirin
for 12 wk followed by peg IFN plus ribavirin for 12 or
36 wk (SMV group) or placebo orally plus peg IFN with
ribavirin for 12 wk, followed by peg IFN plus ribavirin
for 36 wk (placebo group). In this randomized doubleblind multicenter trial undertaken in 13 countries, the
treatment duration was 24 wk or 48 wk in the SMV
group based on criteria for response. Treatment was
stopped at week 24 if HCV RNA was less than 25
IU/mL (detectable or undetectable) at week 4 and
undetectable at week 12, otherwise continued with
peg IFN plus ribavirin until week 48. Both groups were
followed up to 72 wk after the start of treatment. This
study included 48 patients with cirrhosis (defined as
METAVIR score of F4), in whom SVR12 was achieved in
58% (18/31) in the SMV group while only 29% (5/17)
in the placebo group. For comparison, in the same trial,
82% (188/229) of the non-cirrhotic patients treated in
the SMV group achieved SVR12 while 53% (60/113)
of non-cirrhotic patients in the placebo group achieved
SVR12. Similar treatment criteria was used in QUEST-2
[41]
trial , which included 32 patients with cirrhosis
(METAVIR score F4) of which 17 were in the SMV group
and 15 in the placebo group. In the SMV group, 11/17
patients (65%) achieved SVR12 compared with 6/15
(40%) in the placebo group. In comparison, 209/257
(81%) of non-cirrhotic patients treated in the SMV
group achieved SVR12 while 67/134 (50%) of noncirrhotic patients in the placebo group achieved SVR12.
The most common adverse events seen in patients
receiving SMV in QUEST-1 were fatigue (42% vs
41% for placebo), itching (26% vs 16% for placebo),
and headache (33% vs 39% for placebo). The most
common adverse events seen in patients receiving SMV
in QUEST-2 were fatigue (37% vs 42% for placebo),
itch (25% vs 25% for placebo), headache (39% vs
37% for placebo), fever (31% vs 40% for placebo),
and influenza-like illness (26% vs 26% for placebo).
In QUEST-1, in both the SMV and placebo arms, 3%
of patients discontinued treatment due to an adverse
event. In QUEST-2, 2% of patients in the SMV arm
and 1% of patients in the placebo arm discontinued
[42]
treatment due to an adverse event .
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SMV PLUS SOF: COSMOS TRIAL[43]
The COSMOS study evaluated the efficacy of combined
SOF plus SMV in patients with HCV genotype 1 infection
who had previously not responded to peg IFN and
ribavirin or were treatment naïve. Patients in this study
were assigned in a 2:2:1:1 ratio to receive 150 mg
SMV and 400 mg SOF orally and once daily for 12 or
24 wk with ribavirin or without ribavirin in two cohorts
- Cohort 1 (non-cirrhotic - METAVIR score F0-F2) and
Cohort 2 (previous non-responders and treatment naïve
patients with METAVIR scores F3-F4). Table 6 shows
the results of the COSMOS study demonstrating SVR in
patients in each cohort. The most common side effects
in the pooled groups were fatigue [n = 52 (31%)],
headache [n = 33 (20%)], and nausea [n = 26 (16%)].
This study also showed that the combination of SOF
plus SMV achieved excellent SVR rates in all subgroups
regardless of duration of therapy (12 or 24 wk) or coadministration of ribavirin in difficult to treat patients.
Although, it should be noted that this study was not
powered to show non-inferiority of ribavirin (RBV)-free
regimens and hence benefit from RBV is not apparent
from the results of the study.

SOF PLUS LEDIPASVIR ± RBV
Ledipasvir is a NS5A inhibitor with potent antiviral
[44]
activity against HCV genotype 1a and 1b . Inhibition
of NS5A viral phosphoprotein leads to disruption in
viral replication, assembly and secretion. Most drug
interactions with ledipasvir involve drugs that are
Pgp-inducers such as rifampin or St. John’s wort. The
following studies evaluated the use of ledipasvir in
combination with SOF.

ION-1 trial[45]

The ION-1 study was a phase 3 open label study with
previously untreated patients with HCV genotype 1
infection and randomly assigned patients in a 1:1:1:1
ratio to receive either 12- or 24-wk of SOF/ledipasvir
(400/90 mg daily) with or without RBV. Up to 16%
of patients had cirrhosis, 12% were black and 67%
had HCV genotype 1a infection. Overall the rates of
SVR12 were 99% in the group that received 12 wk of

1850

July 18, 2015|Volume 7|Issue 14|

Khullar V et al . HCV cirrhosis - New perspectives
Table 7 Summary of sofosbuvir and ledipasvir trials and enrollment of cirrhotic patients
Trial
ION-1[45]

ION-2[46]

ION-3[47]

Regimen

Patient population (% with cirrhosis)

Duration (wk)

SVR12

SOF + LDP
SOF + LDP + RBV
SOF + LDP
SOF + LDP + RBV
SOF + LDP
SOF + LDP + RBV
SOF + LDP
SOF + LDP + RBV
SOF + LDP
SOF + LDP + RBV
SOF + LDP

212 naïve (16%)
211 naïve (15%)
214 naïve (15%)
215 naïve (17%)
109 treatment experienced (20%)
111 treatment experienced (20%)
109 treatment experienced (20%)
111 treatment experienced (20%)
215 naïve (0%)
216 naïve (0%)
216 naïve (0%)

12
12
24
24
12
12
24
24
8
8
12

99%
97%
98%
99%
94%
96%
99%
99%
94%
93%
95%

SOF: Sofosbuvir; LDP: Ledipasvir; RBV: Ribavirin; SVR12: Sustained virologic response at 12 wk.

ledipasvir/SOF and 97% in the group that received 12
wk of ledipasvir-SOF with RBV. The SVR was 98% in
the group that received 24 wk of ledipasvir-SOF and
99% in the group that received 24 wk of ledipasvir-SOF
with RBV. Adverse reactions commonly included fatigue,
headache, insomnia and nausea and were tolerable by
most patients. Presence of cirrhosis was associated with
slightly reduced SVR but rates were still 94%-100%
within each treatment group. ION-1 trial has been
summarized in Table 7.

any patients with cirrhosis, the aim of the study was to
evaluate shorter duration of treatment with achievement
of SVR. The study included 647 previously untreated
patients who were randomized to receive ledipasvir/
SOF for 8 wk, ledipasvir/SOF plus ribavirin for 8 wk or
ledipasvir/SOF for 12 wk. The rates of SVR12 were 94%
in ledipasvir/SOF for 8 wk group, 93% in ledipasvir/SOF
plus ribavirin for 8 wk and 95% in ledipasvir/SOF for 12
wk. The trial confirmed that non-inferiority of the 8 wk
regimen when compared with 12 wk of ledipasvir/SOF.
ION-3 trial has been summarized in Table 7 and allow
treatment regimens to be shortened to 8 wk in noncirrhotic patients based on clinician’s judgement and
patient situation.
Based on these studies, the Food and Drug Admini
stration (FDA) in the United States approved the first
combination pill to treat HCV genotype 1 infection
which is a blend of SOF and ledipasvir. It is also the first
approved regimen that does not require administration
with interferon or ribavirin for the treatment of HCV
genotype 1 infection.

ION -2 trial[46]

ION-2 study was a phase 3 randomized control trial
which involved patients with HCV genotype 1 infection
who had not achieved SVR after treatment with peg IFN
and ribavirin with or without protease inhibitor. Similar
to the ION-1, the study randomly assigned patients in
a 1:1:1:1 ratio to receive either 12- or 24-wk of SOF/
ledipasvir (400/90 mg daily) with or without RBV. In
the study, 20% of the patients had cirrhosis and 79%
were HCV genotype 1a. Overall rates of SVR were 94%
in the group that received 12 wk of ledipasvir/SOF and
increased to 96% in the group that received 12 wk of
ledipasvir/SOF with RBV. SVR rates were 99% with 24
wk of ledipasvir/SOF and 99% in the group with 24
wk of ledipasvir/SOF with RBV. No patient in the study
discontinued the drug due to adverse event. Among
patients’ with cirrhosis who were assigned to 12 wk of
treatment, rates of SVR were 86% for those receiving
ledipasvir/SOF and 82% with those receiving ledipasvir/
SOF with RBV for 12 wk. For the patients in the 24
wk arm of treatment, the response rates were similar
among cirrhotic and non-cirrhotic patients. However
in patients with cirrhosis those who received 12 wk of
treatment compared with those who received 24 wk of
treatment, the difference in SVR was significant (P =
0.007). ION-2 trial has been summarized in Table 7.

ABT-450/R (Paritaprevir/ritonavir)Ombitasvir and Dasabuvir
ABT-450 (Paritaprevir) is an inhibitor of NS3/4A
protease and is administered with ritonavir (ABT-450/r).
Addition of ritonavir leads to inhibition of ABT-450
metabolism increasing drug levels and allowing for once
daily dosing, however, ritonavir by itself does not have
any activity against HCV. Ombitasvir on the other hand
is a NS5A inhibitor and dasabuvir is a non-nucleoside
inhibitor of the HCV NS5B RNA polymerase. Although
trials have evaluated the efficacy of this regimen in
HCV genotype 1 patients without cirrhosis (SAPPHIRE[48]
[49]
[50]
Ⅰ , SAPPHIRE-Ⅱ , PEARL-Ⅲ and IV ), the trial
that included cirrhotic patients was the TURQUOISE-Ⅱ
[51]
trial which evaluated treatment-naïve and treatment
experienced patients with CP-A cirrhosis. The trial
included 380 patients with CP-A cirrhosis and randomized
them to either a 12 or 24 wk of treatment with ABT-450/
r-Ombitasvir and Dasabuvir + RBV according to body
weight. SVR12 rates were 91.8% (191/208) in the 12

ION -3 trial[47]

ION-3 study was a phase 3 open label trial that
evaluated treatment of patients with HCV genotype 1
infection without cirrhosis who had not received any
prior treatment. Although the study did not include
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wk group and 95.9% (165/172) in the 24-wk group.
Based on this trial, the FDA has approved this drug
regimen for patients with compensated cirrhosis as an
alternative to other regimens.
As per most recent guidelines, the first line recom
mended treatment for patients with decompensated
HCV genotype 1 and genotype 4 cirrhosis (defined as
CP-B or C) who may or may not be candidates for liver
transplantation, including those with HCC, includes a daily
fixed-dose combination of ledipasvir/SOF and ribavirin for
12 wk. If the patient has anemia or is ribavirin intolerant,
the recommended regimen is fixed combination of
ledipasvir/SOF for 24 wk. For patients with HCV genotype
2 and 3 cirrhosis (defined as CP-B or C) who may or may
not be candidates for liver transplantation, including those
with HCC, the AASLD recommends daily SOF and weightbased ribavirin for up to 48 wk. Treatment of patients
with decompensated cirrhosis is recommended only by
highly experienced HCV practitioners, ideally in a center
with liver transplantation capabilities. Table 2 includes
the current recommendations by AASLD for treatment
of non-cirrhotic and compensated cirrhotic patients with
chronic HCV infection.

HCV infection is the leading indication of liver
transplantation in the United States and recurrence of
[59]
the graft liver post-transplantation is nearly universal .
Studies show that the patients who undergo liver
transplantation and have HCV-RNA viral titers ≥ 1 ×
6
10 copies/mL had a five year survival of 57% vs 84%
[59]
for patients with lower viral RNA titers (P = 0.0001) .
Additionally, studies indicate that pre-transplant
treatment prevents post-transplant recurrence in selected
patients and efficacy is higher with > 16 wk between
[60]
treatment and transplantation . A recent phase 2,
open-label study evaluated if SOF and ribavirin treatment
before liver transplantation can prevent recurrence posttransplantation. This study had 61 patients with chronic
HCV infection with any genotype and cirrhosis who
were on wait-list for liver transplantation for HCC and
were treated with 48 wk of SOF and ribavirin prior to
transplantation. Forty-six received liver transplantation
and forty-three patients had HCV-RNA level of less than
25 IU/mL. Of these forty-three patients, 30 (70%) had
a post-transplantation SVR at 12 wk, 10 (23%) had
recurrent infection and 3 (7%) died from complications
of transplantation. Recurrence was related inversely to
the number of consecutive days of undetectable HCV
RNA before transplantation and among 26 patients
with undetectable HCV RNA for at least 30 d prior to
transplantation, only one had recurrence post-trans
[61]
plant . Hence treatment of patients with liver cirrhosis
prior to transplantation should be considered especially
given its advantage of prolonged graft survival, de
[62]
creased mortality and need for re-transplantation .

ADVANTAGES TO TREATMENT OF HCV
INFECTION IN CIRRHOTIC PATIENTS
There are multiple advantages to treating HCV infection
in the cirrhotic liver and in those with advanced
fibrosis. Studies have shown that treatment of patients
with CP-A and CP-B can result in slowing of disease
progression, decrease all-cause mortality, prevent the
formation of esophageal varices, decrease the risk
of development of HCC as well as prevent the need
[27,52-55]
for liver transplantation
. Although there are
numerous studies on the benefit of treatment of patients
with compensated HCV cirrhosis who achieve SVR,
limited data is available for the treatment of patients’
with decompensated cirrhosis. A study of seventy-five
decompensated HCV cirrhosis patients treated with peg
IFN and ribavirin demonstrated significant lower rates of
[56]
decompensation events and hospitalizations , however,
this regimen needs to be used with extreme caution
given the high incidence of serious adverse effects
including life-threatening infection, worsening hepatic
[57]
decompensation and death . With the new treatment
regimens which are peg IFN free, it is important to note
that many studies exclude patients with decompensated
cirrhosis or have a limited number. Metabolism of the
drugs is significantly different in those with cirrhosis and
hence caution needs to be exercised when prescribing
certain regimens. For example, SMV has not been
studied in patients with decompensated cirrhosis (CP-B
or CP-C) and it is unclear how hepatic impairment would
affect its drug metabolism. On the other hand although
limited data is available for treatment with SOF and
ribavirin, it appears to be well-tolerated in patients with
[58]
advanced liver disease .
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Disadvantages to treatment in
HCV cirrhosis patients
The treatment of patients with HCV cirrhosis has shown
to have lower SVR rates than in patients who are noncirrhotic. Studies show that treatment with peg IFN plus
ribavirin in patients with advanced fibrosis or cirrhosis
leads to a significantly lower SVR when compared with
[34]
patients with mild to moderate fibrosis . Additionally,
previous studies evaluating the use of triple therapy (peg
IFN plus ribavirin with either boceprevir or telaprevir)
in patients with cirrhosis showed not only a lower SVR
but also a high incidence of significant adverse events
including worsening of liver disease, severe infection and
[57]
difficult to manage anemia . Hence due to the risk of
adverse effects, treatment of these patients requires
significant oversight and should be considered only at
experienced centers with transplantation capabilities
leading to increasing cost and accessibility issues.
Unfortunately, the treatment in some transplant centers
is also controversial. There may be a tendency in some
liver transplant centers to wait until transplantation
and pursue treatment post-transplant. Additionally,
having positive HCV infection in a cirrhotic liver may also
provide access to HCV positive liver transplant options
in such patients given the paucity of available organs.
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CONCLUSION

11

With the availability of newer, shorter duration and
simpler therapies with high SVR rates, HCV infection
today has become a curable disease. Although the costs
of treatment are still prohibitive for many patients,
those with cirrhosis are likely to derive the most benefit
from treatment. Earlier eradication of HCV viremia in
those with cirrhosis can potentially reduce the need for
liver transplantation, risk of development of HCC and
reduce HCV associated morbidity and mortality both
pre-and post-transplantation. Treatment in this patient
population should be considered especially given the
emergence of newer and safer therapies. Due to the
rapid advances and new therapies being available,
the Infectious Disease Society of America and AASLD
[17]
have jointly developed a clinical guidance tool
that
should be considered by clinicians as a reference tool
for treatment of patients with HCV infection(www.
hcvguidelines.org).

12
13

14

15

16

REFERENCES
1

2
3

4

5

6

7

8

9

10

17

Davis GL, Albright JE, Cook SF, Rosenberg DM. Projecting
future complications of chronic hepatitis C in the United States.
Liver Transpl 2003; 9: 331-338 [PMID: 12682882 DOI: 10.1053/
jlts.2003.50073]
WHO. Hepatitis C: Fact sheet N°164. [Accessed 2015 Feb 2].
Available from: URL: http://www.who.int/mediacentre/factsheets/
fs164/en/
Global surveillance and control of hepatitis C. Report of a WHO
Consultation organized in collaboration with the Viral Hepatitis
Prevention Board, Antwerp, Belgium. J Viral Hepat 1999; 6: 35-47
[PMID: 10847128]
Chak E, Talal AH, Sherman KE, Schiff ER, Saab S. Hepatitis C
virus infection in USA: an estimate of true prevalence. Liver Int
2011; 31: 1090-1101 [PMID: 21745274 DOI: 10.1111/j.1478-3231.
2011.02494.x]
Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert
WL, Alter MJ. The prevalence of hepatitis C virus infection in
the United States, 1999 through 2002. Ann Intern Med 2006; 144:
705-714 [PMID: 16702586 DOI: 10.7326/0003-4819-144-10-2006
05160-00004]
Smith BD, Morgan RL, Beckett GA, Falck-Ytter Y, Holtzman D,
Teo CG, Jewett A, Baack B, Rein DB, Patel N, Alter M, Yartel
A, Ward JW. Recommendations for the identification of chronic
hepatitis C virus infection among persons born during 1945-1965.
MMWR Recomm Rep 2012; 61: 1-32 [PMID: 22895429]
Davis GL, Alter MJ, El-Serag H, Poynard T, Jennings LW. Aging
of hepatitis C virus (HCV)-infected persons in the United States: a
multiple cohort model of HCV prevalence and disease progression.
Gastroenterology 2010; 138: 513-521, 521.e1-6 [PMID: 19861128
DOI: 10.1053/j.gastro.2009.09.067]
Alter MJ, Kruszon-Moran D, Nainan OV, McQuillan GM, Gao F,
Moyer LA, Kaslow RA, Margolis HS. The prevalence of hepatitis
C virus infection in the United States, 1988 through 1994. N Engl
J Med 1999; 341: 556-562 [PMID: 10451460 DOI: 10.1056/
NEJM199908193410802]
Ly KN, Xing J, Klevens RM, Jiles RB, Ward JW, Holmberg SD.
The increasing burden of mortality from viral hepatitis in the
United States between 1999 and 2007. Ann Intern Med 2012; 156:
271-278 [PMID: 22351712 DOI: 10.7326/0003-4819-156-4-20120
2210-00004]
Wong JB, McQuillan GM, McHutchison JG, Poynard T.
Estimating future hepatitis C morbidity, mortality, and costs in the
United States. Am J Public Health 2000; 90: 1562-1569 [PMID:

WJH|www.wjgnet.com

18
19

20

21

22
23

24
25

26

27

1853

11029989 DOI: 10.2105/AJPH.90.10.1562]
Rein DB, Wittenborn JS, Weinbaum CM, Sabin M, Smith BD,
Lesesne SB. Forecasting the morbidity and mortality associated
with prevalent cases of pre-cirrhotic chronic hepatitis C in the
United States. Dig Liver Dis 2011; 43: 66-72 [PMID: 20739252
DOI: 10.1016/j.dld.2010.05.006]
Seeff LB. Natural history of hepatitis C. Am J Med 1999; 107:
10S-15S [PMID: 10653449 DOI: 10.1016/S0002-9343(99)003745]
Thein HH, Yi Q, Dore GJ, Krahn MD. Estimation of stage-specific
fibrosis progression rates in chronic hepatitis C virus infection: a
meta-analysis and meta-regression. Hepatology 2008; 48: 418-431
[PMID: 18563841 DOI: 10.1002/hep.22375]
Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis
progression in patients with chronic hepatitis C. The OBSVIRC,
METAVIR, CLINIVIR, and DOSVIRC groups. Lancet 1997; 349:
825-832 [PMID: 9121257 DOI: 10.1016/S0140-6736(96)07642-8]
Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G, Almasio
P, Nevens F, Solinas A, Mura D, Brouwer JT, Thomas H, Njapoum
C, Casarin C, Bonetti P, Fuschi P, Basho J, Tocco A, Bhalla A,
Galassini R, Noventa F, Schalm SW, Realdi G. Morbidity and
mortality in compensated cirrhosis type C: a retrospective follow-up
study of 384 patients. Gastroenterology 1997; 112: 463-472 [PMID:
9024300 DOI: 10.1053/gast.1997.v112.pm9024300]
Pawlotsky JM. Use and interpretation of virological tests for
hepatitis C. Hepatology 2002; 36: S65-S73 [PMID: 12407578
DOI: 10.1053/jhep.2002.36815]
Centers for Disease Control and Prevention (CDC). Testing
for HCV infection: an update of guidance for clinicians and
laboratorians. MMWR Morb Mortal Wkly Rep 2013; 62: 362-365
[PMID: 23657112]
Safdar K, Schiff ER. Alcohol and hepatitis C. Semin Liver Dis
2004; 24: 305-315 [PMID: 15349807 DOI: 10.1055/s-2004-832942]
Harris DR, Gonin R, Alter HJ, Wright EC, Buskell ZJ, Hollinger
FB, Seeff LB. The relationship of acute transfusion-associated
hepatitis to the development of cirrhosis in the presence of alcohol
abuse. Ann Intern Med 2001; 134: 120-124 [PMID: 11177315
DOI: 10.7326/0003-4819-134-2-200101160-00012]
Ortiz V, Berenguer M, Rayón JM, Carrasco D, Berenguer J.
Contribution of obesity to hepatitis C-related fibrosis progression.
Am J Gastroenterol 2002; 97: 2408-2414 [PMID: 12358265 DOI:
10.1111/j.1572-0241.2002.05995.x]
Ghany MG, Strader DB, Thomas DL, Seeff LB; American
Association for the Study of Liver Diseases. Diagnosis, manage
ment, and treatment of hepatitis C: an update. Hepatology 2009;
49: 1335-1374 [PMID: 19330875 DOI: 10.1002/hep.22759]
Recommendations for Testing, Managing, and Treating Hepatitis C.
[Accessed Feb 2 2015]. Available from: URL: http://hcvguidelines.
org/full-report-view
Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA,
Conjeevaram HS, Lok AS. A simple noninvasive index can predict
both significant fibrosis and cirrhosis in patients with chronic
hepatitis C. Hepatology 2003; 38: 518-526 [PMID: 12883497 DOI:
10.1053/jhep.2003.50486]
Castera L. Noninvasive methods to assess liver disease in patients
with hepatitis B or C. Gastroenterology 2012; 142: 1293-1302.e4
[PMID: 22537436 DOI: 10.1053/j.gastro.2012.02.017]
Poynard T, McHutchison J, Manns M, Trepo C, Lindsay K,
Goodman Z, Ling MH, Albrecht J. Impact of pegylated interferon
alfa-2b and ribavirin on liver fibrosis in patients with chronic
hepatitis C. Gastroenterology 2002; 122: 1303-1313 [PMID:
11984517 DOI: 10.1053/gast.2002.33023]
Morgan RL, Baack B, Smith BD, Yartel A, Pitasi M, Falck-Ytter Y.
Eradication of hepatitis C virus infection and the development of
hepatocellular carcinoma: a meta-analysis of observational studies.
Ann Intern Med 2013; 158: 329-337 [PMID: 23460056 DOI:
10.7326/0003-4819-158-5-201303050-00005]
van der Meer AJ, Veldt BJ, Feld JJ, Wedemeyer H, Dufour JF,
Lammert F, Duarte-Rojo A, Heathcote EJ, Manns MP, Kuske L,
Zeuzem S, Hofmann WP, de Knegt RJ, Hansen BE, Janssen HL.

July 18, 2015|Volume 7|Issue 14|

Khullar V et al . HCV cirrhosis - New perspectives

28

29

30

31

32

33

34

35

36

37

38

Association between sustained virological response and all-cause
mortality among patients with chronic hepatitis C and advanced
hepatic fibrosis. JAMA 2012; 308: 2584-2593 [PMID: 23268517
DOI: 10.1001/jama.2012.144878]
Manns MP, Pockros PJ, Norkrans G, Smith CI, Morgan TR,
Häussinger D, Shiffman ML, Hadziyannis SJ, Schmidt WN,
Jacobson IM, Bárcena R, Schiff ER, Shaikh OS, Bacon B,
Marcellin P, Deng W, Esteban-Mur R, Poynard T, Pedicone LD,
Brass CA, Albrecht JK, Gordon SC. Long-term clearance of
hepatitis C virus following interferon α-2b or peginterferon α-2b,
alone or in combination with ribavirin. J Viral Hepat 2013; 20:
524-529 [PMID: 23808990 DOI: 10.1111/jvh.12074]
Coppola N, De Pascalis S, Pisaturo M, Paradiso L, Macera M,
Capoluongo N, Alessio L, Stanzione M, Sagnelli C, Minichini C,
Sagnelli E. Sustained virological response to antiviral treatment
in chronic hepatitis C patients may be predictable by HCV-RNA
clearance in peripheral blood mononuclear cells. J Clin Virol 2013;
58: 748-750 [PMID: 24140030 DOI: 10.1016/j.jcv.2013.09.014]
Chen J, Florian J, Carter W, Fleischer RD, Hammerstrom TS, Jadhav
PR, Zeng W, Murray J, Birnkrant D. Earlier sustained virologic
response end points for regulatory approval and dose selection of
hepatitis C therapies. Gastroenterology 2013; 144: 1450-1455.e2
[PMID: 23470616 DOI: 10.1053/j.gastro.2013.02.039]
Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G,
Gonçales FL, Häussinger D, Diago M, Carosi G, Dhumeaux
D, Craxi A, Lin A, Hoffman J, Yu J. Peginterferon alfa-2a plus
ribavirin for chronic hepatitis C virus infection. N Engl J Med 2002;
347: 975-982 [PMID: 12324553 DOI: 10.1056/NEJMoa020047]
Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman
M, Reindollar R, Goodman ZD, Koury K, Ling M, Albrecht JK.
Peginterferon alfa-2b plus ribavirin compared with interferon
alfa-2b plus ribavirin for initial treatment of chronic hepatitis C:
a randomised trial. Lancet 2001; 358: 958-965 [PMID: 11583749
DOI: 10.1016/S0140-6736(01)06102-5]
Hadziyannis SJ, Sette H, Morgan TR, Balan V, Diago M,
Marcellin P, Ramadori G, Bodenheimer H, Bernstein D, Rizzetto
M, Zeuzem S, Pockros PJ, Lin A, Ackrill AM. Peginterferonalpha2a and ribavirin combination therapy in chronic hepatitis C:
a randomized study of treatment duration and ribavirin dose. Ann
Intern Med 2004; 140: 346-355 [PMID: 14996676 DOI: 10.7326/0
003-4819-140-5-200403020-00010]
Bruno S, Shiffman ML, Roberts SK, Gane EJ, Messinger D,
Hadziyannis SJ, Marcellin P. Efficacy and safety of peginterferon
alfa-2a (40KD) plus ribavirin in hepatitis C patients with advanced
fibrosis and cirrhosis. Hepatology 2010; 51: 388-397 [PMID:
19918980 DOI: 10.1002/hep.23340]
Lam AM, Murakami E, Espiritu C, Steuer HM, Niu C, Keilman
M, Bao H, Zennou V, Bourne N, Julander JG, Morrey JD, Smee
DF, Frick DN, Heck JA, Wang P, Nagarathnam D, Ross BS, Sofia
MJ, Otto MJ, Furman PA. PSI-7851, a pronucleotide of betaD-2’-deoxy-2’-fluoro-2’-C-methyluridine monophosphate, is a
potent and pan-genotype inhibitor of hepatitis C virus replication.
Antimicrob Agents Chemother 2010; 54: 3187-3196 [PMID:
20516278 DOI: 10.1128/AAC.00399-10]
Lawitz E, Mangia A, Wyles D, Rodriguez-Torres M, Hassanein
T, Gordon SC, Schultz M, Davis MN, Kayali Z, Reddy KR,
Jacobson IM, Kowdley KV, Nyberg L, Subramanian GM, Hyland
RH, Arterburn S, Jiang D, McNally J, Brainard D, Symonds WT,
McHutchison JG, Sheikh AM, Younossi Z, Gane EJ. Sofosbuvir
for previously untreated chronic hepatitis C infection. N Engl J
Med 2013; 368: 1878-1887 [PMID: 23607594 DOI: 10.1056/
NEJMoa1214853]
Jacobson IM, Gordon SC, Kowdley KV, Yoshida EM, RodriguezTorres M, Sulkowski MS, Shiffman ML, Lawitz E, Everson G,
Bennett M, Schiff E, Al-Assi MT, Subramanian GM, An D, Lin M,
McNally J, Brainard D, Symonds WT, McHutchison JG, Patel K,
Feld J, Pianko S, Nelson DR. Sofosbuvir for hepatitis C genotype 2
or 3 in patients without treatment options. N Engl J Med 2013; 368:
1867-1877 [PMID: 23607593 DOI: 10.1056/NEJMoa1214854]
Zeuzem S, Dusheiko GM, Salupere R, Mangia A, Flisiak R,

WJH|www.wjgnet.com

39

40

41

42
43

44

45

46

47

48

1854

Hyland RH, Illeperuma A, Svarovskaia E, Brainard DM, Symonds
WT, Subramanian GM, McHutchison JG, Weiland O, Reesink HW,
Ferenci P, Hézode C, Esteban R. Sofosbuvir and ribavirin in HCV
genotypes 2 and 3. N Engl J Med 2014; 370: 1993-2001 [PMID:
24795201 DOI: 10.1056/NEJMoa1316145]
Lin TI, Lenz O, Fanning G, Verbinnen T, Delouvroy F, Scholliers
A, Vermeiren K, Rosenquist A, Edlund M, Samuelsson B, Vrang
L, de Kock H, Wigerinck P, Raboisson P, Simmen K. In vitro
activity and preclinical profile of TMC435350, a potent hepatitis C
virus protease inhibitor. Antimicrob Agents Chemother 2009; 53:
1377-1385 [PMID: 19171797 DOI: 10.1128/AAC.01058-08]
Jacobson IM, Dore GJ, Foster GR, Fried MW, Radu M, Rafalsky
VV, Moroz L, Craxi A, Peeters M, Lenz O, Ouwerkerk-Mahadevan
S, De La Rosa G, Kalmeijer R, Scott J, Sinha R, Beumont-Mauviel
M. Simeprevir with pegylated interferon alfa 2a plus ribavirin in
treatment-naive patients with chronic hepatitis C virus genotype
1 infection (QUEST-1): a phase 3, randomised, double-blind,
placebo-controlled trial. Lancet 2014; 384: 403-413 [PMID:
24907225 DOI: 10.1016/S0140-6736(14)60494-3]
Manns M, Marcellin P, Poordad F, de Araujo ES, Buti M,
Horsmans Y, Janczewska E, Villamil F, Scott J, Peeters M, Lenz
O, Ouwerkerk-Mahadevan S, De La Rosa G, Kalmeijer R, Sinha
R, Beumont-Mauviel M. Simeprevir with pegylated interferon alfa
2a or 2b plus ribavirin in treatment-naive patients with chronic
hepatitis C virus genotype 1 infection (QUEST-2): a randomised,
double-blind, placebo-controlled phase 3 trial. Lancet 2014; 384:
414-426 [PMID: 24907224 DOI: 10.1016/S0140-6736(14)60538-9]
Ghany MG, Gara N. QUEST for a cure for hepatitis C virus: the
end is in sight. Lancet 2014; 384: 381-383 [PMID: 24907223 DOI:
10.1016/S0140-6736(14)60807-2]
Lawitz E, Sulkowski MS, Ghalib R, Rodriguez-Torres M,
Younossi ZM, Corregidor A, DeJesus E, Pearlman B, Rabinovitz
M, Gitlin N, Lim JK, Pockros PJ, Scott JD, Fevery B, Lambrecht
T, Ouwerkerk-Mahadevan S, Callewaert K, Symonds WT, Picchio
G, Lindsay KL, Beumont M, Jacobson IM. Simeprevir plus
sofosbuvir, with or without ribavirin, to treat chronic infection
with hepatitis C virus genotype 1 in non-responders to pegylated
interferon and ribavirin and treatment-naive patients: the COSMOS
randomised study. Lancet 2014; 384: 1756-1765 [PMID: 25078309
DOI: 10.1016/S0140-6736(14)61036-9]
Lawitz EJ, Gruener D, Hill JM, Marbury T, Moorehead L,
Mathias A, Cheng G, Link JO, Wong KA, Mo H, McHutchison JG,
Brainard DM. A phase 1, randomized, placebo-controlled, 3-day,
dose-ranging study of GS-5885, an NS5A inhibitor, in patients
with genotype 1 hepatitis C. J Hepatol 2012; 57: 24-31 [PMID:
22314425 DOI: 10.1016/j.jhep.2011.12.029]
Afdhal N, Zeuzem S, Kwo P, Chojkier M, Gitlin N, Puoti M,
Romero-Gomez M, Zarski JP, Agarwal K, Buggisch P, Foster GR,
Bräu N, Buti M, Jacobson IM, Subramanian GM, Ding X, Mo
H, Yang JC, Pang PS, Symonds WT, McHutchison JG, Muir AJ,
Mangia A, Marcellin P. Ledipasvir and sofosbuvir for untreated
HCV genotype 1 infection. N Engl J Med 2014; 370: 1889-1898
[PMID: 24725239 DOI: 10.1056/NEJMoa1402454]
Afdhal N, Reddy KR, Nelson DR, Lawitz E, Gordon SC, Schiff E,
Nahass R, Ghalib R, Gitlin N, Herring R, Lalezari J, Younes ZH,
Pockros PJ, Di Bisceglie AM, Arora S, Subramanian GM, Zhu Y,
Dvory-Sobol H, Yang JC, Pang PS, Symonds WT, McHutchison
JG, Muir AJ, Sulkowski M, Kwo P. Ledipasvir and sofosbuvir
for previously treated HCV genotype 1 infection. N Engl J
Med 2014; 370: 1483-1493 [PMID: 24725238 DOI: 10.1056/
NEJMoa1316366]
Kowdley KV, Gordon SC, Reddy KR, Rossaro L, Bernstein DE,
Lawitz E, Shiffman ML, Schiff E, Ghalib R, Ryan M, Rustgi V,
Chojkier M, Herring R, Di Bisceglie AM, Pockros PJ, Subramanian
GM, An D, Svarovskaia E, Hyland RH, Pang PS, Symonds WT,
McHutchison JG, Muir AJ, Pound D, Fried MW. Ledipasvir and
sofosbuvir for 8 or 12 weeks for chronic HCV without cirrhosis.
N Engl J Med 2014; 370: 1879-1888 [PMID: 24720702 DOI:
10.1056/NEJMoa1402355]
Feld JJ, Kowdley KV, Coakley E, Sigal S, Nelson DR, Crawford D,

July 18, 2015|Volume 7|Issue 14|

Khullar V et al . HCV cirrhosis - New perspectives

49

50

51

52

53

54

55

Weiland O, Aguilar H, Xiong J, Pilot-Matias T, DaSilva-Tillmann B,
Larsen L, Podsadecki T, Bernstein B. Treatment of HCV with ABT-450/
r-ombitasvir and dasabuvir with ribavirin. N Engl J Med 2014; 370:
1594-1603 [PMID: 24720703 DOI: 10.1056/NEJMoa1315722]
Zeuzem S, Jacobson IM, Baykal T, Marinho RT, Poordad F,
Bourlière M, Sulkowski MS, Wedemeyer H, Tam E, Desmond
P, Jensen DM, Di Bisceglie AM, Varunok P, Hassanein T, Xiong
J, Pilot-Matias T, DaSilva-Tillmann B, Larsen L, Podsadecki T,
Bernstein B. Retreatment of HCV with ABT-450/r-ombitasvir and
dasabuvir with ribavirin. N Engl J Med 2014; 370: 1604-1614
[PMID: 24720679 DOI: 10.1056/NEJMoa1401561]
Ferenci P, Bernstein D, Lalezari J, Cohen D, Luo Y, Cooper
C, Tam E, Marinho RT, Tsai N, Nyberg A, Box TD, Younes Z,
Enayati P, Green S, Baruch Y, Bhandari BR, Caruntu FA, Sepe
T, Chulanov V, Janczewska E, Rizzardini G, Gervain J, Planas R,
Moreno C, Hassanein T, Xie W, King M, Podsadecki T, Reddy
KR. ABT-450/r-ombitasvir and dasabuvir with or without ribavirin
for HCV. N Engl J Med 2014; 370: 1983-1992 [PMID: 24795200
DOI: 10.1056/NEJMoa1402338]
Poordad F, Hezode C, Trinh R, Kowdley KV, Zeuzem S, Agarwal
K, Shiffman ML, Wedemeyer H, Berg T, Yoshida EM, Forns
X, Lovell SS, Da Silva-Tillmann B, Collins CA, Campbell AL,
Podsadecki T, Bernstein B. ABT-450/r-ombitasvir and dasabuvir
with ribavirin for hepatitis C with cirrhosis. N Engl J Med 2014;
370: 1973-1982 [PMID: 24725237 DOI: 10.1056/NEJMoa1402869]
Bruno S, Crosignani A, Facciotto C, Rossi S, Roffi L, Redaelli A,
de Franchis R, Almasio PL, Maisonneuve P. Sustained virologic
response prevents the development of esophageal varices in
compensated, Child-Pugh class A hepatitis C virus-induced
cirrhosis. A 12-year prospective follow-up study. Hepatology 2010;
51: 2069-2076 [PMID: 20196120 DOI: 10.1002/hep.23528]
Aleman S, Rahbin N, Weiland O, Davidsdottir L, Hedenstierna
M, Rose N, Verbaan H, Stål P, Carlsson T, Norrgren H, Ekbom
A, Granath F, Hultcrantz R. A risk for hepatocellular carcinoma
persists long-term after sustained virologic response in patients
with hepatitis C-associated liver cirrhosis. Clin Infect Dis 2013; 57:
230-236 [PMID: 23616492 DOI: 10.1093/cid/cit234]
Singal AG, Volk ML, Jensen D, Di Bisceglie AM, Schoenfeld PS.
A sustained viral response is associated with reduced liver-related
morbidity and mortality in patients with hepatitis C virus. Clin
Gastroenterol Hepatol 2010; 8: 280-288, 288.e1 [PMID: 19948249
DOI: 10.1016/j.cgh.2009.11.018]
D’Ambrosio R, Aghemo A, Rumi MG, Ronchi G, Donato
MF, Paradis V, Colombo M, Bedossa P. A morphometric and
immunohistochemical study to assess the benefit of a sustained
virological response in hepatitis C virus patients with cirrhosis.
Hepatology 2012; 56: 532-543 [PMID: 22271347 DOI: 10.1002/

56

57

58

59

60

61

62

hep.25606]
Iacobellis A, Siciliano M, Perri F, Annicchiarico BE, Leandro G,
Caruso N, Accadia L, Bombardieri G, Andriulli A. Peginterferon
alfa-2b and ribavirin in patients with hepatitis C virus and
decompensated cirrhosis: a controlled study. J Hepatol 2007; 46:
206-212 [PMID: 17125876 DOI: 10.1016/j.jhep.2006.08.020]
Hézode C, Fontaine H, Dorival C, Larrey D, Zoulim F, Canva V,
de Ledinghen V, Poynard T, Samuel D, Bourlière M, Zarski JP,
Raabe JJ, Alric L, Marcellin P, Riachi G, Bernard PH, LoustaudRatti V, Métivier S, Tran A, Serfaty L, Abergel A, Causse X, Di
Martino V, Guyader D, Lucidarme D, Grando-Lemaire V, Hillon
P, Feray C, Dao T, Cacoub P, Rosa I, Attali P, Petrov-Sanchez V,
Barthe Y, Pawlotsky JM, Pol S, Carrat F, Bronowicki JP. Triple
therapy in treatment-experienced patients with HCV-cirrhosis in a
multicentre cohort of the French Early Access Programme (ANRS
CO20-CUPIC) - NCT01514890. J Hepatol 2013; 59: 434-441
[PMID: 23669289 DOI: 10.1016/j.jhep.2013.04.035]
Forns X, Charlton M, Denning J, McHutchison JG, Symonds WT,
Brainard D, Brandt-Sarif T, Chang P, Kivett V, Castells L, Prieto
M, Fontana RJ, Baumert TF, Coilly A, Londoño MC, Habersetzer
F. Sofosbuvir compassionate use program for patients with severe
recurrent hepatitis C after liver transplantation. Hepatology 2015;
61: 1485-1494 [PMID: 25557906 DOI: 10.1002/hep.27681]
Charlton M, Seaberg E, Wiesner R, Everhart J, Zetterman R, Lake
J, Detre K, Hoofnagle J. Predictors of patient and graft survival
following liver transplantation for hepatitis C. Hepatology 1998;
28: 823-830 [PMID: 9731579 DOI: 10.1002/hep.510280333]
Everson GT, Terrault NA, Lok AS, Rodrigo del R, Brown RS,
Saab S, Shiffman ML, Al-Osaimi AM, Kulik LM, Gillespie
BW, Everhart JE. A randomized controlled trial of pretransplant
antiviral therapy to prevent recurrence of hepatitis C after liver
transplantation. Hepatology 2013; 57: 1752-1762 [PMID:
22821361 DOI: 10.1002/hep.25976]
Curry MP, Forns X, Chung RT, Terrault NA, Brown R, Fenkel
JM, Gordon F, O’Leary J, Kuo A, Schiano T, Everson G, Schiff E,
Befeler A, Gane E, Saab S, McHutchison JG, Subramanian GM,
Symonds WT, Denning J, McNair L, Arterburn S, Svarovskaia E,
Moonka D, Afdhal N. Sofosbuvir and ribavirin prevent recurrence
of HCV infection after liver transplantation: an open-label study.
Gastroenterology 2015; 148: 100-107.e1 [PMID: 25261839 DOI:
10.1053/j.gastro.2014.09.023]
Forns X, García-Retortillo M, Serrano T, Feliu A, Suarez F, de la
Mata M, García-Valdecasas JC, Navasa M, Rimola A, Rodés J.
Antiviral therapy of patients with decompensated cirrhosis to prevent
recurrence of hepatitis C after liver transplantation. J Hepatol 2003;
39: 389-396 [PMID: 12927925 DOI: 10.1016/S0168-8278(03)00310
-6]
P- Reviewer: Grassi A, Jin B, Komatsu H, Onyekwere CA
S- Editor: Tian YL L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1855

July 18, 2015|Volume 7|Issue 14|

World J Hepatol 2015 July 18; 7(14): 1856-1865
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i14.1856

MINIREVIEWS

Spectrum of biliary complications following live donor liver
transplantation
Priya Simoes, Varun Kesar, Jawad Ahmad
determinant of death on the waiting list and hence living
donor liver transplantation (LDLT) assumes importance.
Biliary complications are the most common post operative
morbidity after LDLT and occur due to anatomical and
technical reasons. They include biliary leaks, strictures
and cast formation and occur in the recipient as well as
the donor. The types of biliary complications after LDLT
along with their etiology, presenting features, diagnosis
and endoscopic and surgical management are discussed.
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Core tip: Living donor liver transplantation (LDLT) is
associated with increased risk of post transplant biliary
complications in recipients and donors, namely bile
leaks and biliary strictures. Large bile leaks present early
after LDLT and are treated with endoscopic stenting.
Ischemic injury to cholangiocytes is the main cause of
stricture formation. These may present early or late
and are managed with endoscopic dilation followed
by stent placement. Occasionally, surgical repair may
be required. Cast formation may complicate biliary
strictures, requiring endocopic extraction and frequent
replacement of stents with cleaning of biliary sludge and
debris.
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Abstract
Liver transplantation is the optimal treatment for
many patients with advanced liver disease, including
decompensated cirrhosis, hepatocellular carcinoma
and acute liver failure. Organ shortage is the main
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many patients with advanced liver disease, including
decompensated cirrhosis, hepatocellular carcinoma
and acute liver failure. The vast majority of LT involves
the use of organs from deceased donors but despite
strategies to increase the supply of deceased donors,
organ shortage continues to be the main determinant
[1]
of death on the waiting list . Due to the lack of organs
and also cultural and societal beliefs against the use
of deceased donors, living donor LT (LDLT) with split
[2,3]
liver grafts was developed in the late 1980s . LDLT
has potential benefits over deceased donor LT (DDLT)
including lower overall costs with elective transplantation,
better graft viability and reduced cold ischemia time,
and theoretical immunological advantages suggested
[4-6]
by the lower incidence of steroid resistant rejection .
Recipient survival is higher in LDLT but this has to be
tempered against the risk of donor complications.
Recipient morbidity in LDLT is primarily related to the
risk of biliary complications which are twice as common
[7]
as seen with DDLT . Hospitalization rates and duration
of hospital stay post LDLT are also significantly higher
than after DDLT even in experienced centers and this
is primarily attributed to the higher incidence of biliary
[8]
complications .
The incidence of biliary complications after orthotopic
[7,9]
liver transplantation varies between 11%-35% ,
with a decreasing trend in recent years. These include
strictures, leaks, casts, sludge, stones and Sphincter of
Oddi dysfunction of which strictures, bile leaks and cast
formation are the commonest, affecting patient and
graft survival as well as re transplantation rates. Biliary
complications occur because of several anatomical and
technical reasons and the management depends on a
multi-disciplinary approach involving surgery, hepatology
and radiology.

a

i
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c
d
e
f
g
h

Anterior aspect of the biliary anatomy and of the head of the pancreas:
(a) right hepatic duct; (b) left hepatic duct; (c) common hepatic duct; (d)
hepatic artery; (e) gastroduodenal artery; (f) cystic duct; (g) retroduodenal
artery; (h) common bile duct; (i) neck of the gallbladder; (j) body of the
gallbladder; (k) fundus of the gallbladder. Note particulary the position of
the hepatic bile duct confluence anterior to the right branch of the portal
vein, the posterior course of the cystic artery behind the common hepatic
duct, and the relationship of the neck of the gallbladder to the right branch
of the hepatic artery. Note also the relationship of the major vessels (portal
vein, superior mesenteric vein, and artery) to the head of the pancreas.

Figure 1 Arterial supply of the biliary tree[19] (reprinted with permission
from Elsevier).

supply in the form of a plexus of many small arteries,
mainly the 3 o’clock artery and the 9 o’clock artery
running along the lateral borders of the duct arising from
the retro-portal, retro-duodenal artery, gastro-duodenal
artery, right branch of the hepatic artery, and/or cystic
artery. Around 60% of the arterial supply runs superiorly,
mainly from the gastro-duodenal artery, around 40%
runs inferiorly from the common hepatic artery with a
tiny fraction coming off the main trunk of the middle
[13,14]
hepatic artery
(Figure 1).
The hilar and intrahepatic ducts are supplied by the
peri-biliary vascular plexus, a network of capillaries
arising from the terminal arterial branches of the right
and left hepatic artery which also connects with the periductal plexus supplying the supra-duodenal bile duct. A
communicating arcade of blood vessels connecting the
right and left arterial system of the liver is located within
the hilar plate originating from the segment 4 artery
and the right branch of the middle hepatic artery. This
communicating arcade is spared during LDLT to provide
[15]
adequate blood supply to the donor duct .
Most of the arterial supply of the middle portion of
the CBD comes from the retro-duodenal and retro-portal
arteries below, and less comes from the right hepatic
artery above. During surgery, when these are dissected
the middle part of the CBD is prone to ischemic injury.
The nature of the arterial supply is the basis for why
ischemia chiefly affects the middle third of the CBD,
followed by the hepatic duct confluence, with intrahepatic
involvement being the least common. Segment 4 and the
central portion of the left hepatic duct are often supplied
by the right arterial system which is generally transected
while performing a right hepatectomy compromising the
blood supply to the donor biliary system contributing to

ANATOMICAL CONSIDERATIONS IN THE
BILIARY TRACT
It is important to have an understanding of hepatic
vascular anatomy as it explains the high incidence of
biliary complications after LT. The liver parenchyma has
a dual blood supply via the hepatic artery and portal
vein, but the biliary system is only supplied arterially.
The biliary epithelium is more liable to ischemic injury
than hepatocytes. While bile ducts are relatively more
tolerant than hepatocytes to anoxic injury, they are
[10]
more susceptible to reoxygenation/reperfusion injury .
This in part explains the biliary complication rate as
does the higher incidence of ischemic cholangiopathy in
donation after cardiac death (DCD) organs compared to
[11,12]
donation after brain death organs
.
The biliary tree is divided into 3 segments: the hilar
segment consisting of the right and left hepatic ducts,
the supra-duodenal segment consisting of the common
hepatic duct (CHD) and the upper common bile duct
(CBD) and the retro-pancreatic segment consisting of the
lower CBD. The supra-duodenal duct receives its blood
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Table 1 Clavien system for classification of complications in general surgery and solid organ transplantation
Grade 1

Grade 2
Grade 3
Grade 4

Any alteration from the ideal postoperative course, with complete recovery or which can be easily controlled and which fulfills the
following general characteristics:
(1) Not life threatening
(2) Not requiring use of drugs other than immunosuppressants, analgesics, antipyretics, anti-inflammatory agents, antiemetic, drugs
required for urinary retention or lower urinary tract infection, arterial hypertension, hyperlipidemia or transient hyperglycemia
(3) Requiring only therapeutic procedures that can be performed at the bedside
(4) Postoperative bleeding requiring ≤ 3 units of blood transfusion
(5) Never associated with a prolongation of ICU stay or total hospital stay to more than twice the median stay for the procedure in the
population of the study
Any complication that is potentially life threatening or results in ICU stay > 5 d, hospital stay > 4 wk for the recipient, but which does not
result in residual disability or persistent disease
Any complication with residual or lasting functional disability or development of malignant disease
Complications that lead to re transplantation (grade 4a) or death (grade 4b)

ICU: Intensive care unit.

Table 2 Biliary complications in recipients after live donor liver transplantation
Ref.

Year

Grafts (n )

Country

Right
Ghobrial et al[22]
Gondolesi et al[23]
Liu et al[24]
Giacomoni et al[25]
Soejima et al[26]
Shah et al[27]
Mita et al[28]
Freise et al[7]
Marubashi et al[29]
Lin et al[30]
Wadhawan et al[31]
Kim et al[32]
Soin et al[14]

2001
2004
2004
2006
2006
2007
2008
2008
2009
2009
2010
2010
2010

United States
United States
China
Italy
Japan
Canada
Japan
United States (A2ALL)
Japan
China
India
South Korea
India

20
96
41
23
50
128
5
384
57
338
22
218

Leaks

Strictures

Overall rate

0
0
0
132
0
226
0
26
0
0
26

25
21.9
7.3
21.7
11.5
14.8
27.2
1.2
8.8
0
2

22.9
24.3
21.7
25.3
17.1
9.5
18
7.2
10.3
9.1
3.7

40.6
24.3
34.8
36.8
26.0
35.5
8.4
8.9
19
9.1
5

[11,13,14]

donor morbidity
.
Generally the stump of the donor bile duct is divided
away from the confluence of bile ducts to avoid a stricture
of the bile duct remaining in the donor liver resulting
in a higher incidence of multiple ducts in the right liver
[14,16]
graft
. Two or more ductal anastomoses has been
shown to be a risk factor for developing biliary compli
[17,18]
[19]
cations
. However, studies published since 2008 have
shown a considerable drop in overall incidence of biliary
complications in recipients owing to more experience and
better technique of the biliary anastomosis.
Biliary complications occurring after LDLT are classi
[20,21]
fied according to the Clavien system described below
(Table 1).

in adult to adult liver transplantation the larger right
lobe is almost always used. This typically increases
the complication rate but the management strategies
remain similar.

Bile leaks

Bile leaks are a common biliary complication after LDLT
compared to DDLT. In the United States, the multicenter
A2ALL study reported two thirds of biliary complications
after LDLT were due to bile leaks compared to less than
a third after DDLT. Studies have reported a 6%-27%
[31,33-35]
overall incidence of bile leaks after LDLT
. Most of
these bile leaks were Clavien grade 2 or 3 complications
resulting in prolonged hospital stay or permanent dis
ability while a few resulted in graft failure, re transplan
tation and occasionally death of the recipient, though
grade 4 complications in LDLT were less common than
in DDLT. Anastomoses involving three or more donor
bile ducts were associated with an increased risk while
hepatitis C virus cirrhosis as the indication for LT and
greater surgical expertise were associated with a lower
[7]
risk for developing bile leaks .
There are two main types of bile leak after LDLT[36]
anastomotic leaks, and cut surface leaks . Anastomotic
leaks are the more common type and occur more
frequently with Roux-en-Y anastomoses than with duct

RECIPIENT BILIARY COMPLICATIONS
The incidence of biliary complications after LDLT is very
variable but can be divided into two main categories:
bile leaks and strictures of the biliary tree (Table 2).
The type of graft used in LDLT affects the complication
rate, depending on whether the right or the left lobe
is used. To try and ensure adequate graft function and
prevent small for size syndrome, the graft size required
is dependent on the weight of the recipient (typically
at least 0.8%-1% of the recipient weight). Hence,
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Figure 2 Endoscopic retrograde cholangiograms from a patient with an anastomotic leak after live donor liver transplantation. A: Cholangiogram
demonstrating leak (extravasation of contrast) coming off the anastomosis after right lobe live donor liver transplant; B: Cholangiogram with plastic stent deployed
across the anastomosis to heal the leak; C: Cholangiogram showing resolution of the leak several months later.
[23]

Anastomotic strictures: Anastomotic strictures occur
at the site of duct to duct anastomosis and are typically
isolated and shorter in length.
The development of AS is associated with multiple
operative factors such as biliary ischemia, cold ischemia
time, type of anastomosis (duct to duct vs hepaticojejunostomy), single vs double duct anastomosis, surgical
expertise, prior bile leak and donor factors such as age,
gender, weight, blood type and liver steatosis. In DDLT,
transplantation in the post MELD era and the use of DCD
[18,31,40-44]
organs also appears to influence AS formation
.
The incidence of AS is reported to be around 8%-31%
[23,24,34]
after LDLT
, with a cumulative incidence of 6.6%,
10.6% and 12.3% after 1, 5 and 10 years respectively
[41]
after DDLT .
Anastomotic strictures may present either early or
late post-transplant. The median time to presentation
[23]
reported varies between 2.5-9 mo post-transplant ,
[18]
with most presenting within 6 mo .
The most common presentation is an asymptomatic
patient with elevated cholestatic liver enzymes. Abdo
minal pain, jaundice, fever, increased liver enzymes and
recurrent cholangitis may also be presenting features
and if present, warrant further investigation for an AS.
If an AS is suspected, liver ultrasound with Doppler
imaging or computed tomography angiography to rule
out hepatic artery thrombosis should be performed.
Ultrasound alone has poor sensitivity for detecting a
stricture and is generally followed by magnetic resonance
cholangiopancreatography which is a non-invasive
diagnostic test with 94.9% sensitivity and 88.9%
specificity. The gold standard for diagnosing biliary
strictures remains ERCP.
Serial endoscopic balloon dilatation with stenting is
the main treatment for an AS. Balloon dilatation followed
by plastic stent placement has shown better results than
stenting alone. In general, stents are changed every
few months, and if the stricture is adequately treated,
[45]
[41]
they are removed between 3-12 mo . Verdonk et al
showed that 75% of AS could be successfully stented by
ERCP, with a median of 3 ERCP sessions for diagnosis and

to duct anastomoses . Cut surface bile leaks usually
originate from small bile ducts in the caudate lobe that
are transected during surgery and are usually detected
[37]
incidentally at reoperation .
Bile leaks have been shown to decrease overall
[23,38]
survival and graft survival post transplant
and are
also a significant risk for subsequent development of a
[23,27,31,38]
stricture
.
Bile leaks usually present within 2 mo after LDLT,
[7,23,39]
with most presenting 2-14 d post transplant
. They
may present as bilious ascites, biloma or persistent postoperative bile drainage or can be incidentally discovered
during computed tomography or endoscopic retrograde
cholangiopancreatography (ERCP) performed for other
[27]
reasons .
Treatment is often not required for small leaks as
they usually heal spontaneously. Larger leaks can be
managed with endoscopic treatment by transpapillary
stenting (with or without sphincterotomy) which typically
seals the leak. Endoscopic methods have shown excellent
success in the management of bile leaks, with a reported
[31,34]
resolution rate of 82%-92%
. Percutaneous drainage
and stenting by endoscopic retrograde cholangiography
(ERC) may be performed simultaneously if there is a
significant collection. If copious biliary drainage persists
or if there is simultaneous stricture development, surgical
reconstruction or conversion of the anastomoses may
[27,34]
be performed
. Most bile leaks in recipients of LDLT
resolve within 3 mo after presentation, with a median
[38]
time to resolution of 1 mo . Figure 2 demonstrates a
leak at the anastomosis in a right lobe recipient which
was successfully treated with stent placement.

Biliary strictures

Biliary strictures are also common after LDLT. The
A2ALL study reported the incidence of biliary strictures
[7]
to be 18%-21% with other studies reporting an
[31]
incidence of 13% . Most biliary strictures described in
these studies were Clavien grade 2 or 3 complications.
Biliary strictures are of 2 types - anastomotic strictures
(AS) and non-AS (NAS).
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Figure 3 Endoscopic retrograde cholangiograms from a patient with an anastomotic stricture after live donor liver transplantation. A: Cholangiogram
demonstrating complex anastomotic stricture after right lobe live donor liver transplant; B: Cholangiogram with plastic stent deployed across the stricture; C:
Cholangiogram showing marked improvement in stricture after multiple dilation and stenting.

(hepatic artery thrombosis), micro-angiopathy (pro
longed ischemia times and preservation injury) and
immunological causes (ABO incompatibility, CMV
infection, autoimmune hepatitis, or PSC and rejection).
In DDLT early NAS are found more often at the
bifurcation of the CHD common hepatic duct or around
the CBD common bile duct while late NAS are more
[54]
often peripherally located within the liver .
Hepatic artery thrombosis and prolonged ischemia
times both result in ischemic injury to the biliary endo
thelium, which heals by fibrosis and stricture formation.
Previous studies have shown that the biliary epithelium
[10]
is exquisitely sensitive to ischemia . During LT, the
blood supply to the bile ducts via the pancreatic head
and gastro duodenal artery is interrupted, making the
bile ducts solely dependent on the hepatic artery for
perfusion, and thus more susceptible to ischemic injury.
In LDLT cold ischemia time is short so interruption to
hepatic artery flow is the main concern. Immunologically
mediated injury of the biliary epithelium may be from
direct cytokine mediated activation of inflammatory cells
and thus more often affects the peripheral bile ducts.
The reported incidence of NAS varies between
[49,55]
[49]
9%-32%
. Guichelaar et al found the mean duration
to presentation varies between 23.6 ± 34.2 wk to after
LDLT. Other studies have described the presentation being
[55,56]
between 3.3-5.9 mo, with a median of 4.1 mo
.
Non-anastomotic strictures present in the same way
as AS with elevated cholestatic liver enzymes, abdominal
pain, pruritus or cholangitis. Biliary ductal dilatation
may also be seen incidentally on imaging. Studies have
suggested a variation in the time to presentation with
NAS secondary to ischemic causes presenting before
1 year and NAS secondary to immunological causes
[55]
presenting after 1 year .
Initial evaluation may include liver United States
with Doppler examination of the vasculature. However,
this method has only 33%-66% sensitivity and may
not be suitable for detecting biliary complications in
liver transplant recipients. Magnetic resonance cholan
giogram has good sensitivity and specificity and is the
best initial non-invasive diagnostic test. Endoscopic

successful treatment of the stricture. They also showed a
higher number of ERCP sessions and greater number of
stents were required to treat strictures presenting after 6
mo compared with those presenting earlier. The success
of endoscopic treatment varies between 53%-88%
[23,31,34,46]
depending on center experience
and is preferred
as the initial method of treatment. In cases where
endoscopic management has failed, percutaneous trans
hepatic biliary dilatation and stenting of strictures may be
attempted, however the success rate of this method is
[23,41]
lower and has a higher complication rate
.
Surgical management may be attempted if both
endoscopic and percutaneous treatment fails, especially
if there are concomitant bile leaks. This may involve
surgical repair or revision of the anastomosis from a
[47]
duct to duct anastomosis to hepaticojejunostomy .
The most common complications of endoscopic,
percutaneous and surgical methods of treating biliary
strictures are recurrent cholangitis, post procedural
bleeding, post ERCP pancreatitis, peritonitis and rarely
[45,48]
death
.
Figure 3 illustrates a typical anastomotic stricture
which was treated with multiple dilations and stent
placement.
Non anastomotic strictures: Non anastomotic
strictures usually occur in the hilar region but may occur
diffusely in the recipient biliary tract. They are thought
to be related to ischemic and /or immune injury to the
biliary mucosa during LT.
A number of operative factors such as total ischemia
time, hepatic artery thrombosis, total operative time,
type of bile duct anastomosis, and recipient factors
such as pre transplant liver disease especially primary
sclerosing cholangitis (PSC), bile salt composition and
chronic ductopenic rejection as well as donor factors like
ABO incompatibility, cytomegalovirus (CMV) infection,
donor and recipient gender matching and miscellaneous
factors like preservation techniques have all been
[49-51]
variably associated with development of NAS
.
[52]
[53]
Studies by Moench et al and Buis et al attempted
to classify NAS into those caused by macro-angiopathy
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Figure 4 Endoscopic retrograde cholangiograms from a patient with a non-anastomotic stricture after live donor liver transplantation complicated by
biliary cast formation (endoscopic image). A: Cholangiogram demonstrating non-anastomotic stricture after right lobe live donor liver transplant with irregular
filling defects (casts) in a dilated segment (running at 8 o’clock in the image); B: Cholangiogram demonstrating clearance of the filling defects; C: Cholangiogram
demonstrating two plastic stents deployed into the right anterior and right posterior systems after the casts were removed. Note how well the biliary tree has drained; D:
Endoscopic image of the cast material being removed through the ampulla.

retrograde cholangiogram allows simultaneous diagnosis
and intervention and is less invasive than percutaneous
[57]
cholangiography . Rarely, a liver biopsy may be required
to differentiate rejection or CMV infection in a patient
with elevated cholestatic enzymes and concern for biliary
obstruction due to NAS. The ERCP findings in NAS include
pre-stenotic dilatation and mucosal narrowing. Nonanastomotic strictures tend to be multiple and longer than
AS and less amenable to endoscopic treatment.
Endoscopic management for NAS includes balloon
dilatation of all accessible strictures with plastic stent
placement and replacement every few months and
cleaning out of biliary sludge and casts that may be
present in the damaged duct. The success of endoscopic
management of NAS in LDLT has been disappointing, with
[34,57-59]
a success rate of 25%-30%
which is below that
for NAS seen with DDLT or for AS in LDLT. Percutaneous
interventions have a success rate of 40%-85%, but
are more invasive and associated with hemorrhagic
complications and bile leaks. Non-anastomotic strictures
require regular surveillance. Long term outcomes of
NAS include recurrent cholangitis, development of biliary
cirrhosis and decreased graft survival. Endoscopic and
percutaneous methods are often only a temporary solution
[27,49,56]
and re-transplantation has to be considered
.
Biliary complications after LDLT are less likely
to respond to endoscopic therapy than in DDLT, so
[60]
preventive strategies to avoid these are important .
In right lobe LDLT, high hilar dissection to create a short
donor stump and a long recipient stump and ductoplasty
to ensure adequate vascularization of the duct ends and
intraoperative cholangiogram to early identify biliary
leaks are being examined as strategies to reduce the
[27,47,61]
incidence of both AS and NAS
. However, leaving
too long a common hepatic duct remnant in the recipient
also poses a risk, as some part of this may develop
[62]
ischemia and later develop a stricture .
Other techniques like side to side duct anastomosis
and use of interrupted vs uninterrupted biliary sutures
[63,64]
have shown minimal benefit
. Generally, good
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perfusion of the biliary end and avoidance of vascular
[57,59]
injury is the best way to prevent biliary complications
Another potential complication of NAS is the for
mation of casts that deposit in the biliary tree, typically
in the setting of ischemic injury. There are 2 main types,
composed of either collagen from sloughed off necrotic
biliary epithelium or precipitated bile with high bilirubin
content. The second type are more frequently seen with
[31,65,66]
biliary strictures
and lead to obstruction and an
increased incidence of cholangitis.
Biliary casts develop in 4%-18% of LDLT recipients
and are associated with an increased morbidity in the
[67-69]
recipient
. Ischemic events, hepatic artery thrombosis
and the presence of biliary strictures are all independently
[62]
associated with the development of biliary casts .
Recurrent cholangitis, prolonged cold ischemia time and
acute cellular rejection have also been hypothesized as
risk factors.
Biliary cast syndrome presents within a year of
transplant, usually within 16 wk, though some delayed
[67,70]
cases have been described
. Elevated cholestatic liver
enzymes or incidental bile duct dilatation with echogenic
material filling the bile duct may be seen on ultrasound.
However, ultrasound has low sensitivity and biliary casts
can only reliably be detected by ERC or percutaneous
transhepatic cholangiography (PTC), where they may
[65]
appear as irregular filling defects within the biliary tree .
Endoscopic or percutaneous removal of casts with the
use of basket or balloon devices, irrigation and hydraulic
or mechanical lithotripsy is the typical management
strategy. The success of endoscopic and percutaneous
[67,70]
methods is reported at 25%-70%
.
A complex NAS is shown in Figure 4 with biliary cast
formation. Several ERCPs and dilation, cast extraction
and stenting were required over several years with
preservation of graft function.

DONOR COMPLICATIONS
Adult to adult LDLT also carries some risks to the

1861

July 18, 2015|Volume 7|Issue 14|

Simoes P et al . Biliary complications after LDLT
Table 3 Incidence of biliary complications in donors after live donor liver
transplantation
Ref.
[76]

Iida et al

El-Meteini et al[77]
Taketomi et al[78]
Lo et al[79]
Shio et al[75]
Ghobrial et al[72]
Ozgor et al[74]
European Liver
Transplant Registry[80]

n

Graft type

Leak (%)

500
762
207
69
137
561
939
434
297
393
500

Right
Left
Right
Right
Left
Right
Left
Right
Left
Right
Right
Left
Right
Left

10.6
4.7
22
6.1

1.6
0.3
1.6
1.1

12.2
4.9
13.04
10.1
2.9
7.1

9.9
1.7
9
-

2.1
1
0.5
-

11.1
2.4
9.6
10.8

3

8

276

5

Stricture (%) Overall rate (%)

A

B

Figure 5 Endoscopic retrograde cholangiogram from a patient with a leak
from the remnant right common hepatic duct a few days after right lobe
live donor liver transplantation. The drain to the left can be seen filling when
contrast is injected into the right common hepatic duct. This was managed
successfully by a transpapillary stent.

Figure 6 Stricture in donor after right lobe live donor liver transplantation.
A: Endoscopic retrograde cholangiogram showing minimal filling of the left system
a few weeks after right lobe live donor liver transplantation; B: Percutaneous
transhepatic cholangiogram from the same patient in Figure 4A demonstrating a
tight stricture at the take off the left common hepatic duct.

donor beyond the typical complications associated
with abdominal surgery. Various studies (Table 3) have
reported a 6%-18% incidence of donor biliary com
[39,71-73]
plications
. Most of these complications were
classified as Clavien grade 3 or 4.
In contrast to the recipient, bile leaks and biliary
fistulas are more common in the donor than strictures.
The A2ALL study in the United States reported on
almost 400 patients who donated the right lobe and
found an incidence of 9% of bile leak or biloma, with a
0.5%-1.5% incidence of post-operative biliary strictures
[72,74]
since no biliary anastomosis is required in the donor
.
Due to larger graft size, complications are most after
[74-76]
right lobe donation and least with left lateral grafts
.
Factors associated with developing bile leaks include
elevated pre-operative alkaline phosphatase levels to >
86 IU/L and requiring a blood transfusion during surgery
but center experience was not a factor in donor biliary
[72]
complications . Figure 5 demonstrates a bile leak from
the right common hepatic duct stump a few days after
right lobe donation.
Donor biliary complications generally present within
2 wk of surgery. Bile leaks can be noted from bilious

drain output or present with pain or suspicion for an
intra-abdominal collection. Imaging can also be helpful.
As in the recipient, strictures present with elevated
cholestatic liver enzymes or jaundice.
Management of bile leaks and strictures is similar
to the recipient with ERCP and stent placement the
mainstay. Almost 80% of leaks were successfully
treated by ERCP or percutaneous drainage, though a
[75]
few required surgical revision or repair . Strictures can
be more difficult to manage after right lobe donation as
they form as the liver regenerates and wire access to
the remaining left lobe biliary tree can be very difficult
either endoscopically or percutaneously. Surgical revision
is then required. Figure 6 shows a stricture that developed
at the takeoff of the left common hepatic duct a few
weeks after right lobe donation which could not be
treated at ERCP or PTC. The patient was asymptomatic
but presented with rising cholestatic enzymes and was
successfully treated with biliary bypass surgery.
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CONCLUSION
The development of LDLT with split liver grafts has
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allowed for elective liver transplants with shortened
wait times. It offers several advantages over DDLT
but carries an increased risk of biliary complications,
mainly bile leaks and strictures. These present within
a few weeks to months post transplant. They are
usually managed endoscopically, with stenting for bile
leaks and dilatation followed by stenting for strictures.
Occasionally, endoscopic methods fail and surgical repair
or even re transplantation may be required. Strategies
to avoid vascular injury and ischemia of the biliary tree
are important in preventing these complications.
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Abstract
In the last years, the development in the oncology field
has been huge and rapid. In particular, the evaluation
of response to anti-tumour treatments has been being
object of intense research, producing significant changes.
Response assessment after therapy in solid neoplasias
has always used radiological imaging techniques,
with tumour size reduction representing a presumed
therapeutic efficacy. However, with the introduction
of anti-angiogenetic drugs the evaluation of tumour
size has become unsuitable because some tumours,
under treatment, show only tumour perfusion changes
rather than lesion shrinkage. Between different imaging
techniques with contrast-enhancement, contrastenhanced ultrasound (CEUS) and, in particular, dynamic
CEUS have arisen as a promising and non-invasive
device for monitoring cancer treatments. Moreover, the
introduction of perfusion software has even more refined
the technique since it is able to provide quantitative
parameters related to blood flow and blood volume that
can be associated with tumour response and clinical
outcome such as the progression free survival and the
overall survival. Here, we give an overview of the current
status of CEUS in monitoring hepatocellular carcinoma
response to different kind of treatments.
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The present review focused on the current standards
and perspectives of application of both CEUS and
D-CEUS in the evaluation of treatment response in
patients affected from hepatocellular carcinoma (HCC).

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

HCC AND CEUS

Core tip: Hereby we present a literature revision about
the current status of contrast enhanced ultrasound in
monitoring hepatocellular carcinoma response to different
kind of treatments. This is a very important topic because
of the rapid development in the oncology field due to
the introduction of novel anti-cancer therapies. Among
different contrast enhanced imaging techniques, dynamic
contrast-enhanced ultrasound has emerged as a versatile
tool as standard radiological imaging has become
unsatisfactory.

Liver cancer is the sixth most common cancer, the third
cause of cancer related death, and accounts for 7% of
all cancers. HCC represents more than 90% of primary
liver cancer, is a major global health problem and its
[9]
worldwide incidence is growing up .
Diagnosis of HCC can be done using histopathology
or by identifying the typical vascular hallmark (hypervascular in the arterial phase with washout in the portal
venous or delayed phases) using contrast-enhanced
imaging techniques.
The treatment depends on the tumour stage at
the moment of the diagnosis. Liver resection, liver
transplantation and ablative procedures such as radio
frequency ablation (RFA) and percutaneous ethanol
injection (PEI) are curative. Trans-catheter arterial
chemo-embolisation (TACE) and systemic therapies
such as anti-angiogenetic drugs and chemotherapies
[10]
represent palliative treatments .
The advent of microbubble US contrast agents (UCA)
has allowed the display of parenchyma microvasculature,
[11]
impossible with B-mode and color-Doppler method .
The enhancement patterns of the tumours can be studied
during arterial, portal venous, late and post-vascular
phases, in real time and with a higher temporal resolution
compared to other imaging modalities, allowing a deeper
study of the lesion enhancement behavior. Moreover, the
good safety profiles of UCA make possible to administer
repeated boluses during the same exam, if necessary.
Recent European Federation of Societies for Ultra
sound in Medicine and Biology (EFSUMB) guidelines
highlighted the role of CEUS, as a cost-effective technique
with a good safety profile, not only in the characterisation
and detection of focal liver lesion but also in monitoring
tumour response after curative, loco-regional and
[12,13]
systemic HCC treatments
.
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INTRODUCTION
The potential applications of ultrasound (US) imaging in
the oncology field are vast, ranging from early cancer
detection and tumour characterisation to treatment
[1]
response monitoring . In the last years, the evaluation
of response to anti-tumour treatments has been being
object of intense investigations and changes, since a
number of new anti-cancer agents are progressively
[2-4]
becoming available . In this setting a proper evaluation
of tumour response is very important in the achievement
of therapeutic decisions.
Until now the classical response assessment criteria
in solid cancers were based on tumour size measure
ment by radiological imaging techniques and a reduction
in tumour size during treatment was associated with
therapeutic and clinical benefit. However, with the
recent development of molecularly targeted therapies it
has become necessary to introduce different methods
to evaluate treatment efficacy. To achieve this goal,
the traditional response criteria based on tumour size
[Response Evaluation Criteria In Solid Tumours (RECIST)]
were lately modified introducing new criteria that
[5]
evaluate changes in tumour vascularisation .
Among different contrast-enhanced imaging techni
ques, contrast-enhanced US (CEUS) and dynamic CEUS
(D-CEUS) have arisen as a promising, non-invasive and
cost-effective device for monitoring cancer treatments.
Moreover, the introduction of perfusion software has
refined the technique even more since it is able to
provide quantitative parameters related to blood flow
[5-8]
and blood volume .

WJH|www.wjgnet.com

CEUS AND TUMOUR RESPONSE
An accurate evaluation of treatment efficacy is funda
mental both for phases Ⅱ and Ⅲ clinical trials and for
clinician as a guide for therapeutic decisions.
When we evaluate the role of CEUS in monitoring
tumour response it is important to distinguish between
morphological and functional response.
In the first case vascular changes produced by the
treatment are evaluated according modified-RECIST
(mRECIST) by a qualitative or semi-quantitative CEUS.
On the contrary, functional response can be assessed
by D-CEUS that combines morphological and functional
data leading to a more accurate measurement of tumour
characteristics. The kinetics of microbubble flow through
the tumour is evaluated by mathematical models applied
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to signal intensity vs time able to provide quantitative
parameters associated to blood flow and blood volume.
This application has encouraging clinical potential for
delineating changes in tumour vascularisation secondary
[5-8]
to anti-angiogenetic treatment .

imaging performed 2 or 4 wk later. However, despite its
high specificity (94%), CEUS is characterised by only
40% of sensitivity in the detection of viable remnant
tumour, due to false negative results. This high number
of false negative cases could be related to the difficult
interpretation of the images obtained immediately after
the procedure and, especially, to the presence of a
thin marginal area of hyper-vascularity in the arterial
phase not followed by a proper washout in the portal/
[15]
venous phase . More specifically, the
differentiation between the hyper-vascularity produced
by a localised tissue response (hyperemia) or arteriove
nous shunting and the residual hypervascular tumour in
the periphery of the ablated area may be challenging.
Reactive hyperemia usually shows a diffuse and homo
geneous peripheral enhancement, with uniform and ringlike thickness, no more than 4-5 mm thick, followed
by iso-enhancement in the portal and late phase. In
contrast, residual tumour shows a local, heterogeneous
or irregular peripheral enhancement, a thickness
greater than 7-8 mm and the pattern of enhancement
is characterised by hyper-enhancement in the arterial
phase, followed by hypo-enhancement in the portal
and late phase. However, in some cases viable tumour
could be associated with arterial enhancement without
complete washout in the portal and late phase, usually
likewise to the enhancement pattern of the tumour
[20,21]
before treatment
.
Other reasons justifying the high number of false
negative results could be a scan plane not including the
residual tumour, uncooperative patients under conscious
sedation or general anesthesia and, finally, an incorrect
scanning time. In fact, intra-lesional gas developing
during RFA or PEI may hinder a proper evaluation in the
immediate post-procedural follow-up. These artefacts
[22]
may persist for 15-180 min , but a delay of at least
20 to 40 min after the procedure would help to adjust
visibility minimizing gas development.
Based on the results of different studies the positive
predictive value (PPV) and negative predictive value of
immediate post-procedural CEUS in detecting viable
[15]
tumour tissue are around 82% and 50%, respectively .
Accordingly, the only significant role of CEUS
performed within 60 min after treatment is to detect
viable tumour during the same ablative session and
allow an immediate retreatment, thereby lowering the
rate of unsuccessful treatment, improving the cost[23]
effectiveness ratio and optimising patient care .

CEUS AND ABLATIVE TREATMENTS:
RFA AND PEI
All ablative procedures cause the destruction of both the
tumour itself and its vasculature by alterations in the
target lesions such as coagulative necrosis, apoptosis
and tissue granulation. Contrast-enhanced computed
tomography (CE-CT) performed 4-6 wk after the treat
ment is currently considered the “gold standard” for the
evaluation of tumour response.
Tumour necrosis is identified according to the absence
of hyper-enhancement areas in the context of the treated
[10]
lesion .
Due to the ability in representing HCC micro-vessels,
CEUS has been utilised to evaluate intra-tumoral
vascularisation after ablative treatments. Response is
complete when the tumour treatment has determined a
coagulative and vascular necrosis of the entire lesion and
in this case no contrast enhancement is detected during
all contrastographic phases of the dynamic study. On
the contrary, when the therapy has failed zones of wellperfused residual tumour remain in the target lesion and
focal contrast enhancement is detected in these areas.
The residual unablated tumour appears like an irregular,
[14-17]
eccentric or nodular peripheral enhancement
.
Sometimes, especially in HCC treated with PEI, septa
enhancement as well as a vessel passing through the
nodule may be detected.
In large tumours, incomplete ablations might look
as zones with contrast up-taking, which usually are
localised nearby the periphery of the lesions. In these
cases, an accurate comparison between the pre- and
post-ablation images is necessary to achieve a correct
[17]
evaluation of treatment efficacy .

Timing strategy

No unanimous strategy exists concerning the most
appropriate timing schedule for the performance of
CEUS. In fact, in the currently available studies on this
topic CEUS has been performed at very heterogeneous
time-points after the ablative treatments. In particular,
tumour response can be evaluated in the immediate
post-treatment, after 1 d, 1 mo or later during the follow[18]
up .

24 h follow-up

Some authors suggest that CEUS should be performed
at least 24 h after RFA or PEI. However, this strategy
seems to be less attractive than the immediate posttreatment assessment, not permitting an ablation
refinement in the same session if required. Moreover, as
immediate post-procedural CEUS may not be available
in all clinical settings, a delayed CEUS should overcome
some of the aforementioned technical issues of intraoperative CEUS.

Immediate post-treatment assessment

The possibility to detect the residual enhancing tumour
immediately after ablation by means of CEUS could be a
tempting approach in the interventional setting as it may
[19]
lead to a prompt retreatment in the same session . In
fact, when CEUS is carried out within 60 min after PEI or
RFA, there is a fair agreement with standard radiological
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[23]

Good concordance between CEUS and CE-CT per
[24,25]
formed at the same time point has been reported
.
However, a recent study shows that 1 d after the
procedure gas bubbles could be displayed within half
of the tumour, with a reported sensitivity in detecting
residual viable tumour only equal to 27%. In addition,
one patient with suspected residual disease at this time
point was finally classified as a false positive result.
Thus, CEUS performed at 24 h after ablative treatment
may show both false negative and false positive results
[24]
hampering its routine application in clinical practice .
[26]
These results were confirmed by Meloni et al ,
who found that the sensitivity and specificity of CEUS
performed at 24 h were 33% and 98%, respectively.
Overall, these data indicate that CE-CT and CEUS
at 24 h are not always helpful in the evaluation of
percutaneous ablation response, having only poor
sensitivity and a specificity not equal to 100%.
These unsatisfactory results might be related to the
gas persistence in the context of the tumour, as well as
to the frequent post-treatment peritumoral inflammation.
Both these conditions may be still detectable several
days after treatment and, in some cases, may persist up
[24]
to 1 or 2 mo .

hepatic relapse .
However, even though several studies has been
published regarding the role of CEUS vs CE-CT after
ablative treatments, the results remain still controversial
and an ideal imaging follow-up scheme is not yet
available. Where CEUS is available both techniques
should be recommended in order to combine the virtues
and to reduce the limits of both modalities. Anyway,
further studies are still needed to evaluate the efficacy
[29]
of this approach .

CEUS AND TACE
Since TACE has been introduced as a palliative treatment
in patients with unresectable HCC it has become one
of the most common form of interventional therapies,
although in many cases it is difficult to achieve complete
necrosis of the tumour. Intratumoral vascularity after
TACE has been shown to correlate with tumour viability
and is used as the major criterion to assess treatment
efficacy and to plan additional treatment.
Similarly as previously described for RFA and PEI,
CEUS has been proved to be efficient in differentiating
residual from necrotic tumour after TACE.
[32]
Moschouris et al
reported that the early assess
ment of treatment response by CEUS performed 48 h
after drug-eluting bed TACE could underestimate the
degree of necrosis in comparison with delayed evaluation
(35-40 d after the procedure) with a percentage of
tumour necrosis of 43.5% and 52.3%, respectively. The
same authors found a good agreement between delayed
[32]
post-TACE CEUS and CE-CT .
In another study CEUS resulted even more sensitive
than CE-CT in the detection of residual vascular enhan
cement after TACE using angiography as reference
standard. In fact, CE-CT performed 1 mo after treatment
detected 20 of 23 incomplete responses whereas
CEUS performed at the same time point detected all
cases of incomplete response. Results of CEUS and
CE-CT agreed with those of the reference standard
(angiography) in 38/38 (100%) and in 35/38 (92.1%)
[33]
nodules, respectively . Another recent study from
a Chinese group suggests a leading role of CEUS
compared to CE-CT for detecting residual tumour after
[34]
lipiodol-based TACE. Liu et al evaluated treatment
response in 130 HCC patients who underwent CEUS 15
to 90 d after procedure. The sensitivity and accuracy
of detecting residual tumour by CEUS vs CE-CT were
95.9% vs 76.2% and 96.2% vs 77.7% respectively,
thus recommending CEUS as an optional procedure for
[34]
assessing the tumour response after TACE .
Based on these results, CEUS performed at 1-mo
with second generation contrast agents can be regarded
as a valid alternative technique to CE-CT in the assess
ment of therapeutic response after TACE for HCC (Figure
1).

One month follow-up

Several studies evaluated the usefulness of CEUS
performed 1 mo after ablative therapies compared
to the CE-CT at the same time-point. These studies
demonstrated almost the same diagnostic accuracy
between CEUS and CE-CT. In particular, Vilana et
[24]
al
found a sensitivity and specificity of 91% and
[27]
97%, respectively. Similarly, Pompili et al
reported
a sensitivity of 87% and a specificity of 98.4%, with a
good diagnostic agreement with CE-CT (94.6%).
Based on these results CEUS performed 1 mo
after the procedure can be considered an appropriate,
reliable, comparatively inexpensive and safe alternative
technique to CE-CT in the assessment of therapeutic
[24,27,28]
response after RFA or PEI
.

Long term follow-up

A 2 years follow-up with an imaging technique is
mandatory to detect HCC recurrence, satellites or seedi
[29,30]
ng
. The ability of CEUS in detecting local tumour
progression or new intrahepatic recurrence during
follow-up has been evaluated in different studies. In all
cases the sensitivity and the PPV of CEUS compared to
[31]
CE-CT were unsatisfactory . These results could be
related to the short duration of the arterial phase that
makes difficult to scan the whole liver or to the intrinsic
shortcomings of US technique (small lesion, unfavorable
location, etc.).
Thus, in the long time follow-up, CE-CT or contrastenhanced magnetic resonance (CE-MRI) are the
mainstay for the imaging of treated patients and the
detection of local or remote intra-hepatic and extra-
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1 cm

Figure 1 Contrast-enhanced ultrasound performed after 1 mo in a 71-year-old man treated with trans-catheter arterial chemo-embolisation: On the left side
complete necrosis is depicted as an avascular area; on the right side B-mode imaging of the treated area.

Angiogenesis inhibitors interfere with various steps
in this process. In particular, sorafenib acts by inhibiting
the serine-threonine kinases and the receptor tyrosine
kinase activity of vascular endothelial growth factor
receptors (VEGFRs) and platelet-derived growth factor
receptor β, which have been implicated in the molecular
[40-45]
pathogenesis of HCC
.
The different mechanism of action of these new
agents from classical cytostatic drugs requires a shift
from standard efﬁcacy evaluation criteria to new
imaging modalities that assesses changes in tumour
vascularisation. Although progression free survival (PFS)
and overall survival (OS) represent the most significant
efﬁcacy end-points in the medium and long term, early
assessment of tumour angiogenesis remains a crucial
aim in this area as it allows optimisation of individualised
[46]
treatment . Especially, early evaluation of failed
response allows a tailored therapy, avoiding needless
toxicity, psychological burden and costs.

CEUS and Quantitative
assessment of Functional
Response
Tumour angiogenesis

Angiogenesis plays a critical role in the growth and
spread of tumour. Cancer cells are able to produce
some biochemical signals stimulating angiogenesis and
to enhance the production of angiogenesis signaling
molecules by the surrounding normal cells. Fed by new
blood vessels cancer cells proliferate and progressively
lose their differentiation, invading the around tissues,
going in the blood and lymphatic vessels and forming
new colonies of cancer cells far from the primitive
[35]
cancer, called metastases .
The “gold-standard” to assess the angiogenesis is the
histological evaluation of the average number of micro[36]
vessels [microvascular density (MVD)] . However,
biopsy is invasive and sampling bias may happen due to
tumours heterogeneity, producing a possibly under- or
[37]
overestimation of the angiogenesis grade .
Furthermore, MVD is not able to give information
about changes of blood flow or vascular bed hyperpermeability. On the contrary, functional imaging is
able to quantify these changes above all as an early
[38,39]
consequence of the anti-angiogenesis therapy
.

D-CEUS

D-CEUS is a new functional technique enabling a
quantitative assessment of solid tumour perfusion.
This is achieved by a quantitative analysis performed
on contrast uptake curves which are built up from raw
linear data after automatic modelisation. The robustness
of this approach relies on the fact that signal intensity
is proportional to the microbubble concentration in the
region of interest. Raw linear data are used to quantify
parameters such as peak intensity (PI), time to PI,
mean transit time, slope coefficient of wash-in (Tp), total
area under the curve (AUC), AUC of wash-in and AUC
of wash-out. All these parameters provide information
about blood flow and volume, but an optimal parameter
[47]
has not been clearly identified yet .
D-CEUS is supported by the French National Cancer
Institute (INCa), which is currently evaluating such
technique in different malignancy as well as in primary
HCC to establish the reliable perfusion parameters and
[48]
timing for quantitative anticancer efficacy assessments .
Reduction in tumour vascularisation can easily be
detected in responders after 1 or 2 wk and is correlated

Anti-angiogenetic agents

One of the most important recent steps in the oncology
field is the development of anti-angiogenetic drugs.
These agents act interfering with various steps in the
angiogenesis process. Usually, they bind to receptors
on the surface of endothelial cells or to other proteins in
the downstream signaling pathways, inhibiting factors
needed for new blood vessels arrangement.
The United States Food and Drug Administration
approved different drugs showing anti-angiogenetic
activity including sorafenib, sunitinib and bevacizumab.
To date sorafenib is the only anti-angiogenetic approved
for HCC treatment but other drugs with similar activity
are under investigation in many phase Ⅱ and Ⅲ trials.
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Figure 2 Target hepatic lesion in a 65-year-old man treated with sorafenib: Clinical example of responder on dynamic contrast-enhanced ultrasound. A:
Contrast-enhanced ultrasound with corresponding time-intensity curve at baseline; B: Fifteen days after onset of sorafenib therapy, contrast-enhanced ultrasound
revealed an increase in tumour necrosis with drastic reduction of tumour perfusion parameters shown by contrast enhancement pattern and corresponding timeintensity curve.

with mRECIST response, PFS and OS in renal cell
[6,47]
carcinoma and HCC
.

patients reaching long-term stable disease (Figure 2).
Moreover, a relationship was found between D-CEUS
variables and improved clinical outcome such as
[53]
prolonged OS and PFS .
Some researchers evaluated the usefulness of
D-CEUS in the quantification of liver parenchymal per
fusion for the early detection of major adverse events
in patients with advanced HCC treated with sorafenib.
The decrease in functional parameters related to blood
volume (AUC and PI) between baseline and day 7 after
the initiation of treatment was strongly associated with
changes in laboratory data related to liver function and
was able to predict the occurrence of major adverse
[54]
events such as liver failure .
The dynamic enhancement parameters of D-CEUS
can provide important references for clinical pathological
factors in prognosis prediction such as VEGF expression
and MVD. In fact, a recent study reported a good
correlation between VEGF and CD34 expression,
(evaluated by immune-histo-chemistry), MVD and some
D-CEUS parameters (enhanced time, washout time and
[55]
AUC) .

D-CEUS in monitoring anti-angiogenetic treatment for
HCC

As already said, VEGF plays a critical role in mediating
angiogenesis in HCC, and the tumour expression of VEGF
correlates with vascular density, tumour invasiveness and
[49-51]
prognosis
. Several studies demonstrated the utility
of D-CEUS for the quantification of tumour perfusion as
a prognostic tool in patients with advanced HCC treated
with anti-angiogenetics and identified quantitative
parameters correlated with standard efficacy endpoints
such as tumour response, PFS and OS.
In a recent experimental study D-CEUS was able
to detect a reduction in tumour vascularisation as
early as 3 d after bevacizumab therapy for HCC, with
a good agreement with CE-CT performed at 2 mo in
the identification of responders and non-responders
[52]
patients .
Another study from our group corroborated that
D-CEUS is a reliable method to identify early reduction in
tumour vascularisation in patients undergoing treatment
with sorafenib. Changes in selected quantitative
parameters, detected after 14 d of therapy, agreed
with tumour response evaluated by means of standard
criteria at 2 mo. Between the parameters analysed PI,
AUC and Tp showed a significant reduction soon after
the beginning of therapy with sorafenib in most of the
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Over the past decades, different locoregional and
systemic therapies have emerged as a suitable alternative
to surgery in patients with HCC. An accurate assessment
of therapeutic response is mandatory, as complete
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tumour necrosis significantly increases patient survival,
whereas residual viable tumour requires additional
treatment. CEUS suggests an effective procedure when
a previously enhancing, hyper-vascularised HCC tumour
shows lack of contrast enhancement after treatment,
whereas still viable tumoral tissue is usually visualised as
[6]
an arterial-enhancing area with subsequent washout .
Several studies demonstrated the usefulness of
CEUS and D-CEUS in monitoring tumour response
after HCC treatment. In fact, it is able to provide both
morphological and functional data associated with low
cost and good safety profile.
CEUS performed within 60 min after RFA or PEI
with a correct timing scan seems to be reliable for
the immediate post-treatment assessing, allowing
an immediate retreatment during the same session,
[23]
if necessary . As concerning recently introduced
devices for ablative treatment such as cryoablation and
irreversible electroporation, the usefulness of CEUS was
investigated only in few studies showing preliminary
[56]
and inconclusive results . One important information
stemming from these studies is that CEUS pattern after
cryoablation appears different compared to that after RFA
because the margins of the lesions are less well defined
and shrink significantly faster than RFA lesions, explaining
why it is often difficult to identify them on B-mode or
[57]
even CEUS more than 1 year after the procedure .
Overall, CEUS can be considered a reliable and safe
alternative technique to CE-CT in the assessment of
therapeutic response to ablative treatment and TACE
[28]
after 1 mo .
Finally, CEUS associated with perfusion software and
time intensity curves can be used as a new functional
technique enabling a quantitative assessment of solid
tumour perfusion by means of a quantitative analysis.
This is very important in the early assessment of
tumour vascularisation in HCC treated with vascular
targeting agents since it would enable an optimisation
of individualised treatment. Especially, early evaluation
of failed response allows a tailored therapy, avoiding
unnecessary toxicity, psychological burden and costs.
The effective application of CEUS and D-CEUS in
clinical practice has been recently highlighted by EFSUMB
guidelines. For example this panel of experts recognised
the important role of CEUS in the very early evaluation
of ablative treatment as a guidance for immediate re[12]
treatment of residual unablated tumour .
Novel CEUS-based techniques may even exploit the
advantages of this imaging modality in evaluating tumour
response after HCC treatment. For instance, a technical
development based on real-time fusion of CEUS with
CE-CT or CE-MRI enables a precise mapping of tumour
lesions in CEUS. This new technique allows a multiplane display of tumour lesions and also shows small
lesions which are normally hard to display in standard
[58]
US. In a pilot study by Ross et al
the fusion of preinterventional CE-CT or CE-MRI with post-interventional
CEUS performed immediately after treatment showed
an improved visualisation of microcirculation and residual
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tumour perfusion after TACE. A high correlation between
early fusion study (CEUS with CE-CT or CE-MRI) and
CE-CT performed 6 wk after TACE granted an early
[58]
assessment of therapeutic success . More recently,
three-dimensional CEUS technique (3D CEUS) has been
reported to improve the study of tumour vascularity, thus
allowing the response evaluation of HCC treatments in
the three orthogonal planes. Nevertheless, it has been
suggested that the spatial resolution of the current 3D
probes may be limited as 3D CEUS provided similar
diagnostic performance compared to conventional CEUS
in the assessment of therapeutic response of HCC treated
[59]
with ablative treatments .
In conclusion, the perspectives about a large diffusion
of CEUS and D-CEUS in clinical practice are very positive
and promising, although further studies are warranted
to determine the still unclear aspects such as the best
timing and the best quantitative dynamic parameter for
the assessment of response to HCC treatment.
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protein (COMP) as a marker of cirrhosis and risk of
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assay was used to test 187 patients with chronic liver
diseases at the time point of first evaluation. The
selected patients included 72 with chronic hepatitis B
infection, 75 with chronic hepatitis C infection, 22 with
primary biliary cirrhosis, 7 with autoimmune hepatitis
type 1, and 11 with alcoholic liver disease. Demographic,
biochemical, histological and clinical characteristics of
the patients were recorded at the first evaluation. One
hundred and forty-seven patients were followed for a
median [interquartile range (IQR)] duration of 96.5 (102)
mo. The clinical, biochemical and histological data, as
well as the development of cirrhosis, HCC according to
internationally accepted criteria and in case of death,
a liver-related cause during the follow-up period,
were recorded at the electronic database of our clinic.
COMP determination was also performed in 43 healthy
individuals who served as the control study group.

therefore non-invasive tests of fibrosis, as well as tests
that can predict which patients are at high risk to develop
HCC are needed. Our results suggest that COMP levels
are associated with cirrhosis and a worse prognosis,
thus serum COMP may assist clinicians as a non-invasive
biomarker for risk assessment in surveillance programs.
Norman GL, Gatselis NK, Shums Z, Liaskos C, Bogdanos DP,
Koukoulis GK, Dalekos GN. Cartilage oligomeric matrix protein:
A novel non-invasive marker for assessing cirrhosis and risk of
hepatocellular carcinoma. World J Hepatol 2015; 7(14): 1875-1883
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i14/1875.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i14.1875

INTRODUCTION

RESULTS: COMP positivity (> 15 U/L) was detected
in 22%-36% among chronic liver disease groups.
Strikingly, almost 83% of COMP-positive patients
were cirrhotic at baseline, independently of cause of
liver disease. Among the patients who developed HCC
during follow-up, 73.7% (14/19) were COMP positive
at baseline. COMP positivity was significantly associated
with older age (P < 0.001), advanced fibrosis (P =
0.001) and necroinflammatory activity (P = 0.001),
higher aspartate aminotransferase (P < 0.001), alanine
aminotransferase (P < 0.02), γ-glutamyl transpeptidase
(P = 0.003), alkaline phosphatase (P = 0.001), bilirubin
(P < 0.05), international normalized ratio (P = 0.002)
and alpha-fetoprotein levels (P < 0.02), and lower
albumin (P < 0.001), and platelet count (P = 0.008).
COMP levels [median (IQR)] were significantly higher
in cirrhotics compared to non-cirrhotics [13.8 (7.9)
U/L vs 9.8 (4.6) U/L, respectively; P < 0.001]. On
multivariate logistic regression analysis, COMP-positivity
was independently associated only with cirrhosis (OR
= 4.40, 95%CI: 1.33-14.69, P = 0.015). Kaplan-Meier
analysis showed that COMP positivity was significantly
associated with HCC development (P = 0.007) and
higher incidence of liver-related death (P < 0.001).

Hepatocellular carcinoma (HCC) accounts for almost 90%
of all primary liver cancer cases, being the third most
common cause of tumor-related death among males and
[1-4]
the sixth among females . The major causes of HCC
are hepatitis B virus (HBV)- or hepatitis C virus (HCV)[1-5]
related cirrhosis and alcoholic cirrhosis . In Greece,
data from the HEPNET-GREECE Study Group has shown
a cumulative 5-year incidence of HCC approaching 20%
in decompensated and 10% in compensated patients
with HBV-related cirrhosis. The incidence in non-cirrhotic
HBV infected patients is less than 4%. This is in contrast
[4-7]
to a lower incidence (1.4%) in HCV patients .
Prompt diagnosis of early or very early stage HCC
is difficult due to the lack of specific symptoms and the
relatively limited prognostic value of the serological and
radiological approaches currently used for surveillance.
The prognosis of HCC is generally poor, as a result of
the aggressive nature of the disease, concurrent liver
decompensation and the sometimes limited availability
[2,3,8-13]
of potential treatment options
. Screening using
determinations of serum alpha-fetoprotein (AFP) levels
and ultrasonography every 6 mo appear to identify only
a minority of cases with early stage HCC and therefore
its use is not recommended by several international
[9-14]
authorities
.
Increasing evidence suggests that fibrosis pro
gression is a key parameter in estimating the risk of
[12,14]
HCC development
. Therefore, there is a need
for non-invasive tests of fibrosis, as well as tests that
can predict which patients are at high risk to develop
HCC. Non-invasive markers currently reported are not
sufficiently accurate, largely because they can only
identify non-cirrhotic patients or those with advanced
cirrhosis and are least useful in the early stages of HCC,
[14,15]
when detection could be life-saving
. In this context,
despite considerable controversy, AFP continues to be
used extensively because it is inexpensive and there is
[14]
a long clinical history supporting its use .
Progressive damage of the liver leading to fibrosis,
cirrhosis, and eventually HCC, is associated with a
remodeling of the liver as a consequence of both the

CONCLUSION: Elevated COMP levels are strongly
associated with cirrhosis and HCC progression. Serum
COMP is a new promising non-invasive biomarker for
HCC risk assessment in surveillance programs.
Key words: Hepatic fibrosis; Hepatocellular carcinoma;
Viral hepatitis; Enzyme-linked immunosorbent assay;
Biomarker; Cirrhosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report our first results regarding the utility
of serum cartilage oligomeric matrix protein (COMP),
an antigen over-expressed in developing liver, as a
novel non-invasive marker of liver fibrosis and risk of
progression to hepatocellular carcinoma (HCC). HCC
is the third leading cause of cancer deaths worldwide,
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from patients with viral hepatitis-related HCCs . These
data have led researchers to speculate that COMP
may have a central role early in the development of
[27]
cirrhosis and liver carcinogenesis . If this holds true,
the presence of COMP could be a non-invasive tool
to assist in selectively identifying individuals at signi
ficantly increased risk of progressing to cirrhosis and
hepatocellular carcinogenesis.
To investigate this hypothesis, we measured COMP
levels in serum samples from cirrhotic patients, including
patients who developed HCC over time, as well as noncirrhotic patients with chronic HBV and HCV infections,
autoimmune hepatitis (AIH), primary biliary cirrhosis
(PBC), and alcoholic liver disease (ALD).

Table 1 Baseline characteristics of the patients (n = 187)
Sex (male/female), n (%)
Age (yr), mean ± SD
HBV/HCV/PBC/AIH/ALD, n
Duration of follow-up (mo), median (IQR)
INR, median (IQR), (normal range: 0.85-1.15)
Platelets (× 103/μL), median (IQR), (normal
range: 140-440)
AST (U/L), median (IQR), (UNL: 40 U/L)
ALT (U/L), median (IQR), (UNL: 40 U/L)
γ-GT (U/L), median (IQR), (UNL: 37 U/L)
ALP (U/L), median (IQR), (UNL: 104 U/L)
Bilirubin (mg/dL), median (IQR), (UNL: 1.1
mg/dL)
Albumin (g/dL), median (IQR), (normal range:
3.5-5.2 g/dL)
IgG (mg/dL), mean ± SD, (UNL: 1650 mg/dL)
IgM (mg/dL), median (IQR), (UNL: 200 mg/dL)
IgA (mg/dL), mean ± SD, (UNL: 300 mg/dL)
AFP (ng/mL), median (IQR), (UNL: 10 ng/mL)
Cirrhosis (yes/no), n (%)
Decompensation of cirrhosis1 (yes/no), n (%)
HCC (yes/no), n (%)
Histological grade (none/minimal/mild vs
moderate/severe), n (%)
Histological stage (none/minimal/mild vs
moderate/severe/cirrhosis), n (%)

95 (50.8%)/92 (49.2%)
53.7 ± 15.2
72/75/22/7/11
96.5 (102)
1.04 (0.24)
190 (116)
38 (45)
40 (46)
33 (52)
90 (74)
0.8 (0.8)
4.3 (1.0)
1583 ± 508
135 (147)
312 ± 192
4.6 (6.4)
98 (52.4%)/89 (47.6%)
27 (27.6%)/71 (72.4%)
12 (6.4%)/175 (93.6%)
61 (55.5%)/49 (44.5%)

MATERIALS AND METHODS
Patients

Serum samples from 187 Caucasian patients with
chronic liver diseases followed at the outpatient
clinic of the Department of Medicine, Medical School,
University of Thessaly, Larissa, Greece during the period
2000-2013, were chosen at the time point of first evalua
tion from available specimens in the biobanking facility
of the Research Laboratory of Internal Medicine and
were stratified according to the presence (n = 98) or
absence of cirrhosis (n = 89). The serum samples were
randomly selected in order to avoid any potential bias
selection and were stored at -80 ℃ (never-thawed) until
the determination of COMP levels. The demographic, bio
chemical, histological and clinical baseline characteristics
of patients are shown in Table 1. All patients had
negative history of RA and OA or other autoimmune
rheumatic diseases at the time of investigation and
during follow-up. The selected patients included 72 with
chronic HBV infection (45 males, mean age 55 ± 12
years); 75 with chronic HCV infection (34 males, mean
age 50 ± 16 years); 22 with PBC (4 males, mean age
57 ± 17 years); 7 with AIH-type 1 (1 male, mean age
67 ± 21 years); and 11 with ALD (11 males, mean age
54 ± 12 years).
Histological data were available for 110 patients. The
histologic evaluation for inflammation and fibrosis was
[28]
assessed using the Knodell histologic activity index .
[29-31]
According to previous publications of our group
, for
statistical reasons the patients were divided into two
groups: (1) according to inflammation: minimal/mild
(score 0-8) and moderate/severe (score 9-18); and
(2) according to fibrosis: none/mild (score 0-1) and
moderate/severe/cirrhosis (score 2-3).
Ninety-eight patients (52.4%) were classified as
cirrhotic at initial presentation (Table 1) based on histo
logical findings where available and/or ultrasonographic
findings (nodules in the hepatic parenchyma, spleen >
12 cm, portal vein > 16 mm) and/or endoscopic findings
of cirrhosis (varices, portal gastropathy) and/or clinical
findings of decompensation (ascites, variceal bleeding,
[32,33]
encephalopathy)
; 38/72 with HBV, 36/75 HCV, 6/22
PBC, 7/7 AIH-1 and 11/11 ALD. Among the 98 patients

62 (56.4%)/48 (43.6%)

1

Decompensation of cirrhosis denotes the development of at least one
of the following: variceal bleeding, hepatic encephalopathy or ascites. n:
Number of patients in each respective group; SD: Standard deviation;
HBV: Hepatitis B virus; HCV: Hepatitis C virus; PBC: Primary biliary
cirrhosis; AIH: Autoimmune hepatitis; ALD: Alcoholic liver disease; INR:
International normalized ratio; AST: Aspartate aminotransferase; UNL:
Upper normal limit; ALT: Alanine aminotransferase; γ-GT: γ-glutamyl
transpeptidase; ALP: Alkaline phosphatase; IgG: Immunoglobulin G; IgM:
Immunoglobulin M; IgA: Immunoglobulin A; AFP: Alpha fetoprotein;
HCC: Hepatocellular carcinoma.

degradation of the extracellular matrix and the accu
mulation of fibrotic scar tissue. This led us to consider
that cartilage oligomeric matrix protein (COMP) could be
a potential marker of liver fibrosis and early HCC. COMP,
the fifth member of the thrombospondin family, is a
pentameric extracellular, calcium-binding glycoprotein
that modulates the cellular phenotype during tissue
[16]
genesis and remodeling . This glycoprotein is pre
dominantly expressed in articular cartilage, but also
[17-20]
in other tissues, including the developing liver
.
Diseases that cause damage to the cartilage lead to
[21]
the release of COMP into the blood
and thus it is
reasonable that changes in serum COMP levels may
[22]
reflect alterations in cartilage breakdown . Hence,
measurement of serum COMP levels has been used
diagnostically in the non-invasive estimation of the
degree of cartilage damage in patients with inflam
matory joint diseases such as rheumatoid arthritis (RA)
[23-26]
and osteoarthritis (OA)
.
In the present study, we speculated that serum
COMP could be an early marker of fibrosis, and that
increased serum COMP levels could reflect the degree
of cartilage breakdown during liver destruction and remodeling. Our assumption is supported by data showing
an over-expression of COMP in liver tissue specimens
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with cirrhosis, 12 had developed HCC at the time of
serum collection. One hundred and forty-seven patients
were followed for a median [interquartile range (IQR)]
duration of 96.5 (102) mo. Ultrasonography and AFP
measurements were performed every 6 mo in cirrhotic
patients and every 12 mo approximately in the noncirrhotics. The clinical, biochemical and histological data,
as well as the development of cirrhosis, HCC according
[10,12,13]
to internationally accepted criteria for its diagnosis
and in case of death, a liver-related cause during the
follow-up period, was recorded in the electronic database
of our clinic. COMP determination was also performed in
43 healthy individuals who served as the control group
of the study.

Thessaly University Medical School approved the study
protocol.

Statistical analysis

Kolmogorov-Smirnov test was used to assess the
normality of the distribution of variables. Normally
distributed values are expressed as mean ± SD, while
non-normally distributed values as median (IQR). Data
2
were analyzed by t-test, Mann-Whitney U test, χ test
(two by two with Yate’s correction), Fischer’s exact
test and Spearman’s rho correlation where applicable.
The parameters that were significant in the univariate
analysis entered a binary logistic regression model,
in order to identify independent risk factors. Survival
analysis was carried out using the Kaplan-Meier plot
for COMP-positive or COMP-negative patients up to the
time patients reached the following study end-points:
development of cirrhosis, decompensation, HCC, or
death due to liver disease. The comparisons were done
by log-rank test. Two-sided P values less than 0.05 were
considered statistically significant.

Methods

COMP levels in serum were measured using a commer
cially available enzyme-linked immunosorbent assay
(ELISA) according to the manufacturer’s instructions
(AnaMar Diagnostics, Sweden). The COMP ELISA is
a solid-phase, two-site enzyme immunoassay. It is
based on the direct sandwich technique in which two
monoclonal antibodies are directed against separate
antigenic determinants on the COMP molecule. During
incubation, COMP in the sample reacts with peroxidaseconjugated anti-COMP antibodies and anti-COMP anti
bodies bound to the well of the microwell plate. A washing
step removes unbound enzyme-labeled antibody and
the bound conjugate is detected by a reaction with
3,3’,5,5’-tetramethylbenzidine. The reaction is stopped
by adding acid to give a colorimetric endpoint that
is read spectrophotometrically. A calibration curve is
obtained using 5 calibrators corresponding to 0.4, 0.7,
1.2, 1.8 and 3.2 U/L. According to the manufacturer,
patients with inflammatory joint disease and serum
COMP levels lower than 12 U/L have lower risk of joint
destruction in the future compared to those with 12-15
U/L, who have an increasing risk, and those with more
than 15 U/L, who have a higher risk for aggressive
joint destruction. Using these values for guidance, we
evaluated the effectiveness of two different cut-offs
(12 and 15 U/L) for assessing positivity in our cohort of
patients with chronic liver diseases. Based on studies of
normal as well as disease controls, it was determined
that the more rigorous and specific cut-off of 15 U/L was
more appropriate for patients with chronic liver diseases.
Levels of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), γ-glutamyl transpeptidase
(γ-GT), alkaline phosphatase (ALP), bilirubin, albumin,
international normalized ratio (INR), serum immun
oglobulin IgA, IgG and IgM, and AFP were determined
using standard techniques. Serological markers of HBV
infection (HBsAg, anti-HBs, anti-HBc, HBeAg and antiHBe) and antibodies to HCV were determined by the
AxSYM system using the respective MEIA kits (Abbott
Laboratories, Diagnostics Division, 100 Abbott Park
Road, Abbott Park, IL).
All subjects provided written informed consent
to participate in the study. The ethical committee of

WJH|www.wjgnet.com

RESULTS
Significance of serum COMP antigen detection in
relation to the baseline characteristics of patients

COMP antigen levels (> 15 U/L) were detected in 52 of
the total cohort of 187 (27.8%) patients. The frequency
of COMP positivity was comparable among patients with
various chronic liver diseases (30.6% in HBV, 25.3%
in HCV, 22.7% in PBC, 28.6% in AIH-1 and 36.4% in
ALD; P = 0.880). Strikingly however, 82.6% (43/52)
of the COMP positive sera originated from patients
with cirrhosis (Figure 1 and Table 2). The increased
frequency of COMP levels in patients with cirrhosis
was similar when patients were stratified according to
disease group (Figure 1). All 43 healthy controls had
serum levels of COMP less than 15 U/L.
The association of the presence of COMP antigen with
the demographic, clinical, laboratory, and histological
parameters of patients at baseline are shown in Table 2.
COMP positivity was significantly associated with older
age (P < 0.001), higher levels of AST (P < 0.001) and
ALT (P < 0.02), higher levels of γ-GT (P = 0.003), ALP
(P = 0.001), bilirubin (P < 0.05) and INR (P = 0.002)
and lower levels of albumin (P < 0.001) and platelet
count (P = 0.008) (Table 2). Moreover, COMP positivity
was significantly correlated with advanced fibrosis (P =
0.001), necroinflammatory activity (P = 0.001), higher
levels of AFP (P < 0.02), the presence of cirrhosis (P <
0.001), and the presence of HCC (P < 0.05) (Table 2).
Moreover, COMP levels were positively correlated with
age (r = 0.417; P < 0.001), AST (r = 0.474, P < 0.001),
ALT (r = 0.324, P < 0.001), γ-GT (r = 0.268; P < 0.001),
ALP (r = 0.212; P = 0.005), bilirubin (r = 0.192; P =
0.02), INR (r = 0.275; P = 0.002) and AFP (r = 0.261; P
= 0.003), while were negatively correlated with platelet
count (r = -0.192, P < 0.02) and albumin (r = -0.343, P
< 0.001).
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Table 2 Demographic, clinical, laboratory and histological baseline characteristics of 187 patients according to cartilage oligomeric
matrix protein antigen positivity

Sex (male/female), n (%)
Age (yr), mean ± SD
Duration of follow-up (mo)
INR
Platelets (× 103/μL)
AST (U/L)
ALT (U/L)
γ-GT (U/L)
ALP (U/L)
Bilirubin (mg/dL)
Albumin (g/dL)
IgG (mg/dL), mean ± SD
IgM (mg/dL)
IgA (mg/dL), mean ± SD
AFP (ng/mL)
Cirrhosis (yes/no), n (%)
Decompensation of cirrhosis1 (yes/no), n (%)
HCC (yes/no), n (%)
Histological grade (none/minimal/mild vs moderate/severe), n (%)
Histological stage (none/minimal/mild vs moderate/severe/cirrhosis), n (%)

COMP-positive (n = 52)

COMP-negative (n = 135)

26/26 (50%/50%)
61.7 ± 11.9
45 (91)
1.15 (0.22)
166 (125)
59 (57)
46 (50)
50 (65)
115 (102)
1.1 (1.5)
3.9 (1)
1724 ± 614
134 (180)
359 ± 196
6.9 (10.5)
43/9 (82.7%/17.3%)
11/32 (25.6%/74.4%)
7/45 (13.5%/86.5%)
5/17 (22.7%/77.3%)
5/17 (22.7%/77.3%)

69/66 (51.1%/48.9%)
50.9 ± 15.3
107 (95)
1 (0.17)
199 (104)
31 (33)
38 (39)
27 (48)
83 (63)
0.7 (0.6)
4.4 (1)
1533 ± 461
135 (120)
295 ± 190
3.8 (5.5)
55/80 (40.7%/59.3%)
16/39 (29.1%/70.9%)
5/130 (3.7%/96.3%)
56/32 (63.6%/36.4%)
57/31 (64.8%/35.2%)

P value
1.000
< 0.001
< 0.01
0.002
0.008
< 0.001
< 0.02
0.003
0.001
< 0.05
< 0.001
0.151
0.265
0.196
< 0.02
< 0.001
0.874
< 0.05
0.001
0.001

1

Decompensation of cirrhosis denotes the development of at least one of the following: variceal bleeding, hepatic encephalopathy or ascites. Data are
present as median (interquartile range) unless other indicated; n: Number of patients in each respective group; COMP: Cartilage oligomeric matrix
protein; SD: Standard deviation; INR: International normalized ratio; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; γ-GT: γ-glutamyl
transpeptidase; ALP: Alkaline phosphatase; IgG: Immunoglobulin G; IgM: Immunoglobulin M; IgA: Immunoglobulin A; AFP: Alpha fetoprotein; HCC:
Hepatocellular carcinoma.

40

Non cirrhotic
patients

P < 0.001

logistic regression model. COMP antigen positivity was
independently associated only with the presence of
cirrhosis (OR = 4.40, 95%CI: 1.33-14.69, P = 0.015).
Of note, COMP antigen titers [median (IQR)] in cirrhotic
patients [13.8 (7.9) U/L] were significantly higher
compared to non-cirrhotic patients [9.8 (4.6) U/L; P <
0.001, Figure 1].

Cirrhotic
patients

COMP value (U/L)

30

20

Significance of serum COMP antigen detection in the
outcome of the patients

10

0

As shown in Figure 2, 147 patients had a long-term
follow-up of 96.5 (102) mo. Seventy-eight of these 147
patients were cirrhotic at the baseline visit, while 3 out
of the remaining 69 non-cirrhotic patients developed
cirrhosis during the follow-up period (Figure 3A). Twentyseven cirrhotic patients had decompensated cirrhosis
at baseline visit, while 16 subjects out of the remaining
51 cirrhotic patients developed decompensation during
follow-up. HCC was diagnosed in 12 patients at baseline
visit, including 11 with long-term follow-up and one lost
in follow-up (7/12, 58.3% were COMP positive), whereas
HCC developed in other 19 patients during follow-up at
least 6 mo after baseline visit. After excluding the 11
HCC cases diagnosed at baseline, the remaining 136
patients were evaluated for HCC development during
long-term follow-up. Of interest, development of HCC
was observed in 14/34 (41.2%) of the patients positive
for COMP at baseline compared to only 5/102 (4.9%)
of the patients negative for COMP at baseline (P =
0.008). In addition, 14 out of the 19 (73.7%) patients
who developed HCC on follow-up had tested positive

tal CHB CHC AIH PBC ALD otal CHB CHC AIH PBC ALD
T

To

Figure 1 Cartilage oligomeric matrix protein antigen values in the noncirrhotic and cirrhotic patients in total and according to the etiology of
liver disease. Cartilage oligomeric matrix protein (COMP) antigen titers were
significantly higher compared to non-cirrhotic patients irrespectively of the
etiology of liver disease. Bars indicate median values with interquartile range.
CHB: Chronic hepatitis B; CHC: Chronic hepatitis C; AIH: Autoimmune hepatitis;
PBC: Primary biliary cirrhosis; ALD: Alcoholic liver disease.

Restricting the analysis in the subgroup of patients
with available histological data (n = 110), showed that
COMP positivity was similarly associated with older age
(P < 0.001), higher levels of AST (P < 0.001) and ALT
(P < 0.02), γ-GT (P = 0.005), ALP (P < 0.001), bilirubin
(P = 0.005), INR (P < 0.001), lower levels of albumin (P
< 0.001), the presence of cirrhosis (P < 0.001) and the
presence of HCC (P = 0.001) (data not shown).
All parameters that were univariately associated
with COMP positivity were entered in a multivariate

WJH|www.wjgnet.com
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187 patients with chronic liver diseases
40 patients only baseline visit
(lost to follow-up)

20 patients cirrhotics at baseline

147 patients were followed-up
1 patient with HCC at baseline

51 without decompensation
at baseline

3 patients developed cirrhosis
during follow-up

69 non-cirrhotics at baseline

78 cirrhotics at baseline

27 decompensated at baseline

16 patients decompensated
during follow-up

19 patients
developed HCC
during follow-up

11 patients with HCC
at baseline

39 patients died from
liver-related causes

Figure 2 The follow-up schedule diagram of the 187 patients enrolled in the study. HCC: Hepatocellular carcinoma.
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Figure 3 Kaplan-Meier analysis of patients according to cartilage oligomeric matrix protein antigen values (cartilage oligomeric matrix protein-positive
vs cartilage oligomeric matrix protein-negative). Only, three patients, that were cartilage oligomeric matrix protein (COMP)-negative, developed cirrhosis during
follow-up (A). A trend for more rapid development of decompensation in COMP-positive patients was noticed (B). The rates of HCC development (C) and liver-related
mortality (D) are significantly higher in COMP-positive group compared to COMP-negative group by log-rank test. HCC: Hepatocellular carcinoma.

for COMP prior to the diagnosis of HCC. Similarly, in
the subgroup of non-HCC patients with advanced
fibrosis (moderate, severe fibrosis or cirrhosis) as it was
determined by liver biopsy (n = 39), development of
HCC was observed in 6/11 (54.5%) of COMP positive
patients at baseline compared to 4/28 (14.3%) of COMP
negative patients at baseline (P < 0.02).

WJH|www.wjgnet.com

While there was a trend for more rapid development
of decompensation in COMP positive compared to
COMP negative patients (Figure 3B), this difference
did not reach statistical significance (P = 0.149). In
contrast, the Kaplan-Meier analysis in cirrhotic non-HCC
patients during long-term follow-up (n = 70) revealed
a significant difference regarding the development of
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HCC between COMP-positive (14/25; 56%) and COMPnegative (5/45; 11.1%) cirrhotic patients (Figure
3C). Moreover, COMP-positive patients demonstrated
a statistically higher incidence of liver-related deaths
(17/39; 43.6%) compared to COMP-negative patients
(22/108; 20.4%) (Figure 3D). Similarly, Kaplan-Meier
analysis in the sub-group of patients with available
histological data at baseline that were followed-up (n =
84), revealed that COMP-positive patients at baseline
had a higher incidence of development of HCC (P =
0.001) and liver-related deaths (P < 0.001) during
follow up (data not shown).

as the identification of patients with a higher likelihood
of progressing to cirrhosis, cannot be identified with
certainty, leading to significant delay in implementing
[34-36]
proper surveillance and rigorous management
.
Currently, several markers have been considered
diagnostically meaningful for assessing the development
[14]
and extent of liver fibrosis . These include costly
profiles consisting of biochemical markers and physical
measurement techniques such as ultrasonography,
fibroscan, and magnetic resonance imaging. Despite the
ever-increasing number of described fibrosis markers,
most are used for research purposes only and have not
[37-41]
been incorporated in routine clinical practice
.
According to our data, COMP levels above 15 U/L
are associated with an increased likelihood of cirrhosis,
development of HCC, and liver-related death. Although
transient expression of megakaryocyte-derived protein
immunoreactive with antiserum to COMP in the develop
[42]
ing rat liver has been described , it is generally accepted
[16-18]
that COMP is not expressed in normal liver tissue
.
Only one small study of 30 patients with cirrhosis or HCC
[27]
investigated the presence of COMP in liver diseases .
Consistent with our results, these authors documented
an increased COMP mRNA expression in HCC tissue
samples, suggesting that COMP is upregulated and
[27]
overexpressed in HCC tissues . They also showed
that COMP was only weakly expressed in cirrhotic liver
tissues, indicating that this gene might have a function
early in the course of liver carcinogenesis, and this was
further supported by their findings that COMP expression
[27]
was not associated with the stage of HCC . Taking
into account that tumors often express genes that are
normally restricted to the development of an organ, the
observation of overexpression in the liver of a COMPlike protein during embryogenesis, but not shortly after
[42]
[27]
birth , may explain the findings of the former study .
In conclusion, our novel results support the notion
that determination of serum COMP levels may assist
clinicians in identifying patients with cirrhosis and those
at an increased risk of liver-related death and the
development of HCC. Single measurement of COMP
shows utility on its own, but it will be certainly of greater
diagnostic value with serial determinations obtained
during follow-up visits or in combination with other
tests, by casting the net wider. The present exploratory
study has provided intriguing results and may assist
enhanced management of hepatic fibrosis, in particular
the assessment of regression or progression of fibrosis
before and after specific therapeutic treatments. While
larger studies of prospectively collected serum samples
will be needed to better address these possibilities,
COMP appears to be a promising, simple, non-invasive
serological biomarker that may help guide the manage
ment of patients with chronic liver disease.

DISCUSSION
In the present study we have demonstrated for the first
time that the presence of COMP in the sera of patients
with chronic liver diseases is strongly associated with
liver cirrhosis and that increased COMP levels appear to
identify a subgroup of patients who are at an increased
risk of progressing to HCC and liver-related mortality.
In fact, after multivariate logistic regression analysis,
COMP antigen positivity was independently associated
only with the presence of cirrhosis. In addition, KaplanMeier analysis showed significantly higher rates of HCC
development and liver-related mortality during followup in COMP-positive patients compared to those with a
negative test.
The COMP assay measures peptides released
[17-19]
during the breakdown of cartilage
. Clinically COMP
has been primarily used to assess the destruction of
[21-26]
cartilage in patients with RA and OA
. Our hypothesis
that during liver remodeling, COMP fragments could
be detected in patients’ sera has been proven valid,
and the amount of COMP likely indicates the level of
fibrogenic activity. As we postulated, the frequency of
COMP positivity was clearly increased in patients with
chronic liver diseases compared to healthy controls.
Indeed, a dramatic increase of COMP was largely seen
in patients with cirrhosis, regardless of the etiology of
liver disease. Thus, 44% (43/98) of the cirrhotic patients
were positive for COMP, compared to just 10% (9/89) of
the non-cirrhotic patients. Notably, the great majority of
patients with a positive COMP result (43/52, 82.7%) had
well-documented cirrhosis. Furthermore, 73.7% (14/19)
of patients who developed HCC during follow-up were
COMP positive prior to the diagnosis of HCC. Although
the presence of cirrhosis is clearly associated with an
increased risk of disease progression, our findings
suggest the detection of COMP in cirrhotic patients is
a potentially useful marker to identify a subgroup of
cirrhotic patients with a higher likelihood of development
of HCC.
Cirrhosis represents a critical milestone in the decline
of liver function and the progression of individuals
[34-36]
towards decompensation and HCC
. The absence
of fibrosis, as well as the presence of advanced fibrosis,
can be established by physical examination and current
non-invasive techniques. However, early fibrosis, as well
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and accounts approximately one-third of all malignancies. Early diagnosis
is a prerequisite for radical treatment, such as surgical resection or liver
transplantation.
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risk of progressing to HCC and liver-related mortality.
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diseases at risk to develop HCC.

12

Terminology

13

Extracellular matrix degradation is closely associated with fibrosis, cirrhosis and
cancer development. COMP is an antigen expressed in articular cartilage, but
also in other tissues, including the developing liver.

Peer-review

Starting part of this paper is excellent, specially the abstract. It is concise
and organized. The study is a timely research. Objectives are consistent with
literature review and analysis.

14
15

REFERENCES
1
2

3

4

5

6

7

El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epide
miology and molecular carcinogenesis. Gastroenterology 2007; 132:
2557-2576 [PMID: 17570226 DOI: 10.1053/j.gastro.2007.04.061]
Nordenstedt H, White DL, El-Serag HB. The changing pattern of
epidemiology in hepatocellular carcinoma. Dig Liver Dis 2010; 42
Suppl 3: S206-S214 [PMID: 20547305 DOI: 10.1016/S1590-8658
(10)60507-5]
Bosetti C, Levi F, Boffetta P, Lucchini F, Negri E, La Vecchia
C. Trends in mortality from hepatocellular carcinoma in Europe,
1980-2004. Hepatology 2008; 48: 137-145 [PMID: 18537177 DOI:
10.1002/hep.22312]
Papatheodoridis GV, Lampertico P, Manolakopoulos S, Lok
A. Incidence of hepatocellular carcinoma in chronic hepatitis B
patients receiving nucleos(t)ide therapy: a systematic review. J
Hepatol 2010; 53: 348-356 [PMID: 20483498 DOI: 10.1016/j.
jhep.2010.02.035]
Mazioti A, Gatselis NK, Rountas C, Zachou K, Filippiadis DK,
Tepetes K, Koukoulis GK, Fezoulidis I, Dalekos GN. Safety
and efficacy of transcatheter arterial chemoemboliazation in the
real-life management of unresectable hepatocellular carcinoma.
Hepat Mon 2013; 13: e7070 [PMID: 24198841 DOI: 10.5812/
hepatmon.7070]
Papatheodoridis GV, Manolakopoulos S, Touloumi G, Vourli G,
Raptopoulou-Gigi M, Vafiadis-Zoumbouli I, Vasiliadis T, Mimidis
K, Gogos C, Ketikoglou I, Manesis EK. Virological suppression
does not prevent the development of hepatocellular carcinoma
in HBeAg-negative chronic hepatitis B patients with cirrhosis
receiving oral antiviral(s) starting with lamivudine monotherapy:
results of the nationwide HEPNET. Greece cohort study. Gut 2011;
60: 1109-1116 [PMID: 21270118 DOI: 10.1136/gut.2010.221846]
Manesis EK, Papatheodoridis GV, Touloumi G, Karafoulidou A,
Ketikoglou J, Kitis GE, Antoniou A, Kanatakis S, Koutsounas SJ,
Vafiadis I. Natural course of treated and untreated chronic HCV

WJH|www.wjgnet.com

16

17

18
19

20

21
22

23

1882

infection: results of the nationwide Hepnet.Greece cohort study.
Aliment Pharmacol Ther 2009; 29: 1121-1130 [PMID: 19222410
DOI: 10.1111/j.1365-2036.2009.03974.x]
Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma.
Lancet 2003; 362: 1907-1917 [PMID: 14667750 DOI: 10.1016/
S0140-6736(03)14964-1]
Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R,
Burroughs AK, Christensen E, Pagliaro L, Colombo M, Rodés J.
Clinical management of hepatocellular carcinoma. Conclusions
of the Barcelona-2000 EASL conference. European Association
for the Study of the Liver. J Hepatol 2001; 35: 421-430 [PMID:
11592607]
European Association For The Study Of The Liver; European
Organisation For Research And Treatment Of Cancer. EASLEORTC clinical practice guidelines: management of hepatocellular
carcinoma. J Hepatol 2012; 56: 908-943 [PMID: 22424438 DOI:
10.1016/j.jhep.2011.12.001]
Forner A, Reig ME, de Lope CR, Bruix J. Current strategy for
staging and treatment: the BCLC update and future prospects.
Semin Liver Dis 2010; 30: 61-74 [PMID: 20175034 DOI: 10.1055/
s-0030-1247133]
Bruix J, Sherman M. Management of hepatocellular carcinoma: an
update. Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI:
10.1002/hep.24199]
Omata M, Lesmana LA, Tateishi R, Chen PJ, Lin SM, Yoshida
H, Kudo M, Lee JM, Choi BI, Poon RT, Shiina S, Cheng AL,
Jia JD, Obi S, Han KH, Jafri W, Chow P, Lim SG, Chawla YK,
Budihusodo U, Gani RA, Lesmana CR, Putranto TA, Liaw YF,
Sarin SK. Asian Pacific Association for the Study of the Liver
consensus recommendations on hepatocellular carcinoma. Hepatol
Int 2010; 4: 439-474 [PMID: 20827404]
Lencioni R. Surveillance and early diagnosis of hepatocellular
carcinoma. Dig Liver Dis 2010; 42 Suppl 3: S223-S227 [PMID:
20547307 DOI: 10.1016/S1590-8658(10)60509-9]
Tremosini S, Reig M, de Lope CR, Forner A, Bruix J. Treatment
of early hepatocellular carcinoma: Towards personalized therapy.
Dig Liver Dis 2010; 42 Suppl 3: S242-S248 [PMID: 20547310
DOI: 10.1016/S1590-8658(10)60512-9]
Oldberg A, Antonsson P, Lindblom K, Heinegård D. COMP
(cartilage oligomeric matrix protein) is structurally related to the
thrombospondins. J Biol Chem 1992; 267: 22346-22350 [PMID:
1429587]
Hedbom E, Antonsson P, Hjerpe A, Aeschlimann D, Paulsson M,
Rosa-Pimentel E, Sommarin Y, Wendel M, Oldberg A, Heinegård
D. Cartilage matrix proteins. An acidic oligomeric protein (COMP)
detected only in cartilage. J Biol Chem 1992; 267: 6132-6136
[PMID: 1556121]
Halász K, Kassner A, Mörgelin M, Heinegård D. COMP acts
as a catalyst in collagen fibrillogenesis. J Biol Chem 2007; 282:
31166-31173 [PMID: 17716974 DOI: 10.1074/jbc.M705735200]
Mann HH, Ozbek S, Engel J, Paulsson M, Wagener R. Interactions
between the cartilage oligomeric matrix protein and matrilins.
Implications for matrix assembly and the pathogenesis of
chondrodysplasias. J Biol Chem 2004; 279: 25294-25298 [PMID:
15075323 DOI: 10.1074/jbc.M403778200]
DiCesare P, Hauser N, Lehman D, Pasumarti S, Paulsson M.
Cartilage oligomeric matrix protein (COMP) is an abundant
component of tendon. FEBS Lett 1994; 354: 237-240 [PMID:
7957930]
Saxne T, Heinegård D. Cartilage oligomeric matrix protein: a
novel marker of cartilage turnover detectable in synovial fluid and
blood. Br J Rheumatol 1992; 31: 583-591 [PMID: 1381980]
Neidhart M, Hauser N, Paulsson M, DiCesare PE, Michel BA,
Häuselmann HJ. Small fragments of cartilage oligomeric matrix
protein in synovial fluid and serum as markers for cartilage
degradation. Br J Rheumatol 1997; 36: 1151-1160 [PMID: 9402858]
Skoumal M, Haberhauer G, Feyertag J, Kittl EM, Bauer K, Dunky
A. Serum levels of cartilage oligomeric matrix protein are elevated
in rheumatoid arthritis, but not in inflammatory rheumatic diseases
such as psoriatic arthritis, reactive arthritis, Raynaud’s syndrome,

July 18, 2015|Volume 7|Issue 14|

Norman GL et al . COMP in liver cirrhosis and HCC

24

25

26
27

28

29

30

31

32

scleroderma, systemic lupus erythematosus, vasculitis and Sjögren’s
syndrome. Arthritis Res Ther 2004; 6: 73-74 [PMID: 15059267
DOI: 10.1186/ar1161]
Skoumal M, Haberhauer G, Feyertag J, Kittl EM, Bauer K, Dunky
A. Serum levels of cartilage oligomeric matrix protein (COMP):
a rapid decrease in patients with active rheumatoid arthritis
undergoing intravenous steroid treatment. Rheumatol Int 2006; 26:
1001-1004 [PMID: 16485108 DOI: 10.1007/s00296-006-0117-4]
Wisłowska M, Jabłońska B. Serum cartilage oligomeric matrix
protein (COMP) in rheumatoid arthritis and knee osteoarthritis.
Clin Rheumatol 2005; 24: 278-284 [PMID: 15940561 DOI:
10.1007/s10067-004-1000-x]
Tseng S, Reddi AH, Di Cesare PE. Cartilage Oligomeric Matrix
Protein (COMP): A Biomarker of Arthritis. Biomark Insights 2009;
4: 33-44 [PMID: 19652761]
Xiao Y, Kleeff J, Guo J, Gazdhar A, Liao Q, Di Cesare PE, Büchler
MW, Friess H. Cartilage oligomeric matrix protein expression in
hepatocellular carcinoma and the cirrhotic liver. J Gastroenterol
Hepatol 2004; 19: 296-302 [PMID: 14748877]
Knodell RG, Ishak KG, Black WC, Chen TS, Craig R, Kaplowitz
N, Kiernan TW, Wollman J. Formulation and application of a
numerical scoring system for assessing histological activity in
asymptomatic chronic active hepatitis. Hepatology 1981; 1:
431-435 [PMID: 7308988]
Gatselis NK, Georgiadou SP, Koukoulis GK, Tassopoulos N, Zachou
K, Liaskos C, Hatzakis A, Dalekos GN. Clinical significance of
organ- and non-organ-specific autoantibodies on the response to
anti-viral treatment of patients with chronic hepatitis C. Aliment
Pharmacol Ther 2006; 24: 1563-1573 [PMID: 17094775 DOI:
10.1111/j.1365-2036.2006.03165.x]
Stefos A, Gatselis N, Zachou K, Rigopoulou E, Hadjichristodoulou
C, Dalekos GN. Descriptive epidemiology of chronic hepatitis
B by using data from a hepatitis registry in Central Greece. Eur
J Intern Med 2009; 20: 35-43 [PMID: 19237090 DOI: 10.1016/
j.ejim.2008.04.023]
Gatselis NK, Zachou K, Norman GL, Tzellas G, Speletas M,
Gabeta S, Germenis A, Koukoulis GK, Dalekos GN. IgA antibodies
against deamidated gliadin peptides in patients with chronic liver
diseases. Clin Chim Acta 2012; 413: 1683-1688 [PMID: 22643316
DOI: 10.1016/j.cca.2012.05.015]
Papatheodoridis GV, Dalekos GN, Yurdaydin C, Buti M, Goulis
J, Arends P, Sypsa V, Manolakopoulos S, Mangia G, Gatselis N,
Keskın O, Savvidou S, Hansen BE, Papaioannou C, Galanis K,
Idilman R, Colombo M, Esteban R, Janssen HL, Lampertico P.

33

34
35
36
37
38

39

40
41

42

Incidence and predictors of hepatocellular carcinoma in Caucasian
chronic hepatitis B patients receiving entecavir or tenofovir. J
Hepatol 2015; 62: 363-370 [PMID: 25195548 DOI: 10.1016/j.
jhep.2014.08.045]
Papatheodoridis GV, Dalekos GN, Sypsa V, Yurdaydin C, Buti
M, Goulis J, Chi H, Manolakopoulos S, Mangia G, Gatselis N,
Keskin O, Savvidou S, Hansen BE, Vlachogiannakos I, Galanis K,
Idilman R, Colombo M, Esteban R, Janssen HLA, Lampertico P.
Timing of hepatocellular carcinoma development and predictability
of a modified PAGE-B risk score in caucasian chronic hepatitis B
patients treated with entecavir or tenofovir. Hepatology 2014; 60
Suppl 1: S316A-317A
Rahimi R, Yopp A, Singal A. Current issues and future trends
in surveillance for hepatocellular carcinoma. Clin Liver Disease
2012; 1: 186-189 [DOI: 10.1002/cld.115]
Yang JD, Kim WR. Surveillance for hepatocellular carcinoma in
patients with cirrhosis. Clin Gastroenterol Hepatol 2012; 10: 16-21
[PMID: 21699816 DOI: 10.1016/j.cgh.2011.06.004]
Kim do Y, Han KH. Epidemiology and surveillance of hepatocellular
carcinoma. Liver Cancer 2012; 1: 2-14 [PMID: 24159567 DOI:
10.1159/000339016]
Sharma S, Khalili K, Nguyen GC. Non-invasive diagnosis of
advanced fibrosis and cirrhosis. World J Gastroenterol 2014; 20:
16820-16830 [PMID: 25492996 DOI: 10.3748/wjg.v20.i45.16820]
Branchi F, Conti CB, Baccarin A, Lampertico P, Conte D,
Fraquelli M. Non-invasive assessment of liver fibrosis in chronic
hepatitis B. World J Gastroenterol 2014; 20: 14568-14580 [PMID:
25356021]
Schiavon Lde L, Narciso-Schiavon JL, de Carvalho-Filho RJ.
Non-invasive diagnosis of liver fibrosis in chronic hepatitis C.
World J Gastroenterol 2014; 20: 2854-2866 [PMID: 24659877
DOI: 10.3748/wjg.v20.i11.2854]
Chrostek L, Panasiuk A. Liver fibrosis markers in alcoholic liver
disease. World J Gastroenterol 2014; 20: 8018-8023 [PMID:
25009372 DOI: 10.3748/wjg.v20.i25.8018]
Piao RL, Brigstock DR, Zhu J, Zhang ML, Gao RP. Clinical
significance of connective tissue growth factor in hepatitis B
virus-induced hepatic fibrosis. World J Gastroenterol 2012; 18:
2280-2286 [PMID: 22611323 DOI: 10.3748/wjg.v18.i18.2280]
Onodera S, Tonozuka Y, Tashiro S. Transient expression of
megakaryocyte-derived protein immunoreactive with an antiserum
to cartilage oligomeric matrix protein in developing rat liver.
Biochem Biophys Res Commun 2000; 271: 440-444 [PMID:
10799316 DOI: 10.1006/bbrc.2000.2645]
P- Reviewer: Kapoor S, Penkova-Radicheva MP, Zielinski J
S- Editor: Ji FF L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1883

July 18, 2015|Volume 7|Issue 14|

World J Hepatol 2015 July 18; 7(14): 1884-1893
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i14.1884

ORIGINAL ARTICLE
Retrospective Study

Utility of liver biopsy in predicting clinical outcomes after
percutaneous angioplasty for hepatic venous obstruction in
liver transplant patients
Ammar Sarwar, Edward Ahn, Ian Brennan, Olga R Brook, Salomao Faintuch, Raza Malik, Khalid Khwaja,
Muneeb Ahmed
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Ammar Sarwar, Edward Ahn, Ian Brennan, Olga R Brook,
Salomao Faintuch, Muneeb Ahmed, Divison of Vascular and
Interventional Radiology, Beth Israel Deaconess Medical Center/
Harvard Medical School, Boston, MA 02215, United States

Correspondence to: Ammar Sarwar, MD, Divison of Vascular
and Interventional Radiology, Beth Israel Deaconess Medical
Center/Harvard Medical School, 1 Deaconess Road, Boston, MA
02215, United States. asarwar@bidmc.harvard.edu
Telephone: +1-617-7542523

Raza Malik, Division of Gastroenterology and Hepatology, Beth
Israel Deaconess Medical Center/Harvard Medical School, Boston,
MA 02215, United States
Khalid Khwaja, Division of Transplant Surgery, Beth Israel
Deaconess Medical Center/Harvard Medical School, Boston, MA
02215, United States

Received: March 30, 2015
Peer-review started: March 30, 2015
First decision: April 27, 2015
Revised: June 16, 2015
Accepted: July 11, 2015
Article in press: July 14, 2015
Published online: July 18, 2015

Author contributions: Sarwar A performed research study,
collected data, analyzed data, wrote paper; Ahn E collected data,
analyzed data, wrote paper; Brennan I designed research study,
wrote paper; Brook OR analyzed data, wrote paper; Faintuch S,
Malik R and Khwaja K performed research study, wrote paper;
Ahmed M designed research study, performed research study,
wrote paper.

Abstract

Institutional review board statement: The study was reviewed
and approved by the Institution Review Board at Beth Israel
Deaconess Medical Center.

AIM: To determine utility of transplant liver biopsy
in evaluating efficacy of percutaneous transluminal
angioplasty (PTA) for hepatic venous obstruction
(HVOO).

Informed consent statement: Since this was a retrospective
report involving analysis of existing medical records and no
investigator-initiated patient contact was performed, our insti
tutional review board approved a waiver for informed consent.

METHODS: Adult liver transplant patients treated with
PTA for HVOO (2003-2013) at a single institution were
reviewed for pre/post-PTA imaging findings, manometry
(gradient with right atrium), presence of HVOO on prePTA and post-PTA early and late biopsy (EB and LB, <
or > 60 d after PTA), and clinical outcome, defined as
good (no clinical issues, non-HVOO-related death) or
poor (surgical correction, recurrent HVOO, or HVOOrelated death).

Conflict-of-interest statement: None of the authors report and
conflict of interest pertaining to this study.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
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RESULTS: Fifteen patients meeting inclusion criteria
underwent 21 PTA, 658 ± 1293 d after transplant.
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In procedures with pre-PTA biopsy (n = 19), no
difference was seen between pre-PTA gradient in 13/19
procedures with HVOO on biopsy and 6/19 procedures
without HVOO (8 ± 2.4 mmHg vs 6.8 ± 4.3 mmHg; P
= 0.35). Post-PTA, 10/21 livers had EB (29 ± 21 d) and
9/21 livers had LB (153 ± 81 d). On clinical follow-up
(392 ± 773 d), HVOO on LB resulted in poor outcomes
and absence of HVOO on LB resulted good outcomes.
Patients with HVOO on EB (3/7 good, 4/7 poor) and
no HVOO on EB (2/3 good, 1/3 poor) had mixed
outcomes.

from 51%-67% and recurrent HVOO after PTA occurs in
[3,4,6-9]
20%-50% of patients
.
Response of HVOO to treatment may be determined
based upon improvements in clinical symptoms,
[10]
laboratory findings or imaging findings . However,
there is significant overlap of the clinical symptoms
of HVOO and other causes for early and late allograft
dysfunction such as rejection, drug toxicity or biliary
[11]
complications . Similarly, liver function tests do not
[8,12]
always show significant change after successful PTA
.
Finally, while an appropriate imaging response can be
useful in determining effectiveness of PTA, imaging
assessment can be subjective and may be operator
[6,13]
dependent
.
As such, liver biopsies are frequently performed to
assess HVOO response to endovascular intervention
and to distinguish persistent HVOO from other
diseases in liver transplants, either at regular intervals
or in response to change in the clinical or laboratory
[14]
status . Patients with HVOO usually have biopsy
findings of zone 3 hepatocyte necrosis, sinusoidal
[15,16]
congestion and hemorrhage in the space of Disse
.
Correlation of histologic findings of HVOO with clinical
findings such as pressure gradients between the
hepatic vein and right atrium on manometry is not well
studied. Furthermore, change in histologic findings
following successful endovascular treatment is currently
unknown. Therefore, the purpose of our study was to
evaluate histologic findings at liver biopsy after PTA for
HVOO in liver transplant patients and correlate these to
treatment response and long-term outcome.

CONCLUSION: Negative liver biopsy greater than 60
d after PTA accurately identifies patients with good
clinical outcomes.
Key words: Hepatic venous outflow obstruction; Liver
transplantation; Post-transplant biopsy; Angioplasty
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Percutaneous angioplasty and/or stent
placement is the first-line of treatment in patients
with hepatic venous obstruction (HVOO) after liver
transplantation. Recognizing recurrence of HVOO
after percutaneous treatment solely based on clinical,
laboratory or imaging findings is difficult, and there is
not a clear consensus regarding which measure provides
the best or “gold standard” assessment for response to
treatment. We report the utility of biopsy in predicting
outcomes of percutaneous transluminal angioplasty
(PTA) in patients with HVOO after liver transplantation.
Specifically, we have found that patients without
HVOO on a liver biopsy 60 d or more after PTA had no
recurrence of HVOO on long-term follow-up.

MATERIALS AND METHODS
Study population

Institutional Review Board approval was obtained prior
to initiation of the study. As this was a retrospective
medical record review, the review board waived the
need to obtain informed consent. We performed a
retrospective, HIPAA-compliant electronic medical
records review of all consecutive patients who underwent
endovascular revascularization after liver transplantation.
Between July 3, 2003 and September 12, 2013, 15
patients known or suspected to have HVOO after
liver transplantation were referred for a total of 21
PTA procedures. Patients were suspected of having
HVOO due to one or more of the following: core biopsy
histology suggesting outflow obstruction [8/15 patients
(53%), clinical symptoms (5/15 patients 33%), or
imaging findings of outflow obstruction (2/15 patients)].
Biopsies prior to venograms were performed due to
abnormal laboratory findings [7/10 (70%)] or clinical
symptoms [3/10 (30%)]. Clinical symptoms suggestive
of HVOO included lower extremity edema, ascites, and
abdominal pain. Abnormal laboratory findings included
elevated transaminases and elevated total bilirubin. Core
biopsy findings consistent with HVOO were centrivenular
or perivenular congestion, hemorrhage, and zone 3
[15]
hepatocyte atrophy (Figure 1) .

Sarwar A, Ahn E, Brennan I, Brook OR, Faintuch S, Malik
R, Khwaja K, Ahmed M. Utility of liver biopsy in predicting
clinical outcomes after percutaneous angioplasty for hepatic
venous obstruction in liver transplant patients. World J Hepatol
2015; 7(14): 1884-1893 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i14/1884.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i14.1884

INTRODUCTION
Hepatic venous outflow obstruction (HVOO) is an
uncommon complication after liver transplantation,
occurring in 1.5%-2.5% of patients with orthotropic
liver transplantation using the piggyback technique
and up to 9.5% of patients with living donor liver
[1-3]
transplantation
. HVOO can be treated either by
percutaneous transluminal angioplasty (PTA) (i.e.,
using an inflatable balloon to treat a luminal stenosis;
PTA), hepatic venous stenting, or when percutaneous
[3-7]
revascularization is unsuccessful, by surgical revision .
Primary patency rates of PTA for HVOO at 1 year range
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A

B

Figure 1 Hemotoxylin-eosin stains of a core liver biopsy from a patient with venous outflow obstruction shows hemorrhage within sinusoidal spaces (A)
as well as evidence of sinusoidal fibrosis on a trichrome stain (B).

Liver transplantation

combination of the above.
PTA was performed matching the balloon diameter
to that of the vein on the hepatic side of the stenosis. In
case of poor response to initial PTA, a larger diameter
or higher pressure balloon was used. After balloon
dilatation, venography and manometry were repeated
to evaluate the effectiveness of PTA. No anticoagulation
was prescribed after PTA. One patient, who underwent
hepatic vein stenting, was placed on oral Coumadin for
anticoagulation.

For patients in the study group, liver transplantation
was performed between February 1998 and August
2013. Liver transplantation was performed due to
hepatitis C virus induced cirrhosis [11/15 (73%)],
primary sclerosing cholangitis [2/15 (13%)], alcoholic
cirrhosis [1/15 (7%)] and autoimmune hepatitis
induced cirrhosis [1/15 (7%)]. Two patients received
living donor right liver grafts and the remaining patients
received deceased donor transplants. Living donor
transplant hepatic venous anastomoses were performed
with either donor right hepatic vein (RHV) to recipient
vena cava anastomosis or donor RHV to recipient
RHV. Ten deceased donor transplant hepatic venous
anastomoses were performed with piggyback technique,
one was performed with side-to-side anastomosis, and
two donor transplant hepatic venous anastomoses were
unspecified (operative records not available in those two
cases).

Post-PTA liver biopsy

Liver core biopsies were performed after 13/21 (62%)
PTA procedures. Post-PTA biopsies were performed once
in 6 patients and multiple times in 9 patients for a total
of 42 post-PTA biopsies. Of these biopsies, 35 (83%)
were transhepatic and 7 (17%) were transjugular.
Eighteen of 42 (43%) core biopsies were obtained using
an 18 gauge needle, 3 (7%) were obtained using a 16
gauge needle, and the core biopsy needle caliber of the
remaining procedures was not specified. The samples
were sent to pathology placed in a formalin container.
Early biopsy was defined as a biopsy performed within
2 mo (≤ 60 d) of PTA and late biopsy was defined as a
biopsy performed greater than 2 mo (> 60 d) after PTA.

Venography and angioplasty

Informed consent regarding percutaneous hepatic
venography, PTA and percutaneous or transjugular
liver biopsy was obtained from the patient or the
patient’s health care proxy during routine clinical
care. Percutaneous venography and subsequent PTA
was performed in the same session in all procedures.
The procedure was primarily performed via right
internal jugular (IJ) venous puncture [16/21 (76%)
procedures]. In patients with unfavorable anatomy,
other routes were used [right IJ and right common
femoral vein 2/21 (10%), right common femoral vein
only 2/21 (10%), left common femoral vein 1/21 (5%)].
After obtaining access to the infra-renal IVC and/or
hepatic veins, pressure gradient between the hepatic
vein/IVC and right atrium were determined using
manometry. A decision to proceed to PTA was made
by the operator based on one or more of the following
criteria: the presence of pressure gradient > 2-3 mmHg
(20), imaging findings of stenosis (> 50% narrowing in
the hepatic vein outflow or IVC or both relative to preand post-vessel caliber), persistent clinical findings, or a

WJH|www.wjgnet.com

Clinical follow-up

Medical records were accessed and available for all 15
patients. Medical records were reviewed for mortality,
HVOO-related morbidity (e.g., lower extremity edema,
recurrent ascites), repeat interventional procedures to
relieve HVOO, persistent biopsy proven HVOO, surgical
correction, re-transplantation, or HVOO-related death.

Data collection

As part of our retrospective review, a single observer
recorded the following data points: patient demographics,
date and type of transplant, dates of all percutaneous
revascularization procedures for the transplant hepatic
veins, and dates and results of all transplant liver
biopsies. For each percutaneous revascularization
procedure, the name of the vessel, the luminal and
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vessel diameter at the point of maximal narrowing and
the pre-PTA and post-PTA venous pressure gradients
were recorded. For each patient, medical records were
reviewed and clinical outcomes were recorded as
persistent HVOO or no HVOO-related symptoms up to
death, re-transplantation or loss to follow-up.

HVOO.

Procedure outcomes

All patients had successful traversal of the stenosis and
PTA of the lesion resulting in a technical success rate
of 100%. The gradient between stenosed vein and the
right atrium was 7.5 ± 4 mmHg prior to PTA and 3.8 ±
3 mmHg after PTA (P = 0.001). The luminal diameter
as a percentage of vessel diameters at the point of
maximal narrowing was 50% ± 19% prior to PTA and
58% ± 22% after PTA (P = 0.21). PTA was performed
once in 10 (66%) patients, twice in 4 (27%) patients
and thrice in 1 (7%) patient. Primary patency was 79%
at 30 d, 79% at 3 mo, 63% at 6 mo, 63% at 1 year
and 52% at 3 years. Primary-assisted patency was 80%
at 30 d and 79% at 3 mo, 6 mo, 1 year and 3 years.
There were no minor or major complications.

Definitions

Technical success and patency rates were calculated.
Technical success of PTA was defined as successful
traversal of the stenosis with a catheter and completion
of PTA. Clinical success was defined as resolution
or improvement in presenting signs, symptoms or
laboratory data or no further need for revascularization.
Complications were defined by the Society of Inter
[17]
ventional Radiology classification system . Minor
complications were defined as those requiring nominal
or no additional treatment. Major complications were
defined as those requiring significant additional treatment
or hospitalization or those causing permanent sequelae
up to death.
Primary patency was defined as the interval
between initial PTA and first instance of a repeat hepatic
venogram necessitated by adverse clinical status.
Primary assisted patency was defined as patency
after initial PTA until treatment with percutaneous
intervention was abandoned.
“Good outcomes” were defined as resolution of
clinical signs, symptoms, laboratory and/or imaging
findings, resolution of venous congestion on biopsy
findings and/or death due to non-HVOO related reasons.
“Poor outcomes” were defined as unresolved clinical
signs, symptoms, laboratory and/or imaging findings, retransplantation, surgical correction and/or HVOO-related
death.

Biopsy findings

Liver biopsies were performed prior to PTA in 19/21
(90%) procedures (Table 1). In patients with pre-PTA
biopsy findings consistent with HVOO [13/19 (68%)],
the maximum gradient ranged from 2-17 mmHg (8 ±
2.4 mmHg). In patients with no evidence of HVOO on
pre-PTA biopsy [6/19 (32%)], the maximum gradient
ranged from 5-11 mmHg (6.8 ± 4.3 mmHg). There
was no significant difference in the pre-PTA pressure
gradient between patients with evidence of HVOO on
pre-PTA biopsy vs patients without evidence of HVOO
on pre-PTA biopsy (P = 0.35).
In the 13 patients with pre-PTA biopsy showing
hepatic venous congestion, 9/13 (70%) had clinical
findings of venous stenosis (ascites, lower extremity
edema, hepatomegaly, etc.) but only 4/13 (30%) had
imaging findings of venous stenosis (on computed
tomography, magnetic resonance imaging or ultrasound).
In the 6 patients with pre-PTA biopsy showing no hepatic
venous congestion 5/6 (83%) had clinical findings
of venous stenosis and only 2/6 (33%) had imaging
findings of venous stenosis.
Post-PTA liver core biopsies were performed after
13/21 (61%) PTA procedures. Early biopsy was
performed after 10/21 (48%) PTA (mean 29 ± 21
d, range 2-48 d); late biopsy was performed after
9/21 (43%) PTA (mean 153 ± 81 d, range 62-304 d)
and 8/21 (38%) patients had no biopsy after PTA. Of
patients with late biopsy, 6/9 (67%) had both early and
late post-PTA biopsy, 3/9 (33%) patients had only late
biopsy after PTA.
Patients with evidence of HVOO on early biopsy
(n = 7) included 3/7 patients (43%) with no HVOOrelated complications on follow-up (205-3096 d) and
4/7 patients (57%) with HVOO related complications
requiring repeat PTA or surgical revascularization (1-47
d). Patients without evidence of HVOO on early biopsy (n
= 3) included 2/3 patients (67%) with no HVOO related
complications on follow-up (62-964 d) and 1/3 patients
(23%) requiring repeat PTA (at 66 d).

Statistical analysis

Statistical analysis of pressure gradients before and
after PTA was performed using a paired students t-test.
Kaplan-Meier analysis was used to determine primary
[3,4,6-9]
patency and primary-assisted patency rates
.
Patency rates were calculated for patients with sufficient
clinical documentation during follow-up intervals.
Patients were censored if they expired, underwent
retransplantation for non-HVOO related causes or were
lost to follow-up during the study interval. Fisher’s exact
test was used to calculate correlation between biopsy
findings and clinical outcomes. P < 0.05 was considered
to be significant. Data processing and analysis was
performed using Microsoft Excel (Microsoft, Seattle,
WA) and online statistical calculators (www.vassarstats.
net).

RESULTS
Fifteen patients (10 males, 5 females, 54 ± 8 years)
consecutive patients underwent 21 PTAs, 94 ± 184 wk
(range 4-652 wk) after transplantation for treatment of
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Table 1 Pre- and post-procedure gradients, biopsy findings and clinical outcomes
Patient No.

Procedure No.

1
2
3
4
5
6

1
1
1
1
1
1
2
1
2
1
1
2
1
1
2
1
1
1
2
3
1

7
8
9
10
11
12
13
14

15

Gradient (mmHg)

Biopsy findings indicating HVOO

Pre

Post

Pre-

< 60 d

> 60 d

8
7
8
5
9
2
5
15
17
7
NA
6
5
9
8
2
4
8
5
11
11

NA
NA
4
8
9
1
4
17
12
2
NA
1
NA
2
1
2
NA
6
4
5
8

+
+
NA
NA
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
NA
NA
NA
+
NA
NA
NA
NA
NA
NA
NA
+
+
NA
+

NA
NA
NA
NA
NA
+
NA
NA
+
NA
NA
NA
NA
NA

Clinical outcome
Good
Good
Good
Good
Good
Good
Poor
Poor
Poor
Poor
Poor
Good
Good
Poor
Good
Good
Good
Poor
Poor
Poor
Poor

HVOO: Hepatic venous obstruction; NA: Not available.

Table 2 Clinical outcomes in patients with both early (< 60 d) and late (>
60 d) biopsy after percutaneous transluminal angioplasty for hepatic venous
obstruction
Early biopsy findings

Late biopsy findings

Clinical outcome (days post-PTA)

HVOO (3 patients )

No HVOO (3/3)

No HVOO (3 patients )

No HVOO (2/3)
HVOO (1/3)

Non-HVOO related death (205 d)
Non-HVOO related death (242 d)
Doing well (3096 d)
Doing well (62, 964 d)
Needed repeat PTA (66 d)

PTA: Percutaneous transluminal angioplasty; HVOO: Hepatic venous obstruction.

PTA, 1 (14%) underwent surgical revascularization and
1 (14%) needs further percutaneous treatment. Of the
5 patients undergoing repeat PTA 3/5 patients (60%)
had no recurrence, 1/5 patients (20%) with recurrence
required repeat PTA and 1/5 patients (20%) with
recurrence resulting in re-transplantation (Table 1).
Importantly, of the 5 patients with clinical symptoms
of HVOO without histological evidence of HVOO on
pre-PTA biopsy, 60% (3/5) had a good outcome with
resolution of clinical symptoms. Separately, in the 4/13
(30%) patients with histological evidence of HVOO
without clinical symptoms of HVOO, 100% (4/4) had
resolution of venous congestion on post-PTA biopsy.
Five out of 15 patients (33%) died of non-HVOO
related causes (mean: 43 ± 54 wk, median 29 wk).
Causes of death included cholestatic hepatitis, methicillin
resistant staphylococcus aureus bacteremia and sepsis,
recurrent hepatitis C virus infection in the transplant
liver and disseminated intravascular coagulation in 2
patients. In the remaining 10 patients, 6 (60%) are
alive with no signs or symptoms of HVOO (mean followup 142 ± 181 wk, median 40 wk). In the remaining

Two patients with evidence of HVOO on late biopsy
[2/9 (22%)] underwent additional revascularization.
Patients without evidence of HVOO on late biopsy [7/9
(78%)] did not need revascularization [4/7 (57%)] with
no clinical issues and 3/7 (43%) with non-HVOO related
death in 205-964 d.
Patients with both early and late biopsy (n = 6)
showed late biopsy findings to be more predictive of
clinical outcomes (Table 2).
In patients with no biopsy after PTA (n = 8), 2 (25%)
patients died of non-HVOO related causes (12 and 86
d post-PTA), 4 (50%) needed revascularization (8, 22,
43, 138 d post-PTA) and 2 (25%) are doing well (215
and 223 d post-PTA).
The correlation of histologic findings on early vs late
biopsy with clinical outcomes is outlined in Table 2.

Clinical outcomes

Clinical follow-up was available in all patients (mean: 56
± 110 wk; Figure 2). Eight/15 (53%) patients had no
recurrence of HVOO after a single PTA. Of the 7/15 (47%)
patients with recurrence, 5 (71%) underwent repeat

WJH|www.wjgnet.com
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No pre-PTA biopsy 2/15

HVOO

st

1 balloon angioplasty
Pre-PTA biopsy 13/15
No recurrence 8/15

Recurrence 7/15

Retransplantation 1/7

nd

2 balloon angioplasty

No recurrence 3/5

Recurrence 2/5

Retransplantation 1/2

rd

3 balloon angioplasty

Short term follow-up (2/2)

Figure 2 Flowchart presenting number of treatments and recurrence of hepatic venous obstruction in all patients. HVOO: Hepatic venous obstruction; PTA:
Percutaneous transluminal angioplasty.

4 patients, 2 (50%) underwent surgical correction for
HVOO and 2 (50%) still have signs and symptoms of
HVOO (3 and 8 d post-PTA).
Overall, histological findings on biopsies < 60 d did
not correlate with clinical outcomes (P = 0.99) whereas
histological findings on biopsies > 60 d correlated with
clinical outcomes (P = 0.02).

HVOO on biopsy less than 60 d after PTA may not need
repeat PTA, if there are no associated clinical symptoms
(e.g., worsening ascites or lower extremity edema). On
the other hand, patients with HVOO on biopsy more
than 60 d after PTA represent an at-risk population and
should undergo attempts at percutaneous or surgical
revascularization.
[9]
In a recent study, Lorenz et al reported the followup interval from PTA to the first biopsy demonstrating
absence of HVOO. They found in 25 patients with
primary inferior vena cava stenosis following liver
transplantation, the interval from treatment to biopsy
findings without evidence of HVOO was 37-4136 d. To
our knowledge, no study has systematically investigated
the ability of post-transplant liver biopsy to predict
long-term response to percutaneous revascularization.
However, features of HVOO on histology are known to
overlap with features of other hepatic diseases such
[15]
as chronic biliary disease or drug-induced reactions .
Therefore, the pathologist often recommends clinical
correlation of histological findings suggestive of HVOO.
While this may represent a limitation in our study, we
used identical histological findings to categorize biopsy
findings as HVOO in the two cohorts (biopsy less than
and greater than 60 d after PTA) and found the latter to
be more predictive of long-term outcomes.
Additionally, we found intra-procedural parameters
such as pressure gradients or luminal diameter to be
poor surrogate markers of existing histologic HVOO
and poor predictors of histologic response to therapy
(Figures 3 and 4). In our study, four patients with
HVOO on pre-PTA biopsy had a gradient less than 6
and 1 patient had a gradient less than 3. Specifically,
there was no significant difference in pre-PTA pressure
gradients between patients with or without evidence of
HVOO on a pre-PTA biopsy. Similarly, improvement in
pressure gradients to < 3 mmHg or persistent pressure
gradients > 3 mmHg were not always associated with

DISCUSSION
Percutaneous angioplasty and/or stent placement is
the first-line of treatment in patients with HVOO after
liver transplantation. Recognizing recurrence of HVOO
after percutaneous treatment solely based on clinical,
laboratory or imaging findings is difficult, and there is
not a clear consensus regarding which measure provides
the best or “gold standard” assessment for response
to treatment. While liver biopsy is often utilized to
determine response to therapy and need for repeated
treatments, pathologic results after intervention have
not been correlated to clinical symptoms nor long-term
clinical outcomes.
Here, in a retrospective review of this cohort at our
institution, we report the utility of biopsy in predicting
outcomes of PTA in these patients with HVOO after liver
transplantation. Specifically, we have found that patients
without HVOO on a liver biopsy 60 d or more after
PTA had no recurrence of HVOO on long term followup. Conversely patients with HVOO on a liver biopsy
performed more than 60 d after PTA had recurrent
stenosis or other adverse outcomes. On the other hand,
liver biopsy findings of HVOO on early biopsy (less
than 60 d after PTA) did not correlate with treatment
durability or long term outcomes. This “latency” period
of 60 d between percutaneous treatment of HVOO and
resolution of histological changes may represent the
time needed for the liver to recover following successful
treatment of HVOO. In clinical terms, a patient with
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A

B

C

Figure 3 Fifty years old woman with elevated LFTs after liver transplantation and biopsy findings of venous outflow obstruction found to have a right
hepatic vein stenosis (A, arrow); following angioplasty with a 10 mm × 4 cm balloon (B), there was decrease in pressure gradient from 8 mmHg to 1 mmHg,
though the venographic appearance remained the same (C, arrowhead). Late biopsy demonstrated no evidence of venous outflow obstruction and the patient
was doing well at 1 year follow-up.

A

B

C

Figure 4 Sixty-six years old man with elevated LFTs after liver transplantation and biopsy consistent with venous outflow obstruction found with right
hepatic vein stenosis (A, arrow); following angioplasty with 6, 8, 10, and 12 mm × 4 cm balloons (B), mild improvement was seen in luminal diameter on
venography (C, arrowhead). On late biopsy, the patient had persistent evidence of venous outflow obstruction and repeat angioplasty was performed.

good or poor clinical response, respectively (Table 1, e.g.,
patients 3, 4, 5, 8). While gradients (rather than degree
of stenosis on venography) have been the primary
intra-procedural measure in all of the available studies
on HVOO, there is currently no consensus on what
constitutes an abnormal gradient between the hepatic
veins and the right atrium. Early reports of PTA for
[18,19]
HVOO recommended using a gradient of 10 mmHg
however, a surgical evaluation of normal hepatic vein
to right atrium gradient during liver transplantation
[20]
found the mean gradient to be less than 3 mmHg .
Multiple reports in the literature corroborate our findings
of patients where an elevated post-PTA gradient (> 3
[3,4,6-8,21]
mmHg) can still have good clinical outcomes
.
These findings suggest that a combination of clinical
symptoms and biopsy findings are more accurate than
any gradient threshold in diagnosing HVOO and a good
clinical outcome may be obtained despite a post-PTA
gradient > 3 mmHg.
Similarly, we found that 70% of patients with
histological evidence of HVOO also have clinical symp
toms but more importantly, even the 30% of these
patients who do not have clinical symptoms show
resolution of their histological findings after PTA. We also
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found that 83% of patients can have clinical symptoms
of HVOO without histological evidence of HVOO. These
findings support the combined used of clinical symptoms
and pre-PTA biopsy findings in diagnosing HVOO and
pursuing interventional treatment.
Finally, we report primary patency rates of 53%
at 3 years and primary assisted patency rates of 79%
at 3 years after only PTA for HVOO. This is similar to
post-PTA patency rates reported in the literature using
Kaplan-Meier analysis (Table 3). Some authors advocate
the use of primary stenting for HVOO when it occurs
early in the post-transplant period or when dealing with
[3,9]
primarily IVC stenosis . The patency rates for these
studies were similar to our results, however, the hepatic
veins are technically challenging for stent deployment
[3,8]
and stent migration is a rare but severe complication .
Therefore, we agree with the use of PTA as a primary
treatment for HVOO and reserving use of hepatic
venous stenting for patients refractory to multiple PTA
[8,22]
sessions, as previously proposed
.
There are some limitations to our study. This includes
a small sample size and retrospective nature of the study
as well as the absence of a control group. However, given
the low frequency of HVOO in liver transplant patients
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LDLT

LDLT

LDLT

Ko et al[3]

Ikeda et
al[6]

Yabuta
et al[8]

14 PTA,
4 PTA +
stent,
10 only stent

41 PTA,
7 PTA + stent

9 PTA,
2 PTA + stent

108 only
stent

12 PTA,
2 PTA +
stent,
3 only stent

19 PTA,
1 PTA + stent

Procedure

25

48

11

108

16

20

n

Follow-up
Primary patency rates
Primary assisted patency rates
Outcomes
(converted 1 mo 3 mo 6 mo 12 mo 18 mo 36 mo 60 mo 84 mo 120 mo 1 mo 3 mo 6 mo 12 mo 18 mo 36 mo 60 mo 84 mo 120 mo
to weeks)
20-334 wk
80
65
60
60
60
NA
100
100
100
100
NA
NA
9/20 recurrence, 0%
(med: 129
retransplanted, 0%
wk)
HVOO death
45-244 wk
100
75
67
67
60
NA
NA
NA
93
91
90
89
88
83
NA
NA
NA
3/12 recurrence,
(mean: 161
3/12 retransplanted,
wk)
3/12 non-HVOO
deaths, 1/12 HVOO
death
52-360 wk
82
75
72
NA
NR NR NR
NR
NR
NR
NR
NR
NR
22/108
(mean: 39
recurrence, 2/108
mo)
retransplanted, 3
HVOO deaths
20-292 wk
78
78
67
67
56
56
NA
100 100 100
100
100
NA
NA
6/10 recurrence,
(med: 60 wk)
1/10 retransplanted,
2/10 death, 2/2
hepatic
4-728 wk
64
57
57
52
98
95
95
95
20/48 recurrence,
(med: 206
2/48 retransplanted,
wk)
0/48 HVOO-related
deaths
1-603 wk
57
51
51
51
51
NA
57
51
51
51
51
NA
6/14 recurrence,
(mean: 192
1/14 retransplanted,
wk)
3/14 died of
primary graft failure
n = 1,
fractured
stent

n = 1, stent
migration

4.60%, stent
migration,
stent
malposition
n = 1,
abdominal
pain

n = 1, transient
hypoxia

n = 1, transient
hypotension

Complications

as well as the consequences of untreated HVOO, it is difficult to perform a prospective study or include a control group. Existing literature faces similar issues, as available
[3-9,13,18,19,21,22]
studies to date include a similar number of patients and study design (2-109 patients)
. Secondly, a number of patients (4/15) did not undergo biopsy after PTA,
however even within this group 2/4 patients had good clinical outcomes. A post-PTA biopsy may have helped distinguish these two patients with good outcomes from the
six patients with poor outcomes. Therefore, biopsy has a role in stratifying patients with HVOO. Additionally, a small number of patients underwent revascularization based
solely on clinical symptoms. We also acknowledge that the timeframe of histologic response after intervention for HVOO is variable, poorly characterized in the literature and
likely not known. Further studies to correlate histologic changes to our 60 d timeframe are required, though this may be difficult to achieve given the small patient numbers
available. Future studies can, however, help delineate if a post-PTA biopsy adds prognostic value above and beyond clinical or laboratory findings in determining recurrence of
HVOO.
In conclusion, our study suggests that liver biopsy performed more than 60 d after treatment may be used to predict long-term clinical outcomes after primary PTA for
relieving HVOO after liver transplantation.

LDLT: Living donor liver transplant; OLT: Orthotropic liver transplant; PTA: Percutaneous transluminal angioplasty; NA: Not available; NR: Not reported.

OLT 23
LDLT 2

OLT 15
LDLT 1

Lorenz
et al[7]

Lorenz
et al[9]

LDLT

Transplant
type

Kubo et
al[4]

Ref.

Table 3 Published studies of efficacy of percutaneous treatment of hepatic venous obstruction using the Kaplan-Meier method
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living donor liver transplantation. HVOO can be treated either by percutaneous
transluminal angioplasty (PTA) (i.e., using an inflatable balloon to treat a
luminal stenosis; PTA), hepatic venous stenting, or when percutaneous
revascularization is unsuccessful, by surgical revision. As such, liver biopsies
are frequently performed to assess HVOO response to endovascular
intervention and to distinguish persistent HVOO from other diseases in liver
transplants. Correlation of histologic findings of HVOO with clinical findings
such as pressure gradients between the hepatic vein and right atrium on
manometry is not well studied. Furthermore, change in histologic findings
following successful endovascular treatment is currently unknown. Therefore,
the purpose of the authors’ study was to evaluate histologic findings at liver
biopsy after PTA for HVOO in liver transplant patients and correlate these to
treatment response and long-term outcome.
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balloon angioplasty with improvement in clinical symptoms should undergo
biopsy to determine histological response. However, the biopsy should be
performed up to 60 d after endovascular treatment.
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3.0 Tesla magnetic resonance imaging: A new standard in
liver imaging?
Rossano Girometti
suggest that state-of-the-art 3.0 T is equivalent to 1.5 T
in the assessment of focal liver lesions and diffuse liver
disease. Therefore, further technical improvements are
needed in order to fully exploit the potential of higher
field strength.
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Core tip: The editorial focuses on potential advantages
and drawbacks related to the use of 3.0 Tesla (T)
magnets in liver imaging. Current clinical applications
are discussed, with special emphasis on the comparison
with 1.5 T. If careful optimization is performed, stateof-the-art 3.0 T is equivalent to 1.5 T. Further technical
improvements are needed in order to fully exploit the
potential of higher field strength.

Correspondence to: Rossano Girometti, MD, Researcher,
Institute of Diagnostic Radiology, Department of Medical and
Biological Sciences, University of Udine, University Hospital “S.
Maria della Misericordia”, via Colugna, 50, 33100 Udine,
Italy. rgirometti@sirm.org
Telephone: +39-432-559266
Fax: +39-432-559867

Girometti R. 3.0 Tesla magnetic resonance imaging: A new
standard in liver imaging? World J Hepatol 2015; 7(15): 1894-1898
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i15/1894.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i15.1894

Received: January 27, 2015
Peer-review started: January 27, 2015
First decision: April 27, 2015
Revised: May 17, 2015
Accepted: June 4, 2015
Article in press: June 8, 2015
Published online: July 28, 2015

MOVING TOWARDS 3.0 TESLA?
Because of limited availability and costs, magnetic
resonance imaging (MRI) of the liver is usually performed
as a problem-solving tool after inconclusive prior ultra
sound and/or computed tomography (CT). However,
MRI is, per se, the imaging modality of choice for the
[1]
detection and characterization of focal liver lesions ,
owing to superior contrast resolution and the “all-in-one”
information provided by hepatospecific contrast agents
such as gadobenate dimeglumine (Gd-BOPTA) and
gadoxetic acid (Gd-EOB-DTPA). Less defined is the role
of MRI in assessing diffuse liver disease, as exemplified

Abstract
An ever-increasing number of 3.0 Tesla (T) magnets are
installed worldwide. Moving from the standard of 1.5
T to higher field strength implies a number of potential
advantage and drawbacks, requiring careful optimization
of imaging protocols or implementation of novel hard
ware components. Clinical practice and literature review
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[5,8,9]

by current, intensive research on different techniques
[2]
aimed to quantify fibrosis, steatosis or iron overload .
1.5 Tesla (T) systems still represent the technical
[3]
standard for abdominal MRI . Nonetheless, the use of
ultra-high field strength is a major focus in liver imaging,
given the ever-increasing number of new 3.0 T magnets
installed worldwide for research and clinical practice. One
might wonder whether 3.0 T might become the new
standard, as occurred in the past when moving from
lower field strength to 1.5 T. In theory, 3.0 T magnets
have the capability to provide better image quality as
the base for improved diagnostic performance. This is
because doubling the field strength (almost) doubles
[4]
signal-to-noise ratio , that is the quantity of signal
made available from the patient in order to build MRI
images. Exceeding signal can be converted into better
image detail (higher spatial resolution) and/or faster
acquisition (higher temporal resolution), as well as more
efficient fat suppression and better lesion conspicuity
because of improved lesion-to-liver contrast after
[5]
gadolinium administration . Both conventional imaging
and functional techniques such as diffusion-weighted
imaging (DWI), dynamic contrast-enhanced MRI and
spectroscopy may benefit from the above changes.

presence of ascites
.
How to overcome technical limitations? In a study by
[10]
von Falkenhausen et al , image quality at 3.0 T was
found equivalent to 1.5 T using comparable acquisition
parameters, emphasizing that the implementation of
standard 1.5 T MRI protocols on 3.0 T magnets requires
careful optimization and/or new technical solutions
to exploit the potential of higher field-strength. While
problems in T1 contrast and SAR are faced by imple
[11,12]
menting proper sequence design
, standing wave
artefacts should be more consistently prevented by
[13]
intervening on the magnet hardware , that is by
implementing more than one conventional RF source
in order to independently correct phase and amplitude
of the RF pulses for patient-induced B1-inhomogeneity.
Studies using new-generation 3.0 T systems with dual[9,13,14]
source parallel RF transmission
showed significant
qualitative and quantitative image improvement for TSEbased T2-weighted imaging, which is the real “Achilles
heel” of liver MRI at 3.0 T. Results with and without
hardware implementation are conflicting in terms of
[9,14]
better lesions detectability
. However, dual-source
systems are reasonably the best state-of-the-art solution
to minimize standing wave effect in obese individuals
and/or patients with ascites, in whom lesions can be
missed because of degraded image quality.

CHALLENGES RELATED TO 3.0 T
Despite theoretical promises, the available evidence
shows some disappointing results when comparing
3.0 T vs 1.5 T, especially for T2-weighted imaging. For
[6,7]
example, two studies
on patients with chronic liver
disease showed that radiologists perceive equal or lower
image quality at higher field strength. The explanation
for such a discrepancy is that the transition from 1.5 T
to 3.0 T harbours technical challenges at serious risk
of impairing the gain in signal-to-noise ratio. Major
[5]
concerns in liver imaging are related to three factors .
First, changes in tissue relaxation times affect image
contrast, at a larger degree on T1-weighted Spoiled
Gradient Echo images. This can make the detection of
focal lesions, fibrosis or steatosis more challenging at 3.0
[8]
T . Second, the radiofrequency (RF) power deposition
to the patient significantly increases, especially for Turbo
Spin Echo (TSE)-designed T2-weighted sequence using
a large number of RF pulses to generate image contrast.
RF power deposition represents the energy administered
to the patient to obtain signal back, and is measured as
specific absorption rate (SAR). Unfortunately, strategies
to reduce 3.0 T-related increase in SAR frequently occur
at the expense of the gain in signal. Third, image quality
can be degraded by the so called standing wave artefact,
resulting from inhomogeneous RF deposition due to
[5]
interactions between RF waves and the patients’ body .
Standing wave artefact consists of zones of gross signal
[9]
drop affecting T2-weighted images at a serious extent ,
usually in correspondence of the left liver lobe (Figure 1).
Despite there is no definite correlation with body mass
index or body fat content, the artefact prevails in larger
patients, being characteristically exacerbated by the

WJH|www.wjgnet.com

ADVANTAGES OF USING 3.0 T
On the bright side, 3.0 T was proven to provide superior
post-gadolinium image quality using 1.5 T-equivalent
volumetric fat-saturated Gradient-Echo T1-weighted
[7,12]
imaging
. This is in accordance with the experience in
many centers using 3.0 T, including our Institution (Figure
[15]
2). Lee et al suggested that the quality of the dynamic
study is further improved when replacing conventional
fat suppression technique at 3.0 T (spectrally adiabatic
inversion recovery) with the Dixon approach. These
results have potential diagnostic impact in terms of
better detection and characterization of smaller lesions,
[8]
especially in late arterial phase or hepatobiliary phase .
One might wonder whether superior quality of postcontrast imaging is just a matter of the sequence used
or rather the type and dose of contrast medium. Indeed,
the T1 relaxation time of the liver in vivo increases of
[5]
about 41% at 3.0 T compared to 1.5 T , translating into
a theoretical increase in contrast differences using an
[16]
equivalent dose of gadolinium-based contrast agents .
[17]
A study by Kim et al supports this assumption. Com
paring arterial late phases acquired in same individuals
with the standard dose of gadoxetic acid (0.025 mmol/kg)
and half dose of gadobenate dimeglumine (0.05 mmol/
kg), the Authors found higher relative enhancement
of the liver at 3.0 T rather than 1.5 T, for both contrast
agents (19.4% vs 11.4% and 33.4% vs 18.9%,
respectively). Alternatively, one can achieve adequate
image contrast at 3.0 T using less contrast medium,
[18]
as shown by de Campos et al with a quarter dose of
gadobenate dimeglumine (0.025 mmol/kg). Potential
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A

B

Figure 1 T2-weighted imaging with 3.0 Tesla. In the absence of dedicated technical solutions, T2-weighted images at 3.0 Tesla (T) (A) are at risk of typical artefacts
(namely standing-wave artefacts) causing signal drop-out over the field of view, especially left liver lobe. Focal liver lesions might be masked accordingly. The artefact
is not present at 1.5 T (B).

A

B

Figure 2 T1-weighted post-contrast imaging at 3.0 Tesla. Compared to 1.5 Tesla (T) (A), post-contrast images acquired on 3.0 T magnets (B) show sharper
details, as exemplified in this patient with chronic liver disease showing multiple artero-portal shunts.

clinical consequences are better lesions detectability and
reduction of the risk of nephrogenic systemic fibrosis
in selected patients. However, image contrast after the
administration of gadolinium chelates is a matter of
complex interactions. Not surprisingly, studies in vitro
[16]
and in vivo
are concordant in showing comparable
contrast enhancement of the liver between 1.5 T and 3.0
T at equivalent concentrations, regardless of the dose. In
summary, it is difficult to quantify the impact of contrast
agent properties in determining superior image quality of
3.0 T contrast-enhanced studies.

lower image quality at higher field strength. Only a
few papers focus on hepatocellular carcinoma (HCC)
and colorectal cancer metastases. In a 3.0 T standing[15]
alone study by Lee et al , the Authors found an overall
accuracy in the detection of HCC with gadoxetic acid
similar to 1.5 T (mean AUC 0.95). Interestingly, two
[20,21]
different studies
compared the detection of HCC
between 3.0 T MRI and triple-phase multidetector CT
(MDCT), showing equivalent high accuracy, though MRI
was able to detect more lesions on a per-patient basis
[20]
(2.7 vs 2.3) and performed better for smaller HCC (≤
[21]
1 cm in size) . It is difficult to compare these results
with those obtained in other studies with lower field
[22]
strength, e.g., by Akai et al , who showed a trend to
a better performance of gadoxetic-acid-enhanced 1.5
T MRI vs 64-raw MDCT. Based on the experience in my
Institution, 3.0 T MRI is at least equivalent to 1.5 T, being
helpful in assessing cases in which the number of lesions
is crucial to plan the treatment (e.g., liver transplant),
as well in the scenarios of lesion characterization and
detection of recurrence. Concerning colorectal cancer
metastases, 3.0 T showed excellent detection rates
combining gadoxetic acid and DWI, with AUCs of
[23]
0.915-0.937 at ROC analysis . Compared to MDCT,
3.0 T MRI showed better performance, though without
[24]
statistical significance , especially in the detection of

DIAGNOSTIC PERFORMANCE OF 3.0 T
SYSTEMS
The ever-increasing diffusion of magnets for everyday
clinical practice, and rise in publications of radiological
studies performed with 3.0 T suggest that higher field
strength is at least equivalent to 1.5 T in diagnostic
terms. Unfortunately, there is paucity of prospective
works comparing 1.5 T and 3.0 T on an intraindividual
basis. In a study on 35 patients who underwent both
1.5 T and 3.0 T with a superparamagnetic iron oxide
[19]
contrast agent, Chang et al
showed equivalent
accuracy in assessing malignant focal liver lesions, with
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smaller lesions, having the potential to change initial
[25]
management plan in about one-third of patients .
Due to superior contrast resolution, 3.0 T MRI more
clearly outperforms MDCT in the subset of patients
with fatty liver infiltration (detection rate of 97% vs
[26]
72%) . Indeed, fatty infiltration may impair detection
of metastases on MDCT by diminishing the contrast
between an hypodense lesion and the surrounding liver
[27]
tissue . Despite theoretical advantages of thinner
slice thickness and improved lesion-to-liver contrast in
the hepatobiliary phase at 3.0 T, it is still challenging to
prove any superiority in detecting metastases compared
to 1.5 T.
A few studies deal with the role of 3.0 T in diffuse
liver disease. Promising results have been obtained in
different scenarios, including the use of DWI in staging
liver fibrosis in patients with nonalcoholic fatty liver
[28]
[29]
disease , iron quantification , or the assessment
of liver function with relative-contrast enhancement
of liver parenchyma on the hepatobiliary phase after
[30]
gadoxetic acid administration . Because of the increase
of spectral resolution, 3.0 T has the potential to better
differentiate between hepatic metabolites, thus providing
robust magnetic resonance spectroscopy (MRS) for the
assessment of chronic liver disease, e.g., by measuring
[31]
[31,32]
hepatic fat content . Several pilot studies
show
that liver MRS is feasible. Nonetheless, this technique
is still in its infancy and requires further optimization
and validation. Research on diffuse liver diseases is
particularly intense in the setting of DWI, a popular tech
nique exploiting normal and pathological water Brownian
motion within the liver under the form of both signal
[33]
intensity and apparent diffusion coefficients (ADC) .
DWI is expected to benefit from increased signal-to-noise
ratio in terms of better image quality and more robust
estimation of the ADC. Available results are somewhat
disappointing, suggesting that ADC quantification is
equivalent compared to 1.5 T, thought at the expense of
[34]
lower image quality . Thus, optimization of DWI at 3.0
[35,36]
T is still a matter of research
.

especially in those patients in whom improved dynamic
study is expected to provide “key” information, such as
detection and characterization of hypervascular lesions
(e.g., HCC).
In summary, if the new standard in liver imaging
should be undoubtedly better than the older one, stateof-the-art 3.0 T is far from representing it. However,
ongoing technical improvements are expected to exploit
all the potential advantages inherent to higher field
strength, suggesting that 3.0 T candidates for the new
standard in liver imaging in the next future.
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EDITORIAL

Selection tool alpha-fetoprotein for patients waiting for
liver transplantation: How to easily manage a fractal
algorithm
Quirino Lai, Giovanni Battista Levi Sandri, Jan Lerut

Abstract

Quirino Lai, Transplant Unit, Department of Surgery, University
Aquila, San Salvatore Hospital, 67010 Aquila, Italy

Alpha-fetoprotein (AFP) behavior in patients with
hepatocellular carcinoma (HCC) waiting for liver trans
plant (LT) represents a perfect biological example of a
fractal model in which its progressive modification and
possible future prediction of its values are very hard to
capture. As a consequence, AFP represents a useful but
poorly manageable tool to increase the ability to better
select HCC patients waiting for LT. Trying to find a “filrouge” in the recent literature, no definitive answers can
be done to several open questions: (1) the best AFP
value to adopt; (2) the best cut-off measurement; and
(3) the best way to comfortably capture the effective,
time-related, fluctuations of this biological marker.
More, structured and prospective, studies using serial
determination of AFP values within and without the
context of locoregional therapies are needed in order
to find the “ideal” (static and dynamic) cut-off values
allowing to respond to all the still open questions in this
field of transplant oncology.
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Core tip: Alpha-fetoprotein (AFP) behavior in patients
with hepatocellular carcinoma waiting for liver trans
plant (LT) represents a perfect example of a fractal
model. Consequently, AFP represents a useful but
poorly manageable selection tool for patients waiting
for LT. Looking at the recent literature, we can assume
that: (1) last AFP value seem to be the best values to
adopt; (2) different cut-offs may be adopted in the two
different scenarios of Milan Criteria (MC) IN and MC
OUT status; (3) AFP cut-off of 1000 ng/mL represent
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list inscription and then downstaged (using locoregional
therapies) to AFP values ≤ 400 ng/mL immediately
before LT showed better intent-to-treat survivals respect
to the cases in which their values could not be reduced
(3-year survivals: 81% vs 48%; P < 0.001); these
downstaged patients had results comparable results to
those patients having stable AFP values ≤ 400 ng/mL
(74%; P = 0.14). In contrast to AFP at the moment
of waiting-list inscription or to modifications of AFP,
only last pre-transplant AFP independently predicted
[6]
survival (P < 0.001) . Another United States study
proposed the combination total tumor volume inferior
to 115 cm³ and AFP inferior to 400 ng/mL and as a
better tool for selecting patients with HCC, showing,
3 years after transplant, survivals inferior to 50% in
[7]
patients exceeding this cut-off . The Hangzhou group
proposed in a study containing 195 patients to combine
one of the two following items in order to obtain good
tumor free survival rates: total HCC diameter inferior
or equal to 8 cm; total HCC diameter superior to 8 cm
contemporaneously having pathologic grade Ⅰ-Ⅱ and
[8]
pre-LT AFP ≤ 400 ng/mL . An Italian study showed
that the combination of morphological and biological
parameters (e.g., total tumor diameter > 8 cm and
AFP > 400 ng/mL) conferred scarce survivals: patients
having the last AFP value > 400 ng/mL had an eighttimes incremented risk of tumor recurrence after trans
[9]
plantation .
A monocentric Belgian study similarly identified
the last AFP determination > 400 ng/mL as the most
important independent predictor for tumor recurrence
[10]
after LT (HR = 4.86; P = 0.01) . The United Network
for Organ Sharing region 6 experience showed that
peak AFP value > 400 and AFP at LT > 400 ng/mL
were connected with poor outcomes post-LT in patients
[11]
previously treated with loco-regional treatment (LRT) .
Despite many analyses underlined the role of the
last AFP measure > 400 ng/mL before LT as a predictive
tool, several, greatly differing, cut-off values (100, 200,
210, 300, 1000 ng/mL) have been put forward in the
recent literature. The unfollowing paragraph gives an
overview of all these different findings published during
the period 2009-2014.
A United States study including 101 patients showed
that AFP > 100 ng/mL (OR = 5.0, P = 0.006) and
tumor size (OR = 4.1, P = 0.013) were correlated
[12]
with microvascular invasion and post-LT recurrence .
Another Polish study including 121 HCC patients
confirmed the validity of 100 ng/mL as cut-off value
in predicting the risk of post-LT recurrence in patients
[13]
meeting San Francisco criteria or up-to-seven criteria .
An Egyptian study identified AFP value > 200 ng/mL as
a predictive tool for HCC recurrence in 170 living donor
[14]
LT (LDLT) . An Italian study reported that a AFP cut-off
measure of 210 ng/mL, significantly influenced 5-year
[15]
survivals (23.3% vs 76.2%; P < 0.0001) . A Japanese
analysis of 167 LDLT patients identified a threshold
measure of 300 ng/mL as predictor of HCC recurrence
[16]
and poor prognosis . Finally some studies identified

a good compromise for MC-IN patients; and (4) no
definitive conclusion has been reached in relation to
MC-OUT patients.
Lai Q, Levi Sandri GB, Lerut J. Selection tool alpha-fetoprotein
for patients waiting for liver transplantation: How to easily manage
a fractal algorithm. World J Hepatol 2015; 7(15): 1899-1904
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i15/1899.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i15.1899

CHAOS THEORY AND BIOLOGICAL
SCIENCES
Chaos is the science of surprise, of nonlinearity and of
unpredictability, teaching us to expect the unexpected.
Sciences are connected with predictable events such
as chemical reactions, electricity, gravity, whilst the
chaos theory concerns with non-linear processes such
as weather, stock market and biological modifications.
These last phenomena are typically described by fractal
mathematics, a field of study created with the intent to
capture the infinite complexity of nature (Figure 1).
The behavior of alpha-fetoprotein (AFP) in patients
having hepatocellular carcinoma (HCC) awaiting for liver
transplant (LT) represents a perfect biological example
of a fractal model in which its progressive modification
and possible future prediction of its values are very hard
[1]
to capture .

AFP AND ITS PREDICTION OF HCC
RECURRENCE: ROLE OF STATIC VALUES
During the last years, a growing number of studies
has been focused on the predictive role of AFP for
[2]
the diagnosis of tumor recurrence after LT . AFP has
been strongly connected with HCC biological behavior,
commonly connecting its values with the grade of
differentiation as well as the vascular invasiveness of the
[3]
tumor .
As a confirmation of this renewed interest in relation
to the role of AFP, the recently published EASL-EORTC
guidelines suggest to investigate AFP modification as a
[4]
clinical selection parameter of patients waiting for LT .
However, several questions still remain unsolved in
relation to the clinical use of AFP measurements in daily
[5]
practice, as clearly stated in a recent focused editorial .
Among them: (1) the best static value to adopt; (2) the
best cut-off measurement; and (3) the best way to com
fortably capture the effective, time-related, fluctuations
of this biological marker.
Many authors focused on the last pre-transplant value
of AFP as the best predictor of recurrence; the threshold
level of 400 ng/mL was most frequently advanced.
A large United States experience including 6817 HCC
patients listed for LT showed that patients having AFP
values superior to 400 ng/mL at the moment of waiting-
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Table 1 Recent articles focused on alpha-fetoprotein static
values
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Country

Cut-off value
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McHugh et al[12]
Grąt et al[13]
Abdel-Wahab et al[14]
Lai et al[15]
Harimoto et al[16]
Merani et al[6]
Toso et al[7]
Zheng et al[8]
Lai et al[9]
Ciccarelli et al[10]
Wong et al[11]
Yang et al[17]
Zou et al[18]
Duvoux et al[19]
Hameed et al[20]

2010
2014
2013
2011
2013
2011
2009
2008
2012
2012
2013
2007
2008
2012
2014

101
121
170 (LDLT)
153
167 (LDLT)
6817
6478
195
158
137
211
63 (LDLT)
303
435
211

United States
Poland
Egypt
Italy
Japan
United States
United States
China
Italy
Belgium
United States
South Korea
China
France
United States

100
100
200
210
300
400
400
400
400
400
400
1000
1000
1000
1000

LDLT: Living donor liver transplantation.

2010

to the Milan Criteria (MC) status. When MC status was
exceeded, patients experienced high or low 5-year
recurrence rates when AFP measures were < 100 or
> 1000 ng/mL (47.6% and 14.4%, respectively; P <
0.006). When patients meeting MC had AFP levels >
1000 ng/mL, showed high-risk for recurrence (37.1%;
[19]
P < 0.001) . An analysis from United States including
211 patients similarly showed that patients meeting MC
with last pre-LT AFP > 1000 ng/mL showed a higher
number of recurrences 5 years after transplant. An AFP
level > 1000 ng/mL strongly predicted vascular invasion
(OR = 6.8, P = 0.006), the most important risk factor
for recurrence. Five-year recurrence-free survivals were
80.3% and 52.7% for patients meeting or exceeding
the AFP threshold measure of 1000 ng/mL (P = 0.026),
respectively. Application of the AFP > 1000 ng/mL as
a cut-off was connected with the exclusion of 4.7% of
cases from the opportunity to be transplanted and with
[20]
the reduction of 20% of tumor recurrence . All the
reported studies are reassumed in Table 1.

90 100 110 120

Figure 1 Some examples of systems with chaotic behaviour. A: Annual
gross domestic product (GDP) growth of Italy in the last 35 years (%) (from:
http://thenextrecession.wordpress.com/2013/08/05/greece-still-bust-spaindepressed-italy-paralysed/); B: Atmospheric temperature from 1979 to 2010,
determined by NASA satellites (from: http://earthobservatory.nasa.gov/Features/
GlobalWarming/images/msu_1978-2010.png); C: Hypothetical patients’ alphafetoprotein fluctuation during his waiting list period before liver transplantation.

the value of 1000 ng/mL as significant.
The Seoul National University study including 63
LDLT patients proposed a score based on the following
three different variables: (1) tumor size: ≤ 3, 3.1-5,
5.1-6.5, ≥ 6.5 cm; (2) tumor number: 1, 2-3, 4-5, ≥
6 nodules; and (3) AFP: ≤ 20, 20.1-200, 200.1-1000,
> 1000 ng/mL. According to the proposed score, an
excellent stratification in relation to recurrence rates
[17]
and patient survival could be achieved . Another
Chinese study in 303 patients similarly found AFP >
1000 ng/mL together with microvascular invasion and
tumor size > 6.5 cm as risk factors for fatal recurrence
after LT. Interestingly, dead due to tumor recurrence
within one year after LT was 85.7% when all three risk
factors were present, 37.8% when two factors, 13.6%
when one factor and 6.7% when no risk factor were
[18]
present .
A multicentric analysis from France (n = 435 cases)
created a mathematical model based on the number of
HCC lesions, tumor size and last AFP value. Interestingly,
the authors found two different cut-off values in relation
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FROM STATIC TO DYNAMIC
A fascinating way for trying to better define AFP with
the intent to completely capture its selective role in HCC
patients is to investigate its dynamic behavior more
than its static values. During the waiting list period
many conditions can indeed occur, some of them being
directly connected to the history of the tumor such
as progression or need for LRT. Consequently, these
conditions may play an important role in conditioning
AFP fluctuations. Starting from this statement, different
equations able to define AFP modification have been
proposed. The San Francisco transplant center under
lined the recent implementation in their inclusion policy
for LT to include patients with AFP levels > 1000 ng/mL
only if LRT enabled to decrease this level beneath 500
[21]
ng/mL .
A Canadian study including 48 patients showed by
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possible adoption of AFP as a refinement selector of
patients with HCC awaiting for transplant. The, growing,
recent literature focused on the prognostic role of
AFP in relation to tumoral features, recurrence and
overall patient survival, did not yet identify the best
way to integrating this marker into the morphologic
tumor behavior. It is however clear that besides the
fundamental starting point, namely tumor morphology
(based on MC), biologic tumor behaviour must obtain a
valid place within the construction of every LT selection
model. In a fascinating editorial, Marsh stressed that
biological features, typically considered the “king”
among all prognostic variables in oncology, have not
enough space in the “Metroticket” paradigm (the longer
the distance the higher the price; the more the tumor is
advanced, the higher is the risk of recurrence) proposed
[3]
[26]
[27]
by Marsh et al and Mazzaferro et al . Lai et al
reported that biology is like a dwarf on the shoulder of a
giant (the MC), but thanks to this “privileged position”,
the dwarf is able to see further, this means to identify
[27]
risk factors and so to refine selection criteria for LT .
Despite these “visionary” statements, AFP appears
not to be a manageable variable. Firstly, AFP may
increase due to tumor-unrelated events such as viraland toxic- (due to LRT or medication) related events;
secondly, this marker frequently is not secreted by the
tumor, explaining its poor sensitivity and specificity in
the diagnostic process of HCC. As a consequence, all
high AFP values are not equal to aggressive tumors
and not all the low-value are equal to good-prognosis
HCC. Moreover, the chaotic fluctuations of AFP make
it difficult to find the best variable/equation able to
capture them and finally, no definitive answer has been
found to identify the best cut-off value to adopt.
Trying to find a “fil-rouge” in the recent literature,
we assume that: (1) last AFP value or AFP slope seem
to be the best values to adopt; (2) different cut-offs
may be adopted in the two different scenarios of MCIN and MC-OUT, adopting lower values in this latter
context; (3) the possible use of 1000 ng/mL as cutoff for MC-IN patients seems to represent a good
compromise between the necessity to exclude high-risk
patients from LT and the desire to give the transplant
opportunity to the highest number of patients; (4) the
latter considerations can be potentially extended also to
University California San Francisco criteria, eventually
adopting a more stringent AFP parameter (necessity
of post-LRT AFP reduction from 1000 to 500 ng/mL?
eventually a lower value?); (5) no definitive conclusion
has been reached in relation to the best cut-off value
to adopt in case of MC-OUT patients (400 ng/mL or
less?) and finally (6), no definitive cut-off has been
investigated in relation to AFP slope in the two different
published scenarios, so more studies are required (Table
3).

Table 2 Recent articles focused on alpha-fetoprotein dynamic
values
Ref.

Year

n

Country

Han et al[22]
Vibert et al[23]
Dumitra et al[24]
Lai et al[25]

2007
2010
2013
2013

48
153
92
422

Canada
France
Canada
Europe2

Cut-off value
(ng/mL per month)
50
15
0.11
15

1

ng/mL per day; 2Austria, Belgium, Germany, Italy.

multivariate analysis that preoperative slope of AFP
was the unique independent tool able to predict tumor
recurrence. Receiver operating characteristic analysis
showed that the best discriminant cut-off value was 50
ng/mL per month (sensitivity: 36%; specificity: 97%).
Cases having a pre-LT AFP slope > 50 ng/mL per month
experienced a much worse one-year recurrence-free
[22]
survival rate (40% vs 90%, P < 0.001) .
The Paris Paul Brousse experience including 153
patients transplanted during the period 1985-2005
revealed that patients exceeding the cut-off value of 15
ng/mL per month had lower five-year overall (54% vs
77%) and recurrence-free survival rates (47% vs 74%).
At multivariate analysis, progression of AFP > 15 ng/mL
per month and presence of more than three nodules at
[23]
LT were poor prognostic factors .
Another study from Canada based on 92 patients
transplanted during the period 1992-2010 showed that
patients with an AFP slope exceeding 0.1 ng/mL per
day had an increased risk of recurrence. Such slope
was able to strongly predict post-LT recurrence, and
[24]
microvascular invasion .
Finally, the European multicenter experience
(EURHECALT study) performed on 306 patients
meeting and 116 exceeding MC showed that mRECIST
progression during waiting time and AFP slope > 15
ng/mL per month were the sole predictors of tumor
[25]
recurrence and post-LT death . All the reported studies
are reassumed in Table 2.
It should be underlined that in all these mentioned
studies, AFP slope was calculated using only two data
[23]
points. Vibert et al
adopted the value obtained
from the difference between the lowest and highest
measured divided by the lapse of time passed between
[25]
the two measurements; our group (Lai et al ) adopted
the measures at the moment of waiting-list inscription
and at moment of LT. Both methods insufficiently show
the real behavior of AFP changes overtime because they
are not able to completely capture the AFP oscillations
during the time.
Until now, neither “dynamic” vs “static” values nor
the proposed cut-off value of AFP slope (15 or 50 ng/mL
per month, 0.1 ng/mL per day) have been validated.

CONSIDERATION FOR AN INTEGRATED
MODEL

CONCLUSION

Several questions are thus still open in relation to the
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Table 3 Proposal for the integration of alpha-fetoprotein values and morphological tumor
criteria into the selection process for liver transplantation in hepatocellular carcinoma cirrhotic
patients
Criteria
MC
UCSFC

No. of lesions

Maximum diameter (cm) Last AFP value (ng/mL) AFP slope (ng/mL per month)

1
2-3
1

5
3
5.1-6.5

2-3

3.1-4.5 (total sum 8)

Out of conventional criteria

1000
1000
1000?
1000 → 500? lower?
1000?
1000 → 500? lower?
400? lower?

15, 50, higher?
15, 50, higher?
50 or higher?
50 or higher?
50 or higher?

AFP: Alpha-fetoprotein; MC: Milan Criteria; UCSFC: University of California San Francisco Criteria.

increase the ability to better select HCC patients waiting
for LT. More, structured and prospective, studies using
serial determination of AFP values within and without
the context of locoregional therapies are needed in
order to find the “ideal” (static and dynamic) cut-off
values allowing to respond to all the still open questions
in this field of transplant oncology.
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EDITORIAL

Cross talk of the immune system in the adipose tissue and
the liver in non-alcoholic steatohepatitis: Pathology and
beyond
Luisa Vonghia, Sven Francque
the hepatic manifestation of the metabolic syndrome,
thus has a tight correlation with systemic metabolic
impairment. The complex mechanisms underlying the
pathogenesis of NASH involve different organs and
systems that cross talk together contributing to the
onset of NASH. A crucial role is played by inflammatory
mediators, especially those deriving from the adipose
tissue and the liver, which are involved in the cascade
of inflammation, fibrosis and eventually tumorigenesis.
In this setting cytokines and adipokines as well as
immunity are emerging drivers of the key features of
NASH. The immune system participates in this process
with disturbances of the cells constituting both the
innate and the adaptive immune systems that have
been reported in different organs, such as in the liver
and in the adipose tissue, in clinical and preclinical
studies. The role of the immune system in NASH is
increasingly studied, not only because of its contribution
to the pathogenetic mechanisms of NASH but also
because of the new potential therapeutic options it
offers in this setting. Indeed, novel treatments acting
on the immune system could offer new options in
the management of NASH and the correlated clinical
consequences.
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Core tip: Non-alcoholic steatohepatitis (NASH) is con
sidered to be the hepatic manifestation of the metabolic
syndrome, thus has a tight correlation with systemic
metabolic impairment. The complex mechanisms under
lying the pathogenesis of NASH involve different organs,
including liver, adipose tissue and immune system,
which cross talk together contributing to the onset of
NASH. Increasing interest has been aroused by the role
of the immune system in NASH, not only because of its

Abstract
Non-alcoholic steatohepatitis (NASH) is considered to be
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contribution to the pathogenetic mechanisms of NASH but
also considering the new potential therapeutic options in
this setting.

cells in NAFLD should help identifying possible targets
for treatment, as nowadays there is no pharmacological
[4]
treatment licensed for NAFLD .

Vonghia L, Francque S. Cross talk of the immune system in
the adipose tissue and the liver in non-alcoholic steatohepatitis:
Pathology and beyond. World J Hepatol 2015; 7(15): 1905-1912
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i15/1905.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i15.1905

LIVER, ADIPOSE TISSUE AND THE
IMMUNE SYSTEM
NAFLD and NASH are associated with the presence
of low-grade inflammation. Numerous studies have
demonstrated that both the innate and the adaptive
immune system play an important role in the patho
[10]
genesis of NAFLD/NASH (for review see ) and, more
over, that the organ-specific immunity is involved in the
onset and progression of this disease.
When considering the whole population of T
+
lymphocytes (CD3 leucocytes) in the liver, it appears
relatively stable in NASH. A variation of the various
+
subtypes of CD3 cells, however, has been described
in NASH, namely a relative increase of the hepatic
+
+
CD8 cells in comparison with the CD4 cells (hence
+
+
[11]
+
a higher CD8 /CD4 ratio) . Among the CD4 cells,
an imbalance between the T helper (Th)1 and Th2
profile towards the pro-inflammatory Th1 has also been
[12]
described . Moreover a liver specific and reversible
depletion of the regulatory T-cells (Tregs) was observed
[13]
under high fat diet (HFD) in an animal model . The
Treg decrease in NASH can in part be explained by
dendritic cells (DC) induced down-regulation. In vitro
studies indeed demonstrated that intrahepatic DC are
+
+
able to blunt the CD25 FOXP3 Treg phenotype within
+
[11]
the CD4 cells .
Opposite to these findings, in liver biopsies from
a group of NAFLD patients, including NASH patients,
the forkhead/winged helix transcription factor (FOXP3)
[14]
positive cells (Tregs)
were more expressed in NASH
[15]
patients with a more severe disease
in comparison
with no-NASH patients, hence showing a Treg prolife
ration with the progression of the disease.
The Th17 pathway is another key player in liver
disease, including NAFLD and NASH. In preclinical
and clinical studies an increase of the Th17 cells was
described together with an up-regulation of the Th17related genes. Moreover interleukin 17 (IL17) appeared
to be crucial in the induction of liver injury in a HFD
context and is implicated in metabolic damage by
[16]
interfering with the insulin signalling pathway . A stimu
lation of the Th17 occurs, at least in part, via interaction
between liver and adipose tissue. Indeed, leptin, an
anorexigenig and pro-inflammatory adipokine which
is increased in obesity due to a mechanism of leptin
[17]
resistance , is able to increase the number of Th17 and
the gene expression of the Th17-specific transcription
nuclear factor RAR-related orphan receptor (ROR)γt and
[18]
to stimulate the IL17 production . In addition, the IL17
pathway is implicated in the onset of liver fibrosis: liver
injury induces IL17 signalling, which in turn stimulates
collagen deposition from the hepatic stellate cells (HSC)
[19]
and hence the onset of fibrosis . An impairment of the

INTRODUCTION
The increasing burden of non-alcoholic fatty liver
disease (NAFLD) is a major health concern. The NAFLD
worldwide prevalence shows an upward trend over time
and has reached “pandemic” proportions. In the general
population it is estimated to be 20%-30% in Western
countries and 5%-18% in Asia and is associated with
an increased prevalence of obesity, insulin resistance,
metabolic syndrome and diabetes, which are often
[1]
paired to NAFLD . Indeed in at risk patients, such as
patients with diabetes mellitus, the prevalence of NAFLD
[2]
increases up to 40%-70% . In addition, NAFLD can
run a unfavourable course, given the possible evolution
to cirrhosis and hepatocellular carcinoma and can
[3]
constitute an indication for liver transplantation .
NAFLD and more specifically non-alcoholic steato
hepatitis (NASH) are closely related to metabolic
impairment, such as visceral adiposity, hyperinsulinaemia
or diabetes, dyslipidaemia and arterial hypertension,
which define the metabolic syndrome. NAFLD and NASH
are considered the hepatic manifestation of the metabolic
[4]
syndrome . Moreover patients with NAFLD, and a fortiori
NASH, are at higher risk of developing diabetes mellitus
and are at increased risk of morbidity and mortality
[3,5]
related to cardiovascular diseases .
These considerations arise the need of understanding
the complex mechanisms underlying the onset of NASH.
At the basis of a wide clinical spectrum of NAFLD that
includes metabolic impairment at different levels, there
is a complex interaction between different organs at the
pathogenetic level. This is conceptualized in the “multiple
[6]
parallel hit hypothesis” and has been substantiated by
further research. The liver damage, driven by insulinresistance, iron accumulation, oxidative stress and
hepatocyte death, can be triggered by an imbalance
in anti- and pro-inflammatory factors originating from
the liver itself or from extrahepatic sites that cross talk
with the liver, particularly the adipose tissue and the
[7]
gut . Another key player in the pathogenesis of NASH
[8]
is the immune system, including both the innate and
[9]
[10]
the adaptive immune cells . The specific role of the
different cell-subsets and the reciprocal role of proand anti-inflammatory pathways, however, have not
yet been fully clarified and is object of interest in NASH
research. Understanding the reciprocal role of these

WJH|www.wjgnet.com

1906

July 28, 2015|Volume 7|Issue 15|

Vonghia L et al . Immune system and non-alcoholic steatohepatitis
balance between Tregs and Th17 is hence potentially
of relevance for the onset and development of NASH,
which opens perspectives for new treatment.
Natural killer T (NKT) cells are reduced in hepatic
[20-22]
steatosis
, but are increased in hepatic fibrosis in
[20,23]
the context of NASH
. Indeed, human liver biopsies
with advanced fibrosis showed increased levels of
osteopontin and hedgehog, which are secreted by NKT,
[24]
in comparison with early stages of fibrosis .
The resident macrophages in the liver, the Kupffer
cells (KC), are sensitive to gut-derived endotoxin
and modulate the activation of different cells in the
[25]
liver, such as DCs, T lymphocytes and neutrophils .
They are actively implicated in the development and
progression of NASH by the secretion of tumour
necrosis factor (TNF)α, which plays an important role
in the early phase of the disease, and of IL6, which is
important in the liver disease evolution and in de onset
[7]
of insulin resistance .
DCs in NASH are enrolled in the early phases. They
display a decreased plasmocytoid and lymphoid fraction
and an increased myeloid fraction and produce higher
levels of pro-inflammatory cytokines and to mediate an
+
allogenic T cell proliferation, an antigen-restricted CD4
[11]
T cell stimulation and a Treg down-regulation .
The adipose tissue is another key organ in the
pathogenesis of NASH and the associated metabolic
impairment. Moreover the NASH-related immune system
impairment involves also the immune cells infiltrating this
organ.
+
+
Considering the T lymphocytes, CD8 and CD4
[11]
are enriched in the adipose tissue . Moreover there
is a shift towards the pro-inflammatory Th1 cytokines
in comparison with the anti-inflammatory Th2 ones,
[12]
particularly in the visceral adipose tissue . Interestingly,
the Th1 stimulation, via INFγ, induces the infiltration of
the adipose tissue by other pro-inflammatory cells, such
[26]
as the M1-polarized macrophages .
The abdominal adipose tissue (but not the sub
cutaneous adipose tissue) is a preferential source of
Tregs in mice fed a normal diet with a time-dependent
kinetic. In insulin-resistant models of obesity Tregs are
[12,27]
specifically reduced in the abdominal site
, which can
be explained, at least in part, by the suppression of Treg
[28]
proliferation by leptin . Moreover in obese patients
FOXP3 RNA was expressed at a higher level in the
subcutaneous adipose tissue and a negative correlation
between body mass index (BMI) and the FOXP3 to CD3
ratio in omental vs subcutaneous fat was reported in
[27]
these patients . In leptin deficient obese mice Treg
depletion leads to increased fasting blood glucose level,
impaired insulin sensitivity and renal impairment, while
[29]
Treg adoptive transfer improves insulin resistance .
In addition, in type 2 diabetes a deregulation of the
balance between Tregs and Th17 occurs: there is a
decrease of the Tregs/Th17 ratio and Tregs appear to be
[30]
more prone to cell death . Opposite to these findings,
other studies suggested a potential beneficial effect
of the IL17 in blunting the phenotypic and metabolic
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characteristics correlated to obesity. Preclinical studies
showed a reduction of the Th17 in the visceral adipose
[12]
tissue of mice fed a HFD and demonstrated the role of
IL17 as a negative regulator of adipogenesis and glucose
[31]
metabolism in mice, delaying the onset of obesity .
In these experiments, IL17 deficiency enhanced dietinduced obesity, early adipose tissue accumulation and
altered glucose homeostasis. In addition IL17 acted on
preadipocytes and adipocytes to inhibit adipogenesis and
[31]
moderate lipid and glucose uptake .
A depletion of invariant NKT cells (iNKT) has been
reported in obesity, in correlation with pro-inflammatory
macrophage infiltration. Indeed, iNKT-depleted NASH
animal models show larger adipocytes while iNKT
adoptive transfer decreases fat accumulation, leptin
[32]
levels and insulin sensitivity .
In adipose tissue, an infiltration of DC has been
shown in preclinical and clinical studies. In humans, the
subcutaneous adipose tissue-derived DC have been
described to correlate with metabolic impairment [high
[33]
BMI and insulin resistance] and with increased Th17 .
Considering the B lymphocytes, they contribute to
the onset of insulin resistance. Mice fed a HFD display
and increase of B lymphocytes in serum and adipose
tissue, while when feeding B-cell-deficient mice a HFD
lower insulin resistance is determined. Accordingly,
adoptive transfer of B cells or IgG isolated from mice
fed a HFD into B-cell-deficient mice induces insulin
resistance. In addition, insulin-resistant patients have a
[34]
distinct IgG profile compared to patients without it .
Macrophages derive from circulating monocytes
and play a crucial role in the adipose tissue. They can
activate as the “classically activated” pro-inflammatory
M1 or as the “alternatively activated” anti-inflammatory
M2 states. In obesity animal models pro-inflammatory
[32]
M1 polarized macrophages infiltrate the adipose tissue
and create the characteristic “crown like” structures
[32]
around necrotic adipocytes .
The obesity-related switch from the M2 to the M1
polarization is driven by a C-C chemokine receptor 2
[35]
(CCR2)-dependent monocyte recruitment . CCR2 is
therefore a potential target of therapy. Indeed, blun
ting macrophage accumulation, also via monocyte
chemoattractant protein 1/chemokine (C-C motif) ligand
2 (MCP-1/CCL2) inhibition, induces an improvement
of inflammation activity, insulin resistance and liver
[7]
fibrosis .
These data summarize the multiple immune cell
subtypes involved in the onset of NAFLD and NASH,
which draw complex pathways and offer various possible
targets to interfere with the onset of NASH.
A relevant role in the pathogenesis of NASH is
played by adipose tissue-derived mediators, such as
[6]
adiponectin and leptin , and other molecules such as
[36,37]
ghrelin, visfatin and resistin
.
Adiponectin and leptin are produced mainly by the
adipose tissue. The former acts as an insulin sensitizing
and an anti-inflammatory mediator. Hypoadiponectinemia
has been found to be associated with the metabolic
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Table 1 Treatment perspectives: Novel agents acting on the immune system
Treatment

Target

Anti-CD3 moAb
Imm124-E
Adoptive transfer
Tregs
CD4+ T cells
NKT cells
RORγt ligands
Cenicriviroc
VAP-1

Effect

CD3
Treg stimulation

Reduction of liver enzymes and glucose and insulin levels
Improvement of glucose metabolism parameters, lipid profile and liver injury

RORγt
CCR2/5 inhibitor
Lymphocytes recruitment

Reduction of TNFa-related inflammation
Reverses weight gain and insulin resistance
Decreases body fat, triglyceride levels, leptin levels, hepatic steatosis and insulin sensitivity
Th17 inhibition
Improvement of lipid metabolism and liver fibrosis
Anti-inflammatory en anti-fibrogenic effect

TNF: Tumour necrosis factor; ROR: RAR-related orphan receptor; CCR2: C-C chemokine receptor 2; VAP-1: Vascular adhesion protein-1; NKT: Natural
killer T; Th17: T helper cell 17; Tregs: Regulatory T-cells; moAb: Monoclonal antibody.
[37]

[38]

syndrome and its components, including NASH . The
latter, under physiological conditions, has anorexigenic
effects decreasing appetite and increasing energy
expenditure, while in obese patients hyperleptinemia
[17]
associated to leptin resistance has been described .
Moreover leptin has pro-inflammatory and pro-fibrogenic
properties that play a role in liver disease, including
[37,39,40]
NASH
.
Adiponectin exerts its anti-inflammatory function
inhibiting the pro-inflammatory cytokines (TNFα) and
stimulating the anti-inflammatory cytokines (IL10
[41]
secreted by KC)
and via direct suppression of the
[42]
macrophage function . Adiponectin attenuates also
oxidative stress and fibrogenesis, the latter through
[38]
suppression of the activated HSC function .
Leptin is able to affect the production of acutephase-reactants, such as IL1 and TNFα, to alterate the
Th1/Th2/Tregs balance promoting a Th1 differentiation
[40]
and a Treg down-regulation . Hyperleptinemia is a
condition correlated with obesity and can favour proinflammatory mechanisms. Namely it can induce a
+
proliferation of Th1 cells in the adipose tissue, of CD8
T cells, macrophages and mast cells and stimulates
pro-inflammatory cytokines (as TNFα, IL6 and IL12).
Moreover they induce a down-regulation of the Treg in
[40]
the adipose tissue, as previously described .
Ghrelin is a gut peptide that is involved in regulation
of food intake and energy balance. Ghrelin has been
reported to have protective effects on the liver and
reduced levels of this hormone have been found in
[43]
NAFLD patients .
Resistin, which is produced by adipose tissue and
macrophages, is involved in insulin resistance, has
pro-inflammatory (via stimulation of the secretion of
TNFα and IL12 by macrophages and via regulation of
IL6 and IL1β production) and pro-fibrogenic (acting
[36]
on the HSC) . Resistin has been correlated with the
progression of liver damage in NAFLD and with the
[44]
onset of NASH .
NASH patients show lower adiponectin, higher leptin
and resisitin and unaltered ghrelin levels in comparison
with control subjects. In these patients antioxidant
treatment can induce an reversal of the hypoleptinemia
and hypoadiponectinemia and is able to arise the ghrelin
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levels .
Visfatin is an insulin mimicking adipokine. It is able
+
[45]
to induce lL6 secretion from CD4 T cells . The specific
contribution in NASH, however, has not been fully
clarified.

TREATMENT PERSPECTIVES
Currently there is no approved pharmacological
treatment available for NASH. Among the treatments
used in the pharmacotherapy of NASH, some agents
have failed to give a satisfactory improvement of NASH,
such as metformin, statins and ursodeoxycholic acid.
Vitamin E and thiazolidinediones have shown beneficial
effects on liver histology in randomized control trials and
can hence be used for the treatment of NASH, but are
[4]
not approved for this indication . Furthermore, there is
some concern about the potential side effects associated
with these drugs, which should hence be prescribed
[46]
with caution . Pioglitazone finds a possible indication
in older patients with aggressive NASH and Vitamin E
[4]
can be used in non-diabetic pre-cirrhotic adults . Of
note pioglitazone is also able to increase adiponectin
[47]
levels (Table 1).
Very recent preclinical data show the ability of the
adiponectin receptor agonist AdipoRon to significantly
ameliorate glucose metabolism and serum lipid levels.
In the liver the AdipoRon reduces triglyceride content,
oxidative stress, and inflammatory cytokine expression,
[48]
suggesting its potential role in the treatment of NASH .
Another treatment approach exploits the possibility
to interfere with the immune system, which is actively
involved in the physiopathology of NASH, through
[49]
immune-regulation .
Some data are available regarding the anti-CD3
monoclonal antibody (moAb), which prevents the onset
and the evolution of inflammatory and autoimmune
diseases.
The anti-CD3 moAb or its Fragment anti-binding
1
F(ab )2 have been shown to be effective in ameliorating
insulin resistance in leptin deficient ob/ob mice where
they restored Tregs in the visceral adipose tissue and
[12]
improved glucose tolerance and insulin sensitivity .
The anti-CD3 moAb can be also administered in
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[54]

combination with β-glucosylceramide, which is able to
mediate the interaction with other immune cells such as
NTK. Oral anti-CD3 antibody is rapidly absorbed by the
+
gut-associated lymphoid tissue and induces CD4 CD25latency-associated peptide-positive Tregs, which act in
a tumor growth factor-β-dependent manner. Treatment
of ob/ob mice resulted in a better metabolic control and
an improvement of the liver damage. A decrease in
pancreatic islet cell hyperplasia, fat accumulation in the
liver and inflammation in adipose tissue, accompanied by
[50]
lower blood glucose and liver enzymes were observed .
The systemic administration of anti-CD3 moAb,
however, can be hampered by serious side effects
such as the cytokine release syndrome, a “cytokine
storm” released as a consequence of generalized T cell
[51]
activation, or the antiglobulin response . To minimize
the side effects of the systemic administration of the antiCD3 moAb and to maximize its local effects, anti-CD3
can be orally administered. A single-blind randomized
placebo-controlled phase 2a study showed the safety of
oral anti-CD3 moAb in 36 NASH patients with impaired
glucose control up to type-2 diabetes. Oral anti-CD3
moAb showed safety and were able to improve liver
damage and glucose metabolism. This effect was coupled
[51]
with a persistent Treg level increase .
The Treg-induction can be either antigen-specific or
antigen nonspecific. The induction of antigen-specific
Tregs has the potential advantage of inducing a specific
immune modulation and of reduced side effects. This
is, however, not achievable in conditions such as type
2 diabetes or NASH where there are to date no welldefined target antigens. In these conditions the induction
of antigen non-specific Tregs by anti-CD3 may be a valid
option. Further research will investigate the possibility
of developing a combination of mucosal anti-CD3 with a
[51]
given antigen .
Moreover Tregs are an important possible target for
immunotherapy. Different therapeutic approaches have
been used to modulate these cells. The Imm124-E, an
anti-lipopolysaccharide hyperimmune bovine colostrum,
has been tested, in an open label trial, in patients with
biopsy-proven NASH and insulin resistance. Imm124-E
was safe and effective in ameliorating the glucose
metabolism parameters, the lipid profile and the liver
injury. The improvement of the clinical parameters was
[52]
paired with a Treg enhancement .
A redistribution of the Tregs, paired to an increase
in NKTs, was reached in leptin deficient ob/ob and
HFD mice treated with DT56a, a molecule contained
in soybean able to activate estrogen receptors and to
improve glucose homeostasis, the lipid profile and the
[53]
liver enzymes .
Adoptive cell transfer refers to the transfer of immune
cells into a recipient host aiming at transferring the
immunological functionality into the host. In particular
the Treg cell transfer is able to preserve and restore
tolerance to self-antigens and alloantigens. The benefits
of this treatment are the potential for antigen specificity,
the lack of general immunosuppression and the long-
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lasting regulation . Treg expansion in obese mice
[13]
tempers TNFα-related inflammation but it is not able
[27]
to restore metabolic function in obesity .
Cellular therapy has also been tested with other
+
cell subtypes. The CD4 Tcell transfer into obese mice
[12]
reversed weight gain and insulin resistance ; iNKT
transfer decreased body fat, triglyceride levels, leptin
[32]
levels, hepatic steatosis and insulin sensitivity .
Although cellular therapy shows positive preliminary
result and constitutes a conceptually potentially effective
therapy, these treatments raise feasibility concerns in
[55]
the clinical setting and need further development and
evaluation.
A further possible therapeutic approach involves the
ROR pathway. RORα and RORγ are transcription factors
implicated in the control of lipid and glucose metabolism,
besides various immune functions. The absence of RORα
protects against diet-induced obesity, adipose tissueassociated inflammation, liver injury (namely steatosis),
[56]
and insulin resistance ; RORγ deficiency also protects
[57]
against diet-induced insulin resistance . Therefore,
ROR antagonists may provide a novel therapeutic target
in the management of various aspect of the metabolic
syndrome.
Recently RORγt ligands have been studied in
autoimmune diseases. They blunt the production of IL17
from the stimulated Th17 cells, by counteracting nuclear
receptor specific for Th17 RORγt. These compounds
constitute a promising strategy in the therapy of NASH,
considering the central role of the Th17 pathway in the
induction and progression of both the liver damage and
the metabolic impairment.
Antioxidants constitute another potential therapy
in NAFLD. Polyphenols, such as resveratrol contained
in grapes and wine, are molecules of interest. Indeed
resveratrol is able to improve insulin sensitivity and to
[58]
modulate mitochondrial energetics . Moreover resve
ratrol has been shown to be effective in ameliorating
liver enzymes, insulin resistance and glucose and lipid
metabolism in patients with NAFLD. Furthermore it
induced a reduction of pro-inflammatory and profibrogenic cytokine levels (namely TNFα, cytokeratin 18
fragment, and fibroblast growth factor) and an elevation
[59]
of adiponectin levels .
Another potential target is the fibrosis pathway.
The Chemokine receptors type 2 and 5 (CCR2-CC5)
are expressed by cells involved in fibrogenesis, such
as monocytes, macrophages, Kupffer cells and hepatic
stellate cells. Preclinical studies in NASH and liver
fibrosis animal models showed that a dual CCR2 and
CCR5 inhibitor, cenicriviroc (CVC), has an anti-fibrogenic
[60]
effect . A clinical study conducted in human immuno
deficiency virus (HIV) patients has shown that CVC is
able to improve lipid metabolism (decreasing the total
cholesterol, low-density lipoprotein and triglycerides
levels and increasing the high-density lipoprotein levels)
and the fibrosis scores aspartate aminotransferase to
[61]
[62,63]
platelet ratio index (APRI) and fibrosis-4 (FIB-4)
.
This, together with the preclinical data, makes CVC a

1909

July 28, 2015|Volume 7|Issue 15|

Vonghia L et al . Immune system and non-alcoholic steatohepatitis
good candidate for the treatment of NASH.
Very recently a new potential target of treatment
for NAFLD has been identified. The Vascular adhesion
protein-1 (VAP-1) is an amino-oxidase constitutively
expressed on human hepatic endothelium that promotes
lymphocyte recruitment in the liver. This molecule is
increased in various models of liver disease, including
NAFLD, and is implicated in both inflammation and
fibrosis. In a NAFLD preclinical model VAP-1 inhibition
leads to less leucocyte recruitment in the liver and, more
+
specifically, a reduction of the CD4 T lymphocytes and
of the NKT lymphocytes. This, together with its antifibrogenic effect, makes the VAP-1 inhibition a potential
[64]
therapeutic target .
Further research is, however, urgently needed to
unravel the exact pathogenetic mechanisms of NAFLD/
NASH, also aiming at discovering new effective therapeu
tic options, given the increasing burden of this disease
and its potential evolutive course.

12

13

14

15

16

REFERENCES
1

2
3

4

5

6
7
8
9
10

11

17

Masarone M, Federico A, Abenavoli L, Loguercio C, Persico M.
Non alcoholic fatty liver: epidemiology and natural history. Rev
Recent Clin Trials 2014; 9: 126-133 [PMID: 25514916 DOI: 10.21
74/1574887109666141216111143]
Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 2002;
346: 1221-1231 [PMID: 11961152 DOI: 10.1056/NEJMra011775]
Anstee QM, Targher G, Day CP. Progression of NAFLD to
diabetes mellitus, cardiovascular disease or cirrhosis. Nat Rev
Gastroenterol Hepatol 2013; 10: 330-344 [PMID: 23507799 DOI:
10.1038/nrgastro.2013.41]
Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi
K, Charlton M, Sanyal AJ. The diagnosis and management of nonalcoholic fatty liver disease: practice Guideline by the American
Association for the Study of Liver Diseases, American College
of Gastroenterology, and the American Gastroenterological
Association. Hepatology 2012; 55: 2005-2023 [PMID: 22488764
DOI: 10.1002/hep.25762]
Francque S, Laleman W, Verbeke L, Van Steenkiste C, Casteleyn
C, Kwanten W, Van Dyck C, D’Hondt M, Ramon A, Vermeulen
W, De Winter B, Van Marck E, Van Marck V, Pelckmans P,
Michielsen P. Increased intrahepatic resistance in severe steatosis:
endothelial dysfunction, vasoconstrictor overproduction and altered
microvascular architecture. Lab Invest 2012; 92: 1428-1439 [PMID:
22890552 DOI: 10.1038/labinvest.2012.103]
Tilg H, Moschen AR. Evolution of inflammation in nonalcoholic
fatty liver disease: the multiple parallel hits hypothesis. Hepatology
2010; 52: 1836-1846 [PMID: 21038418 DOI: 10.1002/hep.24001]
Tran A, Gual P. Non-alcoholic steatohepatitis in morbidly obese
patients. Clin Res Hepatol Gastroenterol 2013; 37: 17-29 [PMID:
23347840 DOI: 10.1016/j.clinre.2012.07.005]
Maher JJ, Leon P, Ryan JC. Beyond insulin resistance: Innate
immunity in nonalcoholic steatohepatitis. Hepatology 2008; 48:
670-678 [PMID: 18666225 DOI: 10.1002/hep.22399]
Kaminski DA, Randall TD. Adaptive immunity and adipose tissue
biology. Trends Immunol 2010; 31: 384-390 [PMID: 20817556
DOI: 10.1016/j.it.2010.08.001]
Vonghia L, Michielsen P, Francque S. Immunological mechanisms
in the pathophysiology of non-alcoholic steatohepatitis. Int J Mol
Sci 2013; 14: 19867-19890 [PMID: 24084730 DOI: 10.3390/
ijms141019867]
Henning JR, Graffeo CS, Rehman A, Fallon NC, Zambirinis CP,
Ochi A, Barilla R, Jamal M, Deutsch M, Greco S, Ego-Osuala M,
Bin-Saeed U, Rao RS, Badar S, Quesada JP, Acehan D, Miller
G. Dendritic cells limit fibroinflammatory injury in nonalcoholic

WJH|www.wjgnet.com

18

19

20

21

22

23

24

25
26

1910

steatohepatitis in mice. Hepatology 2013; 58: 589-602 [PMID:
23322710 DOI: 10.1002/hep.26267]
Winer S, Chan Y, Paltser G, Truong D, Tsui H, Bahrami J,
Dorfman R, Wang Y, Zielenski J, Mastronardi F, Maezawa Y,
Drucker DJ, Engleman E, Winer D, Dosch HM. Normalization of
obesity-associated insulin resistance through immunotherapy. Nat
Med 2009; 15: 921-929 [PMID: 19633657 DOI: 10.1038/nm.2001]
Ma X, Hua J, Mohamood AR, Hamad AR, Ravi R, Li Z. A highfat diet and regulatory T cells influence susceptibility to endotoxininduced liver injury. Hepatology 2007; 46: 1519-1529 [PMID:
17661402 DOI: 10.1002/hep.21823]
Oo YH, Hubscher SG, Adams DH. Autoimmune hepatitis: new
paradigms in the pathogenesis, diagnosis, and management.
Hepatol Int 2010; 4: 475-493 [PMID: 20827405 DOI: 10.1007/
s12072-010-9183-5]
Söderberg C, Marmur J, Eckes K, Glaumann H, Sällberg M,
Frelin L, Rosenberg P, Stål P, Hultcrantz R. Microvesicular fat,
inter cellular adhesion molecule-1 and regulatory T-lymphocytes
are of importance for the inflammatory process in livers with nonalcoholic steatohepatitis. APMIS 2011; 119: 412-420 [PMID:
21635548 DOI: 10.1111/j.1600-0463.2011.02746.x]
Tang Y, Bian Z, Zhao L, Liu Y, Liang S, Wang Q, Han X, Peng Y,
Chen X, Shen L, Qiu D, Li Z, Ma X. Interleukin-17 exacerbates
hepatic steatosis and inflammation in non-alcoholic fatty liver
disease. Clin Exp Immunol 2011; 166: 281-290 [PMID: 21985374
DOI: 10.1111/j.1365-2249.2011.04471.x]
Polyzos SA, Kountouras J, Zavos C, Deretzi G. The potential
adverse role of leptin resistance in nonalcoholic fatty liver disease:
a hypothesis based on critical review of the literature. J Clin
Gastroenterol 2011; 45: 50-54 [PMID: 20717042 DOI: 10.1097/M
CG.0b013e3181ec5c66]
Yu Y, Liu Y, Shi FD, Zou H, Matarese G, La Cava A. Cutting edge:
Leptin-induced RORγt expression in CD4+ T cells promotes Th17
responses in systemic lupus erythematosus. J Immunol 2013; 190:
3054-3058 [PMID: 23447682 DOI: 10.4049/jimmunol.1203275]
Meng F, Wang K, Aoyama T, Grivennikov SI, Paik Y, Scholten D,
Cong M, Iwaisako K, Liu X, Zhang M, Osterreicher CH, Stickel
F, Ley K, Brenner DA, Kisseleva T. Interleukin-17 signaling in
inflammatory, Kupffer cells, and hepatic stellate cells exacerbates
liver fibrosis in mice. Gastroenterology 2012; 143: 765-766.e1-3
[PMID: 22687286 DOI: 10.1053/j.gastro.2012.05.049]
Tajiri K, Shimizu Y, Tsuneyama K, Sugiyama T. Role of liverinfiltrating CD3+CD56+ natural killer T cells in the pathogenesis
of nonalcoholic fatty liver disease. Eur J Gastroenterol Hepatol
2009; 21: 673-680 [PMID: 19318971 DOI: 10.1097/MEG.0b013e
32831bc3d6]
Guebre-Xabier M, Yang S, Lin HZ, Schwenk R, Krzych U, Diehl
AM. Altered hepatic lymphocyte subpopulations in obesity-related
murine fatty livers: potential mechanism for sensitization to liver
damage. Hepatology 2000; 31: 633-640 [PMID: 10706553 DOI:
10.1002/hep.510310313]
Li Z, Soloski MJ, Diehl AM. Dietary factors alter hepatic innate
immune system in mice with nonalcoholic fatty liver disease.
Hepatology 2005; 42: 880-885 [PMID: 16175608 DOI: 10.1002/
hep.20826]
Adler M, Taylor S, Okebugwu K, Yee H, Fielding C, Fielding G,
Poles M. Intrahepatic natural killer T cell populations are increased
in human hepatic steatosis. World J Gastroenterol 2011; 17:
1725-1731 [PMID: 21483633 DOI: 10.3748/wjg.v17.i13.1725]
Syn WK, Agboola KM, Swiderska M, Michelotti GA, Liaskou
E, Pang H, Xie G, Philips G, Chan IS, Karaca GF, Pereira Tde A,
Chen Y, Mi Z, Kuo PC, Choi SS, Guy CD, Abdelmalek MF, Diehl
AM. NKT-associated hedgehog and osteopontin drive fibrogenesis
in non-alcoholic fatty liver disease. Gut 2012; 61: 1323-1329
[PMID: 22427237 DOI: 10.1136/gutjnl-2011-301857]
Thomson AW, Knolle PA. Antigen-presenting cell function in the
tolerogenic liver environment. Nat Rev Immunol 2010; 10: 753-766
[PMID: 20972472 DOI: 10.1038/nri2858]
Rocha VZ, Folco EJ, Sukhova G, Shimizu K, Gotsman I, Vernon
AH, Libby P. Interferon-gamma, a Th1 cytokine, regulates fat

July 28, 2015|Volume 7|Issue 15|

Vonghia L et al . Immune system and non-alcoholic steatohepatitis

27

28

29

30

31

32

33

34

35

36

37

38
39

40

inflammation: a role for adaptive immunity in obesity. Circ Res
2008; 103: 467-476 [PMID: 18658050 DOI: 10.1161/CIRCRESA
HA.108.177105]
Feuerer M, Herrero L, Cipolletta D, Naaz A, Wong J, Nayer A,
Lee J, Goldfine AB, Benoist C, Shoelson S, Mathis D. Lean, but
not obese, fat is enriched for a unique population of regulatory T
cells that affect metabolic parameters. Nat Med 2009; 15: 930-939
[PMID: 19633656 DOI: 10.1038/nm.2002]
De Rosa V, Procaccini C, Calì G, Pirozzi G, Fontana S, Zappacosta
S, La Cava A, Matarese G. A key role of leptin in the control of
regulatory T cell proliferation. Immunity 2007; 26: 241-255 [PMID:
17307705 DOI: 10.1016/j.immuni.2007.01.011]
Eller K, Kirsch A, Wolf AM, Sopper S, Tagwerker A, Stanzl
U, Wolf D, Patsch W, Rosenkranz AR, Eller P. Potential role of
regulatory T cells in reversing obesity-linked insulin resistance
and diabetic nephropathy. Diabetes 2011; 60: 2954-2962 [PMID:
21911743 DOI: 10.2337/db11-0358]
Zeng C, Shi X, Zhang B, Liu H, Zhang L, Ding W, Zhao Y. The
imbalance of Th17/Th1/Tregs in patients with type 2 diabetes:
relationship with metabolic factors and complications. J Mol
Med (Berl) 2012; 90: 175-186 [PMID: 21964948 DOI: 10.1007/
s00109-011-0816-5]
Zúñiga LA, Shen WJ, Joyce-Shaikh B, Pyatnova EA, Richards
AG, Thom C, Andrade SM, Cua DJ, Kraemer FB, Butcher EC.
IL-17 regulates adipogenesis, glucose homeostasis, and obesity. J
Immunol 2010; 185: 6947-6959 [PMID: 21037091 DOI: 10.4049/
jimmunol.1001269]
Lynch L, Nowak M, Varghese B, Clark J, Hogan AE, Toxavidis
V, Balk SP, O’Shea D, O’Farrelly C, Exley MA. Adipose tissue
invariant NKT cells protect against diet-induced obesity and
metabolic disorder through regulatory cytokine production.
Immunity 2012; 37: 574-587 [PMID: 22981538 DOI: 10.1016/j.
immuni.2012.06.016]
Bertola A, Ciucci T, Rousseau D, Bourlier V, Duffaut C,
Bonnafous S, Blin-Wakkach C, Anty R, Iannelli A, Gugenheim
J, Tran A, Bouloumié A, Gual P, Wakkach A. Identification of
adipose tissue dendritic cells correlated with obesity-associated
insulin-resistance and inducing Th17 responses in mice and
patients. Diabetes 2012; 61: 2238-2247 [PMID: 22596049 DOI:
10.2337/db11-1274]
Winer DA, Winer S, Shen L, Wadia PP, Yantha J, Paltser G, Tsui
H, Wu P, Davidson MG, Alonso MN, Leong HX, Glassford A,
Caimol M, Kenkel JA, Tedder TF, McLaughlin T, Miklos DB,
Dosch HM, Engleman EG. B cells promote insulin resistance
through modulation of T cells and production of pathogenic IgG
antibodies. Nat Med 2011; 17: 610-617 [PMID: 21499269 DOI:
10.1038/nm.2353]
Lumeng CN, DelProposto JB, Westcott DJ, Saltiel AR. Phenotypic
switching of adipose tissue macrophages with obesity is generated
by spatiotemporal differences in macrophage subtypes. Diabetes
2008; 57: 3239-3246 [PMID: 18829989 DOI: 10.2337/db08-0872]
Tsochatzis EA, Papatheodoridis GV, Archimandritis AJ.
Adipokines in nonalcoholic steatohepatitis: from pathogenesis to
implications in diagnosis and therapy. Mediators Inflamm 2009;
2009: 831670 [PMID: 19753129 DOI: 10.1155/2009/831670]
Gonciarz M, Bielański W, Partyka R, Brzozowski T, Konturek
PC, Eszyk J, Celiński K, Reiter RJ, Konturek SJ. Plasma insulin,
leptin, adiponectin, resistin, ghrelin, and melatonin in nonalcoholic
steatohepatitis patients treated with melatonin. J Pineal Res
2013; 54: 154-161 [PMID: 22804755 DOI: 10.1111/j.1600079X.2012.01023.x]
Kamada Y, Takehara T, Hayashi N. Adipocytokines and liver
disease. J Gastroenterol 2008; 43: 811-822 [PMID: 19012034
DOI: 10.1007/s00535-008-2213-6]
Lord GM, Matarese G, Howard JK, Baker RJ, Bloom SR, Lechler
RI. Leptin modulates the T-cell immune response and reverses
starvation-induced immunosuppression. Nature 1998; 394:
897-901 [PMID: 9732873 DOI: 10.1038/29795]
Procaccini C, Jirillo E, Matarese G. Leptin as an immunomodulator.
Mol Aspects Med 2012; 33: 35-45 [PMID: 22040697 DOI: 10.1016/

WJH|www.wjgnet.com

41

42

43

44

45

46
47

48

49

50

51
52

53

54

1911

j.mam.2011.10.012]
Matsumoto H, Tamura S, Kamada Y, Kiso S, Fukushima
J, Wada A, Maeda N, Kihara S, Funahashi T, Matsuzawa Y,
Shimomura I, Hayashi N. Adiponectin deficiency exacerbates
lipopolysaccharide/D-galactosamine-induced liver injury in mice.
World J Gastroenterol 2006; 12: 3352-3358 [PMID: 16733851]
Yokota T, Oritani K, Takahashi I, Ishikawa J, Matsuyama A, Ouchi
N, Kihara S, Funahashi T, Tenner AJ, Tomiyama Y, Matsuzawa
Y. Adiponectin, a new member of the family of soluble defense
collagens, negatively regulates the growth of myelomonocytic
progenitors and the functions of macrophages. Blood 2000; 96:
1723-1732 [PMID: 10961870]
Marchesini G, Pagotto U, Bugianesi E, De Iasio R, Manini R,
Vanni E, Pasquali R, Melchionda N, Rizzetto M. Low ghrelin
concentrations in nonalcoholic fatty liver disease are related to
insulin resistance. J Clin Endocrinol Metab 2003; 88: 5674-5679
[PMID: 14671152 DOI: 10.1210/jc.2003-031094]
Pagano C, Soardo G, Pilon C, Milocco C, Basan L, Milan G,
Donnini D, Faggian D, Mussap M, Plebani M, Avellini C, Federspil
G, Sechi LA, Vettor R. Increased serum resistin in nonalcoholic
fatty liver disease is related to liver disease severity and not to
insulin resistance. J Clin Endocrinol Metab 2006; 91: 1081-1086
[PMID: 16394091 DOI: 10.1210/jc.2005-1056]
El-Assal O, Hong F, Kim WH, Radaeva S, Gao B. IL-6-deficient
mice are susceptible to ethanol-induced hepatic steatosis: IL-6
protects against ethanol-induced oxidative stress and mitochondrial
permeability transition in the liver. Cell Mol Immunol 2004; 1:
205-211 [PMID: 16219169]
Hardy T, Anstee QM, Day CP. Nonalcoholic fatty liver disease:
new treatments. Curr Opin Gastroenterol 2015; 31: 175-183
[PMID: 25774446 DOI: 10.1097/MOG.0000000000000175]
Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J,
Balas B, Gastaldelli A, Tio F, Pulcini J, Berria R, Ma JZ, Dwivedi
S, Havranek R, Fincke C, DeFronzo R, Bannayan GA, Schenker S,
Cusi K. A placebo-controlled trial of pioglitazone in subjects with
nonalcoholic steatohepatitis. N Engl J Med 2006; 355: 2297-2307
[PMID: 17135584 DOI: 10.1056/NEJMoa060326]
Okada-Iwabu M, Yamauchi T, Iwabu M, Honma T, Hamagami
K, Matsuda K, Yamaguchi M, Tanabe H, Kimura-Someya T,
Shirouzu M, Ogata H, Tokuyama K, Ueki K, Nagano T, Tanaka A,
Yokoyama S, Kadowaki T. A small-molecule AdipoR agonist for
type 2 diabetes and short life in obesity. Nature 2013; 503: 493-499
[PMID: 24172895 DOI: 10.1038/nature12656]
von Boehmer H, Daniel C. Therapeutic opportunities for
manipulating T(Reg) cells in autoimmunity and cancer. Nat Rev
Drug Discov 2013; 12: 51-63 [PMID: 23274471 DOI: 10.1038/
nrd3683]
Ilan Y, Maron R, Tukpah AM, Maioli TU, Murugaiyan G, Yang
K, Wu HY, Weiner HL. Induction of regulatory T cells decreases
adipose inflammation and alleviates insulin resistance in ob/ob
mice. Proc Natl Acad Sci USA 2010; 107: 9765-9770 [PMID:
20445103 DOI: 10.1073/pnas.0908771107]
da Cunha AP, Weiner HL. Induction of immunological tolerance
by oral anti-CD3. Clin Dev Immunol 2012; 2012: 425021 [PMID:
22162715 DOI: 10.1155/2012/425021]
Mizrahi M, Shabat Y, Ben Ya’acov A, Lalazar G, Adar T, Wong
V, Muller B, Rawlin G, Ilan Y. Alleviation of insulin resistance
and liver damage by oral administration of Imm124-E is mediated
by increased Tregs and associated with increased serum GLP-1
and adiponectin: results of a phase I/II clinical trial in NASH. J
Inflamm Res 2012; 5: 141-150 [PMID: 23293533 DOI: 10.2147/
JIR.S35227]
Shabat Y, Lichtenstein Y, Zolotarov L, Ben Ya’acov A, Ilan Y.
Hepatoprotective effect of DT56a is associated with changes in
natural killer T cells and regulatory T cells. J Dig Dis 2013; 14:
84-92 [PMID: 23134214 DOI: 10.1111/1751-2980.12003]
Roncarolo MG, Battaglia M. Regulatory T-cell immunotherapy
for tolerance to self antigens and alloantigens in humans. Nat
Rev Immunol 2007; 7: 585-598 [PMID: 17653126 DOI: 10.1038/
nri2138]

July 28, 2015|Volume 7|Issue 15|

Vonghia L et al . Immune system and non-alcoholic steatohepatitis
55

56

57

58

59

60

Cipolletta D, Kolodin D, Benoist C, Mathis D. Tissular T(regs): a
unique population of adipose-tissue-resident Foxp3+CD4+ T cells
that impacts organismal metabolism. Semin Immunol 2011; 23:
431-437 [PMID: 21724410 DOI: 10.1016/j.smim.2011.06.002]
Lau P, Fitzsimmons RL, Pearen MA, Watt MJ, Muscat GE.
Homozygous staggerer (sg/sg) mice display improved insulin
sensitivity and enhanced glucose uptake in skeletal muscle.
Diabetologia 2011; 54: 1169-1180 [PMID: 21279323 DOI: 10.1007/
s00125-011-2046-3]
Hoffstedt J, Arner E, Wahrenberg H, Andersson DP, Qvisth V,
Löfgren P, Rydén M, Thörne A, Wirén M, Palmér M, Thorell A,
Toft E, Arner P. Regional impact of adipose tissue morphology on
the metabolic profile in morbid obesity. Diabetologia 2010; 53:
2496-2503 [PMID: 20830466 DOI: 10.1007/s00125-010-1889-3]
Sin TK, Yung BY, Siu PM. Modulation of SIRT1-Foxo1 signaling
axis by resveratrol: implications in skeletal muscle aging and
insulin resistance. Cell Physiol Biochem 2015; 35: 541-552 [PMID:
25612477 DOI: 10.1159/000369718]
Chen S, Zhao X, Ran L, Wan J, Wang X, Qin Y, Shu F, Gao Y,
Yuan L, Zhang Q, Mi M. Resveratrol improves insulin resistance,
glucose and lipid metabolism in patients with non-alcoholic fatty
liver disease: a randomized controlled trial. Dig Liver Dis 2015;
47: 226-232 [PMID: 25577300 DOI: 10.1016/j.dld.2014.11.015]
Friedman SL. Significant Anti-Fibrotic Activity of Cenicriviroc, A

61

62

63

64

Dual CCR2/CCR5 Antagonist, in a Rat Model of Thioac- etamideInduced Liver Fibrosis and Cirrhosis. Hepatology 2013; 58:
1381A-1382A
Lin ZH, Xin YN, Dong QJ, Wang Q, Jiang XJ, Zhan SH, Sun
Y, Xuan SY. Performance of the aspartate aminotransferase-toplatelet ratio index for the staging of hepatitis C-related fibrosis:
an updated meta-analysis. Hepatology 2011; 53: 726-736 [PMID:
21319189 DOI: 10.1002/hep.24105]
Thompson M, Chang W, Jenkins H, Flynt A, Gottwald M,
Lefebvre E. Improvements in APRI and FIB-4 fibrosis scores
correlate with decreases in sCD14 in HIV-1 infected adults
receiving cenicriviroc over 48 weeks. Hepatology 2014; 60: 424A
Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner
J, S Sulkowski M, Torriani FJ, Dieterich DT, Thomas DL,
Messinger D, Nelson M. Development of a simple noninvasive
index to predict significant fibrosis in patients with HIV/HCV
coinfection. Hepatology 2006; 43: 1317-1325 [PMID: 16729309
DOI: 10.1002/hep.21178]
Weston CJ, Shepherd EL, Claridge LC, Rantakari P, Curbishley
SM, Tomlinson JW, Hubscher SG, Reynolds GM, Aalto K, Anstee
QM, Jalkanen S, Salmi M, Smith DJ, Day CP, Adams DH. Vascular
adhesion protein-1 promotes liver inflammation and drives hepatic
fibrosis. J Clin Invest 2015; 125: 501-520 [PMID: 25562318 DOI:
10.1172/JCI73722]
P- Reviewer: Gatselis NK, Higuera-de la Tijera MF, Liaskou E
S- Editor: Tian YL L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

1912

July 28, 2015|Volume 7|Issue 15|

World J Hepatol 2015 July 28; 7(15): 1913-1920
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i15.1913

EDITORIAL

Current management of patients with hepatocellular
carcinoma
Tatsuo Kanda, Sadahisa Ogasawara, Tetsuhiro Chiba, Yuki Haga, Masao Omata, Osamu Yokosuka
Tatsuo Kanda, Sadahisa Ogasawara, Tetsuhiro Chiba, Yuki
Haga, Osamu Yokosuka, Department of Gastroenterology and
Nephrology, Graduate School of Medicine, Chiba University,
Chuo-ku, Chiba 260-8677, Japan

Article in press: June 8, 2015
Published online: July 28, 2015

Masao Omata, Yamanashi Hospitals (Central and Kita) Organi
zation, Kofu-shi, Yamanashi 400-8506, Japan

Abstract
The current management therapies for hepatocellular
carcinoma (HCC) patients are discussed in this review.
Despite the development of new therapies, HCC
remains a “difficult to treat” cancer because HCC
typically occurs in advanced liver disease or hepatic
cirrhosis. The progression of multistep and multicentric
HCC hampers the prevention of the recurrence of HCC.
Many HCC patients are treated with surgical resection
and radiofrequency ablation (RFA), although these
modalities should be considered in only selected cases
with a certain HCC number and size. Although there is a
shortage of grafts, liver transplantation has the highest
survival rates for HCC. Several modalities are salvage
treatments; however, intensive care in combination
with other modalities or in combination with surgical
resection or RFA might offer a better prognosis. Sorafenib
is useful for patients with advanced HCC. In the near
future, HCC treatment will include stronger molecular
targeted drugs, which will have greater potency and
fewer adverse events. Further studies will be ongoing.
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Core tip: Liver transplantation is the first-line treatment
of hepatocellular carcinoma (HCC). Surgical resection
and radiofrequency ablation (RFA) are second-line HCC
treatments. Surgical resection and RFA should only be
considered for selected cases. Sorafenib administration,
transarterial chemoembolization, stereotactic body
radiation treatments, or proton or carbon ion treatments
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11%-45% morbidity and 0%-10% mortality. A hepatic
venous pressure gradient ≥ 10 mmHg as a direct
measurement of relevant portal hypertension could be
[16,17]
useful
because the concept of portal hypertension as
a prognostic factor in patients undergoing resection has
[18]
been validated . An accepted application to measure
and quantitate the liver reserve is debatable, and further
studies are required.
The prognosis of patients with a portal vein tumor
thrombus, which typically is poor, might be improved
by surgical resection with or without pre-operative
[19,20]
transarterial chemoembolization (TACE)
. A combi
nation of aggressive surgical treatment and effective
preoperative TACE for HCC with major vascular tumor
invasion including invasion of the main trunk, the firstorder branch of the portal vein, or the inferior vena cava
[19,21]
might be beneficial for certain patients
. Because
chemotherapy or antiviral treatment could be admini
stered, a concomitant splenectomy and hepatectomy
might extend the criteria for surgery in “selected” HCC
[22]
patients with hypersplenism .

are available as salvage treatments for HCC. Laparoscopic
liver resection appears to offer at least a short-term
benefit in selected HCC patients. These HCC treatments
should be carefully selected or combined in clinical
practice.
Kanda T, Ogasawara S, Chiba T, Haga Y, Omata M, Yokosuka O.
Current management of patients with hepatocellular carcinoma.
World J Hepatol 2015; 7(15): 1913-1920 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i15/1913.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i15.1913

HEPATOCELLULAR CARCINOMA
Globally, hepatocellular carcinoma (HCC) is a common
malignancy with a poor prognosis worldwide, and the
[1,2]
incidence of HCC is increasing in the United States . In
Asian countries, HCC is caused by hepatitis B virus (HBV)
[3-6]
or hepatitis C virus (HCV) infection . Despite the
ongoing development of new therapies, HCC remains
[7]
a “difficult to treat” cancer because the malignancy
typically occurs in advanced liver disease or hepatic
cirrhosis. In HCC treatments, such as surgical resection
or percutaneous local ablation therapy, the liver function
[8-12]
should always be considered
. The recurrence of HCC
within 5 years after primary resection is as high as 70%
because multistep and multicentric HCC develops most
frequently after a resection or ablation treatment in
[13,14]
patients with chronic liver disease
.

[23]

Percutaneous local ablation therapy: Ebara et al
reported that following percutaneous ethanol injection
(PEI) therapy, the 1-, 2-, 3-, 4- and 5-year survival
rates of 95 patients with an HCC smaller than 3 cm
were 93%, 81%, 65%, 52% and 28%, respectively.
This treatment could be performed for patients with
Child’s A as well as Child’s B or C disease, although the
survival rates of patients with Child’s A or B status was
[23]
higher than those in Child’s C patients . In cases of
[23]
HCC recurrence, PEI was easily repeated , although
a repeated hepatic resection was reported in selected
[9]
[10]
patients . Additionally, Shiina et al reported that with
a median follow-up of 51.6 mo, the 5-, 10- and 20-year
survival rates of 2147 HCC-patients, were 49%, 18%
and 7.2%, respectively. There were 45 complications
[10]
(2.1%) and two deaths (0.1%) .
Radiofrequency ablation (RFA), instead of PEI
(Figure 1A), is widely performed for HCC. Shiina et
[11]
al
reported that the 5-, and 10-year survival rates
of 1170 HCC-patients with a median follow-up of 38.2
mo were 60% and 27%, respectively. In that study,
the survival rates of RFA were found to be superior to
[10,11]
those of PEI
, although it was not a head-to-head
comparison. One death (0.03%) and 67 complications
[11]
(2.2%) occurred , and the HCC was controlled by
RFA. A randomized controlled trial of surgery vs RFA for
[24]
small HCC has begun in Japan . Additionally, it was
reported that adjuvant RFA might provide palliative
[25]
care for patients with metastatic cancer . Further
studies are required. The meta-analysis of the four
randomized controlled trials demonstrated a significant
improvement in the 3-year survival rate and that RFA
[26]
was more effective than PEI .

CURRENT MANAGEMENT OF HCC
Surgical resection for HCC

The tumor status and liver function reserve of HCC
patients determine whether a hepatectomy should be
[9]
performed (Figure 1A). Careful attention should be
focused on the selection of appropriate candidates.
Makuuchi’s criteria for the selection of the operative
procedures in patients with HCC and liver cirrhosis are
[8,15]
available in Japan
. The criteria comprise the existence
of ascites, the serum total bilirubin and indocyanine
green (ICG) clearance rates. In patients without ascites
and with total bilirubin levels < 2 mg/dL, a hepatectomy
could be safely performed. Serum total bilirubin levels (<
1 mg/dL) and a normal range (10%-19%, 20%-29%,
or ≥ 30%) of ICG retention at 15 min suggest a
trisegmentectomy or right hepatectomy, left hepatectomy
or right segmentectomy, subsegmentectomy, or limited
resection, respectively. Patients with serum total bilirubin
levels of 1.1-1.9 mg/dL could receive a limited liver
resection safely. Small HCC is a clinical entity with a high
[9]
[9]
surgical cure rate . Yamazaki et al reported that the
5-year survival following a hepatectomy is 53%, with
26% morbidity and 0% mortality in patients within the
Makuuchi’s criteria; however, they reported that the
5-year survival in HCC patients in major institutions
worldwide is 37%-53% following a hepatectomy, with
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Liver transplantation for HCC

Liver transplantation offers additional benefits for
HCC patients because additional cancers might be
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Indication of
transplantation: No

Liver resection
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Indication of
transplantation: Yes
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Salvage treatment

Deceased donor
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Figure 1 Treatment algorithm for hepatocellular carcinoma. A: In patients for which liver transplantation is unavailable. If possible, the patients should select
surgical resection or radiofrequency ablation (RFA). Otherwise, other salvage treatments should be selected; B: In patients in which deceased-donor or living-donor
liver transplantation is available. HCC: Hepatocellular carcinoma.

incidentally found during the examination of the ex
planted liver; additional cancers attribute to high HCC
[27]
recurrence rates after primary surgical resection .
The criteria for liver transplantation have improved
[28-32]
over many years
. According to the Milan criteria,
patients are eligible for liver transplantation if they have
a single HCC less than 5 cm in diameter or no more
[30]
than three tumors less than 3 cm in diameter . Liver
transplantation is the first-line treatment option for
[16]
[30]
these patients . Mazzaferro et al studied 48 patients
within the Milan criteria; they reported an overall
mortality rate of 17% after 4 years and that the actual
survival rate and recurrence-free survival rate were
75% and 83%, respectively. Additionally, they reported
that in 35 patients meeting the predetermined criteria
for small HCCs in the pathology examination of the
explanted liver, the overall and recurrence-free survival
[30]
rates at four years were 85% and 92%, respectively .
These results suggest that liver transplantation is an
effective treatment for small, unresectable HCCs in
patients with cirrhosis. An excellent 5-year survival rate
has been reported in cases in which the restrictive Milan
criteria are used to select transplant candidates. HCC
is a good indication for orthotopic liver transplantation,
and cadaveric liver transplantation/deceased-donor
liver transplantation is an excellent treatment for
early HCC (Figure 1B). Additionally, living-donor liver
transplantation is an excellent treatment for early HCC
because deceased-donor liver transplantation is limited
[33,34]
by the shortage of grafts
. In Japan and other
Asian countries, living-donor liver transplantation will
continue to be a mainstay treatment of HCC in cirrhotic
[35,36]
patients
.
HCC frequently occurs in cirrhotic liver patients
infected with HBV or HCV. Although the viral infections
[37-45]
are eradicated or controlled
, the risk of developing
HCC persists in patients with advanced liver disease.
Elder patients tend to have more advanced fibrosis than
[46-52]
younger patients
. Regardless of the liver function,
in cases in which the restrictive Milan criteria are used
to select transplant candidates, liver transplantation
in patients within the criteria has a better prognosis.
However, many difficulties exist, including a shortage
of donors and whether a patient is eligible for trans
plantation because of age. Elderly patients with an
increased risk for postoperative complications should
be excluded from living donor liver transplantation,
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at least; previous published studies have shown that
age is not a contraindication for deceased donor liver
[53,54]
transplantation
.
Down-staging the policies for HCCs exceeding the
[16]
conventional criteria could not be recommended ,
and prospective studies should be conducted to explore
the issue of expanded criteria for orthotopic liver
transplantation, down staging and bridge therapies.

OTHER MODALITIES FOR HCC
Sorafenib

Treatment with sorafenib prolongs progression-free
survival in patients with advanced clear-cell renal-cell
carcinoma in whom previous therapy has failed; the
[55]
treatment is associated with increased toxic effects .
Similarly, in 602 patients with advanced HCC (299 in
the sorafenib group; 303 in the placebo group), overall
survival (OS) was significant longer in the sorafenib
group compared with the placebo group (OS of 10.7 mo
vs 7.9 mo, respectively; hazard ratio in the sorafenib
[56]
group, 0.69; 95%CI: 0.55-0.87; P < 0.001) . Another
[57]
study from the Asia-Pacific region
showed that
sorafenib is effective for advanced HCC treatment in
Child’s A patients. Common adverse events such as
hand-foot skin reactions, diarrhea and fatigue were
[57]
observed in the study . Molecular targeted therapy
against HCCs is being developed and will augment the
[58,59]
treatment of advanced HCC
.
TACE: A Japanese prospective cohort study in 8510
patients with unresectable HCC showed a 5-year
[60]
survival rate of 26% . Superselective TACE for HCC
showed overall median and 5-year survival rates of 3.3
[61]
years and 34%, respectively . TACE showed higher
survival rates in patients with fewer tumor numbers,
smaller tumor size, and better liver function (Child’s A
or B). In Asian countries, TACE is the main therapeutic
modality in advanced HCC-patients, and the overall
[62]
therapeutic outcomes depend on the tumor size .
TACE has a long history in the treatment of unresectable
[63,64]
HCC cases
. TACE, in combination with surgery
or local ablation therapy, is frequently used in clinical
practice. The timing and number of treatment sessions
of TACE are not uniform for each patient, although new
devices and treatments, including drug-eluting bead
TACE and trans-arterial radio-embolization, have been
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[84]

Table 1 Comparison of treatment modalities for hepatocellular carcinoma
Modalities

Indication of the features of HCC

Surgical resection

RFA

Liver transplantation

Sorafenib
TACE

Performance status 0, Child-Pugh A, single < 3 cm
Normal bilirubin/normal portal pressure
Associated diseases, no
Performance status 0, Child-Pugh A-B, single or 3 nodule ≤ 3 cm
Slightly increased bilirubin/increased portal pressure
Associated diseases, yes or no
Performance status 0, single or 3 nodule ≤ 3 cm
Increased bilirubin/increased portal pressure
Associated diseases, no
Performance status 1-2, Child-Pugh A-B, Advanced stage (portal invasion), node classification 1, metastasis classification 1
Performance status 0, Child-Pugh A-B, Intermediate stage (multi nodular)

RFA: Radiofrequency ablation; TACE: Transarterial chemoembolization; HCC: Hepatocellular carcinoma.
[65,66]

developed and continue to develop

.

last few years, and most prestigious scientific societies
worldwide provide practical treatment guidelines that are
regularly updated, including HCC treatment algorithms
[16,84-87]
(Table 1)
. Liver transplantation and surgical
resections are regarded as the only curative treatments;
however, they have different indications. Although liver
transplantation has not received priority over surgical
resection, the most reliable therapy for HCC patients,
presently, appears to be liver transplantation because its
survival rate is superior to that of the other treatments.
On this point, this review might differ from other
practical guidelines or treatment algorithms. Deceaseddonor liver-transplantation is limited by the shortage
of grafts, and living-donor liver-transplantation should
be discussed. If it is impossible for an HCC patient to
undergo liver transplantation, then surgical resection
or RFA, should be considered, in accordance with the
liver function of the patient. We expect that stronger
molecular targeted drugs will be used in the treatment of
HCC patients and that these treatments will have more
potency and fewer adverse events than are observed
with sorafenib treatment. In the near future, methods
of promoting hepatic regeneration might be improved.
Further studies are ongoing.

Stereotactic body radiation therapy/stereotactic
ablative radiotherapy: Stereotactic body radiation
therapy (SBRT) for HCC has been documented in several
[67-70]
recent studies
. Use of a cyberknife is an SBRT
system that allows for real-time tracking of a tumor.
The system affords good local tumor control and higher
overall survival rates than other historical controls such
[70]
as best supportive care or sorafenib therapy . SBRT
is a salvage treatment for unresectable HCC patients
[71]
who failed or were unsuitable for TACE or for patients
with an unresectable massive HCC for whom standard
[72]
treatment care is unsuitable . Repeated stereotactic
ablative radiotherapy in selected HCC patients might be
[73]
feasible, if toxicity levels are acceptable .
Other therapies: Proton and carbon ion therapies
for 343 HCC-patients showed that the 5-year local
control and overall survival rates were 91% and 38%,
[74]
respectively . These therapies might be alternatives to
[74-77]
conventional local therapies for HCC
. Additionally,
laparoscopic liver resection appears to offer at least
[78,79]
short-term benefits in selected HCC patients
whereas it is a widely employed alternative to open
surgery in well-selected candidates. Standardization of
surgical techniques might facilitate the performance of
[79]
safe procedures .
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REVIEW

Psychiatric and substance use disorders co-morbidities and
hepatitis C: Diagnostic and treatment implications
Peter Hauser, Shira Kern
common blood-borne viral infection and approximately
2%-3% of the world’s population or 170-200 million
people are infected. In the United States as many as 3-5
million people may have HCV. Psychiatric and substance
use disorders (SUDs) are common co-morbid conditions
found in people with HCV and are factors in predisposing
people to HCV infection. Also, these co-morbidities are
reasons that clinicians exclude people from antiviral
therapy in spite of evidence that people with HCV
and co-morbid psychiatric and SUD can be safely and
effectively treated. Furthermore, the neuropsychiatric side
effects of interferon (IFN), until recently the mainstay of
antiviral therapy, have necessitated an appreciation and
assessment of psychiatric co-morbidities present in people
with HCV. The availability of new medications and IFNfree antiviral therapy medication combinations will shorten
the duration of treatment and exposure to IFN and
thus decrease the risk of neuropsychiatric side effects.
This will have the consequence of dramatically altering
the clinical landscape of HCV care and will increase the
number of eligible treatment candidates as treatment of
people with HCV and co-morbid psychiatric and SUDs will
become increasingly viable. While economically developed
countries will rely on expensive IFN-free antiviral therapy,
less developed countries will likely continue to use
IFN-based therapies at least until such time as IFNfree antiviral medications become generic. The current
manuscript discusses the efficacy and viability of treating
HCV in people with psychiatric and SUDs comorbidities,
the treatment of the neuropsychiatric side effects of IFN
-based therapies and the impact of new medications and
new treatment options for HCV that offer the promise
of increasing the availability of antiviral therapy in this
vulnerable population.
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Abstract

Core tip: Hepatitis C viral (HCV) is among the most

Chronic hepatitis C virus (HCV) viral infection is the most
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transfusion, needle stick injuries or non-professionally
[9]
applied tattoos .

common blood-borne viral infections in the world.
Although disease management strategies are often
complicated by the high rate of psychiatric and sub
stance use disorders (SUDs) within this population,
studies now indicate that neuropsychiatric side effects
can be effectively managed during antiviral therapy
and that individuals with pre-existing psychiatric and
SUDs can be treated successfully and achieve sustained
virologic response. Furthermore, the development of
new medication options for the treatment of HCV has
provided additional opportunities for treatment of people
with HCV who have - or are at risk for - psychiatric
illness.

HCV AND HEALTH RELATED QUALITY
OF LIFE
Individuals with gastrointestinal disease in general and
HCV in particular have a lower health related quality of
[10,11]
life (HRQOL) than the general population
. Factors
such as poorer work and social adjustment, lower
acceptance of illness, higher illness stigma, poorer
reported neurocognitive functioning and concentration,
and higher levels of subjective physical symptoms are
associated with lower HRQOL and are highly correlated
[12]
with depressive symptomatology in these individuals .
Several studies suggest that patients with chronic liver
disease (and HCV in particular) also have dispropor
tionately high rates of pain-related diagnoses which
[13-17]
may impair their functioning
. HCV is associated
with several medical comorbidities including peripheral
neuropathy, arthritis, and fibromyalgia. In one retros
pective chart review study of 8224, Veterans with HCV,
67% had co-occurring pain- related diagnoses including
arthropathy, low back pain, and/or arthritis and 56%
[13]
had past or present SUD diagnoses . Additional studies
indicate that biopsychosocial factors are significantly
related to pain severity and interference, where emotional
distress, mood symptoms (such as depression) and sleep
[14,15,18]
disturbance predicted pain severity
(Table 1).
Individuals with HCV have higher rates of depression
than those without HCV and also have higher rates
of depression when compared to those with other
gastrointestinal diseases such as irritable bowel disease
[10]
and irritable bowel syndrome , non-alcoholic fatty liver
[11]
disease and hepatitis B virus . Individuals with HCV
are most likely to have comorbid psychiatric conditions;
depression is the most common psychiatric diagnosis
among these individuals and is directly related to lower
[19-22]
HRQOL
. One study of 881 Veterans with HCV
found that 37% were prescribed an antidepressant
[22]
medication (Table 2).
Overall, HCV has a negative impact on quality of life
[23]
and overall functioning . The stigma associated with
known infection has a demonstrated effect on HRQOL
and is often related to a lack of adequate education on
[1]
HCV and antiviral treatment . Further efforts to educate
both individuals with HCV and treatment providers on
the viability of treating those with comorbid psychiatric
conditions, and in particular, depression may be of
benefit.
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HEPATITIS C: AN OVERVIEW
Prevalence

Hepatitis C virus (HCV) is among the most common
blood-borne viral infections in the world. Approximately
3% of the world’s population or 170-200 million people are
infected, and an estimated 35 million people are infected
[1-3]
in the United States . HCV is often asymptomatic
for a decade or longer after initial infection, and if
undiagnosed and untreated, increases the risk of liver
fibrosis, cirrhosis, liver cancer, liver failure, and ultimately,
[1]
death .
A study that assessed mortality rates between
1999 and 2004 found that there were a total of 56409
HCV related deaths in the United States during this 5
[4]
year period . Over this same time period, mortality
rates increased by 123% with a steady increase for
those between ages 55 to 64. In the year 2004 alone,
7427 deaths accounted for 148611 years of potential
[4]
life lost . Furthermore, a subsequent study of 34480
HCV infected individuals and non HCV infected controls
showed that HCV infected individuals who initiated or
completed treatment, had a significantly reduced risk
[5]
of mortality . For these reasons, early detection of
HCV and prompt antiviral treatment are of the utmost
importance. Psychiatric and substance use disorders
(SUDs) are common co-morbidities among individuals
with HCV and are often barriers to antiviral treatment.

Sources of infection

Among the most common routes of HCV transmission,
intravenous drug use (IVDU) in particular continues
to be the most common and contemporary source
[6-8]
of infection . While much less frequent, HCV can
be transmitted through sexual contact, or to infants
[2]
born from an HCV infected mother . Other routes of
transmission are no longer common including blood

WJH|www.wjgnet.com

PSYCHIATRIC AND SUD COMORBIDITIES
AND TREATMENT
Treatment issues and disease management strategies
are complicated by the extremely high rate of psychiatric
[19,22,24-29]
and SUD in those who have HCV
.
Historically, people with HCV and comorbid psychiatric

1922

July 28, 2015|Volume 7|Issue 15|

Hauser P et al . Psychiatric and SUD co-morbidities and hepatitis C
Table 1 Hepatitis C and pain related diagnoses
n

Ref.
Whitehead et al[13]
Morasco et al[14]
Rogal et al[17]
Morasco et al[15]

Design

Assessments

Outcome

8224 Retrospective chart Clinical data, diagnoses, and medical
Pain and SUD diagnoses were common among HCV patients,
review
history
and opioids were frequently prescribed
49
Subjective
Clinical interview, medical records BDI- Psychosocial variables, particularly depression severity, account
assessment
for variance in pain intensity and pain functioning
Ⅱ, SDS, HRQOL SF-36
1286
Retrospective
Self-report, symptom checklist and
There is a high prevalence of pain and opioid use in patients
cohort study
medical record
with chronic liver disease
119
Subjective
TLFB, self-report; MPI, BDI-II, PCS,
Biopsychosocial factors significantly affected pain severity and
assessment
CPSS, CPCI, SCID
pain interference in patients with HCV

HCV: Hepatitis C virus; SUD: Substance use disorder; BDI-Ⅱ: Beck depression inventory, second edition; MPI: Multidimensional pain inventory; PCS:
Pain catastrophizing scale; CPSS: Chronic pain self efficacy scale; CPCI: Chronic pain coping inventory; HRQOL SF-36: Health related quality of life short
form-36 items; SCID: Structured clinical interview for The Diagnostic and Statistical Manual of Mental Disorders Ⅳ; TLFB: Time line follow back.

Table 2 Hepatitis C and psychiatric comorbidities
Ref.

n

Lehman et al[20]

120

Fireman et al[19]

293

Rowan et al[21]

62

Bini et al[41]

4084

Mikocka-Walus et al[10]

139

Nelligan et al[22]

881

Weinstein et al[11]

878

Design

Assessments

Subjective
assessment
Prospective
assessment
Subjective
assessment
Prospective
cohort study

BDI-Ⅱ, ASI, PCL, AUDIT,
medical records
AUDIT-C, BDI-Ⅱ

Outcome

Clinically significant levels of depression anxiety, PTSD and alcoholrelated problems were observed in patients with HCV
Psychiatric and substance use disorders are highly prevalent among
veterans with chronic HCV
HRQOL SF-36
Psychosocial factors, especially depression, are strong indicators of
impaired HRQOL for HCV-infected Veterans
Eligibility for IFN therapy
The majority of veterans were not considered suitable candidates for
based on medical chart review HCV treatment because of substance use disorders, psychiatric disease,
of psychiatric and SUDs
and comorbid medical disease
Cross-sectional
HADS, SCL-90, HRQOL
Patients with HCV had significantly higher prevalence of depression
assessment
SF-12, disease severity
and lower HRQOL than patients with IBD and IBS, and the general
assessments
population
Subjective
BDI-Ⅱ; medical records
Rates of depression are high among veterans with HCV and persist
assessment
among those with antidepressant prescriptions
Retrospective
Clinical and demographic Individuals with HCV have a higher prevalence of depression than HBV
chart review
data, medical history
and NAFLD patients and the general population

BDI-Ⅱ: Beck depression inventory, second edition; ASI: Anxiety severity index; PCL: Post traumatic stress disorder check-list; AUDIT: Alcohol use
disorders identification test; HCV: Hepatitis C virus; HBV: Hepatitis B virus; HRQOL SF-36: Health related quality of life short form-36 items; IFN:
Interferon; IBD: Irritable bowel disease; IBS: Irritable bowel syndrome; SCL-90: Symptom checklist 90; HADS: Hamilton Anxiety and Depression Scale;
PTSD: Post-traumatic stress disorder.

diagnoses were not included in initial research treatment
studies for various reasons including the subjective
belief that individuals with co-morbid psychiatric and
SUDs would be less likely to be compliant and therefore
not complete treatment, more likely to develop neuro
psychiatric side effects (in particular depression), and
[30,31]
more likely to be re-infected if they continued IVDU
.
Until recently interferon-based therapies have been
the standard of care for HCV treatment. However, these
therapies are known to induce depression, among other
neuropsychiatric problems including insomnia, irritability
[27,32-34]
and mood changes
. Depression co-morbidity is
of particular concern as interferon (IFN) precipitates
depression in approximately 20%-30% of individuals
[24,27,35]
who receive IFN-based antiviral therapies
. Those
treated with IFN-α therapy often develop depressive
symptoms, which can lead to reduction in medication
dosage or treatment discontinuation, thus reducing the
likelihood of antiviral therapy completion or achieving
[27]
a sustained virologic response (SVR) . IFN-based
treatments are also likely to exacerbate preexisting
psychiatric conditions including depression and bipolar
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disorder and in isolated cases, have led to suicidal
[35-37]
ideation and suicide attempts
. The severity of
depressive symptoms prior to beginning antiviral therapy
but not the diagnosis of past or present major depressive
disorder (if adequately treated with antidepressants
[38]
- see Hauser et al , 2009) may be predictive of the
onset and severity of depressive symptoms during IFN[24,27,35,38,39]
based antiviral treatment
(Table 3).
Several studies suggest that individuals with psy
chiatric and alcohol use disorders are more likely to be
considered ineligible for antiviral therapy even though
other studies suggest that completion of therapy and
achieving SVR among other variables is not different
between people with HCV and co-morbid psychiatric
disorders from those with HCV without psychiatric
[38,40-43]
and SUDs
. One study that compared antiviral
completion rates, SVR, emergency room visits and hospita
lizations of HCV infected Veterans with pre-existing major
depressive disorder (MDD) treated with antidepressants
to those without MDD found no differences between
[38]
groups .
People with schizophrenia and co-morbid HCV have
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Table 3 Neuropsychiatric side effects of interferon and interferon-induced depression
Ref.

n

Fried et al[32]

-

Fried et al[33]

1121

Loftis et al[16]

-

Hauser et al[34]

-

Raison et al[35]

162

Design

Treatment

Outcomes

Retrospective
PEGIFN-α-2a and 2b with
literature review
RBV, IFN-α -2b/RBV

Inder et al[37]

1

Loftis et al[18]

32

Across studies, depression occurred in 22% of those treated with PEGIFN-α-2a/
RBV, 31% with PEGIFN-α-2b/RBV and 30%-34% of those treated with standard
IFN treatment (PEGIFN-α-2b/RBV)
Randomized
PEGIFN-α-2a/RBV, IFN- Patients treated with PEGIFN-α-2a plus RBV or placebo had a lower incidence of
clinical trial
depression than those treated with IFN-α-2b plus RBV (22% and 20% vs 30%)
α-2b/RBV, PEGIFN-α-2a
Retrospective
IFN-α, IFN-β, and IFN-γ
Symptoms of depression induced by IFN therapy is common and can limit the
literature review
treatment utility, often necessitate discontinuation of IFN treatment or the use of
psychopharmacologic agents. Depression is also a suspected side effect of therapy
with IFN-β and IFN-γ; however, the association has not been as convincingly
confirmed
Retrospective
IFN-α
Neuropsychiatric side effects such as depression, may develop as a result of IFN
literature review
therapy and lead to lower HRQOL, dose reductions or discontinuation
Longitudinal
PEGIFN-α-2b
Moderate to severe depressive symptoms occurred frequently during PEGIFN/
assessment
RBV treatment and was predicted by baseline depression scores and higher doses
of RBV
Retrospective case
IFN-α-2a/RBV
Suicide attempt occurred during IFN-α treatment, improvements were only seen
report
with drug discontinuation. Following re-challenge with combination therapy,
patient again experienced suicidal ideation
Prospective cohort PEGIFN-α-2a and 2b/
IFN therapy results in a significant increase in depressive symptoms over time,
study
RBV
with neuro-vegetative and somatic symptoms of depression increasing more than
other depressive symptoms

PEGIFN: Pegylated interferon (peginterferon); RBV: Ribavirin; IFN: Interferon; HRQOL: Health related quality of life.

also been excluded from IFN-based antiviral therapy
despite a higher prevalence of HCV among this group
[44,45]
than in the general population
. However, retro
spective chart review studies suggest that people with
schizophrenia and co-morbid HCV can be treated safely
with IFN-based antiviral therapy and achieve similar SVR
rates as those without co-morbid psychiatric disorders
and with no greater likelihood of adverse events or
[43,46]
emergency room visits
.
Previous studies have also indicated that individuals
with SUDs, particularly intravenous drug users (IVDUer)
are also underserved and undertreated for fear of
[31]
decreased compliance and/or risk of reinfection .
Although findings are variable, more recent research
indicates that treatment completion is viable when these
individuals are carefully supervised, and furthermore,
that risk of reinfection is minimal, even among those
who continue to use intravenous (iv) drugs post- antiviral
[31,47,48]
treatment
(Table 4).
While less common, IFN-based regimens can also
induce muscle aches and pain which may only serve to
exacerbate depressive symptoms. Neurocognitive and
somatic symptoms associated with depression are known
to be exacerbated with IFN regimens and, for those with
preexisting pain conditions, depression severity may
[14,15,49]
increase pain intensity
. Though somatic symptoms
should not be used as a primary predictor of depression
severity, pain should be assessed and monitored in
relation to cognitive and affective symptoms, when
monitoring patients prior to and during treatment for
[50]
HCV .
Overall, the emergence or exacerbation of depressive
symptoms is common in IFN-α therapy and can
[30]
compromise the outcome of HCV treatment . As such,
routine screening for psychiatric disorders and early
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treatment intervention for psychiatric disorders not
previously identified are necessary prior to initiation of
[19,51]
antiviral therapy
. Also ongoing routine screening
for new onset depression during antiviral therapy is
indicated. Furthermore, treatment plans must include
monitoring of comorbid psychiatric conditions throughout
[51,52]
the course of antiviral therapy
.
Untreated IFN-induced depression may lead to dose
reductions and premature IFN therapy termination
and in worst case scenarios risk of suicide. However,
if well monitored and managed, psychiatric and SUD
comorbidities do not pose a significant impediment to
[47,51,52]
treatment completion and compliance
.

DEPRESSION MANAGEMENT DURING
IFN-BASED ANTIVIRAL THERAPY
As mentioned, studies suggest that preexisting psychiatric
and SUDs should not be regarded as exclusionary to
IFN-α therapy. Specific to depression, IFN may induce or
exacerbate symptoms of depression but these symptoms
can be managed during antiviral therapy and do not
prevent/preclude individuals from completing treatment
[24,36,38,52,53]
or achieving favorable viral clearance rates
.
Studies suggest that the onset of depressive sym
ptoms during IFN therapy is not predicted by age,
[24,27,35,52]
gender, past history of MDD or substance use
.
Some studies suggest that people with higher depressive
symptom severity prior to antiviral therapy initiation as
well as a family history of MDD are more likely to develop
IFN-induced depression. However, open-label studies
of antidepressants and specifically selective serotonin
reuptake inhibitors (SSRIs) in people who develop IFNinduced depression during antiviral therapy, demonstrate
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Table 4 Antiviral treatment response rates in patients with psychiatric and substance use disorders comorbidities
n

Ref.
Dalgard et al[31]

27

Loftis et al[27]

39

Backmund et al[47]

18

Chainuvati et al[40]

647

Anand et al[42]

4061

Hauser et al[38]

55

Huckans et al[43]

60

Grebely et al[48]

58

Design

Treatment

Longitudinal
assessment

IFN-α-2a

Outcomes

Rate of reinfection was not significantly different among IVDUers treated for HCV
as compared to non IVDUers despite reinitiation of injection drug use in 33% of
IVDUers
Prospective
IFN-α-2b/RBV
Gender, past history of MDD, and past history of SUD were not significantly
cohort study
associated with response rates
Longitudinal
IFN-α-2a, IFN-α-2a/ IVDUers can be reinfected after treatment for HCV infection, but the reinfection rate
assessment
RBV
is minimal and should not jeopardize the potential benefit for most patients
Retrospective
Eligibility/treatment
Therapy completion and SVR rates are similar among Veterans with and without
database review
rates for Interferon
psychiatric or SUDs, challenging the perception that adherence is worse as a result of
therapy
psychiatric co-morbidities
Longitudinal
IFN-α-2b/RBV
Patients with and without mild to moderate alcohol use had comparable completion
assessment
and SVR rates to antiviral treatment
Retrospective
PEGIFN/RBV, IFN/ People with MDD had completion and SVR rates similar to those without psychiatric
chart review
RBV
illness. Patients with MDD can be safely and effectively treated with antiviral therapy
provided that they are on antidepressant medications during antiviral therapy
Retrospective
PEGINF/RBV, IFN/ Patients with schizophrenia experience similar rates of psychiatric symptoms on and
chart review
RBV
off antiviral therapy
Prospective
IFN-α-2b/RBV,
Rate of reinfection following treatment for HCV infection among current and former
longitudinal PEGIFN-α-2a, PEGIFNIVDUers engaged in a multidisciplinary program is low
α-2b
follow up

IFN-α: Interferon alpha; IVDUer: Intravenous drug user; RBV: Ribavirin; MDD: Major depressive disorder; SUD: Substance use disorder; SVR: Sustained
virologic response; PEGINF: Peglyated interferon (peginterferon); IFN: Interferon.

Table 5 Antidepressant treatment of interferon-induced depression
Ref.

n

Design

Antidepressant

Outcomes

Gleason et al[54]

15

Citalopram

IFN-induced MDD in patients with HCV may be effectively and safely treated with citalopram

Hauser et al[24]

39

Open-label
clinical trial
Prospective
cohort study

Citalopram and
buproprion

33% of patients receiving IFN therapy develop IFN-induced MDD. There were no differences
in age, gender, past history of MDD, or substance use between those who became depressed
and those who did not. Of those who developed IFN-induced depression most responded
to antidepressant treatment allowing continuation of antiviral therapy. Also the group who
developed IFN-induced depression had significantly higher baseline BDI scores than the group
who did not develop IFN- induced depression
Depression induced by IFN therapy is common and can limit treatment utility and necessitate
discontinuation of antiviral treatment. However, the use of psychopharmacologic agents allows
treatment continuation
Treatment with IFN may provoke episodes of depression however, several standard treatments
for depression can mediate these symptoms, suggesting that depression may not be a barrier to
effective treatment
IFN-induced MDD in patients with HCV may be effectively and safely treated with escitalopram

Loftis et al[27]

-

Various
IFN-α, IFN-β,
antidepressants
and IFN-γ

Angelino et al[36]

-

Various
antidepressants

IFN-α

Gleason et al[55]

18

Open-label
clinical trial

Escitalopram

HCV: Hepatitis C virus; IFN: Interferon; RBV: Ribavirin; MDD: Major depressive disorder; BDI-Ⅱ: Beck depression inventory, second edition.

that these medications can be effective in managing
depressive symptoms during IFN therapy and allow
[24,54,55]
people to remain on antiviral treatment
(Table 5).

HCV, it helped to reduce the incidence of MDD during
the first 6 mo of antiviral treatment as compared with
[57]
two control groups . As mentioned several studies
have shown that, for those who developed MDD during
IFN therapy, treatment with SSRIs led to a reduction
in depressive symptoms and continuation of antiviral
[24,54,55]
therapy
.
In contrast, two double blind, placebo-controlled
trials that assessed the benefit of prophylactic treatment
(or pre-treatment prior to initiation of antiviral therapy)
with paroxetine to prevent development of IFN-induced
depression found no benefit as compared with placebo in
[58,59]
antiviral treatment naïve people with HCV
. However,
in one of these studies, of 11 patients who developed
IFN-induced depression during the study and were then

Antidepressant prophylaxis of patients with HCV who
receive antiviral therapy

Antidepressant prophylaxis may decrease the likelihood
of the development of IFN-induced depressive symptoms
and MDD in HCV infected patients, particularly those with
a past history of IFN-induced MDD, and may increase
[36,56]
the rates of treatment compliance and completion
.
One study of people with HCV who failed antiviral
therapy due to IFN-induced depression found that
citalopram is effective both before and during IFN-α
therapy; used as pretreatment for these people with

WJH|www.wjgnet.com
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Table 6 Antidepressant prophylaxis
Ref.

n

Angelino et al[36]

-

Schaefer et al[57]
Raison et al[59]
Morasco et al[58]
Galvão-de Almeida et al[56]

Morasco et al[60]

Antidepressant

Outcomes

Retrospective literature
review
33 Prospective clinical trial

Design

Citalopram;
fluvoxamine
Citalopram

61 Double-blind, placebocontrolled clinical trial
33 Double-blind, placebocontrolled clinical trial
- Retrospective literature
Review

Paroxetine

Prophylactic antidepressants might be well-considered for patients with a
family history of - or previous episodes of - depression
Pre-treatment of psychiatric patients with citalopram significantly reduced the
incidence of IFN-induced MDD during the first 6 mo of antiviral treatment
Data support the use of antidepressant pre-treatment in HCV patients with
elevated depressive symptoms at baseline
A prophylactic approach to reduce IFN-α-induced depression may not be
indicated in patients with HCV
Antidepressant prophylaxis may blunt the magnitude of depressive
symptoms in HCV patients and raise the rates of treatment completion in
those with psychiatric diagnosis
Citalopram is not superior to placebo in preventing IFN-induced MDD

39 Double-blind, placebocontrolled clinical trial

Paroxetine
Citalopram,
paroxetine,
escitalopram
Citalopram

IFN: Interferon; MDD: Major depressive disorder; HCV: Hepatitis C virus.

entered into the open - label rescue arm of the study, 10
of 11 had a significant reduction of depressive symptoms
[58]
that allowed continuation of antiviral treatment . In
the second study, assignment to paroxetine did not
decrease the likelihood of IFN-induced depression but
was associated with a significantly reduced depression
symptom severity score. Although sample sizes were
small, these results suggest that prophylactic treatment
with paroxetine is not effective in preventing the onset
of IFN-induced MDD but may have benefits in reducing
[58,59]
overall depression symptom severity
.
A more recent double-blind, placebo-controlled trial
that assessed the benefit of prophylactic treatment with
citalopram in 39 HCV infected patients who did not have
significant symptoms of depression prior to initiation of
antiviral therapy reported similar results. Randomization
to citalopram did not significantly reduce the likelihood
of developing IFN-induced depression as compared with
[60]
placebo (Table 6).
Overall, there is no substantive evidence that anti
depressant prophylaxis during antiviral therapy for
HCV has significant benefits. Potential benefits must be
weighed against the risks of antidepressant use above
and beyond their common side effects. The use of
SSRIs, which have been associated with an increased
incidence of gastrointestinal bleeding in the general
[61]
population , may have adverse consequences in people
with HCV who are at higher risk for low platelet count,
[62]
coagulopathy, and esophageal varices . Furthermore,
SSRIs have been associated with retinal hemorrhages in
people receiving high - dose IFN therapy for malignant
[63]
melanoma . Other observations in the general
population suggest that mirtazapine and sertraline may
[64]
increase the likelihood of neutropenia .
In summary, the wide-spread use of antidepressants
to prevent IFN-induced depression in people receiving
IFN-based therapy for HCV is not warranted. A more
conservative approach involves screening all patients
prior to initiation of antiviral therapy for depression,
treating depression prior to beginning antiviral therapy,
and proactively monitoring depressive symptomatology

WJH|www.wjgnet.com

at regular intervals during the course of treatment.

Interdisciplinary team/integrated care

Optimal care for HCV is best provided by an interdis
ciplinary team approach that involves mental health care
providers. Individuals with psychosocial comorbidities
are able to successfully complete treatment, when an
interdisciplinary team with both medical and mental
[65]
health support is applied . The early identification
of depression during HCV treatment can be achieved
using an integrated model of care and can also assist
individuals who have both mild or severe psychiatric
[66]
illness in initiating and completing antiviral treatment .
Individuals who receive care from an interdisciplinary
team are more likely to complete the evaluation for HCV
[67]
treatment and start antiviral treatment .

NEW MEDICATION TREATMENT
OPTIONS FOR HCV
The use of new Food and Drug Administration (FDA)approved medications for the treatment of HCV has
distinct advantages when considering antiviral therapy in
people with HCV and co-morbid psychiatric and SUDs, in
large part, because the duration of antiviral therapy and
therefore the period of risk for IFN-induced depression
as well as other common neuropsychiatric side effects
has been shortened. Moreover, medications in develop
ment to treat HCV will eliminate the need for IFN
altogether. A review of new FDA-approved medications
as well as medications under development and their
neuropsychiatric side effects are reviewed briefly-below.

Telaprevir

Telaprevir used in combination with peginterferon α
(PEGIFN-α) and ribavirin (RBV) has been shown to
improve response rates in the treatment of HCV, genotype
[68,69]
1
. It can be used for those with compensated liver
disease, including cirrhosis, who are treatment-naïve
or who have been previously treated with IFN-based
therapies, including prior non- responders, partial
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Table 7 Telaprevir
Ref.

n

Hézode et al[73]

334

McHutchison et al[68]

115

Zeuzem et al[69]

663

Kumada et al[72]

1126

Sherman et al[74]

540

Design

Treatment

Population

Outcome

Phase 2
Telaprevir
HCV genotype 1 Telaprevir groups had significantly higher rates of SVR than
randomized PEGIFN/RBV
treatment naïve
PEGIFN/RBV alone. Depression occurred in 20%-23% of
clinical trial
patients and was not significantly different across groups
Randomized
Telaprevir HCV genotype 1 - previous
Re-treatment with telaprevir was more effective than
clinical trial
non-responders to
PEGIFN-α/RBV alone. Depression occurred in 11%-17% of
PEGINF/RBV
participants
Phase III
Telaprevir, HCV genotype 1 - previous
Telaprevir in combination with PEGIFN/RBV significantly
randomized
PEGIFNnon responders, partial
improved rates of SVR and, as compared with PEGIFN/RBV
clinical trial
responders and relapsers
alone showed no increase in neuropsychiatric side effects
α-2a/ RBV
Multicenter
Telaprevir,
HCV genotype 1 Triple therapy with telaprevir-based regimen resulted in higher
randomized
PEGIFN-αtreatment naive
SVR with shorter duration. Depression was not listed as an
clinical trial
2b/RBV
adverse event
Randomized
Telaprevir
HCV genotype 1 Combination therapy with telaprevir for 24 wk was non inferior
clinical trial
PEGIFN-αtreatment naïve
to standard therapy for 48 wk. Fifty-three percent of patients
2a/RBV
experienced psychiatric symptoms

PEGIFN: Pegylated interferon (peginterferon); RBV: Ribavirin; HCV: Hepatitis C virus; SVR: Sustained virologic response.

Simeprevir

[70]

responders, and relapsers .
Despite several known side effects associated with
telaprevir, including fatigue, rash, nausea, anemia
and influenza like symptoms, changes in mood or
depression are not known to be direct side effects of
[69]
this medication . While depressive symptoms have
been noted in some clinical trials, they have not been
considered primary adverse events nor have they led to
[68,69,71,72]
drop out or discontinuation of treatment
.
Telaprevir in combination with PEGIFN/RBV is
superior to PEGIFN/RBV alone and has higher SVR
(approximately 72% vs 50%-60%); it is also known to
[68,69,72,73]
increase response time
.
Overall, telaprevir may increase the ability to
achieve SVR, without a drastic influence on the side
[68]
effects profile . The risk of depression is not noted to
be increased when using telaprevir in combination with
PEGIFN/RBV (Table 7).

Several studies have assessed the efficacy of simeprevir
in combination with PEGIFN/RBV for the treatment
of hepatitis C. Simeprevir is a HCV NS3/4A protease
inhibitor indicated as a component of a combination
[78]
antiviral treatment for the treatment of HCV .
Studies suggest that simeprevir in combination with
PEGIFN/RBV significantly improves rates of SVR as
compared with PEGIFN/RBV alone. Studies also suggest
that the addition of simeprevir can shorten the duration
of antiviral therapy to 24 wk (instead of 48 wk with
PEGIFN/RBV alone) without a change in SVR or the side
[79-83]
effects profile
.
The most common adverse events found with the use
of simeprevir in combination with PEGIFN/RBV include
fatigue, headache, pruritus, influenza like illness, nausea
[79-81]
and neutropenia
. However, in these studies there
were non-significant differences in frequency of adverse
events between groups on simeprevir in combination
with PEGIFN/RBV vs PEGIFN/RBV, suggesting the side
[79-82]
effects may be attributable to the PEGIFN/RBV
.
Depression was not assessed with symptom rating
instruments and noted only by self-report in these
studies; overall the rates of self-reported depression
were not different between the group that received
simeprevir in combination with PEGIFN/RBV vs the
group that received PEGIFN/ RBV alone and there were
very few subjects who experienced depression as a
[79,80]
major contributing factor for discontinuation
.
In summary simeprevir does not increase the risk of
side effects attributable to PEGIFN/RBV and can shorten
the duration of antiviral therapy and thus the length
of exposure to PEGIFN and presumably side effects
[81]
associated with peginterferon treatment (Table 9).

Boceprevir

Boceprevir, a medication that is similar to telaprevir, is
a potent oral HCV-protease inhibitor that is also used
in conjunction with PEGIFN/RBV for the treatment of
patients infected with HCV genotype 1. Studies indicate
that rates of SVR are improved significantly when
boceprevir is used in combination with PEGIFN/RBV as
[75,76]
compared with PEGIFN/RBV alone
.
While some side effects (such as anemia) commonly
associated with PEGIFN/RBV may be more likely to
occur with the addition of boceprevir, side effects
associated with PEGIFN/RBV treatment regimens
including dysgeusia, rash, dry skin, headache and flu-like
symptoms are no more likely to occur with addition of
[75-77]
boceprevir
.
Based on the results of the above studies as well as
prescribing information published by the FDA, common
psychiatric side effects associated with PEGIFN/RBV are
not more likely to occur in patients with the addition of
[78]
boceprevir (Table 8).

WJH|www.wjgnet.com

Sofosbuvir

Sofosbuvir is a HCV nucleotide analog NS5B polymerase
inhibitor indicated for the treatment of HCV infection
as a component of a combination antiviral treatment
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Table 8 Boceprevir
Ref.

n

Kwo et al[77]

520

Bacon et al[75]

Poordad et al[76]

Design

Treatment

Population

Two part randomized
clinical trial

Boceprevir

chronic HCV genotype 1 treatment naïve

Outcome

Boceprevir has the potential to double the
SVR rate compared with standard treatment
alone. Insomnia was the only psychiatric illness
documented
403
Placebo controlled,
PEGIFN-α-2b/RBV
Retreatment of patients with Boceprevir resulted in significantly higher rates
randomized clinical boceprevir, PEGIFN-αchronic HCV genotype 1
of SVR. Significant onset of depression was not
trial
2b/RBV
infection
indicated
1097 Double blind, placebo Boceprevir PEGIFN-α- Chronic HCV genotype 1 Boceprevir significantly increased the rates of
controlled randomized
2b/RBV
treatment naïve
SVR. Insomnia was the only psychiatric condition
clinical trial
identified as an adverse event

PEGIFN: Pegylated interferon (peginterferon); RBV: Ribavirin; HCV: Hepatitis C virus; SVR: Sustained virologic response.

Table 9 Simeprevir
n

Design

Treatment

Population

Outcome

Fried et al

338

Phase 2b double blind,
placebo controlled
randomized clinical trial

Simeprevir
PEGIFN-α2a/RBV

Treatment-naıve patients
with HCV genotype 1
infection.

Zeuzem et al[79]

396

Placebo controlled,
randomized clinical trial

Simeprevir,
PEGIFN-α2a/RBV

Jacobson et al[81]

394

patients with HCV
genotype-1 infection
previously treated with
PEGIFN/RBV
Treatment naïve patients
with HCV genotype 1

Simeprevir in combination with PEGIFN/RBV
significantly improved SVR rates and shortened therapy
duration. Depression occurred in 10.4% of patients on
simeprevir and 18.2% on standard treatment
12, 24, or 48 wk simeprevir with 48 wk PEGIFN/RBV
significantly increased rates of SVR and was generally
well tolerated. Depression occurred in 2/396 simeprevir
patients
Simeprevir with PEGIFN-α-2a/RBV shortens therapy
without worsening the adverse event profiles associated
with PEGIFN

Manns et al[82]

257

Phase 3, randomized,
Simeprevir,
double blind, placebo
PEGIFN-αcontrolled multicenter
2a/RBV
clinical trial
Phase 3 multicenter
Simeprevir
Treatment-naive patients Addition of simeprevir to PEGIFN-α-2a or PEGIFN-α-2b
randomized, placebo
PEGIFN-α-2a
with HCV genotype 1
plus RBV improved SVR without worsening the known
controlled clinical trial
or 2b/RBV
infection
adverse events associated with peginterferon
Open label non
Simeprevir HCV genotype 1 - treatmentSimeprevir combined with PEGIFN-α-2b/RBV was
comparative multicenter PEGIFN-αnaïve or had previously
effective across both groups. One patient in the control
trial
2b/RBV
received IFN-based therapy
group receiving standard therapy alone discontinued
due to grade 2 depression

Ref.
[80]

Kumada et al[83]

79

PEGIFN: Pegylated interferon (peginterferon); RBV: Ribavirin; HCV: Hepatitis C virus; SVR: Sustained virologic response; IFN: Interferon.

regimen; it is recommended to be used with PEGIFN-α/
RBV or with RBV alone thus excluding the need for IFN
[78]
altogether .
The most common adverse events when used with
PEGIFN/RBV combination therapy are fatigue, headache,
nausea, insomnia and anemia (similar to those found
in other combination therapies with PEGIFN). The most
common adverse events (≥ 20%) for sofosbuvir and
[84,85]
RBV combination therapy are fatigue and headache
.
Overall results indicate that psychiatric issues,
including depression, are not significant side effects
and are rarely the reason for study drop out or discon
[85-87]
tinuation
. However the rates of depression in these
studies, when reported, are below the generally accepted
rate of IFN-induced depression, which is 20%-30%.
While this may reflect the decreased duration of IFN
exposure, these lower rates of depression may also be
due to relying on patient report of side effects.
In summary, results indicate the sofosbuvir in
combination with other medications can lead to an early
viral response as well as SVR with a shorter duration
of treatment, with and without the use of PEGIFN.

WJH|www.wjgnet.com

Furthermore, sofosbuvir provides an effective treatment
with little evidence of psychiatric side effects and overall,
is well tolerated. Authors suggest that for most, there
is no additional benefit to prolonging treatment beyond
12 wk when using a sofosbuvir based medication
[86]
regimen .
Previous studies have indicated that the majority
of people who develop IFN-induced depression have
an onset between 6 and 12 wk after antiviral therapy
initiation but approximately one third develop IFN[38]
induced depression after 12 wk of antiviral therapy .
Thus it’s possible that the use of sofosbuvir in com
bination with other therapies or alone, may reduce the
risk of onset of depressive symptoms by decreasing or
eliminating exposure to PEGIFN (Table 10).

HCV ANTIVIRAL MEDICATIONS IN
DEVELOPMENT
ABT-450/r-Ombitasvir and dasabuvir with RBV

A new medication combination of ABT-450/r-Ombitasvir
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Table 10 Sofosbuvir
n

Ref.
Kowdley et al[86]

Lawitz et al[87]

Jacobson et al[85]

Gane et al[84]

Design

Treatment

316 Multicenter, open Sofosbuvir-2a
label, phase 2
PEGIFN-α-2a/
clinical trial
RBV

Population

Outcome

HCV genotype 1 - noncirrhotic treatmentnaive, patients

SVR occurred in 90% of patients treated with sofosbuvir and
PEGIFN/RBV for 12 wk. Depression occurred in 8%-16% of
patients across all groups but was not a primary reason for
discontinuation
147
Two-cohort,
Sofosbuvir
Treatment-naive
SVR occurred in 90% of patients treated with sofosbuvir and
phase 2, placebo PEGIFN/RBV patients with genotype
PEGIFN/RBV and the side effects profile was similar to that of
controlled,
1-3 HCV infection
PEGIFN/RBV and did not include depression. Depression was not
clinical trial
a significant adverse event in this study
240
Phase 3
Sofosbuvir RBV Chronic HCV genotype Sofosbuvir and RBV was effective at 12 wk for genotype 2 and 16
randomized
2 or 3 previously
wk for genotype 3. Premature discontinuation of the study drug
placebo
unable to be treated
due to adverse events was uncommon in all groups. Depression
controlled clinical
with IFN, or previously
was not a significant adverse event in this study
trials
treated with IFN-based
therapies
75
Open label
Sofosbuvir, RBV
HCV genotype 2 or
Sofosbuvir plus RBV for 12 wk was effective for patients with
randomized
3 infection. with no
genotype 1, 2, or 3 infections. Insomnia occurred in 30%-67% of
clinical trial
response to prior
participants across groups and was the only significant psychiatric
treatment or with no
symptom to develop during treatment
prior treatment

PEGIFN: Pegylated interferon (peginterferon); RBV: Ribavirin; HCV: Hepatitis C virus; SVR: Sustained virologic response; IFN: Interferon.
[90]

with dasabuvir has also been assessed both with
and without the addition of RBV. Though not yet FDA
approved, this combination has yielded promising
results; 95% of previously treated individuals with HCV
[88]
genotype 1 had SVR after 12 wk of treatment .
The most commonly reported adverse events of
this combination include headache and fatigue, with
secondary effects of pruritus (> 10% of participants)
anemia, vomiting, constipation, erythema, neck pain,
neutropenia and a decrease in hemoglobin (< 10% of
participants). Signs and symptoms of depression are not
a significant side effect for this combination treatment
and does not contribute to discontinuation or drop
[88]
out .
ABT-450/Ombitasvir and dasabuvir has also been
assessed with the addition of ritonavir, either with RBV
or placebo. Those treated with this regimen (both with
and without RBV) have SVR rates of between 96.6%
[89]
and 100% after 12 wk of treatment .
The most common adverse events were fatigue and
headache, along with nausea and decreased hemoglobin.
Participants in the RBV group also experienced insomnia,
anemia, rash and increased bilirubin levels (all known to
be side effects of RBV). Serious adverse events included
cellulitis, nephrolithiasis and osteoarthritis, though
none were judged to be study drug related or led to
discontinuation. Outside of insomnia (noted above) no
other psychiatric symptoms were reported for either
[89]
group, both with and without RBV .
Overall, it appears this combination with and without
ritonavir and/or RBV, is useful in treating HCV without
the use of IFN.

phase 2 trials . It has been used successfully in various
HCV genotypes, and in both treatment naïve and non[90,91]
responder/relapser populations
. Daclatasvir has
been used in combination with several other medications
including PEGIFN/RBV, asunaprevir and sofosbuvir, all
of which show varying levels of treatment success, as
measured by SVR after 12 and 24 wk of treatment, and
in some studies, SVR was obtained after 8 wk treatment
[91-93]
duration
. In certain combinations, daclatasvir allows
the use of IFN-free combinations for those unable to
tolerate IFN and have been shown effective in those who
[93,94]
previously failed telaprevir/boceprevir regimens
.
Across studies, the most frequently reported adverse
events are diarrhea, headache and nasopharyngitis,
all of which were reported to be mild. Less common
adverse events include abdominal discomfort, malaise,
constipation and back pain. No studies reported psy
[91,93,94]
chiatric symptoms or adverse events
.

Ledipasvir

Ledipasvir, another NS5A inhibitor has also resulted in
high rates of SVR among both previously treated as
[95,96]
well as treatment naïve patients with HCV
. The
rates of SVR ranged from 97%-99% across groups
given combination therapy of ledipasvir and sofosbuvir,
with and without RBV at 12 and 24 wk. Additional
assessments indicate that ledipasvir-sofosbuvir regimens
given for 8 wk is associated with a high rate of SVR
among both previously treated and treatment naïve
patients with HCV genotype 1 including those with
cirrhosis. No additional benefit was associated with the
addition of RBV to this combination or with extension of
[97,98]
the duration of treatment to 12 wk
(Table 10).
The most common adverse events across studies
[95]
were fatigue, headache, insomnia, and nausea . The
incidence of adverse events was lower among patients

Daclatasvir

Daclatasvir is a potent NS5A replication complex
inhibitor, and is generally well tolerated in phase 1 and

WJH|www.wjgnet.com
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Table 11 Newer medications and interferon free therapies
Ref.

n

Pol et al[92]

48

Chayama et al[91]

10

Herbst et al[90]

-

Retrospective literature
review of phase 1 to phase
3 clinical trials

Suzuki et al[94]

43

Open label phase 2a
clinical trial

Zeuzem et al[88]

394

Phase 3 placebo controlled
randomized clinical trial

Andreone et al[89]

179

Phase 3 open label
randomized clinical trial

Sulkowski et al[93]

167

Two part, open label
clinical trial

Afdhal et al[96]

865

Phase 3, open-label
randomized clinical trial

Lawitz et al[98]

100

Open label randomized
clinical trial

Afdhal et al[95]

440

Phase 3, randomized,
open-label clinical trial

Kowdley et al[97]

647

Phase 3, open label clinical
trial

Design

Treatment

Population

Outcome

Double blind parallel
Daclatasvir PEGIFN-αHCV genotype 1 group, dose finding phase
2a/RBV
treatment-naive (without
2a randomized, placebo
cirrhosis)
controlled clinical trial
Open label phase 2a
Daclatasvir asunaprevir Chronic HCV genotype 1b
clinical trial
- previous null responders
to PEGINF/RBV

Daclatasvir increases the antiviral potency
of PEGIFN/RBV without increasing the side
effects profile. Psychiatric adverse events
were not significant in this study
Dual therapy with daclatasvir and
asunaprevir alone can achieve high rates
of SVR in difficult-to-treat patients and has
minimal side effects
Daclatasvir
All genotypes; treatment
Daclatasvir has a potent antiviral effect and
naive and experienced
clinical efficacy across genotypes and in both
cohorts
treatment naive and experienced cohorts with
no evidence of psychiatric adverse events
Daclatasvir asunaprevir
HCV genotype 1b for
Dual therapy with daclatasvir and
patients with limited
asunaprevir was well tolerated and achieved
treatment options including high SVR rates. The adverse event profile was
those with complications of favorable; no psychiatric abnormalities were
depression
reported
ABT-450 ritonavir
Retreatment of HCV
Rates of response to a 12-wk IFN-free
(ABT-450/r),
in patients who were
combination regimen were more than 95%.
ombitasvir (ABT-267)
previously treated with
Psychiatric adverse events were not reported
dasabuvir (ABT-333)
peginterferon-ribavirin
RBV
ABT-450, ritonavir,
HCV genotype 1b ABT-450, ritonavir, ombitasvir, and dasabuvir,
ombitasvir, dasabuvir
treatment experienced
with or without RBV, produced a high rate of
RBV
patients
SVR. Both regimens were well tolerated with
minimal adverse events
Daclatasvir sofosbuvir
HCV genotype 1, 2, or 3
Daclatasvir plus sofosbuvir was associated
with high rates of SVR. Psychiatric problems
were not listed as significant adverse events
Ledipasvir sofosbuvir
HCV genotype 1 Ledipasvir–sofosbuvir with or without RBV
RBV
treatment naive
for 12 or 24 wk was highly effective. The
most common adverse events were fatigue,
headache, Insomnia, and nausea
Sofosbuvir ledipasvir
HCV genotype 1 Sofosbuvir-ledipasvir alone or with RBV
RBV
treatment-naive or
has the potential to cure most patients with
previously treated with a genotype-1. Psychiatric symptoms were not a
protease-inhibitor regimen
listed as significant adverse events
Ledipasvir sofosbuvir
HCV genotype 1 Treatment with ledipasvir and
RBV
previously treated
sofosbuvir resulted in high rates of SVR.
Neuropsychiatric side effects were minimal,
but were observed more frequently among
groups with the RBV-containing regimen than
ledipasvir sofosbuvir alone
Sofosbuvir ledipasvir
HCV genotype 1 Ledipasvir-sofosbuvir was associated with a
treatment naive
high rate of SVR. Adverse events were more
common in the group that received RBV. No
additional benefit was associated with the
inclusion of RBV

PEGIFN: Pegylated interferon (peginterferon); RBV: Ribavirin; HCV: Hepatitis C virus; SVR: Sustained virologic response; IFN: Interferon.
[95-98]

receiving ledipasvir-sofosbuvir alone than among those
[95-98]
receiving ledipasvir-sofosbuvir plus RBV
. Patients in
the groups that received ledipasvir - sofosbuvir plus RBV
for 12 or 24 wk had higher rates of events known to be
associated with RBV therapy-fatigue, insomnia, asthenia,
rash, cough, pruritus, and anemia-than did those in
the corresponding groups that received ledipasvir[95,96]
sofosbuvir without RBV
. Few to no patients dropped
out of the study or discontinued due to adverse events,
and in some cases, even those who discontinued still
[96]
achieved a SVR . Overall, no psychiatric adverse
events were reported across studies and none led to

WJH|www.wjgnet.com

discontinuation
(Table 11).
In summary, these new medications will shorten
the duration of treatment and also allow IFN-free
combination therapy, thus reducing dramatically the
risk of neuropsychiatric symptoms and, in particular,
depression.

SUMMARY
HCV infection is known to decrease HRQOL, an issue
only exacerbated by various psychosocial factors and
psychiatric illness. Antiviral therapy with HCV is often
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complicated by pre-existing depression as well as other
psychiatric illnesses including schizophrenia, bipolar
disorder and SUD. The common neuropsychiatric side
effects - in particular depression - associated with IFNbased therapies made antiviral therapy problematic and
often resulted in exclusion of people who had pre-existing
depression or other psychiatric illnesses. However,
various studies have shown that neuropsychiatric side
effects can be successfully managed during IFN-based
antiviral therapy and that people with pre-existing
psychiatric illness can be treated successfully and achieve
SVR within interdisciplinary care models that involve
mental health care providers. The use of interdisciplinary
teams has been shown to increase the likelihood of
treatment completion for patients with psychiatric
illnesses. This approach must be fostered because IFNfree antiviral therapy will not be immediately available
due to the prohibitively high cost of these medications.
Furthermore, the cost will likely impact treatment viability
in developing countries.
The development of new medication options for the
treatment of HCV has provided additional opportunities
for treatment of people with HCV who have - or are at
risk for - psychiatric illness. For those who can tolerate
the side effects of IFN and are compliant with treatment,
the addition of telaprevir or simeprevir can significantly
decrease treatment duration, and thereby decrease the
likelihood of developing depressive and other psychiatric
symptomatology. Moreover, sofosbuvir based regimens
remain the most viable FDA approved drug at this time.
New medications under development will allow IFN-free
medication combinations and higher rates of SVR, with
little to no risk of developing or exacerbating preexisting
depressive symptoms.

A final limitation of this review is that the vast majority
of studies related to medications under development
may have excluded patients with preexisting psychiatric
diagnoses or those in historical underserved health
disparity populations. So called “real world” clinical trials
are necessary in order to assess the viability of these new
medications in underserved populations. However, the
shorter duration of antiviral therapy and the availability
of IFN-free therapies hold great promise for the future of
HCV treatment.
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Hepatitis C in human immunodeficiency virus co-infected
individuals: Is this still a “special population”?
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Abstract

Drosos E Karageorgopoulos, Joanna Allen, Sanjay Bhagani,
Department of Infectious Diseases/HIV Medicine, Royal Free
London NHS Foundation Trust, London NW3 2QG, United
Kingdom

A substantial proportion of individuals with chronic
hepatitis C virus (HCV) are co-infected with human
immunodeficiency virus (HIV). Co-infected individuals
are traditionally considered as one of the “special
populations” amongst those with chronic HCV, mainly
because of faster progression to end-stage liver disease
and suboptimal responses to treatment with pegylated
interferon alpha and ribavirin, the benefits of which are
often outweighed by toxicity. The advent of the newer
direct acting antivirals (DAAs) has given hope that
the majority of co-infected individuals can clear HCV.
However the “special population” designation may prove
an obstacle for those with co-infection to gain access to
the new agents, in terms of requirement for separate
pre-licensing clinical trials and extensive drug-drug
interaction studies. We review the global epidemiology,
natural history and pathogenesis of chronic hepatitis C
in HIV co-infection. The accelerated course of chronic
hepatitis C in HIV co-infection is not adequately offset
by successful combination antiretroviral therapy. We
also review the treatment trials of chronic hepatitis C
in HIV co-infected individuals with DAAs and compare
them to trials in the HCV mono-infected. There is
convincing evidence that HIV co-infection no longer
diminishes the response to treatment against HCV in
the new era of DAA-based therapy. The management
of HCV co-infection should therefore become a priority
in the care of HIV infected individuals, along with public
health efforts to prevent new HCV infections, focusing
particularly on specific patient groups at risk, such as
men who have sex with men and injecting drug users.
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of intravenous drug use in men, except in France and
Germany where more women are affected, with the
risk factor for acquisition being blood transfusion after
[1]
childbirth .
It is estimated that in 2010 around 10 million
PWIDs (range 6.0-15.2 million) were HCV seropositive.
This is over three and a half times higher than the 2.8
[5]
million people estimated to be infected with HIV . A
review of worldwide systematic reviews demonstrated
that the midpoint prevalence of co-infection in PWIDs
varies greatly between countries ranging from 9.8% in
Paraguay to 97% in Mexico. Those countries with the
highest estimated populations of PWIDs were China,
Russia and the United States with HCV prevalence of
67%, 72.5% and 73.4%, respectively. However, these
statistics under-represent the total burden of HCV from
drug use as they do not include former PWIDs who
have previously been infected with HCV.
Blood-borne viruses account for much of the mor
bidity and cost associated with intravenous drug use
and many countries around the world have invested in
programmes to both treat drug addiction and promote
safe injection practices. This may partly account for the
reduction in HCV incidence in HIV-infected PWIDs that
is currently being seen. The Swiss Cohort reported a
decrease in incidence from 13.89 (95%CI: 8.20-22.39)
per 100 person-years in 1998 to 2.24 (95%CI:
[6]
0.55-10.66) in 2011 . However, European surveillance
data shows that although the number of newly diag
nosed HIV infections related to intravenous drug use is
decreasing following its peak in 2001-2002, only half
the twelve countries with available data show decreases
[7]
in HCV prevalence during 2005-2010 . These data
however report prevalence rather than incidence and do
not take into account probable increases in awareness
and testing over the past decade. The economic
recession that has struck countries like Greece worsens
the efforts for tackling the HIV and HCV epidemics
[8]
amongst PWIDs .
Transmission of HCV outside of these populations
with healthcare-associated risks and intravenous druguse has always been considered to be negligible and
restricted to low numbers of new cases in regular sexual
partners of individuals with HCV infection. However, a
few years ago clinicians began to notice a significant
rise in new HCV among men who have sex with men
(MSM) and denied intravenous drug use and had no
healthcare-associated risks. One survey of United
Kingdom urban centre-based HIV clinics revealed a
doubling of new HCV in MSM from 6.86 cases/personyears in 2002 to 11.58 in 2006, without an apparent
[9]
change in testing policy .
This observed shift of new HCV infections from PWIDs
to MSM was confirmed in analysis of the Swiss Cohort
showing an alarming 18-fold increase in the incidence of
new cases in MSM from 0.23 (95%CI: 0.08-0.54) per
100 person-years in 1998 to 4.09 (95%CI: 2.57-6.18)
in 2011. This resulted in an increase in the proportion
of MSM among incident HCV from 20% prior to 2006

Core tip: This manuscript focuses on hepatitis C virus/
human immunodeficiency virus (HIV) co-infection, two
intersecting epidemics with great global health interest.
It reviews the epidemiology, pathogenesis and natural
history of chronic hepatitis C in HIV infected individuals.
It also reviews the impact of antiretroviral therapy on
the natural history of chronic hepatitis C and the liver.
Moreover, it shows that the outcomes of treatment
with the newer direct acting antivirals against hepatitis
C are similar in the mono-infected and co-infected
patients, providing informative data extracted from
relevant clinical trials. It argues that HIV infected
individuals should no longer be designated as a “special
population” among those with chronic hepatitis C, as
this could delay their access to the new treatments.
Karageorgopoulos DE, Allen J, Bhagani S. Hepatitis C in human
immunodeficiency virus co-infected individuals: Is this still a
“special population”? World J Hepatol 2015; 7(15): 1936-1952
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i15/1936.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i15.1936

INTRODUCTION
Co-infection with the blood-borne hepatitis C Virus
(HCV) and human immunodeficiency virus (HIV) is
common due to their shared routes of transmission and
the fact that individuals with HIV are at higher risk of
contracting HCV. Estimates of HCV prevalence in the
general population overall vary from 0.3% in Austria,
[1]
England and Germany to 8.5% in Egypt . However,
in the HIV population, the prevalence of HCV/HIV co[2,3]
infection has been reported between 9.2%-37.3% .
This population has long been considered a special
risk population both in terms of disease progression
and subsequent mortality, and in terms of their inferior
responses to traditional HCV therapies. However, in the
ever-evolving era of direct-acting antivirals (DAAs) we
ask the question “Is this still a special population?”.

EPIDEMIOLOGY OF HCV/HIV COINFECTION
Following its discovery 25 years ago and until recently,
HCV was considered a disease of parenteral trans
mission, affecting people who inject drugs (PWIDs)
who share needles or drug-taking equipment and
of individuals who received infected blood products
prior to the introduction of reliable screening in the
1990s. Largely this is still the case in less developed
regions such as sub-Saharan Africa where HCV/HIV coinfected individuals tend to be older than those with
HIV mono-infection, likely reflecting improvements to
[4]
healthcare sterility and blood screening . In almost all
countries in the world there is a male preponderance
for HCV infection overall, in keeping with higher levels
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[10]

to 75% after (P < 0.001) . Significant increases were
also shown in the Amsterdam MSM cohort from 2000
to 2005 (incidence rate ratio 3.41, 95%CI: 1.58-7.34),
though there was a levelling off of new HCV infections in
[11]
MSM from 2005 onwards .
Virus sequencing and phylogenetic analysis of 226
HIV-infected MSM diagnosed with acute HCV from
urban centres in England, Netherlands, Germany,
France and Australia revealed that the independently
reported European outbreaks were actually part of a
[12]
large European MSM-specific transmission network .
A second MSM-specific transmission network was found
in Australia, with very little overlap with the European
network. In contrast to the European network, only
18% of transmissions in this cohort were thought to be
from sexual exposure, with intravenous drug exposure
[13]
still the predominate risk factor (73%) . Eighty-six
percent of sexual transmissions were in MSM and all of
those were HIV-positive. In this cohort social networks
exist in HIV-infected MSM that contain both PWIDs and
non-PWIDs.
In the European transmission networks of MSM
the predominant HCV genotype has been shown to
be genotype 1a (59%), with an unexpectedly high
[12]
proportion of genotype 4d (23%) . Thus, the difficultto-treat genotypes 1 and 4 accounted for 90% of
infections compared to 67% of the Australian cohort.
This has clear implications for treatment and healthcare
planning.
The cause of this epidemic of HCV in MSM is likely
to be multi-factorial. There is certainly some evidence
that risk of HCV transmission in HIV-infected MSM
is associated with non-intravenous recreational drug
taking. Recreational drug use may increase the risk
of unprotected sex and may be associated with group
sex or with more traumatic sexual practices. In the
Multicenter AIDS Cohort Study (MACS) non-intravenous
recreational drug use was found to double risk, however,
[6,14]
in the Swiss cohort no association was found
.
Risk of HCV acquisition in MSM has, unsurprisingly
been found to be related to multiple sexual partners,
[6,14]
receptive anal sex and inconsistent condom use
.
The spread of HCV may in part, be related to the
practice of serosorting. Though men may select sexual
partners on the basis of HIV status, they may well be
at risk of HCV; almost a third of HIV-positive individuals
[15]
are unknowingly infected with HCV . However, if HCV
transmission among MSM was solely due to behavioural
factors, higher rates would be expected in the HIVnegative MSM population, even taking into account
serosorting. Interestingly, there has been no increase in
HCV in HIV-negative MSM observed, and risk has been
shown to be comparable or lower than the risks in the
[16]
heterosexual population . More recently, however,
there are emerging reports of HCV infection amongst
HIV-negative MSM, so this may well represent an
[17]
emerging epidemic .
In both the Swiss and the MACS cohorts, risk
was associated with past or recent syphilis infection,
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confirming either a shared route of acquisition or sugg
esting that potentially ulcerative sexually transmitted
[6,14]
infection could increase the risk of HCV transmission
.
Individuals with HCV/HIV co-infection have been shown
to have higher HCV viral loads than HCV mono-infected
individuals, which may well increase the risk of trans
mission, particularly in the presence of ulcerative
[18]
lesions, as recognised in HIV transmission . A change
in the virulence of circulating HCV does not appear
to account for the HCV epidemic is not supported by
phylogenetic analysis showing strains in the populations
[12]
belong to several different genotypes and subtypes .
There has also been the suggestion that transmission
risk may increase with decreasing CD4 count. In
3
the MACS cohort every 100 cells/mm decrease was
associated with a 7% increase in risk of transmission
below 500, though no association was shown in other
[6,14]
studies
.
The reports of HCV outbreaks in MSM around
2000, shortly followed the introduction of combination
antiretroviral therapy (cART) in 1996. It was thought
that individuals on cART had increased their sexual risk
taking as a result of having suppressed HIV viral loads
and reduced risk perception from HIV and there is some
[19]
data to support this . However, no association with
HCV seroconversion and use of cART has been found,
and cohort analyses have shown incident infections
since the 1980s, and increases in incidence since the
[6,14,20]
1990s, well before the introduction of cART
.
Furthermore, in the phylogenetic studies described,
for each cluster of new HCV infections, the date of the
common ancestor was calculated using the molecular
clock approach. In the Australian networks the earliest
events were estimated to have occurred around 1989
and in the European clusters 15% of transmissions
were estimated to have occurred prior 1996, though the
[13,20]
majority of infections (63%) did occur after 2000
.

NATURAL HISTORY OF HCV/HIV COINFECTION
Acute hepatitis C is usually asymptomatic or minimally
symptomatic and rarely causes severe hepatitis.
Depending on the characteristics of the population
examined, around 80% of patients with newly acquired
hepatitis C mono-infection will develop chronic hepatitis
[21]
C . Most of the chronically mono-infected hepatitis
C are asymptomatic, but 20%-30% will progress to
[22]
develop cirrhosis over about 30 years . The risk of
progression from advanced fibrosis to cirrhosis has
[23]
been estimated at about 10% per year . Individuals
with compensated cirrhosis have approximately a
4% annual risk for hepatic decompensation and a
1%-2% annual risk for development of hepatocellular
[24,25]
carcinoma
. Among those with a first episode of
hepatic decompensation, almost half will die within the
[24,26]
next 5 years
.
Higher HCV plasma viral loads are seen in HIV co-
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[27]

[44]

infected individuals . The level of HCV viraemia has
[28]
been inversely correlated with CD4 counts . Although
HCV viraemia is not thought to play a role in the rate
of progression of liver disease, it is important in the
treatment response to pegylated interferon (PegIFN)/
ribavirin (RBV) therapy and may also play a role in the
length of therapy required for likelihood of response to
[29,30]
PegIFN-free therapy
.
The likelihood of spontaneous clearance of acute
hepatitis C infection appears to be lower in HIV-co[28]
infected individuals . This could correlate to weaker
HCV-specific T-cell responses in individuals with HIV
[31]
infection . Immunogenetic factors, particularly a
favourable interleukin-28B (IL28B) genotype, play a
role in this regard, as in mono-infected individuals.
Some high-risk HIV-infected individuals present with
one or more reinfections after spontaneous clearance
or successful treatment of hepatitis C. It has been
suggested that the likelihood of clearance of a new
episode of acute hepatitis C increases with the prior
[32]
number of spontaneous clearances .
Numerous clinical studies have shown that HIV
infection is an accelerator of hepatitis C related out
[33]
comes . Whether the sequence of acquisition of the
viruses is important in this regard has not been fully
elucidated. Some experts argue that hepatitis C may
progress more rapidly if acquired in a patient with preexisting immunosuppression, as seen in the setting
of the recurrence of hepatitis C after orthotopic liver
[34]
transplantation . There are case reports of HIV infected
individuals developing decompensated cirrhosis and
death within as soon as 2-8 years after HCV acquisition.
Other studies, however, have not found such a mali
gnant course after acute hepatitis C in HIV infected
[35]
individuals .
The rate of fibrosis progression has been found to be
faster in HCV/HIV co-infected individuals compared with
HCV mono-infected ones. Lower CD4 counts and higher
HIV viral load have been associated with a greater
likelihood of fibrosis progression. Other risk factors for
faster fibrosis progression among co-infected individuals
include advanced age, alcohol use, viral co-infection,
obesity, insulin resistance, and hepatic steatosis, the
latter being more common with genotype 3 HCV
[36-40]
infection
.
In HCV/HIV co-infected individuals, as in those
with HCV mono-infection, the likelihood of hepatic
decompensation is associated with the stage of liver
[41]
disease . However, the likelihood of decompensation
is higher for co-infected vs mono-infected individuals
with a similar stage of liver disease, even if HIV
[42]
control is achieved with antiretroviral therapy . The
prognosis following hepatic decompensation in coinfected individuals is generally poor. A median survival
of 13 mo was noted in a prospective cohort of 153
HCV/HIV co-infected individuals after the first episode
[43]
of hepatic decompensation . The definitive treatment
in decompensated cirrhosis is liver transplantation, the
outcomes of which are less favourable for co-infected
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individuals . HCV/HIV co-infected individuals have also
a greater incidence of hepatocellular carcinoma than
those with HCV mono-infection, which is observed at
a younger age, is typically more advanced and more
likely to be symptomatic at diagnosis, and has a worse
[45]
prognosis .
With the effective control of HIV infection with potent
antiretroviral therapy, non-AIDS related causes of death
[46]
have become more prominent . Among these, liverrelated death, associated with chronic hepatitis, is one of
the most common causes of death in the HIV-infected
[47,48]
population
. Although the upwards trend of liverrelated deaths among HIV infected individuals appears
to be reversing, the proportion remains considerably
[46,48]
high
. Liver-related death may be more likely in
[49]
patients with lower CD4 counts . The presence of
HCV infection among HIV infected individuals has been
[50]
associated with a negative impact on overall mortality .
All-cause hospitalization is also more likely in HCV/
HIV co-infected compared with HIV mono-infected
[51]
individuals . Certain comorbid conditions have been
observed more frequently in HCV/HIV co-infected
individuals than those with HIV mono-infection. These
include cardiovascular disease, neurocognitive disorders,
chronic kidney disease, osteoporosis and bone fractures,
[52]
as well as diabetes mellitus .
The achievement of a sustained virological response
with anti-HCV treatment in HIV co-infected individuals
has been associated with the same benefits on liver
disease as those seen in HCV mono-infection, including
decreases in fibrosis progression and greater likelihood
for regression of fibrosis, as well as decreases in the
rate of hepatic decompensation and liver-related mor
[39,53-55]
tality
. Although co-infected individuals with
advanced fibrosis who have failed prior PegIFN/RBV
therapy may fare better in terms of fibrosis progression
than untreated individuals, maintenance PegIFN/RBV
therapy in the setting of treatment failure has not
[55,56]
proven beneficial
. Hepatocellular carcinoma can
develop in individuals with cirrhosis despite effective
treatment of chronic hepatitis C.
The effect of HCV infection on the natural history of
[57]
HIV infection has not been well characterised . Most
studies suggest that chronic hepatitis C does not alter
the course of HIV infection, however, in a multi-national
HIV seroconvertor cohort, HCV appeared to increase
[58]
risk of progression to AIDS and death .

PATHOGENETIC MECHANISMS
Several pathogenetic mechanisms could explain the
faster liver disease progression rate in HCV/HIV coinfected individuals. Although HIV does not directly infect
hepatocytes, it has been shown that HIV enhances the
replication of HCV in hepatocytes in vitro. This effect
could be mediated by the interaction between HIV and
the co-receptors CCR5 and CXCR4 on hepatocytes,
via a transforming growth factor (TGF)-β1-mediated
[59]
pathway . TGF-β1 is a key mediator in the process of
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liver fibrosis, as it is one of the most pro-fibrinogenic
cytokines. HIV can also promote fibrogenesis via the
induction of production of reactive oxygen species by
hepatocytes and hepatic stellate cells, via an nuclear
factor kappa-B-dependent pathway; this effect is
enhanced in the presence of HCV. HIV can also induce
hepatocyte apoptosis through increased sensitivity
to tumor necrosis factor-related apoptosis-inducing
[60]
ligand . The systemic immune activation in HIVinfection has been associated with activation of hepatic
stellate cells, which have a central role in the develop
[61]
ment of fibrosis . Direct infection of hepatic stellate
cells by HIV has been documented, although the exact
[62]
mechanism is unclear . The activation of hepatic
stellate cells may also relate to the diminished natural
killer-cell cytotoxic responses against these cells that
is seen in HIV infection, owing to loss and impaired
+
[63]
function of CD4 cells .
HIV infection has been associated with higher
hepcidin blood levels than HCV mono-infection or HCV/
[64,65]
HIV co-infection
. Hepcidin is a peptide hormone that
regulates iron homeostasis. Whether increased hepcidin
results in increased liver iron stores in co-infected
individuals than HCV mono-infected ones, remains to be
proven. Of note, liver iron has been shown to stimulate
hepatic stellate cells and negatively affects fibrosis
[66]
progression in HCV mono-infected individuals .
The immune responses against HCV are compro
mised in HIV co-infected individuals. Lower CD4 counts
+
lead to attenuated CD8 T cell HCV-specific immune
[31,67]
responses
. The HCV infecting viral population
appears to be genetically more diverse in co-infec
[31,68]
tion
. This reflects weaker selection pressure from
the immune system. Higher quasispecies heterogeneity
might negatively affect the response to interferon-based
[69]
treatment .
HIV leads to a state of immune activation and
dysregulation. Decrease in CD4 cells in gut-associated
lymphoid tissue, which occurs early in the course of HIV
infection, leads to increase in microbial translocation
[70]
through the intestinal mucosa . This is evident by
increase in the circulating lipopolysaccharide (LPS) and
other relevant markers. Higher levels of circulating
LPS have been associated with a higher likelihood
of development of cirrhosis in HCV/HIV co-infected
[71]
individuals .

Adverse Events of Anti-HIV Drugs (D:A:D) study found
that since the introduction of cART, there has been a
proportional increase in liver-related deaths (LRD) and
that this was the most common cause of non-AIDS
[49]
related death . There was initial concern that this was
a consequence of ART-related hepatotoxicity, however,
in subsequent analyses it became clear that this excess
liver-related mortality is largely a product of viral
hepatitis, and that half of those that died in the D:A:D
[73,74]
study had active HCV
.
Individuals with HCV/HIV continue to do significantly
worse in terms of mortality when compared with their
HIV mono-infected peers. In a Spanish cohort, all cause
mortality reduced by almost 50% in HIV mono-infected
individuals, but no significant change was found in HCV/
[75]
HIV co-infection . A meta-analysis of cohort studies
showed no increased risk of mortality associated with
HCV/HIV co-infection in the pre-cART era, but since the
introduction of cART the risk ratio was 1.12 (95%CI:
0.82-1.51) for AIDS-defining events and 1.35 (95%CI:
1.11-1.63) for overall mortality among co-infected
patients, compared with that among patients with HIV
[50]
mono-infection .
Though there is a risk of hepatitis flare when first
initiating cART, there is no evidence that cumulative
exposure to cART in itself is related to increased
[76,77]
mortality
. The increased number of deaths in coinfected individuals after the introduction of cART is
likely to reflect those individuals who would not have
previously survived from HIV/AIDS related events
rather indicating a hepatotoxic effect of cART. Moreover,
any potential risk is outweighed by the benefits of
treatment.
Though the benefits of cART to HIV disease are clear,
its impact on liver disease progression in co-infected
individuals has been debated. A meta-analysis in 2008
failed to show that cART had any significant effect on
fibrosis progression or risk of cirrhosis. However, it did
show that the risk of cirrhosis in the post-cART era was
[78]
slightly lower than pre-cART . Other studies since then
have shown an association between the use of cART
[79,80]
and a slower rate of liver fibrosis
. One study of 638
co-infected individuals, 69% of whom were on cART,
showed that both current cART and HIV viral suppression
were independently associated with decreased incidence
of all-cause events and a 66% reduction in liverrelated events such as end-stage liver disease (ESLD),
[41]
hepatocellular carcinoma (HCC) and LRD . Another
study found evidence that cART reduces the risk of
hepatic decompensation in those with advanced liver
[81]
disease .
As a result of these benefits, national and inter
national guidelines have changed to recommend initiation
of cART in HCV/HIV co-infection at earlier stages of HIV
[82,83]
disease
. One mathematical model has been used in
South Africa to estimate the benefit of expanding cART
3
eligibility from those with CD4 < 350 cells/mm to those
3
with CD4 < 500 cells/mm . Factoring in the assumptions
that co-infection accelerates liver disease 2.5-fold and

THE IMPACT OF CART ON HCV/HIV COINFECTION
Since the introduction of cART, life expectancy for
individuals living with HIV has become comparable
to that associated with other long term conditions,
[3,72]
though it is still lower than the general population
.
Less people with HIV are dying from HIV/AIDS-related
causes and with the increasing length of survival,
the relative importance of comorbidities such as viral
[73]
hepatitis has increased . The Data Collection on
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that cART reduces progression by one third, this model
simulated disease progression in both HIV monoinfection and individuals co-infected with viral hepatitis.
Significant benefits were shown in hepatitis B virus (HBV)/
HIV co-infection, and HIV mono-infection in terms of
deaths averted and disability-adjusted life-years (DALY).
However, in HCV/HIV co-infection, expanding eligibility
of cART actually increased the share of LRD by 34% as
individuals survive for longer. Expanding eligibility was
estimated to avert only 3.9 DALYs compared to 4.8 for
HIV mono-infection and 5.1 for HBV/HIV co-infection.
Authors estimated cART would need to reduce liver
disease progression by 70% to show any significant
[84]
benefit .
The obvious reason for this discrepancy in the
benefit of cART between HBV/HIV and HCV/HIV coinfections is that while HBV can be easily controlled with
well tolerated anti-hepatitis B containing cART, HCV
has, until now, required long courses of poorly-tolerated
subcutaneous PegIFN with RBV. The EuroSIDA study
demonstrated that from 1998 to 2007, 22% of patients
with at least F2 fibrosis remained untreated and that
there were significant variations of treatment uptake
[85]
across Europe and across transmission groups . There
has been a rise observed in HCV treatment uptake in
co-infected individuals from 22% in 1991 one study to
[10]
88% in 2012 . However, a decline in 2013 was noted
as individuals with less advanced disease inevitably
[1]
await the availability of newer treatments .
Several studies have confirmed that PWIDs are less
[10,85]
likely to receive treatment for their HCV than MSM
.
Intravenous drug use is independently associated with
poorer outcome in terms of all-cause mortality, LRD,
[3,41,49]
ESLD and HCC
. Barriers to treatment in PWIDs
include persistent drug or alcohol addiction, difficulties
accessing care, concerns over drug side effects, poverty,
discrimination and general poor health. Co-infected
PWIDs are less likely to complete HCV treatment
compared to mono-infected PWIDs. Adherence however,
can be improved with addiction treatments, though
coverage of opioid substitution and needle/syringe progra
mmes is very variable across Europe with particularly low
[7,86]
coverage in central and south-east Europe
. Addiction
treatment can also have benefits for HIV treatment in
[87]
terms of compliance and improved virological success .
After the roll-out of shorter, oral treatments for HCV with
fewer side effects, requiring less intensive monitoring,
it is hoped that uptake of HCV treatments will improve,
but particular focus must still given to the hard-to-reach
PWID population.

with PegIFN/RBV therapy is immunologic. PegIFN acts
primarily by enhancing the innate antiviral immune
response and can also potentiate adaptive immune
[90]
responses . Ribavirin is thought to exert various, not
well characterised antiviral effects and to potentiate
[91]
the effect of PegIFN . An important predictor of the
treatment success with PegIFN/RBV against chronic
hepatitis C genotype 1 or 4 infection is a favourable
[29,92]
interleukin 28B genotype
.
The integrity of the immune system appears to be
less important when direct acting antivirals are used for
the treatment of HCV infection. The introduction in 2011
of the direct acting antivirals boceprevir and telaprevir,
which are first generation, first wave NS3/4A protease
inhibitors, has allowed for a substantial increase in the
likelihood for sustained virological response (SVR) in
genotype 1 HCV/HIV co-infected patients (Table 1).
The absolute treatment benefit achieved with these
agents is similar to that observed in HCV mono-infected
[93,94]
individuals
. In a recently published study, telaprevir
in combination with PegIFN/RBV had high effectiveness
(SVR24 80%) in PegIFN/RBV treatment-experienced
[95]
genotype 1 HCV/HIV co-infected individuals . This
population would have been considered to be a “difficultto-treat” one in the era before DAAs. The likelihood of
treatment success did not differ by the fibrosis stage,
IL28B genotype, HCV 1a or 1b genotype, CD4 cell count,
type of previous response to HCV treatment, baseline
HCV-RNA level or the rapidity of HCV-RNA response.
Despite their antiviral activity, boceprevir and
telaprevir have many limitations including the require
ment for a long course of therapy in combination with
PegIFN/RBV, a high rate of adverse effects, the need
for multiple daily dosing including the requirement
for co-administration with food, high pill burden, low
barrier to resistance, and a high potential for drug-drug
[96]
interactions . Some of these issues are particularly
important in the context of HIV co-infection and con
comitant antiretroviral therapy.
Newer DAAs have now been marketed and nume
rous others are in the later stages of clinical develop
[97]
ment . The drug targets include the NS3/4A serine
protease, the NS5A replication complex, and the NS5B
RNA polymerase; the latter enzyme can be targeted
by nucleos(t)ide or non-nucleoside inhibitors. Following
the paradigm of combination antiretroviral therapy, the
combination of two or more antiviral agents (depending
on potency, genetic barrier to resistance and activity
against the different HCV genotypes), has made
[98,99]
interferon-free therapy possible
. As of this writing,
sofosbuvir (NS5B RNA polymerase nucleotide inhibitor),
simeprevir (NS3/4A protease inhibitor), daclatasvir and
ledipasvir (NS5A inhibitors) have been approved by the
European Medicines Agency.
Table 1 presents the characteristics and findings of
the main trials of direct acting antivirals, with or without
[95,100-110]
PegIFN, in HCV/HIV co-infection
. The newer
interferon-free regimens are expected to allow for a
high likelihood (> 90%) of achieving SVR, with shorter

TREATMENT OF HCV IN CO-INFECTED
INDIVIDUALS
The response to PegIFN alpha plus RBV for the
treatment of chronic hepatitis C in individuals with HIV
co-infection is lower than in those with HCV mono[88,89]
infection
. The basis of the viral clearance of HCV
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1

1-3

C212[105]

PHOTON-1[106]

1

STARTVerso4[103,104]

1

ANRS HC26
TelapreVIH[95]

1-4

1

VX08-950-110[101]

P7977-1910[102]

1

GT

P05411[100]

Study

SOF + RBV wb (1000-1200 mg)

FDV 240 mg (EFV) or 120 mg
(ATV/r or DRV/r) or 120 vs 240 mg
(RAL or MVC or no ART) +
PegIFNα-2a + RBV wb (1000-1200 mg)
SMV + PegIFNα-2a + RBV wb
(1000-1200 mg)

SOF + PegIFNα-2a
+ RBV wb
(1000-1200 mg)

PegIFNα-2a + RBV
wb (1000-1200 mg)
+ TVR

PegIFNα-2a + RBV
800 mg or wb
(1000-1200 mg) +
TVR vs placebo

PegIFNα-2b + RBV
wb (600-1400 mg) +
BOC vs placebo

Tx regimen

GT 1: 24
GT 2-3 Tx naïve: 12
GT 2-3 Tx exp: 24

SMV: 12
PegIFN/RBV RGT: (24 vs 48)
for Tx naïve or prior relapse
or 48 for partialor null-response or cirrhosis

FDV: 24 or (12 vs 24),
PegIFN/RBV (RGT): 48 or
24 wk vs 48 wk

12

TPV: 12
PegIFN/RBV (RGT): 44 or 72

TPV: 12
PegIFN/RBV: 48

BOC: 44
PegIFN/RBV: 48

Tx duration (wk)

Tx naïve (GT1-3) or exp (GT2-3)
Cirrhosis ≤ 20%

PegIFN/RBV Tx naïve
or Tx exp
Metavir F0-4; Cirrhosis:
6%-30% by Tx arm

PegIFN/RBV Tx naïve
or prior relapse
Compensated cirrhosis: 15%

Tx naïve
No cirrhosis

Tx exp
Metavir F0-4
Both cirrhosis and prior
null-response excluded

Tx naïve
Metavir F0-4

Tx naïve
Metavir F0-4
Cirrhosis: 3%

Hepatitis C characteristics

Table 1 Trials of direct-acting antivirals for chronic hepatitis C infection in human immunodeficiency virus co-infected patients

GT1: 87/114 (76%)
[GT1a: 74/90 (82%)
GT1b: 13/24 (54%)]
GT2: 44/50 (88%)

GT1: 78/106 (74%)
GT1a: 62/88 (70%)
GT1b: 16/18 (89%)

All GTs: 21/23 (91%)
GT1: 17/19 (89%)
[GT1a: 13/15 (87%)
GT1b: 4/4]
GT2: 1/1
GT3: 2/2
GT4: 1/1
GT1: 221/308 (72%)
GT1a: 171/242 (71%)
GT1b: 50/66 (76%)

BOC
GT1: 42/64 (66%)
GT1a: 32/51 (63%)
GT1b: 7/12 (58%)
Placebo GT1: 9/34 (26%)
TPV
GT1: 28/38 (74%)
GT1a: 20/27 (74%)
GT1b: 7/11 (64%)
Placebo
GT1: 10/22 (45%)
GT1a: 4/14 (29%)
GT1b: 4/6 (67%)
GT1: 55/69 (80%)
GT1a: 36/48 (75%)
GT1b: 19/21 (90%)

GT

No Cirrhosis
GT1: 84/109 (77%)
GT2: 22/25 (88%)
GT3: 24/36 (67%)

No Cirrhosis
187/261 (72%)
Cirrhosis
33/45 (73%)
F0-2
36/45 (80%)
F3-4
14/22 (64%)

F1-2
34/42 (81%)
F3-4
21/27 (78%)

Fibrosis stage

SVR12

Tx naïve
164/239 (69%)
Relapse
57/69 (83%)
Tx naïve
42/53 (79%)
Relapse
13/15 (87%)
Partial response
7/10 (70%)
Null response
16/28 (57%)
Tx naïve
GT1: 87/114 (76%)
GT2: 23/26 (88%)
GT3: 28/42 (67%)

Relapse
20/27 (74%)
Breakthrough
5/6 (83%)
Partial response
15/15 (100%)
Null response
15/21 (71%)

Treatment status
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1

1

1

TURQUOISE-I[108]

ERADICATE[109]

C-WORTHY[110]

Grazoprevir + MK-8742 +/- RBV

SOF/LDV

Paritaprevir/r/Ombitasvir +
Dasabuvir + RBV wb (1000-1200 mg)

SOF + RBV wb (1000-1200 mg)

12

12

12 or 24

GT 1, 3, 4: 24
GT 2 Tx naïve: 12
GT 2 Tx exp: 24

Tx naïve
Knodell F0-3
Tx naïve
No cirrhosis
Metavir F0-3

Tx naïve or PegIFN/RBV exp
Cirrhosis ≤ 30%

Tx naïve (GT1-4) or exp (GT 2-3)
Compensated cirrhosis: 20% of patients

Tx for 12 wk
GT1: 29/31 (94%)
Tx for 24 wk
19/20 (95%)
Untreated HIV Infection
GT1: 10/10
With RBV
28/29 (97%)
Without RBV
26/29 (90%)

GT1: 95/112 (85%)
[GT1a: 84/100 (84%)
GT1b: 10/11 (91%)]
GT2: 22/25 (88%)
GT3: 94/106 (89%)
GT4: 26/31 (84%)

Cirrhosis
GT1: 3/5 (60%)
GT2: 1/1
GT3: 4/6 (67%)
No Cirrhosis
GT1: 84/95 (88%)
GT2: 19/22 (86%)
GT3: 73/80 (91%)
GT4: 19/23 (83%)
Cirrhosis
GT1: 11/17 (65%)
GT2: 3/3
GT3: 21/26 (81%)
GT4: 7/8 (88%)
Tx naïve
GT 1: 95/112 (85%)
GT2: 17/19 (89%)
GT3: 52/57 (91%)
GT4: 26/31 (84%)
Tx exp:
GT2: 5/6 (83%)
GT3: 41/49 (84%)

Tx exp
GT2: 22/24 (92%)
GT3: 16/17 (94%)

1943

treatment duration, a favourable side-effect profile (similar to that observed in mono-infected individuals), and convenient dosing schedules. The genotype 3 now appears
as the most challenging HCV genotype to treat, as few of the newer DAAs have potent specific antiviral activity. This is important as genotype 3 is more common amongst
[111,112]
PWIDs, who also have a substantial rate of HIV co-infection
.
The effectiveness of DAA-based therapy does not appear to differ between HCV mono-infected and HCV/HIV co-infected individuals according to data from different trials,
[93,94,100-103,105-110,113-126]
as shown in Figure 1
. For that reason, experts recommend that the same DAA-based regimens should be used in HCV/HIV co-infected individuals as those
[127,128]
used in HCV mono-infected individuals
. The same position is held by the European Association for the Study of Liver, with a note for attention to potential drug-drug inter
[129]
[130]
actions . In the United States, the pertinent guidelines consider HIV co-infected patients as one of four “unique patient populations” . The United States Food and Drug
[131]
Administration regards the HCV/HIV co-infected population as “a population with unmet medical needs” . It warrants that industry sponsors for the development of DAAs to
present specific clinical trial data on drug-drug interactions with the antiretroviral agents and the safety for HIV infection. In our opinion, drug developers must make sure that
such recommendations do not lead to unnecessary delay in the licensure and availability of the newer agents for HCV/HIV co-infected individuals.
Routine screening for hepatitis C infection in HIV-infected individuals allows for many cases of acute hepatitis C infection to be recognised. This is important given the
rising incidence of HCV acquisition among HIV-infected MSM in many countries seen over the past 10 years and the high incidence of HCV acquisition among PWIDs.
Treatment of acute HCV infection with PegIFN results in a high likelihood of treatment success in mono-infected individuals, although in HIV co-infected individuals the
[132]
addition of RBV is recommended . Trials are under way for testing new DAA-based regimens for this indication, which might allow for a shorter duration of treatment, fewer
[133]
side effects and great treatment effectiveness .
[134]
Reinfection with hepatitis C is not infrequent in certain HIV infected populations, particularly those with ongoing sexual risk-taking behaviour and illicit drug use .

/: Indicates co-formulation; +/-: With or without; GT: HCV genotype and subtype; RGT: Response guided therapy; Tx (exp): Treatment (experienced); vs: Indicates randomisation; wb: Weight based; ATV: Atazanavir; BOC:
Boceprevir; DRV: Darunavir; EFV: Efavirenz; FDV: Faldaprevir; LDV: Ledipasvir; PegIFN: Pegylated Interferon; r: Ritonavir boosted; RBV: Ribavirin; SMV: Simeprevir; SOF: Sofosbuvir; TVR: Telaprevir.

1-4

PHOTON-2[107]

GT3: 44/59 (75%)
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Co-infection

Mono-infection
66% (42/64)
66% (242/366)
74% (28/38)
75% (271/363)

[100]

BOC + PegIFN + RBV, GT1 TN, P05411
[93]
SPRINT-2

[101]

TVR + PegIFN + RBV, GT1 TN, VX08-950-110
[94]
ADVANCE

89% (17/19)
89% (261/292)

Treatment regimens, patient characteristics, studies [Refs]

[102]

SOF + PegIFN + RBV, GT1 TN, P7977-1910
[113]
NEUTRINO

72% (221/308)

[103]

FDV + PegIFN + RBV, GT1 TN (or TR), STARTVerso4
[114]
STARTVerso1 and 2

73% (760/1045)
79% (42/53)
80% (419/521)
68% (36/53)
67% (44/66)
81% (182/226)
74% (26/35)

[105]

SMV + PegIFN + RBV, GT1 TN, C212
[115,116]
QUEST-1 and -2
[105]

SMV + PegIFN + RBV, GT1 TE, C212
[117]
ASPIRE
[106,107]

SOF + RBV, GT1 TN, PHOTON-1 and -2
[118]
NIH SPARE

89% (40/45)

[106,107]

SOF + RBV, GT2 TN, PHOTON-1 and -2
[119]
[113]
VALENCE , FISSION

97% (99/102)
91% (52/57)
94% (99/105)

[107]

SOF + RBV, GT3 TN, PHOTON-2
[119]
VALENCE

86% (57/66)
79% (114/145)

[106,107]

SOF + RBV, GT3 TE, PHOTON-1 and -2
[119]
VALENCE

84% (26/31)
100% (14/14)

[107]

SOF + RBV, GT4 TN, PHOTON-2
[120]
Ruane et al

94% (29/31)
95% (932/978)

[108]

3D + RBV, GT1 TN or TE, TURQUOISE-Ⅰ
[121,122]
[123]
SAPPHIRE-Ⅰ and -Ⅱ
, TURQUOISE-Ⅱ

100% (10/10)
99% (211/214)
93% (54/58)
95% (123/129)

[109]

SOF/LDV, GT1 TN, ERADICATE
[124]
ION-1
[110]

Grazoprevir + Elbasvir +/- RBV, GT1 TN, C-WORTHY
[125,126]
C-WORTHY
0
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Figure 1 Comparison of week-12 sustained virological response rates between patients co-infected with hepatitis C virus and human immunodeficiency
virus mono-infected patients treated with the same regimens containing direct acting antivirals in clinical trials (Data from similar studies were
arithmetically pooled). 3D: Paritaprevir/Ritonavir/Ombitasvir + Dasabuvir; BOC: Boceprevir; FDV: Faldaprevir; GT: HCV genotype; LDV: Ledipasvir; PegIFN:
Pegylated Interferon; RBV: Ribavirin; SMV: Simeprevir; SOF: Sofosbuvir; TE: Treatment experienced; TN: Treatment naïve; TR: Prior relapse after treatment; TVR:
Telaprevir; /: Indicates co-formulation; +/-: With or without.
[137]

Reinfection with a new HCV strain can in some cases
complicate the assessment of the effectiveness of
treatment against hepatitis C if it occurs during or
[135]
shortly after the completion of treatment . Data from
phylogenetic analyses of paired samples from the same
individuals are reassuring that true late relapses are
generally rare in co-infected individuals, as is the case
[136]
for mono-infected individuals .

clearly a need for more data in this field . Polyphar
macy is common in HIV-infected individuals and a
careful review of all drugs is needed before the addition
of DAAs.
The sequence of treatment against each infection in
newly diagnosed HCV/HIV co-infection could have been
important with regard to treatment with PegIFN/RBV.
Although chronic hepatitis C treatment can be treated
prior to the commencement of antiretroviral therapy in
3
patients with a high (> 500 per mm ) CD4 cell count,
achieving HIV-RNA suppression first might increase the
[138]
likelihood of SVR . These considerations might not be
important in the era of new DAAs.
Interferon alpha has been shown to reduce HIV-RNA
plasma viral load by about 1 log10 after one week of
therapy and to have sustained activity against HIV over
[139,140]
a treatment period of 24-28 wk
. This effect might
be protective in terms of control of HIV in the case
that drug-drug interactions result in lower exposure to
antiretroviral drugs. With the newer DAAs, interferonfree treatment courses as short as 12 wk have been
used and even shorter courses are under investigation.
Treatment for such a short duration can mitigate the
effect of any potential drug-drug interactions of DAAs

SPECIAL ISSUES IN THE MANAGEMENT
OF CO-INFECTED INDIVIDUALS
Despite the effectiveness of DAAs in achieving SVR
in HCV/HIV co-infected individuals, there are several
issues that should be considered in the management of
this population. As discussed, the treatment regimens
must be selected carefully in view of the potential for
drug-drug interactions between several DAAs and
antiretroviral agents. This might require changes in
dosage, as is the case for daclatasvir when used with
efavirenz or boosted HIV protease inhibitors, or even
avoidance of certain combinations. Moreover, the
pharmacokinetics of different agents might change with
different degrees of hepatic insufficiency and there is
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with ARVs on the control of HIV infection.
Adverse drug reactions in patients receiving
treatment for hepatitis C might be more common in
those co-infected with HIV. This has been a problem with
boceprevir and telaprevir, but newer DAAs appear to
have a similar safety profile in mono-infected compared
to co-infected individuals.
Many of the HIV-infected individuals who are
engaged into care have built over time strong rela
tionships with their treating physicians and are well
[141-143]
educated about several health issues
. Their care
generally includes screening and immunisation against
hepatitis A and B (if at risk) and monitoring for drug
adherence and substance abuse disorders. The healthcare structures for these individuals often provide social
and psychological support for those with social/financial
problems, substance abuse issues or psychiatric
comorbidity. Thus, many HIV infected individuals could
be well-prepared for receiving treatment for concomitant
hepatitis C infection. In the case of MSM, preventing
transmission of HCV to their sexual partners might be an
additional incentive for a successful treatment outcome.
Moreover, HIV-infected individuals receiving long-term
antiretroviral therapy are familiar with the need of taking
[144]
a long-term drug regimen
. It may be easier for
them to incorporate DAAs in their daily schedule than
individuals who have never taken long-term therapy.

infections, which is particularly high for certain sub
[150]
groups . In contrast, many mono-infected individuals
have acquired HCV iatrogenically in the distant past,
and are of relatively low risk of transmitting the virus
to others. The ultimate goal would be the eradication
[151]
of HCV . Although this necessitates the allocation of
substantial healthcare resources, the containment of the
epidemic in certain high-risk subgroups through active
screening and administration of effective and highly
[150]
tolerable treatment can be a more feasible goal
.
Treatment cannot however constitute the only form of
prevention; public health efforts including reaching and
educating high-risk populations about prevention and
treatment, screening for HCV infection and providing
good linkage to care are also important in this regard.

CONCLUSION
Although HIV co-infected individuals represent a
substantial minority, they have traditionally been consi
dered to be one of the “special populations” amongst
the HCV infected ones. This was mainly attributed to
the lower likelihood of cure from PegIFN/RBV therapy.
Moreover, the uptake of this type of therapy has generally
been low due to various complicating factors. The advent
of newer DAA-based therapy offers the opportunity of a
very high rate of treatment success with short treatment
courses and a favourable side effect profile. Yet, the
HCV/HIV co-infected population remains one with
unmet medical needs, given the faster progression of
liver disease compared with mono-infected individuals.
Although successful cART ameliorates the course of
chronic hepatitis C in HIV co-infected individuals, they
retain increased liver-related risk when compared with
the HCV mono-infected individuals. Specific issues
relating to the treatment of hepatitis C in HIV co-infected
individuals, particularly drug-drug interactions, should
be addressed in a timely manner in the process of DAA
drug development so that the newer treatment options
become readily available to this population. Significant
and sustained improvements in mortality and morbidity
and control of the current HCV epidemic in HIV-infected
subgroups could then become a feasible goal.

TREATMENT PRIORITIZATION
The substantial drug costs of DAAs raise the issue of
the access to the new treatments and of treatment
prioritisation. Clearly those with advanced liver disease,
whether mono-infected or HCV/HIV co-infected are in
the greatest need for the new treatments.
In general, HCV/HIV co-infected individuals should
be considered as a population in need for treatment of
hepatitis C with the new DAAs. The uptake of PegIFN/
RBV treatment has been low in this population, due to the
presence of comorbidity or other conditions that render
many patients ineligible, low treatment effectiveness,
difficulties in staging of liver disease, or relative
inexperience of some infectious diseases/HIV-medicine
[145-147]
providers
. As mentioned above, the progression of
HCV infection is accelerated in the presence of HIV coinfection and a not insignificant minority of individuals
can progress rapidly after acute infection. The fact
that the HIV population is ageing is another factor that
makes treatment of hepatitis C important, as liver[148]
related complications increase in the elderly . HIV coinfected individuals may not have good access to liver
transplantation in case that decompensated cirrhosis or
HCC develops, while the management of these patients
[149]
post-transplant is still challenging . Thus, a decision to
defer treatment for hepatitis C must be weighed against
the above considerations.
The access to the new DAAs for the co-infected
population is also important from a public health
perspective in order to decrease the incidence of new
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Hepatitis C: Treatment of difficult to treat patients
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Abstract

Eric G Hilgenfeldt, Department of Internal Medicine, University
of Florida College of Medicine, Gainesville, FL 32610, United
States

Over the past several years, more so recently, treatment
options for hepatitis C virus (HCV) have seemed to
exponentially grow. Up until recently, the regimen of
pegylated interferon (peg-IFN) and ribavirin (RBV) stood
as the standard of care. Direct acting antivirals, which
target nonstructural proteins involved in replication
and infection of HCV were first approved in 2011 as an
addition to the peg-IFN and RBV regimen and with them
have come increased sustained virological response rates
(SVR). The previously reported 50%-70% SVR rates
using the combination of peg-IFN and RBV are no longer
the standard of care with direct acting antiviral (DAA)
based regimens now achieving SVR of 70%-90%. PegIFN free as well as “all oral” regimens are also available.
The current randomized controlled trials available show
favorable SVRs in patients who are naive to treatment,
non-cirrhotic, and not human immunodeficiency virus
(HIV)-co-infected. What about patients who do not
fit into these categories? In this review, we aim to
discuss the currently approved and soon to be approved
DAAs while focusing on their roles in patients that are
treatment experienced, cirrhotic, or co-infected with HIV.
In this discussion, review of the clinical trials leading
to recent consensus guidelines as well as discussion of
barriers to treatment will occur. A case will attempt will
be made that social services, including financial support
and drug/alcohol treatment, should be provided to all
HCV infected patients to improve chances of cure and
thus prevention of late stage sequela.
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Core tip: The current randomized controlled trials
available show favorable sustained virologic responses
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Several other agents are currently undergoing late stage
clinical trials and expected to be approved in the near
future (Table 3).
The previously reported 50%-70% SVR rates using
the combination of peg-IFN and RBV are no longer the
standard of care (Figure 1). New guidelines clearly echo
[3]
this . IFN free as well as “all oral” regimens are already
in place for genotype 2 and probably for genotypes 1
and 4 by the end of the year. RBV free regimens are also
[4]
being explored . The current randomized controlled
trials available convincingly show favorable SVR in
patients who are naïve to treatment, non-cirrhotic, and
in non-human immunodeficiency virus (HIV)-co-infected,
but what about patients who do not fit into these
categories? Furthermore, concern for side-effect profile,
unfamiliar practitioners and concern for drug-drug
interaction has led to avoidance in all but treatmentnaive and otherwise healthy patients.
In this review, we aim to discuss the currently
approved and soon to be approved DAAs while focusing
on their roles in patients that are treatment experienced,
cirrhotic, or co-infected with HIV. In this discussion,
particular attention will be paid to the continued barriers
of treatment including ongoing psychological conditions
such as addiction or depression, lack of access to care,
poor social support, lack of financial resources, and
many others. A case will attempt to be made that social
services such as financial support and drug or alcohol
treatment should be provided to all HCV infected
patients in hopes that cure of hepatitis C will become
a preventative measure for future development of
HCV associated conditions; the most well-known being
cirrhosis and hepatocellular carcinoma.

in patients who are naive to treatment, non-cirrhotic,
and not human immunodeficiency virus (HIV)-coinfected. What about patients who do not fit into
these categories? In this review, we aim to discuss the
currently approved and soon to be approved direct
acting antivirals while focusing on their roles in patients
that are treatment experienced, cirrhotic, or co-infected
with HIV.
Hilgenfeldt EG, Schlachterman A, Firpi RJ. Hepatitis C:
Treatment of difficult to treat patients. World J Hepatol 2015;
7(15): 1953-1963 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i15/1953.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i15.1953

INTRODUCTION
In the most recent national health and nutrition exami
nation survey the estimated prevalence of hepatitis C
virus (HCV) infection was approximately 3.9 million in
the United States alone, with an estimated 2.7 million
[1]
with chronic infection . Worldwide, the number living
[2]
with chronic hepatitis C approaches 150 million . These
estimates likely fall significantly short given that nearly
half of all infected patients have never been tested
for HCV. This survey also excluded prisoners and the
homeless; two well-known high-risk populations. Over
the past several years, more so recently, treatment
options for HCV have seemed to exponentially grow.
Treatment for HCV began with Food and Drug Admini
stration approval of interferon (IFN) in 1991, followed
by combined IFN and ribavirin (RBV) in 1998, and
later with pegylated IFN (peg-IFN) in 2001. Up until
recently, the regimen of peg-IFN and RBV stood as the
standard of care. Direct acting antivirals (DAAs), which
target nonstructural proteins involved in replication
and infection of HCV were first approved in 2011 as an
addition to the peg-IFN and RBV regimen (Table 1).
Sustained virologic response (SVR), which is com
monly defined as a lack of HCV detection 12-24 wk
following treatment, with RBV and peg-IFN alone was
marginal but has continued to improve. By understanding
the genome of the HCV, scientists and researchers have
been able to exploit its mechanism of transmission by
creating inhibitors against several of the nonstructural
proteins that are integral to HCV replication and function.
As it currently stands, four classes of DAA exist which
can be categorized according to the protein they inhibit.
They include the NS3/4 protease, NS5A polymerase,
and NS5B polymerases (nucleoside and non-nucleoside).
The approval of telaprevir (TVR) and boceprevir (BOC)
in 2011 marked the start of this new era. The approval
of these NS3/4 protease inhibitors occurred following
studies showing increased SVR, in comparison to IFN and
RBV alone. Two years later this was followed by approval
of sofosbuvir (SOF), a nucleoside NS5B inhibitor, and
simeprevir (SIM), an NS3/4 protease inhibitor (Table 2).

WJH|www.wjgnet.com

TREATMENT-EXPERIENCED PATIENTS
Treatment-experienced patients is perhaps the largest
percentage of the patients to be discussed in this review.
Patients who have been previously treated pose perhaps
one of the most common dilemmas that practitioners
face. This group can be divided into patients who have
relapsed, those who partially responded to therapy,
and to those who did not respond to treatment or null
responders. Other variables to be considered are those
that underwent incomplete treatment secondary to drop
out and noncompliance.

TVR and BOC

REALIZE: Previous peg-IFN + RBV treated and
peg-IFN + RBV failures: Non-responders, partial
responders or those who have suffered a relapse were
randomized into three treatment groups separated by
treatment duration. An SVR rate of 66% was achieve
in the 12-wk treatment arm utilizing TVR, peg-IFN, and
RBV. Additionally, this study was also able to show a
decreased relapse rate of 1% compared to 26% in the
[5]
control group . In a study published by the Journal
of Hepatology treatment of prior non-responders,
partial responders, and those with relapse using BOC
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Table 1 Chronologically listed, Food and Drug Administration approved treatment regimens for hepatitis C virus
HCV (identified in 1989)
Approved drugs 1991-2001
Interferon (approved in 1991)
RBV + standard interferon (1998)
Peg-IFNs (approved in 2001)
Peg-IFN
Peg-IFN + RBV
DAAs 2011-present
Telaprevir and boceprevir
Increase SVR rates and provide the option of response-guided therapy and retreatment for genotype 1 patients
Telaprevir + peg-IFN + RBV, genotype 1 only (2011)
Boceprevir + peg-IFN + RBV, genotype 1 only (2011)
Sofosbuvir
Approved for use in all genotypes. High SVR rates with better tolerability, shorter duration, use in HIV-HCV co-infection, and first interferon-free
all-oral regimen in genotype 2, 3 and certain other patients
Sofosbuvir + peg-IFN + RBV, in genotype 1 only (2013)
Sofosbuvir + RBV, without interferon, in genotype 2 and 3, in HIV-HCV co-infection, with any genotype, and in selected situations of genotype 1 (2013)
Simeprevir
High SVR rates with better tolerability and shorter duration for genotype 1
Simeprevir + peg-IFN + RBV, in genotype 1 only (2013)
Adapted from http://www.hepatitis.va.gov. DAAs: Direct acting antivirals; SVR: Sustained virological response; HIV: Human immunodeficiency virus;
HCV: Hepatitis C virus; RBV: Ribavirin; Peg-IFN: Pegylated interferon.
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Table 2 Currently available Food and Drug Administration
approved pharmaceuticals for treatment of hepatitis C virus
Approved treatments for hepatitis C
Brand name
Sovaldi
Olysio
Incivek
Victrelis
Pegasys
CoPegus
Pegintron
Intron A
Rebetol
Roferon
Infergen

Generic names

Manufacturer name

SOF
SIM
TVR
BOC
Peg-IFN
RBV
Peg-IFN alpha-2b
IFN alpha-2b
RBV
IFN alpha-2a
IFN aphacon-1

Gilead Sciences
Janssen
Vertex
Merck and Co.
Roche
Roche
Schering
Schering
Schering
Roche
Three Rivers Pharma

Figure 1 Sustained virologic response of various treatment regimens.
DAAs: Direct acting antivirals; RBV: Ribavirin; Peg-IFN: Pegylated interferon.

with peg-interferon and RBV patients with a baseline
MELD < 13 and Child-Pugh A compensated cirrhosis and
examined SVR rates using TVR or BOC in combination
with interferon and RBV. Compared with the REALIZE
and RESPOND-2 trial, similar rates of SVR at 12 wk was
achieved. In the TVR treatment arm an SVR of 75%,
40% and 20% were achieved in previously relapsed
patients, partial responders, and null-responders,
respectively. The BOC treatment group received slightly
less encouraging results with rates of 54%, 38%, 0%,
comparatively. Significant side effects occurred in almost
half of all those treated in the study. Fifty patients
(10%) experienced severe complications or death,
with nearly half of these occurring during the first 12
wk of treatment. As has been previously noted in prior
studies, severe anemia, requiring either discontinuation
or reduction in dosing, as well as transfusion occurred
in 134 and 78 of the 511 studied patients, respectively.
Multivariate analysis suggested higher risk of side
effects in patients with severe hypoalbuminemia and
thrombocytopenia. Given the poor response of prior

Adapted from http://www.fda.gov/. SOF: Sofosbuvir; SIM: Simeprevir;
TVR: Telaprevir; BOC: Boceprevir; RBV: Ribavirin; Peg-IFN: Pegylated
interferon.

in combination peg-IFN and RBV was able to achieve
rates of SVR of 63% percent of all treated followed by
38%, 67%, 93% respectively for each subgroup. The
most commonly reported adverse events related to
combination therapy utilizing BOC included anemia,
[6]
fatigue, and dysgeusia .
RESPOND-2: Previous peg-IFN + RBV failure: In
[7]
the RESPOND-2 trial conducted by Bacon et al over
400 patients were randomized to receive treatment with
BOC along with peg-IFN and RBV following previously
failed treatment to peg-IFN and RBV alone. In this trial
an SVR of 59%-66% in the BOC group, was achieved
as compared with the control group SVR of 21%.
CUPIC: Previous peg-IFN + RBV failure: In this trial
[8]
Hézode et al looked at genotype-1, previously treated

WJH|www.wjgnet.com
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Table 3 Food and Drug Administration approved and investigational drugs by mechanism of action
HCV NS3/4 protease inhibitors

Nucleos(t)ide HCV NS5B
polymerase inhibitors

Non-nucleos(t)ide HCV
NS5B polymerase inhibitors

HCV NS5A inhibitors

Sofosbuvir1
Mericitabine

BI-207127
VX-222
ABT-333
BMS-791325
Tegobuvir
GS-9669

Daclatasvir
Ledipasvir
ABT-267

Telaprevir1
Boceprevir1
Danoprevir
Simeprevir1
ABT-450 (with ritonavir)
Faldaprevir
Asunaprevir
GS-9451
1

Drugs have received Food and Drug Administration approval. Adapted from http://www.hepatitis.va.gov. HCV: Hepatitis
C virus.

null responders, treatment utilizing BOC or TVR in
combination with peg-IFN and RBV is not recommended.
Due to adverse events, the authors also recommend
considering not treating patients with platelet counts <
3
100000/mm and serum albumin < 3.5 g/dL.

Simeprevir

treated genotype 1 patients to receive both SOF and
[12]
SIM alone or in combination with RBV . Additionally,
these patients were selected to receive either a 12 or
24-wk course of treatment. Among prior null responders
with Metavir scores of F0-2 and without the Q80K
mutation an SVR12 of 100% was achieved regardless
of treatment regimen or duration. In patients with either
F3-4 Metavir scores SVR12 fell slightly to 92% (38/41)
in the 12 wk treatment arm regardless of treatment
regimen. Among all subgroups, the presence of the
Q80K mutation in genotype 1a patients conferred a
decreased chance of achieving SVR. The extent of
treatment resistance remains an area of future study
but never the less should be noted when considering
simeprevir-containing regimens.

[9]

In a phase Ⅱ clinic trial by Zeuzem et al , previously
treated, genotype-1 infected patients underwent
randomization to receive simeprevir in combination with
peg-IFN and RBV for either 12, 24, or 48 wk or pegIFN and RBV alone for 48 wk. The rate of overall SVR
was significantly higher in the simeprevir group with
61%-80% vs 23% in the peg-IFN + RBV (PR) group.
When examining prior null responders, an SVR rate of
38%-59% vs 19% was noted. Partial responders and
relapsers achieved even higher rates; 48%-86% and
77%-89%, respectively. All groups had comparable
numbers of adverse events.
In follow-up, a phase Ⅲ trial conducted by Forns
[10]
et al
randomized genotype 1, PR failure patients
into either a 12 wk course of SIM + PR (followed by
either a 12 or 36 wk course of PR) or 48 wk of PR.
SVR12 of 79.2% vs 36.1% was noted in the study
groups, respectively. Similar adverse events were noted
regardless of therapy.

SOF/ledipasvir

ION-2: Previous PR and DAA + PR failures: A trial
[13]
by Afdhal et al
published in New England Journal of
Medicine in 2014 looked at 440 patients who had failed
previous peg-IFN and RBV therapy and treated them
with SOF and ledipasvir (LED), a nucleoside 5A inhibitor,
either with or without RBV. Treatment course was either
12 or 24 wk. In the 12 wk group, triple therapy with
RBV resulted in a 96% SVR compared with a 94%
in the dual treatment group. When the duration of
treatment was extended to 24 wk both treatment arms
had 99% SVR.

SOF

FUSION: Previous PR + PR failures: Jacobson et
[11]
al looked at treatment with SOF and RBV in genotype
2 and 3 patients who previously failed peg-IFN based
therapy. Patients were randomized to receive either
12 or 16 wk of treatment. Patients receiving 16 wk of
therapy fared better than the 12 wk group and were able
to achieve rates of SVR at 12 wk post therapy of 50%
(50/100) and 73% (69/95), respectively. Breakdown of
subgroups identified that genotype 2 patients had higher
SVR rates than genotype 3. Additionally, non-cirrhotic
patients had higher rates of response as compared with
cirrhotic patients.

LONESTAR: Previous DAA + DAA failure: Lawitz
[14]
et al
gathered 40 patients previously treated with
BOC or TVR who then went on to fail therapy or have
recurrence and randomized them to receive SOF and
LED with or without RBV for a total of 12 wk. At 12
wk following therapy 95% (18/19) achieved SVR in
the dual therapy group vs 100% (21/21) in the triple
therapy group. Anemia was more common with those
treated with RBV, occurring in 6 of the 21 patients, but
did not lead to treatment failure or discontinuation.

SOF/daclatasvir

SOF/simeprevir

COSMOS: Previous PR failures: A phase Ⅱ clinical
trial randomized 167 treatment naive and previously

WJH|www.wjgnet.com

[4]

In a study by Sulkowski et al , 41 of 211 patients
with genotype 1 were noted to have previously been
treated with protease inhibitors, either BOC or TVR,
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without achieving SVR. In this subgroup, randomization
to daclatasvir, a nucleoside 5A inhibitor, and SOF with
or without RBV for a total of 24 wk showed SVR12 of
100% (21/21) and 95% (19/20), respectively. Notable
side effects included nausea, fatigue and headache and
were reported in a majority of subjects. Side effects did
not lead to discontinuation of treatment.

for both HAART-related liver toxicity and cirrhosis. This
mechanism consists of direct cell stress, mitochondrial
[25]
dysfunction and immune reaction . Though not com
pletely clear, liver related deaths in HIV co-infected
patients has been speculated to be the result of either
of two reasons; increased lifespan from appropriately
treated HIV (leading to the natural progression of HCV
related cirrhosis and liver dysfunction) or HAART therapy
[26]
induced liver toxicity . Confound this with the potential
drug-drug interactions, particularly with the newest
of DAAs, and it is no wonder trepidation to providing
[27,28]
treatment exists
.
Prior to the creation of DAA, RBV and peg-IFN had
been used with modest results. In a study published by
[17]
Torriani et al in the New England Journal of Medicine,
868 co-infected patients were randomized to receive
either peg-IFN and RBV or peg-interferon and placebo
for a total of 48 wk. Among the genotype-1 patients
who received both peg-IFN as well as RBV an SVR of
29% compared with 62% in those with genotype 2 or 3
was achieved. In particular, a subgroup utilizing a higher
dosing regimen proved to be the most efficacious, albeit
with a greater prevalence of RBV associated anemia.
[29-31]
Additional studies showing similar results exist
.

ABT-450/r/ombitasvir/dasabuvir/RBV

SAPPHIRE-Ⅱ : Previous PR failures: In a phase
[15]
Ⅲ trial conducted by Zeuzem et al , 394 genotype
1 patients with prior treatment failure underwent
randomization to receive 12 wk of treatment with the
study drug regimen or placebo. SVR12 in the active
regimen group was noted to be 96.3% (286/297).
With only 1% drop out due to side effects and only
4.7% experiencing grade 2 or 3 anemia, this regimen
shows some of the best results for HCV therapy to date.
Additionally, SVR12 of prior null responders was 95.3%
(139/146).

HIV/HCV CO-INFECTION
HIV-infected individuals with concomitant hepatitis C are
[16]
known to have an increased morbidity and mortality .
They are also known to have relatively poor responses
to peg-IFN and RBV therapy, as compared with mono[17,18]
[19]
infected patients
. In a study by Benhamou et al
which examined HCV-related liver fibrosis progression,
a CD4 count below 200/microliter, heavy alcohol con
sumption, and absence of protease inhibitor therapy
were all identified as independent risk factors for
progression to cirrhosis in HIV co-infected patients.
Several mechanisms are described throughout the
literature aiming to address this finding. On a molecular
level, it has been noticed that when compared to the
HCV mono-infected, HCV-HIV co-infected persons
have higher levels of HCV RNA. The higher viral lode of
HCV RNA is suspected to be secondary to an increased
[20]
replication of HCV RNA by HIV proteins . It is also
thought that the overall state of immunodeficiency leads
to an environment of rapid hepatocyte destruction and
[21]
fibrosis progression .
Following the development of highly active anti
retroviral therapy (HAART) there has been an everincreasing percentage of HIV infected patients who are
dying from liver disease. In HIV infected patients, death
from liver disease remains far more prevalent than
[22,23]
. The
death attributable to HIV-related complications
increased mortality from liver-related illness appears to
be uniquely associated with co-infected patients only. In
a large, multi-center, prospective trial examining HAARTrelated liver mortality in patients not infected with HCV
or HBV the rate of death was 0.04/1000 person-years.
Of the 12 recorded liver related deaths, seven were
deemed to be due to excessive alcohol use while the
other five were deemed to be related to HAART-related
[24]
toxicity . There also exists a mechanism by which
HCV and HIV co-infection is thought to increase the risk
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TVR

With the approval of DAAs, subsequent studies looking
at rates of SVR in the HIV co-infected population have
[32]
shown promising results. In a study by Sulkowski et al
published in the Annals of Internal Medicine in 2013, a
relatively small, yet randomized treatment population
underwent combination therapy utilizing TVR in addition
to peg-IFN and RBV. In this study 62 patients co-infected
with both HCV and HIV were enrolled at multiple
investigational sites. Genotype-1 infected patients,
without cirrhosis, who had not had any previous HCV
treatment and were noted to have “stable HIV disease”
where eligible. Stable disease was classified as CD4
9
counts greater than 0.500 × 10 cells/L and HIV RNA
levels < 100000 copies/mL. Antiretroviral regimens
were allowed. SVR occurred in 74% (28/30) patients
receiving TVR, peg-IFN and RBV vs 45% (10/22) of
patients receiving peg-IFN and RBV alone. Side effects
of pruritus, headache, rash and rectal pain were noted
to be higher in the treatment group. Two patients were
noted to have HCV breakthrough with TVR resistant
variants. With these findings TVR in combination with
peg-IFN and RBV improved upon previous rates SVR
without appreciable drug-drug interaction or significant
side effect.

BOC

[33]

In a phase Ⅱ trial by Sulkowski et al
99 patients
with co-infection of HIV and HCV were randomized in a
1:2 ratio to receive a 48-wk treatment course of either
placebo or BOC in combination with RBV and peg-IFN.
SVR in the triple therapy group was noted to be 63%
compared with 29% in the control group. Adverse
events were more common in the triple therapy arm
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leading to significant amount of dropout (12 of 65).
Reported adverse events included anemia, pyrexia,
dysgeusia, vomiting and neutropenia. Additionally, HIV
virological breakthrough occurred in seven patients;
three receiving triple therapy and four in the control
group. Considerable variability among patients that had
breakthrough existed. In comparison to patients with
HCV alone, co-infected patients who did not achieve
SVR were noted to have significantly more (80% vs
53%) had resistant variants. Given some of the findings
in this study, larger trials should be done to better
characterize safety and efficacy of this regimen.

magnetic resonance imaging, ultrasound and transient
elastography remain promising noninvasive methods
for diagnosing and grading cirrhosis, the ability to
distinguish moderate, less advanced, disease is lacking.
The gold standard for diagnosis and monitoring both the
extent of fibrosis and portal hypertension remains liver
biopsy and measurement of the hepatic venous portal
[37]
gradient, respectively . Of all patients with HCV, 80%
are estimated to go on to developed chronic infection,
10%-15% of which will develop cirrhosis at 20 years
[38]
after contracting the illness .

SOF

Cirrhosis, regardless of its level of compensation,
has been documented on several occasions to result
in decreased SVR in patients being treated for HCV.
[6]
A meta-analysis done by Vierling et al examined
5, phase Ⅲ, clinical trials of biopsy proven cirrhosis
patients treated with either RBV and peg-IFN alone or
in combination with BOC. Pooled estimates from these
studies revealed a 55% SVR in the triple therapy group
compared with 17% in the RBV and peg-IFN group.
In terms of adverse side effects, anemia and diarrhea
were significantly more prevalent in the triple therapy
treatment arm. This postulated to be the result of either
added side effects of BOC or the patient’s underlying
cirrhosis.

BOC

PHOTON-1: Genotype 1 patients with HIV
[34]
infection: Sulkowski et al
conducted a trial utilizing
an interferon sparing, 24-wk regimen comprised of
SOF and RBV in genotype-1, 2 and 3. In the genotype
1 group an SVR of 76% regardless of antiretroviral
regimen and with minimal drug-drug interactions was
achieved. Based on this study, extrapolations of this
data in co-infected patients with genotypes 2, 4, 5, and
6 current HCV guidelines recommend treatment with
SOF in combination with RBV for 12 wk. Genotype 1
and 3 patients are recommended to undergo treatment
with a 12 or 24-wk course of SOF, RBV and peg-IFN,
respectively. Alternatives for patients who are pegIFN intolerant exist. These regimens typically include
[3]
combination therapy with SOF, simeprevir and RBV .

Simeprevir

PROMISE: Genotype 1, previous PR, with cirrhosis:
[10]
In the trial by Forns et al
as mentioned above, a
subpopulation of patients with cirrhosis/advanced
fibrosis were studied and were able to achieve an
SVR of 74%, compared to 79% when not taking into
account presence of cirrhosis. Common adverse events
included rash, flulike illness, pruritus and therefore had
a better side effect profile than its predecessor’s BOC
and TVR. One factor that must be considered when
using simeprevir is testing for the Q80K mutation prior
to treatment initiation. Diminished responses were
noted in genotype 1A with the mutation.

SOF/LED

NIAID ERADICATE: Genotype 1 patients with HIV
[35]
infection: In the abstract presented by Osinusi et al ,
50 HCV and HIV co-infected patients were given a 12-wk
course of SOF and LED. Grouping based on HAART
naivevs on HAART showed no difference in the 100%
SVR rates achieved in both groups. No adverse events
or discontinuations were noted during the treatment
period.

CIRRHOTIC PATIENTS

SOF

Development of cirrhosis in patients with chronic
hepatitis C infection occurs by molecular mechanisms
involving inappropriate collagen deposition via the
[36]
hepatic stellate cell. As described by Fontana et al
HCV infection is thought first to lead to release of
metalloproteinases, which break down the surrounding
low-density matrix within the sub-endothelial space.
Then, recruitment and activation of stellate and Kupffer
cells go on to deposit various forms of collagen within
the extracellular matrix, forming what is termed
fibrosis. More specifically, fibrosis is characterized by the
presence of portal-central and portal-portal bands of
this deposited collagen. With this change in the typical
architecture, eventual disruption of normal processes
of blood flow and nutrient exchange occurs, leading to
the physiological manifestations of cirrhosis. Although
new imaging modalities such as computed tomography,
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FISSION: Genotype 2 and genotype 3, treatment
naïve, with and without cirrhosis: Four hundred
and ninety nine genotype 2 and 3 patients were treated
with either 12 wk of SOF and RBV or 24 wk of pegIFN and RBV. Of the 499, 70% were genotype 3 and of
these 20% were documented cirrhotic. The trial met the
non-inferiority endpoint, showing an overall SVR rate of
67%, however analysis based on HCV genotype showed
genotype 2 patients achieved 93% SVR, compared to
only 56% in genotype 3 patients. Furthermore, liver
fibrosis further decreased SVR to 34%. Cirrhosis in the
genotype-2 patients did not influence SVR rates (91%)
[14]
comparatively .
FUSION: Genotype 2 and genotype 3, previous
PR, with and without cirrhosis: In the FUSION trial,
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of recently published consensus guidelines.
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BARRIERS TO TREATMENT
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Hepatitis C is a physical, mental, and social disease
affecting not only the individual, but also the individual’s
loved ones and society as a whole. Considered a global
disease, and for that matter the only currently curable
chronic viral infection, the importance of pursuing treat
ment for hepatitis C remains paramount. Despite this,
several barriers hindering this effort have been identified.
These include: awareness of available therapy, financial
constraints, and practitioners willing to prescribe
treatment.

50
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SOF/RBV 12w

SOF/RBV 16w

Figure 2 Cirrhotic patients in the fusion trial. SOF: Sofosbuvir; RBV: Ribavirin.

Comorbid psychiatric illness

subgroup analysis among cirrhotic patients with HCV
treated with either 12 or 16 wk of SOF and RBV showed
favorable results among genotype 2 patients treated for
16 wk. In this group an SVR of 78% was achieved. Less
favorable results were noted in the 12-wk group with
slightly better results occurring in those with genotype 2
(Figure 2).

SOF/LED

It is well known the concomitant psychiatric illness
plagues patients with hepatitis C. It is currently estimated
that the largest at risk population for contracting
[42]
hepatitis C is it that of intravenous (iv) drug users . The
[43]
problem is two-fold, in a study done by Johnson et al
in the American Journal of Gastroenterology, 309 current
iv drug users undergoing substance abuse treatment
were evaluated. In this group over 50% of test subjects
were found to be positive for HCV antibodies and of
the HCV positive patients, over half were noted to have
concomitant depression. In addition to the pre-existing
depression seen in this group, the treatment for HCV
itself up until this point had also significantly contributed
to depressive symptoms. Interferon in particular, has
had a documented side effect profile consisting of
fatigue, anxiety, and depression. Despite the black box
warning associated with peg-IFN, studies show that
patients with mood disorders currently in remission
and receiving treatment should not be excluded from
[44]
receiving interferon therapy . Additionally, treatment of
interferon associated depression and cognitive disorders
can be achieved with the use of antidepressants and
[45,46]
stimulators
.
It is estimated that one in six incarcerated patients
have hepatitis C and therefor the public perception
remains that hepatitis C is acquired illness. As such,
I anticipate continued difficulty obtaining social and
financial support for concomitant iv drug use treatment,
despite the fact that studies show co-administration of
strict drug treatment program decreased risk of relapse
and increase completion of treatment and monitoring.

[39]

A recently published randomized trial by Gane et al
in Gastroenterology focusing on treatment with SOF in
combination with LED with or without RBV for treatment
of null responders with cirrhosis showed promising
results. All patients (9/9) receiving triple therapy were
able to achieve SVR. In the group of those receiving only
SOF and LED, 7 of 10 achieved SVR. Both the unknown
degree of cirrhosis and the small sample size remain
limiting factors in this study. Adverse effects related
to the RBV regimen are consistent with prior studies
of cirrhotic patients showing a greater percentage of
anemia in this group. In the RBV free regimen patients
remained with stable hemoglobin levels suggesting that
RBV and not cirrhosis itself contributes the anemia seen
with typical treatment regimens.
LONESTAR: Previous DAA + DAA failure: In the
[14]
trial by Lawitz et al , similar success rates in cirrhotic
patients being treated with SOF based regimens vs
non-cirrhotic patients was noted. Twenty two of 40
previously treated patients with compensated cirrhosis
fared well overall, given that 39/40 of the patients
achieved SVR, however this study is limited by its
relatively small size.
It remains essential that we understand that
development of cirrhosis in patients with hepatitis C
leads to a potentially devastating disease. Once decom
pensation with either development of ascites, variceal
hemorrhage, encephalopathy, coagulopathy, the
probability of survival is only 50% at five years, with
[40,41]
a median survival of only two years
. Therefore,
pursuit of a cure using direct antiviral therapy should be
pursued. Of the discussed DAAs, SOF-based regimens
appear to provide the best chance of this and are
consistent with the recommended treatment regimens

WJH|www.wjgnet.com

Cost

Despite the excitement and promise these new
therapies all hold, the cost-effectiveness of pursuing
cure for hepatitis C has been a tougher pill to swallow
than the actual treatment itself. SOF has been drawing
attention recently. At around one thousand dollars per
pill, 12 wk, a standard treatment course would run
the patient and their insurance provider approximately
$84000 with other DAA sharing similar price tags.
The endeavor of validating coverage depends on the
potential long-term savings from providing a cure. It is
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Tolerability

difficult to estimate the exact savings per patient due
to the various other factors involved, however rough
estimates are possible. Consider this, the average
annual health care costs for patients with chronic
hepatitis C infection without cirrhosis is $17277. Once
cirrhosis develops costs rise to $22752 among patients
with compensated cirrhosis, and $59995 once end-stage
[47]
liver disease develops . Patients with compensated
cirrhosis have been documented to live for at least a
[40]
decade prior to development of decompensation .
This would amount to approximately $275000 in health
care costs over this decade. Considering the median
two-year survival for decompensated cirrhosis an
additional $120000 would accrue. Lastly, if a candidate,
liver transplantation with an average price tag ranging
in upwards of $575000, per United Network for Organ
Sharing, brings the total to over $1 million in health
[48]
care costs . Looking back at the treatment price tag
of $84000 little hesitation should be had. This is not
the case however because many variables play a part.
Notably, incomplete treatment, unsuccessful treatment,
and reinfection are always possible, particularly in
patients with comorbid psychiatric illness, concomitant
drug addiction, and poor social support; all known risks
[49]
factors for contracting HCV . In the long run this issue
should continue to fade in its controversy given that
minimum manufacturing costs for producing direct
acting antivirals have been estimated at $100-$250 for
a 12 wk course of treatment once patent expires and
[50]
production of generic versions is available .
Aside from the cost savings achieved when no
longer needing to treat the manifestations of chronic
hepatitis C, cure of hepatitis C has been shown to
provide additional benefits. Beside the improvement in
psychological and social well-being which accompanies
cure of hepatitis C, treatment also has been shown to
decrease and potentially reverse cirrhosis, esophageal
varices, and the risk for development of hepatocellular
[51-53]
carcinoma
.

Treatment for HCV had long been known to be as
unpleasant as it was burdensome, leading to noncom
pliance and decreased quality of life during treatment.
IFN based regimens, in particular, are riddled with
[55]
adverse side effects . For example, both the BOC
and TVR regimens have complex dosing schedules
and heavy pill burdens that will invariably lead to both
[56]
incomplete compliance and treatment dropout . As
new treatments arise, the effect of the various regimens
should not only be examined for response rates but
should be evaluated for their tolerability. In several
[57,58]
studies, Younossi et al
did just that. Examination
of patient reported outcomes and health related quality
of life data of patients in four different phase Ⅲ clinical
trials noted that patients who received treatment
with the peg-IFN free regimen of SOF and RBV noted
the smallest decline in quality of life scores among all
treatment groups suggesting that INF free regimens
lead to better tolerability and better adherence; both
factors essential in increasing compliance. Aside from
side effects, route of administration will surely have
[59]
patients asking for IFN free regimens .

CONCLUSION
As indicated in several of the studies reviewed, SOF
appears to currently be one of the best choices in allcomers. Further studies with larger populations of
difficult to treat patients are warranted to fully assess
the continued success, safety and side effects. Based
on the studies examined, most of which included phase
Ⅱ and Ⅲ trials, the current literature favors usage of a
SOF-based regimen in patients with cirrhosis, HIV/HCV
co-infection and prior treatment failure. As shown, SOF
has proven efficacy in both cirrhotic and non-cirrhotic
patients and also appears to span all genotypes. The
limited drug-drug interactions make it a favorable option
in patients co-infected with HIV. Additionally, the route
of administration and the favorable side effect profile
will lead to overall improvement in quality of life and
compliance. Treatment and cure of hepatitis C is now
probable, even in “difficult to treat” patients. Without
financial assistance programs, practitioner awareness,
and co-administered substance abuse treatment
programs the potential gains these revolutionary drugs
offer will fail to render an impact on prevention of longterm hepatitis C complications.

Practitioner experience

In patients who are co-infected with HIV as well as
HCV, the potential for complex drug interactions
between HAART and direct antiviral agents can lead
to trepidation among primary care providers when
debating the initiation of treatment for HCV. Additionally,
a practitioner’s concerns about reinfection as well as
their bias regarding iv drug users also represent barriers
[54]
to engagement in treatment of HCV in patients .
Therefore, it is recommended, as outlined in the recent
consensus article published in The Infectious Disease
Society of America, that only practitioners who are
comfortable in routine treatment of HIV, cirrhosis,
and/or have familiarity with DAA should be involved in
treatment for HCV. Therefor infectious disease specialists
and hepatologists should be the providers responsible
for initiating treatment of HCV for co-infected individuals,
cirrhotic patients, and patients who have previously
failed treatment.
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MINIREVIEWS

Mechanisms of hepatocellular carcinoma and challenges
and opportunities for molecular targeted therapy
Chuan Chen, Ge Wang
leading causes of death caused by cancer in China.
Hepatocarcinogenesis is a very complex biological
process associated with many environmental risk factors
and factors in heredity, including abnormal activation of
cellular and molecular signaling pathways such as Wnt/
β-catenin, hedgehog, MAPK, AKT, and ERK signaling
pathways, and the balance between the activation
and inactivation of the proto-oncogenes and anti-onco
genes, and the differentiation of liver cancer stem cells.
Molecule-targeted therapy, a new approach for the
treatment of liver cancer, blocks the growth of cancer
cells by interfering with the molecules required for
carcinogenesis and tumor growth, making it both specific
and selective. However, there is no one drug completely
designed for liver cancer, and further development
in the research of liver cancer targeted drugs is now
almost stagnant. The purpose of this review is to discuss
recent advances in our understanding of the molecular
mechanisms underlying the development of HCC and
in the development of novel strategies for cancer
therapeutics.
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Core tip: The molecular mechanism of hepatocar
cinogenesis is complex and is associated with the
regulation function of a variety of signal transduction
pathways and key molecules. Presently, there are
many drugs that target the molecules that are involved
in tumor development (molecule-targeted drugs), but
the specificity of such drugs is lacking. This paper
summarizes the targeted molecular drugs which may
be useful for the clinical treatment of liver cancer, and
lays the theoretical foundation for the further study
of more specific and effective drugs that target the
molecules involved in liver cancer.

Abstract
The incidence and mortality of hepatocellular carcinoma
(HCC) have fallen dramatically in China and elsewhere
over the past several decades. Nonetheless, HCC re
mains a major public health issue as one of the most
common malignant tumors worldwide and one of the
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oncogenes .
A strong correlation between chronic HBV infection
and HCC has been identified, among HBV proteins,
HBx has been termed “viral oncoprotein” because of its
multifunctional activities on cellular signal transduction
pathways, transcriptional regulations, cell cycle progress,
DNA repair, apoptosis, and genetic stability by interacting
[4]
with different host factors . HBx is often expressed from
integrated fragments of the HBV genome in HCC tissues,
and mice expressing HBx in their liver either develop
HCC spontaneously or display increased susceptibility
to hepatocarcinogens. Moreover, HBx also interacts
with various signaling pathways that are linked to cell
proliferation and survival, such as RAS/RAF/MAPK,
MEKK1/JNK and PI3K/AKT/mTOR. Additionally, HBx can
modulate apoptosis and immune response by direct or
indirect interaction with host factors.
Anti-oncogenes (antioncogenes) are recessive
and act as susceptibility genes for cancer. They are
expressed in normal cells and regulate the proliferation
and differentiation of cells. These genes can inhibit cells
from entering the proliferation cycle, induce terminal
differentiation and cell apoptosis, are essential for the
maintenance of organism genome integrity and inhibit
tumor growth. The p53, Rb, p21 and PTEN genes are
[5]
the most common anti-oncogenes . The formation
of malignant tumors is a multi-step process involving
many kinds of oncogene activation and anti-oncogene
inactivation. Moreover, apart from the competition
between proto-oncogenes and anti-oncogenes, some
anti-oncogenes may participate in gene regulation
pathways that have normal anticancer functions but
have not been completely proven to be anti-oncogenes.
They have been proven to play an important role in the
initiation and progression of the tumor. For example,
B cell translocation gene-2 (BTG2) is a member of
the anti-proliferative gene family located on human
chromosome locus 1q32 and encodes a protein of 158
amino acids with a molecular weight of about 17 kDa.
BTG2 contains the response element of the wild-type
p53 gene at position-74 to -122. Many experiments
have shown that BTG2 activation requires the assistance
[6]
of p53 activation . BTG2 is a member of the family
of early response genes, connecting the upstream
p53 and downstream cell cycle proteins, inhibiting cell
proliferation, and is expressed at low levels in a variety
of tumors. Our previous studies have shown that the
expression of BTG2 decreased significantly in HCC, but
expression correlated positively relative to the expression
of p53 and negatively relative to the expression of
cyclin E. However, in rat models of liver cancer, BTG2
expression was significantly increased in primary cancers
of the liver, but dramatically decreased in advanced
[7]
tumors . BTG2 functions as a tumor suppressor, but
due to a lack of evidence of mutations in tumors,
BTG2 cannot be confirmed to be an anti-oncogene.
However, numerous studies have suggested BTG2 to
be a potential anti-oncogene. Of course, the function of
many proto-oncogenes and anti-oncogenes is unknown,

Chen C, Wang G. Mechanisms of hepatocellular carcinoma and
challenges and opportunities for molecular targeted therapy.
World J Hepatol 2015; 7(15): 1964-1970 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i15/1964.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i15.1964

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors worldwide and severely
harms public health. In China, mortality caused by liver
cancer accounts for about 50% of the total mortality
due to liver cancer worldwide, making China one of
the countries most affected by this disease. Surgical
treatment is still the most effective way to treat liver
cancer. However, a low curative resection ratio and
high recurrent metastasis ratio make this treatment
[1,2]
less than ideal . Molecule-targeted therapy is a new
approach in liver cancer treatment and is based upon
the study of HCC carcinogenic mechanisms and the
molecular biology of liver cancer. The key point in the
study of molecule-targeting drugs for the treatment of
liver cancer is to clarify the molecular mechanism of
hepatocarcinogenesis and identify the important target
molecules.
This paper examines the molecular mechanisms
that control hepatocarcinogenesis and discusses the
challenges and potential new approaches to studying
molecule-targeting drugs for the treatment of HCC.

THE MOLECULAR MECHANISM OF
HEPATOCARCINOGENESIS
In recent years, research on the molecular mechanisms
of tumor development has been advancing very rapidly,
and many new theories have been proposed. However,
progress in the research of hepatocarcinogenesis
mechanisms is relatively slow, and practical studies that
fully examine the interplay between these mechanisms
are few. Therefore, we still do not fully understand the
mechanisms of hepatocarcinogenesis which is closely
related to the specialized functions of the liver.

The competition between proto-oncogene and antioncogene

An important contributing factor to the development
of a tumor is the balance between the activation and
inactivation of the proto-oncogenes and anti-oncogenes.
Proto-oncogenes activate cells to enter the proliferation
cycle, prevent apoptosis and inhibit differentiation. In
healthy cells, proto-oncogenes are expressed at very low
levels are not expressed at all. However, environmental
influences such as ionizing radiation, physical damage,
and specific chemicals can cause genetic mutations to
occur in these genes, activating the proto-oncogenes
into oncogenes. In liver cancer, N-ras and hepatitis B
virus (HBV) X protein are the most common proto-
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and the balanced expression of these genes is currently
considered to be a central regulator of homeostasis.
Once this balance is upset, tumor formation may occur.

Ki-67 labeling index, and matrix metalloproteinase
[11]
(MMP)-2 and (MMP)-9 upregulation .

Abnormal activation of molecules signaling pathway

The Wnt/β-catenin signaling pathway, often called
the Wnt classic signaling pathway, is composed of the
Wnt protein, Wnt protein ligand (frizzled protein), and
related regulator proteins such as GSK-3β and β-catenin.
A study found that the Wnt/β-catenin signaling pathway
is an important signaling pathway in the process of
growth and development, and its abnormal activation
is closely related to the occurrence of cancer. When the
pathway is activated by upstream stimulation, the Wnt
protein binds to its ligand and β-catenin accumulates
in cells, where it is activated and transferred into
nucleus. In the nucleus, β-catenin dimerizes with the
downstream specific transcription factor LEF/TCF, which
regulates the transcription of key genes such as cyclin
[12,13]
D
. The abnormal activation of Wnt/β-catenin is an
important signaling pathway in the carcinogenesis of
hepatoma, and aberrant β-catenin could be detected
[14]
[15]
in 90% liver cancer . Calvisi et al
reported that
transgenic c-myc/TGF-P mice developed liver cancer,
and this was associated with a gene mutation in
β-catenin, suggesting that the activation of the β-catenin
gene may increase the growth and metastasis of
cancer. Infection with HBV and HCV can induce high
levels of β-catenin, and promote the occurrence of liver
[16,17]
cancer
.

Wnt/β -catenin signaling pathways

Research of tumor signal transduction has been a hot
topic in the field of tumor basic research and has served
as the theoretical basis of a variety of molecule-targeted
drugs. It is thought that abnormal activation of many
molecules in various signaling pathways contributes to
the progression of liver cancer, and the foundation of
molecule-targeted drugs is to selectively block these
signal transduction pathways and disrupt that regulatory
mechanism, including the following several kinds of
classic signal transduction pathways.

Ras/Raf/MAPK signaling pathway

Among the investigated signaling pathways involved in
HCC, the Ras/Raf/MAPK is the most critical pathway in
the development of HCC. Signals from membrane-bound
tyrosine kinase receptors, such as endothelial growth
factor receptor (EGFR), insulin-like growth factor receptor
(IGFR), vascular EGFR, c-Met and platelet derived
growth factor receptor (PDGFR), are transduced to the
cell nucleus through Ras/Raf/MAPK pathway in order to
regulate multiple cellular functions including cell growth
and survival, and differentiation. Dysregulation of this
pathway leads to inappropriate cellular activities including
enhanced cell growth, differentiation, and survival, and
[8]
ultimately to cancer . Up-regulated activation of the
Ras/Raf/MAPK signaling pathway has been well studied
in HCC and correlates with advanced stage. Mechanisms
for the increased activity of the Ras/Raf/MAPK signaling
pathway in HCC include aberrant upstream signals
(EGFR signaling, IGF signaling), inactivation of Raf kinase
inhibitor protein (a suppressor of the Ras/Raf/MAPK
pathway) and induction by hepatitis viral proteins (such
as the hepatitis B x protein and the hepatitis C core
[9]
protein) . Potent drugs blocking Ras/Raf/MAPK signaling
are still at exploratory phase, except for sorafenib that
has activity inhibiting B-Raf.

Hedgehog signaling pathways

Currently, the hedgehog (Hh) signaling pathway is a
key regulation pathway in the formation of liver cancer.
In mammals, the Hh signaling pathway is mainly
composed of the Hedgehog ligand, two transmembrane
protein receptors (Ptch and Smo), and the nuclear
transcription factor Glib and downstream genes. When
the Hh signaling pathway is activated, the Hh ligands
bind to the Ptch receptors, and block the inhibitory
effect on Ptch on Smo. Smo enters into the cytoplasm
to activate downstream transcription factor Gli, inducing
the expression of specific genes, thereby regulating cell
growth, proliferation and differentiation. The Hh signaling
pathway in liver cancer is abnormally activated, but in
mature normal liver tissue, the Hh signaling pathway is
[18-20]
[21]
not initiated
. Studies by Sicklick et al
suggested
a dysfunction of Hh signaling in human liver, and found
a high expression of Hh signaling as demonstrated by
elevated expression of Shh, Ptch, Smo and Gli1, all of
which regulate c-myc gene expression mediated by
[22]
Smo. Kim et al found that in liver cancer tissues, the
inhibition of the Gli2 gene can decrease the expression
of c-myc and Bcl-2 and increase the expression of p27,
which regulates the cell cycle, inhibits proliferation and
abrogates the growth of liver cancer cells.

PI3K/AKT/mTOR signaling pathway

The PI3K/AKT/mTOR signaling pathway, which plays a
significant function in cell growth, survival regulation,
metabolism, and antiapoptosis also plays an important
role in HCC and is activated in 30%-50% of HCC. In
normal tissue, this pathway is negatively regulated by
the tumor suppressor phosphatase on chromosome
10 [phosphatase and tensin homolog (PTEN)], which
targets the lipid products of PI3K for dephosphorylation.
Anomalies in PTEN function may lead to overactivation of
the PI3K/AKT/mTOR pathway in HCC. PTEN expression
is reduced in nearly half of all HCC tumors, resulting
in constitutive activation of the PI3K/AKT/mTOR path
[10]
way . A tissue microarray analysis of HCC samples
revealed that the loss of PTEN and overexpression of
pAkt and p-mTOR were correlated with tumor grade,
intrahepatic metastasis, vascular invasion, TNM stage,
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[26,27]

IGF/IGFR signaling pathway
, HGF/c-Met signaling
[28,29]
[30]
pathway
and EGFR signaling pathway . They
are the important regulatory pathways of liver cancer
and are important for initiation and development of
metastasis. Many gene regulatory points in these path
ways have been used as targets for targeted therapy
of cancer in clinical trials, and these molecular targeted
drugs designed for these pathways are expected to
become the new direction for the treatment of liver
cancer.

therapy. With the continuous progress of tumor basic
research, more and more new tumor targeted drugs
are used in the clinic, effectively improving the survival
time of patients with tumors. In our opinion, the recent
decade has seen the fastest growth in tumor targeted
drugs, creating a new approach for tumor treatment.

Molecule-targeting drugs for liver cancer

Sorafenib was approved by the Food and Drug Admini
stration (FDA) as a molecule-targeting drug for the
treatment of primary liver cancer, mainly for advanced
[36,37]
hepatocellular carcinoma
. It was originally designed
for the treatment of kidney cancer and non-small cell
lung cancer, and was the first multiple targeted drugs
against Raf kinase. Its main mechanism of action is to
block signal transduction mediated by the Raf/MEK/ERK
pathway, and inhibit various tyrosine kinases, including
vascular endothelial growth factor-2 (VEGF-2), VEGF-3,
PDGFR-β and c-Kit protein. All of these tyrosine kinases
are associated with tumor growth, and inhibition of
tumor growth can be demonstrated when these drugs
[38,39]
are applied
. Currently, phase Ⅱ clinical trials have
shown that sorafenib and doxorubicin is a safe and
effective treatment for the degradation of microspheres
for embolization, and it is worth noting that the
efficacy and safety of sorafenib in patients with hepatic
insufficiency is not yet clear. Studies have found that the
iron chelator (deferoxamine) can inhibit the cell cycle
and induce apoptosis to protect the liver and inhibit
cancer formation. In recent reports, deferoxamine has
shown satisfactory efficacy and safety in 10 patients
with advanced liver cancer, which has suggested that
deferoxamine is appropriate for patients with poor
liver function and advanced liver cancer, and might
[40]
be considered a useful supplement for sorafenib .
[41]
However, in 2013, Rimassa et al
reported a phase
Ⅱ clinical trial that concluded that for those patients
with advanced liver cancer after radiation treatment
failure, when the sorafenib dose increased from 400
mg, 2 times/d, to 600 mg, 2 times/d, survival time and
their quality of life failed to improve. This observation
suggests that an increased dose of sorafenib does
not necessarily translate into a clinical benefit for
patients with advanced liver cancer. Brivanib is another
promising targeted drug for the treatment of liver
cancer. It is a small molecule tyrosine kinase inhibitor of
VEGF and the fibroblast growth factor receptor family,
whose main mechanism of action is to inhibit vascular
endothelial growth factor and fibroblast growth factor
[42,43]
receptors
. In 2011, phase Ⅱ clinical trials with
brivanib as a first-line treatment for advanced liver
cancer suggested that the drug is safe. In the study, a
brivanib dose of 800 mg, 1/d was used and liver cancer
patients on the drug showed a progression-free survival
ratio of 18.2%. In this same patient population, the
median disease-free survival was 2.7 mo, there was a
complete remission in one case, a partial response (PR)
in three cases, stable disease (SD) in 22 cases, and the
[44]
median survival period was 10 mo . Recently, Finn

Liver stem cells and liver cancer stem cells

The tumor stem cell theory postulates that there are
cancer stem cells in the human body that give rise to
cancerous tissues. There are two main liver cancer stem
[31,32]
cell theories
. One theory states that liver cancer
stem cells are derived from mature hepatocytes. The
other theory argues that liver cancer cells are derived
from intrahepatic undifferentiated stem cells or abnormal
differentiated cells of oval cells. Of course, the latter
theory is supported by the greatest number of studies.
Liver cancer can be initiated by stem cells and their
daughter cells. This may occur in depolarized mature
[33]
hepatocytes and bile duct epithelial cells. Baumann et al
found that the occurrence and pathological polymorphism
of primary liver cancer was due to the blocking of liver
stem cell differentiation. It is characterized by poorly
differentiated liver cancer cells when they are blocked in
their early stage of development, in between a HCC and
a cholangio cell. However, when these cells are locked
in later stages of differentiation, they are characterized
as HCC and cholangio cells. More recently, the Henry
Lilian Stratton basic research single theme meeting at
the American association for the study of liver diseases
reported on the research progress of stem cells in liver
diseases and cancer. They focused on the identification
of hepatic stem cells and liver cancer stem cells, research
progress in our understanding of their functions and
clinical transformation of these cells in patients. Liver
stem cells begin as liver progenitor cells (LPCs), and then
de-differentiate into pluripotent stem cells, and then
transdifferentiate to become disease-specific liver stem
cells. However, the occurrence of tumor-initiating stemlike cells and the abnormalities of some signaling proteins,
such as transforming growth factor β, β-catenin and LPCs
markers, become potential signs of chronic liver damage
[34]
and liver cancer . Among them, the original stem
cell-like cells of the tumor play an important role in cell
transcription and reverse transcription in the formation
of liver cancer, and the detection and treatment for this
kind of cell is considered to be the new focus liver cancer
[35]
research and treatment .

TARGETED THERAPIES IN LIVER CANCER
The theory has been put forward that a potentially
revolutionary change in tumor medical treatment will
occur with the development of molecule-targeted
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Table 1 Molecular targets and potential therapeutic agents for hepatocellular carcinoma
Molecular targets
VEGF/VEGFR

EGFR/ErbB1/Her1
EGFR/ErbB1/Her1
EGFR/ErbB1/Her1
EGFR/ErbB1/Her1 and ErbB2/Her2/Neu
IGF/IGFR

Ras/Raf/MEK/ERK
PI3K/Akt/mTOR

Wnt-β-catenin

MET
HSP-90

Therapeutic agents

Phase study

Mechanism of action

Bebacizumab
Vatalanib (PTK787)
Cediranib (AZD2171)
Brivanib
Sunitinib
Linifanib (ABT869)
Ramucirumab
Cetuximab
Erlotinib
Gefitinib
Lapatinib
OSI-906
IMC-A12
AVE1642
BIIB922
Sorafenib
AZD8055
Everolimus
Sirolimus
Temsirolimus
PFK118-310
PFK115-584
CGP049090
Tivanitib
STA-9090

Ⅱ
Ⅰ-Ⅱ

Anti-angiogenic

Ⅱ-Ⅲ

EGFR inhibitor
Ⅲ
Ⅰ-Ⅱ

Ⅲ

Multi-kinase inhibitor
mTOR inhibitor

Ⅲ
Ⅰ-Ⅱ

Ⅱ
Ⅰ-Ⅱ

HGF/c-MET inhibitor
HSP-90 inhibitor

VEGFR: Vascular endothelial growth factor receptor; EGFR: Endothelial growth factor receptor; IGF: Insulin-like growth
factor; mTOR: Mammalian target of rapamycin; MET: MNNG HOS transforming gene; HGF: Hepatocyte growth factor;
HSP: Heat shock protein; STA-9090: Ganetespib, Hsp90 inhibitor.
[45]

targets; (2) The most targeted therapeutic drugs are
less effective, and the curative effect is not ideal; (3)
The selectivity of targeted drugs for the treatment
of liver cancer targets is not high, there are adverse
reactions, there is a high resistance such as the “offtarget effect”, and the research cost is high, so it is
difficult to put into widespread use; and (4) Different
responses to targeted drugs may occur in liver cancer
patients, based upon extrinsic or intrinsic factors such
as ethnic and gender differences. We are still unable to
accurately detect and monitor liver cancer cell change
sat the molecular level, so the potential for disease
monitoring is not sufficient.

et al reported on clinical trials of brivanib as secondline therapy in advanced liver cancer in patients that
were receiving the same dose of brivanib (800 mg,
1/d). In the 46 patients studied, there was PR in two
cases (4.3%), SD in 19 cases (41.3%), and progressive
diseases in 19 cases (41.3%). The tumor response rate
was 4.3%, the disease control rate was 45.7%, and
the median survival time as 9.79 mo. Ultimately, they
came to the conclusion that brivanib and sorafenib are
safe and effective treatments in patients with advanced
liver cancer. Table 1 lists the results of the most recent
clinical trials, and the various therapies currently used to
treat HCC.

Bottleneck of molecular targeted therapy of liver cancer

OPPORTUNITIES AND CHALLENGES

Molecule-targeted therapy is the most active area of
in the tumor treatment research, and we have made
great progress in improving the survival time of cancer
patients using these types of therapies. However, there
is not one drug completely designed for liver cancer, and
further development in the research of liver targeted
drugs is now almost stagnant. The main reasons for
this are as follows: (1) The mechanism of liver cancer
is complex, so it is difficult for the development of
specific targeting drugs. Liver cancer is the result of
the combined action of multiple factors, all of which
we know very little about, and the liver cell has its own
characteristics and proliferates rapidly. Once the cancer
occurs, the hyperplasia or resistance mechanism of the
liver cancer cell varies, so it is not easy to find specific
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The treatment of liver cancer fundamentally depends
upon the systemic understanding of the pathogenesis
of liver cancer. Surgery, interventional embolization,
chemotherapy and radiation are still the main treatments
for liver cancer. A better recognition and re-development
of existing treatments may likely bring about new hope
for the treatment of liver cancer. With the development
of new biological technologies and an increase in our
knowledge of the molecular mechanisms of liver cancer,
the treatment of liver cancer is facing new opportunities
and challenges. Molecule-targeted therapy will gradually
become a new favorite for the treatment of liver cancer,
and also represent the future developmental direction
of the treatment of liver cancer. Furthermore, basic
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research breakthroughs will create more effective
methods of liver cancer targeted therapy, and in
conjunction with normalized and individualized clinical
treatments, they will eventually result in new successes
in the treatment of liver cancer.
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EDITORIAL

Long non-coding RNAs era in liver cancer
Francesca Guerrieri
to small non-coding RNA (microRNAs), but they have
been recently recognized to exert a crucial role in
the regulation of gene expression and modulation
of signalling pathways. Notably, several studies
indicated that lncRNAs contribute to the pathogenesis
and progression of HCC. Investigating the molecular
mechanisms underlying lncRNAs expression opens
potential applications in diagnosis and treatment of liver
disease. This editorial provides three examples (MALAT-1
metastasis associated lung adenocarcinoma transcript,
HULC highly upregulated in liver cancer and HOTAIR
HOX transcript antisense intergenic RNA) of well-known
lncRNAs upregulated in HCC, whose mechanisms of
action are known, and for which therapeutic applications
are delineated. Targeting of lncRNAs using several
approaches (siRNA-mediated silencing or changing their
secondary structure) offers new possibility to treat HCC.
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Core tip: The long non-coding RNAs discovery opens a
meaningful collision with epigenetics and reveals new
roles of RNA in most of cellular processes. This focus
explores the functional potentiality of RNAs in the liver
in light of most recent knowledge.
Guerrieri F. Long non-coding RNAs era in liver cancer. World J
Hepatol 2015; 7(16): 1971-1973 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i16/1971.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i16.1971

Abstract
Hepatocellular carcinoma (HCC) is one of the most
common malignancies leading to high mortality
rates in the general population and the sixth most
common cancer worldwide. HCC is characterized by
deregulation of multiple genes and signalling pathways.
These genetic effects can involve both protein coding
genes as well as non-coding RNA genes. Long noncoding RNAs (lncRNAs) are transcripts longer than
200 nt, constituting a subpopulation of ncRNAs. Their
biological effects are not well understood compared
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TEXT
Recent advances in massive parallel sequencing,
especially RNA sequencing (RNAseq), reveal that at
least 90% of the human genome is transcribed into
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non-coding RNAs (ncRNAs), while surprisingly less
than 2% encodes protein-coding genes. Besides the
different types of ncRNAs smaller than 200 nucleotides,
such as microRNAs (miRNAs) or PIWI-interacting RNAs,
a large proportion of human transcriptome results in
RNAs that are longer than 200 nucleotides. Speaking
in terms of numbers, this means that about 9000
small ncRNAs and about 32000 long ncRNAs (lncRNAs)
[1]
have been identified vs 21000 protein coding genes .
The importance of the lncRNAs has been proven in
recent years, as multiple research groups functionally
characterized the relevant lncRNAs role in development,
[2]
epigenetics, cell differentiation and cancer . Basically,
lncRNAs can be defined as often polyadenylated RNA,
[2]
lacking clear open reading frames (ORFs) . The
sequence length of this family gives them the ability to
have complex secondary structures and to turn inward
[3]
revealing a tertiary structure . De novo discovery and
expression analysis of lncRNAs by RNAseq allowed
them to be classified along the cell lines, highlighting
that lncRNAs expression is strikingly tissue-specific
[4]
compared with coding genes. Batista et al also
underline the “address code”, both spatial and temporal,
of the lncRNAs as key components in cell fate during
the development. The repertoire of the functions of
lncRNAs seems to be getting more and more increasing
and spans between transcription and regulation of
messenger RNA (mRNA) processing or translation. They
can act in cis or in trans and the cells can use them to
modulate gene expression as well as to bind miRNAs,
thereby behaving like a sponge in order to protect the
[1]
mRNAs target from degradation (ceRNAs) .
This editorial focuses on three well-known lncRNAs in
the liver and on their potential application as therapeutic
targets: metastasis associated lung adenocarcinoma
transcript 1 (MALAT-1), highly upregulated in liver
cancer (HULC) and HOX transcript antisense intergenic
RNA (HOTAIR).
LncRNA MALAT-1 is frequently upregulated in both
liver cancer cell lines and hepatocellular carcinoma
(HCC) tissue samples; moreover analysis of clinical data
demonstrated that its level is an independent prognostic
[5]
factor for HCC recurrence after liver transplantation ,
potentially acting as a novel biomarker. MALAT-1 is
[6]
involved in mRNA splicing and may play an essential
[7]
role in cell cycle regulation . Recent and encouraging
studies indicate that antisense oligonucleotides specific
to match MALAT-1 disrupt its function, attenuating the
[8]
corresponding phenotype in cancer cell . A treatment
targeting MALAT-1 may be a significant approach in
patients following liver transplantation.
One example of ceRNAs class, which has been well
characterized in the liver, is HULC. The lncRNA HULC is
upregulated in HCC and was found to contain mir-372
binding sites. HULC overexpression can reduce mir-372
level, leading to an induction of PRKACB, which in turn
[9]
induces CREB phosphorylation . Phosphorylated CREB
protein binds to a cAMP response element region, and
is then bound to by CBP, which coactivates it, leading to
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the acetylation of the histone tail and maintaining the
open configuration of the chromatin. This regulatory
circuitry provides an example of gene reprogramming
during tumorigenesis. Interestingly, a recent paper
showed that hepatitis B virus X protein (HBx) positively
correlated with HULC in clinical HCC tissues. Moreover,
HBx also activated the HULC promoter in HepG2
[10]
[11]
cell lines . Liu et al
demonstrated that a single
nucleotide polymorphism at HULC was associated with
decreased sponge activity and decreased HCC risk. It
suggests that therapeutic agents that compete with
[11]
miRNA binding may be useful to treat HCC patients .
The third well-known lncRNA is HOTAIR, which
is always overexpressed in HCC and liver cancer cell
lines. HOTAIR increases PCR2 recruitment to the
genomic loci and in this way, it mediates the epigenetic
repression of PCR2 target genes, modifying the profile
of positive (H3K4me3) or negative (H3K27me3)
[12]
chromatin marks . Notably, this kind of lncRNA fits
into the universe of the chromatin world by changing its
structure. An increasing number of chromatin-associated
proteins have been implicated in RNA binding, support
ing the idea that epigenetic effects are RNA-dependent.
Altering the secondary structure of HOTAIR may
prevent to embed PCR2 and the consequent aberrant
[13]
epigenome .
All together, these evidences suggest that lncRNAs
are strongly associated with liver cancer and they have
real potential roles as biomarkers for disease diagnosis,
prognosis, or therapeutic response as well as direct
targets for therapeutic intervention.
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EDITORIAL

Role of systemic inflammation in cirrhosis: From
pathogenesis to prognosis
Melisa Dirchwolf, Andrés Eduardo Ruf

Abstract

Melisa Dirchwolf, Hepatopatías Infecciosas, Hospital Francisco
J Muñiz, Buenos Aires 1282, Argentina

The natural history of cirrhosis can be divided into an
initial stage, known as compensated cirrhosis, and an
advanced stage which encompasses both decompensated
cirrhosis and acute-on-chronic liver failure (ACLF). The
latter syndrome has been recently described as an acute
deterioration of liver function in patients with cirrhosis,
which is usually triggered by a precipitating event and
results in the failure of one or more organs and high
short-term mortality rates. Each stage is characterized by
distinctive clinical manifestations and prognoses. One of
the key elements involved in cirrhosis physiopathology
is systemic inflammation, recently described as one of
the components in the cirrhosis-associated immune
dysfunction syndrome. This syndrome refers to the
combination of immune deficiency and exacerbated
inflammation that coexist during the course of cirrhosis
and relates to the appearance of clinical complications.
Since systemic inflammation is often difficult to assess
in cirrhosis patients, new objective, reproducible and
readily-available markers are needed in order to optimize
prognosis and lengthen survival. Thus, surrogate serum
markers and clinical parameters of systemic inflammation
have been sought to improve disease follow-up and
management, especially in decompensated cirrhosis and
ACLF. Leukocyte counts (evaluated as total leukocytes,
total eosinophils or neutrophil:lymphocyte ratio) and
plasma levels of procalcitonin or C-reactive protein
have been proposed as prognostic markers, each with
advantages and shortcomings. Research and prospective
randomized studies that validate these and other markers
are clearly warranted.
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Core tip: Due to the overwhelming evidence that
sustains systemic inflammation influences the natural
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which is associated with a lower hepatic venous
[2,11]
pressure gradient (HPVG)
. The advanced stage of
cirrhosis can be divided according to speed and severity.
The “slow lane”, termed decompensated cirrhosis, is
represented by the multi-step occurrence of cirrhosis[12]
related complications . Progression to decompensated
cirrhosis occurs in 5%-7% of compensated cirrhosis
[2]
patients per year . Sub-classifications of this stage
[2]
have been suggested by D’Amico et al , separating
patients with ascites with or without esophageal varices
that have never bled (associated mortality rate of 20%
per year) from those who suffered gastrointestinal
bleeding with or without ascites (associated mortality
rate of 57% per year). The identified prognostic factors
are not only associated with portal hypertension but
also with liver function deterioration; thus, these factors
include the Child Pugh score, the Model for End-Stage
Liver Disease (MELD) score, patient age, and the HPVG.
Despite the fact that hemodynamic and clinical variables
[7]
are key determinants in cirrhosis-associated mortality ,
other events have been linked to poor prognoses. This
is the case with bacterial infections, which increase
the mortality rate four-fold independently of cirrhosis
[13-15]
severity
.
The “shortcut” in the advanced stage is represented
by ACLF. This syndrome is defined as an acute deterio
ration of liver function in patients with cirrhosis, which
is usually triggered by a precipitating event and results
in the failure of one or more organs and high shortterm mortality rates (up to 78% in a three-month
[3,4,16,17]
period)
. ACLF does not always appear as a late
or terminal event in cirrhosis, since it can occur in the
absence of a prior history of decompensated cirrhosis or
a few weeks after the first episode of decompensation.
Furthermore, ACLF is not a temporally-fixed syndrome;
patients may progress or improve in a dynamic fashion.
The ACLF mortality risk increases remarkably with the
number of organs that fail; hence, several independent
prognostic scores are used to better assess mortality in
[4,16,18-21]
these patients
.

history of cirrhosis, a review of its current prognostic
markers is necessary to highlight their strengths and
weaknesses and stimulate further clinical research on
this subject.
Dirchwolf M, Ruf AE. Role of systemic inflammation in
cirrhosis: From pathogenesis to prognosis. World J Hepatol
2015; 7(16): 1974-1981 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i16/1974.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i16.1974

INTRODUCTION
Liver cirrhosis is the final phase of all progressive and
chronic liver diseases. The natural history of cirrhosis
occurs in stages: an initial stage termed compensated
cirrhosis and an advanced stage that includes both
decompensated cirrhosis and acute-on-chronic liver failure
(ACLF), each aspect with distinct clinical manifestations
[1-4]
and prognoses . The physiopathology of cirrhosis is
determined by multiple factors of varying importance,
including oxidative stress, systemic inflammation,
[5]
and organ dysfunction . Systemic inflammation has
traditionally been evaluated by the presence of the
systemic inflammatory response syndrome (SIRS), a
state in which clinical and biochemical parameters such
as heart and respiratory rate, white cell count, and body
temperature are altered. SIRS is associated with organ
dysfunction in cirrhosis patients and with the outcome
[3,6]
of ACLF . Cirrhosis patients often exhibit systemic
inflammation together with immune deficiency as part
of the cirrhosis-associated immune dysfunction (CAID)
[6]
syndrome . Because systemic inflammation contributes
to the evolution of cirrhosis, several serum markers and
clinical parameters of inflammation have been evaluated
as prognostic markers for the late stages of cirrhosis. In
this article we outline the stages and physiopathology of
cirrhosis, focusing on systemic inflammation, currentlydescribed clinical and biochemical inflammation markers,
and their potential utility as prognostic tools.

INFLAMMATION IS A KEY FACTOR
IN THE PATHOGENESIS OF
DECOMPENSATED CIRRHOSIS AND
ACLF

NATURAL HISTORY OF CIRRHOSIS: THE
SLOW LANE AND THE SHORTCUT
If the natural history of cirrhosis is considered from
a clinical point of view, the disease can be divided
[7]
into sequential stages of varying speeds (Figure 1).
The traditional clinical classification defines an initial
stage, termed compensated cirrhosis, characterized
by the absence of complications such as variceal
bleeding, ascites, and hepatic encephalopathy. Portal
hypertension may already be present (evident by
the presence of varices), though below the clinically[2,8-10]
relevant threshold
. The initial stage has a low risk
for decompensation (7%-10%) and death (1%-3.4%)
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Systemic inflammation and immune system dys
regulation are now proposed to integrate the main
physiopathological pathway involved in the natural
[5,6,22,23]
history of cirrhosis
. The recently-described
CAID syndrome refers to the combination of immune
deficiency and systemic inflammation that occurs as
a consequence of persistent immune cell activation
through infectious and non-infectious stimuli. These
two components coexist in a dynamic manner from the
initial to the final stages of cirrhosis, though in different
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Compensated cirrhosis
Asymptomatic course
Longer survival

Variceal bleeding
Hepatic
encephalopathy
Ascites

Decompensated cirrhosis
Symptomatic course

5%7%
per
year

Chronic
liver disease
survival

Death

Shortcut this
way

Death

ACLF
Acute onset
Multi-organ failure
High mortality

Figure 1 Natural history of cirrhosis. The classical compensated and decompensated phases of cirrhosis are divided by the presence of specific complications and
marked by stable progression. A possible shortcut may occur after a decompensating event in any phase of cirrhosis, hastening the development of organ failure and
a worse prognosis; this syndrome is termed acute-on-chronic liver failure (ACLF).
[3,6,23]

magnitudes along the way

[38,39]

.

and cytotoxic subsets
. These alterations become
more significant as liver cirrhosis progresses. Eventually,
the long-lasting activation of immune cells causes their
exhaustion and reprogramming into a transient state of
unresponsiveness to further bacterial product challenge;
[6,22,23,40]
this phenomenon is termed “endotoxin tolerance”
.

IMMUNE SYSTEM DAMAGE
The immune system alterations in cirrhosis are
thought to be multifactorial and occur in a multi-step
manner. The local injury takes place in the liver, where
architectural disorganization caused by sinusoidal fibrosis
[6,24]
impairs bacterial clearance
. Concomitantly, there
is a diminished synthesis of innate immune system
proteins and pattern recognition receptors (i.e., Toll-like
receptors) that, together, reduce the bactericidal capacity
of the cells of the innate immune system (e.g., stellate
[25,26]
cells, neutrophils, natural killers, macrophages)
.
As cirrhosis progresses, another key organ is affected:
the gut. The gut-associated lymphoid tissue (GALT)
is the first immunological barrier of defense against
antigens and pathogens entering the organism from the
[27]
intestine . In advanced cirrhosis, the GALT is under the
constant pressure of pathological bacterial translocation
(BT) and bacterial products translocation that results
from a leaky gut, an elevated enteric bacterial load, and
changes in intestinal microbiota populations towards
[22,28-34]
pathogenic species (dysbiosis)
. Finally, at a
systemic level, immune cell function is compromised
not only due to cytopenia, secondary to enlarged spleen
sequestration when significant portal hypertension
is present, but also affecting each cellular line indivi
[6,13]
dually
. In advanced cirrhosis, neutrophils have
been shown to have deranged phagocytic activity of
[35,36]
opsonized bacteria
, as well as monocytes, that also
exhibit impaired phagocytosis and diminished major
histocompatibility complex class Ⅱ protein expression
[37]
when located in ascitic fluid . B lymphocytes show
particular dysfunctions in their memory cell subset, and
T lymphocytes display specific depletions of their helper
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SYSTEMIC INFLAMMATION: THE GUILTY
PARTY
Damage to the immune system is only one half of the
problem. Systemic inflammation is mediated through
the activation of all innate and adaptive immune cells,
resulting in an increased production of pro-inflammatory
cytokines and upregulated expression of cell activation
[13,15,41,42]
markers
. In compensated cirrhosis, ligands
released from necrotic hepatocytes, known as damageassociated molecular patterns (DAMPs), may activate
the immune system and cause sterile systemic inflam
mation. In decompensated cirrhosis, other ligands
also appear. Systemic inflammation is thought to be
primarily triggered by BT or bacterial products (e.g.,
lipopolysaccharide, methylated DNA) translocated from
the intestinal lumen into the circulation. In this case,
the culprits are termed pathogen-associated molecular
[5,6,13,43]
patterns (PAMPs)
. At the decompensated stage,
due to portal hypertension and the leaky gut, persistent
BT further activates the immune system. In response
to the continuous influx of PAMPs, the levels of proinflammatory cytokines and leukocyte activation
[44-47]
antigens significantly increase
. Numerous cytokines
and activation antigens are involved in this initial “proinflammatory” phenotype, such as tumor necrosis
factor-α, interleukine-1 beta (IL-1β), IL-6, interferon-γ,
IL-17, IL-18, ICAM-1, and VCAM-1. Concomitantly,
the levels of anti-inflammatory cytokines (e.g., IL-10,
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Table 1 Proposed inflammation-related prognostic markers in advanced cirrhosis
Marker

Ref.

SIRS

[52,53-55]

Total leukocyte
count
Absolute
eosinophil count
Neutrophil:
lymphocyte ratio
PCT
CRP

Prognostic implications

Study population

Limitations

Portal hypertension-related
complications and death

Decompensated cirrhosis patients admitted Baseline elevated heart rate, respiratory
for acute decompensating events
frequency, and decreased PMN count in
cirrhosis
[16,48,56,57] Development of ACLF, ACLF
ACLF
Hypersplenism possible cause of PMN
progression, ACLF relatedcount reduction, lack of clinically
mortality
validated cut-off point
[58]
Short-term mortality
Decompensated cirrhosis patients admitted
No external validation
for acute decompensating events
[59]
Short-term mortality
End-stage cirrhosis patients listed for liver
No external validation
transplant
[62,63]
Infection, short-term mortality Decompensated cirrhosis patients admitted Lack of studies in non-infected cohorts
for acute decompensating events
[62-68]
Infection, short-term mortality, Decompensated cirrhosis patients admitted
Utility in organ allocation and HCC
HCC-related mortality
for acute decompensating events
prognostic scores still to be validated

SIRS: Systemic inflammatory response syndrome; PMN: Polymorphonuclear leukocyte; ACLF: Acute-on-chronic liver failure; PCT: Procalcitonin; CRP:
C-reactive protein; HCC: Hepatocellular carcinoma.

[3,6,42,43,48]

transforming growth factor-β) are decreased
.
In the more advanced stages of cirrhosis, the immune
system is exhausted and unable to mount functional
innate and adaptive immune responses, resembling
an endotoxin tolerance scenario. At this point, an
“immunodeficient” phenotype is observed, characterized
by increased levels of anti-inflammatory cytokines and
leukocyte inhibitory antigens and deteriorated immune
[6,23,40,49]
cell function
. An extreme version of this scenario
has been suggested to be the underlying mechanism in
ACLF, in which an immune-paresis state similar to sepsis
[49]
occurs .
These clinical stages may have a gradual (decom
pensated cirrhosis) or abrupt (ACLF) onset and a
[6]
dynamic evolution . The excessive activation of the
immune system may contribute to the symptoms of
cirrhosis because systemic inflammation and oxidative
stress, modulated by glutaminase gene alterations,
have been described as the underlying mechanisms for
[50,51]
hepatic encephalopathy
. A similar scenario has been
proposed for ascites, since pro-inflammatory cytokines are
responsible for the local release of nitric oxide and other
vasodilators; this leads to the hyperdynamic circulatory
state found in decompensated cirrhosis, effective
hypovolemia, activation of the renin angiotensin system,
[5,43]
and ultimately ascites formation
. In the absence of
an acute superimposed injury, these events and the
[44,52]
progressive impairment of left ventricular function
eventually lead to circulatory and renal dysfunction.
Several studies have described renal damage to be
mediated specifically by pro-inflammatory cytokines,
PAMPs, and DAMPs, which reduce the glomerular filtration
[4,16,53]
rate and damage tubular epithelial cells
. In ACLF
the extreme manifestations of CAID are observed. The
associated prognosis is directly related to the severity
of systemic inflammation and the number of organ
[3,16-18]
failures
.
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CLINICAL IMPLICATIONS OF SYSTEMIC
INFLAMMATION IN CIRRHOSIS:
IDENTIFICATION OF PROGNOSTIC
FACTORS
Due to the overwhelming evidence implicating systemic
inflammation in the natural history of cirrhosis, several
easily available serum markers and clinical parameters
have been proposed as prognostic tools to improve
follow-up and management, especially in decompensated
cirrhosis and ACLF. These markers are summarized in
Table 1 and described further.

SIRS
SIRS is defined by the presence of at least two of the
following criteria: altered body temperature (> 38 ℃ or
< 36 ℃), elevated respiratory rate or hyperventilation
(20 breaths/min or PaCO2 < 32 mmHg), tachycardia
(heart rate > 90 beats/min), and altered leukocyte count
3
3
(> 12000/mm , < 4000/mm , or > 10% immature
[42]
forms) . The presence of SIRS has been associated
with worse outcomes in the setting of decompensated
cirrhosis. In a study evaluating a cohort of cirrhosis
patients admitted for acute renal failure, the presence of
SIRS was found to be a major independent prognostic
[54]
factor, independent of infection . The presence of SIRS
was also found to predict the development of portal
hypertension-related complications and death in cirrhosis
[55]
patients having an episode of acute decompensation .
In two similar studies with larger cohorts, SIRS was found
[56,57]
to be an independent predictor of poor outcome
.
Hence, SIRS could be considered an additional prognostic
factor for the severity of liver disease. Unfortunately,
this syndrome can be difficult to assess in cirrhosis
patients. Hypersplenism, hyperventilation associated
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with encephalopathy, hyperkinetic circulatory syndrome,
or the use of beta blockers may modify the clinical or
[42]
biochemical parameters of SIRS . New markers of SIRS
that are less subject to heterogeneous findings would
thus be particularly useful in cirrhosis.

CRP, the prototype human acute phase protein, is a wellknown marker of inflammation and is one of the most
[62]
frequently-quantiﬁed molecules in clinical medicine .
CRP is synthesized mainly in the liver. CRP and PCT, a
prohormone used as a marker of bacterial infections,
is produced by most parenchymal tissues throughout
the body during the acute phase of infection by these
[63]
microorganisms . Assays for CRP and PCT are readilyavailable, inexpensive, and more accurate than clinical
parameters of SIRS for the identification of systemic
inflammation. Both proteins have been evaluated as
prognostic markers for short-term mortality in cirrhosis
[64,65]
patients, usually in the context of infection
. How
ever, CRP has also been suggested to be a useful tool
independent of infection. In the prospective study by
[66]
Cervoni et al
where the utility of CRP as a mortality
risk factor in cirrhosis inpatients was evaluated, CRP
levels ≥ 29 mg/L were found to be independent
predictors of short-term mortality in cirrhosis patients
with Child-Pugh scores ≥ B8, independent of age, MELD
score, and co-morbidities; in this regard, CRP performed
better than the presence of infection or SIRS. Di Martino
[67]
et al included CRP variation over 15 d as an additional
element in the MELD score to better assess shortterm mortality in decompensated cirrhosis patients.
The inclusion of CRP improved MELD score accuracy
in severely-ill cirrhosis patients admitted for acute
decompensating events, but not in cirrhosis patients
with planned admissions due to endoscopic procedures,
[67]
etc . Although CRP may be a useful addition to the
MELD score in the setting of decompensated cirrhosis,
several factors (e.g., the usage of different CRP cut-off
values according to the severity of cirrhosis and the need
for two measurements of CRP in samples obtained 15
d apart) have reduced the utility of using CRP in organ
[68]
allocation .
The use of CRP as a surrogate marker of survival has
been studied in the setting of hepatocellular carcinoma
(HCC). The presence of CRP levels > 6.3 mg/L, together
with a neutrophil:lymphocyte ratio > 2.3, was identified
as an independent risk factor for lower survival in HCC
[69]
patients . Similar findings were attained when CRP
levels were compared to the levels of serum albumin: a
CRP:albumin ratio of ≥ 0.037 was found to be an inde
pendent survival factor in HCC patients and correlated
with tumor progression and reduced liver functional
[70]
reserve . Furthermore, it has been proposed that
the addition of CRP to the currently-validated staging
systems for HCC (e.g., the Cancer Liver Italian Program,
Japan Integrated Staging, Barcelona Clinic Liver Cancer
classification system, Tokyo score, and tumor node
metastasis classification) could improve their prognostic
[71]
abilities .

LEUKOCYTE COUNT
Leukocyte count is an isolated element of SIRS frequently
identified as a surrogate marker of this syndrome. In
a large prospective observational study performed by
the Chronic Liver Failure Consortium that aimed to
describe the clinical features and prognostic factors of
ACLF, leukocyte count was found to be an independent
predictor of the development of ACLF, its severity, and its
[16,58]
associated mortality
. In a large collaborative study
in infected ACLF patients, leukocyte count was found to
[59]
be an independent predictor of short-term mortality .
This finding has also been reported in ACLF patients
without infectious decompensating events. In a study
evaluating the relationship between portal hypertension
and systemic inflammation in alcohol-related ACLF,
disturbances in systemic and hepatic hemodynamics
were associated with dysregulated inflammation,
revealed by higher levels of leukocytes, C-reactive
protein (CRP), and pro-inflammatory cytokines. These
elevations, together with multi-organ failure and a
marked activation of the sympathetic nervous system,
[51]
were found to be predictors of higher mortality rates .
Leukocyte subsets and ratios have also been suggested
[60]
as prognostic tools. In a study by Kotecha et al , that
evaluated the role of absolute eosinophil count and
procalcitonin (PCT) in predicting in-hospital mortality
of admitted cirrhotic patients with SIRS, the baseline
3
absolute eosinophil count of less than 104 cells/mm
accurately predicted in-hospital mortality in critically-ill
cirrhosis patients with SIRS, independent of the MELD
score or serum sodium levels. In addition, the neutrophil:
lymphocyte ratio was described as an independent risk
factor for death in a cohort of end-stage cirrhosis patients
[61]
listed for liver transplantation . Despite the fact that
leukocyte count has been consistently defined as a risk
factor for mortality in severely-ill cirrhosis patients, there
are some drawbacks to this marker. One is the lack of
a cut-off point for individual patient evaluation (i.e., the
specific mortality expected in an ACLF patient with a
3
leukocyte count of 11000/mm is unknown), diminishing
its utility in everyday practice; such a cut-off point has
only been determined for eosinophil count, without
further external validation. In addition, the majority of
these studies were conducted completely or partially in
infected or alcohol-related ACLF patients, two etiologies
associated with higher leukocyte counts per se, with
only subgroup results available for the uninfected ACLF
cohorts.

FUTURE DIRECTIONS
The crucial role of systemic inflammation in the patho
physiology and prognosis of cirrhosis patients has been
thoroughly described. Since SIRS is often difficult to

CRP AND PROCALCITONIN
Both serum proteins are tightly associated with SIRS.
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assess in cirrhosis patients, new objective, reproducible
and readily-available surrogate markers are needed
in order to optimize prognosis and lengthen survival.
Leukocyte count, neutrophil:lymphocyte ratio, and
absolute eosinophil count have been proposed, though
with no clear cut-off points or extensive validation so far.
PCT has also been suggested, yet its utility appears to
apply exclusively to infected patients. CRP is useful as a
prognostic marker in decompensated cirrhosis patients
and ACLF despite the presence of infection, as well as
in HCC. However, the value of adding CRP to current
prognostic scores remains to be confirmed. Further
basic research and prospective randomized studies that
validate these and other markers are clearly warranted.
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EDITORIAL

Autophagy: A new therapeutic target for liver fibrosis
Yu-Qing Mao, Xiao-Ming Fan
production and progressive accumulation of ECM can
lead to end-stage liver disease. Although significant
progress has been achieved in elucidating the mecha
nisms of fibrogenesis, effective anti-fibrotic strategies
are still lacking. Autophagy is an intracellular process of
self-digestion of defective organelles to provide material
recycling or energy for cell survival. Autophagy has
been implicated in the pathophysiology of many human
disorders including hepatic fibrosis. However, the exact
relationships between autophagy and hepatic fibrosis
are not totally clear and need further investigations.
A new therapeutic target for liver fibrosis could be
developed with a better understanding of autophagy.
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Core tip: Autophagy plays dual roles in hepatic fibrosis.
On the one hand, it attenuates fibrosis by reducing
hepatic injury via inhibiting inflammatory reaction
and maintaining cellular homeostasis. On the other
hand, it fuels activation of hepatic stellate cells (HSCs)
by lipophagy and induces type Ⅰ collagen synthesis.
More studies using Atg selective knockdown mice
or primary HSCs derived from Atg-deleted mice are
needed. Selective inhibition of autophagy in HSCs is an
attractive antifibrotic strategy.
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Abstract

FIBROSIS

Hepatic fibrosis is a wound-healing response to liver
injury and the result of imbalance of extracellular matrix
(ECM) accumulation and degradation. The relentless

WJH|www.wjgnet.com

Liver fibrosis is a wound-healing response to a range
of chronic liver diseases of different etiology, and drives
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the progression of chronic hepatic diseases towards
advanced liver cirrhosis and even hepatic carcinoma.
Effective therapies are lacking besides diet control and
physical exercise. Persisting parenchymal cell injury
results in recruitment of immune cells, and activation
and accumulation of fibrogenic cells. As the main source
of liver fibrogenic cells, hepatic stellate cells (HSCs) lose
cytoplasmic lipid droplets composed of retinyl esters
to transdifferentiate from quiescent cells to activated
[1]
myofibroblasts upon liver injury . Myofibroblasts
synthesize and secrete extracellular matrix (ECM) in
[2]
an attempt to limit liver injury . In addition, they also
produce a wide range of matrix metalloproteinases
(MMPs) that degrade ECM, and specific tissue inhibitors
[3]
of metalloproteinase to inhibit activation of MMPs . In
brief, hepatocyte injury, immune cell recruitment, and
fibrogenic cell activation contribute to the imbalance of
ECM accumulation and degradation, which ultimately
lead to fibrosis.

endoplasmic reticulum stress
(Figure 1). Autophagy
is increased in mice treated acutely with alcohol, in
parallel with a marked reduction of serum inflammatory
[10]
markers and tissue triglyceride level . Autophagy
[11]
may degrade activated caspase-8, a death receptor ,
thus exhibiting an antifibrotic effect by limiting liver
injury. Furthermore, in α-1 antitrypsin (AT) deficiency,
a disease in which the α-1 AT mutant Z protein results
in protein aggregation and chronic liver injury, an
autophagy-enhancing drug was demonstrated to reduce
[12]
the hepatic load and reversed fibrosis . Collectively, all
the studies consistently supported that autophagy acted
as a hero in hepatic fibrosis.

Controversial issues of autophagy and HSC activation

It had been unclear whether autophagy participates
[13]
in HSC activation until the study of Zhu et al
in
1999, which demonstrated that rapamycin, a known
immunosuppressive agent, inhibited HSC proliferation
and limited fibrogenesis in mouse models treated with
carbon tetrachloride (CCl4). They further demonstrated
that rapamycin decreased HSC proliferation. As an
immunosuppressant, rapamycin inhibited growth factor
[14]
signaling in nonimmune as well as immune cells ,
which may largely explain its antifibrotic effect. The
authors pointed out that mammalian target of rapamy
cin (mTOR) negatively regulated autophagy. The
binding of rapamycin and mTOR appeared to block
interleukin-2-dependent proliferation of T cells and even
[14]
other cells . Similar results were gained in another two
[15,16]
studies
. However, it is unfortunate that no one has
detected any change in autophagy during improvement
of fibrosis, because rapamycin or its analogs stimulate
autophagy by inhibiting mTOR. The antifibrotic effect
of rapamycin depends on its antiproliferative effect
on fibrotic cells or the indirect effect of autophagy
stimulation remains unclear.
Fortunately, 10 years later, another study discovered
that autophagic flux was increased during HSC activation
and was inhibited by bafilomycin A1, an autophagy
inhibitor. HSC activation was blocked by 3-methyladenine
(MA) or chloroquine, suggesting that inhibition of HSC
activation could be achieved by interruption of different
[17]
phases of autophagy . This evidence strongly indicates
that autophagy is involved in HSC activation (Figure 1).
Another discovery that merits further consideration is
that platelet-derived growth factor BB, which activates
HSCs, stimulates the location of microtubule associated
protein light chain 3 Ⅱ, an important biomarker protein
of autophagy and lipid droplets, implying a potent
relationship between HSC activation and lipid meta
bolism.
[18]
Hernández-Gea et al have shown that autophagy
releases lipid that promotes fibrogenesis by activating
HSCs in mice and in human tissues. Inhibition of
autophagy by pharmacological antagonism or Atg5 and
Atg7 knockdown in mice also resulted in attenuation of
fibrogenesis, as well as increased lipid content in stellate

AUTOPHAGY
Autophagy is a catabolic intracellular pathway, targeting
defective or excessive organelles to the lysosomes
for degradation into amino acids, free fatty acids or
other small molecules used for material recycling or
energy harvest. Autophagy, usually stimulated by
energy restriction, stress or inflammation, is regarded
as a survival mechanism that plays a critical role in
maintaining cellular homeostasis, which is involved in
many human disorders including fibrotic disease. Three
different kinds of autophagy are defined based on
how the substrates are delivered to the lysosomes for
degradation: macroautophagy, microautophagy, and
chaperone-mediated autophagy, with macroautophagy
being the major type. Although it is regarded as a cellprotective mechanism, excessive autophagy can cause
[4]
cell death, known as type Ⅱ programmed cell death .
However, it is unclear whether autophagy directly
executes cell death or is a secondary effect of apoptosis.
[5]
Autophagy can be considered a double-edged sword ,
and more investigations are needed to explore the
complicated roles of autophagy.

AUTOPHAGY IN FIBROSIS: "HERO" OR
"VILLAIN"?
Autophagy reduces fibrosis by hepatocyte injury
attenuation

An increasing body of evidence supports the notion that
autophagy participates in the pathophysiology of many
human disorders including hepatic fibrosis. However,
whether it is a hero or villain in hepatic fibrosis is still
controversial.
Recent studies have demonstrated that autophagy
impairment results in liver disease exacerbation due
to reduction of degradation of defective organelles
and unfolded proteins, which causes oxidative and
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Autophagy

[23]

PI3K

nature of TGF-β

AKT

Autophagy and collagen degradation

Genetic and pharmacological inhibition of autophagy in
mice resulted in increased levels of type Ⅰ collagen in
mouse kidneys and primary mesangial cells, suggesting
that autophagy promotes intracellular degradation of
[23]
typeⅠ collagen, which is a major component of ECM .
Autophagy attenuates endoplasmic reticulum stress
[24]
by eliminating misfolded procollagen . Furthermore,
Beta (2)-adrenergic stimulation triggers autophagy in
cardiac fibroblasts and promotes intracellular collagen
[25]
degradation and inhibits cardiac fibrosis . However,
this effect has been demonstrated in other organs,
and whether it exhibits the same effect in liver remains
unclear.
The above studies marked a milestone in the
exploration of the role of autophagy in hepatic fibrosis.
Autophagy is mostly a cell survival mechanism that
attenuates hepatic inflammatory injury and ultimately
inhibits liver fibrosis. Given more insight into the role
of autophagy in HSC activation, we have realized a
new perspective that autophagy is responsible for
activation of HSCs and other hepatic fibrogenic cells,
by intracellular lipid degradation, leading to fibrosis.
TGF-β induces autophagy, therefore, its role in liver
fibrosis needs further investigation. We have to take
into account that although autophagy may be a critical
pathway in ameliorating hepatic injury in the short
term, its long-term effect in fibrogenic cells may worsen
chronic liver diseases, which could be regarded as a side
[19]
effect in antifibrotic therapy .
We suggest that if autophagy could be selectively
inhibited in HSCs and other fibrotic cells, autophagy
special blocker would be an attractive candidate of
antifibrotic strategies. Nonetheless, inhibition of cellspecific autophagy is exciting, yet more challenging in a
tissue containing various types of cells. Further research is
needed, targeting different receptors on the cell surface
that may activate different effect of autophagy. It would
also be useful to determine whether HSC activation is
completely blocked by autophagy inhibition or just partly
reversed to a quiescent phase, and the appropriate
extent and time of autophagy should be seriously
considered. Several genes participate in induction of
autophagy. This raises the question of whether there
is a link between autophagy and HSC phenotypic
transformation.

mTOR
ER stress

Autophagy

HSCs activation

Fuel

Collagen

Liver fibrosis

Oxidative stress

Smad pathway
Autophagy
TAK1/MMK3/P38

TGFβ

Nonsmad pathway

Figure 1 Mechanisms involved in autophagy and fibrosis. (1) Phos
phoinositide 3-kinase promotes phosphorylation of AKT, which subsequently
leads to stimulation of mTOR and inhibition of autophagy. mTOR activation
promotes hepatic fibrosis; (2) Autophagy fuels HSC activation, leading to
hepatic fibrosis; (3) TGF-β promotes collagen synthesis and fibrosis via
the Smad pathway. Furthermore, TGF-β stimulates autophagy via the nonSmad TAK1/MMK3/P38 pathway, leading to collagen degradation and fibrosis
reduction; and (4) Autophagy attenuating ER stress and oxidative stress, and
ultimately reduces fibrosis. mTOR: Mammalian target of rapamycin; HSC:
Hepatic stellate cells; TGF-β: Transforming growth factor-β; TAK1/MMK3/P38:
TGF-β-activated kinase 1-MAPK kinase 3-p38.
[18]

cells isolated from Atg7F/F mice . Likewise, HSCspecific deletion of Atg7 in mice which were treated
with either CCl4 or thioacetamide, also lead to obvious
reduction of tissue fibrosis with preserved intracellular
[19]
lipid droplets . These results strongly support that
autophagy induces tissue fibrogenesis by degradation of
intracellular lipid droplets, which is known as lipophagy.
Autophagy is a generalized feature of fibrotic cells,
and a similar phenomenon is not only observed in the
liver, but also in other organs such as the kidneys and
[19]
lungs .

Autophagy and transforming growth factor-β 1 related
signaling pathways

Transforming growth factor (TGF)-β1 is a classical
signaling pathway in liver fibrosis and induces auto
[20]
phagy , suggesting that autophagy participates in
fibrosis via the TGF-β pathway. TGF-β1 may stimulate
autophagy via the TGF-β-activated kinase (TAK)1MAPK kinase (MKK)3-p38 and TAK1-AMP-activated
protein kinase (AMPK) pathways, leading to profibrotic
[21]
responses
(Figure 1). However, it is plausible that
TGF-β acts as both an apoptosis promoter and suppre
ssor, which may relate to its regulation of autophagy,
[21]
and plays dual roles in apoptosis . TGF-β protects
glomerular mesangial cells from apoptosis during serum
[22]
deprivation via autophagy induction . Moreover, TGF-β
is involved in ECM synthesis and degradation. One study
showed that TGF-β induced autophagy in MMC via the
TAK1-MKK3-p38 signaling pathway, and autophagy
promoted intracellular degradation of collagen (Figure
1). The dual functions of TGF-β as both an inducer of
collagen synthesis and an inducer of autophagy and
collagen degradation underscore the multifunctional
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Controversial issues of autophagy and mTOR
[26]

The data from Thoen et al
seem to contradict
the HSC-activating yet autophagy-inhibiting effect
[27]
of mTOR , because mTOR contributes to cell pro
[13,28]
liferation, including HSCs
. Likewise, it has been
demonstrated that rapamycin, an mTOR target inhibitor
[13,14,16]
and autophagy stimulator, reduces liver fibrosis
,
which is contradicted by later studies showing that
[29]
autophagy induces HSC activation. Liu et al
have
indicated that autophagy inhibitor 3-MA significantly
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inhibits proliferation and activation of HSCs by arresting
the cells in G2 phase. Whether autophagy inhibits or
promotes HSC proliferation is controversial. Whether
the inhibitory effect on proliferation of fibrogenic cells
depends on mTOR inhibition itself or an indirect action
on autophagy remains unclear. In a recent study, TGF-β
rapidly activated its canonical Smad signaling pathway,
and recruited a noncanonical pathway involving mTOR
kinase to induce matrix protein collagen Ⅰ expression,
[30]
thus inducing fibrosis . Therefore, it is essential to
investigate the relationship among mTOR, autophagy,
and HSC proliferation. Few studies have focused on lipid
metabolism and HSC activation, leaving the mechanism
of intracellular lipid degradation poorly understood.
More research, especially with selective knockdown of
Atg in mice, or HSCs derived from Atg-deleted mice, will
[26]
shed light on this .
Finally, we hypothesize that since fibrosis is the result
of imbalances of ECM accumulation and degradation,
could it be a new direction to focus on the translocation
of ECM turning into cell from extracellular matrix. Then
intracellular matrix could be enclosed by autophagosome
and subsequently fuses with lysosome to be degraded.
Since autophagy has been demonstrated to promote the
degradation of typeⅠcollagen in kidney, some level of
autophagy may help in treatment of hepatic fibrosis.
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CONCLUSION
Autophagy is a novel target playing dual roles in human
diseases including liver fibrosis. Autophagy may help
cells to live through stress conditions and attenuate
inflammation, leading to fibrosis reduction. Autophagy
is involved in collagen degradation, which may con
tribute to fibrosis attenuation. However, autophagy
fuels HSCs to be activated and promote fibrosis. The
effect of autophagy on liver fibrosis is complex and still
controversial. With a better understanding of the effects
of autophagy on hepatic fibrosis, autophagy may have
potential as a target of antifibrotic therapy.
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Focal liver lesions: Practical magnetic resonance imaging
approach
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Semelka

Abstract

António P Matos, Fernanda Velloni, Miguel Ramalho,
Mamdoh AlObaidy, Aruna Rajapaksha, Richard C Semelka,
Department of Radiology, University of North Carolina, Chapel
Hill, NC 27599-7510, United States

With the widespread of cross-sectional imaging, a growth
of incidentally detected focal liver lesions (FLL) has
been observed. A reliable detection and characterization
of FLL is critical for optimal patient management.
Maximizing accuracy of imaging in the context of
FLL is paramount in avoiding unnecessary biopsies,
which may result in post-procedural complications. A
tremendous development of new imaging techniques
has taken place during these last years. Nowadays,
Magnetic resonance imaging (MRI) plays a key role
in management of liver lesions, using a radiation-free
technique and a safe contrast agent profile. MRI plays
a key role in the non-invasive correct characterization
of FLL. MRI is capable of providing comprehensive
and highly accurate diagnostic information, with
the additional advantage of lack of harmful ionizing
radiation. These properties make MRI the mainstay for
the noninvasive evaluation of focal liver lesions. In this
paper we review the state-of-the-art MRI liver protocol,
briefly discussing different sequence types, the unique
characteristics of imaging non-cooperative patients and
discuss the role of hepatocyte-specific contrast agents.
A review of the imaging features of the most common
benign and malignant FLL is presented, supplemented
by a schematic representation of a simplistic practical
approach on MRI.
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Core tip: With the widespread of cross-sectional
imaging, a growth of incidentally detected focal liver
lesions (FLL) has been observed. A reliable detection
and characterization of FLL is critical for optimal
patient management. Magnetic resonance imaging
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consistent MR images. Giant advances in MRI have
been achieved in the last decade in regards to each of
the following: hardware (high-performance gradient
coils and phased-array surface coils), software (new
sequence design and new parallel imaging technology
and acceleration techniques), and contrast agents
(hepatocyte-specific agents) have made a major impact
on imaging of the liver.
In our perspective, an adequate imaging protocol
has to be short, comprehensive, and standardized to
allow reproducibility and consistency of image quality
and diagnostic performance. A comprehensive protocol
allows the evaluation of the parenchyma, vasculature,
and biliary system; by using either breathing-inde
pendent sequences or breath-hold sequences that
minimize motion artifact and spatial misregistration.
Gradient-echo (GRE) sequences generally are used in
T1-weighted sequences and fast spinecho sequences
[20,23]
are used in T2-weighted sequences
.
The state of the art MRI protocols rely on a com
bination of fat-suppressed and non-fat-suppressed
T2-weighted images (T2-WI), in- and opposed-phase
(IP/OP) T1-WI and dynamic pre- and post-contrast fat[7,12]
suppressed T1-WI
.
The predominant information provided by T2-WI
is about fluid content, fibrotic tissue and iron content
(reflected by high, low, and very low signal intensity,
respectively). Fat suppression is generally applied for
at least one set of images in order to increase lesions
conspicuity.
Pre-contrast T1-WIs are extremely important in
lesion characterization. Most FLL are mildly or mode
rately low in signal intensity. Lesions with high-fluid or
fibrous tissue content are moderately or substantially
low in signal intensity. Hemorrhagic lesions, and those
with high protein or fat content, are high in signal
intensity on T1-WI. Fat suppression technique facilitates
reliable characterization of fatty lesions. GRE sequences
provide T1-WI in a short amount of time and allow
chemical shift imaging in a single breath-hold (dual echo
acquisition). The two echo times are chosen so that fat
and water peaks are IP and OP, respectively. OP images
are useful to detect small amounts of intracellular fat in
liver lesions and in hepatic parenchyma. If fat and water
are in the same voxel, the signal intensity decreases on
the OP images, with maximal signal loss occurring when
fat and water are in equal proportion.
Gadolinium-enhanced images are performed
routinely in a multiphasic dynamic fashion, using threedimensional (3D) fat-suppressed GRE breath-hold T1WI. The acquired phases include late arterial, portal
venous, interstitial, and delayed phases; which allow the
assessment of enhancement kinetics (a reflection of both
vascularity and permeability). However, most diagnostic
information can be derived from the late hepatic arterial
phase, also called hepatic-arterial dominant phase,
with the correct timing characterized by observing
contrast enhancement in the portal vein branches and
[24]
no enhancement in the hepatic veins . Suggested

(MRI) plays a key role in non-invasive characterization
of FLL. The multiparametric ability of pre- and postcontrast sequences is an intrinsic advantage of MRI to
reach an accurate diagnosis. New techniques such as
diffusion-weighted sequences and hepatocyte-specific
contrast agents are being currently used in clinical
practice, which might further improve the detection
and characterization of FLL.
Matos AP, Velloni F, Ramalho M, AlObaidy M, Rajapaksha A,
Semelka RC. Focal liver lesions: Practical magnetic resonance
imaging approach. World J Hepatol 2015; 7(16): 1987-2008
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i16/1987.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i16.1987

INTRODUCTION
With the widespread of cross-sectional imaging, a
growth in rate of incidentally detected focal liver lesions
(FLL) has been observed. A reliable detection and
characterization of FLL is critical for optimal patient
management. The majority of FLL arising in noncirrhotic
[1]
liver are benign , even in patients with known extrahepatic malignancy. Cysts, hemangiomas, focal nodular
hyperplasias (FNH), and hepatocellular adenomas (HCA)
[1-5]
are the most commonly encountered benign lesions .
The most commonly encountered malignant lesions
[6-8]
in noncirrhotic liver are metastases . Hepatocellular
carcinomas (HCC), and to a lesser extent intrahepatic
cholangiocarcinomas (IHC), occur mainly in the setting
of chronic liver disease, and represent the most
[7,9-14]
common primary liver malignancies
.
A tremendous development of new imaging techni
ques has taken place during these last years. Maximizing
accuracy of imaging in the context of FLL is paramount in
avoiding unnecessary biopsies, which may result in postprocedural complications up to 6.4%, and mortality up to
[15-17]
0.1%
. Nowadays, magnetic resonance plays a key
role in management of liver lesions, using a radiation[18,19]
free technique and a safe contrast agent profile
.
The heightened soft-tissue resolution and sensitivity
to intravenous contrast agents provided by magnetic
resonance imaging (MRI) makes it an invaluable
[20,21]
problem-solving tool for fully characterizing FLL
.
Previous studies estimated the sensitivity and specificity
of MRI for the diagnosis of FLL of 94% and 82%-89%,
[22]
respectively .
This review focuses on the diagnostic performance
of MRI in evaluating the most common benign and
malignant FLL. As a summary, a practical educational
approach to FLL on MRI is also presented.

MRI PROTOCOL
With the current state of the art technology, magnets
of 1.5 Tesla (T) and 3T field strength are considered
the standard of reference in providing high-quality and
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Table 1 Comparison between extracellular and hepatocyte-specific agents (Multihance® and Eovist®)
Extracellular contrast agents

Hepatocyte-specific agents
Multihance®

Advantages

Robust arterial and portal venous phase
imaging
Price and availability

Disadvantages

No hepatobiliary phase
NSF cases reported with less stable agents

methods for ensuring an optimal arterial phase liver MRI
have varied between empiric ﬁxed delay or individuallytailored timing. The latter method is recognizable to
be more accurate and with improved reproducibility,
and involves either pre-scanning with a test bolus, or
[25]
tracking bolus arrival in the descending aorta . In
our practice, a bolus-tracking technique (CARE bolus
software) is employed to capture the late hepatic arterial
phase. This is performed by the technologist, who,
when visualizing maximum aortic enhancement at the
level of celiac trunk, will provide an 8 s breath-holding
instructions prior to initiating the scan.
Adequate delay between initiation of contrast
injection and initiation of the sequence is crucial to aid
in optimizing the detection of hypervascular lesions.
The precision in timing the portal venous phase is more
flexible and less critical (45-75 s), characterized by
enhancement of the entire hepatic vascular system.
The portal venous phase maximizes contrast between
hypovascular lesions and the background liver, and can
be used to evaluate the contrast washout pattern, which
is a useful discriminating feature. Images acquired 1.5
to 10 min after contrast injection are in the interstitial/
delayed phase of enhancement, which aid in evaluating
persistent enhancement in hemangiomas, washout
in HCC, or delayed enhancement of fibrotic tissue or
tumors, such as in cases like cholangiocarcinoma.
Intravenous MR contrast agents can be divided
into extracellular (ECA) and hepatocyte-specific agents
(HSA). ECA equilibrate with the extracellular fluid
space after intravenous injection and are excreted by
glomerular filtration, similar to computed tomography
(CT) agents. This permits multi-phase dynamic postcontrast imaging as described earlier.
Like ECA, HSA allow the multi-phase dynamic
post-contrast imaging. Moreover, they show some
degree of biliary excretion, allowing a late hepatobiliary
phase acquisition. Due to the action of known cellular
membrane transporters, only normal functioning
hepatocytes take up HSA and excrete them to the
[26]
biliary tree . Hepatobiliary phase images are easy to
recognize because both the liver and the bile ducts are
markedly enhanced. The blood vessels as well as all
non-hepatocellular lesions and lesions with impaired

WJH|www.wjgnet.com

Eovist®

Robust arterial and portal venous phase
Hepatobiliary imaging
imaging
Hepatobiliary imaging
Short delay for hepatobiliary phase (20 min)
Smaller dose administration
Smaller dose administration
Safer for renal impaired patients
Safer for renal impaired patients
Price
Availability (not available in all countries) Less robust arterial and portal venous phase
imaging
Longer delay for hepatobiliary phase
Pitfalls for inexperienced readers
(90-180 min)
Price

hepatocytes all appear hypointense.
The two HSA available are Eovist® (gadoxetic acid,
Bayer Health-Care Pharmaceuticals, marketed as
Primovist® outside the United States) and MultiHance®
(gadobenate dimeglumine, Bracco). With Eovist®, 50%
of the dose is taken up by hepatocytes and eliminated by
biliary excretion, compared to 3%-5% with MultiHance®.
Hepatobiliary phase images are acquired 20-40 min after
Eovist® injection, compared to 1.5-3 h after MultiHance®
injection. Advantages and disadvantages of these agents
and extracellular contrast agents are shown in Table 1.
The substantial difference on the biliary elimination
of Eovist® compared to the other contrast agents affects
the classical MR technique, lesion appearance, and thus
[27]
image interpretation . These differences provide not
only advantages on detection and lesion characterization,
[27]
but also new pitfalls in imaging interpretation . The
advantages in the evaluation of FLLs are appreciated
in the distinction between FNH and HCA, and in the
diagnosis of HCC and metastasis; while the pitfalls are
related to the less favorable behavior as an extracellular
[27]
agent and the “pseudowashout” of benign lesions .
Washout is historically linked to malignant lesions,
particularly to hypervascular metastases and HCC.
While using Eovist®, the “pseudowashout” may pose a
risk in the diagnosis of benign lesions. As an example,
hemangiomas are classically described as hypervascular
lesions with centripetal fill-in, sustained in late dynamic
postcontrast phases. With Eovist®, the accumulation
of contrast can be masked by the intense hepatic
parenchymal enhancement, giving the “illusion” of
[27]
washout of the hemangioma .
At our center, we use MultiHance® as the standard
contrast agent since it shows better enhancement
[26,28]
on dynamic evaluation
, and reserve Eovist® for
selected cases on a problem-solving basis.
Recently, diffusion-weighted imaging (DWI) sequ
ences have been shown to be an emerging contributor
[29-32]
for liver MRI
and are being incorporated in most
abdominal MR protocols. Diffusion is a physical process
of random movement of water molecules. This move
ment of intracellular water molecules is restricted by the
presence of cell membranes. In highly cellular tissues,
such as neoplasms, diffusion is restricted due to the
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relative larger intracellular volume and high density of
cellular membranes. DWI exploits this phenomenon and
its image contrast is based on differences in the mobility
of water protons (as a measure of cellularity), between
[31]
different tissues . This MR technique should be used
in combination with conventional unenhanced and
contrast-enhanced MRI. It is especially useful in patients
[32]
with contraindication to gadolinium contrast agents .
Additional sequences may be added to the protocol
on specific clinical settings. For diffuse deposition
diseases, fat-quantification or T2 star (T2*) sequences
can be added.
Despite all development in MRI, its diagnostic
performance is still affected by motion artifacts, which
may result in inconsistent image quality. Motion artifacts,
especially those produced by physiological motion caused
by patient respiration, may distinctly degrade the quality
of MR images. In patients who are unable to cooperate
with breath-hold instructions, the sequences that are
more affected are the T1-weighted GRE sequences. In
order to minimize these artifacts, new motion-robust
sequences have been implemented. The magnetizationprepared rapid gradient-echo (MP-RAGE) sequence is a
2D, single-section acquisition technique that can be used
to obtain motion-free and moderate quality images.
[33]
The acquisition times per-section are as short as 1 s .
These sequences can be used pre- and post-contrast.
Additionally, a recently described new application of
MP-RAGE IP/OP images is able to replace standard
dual-echo chemical shift imaging with moderate to
[34]
good image quality . Recent developments in MR
data sampling and k-space filling have been used to
acquire 3D-GRE T1-WI. Radial data sampling 3D GRE
can be used as a free-breathing sequence, providing
[2,34,35]
high-quality pre- and post-contrast images
. The
major drawback of radial 3D-GRE is the long acquisition
time and therefore low temporal resolution of this tech
nique. Until now, conventional radial 3D-GRE sequence
is unable to provide, in a consistently fashion, critical
scanning phases, i.e., the late hepatic arterial phase.
New sequences are being developed in order to provide
a compromise between spatial and temporal highresolution images, with reduced acquisition time and
increased motion resistance.

display pathognomonic pre- and post-contrast imaging
features (Figure 1) enabling a correct diagnosis with
[39,40]
high accuracy
. Frequently, hemangiomas show
moderately high signal intensity on T2-WI, usually less
bright than simple cysts or cerebrospinal fluid, and low
[1,41]
signal intensity on T1-WI
. On post-contrast images,
a nodular or “flame-shaped”, discontinuous, peripheral
enhancement is observed, as well as late, progressive,
centripetal filling, and persistent delayed enhancement,
similar to that of hepatic vessels. Larger hemangiomas
may show incomplete filing along the dynamic imaging
due to central scarring. Conversely, small (< 2 cm)
hemangiomas may show rapid complete filling on the
late arterial phase images. Subcentimeter hemangiomas
may fade to isointensity to the background liver
parenchyma in interstitial phase images; however,
they never washout. On the arterial phase, especially
the small rapidly enhancing subcapsular hemangiomas
[40]
may show a perilesional enhancement , and this
finding should not be regarded as an atypical or sus
picious feature. Nevertheless, hemangiomas may
uncommonly show atypical morphologic characteristics.
The possible atypical findings are scarring, septations,
capsular retraction, calcifications, cystic transformation
and fluid-fluid level. Extremely rare is the interval
growth, imposing the exclusion of other diagnostic
[14,38,41]
possibilities, namely malignancy
. The end stage
of a hemangioma involution results in appearance of
hyalinized or sclerosed hemangiomas. At this point these
lesions lose the homogeneous high signal intensity on
T2-WI and the typical globular enhancement may not be
[38,41]
seen
. As stated above, it should be emphasized that,
when using Eovist®, small rapid filling hemangiomas will
not show the typical features described earlier during the
late interstitial phase due to the rapid uptake of contrast
by the background liver parenchyma, giving the illusion
of washout. Furthermore, hemangiomas will not show
any uptake on the hepatobiliary phase, and will show
the same appearance as non-hepatocytes containing
lesions, e.g., cysts, metastasis, and to a lesser extent
[28,38]
HCA
.

Focal nodular hyperplasia

FNH consists of a non-encapsulated lesion composed
by non-neoplastic hepatocytes in a disorganized array,
surrounding a central fibrous scar with a dystrophic
[5,7,42]
arterial vessel
. There is some histopathologic
heterogeneity of FNHs, with uncommon “non-classical”
[42,43]
histologic subtypes described in the literature
. FNH
is the second most common solid benign FLL. Most
often found in young and middle-aged patients, FNH
[1,42]
has a clear female predominance (8-12:1 ratio)
.
MRI is considered the best imaging tool for FNH
diagnosis, with a sensitivity of 70% and a specificity of
[44]
98% . For some authors, contrast-enhanced MRI is
[5]
considered the gold standard . As FNH are composed
of hepatocytes, they are barely discernable from normal
parenchyma on precontrast images, appearing iso- or
hypointense on T1-WI, and iso- or slightly hyperintense

BENIGN LESION
Hemangiomas

Hemangiomas are tumors of mesenchymal origin and
are the most common benign liver solid lesions. The
prevalence of these lesions ranges from 1%-20%,
more frequently between fourth and fifth decade of
[36-38]
life, showing a female predilection (ratio of 2-5:1)
.
The size of hemangiomas usually remains stable and
[38]
can vary from a few millimeters to more than 20 cm .
Complications are rare, and large lesions may become
symptomatic due to compression of adjacent structures,
[13]
rupture, or spontaneous hemorrhage .
On MRI, the majority of hepatic hemangiomas
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Figure 1 Hemangioma. In (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent (Eovist®) fatsuppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There is a lobulated lesion on the right hepatic lobe
(arrows), showing marked low signal intensity on T1-WI (A, B and D) and marked high signal intensity on T2-WI (C). The lesion demonstrates peripheral and
discontinuous nodular enhancement (E), which become larger and coalescent on delayed postcontrast images (F and G), showing a progressive centripetal filling.
Due to the absence of hepatocytes, hemangiomas show low signal intensity on the hepatobiliary phase (H), acquired 20 min after the administration of the hepatocytespecific contrast agent. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

on T2-WI. In approximately 50%-84% of cases, the
central scar can be seen with low signal intensity on
[42,44]
T1-WI and moderate high signal on T2-WI
. On
postcontrast images, FNHs show typical enhancement
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pattern: early arterial homogeneous enhancement,
which becomes isointense to the background liver on
portal venous phase, and late enhancement of the
[43,44]
central scar (Figure 2). No washout is seen with FNH
.
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Figure 2 Focal nodular hyperplasia. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent
(Eovist®) fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There is a lesion on the left hepatic lobe (white
arrow, A-H), showing isointense signal comparing to the surrounding liver on non-contrast T1-WI (A, B and D) and on T2-WI (C). The lesion also shows a central scar
(black arrow, A-H), which is hypointense on T1-WI (A, B and D) and hyperintense on T2-WI (C). The lesion demonstrates homogeneous enhancement on early postcontrast images (E), becoming isointense to the underlying liver parenchyma (F and G). The progressive enhancement of the central scar is depicted on the delayed
post-contrast images (G). On the hepatobiliary phase, 20 min after the administration the hepatocyte-specific contrast agent, the lesion shows uptake of the contrast
agent, becoming minimally hyperintense comparing to the surrounding liver parenchyma. Since the central scar has no hepatocytes, there is no uptake of the contrast
agent, becoming hypointense comparing to the liver and to the rest of the lesion. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

The prevalence of typical features of FNH in literature
[44]
ranges from 22%-70% , mainly related to different
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study designs and histopathologic heterogeneity of
[43]
these lesions . Using HSAs, the presence of normal

1992

August 8, 2015|Volume 7|Issue 16|

Matos AP et al . Focal liver lesion/magnetic resonance/practical approach
[51]

functioning hepatocytes can be demonstrated. Unlike
the majority of HCA, FNHs show, on the vast majority of
cases, iso- or hyper-enhancement on the hepatobiliary
[1,7,45]
phase
.

grouped broadly into simple or complex cysts .
The differential diagnosis of simple cysts includes
benign developmental hepatic cysts, biliary hamartomas,
foregut cysts, Caroli disease, and adult polycystic liver
[51]
disease . The benign developmental hepatic cyst shows
homogeneously low signal on T1-WI and homogeneously
strong high fluid signal on T2-WI (Figure 4). The margins
are well defined and no enhancement is shown on
postcontrast sequences. Biliary hamartomas are usually
small (< 1.5 cm), round or irregular, and may show very
thin and uniform peripheral enhancement (Figure 5),
[52,53]
due to compressed liver parenchyma
. They have
no connection to the biliary tree. Conversely, in Caroli
disease the varying size cysts communicate with the
biliary tree. Communication with the biliary system can
be further confirmed using dedicated cholangiographic
sequences or HSAs. The cysts depicted on adult
polycystic liver disease appear as benign developmental
hepatic cysts. MRI is the best modality for identifying
[52]
cysts complicated by hemorrhage or infection .
Benign complex cysts are traumatic, inflammatory,
or neoplastic in nature. Traumatic cystic lesion may
occur after blunt or penetrating trauma, or iatrogenic
injury, such as after cholecystectomy or liver surgery.
On MRI, bilomas and seromas may resemble simple
cysts, while hematomas show different intensity based
[52]
on the age of the blood products .
The most frequent inflammatory cystic lesions are
abscesses and hydatid cysts. With the advent of effective
antimicrobial therapy, currently biliary tract pathologies
have surpassed portal seeding from appendicitis and
diverticulitis, as the most common source of pyogenic
[54]
liver abscesses . Abscesses are thick-walled lesions
with low signal intensity on T1-WI and high signal
intensity on T2-WI, with progressive enhancement of
[1]
the wall . Adjacent parenchyma shows high signal on
T2-WI (edema) and enhancement on the arterial phase,
[1,52,55]
due to inflammatory reaction
(Figure 6). Hydatid
cysts are due to Echinococcus infestation. On MRI,
daughter cysts and internal septa are readily visualized
on T2-WI. Most echinococcal cysts show variable low to
high signal intensity on T1-WI, depending on the amount
of proteinaceous debris, and markedly high signal on
T2-WI. The fibrotic component and the presence of
calcifications appear as a hypointense pericystic rim,
on both T1- and T2-WI. Cyst walls and internal septa
[55]
enhance on post-contrast images .
Although rare, biliary cystadenoma (BCA) is the most
frequent benign cystic neoplasm. It has biliary origin,
with most of them (85%) arising from the intrahepatic
[1,55]
bile ducts
. BCA usually appear as large (mean 12
cm; range 3-40 cm), well-defined and multi-loculated
intrahepatic cyst. On MRI, BCAs typically show high
signal on T2-WI and show variable T1 signal intensity
due to proteinaceous content or blood products. Septal
or mural calcifications (depicted as signal voids on all
sequences) and fluid-fluid levels are occasionally seen.
Post-contrast sequences may demonstrate enhancement

HCA

HCA is an uncommon benign primary FLL, and most
often encountered in women of childbearing age
taking oral contraceptives. Unlike FNH, HCAs are true
neoplasms, defined as the monoclonal proliferation of
well-differentiated hepatocytes arranged in sheets and
cords. They lack portal triads and interlobular bile ducts.
Nowadays, according to their genotypic and phenotypic
characteristics HCAs are classified into 3 major molecular
[5,46]
subtypes
: (1) inflammatory (formerly known as
telangiectatic FNHs); (2) hepatocyte nuclear factor
1-alpha (HNF-1α) inactivated; and (3) Beta (β)-cateninactivated lesions. A fourth group can be considered
including those HCAs that are unclassified in the previous
subtypes. As different groups have distinct probability for
HCC transformation, a pre-operative diagnosis is ideal
for an appropriate patient management.
Generally, on MRI HCAs show mild to moderate high
signal intensity on T2-WI and enhancement on the late
arterial phase on post-contrast sequences (Figure 3).
HCA do not show uptake on hepatobiliary phase with
HSA. Although further validation is required, specific MRI
[47-49]
features can be used to identify HCA subgroups
.
Inflammatory HCAs (50%) tend to show peripheral
marked high signal on T2-WI and maintained enha
[1,47,49]
ncement on more delayed images
. HNF-1αinactivated HCAs (35%-45%) show diffuse intralesional
fat deposition, responsible for higher signal intensity
on non-fat-suppressed T1-WI and drop of signal on
OP images. β-catenin-activated HCAs (10%-15%)
findings are less defined, showing vaguely defined scars
or poorly defined areas of high signal on T2-WI. For
the first two subgroups (majority of adenomas), MRI
[3,49]
have specificities ranging from 88%-100%
. These
HCAs have null or extremely low probability of HCC
transformation. β-catenin-activated HCAs have a high
[5,46,48]
probability of malignancy transformation
.
Sometimes MRI features of HCAs can overlap with
FNHs. Distinctive features should be stressed. HCAs
rarely show a central scar and much more frequently
[44]
depict intralesional fat . Homogeneity strongly suggests
[44]
FNH over HCA . The utilization of HSA is recommended
to help in the distinction between FNH and HCA. The
former showing increased uptake on hepatobiliary
[4,28,50]
phase, while HCAs, usually, show no enhancement
.

Benign cystic lesions

Cystic benign liver lesions are common and may
represent a broad spectrum of entities ranging from
developmental cysts to neoplastic lesions. It is important
to distinguish them from malignant lesions that can show
cystic transformation (as metastases or hepatocellular
carcinoma). Fluid-containing benign liver lesions can be
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Figure 3 Hepatocellular adenomas. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast
agent (Eovist®) fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. Two focal liver lesions are noted on
the left and caudate lobes (arrows, A-G) of a noncirrhotic liver, showing slight drop of signal intensity on opposed-phase (B) comparing with the in-phase (A) T1-WI,
which is related to minimally fat content. Note that the liver parenchyma also shows minimal steatosis. The lesions demonstrate mild high signal intensity on T2-WI
(C), heterogeneous enhancement on the postcontrast arterial phase image (E) and subsequent washout on later postcontrast images (F and G). On the hepatobiliary
phase, acquired 20 min after the hepatocyte-specific contrast agent, the lesions show no contrast uptake, excluding the diagnosis of FNHs. GRE: Gradient-echo; FSE:
Fast spinecho; T1-WI: T1-weighted images; FNH: Focal nodular hyperplasias.
[1,55]

of the capsule, septa, and any mural nodules
.
Biliary cystadenocarcinoma can develop from a BCA.
It can be difficult to differentiate BCA and biliary
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cystadenocarcinoma preoperatively, but this is usually
unnecessary on short-term, as both require complete
[1,52]
surgical excision
.
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Figure 4 Cyst. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent (Eovist ®) fatsuppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There is a well-defined lesion on the right hepatic lobe
(arrow, A-H) showing marked homogeneous low signal intensity on T1-WI (A, B and D), homogeneous very high signal intensity on T2-WI (C) and no enhancement
after gadolinium administration (E-H), consistent with simple liver cyst. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.
[56]

chronic liver disease (CLD) and liver cirrhosis . HCC
has been proved to develop by multistep carcinogenesis
from a low grade dysplastic nodules to an overt HCC,
in a progressive dedifferentiation and neoangiogenesis
[56-58]
phenomena
.
MRI plays a pivotal role in the detection and char

MALIGNANT LESIONS
HCC

HCC is a malignant neoplasm with hepatocellular origin.
It is the most common primary malignancy of the
liver and it occurs almost exclusively in the context of
WJH|www.wjgnet.com
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Figure 5 Multiple biliary hamartomas (also known as von Meyenburg complex). In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre
(D) and postcontrast fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F) and interstitial (G) phases. There are multiple well-defined lesions scattered
throughout the liver, smaller than 1.5 cm each. The lesions show low signal intensity on T1-WI (A, B and D), high signal intensity on T2-WI (C) and no enhancement
after gadolinium administration (E-G). A thin peripheral enhancement is often present due to compressed liver parenchyma. GRE: Gradient-echo; FSE: Fast spinecho;
T1-WI: T1-weighted images.
[59,61]

acterization of HCC, with estimated sensitivity and
[59,60]
specificity of 97.4% and 100%, respectively
. Even
for HCC with a size < 2 cm, MRI have a good sensitivity,
[60]
estimated to 82.6% . This is particularly important
since successful treatment of HCC is dependent on early
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detection and diagnosis
.
In the context of CLD, classic MRI findings of HCC
include slightly low signal intensity on T1-WI, slightly
high signal intensity on T2-WI, increased heterogeneous
arterial enhancement, and washout with fibrous tumor

1996

August 8, 2015|Volume 7|Issue 16|

Matos AP et al . Focal liver lesion/magnetic resonance/practical approach

A

B

C

D

Figure 6 Abscess. GRE T1-WI (A), fat-suppressed FSE T2-WI (B), and postcontrast fat-suppressed 3D-GRE T1-WI at the arterial (C) and portal venous (D) phases.
A thick-walled oval shaped lesion is present on the right hepatic lobe (white arrow, A-D), showing an air/fluid level content (black arrow, A-D). There is an associated
halo of edema surrounding the lesion, showing low signal intensity on T1-WI (A), high signal intensity on T2-WI (B) and marked enhancement after gadolinium
administration (C and D), which is consistent with active inflammation. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.
[62]

capsule enhancement on the delayed phase
(Figure
7).
The 2011 recommendations by the Association for
the Study of Liver Diseases state that a diagnosis of
HCC is made if a nodule larger than 1 cm is depicted on
MRI (or multi-detector computed tomography), showing
arterial enhancement and subsequent ‘‘washout’’
[63]
during portal venous or equilibrium phases . These
guidelines criteria show a lower sensitivity and specificity
[64-66]
for small HCCs (< 2 cm)
. In order to improve
the accuracy of MRI on small HCC, other parameters
may be used in conjunction with the dynamic postcontrast sequences, namely high signal on DWI or T2[64,67]
WI
. With HSA, most HCC lesions show prominent
hypointensity compared to the hyperintense background
liver parenchyma because of the absence of normal
[67]
functional hepatocytes . Although, uncommonly, welldifferentiated HCCs may show some enhancement
[12,68,69]
on the hepatobiliary phase
. The combination of
routine dynamic and hepatobiliary imaging has been
reported to be both sensitive and specific for HCC
[69,70-77]
(sensitivity 67%-97%, specificity 83%-98%)
. Two
recent meta-analyses found a pooled sensitivity of 91%
[78,79]
and specificity of 93%
.
In the context of CLD and cirrhosis, the distinction
between benign and precursor lesions (regenerative
and dysplastic nodules, respectively) and HCCs is of the
[80]
utmost importance . Although they can present with
higher T1 signal intensity compared to background liver
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tissue, regenerative nodules are often indistinct on T1and T2-WI. The dynamic post-contrast imaging show the
same signal as the background parenchyma throughout
[12,14]
all phases
. Dysplastic nodules show histological
characteristics of abnormal growth caused by genetic
alteration and are classified accordingly to the level of
[14]
dysplasia, on low- and high-grade dysplastic nodules .
On MRI, low-grade dysplastic nodules are often in
distinctive from regenerative nodules, and radiologists
reserve that terminology for lesions larger than 2 cm
[12,81]
in size
. High-grade dysplastic nodules show iso
to high signal on T1-WI and iso signal intensity on T2WI. They may show intense early enhancement and
[12,81]
fade to isointensity, but do not show washout
. As
opposed to HCC, regenerative and low-grade dysplastic
nodules show iso-enhancement to the surrounding liver
parenchyma. Patients with the diagnosis of high-grade
dysplastic nodules are at higher risk of developing HCC
and should have closer follow-up MRI.

IHC

IHC is the second most common primary hepatic
malignancy, accounting for 10%-20% of all primary liver
[82-84]
malignancies
. Background of CLD such as cholangitis,
viral hepatitis (especially hepatitis C) and liver cirrhosis,
[84]
are known specific risk factors . Primary sclerosing
cholangitis is the most well known of these conditions.
In terms of growth characteristics, cholangiocarcinomas
may be mass-forming, periductal-infiltrating, or
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Figure 7 Hepatocellular carcinoma. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and postcontrast fat-suppressed 3D-GRE
T1-WI at the arterial (E), portal venous (F) and interstitial (G) phases. There is a small peripheral lesion on the right lobe of a cirrhotic liver (arrow, A-G), showing drop
of signal intensity on opposed-phase (B) comparing with the in-phase (A) images, which is suggestive of fat content. The lesion demonstrates mild high signal intensity
on T2-WI (C), low signal intensity on pre-contrast T1-WI (C), heterogeneous enhancement on early post-contrast (E) and subsequent washout with associated
pseudocapsule on delayed post-contrast images (F and G), in keeping with a small fat-containing hepatocellular carcinoma. GRE: Gradient-echo; FSE: Fast spinecho;
T1-WI: T1-weighted images.
[83,84]

intraductal. Mass-forming cholangiocarcinoma is the
most common IHC, accounting for the majority of IHC,
and are defined as a rounded mass located in the liver
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parenchyma
.
MRI allows the distinction between IHC and HCC
with high degree of confidence. At present, MRI with
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MR cholangiopancreatography has become the imaging
modality of choice for diagnosis and staging of cholan
giocarcinoma, with the similar accuracy of computed
[85]
tomography combined with direct cholangiography .
The MR appearance of IHC depends on the proportion
of fibrosis, necrosis and mucin. Typically they show low
to iso-signal intensity on T1-WI, and variably high signal
[82,83]
intensity on T2-WI
. Capsular retraction is sometimes
described, reflecting the desmoplastic nature of the
tumor. In some cases vascular encasement and dilated
bile ducts peripheral to the mass may be seen. Early
continuous rim enhancement followed by progressive
heterogeneous enhancement of the remainder of the
lesion is often seen (Figure 8). The late enhancement is
due to the fibrotic nature of cholangiocarcinoma. Near
one third of cholangiocarcinomas are hypervascular.
[86]
[87]
[84]
Nanashima et al , Kim et al
and Al Ansari et al
reported that 46%, 29%, and 28%, respectively, of
the intra-hepatic cholangiocarcinomas in their studies
showed hypervascular enhancement pattern. This
appearance is well recognized and might carry a
[87,88]
better prognosis with longer disease-free survival
.
Conversely, IHC in patients with chronic viral hepatitis or
[86,89]
[90]
cirrhosis tend to be very hypervascular
. Xu et al
showed that the density of arteries and micro-vessels
of IHC in a cirrhotic liver was higher than that in IHC
without underlying cirrhosis and comparable to that in
cholangiocarcinoma component of combined HCC-IHC.
This vascular difference in IHC may be responsible for
the hypervascular enhancement of IHC in the context of
[90]
cirrhosis .
When using HSA, mass-forming IHC may have
a pseudowashout pattern with Eovist®-enhanced
MR images because of progressive background liver
[91]
enhancement and no enhancement of the IHC .
Hepatobiliary imaging with Eovist®, showed increased
lesion conspicuity and better delineation of secondary
nodules and intrahepatic metastasis, which may aid the
[92]
evaluation of IHC . Further, it has been suggested that
it can be helpful for therapy planning due to the exact
[93]
depiction of the tumor borders .
Satellite lesions are markedly more conspicuous
on hepatobiliary phase of Eovist® -enhanced MRI,
proposing a potential role for hepatobiliary MR agents in
evaluation of the tumor resectability. In a study by Kim
[87]
et al , 93% of mass-forming intra-hepatic cholangio
carcinoma exhibited a special pattern of enhancement
in hepatobiliary phase of Eovist® -enhanced MRI,
described as cloud-like hyperintensity in the central
portion of the tumors, surrounded with a low signal
intensity rim, which appears as a defect in the vicinity of
the hyperintense normal liver parenchyma.

characterization of liver metastasis is critical in patient
management, namely in determining treatment and
[26]
prognosis . MR is rapidly evolving as the primary
imaging modality for the detection and characterization
of liver lesions including metastases in many centers.
On MRI, hepatic metastases have variable app
earances depending on the primary tumor. Generally,
metastases show mild to moderate high signal intensity
on T2-WI and low signal intensity on precontrast T1WI. Cystic metastases and those with necrosis show
increased T2 signal (more common in neuroendocrine
tumors, sarcomas, and melanoma metastases). A subset
of liver metastases shows T1 hyperintensity for a variety
of reasons. One subset is the fat-containing metastases,
which are easily characterized by the drop of signal on
OP and/or fat-suppressed sequences. Other subset is
metastases that contain paramagnetic substances such
as melanin, extracellular methemoglobin and protein.
A good example is melanoma metastases, which are
often T1 hyperintense because of their melanocytic
content and/or occasional hemorrhage. On dynamic
post-contrast imaging, metastases are characterized as
hypervascular, iso-vascular, or hypovascular, when they
show more, similar, or less enhancement compared to
the background liver parenchyma, respectively, at the
late arterial hepatic dominant phase (Figure 9).
Most of liver metastases are from extra-hepatic
adenocarcinomas and generally they tend to be hypova
[82]
scular . Hypervascular metastases are usually seen in
neuroendocrine tumors, renal cell, thyroid and breast
carcinoma, melanoma, and sarcoma.
HSAs and DWI are useful for detection of small
hepatic metastases, demonstrating improved sen
sitivity over conventional T2-WI MR techniques and,
significantly increased sensitivity compared to CT
[27,94-96]
imaging
. As metastatic tumors do not contain
functioning hepatocytes, they appear hypointense during
the hepatocellular phase, resulting in a high contrast
[26]
between enhancing liver tissue and metastases .
Metastases show high signal on DWI and may increase
[94,95]
the confidence of the diagnosis
. The combination
of HSAs and DWI yield better diagnostic accuracy and
sensitivity in the detection of small liver metastasis than
each magnetic resonance scan sequence alone. In one
study, the combined set showed significantly improved
sensitivity (mean values, 97.5%/95.0% on per-lesion/
per-patient basis) than each imaging set alone (mean,
90.7%/83.7% for Eovist® set, and 91.6%/83.0% for
DWI set) on both per-lesion basis and per-patient
[97]
basis .
While the use of MRI on detection and charac
terization of liver metastatic disease is well established,
the role on the assessment of treatment response is less
[21]
defined . It has been suggested the benefits of MRI
[98-100]
over CT
. This is evident in the setting of pseudoprogression diagnosed on CT due to high density of
hemorrhagic treated lesions and bevacizumab-containing
chemotherapy regimens on metastatic colorectal
[98-100]
cancer
. However, more studies are needed in order

Metastasis

Metastasis is the most common liver malignancy,
outnumbering primary liver malignant neoplasms with
a ratio of 40:1. Moreover, it has been shown that 40%
of patients with extrahepatic malignancy show liver
metastasis at the autopsy. Accurate detection and
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Figure 8 Intrahepatic cholangiocarcinoma. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and postcontrast fat-suppressed
3D-GRE T1-WI at the arterial (E), portal venous (F) and interstitial (G) phases. The tumor shows low signal intensity on T1-WI (A, B and D), high signal intensity on
T2-WI (C), and heterogeneous peripheral continuous and progressive enhancement on postgadolinium images (E-G). Associated capsular retraction is also noted (white
arrow, A-G). GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

to fully comprehend the role of MRI on the assessment
of treatment response of metastatic liver lesions.

the characterization of FLL. Although many hepatic
lesions have characteristic imaging features, the
interpretation should rely on a combination of lesion
assessment, background liver assessment, and clinical
parameters. For liver lesion characterization, HSA are

Simplified practical approach

MRI is a highly sensitive and accurate modality for
WJH|www.wjgnet.com
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Figure 9 Metastases. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and postcontrast fat-suppressed 3D-GRE T1-WI at the
arterial (E), portal venous (F) and interstitial (G) phases. Multiple metastases are present throughout the liver, showing low signal intensity on T1-WI (A, B and D) and
high signal intensity on T2-WI. Most of these lesions show hypervascular characteristics, while one in segment VII (arrow, E) shows ring enhancement. Late washout
is perceived, a feature that is characteristic of carcinoid metastases (G). GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

used to assess the presence of intralesional functional
hepatocytes. DWI is also useful in differentiating benign
from malignant lesions. Although clinical utility has
been proven, further investigation is needed to better
delineate the role of HSA and DWI in characterizing
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FLL. A simplified schematic representation of the typical
imaging features of the most common benign and
malignant hepatic lesions is provided in Figures 10 and
11.
The hepatocellular nature of a lesion can usually
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Figure 10 Stereotypical simplified schema, showing magnetic resonance imaging features of benign focal liver lesions. FNH: Focal nodular hyperplasia;
HCA: Hepatocellular adenoma; FS T2-WI: Fat-suppressed T2-weighted image; T1-WI IP: T1-weighted in-phase image; T1-WI OP: T1-weighted out-of-phase image;
T1-WI AP: Post-contrast fat-suppressed T1-weighted image at the late arterial phase; T1-WI PVP: Post-contrast fat-suppressed T1-weighted image at the portalvenous phase; T1-WI Inter P: Post-contrast fat-suppressed T1-weighted image at the interstitial phase; T1-WI HBP: Post-contrast fat-suppressed T1-weighted image
at the hepatobiliary phase (with hepatocyte-specific contrast agent).
HCC

IHC

Metastasis

FS
T2-WI

T1-WI
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Figure 11 Stereotypical simplified schema, showing magnetic resonance imaging features of malignant focal liver lesions. The represented metastasis
exemplifies the typical appearance of a hypovascular metastasis (the most common type). FS T2-WI: Fat-suppressed T2-weighted image; T1-WI IP: T1-weighted inphase image; T1-WI OP: T1-weighted out-of-phase image; T1-WI AP: Post-contrast fat-suppressed T1-weighted image at the late arterial phase; T1-WI PVP: Postcontrast fat-suppressed T1-weighted image at the portal-venous phase; T1-WI Inter P: Post-contrast fat-suppressed T1-weighted image at the interstitial phase; T1WI HBP: Post-contrast fat-suppressed T1-weighted image at the hepatobiliary phase (with hepatocyte-specific contrast agent); HCC: Hepatocellular carcinomas; IHC:
Intrahepatic cholangiocarcinomas.
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Figure 12 Multiple focal nodular hyperplasias. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific
contrast agent (Eovist®) fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There are two focal nodular
hyperplasias on the left lobe (white arrows) and one small FNH on the right lobe (black arrow). The liver parenchyma shows drop of signal in the opposed-phase
(B) comparing to the in-phase images (A), indicating moderate parenchymal fat deposition. Note that the lesions do not show drop in signal in the opposed-phase
(B). All lesions are isointense comparing to the surrounding liver on T2-WI (C), showing uniform blush on the early post-contrast images (E). In this case the lesions
enhancement do not fade to isointensity on the delayed post-contrast images (F and G) due to the presence of moderate fat deposition in the liver parenchyma. On
the hepatobiliary phase, 20 min after the administration the hepatocyte-specific contrast agent, the lesions show uptake of the contrast agent. GRE: Gradient-echo;
FSE: Fast spinecho; T1-WI: T1-weighted images.

be assessed by the unenhanced sequences. The
signal intensity of these lesions is similar to the liver
parenchyma. The multi-phasic dynamic post-contrast
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imaging further helps in characterization, while HSA may
differentiate between normal or abnormal hepatocyte
function.
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Figure 13 Adenomatosis. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent (Eovist®)
fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There are multiple lesions (> 10 in number) scattered
throughout the hepatic parenchyma, barely visible on unenhanced T1-WI (A, B and D) and hyperintense on T2-WI (C). The lesions show arterial enhancement (E),
which fades to almost isointensity on the delayed post-contrast images (F and G). On the hepatobiliary phase, acquired 20 min after the hepatocyte-specific contrast
agent, all lesions appear with low signal intensity comparing to the surrounding liver. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

Although prone to restraint, an exercise of a sim
plistic approach taking into consideration the clinical
information and the MR findings can be performed. In
young women, a nodular liver lesion that looks similar in
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signal to the remaining parenchyma on unenhanced MR
(suggesting hepatocellular origin), and showing strong
enhancement on the late arterial phase, the diagnosis
of FNH, or less likely, HCA should be considered. MRI
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with HSA usually allows the distinction between these
two lesions.
Hemangiomas usually display pathognomonic
imaging features, namely the moderately high signal
intensity on T2-WI and the peripheral globular discon
tinuous enhancement and retention of contrast on
delayed images. Furthermore, in a patient without
underlying liver disease or history of extra-hepatic
cancer, a lesion with moderately high signal intensity on
T2-WI that strongly enhances at the arterial phase and
remains high in signal intensity on subsequent phases is
also typical of capillary liver hemangioma. As mentioned
above, while using Eovist®, one should remind that
hemangiomas can show “pseudowashout”, simulating
malignant lesions.
In patients with multiple liver tumors, different types
of lesions frequently occur in particular combinations.
The most frequent combination is hemangioma and
FNH, which occurs in near 25% of patients. Less
frequently, FNH and hepatocellular adenoma may
present as multiple lesions and typically show similar
characteristics of singular lesions (Figure 12). Liver
adenomatosis (> 10 adenomas), is an uncommon
entity that occurs most often in young women and
has three MRI patterns that are associated with three
[101]
pathologic forms as described above
(Figure 13).
In patients with underlying liver disease regenerative
hepatocellular nodules, dysplastic nodules, and HCCs
are by far the most common lesions. In this setting,
a nodular liver lesion that looks similar in signal to the
liver parenchyma on unenhanced MR (hepatocellular
origin), and shows enhancement similar to the back
ground liver parenchyma throughout all phases are
regenerative or low-grade dysplastic nodules; if they
show hyper-enhancement but no washout, they are
regarded as high-grade dysplastic nodules; and if they
show hyper-enhancement and delayed washout, then
the diagnosis of HCC is established. Ancillary findings of
mildly high T2 signal intensity or restriction on diffusion
in case of hypervascular nodules, despite the presence
of washout, is also very suspicious for HCC.
Although the prevalence of benign lesions in patients
with cancer remains high, one should always consider
the possibility of liver metastases, especially when liver
lesions are small and cannot be fully characterized by
other imaging methods such as CT. Multiple solid liver
lesions that do not show pathognomonic appearance of
any of the common benign liver lesion in a patient with
a known history of extra-hepatic malignancy are very
suspicious for liver metastases.

properties make MRI the mainstay for the noninvasive
evaluation of focal liver lesions. Like with other radiologic
exams, the interpretation of a liver MR should be done
in a by-patient fashion. The expertise of an experienced
subspecialized abdominal MR radiologist is paramount to
establish and maintain high-quality liver MR protocols,
determine the appropriate indications for the utilization
of hepatocyte vs extracellular contrast agents, and
interpret MR studies; therefore, consistently yielding a
correct diagnosis and ultimately setting the right path
and pace for patients’ management.
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Transarterial chemoembolization: Evidences from the
literature and applications in hepatocellular carcinoma
patients
Antonio Facciorusso, Raffaele Licinio, Nicola Muscatiello, Alfredo Di Leo, Michele Barone

Abstract

Antonio Facciorusso, Nicola Muscatiello, Gastroenterology
Unit, Department of Medical and Surgical Sciences, University
of Foggia, 71100 Foggia, Italy

Transarterial chemoembolization (TACE) is the current
standard of care for patients with large or multinodular
hepatocellular carcinoma (HCC), preserved liver
function, absence of cancer-related symptoms and no
evidence of vascular invasion or extrahepatic spread
(i.e. , those classified as intermediate stage according to
the Barcelona Clinic Liver Cancer staging system). The
rationale for TACE is that the intra-arterial injection of a
chemotherapeutic drug such as doxorubicin or cisplatin
followed by embolization of the blood vessel will result
in a strong cytotoxic effect enhanced by ischemia.
However, TACE is a very heterogeneous operative
technique and varies in terms of chemotherapeutic
agents, treatment devices and schedule. In order to
overcome the major drawbacks of conventional TACE
(cTACE), non-resorbable drug-eluting beads (DEBs)
loaded with cytotoxic drugs have been developed. DEBs
are able to slowly release the drug upon injection and
increase the intensity and duration of ischemia while
enhancing the drug delivery to the tumor. Unfortunately,
despite the theoretical advantages of this new device
and the promising results of the pivotal studies,
definitive data in favor of its superiority over cTACE
are still lacking. The recommendation for TACE as the
standard-of-care for intermediate-stage HCC is based
on the demonstration of improved survival compared
with best supportive care or suboptimal therapies in
a meta-analysis of six randomized controlled trials,
but other therapeutic options (namely, surgery and
radioembolization) proved competitive in selected
subsets of intermediate HCC patients. Other potential
fields of application of TACE in hepato-oncology are
the pre-transplant setting (as downstaging/bridging
treatment) and the early stage (in patients unsuitable
to curative therapy). The potential of TACE in selected
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TACE is a very heterogeneous operative technique
and varies in terms of chemotherapeutic agents,
treatment devices and schedule. Such heterogeneity
explains the great range in terms of efficacy outcomes:
a recent systematic review reported mean overall
survival (OS) times of 3.422 up to more than 40 mo,
[5]
with a median of 16.5 mo . The best outcomes in terms
of OS reported so far are 48 mo in a series published by
[6]
the Barcelona group .

advanced patients with segmental portal vein thrombosis
and preserved liver function deserves further reports.
Key words: Transarterial chemoembolization; Locoregional treatment; Hepatocellular carcinoma; Liver
cancer; Hepatocarcinoma; Radiofrequency ablation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Transarterial chemoembolization (TACE)
represents the standard of care for patients with large or
multinodular hepatocellular carcinoma (HCC). However,
TACE is a heterogeneous technique varying in terms
of chemotherapeutic agents, devices and schedule. In
order to overcome these drawbacks of conventional
TACE (cTACE), drug-eluting beads have been developed.
Unfortunately, despite its theoretical advantages,
definitive data in favor of its superiority over cTACE
are still lacking. TACE represents the standard-of-care
for intermediate-stage HCC, in competition with other
therapeutic options (surgery and radioembolization).
Other fields of application are the pre-transplant setting
and the early stage (in patients unsuitable to curative
therapy).

INDICATIONS
Patients should present a relatively well preserved liver
function, defined as Child-Pugh (CP) ≤ B7 stage without
ascites according to European Association for the Study
[2]
of the Liver (EASL) guidelines or only CP A according
to the more conservative American Association for the
[1]
Study of Liver Diseases (AASLD) guidelines .
Absolute contraindications to TACE are generally
related to decompensated cirrhosis or impaired
[1,2]
portal blood flow . Other absolute contraindication,
supported by the expert opinion, is represented by
extensive tumors massively replacing both entire lobes,
whereas a tumor size ≥ 10 cm, the bile-duct occlusion
and untreated varices at high risk of bleeding constitute
[5]
relative contraindication rather than absolute ones .
Main absolute and relative contraindications to TACE are
reported in Table 1.
Although the adverse events associated with TACE
are generally transient and easily manageable, they are
[7]
[8]
very common with 35% to 100% of treated patients
experiencing post-embolization syndrome (defined by
the occurrence of abdominal pain, fever and nausea).
Treatment-related deaths are expected in less than 2%
[9]
of cases if proper selection of candidates is in place .
Therefore, TACE appears as a safe treatment in
selected candidates, as defined by current guidelines.

Facciorusso A, Licinio R, Muscatiello N, Di Leo A, Barone M.
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Hepatol 2015; 7(16): 2009-2019 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i16/2009.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i16.2009

INTRODUCTION
Transarterial chemoembolization (TACE) is the current
standard of care for patients with large or multinodular
hepatocellular carcinoma (HCC), preserved liver
function, absence of cancer-related symptoms, and no
evidence of vascular invasion or extrahepatic spread [i.e.,
those classified as intermediate stage according to the
[1,2]
Barcelona Clinic Liver Cancer (BCLC) staging system] .
Furthermore, in clinical practice, many patients in
the early stage (i.e., single nodule or up to 3 nodules
under 3 cm) carrying contraindications to curative
approaches - liver resection, liver transplantation (LT) or
radiofrequency ablation (RFA) - are treated with TACE.
The rationale for TACE is that the intra-arterial
injection of a chemotherapeutic drug such as doxorubicin
or cisplatin followed by embolization of the blood vessel
will result in a strong cytotoxic effect enhanced by
[3]
ischemia . The embolization end point is usually defined
as stasis in the second- or third-order branches of the
lobar hepatic artery and injection should be continued
until near stasis is observed in the artery directly feeding
the tumor (i.e., the contrast column should clear within
[4]
2-5 heartbeats) .
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TREATMENT SCHEDULE
Current evidence suggests that one cycle of TACE may
not be sufficient for effective treatment of intermediatestage HCC. On the other hand, there is evidence
suggesting that repeating TACE prolongs survival;
however, current guidelines do not specify the criteria
for treatment repetition. In particular, it should be noted
that in bilobar tumors, the two hepatic lobes usually
have to be treated in separate treatment sessions 2-4
wk apart.
There are no solid data to suggest that “ondemand” TACE (i.e., number of sessions on the basis of
tumor response after each TACE cycle) is more or less
effective than scheduled TACE (pre-defined number of
sessions regardless of “at interim” response or safety
evaluations) for improving patient survival. In fact,
although scheduled strategy is more concordant with
the general principle of oncologic therapy, which uses
standard chemotherapeutic sessions based on the
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embolization prognostic score published by Kadalayil
[16]
et al
in 2013, based on albumin, bilirubin, alphafetoprotein (AFP) and tumour size; the assessment for
retreatment with TACE (ART) score proposed by Sieghart
[17]
et al
in 2013, considering aspartate transaminase
and CP increase after the first session together with
tumor response; the ABCR score published by Adhoute
[18]
et al in 2014 on the basis of AFP and BCLC stage at
baseline together with CP increase and tumor response
after TACE; the inflammation based index score, that
combines C-reactive protein and serum albumin,
[19]
proposed by Pinato et al and applied to TACE patients
in 2015. Other proposed scores and nomograms are
[20-22]
reported in Table 2
.
Unfortunately, none of these new prognostic sys
tems have been unequivocally confirmed in clinical
[23-26]
practice
. In fact, all these efforts, although properly
conducted, suffer from overfitting: a phenomenon
occurring when a model maximizes its performance
on some set of data but its predictive performance is
not confirmed elsewhere due to random fluctuations of
patients’ characteristics in different clinical and demo
graphical backgrounds. The very fact that so different
scores keep on being proposed confirms and gives
proof of this concept. When a model is built, as in the
case of the aforementioned studies, the score is tested
in a different but “plausibly related” cohort and that
is called external validation; unfortunately, external
validation has been found to show sufficient power to
detect clinically important changes in performance only
when substantial sample sizes are available, that is not
[27]
common in clinical research . With smaller series, as in
the case of most of the above reported papers, the sole
external validation may lead to an overestimation of
the performance of the model. In attendance of larger
multicenter series and more reliable statistical tools (for
[28]
instance bootstrap sampling or internal validation) ,
an unequivocally accepted prognostic system able to
guide the decision of TACE repetition remains an unmet
need. The detailed list of the proposed scoring systems
for HCC patients undergoing TACE is reported in Table 2.

Table 1 Absolute and relative contraindications to transarterial
chemoembolization
Absolute contraindications
Decompensated cirrhosis (Child-Pugh ≥ B8)
Extensive tumor with massive replacement of both entire lobes
Severely reduced portal vein flow
Technical impediments to hepatic intra-arterial treatment
Relative contraindications
Kidney failure
Severe cardiopulmonary comorbidities
Tumor size ≥ 10 cm
Untreated varices at high risk of bleeding
Bile-duct occlusion

cell cycle, however, there is evidence suggesting that
the repetition of TACE with an aggressive schedule
[10]
increases the incidence of adverse events . Therefore,
the experts in the field propose the on-demand
repetition with longer intervals between treatments,
[5,11]
rather than a regular predefined schedule
. This has
[12]
been recently confirmed by Terzi et al
in a series
of 151 patients treated with on-demand conventional
TACE (cTACE). In their analysis, a second TACE course
was administered to 65% of patients who experienced
a recurrence after the complete response and to only
41% of patients non responder to the first course.
Therefore, the results of this study demonstrate that
only approximately half of the patients with incomplete
response or recurrences were eligible for repeated
TACE, mainly because of tumor burden growth and liver
[12]
function impairment . These findings stand for an ondemand strategy to be “tailored” according to individual
patients’ characteristics.

REPEATED TACE: IS IT POSSIBLE A
SCORE FOR ALL SEASONS?
What remains to be definitively established is the
maximum number of repeated TACE procedures that
should be administered before switching to another
therapeutic option or stopping treatment. Applying TACE
[11]
procedures up to 3 to 4 times per year and switching
[5]
in absence of response to at least 2 sessions has been
recommended in absence of definitive evidence of an
optimal retreatment strategy because more intensive
regimens might induce liver failure in an unacceptable
proportion of patients. A review of cohort and rand
omized controlled trials (RCTs) reported a mean number
[13]
of TACE courses of 2.5 ± 1.5 per patient , but in the
common clinical practice an even greater number of
repeated sessions is undertaken.
To help the hepatologists to select appropriate
candidates for starting or repeating TACE, several
prognostic indices were introduced in the past, but none
of them were universally accepted since they resulted
[14,15]
difficult to implement or insufficiently discriminatory
.
More recently, a number of other scores and nomograms
have been proposed, particularly: the hepatoma arterial-
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USEFULNESS OF DRUG INJECTION
Robust data in favor of a clear superiority of conventional
[29]
TACE over transarterial embolization (TAE) are lacking .
A RCT comparing cTACE, TAE and best supportive care
(BSC) was prematurely terminated due to the superiority
[30]
of cTACE over BSC (see below) . Unfortunately,
this prevented the possibility to verify the efficacy of
TAE, which could be hypothesized based on the trend
[30]
observed in OS . Similarly, no difference in terms of
survival rates was reported between cisplatin-based
[31]
TACE and TAE in a small Chinese RCT . On the other
hand, the added value of the chemotherapeutic agent
(doxorubicin) in drug-eluting bead (DEB)-TACE over
bland TAE has been recently demonstrated in a Greek
RCT, which found an increase in time to progression (TTP)
from 36.2 ± 9 wk up to 42.4 ± 9.5 wk (P = 0.008) in

2011

August 8, 2015|Volume 7|Issue 16|

Facciorusso A et al . TACE in HCC patients
Table 2 Proposed scoring systems for hepatocellular carcinoma patients undergoing transarterial chemoembolization
Ref.
Lladó et al[15]
Kadalayil et al[16]
Sieghart et al[17]
Adhoute et al[18]
Pinato et al[19]
Hucke et al[20]
Xu et al[21]
Sciarra et al[22]

Variables considered

Aim

AFP (> 400 UI/L), tumor size (> 50%) and CP score
Albumin < 3.6 g/L, bilirubin > 17 μmol/L, AFP > 400 ng/mL and dominant tumor size > 7 cm
Increase of AST by > 25% and of CP score from baseline, tumor response
BCLC, AFP (> 200 ng/mL), increase in CP score by ≥ 2 from baseline and tumor response
Normalization of CRP and serum albumin after TACE
Albumin level, tumour burden (reference: up-to-7 criteria) and CRP(≥ 1 mg/dL)
PVT, tumor number, tumor capsule, AFP, AST and ICR
CD34 and VEGF staining1

Treatment selection
Treatment selection
Treatment repetition
Treatment repetition
Treatment repetition
Treatment selection
Treatment selection
Treatment selection

1

Assessed in tumor biopsy. AFP: Alpha-fetoprotein; CP: Child-Pugh; AST: Aspartate transaminase; BCLC: Barcelona Clinic Liver Cancer; CRP: C-reactive
protein; TACE: Transarterial chemoembolization; PVT: Portal vein thrombosis; ICR: Indocyanin retention test; VEGF: Vascular endothelial growth factor.
[32]

in 13 patients to determine doxorubicin maximal
concentration and area under the curve, which resulted
significantly lower in DEB-TACE patients as compared to
an historical cohort of cTACE patients (P = 0.00002 and
P = 0.001, respectively). Furthermore, DEB-TACE was
well tolerated with only two cases of severe adverse
[34]
events (namely, liver abscesses) . These results were
[35]
confirmed by Poon et al , who used the highest dose
possible of doxorubicin (150 mg). In both studies,
none of treated patients presented doxorubicin-related
systemic toxicity (alopecia, bone marrow toxicity,
[34,35]
dyspnea or pulmonary embolism)
.
[36,37]
In light of successive clinical and in-animal studies
,
use of 100-300 µm beads is actually recommended,
based on the demonstration that such small particles are
delivered inside the tumor or in close proximity to the
tumor margins and thus are ideal for drug delivery or
[4]
precise embolization .
Despite the promising results of these preliminary
studies and the aforementioned theoretical advantages
of DEB-TACE, a clear superiority of one technique over
the other is still lacking.
The comparison between cTACE and DEBs has been
[38-49]
object of 12 studies (whereof 4 RCTs)
and 3 recent
[50-52]
meta-analyses
(Table 3). In the most recent metaanalysis, a significantly better objective tumor response
rate was found for DEB-TACE than for conventional
TACE [odds ratio (OR) = 1.84, 95%CI: 1.02-3.33; P
= 0.04], but Mantel-Haenzel OR for 3-year survival
(reported in 4 studies) was non significant (0.77, CI:
[50]
0.55-1.06, P = 0.11) . With regard to toxicity, either
overall and severe adverse events were similar in both
groups, with post-embolization syndrome occurring
[50,51]
most commonly
.
Although a clear superiority of DEB-TACE is still
lacking, new micro-particles have been recently intro
duced in the clinical practice. As previously mentioned,
small diameter beads have been shown to inflict pannecrosis of the target lesion since smaller bead diameters
achieve a more distal embolization, thus also obstructing
[35-37]
collateral channels
. Therefore, smaller particles
[53-55]
have been recently tested with promising results
,
but broader cohort studies and RCTs are warranted to
validate such findings.

DEB-TACE patients . Another investigation assessed
the degree of necrosis in explanted livers after epirubicin
DEB-TACE versus TAE and found tripled complete
necrosis rates (77% vs 27% of lesions) in the DEB-TACE
[33]
group .
There is no consensus on the optimal chemo
therapeutic agent to use in TACE. Worldwide, the most
popular anticancer drug injected is doxorubicin. In
cTACE, the dose of doxorubicin typically ranges from 30
2
to 75 mg/m (to a maximum of 150 mg) mixed with 5
to 20 mL of lipiodol, followed by mechanical embolization
[4]
with an embolic agent, as Gelfoam . In DEB-TACE,
the planned dose of doxorubicin should depend on
the extent of the liver tumor burden: as a general
rule, for disease within the Milan criteria each single
treatment should include a planned dose of up to 75 mg
doxorubicin loaded into one vial of DC Bead, whereas for
disease beyond the Milan criteria, the dose should be of
[4]
up to 150 mg loaded into two vials of DC Bead .

DEB-TACE VS CTACE
Ideally, the injected chemotherapeutic should be
retained in the tumor and be gradually released to
avoid systemic toxicity. However, even if suspended in
lipiodol as in the case of cTACE, its selective injection
is associated to significant passage into the systemic
circulation. Other important limitation of conventional
TACE has been the lack of standardization of the
technique. In fact, the emulsification of the drug and
lipiodol is prepared extemporaneously and hence is
operator-dependent (not standardized) and is unstable.
Therefore, to overcome the major drawbacks of cTACE,
non-resorbable embolic microspheres loaded with
cytotoxic drugs (DEBs) have been developed. In fact,
DEBs are able to slowly release the drug upon injection
and increase the intensity and duration of ischemia
[4]
while enhancing the drug delivery to the tumor .
The first report on the efficacy of DEB-TACE was the
[34]
phase Ⅱ study by Varela et al . In this pivotal paper,
27 CP A HCC patients received two DEB-TACE (500-700
µm particles) sessions at 2-mo intervals: objective
response rate was 66.6% (whereof 26% were complete
responses). Serial blood samples were obtained

WJH|www.wjgnet.com

2012

August 8, 2015|Volume 7|Issue 16|

Facciorusso A et al . TACE in HCC patients
Table 3 Studies comparing conventional and drug-eluting beads transarterial chemoembolization in hepatocellular carcinoma patients
Ref.
1

Nicolini et al[38]

1

Frenette et al[39]

Song et al[40]
Sacco et al[41]
van Malenstein et al[42]
Lammer et al[43]
Golfieri et al[44]
Ferrer Puchol et al[45]
Dhanasekaran et al[46]
Wiggermann et al[47]
Recchia et al[48]
Megìas Vericat et al[49]

Arm

Drug

Sample size

Study design

Region

DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE
DEB-TACE
cTACE

Doxorubicin
Epirubicin
Doxorubicin
Doxorubicin
Doxorubicin
Doxorubicin or Epirubicin/Cisplatin
Doxorubicin
Doxorubicin
Doxorubicin
Doxorubicin
Doxorubicin
Doxorubicin
Doxorubicin
Epirubicin
Doxorubicin
Doxorubicin
Doxorubicin
Doxorubicin/Cisplatin/Mytomicin-C
Epirubicin
Cisplatin
Doxorubicin
Doxorubicin
Doxorubicin
DOxorubicin

22
16
35
76
60
69
33
34
16
14
93
108
89
88
47
25
45
26
22
22
35
70
30
30

R

Italy

R

United States

R

South Korea

RCT

Italy

RCT

Belgium

RCT

Europe

RCT

Italy

P

Spain

R

United States

R

Germany

P

Italy

R

Spain

1

Study conducted on transplanted patients. DEB-TACE: Drug-eluting beads transarterial chemoembolization; cTACE: Conventional transarterial
chemoembolization; R: Retrospective; RCT: Randomizes controlled trial; P: Prospective.

[56]

up to 20 in the first studies . However, these studies
compared TACE to BSC and not to other treatment
modalities such as surgery. Several reports on expanding
criteria for resection in HCC have been published in
[60,61]
the last years. In fact, two retrospective studies
[62]
and, above all, a RCT
explored the comparative
effectiveness of surgery (partial hepatectomy) with
respect to cTACE for intermediate patients. In the
Chinese RCT, median survival was 41 mo (range 1-50
mo) after surgery vs only 14 mo (range 5-47 mo) after
TACE (P < 0.001). However, it should be noticed that in
both study groups, median tumor size was beyond 7 cm,
[62]
a value representing a suboptimal indication to TACE .
This may explain the relatively poor outcomes observed
in TACE patients, that resulted very far from the most
[6,63]
recent studies in the field
.
On the other hand, besides the attempt to expand
criteria for radical treatments, also the recently
developed new loco-regional techniques have challenged
the assumption of TACE as standard of care for BCLC
B patients. Transarterial radioembolization (TARE)
with yttrium 90 has gained increasing attention for
[64-66]
intermediate and advanced patients in the last years
.
[67]
Salem et al
retrospectively compared data from 245
patients (122 who received chemoembolization and 123
who received radioembolization) and reported longer
TTP following radioembolization than chemoembolization
(13.3 mo vs 9.4 mo, P = 0.047) but similar median OS
(17.5 mo vs 17.2 mo, P = 0.42) in BCLC B patients.
Therefore, in this landmark paper by the Chicago group,
TARE resulted in longer time-to-progression and less

APPLICATIONS OF TACE IN HEPATOONCOLOGY
Intermediate stage

The recommendation for TACE as the standard-ofcare for intermediate-stage HCC is based on the
demonstration of improved survival compared with
best supportive care or suboptimal therapies in a meta[56]
analysis of six RCTs . However, there was considerable
heterogeneity between the individual study designs
(including patient populations and TACE technique) as
[30,57]
well as the study results, with only two
of the six
individual studies that reported 2-year survival rates
showing a statistically significant improvement compared
with conservative management (relative risk of death
after 2 years: 0.53, P = 0.017). Results from other two
meta-analyses confirmed that TACE improved survival
outcomes compared with conservative management,
however, both meta-analyses also concluded that there
were other treatment options (such as TAE or ethanol
injection) as effective as, if not superior to, TACE for
[58,59]
the treatment of unresectable HCC
. Furthermore,
intermediate-stage HCC includes a heterogeneous
population of patients varying widely in terms of tumour
[11]
burden, liver function and disease etiology . In fact, it
should be noted that the previously mentioned studies
included patients with HCC described as ‘‘unresectable”
rather than those with HCC classified as intermediate
according to the BCLC schema.
Overall, the expected survival for untreated inter
mediate HCC is 16 mo, whereas after TACE increased
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toxicity than chemoembolization . Post-hoc analyses
of sample size indicated that a randomized study with >
1000 patients would be required to establish equivalence
of survival times between patients given the different
therapies, a cohort not easy to collect in the clinical
[67,68]
practice
. Other retrospective reports and a small
RCTs confirmed the non significant superiority of one
[69-71]
technique over the other
.
In conclusion, in absence of further solid data
provided by large RCTs, TACE remains the standard of
care for intermediate HCC patients, with surgery and
TARE as competitive options in case of compensated
cirrhosis (CP A) or more advanced tumor burden,
respectively.

significantly in favor of RFA (27.0 ± 3.8 mo after
[79]
RFA and 18.0 ± 2.9 mo after TACE; P = 0.034) .
[79]
Therefore, although the study by Kim et al
does not
strongly support the superiority of RFA over TACE as
no statistically significant difference was noted in terms
of OS, however, RFA led to better tumor responses
and was associated with delayed tumor progression
compared with TACE.
The aforementioned study suggests RFA as firstline treatment for unresectable early/very early HCC
patients, whereas TACE may be considered a viable
alternative when RFA is not feasible.

Downstaging/bridging

TACE is the most used treatment for patients in waiting
[80]
list for LT .
The aims of bridging treatments include decreasing
the waiting list dropout rate before transplantation,
reducing HCC recurrence after LT and improving posttransplant overall survival.
TACE has been extensively used in the past as a
bridging treatment to LT and a number of studies have
shown that it is an effective therapy in terms of adequate
tumor necrosis achievement at explant analysis with
complete tumor necrosis rates ranging between 27%
[81,82]
and 57% in patients within Milan criteria
.
These results are certainly of interest, considering
that RFA leads to superior complete necrosis rates
(between 50% and 78%) in single HCCs up to 3 cm,
but significantly poorer outcomes in larger or multiple
[83-85]
neoplasms (necrosis rate between 13% and 43%)
.
The effectiveness of TARE has recently been
[86]
evaluated by Riaz et al , who studied 38 nodules in 35
patients treated with radioembolization before LT. In this
study, at explant analysis, 23 of the 38 target lesions
(61%) showed complete tumor necrosis; in particular,
complete tumor ablation was detected in 89%, 65%,
and 33% of lesions smaller than 3 cm, between 3 and
[86]
5 cm, and larger than 5 cm, respectively . The same
Group retrospectively compared effectiveness of TACE
and TARE in T3 HCC patients (i.e., beyond conventional
criteria): down-staging rate was 58% after TARE vs
[87]
31% after TACE (P < 0.05) .
In conclusion, no definitive recommendation can be
made for one type of loco-regional therapy over others
in the pre-transplant setting. However, on the basis of
the aforementioned studies, RFA could be considered as
the first-line treatment for single lesions up to 3 cm, in
which complete tumor necrosis has been shown in more
[83-85]
than 50% of cases at explant analysis
. TACE should
be preferred for treating lesions > 3 cm because its
effectiveness appears to be better in well-vascularized
tumors with large feeding arteries.

Early stage

The EASL and AASLD guidelines recommend that the first
option for HCC patients within Milan criteria should be
[1,2]
hepatic resection or LT . Nevertheless, some patients
may be poor surgical candidates and the alternative is
a variety of loco-regional ablation techniques. Of these,
RFA is considered the treatment of choice for these
patients, recently reported to be as effective for small
[72-74]
HCCs (BCLC 0) as surgical resection
. However, some
tumors with a subcapsular or dome location and tumors
adjacent to intestinal loops or the main bile duct may
be unsuitable for RFA and in such cases TACE can be
[75]
used as therapy. Recently, Hsu et al
investigated the
clinical outcomes of Milan-in HCC patients undergoing
RFA (n = 315) or cTACE (n = 215). In the univariate
survival analysis, the RFA group had a significantly
better long-term survival than the TACE group (the
1-, 3-, and 5-year survival rates were 93%, 89%, and
72% for RFA, and 63%, 55%, and 43 % for TACE, P =
0.048), but after propensity-score matching (selecting
101 patients from each treatment arm) such a difference
was lost (1-, 3-, and 5-year survival rates were 85%,
60%, and 41% for RFA, and 86%, 55%, and 36% for
[75]
TACE; P = 0.476) . However, patients undergoing TACE
had a significantly higher cumulative recurrence rate
than patients undergoing RFA (P = 0.023), hence, this
study indicates that TACE and RFA lead to comparable
long-term survival but differ in recurrence rate for HCC
[75]
patients within the Milan criteria . In subgroup analysis,
3
patients with a smaller total tumor volume (< 11 cm ,
equivalent to a single nodule 2.8 cm in diameter) were
found likely to benefit more from RFA with respect to
[75]
TACE . A probable reason for these results is that RFA
has a less satisfactory effect on medium tumors (3.1-5
[76-78]
cm in diameter) and multiple tumors
.
Following the conclusions of this paper, Kim et
[79]
al
have recently compared the two treatments in
287 very early (BCLC 0) HCC patients (122 and 165
patients treated with cTACE and RFA, respectively).
In this study, RFA and TACE did not differ significantly
in terms of mean survival (80.0 ± 2.3 mo and 72.1
± 3.2 mo, respectively; P = 0.079), but objective
response rate (100% and 95.9% in the RFA and TACE
group, respectively; P = 0.013) and median TTP were
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Advanced stage

Advanced HCC (i.e., BCLC stage C) is characterized by
an Eastern Cooperative Oncology Group performance
status of 1-2 and/or the presence of portal vein
thrombosis (PVT) or extrahepatic metastases. According
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to current guidelines, advanced HCC patients can only
receive sorafenib while it is generally accepted that TACE
is not recommended in cases of macroscopic portal
vein invasion because of the potentially increased risk
[1,2]
of liver failure . Recently, however, some prospective
controlled trials have shown the survival benefit of
[88,89]
TACE over BSC in advanced HCC patients with PVT
.
Therefore, the clear effects and safety of TACE in these
patients remain controversial. A recent meta-analysis
of 8 studies (whereof 3 prospective) has summarized
the published results on this regard: TACE resulted
potentially suitable and safe for advanced HCC patients
[90]
with PVT with a low rate of fatal complications .
Furthermore, for selected patients (those with estab
lished collateral circulation and good liver function),
[90]
TACE treatment prolonged survival . However, the
results of this meta-analysis should be interpreted with
caution because all the included studies were conducted
in Asia (hence, it is uncertain the applicability of these
findings to Western settings) and patients with better
liver function tended to be selected into the TACE group,
whereas those decompensated tended to be treated
with BSC. Moreover, sorafenib, and not BSC, is the
reference standard treatment for advanced-stage HCC,
hence, direct comparisons between the two therapies
are needed.
The only head-to-head comparison between the two
treatments published so far, is a retrospective European
[91]
study delivered by the Vienna group . By the way,
even in this well written paper, an underlying selection
bias can be detected, as thrombosis of the main trunk
of portal vein (well-known as at poorer prognosis) was
more frequently present in the sorafenib group than
in the TACE group (25% vs 3%). Median TTP was
similar between the two treatment groups (P = 0.737)
as well as median OS (9.2 mo, 95%CI: 6.1-12.3 mo
after TACE vs 7.4 mo, 95%CI: 5.6-9.2 mo in patients
[91]
treated with sorafenib, P = 0.377) . Interestingly, in
the Austrian study, TACE achieved promising outcomes
(median OS of 14 mo) in selected advanced patients
(CP A and segmental PVT), a result confirmed in other
[92]
retrospective reports . However, in the TACE group,
13 patients experienced severe adverse events and
4 treatment-related deaths, thus pointing out serious
[91]
concerns on the safety of TACE in this setting .
Therefore, TACE might be a reasonable alternative
for selected advanced patients (segmental PVT and CP
A) who do not have access or are intolerant/unsuitable
to sorafenib or TARE, but the particular attention to
be paid to the safety profile restricts this therapeutic
opportunity to highly-experienced centers.

alone . However, for each combination, the number of
studies were mostly inadequate to provide a definitive
recommendation, thus further well-organized randomized
trials are needed to confirm these findings.
TACE is associated with local and systemic increase
in vascular endothelial growth factor, since embolization
interrupts blood supply to the tumor, inducing hypoxia
[94]
and necrosis . These observations suggest that
an antiangiogenetic agent (namely, sorafenib) may
counteract TACE-induced angiogenesis, thus improving
[95,96]
the post-procedural outcomes
. Two important
RCTs have explored the feasibility and the efficacy of
the combined regimen, without finding any definitive
evidence in favor of the association of sorafenib with
[97,98]
TACE
. However, since other smaller RCTs and
retrospective studies provided discordant results,
combined regimens between antiangiogenetic agents
and TACE remain an interesting field of research in
[99-102]
hepato-oncology
.

CONCLUSION
TACE covers a broad spectrum of therapeutic indications
in hepato-oncology and, if the proper selection of
candidates is followed, represents a safe and effective
treatment. Further studies are needed to correctly
expand treatment indications and define the more
appropriate combined regimens with other loco-regional
therapies or systemic drugs.
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Abstract

Tetsuhiro Chiba, Eiichiro Suzuki, Tomoko Saito, Sadahisa
Ogasawara, Yoshihiko Ooka, Akinobu Tawada, Osamu
Yokosuka, Department of Gastroenterology and Nephrology,
Graduate School of Medicine, Chiba University, Chiba 260-8670,
Japan

Similar to other cancers, a multistep process of carcino
genesis is observed in hepatocellular carcinoma (HCC).
Although the mechanisms underlying the development
of HCC have been investigated in terms of oncology,
virology, and stem cell biology, the whole picture of
hepatocarcinogenesis remains to be elucidated. Recent
progress in molecular biology has provided clues to
the underlying cause of various diseases. In particular,
sequencing technologies, such as whole genome and
exome sequencing analyses, have made an impact
on genomic research on a variety of cancers including
HCC. Comprehensive genomic analyses have detected
numerous abnormal genetic alterations, such as
mutations and copy number alterations. Based on these
findings, signaling pathways and cancer-related genes
involved in hepatocarcinogenesis could be analyzed in
detail. Simultaneously, a number of novel biomarkers,
both from tissue and blood samples, have been recently
reported. These biomarkers have been successfully
applied to early diagnosis and prognostic prediction of
patients with HCC. In this review, we focus on the recent
developments in molecular cancer research on HCC and
explain the biological features and novel biomarkers.
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Core tip: Recent progress in molecular biology
enabled understanding of the mechanisms underlying
hepatocarcinogenesis and identification of useful
biomarkers. According to these findings, further efforts
would be needed to improve understanding of these
molecular mechanisms and to establish novel therapeutic
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approaches.

BIOLOGICAL FEATURES OF HCC
Signaling pathways and genetic alteration in HCC

It has been documented that dysregulation of several
signaling pathways including p53/RB, Wnt/β-catenin,
PI3K/PTEN/Akt/mTOR pathways plays an important role
[15,16]
in the development and progression of HCC
. It is
considered that the aberrant activation or inactivation
of these pathways is attributable to somatic alterations,
such as mutations, changes of copy numbers, and
[17]
chromosomal rearrangements . These results could
be applied to the classification and prognostication of
[18]
HCC . Among them, mutation of p53 and β -catenin has
long been recognized as a common genetic alteration in
[19,20]
HCC
, and it is observed in approximately 30% and
20% of HCC samples, respectively.
Recent whole genome and exome sequencing
analyses enabled the surveillance of the signature of
genomic alteration and identification of somatically
mutated genes (Figure 1). In a study on exome se
[21]
quencing of 24 HCC samples, Guichard et al demon
strated that major pathways including Wnt/β-catenin
signaling, p53/cell cycle signaling, PI3K/RAS signaling,
chromatin regulation, and oxidative and endoplasmic
reticulum stress signaling were commonly altered by
somatic mutations or homozygous gene deletions.
They found recurrent alterations in four genes (ARID1A,
RPS6KA3, NFE2L2 and IRF2), which were not previously
reported in HCC. Particularly, ARID1A, a chromatin
remodeling gene, was shown to be frequently mutated in
alcohol-related HCC. Whole-genome sequencing (WGS)
of HCC samples has also revealed recurrent somatic
mutations in several genes associated with chromatin
regulation, such as ARID1A, ARID1B, ARID2, MLL, MLL3,
[22]
BAZ2B, BRD8, BPTF, BRE and HIST1H4B . Mutations
in at least one of these chromatin regulator genes were
detected in more than 50% of HCC tissues. Taken
together, dysregulated chromatin remodeling plays a
critical role in HCC development.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a major cause of
cancer-related deaths, accounting for approximately
600000 deaths annually worldwide and more than
[1,2]
30000 deaths annually in Japan . It is well-known that
hepatitis B virus (HBV), hepatitis C virus (HCV), alcohol
abuse, and nonalcoholic fatty liver disease are the major
[3]
risk factors for hepatocarcinogenesis . Majority of
[4,5]
patients with HCC are HBV or HCV carriers . In HBV
X protein (HBx) transgenic mice, HCC developed within
[6]
one year after birth . Similarly, HCV core transgenic
mice exhibited hepatic steatosis several months after
[7]
birth and eventually developed HCC . These findings
implicate that chronic infection with HBV and HCV have
a direct action on hepatocarcinogenesis. Moreover, the
incidence of HCC in patients with metabolic syndrome
[8]
or nonalcoholic steatohepatitis has been increasing .
It is now widely considered that accumulation of
genetic and/or epigenetic alterations transforms normal
cells into cancer cells through a neoplastic state. This
clinically well recognized process is called “stepwise
[9]
carcinogenesis” . The transformed cells usually acquire
unique properties, such as sustained proliferative
signaling, evasion growth suppressors, resistance to
cell death, ability for replicative immortality, induction
of angiogenesis, and activation of invasion and meta
[10,11]
stasis
. Recent progress in molecular biology and
translational science enabled characterization of cancer
cells and establishment of therapeutic approaches in a
wide range of cancers. Sorafenib, an oral multikinase
inhibitor, has been recognized as a new moleculartargeted therapy for HCC. The agent suppresses tumor
growth and angiogenesis by inhibiting the RAS/RAF/
MAPK signaling pathway and tyrosine kinase receptors
including vascular endothelial growth factor receptor
[12]
(VEGFR) . However, the prognosis of patients with
HCC treated with sorafenib has not been essentially
[13,14]
satisfactory
. Therefore, further understanding of the
molecular mechanisms underlying hepatocarcinogenesis
and establishment of novel therapeutic approaches
remain the most important challenges.
In this review, we will summarize the recent progress
in molecular cancer research on HCC and explain the
molecular mechanisms underlying hepatocarcinogenesis.
We will also highlight the serological and pathological
biomarkers of HCC for diagnosis and prognostication.
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Heterogenity of HCC

Genetic and functional heterogeneity in tumor-con
stituent cells has been observed in a wide range of
[23]
cancers . To explain this, a hierarchical model or cancer
stem cell (CSC) model has been proposed and debated
[24]
on . This model postulates that a small population
generates a hierarchical structure containing descendant
tumor cells. However, clonal evolution model suggests
that a series of clonal expansions accompanied by
accumulated genetic alterations contribute to intratumor
[25]
heterogeneity . Recent sequencing technologies have
successfully demonstrated that most tumors exhibit
extensive intratumoral heterogeneity characterized
by individual tumor cells showing different somatic
[26]
[27]
mutation pattern . Gerlinger et al conducted exome
sequencing analysis of resected renal cell carcinoma
samples and demonstrated not only intratumoral hetero
genity but also genetic alternations between primary
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Figure 1 The major pathways responsible for the development of hepatocellular carcinoma. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV:
Hepatitis C virus; HBx: HBV X protein; ROS: Reactive oxygen species.

tumor and metastatic lesions.
Multicentric tumor development is one of the most
[28]
vital aspects of hepatocarcinogeneis . Fujimoto et
[22]
al
performed WGS on two pairs of multicentric HCVassociated HCCs and unexpectedly found out that
neither common somatic mutations in coding region nor
common structural alterations were observed in these
tumors. These results may indicate that multicentric
HCCs were derived from cells with different genetic
[29]
alterations. On the other hand, Huang et al employed
exome sequencing of nine pairs of matched primary
HBV-associated HCCs and portal vein tumor thrombus
(PVTT) and demonstrated that more than 90% of
nonsynonymous somatic mutations were shared between
primary HCC and PVTT. Furthermore, 65 genes with
mutations either in primary HCC or PVTT were identified.
Among them, mutations in KDM6A, CUL9, FGD6, AKAP3
and RNF139 were detected in PVTT, but not in primary
tumors.

nearly 40% of HBV breakpoints were located around
the X and core gene. Further, they revealed that in
some HCC samples, five genes (TERT, MLL4, CCNE1,
SENP5, and ROCK1) were recurrently affected by HBV
integration. They reported that the number of HBV
integration sites per tumor significantly correlates with
serum levels of HBsAg and alfa-fetoprotein (AFP). In
addition, patients with HCC with several HBV integration
sites exhibited shorter survival time than those with few
integration sites.

Single nucleotide polymorphisms associated with HCC
development

Genome-wide association studies are microarrayoriented technologies that have been utilized to identify
single nucleotide polymorphisms (SNPs) associated with
many traits and diseases. Intronic SNPs in KIF1B and
STAT4 have been shown to be highly associated with
[37,38]
HCC occurrence in Chinese chronic HBV carriers
.
Similarly, it has been recently reported that SNPs in
MICA and DEPDC5 are associated with HCC development
[39,40]
in Japanese patients with chronic HCV infection
.
To confirm the utility of these SNPs as risk markers for
HCC, further analyses of different populations would be
needed.

HBV integration

It is well known that HBx, a multifunctional protein
encoded by the HBV genome, has the ability of the
[30]
transcriptional transactivation . Moreover, HBx could
activate the JAK/STAT signaling pathway but impair
[31,32]
the p53 function
. Thus, HBx is deeply involved in
hepatocarcinogenesis.
The integration of HBV DNA into the host genome is
one of the important factors in hepatocarcinongenesis
[33]
in patients with chronic HBV infection . This appears
to contribute to oncogene activation and/or tumorsuppressor gene inactivation. HBV integration at the
Cyclin A and retinoic acid receptor β gene has been
[34,35]
reported approximately 20 years ago
. Recently, a
novel sequencing technology was successfully applied to
the analyses of HBV genome integration. HBV genome
integration in the telomerase reverse transcriptase (TERT)
locus was observed in 4 of 11 HBV-related HCC samples
[22]
examined . Because activation of telomerase, encoded
by the TERT, is associated with cellular immortalization,
the dysregulation of TERT expression may play a crucial
[36]
role in hepatocarcinogenesis. Sung et al
conducted
WGS of 88 Chinese patients with HCC and noted that

WJH|www.wjgnet.com

Stemness features in HCC

It has been reported that signaling pathways and
molecular mechanisms operating in stem cells are similar
[41]
to those in cancer . For example, BMI1, a polycomb
gene product, is a general regulator in normal stem cell
[42]
systems . On the other hand, high expression levels
of BMI1 were observed in various cancers. We have
previously reported that fetal hepatic stem/progenitor
cells transduced with BMI1 acquired enhanced selfrenewal capability and tumorigenicity to generate
[43]
combined HCC in a mouse transplant model . Glinsky
[44]
et al analyzed gene expression profiles in wild type and
-/BMI1 neurospheres. By comparing those to the data
obtained from primary and metastatic prostate cancer,
they successfully selected 11 BMI1-associated genes.
This 11-gene death-from-cancer signature was validated
in both epithelial and hematological malignancies.
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Figure 2 Cancer stem cells in hepatocellular carcinoma. Acquisition of stemness feature is closely associated with therapeutic resistance and unfavorable
prognosis in HCC. CSCs: Cancer stem cells; HCC: Hepatocellular carcinoma.
+

The gene set has been shown to predict unfavorable
outcomes in patients with these malignancies, which
indicates that BMI1-driven pathways are closely asso
ciated with an aggressive cancer phenotype.
In a microarray-based gene expression analyses,
HCC with similar expression patterns as that of hepatic
stem/progenitor cells was associated with poor pro
[45]
gnosis . c-MET is a tyrosine kinase receptor for
hepatocyte growth factor (HGF). HGF/c-MET signaling
plays a crucial role in the development and regeneration
[46]
[47]
of the liver . Kaposi-Novak et al
conducted global
gene expression profiling of wild type and Met-deficient
mouse hepatocytes and showed that Met-regulated
gene expression signature is associated with aggressive
phenotypes in HCC, such as vascular invasion. Similarly,
it has been reported that epithelial cell adhesion molecule
(EpCAM) served as a surface marker in both hepatic
[48]
stem cell and CSCs . Furthermore, HCC is subclassified
into four groups on the basis of the expression of
EpCAM and AFP. These subtypes displayed distinct gene
expression patterns with features resembling certain
+
+
stages of hepatic lineages. EpCAM AFP HCCs exhibit
hepatocytic progenitor-like expression patterns and have
poor prognoses. In contrast, EpCAM AFP HCCs exhibit
mature hepatocyte-like expression patterns and have
favorable prognoses.
Taken together, prognostic stratification based on the
expression of surface markers and molecules in hepatic
stem/progenitor cells revealed that stemness features
are closely associated with unfavorable prognosis in
patients with HCC (Figure 2).

addition, AFP-L3 HCC frequently exhibits biologically
malignant characteristics, such as portal vein invasion
[52]
and undifferentiated pathology . Protein induced
by vitamin K absence or antagonist-Ⅱ (PIVKA-Ⅱ),
also called des-gamma-carboxy prothrombin, is an
abnormal prothrombin induced by vitamin K shortage.
Hepatocytes with malignant transformation impair
the vitamin K-dependent γ-glutamyl carboxylation and
[53]
produce PIVKA-Ⅱ . The serum levels of PIVKA-Ⅱ
as well as AFP in patients with HCC were significantly
higher than those in patients with chronic hepatitis and
cirrhosis. A marked increase in serum PIVKA-Ⅱ level
is also observed in patients receiving anticoagulation
therapy with warfarin. Serum PIVKA-Ⅱ level is shown
to be closely associated with large tumor diameters and
vascular invasion compared with that of AFP and AFP[54]
L3 . However, these markers have been shown to be
insufficient for the detection of small HCC. Simultaneous
measurement of these markers, such as AFP and PIVKA[55]
[56]
and AFP-L3 and PIVKA-Ⅱ , contributes to the
Ⅱ
improved diagnostic value for HCC detection.
Recently, dickkopf-1 (DKK1) has been shown to be
[57]
a promising serum marker for the detection of HCC .
DKK1 is a secreted protein with two cysteine-rich regions
and functions as a negative modulator of the Wnt/
[58]
β-catenin pathway by interacting with the co-receptor .
It has been shown that serum DKK1 levels were
significantly higher in patients with HBV-related HCC
[59]
than those in the controls . In addition, simultaneous
measurement of DKK1 and AFP was shown to improve
diagnostic accuracy. Further analyses would be necessary
to determine whether DKK1 contributes to the diagnosis
of HCV-related HCC.

BIOLOGICAL MARKERS FOR HCC
Serological markers for HCC

Molecular markers for HCC

Polycomb group gene products: Polycomb group
(PcG) complexes regulate epigenetic cellular memory
and establish and maintain cellular identities during
[60,61]
embryogenesis, development, and tumorigenesis
.
PcG complexes can be functionally divided into at
least two distinct complexes: a maintenance complex,
polycomb repressive complex (PRC) 1 and an initiation
complex, PRC2. BMI1, one of the components of PRC1,

AFP, a plasma protein produced by the yolk sac and
[49]
fetal liver cells , has been the most widely used
[50]
biomarker for the detection of HCC . However, AFP is
not a necessarily specific marker for HCC, considering
that its levels of may also be observed in patients with
chronic hepatitis and cirrhosis. In contrast, lens culinaris
agglutinin-reactive fraction of AFP (AFP-L3) is specific
[51]
for HCC and has been available in clinical settings . In
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Sal-like protein 4: Sal-like protein 4 (Sall4), a
member of the zinc finger transcription factor family,
is highly expressed in murine hepatic stem/progenitor
cells and functions as a regulator of cell fate decisions.
Overexpression of Sall4 in these cells significantly
inhibits hepatocyte-lineage maturation and adversely
accelerates cholangiocyte-lineage terminal differentia
[80]
tion . Overexpression of Sall4 in HCC cell lines
suppresses hepatocytic differentiation and leads to the
acquisition of stem cell-like phenotypes, such as chemo[81]
resistance . Together, Sall4 is closely associated with
the properties of both normal stem cells and CSCs in
[82]
liver. Recently, Yong et al performed clinicopathological
and gene-expression microarray analyses in terms of
Sall4 expression and revealed that increased expression
of Sall4 was closely associated with aggressive phe
notypes of HCC and unfavorable survival. Gene set
enrichment analysis showed that Sall4-high HCC were
significantly enriched with genes involved in embryonic
stem cell signature, metastasis, hepatoblastoma, and
progressive HCC compared with Sall4-low HCC. In
addition, Sall4 peptide, consisting of 12 amino acids,
has been shown to block the oncogenic role of Sall4 in
part by modulating PTEN/PI3K/AKT signaling in HCC
cells.

is essential for maintaining the self-renewal capability of
[62,63]
somatic stem cells including hepatic stem cells
. We
have previously shown that BMI1 regulates CSCs in HCC
[64]
cell lines . These findings suggest that BMI1 regulates
self-renewal of both normal stem cells and CSCs by
repressing the transcription of negative regulator genes
[65]
for stem cell maintenance, such as Ink4a and Arf .
Furthermore, BMI1 expression levels in HCC tumor
tissues are well correlated with the progression and
[66]
prognosis of the disease .
Ezh2, one of the components of PRC2, shows catalytic
activity specific for the trimethylation of histone H3 at
lysine 27. We have previously reported that Ezh2 tightly
regulates the self-renewal and differentiation of murine
[67]
hepatic stem/progenitor cells . Similar to BMI1, EZH2 is
also overexpressed in tumor-initiating HCC cells and HCC
[66]
tumor tissues . In addition, EZH2-knockdown using
short-hairpin RNA and the pharmacological inhibition of
EZH2 by an S-adenosylhomocysteine hydrolase inhibitor,
3-deazaneplanocin A (DZNep) markedly impaired the
[68]
growth and tumorigenic ability of HCC cells .
Taken together, PcG proteins such as BMI1 and
EZH2 may be encouraging therapeutic targets for HCC.
Considering that highly selective PcG protein inhibitors
have been developed, clinical trials would be of impor
[69,70]
tance
.

Predictive markers for response to sorafenib treatment
in HCC

Glypican-3: Glypican-3 (GPC3), a member of the
family of glypican heparan sulfate proteoglycans, is an
[71]
oncofetal protein expressed in fetal liver and HCC .
Abnormal expression of GPC3 was observed in appro
ximately 70% of HCC tumor samples and in appro
[72]
ximately 50% of serum samples of patients with HCC .
Additionally, increased GPC3 expression detected by
immunohistochemical analyses correlated with poor
[73]
prognosis among patients with HC . Considering that
a clinical trial using a GPC3 peptide vaccine in patients
[74]
with advanced HCC has also been carried out , this
appears to serve not only as a tumor marker but also as
a therapeutic target.

Sorafenib, an oral multi-kinase inhibitor, is available as
a new molecular-targeted therapy against HCC. Global
guidelines currently recommend sorafenib as firstline therapy for Child-Pugh A patients with advanced
[83-86]
HCC
. Sorafenib demonstrates its anti-HCC effect
by suppressing tumor growth factors and angiogenesis
through the inhibition of the RAF/MEK/ERK signaling
[87]
pathway and tyrosine kinase receptors, such as VEGFR .
The safety and efficacy of sorafenib on patients with
advanced HCC has been demonstrated in phase Ⅲ
[88,89]
studies
.
Some investigators have tried to determine the
predictive markers for the response to sorafenib,
which also serve as predictive indicators of prognosis
in patients with HCC. Physical findings, such as handfoot-skin reaction (HFSR) and hypertension have
shown to predict favorable outcomes in patients treated
[90,91]
with sorafenib
. Alternatively, the presence of lung
[92]
metastasis could predict poor response to sorafenib . It
has been also reported that early decrease in AFP level
and increase in PIVKA-Ⅱ level determine the therapeutic
[93,94]
efficacy of sorafenib
. Concordant with these findings,
our analyses demonstrated that increase in AST or AFP
levels, existence of MVI, and lack of HFSR serves as
[95]
independent predictors of poor prognosis . Recently, it
has been reported that genetic amplification of FGF3/4
and VEGF-A was frequently observed in responders
[96,97]
[98]
to sorafenib in HCC
. Rudalska et al
conducted
in vivo RNAi screening to identify sorafenib-response
genes and reported that both shRNA-mediated and
pharmacological silencing of MAPK14 (p38α) sensitize

Heat shock protein 70: Heat shock proteins (HSPs)
are highly conserved protein serve as multifunctional
[75]
molecular chaperones . Their expression is usually
upregulated in response to stressful stimuli such as heat
stress. Increased expression of HSP70 has been reported
[76]
in a wide range of cancers including HCC . Chuma
[77]
et al
conducted oligonucleotide array analyses to
compare expression profiles among seven pairs of early
components and progressed components of nodulein-nodule type HCCs. They successfully demonstrated
that HSP70 expression was upregulated according
to the differentiation grade. It is possible that HSP70
could be a sensitive marker for the differential diagnosis
of early HCC from precancerous lesions. In addition,
combination of markers, such as HSP70, GPC3, and
[78]
[79]
glutamine synthetase and HSP70, GPC3, and EZH2
may contribute to the accurate diagnosis of HCC by
immunohistochemical analyses.
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HCC cells to sorafenib therapy. They also highlighted the
importance of inhibiting MAPK14-dependent activation
of MEK/ERK and ATF2 signaling to overcome sorafenibresistance.
Taken together, these findings may be useful as
prognostic biomarkers and are breakthroughs for
understanding of the molecular mechanisms underlying
the development and progression of HCC.

11
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CONCLUSION
Progress in molecular biology, such as next-generation
sequencing, unveils the biological features of HCC.
These analyses were conducted on tissue and blood
samples. Recently, the use of “liquid biopsy” to analyze
circulating tumor DNA in peripheral blood has been
[99,100]
documented
. This approach is minimally invasive
and enables the detection of the sequence and mutations
of target genes. Combined use of novel approaches
and biomarkers contributes to early diagnosis and the
selection of the appropriate treatment for patients with
HCC. Further efforts would be needed to improve the
prognosis of patients with advanced HCC.
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REVIEW

Optimal combination of antiangiogenic therapy for
hepatocellular carcinoma
Hui-Ju Ch’ang
drug resistance and reduce toxicity, combination of
antiangiogenic agents with chemotherapy, radiotherapy
or other targeted agents were evaluated. Nevertheless,
the use of antiangiogenic therapy remains suboptimal
regarding dosage, schedule and duration of therapy.
The issue is further complicated by combination
antiangiogenesis to other cytotoxic or biologic agents.
There is no way to determine which patients are most
likely respond to a given form of antiangiogenic therapy.
Activation of alternative pathways associated with disease
progression in patients undergoing antiangiogenic
therapy has also been recognized. There is increasing
importance in identifying, validating and standardizing
potential response biomarkers for antiangiogenesis
therapy for HCC patients. In this review, biomarkers for
antiangiogenesis therapy including systemic, circulating,
tissue and imaging ones are summarized. The strength
and deficit of circulating and imaging biomarkers
were further demonstrated by a series of studies in
HCC patients receiving radiotherapy with or without
thalidomide.
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Core tip: Antiangiogenic therapy has become an
important component of treatment in hepatocellular
carcinoma (HCC) patients. However, traditional anatomic
imaging of tumor shrinkage is not appropriate to
evaluate the efficacy of antiangiogenesis achieved by
normalizing tumor vasculature and systemic suppression
of angiogenic and inflammatory cytokines. To identify
and validate potential response biomarkers, standardized
systemic, circulating, tissue and imaging assays should
be incorporated in to preclinical and clinical studies
regarding the combination of antiangiogenic agents
to cytotoxic or biologic agents. The optimal dosage,
schedule and duration of antiangiogenic during com

Abstract
The success of sorafenib in prolonging survival of patients
with hepatocellular carcinoma (HCC) makes therapeutic
inhibition of angiogenesis a component of treatment
for HCC. To enhance therapeutic efficacy, overcome
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Another approach has been to combine antian
giogenic therapy with inhibitors of other angiogenesis
or molecular targets. Tivantinib, a c-MET inhibitor, was
compared with placebo in a randomized phase Ⅱ study
in advanced HCC. Improved time to progression with
tivantinib, especially for patients with tumors of high
[13]
MET expression was noted . Cabozantinib, a receptor
tyrosine kinase inhibitor of c-MET/VEGF receptor 2
(VEGFR2), is undergoing phase Ⅲ evaluation in HCC
[14]
patients failed or could not tolerate sorafenib . The
mTOR inhibitor everolimus was compared with best
supportive care alone in a randomized phase Ⅲ trial
(EVOLVE-1) in the second-line treatment of HCC
patients. No significant survival benefit was noted using
[15]
everolimus in HCC patients relapsed from sorefinib .
Everolimus was also combined with sorafenib in a
phaseⅠtrial of HCC, and 43% of the patients developed
[16]
grade 3/4 thrombocytopenia .
Other inhibitors of genetic or epigenetic targets of
HCC including basic fibroblast growth factor (bFGF)
inhibitors, heat-shock protein inhibitors, histone
deacetylase inhibitors, MEK inhibitors, insulin growth
factor (IGF)/IGF receptor inhibitors, Wnt signal inhibitors,
immunotherapy with or without the combination of
antiangiogenesis are under clinical investigation in
[17]
advanced HCC .
With all the efforts in improving clinical outcomes
of antiangiogenesis, the optimal dosing schedule of
antiangiogenic agents alone or in combination for HCC
patients is largely unclear. Along with the development
of new therapies, a parallel effort must be made to
identify biomarkers of response, and toxicity in order to
provide HCC patients with safe and effective therapies.

bination therapy for HCC patients should be titrated
according to these response biomarkers.
Ch’ang HJ. Optimal combination of antiangiogenic therapy for
hepatocellular carcinoma. World J Hepatol 2015; 7(16): 2029-2040
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i16/2029.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i16.2029

INTRODUCTION
Patients with advanced hepatocellular carcinoma (HCC)
have a poor prognosis. Systemic therapy with cytotoxic
[1,2]
agents provides marginal benefit . HCC, a highly
vascularized tumor, requires angiogenesis to grow, invade
[3]
and metastasize . The success of pharmacological
inhibition of angiogenesis in HCC provided by sora
[4,5]
fenib , makes it the first and only systemic agent to
notably improve survival in HCC patients.
Although the inhibition of angiogenesis in HCC is
an established modality of cancer treatment, concerns
regarding toxicity and drug resistance still constitute
barriers to be overcome. Recent randomized studies
[6]
[7]
comparing multikinase inhibitors - sunitinib , brivanib ,
[8]
and linifanib - and the combination of sorafenib
[9]
plus erlotinib with sorafenib alone does not reveal
better survival rates or tolerability. In this review,
issues brought up by combining antiangiogenic agents
with chemotherapy, or other targeted therapy will
be summarized. A series of our study, incorporating
thalidomide, an antiangiogenic agent, during radiotherapy
for HCC patients will be introduced.

STRATEGIES TO IMPROVE
ANTIANGIOGENESIS THERAPY IN HCC

RESPONSE BIOMARKER
Anatomic imaging biomarkers that quantify liver tumor
response to cytotoxic therapy are based on temporal
change in the size of the tumors. Objective response by
size-based decrease in tumor, may translate to an early
[18]
clinical endpoint, in substitution for overall survival .
Anti-VEGF therapy has primarily cytostatic effects, may
prune and normalize the tumor vasculature, and can
have substantial systemic effects such as modulation of
circulating proangiogenic and proinflammatory cytokines
[19-24]
and cells
. These effects may not shrink but rather
[25,26]
stabilize the tumor size and prolong survival
. Unlike
conventional chemotherapy, an effective dose of an
antiangiogenic agent can be less than the maximum
tolerated dose, whereas certain toxicities may be dose[27]
related . The development of antiangiogenic therapy
or other biologic therapy requires new methods for
measuring response to therapy.

To improve the clinical outcomes of antiangiogenic
therapy in HCC, the combination of antiangiogenic
agents with cytotoxic chemotherapy or with other
molecularly targeted therapies may act synergistically to
generate additive effects. A better understanding of the
mechanisms regarding the action of sorafenib on HCC
plus the investigation for predictive biomarkers may
allow us to select patients suitable for anti-angiogenesis
therapy.
Combinations of anti-Vascular endothelial growth
factor (VEGF) agents with chemotherapy in HCC
are under evaluation. Treatment with bevacizumab/
capecitabine/oxaliplatin or with bevacizumab/gem
citabine/oxaliplatin in HCC patients resulted in median
[10,11]
survivals of less than 10 mo
. Based on the en
couraging data from sorafenib plus doxorubicin in
[12]
HCC , a phase Ⅲ randomized study (CALGB80802)
comparing sorafenib plus doxorubicin with sorafenib
alone is underway in patients with advanced HCC.
Studies combining sorafenib with gemcitabine/oxali
platin, modified FOLFOX, or capecitabine/oxaliplatin are
ongoing.
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Blood pressure as a biomarker

Hypertension has been observed in patients with cancer
treated with anti-VEGF antibodies or tyrosine kinase
inhibitors (TKIs) and is clinically manageable in most
cases with medication. There is evidence that patients
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Table 1 Circulating biomarker of hepatocellular carcinoma patients receiving antiangiogenic therapy
Patient enrolled Patient n

Treatment
Sorafenib, bevacizumab or
thalidomide/oral 5FU
Sorafenib

Elevated AFP

72

Advanced

30

Sorafenib

Advanced

491

Sorafenib

Post-operative

29

Sunitinib

Advanced

34

Sunitinib

Advanced

37

Sunitinib

Advanced

23

Bevacizumab

Advanced

43

Bevacizumab

Advanced

59

Thalidomide
Thalidomide/tegafur/uracil

Advanced
Advanced

47
43

Thalidomide/radiotherapy

Advanced

24

TSU68

Advanced

35

Predictive value

Prognostic value

Ref.

AFP responder (AFP decline > 20% in 4 wk) Early AFP responder: associate
Shao et al[103]
correlate with response
with PFS, OS
High baseline IL-8 correlates Miyahara et al[104]
with PD; high Ang2, G-CSF,
HGF, leptin correlate with
shorter PFS
High baseline sc-KIT, low HGF correlate
Baseline Ang2, VEGF, AFP
Llovet et al[36]
with sorefinib response
correlate with survival
High phosphor MET correlate with
Xiang et al[105]
sorafenib resistance
High baseline AFP, IL-8, IL-6,
Zhu et al[24]
SDF1, TNF correlate with PFS
and OS; decreased IL-6, scKIT at day 14 correlate with
improved PFS and OS
High baseline VEGFC correlates with
High base VEGFC correlates Harmon et al[106]
response
with TTP; change in VEGFA,
sVEGFR2 correlate with OS
Decrease sVEGFR2 or TNF correlate, with
Sahani et al[107]
decrease in Ktrans Kep; Decrease Ktrans, Kep at
week 2 correlate with response
Increase CEC on day 15 , low IL-8 correlate
High baseline IL-8, IL-6
Boige et al[108]
with disease control
correlate with short PFS, OS
High Ang2, EGFR, endothelin 1, no
Kaseb et al[109]
acneiform rash correlate with poor outcome
No predictive value of VEGF, bFGF, PlGF
Hsu et al[110]
High IL-6, IL-8 correlate with
Shao et al[111]
short survival
No predictive value of VEGF, bFGF, IL-6,
Baseline IL-6, SDF1 at week
Ch’ang et al[89]
SDF1, TNF
2 correlate with PFS. SDF1
at 1 mo post radiotherapy
correlates with OS
High sVCAM1 correlates with response
Kanai et al[112]

AFP: α-fetal protein; PFS: Progression free survival; OS: Overall survival; IL: Interleukin; PD: Progressive disease; Ang2: Angiopoetin 2; G-CSF: Granulocyto
colony stimulating factor; HGF: Hepatocyte growth factor; VEGF: Vascular endothelial growth factor; SDF: Stem cell derived factor; TNF: Tumor necrosis
factor; TTP: Time to progression; sVEGFR: Soluble VEGF receptor; Ktrans: Transfer constant; Kep: Redistribution rate constant; CEC: Circulating endothelial
cells; EGFR: Epidermal growth factor receptor; bFGF: Basic fibroblast growth factor; PlGF: Placental growth factor; sVCAM1: Soluble vascular cell adhesion
molecule 1.
[28,29]

[32,33]

with hypertension have better survival outcomes
.
A significantly improved progression-free survival (PFS)
for patients with grade 2/3 hypertension after receiving
bevacizumab is noted compared to those who did not
develop hypertension on bevacizumab treatment (P =
0.04). These findings suggest the possibility of titrating
the dose of anti-VEGF therapy by hypertension for
efficacy optimization.

HCC
. However, in other cancers neither the intratumoral nor the circulating VEGF was associated with
[34,35]
the outcome of bevacizumab treatment
. Baseline
VEGF and angiopoietin-2 concentrations were found
to be independent prognostic markers in the sorafenib
HCC assessment randomized protocol trial. However,
these biomarkers were not predictive of response to
[36]
sorafenib .
Many studies have shown a lack of correlation
between VEGF levels at baseline and the outcome of
[35,37]
antiangiogenic therapy
. Intriguingly, the circulating
levels of VEGF seemed to be significantly elevated after
[38]
most antiangiogenic therapies targeting this pathway .
Similar phenomenon was noted after therapy with
[39-44]
anti-VEGFR TKIs
. Preclinical data indicate that this
increase in VEGF may be induced by a host-response to
hypoxia in tumors.
On the other hand, the VEGF genotype has emerged
as a predictive biomarker from the phase Ⅲ study of
bevacizumab in metastatic breast cancer (ECOG 2100).
VEGF-2578AA genotype was associated with a superior
[45]
overall survival in the combination arm .

VEGF as a biomarker

The most extensively studied biomarker in antiangiogeni
therapy has been VEGF (Table 1). Free VEGFA is rapidly
cleared from the circulation, and a wide variation
in plasma VEGF concentrations has been reported
[30]
due to different assay sensitivities . After immunedepletion of VEGF bound to bevacizumab, Loupakis et
[31]
al reported that the concentrations of free and active
VEGF decreased significantly from day 0 to day 14 after
bevacizumab treatment.
Associations between outcomes of antiangiogenic
therapy with VEGF levels in the circulation have
been reported in clinical trials of breast cancer and
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Placental growth factor and soluble VEGFRs as
biomarkers

therapy were associated with increased risk of disease
[56]
progression . A phase Ⅱ study suggested that IL-8
A-251T polymorphism may be a molecular predictor
of response to bevacizumab based chemotherapy in
[57]
ovarian cancer . In phase Ⅱ studies, the extent of
increase in inflammatory cytokines such as IL-10 in the
plasma during treatment was associated with an inferior
outcome in patients with rectal and ovarian cancer after
bevacizumab and chemoradiation treatment, and an
inferior outcome in patients with advanced HCC after
[11,23,46]
sunitinib therapy
. Association between increased
plasma stem cell derived factor (SDF)1α after treatment
and poor outcome in anti-VEGF studies in recurrent
glioblastoma, sarcoma and breast cancer were re
[19,58,59]
ported
. Increased plasma SDF1α and plasma
IL-6 have been associated with poor outcomes in
locally advanced rectal cancer and HCC patients treated
[24,60]
with bevacizumab, chemoradiation and sunitinib
.
In line with these findings, preclinical studies have
shown that sunitinib can induce elevation of circulating
inflammatory cytokines in mice, which might result in
[61,62]
more aggressive recurrent or metastatic tumors
.
Other circulating factors reported to be associated
with clinical outcomes after antiangiogenesis includes
plasma angiopoetin-2, bFGF, platelet derived growth
factor-BB, soluble Tie2, sICAM-1, and matrix metallo
[24,49,56,63-66]
proteinases
(Table 1).

Circulating plasma levels of placental growth factor
(PlGF) increase consistently in response to anti-VEGF
treatment. Thus, plasma PlGF is now being considered
[41,43,46]
as a potential biomarker of anti-VEGF therapy
.
Of interest, the increase in PlGF may be due to
systemic effects, as tumor-derived PlGF may actually
[46]
be decreased after bevacizumab treatment . Zivaflibercept, a recombinant fusion protein that blocks
multiple factors in the angiogenesis network by binding
VEGFA, VEGFB and PlGF. Results of the EFC10262VELOUR study revealed a significant improvement in
the primary endpoint of overall survival (OS) with ziv[47]
aflibercept and FOLFIRI compared to FOLFIRI alone ,
despite approximately one-third of the patients having
received prior bevacizumab treatment. These findings
underscore the potential role of other VEGF family
members in tumor angiogenesis.
Circulating levels of soluble VEGFR2 and VEGFR3
proteins are decreased by TKIs that directly target these
receptors, but not by bevacizumab. Studies showed that
patients with higher plasma levels of sVEGFR1 had a poor
outcome after treatment with bevacizumab, sunitinib,
[24,48-51]
vandetanib, and cediranib
. Polymorphisms in
the FLT1 gene that are associated with higher VEGFR1
expression have been associated with poor outcome of
[52]
bevacizumab containing regimens in phase Ⅲ studies .
The mechanisms by which these changes occur, their
biological significance, and their utility as predictive
biomarkers are not understood.

Tissue biomarkers

Tissue based biomarkers are difficult to establish
because of the invasive and costly nature of these
procedures and the variations in immunohistochemical
procedures and interpretations. Intratumoral levels of
VEGF have not been shown to predict survival outcome
[35,67]
of anti-VEGF therapy
, although correlations with
[68]
response rates have been reported . On the other
hand, increased SDF1 and CXCR4 were noted in rectal
[58,69]
cancer patients after anti-VEGF treatment
. High
carbonic anhydrase IX expression was associated
with better tumor shrinkage for metastatic renal cell
[70]
carcinoma patients treated with sorafenib . Genetic
studies of colorectal cancer did not associate p53,
KRAS or BRAF mutations with bevacizumab treatment
[71]
outcome . Single nucleotide polymorphisms (SNPs)
in VEGF, VEGFR2 and VEGFR1 were associated with
survival after treatment with bevacizumab based
[45,52,72]
regimens
. In line with the important role of
inflammatory cytokines in angiogenesis, a consistent
finding appeared to be the association between SNPs
in CXCR2 and IL-8 genes and the outcome after anti[57,73,74]
VEGF therapies
. More extensive investigation and
validation are warranted to determine a biomarker for
antiangiogenesis therapy.

Other proteins as biomarkers

Collagen Ⅳ is one of the main constituents of tumor
vascular basement membranes. Proteolytic degradation
of the basement membrane during vascular norma
lization by antiangiogenic agents can release soluble
collagen Ⅳ in blood circulation. In recurrent gliobastoma
patients, increase in plasma collagen Ⅳ levels after
anti-VEGF therapy was associated with an increase in
[53]
PFS . In patients with metastatic colorectal cancer,
responses to vatalanib plus chemotherapy correlated
positively with tissue mRNA levels of VEGFR1, lactate
dehydrogenase (LDH) A and glucose transporter (Glut)
[54]
1 and inversely with hypoxia inducible factor 1-α .
In addition, patients with high baseline serum LDH
levels had longer PFS and OS after treatment with
[55]
vatalanib and chemoradiation . Baseline soluble
intracellular adhesion molecule (ICAM)-1 was shown to
be an independent prognostic factor of OS in patients
treated with bevacizumab and chemotherapy or chemo
therapy alone in metastatic non-small cell lung cancer
[37]
(NSCLC) .
Certain inflammatory cytokines might have potent
proangiogenic effects. In patients with advanced NSCLC
who were treated with vandetanib plus chemotherapy,
vandetanib alone or chemotherapy alone, increase
plasma VEGF levels for vandetanib monotherapy and
increase in plasma interleukin (IL)-8 for combination
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Circulating cells

In response to sunitinib, the number of circulating
endothelial cells (CECs) and monocytes can be
decreased in patients with HCC and gastrointestinal
[22,24]
stromal tumors (GISTs)
. However, In GISTs
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Table 2 Imaging biomarkers of hepatocellular carcinoma patients receiving antiangiogenic therapy
Imaging study

Patient n

Predictive value

Perfusion CT, DCEUS

19

Sorafenib

CEUS

21

Sorafenib

Perfusion CT

10

Sunitinib

DCEMRI

24

Sunitinib

DWI, MRP

23

Bevacizumab

Perfusion CT

25

Bevacizumab

DCEUS

42

Perfusion CT, dual-phase
contrast enhanced CT

23

≤ 40% decrease in AUC at 1 mo
correlates with PD
Reduction in enhancement correlates
with response
Increase in MTT correlates with AFP
response
Decreased Ktrans or Kep correlate
PR/SD
Decreased Ktrans or Kep at week 2
correlate with response
Low baseline MTT correlates with
PD; increased MTT correlates with
PR/SD
Decrease between day 0-3 of AUC,
AUC during wash-in, AUC during
wash-out, time to peak intensity
correlate with tumor response
High baseline MTT correlates with
PR/SD; high baseline Ktrans correlates
with responder

Perfusion CT

22

Thalidomide

Power Doppler US

47

Thalidomide

Perfusion CT

18

Thalidomide/
radiotherapy

DCEMRI

22

Pazopanib

DCEMRI

26

Treatment
Sorefinib or sunitinib

Bevacizumab/
gemcitabine and
oxaliplatin
Bevacizumab

High baseline vascular index in
responder
High baseline blood flow and blood
volume correlates with progression
High baseline and week 2 Slope in
responder
Reductions in IAUGC and Ktrans
not correlate with pharmacokinetic
parameters

Prognostic value

Ref.
Frampas et al[113]
Moschouris et al[114]
Sacco et al[115]
Zhu et al[24]

High baseline Ktrans and decrease
in EVF correlate with longer PFS

Sahani et al[107]

Time to peak intensity correlates
with PFS; AUC and ACU during
wash-out correlate with OS

Lassau et al[116]

High baseline MTT correlates
with better PFS

Jiang et al[117]

Reduction in percentage change
of FD and low baseline FD
correlate with longer OS

Hayano et al[118]

Zhu[2]

Hsu et al[110]
Petralia et al[119]

Perfusion parameters over liver
parenchyma correlate with PFS
and OS

Liang et al[87]

Yau et al[120]

CT: Computed tomography; DCEUS: Dynamic contrast enhanced ulatrasonography; AUC: Area under curve; PD: Progressive disease; CEUS: Contrast
enhanced ultrasonography; MTT: Mean transit time; AFP: α-fetal protein; DCEMRI: Dynamic contrast enhanced magnetic resonance imaging; K trans:
Transfer constant; Kep: Redistribution rate constant; PR: Partial response; SD: Stable disease; DWI: Diffusion weighted imaging; MRP: Magnetic resonance
imaging derived perfusion parameter; EVF: Extracellular volume fraction; PFS: Progression free survival; FD: Fractal dimension; OS: Overall survival;
Slope: Initial first-pass enhancement slope; IAUGC: Initial area under the tissue gadolinium concentration-time curve.

patients, clinical benefit was significantly associated
with increases in CECs (P = 0.007) as compared
[22]
with those with progressive disease . TKIs such as
cediranib or bevacizumab combined with chemotherapy
did not change the amount of circulating progenitor
cells. One of the caveats of using CECs as a biomarker
is the means of assessment, which needs to be more
rigorously established and standardized.

treatment with bevacizumab or anti-VEGFR TKIs in
[75]
clinical studies . In HCC patients successfully treated
with bevacizumab, CT perfusion imaging demonstrated
substantial reductions in hepatic tumor blood flow,
blood volume and permeability, findings that may
[76]
predict treatment response . In MRI perfusion studies,
HCC nodules treated with sorafenib showed a higher
trans
decrease in K , which represents the volume transfer
constant between blood plasma and the extravascular
extracellular space. This finding reflects a decrease
in tumor permeability and correlates with longer PFS
[77]
trans
and OS . The extent of drop in K
at day 14 after
sunitinib in advanced HCC was significantly associated
[24]
with PFS . The wide spread incorporation of perfusion
as a biomarker has been hampered by inconsistencies
in quantification results from different software and
acquisition methods, as well as the time intensive
[78,79]
analysis of data
(Table 2).
The validation of clinical imaging of angiogenesis will
be a slow and costly process. Different types of clinical
trials that include histologic analysis will be needed.

Imaging biomarkers

Noninvasive imaging has been widely applied for
monitoring antiangiogenesis therapy in cancer drug
discovery (Table 2). The techniques used in molecular
imaging include positive emission tomography, singlephoton emission computed tomography, molecular
magnetic resonance imaging (MRI), optical fluores
cence, optical bioluminescence, and targeted contrast
-enhanced ultrasound. For example, temporal change
in dynamic MRI and computed tomography (CT)-based
tissue vascular measures such as blood flow, blood
volume, or permeability have been shown to occur after
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[85]

or progression . The observation was validated in
another forty-three patients. Signal parameters of
baseline as well as week 2 during radiotherapy were
[87]
higher in patients with responsive tumor . Multivariate
analysis, however, showed signal parameters over
liver parenchyma, but not over tumor, independently
[87]
predicted PFS and OS . In line with the observation,
univariate analysis showed Child-Pugh classification B
and poor liver function predicted shorter PFS. These
observations emphasized that liver function reserve, but
not tumor response, of these heavily pretreated HCC
[88]
patients impacts the survival after radiotherapy .

CHALLENGES IN IDENTIFYING AND
VALIDATING BIOMARKERS
Despite numerous investigations of antiangiogenic
biomarkers, no validated biomarkers currently exist for
predicting response or identifying appropriate patients
for antiangiogenic therapy. Several challenges need
to be overcome. Since the mechanisms regarding the
actions of the currently approved antiangiogenic agents
are not fully understood, there are no adequate criteria
[80,81]
of pharmacologic response
. The development of
toxicity or resistance due to the activation of VEGFindependent pathways should also be explored. Besides,
the biopsy or blood sample before treatment may not
reflect the biology before subsequent treatment. There
is also regional heterogeneity with one part of a tumor
not necessarily having the same vascularity as another
part. A spatially resolved “dynamic biomarkers” are
warranted. Furthermore, the measurement of candidate
biomarkers should be optimized and standardized
before independent validation.

INCORPORATING THALIDOMIDE INTO
RADIOTHERAPY FOR HCC: CYTOKINES
AND IMAGE STUDIES
With the a priori DECMRI study in HCC patients
receiving radiotherapy, we evaluated the combination
effect of thalidomide to radiotherapy within the same
population of patients with identical image acquisition
[87,89]
and analysis protocols
. Thalidomide, an angiogenesis
inhibitor, was noted to radio-sensitize tumors by
reducing interstitial fluid pressure, increase perfusion
[90]
and tumor reoxygenation . The anti-inflammatory
effect of thalidomide could contribute to the radio[24,91]
sensitization and disease control of HCC
. Low
dose thalidomide resulted in a response rate of less
than 10% and a disease stabilizing rate of 50% in
[92,93]
HCC patients
. Twenty-four patients were enrolled
and received concomitant thalidomide and radiation.
Thalidomide was prescribed at a dose of 100 mg twice
daily starting three days before radiotherapy to achieve
[94]
a steady serum level . The clinical outcomes, cytokine
and DCEMRI studies were compared with patients
receiving radiotherapy alone. Thalidomide suppressed
the serum bFGF significantly and to a lesser extent,
the IL-6 and tumor necrosis factor α levels. Multivariate
analysis revealed that baseline IL-6 and week 2 SDF1α
level independently predicted the PFS. A decreased
SDF1α at one month after radiotherapy complete was
a significant prognostic factor of longer OS of HCC
patients receiving radiotherapy. Patient with responsive
or stabilized disease had significant longer OS (288 ±
51 d vs 203 ± 52 d, P = 0.02). However, none of the
cytokines evaluated correlated significantly with tumor
response after radiation. Despite acceptable toxicity
and significant suppression of serum bFGF, thalidomide
at current dosage and schedule did not correlate with
tumor response and survival of HCC patients receiving
[89]
radiotherapy .
On the other hand, DECMRI studies of the 22 HCC
patients receiving thalidomide and radiotherapy showed
consistently that signal parameters at baseline and
at week 2 during radiotherapy correlated with tumor
response. However, the addition of thalidomide at
current dosage and schedule did not change the signal

INCORPORATING THALIDOMIDE INTO
RADIOTHERAPY FOR HCC: DYNAMIC
CONTRAST ENHANCED MRI STUDIES
FOR HCC DURING RADIOTHERAPY
With the advancement of modern radiation and
respiratory-gating technique, radical radiation to a
portion of liver can achieve a high local control rate in
[82-84]
patients with advanced HCC
. However, slow tumor
shrinkage and rapid recurrence compromise treatment
outcomes. The development of surrogate markers to
[85]
monitor the response of HCC to radiation is important .
The maximal response to radiotherapy is often achieved
6 mo after completion treatment. This slow response
makes it difficult to modify an ineffective regimen for
HCC in a timely fashion, especially in patients with a low
level of serum α-fetal protein. Furthermore, intrahepatic
recurrence outside the field of radiation is a common
[82,83]
cause of treatment failure
. Scattered radiation
related tissue inflammation and damage may have
a deleterious effect on tumor control because of the
[86]
release of cytokines or angiogenic factors .
We evaluated the signal parameters of dynamic
contrast enhanced MRI (DCEMRI) over liver parenchuma
as well as liver tumor in HCC patients before, during
and after radiotherapy. Initial enhancement slope and
peak enhancement ratio, representing microcirculation
and permeability to contrast material were measured
over an operator-defined region of interest. From
nineteen patients with advanced HCC, we found that
increased signal parameters of the tumor at week 2
during radiation were associated with an improved
local response. In the parenchyma, increased signal
parameters at week 2 were associated with recurrence
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parameters significantly compared to the 22 patients
[87]
receiving radiotherapy only . The inconsistency
between serum biomarker and DCEMRI parameter was
reported in a study using ribonucleotide reductase M2
[95]
inhibitor with radiation in pancreatic cancer patients .
In our study, the significant suppression of bFGF by low
dose thalidomide may be tumor-independent changes,
nonetheless, reflect systemic exposure to thalidomide.
They could serve as drug activity markers to determine
optimal biological dose ranges, but not as predictive
[20,22]
or prognostic biomarkers
. Our studies indicate
that daily dose of 200 mg thalidomide may induce a
systemic suppression of angiogenic and inflammatory
cytokines. However, the cytokine effect did not trans
late into vascular change within liver tumor or liver
parenchyma. The optimal dosage and schedule of
thalidomide during radiotherapy for HCC patients should
be further explored.
The superior sensitivity and the lack of radiation put
DCEMRI at the forefront of clinical translation as imaging
biomarker. However, the analysis of abdominal and
thoracic DCEMRI is often impaired by artifacts and misregistration caused by physiologic motion. More recent
reports suggested methods available to alleviate post[96]
processing difficulties in DCEMRI for image analysis .
DCEMRI parameters seemed to help to predict tumor
angiogenesis measured by microvascular density and
VEGF expression levels and discriminate malignant
[97-99]
from normal tissue
. A sufficient decrease in tumor
vascular parameters was used to assign an appropriate
dose for an additional phase Ⅱ trial of an antiangiogenic
therapy (AG-013736). The author showed that the day
2 vascular response measured using DECMRI seemed to
[100]
be a useful indicator of drug pharmacology . However,
trans
paradoxical negative correlation between K
and
[101,102]
CD31 expression was reported as well
. Continuing
investigations are needed to accurately depict whether
DCEMRI truly has a role in imaging tumor angiogenesis
and evaluating response to antiangiogenesis therapy.
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AIM: To review the effectiveness of exercise as a
therapy for nonalcoholic fatty liver disease (NAFLD)
and potential benefits in treating insulin resistance and
atherosclerosis.
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Core tip: Lifestyle modification through increased
physical activity is beneficial in patients with nonalcoholic
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While numerous pharmacologic agents can be used
to treat the metabolic derangements that often coexist
in NAFLD, pharmacologic treatments for NAFLD itself
are lacking. The first line treatment of NAFLD is lifestyle
[11,12]
intervention, including diet and exercise
. Exercise
may aid in the reduction of hepatic steatosis, prevent
progression to cirrhosis, and may improve both insulin
sensitivity and cardiovascular health, factors which
contribute to the leading cause of mortality in this patient
[12]
population . Despite the well-established benefits of
exercise, there is a lack of robust data to support the
[13]
efficacy of exercise as treatment in NAFLD . Data
gleaned from cross sectional studies correlate inactivity
and sedentary lifestyles with the development of
[14,15]
NAFLD
. Physical inactivity leads to reduced insulin
sensitivity, an increase in visceral and peripheral fat
deposition, and an increase in free fatty acid uptake by
[16]
the liver . Exercise as a treatment for NAFLD targets
many aspects of the disease: the metabolic syndrome,
insulin resistance, hepatic steatosis, and cardiovascular
disease. Exercise also thwarts the proposed two step
development of steatohepatitis, which occurs as a result
of deranged fatty acid and lipid metabolism, leading
to increased deposition and impaired export of hepatic
lipids along with de novo lipogenesis, followed by an
increase in inflammatory cytokines and infiltrate within
[17,18]
the liver
.
Current guidelines do not address specific recom
mendations for exercise therapy among persons with
NAFLD, such as which form of exercise, level of intensity,
or duration of treatment provides the most benefit for
NAFLD reduction. Well-designed studies in diabetic
populations, a population that shares a similar physiology
with NAFLD, suggest that combination exercise with
both aerobic and resistance exercise achieves the
greatest improvement in metabolic parameters including
glucose control and abdominal adiposity, and it reduces
the risk of developing cardiovascular disease and the
[19,20]
microvascular complications of diabetes
. The aim of
the current study is to conduct a systematic review of
the available published literature to assess the efficacy
of exercise as a treatment for NAFLD and its effect on
the cardiometabolic comorbidities of NAFLD, including
insulin resistance, dyslipidemia and amount of visceral
adiposity. Various forms of physical activity treatment
will be reviewed, including exercise programs with and
without controlled diets and exercise of varying intensity,
duration, and form.

fatty liver disease (NAFLD). Although weight loss has
been shown to produce improvement in biochemical
and histological markers of NAFLD, exercise might
improve hepatic steatosis and steatohepatitis even in
the absence of major weight loss. Cardiovascular and
resistance training both seem to benefit patients with
NAFLD; further study is needed to determine if one is
more effective than the other. A reduction in sedentary
time in the absence of increased intense physical activity
might also improve NAFLD, although more research is
required.
Whitsett M, VanWagner LB. Physical activity as a treatment of
non-alcoholic fatty liver disease: A systematic review. World J
Hepatol 2015; 7(16): 2041-2052 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i16/2041.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i16.2041

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a burden
some and increasingly prevalent disease throughout
the world. It is the most common cause of chronic
liver disease among children and adolescents and
represents the leading cause of chronic liver disease
[1]
worldwide . The staggering prevalence of NAFLD, by
some estimates affecting more than 30% of the Western
population, parallels the increasingly sedentary lifestyle
[2]
and continued rise of the obesity epidemic . NAFLD is
commonly referred to as the liver manifestation of the
metabolic syndrome, and risk factors for its development
[3]
include diabetes, obesity, and hyperlipidemia . The
prevalence of NAFLD approaches 90% in patients with
hyperlipidemia, 70% in patients with type 2 diabetes,
and greater than 91% in patients who undergo bariatric
[4-6]
surgery .
NAFLD encompasses a spectrum of disease ranging
from isolated hepatic steatosis to steatosis with
inflammation and hepatocyte injury [non-alcoholic
steatohepatitis (NASH)], which is an increasingly
common cause of cirrhosis and hepatocellular carcinoma
and is on trajectory to become the most common
[7]
indication for liver transplantation in the United States .
Patients with concurrent diabetes mellitus are at a
higher risk for the development of NASH, particularly
as insulin sensitivity worsens. Diabetics with NASH
experience higher rates of microvascular complications,
such as chronic kidney disease and retinopathy, as well
as higher rates of all-cause mortality when compared to
[3,8]
non-NASH diabetics . In addition, NAFLD is associated
with prevalent coronary artery disease and myocardial
[9]
dysfunction . A diagnosis of NAFLD is an independent
risk factor for the development of cardiovascular disease,
which represents the leading cause of morbidity and
[9,10]
mortality in this patient population
. Early recognition
and treatment of NAFLD is crucial in the prevention of
associated cardiometabolic and liver-related mortality.

WJH|www.wjgnet.com

MATERIALS AND METHODS
This systematic review adheres to the relevant criteria
from the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement. The methods
used, including identification, screening, eligibility, and
inclusion, were agreed by the authors (Whitsett M and
VanWagner LB) in advance. An electronic search of
the English language medical literature was conducted
using Medline (EBSCOhost) and PubMed to identify
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Records identified through database
searching (n = 2291)

Additional records identified
through other sources (n = 7)

Records after duplicates removed (n = 1752)

Records screened (n = 1276)

Full-text articles
assessed for eligibility (n = 43)

Records excluded (n = 1233)

Full-text articles excluded, with
reasons abstract only (n = 12)
Unrelated (n = 10)

Studies included in
systematic review (n = 18)

Figure 1 Preferred Reporting Items for Systematic Reviews diagram.

published articles on the role of physical activity as a
treatment for NAFLD in adults aged ≥ 18 years of age.
This search strategy used a combination of the following
prespecified MeSH headings and keywords alone or in
combination: “NAFLD”, “nonalcoholic fatty liver disease”,
“fatty liver”, “hepatic steatosis”, “NASH”, “nonalcoholic
steatohepatitis”, “non-alcoholic steatosis”, “exercise”,
“resistance training”, “aerobic training”, “aerobic
exercise”, “circuit training”, “walk test”, “endurance
training”, “strength training”, “weight training”. Boolean
operators (“and”, “or”) were also used in succession to
narrow or widen the search. The search was restricted
to English language and human studies.

studies. Five (27.8%) studies utilized biopsy to examine
the effects on hepatic histology, and the most commonly
employed imaging modality to determine change in
hepatic steatosis was hydrogen-magnetic resonance
spectroscopy (H-MRS). Two studies examined the
effects of low impact physical activity for patients with
significant mobility limitations. One study compared
the efficacy of aerobic and resistance exercise in NAFLD
patients. Study characteristics are summarized in Table
1. Main study findings will be discussed below and are
summarized in Table 2.

Diet and exercise
[21]

Eckard et al
examined how variations in diet with
moderate intensity exercise regimens impact the NAFLD
activity score (NAS), which evaluates the degree of
hepatocellular ballooning, steatosis, and inflammatory
[22]
infiltrate on liver biopsy . He enrolled 56 participants
in four distinct groups: (1) standard control (n = 14);
(2) low fat diet with moderate exercise (n = 14); (3)
moderate fat/low processed carbohydrate diet with
moderate exercise (n = 13); and (4) moderate exercise
only (n = 15). For six months, participants in the
exercise arms engaged in an 18-step exercise program
that combined aerobic and resistance exercises for
20-60 min, 4-7 d per week. Participants assigned to
the low fat and moderate fat groups received nutritional
instruction, attended special nutrition classes, and
received personalized diet plans, designed with a goal of
achieving one pound of weight loss per week based on
caloric intake and energy expenditure. All participants
received instructions on the completion of a 3-d food log.
Participants in the standard care group also attended
one specialized nutrition class. Participants in the low
fat and moderate fat groups received nutritional followup counseling and specific dietary education. Biopsies
were performed before and after the intervention

Inclusion criteria

Studies examining the association between physical
activity in adult patients with NAFLD were included.
Randomized controlled trials, prospective cohort trials,
and well-constructed retrospective studies were included.

Exclusion criteria

Non-English language studies and animal studies were
excluded. Studies which examined adolescents or
children (age < 18) were excluded.

RESULTS
A total of 2298 studies were initially identified through a
comprehensive database search. An additional 7 studies
were identified from a hand review of references. After
duplicate removal and screening for studies published
from 2010 until February 2015, 1276 studies were
identified. Fifty-three relevant studies were screened
through review of article title and abstract, and eighteen
studies were included in this review (Figure 1). Nine
(50%) of these studies were randomized controlled
trials. A total of 6925 patients were included in these

WJH|www.wjgnet.com
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34
18

Pugh et al[40]
Sullivan et al[27]

2044

Liver biopsy
US
US, liver enzymes
US
H-MRS
MRI
Liver biopsy
US

US, liver enzymes
H-MRS

Liver biopsy
US, liver enzymes

H-MRS

Fatty liver index > 60
US, H-MRS
US
Liver biopsy

H-MRS

NAFLD assessment

R
P
RCT
RCT
RCT
RCT
P
RCT

RCT
RCT

RCT
RCT

P

C
P
P
R

P

Design

NAS
Cutaneous microvascular
function
Microvascular function
Intrahepatic TG content, lipid
kinetics
Steatosis by histology
Hepatic steatosis
Metabolic parameters
Hepatic steatosis
Intrahepatic lipid content
Hepatic steatosis
Histology
Hepatic steatosis

IR, intrahepatic TG content

Sedentary and physical
activity time
Level of physical activity
Hepatic steatosis
Hepatic steatosis
Physical activity, NAS

Parameter studied

Aerobic
Aerobic
Aerobic
Resistance
Resistance
Resistance and aerobic
Resistance and aerobic
Aerobic

Aerobic
Aerobic

Aerobic
Aerobic

Aerobic

Activity monitor
Acceleration
Hybrid
None (self-report)

Activity monitor

Type of activity intervention

Yes
Yes
Yes
No
No
No
Yes
Yes

No
No

Yes
No

No

No
No
Yes
No

No

Nutrition intervention

3 × wk
3 × wk
NA
3 × wk
3 × wk
3 × wk
4-7 × wk
Weekly

3 × wk
5 × wk

Consecutive
days
Weekly
3 × wk

NA
2 × wk
2 × wk
NA

NA

Frequency

NA
Max HR > 40%
NA
NA
NA
Moderate
Moderate
Vigorous

Moderate
Moderate

20 min
90 min
NA
40 min
45-50 min
60 min
20-60 min
150->250
min

30-45 min
30-60 min

200 min
30-45 min

50-60 min

NA
20 min
20 min
NA

NA

Duration

Exercise

NA
NA
NA
Inactive, moderate,
vigorous
80%-85% max heart
rate
Moderate
Moderate

NA

Intensity

No set length
3 mo
12 mo
3 mo
8 wk
4 mo
6 mo
12 wk

16 wk
16 wk

48 wk
16 wk

7d

7d
12 wk
12 wk
NA

7d

Intervention duration

to determine the change in NAS. All groups experienced a significant decrease in NAS from baseline, yet there was no statistically significant difference between groups.
Additionally, there was a significant decrease in aminotransferase levels. Not one group achieved a significant degree of weight loss. Of note, there was a high attrition rate
in this particular study, with a loss of fifteen participants. Additionally, 50% of participants in both the low fat and moderate fat groups were non-adherent to their prescribed
diet and caloric expenditure. Because of the complexity of the diet intervention as well as the poor adherence to the prescribed medium and low fat diets, it is difficult to
ascertain what effect, if any, dietary changes had on NAFLD. However, this study suggests that exercise without weight loss can still achieve an improvement in the health of
NAFLD patients.
[23]
Jin et al performed a retrospective study to determine how aerobic exercise and lifestyle changes improved steatosis in 120 non-obese potential living liver donors
found to have NAFLD on routine biopsy. Because graft survival after liver transplantation is heavily impacted by the degree of hepatic steatosis of the donor, it is imperative
that donors maintain healthy lifestyles and engage in physical activity prior to donation. Patients originally biopsied and found to have moderate to severe steatosis (greater
than 30%-60% hepatocytes on biopsy with fat granules) or mild steatosis (5%-30%) with graft-to-recipient weight ratio < 0.8 were encouraged to reduce total body weight
by 5% through diet and aerobic exercise. No patients had fibrosis or NASH within the trial. The regimen consisted of aerobic exercises, thrice weekly for at least 20 min per
session, and the diet recommended was 25 cal/kg × ideal body weight (kg) consisting of 50% carbohydrates, 20% protein, and 30% fat. Patients were re-biopsied according

NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; DM: Diabetes mellitus; US: Ultrasound; P: Prospective; R: Retrospective; C: Cross-sectional; RCT: Randomized controlled trial; NAS: NAFLD activity
score; IR: Insulin resistance; TG: Triglycerides; NA: Not assessed; HR: Heart rate; H-MRS: Hydrogen-magnetic resonance spectroscopy; MRI: Magnetic resonance imaging.

120
52
1087
82
21
31
41
169

31
13

Promrat et al[38]
Pugh et al[39]

Jin et al[23]
Oh et al[28]
Sun et al[24]
Zelber-Sagi et al[30]
Hallsworth et al[29]
Bacchi et al[43]
Eckard et al[21]
Oh et al[35]

17

1263
18
35
813

Gerber et al[14]
Oh et al[33]
Kawaguchi et al[32]
Kistler et al[34]

Haus et al[36]

37

n

Hallsworth et al[26]

Ref.

Table 1 Characteristics of published studies which assess the relationship between physical activity and nonalcoholic fatty liver disease (2010-2015)
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NAFLD

Hallsworth et al[29]

NAFLD + DM

NAFLD

Zelber-Sagi et al[30]

Bacchi et al[43]

NAFLD

Sun et al[24]

NAFLD

Jin et al[23]

NAFLD

NAFLD

Sullivan et al[27]

Oh et al[28]

NAFLD

Pugh et al[40]

NASH

Promrat et al[38]

NAFLD

NAFLD

Haus et al[36]

Pugh et al[39]

NASH, NAFLD

NAFLD

Kawaguchi et al[32]

Kistler et al[34]

NAFLD

NAFLD, NAFLD
+ DM

NAFLD

Population

Oh et al[33]

Gerber et al[14]

Hallsworth et al[26]

Ref.

Resistance vs
aerobic

Resistance

Resistance

Aerobic

Aerobic

Aerobic

Aerobic

Aerobic

Aerobic

Aerobic

Aerobic

None (self-report)

Hybrid

Acceleration

Activity monitor

Activity monitor

intervention

Type of activity

No

0

-0.75%

-11.6%

-13.3%

-3.9%

0

0

0

-9.3%

0

NA

-0.9%

-1.9%

NA

NA

Weight loss
(% Δ)

↓ HDL, TG, HbA1c
↑ clamp-measured insulin
sensitivity

↓ HOMA-IR (NS)

↓ HOMA-IR, total
cholesterol
↓ Total cholesterol

↓ HbA1C HOMA-IR,
LDL, TG ↑ insulin, HDL

↓ Total cholesterol

No effect

↓ Glucose

No effect

↓ Glucose, insulin,
HbA1C HOMA-IR (NS)

↓ Glucose HOMA-IR

↓ Insulin and glucose
(vigorous PA vs inactive)

↓ Insulin HOMA-IR

NA

NA

NA

and lipids

Insulin resistance

No effect

↑ Fat oxidation

↓ Ferritin

↓ TNF-α, IL-6, leptin,
hsCRP, ferritin,
TBARS ↑ adiponectin
No effect

NA

No effect

No effect

No effect

NA

↑ Lipid PUI,
adiponectin

No effect

↓ IL-6

↓ TNF-α, IL-6, leptin,
IMCL ↑ adiponectin

NA

NA

oxidative stress

Inflammation and

No effect

No effect

No effect

Improved

Improved

Improved

Improved

No effect

Improved

Improved

NA

No effect

Improved

Improved

NA

NA

enzymes

Liver

Liver

Improved
(H-MRS)
Improved (MRI)

Improved (US)

NA

NA

NA

NA

NA

NA

histology

Conclusions

Aerobic exercise results in decrease in ALT,
insulin resistance, and the metabolic syndrome
Resistance exercise results in reduction in
steatosis, abdominal adiposity, inflammation,
cholesterol
Resistance exercise results in a 13% relative
reduction in intrahepatic lipids
Both resistance and aerobic exercise result in
improved steatosis, abdominal, and visceral fat
content

NAFLD = more sedentary time, less energy
expenditure, and greater prevalence of DM than
healthy controls
NA
NA
NAFLD = less PA time than non-NAFLD NAFLD
+ DM = lowest quartile of average PA as well as
moderate-vigorous PA
Improved (US)
NA
Acceleration training results in significant
improvement in IR, inflammation, liver enzymes,
steatosis and quality of life
Improved (US)
NA
Hybrid training results in significant improvement
in IR, inflammation, liver enzymes and steatosis
NA
Vigorous PA =
Vigorous but not moderate or total exercise is
↓ odds of NASH
associated with the severity of NAFLD
and fibrosis
NA
Improved
Short-term aerobic exercise favorably alters
steatosis
hepatic lipid composition by increasing
polyunsaturated lipids
NA
Improved NAS.
> 7% weight loss resulted in improvement in
No change in
overall NAS, ballooning, steatosis, inflammation
fibrosis
No effect
NA
Aerobic exercise improves NO-mediated
vasodilation in NAFLD
No effect
NA
Aerobic exercise improves flow mediated dilation
in NAFLD
Improved
NA
Aerobic exercise without weight loss results in
(H-MRS)
significant reduction in intrahepatic triglyceride
content
NA
Improved
Aerobic exercise results in decreased steatosis
steatosis
among living donors even in the absence of
significant weight loss
Improved (US
NA
Diet with exercise exceeds diet alone in reducing
and Fibroscan)
steatosis, inflammation, insulin resistance

NA

by imaging

Liver fat

Table 2 Published study findings for the relationship between physical activity and nonalcoholic fatty liver disease (2010-2015)
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NAFLD, NASH
(88%)
NAFLD

Resistance and
aerobic
Aerobic
10.4%2

-1.3%1
↓ HOMA-IR, LDL, TG
↑ HDL

No effect
↓ TNF-α, IL-6, leptin,
hsCRP, ferritin,
TBARS ↑ adiponectin

No effect
Improved

Improved
Improved (US,
fibroscan)

NA

Improved NAS
in all groups
NA

Lifestyle modification, even without weight loss,
improves NAS
Moderate to vigorous PA (> 250 min weekly)
significantly reduces markers of IR, oxidative
stress and fatty acid metabolism independent of
weight reduction
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Aerobic activity and NAFLD: Sullivan et al
sought to examine the relationship between aerobic exercise and hepatic lipid levels, hypothesizing that moderate
intensity aerobic exercise would not only reduce triglyceride content within the liver but that it would decrease the rate of secretion of very low density lipoprotein
triglycerides (VLDL-TG) by the liver. Eighteen patients were divided into the exercise arm, which required exercising at 45%-55% peak oxygen consumption (VO2) rate

[27]

Activity levels in patients with NAFLD: Living a sedentary lifestyle can lead to the development of obesity and insulin resistance, factors which then can predispose to the
[25]
metabolic syndrome. Sedentary time is defined as periods of both lengthy periods of inactivity and lack of movement, such as in television watching, sleeping, or sitting .
[26]
Previous studies gauging sedentary behavior in NAFLD patients relied on subjective data, surveys mostly, to reach their conclusions. Hallsworth et al objectively measured
the extent of physical inactivity and sedentary time in NAFLD patients. He provided wearable devices to all participants, which measured activity level and energy expenditure
over the course of seven days. As expected, NAFLD patients reported having longer periods of sedentary time, less energy expenditure, and less walking time and active time
than healthy controls. While the NAFLD patients had on average a higher magnetic resonance imaging (BMI) and weight, no comparison could be made regarding the degree
[14]
of hepatic steatosis or insulin resistance between case and control due to the fact that only NAFLD patients received laboratory evaluation. Gerber et al gleaned data from
the National Health and Nutrition Examination Survey from 2003-2004 and 2005-2006 to examine 3 groups: NAFLD alone, NAFLD plus diabetes, and healthy controls. He
assessed the difference in physical activity between the groups by the use of specially designed activity monitors. NAFLD patients were found to be less physically active,
have increased sedentary time, and have a modest prevalence of diabetes. Neither study offered any exercise intervention per se, but it is important to note that in addition
to encouraging formal exercise, minimizing sedentary time may be another approach to minimize the deleterious effects of NAFLD.

Exercise interventions

to the health status of the recipient or once they had achieved a loss of 5% or more of their total body weight. Eighty-five percent of donors (103 of 120 patients), including
some who maintained the same weight or lost none, experienced an improvement in steatosis. In total, the group experienced a 21.3% reduction in total steatosis. Thus,
not only can steatosis improve significantly when diet and exercise lead to weight loss, but patients who partake in aerobic exercise and diet without experiencing weight loss
can still achieve improvement in steatosis.
[24]
Sun et al
launched an impressively large study in China by studying the effect of lifestyle intervention on various metabolic parameters in 1087 NAFLD patients
over the course of one year. Patients were randomized to control or lifestyle; the lifestyle intervention group was given a special diet: 30% fat, 15% protein, and 35%
carbohydrates. They were encouraged to walk, jog, stair climb, and do other exercises with a goal of 23 metabolic equivalent tasks (METs)•h/week (physical activity) +
4 METs•h/week (exercise). Those in the control group were encouraged to maintain their everyday habits and were provided education on the value of healthy eating and
exercise in NAFLD. Patients in the lifestyle arm experienced a significant reduction in alanine aminotransferase (ALT), insulin resistance, and prevalence of the metabolic
syndrome when compared to controls. While the study showed that the group undergoing lifestyle intervention experienced a significant improvement in their health, it is
difficult to ascertain the true benefit of exercise with the lack of controlling for diet.

1
Weight lost in the diet plus exercise arms, mild weight gain was seen in the moderate exercise alone arm; 2Average weight lost across all groups (range 6.4%-12.4%). ALT: Alanine aminotransferase; DM: Diabetes mellitus; H-MRS:
Hydrogen-magnetic resonance spectroscopy; HbA1C: Glycosylated hemoglobin; HDL: High-density lipoprotein cholesterol; HOMA-IR: Insulin resistance by homeostasis model assessment; hsCRP: High sensitivity c-reactive
protein; IL-6: Interleukin-6; IMCL: Intramyocellular lipids; LDL: Low-density lipoprotein cholesterol; NA: Not assessed; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; NO: Nitric oxide; NS: Not
statistically significant; PA: Physical activity; PUI: Lipid polyunsaturated index; TBARS: Thiobarbituric acid reactive substances; TG: Triglycerides; TNF-α: Tumor necrosis factor alpha; US: Ultrasound.

Oh et al[35]

Eckard et al[21]
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for 16 wk with 30-60 min sessions held 5 times weekly.
There was not a dietary component to either arm of
the study, and control patients were told to continue
with their daily activities. Patients underwent H-MRS
pre and post intervention to evaluate the triglyceride
content of their livers, and underwent a study with
isotope tracer to determine if the VLDL secretion
rates had improved. After the intervention, the
concentration of intrahepatic triglyceride content in the
exercise arm decreased significantly (> 10%), without
a significant change in body composition or weight. The
reduction of hepatic triglycerides also correlated with
a reduction in serum ALT. Exercise had no significant
effect on VLDL-TG or VLDL-apoB100 secretion rates or
lipid plasma concentration. While the study evaluated a
small number of patients, the results bolster the body of
evidence that suggests that exercise with a moderate
level of intensity has a modest impact on the degree
of hepatic steatosis in NAFLD patients.
[28]
Oh et al
studied how a regimented diet in
conjunction with aerobic exercise can improve hepatic
steatosis and various anthropometric parameters, such
as visceral and subcutaneous adiposity, when compared
to diet alone. Fifty-two obese men with NAFLD either
engaged in diet alone or diet plus aerobic exercise which
consisted of either walking or jogging for 90 min thrice
weekly at a maximum heart rate > 40%. The diet was
1680 kcal daily, and patients kept food journals, met
with dietitians, and attended group education sessions.
The diet and exercise group experienced a greater
improvement in inflammatory serum markers as well
as a greater reduction in hepatic steatosis, visceral and
subcutaneous adiposity, and insulin resistance compared
to patients who only dieted. Cardiorespiratory fitness,
as measured by VO2max, improved in both arms but to a
greater degree in the combined diet and exercise cohort.
Also, there was a significant correlation between the
volume of exercise (measured by the change in number
of steps) and the degree of reduction of steatosis,
suggesting that greater duration of exercise produces
an appreciable difference in markers of hepatic function.
Thus, diet coupled with exercise has an overall greater
benefit than diet alone in improving body habitus and
markers of inflammation and oxidative stress in NAFLD
patients.

resistance, researchers found that even in those patients
who did not lose weight, the resistance exercise group
had a significant reduction in hepatic steatosis as well as
an improvement in glycemic control and lipid oxidation.
In both the control and resistance groups, BMI remained
relatively stable, and there was no significant change
in ALT or lipids. Thus, in NAFLD, it is possible to achieve
improvement in hepatic steatosis, insulin resistance, and
lipid oxidation without losing weight. Therefore, patients
with functional limitations or poor cardiorespiratory
fitness who may struggle with the demands of aerobic
exercise can still benefit from resistance training.
[30]
Zelber-Sagi et al
sought to investigate the
effect of resistance training on NAFLD in reducing
hepatic steatosis, as measured by ultrasound and the
hepatorenal index, a ratio which compares the echo
genicity of the liver and kidney to quantify the degree of
hepatic steatosis. This form of exercise was compared to
[31]
home stretching exercises . Patients in the treatment
arm completed a three-month program comprised
of resistance exercises with the goal of progressively
increasing the intensity of resistance. The workouts were
self- monitored and specifically avoided aerobic exercise.
The stretching arm was provided stretching exercises
targeted to eight different muscle groups; stretching
was performed three days per week. There were no
dietary restrictions, and at the start and completion of
the intervention patients provided information regarding
their nutritional intake.
[30]
Zelber-Sagi et al
reported that there was a
significant reduction for the resistance arm in the hepa
torenal index (11% vs 3.5%), a significantly greater
reduction in hepatic and abdominal adiposity as well as
a decrease in serum ferritin and cholesterol compared
to the stretching group. Thus, not only is resistance
exercise an important adjunct to aerobic exercise in
treating steatosis, but it seems to help mitigate aspects
of the inflammatory environment, which are thought to
contribute to the pathogenesis of cardiovascular disease
and progressive steatohepatitis among NAFLD patients.

Exercise training in NAFLD patients with physical
limitations: Hybrid and acceleration training

There is a subset of NAFLD patients in whom moderate
aerobic or resistance exercise is exceptionally difficult
(the morbidly obese, incapacitated or bedridden, elderly,
or those with other mobility-limiting comorbidities). More
rigorous forms of exercise may also be unsafe for patients
to complete. Hybrid training consists of simultaneous
voluntary muscular contraction and electrical stimulation
[32]
of the opposing muscle group. Kawaguchi et al
examined the efficacy of hybrid training to improve
the metabolic consequences of NAFLD. In this study,
patients performed both knee flexion and extension
exercises. Hybrid training does not require a patient to be
standing, thus these exercises can be performed while
in bed and could potentially be of benefit to patients with
low mobility. All 35 patients enrolled received 12 wk of
nutritional counseling. Patients in the control group were

Resistance training and NAFLD: Resistance exercise
may be more feasible for certain subgroups of NAFLD
patients, particularly for those with poor cardiore
spiratory fitness or those who are overweight and
cannot, due to body habitus, tolerate or participate
[29]
in aerobic fitness. Hallsworth et al
examined the
effect of resistance training without weight loss on
NAFLD patients with sedentary lifestyles, defined as
less than 60 min of vigorous activity daily. The study
did not include dietary intervention, and the diets of
the participants were unknown. After eight weeks of a
structured exercise program targeting various muscle
groups and with progressive increase in the amount of
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advised to consume less than 25% of total calories from
fat and consume a diet consisting of 25-30 kcal/kg per
ideal body weight. Those in the hybrid group had 24 total
exercise sessions, twice weekly for 12 wk. There was
a significant decrease in body weight, body fat, serum
ALT, hepatic steatosis, and insulin resistance. There was
no effect on serum lipids or basal metabolic rate. Low
intensity exercise, such as hybrid training, offers promise
to NAFLD patients who are debilitated by their illness or
other comorbidities.
Another type of exercise that can be used in relatively
immobile patients is acceleration training. Acceleration
training is a new training method that provides a physical
stimulation effect on skeletal muscles by increasing
gravitational acceleration with vibration. Participants
either hold particular poses or engage in dynamic
movements to activate muscle fibers and increase
[33]
muscular endurance and strength. Oh et al
studied
the effect of acceleration training on obese patients
with NAFLD who previously struggled with weight loss
in another study. Eighteen obese NAFLD patients who
had completed a 12-wk counseling program for lifestyle
changes without experiencing an improvement in
hepatic enzymes or steatosis were chosen for this study.
The exercise program consisted of acceleration training
and utilized whole body three dimensional vibration on
a special platform. There was no specific diet for this
study; however, patients did receive dietary education as
well as keep a food log for three days. At the end of the
12 wk of training, there was a significant improvement
in anthropometry and intramyocellular lipid content.
Intrahepatic steatosis decreased by 8.7%. Also notable
were the reported improvements in quality of life and
mental health of the patients after the intervention,
which factors positively into motivation and willingness
to make lifestyle changes. While this is a relatively
new form of exercise explored in NAFLD, it may be a
promising alternative to traditional exercise in certain
subpopulations of NAFLD.

volume or intensity of exercise, with 54% of those
polled reporting inactive lifestyles. Those who reported
vigorous activity (26% of patients) had lower serum
insulin, gamma-glutamyl transferase, and glucose levels.
Additionally, patients fulfilling the minimum requirements
for vigorous activity experienced a significant reduction
in their adjusted odds of having NASH (OR = 0.65,
95%CI: 0.43-0.98, P = 0.04). Those exceeding
minimum requirements had a significantly lower odds of
having advanced fibrosis (OR = 0.56, 95%CI: 0.34-0.90,
P = 0.02). Thus, the intensity of exercise had a greater
role in improving NAFLD than the volume or duration of
intervention.
[35]
Oh et al examined the benefits of varying degrees
of intensity in exercise programs and how the intensity
level impacted the degree of hepatic steatosis. Patients
were divided into three groups: exercise < 150 min/wk,
150-250 min/wk, > 250 min/wk. The patients exercised
for 12 wk total and were instructed to remain on a strict
diet of 1680 kcal daily. A uniaxial accelerometer was
used on patients to measure energy expenditure. At the
study’s completion, all groups experienced a significant
reduction in weight and BMI. Patients exercising > 150
min weekly achieved a reduction in weight of 12.4% as
well as an improvement in hepatic steatosis. Those who
exercised for 250 min or longer per week experienced
an improvement in hepatic steatosis, ferritin, and other
inflammatory markers. Thus, moderate to vigorous
exercise of 250 min weekly provided anti-oxidative and
anti-inflammatory benefits to NAFLD patients.
To explore the optimal duration of exercise, Haus
[36]
et al
investigated the role of short duration (< 7 d)
exercise in affecting hepatic steatosis. Researchers
hypothesized that even short periods of aerobic exercise
could be beneficial in NAFLD by leading to a change in
lipid composition of the liver, reducing pro-inflamma
[37]
tory substances, and improving insulin sensitivity .
Seventeen obese, non-diabetic NAFLD patients completed
a 7-d course of aerobic exercise comprised of walking
or jogging for 50-60 min daily at 80%-85% maximum
heart rate. H-MRS scans were performed before and
after the intervention. Researchers demonstrated that
there was an increase in polyunsaturated lipid content in
the liver post-exercise. Also, they observed an increase in
serum adiponectin, an anti-inflammatory molecule that
regulates lipid oxidation. The findings of this study are
consistent with known benefits of exercise: improvement
in insulin sensitivity and a reduction in the formation of
damaging reactive oxygen species.

Optimal frequency, intensity, and duration of exercise

For those patients who can exercise without limitations,
questions remain over what frequency, intensity, and
duration is sufficient to improve features of NAFLD.
[34]
Kistler et al performed a retrospective analysis of selfreported physical activity levels and sought to explore
the association between the histopathology of NAFLD
and the volume and intensity of the reported exercise
regimen. The authors posited that individuals who
met moderate to vigorous exercise recommendations
would have less fibrosis on pathology and have a lower
frequency of NASH. Researchers examined survey
results and correlated these with liver biopsy pathology
of 813 adults with NAFLD enrolled in two trials from
the NASH Clinical Research Network. Patients reported
the volume, type, and intensity level of exercise as
measured by metabolic equivalent values. No dietary
intervention occurred in either of the trials. A large
proportion of these patients did not achieve adequate
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Combination of diet, exercise, and behavioral
modification

Most of the studies reviewed in this paper contain a
wide range of patients within the spectrum of fatty liver
disease, but the most at-risk group for poor outcomes
[38]
are those with NASH. Promrat et al recruited patients
with biopsy-proven NASH to determine if achieving a
loss of 7%-10% of body weight through behavioral
modification, exercise, and diet would achieve histologic
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[39]

improvement of NASH . Researchers randomized
NASH patients to either exercise or a control group
for 48 wk. The control group received education on
lifestyle modification, diet, and exercise. The lifestyle
intervention arm combined behavioral strategies, indivi
dualized diets, and moderate intensity exercise. The
caloric allotment in the diets was based upon a patient’s
starting weight, and the goal was to achieve a 0.5-1
pound weight loss weekly. Patients chose their own
exercise and were encouraged to walk 10000 steps
daily and achieve 200 min weekly of exercise. On
biopsy, the lifestyle intervention group had a significantly
larger improvement in NAS. Both groups experienced
improvement in ballooning score, and neither group
experienced a change in fibrosis score. Those who lost
greater than or equal to 7% total body weight had
a significant improvement in NAS, hepatic steatosis,
ballooning, and inflammation. The lifestyle intervention
group experienced a significantly larger mean weight
change (-8.7 kg vs -0.5 kg) and percentage weight
reduction than controls at 24 and 48 wk. The fact
that a number of patients (67% vs 20%, P = 0.02),
enrolled in the intervention arm experienced a complete
resolution of NASH on biopsy is important, as these
patients are at high risk of adverse clinical outcomes
if not treated promptly. However, exercise was again
combined withdiet and behavioral modification so the
incremental effect of moderate intensity exercise cannot
be elucidated from this trial.

amounts of NO release and vasodilation. This improved
with time as patients progressed in their exercise
routines. These findings suggest that exercise of any sort
may help to reduce the risk of cardiovascular disease by
improving microvascular function throughout the body.
[40]
Pugh et al then sought to establish a relationship
[41]
between NAFLD and endothelial function . Additionally,
researchers also wanted to determine if the amount of
visceral and hepatic fat would correlate with the degree
of endothelial impairment. Endothelial dysfunction is
a prerequisite for the development of atherosclerosis
[42]
and subsequent cardiovascular disease . Endothelial
function was measured by flowmediated dilation
(FMD) of the brachial artery in 21 patients with NAFLD.
Thirteen patients participated in moderate intensity
exercise, consisting of supervised and individualized
programs. At initiation, patients exercised for 30 min
weekly three times per week at 30% of heart rate
reserve and then progressed to 45 min sessions five
times weekly. There was no specific diet that patients
followed. The control group received teaching sessions
on exercise and healthy eating, and these patients
were permitted to exercise if they wanted. There was
a significant improvement in FMD among the exercise
group (3.6%, 95%CI: 1.6-5.7, P = 0.002). Visceral
and hepatic fat did not necessarily influence the degree
of FMD. Thus, moderate intensity exercise can improve
the endothelial function of conduit arteries regardless of
improvement in hepatic or visceral adiposity.
Exercise regimens have also been rigorously evalua
ted in diabetic patients with NAFLD. In the literature,
there is a similar dilemma regarding exercise and
diabetic patients, as it is unclear which form of exercise
provides the most benefit for glycemic control and
[43]
[43]
improving cardiovascular fitness . Bacchi et al
examined how a combination of aerobic and resistance
exercise impacts insulin sensitivity and adiposity of
the liver, viscera, and midsection in patients with both
diabetes and NAFLD. This randomized control trial was
derived from a trial which that compared the metabolic
effects of supervised resistance vs aerobic exercise for
type 2 diabetics with sedentary lifestyles. The aerobic
arm participated in 60-min sessions on various cardio
machines, exercising at a goal of 60%-65% of their
heart rate reserve. The resistance arm participated in
weight lifting exercises with 3 series of 10 repetitions.
Both groups exercised thrice weekly for four months
and maintained their old diets. There was a significant
reduction in hepatic adiposity in both groups, and nearly
25% of patients in both groups no longer had hepatic
steatosis at the end of the trial. Insulin sensitivity,
glycosylated hemoglobin, and high density lipoprotein
serum levels were reduced similarly in both groups,
as was abdominal and visceral adiposity. Thus, among
diabetics with NAFLD, resistance and aerobic exercise
both result in a reduction in hepatic steatosis and one
form of exercise is not superior to another.
The benefit of exercise in NAFLD patients is undeni
able and extends well beyond the liver by improving

Effect of physical activity on non-liver outcomes: Insulin
resistance and cardiometabolic disease markers among
NAFLD patients
Because the leading cause of morbidity and mortality
among patients with NAFLD is due to cardiovascular
disease, researchers are interested in understanding
how exercise mitigates the factors present in NAFLD that
predispose to atherosclerosis. An impairment in the body’s
ability to properly regulate microvascular circulation
[40]
occurs early in the atherogenic process. Pugh et al
examined how exercise impacts the microvascular
function of cutaneous vessels through measuring the
release of nitric oxide (NO) in NAFLD patients. NO is
an important mediator in vasodilation during exercise,
and it is known that a deficiency of NO contributes to
inflammation and lipid deposition within vessel walls.
To assess patients’ cutaneous blood flow, researchers
placed microdialysis probes into cutaneous vessels.
Doppler probe signals generated then allowed the
researchers to calculate cutaneous vascular conductance.
Fourteen patients with NAFLD were assigned to either
fully-supervised exercise training or conventional group
which received information on lifestyle modification
and encouragement to exercise. The exercise arm
participated in moderate intensity exercise, three times
weekly at 30% of heart rate reserve. The patients
eventually escalated to five sessions per week of 45
min duration. Researchers found that as the patients’
skin heats from exercise, they experienced increasing
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metabolic derangements such as insulin resistance and
atherosclerotic disease and facilitating the development
of cardiorespiratory fitness, among others. Since
Keating’s comprehensive systematic review in 2012
on the effects of exercise on NAFLD, more data has
surfaced in support of exercise and lifestyle behavior
modification, and recent studies have attempted to
explore and define the potential benefits of exercise on
[13]
both the liver and cardiovascular system . However,
the ability of researchers to definitively suggest specific
interventions for the treatment of NAFLD is limited by
numerous factors. It is still unclear exactly which form
of exercise is superior, how long the exercise sessions
should be, or if weight loss is required in the treatment
of the disease. Studies which examine these questions
are limited by the small number of patients studied. Very
few studies examine a single intervention in isolation, as
it is difficult to control for diet or exercise alone.
Additionally, it is challenging to determine exactly
what aspect of an intervention led to the improvement
in hepatic steatosis or metabolic derangements. Resear
chers, for the most part, rely on imaging or serology
to determine the effects of their interventions, but
these modalities are imperfect in evaluating the change
or degree of steatosis. Biopsy, the gold standard in
diagnosing NASH, is also difficult to obtain due to cost
as well as health risks to the patient. Perhaps more
studies should be performed in the population of living
liver donors, since these patients require biopsy for
donor evaluation, and the benefits of biopsy for both
the future recipient and the donor likely outweigh the
risks of biopsy. Many unknowns remain, and hopefully
more research within this field will help in the creation of
more evidence-based guidelines for physical activity as a
treatment of NAFLD.
From the studies selected for this review, it seems
that recommending moderate intensity exercise, which
incorporates both aerobic and resistance components,
is reasonable to treat NAFLD in able-bodied patients.
While not discussed in depth in this review, encouraging
healthy eating may offer additional health benefits for
these patients. However, there undoubtedly is wide
variation on the degree of functional mobility and ability
for these patients to adhere to such a treatment plan.
Physicians should also consider aspects which may limit
a person’s ability to participate in lifestyle modification
such as motivation, access to gym facilities and healthy
food, and physical limitations. Studies of diabetic
patients indicate that as the level of intensity of an
exercise program increases, motivation and adherence
[43]
diminish . As the rates of obesity and morbid obesity
continue to rise, a larger proportion of the NAFLD
patient population will present challenges for treatment
to physicians throughout the country. Acceleration and
hybrid training, along with other low impact exercises
may provide modest benefit for those patients limited
by their body habitus or their poor cardiorespiratory
fitness. Tackling this growing epidemic will likely require
a strong multidisciplinary approach, combining physical
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activity, nutrition, and behavioral modification to develop
a solution for this diverse patient population.

COMMENTS
COMMENTS
Background

Nonalcoholic fatty liver disease (NAFLD) is becoming more prevalent
throughout the world and increasingly problematic in terms of costs to the
healthcare system and individual. While NAFLD carries with it the risk of
progression to worsening hepatic steatosis and cirrhosis, the presence of
NAFLD, a disease highly associated with the metabolic syndrome, also
increases the risk of cardiovascular morbidity and mortality. The first line
treatment for NAFLD incorporates both dietary modifications and exercise.
However, there is a paucity of high-powered studies and substantial evidence
to support this treatment as well as to prove the impact of this treatment on
both the metabolic and cardiovascular derangements seen in NAFLD. The goal
of this review is to examine the available evidence for exercise in NAFLD from
2010-2015 and to determine the efficacy of exercise to treat NAFLD and its
concurrent disease states. The secondary aim of this review was to determine
if any form of exercise or particular length or duration of exercise was more
efficacious in treating this disease state and improving factors such as insulin
sensitivity, hepatic steatosis, and visceral adiposity.

Research frontiers

Numerous studies examine the effect of employing either resistance or aerobic
exercise in the treatment of NAFLD. Researchers proposed modest exercise
routines which can reasonably be completed by a substantial proportion of the
NAFLD population. However, these programs may be difficult for patients with
morbid obesity, advanced age, and other severe physical limitations. Newer
studies have examined the benefit of low impact exercise, such as acceleration
and hybrid training, in the treatment of NAFLD. While the results are modest,
programs such as these may be employed to allow physically limited patients
to achieve improvements in functional mobility as well as improvements in
cardiovascular and metabolic health.

Innovations and breakthroughs

Both resistance and cardiovascular exercise regimens have been shown to
demonstrate benefit in treating NAFLD. Newer forms of exercise, such as
acceleration training and hybrid training, seem promising as well. Additionally,
decreasing one’s sedentary time through increased physical activity even if the
activity is low intensity may have health benefits for this patient population.

Applications

The studies reviewed support the benefits of lifestyle intervention on NAFLD
and its resultant cardiovascular and metabolic disease. It is reasonable to
recommend moderate intensity exercise which comprises of both aerobic and
resistance exercise for patients.

Terminology

NAFLD incorporates a range of disease from simple hepatic steatosis no
nonalcoholic steatohepatitis. NAFLD is closely associated with the metabolic
syndrome, and recent research has identified a strong association with
cardiovascular disease, which represents the largest cause of mortality for
patients with NAFLD.

Peer-review

In this invited manuscript, the authors aimed to conduct a systematic review
evaluating published literature to assess the efficacy of exercise as a treatment
for NAFLD and its effect on insulin resistance, dyslipidemia and amount
of visceral adiposity. It seems to the authors a good manuscript, correctly
developed with a suitable order, creates an awareness on the subject.

REFERENCES
1

2050

Nobili V, Alkhouri N, Alisi A, Della Corte C, Fitzpatrick E, Raponi
M, Dhawan A. Nonalcoholic fatty liver disease: a challenge for

August 8, 2015|Volume 7|Issue 16|

Whitsett M et al . Physical activity as a treatment of NAFLD

2

3

4

5
6

7

8

9

10
11

12

13

14

15

pediatricians. JAMA Pediatr 2015; 169: 170-176 [PMID: 25506780
DOI: 10.1001/jamapediatrics.2014.2702]
Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras
M, Landt CL, Harrison SA. Prevalence of nonalcoholic fatty liver
disease and nonalcoholic steatohepatitis among a largely middleaged population utilizing ultrasound and liver biopsy: a prospective
study. Gastroenterology 2011; 140: 124-131 [PMID: 20858492
DOI: 10.1053/j.gastro.2010.09.038]
Anstee QM, Targher G, Day CP. Progression of NAFLD to
diabetes mellitus, cardiovascular disease or cirrhosis. Nat Rev
Gastroenterol Hepatol 2013; 10: 330-344 [PMID: 23507799 DOI:
10.1038/nrgastro.2013.41]
Vernon G, Baranova A, Younossi ZM. Systematic review: the
epidemiology and natural history of non-alcoholic fatty liver disease
and non-alcoholic steatohepatitis in adults. Aliment Pharmacol Ther
2011; 34: 274-285 [PMID: 21623852 DOI: 10.1111/j.1365-2036.20
11.04724.x]
Machado M, Marques-Vidal P, Cortez-Pinto H. Hepatic histology
in obese patients undergoing bariatric surgery. J Hepatol 2006; 45:
600-606 [PMID: 16899321]
Gaggini M, Morelli M, Buzzigoli E, DeFronzo RA, Bugianesi E,
Gastaldelli A. Non-alcoholic fatty liver disease (NAFLD) and its
connection with insulin resistance, dyslipidemia, atherosclerosis
and coronary heart disease. Nutrients 2013; 5: 1544-1560 [PMID:
23666091 DOI: 10.3390/nu5051544]
Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA,
Younossi ZM, Ahmed A. Nonalcoholic steatohepatitis is the second
leading etiology of liver disease among adults awaiting liver
transplantation in the United States. Gastroenterology 2015; 148:
547-555 [PMID: 25461851 DOI: 10.1053/j.gastro.2014.11.039]
Chitturi S, Abeygunasekera S, Farrell GC, Holmes-Walker J, Hui
JM, Fung C, Karim R, Lin R, Samarasinghe D, Liddle C, Weltman
M, George J. NASH and insulin resistance: Insulin hypersecretion
and specific association with the insulin resistance syndrome.
Hepatology 2002; 35: 373-379 [PMID: 11826411]
Oni ET, Agatston AS, Blaha MJ, Fialkow J, Cury R, Sposito A,
Erbel R, Blankstein R, Feldman T, Al-Mallah MH, Santos RD,
Budoff MJ, Nasir K. A systematic review: burden and severity of
subclinical cardiovascular disease among those with nonalcoholic
fatty liver; should we care? Atherosclerosis 2013; 230: 258-267
[PMID: 24075754 DOI: 10.1016/j.atherosclerosis.2013.07.052]
Than NN, Newsome PN. A concise review of non-alcoholic
fatty liver disease. Atherosclerosis 2015; 239: 192-202 [PMID:
25617860 DOI: 10.1016/j.atherosclerosis.2015.01.001]
Takahashi Y, Sugimoto K, Inui H, Fukusato T. Current pharma
cological therapies for nonalcoholic fatty liver disease/nonalcoholic
steatohepatitis. World J Gastroenterol 2015; 21: 3777-3785 [PMID:
25852263 DOI: 10.3748/wjg.v21.i13.3777]
Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K,
Charlton M, Sanyal AJ; American Gastroenterological Association;
American Association for the Study of Liver Diseases; American
College of Gastroenterology. The diagnosis and management
of non-alcoholic fatty liver disease: practice guideline by the
American Gastroenterological Association, American Association
for the Study of Liver Diseases, and American College of
Gastroenterology. Gastroenterology 2012; 142: 1592-1609 [PMID:
22656328]
Keating SE, Hackett DA, George J, Johnson NA. Exercise and
non-alcoholic fatty liver disease: a systematic review and metaanalysis. J Hepatol 2012; 57: 157-166 [PMID: 22414768 DOI:
10.1016/j.jhep.2012.02.023]
Gerber L, Otgonsuren M, Mishra A, Escheik C, Birerdinc A,
Stepanova M, Younossi ZM. Non-alcoholic fatty liver disease
(NAFLD) is associated with low level of physical activity: a
population-based study. Aliment Pharmacol Ther 2012; 36: 772-781
[PMID: 22958053 DOI: 10.1111/apt.12038]
Yki-Järvinen H. Non-alcoholic fatty liver disease as a cause and a
consequence of metabolic syndrome. Lancet Diabetes Endocrinol
2014; 2: 901-910 [PMID: 24731669 DOI: 10.1016/S2213-8587(14)
70032-4]

WJH|www.wjgnet.com

16

17
18
19

20

21

22

23

24

25

26

27

28

29

30

2051

Rector RS, Thyfault JP. Does physical inactivity cause non
alcoholic fatty liver disease? J Appl Physiol (1985) 2011; 111:
1828-1835 [PMID: 21565984 DOI: 10.1152/japplphysiol.00384.20
11]
Johnson NA, George J. Fitness versus fatness: moving beyond
weight loss in nonalcoholic fatty liver disease. Hepatology 2010;
52: 370-381 [PMID: 20578153 DOI: 10.1002/hep.23711]
Johnson NA, Keating SE, George J. Exercise and the liver:
implications for therapy in fatty liver disorders. Semin Liver Dis
2012; 32: 65-79 [PMID: 22418889 DOI: 10.1055/s-0032-1306427]
Bacchi E, Negri C, Zanolin ME, Milanese C, Faccioli N, Trombetta
M, Zoppini G, Cevese A, Bonadonna RC, Schena F, Bonora
E, Lanza M, Moghetti P. Metabolic effects of aerobic training
and resistance training in type 2 diabetic subjects: a randomized
controlled trial (the RAED2 study). Diabetes Care 2012; 35:
676-682 [PMID: 22344613 DOI: 10.2337/dc11-1655]
Church TS, Blair SN, Cocreham S, Johannsen N, Johnson W,
Kramer K, Mikus CR, Myers V, Nauta M, Rodarte RQ, Sparks
L, Thompson A, Earnest CP. Effects of aerobic and resistance
training on hemoglobin A1c levels in patients with type 2 diabetes:
a randomized controlled trial. JAMA 2010; 304: 2253-2262 [PMID:
21098771 DOI: 10.1001/jama.2010.1710]
Eckard C, Cole R, Lockwood J, Torres DM, Williams CD, Shaw
JC, Harrison SA. Prospective histopathologic evaluation of lifestyle
modification in nonalcoholic fatty liver disease: a randomized trial.
Therap Adv Gastroenterol 2013; 6: 249-259 [PMID: 23814606
DOI: 10.1177/1756283X13484078]
Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ,
Cummings OW, Ferrell LD, Liu YC, Torbenson MS, UnalpArida A, Yeh M, McCullough AJ, Sanyal AJ; Nonalcoholic
Steatohepatitis Clinical Research Network. Design and validation
of a histological scoring system for nonalcoholic fatty liver disease.
Hepatology 2005; 41: 1313-1321 [PMID: 15915461]
Jin YJ, Kim KM, Hwang S, Lee SG, Ha TY, Song GW, Jung DH,
Kim KH, Yu E, Shim JH, Lim YS, Lee HC, Chung YH, Lee Y,
Suh DJ. Exercise and diet modification in non-obese non-alcoholic
fatty liver disease: analysis of biopsies of living liver donors. J
Gastroenterol Hepatol 2012; 27: 1341-1347 [PMID: 22554085
DOI: 10.1111/j.1440-1746.2012.07165.x]
Sun WH, Song MQ, Jiang CQ, Xin YN, Ma JL, Liu YX, Ma L,
Lin ZH, Li CY, Liu L, Zhang M, Chu LL, Jiang XJ, Wan Q, Zhou L,
Ren R, Meng LF. Lifestyle intervention in non-alcoholic fatty liver
disease in Chengyang District, Qingdao, China. World J Hepatol
2012; 4: 224-230 [PMID: 22855698 DOI: 10.4254/wjh.v4.i7.224]
Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet
PZ, Owen N. Breaks in sedentary time: beneficial associations
with metabolic risk. Diabetes Care 2008; 31: 661-666 [PMID:
18252901 DOI: 10.2337/dc07-2046]
Hallsworth K, Thoma C, Moore S, Ploetz T, Anstee QM, Taylor R,
Day CP, Trenell MI. Non-alcoholic fatty liver disease is associated
with higher levels of objectively measured sedentary behaviour
and lower levels of physical activity than matched healthy controls.
Frontline Gastroenterol 2015; 6: 44-51 [PMID: 25580206]
Sullivan S, Kirk EP, Mittendorfer B, Patterson BW, Klein S.
Randomized trial of exercise effect on intrahepatic triglyceride
content and lipid kinetics in nonalcoholic fatty liver disease.
Hepatology 2012; 55: 1738-1745 [PMID: 22213436 DOI: 10.1002/
hep.25548]
Oh S, Tanaka K, Tsujimoto T, So R, Shida T, Shoda J. Regular
exercise coupled to diet regimen accelerates reduction of hepatic
steatosis and associated pathological conditions in nonalcoholic
fatty liver disease. Metab Syndr Relat Disord 2014; 12: 290-298
[PMID: 24689911 DOI: 10.1089/met.2013.0143]
Hallsworth K, Fattakhova G, Hollingsworth K, Thoma C, Moore S,
Taylor R, Day CP, Trenell MI. Resistance exercise improves liver
lipid, fat oxidation and glucose control in adults with non-alcoholic
fatty liver disease independent of weight loss. J Hepatol 2011; 54:
S337 [DOI: 10.1016/S0168-8278(11)60846-5]
Zelber-Sagi S, Buch A, Yeshua H, Vaisman N, Webb M, Harari
G, Kis O, Fliss-Isakov N, Izkhakov E, Halpern Z, Santo E, Oren

August 8, 2015|Volume 7|Issue 16|

Whitsett M et al . Physical activity as a treatment of NAFLD

31

32

33

34

35

36

R, Shibolet O. Effect of resistance training on non-alcoholic fattyliver disease a randomized-clinical trial. World J Gastroenterol
2014; 20: 4382-4392 [PMID: 24764677 DOI: 10.3748/wjg.v20.
i15.4382]
Webb M, Yeshua H, Zelber-Sagi S, Santo E, Brazowski E, Halpern
Z, Oren R. Diagnostic value of a computerized hepatorenal index for
sonographic quantification of liver steatosis. AJR Am J Roentgenol
2009; 192: 909-914 [PMID: 19304694 DOI: 10.2214/AJR.07.4016]
Kawaguchi T, Shiba N, Maeda T, Matsugaki T, Takano Y, Itou
M, Sakata M, Taniguchi E, Nagata K, Sata M. Hybrid training
of voluntary and electrical muscle contractions reduces steatosis,
insulin resistance, and IL-6 levels in patients with NAFLD: a pilot
study. J Gastroenterol 2011; 46: 746-757 [PMID: 21340530 DOI:
10.1007/s00535-011-0378-x]
Oh S, Shida T, Sawai A, Maruyama T, Eguchi K, Isobe T, Okamoto
Y, Someya N, Tanaka K, Arai E, Tozawa A, Shoda J. Acceleration
training for managing nonalcoholic fatty liver disease: a pilot
study. Ther Clin Risk Manag 2014; 10: 925-936 [PMID: 25404857
DOI: 10.2147/TCRM.S68322]
Kistler KD, Brunt EM, Clark JM, Diehl AM, Sallis JF, Schwimmer
JB. Physical activity recommendations, exercise intensity, and
histological severity of nonalcoholic fatty liver disease. Am J
Gastroenterol 2011; 106: 460-48; quiz 469 [PMID: 21206486
DOI: 10.1038/ajg.2010.488]
Oh S, Shida T, Yamagishi K, Tanaka K, So R, Tsujimoto T, Shoda
J. Moderate to vigorous physical activity volume is an important
factor for managing nonalcoholic fatty liver disease: a retrospective
study. Hepatology 2015; 61: 1205-1215 [PMID: 25271091 DOI:
10.1002/hep.27544]
Haus JM, Solomon TP, Kelly KR, Fealy CE, Kullman EL, Scelsi
AR, Lu L, Pagadala MR, McCullough AJ, Flask CA, Kirwan JP.
Improved hepatic lipid composition following short-term exercise
in nonalcoholic fatty liver disease. J Clin Endocrinol Metab 2013;
98: E1181-E1188 [PMID: 23616151 DOI: 10.1210/jc.2013-1229]

37

38

39

40

41

42

43

Johnson NA, Walton DW, Sachinwalla T, Thompson CH, Smith
K, Ruell PA, Stannard SR, George J. Noninvasive assessment
of hepatic lipid composition: Advancing understanding and
management of fatty liver disorders. Hepatology 2008; 47:
1513-1523 [PMID: 18393289 DOI: 10.1002/hep.22220]
Promrat K, Kleiner DE, Niemeier HM, Jackvony E, Kearns
M, Wands JR, Fava JL, Wing RR. Randomized controlled trial
testing the effects of weight loss on nonalcoholic steatohepatitis.
Hepatology 2010; 51: 121-129 [PMID: 19827166 DOI: 10.1002/
hep.23276]
Pugh CJ, Cuthbertson DJ, Sprung VS, Kemp GJ, Richardson P,
Umpleby AM, Green DJ, Cable NT, Jones H. Exercise training
improves cutaneous microvascular function in nonalcoholic fatty
liver disease. Am J Physiol Endocrinol Metab 2013; 305: E50-E58
[PMID: 23651847 DOI: 10.1152/ajpendo.00055.2013]
Pugh CJ, Spring VS, Kemp GJ, Richardson P, Shojaee-Moradie
F, Umpleby AM, Green DJ, Green DJ, Cable NT, Jones H,
Cuthebertson DJ. Exercise training reverses endothelial dysfunction
in nonalcoholic fatty liver disease. Am J Physiol Heart Circ Physiol
2014; 307: H1298-1306
Green DJ, Jones H, Thijssen D, Cable NT, Atkinson G. Flowmediated dilation and cardiovascular event prediction: does nitric
oxide matter? Hypertension 2011; 57: 363-369 [PMID: 21263128
DOI: 10.1161/HYPERTENSIONAHA.110.167015]
O’Hagan C, De Vito G, Boreham CA. Exercise prescription in the
treatment of type 2 diabetes mellitus : current practices, existing
guidelines and future directions. Sports Med 2013; 43: 39-49
[PMID: 23315755 DOI: 10.1007/s40279-012-0004-y]
Bacchi E, Negri C, Targher G, Faccioli N, Lanza M, Zoppini
G, Zanolin E, Schena F, Bonora E, Moghetti P. Both resistance
training and aerobic training reduce hepatic fat content in type 2
diabetic subjects with nonalcoholic fatty liver disease (the RAED2
Randomized Trial). Hepatology 2013; 58: 1287-1295 [PMID:
23504926 DOI: 10.1002/hep.26393]
P- Reviewer: Sertoglu E S- Editor: Song XX
L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

2052

August 8, 2015|Volume 7|Issue 16|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ISSN 1948-5182 (online)

World Journal of
Hepatology
World J Hepatol 2015 August 18; 7(17): 2053-2126

Published by Baishideng Publishing Group Inc

WJH

World Journal of
Hepatology
Editorial Board
2014-2017

The World Journal of Hepatology Editorial Board consists of 469 members, representing a team of worldwide experts
in hepatology. They are from 53 countries, including Algeria (1), Argentina (6), Armenia (1), Australia (1), Austria
(4), Bangladesh (2), Belgium (3), Botswana (2), Brazil (13), Bulgaria (2), Canada (3), Chile (1), China (98), Czech
Repoublic (1), Denmark (2), Egypt (12), France (6), Germany (19), Greece (11), Hungary (5), India (15), Indonesia
(2), Iran (4), Israel (1), Italy (52), Japan (35), Jordan (1), Malaysia (2), Mexico (3), Moldova (1), Netherlands (3),
Nigeria (1), Pakistan (1), Philippines (2), Poland (1), Portugal (2), Qatar (1), Romania (6), Russia (2), Saudi Arabia
(4), Singapore (1), South Korea (11), Spain (20), Sri Lanka (1), Sudan (1), Sweden (1), Switzerland (1), Thailand (4),
Turkey (21), Ukraine (3), United Kingdom (17), and United States (56).

EDITORS-IN-CHIEF
Clara Balsano, Rome
Wan-Long Chuang, Kaohsiung
GUEST EDITORIAL BOARD
MEMBERS
King-Wah Chiu, Kaohsiung
Tai-An Chiang, Tainan
Chi-Tan Hu, Hualien
Sen-Yung Hsieh, Taoyuan
Wenya Huang, Tainan
Liang-Yi Hung, Tainan
Jih RU Hwu, Hsinchu
Jing-Yi Lee, Taipei
Mei-Hsuan Lee, Taipei
Chih-Wen Lin, Kaohsiung
Chun-Che Lin, Taichung
Wan-Yu Lin, Taichung
Tai-Long Pan, Tao-Yuan
Suh-Ching Yang, Taipei
Chun-Yan Yeung, Taipei
MEMBERS OF THE EDITORIAL
BOARD

Jorge Quarleri, Buenos Aires
Adriana M Torres, Rosario

Armenia
Narina Sargsyants, Yerevan

Australia
Mark D Gorrell, Sydney

Austria
Harald Hofer, Vienna
Gustav Paumgartner, Vienna
Matthias Pinter, Vienna
Thomas Reiberger, Vienna

Bangladesh
Shahinul Alam, Dhaka
Mamun Al Mahtab, Dhaka

Algeria
Samir Rouabhia, Batna

Argentina
Fernando O Bessone, Rosario
Maria C Carrillo, Rosario
Melisa M Dirchwolf, Buenos Aires
Bernardo Frider, Buenos Aires

WJH|www.wjgnet.com

Belgium
Nicolas Lanthier, Brussels
Philip Meuleman, Ghent
Luisa Vonghia, Antwerp

Botswana
Francesca Cainelli, Gaborone

I

Sandro Vento, Gaborone

Brazil
Edson Abdala, Sao Paulo
Ilka FSF Boin, Campinas
Niels OS Camara, Sao Paulo
Ana Carolina FN Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Julio CU Coelho, Curitiba
Flavio Henrique Ferreira Galvao, São Paulo
Janaina L Narciso-Schiavon, Florianopolis
Sílvia HC Sales-Peres, Bauru
Leonardo L Schiavon, Florianópolis
Luciana D Silva, Belo Horizonte
Vanessa Souza-Mello, Rio de Janeiro
Jaques Waisberg, Santo André

Bulgaria
Mariana P Penkova-Radicheva, Stara Zagora
Marieta Simonova, Sofia

Canada
Runjan Chetty, Toronto
Michele Molinari, Halifax
Giada Sebastiani, Montreal

Chile
Luis A Videla, Santiago

January 27, 2014

China
Guang-Wen Cao, Shanghai
En-Qiang Chen, Chengdu
Gong-Ying Chen, Hangzhou
Jin-lian Chen, Shanghai
Jun Chen, Changsha
Alfred Cheng, Hong Kong
Chun-Ping Cui, Beijing
Shuang-Suo Dang, Xi’an
Ming-Xing Ding, Jinhua
Zhi-Jun Duang, Dalian
He-Bin Fan, Wuhan
Xiao-Ming Fan, Shanghai
James Yan Yue Fung, Hong Kong
Yi Gao, Guangzhou
Zuo-Jiong Gong, Wuhan
Zhi-Yong Guo, Guangzhou
Shao-Liang Han, Wenzhou
Tao Han, Tianjin
Jin-Yang He, Guangzhou
Ming-Liang He, Hong Kong
Can-Hua Huang, Chengdu
Bo Jin, Beijing
Shan Jin, Hohhot
Hui-Qing Jiang, Shijiazhuang
Wan-Yee Joseph Lau, Hong Kong
Guo-Lin Li, Changsha
Jin-Jun Li, Shanghai
Qiang Li, Jinan
Sheng Li, Jinan
Zong-Fang Li, Xi'an
Xu Li, Guangzhou
Xue-Song Liang, Shanghai
En-Qi Liu, Xi‘an
Pei Liu, Shenyang
Zhong-Hui Liu, Changchun
Guang-Hua Luo, Changzhou
Yi Lv, Xi'an
Guang-Dong Pan, Liuzhou
Wen-Sheng Pan, Hangzhou
Jian-Min Qin, Shanghai
Wai-Kay Seto, Hong Kong
Hong Shen, Changsha
Xiao Su, Shanghai
Li-Ping Sun, Beijing
Wei-Hao Sun, Nanjing
Xue-Ying Sun, Harbin
Hua Tang, Tianjin
Ling Tian, Shanghai
Eric Tse, Hong Kong
Guo-Ying Wang, Changzhou
Yue Wang, Beijing
Shu-Qiang Wang, Chengdu
Mary MY Waye, Hong Kong
Hong-Shan Wei, Beijing
Danny Ka-Ho Wong, Hong Kong
Grace Lai-Hung Wong, Hong Kong
Bang-Fu Wu, Dongguan
Feng Wu, Chongqing
Xiong-Zhi Wu, Tianjin
Chun-Fang Xu, Suzhou
Rui-An Xu, Quanzhou
Rui-Yun Xu, Guangzhou
Wei-Li Xu, Shijiazhuang
Shi-Ying Xuan, Qingdao
Ming-Xian Yan, Jinan
Lv-Nan Yan, Chengdu
Jin Yang, Hangzhou
Ji-Hong Yao, Dalian
Winnie Yeo, Hong Kong

WJH|www.wjgnet.com

Zheng Zeng, Beijing
Qi Zhang, Hangzhou
Shi-Jun Zhang, Guangzhou
Xiao-Lan Zhang, Shijiazhuang
Xiao-Yong Zhang, Guangzhou
Xin-Chen Zhang, Harbin
Yong Zhang, Xi'an
Hong-Chuan Zhao, Hefei
Ming-Hua Zheng, Wenzhou
Yu-Bao Zheng, Guangzhou
Ren-Qian Zhong, Shanghai
Fan Zhu, Wuhan
Xiao Zhu, Dongguan

Czech Repoublic
Kamil Vyslouzil, Olomouc

Denmark
Henning Gronbaek, Aarhus
Christian Mortensen, Hvidovre

Egypt
Ihab T Abdel-Raheem, Damanhour
NGB G Bader EL Din, Cairo
Hatem Elalfy, Mansoura
Mahmoud M El-Bendary, Mansoura
Mona El SH El-Raziky, Cairo
Mohammad El-Sayed, Cairo
Yasser M Fouad, Minia
Mohamed AA Metwally, Benha
Hany Shehab, Cairo
Mostafa M Sira, Shebin El-koom
Ashraf Taye, Minia
MA Ali Wahab, Mansoura

France
Laurent Alric, Toulouse
Sophie Conchon, Nantes
Daniel J Felmlee, Strasbourg
Herve Lerat, Creteil
Dominique Salmon, Paris
Jean-Pierre Vartanian, Paris

Christoph Roderburg, Aachen
Frank Tacke, Aachen
Yuchen Xia, Munich

Greece
Alex P Betrosian, Athens
George N Dalekos, Larissa
Ioanna K Delladetsima, Athens
Nikolaos K Gatselis, Larissa
Stavros Gourgiotis, Athens
Christos G Savopoulos, Thessaloniki
Tania Siahanidou, Athens
Emmanouil Sinakos, Thessaloniki
Nikolaos G Symeonidi, Thessaloniki
Konstantinos C Thomopoulos, Larissa
Konstantinos Tziomalos, Thessaloniki

Hungary
Gabor Banhegyi, Budapest
Peter L Lakatos, Budapest
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Zsolt J Tulassay, Budapest

India
Deepak N Amarapurkar, Mumbai
Girish M Bhopale, Pune
Sibnarayan Datta, Tezpur
Nutan D Desai, Mumbai
Sorabh Kapoor, Mumbai
Jaswinder S Maras, New Delhi
Nabeen C Nayak, New Delhi
C Ganesh Pai, Manipal
Amit Pal, Chandigarh
K Rajeshwari, New Delhi
Anup Ramachandran, Vellore
D Nageshwar Reddy, Hyderabad
Shivaram P Singh, Cuttack
Ajith TA, Thrissur
Balasubramaniyan Vairappan, Pondicherry

Indonesia
Cosmas RA Lesmana, Jakarta
Neneng Ratnasari, Yogyakarta

Germany
Laura E Buitrago-Molina, Hannover
Enrico N De Toni, Munich
Oliver Ebert, Muenchen
Rolf Gebhardt, Leipzig
Janine V Hartl, Regensburg
Sebastian Hinz, Kiel
Benjamin Juntermanns, Essen
Roland Kaufmann, Jena
Viola Knop, Frankfurt
Veronika Lukacs-Kornek, Homburg
Benjamin Maasoumy, Hannover
Jochen Mattner, Erlangen
Nadja M Meindl-Beinker, Mannheim
Ulf P Neumann, Aachen
Margarete Odenthal, Cologne
Yoshiaki Sunami, Munich

II

Iran
Seyed M Jazayeri, Tehran
Sedigheh Kafi-Abad, Tehran
Iradj Maleki, Sari
Fakhraddin Naghibalhossaini, Shiraz

Israel
Stephen DH Malnick, Rehovot

Italy
Francesco Angelico, Rome

January 27, 2014

Alfonso W Avolio, Rome
Francesco Bellanti, Foggia
Marcello Bianchini, Modena
Guglielmo Borgia, Naples
Mauro Borzio, Milano
Enrico Brunetti, Pavia
Valeria Cento, Roma
Beatrice Conti, Rome
Francesco D'Amico, Padova
Samuele De Minicis, Fermo
Fabrizio De Ponti, Bologna
Giovan Giuseppe Di Costanzo, Napoli
Luca Fabris, Padova
Giovanna Ferraioli, Pavia
Andrea Galli, Florencee
Matteo Garcovich, Rome
Edoardo G Giannini, Genova
Rossano Girometti, Udine
Alessandro Granito, Bologna
Alberto Grassi, Rimini
Alessandro Grasso, Savona
Salvatore Gruttadauria, Palermo
Francesca Guerrieri, Rome
Quirino Lai, Aquila
Andrea Lisotti, Bologna
Marcello F Maida, Palermo
Lucia Malaguarnera, Catania
Andrea Mancuso, Palermo
Luca Maroni, Ancona
Francesco Marotta, Milano
Pierluigi Marzuillo, Naples
Sara Montagnese, Padova
Giuseppe Nigri, Rome
Claudia Piccoli, Foggia
Camillo Porta, Pavia
Chiara Raggi, Rozzano (MI)
Maria Rendina, Bari
Maria Ripoli, San Giovanni Rotondo
Kryssia I Rodriguez-Castro, Padua
Raffaella Romeo, Milan
Amedeo Sciarra, Milano
Antonio Solinas, Sassari
Aurelio Sonzogni, Bergamo
Giovanni Squadrito, Messina
Salvatore Sutti, Novara
Valentina Svicher, Rome
Luca Toti, Rome
Elvira Verduci, Milan
Umberto Vespasiani-Gentilucci, Rome
Maria A Zocco, Rome

Satoshi Oeda, Saga
Kenji Okumura, Urayasu
Michitaka Ozaki, Sapporo
Takahiro Sato, Sapporo
Junichi Shindoh, Tokyo
Ryo Sudo, Yokohama
Atsushi Suetsugu, Gifu
Haruhiko Sugimura, Hamamatsu
Reiji Sugita, Sendai
Koichi Takaguchi, Takamatsu
Shinji Takai, Takatsuki
Akinobu Takaki, Okayama
Yasuhito Tanaka, Nagoya
Takuji Tanaka, Gifu City
Atsunori Tsuchiya, Niigata
Koichi Watashi, Tokyo
Hiroshi Yagi, Tokyo
Taro Yamashita, Kanazawa
Shuhei Yoshida, Chiba
Hitoshi Yoshiji, Kashihara

Jordan

Yasuhiro Asahina, Tokyo
Nabil AS Eid, Takatsuki
Kenichi Ikejima, Tokyo
Shoji Ikuo, Kobe
Yoshihiro Ikura, Takatsuki
Shinichi Ikuta, Nishinomiya
Kazuaki Inoue, Yokohama
Toshiya Kamiyama, Sapporo
Takanobu Kato, Tokyo
Saiho Ko, Nara
Haruki Komatsu, Sakura
Masanori Matsuda, Chuo-city
Yasunobu Matsuda, Niigata
Yoshifumi Nakayama, Kitakyushu
Taichiro Nishikawa, Kyoto

WJH|www.wjgnet.com

Portugal
Rui T Marinho, Lisboa
Joao B Soares, Braga

Qatar
Reem Al Olaby, Doha

Romania
Bogdan Dorobantu, Bucharest
Liana Gheorghe, Bucharest
George S Gherlan, Bucharest
Romeo G Mihaila, Sibiu
Bogdan Procopet, Cluj-Napoca
Streba T Streba, Craiova

Kamal E Bani-Hani, Zarqa
Russia
Malaysia

Anisa Gumerova, Kazan
Pavel G Tarazov, St.Petersburg

Peng Soon Koh, Kuala Lumpur
Yeong Yeh Lee, Kota Bahru
Saudi Arabia
Mexico
Francisco J Bosques-Padilla, Monterrey
María de F Higuera-de la Tijera, Mexico City
José A Morales-Gonzalez, México City

Abdulrahman A Aljumah, Riyadh
Ihab MH Mahmoud, Riyadh
Ibrahim Masoodi, Riyadh
Mhoammad K Parvez, Riyadh

Singapore
Moldova
Angela Peltec, Chishinev

Netherlands
Wybrich R Cnossen, Nijmegen
Frank G Schaap, Maastricht
Fareeba Sheedfar, Groningen

Nigeria
Japan

Jacek Zielinski, Gdansk

CA Asabamaka Onyekwere, Lagos

Ser Yee Lee, Singapore

South Korea
Young-Hwa Chung, Seoul
Dae-Won Jun, Seoul
Bum-Joon Kim, Seoul
Do Young Kim, Seoul
Ji Won Kim, Seoul
Moon Young Kim, Wonu
Mi-Kyung Lee, Suncheon
Kwan-Kyu Park, Daegu
Young Nyun Park, Seoul
Jae-Hong Ryoo, Seoul
Jong Won Yun, Kyungsan

Pakistan
Bikha Ram Devrajani, Jamshoro

Philippines
Janus P Ong, Pasig
JD Decena Sollano, Manila

Poland

III

Spain
Ivan G Marina, Madrid
Juan G Acevedo, Barcelona
Javier Ampuero, Sevilla
Jaime Arias, Madrid
Andres Cardenas, Barcelona
Agustin Castiella, Mendaro
Israel Fernandez-Pineda, Sevilla
Rocio Gallego-Duran, Sevilla
Rita Garcia-Martinez, Barcelona

January 27, 2014

José M González-Navajas, Alicante
Juan C Laguna, Barcelona
Elba Llop, Madrid
Laura Ochoa-Callejero, La Rioja
Albert Pares, Barcelona
Sonia Ramos, Madrid
Francisco Rodriguez-Frias, Córdoba
Manuel L Rodriguez-Peralvarez, Córdoba
Marta R Romero, Salamanca
Carlos J Romero, Madrid
Maria Trapero-Marugan, Madrid

Sri Lanka

Levent Doganay, Istanbul
Fatih Eren, Istanbul
Abdurrahman Kadayifci, Gaziantep
Ahmet Karaman, Kayseri
Muhsin Kaya, Diyarbakir
Ozgur Kemik, Van
Serdar Moralioglu, Uskudar
A Melih Ozel, Gebze - Kocaeli
Seren Ozenirler, Ankara
Ali Sazci, Kocaeli
Goktug Sirin, Kocaeli
Mustafa Sunbul, Samsun
Nazan Tuna, Sakarya
Ozlem Yonem, Sivas

Niranga M Devanarayana, Ragama
Ukraine
Sudan
Hatim MY Mudawi, Khartoum

Sweden
Evangelos Kalaitzakis, Lund

Switzerland
Christoph A Maurer, Liestal

Thailand
Taned Chitapanarux, Chiang mai
Temduang Limpaiboon, Khon Kaen
Sith Phongkitkarun, Bangkok
Yong Poovorawan, Bangkok

Rostyslav V Bubnov, Kyiv
Nazarii K Kobyliak, Kyiv
Igor N Skrypnyk, Poltava

United Kingdom
Safa Al-Shamma, Bournemouth
Jayantha Arnold, Southall
Marco Carbone, Cambridge
Rajeev Desai, Birmingham
Ashwin Dhanda, Bristol
Matthew Hoare, Cambridge
Stefan G Hubscher, Birmingham
Nikolaos Karidis, London
Lemonica J Koumbi, London
Patricia Lalor, Birmingham
Ji-Liang Li, Oxford
Evaggelia Liaskou, Birmingham
Rodrigo Liberal, London
Wei-Yu Lu, Edinburgh
Richie G Madden, Truro
Christian P Selinger, Leeds
Esther Una Cidon, Bournemouth

Turkey
Osman Abbasoglu, Ankara
Mesut Akarsu, Izmir
Umit Akyuz, Istanbul
Hakan Alagozlu, Sivas
Yasemin H Balaban, Istanbul
Bulent Baran, Van
Mehmet Celikbilek, Yozgat

WJH|www.wjgnet.com

United States
Naim Alkhouri, Cleveland
Robert A Anders, Baltimore
Mohammed Sawkat Anwer, North Grafton
Kalyan Ram Bhamidimarri, Miami

IV

Brian B Borg, Jackson
Ronald W Busuttil, Los Angeles
Andres F Carrion, Miami
Saurabh Chatterjee, Columbia
Disaya Chavalitdhamrong, Gainesville
Mark J Czaja, Bronx
Jonathan M Fenkel, Philadelphia
Catherine Frenette, La Jolla
Lorenzo Gallon, Chicago
Kalpana Ghoshal, Columbus
Grigoriy E Gurvits, New York
Hie-Won L Hann, Philadelphia
Shuang-Teng He, Kansas City
Wendong Huang, Duarte
Rachel Hudacko, Suffern
Lu-Yu Hwang, Houston
Ijaz S Jamall, Sacramento
Neil L Julie, Bethesda
Hetal Karsan, Atlanta
Ahmed O Kaseb, Houston
Zeid Kayali, Pasadena
Kusum K Kharbanda, Omaha
Timothy R Koch, Washington
Gursimran S Kochhar, Cleveland
Steven J Kovacs, East Hanover
Mary C Kuhns, Abbott Park
Jiang Liu, Silver Spring
Li Ma, Stanford
Francisco Igor Macedo, Southfield
Sandeep Mukherjee, Omaha
Natalia A Osna, Omaha
Jen-Jung Pan, Houston
Christine Pocha, Minneapolis
Yury Popov, Boston
Davide Povero, La Jolla
Phillip Ruiz, Miami
Takao Sakai, Cleveland
Nicola Santoro, New Haven
Eva Schmelzer, Pittsburgh
Zhongjie Shi, Philadelphia
Nathan J Shores, New Orleans
Siddharth Singh, Rochester
Veysel Tahan, Iowa City
Mehlika Toy, Boston
Hani M Wadei, Jacksonville
Gulam Waris, North Chicago
Ruliang Xu, New York
Jun Xu, Los Angeles
Matthew M Yeh, Seattle
Xuchen Zhang, West Haven
Lixin Zhu, Buffalo
Sasa Zivkovic, Pittsburgh

January 27, 2014

Contents

Three issues per month Volume 7 Number 17 August 18, 2015

EDITORIAL
2053

Second line systemic therapies for hepatocellular carcinoma: Reasons for the failure
Maida M, Iavarone M, Raineri M, Cammà C, Cabibbo G

2058

Intestinal barrier dysfunction in cirrhosis: Current concepts in pathophysiology and clinical implications
Tsiaoussis GI, Assimakopoulos SF, Tsamandas AC, Triantos CK, Thomopoulos KC

REVIEW
2069

Prediction of liver cirrhosis, using diagnostic imaging tools
Yeom SK, Lee CH, Cha SH, Park CM

2080

Immunology of hepatocellular carcinoma
Sachdeva M, Chawla YK, Arora SK

MINIREVIEWS
2091

Addiction specialist's role in liver transplantation procedures for alcoholic liver disease
Dom G, Peuskens H

2100

New treatment strategies for hepatitis C infection
Ermis F, Senocak Tasci E

2110

Recent advances in mouse models of obesity- and nonalcoholic steatohepatitis-associated hepatocarcinogenesis
Nakagawa H

EVIDENCE-BASED MEDICINE
2119

Model for end-stage liver disease-Na score or Maddrey discrimination function index, which score is best?
Amieva-Balmori M, Mejia-Loza SMI, Ramos-González R, Zamarripa-Dorsey F, García-Ruiz E, Pérez y López N, JuárezValdés EI, López-Luria A, Remes-Troche JM

WJH|www.wjgnet.com

I

August 18, 2015|Volume 7|Issue 17|

World Journal of Hepatology

Contents

Volume 7 Number 17 August 18, 2015

ABOUT COVER

Editorial Board Member of World Journal of Hepatology , Dr. En-Qiang Chen,
MD, PhD, Lecturer, Center of Infectious Diseases, West China Hospital of
Sichuan University, Chengdu 610041, Sichuan Province, China

AIM AND SCOPE

World Journal of Hepatology (World J Hepatol, WJH, online ISSN 1948-5182, DOI:
10.4254), is a peer-reviewed open access academic journal that aims to guide clinical
practice and improve diagnostic and therapeutic skills of clinicians.
WJH covers topics concerning arrhythmia, heart failure, vascular disease, stroke,
hypertension, prevention and epidemiology, dyslipidemia and metabolic disorders,
cardiac imaging, pediatrics, nursing, and health promotion. Priority publication will
be given to articles concerning diagnosis and treatment of hepatology diseases. The
following aspects are covered: Clinical diagnosis, laboratory diagnosis, differential
diagnosis, imaging tests, pathological diagnosis, molecular biological diagnosis,
immunological diagnosis, genetic diagnosis, functional diagnostics, and physical
diagnosis; and comprehensive therapy, drug therapy, surgical therapy, interventional
treatment, minimally invasive therapy, and robot-assisted therapy.
We encourage authors to submit their manuscripts to WJH. We will give priority
to manuscripts that are supported by major national and international foundations and
those that are of great basic and clinical significance.

INDEXING/
ABSTRACTING

World Journal of Hepatology is now indexed in PubMed Central, PubMed, Digital Object
Identifier, Directory of Open Access Journals, and Scopus.

FLYLEAF

I-IV

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Su-Qing Liu
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Hepatology
ISSN
ISSN 1948-5182 (online)
LAUNCH DATE
October 31, 2009
FREQUENCY
36 Issues/Year (8th, 18th, and 28th of each month)

Editorial Board

Responsible Science Editor: Fang-Fang Ji
Proofing Editorial Office Director: Xiu-Xia Song

Xiu-Xia Song, Vice Director
World Journal of Hepatology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

Wan-Long Chuang, MD, PhD, Doctor, Professor,
Hepatobiliary Division, Department of Internal
Medicine, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung 807, Taiwan

PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
August 18, 2015

EDITORS-IN-CHIEF
Clara Balsano, PhD, Professor, Departement of
Biomedicine, Institute of Molecular Biology and
Pathology, Rome 00161, Italy

WJH|www.wjgnet.com

COPYRIGHT
© 2015 Baishideng Publishing Group Inc. Articles published by this Open Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the
Baishideng Publishing Group (BPG) represent the
views and opinions of their authors, and not the views,
opinions or policies of the BPG, except where otherwise explicitly indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1948-5182/g_info_20100316080002.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

II

August 18, 2015|Volume 7|Issue 17|

World J Hepatol 2015 August 18; 7(17): 2053-2057
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i17.2053

EDITORIAL

Second line systemic therapies for hepatocellular
carcinoma: Reasons for the failure
Marcello Maida, Massimo Iavarone, Maurizio Raineri, Calogero Cammà, Giuseppe Cabibbo

Abstract

Marcello Maida, Calogero Cammà, Giuseppe Cabibbo,
Section of Gastroenterology, DIBIMIS, University of Palermo,
90127 Palermo, Italy

Hepatocellular carcinoma (HCC) is the main cause of
death in patients with cirrhosis, with an increasing
incidence worldwide. Sorafenib is the choice therapy
for advanced HCC. Over time several randomized
phase Ⅲ trials have been performed testing sunitinib,
brivanib, linifanib and other molecules in head-tohead comparison with Sorafenib as first-line treatment
for advanced-stage HCC, but none of these has so
far been registered in this setting. Moreover, another
feared vacuum arises from the absence of molecules
registered as second-line therapy for patients who have
failed Sorafenib, representing an urgent unmet medical
need. To date all molecules tested as second-line
therapies for advanced hepatocellular carcinoma, failed
to demonstrate an increased survival compared to
placebo. What are the possible reasons for the failure?
What we should expect in the near future?
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Core tip: Hepatocellular carcinoma (HCC) is the
main cause of death in patients with cirrhosis with
an increasing incidence worldwide. Sorafenib is the
choice therapy for advanced HCC. Since then no other
molecule has been registered as first-line therapy in
this setting and one more vacuum arises from the
absence of molecules registered as second-line therapy
for patients who have failed Sorafenib. What are the
reasons and what we should expect in the near future?
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practical treatment option in a subset of patients,
which until then could not benefit from any therapy,
but ultimately it has not represented the best desirable
therapeutic progress for advanced HCC. Some lines
of evidences have attenuated the effectiveness of
Sorafenib and its safety profile in clinical practice
compared to with those reported in the pivotal trials.
Data from a field practice prospective study in Italy,
Sorafenib Italian Assessment (SOFIA), confirmed
the efficacy of Sorafenib with a lower safety profile
compared to that of the phase Ⅲ trial, showing also a
significant proportion of patients who required a dose
adjustment with an increased survival rate in those
patients who received dose-adjusted Sorafenib (400
mg daily) for ≥ 70% of the treatment period, due
to adverse events (AEs) or comorbidities, compared
to those that received a full-dosed regimen (800 mg
[13]
daily) . Moreover the cost-effectiveness analysis based
from the SOFIA study, showed that dose-adjusted
Sorafenib therapy, compared to full-dose, is a cost[14]
effective treatment for advanced HCC .
What came out after Sorafenib era? To date, as
for the “first-line” scenario, different drugs have been
tested, two different trial designs have been adopted
for advanced HCC. The first one was the head-to-head
comparison with Sorafenib, which is generally applied
only if the effectiveness of a new agent shown to be
very promising in early-phase trials.
Over time several randomized phase Ⅲ trials have
been performed testing sunitinib, brivanib, linifanib
and other molecules in head-to-head comparison with
Sorafenib as first-line treatment for advanced-stage
HCC, but none of these has so far been registered in
[15-18]
this setting
. Is important to note that, despite
their safety and efficacy unfavorable results, many of
these phase Ⅲ trials were designed with the purpose of
demonstrating the non-inferiority on Sorafenib. Anyway,
non-inferiority studies have no ethical foundation,
since they do not guarantee any possible advantage
to patients and only favour pharmaceutical companies’
interests. For these reasons, non-inferiority trials in
oncology should be avoided, especially when testing
[15,19]
first-line therapies
.
A second modality for first line therapy is to test a
new drug in combination with Sorafenib vs Sorafenib
alone. This modality has been adopted in different RCTs
but failed to show a benefit in term of survival, and non
of these combinations has been registered for advanced
HCC.
In conclusion, Sorafenib remains the only drug for
patients with advanced HCC, and dose-tailored to AEs and
comorbidities, appears the only therapeutic innovation
with Sorafenib.
Moreover, another feared vacuum arises from the
absence of molecules registered as second-line therapy
for patients who failed Sorafenib. In fact, in the last
years, three randomized phase Ⅲ trials testing brivanib,
everolimus and ramucirumab as second-line therapies for
advanced hepatocellular carcinoma, failed to demonstrate

htm DOI: http://dx.doi.org/10.4254/wjh.v7.i17.2053

TEXT
Hepatocellular carcinoma (HCC) is the main cause
of death in patients with cirrhosis with an increasing
incidence worldwide and a poor prognosis even when
treatments have been considered as potentially
[1,2]
radical .
The natural history of this tumour is severe and
extremely heterogeneous, due to the complex interplay
between its biological characteristics and the frequent
[3,4]
presence of an underlying chronic liver disease . As
part of this biological and clinical heterogeneity, several
lines of evidence based on microarray technology point
out how heterogeneity can be explained, least in part,
from the identification of several molecular signatures
(WNT, TGFβ, MAPK, EGFR, IGF-R, MET/HGF) able to
[5-8]
predict prognosis and survival of HCC patients . In this
regard, a recent work remarked on the importance of
genetic predisposition testing, in a clinical setting, a fivegene hepatic transcriptomic signature (angiopoietin-2,
NETO2, DLL4, ESM1, NR4A1) able to identify patients
with extremely rapid tumour growth and ominous
[9]
prognosis .
In the absence of an ideal prognostic model,
treatment algorithms for patients with HCC in Europe
and North America have been assessed on the basis
of the Barcelona Clinic Liver Cancer (BCLC) staging
classification for HCC. It is currently the only staging
system that includes an integrated assessment of liver
disease, tumor extension, and presence of constitutional
symptoms, providing in the meantime an indication of
the first-line treatment. It classify stages of disease into
five subgroups, from 0 to D, each associated with a
[10]
specific therapy and prognosis .
As well known, the worst prognosis is allocated to
patients with end stage disease (BCLC D). They cannot
benefit from any specific cancer therapy due to the poor
life expectance (median survival less than 3 mo), and
could only receive the best available supportive care.
Besides this, patients classified as advanced stage
(BCLC C) have a better prognosis of the above, but sill
represents a critical group of the whole HCC population.
In this subset surgical or loco-regional therapies are
contraindicated and systemic therapies remains the only
treatment option.
Previously, no effective therapy was offered for the
treatment of patients at this stage, a scenario that was
partially subverted in 2007 by the advent of Sorafenib,
an oral multikinase inhibitor that, by blocking cell
proliferation and angiogenesis of the tumour, has shown
an improvement of survival according to two pivotal
[11,12]
randomized controlled trials (RCTs)
.
What happened next, up to now? About eight
years after its introduction Sorafenib has then certainly
innovated the clinical scenario of HCC, providing a
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HCC patients who failed Sorafenib therapy

Stratify by reasons of treatment discontinuation

Adverse events

Liver decompensation

Tumor progression

Stratify by pattern of tumour progression

BCLCp-B and BCLCp-C1

Not accettable
Sorafenib safety profile

Consider inclusion
in Ⅱ line RCTs
that test molecules
different from
Sorafenib class

BCLCp-C2

Accettable Sorafenib
safety profile

Accettable Sorafenib
safety profile

Consider inclusion
in Ⅱ line RCTs
that test molecules
in association with
Sorafenib

Consider continuing
Sorafenib beyond
radiological progression
until registration of
new drugs

Not accettable Sorafenib
safety profile

Consider inclusion
in Ⅱ line RCTs
that test molecules
different from
Sorafenib class

Best supportive care

Figure 1 Proposed algorithm for the management of the hepatocellular carcinoma patients who discontinue permanently Sorafenib, combining the results
of studies evaluating reason of Sorafenib discontinuation of Iavarone et al[23] and Reig et al[22]. HCC: Hepatocellular carcinoma; BCLC: Barcelona Clinic Liver
Cancer; RCTs: Randomized controlled trials.
[20-22]

an increased survival compared to placebo
. Following
these failures and from clinical practice, we have learned
that patients who failed Sorafenib therapy represent a
fragile and extremely heterogeneous population from
which emerges a complex prognosis.
[23]
In this line, a study by Reig et al
clearly demon
strated a substantial differences in survival rates among
progressors during Sorafenib therapy related to the
pattern of HCC progression. The study shows a worse
prognosis for patients developing new extrahepatic
tumour lesions compared to those with expanding preexisting lesions or new intra-hepatic nodules, only. While
post progression survival of patients under Sorafenib
is driven by tumour progression pattern, less known
are the factors able to affect prognosis when therapy is
discontinued due to other reasons.
In this regard, a recent study has been performed
with the aim to identify predictors of survival on a
sample of two-hundred and sixty HCC patients who
[24]
discontinued Sorafenib therapy for any reasons .
Overall median post Sorafenib survival (PSS) was
4.1 mo, while median PSS was 9.3, 4.6 and 1.6 mo
for BCLC B, BCLC C and BCLC D stage, respectively.
Performance status (PS) (HR = 2.4), prothrombin
time (HR = 2.9), macrovascular invasion (HR = 1.8),
extrahepatic spread (HR = 1.6), alpha-fetoprotein
≥ 400 ng/mL (HR = 1.4) and reason for Sorafenib
discontinuation were find to be independent predictors
of worse survival by multivariate analysis. Between all

WJH|www.wjgnet.com

causes for Sorafenib interruption the best prognosis was
assessed for patients who interrupted for AEs, followed
by tumour progression and then by liver function
worsening group (liver decompensation vs AEs HR = 2.6,
tumor progression vs AEs HR = 1.5).
Within the whole court, 200 patients (77%) with
Child-Pugh score up to 7, were considered eligible for
inclusion in second-line experimental therapy. In this
subset, the presence of macrovascular invasion and
extrahepatic spread, PS and the reason for Sorafenib
discontinuation, were found to be independent
predictors of mortality by multivariate analysis.
Therefore discontinuation due to adverse events
in the absence of PS impairment and vascular or
extrahepatic diffusion of the tumor, estimates the
best post Sorafenib survival in compensated patients,
emphasizing the role of these predictors in stratifying
[24]
patients potentially eligible for second-line studies .
This adds further weight to the need to change
the current design of second-lines trials, focusing on
the importance of stratification among the clinical and
biological heterogeneity of cancer after exposure to
first-line systemic therapy.
This, in the near future, the genetic signature
will likely provide a great contribution for prognostic
profiling of patients with advanced HCC and then
for a proper planning and design of first and second
line clinical trials. In this line, a recent multicentric,
randomised, placebo-controlled, double-blind, phase 2
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study testing Tivantinib, a selective oral inhibitor of MET,
vs placebo, as second-line therapy for advanced HCC,
showed that, regardless of treatment, patients with
MET high-expression tumours had significantly shorter
overall survival compared to the MET low-expression
[25]
subgroup .
Waiting for new effective therapies and further
advances in genetic prognostic characterization of the
tumor, the evidence that PSS depends on the reasons
of therapy discontinuation could support clinicians in
counselling and management of these patients.
In this line, patients who discontinue therapy for
adverse events may be considered for inclusion in Ⅱ
line RCTs that test molecules different from Sorafenib
class. The same way as these, can be managed those
patients who discontinue therapy for tumor progression
with a poor experienced Sorafenib safety profile.
Contrariwise, another strategy that could be offered
to patients with radiological progression and good
Sorafenib safety profile, is to continue Sorafenib therapy
until symptomatic progression, or to consider inclusion
in Ⅱ line RCTs that test molecules in association
with Sorafenib. In this group of progressor patients,
the decision making process, could be supported
by stratification using “BCLC staging system upon
progression”. On the contrary the patients who suspend
for hepatic failure may only receive the best supportive
care, since they have a poor prognosis (Figure 1).
In conclusion, it is clear by now, especially from
the clinical point of view, the importance of a correct
identification of the reason for Sorafenib discontinuation,
in order to obtain an optimal management of HCC
patients.
On the other hand, despite this and the proposed
strategy, we are still facing with a scenario showing
us the failure of the of first and second line systemic
therapy trials, leaving Sorafenib as the last outpost
for the treatment of advanced stage, a picture almost
unchanged over the past seven years. What to expect
from the future?
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EDITORIAL

Intestinal barrier dysfunction in cirrhosis: Current concepts
in pathophysiology and clinical implications
Georgios I Tsiaoussis, Stelios F Assimakopoulos, Athanassios C Tsamandas, Christos K Triantos, Konstantinos
C Thomopoulos

Abstract

Georgios I Tsiaoussis, Christos K Triantos, Konstantinos C
Thomopoulos, Department of Gastroenterology and Hepatology,
University Hospital of Patras, CP 26504 Patras, Greece

The intestinal lumen is a host place for a wide range
of microbiota and sets a unique interplay between
local immune system, inflammatory cells and intestinal
epithelium, forming a physical barrier against microbial
invaders and toxins. Bacterial translocation is the
migration of viable or nonviable microorganisms or
their pathogen-associated molecular patterns, such
as lipopolysaccharide, from the gut lumen to the
mesenteric lymph nodes, systemic circulation and other
normally sterile extraintestinal sites. A series of studies
have shown that translocation of bacteria and their
products across the intestinal barrier is a commonplace
in patients with liver disease. The deterioration of
intestinal barrier integrity and the consulting increased
intestinal permeability in cirrhotic patients play a pivotal
pathophysiological role in the development of severe
complications as high rate of infections, spontaneous
bacterial peritonitis, hepatic encephalopathy, hepatorenal
syndrome, variceal bleeding, progression of liver injury
and hepatocellular carcinoma. Nevertheless, the exact
cellular and molecular mechanisms implicated in the
phenomenon of microbial translocation in liver cirrhosis
have not been fully elucidated yet.
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Core tip: Intestinal barrier function is impaired in patients
with cirrhosis and this derangement seems to be
associated with liver disease severity. This phenomenon
is multifactorial and the exact pathophysiological
mechanisms which are implicated in this deterioration
have not been fully elucidated yet. The disruption of
intestinal barrier integrity and the subsequent increased
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systemic host defense, the latter represented mainly
by the reticuloendothelial system, the biological barriermade up of normal intestinal flora responsible for
colonization resistance - the mechanical barrier as well,
consisted of the closed-lining intestinal epithelial cells and
by the capillary endothelial cells. All these components
of gut barrier integrity can be majorly affected by liver
[12,18,19]
cirrhosis
.

intestinal permeability in cirrhotic patients promote
bacterial translocation and play a major role in the
development of severe clinical complications affecting
natural history of liver disease and patients’ survival.
Tsiaoussis GI, Assimakopoulos SF, Tsamandas AC, Triantos CK,
Thomopoulos KC. Intestinal barrier dysfunction in cirrhosis:
Current concepts in pathophysiology and clinical implications.
World J Hepatol 2015; 7(17): 2058-2068 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i17/2058.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i17.2058

The intestinal mechanical barrier in cirrhosis

The intestinal mucosal barrier consists of the mucus
layer and intestinal epithelial cells. The epithelium
prevents translocation of pathogens via transcellular and
[20]
paracellular route . The enterocytes are connected to
each other by junctional complexes consisting of TJs,
adherens junctions, desmosomes, and gap junctions
forming a selective physical barrier that regulates
[21,22]
paracellular transport
. The main transmembrane
protein families in tight junctions are members of the
occludin, claudins, and junctional adhesion molecules,
which are linked to the actin cytoskeleton regulating
paracellular movement of micromolecules, bacteria and
[22-24]
macromolecules such as lipopolysaccharide
. TJs
regulate transport via two distinct pathways: a charge
selective, claudin-based pores that are 4 Å in radius for
small ions and uncharged molecules, and a second one
[25,26]
pathway, regardless of molecules charge and size
.
Liver cirrhosis induces prominent changes in enterocytes’
tight junction proteins, representing a cellular mechanism
[19,27]
for intestinal barrier disruption and hyperpermeability
.
In cholestatic liver injury, increased myosin light-chain
kinase activation and diminished expression of occludin
and zonula occludens-1 (ZO-1) have been reported in
colonic epithelium with a concomitant increased intes
[4]
tinal permeability . Reduced expression of duodenal
occludin and Claudin-1 has been found in patients with
cirrhosis compared to controls. Also, these alterations
were more apparent in decompensated patients as
compared to compensated ones. Negative regression
was proved between occludin and claudin-1 expression,
Child-Pugh score, the size of esophageal varices and
serum endotoxin levels. These data support the view
that there is a dynamic relationship between portal
hypertension, bacterial translocation and TJs expression
[19]
in intestinal epithelial cells . In patients with nonalcoholic
steatohepatitis and alcoholic decompensated cirrhosis,
increased Claudin-2 was proved and could comprise
a pivotal factor inducing intestinal barrier disruption.
Conflicting are the findings about TJ proteins ZO, occludin
and claudin-1 and the gap junction protein Connexin
[28]
expression . In cirrhosis, one of the main contributing
factors to TJ alterations is the increased production
of tumor necrosis factor-a (TNF-a) by monocytes in
[29,30]
mesenteric lymph nodes
. TNF-a increases miR-122a
expression in Caco-2 enterocytes and in vivo in a mouse
model. miR-122a binds to the noncoding region three
prime untranslated region of occludin mRNA and impacts
on occludin mRNA downregulation and subsequent

INTRODUCTION
Cirrhosis and portal hypertension associated com
plications are a common cause of mortality worldwide.
Increased intestinal permeability and subsequent
bacterial translocation to the mesenteric lymph nodes
and extraintestinal sites are well established in these
[1,2]
patients . Endotoxemia seems to be a key factor and
results in a cascade of immunomodulatory, cellular
and molecular events. Potential mechanisms that can
promote BT are intestinal bacterial overgrowth (IBO) and
gut flora disturbances, increased intestinal permeability
via the paracellular and intracellular route and local as
[3-7]
well as systemic immune dysfunction . Cirrhosis is
also associated with increased oxidative stress in the
systematic circulation, the intestinal and liver tissue,
which in turn acts as a harmful agent to the intestinal
epithelial cells, affects apoptosis and cellular proliferation,
deteriorates the expression of tight junction (TJ) proteins
[8-12]
and favors bacterial translocation
. Endotoxemia
plays a critical role in the exacerbation of host and
acquired immune responses, activation of cells to release
cytokines, which can promote intestinal and liver tissue
[13-16]
damage
. Furthermore, bacterial translocation (BT)
is associated with severity of liver disease and provokes
[17]
serious clinical events and complications .

THE INTESTINAL BARRIER STRUCTURAL
AND FUNCTIONAL ELEMENTS
The intestinal tract represents the body’s largest interface
between the host and the external environment. The
complexity of its function is obvious when thinking that
the intestine has to serve simultaneously two distinct
functions; the absorption and transport of necessary
nutrients from the intestinal lumen into the circulation
and the internal milieu in general and, on the other
hand, the prevention of the penetration of harmful
entities including microorganisms, luminal antigens and
proinflammatory factors. The latter function is known as
barrier function. Gut barrier function depends on both
the immune barrier, composed of locally acting factors,
such as the secretory IgA, intramucosal lymphocytes,
Payer’s nodules, mesenteric lymph nodes and of the
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occludin diminished expression, as well as upregulates
claudin-2 and -8 expression but does not induct any
alteration of claudins-1, -3, -5. Moreover, a linear
relationship between TNF-a induced reduction of occludin
and a higher inulin flux has been observed, indicating an
[31]
increased Caco-2 permeability to inulin .

in the intestinal mucosa and enterocyte mitochondria in
the state of liver cirrhosis. Oxidative stress causes tissue
damage at the subcellular level by lipid peroxidation
affecting mitochondrial function. Reactive oxygen species
break down the cellular membrane stability and induct
[9,11]
cell death by lipid peroxidation in the cirrhotic rats
.
Increased levels of malondialdehyde, a product of the
lipid peroxidation, have been found in ileal and cecal
mucosa in cirrhotic rats with ascites when compared to
control rats, and in cirrhotic rats with BT compared to
[8,40]
those without BT
. Experimental cirrhotic rats received
pentoxifylline treatment, a regimen which exerts antiinflammatory and antioxidant effects, appeared to
have lower malondialdehyde levels in the cecal mucosa
compared to placebo-treated ones. Pentoxifylline
administration attenuates bacterial overgrowth, BT
to cecal lymph nodes and impacts on elimination of
[40]
spontaneous bacterial peritonitis . Free radicals can
also affect viscosity of the mucus in the gastric mucosa,
enhance bacterial adherence ability to the epithelial
cells and facilitate the translocation across the mucosa,
resulting in complications such as spontaneous bacterial
[10,41]
peritonitis (SBP)
.

Histopathological changes of intestinal mucosa:
Specific ultrastructural alterations of intestinal mucosa
have been observed in cirrhotic patients that may
be related to increased BT. In a case control study of
cirrhotic patients using electron microscopy, dilated
extracellular space between adjacent enterocytes, more
prominent in the lower portion of the intestinal epithelial
cells and reduced number of shorter and thicker microvilli
[32]
were observed . In experimental models of cirrhotic
rats the intestinal mucosa was presented with atrophic,
shorter, fractured villi and infiltration of inflammatory
cells into the lamina propria and the muscular layer. The
glandular epithelia resembled as irregular structures
after the loss of their cylindrical shape. Excessive villi
swell and loose structure of mucous membrane were
[33]
correlated positively to endotoxemia .

The intestinal immunological barrier in cirrhosis

Mucus: The mucus layer overlying the intestinal
mucosa provides a first line defense mechanism against
harmful antigens, and prevents bacteria and their
byproducts from invading the microvillus environment.
Mucus consists of glycoproteins secreted by goblet cells
called mucins. Mucin (MUC) secretion is affected by
transcription factors [nuclear factor-κB (NF-κB)], growth
factors, lipopolysaccharide (LPS), microbes presence,
[34,35]
inflammatory cytokines
. NF-κB is activated during
gastrointestinal tract inflammation and binds to specific
[36]
sites in the promoter of MUC2 . Chronic alcohol feeding
increases the mucus content in the small intestine in
rats. Furthermore, increased mucus thickness has been
observed in the duodenum of alcoholic patients as a
[37,38]
concomitant protective modification
. Increased
MUC2 and MUC3 mRNA expression has been found in
the ileum of rats with liver cirrhosis compared to those
[2]
without cirrhosis . Intestinal mucus modulates bacterial
adherence to the intestinal mucosal surface and is
[39]
associated with a loss of intestinal barrier function .

Gut-associated lymphoid tissue alterations: The
host innate immune system is the first line defense
mechanism which is activated against bacteria and
other toxins. The intestinal immune system consists of
the gut-associated lymphoid tissue, which comprises
four lymphoid compartments: Peyer’s patches, lamina
propria lymphocytes, including dendritic cells (DCs),
intraepithelial lymphocytes and mesenteric lymph nodes,
which are implicated in both the adaptive and innate
[42]
immune defense mechanism . The interaction between
the host immune system and the microbiota inducts
the activation of the intestinal immune system and the
gut-associated lymphoid tissue that in turn modifies the
[43]
microbiota environment . DCs induce the development
of Th1/Th17 T cells, regulatory T cells and promote
[44]
TNF-a production . Dendritic cells of the lamina propria
induct tight junction alterations and sample microbes
[45]
from the intestinal lumen . An increased count of
activated monocytes, dendritic cells and T lymphocytes
in the intestinal mucosa and mesenteric lymph nodes
(MLNs) coincided with specific alterations of cytokine
expression in the intestinal mucosa as well as increased
phagocytosis by intestinal dendritic cells in cirrhosis as
a response to intestinal bacteria and other pathogens.
Increased activated macrophages in the duodenal
lamina propria, augmented intestinal permeability and
altered intestinal tight junction protein expression have
been demonstrated in patients with decompensated
[28,31,46-48]
cirrhosis
. In response to BT, intestinal epithelial
cells release chemokines, which exert chemoattractant
effects and induce the recruitment of DCs to the mucosa
[47]
as well as in MLNs . IgA is one of the most important
molecules in the regulation of intestinal homeostasis.
Peyer’s patches and isolated lymphoid follicles are

Intestinal oxidative stress: Oxidative stress is
a mediator of intestinal mucosal barrier damage in
patients with liver cirrhosis, affecting intestinal epithelial
cell apoptosis and proliferation, and enhances BT and
[12]
endotoxemia . Portal hypertension results in intestinal
mucosa hypoperfusion and hypoxia, which exacerbate
oxidative damage in the gut mucosa by the increased
xanthine oxidase activity and oxygen free radicals
[11]
release . Xanthine oxidase found in the liver and
intestinal mucosa catalyzes the oxidation of hypoxanthine
to xanthine, the conversion of xanthine to uric acid and
is an important source of free radicals in the intestinal
epithelium. Increased xanthine oxidase and decreased
xanthine dehydrogenase activity have been observed
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[62]

implicated in commensal-specific IgA production that
aids to prevent the commensals from invading the gut
[49]
mucosa . Mice deficient in the toll-like receptors (TLR)adapter molecule MyD88 on B cells lack commensalspecific immunoglobulin-response that results in
impaired epithelial integrity and enables commensal
[50]
bacteria to function as highly pathogenic organisms .
+
A pronounced reduction in CD27 memory B-cells count
and functional capacity as well as a reduced ability to
recruit T-cells, have been observed in cirrhotic patients.
These B-cell defects may explain the susceptibility to
bacterial infection. Also blockade of TLR4 and TLR9
signaling abrogates the activation of normal donor B-cells
by cirrhotic plasma, suggesting a role for bacterial
[51]
translocation in cirrhosis . T cells are critical in host
defense against the translocation of enteric bacteria since
their depletion has been correlated with augmented BT
and spreading of bacteria to extraintestinal sites and
[37,52,53]
MLNs
.

cytokines . The increased proinflammatory cytokine
production (TNF-a, IFN, IL-6) and reduced antiinflammatory cytokines (IL-10), in state of liver cirrhosis,
by intestinal immune cells, affect the intestinal epithelial
barrier integrity disrupting the epithelial tight Junctions
[29,33,63,64]
and favour the increase of bacterial translocation
.
Insulin-like growth factorⅠtherapy in cirrhotic rats has
been found to promote portal pressure, bacterial trans
location and endotoxemia reduction through diminished
[65]
TNF-a expression .

The intestinal biological barrier in cirrhosis

Gut microbiota alterations: Intestinal bacterial
overgrowth is common in cirrhosis and it has been
shown to be particularly frequent in those with more
severe liver disease and in those with a prior history
[66-71]
of SBP and/or hepatic encephalopathy
. Reduced
gastric acid secretion, intestinal dysmotility, lack of bile
salts and reduced antimicrobial peptides killing capacity
as well as portal hypertension have been recognized as
[3,72,73]
contributory factors to IBO
. Changes in the gut
microflora favor bacterial translocation and promote
endotoxemia in patients with cirrhosis and experimental
[67,74,75]
models of cirrhosis
. A direct relationship between
the density and composition of cecal bacteria and the
number of viable bacteria of this strain, present in MLNs,
[76]
has been demonstrated in mouse models . Intestinal
bacterial overgrowth promotes the development of SBP
by increasing bacterial translocation. Aerobic bacteria in
cecal stool are increased in cirrhotic rats with bacterial
translocation with or without spontaneous bacterial
peritonitis compared to cirrhotic rats without bacterial
[72]
translocation and SBP . The impaired motility of the
small intestine is a common feature in cirrhosis and may
be a crucial factor in the pathophysiology of intestinal
bacterial overgrowth, increased intestinal permeability
[77]
and subsequent bacterial translocation . The small
intestinal transit is delayed in cirrhotic rats and the cecal
aerobic bacteria count is higher compared to healthy
[78]
controls .

Antimicrobial peptides: Deficiency in antimicrobial
peptides (AMPs) leads to disruption of the mucosal
barrier, a shift in the bacterial composition, bacterial
overgrowth and increase in BT. Antimicrobial peptides,
also called host defense peptides, are part of the
innate immune response and act as broad spectrum
antibiotics killing Gram negative and Gram positive
bacteria, viruses and fungi. AMPs include defensins,
cathelcidins, lysozyme, resistin-like molecules and
lectins. Defensins have a broad range of antimicrobial
activity by binding to the microbial cell membrane and
forming pore-like membrane defects. Human a-defensins
that are expressed by neutrophils and Paneth cells
located at the base of Lieberkuhn crypts, in response
to bacteria and LPS exposure, regulate and maintain
[54-56]
microbial balance in the intestinal lumen
. Reduced
expression of Paneth cell defensins and diminished
in vitro antibacterial activity of a-defensins against
Enterobacteriacea have been observed in ascitic cirrhotic
[57]
rats with BT to MLNs . Regenerating islet derived
proteins RegIII, produced by Paneth cells via activation
of TLRs by pathogen-associated molecular patterns, bind
to cell wall peptidoglycans of Gram-positive bacteria,
and maintain a physical barrier between the epithelial
[58,59]
cell surface and intestinal microbes
. Chronic alcohol
intake has been shown to diminish RegIII expression in
[3]
the small intestine of mice as well as in humans . IgA
antibodies released into the intestinal lumen, bind and
aggregate bacteria, preventing mucosal adherence and
[60]
colonization . Reduced fecal IgA content as well as
diminished secretion of mucosal IgA into the jejunum
have been reported, suggesting a potential relationship
between IgA, BT and development of infections in
[37,61]
cirrhosis
.

CLINICAL IMPLICATIONS
Liver injury

Intestinal inflammation and bacterial translocation play
a major role in the progression of liver fibrosis via TLR2,
the receptor for products from Gram-positive bacteria
such as peptidoglycan which in turn promotes a cascade
of signals on monocytes in the lamina propria and tumor
necrosis factor receptor type Ⅰ (TNFRⅠ) on intestinal
-/epithelial cells. TLR2 mice have shown significantly
less positive mesenteric lymph node cultures and lower
endotoxin levels in the systematic circulation as a
marker of bacterial translocation compared to wild type
-/mice. TNFRⅠ mice are protected from liver fibrosis
by a decreased collagen α (I) gene expression and
deposition of extracellular matrix proteins, suggesting
that TNFRⅠ on intestinal epithelial cells enhances the
paracellular leakage and favors bacterial translocation

Cytokine alterations in cirrhosis and immune
dysfunction: Endotoxemia as a result of intestinal
barrier dysfunction, triggers the activation of the innate
immune system and the release of proinflammatory
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[46]

and liver fibrogenesis . LPS leads to host immune
activation and enhances plasma sCD14 as a response.
In patients with severe fibrosis higher plasma levels
+
of sCD14 and more hepatic CD14 cells have been
documented compared to patients with minimal fibrosis.
LPS-mediated activation of both circulating monocytes
and hepatic Kupffer cells induces liver fibrosis and
[79]
[80]
progression to end-stage liver disease . Seki et al
demonstrated that the intestinal bacterial microflora and
a functional TLR4 are required for hepatic fibrogenesis.
Hepatic stellate cells (HSCs) are the target through
which TLR4 ligands such as lipopolysacharide promote
fibrogenesis. In quiescent HSCs, TLR4 activation
triggers chemokine secretion, induces chemotaxis of
Kupffer cells, downregulates the transforming growth
factor (TGF)-b, sensitizes HSCs to TGF-b - induced
signals and allows unrestricted activation by Kupffer
cells. LPS-induced HSCs sensitization to TGF-b leads
to collagen production and deposition and seems to be
[80]
mediated by a MyD88-NF-kB-dependent pathway .

S-transferase placental form, a marker for cellular
alteration in the early stage of HCC development, has
decreased in rats treated with probiotic MIYAIRI 588
compared to the choline deficient amino acids - dietfed rats. The number and the size of the HCC lesion
reduction in the MIYAIRI 588-treated rats have been
correlated with endotoxemia elimination and increased
ZO-1 and occludin expression, suggesting that bacterial
translocation enhancement may constitute a promoting
[87]
factor in hepatocarcinogenesis .

Hepatic encephalopathy

Intestinal dysbiosis and bacterial infections are
precipitating factors for the induction of hepatic ence
phalopathy overt or subclinical. In previous studies
cognitive impairment was recorded in 42% of cirrhotics
without infection, in 79% of those with infection and
[88,89]
without SIRS and in 90% of septic patients
.
Altered flora, increased endotoxin levels, and excessive
inflammation (IL-6, TNF-a, IL-2, and IL-13) have been
found in cirrhotics with HE compared with those without
[90]
hepatic encephalopathy (HE) . Streptococcus salivarius
is more prominent in cirrhotic patients with minimal
hepatic encephalopathy (MHE) in comparison to those
without HE, and is significantly associated with ammonia
[91]
concentration . Bacterial overgrowth with abundance
of Gram-negative [Escherichia coli (E. coli)] and Grampositive (Staphylococcus spp.) has been associated with
[92]
cirrhosis complicated with MHE . A higher incidence
of previous hepatic encephalopathy episodes has been
revealed in patients with TLR4 D299G and/or T399I
polymorphisms, which are associated with intestinal
barrier dysfunction, compared to wild-type patients (78%
[93]
vs 20%) .

Hepatocellular cancer

The majority of hepatocellular cancer (HCC) cases are
generated in the state of chronic liver inflammation.
Increased intestinal permeability, bacterial translocation
and LPS accumulation activating the NF-kB pathway,
suggest a hallmark of chronic liver disease and con
tribute to hepatic inflammation, proinflammatory
cytokines TNF-a, IL-6 and IL-1 release, oxidative damage
and fibrosis. The deterioration of normal equilibrium in
the intestinal microbiota and NF-kB activation through
upregulation of TNF-a exert promotional properties
[81]
in HCC development . Decreased hepatocarcinoge
nesis has been found in mice lacking IKK-b, a kinase
required for NF-kB activation, in both hepatocytes and
hematopoietic-derived Kupffer cells, suggesting that
IKK-b orchestrates inflammatory crosstalk between
hepatocytes and Kupffer cells and promotes liver cancer
[82]
induction . Infusion of LPS, which is an agonist of
Toll-Like Receptor, increases hepatocarcinogenesis,
tumor number and size in experimental animal model
of mice intoxicated with DEN/CCl4. In advanced liver
disease HCC development is mediated by TLR4dependent secretion of growth factors such as epiregulin
hepatomitogen by hepatic stellate cells, leading to
EGFR and HER2 activation during the first stages of
carcinogenesis, whereas it reduces hepatocyte apoptosis
[83-85]
. TLR4 deficiency
by NF-kB nuclear translocation
and antibiotic-induced gut sterilization decrease hepatic
proliferation and fibrogenesis and could prevent HCC
in patients with chronic liver injury, suggesting that the
intestinal microbiota and TLR4 overexpression represent
a possible molecular mechanism for the induction of
[84]
HCC promotion . These data suggest that disturbances
of intestinal microflora, endotoxemia, and subsequent
TLR4 mediated hepatic stellate cell activation might
provide a dynamic interplay between endotoxemia,
hepatic fibrosis and HCC promotion by increasing growth
[83,85,86]
factors
. The hepatic expression of the glutathione
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Gastrointestinal bleeding

Bacterial infection might increase the risk of variceal
[94,95]
hemorrhage
. Cirrhotic patients with impaired
intestinal permeability, high lipopolysaccharide binding
protein and IL-6 levels represent a higher risk of variceal
[96]
bleeding . Bacterial infection is responsible for early
[95]
rebleeding . In a prospective study by Bernard et
[97]
al , early rebleeding, defined as recurrence of bleeding
within 7 d after admission, was observed in 43.5% of
patients with bacterial infection compared to 9.8% in
those without infection. Furthermore, the mean number
of blood units transfused and the 4-wk mortality were
[97]
significantly higher in patients with infection . Bacterial
infection was independently associated with failure to
[98]
control bleeding in a previous study . Patients with
hepatocellular carcinoma and variceal bleeding tend to
have a greater rebleeding rate due to a higher infection
rate. Antibiotic prophylaxis can prevent infection and
rebleeding, improving survival rate as well as decreasing
the amount of blood transfused in patients with acute
gastroesophageal variceal bleeding following endoscopic
[99,100]
treatment
. A retrospective study suggested that
administration of antibiotics prior to endoscopy or up
to 8 h following endoscopy, if this is initially missed,
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[101,102]

reduces rebleeding and improves 28-d survival

[17]

.

in HRS induction . Supportive to previous data are
[116]
the results of Kalambokis et al
study, according to
which intestinal decontamination with rifaximin therapy
improves systemic circulation and renal function in
patients with advanced alcoholic cirrhosis. Additionally,
gut sterilization reduces CO and plasma renin activity,
and inducts systemic vascular resistance increase.
Rifaximin administration significantly improves the
glomerular filtration rate and natriuresis while attenuates
endotoxemia and reduces IL-6 and TNF-a production,
suggesting that the prevention of infection in cirrhotic
patients with renal failure seems to be a beneficial
[116,117]
approach
.

Hepatopulmonary syndrome

Bacterial translocation and subsequent endotoxemia
in cirrhotic rats may be a pathogenetic mechanism
implicated in hepatopulmonary syndrome (HPS) pro
gression. Endotoxin mediated stimulation of Kupffer
cells via mitogen-activated protein kinase pathway
upregulates TNF-a production and constitutes a key
[103]
step in the induction of hepatopulmonary syndrome .
In cirrhotic rats endotoxemia, severity of liver disease
and portal vein pressure are strongly correlated with
the expression of eNOs, inducible nitric oxide synthase
(iNOS), HO-1, histological changes in lung tissue, such as
an increased number of dilated capillaries, infiltration of
phagocytes and neutrophils and play a central role in the
development of hepatopulmonary syndrome by inducing
[104]
NO and CO . In cirrhotic rats treated with norfloxacin,
elimination of Gram-negative bacterial translocation,
reduced count of pulmonary microvessels containing
more than 10 macrophages, decreased expression and
activity of lung iNOS have been observed, suggesting
that bacterial translocation may be a major mechanism
[105]
for the pathogenesis of HPS .

Infections

The intestinal permeability index (IPI) is increased
in patients with advanced liver cirrhosis and active
gastrointestinal hemorrhage, especially in those with
proven or possible infections. IPI is an independent
factor for the prediction of infection incidence in cirrhotic
patients, suggesting that intestinal barrier dysfunction
inducts bacterial translocation and affects the patient
[118]
susceptibility to infections . Patients with a bacterial
infection suffer from a more severe liver disease with
lower serum albumin and prolonged prothrombin time
[119]
compared to cirrhotics without signs of infection
.
[120]
Rimola et al
demonstrated that decompensated
cirrhotics with a depressed reticuloendothelial system
phagocytic activity have a higher risk of bacteremia
affecting the survival rate.

Hepatorenal syndrome

Hepatorenal syndrome is a specific type of renal failure
[106]
that affects individuals suffering from liver cirrhosis .
Hepatorenal syndrome (HRS) is due to constriction
of the blood vessels of the kidneys and dilation of the
[107]
splachnic vessels which supplies the intestine . Portal
hypertension in cirrhosis has been associated with
circulatory disturbances, arterial splanchnic vasodilatation
and subsequent reduction in systemic vascular resistance,
which results in reduced blood volume. Compensatory
mechanisms such as vasoconstrictor systems and sodium
retention in the kidneys are activated. However, increased
cardiac output and hyperdynamic circulation, in advanced
cirrhosis are insufficient to retain ideal intravascular
effective volume resulting in hypoperfusion of kidne
[108,109]
ys
. The markedly decreased renal blood flow in
decompensated cirrhosis, leads to hepatorenal syndrome
[110-112]
that is frequently triggered from infections
. Patients
with SBP without shock who exhibit high proinflammatory
[111]
response are at high risk of developing kidney failure .
Renal failure occurs in approximately one third of patients
with cirrhosis and bacterial infections and is irreversible
or progressive in two-thirds of patients with treatment
of infection only. The presence of a nosocomial infection,
the absence of infection resolution with antibiotics and
the peak count of neutrophil leukocytes in blood have
been demonstrated as significant predictive factors
[112-115]
of irreversibility of HRS
. Cirrhotic patients with
culture-negative, non-neutrocytic ascites and bacterial
DNA presence in ascitic fluid have a significantly higher
TNF-a level in serum and ascitic fluid and a major
risk of HRS compared to those without bacterial DNA,
suggesting that bacterial translocation, subsequent
inflammation and bacterial DNA presence are implicated
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Spontaneous bacterial peritonitis

Spontaneous bacterial peritonitis is a common com
plication of cirrhosis. Bacterial contamination of ascites
fluid leading to SBP is caused by bacterial translocation.
In cirrhotic rats identical bacterial species are cultivated
[121]
in both mesenteric lymph nodes and ascitic fluid
.
Among the patients with liver cirrhosis and culturenegative, non-neutrocytic ascites has been documented
that the presence of ascitic bacterial DNA coincides
with a higher relative risk of spontaneous bacterial
peritonitis, suggesting a distinct association of SBP
with impaired intestinal barrier function and increased
[17]
bacterial translocation . Patients with decompensated
cirrhosis carrying Nucleotide-binding oligomerization
domain containing 2 (NOD2) risk alleles (1007fs, G908R,
R702W) which have been linked with impaired intestinal
barrier or a history of prior SBP are at significant risk
for development of spontaneous bacterial peritonitis
[122,123]
and bacterascites
. It remains controversial
whether proton-pump inhibitors use increases bacterial
[124-126]
translocation and the risk of SBP
. On the other
hand, treatment with b-blockers may prevent spontane
[127]
ous bacterial peritonitis .

MORTALITY
Patients with liver cirrhosis and bacterial DNA in
ascites as molecular evidence of intestinal bacterial
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CONCLUSION

Intestinal peristalsis

In conclusion, intestinal barrier function is impaired in
patients with cirrhosis and this derangement seems to be
more pronounced in advanced cirrhosis. The disruption
of mucosal barrier integrity is multifactorial, depends on
a series of cellular and immune-mediated events, and
affects the natural history of liver disease and patients’
survival as illustrated in the Figure 1. Therefore, there
is an open field for clinical investigations intending new
customized treatment interventions at a molecular level
and the modification of bacterial translocation events.
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Prediction of liver cirrhosis, using diagnostic imaging tools
Suk Keu Yeom, Chang Hee Lee, Sang Hoon Cha, Cheol Min Park
the last few decades, enabling early detection of
morphological changes of the liver by ultrasonography
(US), computed tomography, and magnetic resonance
imaging (MRI). They are also accurate diagnostic
methods for advanced liver cirrhosis, for which early
diagnosis is difficult. There are a number of ways to
compensate for this difficulty, including texture analysis
to more closely identify the homogeneity of hepatic
parenchyma, elastography to measure the stiffness and
elasticity of the liver, and perfusion studies to determine
the blood flow volume, transit time, and velocity.
Amongst these methods, elastography using US and
MRI was found to be slightly easier, faster, and able to
provide an accurate diagnosis. Early diagnosis of liver
cirrhosis using MRI or US elastography is therefore a
realistic alternative, but further research is still needed.
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Core tip: The development of new imaging modalities
for liver cirrhosis has enabled early and accurate dia
gnosis of liver cirrhosis. Currently, elastography, used
to measure the stiffness and elasticity of the liver, is
more widely applied than texture. Ultrasound is simple
imaging tool in diagnosing cirrhosis and can be added
as several additional complementary technologies. The
non-inferior diagnostic capability, non-invasiveness
and relative cost-effectiveness of ultrasonography
elastography may enable it to be one of the most useful
techniques for diagnosis of liver cirrhosis.
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Abstract

Yeom SK, Lee CH, Cha SH, Park CM. Prediction of liver
cirrhosis, using diagnostic imaging tools. World J Hepatol
2015; 7(17): 2069-2079 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i17/2069.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i17.2069

Early diagnosis of liver cirrhosis is important. Ultrasoundguided liver biopsy is the gold standard for diagnosis of
liver cirrhosis. However, its invasiveness and sampling
bias limit the applicability of the method. Basic imaging
for the diagnosis of liver cirrhosis has developed over
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staging. The METAVIR score is simple, reproducible, and
clinically validated, while the Ishak score is generally
considered to be unnecessarily complex but preferred in
[4]
many clinical trials .
Pathological confirmation of microscopic specimens
obtained by ultrasound-guided needle biopsy is the
reference standard for fibrosis staging. However, there
are several well-known limitations, including sampling
errors, subjective interpretation, semiquantitativeness,
[5-7]
invasiveness, morbidity, and mortality of the procedure .
In clinical practice, the severity of liver cirrhosis is
measured by multiple serologic biomarkers and many
clinical scores and panels, such as the Child-Pugh score,
model for end-stage liver disease score, FibroTest,
HepaScore, FibroSpect, enhanced liver fibrosis score,
and aspartate aminotransferase-to-platelet ratio index.
However, these metrics also have many limitations, since
the biomarkers are not liver-specific and measurement
[8,9]
depends highly on their clearance and excretion .
Basic imaging diagnosis of liver cirrhosis has
developed over the last few decades, enabling early
detection of morphological changes of the liver using
ultrasonography (US), computed tomography (CT), and
magnetic resonance imaging (MRI). These methods
are accurate for diagnosis of advanced liver cirrhosis.
However, as morphological changes indicate advanced
cirrhosis, there are limitations to early diagnosis of liver
cirrhosis using imaging. To facilitate early diagnosis
of liver cirrhosis, texture analysis and elastography to
measure stiffness of the liver, and perfusion studies
to determine the blood flow volume, transit time, and
velocity were developed.
In this review, we highlight the many efforts made
to improve diagnostic accuracy of imaging modalities in
early liver cirrhosis.

INTRODUCTION
Liver cirrhosis is the end stage of chronic liver disease.
It is caused by diffuse fibrosis and regenerating nodules
that result from recurrent necrosis of liver cell and
degeneration. It is recognized as an irreversible form
of parenchymal fibrosis. Liver cirrhosis reduces hepatic
function and results in multiple complications induced by
nodular regeneration and portal hypertension, including
ascites, variceal bleeding, renal failure due to hepatorenal
syndrome, hepatic encephalopathy, and spontaneous
bacterial peritonitis. In addition, the incidence of
hepatocellular carcinoma is sharply increased. Recently,
early liver cirrhosis was shown to be improved by
[1]
regression of collagen tissue . Regression is usually
associated with the improvement of clinical status, but
can vary in the degree of improvement, depending on
the reversibility of liver damage. Extensive scarring with
parenchymal destruction is unlikely to regress. Therefore,
early diagnosis of liver cirrhosis and quantification of the
proportion of fibrosis in the liver are very important in
the management of chronic liver disease. Prognosis and
management of chronic liver diseases hinge strongly on
[2,3]
the amount and progression of liver fibrosis .
There are a variety of causes of liver cirrhosis, with
alcohol consumption, viruses, and fatty liver disease
making up the majority of factors. These various
etiologies induce chronic inflammation. Normal lobular
architecture of the liver parenchyma is replaced by a
parenchymal nodule surrounded by the fibrous tissue.
Portal-central septa, connecting the portal vein and
central vein, develop. As the inflammation persists,
various form of fibrosis develops. The gross morphologic
appearance of a cirrhotic liver is categorized by the size of
the parenchymal nodules: micronodular, macronodular,
or mixed. Micronodular cirrhosis is characterized by
regenerative nodules of relatively uniform and small
size. This pattern is seen in chronic alcoholic, hepatitis
C, and biliary cirrhosis. In macronodular cirrhosis, the
parenchymal nodules are larger, and more variable in
size. Chronic hepatitis B is the most common cause of
macronodular cirrhosis.
On the other hand, liver cirrhosis is classified accord
ing to the main location of fibrosis occurrence. A portalbased pattern usually results from hepatitis B and C,
autoimmune hepatitis, Wilson’s disease, primary biliary
cirrhosis, primary sclerosing cholangitis, recurrent
pyogenic cholangitis, and hemochromatosis. Conversely,
a centrizonal fibrosis pattern results from alcoholic and
nonalcoholic steatohepatitis or chronic venous outflow
obstruction.
There are differences in the grading and scoring
of fibrosis by microscopic pathology according to the
cirrhosis pattern. The METAVIR score (F0: no fibrosis,
F1: portal fibrosis without bridging fibrosis, F2: portal
fibrosis with few bridging fibrosis, F3: bridging fibrosis
with architectural distortion, F4: cirrhosis) and the Ishak
score (grades four categories of activity/necrosis, 0-4
or 0-6) are commonly used systems for grading or

WJH|www.wjgnet.com

IMAGING MODALITIES
The classical role of many imaging modalities in liver
cirrhosis diagnosis is the detection of morphological
changes in the liver. Cirrhotic liver shows nodular hepatic
contour, changes in volume distribution, including an
enlarged caudate lobe and left lobe lateral segment,
atrophy of the right and left lobe medial segments,
widening of the fissures and the porta hepatis, and
regenerative nodules (Figure 1). Secondary findings
related to portal hypertension may present, including
varices, ascites, splenomegaly, fatty infiltration in the
omentum and mesentery, edematous wall thickening
of gastrointestinal tracts due to venous congestion, and
intrahepatic arterioportal or arteriovenous shunts (Figure
2).
However, there are limitations to the diagnosis of
early fibrosis, because these morphologic changes
of the liver and related secondary findings represent
advanced liver cirrhosis.

US

Ultrasound is a safe and relatively inexpensive imaging
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A

B

C

Figure 1 Contrast enhanced computed tomography portal phase images of the patient with liver cirrhosis due to chronic hepatitis B. A: Liver shows surface
undulation (arrows). Two small low attenuated nodules are seen in both hepatic lobes suggesting regenerative nodules (arrow heads). Recanalized paraumbilical
vein and paraesophageal varix are noted (curved arrow); B: Recanalization of paraumbilical vein (curved arrow) represents portal hypertension. Widening of hepatic
fissure and porta hepatis is seen (black arrows); C: Ascending colon presents edematous wall thickening caused by congestion due to portal hypertension or
hypoalbuminemic edema (curved arrow). Diffuse peritoneal thickening is also noted (arrows).

A

B

C

Figure 2 Image of liver cirrhosis caused by chronic hepatitis B. Contrast enhanced computed tomography portal phase images show multiple collateral vessels
of portal vein. A: The image presents large intrahepatic portosystemic shunt through left portal vein and recanalized paraumbilical vein (arrow). Lower esophageal
varix is seen (arrow head); B: Coronal image shows prominent paraumbilical veins (arrows); C: Axial image shows engorged paraesophageal varix (arrow heads)
which usually supplied by left gastric vein and drained into azygos- or hemiazygos-vein.
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Figure 3 Transaxial scan. A: Transaxial epigastric scan shows the left lobe of the liver with surface irregularity (arrows), and coarse parenchyma echotexture; B:
Subcostal transaxial scan shows the inferior margin of right hepatic lobe with irregular surface (arrows).

imaging is subjective and difficult to quantify, as interand intra-observer variability is a significant problem.
There have been many efforts to objectively quantify
the coarseness of hepatic parenchymal echogenicity.
An initial study performed a simple quantification of
parenchymal echogenicity and compared the standard
deviation between chronic liver disease and normal liver
[14-16]
(Figure 4)
. The coarseness of hepatic parenchyma
decreased beam penetration, while the attenuation of
echogenicity according to depth increased proportionally
to fibrosis. Methods that were more delicate were also
introduced. Measurement of differences in echogenicity
between neighboring pixels can be pathologically corre
[17]
lated to chronic liver disease . Texture analysis can
improve diagnostic accuracy of grayscale US images.
However, there are several limitations to the wide
spread use of these techniques, including dedicate
post-processing programs, inter-observer variability,
and sampling bias. The success of this approach also
depends strongly on an expert to establish the regions of
[18]
interest .
In cirrhosis, Doppler waves of the hepatic vein show
spectral broadening and hepatic vein narrowing. Phasic
oscillations in hepatic venous flow are dampened. Normal
phasicity of the hepatic vein represents a pressure
change in the right atrium through the cardiac cycle.
However, phasicity of the hepatic vein is reduced in liver
cirrhosis, a result of decreased hepatic compliance and
venous segments narrowed by adjacent regenerative
[19]
nodules . The portal vein is initially dilated over 1.4 cm
in diameter, but the emergence of the bypass collateral
vessels changes hepatofugal blood flow and decreases
the portal vein diameter to less than 1 cm. The hepatic
artery has a high resistive index, but the development of
a large arteriovenous shunt or arterioportal shunt leads
[20-22]
to lower resistance
.
Development of contrast materials using microbubbles can help measure the blood transit time of
the liver. Hepatic arterial/vein transit time decreases
with fibrosis progression. It is known that intrahepatic
arterioportal or arteriovenous shunt and arterializa
tions of the cirrhotic liver leads to short blood transit
[23,24]
times
. However, these studies showed no significant

Figure 4 The region of interest of texture analysis is positioned in the
right lobe of the liver, with an intercostals scan performed with gray scale
ultrasonography. Chronic liver disease patient shows heterogeneous paren
chymal echogenecity with high standard deviation value (Area: 1880 pixels,
Mean: 75.39, SD: 20.12).

tool, allowing annual or biannual tests in chronic hepa
titis patients. Initial findings of hepatic fibrosis by US
[10]
are similar to simple hepatosteatosis . Fibrosis of the
hepatic parenchyma attenuates beam penetration,
increases parenchymal echogenicity, and decreases
vascular conspicuity.
Liver cirrhosis is characterized by changes in liver
volume distribution, surface nodularity, accentuation
of the fissure, heterogeneity, bright and coarsening
of the hepatic architecture, cirrhotic nodules including
regenerative and dysplastic nodules, and signs of portal
hypertension. Studies showed an overall sensitivity
to chronic liver disease of 65%-95%, with a positive
[11-13]
predictive value of 98%
. The most indicative
finding of liver cirrhosis was nodular surface, which was
more sensitive on the undersurface of the liver than
the superior surface (86% vs 53%) (Figure 3). It was
[11-13]
also more sensitive in a high frequency probe
.
Although any single US feature had limited sensitivity or
specificity in detecting cirrhosis, improvements could be
achieved by combining two or three parameters.
US imaging can provide early detection of mor
phological changes of the liver, but such changes
represent advanced cirrhosis. Furthermore, ultrasound
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Figure 5 The region of interest of supersonic shear wave imaging is positioned in the right lobe of the liver, with an intercostals scan. On the right of the
display there is shear wave velocity (expressed in kPa and m/s). The display show a real-time color mapping of the elasticity encoded pixel by pixel in an image
superimposed on the standard B-mode. In panel (A) subject with normal shear wave speed value. In panel (B) patient with shear wave speed value compatible with
liver cirrhosis. The display also shows large amount of ascites.

correlation between the severity of hepatic fibrosis and
hemodynamic coefficients including hepatic vein transit
time, hepatic artery transit time and intrahepatic transit
time. The reason is that blood transit time is influenced
by not only arterioportal or arteriovenous shunt, but also
various extrahepatic and intrahepatic factors such as
cardiac output and the degree of first-pass phagocytosis
[23]
of contrast agent by Kupffer cells .
US elastography is now widely recognized as a
reliable method to assess liver fibrosis. The principle of
elastography is the shearing of the examined tissue,
which induces a smaller strain in hard tissues than in
soft ones. There are several commercial types of US
elastography currently in use: transient elastography
(TE), acoustic radiation force impulse imaging (ARFI),
Supersonic shear wave imaging (SSI), and real-time
tissue elastography.
TE is performed with the Fibroscan™ (Echosens,
Paris, France) which comprises of an ultrasound trans
ducer probe located on the axis of a vibrator. The
vibrator makes a vibration, which leads to an elastic
shear wave propagating to the liver. The shear wave
velocity (expressed in kiloPascals-kPa) is directly related
[25]
to the stiffness of the tissue . At present, TE is the most
widely used method for the liver fibrosis assessment.
TE has been validated in various chronic liver diseases
including chronic hepatitis B and C, nonalcoholic fatty
[26-29]
liver disease
. However, it has several limitations;
the rate of unreliable measurements is reached up to
20% and the rate of reliable measurements decreased
in obese patients and it cannot be performed in patients
[30]
with ascites .
ARFI technique is directly integrated on a standard
US machine and shear wave is localized, allowing
selection of the region of interest (ROI) by the operator
on a real time US image. The ultrasound probe automa
tically produces an acoustic “push” pulse, generating
shear-waves that propagate into the tissue. Trans
mission of a longitudinal acoustic pulse leads to tissue
displacement, resulting in shear-wave propagation
away from the region of excitation. Shear-wave velocity
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(given in m/s) is measured within a defined ROI using
US tracking beams laterally adjacent to the single push
[31]
beam . Propagation speed increases with fibrosis
severity. Results were similar to those with transient
[29,32]
elastography
.
In contrast to TE and ARFI using a single shear
wave emitted temporarily at a single frequency for
each measurement, the ultrasound transducer of SSI
technique (Aixplorer, Supersonic Imagine, Aix-enProvence, France) emits a multiple pulse wave beams at
increasing depths allowing the evaluation of the velocity
of several shear wave fronts over a wide frequency
range at the same time. By generating a real-time color
mapping of the elasticity encoded pixel by pixel in an
image superimposed on the standard B-mode, SSI
allows to show the viscoelastic properties in all areas
of an ROI with a color look-up table (Figure 5). This
is expected to overcome the limitations of transient
elastography, where liver stiffness cannot be measured
accurately in patients with severe obesity, and ascites.
Some articles have shown growing evidence for the
[33-37]
accuracy of US elastography
(Table 1). Although
the low reproducibility of measurements derived from
operator-dependent performance remains a significant
limitation of US elastography, this technique is a useful
diagnostic tool for hepatic fibrosis and further validation
is warranted.

CT

CT is the most sensitive diagnostic tool for evaluating
[38]
hepatic morphological changes . CT readily shows
alterations in hepatic morphology and extra-hepatic
manifestations related to portal hypertension. With
liver cirrhosis progression, the nodularity of the liver
surface and generalized heterogeneity of the hepatic
parenchyma are visible. The porta hepatis and interlobar
fissure frequently appear wider due to shrinkage of
the right lobe and the medial segment of the left lobe
with concomitant enlargement of the caudate lobe
and the lateral segment of the left lobe. Changes in
size and volume distribution are easily visible in a CT
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Table 1 Diagnostic performance of ultrasonography elastography for hepatic fibrosis
Ref.

Year

Study method

Imaging
instrument

Etiologies

Tada et al[33]

2015

Prospective

SSI

HCV

55

88.9

Samir et al[34]

2015

Prospective

SSI

136

Deffieux et al[63]

2015

Prospective

SSI

120

Yoon et al[35]

2014

Prospective

SSI

Tutar et al[36]

2014

Prospective

SSI

Jeong et al[64]

2014

Prospective

SSI

Cassinotto et al[37]

2014

Prospective

SSI

Chronic viral and
nonviralhepatopathies
Chronic viral and
nonviralhepatopathies
Chronic viral and
nonviralhepatopathies
Children, viral and
nonviralhepatopathies
Chronic viral and
nonviralhepatopathies
Chronic viral and
nonviralhepatopathies
Chronic viral and
nonviralhepatopathies
Chronic viral and
nonviralhepatopathies
Chronic viral and
nonviralhepatopathies
Chronic viral and
nonviralhepatopathies
Chronic viral and
nonviralhepatopathies
HCV
HBV
Chronic viral and
nonviralhepatopathies

ARFI
TE
Yap et al[31]

2013

Prospective

ARFI

Bota et al[32]

2013

Meta-analysis

ARFI
TE

Ferraioli et al[65]
Chon et al[29]
Friedrich-Rust et
al[26]

2012
2012
2008

Prospective
Meta-analysis
Meta-analysis

SSI
TE
TE

No. of
patients

Sensitivity
(%)

Specificity
(%)

Cut-offs

AUROC

Fibrosis
score

91.9

8.8 kPa

0.94

91.4

52.5

7.29 kPa

0.84

F2-3 (F4,
excluded)
≥ F2

77

79

8.9 kPa

0.81

≥ F2

94

78.8

75.6

6.65 kPa

0.852

≥ F2

76

97.8

96

10.4 kPa

0.96

≥ F2

70

78.2

93.3

8.6 kPa

0.915

≥ F2

336

83

82

8 kPa

0.89

≥ F2

341

72

81

1.38 m/s

0.81

≥ F2

337

76

81

8.5 kPa

0.83

≥ F2

70

68

66

1.55 m/s

0.85

≥ F2

1163

74

83

1.30 m/s

0.85

≥ F2

1163

78

84

N/A

0.87

≥ F2

121
2772
8433

90
74.3
N/A

87.5
78.3
N/A

7.1 kPa
7.9 kPa
7.65 kPa

0.92
0.859
0.84

≥ F2
≥ F2
≥ F2

AUROC: Area under receiver operating characteristic; SSI: Supersonic shear wave imaging; HCV: Hepatitis C virus; ARFI: Acoustic radiation force impulse
imaging; TE: Transient elastography (FibroScan™); HBV: Hepatitis B virus; N/A: Not applicable.

using CT. Considering the fact that the CT contrast
agent is an extracellular space contrast agent, texture
analysis is a method of measuring the decrease of the
extracellular space fraction. When liver cirrhosis progress
is enforced experimentally, there is a high correlation
with the fibrosis grade, though this has not been proven
[39]
clinically .
Perfusion imaging in liver fibrosis is based on the
occurrence of substantial microcirculatory changes
in this disease. These changes are caused by capilla
rization of the sinusoids, collagen deposits in the
extracellular space of Disse, and contraction of activated
[40]
stellate cells . Quantification of hepatic perfusion by
dynamic CT has allowed separate evaluations of arterial
[41,42]
and portal perfusion of the liver
. Perfusion CT can
be used to detect microcirculatory changes that occur in
[43]
cirrhosis and help to differentiate low-grade fibrosis .
Perfusion CT had several limitations. It suffered from
the classic CT limitations: radiation, the use of iodinated
[43]
contrast agents and limited scan coverage range .
However, new technological developments have re
duced the scanning time and increased the detector
size, enabling a reduction in the dose of radiation and
expanding the scanning range.

Figure 6 Image of liver cirrhosis caused by chronic hepatitis B. Contrast
enhanced computed tomography portal phase image shows the liver with
irregular surface and heterogeneous enhancement of parenchyma with reticular
pattern suggesting confluent fibrosis. The image shows decreased diameter of
portal vein (arrow) due to large collateral vessels (arrow head) and also shows
large amount of ascites.

scan. In early stages, the liver may appear normal.
The limited spatial resolution of CT and MRI allow
detection of only a relatively thick fibrous septum. Thick
fibrous septa and confluent hepatic fibrosis showed
low attenuation in non-enhanced CT. The boundary
between fibrosis and normal parenchyma was more
ambiguous in a contrast-enhanced scan (Figure 6).
Therefore, it is difficult to perform texture analysis
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MRI

MRI has several advantages over other imaging tech
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Table 2 Diagnostic performance of magnetic resonance elastography for hepatic fibrosis
Ref.

Year

Study method

Imaging instrument

Singh et al[66]

2015

Meta-analysis

1.5 Tesla, variable

Venkatesh et al[67]

2015

Retrospective

Yoon et al[56]

2014

Prospective

Venkatesh et al[68]
Shi et al[69]

2014
2014

Prospective
Prospective

Loomba et al[70]

2014

Prospective

Bohte et al[71]

2014

Prospective

Kim et al[72]

2013

Retrospective

Wang et al[73]

2012

Meta-analysis

Rustogi et al[54]

2012

Retrospective

Kim et al[74]

2011

Prospective

Etiologies

Chronic viral and
nonviralhepatopathies
1.5 Tesla,
Chronic viral and
(GE, Signa)
nonviralhepatopathies
1.5 Tesla
Chronic viral and
(GE, SignaHDx)
nonviralhepatopathies
1.5 Tesla (GE, Signa)
HBV
3.0 Tesla (GE, Signa
HBV
Excite HD)
3.0 Tesla (GE, Signa Nonalcoholic fatty liver
Excite HD)
disease
3.0 Tesla (Philips,
HBV, HCV
Intera)
1.5 Tesla
Nonalcoholic fatty liver
(GE, Signa)
disease
1.5 Tesla, variable
Chronic viral and
nonviralhepatopathies
1.5 Tesla (Siemens,
Chronic viral and
Magnetom)
nonviralhepatopathies
1.5 Tesla
Chronic viral and
GE, SignaHDx)
nonviralhepatopathies

No. of
patients

Sensitivity Specificity
(%)
(%)

697

79

62

100

Cut-offs AUROC Fibrosis
score

81

3.66 kPa

0.88

≥ F2

96.5

3.37 kPa

0.99

≥ F2

94

78.8

75.6

6.65 kPa

0.852

≥ F2

63
113

97.4
95

100
94.5

3.2 kPa
4.07 kPa

0.99
0.986

≥ F2
≥ F2

117

86

91

3.63 kPa

0.924

≥ F3

103

62

96

2.18 kPa

0.928

≥ F2

142

85

92.9

4.15 kPa

0.954

≥ F3

972

94

95

N/A

0.98

≥ F2

72

85.4

88.4

5.9 kPa

N/A

≥ F3

55

89.7

87.1

3.05 kPa

N/A

≥ F2

AUROC: Area under receiver operating characteristic; HBV: Hepatitis B virus; HCV: Hepatitis C virus; N/A: Not applicable.

niques, including high-resolution images with excellent
contrast against other soft tissue lesions and a number of
different techniques facilitating the diagnostic evaluation
of organ morphology, physiology, and function. As it
is dependent on the detection of alterations in hepatic
morphology, conventional MRI is limited to the diagnosis
of earlier stages of liver fibrosis and is not suitable for
[44]
disease staging .
Calculation of the apparent diffusion coefficient
(ADC) with diffusion-weighted imaging (DWI) using MRI
[45]
can facilitate the assessment of liver fibrosis . One
recent study showed that ADC values decrease with
increasing stage of liver fibrosis from F0 to F4. However,
no significant differences in ADC values were detected
[46,47]
between the early stages of fibrosis
.
Intravoxel incoherent motion (IVIM)-DWI was
developed to quantitatively assess the microscopic
translational motions of both intracellular and extra
cellular water molecules occurring in each voxel in
MRI. Using IVIM imaging, several factors, such as
pure molecular diffusion and microcirculation or blood
[48]
perfusion, can be distinguished with multiple b values .
One study demonstrated that both ADC and perfusionrelated diffusion (D*) were significantly reduced in the
cirrhotic liver group compared with those in the healthy
liver group, while there was no significant difference
between pure molecular-based diffusion (D) and
perfusion fraction (f) measurements in the healthy liver
[49]
and cirrhotic liver groups . ADC and D* reduction in
cirrhosis represents reduced perfusion in cirrhotic liver.
Another study showed the feasibility of IVIM parameters
[50]
in differentiating early stages of fibrosis .
Magnetic resonance elastography (MRE) is an
emerging technique that noninvasively quantifies liver
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stiffness by analyzing the propagation of mechanical
waves through liver tissue. It is based on the concept
that the stiffness of the hepatic parenchyma is
increased as fibrosis advances. One study showed that
MRE has a high sensitivity and specificity in detecting
liver fibrosis, with a predicted sensitivity and specificity
of 91% and 97% for liver fibrosis ≥ stage F2,
respectively; 92% and 95% for liver fibrosis ≥ stage
F3, respectively; and 95% and 87% for liver fibrosis
≥ stage F4, respectively[51]. Another study showed a
sensitivity and specificity of 98% and 99% for all grades
of liver fibrosis with a cut-off value of liver stiffness of
[52]
2.93 kPa . This study also showed that MRE could
discriminate patients with moderate and severe fibrosis
(grades 2-4) from those with mild fibrosis (sensitivity,
86%; specificity, 85%). Several studies show that MRE
is more reliable for staging hepatic fibrosis compared to
DWI and conventional MRI, with a powerful combination
of sensitivity, specificity, likelihood ratios, diagnostic
odds ratio, and area under the summary receiver
[51,53-55]
operating characteristic curve values
(Table
2). MRE can be easily added to standard abdominal
MRI protocols, promising value added in staging liver
cirrhosis. One study showed that MRE and SSI results
moderately correlated with liver cirrhosis values, though
MRE measurements tended to be more reliable than US
[56]
elastography .
MRE has many advantages: (1) it can exam the
whole liver, with a lower sampling error than with a
biopsy or other imaging modalities; (2) good diagnostic
accuracy; and (3) the results are not influenced by
hepatic steatosis, obesity, and ascites. However, some
clinical limitations include: (1) misinterpretation of results
due to a high iron overload in the liver, causing signal-
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A

B

Figure 7 Double contrast enhanced protocol magnetic resonance images. Fat saturated T2-weighted magnetic resonance images of 15-min delay after injection
of superparamagnetic iron oxides and gadolinium chelates. A: The image of normal patient shows homogenous low signal intensity of hepatic parenchyma; B: The
image of patient with liver cirrhosis shows hyperintense reticulations (arrows), represent septal fibrosis, in cirrhotic liver.

A

B

Figure 8 Fat saturated T1-weighted magnetic resonance images of 20-min delay after injection of gadoxetate disodium. A: The image of healthy patient
shows homogenous high signal intensity of hepatic parenchyma; B: The image of patient with liver cirrhosis shows heterogeneity of hepatic parenchyma enhancement
with hypointense reticulations representing septal fibrosis, and decreased enhancement degree as compared with the image (A).

to-noise limitations; (2) a longer examination time than
SSI; (3) the need for dedicated installation equipment;
and (4) a lack of comparable studies between 1.5 Tesla
and 3.0 Tesla MRI machines and among other company
products (Table 2). Therefore, an absolute cut-off value
for diagnosis and grading of hepatic fibrosis has not
been established. More research is needed.
Texture analysis of liver parenchyma to diagnose liver
cirrhosis has been performed using contrast media. After
injection of superparamagnetic iron oxides (SPIOs) or
gadolinium chelates, hyperintense reticulations, which are
postulated to represent septal fibrosis, can be observed
in cirrhotic liver. It is known that SPIOs accumulate
within liver reticuloendothelial cells after intravenous
infusion, causing T2* shortening and reducing liver signal
intensity. In cirrhotic liver, SPIOs accumulate and cause
T2* shortening of normal liver parenchyma. Fibrosis
appears in a hyperintense reticular pattern on T2 or T2*
images. In addition, delayed T1 shortening and delayed
enhancement of the hepatic fibrosis signal intensity by
gadolinium chelates is expected (Figure 7). A doublecontrast material-enhanced MRI protocol with sequential
administration of SPIOs and gadolinium chelates was
superior to a single-contrast material-enhanced MRI
[57]
protocol for liver fibrosis diagnosis . However, these
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protocols are no longer popular.
Gadoxetate disodium is a liver-specific MRI contrast
agent with combined perfusion and hepatocyte-selective
properties. Hepatocyte-phase gadoxetate disodiumenhanced MRI can be used to measure hepatocyte
[58-60]
function
. One study shows that the contrast enhan
cement index (CEI = signal intensity post-enhancement/
signal intensity pre-enhancement) in gadoxetate diso
dium-enhanced MRI more accurately correlated with
hepatic fibrosis staging than ADC values (CEI: r =
[61]
-0.79, ADC: r = -0.43) . Another study shows that
heterogeneity of hepatic parenchyma enhancement
on Hepatocyte-phase gadoxetate disodium-enhanced
MRI is correlated with the degree of liver parenchyma
fibrosis using parameter of corrected coefficient of
variation [cCV = (SDliver - SDair)/SIliver × 100] (Figure
[62]
8) .

CONCLUSION
The development of new imaging modalities for
diagnosing of liver cirrhosis has led to the detection and
measurement of subtle changes. This has enabled early
and accurate diagnosis of liver cirrhosis. Currently, elasto
graphy, used to measure the stiffness and elasticity of
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the liver, is more widely applied than texture analysis in
diagnosis of liver cirrhosis. Results strongly correlate with
hepatic fibrosis, without the need for a post-operation
procedure. Although MRE has more accurate tendency,
US is simple imaging tool in diagnosing cirrhosis and
can be added as several additional complementary
technologies. The non-inferior diagnostic capability,
non-invasiveness and relative cost-effectiveness of US
elastography may enable it to be one of the most useful
techniques for diagnosis of liver cirrhosis.
We expect standardization of elastography techni
ques so that quantitative parameters obtained by
clinical systems from different vendors may give similar
results in the future.
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Immunology of hepatocellular carcinoma
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liver to HCC. Globally, HCC is the sixth most prevalent
cancer and the third-most prevalent reason for neo
plastic disease-related deaths. A diverse array of
infiltrating immunocytes regulates the development
and progression of HCC, as is the case in many other
cancers. An understanding of the various immune
components during HCC becomes necessary so that
novel therapeutic strategies can be designed to combat
the disease. A dysregulated immune system (including
changes in the number and/or function of immune
cells, cytokine levels, and the expression of inhibitory
receptors or their ligands) plays a key role in the
development of HCC. Alterations in either the innate
or adaptive arm of the immune system and cross-talk
between them make the immune system tolerant to
tumors, leading to disease progression. In this review,
we have discussed the status and roles of various
immune effector cells (e.g. , dendritic cells, natural killer
cells, macrophages, and T cells), their cytokine profile,
and the chemokine-receptor axis in promoting or
impeding HCC.
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Core tip: Hepatocellular carcinoma (HCC) is a hetero
geneous disease caused by multiple factors, and has its
immunopathogenesis complicated by the paradoxical
role of various immune cells. This review provides a com
prehensive insight into the immunological mechanisms
that control hepatocarcinogenesis. A better and fuller
understanding of the precise function of each cellular
subset may open new avenues for the treatment of
HCC.
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Abstract
Hepatocellular carcinoma (HCC) is primarily a mali
gnancy of the liver, advancing from a damaged, cirrhotic
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for an effective immune response against tumors.
Failed HCC-associated antigen presentation by DCs
might not only be due to a decreased expression of
[11]
human leukocyte antigen (HLA) class-Ⅰ molecules ,
as maturation defects like reduced endocytosis,
allostimulation, and interleukin 12 (IL-12) secretion
[12]
can lead to a weak T cell immune response . Even
in the presence of strong maturation stimuli like high
levels of inflammatory cytokines, DCs remain refractory
to these stimulatory signals. Studies have previously
shown that there is a numerical and functional defect in
the peripheral DCs in HCC patients with hepatitis B and
C virus infections, although it is unclear whether this
[13,14]
defect is a cause or an effect
. On the other hand,
there have been reports that have shown the frequency
+
of activated CD83 DCs in the peripheral circulation
of HCC patients was comparable to patients with liver
[15]
cirrhosis and normal healthy controls . However, when
compared to peripheral blood, activated DCs were
present at a much lower frequency in the liver tissues of
the other study groups. Additionally, the activated DCs
in HCC patients were not able to infiltrate the cancer
nodules, resulting in impaired recruitment of tumorspecific lymphocytes to tumor areas.
Recently, a new regulatory subset of DCs called
+
CD14 cytotoxic T-lymphocyte-associated protein
+
(CTLA)-4 DCs, which expresses inhibitory moleculelike CTLA-4 and programmed death receptor (PD)-1,
were observed in the peripheral blood lymphocytes
[16]
and tumor masses of HCC patients . High levels of
anti-inflammatory cytokine, IL-10, and indoleamine 2,
3-dioxygenase secreted by these cells’ post-stimulation
+
suppressed the CD4 T-cell immune response, thereby
assisting tumor progression and immune escape.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a cancer that
originates in the liver, and is thus different from meta
static liver cancer that hails from other organs and
culminates in the liver. Worldwide, HCC is the sixth most
prevalent cancer, as well as being the third most common
cause of mortality and poor-prognosis malignancy due
[1]
to recurrence after surgery and metastasis . It accounts
for approximately 70%-80% of all primary liver cancer
[2]
cases . HCC is most prevalent in Asian nations like
China and Japan, where it has a high mortality rate
within weeks or months after detection. The disease is
generally diagnosed at a late stage, which significantly
brings down the survival rate to less than 14% within a
[3]
span of five years . The available treatment options are
not 100% successful and the estimated recurrence rates
are around 50% over a span of 3 years post-surgery and
with a survival rate of only 30%-40% at five years post[4]
surgery .
The major risk factors for chronic liver disease and
subsequent HCC include prior infection with viruses like
[5]
hepatitis B and hepatitis C . Studies in mouse models
have indicated the major role of local intra-hepatic
chronic inflammation in promoting hepatocarcinogenesis
[6]
in animals with non-alcoholic steatohepatitis (NASH) .
Accumulating data in humans also indicate an increasing
[7]
role for NASH as a risk factor for HCC development .
In addition, other emerging risk factors are: obesity
(especially visceral adiposity leading to non-alcoholic
fatty liver disease), alcohol consumption, tobacco use,
consumption of foodstuffs contaminated with aflatoxin
B1, diabetes, overuse of oral contraceptive pills, and
[4]
iron overload .
Factors promoting tumor antigen tolerance, such as
decreased recognition of malignant cells, suppression of
immunity, and chronic inflammation (either mediated
[8]
by virus or immune dysregulation), all lead to carcino
[9]
genesis . Recent studies have provided evidence that
a dysregulated immune system, including changes in
the number or function of immune cells, cytokine levels,
and expression of inhibitory receptors or their ligands
[10,11]
significantly contribute to the development of HCC
.
Alterations in the function or expression of immune
components shift the immune response towards tumor
tolerance, resulting in its progression. Tumor-related
+
immune cells, such as cytotoxic T cells, CD4 T cells,
regulatory T cells (Tregs), myeloid-derived suppressor
cells (MDSCs), natural killer (NK) cells, and the crosstalk between these have all been reported to be involved
in the development of HCC (Figure 1). In this review, we
have discussed the immunology of HCC in terms of the
status of various immune effector cells.

Macrophages and myeloid-derived suppressor cells

Tumor-associated macrophages (TAMs) represent the
main inflammatory cells associated with cancer-related
[17]
inflammation . While in infiltrating tumors, TAMs
differentiate towards an M2 phenotype characterized by
the expression of immunomodulatory cytokines [e.g.,
IL-10 and transforming growth factor (TGF)-β] and
poor antigen presentation capacity. TAMs also express
chemokines like CCL17, CCL22, and CCL24, along with
arginase and low levels of proinflammatory cytokines
[18]
and reactive oxygen species . In HCC, the cytokines
IL-6 and TGF-β (in particular) favor tumor growth,
tumor necrosis factor (TNF)-α and IL-6 are involved in
invasion and metastasis, and TGF-β, in concert with
IL-10, has been shown to promote the suppression
[19]
of anti-tumor immune response . This alternative
phenotype of macrophages further participates in the
activation of a T helper type 2 (Th2) immune response,
thereby promoting the recruitment and development of
Tregs. Chronic inflammation was reported primarily to
be coupled with a higher prevailing level of macrophage
colony stimulating factor and a higher infiltration of
macrophages, which were reportedly associated with
HCC progression and intrahepatic metastasis, thereby

INNATE IMMUNE SYSTEM
Dendritic cells

Efficient recognition, processing, and presentation of
tumor antigens by dendritic cells (DCs) are prerequisites
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Figure 1 Role of immune cells in hepatocellular carcinoma. As the disease progresses from cirrhosis of the liver to hepatocellular carcinoma (HCC), the
functions of various immune cells become dysregulated. Dendritic cells (DCs) lose their antigen presentation capabilities with the reduced secretion of Th1 cytokines.
Macrophages differentiate into an “alternatively-activated phenotype” that generates a Th2-type immune response that promotes regulatory T cell (Tregs) recruitment
and development. Natural killer (NK) cells have reduced cytolytic activities. T cells, both CD4+ and CD8+, decrease in numbers with attenuated function and increased
expression of inhibitory receptors during HCC. Th17 cells increase in number and correlate with angiogenesis and poor-prognosis. Tregs exert negative effects on T
cells, DCs, and NK cells, and may promote the differentiation of Th17 cells via immunosuppressive cytokines. There is shift in overall cytokine milieu from a Th1 to
Th2 profile. HBV: Hepatitis B virus; HCV: Hepatitis C virus; IL-12: Interleukin 12; TGF: Transforming growth factor.

signifying the role of TAMs in the recurrence and meta
[20,21]
stasis of HCC
.
Another heterogeneous population of cells called
MDSCs, which are a subset of inflammatory monocytes,
has been identified that comprises immature myeloid
[20]
progenitors not already committed to any cell lineage .
They can exert inhibitory functions and regulate T cell
responses through the up-regulated expression of
several factors, such as free radicals, arginase activity,
and production of TGF-β, thereby encouraging the
[22]
induction of Treg cells . Like typical monocytes, these
cells express CD14 but have a lower or no expression
of HLA-DR. An increased frequency of these cells has
been reported in the peripheral circulation and tumor
[23]
environment of HCC patients .
Similarly, neutrophils are a common inflammatory
infiltrate in tumors that could also provide a prediction
of poor survival in HCC patients, since their numbers
correlated positively with the stage of cancer. Kuang
[24]
et al
demonstrated that peritumoral stromal cells
were fortified with neutrophil populations under the
influence of Th17 cells through chemokines, like CXCL8,
produced by epithelial cells. These neutrophils produce
proteases like matrix metalloproteinase-9 in HCC tissues,
promoting angiogenesis. Thus, neutrophils provide a
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connection between immune cells and angiogenesis, as
well as promoting tumor growth.

NK cells

An exaggerated cytolytic population of NK cells serves as
[25]
an immune invigilator in the liver microenvironment .
NK cells are cytotoxic and regulate the activity of other
[26]
immune cells through the cytokines they release .
Under normal physiological conditions, NK cells mediate
their functions in the liver via the production of “cytolytic
granules” containing perforin, granzymes, tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL), and
[27]
interferon (IFN)-γ . However, their functions are not
completely imparted in the case of many cancers,
including HCC. For instance, in HCC patients, a significant
decrease in the CD56dim NK subsets in the peripheral
blood has been reported as compared to healthy
[28]
subjects . A significantly lower proportion of these
NK cell subsets exhibited reduced levels of IFN-γ, and
cytotoxic potential also being reported in tumor regions
[29]
compared with non-tumor regions in HCC patients .
Multiple mechanisms have been put forward to expli
cate the decreased functioning of NK cells and their
association with cancer and cirrhosis of the liver, including
[30]
fibrotic damage to NK cells , phagocytic uptake of NK
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[31]

cells by activated hepatic stellate cells , and the upregulation of inhibitory or down-regulation of activating
[32]
receptors, respectively .

to B cells during germinal center reactions in secondary
lymphoid tissues and function to support B-cell activa
tion, affinity maturation, and isotype switching, leading
to the generation of memory B cells and long-lived
[39]
plasma cells . Although only a few studies have
focused on humoral immunity in HCC and its regulatory
+
mechanisms, impairment of CD4 Tfh cells has been
indicated to influence the development of HBV-associated
[40]
+
+
HCC . A decreased proportion of CXCR5 CD4 Tfh
cells was found to be associated with HCC disease
progression. Furthermore, these cell types were found
to have an attenuated function with reduced secretion
of IL-21, along with the inability to promote B cell
maturation, and hence were suggested to be associated
[41]
with low survival rates in HCC .

Adaptive Immune system
T lymphocytes

+

+

T lymphocytes, both CD4 T helper cells and CD8
cytotoxic T cells, are mostly considered to be significant
players in inhibiting, impeding, and killing tumor cells.
Their existence in cancer areas has been observed and
[33]
correlated with a favorable prognosis in many cancers .
The IFN-γ produced during the Th1 immune response
play a crucial role in the evasion and amelioration of
HCC. In addition to helper T cells, the role of cytotoxic
+
CD8 T-cells during HCC disease has been evaluated in
many studies, where they were attributed a significant
role in the killing of tumor cells.
In one study, it was reported that there was a
+
significant decrease in CD4 T-cells in patients with
liver cirrhosis and HCC, indicating their importance
[34]
in facilitating malignancy among cirrhotic patients .
They likewise noticed a decreased ratio of helper T
cells/suppressive T cells in the peripheral blood of
patients with liver cirrhosis and HCC. Upon assessment
of the genetic profile, a gene signature consisting of
17 immune related genes that changes the tumor
microenvironment from a Th1 to a Th2 type milieu has
[20]
been identified . This foreshadows the development of
venous metastasis in HCC, as well as impaired disease
outcome, thereby indicating that progression of liver
diseases is linked with a dysregulated cellular immune
response.
Several mechanisms to deduce the immunosup
pressive nature of T cells have been explained by many
authors. Previous studies have shown increased levels of
the soluble IL-2 receptor alpha chain, CD25 in the serum
[35,36]
of cancer patients
. These studies have also shown a
positive correlation between sCD25 and disease severity,
serving as a surrogate indicator of survival and response
[35]
to therapy . The serum of HCC patients was evaluated,
and revealed elevated levels of sCD25 as compared to
normal, healthy individuals and patients with cirrhotic
[36]
livers . The authors observed an improvement in T
cell responses after sCD25 depletion, suggesting that
sCD25 is indeed involved in suppressing effector T cell
functions.
Many human cancer cells express the ligand for
inhibitory receptor PD-1. An up-regulated expression of
its ligand, PD-L1, on intra-tumoral Kupffer cells and a
+
concurrent increase in PD-1 expression on CD8 T-cells
[37]
is detrimental in cancer . Moreover, MDSCs were
also found to have up-regulated expression of PD-L1,
leading to functional exhaustion of effector cells through
[37]
ligand-receptor interaction . These data provide clues
that strategies to block the PD-L1/PD-1 axis in HCC can
[38]
increase tumor-specific immunity .
Another important effector subset of T helper cells
are follicular T-helper cells (Tfh). These are important
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Regulatory T lymphocytes

Aside from anti-tumor cells that get functionally
impaired during various cancers, there is another class
of cells, termed Tregs, that express CD25 on their
surface, along with the intracellular transcription factor
forkhead box P3 (Foxp3), that have been reported to
[42,43]
play a very important role in carcinogenesis
. Under
normal physiological conditions, natural Tregs (nTregs)
limit autoimmune reactions by suppressing self-reactive
immune cells, and are also engaged in sustaining
immunological self-tolerance and homeostasis.
It has been demonstrated in many studies that the
number of a class of Tregs called induced Tregs (iTregs)
increase in the peripheral blood and tumor infiltrating
[44]
lymphocytes of patients with HCC . Depletion of
Tregs led to the manifestation of anti-tumor immune
[45]
responses in this study in around 38% of HCC cases .
While the original investigations only demonstrated
an increase in the frequencies of Tregs in patients
[46]
with HCC , subsequent research was focused on the
possible correlation of Tregs with disease progression
[47]
and the clinical outcome of disease in patients . It
has been reported that the number of Tregs correlated
with disease severity, as patients with advanced stages
of HCC demonstrated a higher percentage of intra+
hepatic CD8 Foxp3 regulatory T cells than patients in
+
+
initial stages, suggesting that CD8 Foxp3 regulatory
T cells represent another immune-escape mechanism.
+
Moreover, there was reduced infiltration of CD8 T-cells
in tumors consequent to the abundant accumulation
of Tregs in these areas as compared to non-tumor
[48]
regions . It has further been reported in another study
+
that FoxP3 Tregs were highly amassed as activated cells
expressing CD69 and HLA-DR (terminally differentiated
subpopulation) in tumors where they could suppress
T-cell proliferative capabilities and IFN-γ secretion by T
[48]
cells . Hence, it is suggested that the increased number
of tumor-infiltrating Tregs fosters tumor progression and
serves as a poor prognostic marker in HCC patients.
Furthermore, Tregs through their membrane-bound
TGF-β, could also dampen NK cell responses by downregulating NK group 2 member D expression and by
[49]
participating in HCC progression . Tumor-iTreg seem
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the non-polymorphic molecule CD1d, to which self and
foreign lipid antigens are presented. These typical NKT
cells, known as invariant NKT cells, act like a doubleedged sword in cancer cases by promoting anti-tumor
response via the activation of effector cells, while at the
same time boosting the suppressor cell compartment
[55]
and inducing tolerance .
Although NKT cells constitute a major population
in the liver, their role in hepatocarcinogenesis remains
incompletely understood. The frequency of NKT cells was
increased in tumors, especially in HCC patients, with a
gradual increment from blood to liver to tumor. A subset
of these cells characterized by CD4 expression has been
shown to accumulate in the tumor environment and is
able to generate Th2 cytokines that inhibit the tumor+
[56]
specific CD8 T-cell response , while the other subset,
CD4-NKT cells, has anti-tumor effects and constitutes
a key role in dampening the inflammatory response
[57]
mediated by β catenin-driven hepatocarcinogenesis .

to differentially regulate NK cell activity in the tumor
microenvironment, as well as being endowed with
abilities to modulate T-cell proliferative abilities and
the functions of DCs via anti-inflammatory cytokines
like IL-10 and TGF-β. In contrast with the nTregs,
tumor iTreg cells interfere with NK cells activated with
IL-2, while IL-2 independent activation of NK cells was
[50]
augmented in the presence of iTregs .

Th17 cells

Ever since it became known that tumor cells of HCC,
TAMs, and MDSCs are all capable of producing adequate
quantities of IL-6 and TGF-β, it has been speculated
that differentiation of Th17 cells in such an environment
would be favored, especially in established tumor
tissues. Coupled with extreme inflammatory conditions
in growing tumors, an increased frequency of Th17
cells was more eminent in HCC tissues than non-tumor
tissues, which positively correlated with microvessel
density, a marker of tumor angiogenesis in tissues
[51]
associated with poor endurance in patients with HCC .
Despite the positive correlation of Th17 cells with
reduced survival in HCC cases, the role of these cells in
HCC still remains incompletely defined. Some studies
have recently suggested that IL-17 plays a dual role in
tumor immunology; it can either promote anti-tumor
cytotoxic T cell responses or foster angiogenesis of
surrounding endothelial cells and fibroblasts facilitating
[52]
tumor growth . In HCC patients, increased levels of
Th17 and Th1 cells were observed in tumor regions as
compared to non-tumor regions, with the frequency of
these cells being associated with overall disease-free
[53]
survival . Thus, an elevated Th17 to Th1 ratio may
promote tumor progression and serve as a prognostic
marker at the same time.
More recent studies have shown that an imbalanced
proportion of Th17 cells and Tregs are also associated
with cancer progression, but not much is known about
[54]
the implication of this disproportion in cases of HCC .
+
The density of liver-infiltrated FoxP3 Tregs increased
gradually from chronic hepatitis B infection to patients
with atypical hyperplasia, then to HCC, while the density
+
of Th17 cells and CD8 T cells in these cases trended
towards a decrease as the disease progressed to HCC.
In less differentiated HCC cases, the population of
tumor-resident Tregs was lower, while the percentages
+
of Th17 cells and CD8 T-cells were significantly greater.
These findings indicate that Th17 cells and Tregs
cooperate in the liver niche, thereby promoting cancer
advancement.

Role of cytokines and chemokines
Dysregulated cytokine milieu

Hepatocytes express receptors for several cytokines,
thus making them susceptible to their action. Conse
quently, cytokines are involved not only in the optimum
functioning of the liver, development, and regeneration,
but may also aid in the pathogenesis of liver cirrhosis,
fibrosis, and HCC. The cytokine milieu in livers with
metastatic HCC is skewed towards a Th2 profile, with an
increase in levels of anti-inflammatory cytokines and a
concomitant reduction in pro-inflammatory cytokines.
This also highlights the importance of Th1-type immune
[58]
response in inhibiting tumor relapse .

Th1 and Th2 cytokines

In Th1 cytokine levels, IL-2 is shown to have a direct
correlation with prognosis in HCC patients, as the
increased levels of IL-2 were associated with an increase
+
[59]
in the number of CD8 T-cells . Similarly, other Th1
cytokines like IFN-γ, IL-8, IL-15, and IL-18 have been
indicated to correlate with invasiveness and metastasis
[60]
during HCC . Alterations in these cytokines may help
to control or ameliorate carcinogenesis, as they are
capable of changing the functional status of cells like NK
[61]
cells and cytotoxic T lymphocytes .
The levels of Th2 cytokines, IL-4, and IL-5 were
found to be high in the tumor microenvironment of
metastatic HCC in patients with hepatitis B virus (HBV)positive metastatic HCC, showing a shift from a Th1
[21]
to Th2 profile . The causative factor associated with
the switching of the cytokine balance is unknown, but
factors produced by the tumor or microenvironment
may play a role in tumorigenesis by polarizing cytokine
production towards a Th2 phenotype.
[62]
Another cytokine released by Th22 cells
is IL-22,
which has been found to be significantly elevated in HCC
patients, suggesting an involvement in T-cell-mediated
immunity in HCC. A direct relationship between the

NKT cells

NKT cells are a subset of T lymphocytes that have
overlapping properties with both T cells and NK cells,
expressing both the αβ T-cell receptor and many recep
tors of NK cells, and are a potent source of cytokines like
IL-4, IFN-γ, and TNF-α. Depending on the diversity and
extent of cytokines produced, their effects could be either
beneficial or deleterious to the host. These cells recognize
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levels of IL-22 and IL-17 in HCC patients indicates their
[63]
interplay in the pathogenesis of HCC .

to be independent prognostic factors for disease-free
[75]
survival in these patients . IL-37, a recently recognized
anti-inflammatory cytokine has been shown to suppress
[76]
cells of the innate immune system . The study indicates
that in HCC specimens, the expression of IL-37 was
found to be decreased in tumor tissues and its expression
level was negatively related to tumor burden and survival
improvement.
Hence, it could be concluded that cytokines regulate
the microenvironment of immune cells with allied and
opposing roles, involving different signaling pathways to
affect the course of HCC disease.

Pro-inflammatory and anti-inflammatory cytokines

TNF-α is an important mediator of inflammatory and
autoimmune diseases and is strongly involved in the
pathogenesis of HCC by promoting invasion, angio
[64]
genesis, and metastasis . In many cancers, including
HCC, the serum levels of TNF-α has been reported to be
very high, which correlated with disease and nutrition
[65,66]
status in these patients
. Although, in solid tumors,
the levels of TNF-α were higher in normal tissues than
in tumor cells, the serum levels were found to be lower
in patients with HCC. Because of this discrepancy, the
precise impact of cytokines associated with liver cancer
[67]
development remains unclear . TNF-α is also known to
stimulate the expression of the negative co-stimulatory
molecule B7 homolog 1 or PD-L1 on macrophage
+
surfaces, thus suppressing the CD8 T-cell anti-tumor
[38]
immune response . The principal downstream me
diator of pro-tumoral TNF-α activity is nuclear factor
κB (NF-κB), whose target genes are involved in cell
[68]
proliferation and survival . TNF-α is also notably
induced by NF-κB in a positive feedback loop.
Higher production of IL-1β may help increase the
production of other cytokines, such as IL-2, IL-6,
and TNF-α, and trigger the complex immunological
processes to eliminate the virus in cases of hepatitisinduced HCC. Interestingly, besides its major role as a
pro-inflammatory cytokine, IL-1β has been implicated
as an important factor for tumor growth. Several
independent lines of evidence have also suggested
that genetic polymorphisms within the IL-1β gene are
associated with gastric cancer and HCC induced by HCV
[69,70]
infection
. Moreover, supplementing cytokines like
TNF-α, IL-1β, or IL-18 has been shown to induce growth
+
of CD8 T-cells and induce TRAIL in many HCC cell lines,
[71]
thereby contributing to tumor evasion .
The most studied anti-inflammatory cytokine in HCC
is IL-10, which has been shown to be increased in HCC
tumors vs non-tumorous tissue adjacent to the tumor
[72]
and tissues of healthy cohorts, respectively . These
studies suggest that an increase in IL-10 in conjunction
with other Th2 cytokines correlates with progression.
Another multifunctional inflammatory cytokine, IL-6,
which is produced mostly by resident macrophages,
was found to be linked with poor prognosis in HCC
[73]
patients . IL-6 exerts its oncogenic activity by triggering
downstream signal transducer and activator of trans
cription 3 and extracellular-signal-regulated kinase
pathways, which in turn control target genes involved
in both cell proliferation and survival. It has been found
that IL-6 levels and receptor expression were raised
in a number of cancers, including HCC, where it may
[74]
contribute to tumor progression . Recently, in a
study carried out to investigate the use of novel serum
biomarkers for predicting the recurrence and survival of
patients with HBV-related HCC, low serum IL-6 level, low
platelet count, and low serum albumin level were found
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Chemokine ligand-chemokine receptor axis

Chemokines are known to direct lymphocyte recruitment
into liver tumors expressing the corresponding chemo
[77]
kine receptors . The CXCL12-CXCR4 axis is regarded
to be critical as a factor regulating tumor growth and
progression during HCC. Previous studies have depicted
higher expression of CXCL12 and CXCR4 in HCC speci
[78]
mens than the surrounding tissues . It has been
demonstrated in different studies that CXCR4 and CXCL12
may play a significant part in HCC metastasis and inva
[79,80]
siveness of the tumor
. A significant correlation was
observed between CXCR4 expression, tumor progression,
[80]
metastasis, and a decreased survival rate . However,
the lack of a loss of function mutation of the tumor
suppressor gene p53 gene on CXCR4 expression in HCC
[81]
indicated yet another unidentified mechanism .
However, an ambiguity as to whether CXCR4CXCL12 actually promotes tumor growth as a downmodulation of CXCR4-CXCL12 expression in HCC, both
in vitro and in vivo has been reported, where CXCL12/
CXCR4 also lacked an association with death and HCC
[82]
recurrence . Therefore, although it appears that the
CXCL12-CXCR4 axis is indispensable in HCC, its precise
role still remains paradoxical in this disease. The possible
involvement of the CCL20-CCR6 axis in HCC has been
suggested because of the significantly up-regulated
expression of both CCL20 and its chemokine receptor
CCR6 that has been observed in HCC tissues with
[83]
different rates of tumor progression . Although the role
of fractalkine (CX3CL1) and its receptor CX3CR1 in HCC
indicated a role in the regulation of immune response,
the relationship of between the fractalkine-CX3CR1 axis
and HCC is as yet unclear. According to recent studies,
the fractalkine-CX3CR1 axis is critical in the diagnosis of
HCC, as it can regulate both the immune response and
[84]
the cell cycle of HCC .
Furthermore, the expression levels of some chemo
kine receptors like CCR5, CCR6, and CXCR3 on the
surface of peripheral lymphocytes of HCC patients was
reduced, while the expression of these receptors on
tumor-infiltrating cells was higher, suggesting a role of
these chemokine receptors in controlling the trafficking
of effector T cells to the tumor regions in response to
[85]
the corresponding chemokines . In addition to this, the
expression levels of CXCR3 have been reported to be
particularly high in tumor infiltrating cells, as compared
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Table 1 Summary of the status of various immune components in hepatocellular carcinoma
Immune component
Dendritic cells
Macrophages
Myeloid-derived suppressor cells
Neutrophils
NK cells
T lymphocytes
Tregs
Th17 cells
NKT cells
Th1 cytokines
Th2 cytokines
Proinflammatory cytokines
Anti-inflammatory cytokines
Chemokine-receptor axis

Status in HCC

Ref.

Decreased antigen presentation, decreased numbers, impaired functions
Poor antigen presentation, activated Th2 immune responses, promoted Tregs
Exerted suppressive functions through free radicals, arginase activity, and TGF-β
Promoted angiogenesis through metalloproteinase-9
Decreased numbers, low cytolytic activity
Decreased frequency, fewer Th1 cytokines, increased expression of inhibitory receptors
Increased frequency, suppressed T-cell proliferation and IFN-γ secretion, inhibited NK cell responses
Increased numbers, incompletely defined role, correlated with disease progression
Dual roles, increased frequency, promoted Th2 cytokines
Decreased in tumor microenvironment, induced CD8+ T-cells
Increased levels, correlation with tumor progression
Involved in pathogenesis of HCC
Increased in HCC, correlated with progression
Tumor progression and metastasis

[12,13]
[17,18,20]
[21,22]
[24]
[26,28]
[36,37]
[42,48,86]
[51,52]
[55,56]
[59,61,87]
[21]
[65,69]
[72,73,76]
[78,83,84]

HCC: Hepatocellular carcinoma; NK: Natural killer cells; Tregs: Regulatory T cells; Th17: T helper type 17; NKT: Natural killer T; TGF: Transforming
growth factor; IFN: Interferon.

to non-tumor infiltrating cells, implying that lymphocytes
preferentially migrate to the tumor tissue rather than
the surrounding non-tumor regions. This increased
expression was negatively correlated with tumor burden
and the stage of cancer. The literature citing the role of
various immune components in HCC is summarized in
Table 1.

combinatorial approaches induce tumor regression
in patients that would not have responded to either
treatment alone. Strategies to deliver genetically modified
T cells into the tumor microenvironment, such as via
a hepatic artery, are underway and being evaluated in
clinical trials that have already proven successful in the
[88]
treatment of other cancers . Novel epitopes specific
for tumor-associated antigens should be designed using
high throughput “omics” technology with the aim to
+
+
induce anti-tumor CD4 and CD8 T-cell responses. In
this context, high resolution mass spectrometry has
been used for directly sequencing peptides presented
by HLA molecules from tumor cells so as to identify
naturally processed class Ⅰ and Ⅱ tumor-associated
[89]
peptides . Combining key components of the tumor
microenvironment, as compared to chemotherapy alone,
would improve the clinical outcome. Finally, therapeutic
agents capable of reversing the immunosuppressive
nature of HCC tumors via administration alone or in
combination with other modalities will be critical in
optimizing clinical outcomes for HCC patients.

Gaps in existing Knowledge
Insights into the immune signaling pathways are being
provided by recent studies analyzing the role of immune
effector cells. However, a complete understanding of many
immune components, such as NKT cells, gamma delta
T cells, and the role of many cytokines and chemokines,
has not yet been achieved. It is generally believed
that T lymphocytes play a protective role in inhibiting
tumor growth and development, while TAMs, MDSC,
Tregs, Th17 cells, and their associated cytokines (IL-6,
TNF-α, IL-1β, IL-23, and TGF-β) may play important
roles in promoting the growth and survival of cancer.
However, defining their roles as pro-tumor or antitumor still requires caution. It is also unclear as to how
TAMs and TGF-β regulate the generation and function
of Tregs in the development and establishment of the
solid tumor microenvironment. Of further importance is
understanding whether TGF-β production preferentially
induces Tregs or promotes the development of Th17 cells
within the tumor microenvironment. Further research into
better understanding the balance between all immune
components at all stages of carcinogenesis is essential for
the development of effective cancer therapies that target
or utilize immunological mechanisms.
Recent observation of many solid tumors suggests
the use of checkpoint inhibitors that decide a balance
between co-stimulatory and inhibitory signals in
inducing a strong anti-tumor response that needs to
be evaluated in HCC. Tumor vaccines and therapeutic
agents for targeting various checkpoints represent some
novel strategies for inducing immune resistance. These
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CONCLUSION
Since HCC accounts for 90% of all liver cancers and is
usually multifocal at the time of diagnosis, treatment
is difficult and affronted with a higher recurrence
rate in these patients. The incidence of the disease is
accelerating at a regular rate and will likely increase
further over the coming years. Hence, in this context,
there is an imperative demand for newer and better
therapeutic strategies to combat this predicament. This
requires a fuller discernment of the function of various
components of our immune system and how they
interplay in creating immune responses against tumors.
Immune suppression is predominantly mediated by
cytokine secreted in the local milieu by Tregs that down+
regulate the effector and cytotoxic activities of CD8
T-cells and NK cells. The antigen presenting functions of
DCs are also affected due to the expression of several
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inhibitory receptors that further suppress the functions
of helper T cell. TAMs and MDSCs contribute to the
ongoing inflammation and participate in the activation
of a Th2 immune response that favors Treg recruitment
and development, thus promoting angiogenesis. These
cell types can help in the differentiation of Th17 cells that
also infiltrate the tumor microenvironment, and correlate
with poor survival in HCC patients; however, their roles
still remain incompletely defined. Similarly, despite being
the predominant population in the liver, the role of NKT
cells in hepatocarcinogenesis remains to be completely
elucidated. Soluble factors, including cytokines and
chemokines, play a crucial role in immunosurveillance
and immunoregulation. The cytokine milieu in livers
with metastatic HCC is skewed towards a Th2 profile,
with a concomitant decrease in pro-inflammatory
cytokines. The roles of many cytokines like IL-22 have
recently been deciphered in HCC, which adds to the
current knowledge about the milieu of liver tumors.
The chemokine ligand-chemokine receptor axis plays a
role in regulating the differential recruitment of effector
T cells to the tumor and the interconnections between
different axes, as not just a single axis should be
surmised. Future studies are warranted to understand
the complexity of interactions between these immune
cells to potentiate the immune system and for the
designing of newer immune-therapeutics against HCC.
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Addiction specialist's role in liver transplantation
procedures for alcoholic liver disease
Geert Dom, Hendrik Peuskens
in heavy alcohol use. These patients were in many cases
subsequently excluded from a further LT procedure.
Recently, awareness is growing that not only screening
of patients but also offering treatment, helping patients
regain and maintain abstinence is essential, opening
up a broader role for the addiction specialist (team)
within the whole of the transplant procedure. Within
this context, high-risk assessment is proposed to be an
indication of increasing addiction treatment intensity,
instead of being an exclusion criterion. In this review we
present an overview regarding the state of the art on
alcohol relapse assessment and treatment in patients
with alcohol use disorders, both with and without ALD.
Screening, treatment and monitoring is suggested as
central roles for the addiction specialist (team) integrated
within transplant centers.
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Core tip: Liver transplantation is performed increasingly
for patients with end-stage alcoholic liver disease.
Assessment of a patients risk on relapse in alcohol use
after transplantation and helping patients to achieve
and maintain abstinence are crucial within this process.
The addiction specialist’s input is essential and needs to
be integrated within the transplantation team. Ideally
a multidisciplinary approach is offered to the patients,
including addiction psychiatrist, behavioral therapist
and social worker following up the patient before and
after transplantation.
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Abstract

Dom G, Peuskens H. Addiction specialist’s role in liver trans
plantation procedures for alcoholic liver disease. World J Hepatol
2015; 7(17): 2091-2099 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i17/2091.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i17.2091

Although liver transplantation (LT) is performed increa
singly for patients with end-stage alcoholic liver disease
(ALD), the topic remains controversial. Traditionally, the
role of an addiction specialist focused on the screening
and identification of patients with a high risk on relapse
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longitudinal studies in general population samples show
low AUD relapse rates, i.e., 5.6%, 9.1% and 12.0%
at respectively five, ten and twenty years of follow[15]
up . In contrast, people seeking treatment for AUD’
s represent a much smaller, but more vulnerable group
characterized by a lower resilience, higher risk for
relapse, more problems in different life domains, and
overall a more negative course of the disorder. In this
group AUDs develop into a chronic relapsing disorder
and relapse in heavy or dependent drinking occurs in
over 50% of patients. This latter group of patients, i.e.,
high psychosocial co-morbidity, typically presents in
addiction treatment programs, while the former group,
i.e., low psychosocial co-morbidity, is more prevalent
in gastroenterology departments due to the somatic
[16,17]
alcohol related consequences
.
Regarding LT, current enrollment procedures appear
to make for a consistently more favorable outcome in
LT patients in comparison to alcohol treatment seeking
populations, with five and ten year follow up show
relapse rates (any alcohol use) of respectively 20%
and 30% in LT patients, and more recent studies even
[18]
[19]
lower . In addition, Weinrieb et al suggest that ALDLT candidates differ substantially from AUD patients
within standard addiction programs. ALD-LT patients
hold their medical health and transplant management
to be a priority over addiction treatment, perceiving less
of a need for addiction counseling. Indeed, many do
not look upon themselves as being addicted and do not
identify with the prototypical “chronic relapsing alcoholic”
image. As a consequence, demands for addiction
counseling and regular alcohol monitoring are frequently
experienced as offensive by these patients, often
leading to defensive reactions. However, differences
between these two types of patients may be the result
of a selection bias, as patients with more complicated,
behavioral and psychiatric symptom cluster are often
screened as “high at risk” for relapse and in current
procedures not included in a subsequent LT trajectory.

INTRODUCTION
Alcohol use disorders (AUDs) are highly prevalent and
devastating disorders. Within the general population
about one in five people meet the criteria for an AUD in
[1]
their lifetime . The net effect of alcohol consumption
on health is detrimental, with an estimated 3.8% of all
global deaths and 4.6% of global disability-adjusted life[2]
years attributable to alcohol . A large portion of these
effects is due to negative consequences of (excessive)
alcohol use on the liver. Indeed, there exist a direct,
exponential, relationship between the amount of alcohol
consumed on a population level and the prevalence of
[3,4]
chronic, end-stage liver disease (e.g., cirrhosis) .
Liver transplantation (LT) is increasingly used as
a life-saving intervention for patients with end stage
alcoholic liver disease (ALD). Currently between 30%
to 50% of all LTs in Europe and about 17% in the
[5-7]
United States, are performed in the context of ALD .
Importantly, post-operatively between 30% and 50%
of the patients relapse in any alcohol use and 20% to
[8]
25% of them relapse in heavy alcohol use . Relapse in
long during and excessive alcohol use after LT increases
[9,10]
the risk on allograft damage and mortality
. Thus
both from the point of view of patient safety and within
the context of chronic low allograft availability, efforts
are justified towards using valid screening procedures
to identify the most suitable candidates and offering
treatment to help patients to (re) gain and maintain
[7]
sobriety . Ideally, both therapeutic aspects, i.e.,
screening for relapse risk and offering personalized
addiction treatment, should be integrated in a patient’s
treatment plan. However, within many current (pre)
transplantation procedures, the focus of attention re
mains on screening procedures, while much less effort
is invested to engage patients in continuous addiction
[11]
treatment .
In this review we provide first an overview of the
current state of the art on AUDs as a whole and compare
it to the specific situation of patients with ALD as
candidates for LT. Pertinent questions are whether ALDLT patients are different from general AUD patients and
whether there are differences in alcohol use outcome
and treatment modalities between both groups? Finally,
we focus on the role of addiction specialist in screening
and treatment of patients with ALD within the context of
LT procedures.

PREDICTING RELAPSE IN AUDS
Relapse prediction provides the opportunity not only to
identify specific patients groups with poorer outcomes,
but also - and relevant to any clinician, helps identify
[20]
areas to target in treatment . Research on this topic is
currently highly topical within the whole of the addiction
field.

TWO TYPES OF AUD PATIENTS

Predictors of relapse alcohol in non-ALD alcohol
patients

The natural course of AUD varies vastly; from very
positive outcomes reported in general population
samples meeting alcohol abuse or dependence criteria
to very negative outcomes in treatment seeking patients
[12]
in criminal justice settings . Overall, most affected
individuals recover naturally without any formal type
of treatment, and approximately 70% of individuals go
[13,14]
into remission within three years
. In accordance,
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Most studies looked into demographic and clinical
variables. Overall, dependence severity, psychopathology
ratings, alcohol-related self-efficacy, motivation,
cognitive impairments, and treatment goal, are all
[15,20-22]
associated with relapse risk
. In addition, the
duration of abstinence in itself is a predictor of future
relapse. Indeed, for many afflicted individuals stable
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[31]

in AUD patients (Table 1). Typical for the LT context is
the importance that has been given in most screeningprocedures to pre LT abstinence period as a predictor for
relapse. This, so called 6-mo abstinence rule has recently
come under discussion. Indeed, although abstinence
duration is one of the clinical predicting, albeit moderately
powerful, relapse-predicting factors, the specific sixmonth minimum period is not supported by the data.
In addition, many patients with end stage ALD simply
do not have that time and many will die in the process
of bridging these 6-mo. Unquestionably, a substantial
period of abstinence is warranted allowing for a stable
abstinence and recuperation of the liver functionality
(EASL Guideline, 2012). Given that recuperation of
liver functioning is not expected after more than 3 mo
of abstinence, prolonging this period likely results in a
higher patient mortality risk, which is not compensated
by a gain in power when assessing relapse risk after
ALD. Taken together, accepting abstinence periods of less
then 6 mo within LT screening procedures may include
a small increase of risk on post-LT relapse in alcohol
use. However, this must be balanced with the other
clinical risk factors. Shorter abstinence periods cannot be
used as a single criterion for non-inclusion. Instead this
should be considered an indication to intensify addiction
treatment, in order to reduce relapse risk.
Concluding, when evaluating an ALD patient in view
of LT, it is important to acknowledge that currently no
single clinical variable can be used when assessing the
relapse risk. This implies that within the context of the
LT screening procedure the addiction specialists (or
team), needs to rely on a comprehensive assessment,
evaluating a set of different, i.e., clinical, demographic,
and social, variables. Recently, some groups have
[31-33]
suggested scoring systems
, incorporating a fixed set
of variables and related scoring. Although of interest, a
systematic, multi center evaluation into the validity with
respect to relapse prediction of these scoring systems is
currently missing.

Table 1 Assessment alcoholic liver disease patients for liver
transplantation
Dimension

Variable

Severity alcohol use
(disorder)

Abstinence
Treatment indicators

Co-morbidity
Cognitive
Social

Personal

Amount of alcohol use and baseline alcohol use
(TLFB)
AUD diagnosis severe (DSM5)
Family-history AUD
Age-at-onset AUD
Duration
Duration pre-LT abstinence
Earlier treatments for AUD
(Longstanding) periods of abstinence
Compliance medical treatment
Psychiatric
Other substance (mis) use (Illicit drugs, tobacco)
Memory
Executive
Partner and family
Living in supportive, clean, circumstances
Employment
Motivation
Self-efficacy

TLFB: Timeline follow-back; DSM5: Diagnostic and Statistical Manual, 5th
ed (APA, 2013); AUD: Alcohol use disorders.

remission of AUD is to be expected only after about five
[23]
years of abstinence . Taken together, although many
clinical variables have been identified, not one single one
stands out as decisive. Results show for each of them
a low to moderate predictive power and are not always
consistent. This might reflect the fact that almost none
of these studies take the heterogeneity of AUD patients
into consideration. Furthermore, clinical variables may
not be specific enough and might not relate directly
with the underlying pathogenic processes. Recently,
focus of research is shifting and consensus is growing
that neurocognitive measures might help identifying
[24,25]
patients with a high risk for relapse
. In addition,
functional brain imaging markers, cue or stress-reactivity
paradigms, are starting to reveal not only the underlying
vulnerability mechanisms, but allow predicting relapse
[26-28]
in alcohol addiction
. It can be argued that imaging
biomarkers, for practical and financial reasons, are not
of use in a standard treatment program. In contrast,
a small but increasing number of treatment centers
start to adopt the use of neurocognitive measures for
better profiling their patients with respect to outcome
[29,30]
prediction
.
Taken together, research into relapse prediction is
still ongoing, and up to now has not delivered a set of
easily measured variables that can, reliably, predict
relapse on an individual’s basis. Overall, clinician’s
judgment, helped by some clinical and neurocognitive
measures, remains the core of the assessment process.

TREATMENT OPTIONS
AUDs

One of the most important problems regarding AUDs
is the extreme treatment gap. Indeed, within Western
countries only about 10% of the potential patients
[34]
receive any form of alcohol treatment . Decreasing this
gap would be the sole most important intervention from
the point of view of population health. Indeed, when a
patient can be reached, a variety of (moderate) effective
treatments can be offered.
Psychosocial interventions: Many types of, mostly
behavioral, therapies have been developed and tested
[35]
with well-performed studies . Overall these studies
show that these treatments are effective in reducing
alcohol use, although, comparable with pharmacological
treatments the effect sizes are moderate. Of impor
tance, short interventions are very effective for the

Predictors of relapse after LT

Although both the number of studies and the sample
sizes are (much) smaller than in AUD studies, research
into relapse prediction in LT patients identified the same
set of clinical variables that are associated with relapse
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large majority of individuals with a heavy or hazardous,
but not dependent drinking-pattern. Next, in addition to
(cognitive) behavioral therapies, more complex, multitarget interventions (e.g., Community Reinforcement
Approach) have been developed for patients with a high
problem severity and earlier treatment failure.
Of interest, treatments for AUD are increasingly
[36]
offered in online formats . Specifically, complex
attentional- and approach bias modification strategies
have proven significant results both as stand alone and
on top of treatment as usual procedures. Remarkable,
these interventions not only improve alcohol outcome,
but have recently also shown to change underlying
[37,38]
neurobiological cue-reactivity pathways
. The advan
tages of online treatment modalities are multiple;
low barrier for patients with limited mobility or time
availability, anonymity, and lower cost especially when
(quasi) fully automated.

dysfunction into consideration. Currently, only a very
limited number of studies explored the feasibility,
safety and effectiveness relapse-prevention medication
[7]
in these patients . As of consequence, the use of
alcohol medication pre LT or in patients with liver
cirrhosis is extremely limited. Recently baclofen, which
is not metabolized in the liver, showed both safety in
use and positive effect (continuous days abstinence,
[45]
craving) in patients with end-stage ALD . Currently,
no studies have been done using pharmacotherapy for
alcohol relapse in post-LT patients. Based upon their
pharmacological profile, specifically those medications
that are not metabolized in the liver can be considered
as potential candidates (e.g., acamprosate, baclofen,
topiramate).

MONITORING
During both the pre- and the post LT period, a close
monitoring of alcohol use is needed, as an integrated
part of the psychosocial follow-up. In addition to selfreport and collateral information, the importance of
biomarkers is increasingly recognized (see for review
[46]
Vonghia et al ). Traditional alcohol biomarkers such as
gamma-glutamyltransferase are not recommended in
ALD patients because they will be elevated as a result
of the liver damage itself. They could provide some
information in post-transplant patients, however, as
also within non-ALD alcohol patients, they have low
sensitivity (30%-60%) and specificity (60%-95%).
Other often-used biomarkers in blood (MCV, ALT, and
AST) also have low sensitivity (< 50%) and specificity
(60% to 95%), and are also confounded by liver
[47,48]
damage itself
.
Carbohydrate-deficient transferrin (CDT) is more
specific for heavy (from 5 to 6 standard drinks per
day for several days) alcohol use and will be elevated
for about two weeks after the drinking bout. However,
in pre-transplant ALD patients, CDT lacks specificity.
However, as a post-transplant measure it has value
as an indicator of heavy alcohol use. In comparison
with other biomarkers, CDT would be a biomarker that
is less affected by false positive results due to liver
[49,50]
disease
.
Recently, several recent studies suggest a promising
role for using ethylglucuronide in hair samples (hEtG) as
a biomarker for alcohol use detection. Indeed, traditional
biomarkers for alcohol use in blood and urine allow only
limited detection windows (hours to days). In contrast,
hair serves as a long-term storage of EtG, covering much
larger time periods (months). In addition, collecting hair
samples is non-invasive and samples can be saved easily
and for longer periods. Increasingly, validated cut-off
scores are available, that allow distinguishing between
chronic, excessive, moderate alcohol use and abstinence
[51-53]
(Society of Hair Testing; www.soht.org)
. Specifically
within the context of monitoring LT patients, the use of
hEtG has proved to be a highly specific and practically
implementable biomarker that is superior to traditional

Pharmacological interventions: A small number of
medications are registered for the treatment of AUDs
(disulfiram, naltrexone, acamprosate, nalmefene)
while some other medications have shown promise
mainly in short-term studies (e.g., topiramate, GHB,
[12]
baclofen, and gabapentin) . While most of these
treatments take abstinence as main treatment goal,
recently interest is growing for a reduction of alcohol use
[39,40]
as a valid treatment goal
. Overall, effect sizes of
pharmacological treatments are moderate, i.e., on the
same level as antidepressants for depression, and there
is no treatment that seems to fit all patients. In search
for a more personalized approach in patient-treatment
[12,41]
matching, pharmacogenetics seems promising
.

Liver transplant patients

Compared to the number of studies on screening and
relapse prediction, a remarkable limited number explore
the effect of addiction treatment interventions in this
population.
Psychosocial interventions: Some studies showed
that offering treatment in the pre-LT (waiting list) period
was associated with reduce the number of patients
relapsing in (any) alcohol use during the waiting period
[7,19,42,43]
and after LT
. Of importance, successful treat
ment effect was reported in an other study, only in
the subsample that engaged in treatment both before
and after LT, underscoring the importance of post-LT
[44]
treatment .
[11]
Finally, Addolorato et al found that AUD treatment
offered by addiction specialists integrated within the
transplant team had superior results, i.e., less alcohol
recidivism and lower mortality rates, than treatment
offered by an addiction specialist outside the transplant
team.
Pharmacological interventions: When considering
pharmacological interventions for AUD treatment
in ALD patients, one needs to take the severe liver
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[50,54-56]

markers

.

context that every patient is entitled to.

ETHICAL CONCERNS

ROLE OF THE ADDICTION SPECIALIST
(TEAM)

End stage liver disease (ESLD) has a high mortality
ratio and often, liver transplantation is the only, lifesaving, therapy. For many years, given on the one hand
the imbalance between organ availability and demand,
and on the other hand the continuum “moral” attitude
(i.e., “not a disease but a weakness of will”) towards
individuals with alcohol problems, controversy existed
and sometimes remains, whether ALD was an indication
for LT. This controversy contrasts with the accumulating
data showing that: (1) similar and even better survival
rates than LT for ESLD of other etiology (e.g., hepatitis
C); (2) low alcohol relapse rates compared with nonALD alcohol dependent patients; and (3) limited alcohol
use after LT is not associated with severe negative conse
quences. One of the consequences of this controversy
is that when evaluating a patient, procedures and
protocols are mainly focused on “screening out” those
at risk for relapse in alcohol use, instead of focusing on
developing tools and methods to help patients gain and
[7]
maintain sobriety . In addition, alcohol outcome goals
are used at their most severe, i.e., complete abstinence
and the 6-mo rule. These goals are more severe than in
standard addiction treatment programs where the focus
is increasingly put on shared decision-making concerning
treatment goals, reduction of use to safe levels, and
enhancing continuous motivation. However, the research
data do not support the need for this degree of severity
in treatment goals in LT patients. Of interest, this
“selective” focus on alcohol-abstinence is all the more
remarkable when one notices the much lesser attention
on, potential also harmful, health-behaviors, e.g.,
abuse or intoxication acetaminophen, intravenous drug
use with hepatitis and continuing cigarette smoking.
Several reasons may be at play maintaining this
alcohol-controversy. First, financing bodies might keep
up with these high barriers, in the hope of containing
the number of these, indeed, expensive treatments.
Second, concerns might rise that lowering the threshold
would be poorly perceived by the general public, hence
[57,58]
risking decrease in willingness to donate organs
.
Finally, continuing moral and stigmatizing thinking about
addictive behaviors might still play an important role
both within the general public as within the medical
profession, resulting in poor professional and patientlobbying towards changing the procedures and financing
contingencies.
Taken together, individuals with alcohol remain
frequently negatively regarded upon. Even in highly
specialized medical settings such as hepatology and
transplant centers, the risk on stigmatizing attitudes
and consequent actions is not illusionary. An important
advocacy-role for the addiction specialists (team) is
to constantly be alert for and act on signs of possible
discriminatory behaviors and procedures, so that ALD
patients receive the same quality of care and respectful
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Addictions specialists (team) have important roles during
the whole process of the ALD-LT procedure (Table 2).
Given the complexity and diversity of the core services
to be provided, as described infra, ideally this work is
taken on by a multidisciplinary addiction specialist team.
Although economic barriers and possibilities may differ
widely between countries, team composition should at
least contain a psychiatrist, psychologist-psychotherapist,
and social worker, all trained in addiction work. Their
services need to be offered as an integrated part of the
[11]
transplant program .

Screening

The addiction specialist role is a thorough screening,
leading to an assessment and assignment to risk
categories. This is a comprehensive assessment including
interviews with patients, family and relevant others.
Given that none of the known risk factors is conclusive,
the final decision is by definition based upon a careful
balancing of all elements. Different dimensions need
to be assessed (Table 1), i.e., individual (motivation,
treatment compliance), co-morbidities (psychiatric and
other substances), cognitive, AUD severity and treatment
history, and social support systems. Categorizing patients
will help to allocate them to better matched treatment
and follow-up procedures. Broadly two groups can
be identified. First, patients with low psychosocial comorbidity. Individuals with this profile, tend to have a
positive course of their AUD, low-relapse risks, and a
good change on stable abstinence and/or reduction of
drinking to save levels. They can be allocated to less
intensive addiction treatment, e.g., short interventions,
aimed at enhancing motivation, counseling, self-help
and monitoring. A second category, i.e., “high risk”, is
those people that accumulate risk factors for a negative,
chronic relapsing nature of their AUD. This group is
within the current LT procedures often excluded. A much
more intensive addiction treatment is needed. Whether
this should be mandatory for all patients is a matter
for discussion, but mandatory treatment needs to be
considered with poorly compliant patients.
Both within the screening-assessment procedures
as to the monitoring during waiting list periods, one
of the most challenging questions remains how much
information is shared between the addiction team
and the transplant team. Indeed, a high level of
confidentiality is needed in the relation between the
addiction specialist and the patients, facilitating an
open sharing, necessary for treatment and growth of
motivation. On the other hand, when relapse risks are
high some information needs to be communicated
allowing a balanced discussion between transplant and
addiction team on very difficult questions of candidacy
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Table 2 Role of the addiction specialist (team) in the screening, treatment and monitoring liver transplantation candidates
Screening

Category

Following items need to be "Low risk"
surveyed to decide upon
which category patient will
enter treatment traject:

Waiting list period

LT

Who:
Addiction treatment team
integrated within transplant/
hepatology department
What:
Motivation enhancement and
relapse prevention strategies

Post-LT physical
rehabilitation

Long term follow-up (> yr)

Psychosocial support "Low intensity follow-up"
patient and family
(1) Who: Addiction treatment team integrated
within transplant/hepatology department; or,
addiction counselor in the living area of patient
(2) What:
Motivation enhancement
Counseling
Relapse prevention
Anticraving medication: baclofen/acamprosate

Monitoring alcohol, drug and use tobacco use
"High risk"
Who:
Addiction treatment team
integrated within transplant/
hepatology department
What:
Motivation enhancement and
relapse prevention strategies

Psychosocial support "High intensity follow-up"
patient and family
(1) Who:
Comprehensive addiction treatment program/
care provide/living area patient
(2) What:
Comprehensive integrated treatment including
different treatment options that can be put in
function of specific patient needs:
Complex behavioral interventions helping patients
to control alcohol and comorbid substance (drug,
nicotine) use and prevent relapse: CBT, CRA
Diagnosis and psychosocial treatment
interventions psychiatric co-morbidities
Pharmacotherapy directed at craving control
(baclofen, acamprosate, nalmefene)
Availability of settings: assertive outreach, (semi)
residential programs

CBT: Cognitive behavioral therapy; CRA: Community reinforcement approach.

for transplantation. As yet no clear-cut solution for this
dilemma is at hand. However, it is of utmost importance
that it is very transparent for the patient and family what
is communicated and what the consequences can be.

specialists (team) can or deliver treatment themselves,
or function as coordinators, organizing a treatment
program within the patient’s region.
For patients classified as low-risk, usually a noneintensive standard alcohol treatment can be put in
place; counseling aimed at motivation enhancement
and coping skills relapse prevention and continued
monitoring alcohol use. Self-help groups like AA can be
helpful, though not many of these LT patients identify to
this degree with the label “alcoholic”, putting a barrier
for engaging in self-help.
Patients classified as high risk will need a compre
hensive and integrated treatment program allowing the
(simultaneous) use of different treatment interventions,
targeting the often multiple problem domains, i.e.,
psychiatric, (other) substance use, cognitive, and social.
If needed, assertive outreach and (semi) residential
slots should be available. This type of comprehensive,
specialized addiction treatment is often beyond the
possibilities of the addiction specialists (team) within
a transplant center. Thus, its role in this context is
helping to organize and coordinate this program in close
collaboration with an addiction-center and to ensure
liaison with the transplant center.

Treatment (coordination)

Pre-LT: Most patients during the waiting-list phase are
physically very ill and often have cognitive impairments.
Treatment at this phase should focus on the one
hand on psychological support for patient and family,
enhancing motivation for abstinence, and on the other
hand permanent monitoring of alcohol use. In most
settings, patients will have frequent contacts with the
hepatology/transplant center, so the addiction specialists
(team) of the center are best placed to engage in this
follow-up.
Post-LT: The first phase after LT is usually a period of
medical-somatic revalidation, in which for most patients
alcohol use is no issue. Thus, a low-intensity addiction
follow-up, with monitoring of alcohol use will be enough.
Risks on relapse (and associated treatment noncompliance) will increase when physical recuperation
allows the patient taking up a more active life style.
At this point addiction treatment interventions need to
intensify. Depending whether a patient lives close by
or farther away from the transplant center, addiction
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Throughout all the treatment process continued moni
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toring of alcohol use is warranted. Addiction specialists
should carefully interpret data from self-report, collateral
information biomarkers. Findings can be used as feed
back for patients helping them to improve compliance
and abstinence. It is still an open debate whether data
from monitoring should be shared with members of
the transplant team. Specifically during the waitinglist period, patients will be afraid that these will be used
against them, so openness might be jeopardized. It
might be wise to agree in the treatment plan that only
addiction specialist are allowed to follow-up monitoring.

8
9

10
11

CONCLUSION
From a broader addiction specialist point of view, ALD
patients that are LT candidates do not differ much with
the spectrum found in other AUD patients. Broadly two
groups can be identified, i.e., a group low at risk for a
negative AUD course and a group with higher risk. Up
to now, the latter group tends to be screened-out as
candidates for LT. However, it remains an open (ethical)
discussion whether a higher risk justifies exclusion of a
life saving procedure or whether it indicates that higher
intensity addiction treatment should be associated
within the whole of the treatment trajectory.
Throughout all this process, there is an essential role
for an addiction specialist’s (team), both in delivering
assessment and treatment interventions and as co
ordinators, liaison with specialized addiction care centers.
The choice to implement a strong addiction specialists
team within the hepatology/transplant center does
obviously has major financial implications and in many
countries funding this remains extremely challenging.
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MINIREVIEWS

New treatment strategies for hepatitis c infection
Fatih Ermis, Elif Senocak Tasci
to stop viral RNA synthesis increased the response
rates as well as the adverse effects of the treatment.
The increasing demands for alternative regimens led to
the development of direct-acting antivirals (DAAs). The
approval of sofosbuvir and simeprevir signaled a new era
of antiviral treatment for hepatitis C infection. Although
the majority of studies have been performed with DAAs
in combination with interferon and resulted in a decrease
in treatment duration and increase in response rates, the
response rates achieved with interferon-free regimens
provided hope for patients ineligible for therapy with
interferon. Most DAA studies are in phase Ⅱ leading to
phase Ⅲ. In the near future more DAAs are expected
to be approved. The main disadvantage of the therapy
remains the cost of the drugs. Here, we focus on new
treatment strategies for hepatitis C infection as well as
agents targeting hepatitis C virus replication that are in
clinical development.
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Abstract

Core tip: In this review, we focused on different
treatment regimens for hepatitis C infection, especially
those including the newly developed and approved
direct-acting antivirals. The guidelines are constantly
changing in light of new studies. The recommendations
of the guidelines are reviewed and consider different
genotypes of the virus in addition to the results of
ongoing studies. Continuing medical need for agents
that act on novel hepatitis C virus targets has resulted
in new compounds targeting viral proteins, which is also
highlighted in the manuscript.

Hepatitis C infection can lead to cirrhosis and hepato
cellular carcinoma and it is an important cause of
mortality and morbidity. Achieving a sustained virological
response has been the major aim for decades. Interferon
treatment was the primarily developed therapy against
the infection. Addition of the guanosine analog ribavirin
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target specific nonstructural proteins of the virus
resulting in disruption of viral replication and infection.
NS5B is a RNA-dependent RNA polymerase, essential
for viral replication, while NS5A has a role in the
[10]
organization and regulation of replication . The DAAs
in medical use and in development are listed in Table
[8]
1 .
Sofosbuvir was the first NS5B polymerase inhibitor
approved for the treatment of chronic hepatitis C
by the United States Food and Drug Administration
(FDA) in December 2013 and by the European Medical
Agency in January 2014. It is well tolerated. The most
commonly reported side effects were fatigue, headache,
nausea, insomnia, and anemia in the clinical trials
[11]
performed with sofosbuvir and RBV . Sofosbuvir is
administered orally as a 400 mg tablet daily with or
without food. Monotherapy is not recommended. Its
advantages over previous DAAs are a limited drug-drug
interaction profile [inhibits P-glycoprotein transporter
so it is not recommended with rifampin, rifabutin,
rifapentine, hypericin (a component of St John’s Wort),
carbamazepine, phenytoin, phenobarbital, oxcarbazepine,
[12]
tipranovir/ritonavir ], and a lack of significant viral
resistance. While no dose adjustment is needed in
hepatic impairment; the drug is not recommended in
end-stage renal disease.
The NEUTRINO study was a phase Ⅲ clinical trial
where 327 treatment-naïve patients with HCV genotype
1, 4, 5 or 6 infection received Peg-IFN, RBV, and
sofosbuvir for 12 wk, and SVR rates of 89% in genotype
[13]
1 were achieved . Also, genotype 1a patients had
greater SVR than patients with HCV genotype 1b (92%
vs 82%, respectively). The SVR at 12 wk was 80% in
cirrhotic patients. When the SVR of 82% with 12-wk
therapy in genotype 1b subtypes is considered, it is
an improvement compared to the first-generation PIs
which achieved only 70% SVR with 48 wk of Peg-IFN,
[14]
RBV, and BOC therapy . The adverse events during
the study were associated with Peg-IFN-α and RBV. The
randomized phase Ⅱ ATOMIC study compared different
schedules of sofosbuvir plus Peg-IFN and RBV in HCV
genotype 1 treatment-naïve patients and evaluated the
shortest treatment duration. The results showed that
sofosbuvir plus Peg-IFN and RBV for a total of 12 wk
yielded an SVR rate of 89%, equal to the SVR rate in
[15]
the extended treatment regimens .
Simeprevir is the first available second-generationNS3/4A- PI which also has an increased efficacy against
genotype 1 HCV. The FDA approved simeprevir use in
combination with Peg-IFN and RBV in December 2013.
It is orally administered as a 150 mg capsule daily with
food. As the drug is eliminated by the liver, its use is
not recommended in patients with moderate or severe
[16]
hepatic impairment . The adverse effects reported with
simeprevir use are photosensitivity, rash, pruritus, and
[17]
nausea, which are infrequent . Simeprevir is oxidatively
metabolized by the CYP3A subfamily, so drugs that are
significant inducers or inhibitors of CYP3A4 are expected
[18]
to alter the concentration of simeprevir . Because of

INTRODUCTION
The hepatitis C virus (HCV), discovered in 1989,
affects approximately 3% of the world population,
corresponding to 170 million individuals worldwide,
[1]
and accounts for 500000 deaths per year . Seventyfive percent of the infected patients develop chronic
[2]
HCV infection, of whom 20% develop cirrhosis .
Hepatocellular carcinoma, liver transplantation, and
an increase in cardiovascular mortality and morbidity
[3]
are other outcomes of HCV infection . Eradication of
HCV by antiviral treatment can prevent histological
deterioration and improve liver histology, along with
[4]
a decrease in liver-related mortality and morbidity .
Pegylated-interferon (Peg-IFN) with ribavirin (RBV) was
the standard therapy for hepatitis C until 2011, but
new regimens are evolving at a breathtaking pace. In
2011, the first generation protease inhibitors, boceprevir
[5]
and telaprevir, were approved . In recent years, the
Peg-IFN plus RBV regimens gave way to IFN-based
strategies combining direct-acting antivirals (DAAs)
with Peg-IFN and RBV. Eventually, as an understanding
of the HCV life cycle increases, IFN-free combinations
of DAAs have evolved to affect all steps of the HCV life
[6]
cycle and cure most chronically infected patients .
The studies suggest use of first generation protease
inhibitors (PIs), boceprevir (BOC) and telaprevir (TVR)
[7]
in the treatment of patients with cirrhosis . Together
with the development of DAAs, treatment regimens
are characterized by shorter duration, simplified
dosing, improved safety profile and effectivity, with >
90% sustained virological response (SVR). Here, new
treatment strategies for HCV infection, which aim to
eliminate IFN and RBV from the treatment regimen
in order to reduce the adverse effects of therapy, are
summarized.

Treatment Regimens for Chronic
HCV Genotype 1 INFECTION
The purpose of HCV therapy is to eradicate the virus.
The SVR, indicated by aviremia 24 wk after completion
of antiviral therapy for chronic HCV infection, is used to
indicate the success of therapy. For years, the standard
therapy for HCV infection had been Peg-IFN and RBV for
48 wk independent of the genotype. BOC and TVR were
the first NS3/4A PIs targeting NS3 (serine protease)
and its cofactor NS4A to block proteolytic maturation of
a large portion of the nonstructural region of the HCV
polyprotein. After their approval, a combination of PegIFN plus RBV plus BOC/TVR began to be used, since
monotherapy with BOC or TVR results in the selection of
drug resistant variants. The possibility of viral resistance,
even in triple combination, resulted in development of
DAAs, newer second- and third-generation NS3/4A PIs,
NS5B polymerase inhibitors [nucleoside inhibitors (NI)
and non-NI (NNIs)], NS5A inhibitors, and inhibitors
targeting cyclophilin which is the host factor with an
[8,9]
important role in HCV RNA replication . These DAAs
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Table 1 Direct-acting antivirals (clinical development status in parenthesis)
NS3/4A Protease inhibitors
Telaprevir (approved)
Boceprevir (approved)
Simeprevir (approved)
Asunaprevir (phase 3)
Danoprevir (phase 3)
Paritaprevir (approved)
Vaniprevir (phase 3)
Sovaprevir (phase 2)
MK-5172 (phase 3)
ACH-2684 (phase 2)
Narlaprevir (phase 2)
Vedroprevir (phase 2)

NS5A inhibitors
Daclatasvir (approved)
Ledipasvir (phase 3)
Ombitasvir (approved)
GS-5816 (phase 2)
ACH-2928 (phase 1)
ACH-3102 (phase 2)
PPI-668 (phase 2)
PPI-461 (phase 1)
GSK2336805 (phase 2)
Samatasvir (phase 2)
MK-8742 (phase 3)
BMS-824393 (phase 2)

Polymerase inhibitors
NIs

NNIs

Sofosbuvir (approved)
Mericitabine (phase 2)
VX-135 (phase 2)

Dasabuvir (phase 3)
BMS-791325 (phase 3)
PPI-383 (phase 1)
GS-9669 (phase 2)
TMC647055I (phase 2)
VX-222 (phase 2)

NI: Nucleoside inhibitors; NNIs: Non-nucleoside inhibitors.

overlapping resistance, it should not be given to patients
with treatment failure for the first-generation PIs, BOC
and TVR, nor to genotype 1a patients with the Q80K
variant present at baseline, since they had lower SVR
[12]
rates in the trials .
QUEST 1 was a randomized, double blind, placebocontrolled phase III study assessing the efficacy of
[17]
simeprevir in combination with Peg-IFN and RBV .
Treatment-naïve genotype 1 patients randomly received
simeprevir plus Peg-IFN and RBV for 12 wk and an
additional 12 wk of Peg-IFN and RBV or placebo for 12
wk plus 24 wk of Peg-IFN and RBV. The overall SVR
in the simeprevir and placebo group was 80% and
50%, respectively. The subanalysis showed an SVR
of 71% for genotype 1a and 90% for genotype 1b
patients. The baseline Q80K polymorphism present in
41% of the patients with genotype 1a was associated
with lower SVR rates. In the QUEST-2 trial, similar
to QUEST-1, an SVR of 81.3% was achieved in the
simeprevir-treated group compared with 50% in the
[19]
placebo group , and 91% of patients were suitable for
response-guided therapy within the treatment group.
The DRAGON study in Japan, assessing the efficacy of
simeprevir in treatment-naïve noncirrhotic genotype 1b
patients, showed an SVR of 92% in the group treated
with simeprevir 100 mg/d plus Peg-IFN and RBV for 24
[20]
wk . In the PILLAR phase Ⅱb study, patients received
different doses of simeprevir and the highest SVR of
86.1% was achieved in the group receiving simeprevir
[21]
150 mg/d plus Peg-IFN for 24 wk .
Daclatasvir, the first NS5A inhibitor suppressing
HCV RNA synthesis, is a once-daily administered agent
approved in Japan, and awaiting FDA approval. In
[22]
a study by Suzuki et al , the efficacy and safety of
daclatasvir in combination with Peg-IFN and RBV were
assessed in treatment-naïve genotype 1 patients where
patients receiving daclatasvir 60 mg and Peg-IFN and
RBV for 24 or 48 wk showed SVR rates of 90%. There
are ongoing studies on daclatasvir in combination
with other PIs or NNIs. As these are phase Ⅱ studies,
daclatasvir is not expected to be approved by the FDA
soon. However, promising results were obtained in a

WJH|www.wjgnet.com

study of daclatasvir in combination with sofosbuvir for
12 wk, which achieved a 98% SVR in 126 treatment[23]
naïve genotype 1 patients .
In the treatment of HCV genotype 1 infection, the
subtypes are important as patients with genotype 1a
tend to have higher relapse rates than patients with
genotype 1b with certain regimens. Based on different
[24]
studies, Miller et al
recommended 12 wk of IFN-α2a or b, with RBV and sofosbuvir, or alternatively 12
wk of simeprevir plus 24 wk of Peg-IFN-α-2a or 2b
and RBV, or faldaprevir 120 mg for 12 wk plus PegIFN-α-2a and RBV for 24 wk for HCV genotype 1-naïve
patients in the 2014 United Kingdom consensus
guidelines. From June 2014, the company ceased the
development of the investigative HCV drug faldaprevir
as there was no longer an unmet medical need for
[8]
the faldaprevir IFN-based regimen . The American
Association for the Study of Liver Diseases (AASLD)
and the European Association for the Study of the Liver
(EASL) Recommendations for HCV genotype 1 infection
include a combination of weekly Peg-IFN-α, daily weightbased RBV (1000 or 1200 mg in patients < 75 kg or ≥
75 kg, respectively), and daily sofosbuvir (400 mg), or a
combination of Peg-IFN-α, daily weight-based RBV and
daily simeprevir (150 mg) for 12 wk with an additional
12 wk of Peg-IFN and RBV in treatment-naïve and prior
relapse patients, and for an additional 36 wk in prior
[25,26]
partial and null responders
. For patients infected
with HCV genotype 1b, a combination of weekly PegIFN-α, daily weight-based RBV, and daily daclatasvir
(60 mg) for 12 wk and an additional 12 wk of Peg-IFN
and RBV is recommended. They stated that daclatasvir
should be continued in combination with Peg-IFN-α and
RBV for an additional 12 wk in patients who did not
achieve a HCV RNA level of < 25 IU/ml at week 4 and
[25]
an undetectable level at week 10 .
In the near future, IFN-free regimens are expected
to replace IFN-based regimens for both non-responders
and previously untreated patients. The patients
ineligible for therapy with IFN are primary candidates
for DAA therapy. Recent EASL recommendations
stated that patients with HCV genotype 1 could be
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treated with a combination of daily weight-based RBV
or daily sofosbuvir (400 mg) for 24 wk as well as daily
sofosbuvir (400 mg) and simeprevir (150 mg) for
12 wk. Although adding RBV to this regimen did not
show any major advantage, it should be considered
in prior non-responder and cirrhotic patients. Daily
sofosbuvir (400 mg) and daclatasvir (60 mg) for 12 wk
in treatment-naïve patients or for 24 wk in treatmentexperienced patients is another IFN-free treatment
[25]
option recommended by EASL . In addition to the
EASL recommendations, a fixed-dose combination of
ledipasvir (90 mg/d) and sofosbuvir (400 mg/d) for 12
[26]
wk is recommended by AASLD .
A sofosbuvir plus RBV combination for 12 wk was
evaluated in the ELECTRON trial, achieving SVR rates
of 84% in treatment-naïve patients but only 10% in
[27]
treatment-experienced patients . The QUANTUM study
evaluated treatment duration and reported SVR12 and
[28]
SVR24 rates of 47% and 53%, respectively . The
efficacy of simeprevir plus sofosbuvir with or without RBV
in prior null responders was assessed in the COSMOS
trial for either 12 or 24 wk, and SVR rates of 96.3%
[29]
with RBV and 92.9% without RBV were achieved .
The ION trial evaluated the ledipasvir and sofosbuvir
[30,31]
combination
. Ledipasvir is a NS5A inhibitor, available
as part of a fixed-dose combination with sofosbuvir:
90 mg ledipasvir and 400 mg sofosbuvir. Absorption
of ledipasvir may decrease with increased gastric pH
levels. ION-1 assessed the length of the treatment and
SVR was achieved in 97% of patients. In the ION-3 trial
treatment length was shortened to 8 wk and an SVR rate
[32]
[30]
of 94% was achieved . In a study by Afhdal et al ,
865 patients were enrolled and divided into 4 groups,
and SVR rates for the group treated with ledipasvir and
sofosbuvir for 12 wk was 99%, for the group treated with
ledipasvir, sofosbuvir and RBV for 12 wk was 97%, for
the group treated with ledipasvir and sofosbuvir for 24
wk was 98%, and for the group treated with ledipasvir,
[30,33]
sofosbuvir and RBV for 24 wk was 99%
. Another
[34]
study by Kohli et al
tried to reduce treatment time
for hepatitis C and assigned 60 patients into 3 groups
of 20. High cure rates were achieved for HCV infection
with 2 different 3-drug regimens that were given for 6
wk: sofosbuvir, ledipasvir and GS-9451 or GS-9669. The
LEAQUE-1 phase Ⅱ study evaluated simeprevir plus
daclatasvir 30 mg ± RBV for 12 wk in HCV genotype 1b
[35]
treatment-naïve patients and prior non-responders .
Response rates were 75%-85% and 65%-95%,
respectively. Another oral combination recommended by
the AASLD and evaluated in SAPPHIRE-I is a combination
of RBV-boosted pariteprevir (150 mg), an inhibitor of
HCV NS3/4A, ombitasvir (25 mg), twice-daily dasabuvir
(referred as 3-D combination) and weight-based RBV
for 12 wk, which achieved an SVR of 96% in treatment[33,36]
naïve genotype 1 infection
.
Patients with prior treatment failure and nonresponder patients are still the most difficult group
awaiting treatment. In the phase Ⅱ COSMOS trial, 400
mg sofosbuvir and 150 mg simeprevir were given to
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non-responders or previously untreated patients, and
92%-96% of patients responded to treatment without
[37]
additional need of RBV . SVR rates did not improve
with longer treatment duration or addition of RBV
even in the presence of Q80K baseline drug-resistant
variants. Daclatasvir is also recommended in treatmentexperienced patients. Although mutations associated
with resistance to daclatasvir occur at several positions
(mutation sites are M28T, Q30E/H/R, L31M/V, P32L,
and Y93C/H/N for HCV genotype 1a, and L31F/V, P32L
and Y93H/N for HCV genotype 1b), its viral resistance
[38,39]
profile does not overlap with that of other DAAs
.
This makes it a good candidate to suppress emerging
resistance when combined with other DAAs. The efficacy
of daclatasvir 60 mg in combination with sofosbuvir
400 mg with and without RBV for 24 wk was assessed
in an open label phase Ⅱ study in patients who failed
treatment with TVR or BOC plus Peg-IFN and RBV.
The SVR rates were 100% and 98%, respectively,
[23]
with and without RBV . Although HCV genotype
1a is associated with lower SVR rates, there was no
difference between HCV genotype 1a and 1b in this
study. The ASPIRE trial evaluated 7 different schedules
of simeprevir (100 mg or 150 mg) in combination with
Peg-IFN and RBV for the treatment of 452 treatment[40]
experienced patients (16%-20% with cirrhosis) . The
SVR rates were 77%-89% in the relapse group and
38%-59% in the non-responder group. The phase Ⅲ
PROMISE trial patients (260 treatment-experienced)
received simeprevir (150 mg) plus Peg-IFN and RBV
for 12 wk followed by Peg-IFN and RBV alone for 12
or 36 wk based on response-guided therapy criteria.
An SVR of 79% was achieved and most patients were
[41]
able to shorten therapy to 24 wk . The ledipasvir and
sofosbuvir combination is another treatment option for
treatment-experienced patients with HCV genotype 1.
Three phase Ⅲ studies were performed in patients who
[42]
did not respond to IFN therapy with or without a PI ;
12 wk of the ledipasvir and sofosbuvir combination ±
RBV was given to patients without cirrhosis while 24 wk
of therapy was given to patients with cirrhosis. SVR rates
were 94% and 96% with and without RBV, respectively.
Twenty four wk of therapy was recommended for
patients with decompensated cirrhosis while equal
efficacy was gained with both 12 and 24 wk of therapy
in patients with compensated cirrhosis (96% and 97%,
respectively).
Overall, the AASLD-recommended therapy options
for treatment-experienced patients are; ledipasvir plus
sofosbuvir combination, sofosbuvir plus simeprevir
combination with or without RBV, or the triple combi
nation of direct-acting antivirals (3-D) with or without
[42]
RBV, based on the existence of cirrhosis . The
SAPPHIRE-Ⅱ trial included non-cirrhotic patients who
failed treatment with Peg-IFN/RBV. The patients received
a 3-D combination plus RBV for 12 wk and achieved
[39]
96.3% SVR . The PEARL-Ⅱ study evaluated 12 wk of
the 3-D regimen with and without RBV in treatmentexperienced HCV genotype 1b patients. All patients
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in the RBV-containing group and 96% of patients in
the RBV-free group achieved an SVR with 12 wk of
treatment. Adverse effects were tolerable and fewer in
[43]
the RBV-free group .

sofosbuvir regimen seems like the highly effective and
[12]
well-tolerated regimen for patients with genotype 2 .

TREATMENT REGIMENS FOR CHRONIC
HCV GENOTYPE 3 INFECTION

Treatment Regimens for Chronic
HCV Genotype 2 INFECTION

Until the development of DAAs, HCV genotype 2 and 3
infections were accepted as easy to treat. Today, with
IFN-free regimens, patients with HCV genotype 3 are
[12]
the most difficult to treat . The recommended regimen
for treatment-naïve patients with HCV genotype 3
infection is daily sofosbuvir and weight-based RBV for
24 wk, and was studied in the VALENCE phase Ⅲ trial.
SVR rates of 94% for treatment-naïve noncirrhotic
patients, 92% for treatment-naïve cirrhotics, 77% for
treatment-experienced noncirrhotics, and 60% for
[48]
treatment-experienced cirrhotics were achieved . The
FISSION, FUSION and POSITRON studies assessed the
effectiveness of sofosbuvir and RBV in patients with
HCV genotype 2 and 3 for 12 and 16 wk, and concluded
that previous exposure to Peg-IFN and RBV and disease
severity were significant factors in patients with HCV
[49]
genotype 3 infection . The results were better in
treatment-naïve patients and also better with 16 wk of
therapy. Taking the VALENCE trial into account, extension
of therapy duration as well as addition of another antiHCV drug should be considered in order to improve the
effectiveness of the therapy. Sofosbuvir and daclatasvir
combination for 12 wk in treatment-naive or 24 wk in
treatment-experienced patients is recommended by
EASL guidelines based on the ALLY-3 study, in which
91% treatment-naïve and 86% treatment-experienced
patients achieved an SVR with 12 wk of sofsobuvir and
[50]
daclatasvir combination . Adding RBV is recommended
in patients with predictors of poor response to anti-HCV
therapy, especially prior non-responders and/or patients
[25]
with cirrhosis . An alternative regimen for patients
with HCV genotype 3 infection in whom prior PegIFN and RBV treatment has failed, is retreatment with
daily sofosbuvir, RBV and weekly Peg-IFN for 12 wk.
In the LONESTAR-2 study, a sofosbuvir, Peg-IFN, and
RBV combination resulted in an SVR in 83% of patients
infected with genotype 3. The presence of cirrhosis
did not affect the response, so genotype 3 treatmentexperienced patients with cirrhosis may need IFN-based
[33]
regimens for a better response .

Peg-IFN and RBV had been the standard care of therapy
for chronic HCV genotype 2. The duration of treatment
was 24 wk and 85%-90% of the patients achieved
[44]
SVR . With the introduction of DAAs, daclatasvir
has been given with Peg-IFN and RBV for 12 wk to
treatment-naive HCV genotype 2 patients and 83%
of the patients achieved SVR. Since most patients are
ineligible, intolerant or unwilling for Peg-IFN, 12 wk
of sofosbuvir and RBV combination was found to be
highly effective on patients with HCV genotype 2 and
was recommended by AASLD and EASL. The FISSION
study compared 12 wk of sofosbuvir and RBV with 24
wk of Peg-IFN and RBV where sofosbuvir was found
to be superior in the included treatment-naive patient
[12]
group . 20%-21% of the 499 patients had cirrhosis
and the SVR12 rate was 91% for cirrhotic patients with
genotype 2 patients and 34% for cirrhotic patients
with genotype 3. The FUSION study on the other
hand evaluated the treatment duration on treatmentexperienced patients of HCV genotype 2. Patients
received sofosbuvir plus weight-based RBV for 12 or 16
wk. The SVR rates were 86% and 93%, respectively.
35% of the patients had cirrhosis and the SVR rates
were 78% vs 60% for genotype 2 (16 wk vs 12 wk of
treatment) and 61% and 19% for genotype 3 cirrhotic
[45]
patients, respectively . Although there is no clear
benefit shown with 16 wk of treatment, guidelines
offer extending treatment to 16 wk in the presence of
cirrhosis. The VALENCE study assessed treatment-naive
and treatment-experienced patients receiving sofosbuvir
and RBV and reported an overall SVR of 93%; 97%
(29/30) in treatment-naive noncirrhotic individuals,
100% (2/2) in treatment-naive cirrhotics, 91% (30/33)
in treatment-experienced noncirrhotics, and 88% (7/8)
[46]
in treatment-experienced cirrhotics . The POSITRON
study is another phase Ⅲ study involving treatmentexperienced patients or patients ineligible for IFN. The
efficacy of sofosbuvir and RBV for 12 wk was assessed
and the noncirrhotic and cirrhotic patients with genotype
[45]
2 achieved 92% and 94% SVR rates, respectively .
Based on these studies AASLD and recent EASL
guidelines recommend daily sofosbuvir and weightbased RBV for 12 wk for patients with HCV genotype
2 infection in whom prior Peg-IFN and RBV treatment
[25,43]
has failed
. Alternative regimen is a combination of
sofosbuvir with Peg-IFN and RBV for 12 wk and it was
studied in LONESTAR-2 phase Ⅲ trial where 50% of
patients had compensated cirrhosis. Unexpectedly, the
results were similar to IFN-free regimen with SVR rates
[47]
close to 100% . Considering the adverse effects of IFN,
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Treatment Regimens for Chronic
HCV Genotype 4-6 INFECTION
Forty-eight weeks of Peg-IFN and RBV had been the
mainstay therapy for patients with genotype 4 infection
until the development of DAAs. Recent AASLD and
EASLD guidelines recommend the FDA-approved
[12,25,42]
sofosbuvir, Peg-IFN, and RBV regimen for 12 wk
.
The genotype 4 cohort of the NEUTRINO study evalua
ting the efficacy of 12 wk of sofosbuvir and Peg-IFN
[13]
plus RBV combination achieved a 96% SVR . In a
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study conducted in subjects of Egyptian ancestry, 32
treatment-experienced patients were treated with
sofosbuvir and RBV for 12 or 24 wk and 87% SVR was
achieved in the 24 wk group suggesting this therapy as
an effective choice of treatment, especially for patients
[39]
ineligible for IFN . Simeprevir is effective against HCV
genotype 4 infection and the ongoing phase 3 trials
including treatment-naïve and treatment-experienced
[25]
patients have promising results . Therefore, sofosbuvir
and simeprevir for 12 wk is an acceptable choice of
treatment for patients with HCV genotype 4 infection.
In the PEARL-I study, a 3-D regimen plus RBV
was evaluated in 49 treatment-experienced patients
without cirrhosis for 12 wk, and 100% of the patients
achieved an SVR in the intention-to-treat analysis with
[51]
no serious adverse events reported . There are not
enough studies of DAAs in genotype 4 infection, but the
ledipasvir plus sofosbuvir combination for 12 wk is also
accepted as effective and recommended by the AASLD
based on the SYNERGY trial of 20 patients with HCV
genotype 4 where 40% of patients were treatmentexperienced and 40% had advanced fibrosis. The
[52]
overall SVR achieved was 95% .
The clinical trials including genotypes 5 and 6
infection are inadequate; in fact no phase Ⅲ data have
been presented in treatment-experienced or cirrhotic
patients. The only study evaluating treatment-naïve
patients with genotype 5 and 6 was the NEUTRINO
study where only one patient with genotype 5 and 6
[13]
patients with genotype 6 were enrolled . SVR rates
achieved for both genotypes were 100% with 12 wk of
sofosbuvir and the Peg-IFN and RBV combination. As a
result, this combination is the recommended regimen
by the AASLD and EASL guidelines.
In addition, ledipasvir is known to have in vitro
activity against HCV genotype 6 so the ledipasvir plus
sofobusvir combination was evaluated in a small,
2-center, open 2 - label study in 25 treatment-naïve
and treatment-experienced patients, of whom 2 had
[53]
cirrhosis. The SVR rate was 96% . This daily fixeddose combination of ledipasvir and sofosbuvir for 12
wk is a recommended regimen for patients with HCV
[42]
genotype 6 in whom prior therapy has failed .

to be used in combination with RBV to treat patients
[54]
with HIV/HCV genotype 2 and 3 . Sofosbuvir plus
ledipasvir combination is another alternative for co[53]
infected patients . The limitation of DAAs is phar
macokinetic interactions with antiretroviral drugs. In
particular, efavirenz, etravirine, and nevirapine are not
recommended with daclatasvir, simeprevir, or sofosbuvir.
In addition, daclatasvir dose adjustment is needed in
[45]
case of ritonavir-boosted atazanavir use .
In a study done in Puerto Rico, 12 wk of sofosbuvir
plus the Peg-IFN and RBV combination achieved an SVR
[55]
in 91% of patients . Furthermore, 12 wk of simeprevir
plus the Peg-IFN and RBV combination was investigated
in HIV/HCV co-infected patients and resulted in a 74%
[56]
SVR rate in patients with HCV genotype 1 . Ledipasvir
plus sofosbuvir combination with or without RBV was
administered to 12 HIV/HCV genotype 1 patients in a
[57]
small trial and showed a 100% SVR12 rate . The only
study evaluating IFN-free treatment on HIV/HCV coinfected patients is the PHOTON study where sofosbuvir
plus RBV was administered to HIV/HCV genotype 1, 2,
[58]
and 3 patients for 24, 12, and 12 wk, respectively .
SVR was achieved in 76% of the patients with genotype
1, 88% of the patients with genotype 2, and 67% of
the patients with genotype 3. Studies on treatment
regimens including other DAAs are still in progress.

Treatment Strategies in
Development
Commonly used DAAs targeting viral proteins NS3,
NS4A, NS5A, and NS5B are mentioned above. One
other least characterized viral protein essential for
viral replication is NS4B, a 27-kDa integral membrane
[59]
protein . Several compounds targeting HCV NS4B
in antiviral treatment have been mentioned in recent
[60]
studies. Chen et al
identified several new azaindole
sulfonamides targeting HCV NS4B, and 5-substituted
7-azaindole sulfonamides had the most potent activity
with a favorable liver to plasma ratio and excellent oral
exposure in rats. Also, NS4B was found to be essential
[61]
for NS5A phosphorylation . Domain I of NS5A and the
C-terminal domain of NS4B were found to be the major
determinants mediating the NS5A-NS4B interaction in a
[62]
study by David et al . They suggested that modulation
of this interaction could be added to the list of potential
NS5A DAA targets.
Another target of antiviral therapy is the ion channel
activity of HCV p7. The p7 channel is crucial for virus
replication in vitro, playing a role in virus assembly and
[63]
release . BIT225 is a novel small molecule identified
as an inhibitor of the p7 ion channel that completed
2 phase I human trials. Phase IIa studies are still
[64]
ongoing. Luscombe et al reported the inhibitory effect
of BIT225 as well as its strong synergy with Peg-IFN
and RBV, which makes it a good candidate for use in
combination therapy. Although the mechanism of action
is not fully understood, amantadine and rimantadine

Treatment Regimens for Patients
with human immunodeficiency
virus/HCV Co-infection
HCV infection is one of the important causes of
comorbidity in patients with human immunodeficiency
virus (HIV). Since liver-related mortality became the
second highest cause of death in HIV-positive patients,
HCV eradication has become obligatory. BOC and
TVR were already approved in HCV/HIV co-infection,
but since 2013 both sofosbuvir and simeprevir were
approved by the FDA to be used in combination with
Peg-IFN and RBV to treat patients co-infected with
HIV/HCV genotype 1, and sofosbuvir was approved
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[65]

are known to inhibit the HCV p7 ion channel . In
the p7 channel, there are 6 equivalent hydrophobic
pockets and nearby there are 3 aromatic amino acids
[66]
(His17, Phe20, and Trp21). Du et al
focused on the
nuclear magnetic resonance structure of HCV p7 and
found that the best binding site of amantadine was
Trp21. The binding sites and interactions mentioned
in their study may help the future development of p7
channel inhibitors. Clinical data is only available for
[67]
amantadine
while other compounds are reported to
inhibit the HCV p7 ion channel, including long alkylchain
[68,69]
iminosugars and hexamethylene amiloride
.
HCV genomic RNA holds genetic information for viral
proteins and contains regions of sequences required for
HCV replication or translation. Antisense oligonucleotides
(ASOs) have been identified in order to inhibit HCV
RNA replication and viral polyprotein synthesis in vitro.
Studies on HCV-infected patients show that modified
ASOs can result in decrease in viral load of > 2 log
[70]
units . A new generation of ASOs, locked nucleic acids
(LNA), show improved affinity of binding to RNA targets,
[71]
increased sequence specificity, and lower toxicity .
An internal ribosome entry site (IRES) is a nucleotide
sequence that allows translation initiation in the middle
[72]
of a messenger RNA (mRNA) sequence in HCV . Host
microRNA (miR-122) plays a role in HCV replication in
[73]
vitro and is joined directly to a region in the IRES .
Studies in primates demonstrated that LNA-based ASOs
targeting miR-122 can be delivered to the liver for 12
wk with no adverse effects and result in a virological
response of > 2 log units in plasma HCV RNA levels,
and decreased expression of cellular mRNA carrying the
[74,75]
[76]
miR-122 region
. In a study by Laxton et al , 47
ASOs were screened and 7 hits with selectivity index
higher than 10 were identified; 5 hits targeting NS5a
and 2 hits targeting IRES (seq132 and seq207-250a).
Seq132 ASO showed potent antiviral activity (95% to
98% antiviral activity) with low cytotoxicity. The possible
antiviral mechanisms of seq132 were highlighted as
antagonism of miR122 binding, loss of HCV sequences
due to RNase H activity, and local destabilization of the
[77]
IRES secondary structure. In addition, Bhat et al
revealed the interaction between ribosomal protein S5
(RPS5) and HCV IRES. They found that blocking RPS5
in 40S ribosome subunits results in inhibition of HCV
IRES activity. Therefore, HCV translation is inhibited.
This may help in designing potential peptide mimics as
potential antiviral molecules.

rates above 90% and 12-wk treatment duration in
both groups. Recently, sofosbuvir, found to be effective
against all genotypes, and simeprevir, daclatasvir, and
ledipasvir are the most promising DAAs. The once daily
dosing, low pill burden, pan-genotypic activity, lower
rate of drug-drug interactions, fewer side effects, and
shorter treatment duration makes these regimens more
tolerable.
The most important issue of DAA treatment is
the cost and availability. The regimens are extremely
expensive so the cost should be reduced to provide
universal access in all patients with HCV, especially
in developing countries. In these regions, as for HIV
treatment, International Health Organizations may help
with free drug distribution and treatment follow-up.
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MINIREVIEWS

Recent advances in mouse models of obesityand nonalcoholic steatohepatitis-associated
hepatocarcinogenesis
Hayato Nakagawa
common cancer, and obesity has been established
as a risk factor for HCC development. Nonalcoholic
steatohepatitis (NASH) is apparently the key link
between obesity and hepatocarcinogenesis, and obesity
also accelerates HCC development synergistically with
other risk factors, such as hepatitis virus infection
and alcohol consumption. As an explanation for the
pathogenesis of NASH, the so-called “two-hit” theory
has been widely accepted, but recently, a better model,
the so-called “multiple-hits hypothesis” was proposed,
which states that many disease-promoting factors may
occur in parallel, rather than consecutively. However,
the overall mechanism remains largely unknown. Various
cell-cell and organ-organ interactions are involved in
the pathogenesis of NASH, and thus appropriate in vivo
disease models are essential for a deeper understanding.
However, replicating the full spectrum of human NASH
has been difficult, as NASH involves obesity, insulin
resistance, steatohepatitis, fibrosis, and ultimately HCC,
and the lack of an appropriate mouse model has been
a considerable barrier to determining the missing links
among obesity, NASH, and HCC. In recent years, several
innovative mouse models presenting obesity- and NASHassociated HCC have been established by modified
diets, chemotoxic agents, genetic manipulation, or a
combination of these factors, shedding some light on
this complex network and providing new therapeutic
strategies. Thus, in this paper, I review the mouse
models of obesity- and NASH-associated HCC, especially
focusing on recent advances and their clinical relevance.
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Core tip: Obesity is a recognized risk factor for the
development of hepatocellular carcinoma (HCC) and
nonalcoholic steatohepatitis (NASH), which in turn can

Abstract
Hepatocellular carcinoma (HCC) is the fifth most
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been suggested to be the second hit, and which factor(s)
is (are) the true driving force of disease progression
[11-15]
from simple steatosis to NASH has been debated
.
Recently, a better model, the so-called “multiple-hits
[16]
hypothesis” was proposed by Tilg et al , which states
that many of the events described above may take
place in parallel, rather than consecutively. However, the
overall mechanism is very complex and remains largely
unknown. Thus, no specific established treatment exists
to prevent NASH progression and subsequent HCC
development.
A good mouse model is indispensable for under
standing such a complicated liver disease, involving
interactions with various other organs, such as the gut,
brain, and adipose tissue, because mice are readily
amenable to genetic modifications and easy to handle.
Although various NASH mouse models have been
reported, most of the existing models do not replicate the
full spectrum of human NASH, which includes obesity,
insulin resistance, steatohepatitis, fibrosis, and ultimately
[17]
HCC . In particular, mimicking hepatocarcinogenesis
is difficult, and the lack of appropriate mouse model(s)
has been a considerable barrier for understanding the
underlying pathogenesis behind the link(s) among
obesity, NASH, and HCC.
Several innovative mouse models presenting obesityand NASH-associated HCC have been established in
recent years using modified diets, chemotoxic agents,
genetic manipulation, or a combination of these factors.
They have provided new insights into mechanisms
as to how obesity and NASH promote HCC and have
also resulted in the suggestion of new therapeutic
strategies. Although several review articles on mouse
[17-21]
models of NASH have been recently published
, to
our knowledge, no review focusing on mouse models
of obesity- and NASH-associated hepatocarcinogenesis
has been published. Thus, in this paper, I review the
mouse models of obesity- and NASH-associated HCC,
especially focusing on recent advances and their clinical
relevance.

trigger hepatocarcinogenesis. Once, no appropriate
mouse model allowed exploration of the associations
among obesity, NASH, and HCC, but several innovative
mouse models have become established in recent
years. These models have afforded new insights into
the mechanisms of disease and have suggested new
therapeutic strategies. Therefore, this paper reviews
mouse models of obesity- and NASH-associated HCC,
focusing on recent advances and clinical relevance
thereof.
Nakagawa H. Recent advances in mouse models of obesity- and
nonalcoholic steatohepatitis-associated hepatocarcinogenesis.
World J Hepatol 2015; 7(17): 2110-2118 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i17/2110.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i17.2110

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and a leading cause of cancer-related
[1]
death . Although the short-term prognosis of patients
with HCC has improved due to advances in early dia
gnosis and treatment, the long-term prognosis remains
unsatisfactory, with a low overall survival of 22%-35%
[2,3]
at 10 years . More than 90% of HCC develops in the
[4]
context of chronic liver damage and inflammation , and
obesity has recently been established as a risk factor for
[5,6]
HCC development, with a 1.5-4‑fold increased risk .
Accumulating evidence indicates that nonalcoholic fatty
liver disease (NAFLD) is the key link between obesity
and hepatocarcinogenesis, with evidence indicating that
obesity accelerates HCC development synergistically
with other risk factors, such as chronic viral hepatitis
[7,8]
and alcohol consumption . Because the prevalence
of obesity has been increasing worldwide, its possible
association with hepatocarcinogenesis has attracted
considerable attention in recent years.
NAFLD, the most common chronic liver disease
in developed countries, has been recognized as a
hepatic manifestation of metabolic syndrome. NAFLD
encompasses a wide range of pathological conditions,
ranging from “simple” steatosis to the more aggressive
form “nonalcoholic steatohepatitis (NASH),” which is
accompanied by inflammation, cell death, and scarring
(fibrosis) that eventually results in cirrhosis and/or HCC.
Histologically, NASH is characterized by the presence of
ballooning hepatocytes and lobular inflammation with or
[9]
without perisinusoidal fibrosis in addition to steatosis .
To explain the pathogenesis of NASH, the so-called
[10]
“two-hit” theory proposed by Day et al
in 1998 has
been widely accepted. They suggested that after a first
hit (hepatic steatosis), another hit is needed for NASH
to develop. Since then, various factors such as proinflammatory cytokines, dysregulation of adipokines,
gut-derived endotoxins, oxidative stress, endoplasmic
reticulum (ER) stress, lipotoxicity, altered gut microbiota,
and activation of intracellular signaling pathways have
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MOUSE MODELS OF OBESITY- AND
NASH-ASSOCIATED HCC
Obesity- and NASH-associated HCC mouse models
have been created using modified diets, chemotoxic
agents, genetic manipulation, or a combination of these
elements. Here, we classify current mouse models into
four groups and discuss their characteristics: dietary
models, diet in combination with chemotoxic agent
models, genetically engineered models, and genetic
manipulation in combination with dietary models (Table
1).

DIETARY MODELS
Long-term high-fat diet

A high-fat diet (HFD) is widely used to cause obesity
and hepatic steatosis in mice, and long-term feeding
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Table 1 Mouse models of obesity- and nonalcoholic steatohepatitis - associated hepatocellular carcinoma

Dietary models
Long-term HFD
CD-HFD
High fat and fructose diet
Dietary in combination with chemotoxic agent models
DEN with HFD
STZ with HFD
DMBA with HFD
Genetically engineered models
Liver-specific PTEN knockout mice and p110α transgenic mice
Liver-specific NEMO knockout mice
miR-122 knockout mice
FXR knockout mice
AOX knockout mice
MAT1A knockout mice
FLS mice crossed with ob/ob mice
Dominant negative form of RARα transgenic mice
Genetic manipulation in combination with dietary models
MUP-uPA transgenic mice with HFD
Adiponectin knockout mice with HFD
AIM knockout mice with HFD
MC4R knockout mice with HFD

Obesity

Insulin resistance

Steatosis

Steatohepatitis Fibrosis

HCC

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
No
Yes

Yes
Yes
N/A

Yes
Yes
Yes

No
Yes
No

No
Yes
No

Yes
Yes
Yes

No
No
No
No
No
No
Yes
No

No
No
Yes
Yes
N/A
No
Yes
No

Yes
Yes
Yes
Yes (mild)
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes (mild)
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
No
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
No
Yes

Yes
Yes
No
Yes

Yes
No (adenoma)
Yes
Yes

N/A: Not assessed; HCC: Hepatocellular carcinoma; HFD: High-fat diet; CD: Choline-deficient; DEN: Diethylnitrosamine; STZ: Streptozotocin; DMBA: Di
methylbenz(a)anthracene; NEMO: Nuclear factor κB essential modulator; miR: MicroRNA; FXR: Farnesoid X receptor; AOX: Acetyl CoA oxidase; MAT1A:
Methionine adenosyl transferase 1A; FLS: Fatty liver Shionogi; RAR: Retinoid acid receptor; AIM: Apoptosis inhibitor of macrophage; MC4R: Melanocortin
4 receptor.
[24]

of HFD also induces insulin resistance. Although HFDinduced fatty liver has been considered to represent
“simple” steatosis, some recent studies have shown
that an extended period of HFD feeding (e.g., 60 wk)
in C57/BL6J mice could induce steatohepatitis with
weak perisinusoidal fibrosis, and also neoplastic lesions,
[22,23]
including HCC, in approximately 50% of mice
,
which suggests that excess intake of dietary fat can
be a causal factor in HCC development. However, the
phenotypes induced by HFD are variable according
to mouse strains, fat content in the diet, and the
composition of the dietary fat. Importantly, disruption
of IRS-1, a mediator of insulin and IGF signals in C57/
BL6J mice, was found to dramatically protect against
long-term HFD-induced liver tumorigenesis despite
the presence of severe insulin resistance and marked
[23]
postprandial hyperglycemia . This finding suggests
that hyperglycemia itself may not play a role in NASH or
NASH-associated hepatocarcinogenesis.

overcome these limitations, Wolf et al
combined
choline deficiency with an HFD on the basis of clinical
observations of choline deficiency in patients with NASH.
CD-HFD-fed C57/BL6 mice revealed obesity and insulin
resistance as well as a human NASH-like pathology, with
mild pericellular fibrosis. Furthermore, long-term feeding
(12 mo) resulted in spontaneous HCC development
in 25% of mice, including classical trabecular HCC.
In contrast, only 2.5% of HFD-fed mice developed a
liver tumor over the same time period. In this model,
hypernutrition and choline deficiency activated intra
hepatic natural killer T (NKT) cells, which in turn
enhanced hepatocyte lipid uptake and aggravated
liver steatosis via secretion of LIGHT [a member of the
+
tumor necrosis factor (TNF) superfamily]. Also, CD8 T
cells, NKT cells, and associated inflammatory cytokines
cooperatively cause liver damage and nuclear factor κB
(NF-κB) activation, which facilitates the NASH-to-HCC
transition. Thus, hepatocyte-lymphocyte cross talk may
be a promising therapeutic target for NASH and NASHassociated HCC.

Choline-deficient high-fat diet

A methionine- and choline-deficient (MCD) diet is a
classic and widely adopted model for studying NASH.
Because methionine and choline are essential for
hepatic β‑oxidation and the production of very lowdensity lipoprotein (VLDL), their deficiency leads to
extensive hepatic lipid accumulation, and steatohepatitis
subsequently develops, which resembles the pathology
[17]
of human NASH . However, the MCD diet does not
cause obesity, insulin resistance, or metabolic syndrome;
rather, it induces weight loss and even cachexia. To
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High-fat and fructose diet

Recently, long-term feeding (12 mo) of an HFD in
combination with fructose syrup has also been reported
to cause the development of liver tumors, including
[25]
HCC, as well as steatohepatitis and mild fibrosis .
This model exemplifies the clinical setting, the so-called
“American lifestyle-induced obesity syndrome.” However,
the incidence of macroscopically visible nodules was
not very high, and characterization of the tumors and
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analysis of the mechanism were not sufficient due to
the small number of occurrences. Further studies are
needed with this promising mouse model.

treatment with DMBA on the dorsal surface at day 4-5
followed by an HFD for 30 wk induced HCC in all male
mice, whereas none of the normal diet-fed DMBAtreated mice developed HCC. This paper elegantly
showed that increased deoxycholic acid (DCA) by an
obesity-induced alteration in the gut microbiota provoked
a senescence-associated secretory phenotype (SASP)
in hepatic stellate cells (HSCs), which in turn secreted
various inflammatory and tumor-promoting factors,
eventually resulting in the malignant transformation of
initiated hepatocytes by DMBA. In addition, lowering the
DCA concentration by treatment with ursodeoxycholic
acid (UDCA) or antibiotics inhibited HCC development
significantly. Thus, although UDCA failed to improve
the histology in patients with NASH compared with
[34,35]
placebo in some clinical trials
, a possibility exists
that long-term treatment with UDCA may prevent HCC
development in obese patients with NASH, independent
of NASH disease status. Also, the gut microbiota may be
a future therapeutic target candidate. However, DMBA
treatment can induce oncogenic mutations in various cell
types. In fact, lung cancer also developed with DMBA
treatment regardless of diet in this study. Thus, although
they showed the absence of the hot spot mutation of the
H-Ras gene in HSCs, whether SASP of HSCs is specific
to this model or a universal phenomenon using other
obesity- and NASH-associated HCC models should be
examined.

DIET IN COMBINATION WITH
CHEMOTOXIC AGENT MODELS
Diethylnitrosamine with HFD

Diethylnitrosamine (DEN) is the most commonly used
genotoxic chemical carcinogen to develop HCC because
inducing HCC is easy, and DEN-induced HCC shows
histology and gene expression similar to human HCC,
[4]
especially a poor prognosis . A single intraperitoneal
injection of DEN to 2-wk-old male mice is sufficient to
[26,27]
induce HCC
, and HFD feeding to DEN-injected mice
[28]
strongly enhances HCC development . The greatest
benefit of this model is that HCC is easy to induce and its
incidence rate is almost 100% at 8 mo of age. However,
the initiation step of HCC development basically
depends on artificial, toxic DNA damage, and non-tumor
liver tissue corresponds to simple steatosis, lacking
inflammatory cell infiltration and fibrosis. However, this
model is suitable for analyzing obesity-associated pro
motion and progression processes in HCC. In fact, HFD
feeding resulted in systemic low-grade inflammation,
and ablation of interleukin-6 (IL-6) and the TNF
receptor 1 abrogated their tumor-promoting effects,
suggesting that IL-6 and TNFα play important roles in
[28]
the promotion of obesity-associated HCC .

GENETICALLY ENGINEERED MODELS

Streptozotocin with HFD

Liver-specific PTEN knockout mice and p110α
transgenic mice

Streptozotocin (STZ), a drug particularly toxic to β-cells
in the pancreas, is widely used to induce diabetes in
[29]
mice . Recently, STZ in combination with an HFD
has been reported to induce NASH and spontaneous
[30]
HCC development . In this model, low-dose STZ was
injected subcutaneously at 2 d after birth, and then
HFD feeding was started at 4 wk of age. Steatohepatitis
occurred at 8 wk of age along with pericellular fibrosis,
and all male mice developed well-differentiated-type
HCC at 20 wk. These findings lead to a revolutionary
hypothesis that insufficient insulin signaling, rather than
hyperinsulinemia, plays a key role in NASH-associated
HCC. The advantage of the STZ with HFD model is that
it can replicate human NASH-like pathology and can
also induce spontaneous HCC in a relatively short time.
However, these mice do not show obesity or insulin
resistance. In addition, whether the cancer initiation
process depends on NASH-induced chronic inflammation
or STZ administration remains unclear because STZ is
known as a carcinogen, and administration of STZ alone
[31]
can induce HCC in Syrian golden hamsters .

A tumor suppressor PTEN negatively regulates the
phosphatidylinositol 3-kinase (PI3K)/Akt/mTOR signaling
pathways by its lipid phosphatase activity. Liverspecific PTEN knockout mice generated by crossing
PTEN flox/flox mice with Albumin-Cre transgenic mice
spontaneously develop steatohepatitis with marked
triglyceride accumulation via the activation of Akt
[36]
signaling and upregulation of PPARγ and SREBP1 .
Additionally, all mice developed hepatocellular ade
nomas, and 66% developed HCC by 74-78 wk of
age. This mouse model is one of the most well-known
genetically engineered models of NASH-associated
HCC. Hepatocyte-specific transgenic mice of p110α,
which is a catalytic subunit of PI3K, also showed similar
[37]
phenotypes . Although pathological features of these
mice are similar to human NASH-associated HCC, these
models do not show obesity or metabolic syndrome, but
instead are hypersensitive to insulin.

Liver-specific NF-κ B essential modulator knockout mice

Dimethylbenz(a)anthracene with HFD

NF-κB essential modulator (NEMO), also known as
inhibitor of NF-κB subunit γ (IKKγ), controls NF-κB
[4]
activation through its interaction with ubiquitin chains .
Liver-specific NEMO knockout mice exhibit spontaneous
liver damage, hepatosteatosis, fibrosis, and HCC

Dimethylbenz(a)anthracene (DMBA), a chemical
carcinogen that causes an oncogenic Ras mutation,
[32]
is widely used to induce skin and breast cancer .
[33]
Recently, Yoshimoto et al
reported that neonatal
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development . Although the mechanism as to how
NEMO deletion causes liver steatosis remains unclear,
death receptor-mediated and oxidative stress-dependent
hepatocyte death are triggers of liver damage and
inflammation. The disease process in this model is
similar to human HCC, which is a consequence of chronic
inflammation, hepatocyte death, and compensatory
proliferation. However, because this model does not
show obesity or metabolic syndrome, it is not suitable
for studying the metabolic consequences of NAFLD.

opposite function of FXR signaling for NASH progression
[47-49]
between the liver and intestine
. Further studies are
needed to clarify the roles of this signaling process in
NASH and NASH-associated HCC.

Other genetically engineered models

Acetyl CoA oxidase (AOX) is the rate-limiting enzyme
of the peroxisomal β-oxidation of long-chain fatty
acids. AOX knockout mice have defective peroxisomal
[50]
β-oxidation and exhibit steatohepatitis without fibrosis .
AOX knockout mice also exhibit hepatocellular adenoma
and HCC by 15 mo of age. However, hepatic steatosis
is reversed by a compensatory increase in fatty acid
oxidation by 6-7 mo of age.
Methionine adenosyltransferase 1A (MAT1A) is
the rate-limiting enzyme of methionine metabolism in
the liver. MAT1A knockout mice develop spontaneous
steatohepatitis and HCC via abnormal expression of
[51]
genes involved in lipid and carbohydrate metabolism .
However, MAT1A knockout mice do not show obesity or
metabolic syndrome, except hyperglycemia.
The “fatty liver Shionogi” (FLS) mouse strain shows
lipid deposition in hepatocytes from the neonatal stage,
and the degree of hepatic lipid accumulation increases
as the mouse grows without obesity. Additionally,
crossing FLS mice with leptin mutant ob/ob mice induces
obesity, metabolic syndrome, NASH, and spontaneous
[52]
HCC development . Although the mechanism of this
phenotype in FLS mice is not fully understood, it is
believed to be caused by a complex polygenic trait.
Transgenic mice expressing the dominant-negative
form of the retinoid acid receptor (RAR)α in hepatocytes
display microvesicular steatosis and spotty necrosis at
4 mo of age, and aged mice develop spontaneous HCC
[53]
at the age of 12-18 mo . In dominant-negative RARα
transgenic mice, mitochondrial β-oxidation of fatty
acids is decreased, but peroxisomal β-oxidation and
microsomal ω-oxidation are increased, resulting in an
enhanced accumulation of reactive oxygen species.

MicroRNA-122 knockout mice

MicroRNA(miR)-122 is a predominant liver microRNA,
accounting for 70% of the total miRNAs in the liver. Both
mice with germline knockout and liver-specific knockout
of miR-122 revealed steatohepatitis and fibrosis, and
also developed HCC, including metastasizing aggressive
[39,40]
cases, at 12-17 mo of age
. Enhanced lipogenesis
and suppressed lipid secretion through loss of miR-122
cause liver steatosis in these mice. Loss of miR-122
promotes HCC development not only indirectly through
chronic inflammation, but also directly through induction
of the epithelial-mesenchymal transition (EMT) by
[40]
E-cadherin downregulation , which plays an important
[41]
role in EMT in HCC . These findings are pathophy
siologically important and clinically relevant because
the expression of miR-122 is significantly decreased in
[42]
patients with NASH . Furthermore, adeno-associated
virus-mediated delivery of miR-122 suppressed Myc[39]
driven HCC , suggesting the potential utility of miR122
delivery for patients with HCC.

Farnesoid X receptor knockout mice

The nuclear bile acid receptor farnesoid X receptor
(FXR) is highly expressed in the liver and intestine,
and cross talk between these two organs plays a key
[43]
role in maintaining bile acid homeostasis . FXR also
plays important roles in lipid and glucose metabolism
and regulation of insulin sensitivity by regulating the
expression of various metabolic genes. FXR knockout
mice exhibit chronic liver damage with mild steatosis and
fibrosis, and aged mice develop spontaneous HCC by the
[44]
age of 12-16 mo . Although steatosis in FXR knockout
mice is mild, the combination of LDL receptor knockout
and HFD induces significant steatosis and ballooning
[45]
degeneration of hepatocytes . Currently, FXR is
an attractive therapeutic target in the clinical setting
because the FXR agonist obeticholic acid was found to
show significant improvements in histological features
of NASH in a recent multicenter placebo-controlled
[46]
randomized trial . However, treatment with obeticholic
acid was associated with some disadvantageous
effects, such as increases in serum cholesterol and
low-density lipoprotein cholesterol concentrations, a
decrease in serum high-density lipoprotein cholesterol
concentrations, and increased insulin resistance. Further
more, recent experimental studies using tissue-specific
FXR knockout mice indicated complicated cross talk
between liver and intestine FXR, and even an apparently
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GENETIC MANIPULATION IN
COMBINATION WITH DIETARY MODELS
Major urinary protein-urokinase-type plasminogen
activator transgenic mice with HFD

Major urinary protein (MUP)-urokinase-type plasmino
gen activator (uPA) mice are uPA transgenic mice
under the control of the mature hepatocyte-specific
[54]
promoter for MUP . MUP-uPA mice express the uPA
protein in mature hepatocytes, where it accumulates
in the ER, leading to chronic ER stress in the hepato
cytes. We recently reported that feeding an HFD
to MUP-uPA mice resulted in steatohepatitis that
closely resembles the pathology of human NASH,
with ballooning degeneration, hepatocyte death, and
pericellular/bridging fibrosis, eventually leading to
spontaneous development of HCC, including classic
trabecular HCC and steatohepatitic HCC, by 40 wk of
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age . In this mouse model, the vicious cycle of ER
stress and hypernutrition synergistically aggravates
lipid accumulation in the liver via sterol regulatory
element binding protein (SREBP) activation, which leads
to excess oxidative stress, ballooning degeneration,
and susceptibility to lipotoxic cell death. In parallel,
increased TNFα expression during this process further
accelerates NASH and HCC development in a TNF
receptor 1-IKK-NF-κB-dependent manner. Reducing ER
stress using chemical chaperones significantly improved
liver pathology, suggesting that interrupting this vicious
cycle might be a promising therapeutic target for NASH
and HCC.
Isolated premalignant HCC progenitor cells (HcPC)
from DEN-injected mice can be transplanted into MUP-uPA
[56]
mice , and the NASH-like microenvironment created by
HFD feeding significantly promotes the progression from
[55]
HcPC to HCC . This approach may allow us to separate
cell-autonomous effects of genetic manipulation as well
as dietary conditions within pre-neoplastic cells from
effects exerted within the surrounding liver parenchyma,
and furthermore, allow us to separate the effects of
NASH on the tumor progression process from the tumor
initiation process. In this regard, this is a unique mouse
model to analyze the mechanisms of NASH-associated
HCC.

binding. Thus, AIM knockout mice show increased
steatosis and lipid accumulation in the liver after
HFD feeding. Furthermore, all HFD-fed AIM knockout
mice spontaneously develop HCC without apparent
[66]
liver inflammation or fibrosis by 55 wk of age . AIM
accumulates on the HCC cell surface and activates the
complement cascade, provoking HCC cell necrosis.
Administration of recombinant AIM was found to
prevent HCC development in HFD-fed AIM knockout
mice. These findings suggest that delivery of AIM to
HCC cells may be a novel therapeutic strategy against
obesity-driven HCC.

Melanocortin 4 receptor knockout mice with HFD

Melanocortin 4 receptor (MC4R) is expressed in the
hypothalamic nuclei and has been implicated in the
regulation of food intake and body weight. Several
pathogenic mutations in the MC4R gene have been
[67]
reported, especially in early-onset obesity . MC4R
knockout mice in combination with an HFD exhibit
steatohepatitis, which is associated with obesity, insulin
resistance, and dyslipidemia. In addition, all HFD-fed
MC4R knockout mice developed HCC after 1 year of HFD
[68]
feeding . Although the detailed mechanism remains
unclear, it seems likely that the hepatic phenotype in
MC4R knockout mice results from loss of its function
in the brain because the expression of MC4R mRNA is
basically restricted to the brain.

Adiponectin knockout mice with HFD

Adiponectin, one of the major adipokines, possesses
anti-inflammatory and insulin-sensitizing properties, and
[57]
levels typically decline with increasing body weight .
Hypoadiponectinemia is seen in patients with NASH,
and reduced adiponectin levels are associated with more
[58]
extensive liver steatosis and necroinflammation .
Adiponectin knockout mice have insulin resistance
[59]
and glucose intolerance on a normal diet . HFD-fed
adiponectin knockout mice exhibit NASH-like pathology,
including hepatocyte ballooning, spotty necrosis, and
pericellular fibrosis via increased hepatic expression
of TNFα and SREBP1c at 24 wk, and furthermore,
some HFD-fed adiponectin knockout mice (12.5%)
[60]
develop hepatocellular adenoma at 48 wk . This
experimental study showed that too little adiponectin
can be a causal factor of obesity-associated liver
tumorigenesis. However, several recent epidemiological
studies have shown that a higher serum adiponectin
level is associated with an increased risk of future HCC
[61-63]
development
. The effects of too much adiponectin
on hepatocarcinogenesis remains poorly understood,
and some reports have shown cancer-promoting effects
[64,65]
of adiponectin
. Because adiponectin signaling is
considered to be a promising target of NASH, further
basic and clinical studies should be conducted.

CONCLUSION
Table 1 lists the key features of each mouse model
described in this review. The dietary models most closely
mimic the human condition. However, HCC development
is slow and its incidence relatively low. The combination
of DEN and HFD affords a model superior in terms of
certainty and ease of use. The STZ/HFD combination
triggers HCC development relatively quickly. The MUPuPA/HFD model is a unique in that the effects of NASH
on tumor progression can be separated from the effects
on tumor initiation. Although the histopathological
characteristics of miR-122- and FXR-knockout mouse
livers are not identical to those of human NASH patients
(weak steatosis and lack of ballooning hepatocytes),
the phenotypes of mice so affected are important
pathophysiologically and clinically relevant, as discussed
above. It is important to understand the advantages and
disadvantages of each mouse model and to choose the
model that is optimal for the experimental purpose.
The tumor-promoting effects of obesity and NASH
are caused by not only changes in the hepatic mic
roenvironment, such as excess lipid accumulation,
oxidative stress, ER stress, and inflammatory cytokines
secreted by immune cells and fibroblasts, but also
by changes in the extrahepatic environment, such as
visceral fat accumulation, altered gut microbiota, and
hypothalamic appetite dysregulation. Such a complex
situation, composed of various cell-cell and organorgan interactions, cannot be reproduced in vitro, and

Apoptosis inhibitor of macrophage knockout mice with
HFD

Circulating apoptosis inhibitor of macrophage (AIM)
is incorporated into adipocytes and hepatocytes, and
inactivates cytoplasmic fatty acid synthase via direct
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appropriate in vivo disease models are essential to
fully understand it. Recent advances in mouse models
shed some light on this complicated network and have
suggested several new therapeutic targets. However,
we are still far from a complete understanding and no
specific established treatment exists to prevent NASH or
NASH-associated HCC. Thus, further studies and novel
strategies clarifying the entire picture of this complex
disease are still needed to translate the findings obtained
from experimental research into clinical practice.
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Abstract
AIM: To compare the ability of model for end-stage
liver disease (MELD)-Na and Maddrey discrimination
function index (DFI) to predict mortality at 30 and 90 d
in patients with alcoholic hepatitis (AH).
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METHODS: We prospectively assessed 52 patients
with AH. Demographic, clinical and laboratory parame
ters were obtained. MELD-Na and Maddrey DFI were
calculated on admission. Short-term mortality was
assessed at 30 and 90 d. Receiver operating characteristic
curve analysis was performed.
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RESULTS: Thirty-day and 90-d mortality was 44% and
58%, respectively. In the univariate analysis, sodium
levels was associated with mortality at 30 and 90 d (P
= 0.001 and P = 0.03). Child stage, encephalopathy,
ascites, or types of treatment were not associated
with mortality. MELD-Na was the only predictive
factor for mortality at 90 d. For 30-d mortality area
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[6]

involved in the management of patients with AH .
There are several prognostic models to assess severity
in patients with AH including the Maddrey’s discriminant
[7]
[8]
function index (DFI) , the Glasgow AH score (GAHS) ,
the age- bilirubin- international normalized ratio (INR)
[9]
[10]
- creatinine (ABIC) score , the Lille score
and the
[11]
model for end-stage liver disease (MELD) . Among
the many scoring systems, the DFI is the most used.
A score higher than 32 in the DFI is considered as a
severe AH and mortality rates are close to 65% at 28
[8,12]
d
. Also, DFI allows identifying patients who may
[13]
benefit from treatment with steroids . However, some
studies have shown that the cut-point of 32 of DFI could
be inaccurate and higher cut-offs have been proposed
[12,14]
(from 37 to 44)
.
Although MELD score was designed for evaluation
[15]
of patients awaiting liver transplantation , its use has
been expanded and now, is used as a prognostic scale in
[16,17]
[18]
various liver diseases such as AH
, viral hepatitis ,
[19]
[20]
hepatocellular carcinoma and autoimmune diseases .
As hyponatremia is associated with poor prognosis in
cirrhosis, inclusion of serum sodium (Na) into the MELD
(MELD-Na) was found to improve its predictive value in
[21,22]
chronic liver diseases
. MELD-Na is more efficient
than MELD to identify subjects with poor outcome and
significantly increase the efficacy of the score to predict
[22]
waitlist mortality .
Several studies have examined the use of MELD in
[12,16,17,23,24]
assessing the severity of AH
and sensitivity
and specificity in predicting 30-d mortality ranges from
75% to 86%. Few studies, have evaluated the usefulness
[24-26]
of the MELD-Na in AH
and results are controversial.
As sodium abnormalities are close related to end stage
liver disease conditions such as ascites and hepatorenal
syndrome (HRS), we hypothesize that MELD-Na is
better to predict short-term mortality in patients with AH
compared to the Maddrey DFI (the most used score).

under the curve (AUC) was 0.763 (95%CI: 0.63-0.89)
for Maddrey DFI and 0.784 for MELD-Na (95%CI:
0.65-0.91, P = 0.82). For 90-d mortality AUC was 0.685
(95%CI: 0.54-0.83) for Maddrey DFI and 0.8710 for
MELD-Na (95%CI: 0.76-0.97, P = 0.041).
CONCLUSION: AH is associated with high shortterm mortality. Our results show that MELD-Na is a
more valuable model than DFI to predict short-term
mortality.
Key words: Alcoholic hepatitis; Model for end-stage
liver disease-Na; Maddrey; Mortality
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Alcoholic hepatitis (AH) is a severe condition
associated with high mortality. The model for end-stage
disease (MELD) score is widely used to predict mortality
in end-stage liver disease, and the addition of sodium
(MELD-Na) increase its utility. However, few studies
have evaluated the utility of MELD-Na in AH. In this
study, we found that MELD-Na is useful for predicting
90-d mortality in patients with AH and preserve
prognostic advantage over Maddrey discrimination
function index score. It represents a valuable tool to
stratify patients by risk, however further studies are
required to validate the prognostic utility of MELD-Na
score in patients with AH.
Amieva-Balmori M, Mejia-Loza SMI, Ramos-González R,
Zamarripa-Dorsey F, García-Ruiz E, Pérez y López N, JuárezValdés EI, López-Luria A, Remes-Troche JM. Model for end-stage
liver disease-Na score or Maddrey discrimination function index,
which score is best? World J Hepatol 2015; 7(17): 2119-2126
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i17/2119.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i17.2119

MATERIALS AND METHODS
Patients and procedures

INTRODUCTION

We prospectively identified 52 patients admitted to
our Gastroenterology Service (Hospital Juarez de
Mexico, Mexico City, Mexico) between March 2011 and
March 2013, with a diagnosis of AH and history of long
alcohol consumption. The patients were diagnosed
with AH based on the following clinical and biochemical
characteristics: excessive alcohol consumption (> 100 g/d)
at least 2 mo prior to admission, serum total bilirubin
level above 5 mg/dL, aspartate/alanine aminotransferase
ratio above 2, aspartate aminotransferase level below
300 IU/mL, history of longstanding alcoholism, and
finally the absence of a coexistent primary cause of
liver disease, such as viral hepatitis, drug induce liver
diseases, non-alcoholic hepatitis, autoimmune hepatitis
and hepatocellular carcinoma. Only patients with
laboratory values available within 24 h of admission
were included.

It is estimated that 6% of the Mexican population
is dependent on alcohol which equals to 4.9 million
[1]
people . Chronic alcohol consumption is the leading
cause of liver failure in our country, and alcohol intake
> 120 g/d is a factor associated with the development
[1-3]
of alcoholic hepatitis (AH) . AH was first described by
Gordon Beckett in 1961 and clinical description of the
[4]
syndrome is still valid after 50 years . This entity is an
acute form of alcohol induced liver injury that is seen in
patients who consume large quantities of alcohol during
a prolonged period of time. Its spectrum is wide and
ranges from a silent disease to fulminant liver failure
with a high mortality rate. Patients with severe AH have
[5,6]
been reported to have 30-d mortality up to 50% .
Therefore, assessment of the disease severity
becomes an important and practical issue for clinicians
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Data collection

[27]

McNeil using MedCalc version 9.3.0.0. (Medisoftware,
Mariakerke, Belgium). From ROC curves coordinates,
cut-off points with best sensitivity and specificity of
the different scores were determined. A P value less
than 0.05 was considered statistically significant.
Statistical interpretation of data was performed using
statistical package for social sciences (SPSS) version
16.0 for Windows (SPSS, Inc., Chicago, Illinois, United
States). The Institutional Review Board and the Ethics
Committee approved this study.

The following data were obtained for all patients: age,
sex, history of alcohol consumption, clinical complications
at admission and during hospitalization [ascites, hepatic
encephalopathy, renal failure (as defined as serum
creatinine ≥ 1.5 mg/dL), HRS, bacterial infections
and gastrointestinal bleeding]; length of hospital stay,
treatment received and cause of death. The analytical
parameters at admission or within 48 h of admission
included serum glucose, cholesterol, triglycerides, sodium,
albumin, aminotransferases, bilirubin and creatinine
levels, blood urea nitrogen, INR, leukocyte count, neutro
phil count, platelet count, and hematocrit.
Short-term mortality was assessed at 30 and 90
d. The Child-Turcotte-Pugh (CTP) score was calculated
for all patients regardless the presence or absence of
cirrhosis. Medical treatment was also assessed. Both,
Maddrey DFI and MELD-Na scores were based on
clinical and laboratory parameters collected at the time
of diagnosis of AH. Maddrey DFI was calculated using
the formula: DFI = 4.6 × (PTsec-control PTsec) + serum
total bilirubin in mg/dL. MELD-Na score was calculated
using the formula: 3.8 (log bilirubin mg/dL) + 11.2 (ln
INR) + 9.6 (ln creatinine mg/dL) + 6.4 + 1.59 (135 Na). Maddrey DFI and MELD-Na scores higher than 32
and 21, respectively, were considered as a more severe
[6,8]
disease and associated with poor outcomes . Patients
received oral corticosteroids if they met the following
criteria: a modified Maddrey’s DFI > 32 or hepatic
encephalopathy at admission, recent onset of jaundice,
and biochemical changes suggestive of AH. Prednisone
was given orally (40 mg/d) for 4 wk followed by a taper
of 2-3 wk. Contraindications for corticosteroid treatment
were severe bacterial infections, renal dysfunction,
diabetes mellitus with poor metabolic control, and the
presence of acute gastrointestinal bleeding. For those
patients, pentoxifylline was prescribed 400 mg thrice/d.

RESULTS
Fifty two subjects met the inclusion criteria. Forty eight
patients (92%) were males, and mean age was 42.8 ±
8.7 years. Mean alcohol consumption per day was 283
g and mean days of continuous alcohol consumption
prior to admission was 24 d. Thirty eight patients (73%)
developed ascites and 24 (46%) encephalopathy. A
concomitant infection process was detected in 16 (31%)
of the patients; 7 (44%) had a urinary tract infections
and 5 (31%) spontaneous bacterial peritonitis, and 4
(25%) had both urinary tract infection and spontaneous
bacterial peritonitis. At admission mean MELD score
was 30.8 ± 3.3, MELD-Na was 27.5 ± 7.7 (range, 12
to 48) and Maddrey DFI values was 79.7 ± 54 (range,
13 to 321). Specific treatment for AH was used in 75%
(n = 39) of patients: pentoxifylline was used in 48% (n
= 25), prednisone alone was used in 17% (n = 9), and
10% (n = 5) received prednisone in combination with
pentoxyfylline.
Mortality rate at 30 d was 44% (n = 23), and the
attributable causes were: multiple organ failure in 44% (n
= 10), renal insufficiency from HRS in 44% (n = 10) and
gastrointestinal hemorrhage in 13% (n = 3). Mortality
rate at 90 d was 57.6% (n = 30) and multiple organ
failure occurred in 47% (n = 13), renal insufficiency
from HRS in 40% (n = 12) and gastrointestinal
hemorrhage in 13% (n = 5). The variables that were
significantly associated with 30-d and 90-d mortality in
the univariate analysis are presented in Tables 1 and 2.
Lower sodium levels (P = 0.019), higher total
bilirubin levels (P = 0.018), higher creatinine levels (P =
0.001), Child class C (P = 0.023), development of HRS
(P = 0.001) and a higher MELD-Na (P = 0.003) were
significant factors associated with 30-d mortality. Lower
sodium levels (P = 0.03), higher total bilirubin levels
(P = 0.009), higher creatinine levels (P = 0.01), higher
INR (P = 0.002), higher prothrombin time (P = 0.0003),
lower cholesterol levels (P = 0.01), Child class C (P =
0.05), development of HRS (P = 0.05) and a higher
MELD-Na (P = 0.01) were significant factors associated
with 90-d mortality. Treatment with specific medication,
development of infections or gastrointestinal bleeding
did not influence survival.
In the multivariate logistic regression, HRS was the
strongest and independent predictor of mortality at
30-d (P = 0.001). MELD-Na was a predictor of mortality
at 90-d (P = 0.036) (Table 3). No additional variables

Statistical analysis

Continuous variables were expressed as means with
standard deviation and range. Categorical variables
2
were expressed with percentage. χ analysis was
used to compare categorical variables, and continuous
variables were analyzed using the Student t-test and
Mann-Whitney. The primary end point was death from
any cause at 30 and 90 d from hospital admission. With
the significant prognostic variables obtained from the
univariate analysis, multivariate logistic regression was
carried out using forward selection model.
The accuracy of the MELD-Na score was compared
with the Maddrey DFI score, through the analysis of
their area under the receiver operating characteristic
(AUROC) curve. Receiver operating characteristic (ROC)
curves were generated to assess the prognostic utility of
Maddrey DF and MELD score, evaluated by their ability
to rank patients according to the risk of mortality at 30
and 90 d. An AUROC value of > 0.70 was considered
clinically relevant. Comparison between AUROC
curves was performed by the method of Hanley and
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Table 1 Univariate analysis between survived and deceased patients at 30 d
Survived (n = 29)

Variables
Demographic
Age (yr)
Alcohol consumption per day (g/d)
Male, n (%)
Laboratory parameters at admission
White blood cell counts (103/μL)
Glucose (mg/dL)
Sodium (mmol/L)
Total bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
γGT (IU/L)
Alkaline phosphatase (IU/L)
Creatinine (mg/dL)
INR
Prothrombin time (s)
Albumin (mg/dL)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
Calcium (mg/dL)
Clinical manifestations at admission
Ascites, n (%)
Child status
Grade B, n (%)
Grade C, n (%)
Encephalophaty, n (%)
None
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Hepatorenal syndrome, n (%)
Severity of liver disease at admission
MELD-Na score
Maddrey DFI
MELD

Deceased (n = 23)

P

40 ± 9.6
291 ± 140
28 (97)

44 ± 12
302 ± 159
20 (87)

0.114
0.809
0.222

17362 ± 9807
102 ± 49
132 ± 6
17.3 ± 8.9
172 ± 111
66.9 ± 40.5
369 ± 254
254 ± 109
1.61 ± 1.5
2.05 ± 0.6
23.14 ± 8.1
2.8 ± 0.5
150.8 ± 68
222 ± 122
7.9 ± 0.7

21772 ± 10131
102 ± 61
128 ± 6
23.6 ± 9.4
189 ± 93
71.5 ± 33
291 ± 183
222 ± 112
3.5 ± 2.5
2.49 ± 1.48
27.2 ± 11.2
2.5 ± 0.6
116 ± 53
230 ± 178
7.5 ± 1.1

0.11
0.987
0.019a
0.018a
0.55
0.66
0.282
0.344
0.001a
0.079
0.142
0.73
0.081
0.869
0.10

25 (86)

22 (95)

0.468
0.023a

6 (20)
23 (80)

0
23 (100)

13 (45)
4 (14)
8 (28)
4 (14)
5 (17)

7 (30)
5 (22)
10 (43)
1 (4)
14 (61)

0.001a

31.9 ± 6
93 ± 53.8
25.1 ± 2.9

0.003a
0.08
0.79

0.335

25.5 ± 8
69.4 ± 42
32.1 ± 6.5

a

P < 0.05 vs survived patients at 30 d. MELD: Model for end-stage liver disease; DFI: Discrimination
function index; INR: International normalized ratio; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; γGT: Gamma glutamyl transpeptidase.

Mexico and it has been estimated that alcohol related
liver diseases (ALD) are responsible to approximately
[28]
9% of all diseases in Mexico . A subset of patients
with ALD will develop severe AH (AH), which has a
[29]
substantially worse short-term prognosis . The true
prevalence is unknown, but histologic studies of patients
with ALD suggest that AH may be present in as many
[30,31]
as 10%-35% of hospitalized alcoholic patients
.
Although a recent publication reported that the
inpatient mortality rate in AH has decreased in the
United States (from 10.07% in 2002 to 5.76% in 2010),
in this cohort of Mexican patients with AH we found
a high mortality rate, 44% at 30 d and 57.6% at 90
[32]
d . Our results are similar to that reported in a recent
multicentric study in Mexico in 175 patients with AH,
where overall and 90-d mortality rate were 36% and
[3]
51%, respectively . Similar to other cohorts, we found
that most common causes of mortality were portal
hypertension and HRS. This increased mortality rate
could be explained by socioeconomic factors, quality of
health services, higher amount of alcohol consumption
[3,29]
in Mexican patients, as well as genetic factors
. For

increased the predictive accuracy of MELD-Na (bilirubin,
INR, and creatinine, as factors included in Maddrey DF
and/or MELD score, were excluded from the analysis).
A clinical utility analysis was performed using the
pre-established cut-off values for Maddrey DFI and
MELD-NA (> 32 and > 21, respectively) and considering
death at 30 and 90 d as the outcome. Sensitivity,
specificity, positive predictive values, negative predictive
values and accuracy are shown in Table 4. Receiver
operating characteristic curves were created in order
to estimate the predictive accuracy of the different
scores to evaluate 30-d and 90-d mortality (Figure
1). For 30-d mortality the area under the curve (AUC)
was 0.763 (95%CI: 0.63-0.89) for Maddrey DFI and
0.784 for MELD-Na (95%CI: 0.65-0.91, P = 0.82). For
90-d mortality the AUC was 0.685 (95%CI: 0.54-0.83)
for Maddrey DFI and 0.8710 for MELD-Na (95%CI:
0.76-0.97, P = 0.041).

DISCUSSION
Excessive alcohol consumption is a social problem in
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Table 2 Univariate analysis between survived and deceased patients at 90 d
Survived (n = 22)

Variables
Demographic
Age (yr)
Alcohol consumption per day (g/d)
Male, n (%)
Laboratory parameters at admission
White blood cell counts (103 /μL)
Glucose (mg/dL)
Sodium (mmol/L)
Total bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
γGT (IU/L)
Alkaline phosphatase (IU/L)
Creatinine (mg/dL)
INR
Prothrombin time (s)
Albumin (mg/dL)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
Calcium (mg/dL)
Clinical manifestations at admission
Ascites, n (%)
Child status
Grade B, n (%)
Grade C, n (%)
Encephalophaty, n (%)
None
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Hepatorrenal syndrome, n (%)
Severity of liver disease at admission
MELD-Na score
Maddrey DFI
MELD

Deceased (n = 30)

P

41 ± 9
284 ± 148
21 (95)

44 ± 11
303 ± 143
27 (90)

0.27
0.584
0.94

284 ± 148
108 ± 59
133 ± 5
16 ± 8
192 ± 137
103 ± 150
577 ± 656
281 ± 91
2 ± 1.8
2 ± 0.4
19 ± 4
3 ± 0.5
176 ± 90
240 ± 163
7.9 ± 0.8

303 ± 143
99 ± 49
129 ± 6
22 ± 10
177 ± 84
67 ± 39
399 ± 480
211 ± 105
3 ± 2.11
3 ± 1.3
28 ± 12
3±5
119 ± 51
226 ± 162
7.3 ± 1.5

0.584
0.55
0.03a
0.009a
0.61
0.24
0.29
0.01a
0.01a
0.002a
0.0003a
0.54
0.01a
0.76
0.28

19 (86)

28 (93)

8 (37)
14 (63)
0 (0)
10 (45)
8 (37)
4 (18)

3 (10)
27 (90)

0.71
0.05a

5 (22)

0 (30)
3 (10)
19(63)
8 (26)
16 (53)

0.106

0.05a

24.95 ± 8
68.5 ± 42
22.1 ± 7.5

30.9 ± 7.79
88.3 ± 48.6
23.1 ± 3.1

0.01a
0.12
0.28

a

P < 0.05 vs survived patients at 90 d. MELD: Model for end-stage liver disease; DFI: Discrimination
function index; INR: International normalized ratio; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; γGT: Gamma glutamyl transpeptidase.

(ADH1B and ALDH2) and a high frequency of CPY2E
c2polymorphic allele, which result in increased enzymatic
activity,augmented acetaldehyde production, and more
[33,34]
severe liver damage
.
Many strategies have been used to predict morbidity
and mortality in AH allowing a better medical support
for those very ill patients. Such strategies include the
search for single parameters (i.e., alkaline phosphatase)
or the development of scoring systems like the Maddrey
[20-24]
DFI, the GAHS, the ABIC, the Lille score and MELD
.
According to our results we propose that MELD-Na is
also a useful scoring system to predict severity in AH.
Although several studies have explored the clinical
utility of severity scores in AH, results are variable. For
[35]
example, Lafferty et al
in a cohort of 182 patients
prospectively evaluated GAHS, MELD, ABIC and DFI
scores anddid not found differences in the outcome
among them. Other studies have focused in the specific
use of MELD in evaluating the severity of AH. Dunn
[11]
et al
in a study with 73 patients with AH found
that a MELD score of 21 had the highest sensitivity
and specificity to predict mortality at 30 and 90 d. In

Table 3 Variables with significance in the multivariate logistic
regression analysis

30-d mortality
MELD-Na
Maddrey DFI
Bilirubin
Creatinine
INR
Hepatorenal syndrome
90-d mortality
MELD-Na
Maddrey DFI
Bilirubin
Creatinine
INR

Significance

Odds ratio

95%CI

0.11
0.14
0.45
0.38
0.41
0.001

1.25
1.14
0.7
0.31
0.78
11.5

0.78-1.7
0.82-3.04
0.47-3.6
0.74-1.98
0.68-1.52
2.7-48.11

0.036
0.09
0.23
0.35
0.17

1.19
1.03
0.67
0.37
0.272

1.06-1.232
0.87-1.86
0.65-3.56
0.8-4.2
0.78-2.6

MELD: Model for end-stage liver disease; DFI: Discrimination function
index; INR: International normalized ratio.

example, several studiesin Mexican-American and
Mestizo populations have identified a virtual absence
of some of the alcohol “protective” genes variations
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30 d mortality rate
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Figure 1 Comparison of Maddrey discrimination function index and model for end-stage liver disease-Na in predicting mortality at 30 and 90 d in alcoholic
hepatitis. For 30-d mortality the area under the curve (AUC) was 0.763 for Maddrey DFI and 0.784 for MELD-Na (P = 0.82). For 90-d mortality the AUC was 0.685 for
Maddrey DFI and 0.8710 for MELD-Na (P = 0.041). MELD: Model for end-stage liver disease; DFI: Discrimination function index.

Table 4 Clinical utility analysis at 30 and 90 d to predict mortality %
Sensitivity
Maddrey DFI > 32
Mortality at day 30
Mortality at day 90
MELD-Na > 21
Mortality at day 30
Mortality at day 90

Specificity

Positive predictive value

Negative predictive value

Accuracy

96
93

21
22.7

53
62.2

86
71.4

57
63.5

85
87

31
40

53
66

69
69

57.1
67.3

MELD: Model for end-stage liver disease; DFI: Discrimination function index.

[17]

[24]

contrast, Monsanto et al in a small sample size (n =
45) and retrospective study found that Maddrey DFI was
a more valuable model to predict short-term mortality
in patients with AH. Recently, a prospective study in 47
subjects with AH, found that both the MELD score and
the Maddrey DFI score at admission were strong and
equally good predictors of 28-d mortality in patients with
[16]
AH . However, in this study the optimal Maddrey DFI
cut off point corresponding to the optimal MELD score
was higher than the conventional one and the authors
propose that MELD score may be used as an alternative
[17]
to DFI score for predicting short-term mortality in AH .
Three previous studies have compared the ability
of MELD-NA to predict mortality compared to other
[24-26]
scores
. The first study, a small sample size study
from the Mayo Clinic, showed that MELD-Na was a
better predictor of 180-d mortality than MELD in patients
[26]
with ascites . In another study, Kasztelan-Szczerbinska
[25]
et al compared Maddrey DFI, CPT, GAHS, ABIC MELD
and MELD-Na in 116 subjects with AH and no statistically
significant differences in the models’ performances
were found. Specifically for MELD-Na, the AUC was
0.83 to predict mortality at 90 d, similar to our findings.
In a more recent study, nine scoring models were
compared in 71 biopsy-proven patients with AH and
all models showed excellent negative predictive values
and MELD modifications incorporating sodium did not
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confer any prognostic advantage over classical MELD .
Interestingly, in this cohort the 30-d mortality and 90-d
mortality rates were lower compared to other studies
(14.1% and 19.7%, respectively). Also the authors did
not report the incidence of ascites and HRS.
Hyponatremia is a common clinical problem in
patients with end stage liver disease, and has a close
relationship with portal hypertension, ascites and HRS.
Low sodium levels are related to the impairment of
renal solute-free water excretion most likely due to
an increased vasopressin secretion, which results in
increased sodium retention and reduced renal free water
clearance, which predispose to life threatening conditions
[36]
in the cirrhotic such as HRS and refractory ascites .
Also, hyponatremia represents an independent risk
factor for brain edema, a fatal complication of acute liver
[37,38]
failure
. Interestingly, we found that low sodium levels
were associated with mortality at 30 and 90 d. Also,
HRS was associated to mortality in the univariate and
multivariate analysis. Thus, for us, was not surprisingly
that MELD-Na had better clinical utility performance and
ability to predict mortality at 90 d compared to Maddrey
DFI.
We need to acknowledge that although we showed
that MELD-Na is a useful tool to predict mortality, the
treatment provided to our patients did not influence in
their survival. Currently, corticosteroids or pentoxifylline

2124

August 18, 2015|Volume 7|Issue 17|

Amieva-Balmori M et al . MELD-Na vs Maddrey in alcoholic hepatitis
current form.

are the main pharmacological treatment options; though
the outcomes from the therapies are poor. Because of
the limitations in the therapeutic options, it is no doubt
that there is a critical need for the newer and more
effective.
Other limitations that should be acknowledge
include: a small sample size, some patients with sus
pected AH could not be included in the final analysis
because they had incomplete laboratory parameters
at admission, lack of comparison with other models
that have been shown utility in Mexican population
[3]
such as ABIC and histological diagnosis of AH was
not confirmed. However, several studies have shown
that diagnosis of AH is confirmed in almost 80% of
the suspected cases when high levels of recent alcohol
consumption is confirmed and histological confirmation
[39,40]
is not required
. Intriguingly, we did not find that
encephalopathy, ascites and CPT were associated with
mortality. However this finding is probably related with
the power in our small sample size. Finally, although we
found a better performance for MELD-Na to predict 90 d
mortality, the clinical relevance of our findings should be
assessed in future prospective, multicentric and larger
sample size studies.
In conclusion, AH, is associated with high shortterm mortality. We found that MELD-Na is useful for
predicting 90-d mortality in patients with AH and
preserve prognostic advantage over Maddrey DFI score.
It represents a valuable tool to stratify patients by risk,
however further studies are required to validate the
prognostic utility of admission MELD-Na score in patients
with AH.
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EDITORIAL

Three decades of hepatitis B control with vaccination
Liliane C Meireles, Rui Tato Marinho, Pierre Van Damme
Liliane C Meireles, Rui Tato Marinho, Department of Gastroen
terology and Hepatology, Centro Hospitalar Lisboa Norte,
1649-035 Lisbon, Portugal

Published online: August 28, 2015

Pierre Van Damme, Centre for the Evaluation of Vaccination,
Vaccine and Infectious Disease Institute, University of Antwerp,
2610 Antwerp, Belgium

Abstract
Hepatitis B virus (HBV) continues to represent a major
health problem and can lead to acute liver failure, acute
hepatitis, chronic carriership, chronic hepatitis of HBV,
liver cirrhosis, liver cancer, liver transplantation and
death. There is a marked difference in the geographic
distribution of carriers. More than 240 million people
worldwide are chronic HBV carriers. Mother-to-child
transmission remains the most important mechanism
of infection in countries with a high prevalence of HBV.
Percutaneous/parenteral transmission and unsafe sexual
practices are important mode of spread transmission
of HBV in other countries. Vaccination against HBV is
the gold measure for primary prevention and control of
the disease. Currently, 179 countries have added HBV
vaccination to their routine vaccination programs with
great results. Neonatal immunization with HBV vaccine
has been one of the most highly effective measures in
public health and the first anti-cancer program to be
launched. In this paper we review the achievements for
the last three decades.
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Core tip: It is now 50 years since the discovery of the
hepatitis B virus (HBV). Effective vaccines have been
available since the 80s and vaccination has proved
to confer lifelong protection against hepatitis B and
was highly successful in reducing the disease burden.
However, the occurrence of breakthrough infections,
the immunological effect of natural boosting and
the effectiveness of universal hepatitis B vaccination
remains a challenge. The fight against HBV is not over
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yet, but the broad use of vaccination is the cornerstone
and the most important measure to control HBV and all
its consequences.

VACCINATION-GLOBAL PERSPECTIVEHISTORY OF SUCCESS
It has been 50 years since the discovery of the HBV,
and, despite the availability of a prophylactic vaccine
for about 30 years, HBV remains a disease of signifi
[15]
cant worldwide and global health burden . For the
occurrence of infection with HBV, we need: an infectious
source, a susceptible host, and an established route
of transmission. HBV is not entirely cytopathic; both
liver damage and viral control depend on the complex
interplay between virus replication and host immune
response.
Humans are the only significant reservoir of HBV,
so a comprehensive control strategy could eventually
[3]
lead to the eradication of the virus . A major obstacle
to the introduction of HBV vaccination has been the
high cost of HBV vaccines-but this cost has decreased
due to economies of scale, local production of vaccines,
competition among vaccine manufacturers, involvement
of donors and bulk discounts obtained by the WHO
permitting many developing countries to initiate HBV
vaccine programs. The price of monovalent vaccine for
developing countries has decreased from United States
$3.00 per dose in 1990 to United States $0.30 per dose
[16]
in 2001 .
In the eighties, the vaccine was considered for use
only in high risk individuals for acquiring HBV infection.
The recognition of HBV as a serious disease burden and
the availability of safe and effective HBV vaccines led
WHO in 1991 to set 1997 as the target for integrating
the HBV vaccine into national immunization programs
[17]
worldwide . WHO added a disease reduction target
for HBV in 1994, calling for an 80% decrease in new
[1]
HBV carrier children by 2001 . Progressively, it has
become more widely used and recommendations for
HBV vaccination have been extended to all infants in
an attempt to achieve protection against HBV infection.
[18]
It is the so called universal vaccination . In spite
of these recommendations, 6 countries in Northern
Europe (Denmark, Finland, Iceland, Norway, Sweden,
and the United Kingdom) have yet to implement such a
[4,19]
policy
.
Currently available HBV vaccines are extremely safe
and have an efficacy of > 90% and are effective against
all HBV serotypes and genotypes. The vaccination
coverage is measured only after the completion of the
third dose of vaccine.
In Asia, for example, HBV vaccination has been
recommended for all neonates in China since 1992
and the Hepatitis B Immunization Project was initiated
in 2002. The immunization coverage with three doses
of vaccine increased from 71% in 2002 to 93% in
[20]
2009 among infants . The surface antigen (HBsAg)
prevalence in the general population decreased to 7.2%
in 2006. This impact was more significant in children.
In addition, the administration of the HBV vaccine have
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INTRODUCTION
Hepatitis B is a major global health problem, that can
cause chronic liver disease and it is associated to a high
risk of death from cirrhosis and hepatocellular carcinoma
[1,2]
(HCC) . Hepatitis B virus (HBV) is an oncogenic virus
according World Health Organization (WHO). Roughly
30% of the world’s population (more than 2 billion
people) show serological evidence of current or past
infection and among them 240 million are chronic
HBV carriers with an incidence of 500000-700000 per
[3-8]
year . Adults who have had a chronic HBV infection
since childhood develop HCC at a rate of 5% per decade,
which is 100-300 times the rate among uninfected
[3]
people . HBV is a worldwide infection but there is a
marked difference in the geographic distribution of
carriers. Southeast Asia and Sub-Saharan Africa has one
of the world’s highest rates of HBV carriership ranging
from 10% to 20%, while it is less than 1% in Northern
[1,3,9]
Europe and America
.
In areas of high endemicity, the infection is often
acquired during the preschool years. HBV is found not
only in blood but also in saliva, semen and vaginal
secretions, all of which are capable of transmitting
the virus. The most common route of transmission
is perinatal in Asiatic countries and horizontal during
[3]
childhood in African countries . Other routes of trans
mission are transfusions of infected blood products,
contaminated injections, sharing of needles among
injecting drug users, unsafe sexual practices and intra
familial transmission involving non-sexual interpersonal
[10,11]
contact over a long period of time
. It is estimated
that 33% of the 16 billion annual injections administered
worldwide, are unsafe, leading to approximately 20
[12,13]
million new HBV infections each year
.
Despite advances in antiviral therapy, the primary
prevention by vaccination is the gold measure of public
health and the most cost-effective. Over the past 30
years, there were investments in primary prevention
to increase coverage of the universal vaccination pro
[1,12]
grams and consequently the herd immunity
. Due to
successful vaccination programs, the epidemiology of
[14]
HBV disease have been changing . Thus, the burden
of HBV infection for health systems can potentially be
controlled through global vaccination.
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reduced the risk of HCC among adults, nevertheless up
to 10% of the adult population remain chronic carriers
of HBV and prevention of HCC and cirrhosis remains a
[3,20-23]
challenge for China
.
Another history of success: prior to universal
vaccination, Taiwan used to be a high endemic area
for HBV, around 90% of the population aged 40 years
were estimated to have been infected with HBV. At
that time, about 15%-20% of the adult population was
estimated to be HBV carriers. Chronic HBV is responsible
for about 80% of liver cirrhosis and HCC, which are
[18,24]
among the leading causes of mortality in Taiwan
.
The vaccination of newborns of carrier mothers was
implemented in 1984 and extended to all neonates
in 1986. At the start of the program, the HBV carrier
rate among children younger than 15 years of age
[25]
was 9.8% . Almost 30 years after the introduction
of universal vaccination, the prevalence of HBsAg has
decreased to 0.9%.
Before 1984, Alaska was an area with high HBV
endemicity. However, as a consequence of the intro
duction of universal newborn HBV vaccination in 1984,
the region was re-classified after 2000 as intermediate
[18,26]
endemic
. Alaska is a world and happy case study for
HBV vaccination and a real life history of success: all the
consequences of HBV has been reduced: acute hepatitis
B, chronic carriers, and HCC in children under 20 years
of age.
In Africa, in the 1980s, HBsAg carriage in Gambia
was 10% in children and 15% in adults. The annual
incidence of HCC was 23/100000 population. The HBV
vaccination was introduced gradually between 1986
and 1990. Studies conducted in 2008 have shown a
vaccination coverage rate of 92%. The prevalence of
[18]
HBsAg has been reduced to 1% .
In Europe, in 1980, in Catalonia, it is estimated
that 1% of the population was chronic HBsAg carriers.
Vaccination of newborns of HBsAg positive mothers and
other risk populations was started in 1984. In 2002,
universal HBV vaccination of children was included
in the program. Between 1992 and 2010, vaccine
coverage has been around 80%-90%. The reported
incidence of acute HBV has fallen by 61% between
[18]
1991 and 2001 .
The success of HBV vaccination has been clearly
demonstrated. The Global Alliance for Vaccines and
Immunisation recognizes that the effect of HBV vacci
nation in reducing the incidence of liver cancer result
[18]
in an impact on public health worldwide . Countries
that have adopted the recommendation had a marked
reduction in carrier rates as well as complications from
[27,28]
HBV including HCC
. This has been most evident in
regions with a high prevalence of chronic HBV infection.
At present, global HBV vaccine coverage is estimated at
75% and has reached 91% in the Western Pacific and
89% in the American, the largest decline in incidence
[14]
was seen in children .
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TYPES OF VACCINES
The first vaccines were plasma-derived, which contained
purified HBsAg obtained from the plasma of people with
[4]
chronic HBV infection . Derivation from plasma has
left some worries regarding the potential to transmit
[29]
blood infections . In the following years, yeast-derived
recombinant HepB vaccines have been developed by
[4,30]
cloning the HBV S gene in yeast cells
.
Currently, a mammalian cell-derived recombinant
vaccine was developed. We can distinguish three
vaccines of this class. One of these contain, in addition
to the S antigen, antigen from the pre-S2 region while
the other two contain antigens from the pre-S1 and
pre-S2 regions. A controlled trial shown that this class
of vaccine was associated with a better immunologic
[4]
response . Although this advantage, vaccines with
pre-S antigens are not widely available.
Currently recombinant DNA HBV vaccines are being
used for universal HBV immunization programs. Bearing
in mind that more than 1 billion doses of vaccine have
[12]
been used since 1982, the safety record is noteworthy .
HBV vaccines are not only available in monovalent
formulations that protect only against hepatitis B, but
also in combination formulations that protect against
HBV and several other disease: diphtheria, polio,
tetanus, pertussis, and Haemophilus influenzae type
B. The immunogenicity of these multivalent vaccines is
similar to that of the univalent vaccines. The multivalent
vaccines are commonly used in childhood immunization
programs and have greatly facilitated compliance and
[12]
reduced the cost . But ideally, the first dose of vaccine
should be given as soon as possible after birth (< 24 h)
in order to avoid early intrafamilial transmission which
is around 95%. When immunizing against HBV at birth,
only monovalent vaccine should be used.
Currently, WHO is evaluating the possibility to use
HBV vaccines “out of the cold chain” to minimize the
risk of freezing in order to improve vaccination efficacy
[12]
and reduce the costs .

EFFICACY
Impact in complications

Hepatitis B is self-limited in most adult patients with
acute infection. Meanwhile 1%-2% of patients progress
to fulminant hepatic failure, and < 10% progresses to
chronic infection. Chronic HBV infection can lead to liver
cirrhosis, hepatic decompensation (ascites, variceal
bleeding, hepatic encephalopathy, and spontaneous
bacterial peritonitis), HCC, and premature death. The
rate of progression from acute to chronic HBV infection
is reported to be 90% in newborns and 5%-10% in
adults. The progression of acute hepatitis B to chronic
hepatitis is greater in Western countries. The different
rates of chronicity are supposed to be attributable to the
[31]
different distribution of HBV genotypes .
As many as 25% of HBV-infected patients will
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and not recommended by WHO, center for disease
control or prevention or viral hepatitis prevention board.
When estimating how long protection is needed, it is
important to consider the periods with a high risk of
exposure to HBV and increased chances for chronic
evolution of an acute infection. The neonatal period
and childhood constitute the high risk period, because
it more likely evolves towards chronicity than infections
later in life. The next high risk periods of exposure are
adolescence, in which the onset of sexual activity is
rising the risk of transmission.
Based on the current scientific evidence, there is
consensus that there is no need to administer booster
doses of vaccine to ensure long-term protection in
immunocompetent subjects. A booster dose can be
provided to non-responders and exceptionally to
some high-risk individuals (e.g., healthcare workers,
couples of chronic carriers). However, more longterm
data regarding the actual risk of acquiring HBV
infection among individuals who completed a course
of vaccination are needed before recommendations on
booster dose administration can be formulated.
While most recipients of three doses of currently
available HBV vaccines produce a strong, protective and
long-lasting anti-HBs response, 5%-10% of healthy
adults do not produce protective levels of anti-HBs, and
can be considered non-responders. Several factors,
such as inappropriate vaccine storage conditions,
administration not following the recommendations, age,
body mass index, chronic alcoholism, cirrhosis or chronic
renal failure, immune-suppression, organ transplant
recipients, chronic hemodialysis, typeⅠ diabetes, celiac
disease and smoking, drug abuse or infections at the
time of vaccination, have been found to be associated
with a lower rate of response. Genome-wide association
study (GWAS) has been developed to systematically
investigate the associations between polymorphisms
and polygenic inheritance disorders. It has been
demonstrated a possible genetic predisposition to
vaccine non-responsiveness likely due to the presence
of specific human leukocyte antigen (HLA) haplotypes
and specific single nucleotide polymorphism (rs497916,
rs3922, rs676925 and rs355687) in genes of cytokine/
cytokine receptors and toll like receptors. GWAS reported
that genetic variants in HLA-DP, HLA-DQ, HLA-DR in
[40,41]
fluence response to vaccination
.
The problem of unresponsiveness could represent depending on the size of the problem - a global health
issue, because the group of non-responders could
[42]
be considered as a reservoir of HBV-susceptibility .
Luckily, with universal programs starting at birth or
infancy, the rate of non-response very low.
Persons unresponsive to a first series of three doses of
vaccine are recommended to complete a second course of
vaccine. Non-responders to the second course should be
evaluated for underlying chronic HBV infection. Another
approach, to improve the effectiveness of vaccination, it is
[41]
to administer the vaccine intradermally .
Vaccine escape mutants are another problem that

Table 1 The proved benefits of hepatitis B vaccination
Reduction of incidence/prevalence
Acute hepatitis B
Fulminant hepatic failure
Chronic carrier
Chronic hepatitis B
Liver cirrhosis
Hepatocellular carcinoma
Comorbidities (vasculitis, neuropathy, cutaneous, personal stigma,
social discrimination)

develop HCC, which is the fourth most common solid
tumor worldwide. Between 500000 and 700000 people
die each year from chronic infection related cirrhosis,
[12]
HCC or from acute hepatitis B . Reduction in the
morbidity and mortality of HBV related HCC can been
achieved as a result of HBV vaccination, intensive
[32-34]
screening programs, and antiviral treatment
. The
benefits of vaccination are summarized in Table 1. HBV
vaccination has proven to be a safe and effective way of
protecting populations from developing clinical acute or
chronic HBV. The universal immunization led to a huge
reduction of the prevalence of HBV and the HBV-related
[6,35]
morbidity and mortality
. In fact HBV vaccine has
been the first vaccine with a triple target: to double viral
and one cancer prevention, i.e., HBV, hepatitis delta
and hepatocellular carcinoma. HBV is an oncogenic one,
according WHO.

Response to the vaccine

A positive immune response to the vaccine is defined
as the development of HBV anti-HBs at a titer of > 10
mIU/mL, after a complete and adequate immunization
schedule measured preferably 1 to 3 mo after the last
[18,36]
vaccine administration
.
Long-term follow-up studies of newborn vaccination
showed that antibodies become negative in 15%-50%
[4]
among the vaccine responders within 5 to 10 years .
The decline of HBV antibody titer seemed mainly to be
[4]
proportional to the antibody titer initially acquired . A
natural booster effect with activation of memory B cells,
due to environmental exposure to HBV, can contribute
to persistence of anti-HBs antibodies, particularly in
areas of high endemicity. The clinical significance of
the disappearance of specific antibodies in immuno
competent responders to previous vaccination remains
[4,18]
controversial
. Long-term protection is present
despite a decrease in anti-HBs antibodies over time.
The exact mechanism of long-term protection, however,
is not yet fully understood but it is probably due to the
priming of memory cells, which are capable of producing
anamnestic response when challenged. This means
that the immunological memory for HBsAg can outlast
[4,36]
antibody detection
.
Protection has been estimated to persist at least for
[24,36-39]
25 years after the primary vaccination schedule
.
Currently, decisions to offer a booster dose, based on
anti-HBs antibody titre < 10 mIU/mL, is controversial
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affects the response to the vaccine. Several mutations
in the S protein have been identified, and these mu
tations may evade neutralizing anti-HBs and infect
vaccinated people. The most widely reported escape
mutants was associated with a point substitution of
glycine by arginine residue at position 145 (G145R). The
vaccine-escape mutants are more common in countries
with high rates of endemic infection. Third generation
of vaccines may also be effective in preventing infection
with HBV containing a S-mutation. Nonetheless, the
prevalence of these mutants appears to be low and
reductions in the efficacy of HBV vaccine have not been
[41,43]
yet observed
.

achieve the goal of global eradication of HBV infection.
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EDITORIAL

Optimal surveillance program for hepatocellular carcinoma
- getting ready, but not yet
Grace Lai-Hung Wong

Abstract

Grace Lai-Hung Wong, Department of Medicine and Thera
peutics, 9/F Prince of Wales Hospital, the Chinese University of
Hong Kong, Hong Kong, China

Hepatocellular carcinoma (HCC) secondary to chronic
viral hepatitis is a major health problem in AsianPacific regions due to the endemics of chronic hepatitis
B and C virus infection. HCC surveillance has been
recommended to patients who are at risk to develop
HCC. Unfortunately, a significant proportion of patients
still died in long run due to tumor recurrence. The key
components of an optimal surveillance program include
an accurate tumor biomarker and optimal surveillance
interval. Serum alpha-fetoprotein (AFP), despite of
being the most widely used biomarker for HCC surve
illance, it was criticized as neither sensitive nor specific.
Other HCC biomarkers, including lectin-reactive AFP
(AFP-L3), des-gamma carboxyprothrombin, are still
under investigations. Recent study showed cancerassociated genome-wide hypomethylation and copy
number aberrations by plasma DNA bisulfite sequencing
to be accurate with both sensitivity and specificity
close to 90% in detecting HCC in a case-control study.
Concerning the optimal surveillance interval, we believe
one size does not fit all patients. Accurate risk prediction
to assist prognostication with well-validated HCC risk
scores would be useful to decide the need for HCC
surveillance. These key components of an optimal HCC
surveillance program should be further validated at a
surveillance setting.
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Core tip: The key components of an optimal surveillance
program include an accurate tumor biomarker
and optimal surveillance interval for hepatocellular
carcinoma (HCC). Cancer-associated genome-wide
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[9]

similar results . Hence the latest European guidelines
still commented that accurate tumor biomarkers for
early detection of HCC needed to be developed. Such
biomarkers (i.e., AFP, AFP-L3 and DCP) are indeed
[3]
suboptimal for routine clinical practice .
The dysregulated signaling pathways in HCC have
been under intensive study for both diagnostic and
[10]
therapeutic targets . Nonetheless, HCC often involves
heterogeneous pathogenesis such that multiple genes
are involved (Table 1). This made using a single or a few
genomic markers as HCC biomarker infeasible. Recently,
cancer-associated genome-wide hypomethylation and
copy number aberrations by plasma DNA bisulfite
sequencing has been found to be accurate with both
sensitivity and specificity close to 90% in detecting
[11]
HCC in a case-control study . The remaining issue
of such genomic sequencing is that it is rather costly
(approximately United States $10000 per assay).
Apart from further validation of these novel genomic
biomarkers in a surveillance setting, further optimization
of the assay to reduce the cost yet maintaining the
accuracy would be essential to make it applicable and
accessible to more patients.

hypomethylation and copy number aberrations by
plasma DNA bisulfite sequencing are two promising
genomic markers of HCC. Risk prediction by HCC risk
scores may assist prognostication and to decide the
optimal surveillance interval.
Wong GLH. Optimal surveillance program for hepatocellular
carcinoma - getting ready, but not yet. World J Hepatol 2015;
7(18): 2133-2135 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i18/2133.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i18.2133

INTRODUCTION
Hepatocellular carcinoma (HCC) secondary to chronic
viral hepatitis is a major health problem in Asian-Pacific
regions due to the endemics of chronic hepatitis B and
[1]
C virus infection . Antiviral therapy reduces the risk but
[2]
does not eliminate HCC . Therefore cancer surveillance
remains indispensable to patients who remain at
high risk despite antiviral therapy, namely those with
[3]
cirrhosis .

OPTIMAL SURVEILLANCE INTERVAL DOES ONE SIZE FITS ALL?

BENEFITS OF HCC SURVEILLANCE
It has been recommended to offer HCC surveillance to
patients who are at risk to develop HCC for almost a
[4]
decade . The surveillance program recommended at
that time was composed of the 6-mo trans-abdominal
ultrasonography and serum alpha-fetoprotein (AFP)
testing. HCC surveillance improves prognosis of patients
by identifying tumors of smaller sizes, fewer numbers
[5]
of tumors, and longer overall survival . Unfortunately,
nearly 40% of patients still died in 5 years even they
[5]
had received regular HCC surveillance . This implies
the current HCC surveillance is still far from perfect.

There would be much economic implication in many
low-to-middle economic countries if all patients at risk
of HCC received antiviral therapy together with HCC
surveillance. Therefore an accurate risk prediction would
be able to help prognostication, deciding on the need
for antiviral therapy as well as HCC surveillance. Several
well-established risk factors for HBV-related HCC include
advanced age, male gender, high viral load, cirrhosis.
These factors are the core components of three well[12]
[13]
validated HCC risk scores: CU-HCC , GAG-HCC and
[14]
REACH-B scores . These risk scores were confirmed
to be accurate in forecasting HCC up to 10 years in
patients with chronic hepatitis B (CHB) who were mostly
treatment-naïve.
Their validity and applicability have been recently
illustrated in a large cohort of patients receiving antiviral
[15]
treatment entecavir . A reducion in risk scores after
[15]
antiviral therapy renders to a lower risk of HCC . CUHCC score was further optimized with liver stiffness
[16]
measure (LSM) by transient elastography . This new
LSM-HCC score excludes future HCC with high negative
[16]
predictive value (99.4%-100%) at 5 years . All these
observations support to apply these HCC risk scores
in CHB patients. Levels of care and intensities of HCC
surveillance accordingly to the risk profile of patients
should be offered accordingly. Patients at intermediate
or high risk of HCC should receive regular HCC
[5,17]
surveillance, despite the use of antiviral treatment
.

THE PERFECT HCC BIOMARKER - DOES
IT EXIST?
The key components of the perfect surveillance program
include an accurate tumor biomarker and optimal
surveillance interval. Serum AFP is the most extensively
[3]
applied biomarker for HCC surveillance . However,
its low sensitivity (20% to 65%) and specificity (50%
to 94%) in discovering early HCC has resulted in
the latest American guidelines abandoning AFP but
using ultrasonography alone as the single surveillance
[6]
tool . Despite it has been recently demonstrated the
high specificity of AFP in patients receiving antiviral
[7]
therapy , it is well known that this commonly adopted
tumor marker remains suboptimal.
There have been a handful of HCC biomarkers,
e.g., lectin-reactive AFP (AFP-L3), des-gamma carbo
[8]
xyprothrombin (DCP), under investigations . Despite
some of the biomarkers appeared promising initially,
subsequent studies could not always reproduce the
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Table 1 Major cancer genes involved in the pathogenesis of
hepatocellular carcinoma
Gene

Type

Pathways

MYC
EGF

Oncogene
Oncogene

TGFA

Oncogene

Proliferation control
EGFR signaling
(mitogenic signaling)
EGFR signaling
(mitogenic signaling)
Wnt-signaling
PI3K/Akt/mTOR signaling
PI3K/Akt/mTOR signaling
Growth factor
Growth factor receptor
Growth factor receptor
Ras/MAPK signaling
Stress response,
cell cycle inhibition
Cell cycle
Cell cycle
Cell senescence

APC
PTEN
AKT
HGF
MET
PDGFR
RAS
P53
E2F1
CCND1
Telomerase

Tumor suppressor gene
Tumor suppressor gene
Oncogene
Oncogene
Oncogene
Oncogene
Oncogene
Tumor suppressor gene
Oncogene
Oncogene
Oncogene

6

7

8

9

10

Modified from Zender et al[10]. EGFR: Epidermal growth factor receptor;
MAPK: Mitogen-activated protein kinases; PI3K/AKT/mTOR: Phosphati
dylinositol 3-kinase/protein kinase-B/mammalian target of rapamycin.

11

program are getting ready. They should be further
validated at a surveillance setting in order to understand
how exactly they can benefit our patients. Data on the
cost-effectiveness of such a perfect HCC surveillance
program would be useful to our policy maker. The days
of HCC becoming a mostly curable disease are getting
closer and closer.

12

13
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REVIEW

From the stomach to other organs: Helicobacter pylori and
the liver
Marek Waluga, Michał Kukla, Michał Żorniak, Agata Bacik, Rafał Kotulski
pathogenesis of the diseases outside the stomach
and explored the significance of this bacterium in the
pathogenesis of some metabolic and cardiovascular
diseases. Recent studies have provided evidence that
H. pylori is also involved in the pathogenesis of some
liver diseases. Many observations have proved that H.
pylori infection is important in the development of insulin
resistance, non-alcoholic fatty liver disease, non-alcoholic
steatohepatitis, liver fibrosis and cirrhosis. The worsening
of liver inflammation of different origins also occurs
during H. pylori infection. Some studies have indicated
that H. pylori infection induces autoimmunological
diseases in the liver and biliary tract. The potential
significance of this bacterium in carcinogenesis is
unclear, but it is within the scope of interest of many
studies. The proposed mechanisms through which H.
pylori impacts the development of hepatobiliary diseases
are complex and ambiguous. The importance of other
Helicobacter species in the development of hepatobiliary
diseases is also considered because they could lead to
the development of inflammatory, fibrotic and necrotic
injuries of the liver and, consequently, to hepatocellular
carcinoma. However, many contrary viewpoints indicate
that some evidence is not convincing, and further
studies of the subject are needed. This review presents
the current knowledge about the importance of H. pylori
in the pathogenesis of liver and in biliary diseases.
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Core tip: Helicobacter pylori (H. pylori ) is generally
regarded as the risk factor of the development of
gastric diseases, including cancer. However, some
authors suggest that H. pylori infection can cause other
disorders, including liver diseases such as non-alcoholic
fatty liver diseases, non-alcoholic steatohepatitis, liver

Abstract
Many recent studies have examined the importance
of Helicobacter pylori (H. pylori ) infection in the
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This review searches for a connection between H. pylori
infection and certain liver diseases.

fibrosis, cirrhosis and hepatic carcinoma. The importance
of other Helicobacter species in the development of
hepatobiliary diseases is also considered. This review
examines the current knowledge on the impact of H.
pylori infection on the pathogenesis of liver and biliary
diseases and considers various points of view.

H. PYLORI AND NON-ALCOHOLIC FATTY
LIVER DISEASE - DOES A LINK EXIST?
Many studies indicate that H. pylori, the risk factor for the
development of gastric diseases such as cancer, is the
cause of other disorders. Some authors suggest that H.
[9-11]
pylori infection and chronic liver diseases are linked
.
Moreover, H. pylori-like DNA is more commonly found
in liver samples from chronic liver disease patients than
[4-12]
from controls
.
Non-alcoholic fatty liver disease (NAFLD) is a very
common disease that affects 25%-30% of the population
[13,14]
in western countries
. Non-alcoholic steatohepatitis
(NASH), liver fibrosis and cirrhosis are the consequences
of NAFLD and influence the prevalence of morbidity
and mortality. Fatty liver is significantly more often
[9]
diagnosed in H. pylori-positive patients . According to
another investigation, H. pylori infection may be one of
the hits that contributes to the pathogenesis of NAFLD,
and the eradication of H. pylori may be significant in the
[11]
treatment of this disease . The pathogenic mechanism
of this phenomenon is unclear.
The effect of the gut microbiota, including H. pylori,
on liver damage has not been explored sufficiently.
Helicobacter species may cause liver injury via specific
[15]
toxins . Moreover, invasion of Helicobacter in the small
bowel mucosa might increase gut permeability and
facilitate the passage of bacterial endotoxins via the
[16]
portal vein to the liver .
H. pylori infection is positively correlated with
developing metabolic syndrome and inversely correlated
[2,17]
with morbid obesity
. The rate of seropositivity
is higher in patients with metabolic syndrome than
[17]
in healthy subjects . However, other authors have
claimed that the risk of obesity is increased after
eradication of H. pylori. The source of this phenomenon
is unclear. H. pylori eradication could cause an increased
ghrelin concentration. Thereafter, improved appetite
[2,18]
would lead to an increase in body mass
. Jamali et
[19]
al did not find evidence that both the reduced amount
of fat in the liver and the modified lipid profile are
caused by eradication therapy. There are some doubtful
approaches in the methodology of this study: NAFLD
was diagnosed based on ultrasound methodology.
Furthermore, dyspeptic patients were included, and
[19]
the control group consisted of H. pylori (+) patients .
Despite some important differences in methodology,
including biopsy-proven diagnosis of NASH, selection of
asymptomatic patients and H. pylori (-) patients in the
[20]
control group, Polyzos’s study obtained similar results .
H. pylori infection may be the contributing factor for
NAFLD to progress to NASH. Thus, H. pylori eradication
[21]
may be important in NASH treatment .
Other studies have shown that H. pylori infection
co-exists with the development of NAFLD. The gut

Waluga M, Kukla M, Żorniak M, Bacik A, Kotulski R. From the
stomach to other organs: Helicobacter pylori and the liver. World
J Hepatol 2015; 7(18): 2136-2146 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i18/2136.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i18.2136

INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative
bacterium that was discovered in 1983 and was reported
[1]
in 1984 in the Lancet by Warren and Marshall ,
who were awarded the Noble prize in 2005. H. pylori
infection is very common throughout the world but is
[2]
particularly common in developing countries . This
infection is also more common among elderly persons
[3]
than adolescents . As indicated by the second part
of its name (pylori), H. pylori colonizes the distal part
of the stomach. In most cases, the infection occurs
during childhood and persists throughout life. H.
pylori infection is the cause of many diseases, such as
chronic gastritis, peptic ulcer disease, gastric mucosaassociated lymphoid tissue (MALT) lymphoma, and
gastric cancer. According to the Correa theory, H.
pylori infection causes sequential phenomena, leading
from chronic gastritis through jejunal metaplasia and
[4]
dysplasia to gastric cancer . Many pathophysiological
mechanisms are involved in the phenomena leading to
inflammation and carcinogenesis. The overexpression
of cyclooxygenase-2 and inducible nitric oxide synthase
results in the excessive generation of prostaglandin E2
(PGE2) and nitric oxide (NO). Recent data indicate that
ERK activation induced by H. pylori infection plays very
important role in up-regulation of PGE2 (prostaglandin
E2) and NO generation in the gastric mucosa at the level
of inhibitory κB kinase-β and cytosolic phospholipase
A2 activation. A peptide hormone, ghrelin, counters the
proinflammatory consequence of the lipopolysaccharide
(LPS) of H. pylori through Src/Act-dependent S-nitro
[5]
sylation . Moreover, the ability of this hormone to
counter the responses of the gastric mucosa to H.
pylori LPS relies on phosphatidylinositol 3-kinase (PI3K)
activation, which depends on the phospholipase C/
protein kinase C signaling pathway. PI3K activity is
[6]
required for the induction of cSrc/Act activation . More
detailed data on these interesting phenomena have
[7]
recently been published .
These complicated pathophysiological mechanisms
occur within the gastric mucosa. However, the chronic
infection elicits not only chronic inflammatory but also
[8]
immune responses on the local and systemic level .
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microbiota may regulate insulin resistance (IR) ;
however, such an approach is controversial. IR could
be one of the important pathogenic factors. H. pylori
infection could be involved in the pathogenesis of IR.
The accumulation of free fatty acids (FFAs) in the liver is
caused by a decrease in their mitochondrial β-oxidation,
[23-25]
which is one of the feature of IR
. Whether H.
pylori is important in the development of IR is not only
unclear but also controversial. The homeostatic model
of assessment IR (HOMA-IR) score is the most common
method for assessing insulin sensitivity. A high HOMAIR score indicates low insulin sensitivity. One study has
shown that the HOMA-IR scores were higher in an H.
[26]
pylori-positive group than in the negative group ;
[27]
however, other authors have a contrary opinion . H.
[28]
pylori may be pathogenic and risk factors for obesity
[29]
and type 2 diabetes mellitus (DM) , which are
components of metabolic syndrome (MS). H. pylori
infection could explain why the pathogenesis of IR is
[21]
complex . The trend exists toward a positive association
[30]
between H. pylori infection and HOMA-IR . The
potential association between H. pylori infection and IR
may impact our understanding of the physiopathological
[21]
mechanisms of MS, type 2 DM and NAFLD .
However, the pathogenesis underlying the link
among H. pylori infection, IR and MS is unclear. Many
[31-33]
mechanisms must be considered
. These mechanisms
include the effect of fetuin-A, a glycoprotein produced
[34]
by the liver . Fetuin A can be an anti-inflammatory
[35]
factor . The level of fetuin-A is lower in H. pylori[36]
infected patients compared with non-infected subjects .
However, other findings have shown the opposite results,
indicating that H. pylori-infected individuals have higher
fetuin-A and insulin levels and HOMA-IR scores than non[37]
[38]
infected individuals . According to other studies ,
fetuin-A has proinflammatory properties, decreases
glucose tolerance and inhibits insulin receptor tyrosine
[33]
kinase in the liver .
H. pylori infection stimulates the release of pro
inflammatory cytokines such as tumor necrosis factor
[39]
(TNF)-α, interleukin (IL)-1β, IL-6 and IL-8 . TNF-α is
the important pathogenic factor in the pathogenesis
of IR, NAFLD and NASH. The mechanism of TNF-α
activity is complicated and includes up-regulated Ser
[40]
phosphorylation
or inhibition of the autophosphory
[41]
lation of the tyrosyl of IRS-1 . The downregulation of
[42]
GLUT4 and the acceleration of lipolysis, which increases
the concentration of FFAs, is also possible. Then, these
[43]
reactions evoke oxidative stress and lead to detrimental
[44]
effects in hepatic endoplasmic reticulum
and the
[45]
activation of nuclear factor κB (NF-κB) .
Adipokines are important factors that are involved in
the pathogenesis of NAFLD and NASH. They can have
pro- or anti-inflammatory properties. Adiponectin is one
of the first discovered adipokines. This important fatderived compound has anti-inflammatory properties
[46]
and many other ones , including the suppression of
[47]
macrophage function, antilipogenic effects
and the
[48]
inhibition of NF-κB activation . The adiponectin level is
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lower in H. pylori-positive patients with NAFLD than in
[11]
H. pylori negative patients . Thus, H. pylori infection
increases the risk of NAFLD development by reducing
the concentration of adiponectin.
Abnormal serum lipid compositions and lipid meta
bolism are very common in patients with MS and
NASH. However, the impact of H. pylori infection on
lipid metabolism is controversial. Some authors have
found that the serum triglyceride level is higher in
H. pylori-positive patients but that the high density
lipoprotein-cholesterol (HDL-C), low density lipoproteincholesterol (LDL-C) and total cholesterol levels do not
differ between H. pylori-positive and H. pylori-negative
[49]
patients . Others have found that H. pylori infection
is an important factor that negatively modifies serum
lipids such as increasing LDL-C and decreasing HDL-C
[36,50]
level
.
It is unclear whether the influence of H. pylori
infection on liver steatosis and NASH has a similar
pathogenesis as other species that colonizes the digestive
tract. Qualitative and quantitative changes in the
microbial system of the small bowel impair the intestinal
[51]
barrier and bacterial translocation . The increased level
of endotoxin-mediated cytokines observed in patients
with the portal hypertension underlies the enhanced
[52]
degree of inflammation and fibrosis of the liver . Small
intestinal bacterial overgrowth is correlated with the
[53]
severity of steatosis but not with NASH .
As stated above, many studies suggest that H. pylori
infection is correlated with the spectrum of fatty liver
diseases. This influence on the liver is at least partially
associated with metabolic disturbances. However, the
systemic recruitment of the inflammatory factors that
[54]
are present at the time of H. pylori infection
could
be responsible for a larger spectrum of extra-gastric
manifestations, including other forms of liver damage.

H. PYLORI INFECTION AND LIVER
FIBROSIS
[55]

Goo et al
showed a significant increase in the
fibrotic score and aminotransferase activity in a group
inoculated with H. pylori and CCl4 (carbon tetrachloride)
compared with a CCl4-treated group in an animal model
of fibrosis. Transforming growth factor-β1 (TGF-β1)
and smooth muscle actin (α-SMA) levels were also
[55]
enhanced in the co-treated group . TGF-β1 is a key
profibrogenic cytokine and is crucial in the production
of extracellular matrix by activated hepatic stellate cells
[56]
(HSCs) . TGF-β1 promotes HSC differentiation into
[56]
myofibroblasts and facilitates the formation of α-SMA
[57]
positive fibers in this cell type .
Carbohydrate metabolism within the liver is probably
disturbed in animals inoculated with H. pylori. The
decreased amount of hepatic glycogen is very likely
result of increased glucose utilization and increased
energy production from glycolysis because of mito
chondrial impairment and a depletion of the hepatic ATP
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stores. Endotoxins may cause hydropic degeneration
[55]
in hepatocytes . Hepatocellular injury increases the
serum aminotransferase activity, hydroxyproline content
[55]
and extent of fibrotic area .
The influence of H. pylori infection on hepatic
fibrogenesis in the absence or presence of TGF-β1 was
[58]
examined in an animal model . H. pylori strongly
promoted a HSC line only if TGF-β1 was added. HSCs
[59]
play pivotal roles in the progression of liver fibrosis .
However, TGF-β1 is essential as a fibrogenic growth
factor that activates HSCs through the SMAD2/3[60]
mediated pathway . Additionally, the activation of
TGF-β1 correlates with injuring factors such as oxidative
[61]
stress, aging and inflammation .

cipates in inducing autoimmunological diseases .
The mitochondrial autoepitopic region of pyruvate
dehydrogenase complex E2 (PDC-E2) is similar to
[70]
urease beta of H. pylori . This similarity suggests that
H. pylori infection is related to the risk of primary biliary
cirrhosis (PBC). H. pylori DNA was detected in the livers
[71]
of PBC patients . However, evidence of immunological
cross-activity at the CD4 T-cell and β-cell level was not
found, and the importance of cross-reactive antibodies
against H. pylori VacA antigen and human PDC-E2
[69]
was not established . Moreover, the prevalence of H.
pylori infection did not differ between PBC patients and
[69]
controls .
Both supportive and contradictory data exist con
cerning a possible link between H. pylori infection and
primary sclerosing cholangitis (PSC). Some studies
detected H. pylori DNA in the livers of patients with
[72,73]
[72]
PSC
. Nilsson et al
identified H. pylori and other
Helicobacter species from patients with PSC and PBC.
PSC is often accompanied by ulcerative colitis. The
hypothesis that inflammation-induced alterations in
the gut flora may promote Helicobacter translocation
from the gut to the liver in ulcerative colitis patients
is very interesting. This translocation of pathogens
[74,75]
can cause liver autoimmunity
. The prevalence of
antibodies against non-gastric H. pylori in patients with
[69]
autoimmune liver diseases is increased . However,
the prevalence of H. pylori in PSC patients did not differ
[69]
compared with the prevalence in controls .
Evidence in support of a relationship between the
prevalence of autoimmune hepatitis (AIH) and H.
[69]
pylori infection is also insufficient . A clear association
between H. pylori seroprevalence and AIH was not
[76]
confirmed in a previous study . Dzierzanowska-Fangrat
[77]
et al
evaluated pediatric patients and observed no
association between Helicobacter infection and AIH in
children. Thus, relationship between H. pylori colonization
of gastric tissue and liver disease is controversial.

H. PYLORI, OXIDATIVE STRESS AND
LIVER CELL DAMAGE
An immunohistochemical study showed the presence
of H. pylori antigen fragments in the liver of infected
animals. A histological analysis showed that the hepatic
cell architecture was disrupted, which was accompanied
by slight necrosis, inflammation and ballooning of
liver cells. These alterations could explain the higher
vulnerability of mildly degenerated, infected liver
tissue to injuring factors such as toxins, alcohol or the
[54-62]
accumulation of fat
.
The increased number of binucleated hepatocytes
[63]
described by Jeong et al
indicates that H. pylori
infection has additional pathological effects. The authors
suggested that this phenomenon could be caused by the
fusion of two hepatocytes with injured cell membranes
or by regenerative processes against damage of the
[63]
liver .
Senescence marker protein-30 (SMP30) is a multi
functional protein that prevents oxidative stress and
[64,65]
cellular apoptosis
. Lipopolysaccharide (LPS) origi
nating from H. pylori cells may underlie the oxidative
[55]
stress . The reduction in SMP30 in CCl4-treated livers
was enhanced by H. pylori infection in experimental
[55]
study and H. pylori LPS is probably its cause . One of
the virulence factors, vacuolating cytotoxin A (Vicar),
was detected in the hepatocytes of patients with mild
hypertransaminasemia and H. pylori infection. This
finding supports the hypothesis that aminotransferase
activity may be slightly elevated by cytotoxic strains of
[66]
H. pylori . According to another study, H. pylori is an
[67]
independent factor that causes liver damage . Its
effective eradication leads to a decrease in aminotrans
ferase activity in dyspeptic patients with unexplained
mild hypertransaminasemia and concomitant H. pylori
infection. This finding suggests that H. pylori infection
is important in increasing the activity of aminotrans
[68]
ferases .

H. PYLORI INFECTION AS THE CAUSE
OF LIVER CIRRHOSIS?
The prevalence of ulcers of the stomach and/or duo
denum caused by H. pylori is higher in patients suffering
[78,79]
from hepatic cirrhosis
. A recent meta-analysis
suggests that there is also a significantly high prevalence
[80]
of H. pylori infection among patients with cirrhosis .
Eradication therapy may be beneficial for cirrhotic
patients because it diminishes the risk of recurrent
[81,82]
peptic ulcers and bleeding
. However, Stalke et
[83]
al
demonstrated a positive correlation between the
degree of gastric colonization by this bacterium and
parenchymatous liver damage in a group of hospitalized
patients without liver cirrhosis.
H. pylori infection contributes to the development of
[84]
hepatic encephalopathy and hyperammonemia . In
a meta-analysis of six cohort studies that involved 632
H. pylori-positive and 396 negative cirrhotic patients,
infection was associated with elevated blood ammonia

H. PYLORI AND AUTOIMMUNOLOGIC
LIVER DISEASES
One study has indicated that H. pylori infection parti
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[98]

[85]

levels . Whether the H. pylori eradication is effective in
the treatment of hepatic encephalopathy has not been
fully examined.
Most data suggesting a relationship between H.
pylori and liver complications comes from studies on
viral hepatitis patients. Indeed, there have been some
attempts to estimate the influence of H. pylori infection
on the progression of fibrosis in patients with HCV[86]
related chronic hepatitis. Esmat et al
revealed that
H. pylori polymerase chain reaction (PCR) [cytotoxicassociated gene A (CagA)] was positive in a significantly
higher percentage of patients with late fibrosis (F3 + F4
based on METAVIR staging) than with early fibrosis. In
another study concerning HCV(+) patients, Queiroz et
[87]
al
noted that cirrhosis in this group was associated
with both age and H. pylori-positive status, which was
confirmed by ELISA and PCR tests.
HCV patients who are coinfected with H. pylori have
more advanced fibrosis than HCV patients without
[88]
infection . Decreased glycogen and total proteins
in hepatocytes and cirrhotic nodules are frequently
observed in HCV patients who are coinfected with H.
[88]
pylori . Additionally, H. pylori infection facilitates the
[9]
progression to cirrhosis in patients with HCV infection .
[89]
In contrast, Castéra et al did not confirm that the
presence of Helicobacter species DNA is associated with
advanced liver diseases. The lack of correlation between
the presence of H. pylori-like DNA in the liver and
[89]
positive H. pylori serology was also proved .

development of HCC .
[99]
Zhang et al
indicated that H. pylori exerts a
pathological effect on HepG2 cells by up-regulating
the expression of integrin β-1, protein kinase Cα, LIM/
homeobox protein Lhx1, eIF-2-beta, MAP kinase kinase
3, PINCH protein and Ras-related protein Rab-37, which
are involved in transcription, signal transduction and
metabolism. This study provides indirect evidence that H.
[99]
pylori is important for carcinogenesis in hepatic cells .
[100]
Xuan et al
performed a systematic review of
relevant studies. Only 10 of 103 clinical trials fulfilled
the very strict selection criteria and were involved in the
[100]
analysis . Based on this meta-analysis, the authors
determined that the association of H. pylori infection
and HCC is described by an OR of 13.63. However,
these results should be interpreted with caution.
Helicobacter DNA was detected and identified in some
of the included studies as H. pylori-like organisms.
Persistent infection with H. pylori can modulate
hepatocyte replication and may be important for the
pathogenesis of liver diseases. Increased apoptosis
could result from the release of virulent factors, which
[97]
are inside the hepatocytes . The virulent strain can
likely arrest cell proliferation. H. pylori might increase the
risk of TGF-β1-dependent tumorigenesis by disturbing
the balance between hepatocyte apoptosis and pro
[58]
liferation . This result is probably strain- and species[97]
dependent . Infection by H. pylori leads to the induction
of TNF-α which also can be involved in carcinogenic
[101]
processes in the liver .
An analysis of HCC patients indicates that 60.7% of
cases are infected by Helicobacter species (based on
PCR), and this rate is much higher (P < 0.01) than in
control group. This finding suggests that colonization of
the liver tissues by Helicobacter spp. could be significant
[100]
for the carcinogenesis that occurs in HCC patients .
However, a hypothesis that explains the importance of
H. pylori in the pathogenesis of HCC is currently lacking
and requires further exploration.
The importance of H. pylori in the development
[102]
of CCA is unclear. However, Boonyanugomol et al
found that the prevalence of H. pylori infection is
significantly higher in patients with CCA than in patients
with cholelithiasis and the control group. The authors
concluded that the CagA-positive strains in particular
[102]
could be involved in CCA carcinogenesis . The inflam
matory grade at the portal zone around the bile ducts
was significantly higher in patients with CCA and H.
pylori PCR-positive liver tissue specimens than in noninfected liver samples. Moreover, the mononuclear cell
infiltration in H. pylori PCR-positive samples was signi
[102]
ficantly higher . Inflammation leads to the production
of several cytokines that can induce cell proliferation and
[103]
oxidative DNA damage and decrease cell survival .
These phenomena could underlie the development of
[102]
bile duct cancer . The authors concluded that H. pylori,
especially CagA-positive H. pylori, can be involved in
the development of CCA. Furthermore, its importance is
[102]
probably greater than that of other bacteria . Fukuda

H. PYLORI AS AN ONCOGENIC FACTOR
FOR THE LIVER?
Over-expression of hepatitis B virus (HBV) antigen
(HBsAg and HBcAg) is present in the gastric mucosa
of patients infected with H. pylori who are also
[90]
suffering from hepatitis B . Because both pathogens
confer oncologic risk [gastric MALT-lymphoma and
hepatocellular carcinoma (HCC), respectively], the
authors suggest that early treatment of H. pylori infection
[90,91]
could be beneficial in this group of patients
.
H. pylori may be important in the development of
[92]
HCC. Nilsson et al
identified H. pylori and similar
species in liver samples from patients with HCC and
cholangiocarcinoma (CCA). The presence of H. pylori
[93]
in the bile was associated with a higher risk of CCA .
Additionally, H. pylori was detected in hepatic tissue of
patients who underwent resection because of primary
[94,95]
HCC
. Some in vitro studies may support the hypo
thesis that this bacterium may promote liver cancero
genesis. CagA H. pylori has an in vitro cytotoxic effect
[96]
on HepG2 hepatocarcinoma cells . Moreover, Ito et
[97]
al observed a disturbed balance between hepatic cell
proliferation and apoptosis and disrupted hepatocyte
replication related with persistence of intracellular H.
pylori. However, a recent study using an animal model
of hepatitis C virus-induced hepatocellular cancer
showed that H. pylori infection does not promote the
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[104]

et al
obtained the opposite results and stated that
H. pylori was detected in a small number of hepato
biliary cancer patients in Japan. These contradictory
results suggest that H. pylori prevalence varies across
[105]
regions .
The possible importance of H. pylori in the patho
genesis of bile duct cancer is unclear. Boonyanugomol
[106]
et al
showed that the factors that were involved in
H. pylori internalization in CCA cells were encoded by
cagPAI. The polymerization of actin and α5β1-integrin
is also probably important. H. pylori attaches to β-1
integrin receptors and can promote phosphotyrosine
signaling, which activates the tyrosine phosphorylation
cascade and leads to internalization of the bacterium into
[97]
the hepatocytes . H. pylori infection is also associated
[97,100-107]
with proliferation, apoptosis
and inflammation
[106]
with a concomitant increase in IL-8 in the bile ducts . H.
pylori up-regulates NOD1 gene expression in biliary cell
lines in a cagPAI-dependent manner, which is similar to
[106]
the mechanism in gastric cells . Moreover, increased
expression levels of tall like receptor 4 (TLR4) and TLR5
genes were observed in biliary cells after stimulation
with H. pylori.

various diseases of the liver and biliary tract. However, H.
pylori can also be considered as one of the precipitating
[112,113]
factors in the formation of the gallstones
. 16S
rRNA amplification and DNA sequencing have been
used to prove the presence of bacteria in gallstones. In
another study, though, Helicobacter species were not
found in bile juice. Consequently, the authors suggest
that racial and demographic differences could explain
[114]
these opposing results .
H. hepaticus infection leads to oxidative stress in the
liver by increasing the level of nitrogen and oxygen active
substances. This phenomenon causes carcinogenesis in
[115]
the liver . Particularly in patients with chronic hepatitis
C virus infection, an additional infection by H. hepaticus
may be a risk factor for the progression to liver cirrhosis
[94]
[116]
or HCC . Krüttgen et al
did not identify H. hepaticus
in HCC patients with concomitant chronic hepatitis B
or hepatitis C. Moreover, they also did not disprove the
importance of H. hepaticus in HCC cases caused by other
[116]
carcinogens .
Some experimental evidence indicates that H.
hepaticus causes chronic liver diseases and HCC in mice.
The long-term population of the liver by H. hepaticus
leads to the development of inflammatory, fibrotic
and necrotic injuries of the liver and, consequently, to
[117]
HCC . Proliferation and apoptosis are increased in the
[118]
hepatocytes of infected mice .
H. hepaticus and other Helicobacter species, such
as H. pullorum, H. bilis, may induce hepatocyte and
biliary epithelia cell autoimmunity. These species
[119]
can survive in low concentrations of human bile
.
Cytolethal-distending toxin (CDT) of H. hepaticus plays
an important role in promoting the progression of
hepatitis to premalignant or dysplastic lesions in the
liver and biliary tract. CDT is a multimeric cytotoxin with
nuclease activity. It exposes the immune system to
endogenous antigens. The activation of proinflammatory
NF-kB and the increased proliferation of hepatocytes are
[120,121]
crucial in promoting carcinogenesis
. Patients with
liver diseases had increased concentrations of anti-H.
hepaticus antibodies compared with HBV- and/or HCV[122]
infected patients
. Based on a meta-analysis of 10
case-control studies in which 56% of subjects were
positive for Helicobacter spp. infection compared with
20% in the control group, sufficient evidence supports
the importance of Helicobacter spp. in hepatobiliary tract
[123,124]
cancer development
. The variability of the regional
prevalence of the hepatobiliary tumors indicates that
the prevalence of the risk factors for this disease (e.g.,
geographical, environmental, and genetic factors and
[125]
endemic infections) is meaningful for its pathogenesis .
The infection rate of Helicobacter spp. (predominantly
H. pylori and H. bilis) was significantly higher in the
group with cancer of the biliary tract and in the benign
biliary disease group than in the group without these
[125]
diseases . The risk of carcinoma development is more
probable in patients with hepatitis and steatosis who are
[126]
also infected with H. hepaticus .

OTHER HELICOBACTER SPECIES AS
RISK FACTORS FOR LIVER DISEASES
Based on the above observations, exploring the
association between H. pylori infection and the course
of chronic liver diseases and carcinogenesis is of
interest, especially in patients with a risk of severe liver
disease. Nevertheless, some evidence suggests that
other Helicobacter species are important in certain liver
pathologies. Helicobacter hepaticus (H. hepaticus) is
associated with the induction of hepatic inflammation
and the pathogenesis of cholestatic diseases such as
[108,109]
PBC and PSC
.
H. hepaticus was discovered in 1992. This bacterium
could be crucial in the development of cholelithiasis,
[110]
cholecystitis, and liver and gallbladder cancer
. H.
hepaticus is similar to H. pylori, but it lacks virulence
factors VacA and CagA. The adhesion proteins SabA,
AlpA, and Bab A are also absent. However, many genes
are related to H. pylori, including urease structural
[110]
subunits, 16S rRNA, and 18 kDa immunogenic protein .
[111]
Kawaguchi et al
detected a microorganism that
was similar to H. pylori in the resected gallbladder
mucosa of a patient with gallstones in 1996. The
possible routes of bile infection are ascending through
the papillary sphincter and descending through the
portal system. Thus, other bile-resistant Helicobacter
species are found in bile juice and the gallbladder
mucosa of patients with chronic cholecystitis. This
phenomenon suggests that these bacterial agents could
be important elements in some diseases of the biliary
[111]
tract, including gallbladder cancer . Currently, several
dozen Helicobacter species have been identified, and
many of them are considered as the causative agents of
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CONCLUSION
In conclusion, H. pylori, which is a very important
pathogenic factor in the stomach, is probably involved
in the development of many other diseases. Recent
studies describing its significance in cardiovascular,
endocrine and metabolic diseases are complemented
by investigations on its potential importance in benign
or malignant diseases of other organs. Many studies
indicate that H. pylori infection contributes to the
pathogenesis of fatty liver, NAFLD and NASH. The
importance of H. pylori in the exacerbation of inflam
matory processes of different origins should also be
considered. Finally, the potential importance of H.
pylori in carcinogenic processes of the liver and biliary
ducts was considered in this review. Furthermore, the
significance of other Helicobacter species in hepatobiliary
diseases was discussed. However, many opposing
results indicate that some data are not convincing, and
further studies are needed.
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Strategies to increase the resectability of hepatocellular
carcinoma
Wong Hoi She, Kenneth SH Chok
too small to be sufficient for the patient. To allow more
HCC patients to undergo curative hepatectomy, a
variety of ways have been developed to increase the
resectability of HCC, mainly ways to increase the future
liver remnants in patients through hypertrophy. They
include portal vein embolization, sequential transarterial
chemoembolization and portal vein embolization, staged
hepatectomy, two-staged hepatectomy with portal vein
ligation, and Associating Liver Partition and Portal Vein
Ligation in Staged Hepatectomy. Herein we review,
describe and evaluate these different ways, ways that
can be life-saving.
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Core tip: There are different ways to increase the
resectability of hepatocellular carcinoma by increasing
the volume of the future liver remnant (FLR) through
hypertrophy. Portal vein embolization features the the
embolization of the ipsilateral side of the portal vein
which supplies the liver lobe harboring the tumor,
either in an open or percutaneous manner. Sequential
transarterial chemoembolization and portal vein embo
lization is a way to augment the effect of portal vein
embolization and prevent tumor progression. Staged
hepatectomy is mainly for liver tumors with bilobar
involvement and colorectal liver metastasis and is often
aided by effective adjuvant chemotherapy. Its aim is to
strike a balance between complete tumor removal and
preservation of the FLR. Two-staged hepatectomy with
portal vein ligation is also mainly for liver tumors with
bilobar involvement and colorectal liver metastasis. In
the first-stage operation, tumor in the liver portion which
is designated as the FLR is cleared, and portal vein
ligation is performed. The liver parenchyma is transected
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Abstract
Hepatocellular carcinoma (HCC) is best treated by liver
transplantation, but the applicability of transplantation is
greatly limited. Tumor resection in partial hepatectomy is
hence resorted to. However, in most parts of the world,
only 20%-30% of HCCs are resectable. The main reason
for such a low resectability is a future liver remnant
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only in the second-stage operation. Associating Liver
Partition and Portal Vein Ligation in Staged Hepatectomy
is used to speed up hypertrophy in the hope that the FLR
will grow large enough for a safe hepatectomy before
tumor progression occurs. It features right portal vein
ligation and in-situ splitting of the intended transection
surface down to the inferior vena cava. In the first-stage
operation, the anterior approach is encouraged and the
Pringle maneuver is discouraged, and the hilar plate is
left untouched.

SURGICAL RESECTION
In the management of HCC, liver resection for tumor
clearance is the first-line curative treatment for
[11,14,16]
patients with preserved liver function
. Major
hepatectomy can be performed safely nowadays with
[12,14]
careful patient selection
, better understanding of
[17]
the liver anatomy , improvement of surgical techni
ques, and advances of surgical instruments. Widely
[18]
adopted techniques include the hanging maneuver ,
the anterior approach for avoidance of mobilization and
[19,20]
[21]
rupture of large tumors
, the Pringle maneuver ,
and meticulous control of central venous pressure for
[22]
reduction of reduce blood loss . Widely employed
instruments include Cavitron Ultrasound Surgical Aspirator,
[23,24]
hydrojet
, the Harmonic scalpel, LigaSure, Harmonic
[25]
Ace, and Thunderbeat . Although complications
and perioperative mortalities still occur, the rates are
[13,14,26,27]
acceptable
. However, major hepatectomy may
not be suitable for patients with marginal liver function
or a relatively small FLR. The University of Hong Kong
uses indocynaine green clearance test as an important
[28]
tool to assess their patients’ preoperative liver function .
Unfortunately, there is no perfect test for the prediction
[29,30]
of postoperative mortality
. For risk stratification for
major hepatectomy, usually a combination of assess
ment modalities is adopted, which usually includes
measurement of the disease’s Child-Pugh grading,
indocynaine green clearance test, renal function test by
creatinine level check, and platelet count.
Location of tumors is a decisive factor in surgical
planning. The amount of liver removed in hepatectomy
decides the volume of the liver remnant. Major hepa
tectomy can only be offered to patients with an adequate
FLR and adequate post-resection liver function. To
avoid massive bleeding and vascular insult to the liver,
preservation or reconstruction of major hepatic veins
[29]
in addition to meticulous surgical skills is needed . A
patient’s liver volume can be measured by tracing the
liver contour in the cross-sectional image on computed
[31]
tomography volumetry , and a patient’s standard liver
volume can be derived from his weight and height with
[32,33]
different formulae
. The volume of his FLR can then
be calculated. Patients with cirrhosis have relatively
[34-37]
poor liver function, and thus need a larger FLR
to
lower the risk of liver failure. At The University of Hong
Kong, for patients who have Child-Pugh A cirrhosis and
an indocynaine green retention rate ≤ 20% at 15 min,
an FLR > 30% of the estimated standard liver volume
is preferred for right hepatectomy, and an FLR > 35%
of the estimated standard liver volume is preferred for
extended right hepatectomy or right trisectionectomy.
Patients who have cirrhosis and an inadequate FLR have
[37,38]
a high risk of post-hepatectomy liver failure
.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the most common primary liver
[1,2]
malignancy . Most cases of HCC in Asia are related to
[3]
hepatitis B, which is prevalent in the region . The best
treatment for HCC is liver transplant because it removes
both the tumor and the diseased liver, and a 5-year
[4-7]
post-transplant survival rate of > 70% is expected .
Unfortunately, its applicability is limited by the shortage
[8]
of liver grafts . Moreover, only patients who have HCC
[9]
within selection criteria (e.g., the Milan criteria , the
[10]
University of California, San Francisco criteria
are
eligible for liver transplant. A study reported that for
patients with HCC within the Milan criteria, the 5-year
survival rate was 81% with living donor liver transplant
[11]
and 72.8% with partial hepatectomy . In the face of
perpetual liver graft shortage, hepatectomy remains
an important curative measure as it can achieve a
satisfactory survival outcome.
Hepatectomy has been evolving and is getting
more technically challenging as surgeons are pushing
limits. They are trying to operate on HCCs larger and
larger and with more and more nodules, but a R0
resection is always the ultimate goal. The applicability
of hepatectomy is often limited by an inadequate future
liver remnant (FLR) or a marginal liver, especially in
patients with underlying hepatitis or cirrhosis. The
success of hepatectomy depends on many factors,
which include status of the tumor, the patient’s clinical
status and underlying liver function, and the size of the
[12-14]
FLR of the patient
. Aggressive hepatectomy may
still be beneficial for patients who have advanced HCC
with large or multiple tumors or intrahepatic venous
[15]
invasion if they are properly selected . Curative
hepatectomy is the first-line treatment for HCC at many
centers. The resectability of HCC often rises with the
volume of the FLR, and therefore different measures
are employed for increasing such volume. Moreover,
a larger FLR would probably mean better overall and
disease-free survival.
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the atrophy-hypertrophy complex in a liver remnant.
Hypertrophy is simultaneously caused by increased
endothelial shear stress, hepatocellular swelling, and
activated growth factors/cytokines due to increased
[39]
portal flow . The idea of portal vein embolization (PVE)
is to occlude a liver segment or lobule so as to bring
[40,41]
about its ischemia
and consequent atrophy, thereby
inducing hypertrophy of the part of liver not atrophied.

anticoagulation is needed if the embolic agent crosses
the contralateral side of the portal vein, which would
cause liver failure in the case of bilateral PVE, resulting
[67]
in death . Hemorrhage or catastrophic bleeding at
the puncture site may also occur, which also requires
prompt surgical intervention. In addition, PVE induces
inflammatory response near the hilar structure, which
may increase the difficulty in dissection in the subse
quent hepatectomy and raise the surgical risk.

PVE

SEQUENTIAL TRANSARTERIAL
CHEMOEMBOLIZATION AND PVE

PVE is indicated for patients who are considered for right
or extended right hepatectomy but with a relatively
small FLR. By PVE, the size of an FLR can be increased.
PVE features the embolization of the ipsilateral side of
the portal vein which supplies the liver lobe harboring
the tumor, either in an open or percutaneous manner,
[42,43]
thereby inducing hypertrophy of the FLR
. To date,
there is still no straight value on the minimum volume of
an FLR which allows major hepatectomy to be performed
safely. An FLR > 35% of the estimated standard liver
volume has been recommended for patients with
[28,36,37,44-48]
cirrhosis, steatosis, or chronic hepatitis
. PVE is
rarely required before extended left hepatectomy or left
trisectionectomy, since the right posterior section usually
[49,50]
constitutes about 30% of the total liver volume
. The
technique for embolizing the segment-4 portal vein is
crucial; if the vein is not properly blocked, suboptimal
hypertrophy may results.

PVE can be given to HCC patients with underlying
cirrhosis, but hepatic regeneration and thus hypertrophy
of the FLR would be impaired in the presence of
[68-70]
cirrhosis
. On the other hand, it is likely that the
arterial flow increases compensatorily in segments with
PVE, thereby stimulating tumor progression as HCC is a
hypervascular tumor supplied by the hepatic artery
[71-73]
blood flow
. To augment the effect of PVE and
prevent tumor progression, the treatment sequential
[57]
transarterial chemoembolization and PVE is used .
Studies comparing patients who received this treatment
and patients who did not found that patients who did
showed a higer rate of hypertrophy of FLR and a bigger
[57,58]
increase in their FLR
, and the rate of tumor pro
[74]
gression was lower as tumor necrosis was evident .
This treatment is not without risk; it could cause ischemic
[75]
parenchymal damage , but overall, it is feasible and
safe, and it allows HCC patients who would otherwise be
denied hepatectomy to undergo curative resection with
reasonable postoperative 5-year overall and disease[57,58,76]
free survival
.

Liver volume assessment after PVE

The FLR volume will be reassessed 4-8 wk after
[51,52]
PVE
. Rapid growth of the FLR is anticipated in
the first 3-4 wk. Generally, an 8%-30% enlargement
[43,52-55]
over 2-6 wk is expected
. Hypertrophy is usually
[56]
slower in the presence of cirrhosis . Studies comparing
major hepatectomy with and without preceding PVE
reported that comparable and even superior long-term
[45,57-63]
outcomes were achieved with PVE
. With PVE,
patients who would have been considered inoperable
in the past because of their small FLR have the option
of hepatectomy with reasonable long-term surgical
outcomes.

STAGED HEPATECTOMY
Staged hepatectomy is mainly for HCC with bilobar
involvement and colorectal liver metastasis, and is often
[77-79]
aided by effective adjuvant chemotherapy
. In staged
hepatectomy, two or more planned hepatectomies are
performed at different time to achieve a R0 resection. It
is distinguished from unplanned repeat hepatectomies
[80]
for recurrent disease . Its aim is to strike a balance
between complete tumor removal and preservation of
the FLR. The chance of postoperative liver failure can
be reduced if bilobar tumors are removed in a staged
manner. The preserved portion of the liver should be
relatively spared by the disease with sufficient FLR and
[81]
adequate vascular inflow and outflow . However, there
is always the chance that the tumor tissue is cut across
during the first-stage procedure, resulting in tumor
spillage and peritoneal metastasis, and rendering the
planned second-stage procedure unfeasible. Besides,
tumors may grow despite temporary chemotherapy
during the hepatic regenerative period, which may
also preclude further operation. Repeat resection is
technically demanding, as not only all the dissection

Complications of PVE

PVE can be performed in an open or percutaneous
manner. Open right portal vein ligation often renders
the subsequent surgery difficult due to vascular or
fibrotic adhesions around the hilar structure. Open
transileocolic PVE is performed with cannulation of the
ileocolic vein in addition to embolization of the right
portal vein in an antegrade manner or percutaneous
portal vein cannulation and retrograde embolization.
Ipsilateral percutaneous PVE is generally preferred
because of the low invasiveness and an easier access
[64-66]
to segment-4 portal vein branches
. Different ways
of PVE all carry a risk of complication, such as main
portal vein thrombosis. Prompt surgical intervention or

WJH|www.wjgnet.com

2149

August 28, 2015|Volume 7|Issue 18|

She WH et al . Increase the resectability of HCC

A

B

C

Figure 1 Associating Liver Partition and Portal Vein Ligation in Staged Hepatectomy. A: Tumor in the right liver lobe, the future liver remnant (the left liver lobe)
will be small; B: In stage-1 ALPPS, the right portal vein is ligated, liver transected, inferior vena cava exposed, and gallbladder resected; C: In stage-2 ALPPS, the left
liver lobe has hypertrophied, the right lobe with tumor is resected, right hepatic artery and right hepatic duct transected and ligated. Green: Bile duct; Red: Hepatic
artery; Blue: Posterior inferior vena cava and anterior portal vein. ALPPS: Associating Liver Partition and Portal Vein Ligation in Staged Hepatectomy.

planes have already been disturbed, adhesiolysis can
also be very difficult. Adhesiolysis near the liver hilum
and the inferior vena cava is particularly challenging, as
massive bleeding may occur. Staged hepatectomy for
[79]
HCC was not common ; it was mostly for colorectal
[78,82-85]
liver metastasis
.

Associating Liver Partition and Portal Vein Ligation in
Staged Hepatectomy (ALPPS) is one of the main surgical
innovations in recent years. The procedure, which was
invented by chance, was initially carried out by Dr.
Hans Schlitt from Germany in an intended extended
[88]
right hepatectomy for hilar cholangiocarcinoma . In
the surgery, palliative left hepaticojejunostomy was
performed because the FLR was small, with division
of the liver parenchyma along the falciform ligament
and ligation of the right portal vein. On day 8 after the
surgery, computed tomography was performed. To
Dr. Schlitt’s surprise, the left lateral section had grown
enormously in size. The diseased portion of the liver
was subsequently removed in another surgery. This
[89]
novel technique was later termed “ALPPS” . The idea
of ALPPS is to speed up hypertrophy of the FLR (the
left lobe or the left lateral section) by right portal vein
ligation and in-situ splitting of the intended transection
surface down to the inferior vena cava (Figure 1).
Generally, the FLR regenerates to a volume adequate for
a safe hepatectomy in days.
ALPPS was initially applied to relatively normal
livers, such as in the case of colorectal liver metastasis.
Later it was also applied to livers with steatosis or
[88,90-94]
cirrhosis
. A 70% increase in FLR volume has
[95]
been reported . ALPPS is better than conventional PVE
when the rate and the percentage of hypertrophy are
[96,97]
concerned
. The shorter the interval between the two
operations is, the less mature the adhesions would be,
and hence the second operation would also be easier.
Most of the reported cases of ALPPS are on noncirrhotic livers, and there has not been any report on
the rate of hypertrophy in cirrhotic livers. However, one
would anticipate that some patients would not have
adequate hypertrophy of the contralateral side and
hence the second stage operation is not possible. ALPPS
carries certain risks. The right hepatic artery could be
injured, and liver failure could occur after right portal
vein ligation. The Pringle maneuver would pose a further
risk of liver injury and is thus not recommended. In the
first-stage operation, adoption of the anterior approach
allows liver transection without mobilization of the right

TWO-STAGED HEPATECTOMY WITH
PORTAL VEIN LIGATION
This treatment requires two laparotomies and is also
mainly for HCC with bilobar involvement and colorectal
liver metastasis. In the first laparotomy, tumor in the
liver portion which is designated as the FLR is cleared,
and portal vein ligation is performed. Other required
resection such as that of colorectal primary tumor is also
done in the first laparotomy. The liver parenchyma is
transected only in the second laparotomy but not in the
first. The portal vein ligation is to induce hypertrophy
of the FLR, allowing hepatectomy in the second-stage
procedure and decreasing the risk of postoperative
liver failure. Portal vein ligation has been found to be as
[86]
effective as PVE . However, open portal vein ligation
poses the risk of adhesion formation over the hilum,
which may increase the difficulty of dissection in the
second-stage operation.

ASSOCIATING LIVER PARTITION AND
PORTAL VEIN LIGATION IN STAGED
HEPATECTOMY
For hepatectomy, one of the limiting factors is inadequate
volume of the FLR. Although the aforesaid methods are
effective in inducing hypertrophy of the FLR, it takes
[43]
several weeks for it to reach a satisfactory volume .
Tumor progression may occur before the FLR is large
enough for the planned hepatectomy to be conducted.
If a major vessel such as the ipsilateral portal vein is
invaded by tumor, the tumor will progress in terms of
days and contralateral deposition and metastasis of the
[72,73,87]
tumor will occur, rendering the tumor inoperable
.
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[98]

lobe, thereby minimizing adhesion formation , and
the hilar plate is left untouched so as to minimize the
chance of biliary complication. Bile leakage from the
transection surface can result in biloma and increases
the chance of infection and thus the risk of sepsis, which
may forbid the second-stage operation. ALPPS is very
technically challenging and demanding, and therefore
should not be carried out by inexperienced surgeons.

3

4

Indications for ALPPS

ALPPS should be carried out with a curative intent. It is
indicated for patients who have a large tumor load and
[96]
a marginal FLR , even with tumor invasion of major
[92]
vessels, such as the portal vein . ALPPS renders some
inoperable tumors potentially operable.

5

6

Morbidity and mortality after ALPPS

Complication and mortality are inevitable with any
surgery; ALPPS is no exception. Perioperative mortality
rates of 12%-28% have been reported, which are
overall higher than those of conventional major
[95,96,99,100]
hepatectomy
. A complication rate high at
[99,101]
50% has been recorded
. Complications include
ascites, bile leakage, persisting cholestasis and sepsis,
wound infection, and other inflammatory and infective
complications. ALPPS increases operability at the price
of a heightened morbidity and mortality. Keeping
morbidity and mortality at the minimum requires careful
patient selection, meticulous surgical technique, and
accurate decision as to proceeding to the second-stage
operation or not.
The long-term outcome of ALPPS is still unknown.
Long-term overall survival and disease-free survival
are still pending. Further studies as well as input from
different centers are required but not yet available.
However, ALPPS has improved the operative rate, and
it is hoped that it will improve the overall and diseasefree survival of patients. Nonetheless, larger trials are
needed to document its efficacy especially for those
patient with HCC and background cirrhosis.

7

8

9

10

11

12
13

CONCLUSION
There are revolutional changes of surgical methods to
increase the resectability of HCCs, and various ways to
increase the volume of the FLR of patients considered
for major hepatectomy have been developed. Improve
ment in surgical techniques also allows patients to
benefit from surgical resection with safety. Treatment
modalities are always evolving for the better. Hopefully,
ALPPS will continue to develop and long-term results
will be available in the near future.
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Abstract
An increase in the prevalence of obesity and diabetes
mellitus has been associated with the rise in non
alcoholic fatty liver disease (NAFLD). Two-thirds of the
obese and diabetic populations are estimated to develop
NAFLD. Currently, NAFLD is the most common etiology
for chronic liver disease globally. The clinical spectrum
of NAFLD ranges from simple steatosis, an accumulation
of fat greater than 5% of liver weight, to nonalcoholic
steatohepatitis (NASH), a more aggressive form with
necroinflammation and fibrosis. Among the patients who
develop NASH, up to 20% may advance to cirrhosis and
are at risk for complications of end-stage liver disease.
One of the major complications observed in patients
with NASH-related cirrhosis is hepatocellular carcinoma
(HCC), which has emerged as the sixth most common
cancer and second leading etiology of cancer-related
deaths worldwide. The incidence of HCC in the United
States alone has tripled over the last three decades.
In addition, emerging data are suggesting that a small
proportion of patients with NAFLD may be at higher risk
for HCC in the absence of cirrhosis - implicating obesity
and diabetes mellitus as potential risk factors for HCC.
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Core tip: The worldwide rise in overweight and
obesity has been associated with increasing rates of
nonalcoholic fatty liver disease (NAFLD), which is now
the most common etiology of chronic liver disease.
The more aggressive form of NAFLD, nonalcoholic
steatohepatitis (NASH), promotes the development
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cirrhosis - implicating obesity as an independent risk
[7-10]
factor for HCC
. Globally, HBV-related liver disease
is the leading etiology underlying HCC. In the United
States, the increase in the incidence of HCC is mainly
attributable to chronic HCV infection, particularly as the
baby boomer generation ages. However, the etiology
in a significant proportion of cases remains unclear,
indicating that other risk factors play an important
role as well. Nevertheless, as NAFLD has become the
leading cause of chronic liver disease in developing and
developed countries plagued by rising rates of obesity,
DM and the metabolic syndrome, the prevalence and
impact of NAFLD is expected to rise and drive the
epidemic of HCC in the United States Two-thirds of
those who suffer from obesity and DM are estimated to
[8,9]
suffer from NAFLD as well . NASH has a prevalence
of 2%-5% in the United States, with up to 20% of
[10]
patients exhibiting cirrhosis . Similar to HCV patients
with cirrhosis, patients with NASH-related cirrhosis are
also at an increased risk of developing HCC. In a single[11]
center study, Ascha et al
compared the incidence of
HCV and NASH-related cirrhosis. Among 510 patients
with cirrhosis, 195 had underlying NASH, while 315
had cirrhosis secondary to HCV. Median follow-up of 3.2
years revealed an annual cumulative HCC incidence of
2.6% for NASH-related cirrhosis as compared to 4% for
HCV-related cirrhosis cases. Additional large populationbased studies with longer durations of follow-up are
needed to re-confirm that patients with NASH-related
cirrhosis carry a significant risk of developing HCC and
should be closely monitored.
Despite the estimated low HCC incidence rate of
2.6% in patients with NASH-related cirrhosis, the
surge in the number of cases with NAFLD is projected
to lead to an increase in the number of patients
with NASH-related HCC. A recent study by Wong et
[12]
al
demonstrated a nearly fourfold increase in the
prevalence of NASH-related HCC cases among liver
transplant recipients since implementation of the model
[12]
for end-stage liver disease in 2002 . In a large United
States population-based study utilizing the United
Network for Organ Sharing database from 2002-2012,
[12]
Wong et al reported 10061 patients with HCC among
61868 liver transplant recipients. In order to achieve
a more accurate assessment of the true prevalence of
[12]
NASH, Wong et al created a modified NASH category,
which included patients with a formal diagnosis of NASH
as well as obese patients [body mass index (BMI) > 30
2
kg/m ] with cryptogenic cirrhosis and obese patients
with unknown etiology of HCC. The proportion of HCC
patients undergoing liver transplantation increased from
3.3% in the year 2000 to 23.3% in 2012 (Table 1).
Although HCV remained the leading etiology of HCC,
NASH was found to be the second leading cause of HCC
in patients undergoing liver transplantation and the
most rapidly growing indication for liver transplantation
among patients with HCC in the United States. Yet,
despite increased rates of liver transplantation among
patients with NASH, these patients have poorer liver

of hepatocellular carcinoma (HCC). As NASH-related
cirrhosis has emerged as the most rapidly increasing
indication for HCC-related liver transplantation in the
United States, new strategies for HCC surveillance
and targeted therapies in this patient population are
warranted.
Khan FZ, Perumpail RB, Wong RJ, Ahmed A. Advances in
hepatocellular carcinoma: Nonalcoholic steatohepatitis-related
hepatocellular carcinoma. World J Hepatol 2015; 7(18): 2155-2161
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i18/2155.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i18.2155

INTRODUCTION
Increases in the prevalence of obesity and diabetes
mellitus (DM) have been associated with the rise in
nonalcoholic fatty liver disease (NAFLD). Currently,
NAFLD is the most common cause of chronic liver disease
worldwide. The clinical spectrum of NAFLD ranges from
simple steatosis, an accumulation of fat greater than 5%
of liver weight, to nonalcoholic steatohepatitis (NASH), a
more aggressive form with inflammation and necrosis.
NAFLD afflicts an estimated 30%-40% of the adult
population in the United States. Even though the majority
of these patients remain stable, up to 25% of patients
with NAFLD can progress to NASH. Among the patients
who develop NASH, many advance to cirrhosis and are
[1-4]
at risk for complications of end-stage liver disease .
One of the major complications observed in patients with
NASH-related cirrhosis is hepatocellular carcinoma (HCC),
which has emerged as the sixth most common cancer
and second leading etiology of cancer-related deaths
[5]
worldwide .

NASH AND ITS ASSOCIATION WITH
HCC
The incidence of HCC in the United States alone has
tripled over the last three decades. A recent study
evaluated the trends in the age-adjusted incidence
rates of HCC utilizing the Surveillance, Epidemiology,
and End Result (SEER) database. It revealed a rise
in the incidence rate of HCC from 1.6 per 100000 in
[6]
1975 to 4.9 per 100000 in 2000 . A notable increase
was observed among Hispanic, Black and White males
(Figures 1 and 2). Historically, the leading etiologies
underlying HCC have included hepatitis B virus (HBV),
hepatitis C virus (HCV), alcoholic liver disease and other
[7]
chronic liver diseases . In the majority of cases, HCC
develops in the setting of cirrhosis with the exception
of HBV. A significant number of patients with HBV
can develop HCC in the absence of cirrhosis because
HBV itself is a known carcinogen. Emerging data are
suggesting that a small proportion of patients with
NAFLD may be at higher risk for HCC in the absence of
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Figure 1 Hepatocellular carcinoma incidence rates (per 100000) in males in the United States, age 50-59 years by race/ethnicity from 2000-2002 and
2003-2005[6]. The dark blue bars on the bottom of each panel indicate the overall incidence rates in men age 50-59 years during that time period.
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Figure 2 Hepatocellular carcinoma incidence rates (per 100000) in females in the United States, age 50-59 years by race/ethnicity from 2000-2002 and
2003-2005[6]. The dark blue bars on the bottom of each panel indicates the overall incidence rates in women age 50-59 years during that time period.

factors. Half of the new cases of HCC are attributable to
HCV, whereas the etiology of cirrhosis leading to HCC in
[1,6]
15%-50% of new cases remains unclear . With the
growing burden of obesity and DM in developed countries
leading to NAFLD and NASH, there is cumulative
evidence suggesting that NASH may account for a large
proportion of these cases of idiopathic or cryptogenic
[1,14]
cirrhosis
. NASH-related HCC patients undergoing liver
transplantation have significantly higher rates of DM and
[12]
higher BMI . Similar to the NASH population, patients
with cryptogenic cirrhosis have a high prevalence of
obesity and DM as well. Additionally, a significant number
of liver transplant recipients with cryptogenic cirrhosis
develop NAFLD (25.4%) or NASH (15.7%) within 2 years
[15]
following transplant surgery . This provides further
support that patients with end stage or burned out
NASH are potentially being misclassified with cryptogenic
cirrhosis. Typically, in patients with NASH-related cirrhosis
characteristic histologic features of NASH, including
steatosis, lobular inflammation, balloon degeneration,
necrosis and Mallory bodies in zone 3 are not evident,
and may lead to misdiagnosis.
Regardless of the underlying cause of liver disease,
cirrhosis is believed to be a major risk factor for the
[16]
development of HCC. Yasui et al
performed a multi

Table 1 The etiologies of liver disease among hepatocellular
carcinoma related liver transplant recipients following the
implementation of model for end-stage liver disease system in
[12]
2002 for prioritizing of patients for liver transplant
Etiologies of HCC

HCV
NASH
ALD + HCV
HBV
Modified NASH

HCC patients undergoing liver
transplantation in the MELD era
2002
43.4%
0%
4.9%
10.2%
8.3%

2007
46.3%
4.0%
6.5%
8.3%
10.3%

2012
49.9%
6.0%
6.4%
4.6%
13.5%

HCC: Hepatocellular carcinoma; MELD: Model for end-stage liver disease;
HCV: Hepatitis C virus; NASH: Nonalcoholic steatohepatitis.

transplant waitlist survival and are less likely to undergo
liver transplantation than patients with HCV or alcoholic
[13]
liver disease .

RISK FACTORS FOR NASH-RELATED
HCC
The remarkable increase in the number of HCC cases in
developed countries is linked to several important risk
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center retrospective study in Japan to understand the
pathological course of NASH progressing to HCC. These
investigators identified 19 patients with histologically
proven NASH who developed HCC during a median
follow-up period of 3.8 years. Patients were screened
and underwent surveillance using ultrasound, computed
tomography, des-gamma-carboxyprothrombin testing,
and AFP testing. The majority of the patients were elderly,
obese (84%), diabetic (58%), and hypertensive (63%).
When histopathology at the time of NASH diagnosis
was compared to histopathology at the time of HCC
diagnosis, the degree of steatosis remained unchanged in
the majority of patients (86%), but the stage of fibrosis
was significantly more advanced at the time of HCC
diagnosis (P = 0.02). These findings suggest that fibrosis
is a significant risk factor for the development of HCC
among patients with NASH. However, there were 3 male
patients (21%) of 19 who only had stage 2 fibrosis at the
time of HCC diagnosis. Interestingly, in an earlier cross[16]
sectional study performed by Yasui et al , 28% of NASH
patients, with an older male predominance, only had
stage 1 or stage 2 fibrosis at the time of HCC diagnosis.
These findings indicate that HCC can occur in NASH
patients regardless of the degree of fibrosis, particularly
in older men. Although the association between cirrhosis
secondary to NAFLD and HCC is well documented, few
recent studies have pointed toward a positive correlation
between non-cirrhotic fatty liver disease and HCC. The
prevalence of histologically confirmed steatosis and
steatohepatitis is about 54% and 15% in HCC cases
[17]
without any underlying cirrhosis, respectively . In
another retrospective study, cirrhosis was detected in
only 53% of NASH-related HCC patients, which was
significantly less than in the group with non-NASH HCC
(90%). Therefore, though cirrhosis is a crucial risk factor,
NASH is likely a significant independent risk factor for
[18]
HCC . Future prospective, large population-based
studies with longer durations of follow-up are needed
to determine the validity of this potentially important
observation.
NAFLD is considered the hepatic manifestation of
the metabolic syndrome, which includes a cluster of
interlinked metabolic risk factors, such as hypertension,
hyperglycemia, central obesity and dyslipidemia. The
majority of patients with HCC secondary to NAFLD
have two or more types of metabolic disease, the most
common being hyperglycemia due to insulin resistance.
Based on a large United States population-based study
using the SEER-Medicare database of patients over
65 years of age with histologically diagnosed HCC
[19]
between 1994 and 2005, Welzel et al concluded that
the metabolic syndrome is an important risk factor
for HCC development. Comparison with a randomly
selected control group revealed that each component
of the metabolic syndrome was individually associated
with a statistically significant increased risk of HCC
development (P < 0.0001).
Obesity is considered a significant risk factor for the
development of not only HCC but also for a number of
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other malignancies. Welzel et al reported a 1.93-fold
increased risk of HCC in the obese population. In a large
[20]
prospective study by Calle et al , out of 900000 United
States adults who were enrolled in the study in 1982,
57145 died from cancer during the 16 year follow-up
2
period. Morbidly obese (BMI > 40 kg/m ) males had
a 52% higher mortality, while morbidly obese women
had a 62% higher mortality compared to corresponding
mortality in their normal weight counterparts. There
is growing evidence supporting a positive correlation
between excess body weight and HCC risk. Results
from a meta-analysis of 11 cohort studies performed
in 2007 showed that the liver cancer risk was 17%
among the overweight and 89% among the obese as
compared to those with normal weight. Furthermore,
it was estimated that 28% of liver cancer cases in men
and 27% of liver cancer cases in women were linked to
2 [21]
overweight or obesity (BMI > 25 kg/m ) . Even among
those with normal weight, visceral fat accumulation is
considered pro-oncogenic and is a potential risk factor
[22]
for the recurrence of HCC. Ohki et al
investigated
whether visceral adiposity increased the risk of cancer
recurrence in patients with NASH-related HCC after
undergoing curative treatment with radiofrequency
2
ablation. Those with higher visceral fat area (> 130 cm
2
in males, > 90 cm in females) were at increased risk
of recurrent HCC (75%), compared to those with lower
visceral fat area (45%).
DM, another important risk factor for HCC, is
[19]
associated with 2.90 fold increased risk of HCC .
Insulin resistance in patients with DM leads to the
increased release of free fatty acids and pro-inflam
matory cytokines, including tumor necrosis factor
(TNF) alpha, leptin, and interleukin-6 (IL-6), as well as
reactive oxygen species, which favor fat deposition and
[1,20]
inflammation in the liver
. Statins have been reported
to have a cancer preventative effect if prescribed to
[23]
patients with DM . Among a large cohort of patients
diagnosed with DM, a matched, nested case control
study of 1303 diabetics with HCC and 5212 diabetics
without HCC demonstrated that increased duration
and frequency of statin prescriptions in diabetics was
associated with a decreased incidence of HCC (risk
reduction: 25%-40%). However, the study was limited
by its retrospective design and relatively short length of
follow-up (median 2.4 years). Further studies exploring
this anti-inflammatory role of statins and their potentially
beneficial role in preventing HCC development may have
significant clinical implications.
Hepatic iron overload is also being increasingly
recognized as a clinically important risk factor contri
buting to the development of NASH and its progression
[24]
to HCC . In patients with hereditary hemochromatosis,
excess iron deposits drive oxidative stress, leading to
the production of iron catalyzed oxyradicals. These
oxyradicals contribute to the progression of fibrosis
to cirrhosis and later to HCC. Lesser degrees of iron
accumulation are frequently observed in patients with
other forms of liver diseases, such as alcoholic liver

2158

August 28, 2015|Volume 7|Issue 18|

Khan FZ et al . NASH-related hepatocellular carcinoma
[25,26]

mammalian target of rapamycin complex (mTOR)
.
Obesity is associated with increased IL-6 levels, while
weight loss reduces levels of TNF-α and IL-6, resulting in
a decreased inflammatory and potentially carcinogenic
[27]
response . Prolonged upregulation of the IL-6/STAT3
axis results in an increased probability that hepatocytes
that have already acquired oncogenic mutations from
exposure to carcinogens will continue malignant trans
[28]
formation . Insulin resistance upregulates the pro
duction of insulin-like growth factor-1 (IGF-1). IGF-1
promotes processes linked to HCC development, such
as expression of proto-oncogenes c-fos and c-jun in
vitro and activating mitogen activated protein kinases
[29]
(MAPK) . JNK, a MAPK, is activated by IR and down
[30]
regulated by weight loss . Histopathological analysis
reveals that 70% of HCC tissue specimens stain positive
for phosphorylated JNK, suggesting its role in the
[31]
development of HCC . Overall, several mechanisms
underlying NASH-related HCC have been elucidated and
pave the way for new therapeutic targets.

Metabolic risk factors associated with HCC
Visceral obesity

Inflammation

Insulin resistance

Free fatty acids

Stress mediators

Glucose intolerance

Lipid dysfunction

Hepatic steatosis

Steatohepatitis

Cirrhosis

HCC

Figure 3 Metabolic pathogenetic pathways to hepatocellular carcinoma.
HCC: Hepatocellular carcinoma.

SURVEILLANCE OF HCC

disease, HCV-related liver cirrhosis and NAFLD. A study
[24]
by Sorrentino et al
retrospectively assessed the
hepatic iron stores in 51 patients with HCC diagnosis and
NASH-related cirrhosis and 102 HCC-free controls with
NASH-related cirrhosis. Conditional regression analysis
revealed that histologic sinusoidal iron deposition was
larger in size and more frequent in HCC patients than in
controls.
[11]
In the aforementioned study by Ascha et al
that
evaluated the annual cumulative incidence of HCC in
patients with NASH-related cirrhosis, the investigators
also studied and identified additional risk factors
impacting HCC development in these patients. Old age
(P = 0.006) and any lifetime alcohol consumption (P
= 0.002) were statistically significant risk factors for
progression to NASH-related cirrhosis and development
of HCC. While heavy consumption of alcoholic beverages
is widely considered a major risk factor for development
of HCC, the study highlights that any lifetime alcohol
consumption among patients with NASH was associated
with a 3.6 times increased risk of HCC compared to
those without lifetime alcohol consumption (P = 0.003).
This suggests that alcohol consumption is a modifiable
risk factor; even in quantities generally considered safe
may increase the risk of HCC development in patients
with NASH-related cirrhosis.

The majority of cases of HCC occur in patients with
known cirrhosis. United States and European societies
recommend regular surveillance of HCC in cirrhotic
[32,33]
patients on a semiannual basis
. Ultrasound is regar
ded as the most effective tool for regular surveillance,
while the role of AFP as a reliable tool for surveillance is
still controversial due to high false positive and negative
[34]
rates . Despite evidence of improved survival among
[35]
patients who underwent regular surveillance for HCC ,
[36]
Davila et al
suggests that the actual implementation
of HCC surveillance in the cirrhotic patient population is
[36]
inadequate. Davila et al
utilized Medicare databases
to identify 1873 HCC patients with underlying cirrhosis
between 1994 and 2002 and noted that among these
patients only 17% received regular surveillance, while
38% received inconsistent surveillance prior to the
diagnosis of HCC. Moreover, among all patients who
received regular surveillance, 52% had ultrasound and
AFP levels, 2% received ultrasound only, and 46% were
monitored with AFP level only. Disparities were noted
in surveillance, with affluent patients and patients with
higher education at increased likelihood of receiving
regular surveillance. Future studies would be helpful
to explore whether on-time HCC surveillance in NASH
patients would be effective in decreasing morbidity and
mortality from the disease.

MECHANISMS UNDERLYING NASHRELATED HCC

CONCLUSION

Numerous unique mechanisms underlie the pathogen
esis of NASH-related HCC (Figure 3). Insulin resistance,
associated with NAFLD, predisposes to the production of
free fatty acids and several pro-inflammatory cytokines,
[1]
including TNF-α and IL-6 . TNF-α promotes prooncogenic pathways, which specifically involve nuclear
factor kB, c-Jun amino acid-terminal kinase (JNK), and

Despite several gaps in our current knowledge of NAFLD
and NASH, the increasing prevalence of NASH is partly
responsible for the current growth in HCC incidence.
[11]
Ascha et al
has reported HCC incidence of 2.6% per
year in patients with NASH-related cirrhosis. Currently,
NASH-related cirrhosis is the most rapidly increasing
indication for HCC-related liver transplantation in the
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United States . It is essential to control the growing
epidemic of obesity and DM. The role of statins in
reducing the risk of HCC in patients with DM is an
interesting finding which needs to be further evaluated.
Timely detection of HCC is difficult due to its indolent
clinical course in the initial stages and high index of
clinical suspicion is crucial to early diagnosis. Patients
with NASH often present at an increased age and after
having developed advanced complications of end-stage
liver disease, which include inoperable HCC. Efforts to
devise noninvasive methods of detecting NASH and
maximizing the management of common risk factors
shared by NASH and HCC can lead to a potential
reduction in liver disease and liver cancer burden.
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Biliary complications after pediatric liver transplantation:
Risk factors, diagnosis and management
Flavia H Feier, Eduardo A da Fonseca, Joao Seda-Neto, Paulo Chapchap
reconstruction, and the number of bile ducts in the liver
graft influences the occurrence of these complications.
Bile leaks and strictures comprise the majority of posttransplant BCs. Biliary strictures require a high grade
of suspicion, and because most children have a bileoenteric anastomosis, its diagnosis and management
rely on percutaneous hepatic cholangiography and
percutaneous biliary interventions (PBI). The success
rates with PBI range from 70% to 90%. Surgery is
reserved for patients who have failed PBI. BCs in children
after liver transplantation have a prolonged treatment
and are associated with a longer length of stay and
higher hospital costs. However, with early diagnosis and
aggressive treatment, patient and graft survival are not
significantly compromised.
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Core tip: Biliary complications in children after liver
transplantation cause significant morbidity, which affect
quality of life, increase hospital costs and jeopardize
the liver graft if they are not treated appropriately.
Diagnostic and treatment approaches to the different
types of complications are highlighted, as are the
technical nuances specific to pediatric recipients.
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Abstract
The expanded indications of partial grafts in pediatric
liver transplantation have reduced waiting list mortality.
However, a higher morbidity is observed, including an
increased rate of biliary complications (BCs). Factors
such as the type of graft, the preservation methods
applied, the donor characteristics, the type of biliary
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last several decades due to the utilization of partial
grafts, including split and reduced grafts from deceased
donors and live-donor grafts. Comparable patient
and graft survival to whole liver recipients has been
[1]
achieved in most centers ; however, the reduction in
the waiting-list mortality came at a price in regard to
post-transplant morbidity, which is mainly represented
by the higher incidence of biliary complications (BCs) in
[1]
recipients of these grafts .
BCs are classified into biliary strictures (BS), which
can be anastomotic or intrahepatic, bile leaks (BL),
bilomas, excluded ducts, stones and cast formation,
among others. The overall BC incidence in transplanted
[2,3]
children varies from 15% to 40% . The type of graft,
number of bile ducts and type of biliary reconstruction
performed influence the variability in the incidence of
BC. The diagnosis, especially in cases of BS, requires a
high index of suspicion, and only with early diagnosis
and prompt management can high success rates be
[4]
expected . In children, due to underlying liver disease,
the majority of the biliary reconstruction is a bilioenteric
(BE) anastomosis performed by a Roux-en-Y. The
preferred method to access the biliary anastomosis
in cases of BC is using a percutaneous transhepatic
cholangiography (PTC) to perform the percutaneous
biliary intervention (PBI). PTC and PBI have become
the mainstay of diagnosis and treatment in liver
transplanted children, with success rates between 70%
[4-6]
and 90% .

ducts was found to be an independent risk factor for the
development of BC after pediatric liver transplantation
and has a higher incidence of BL compared with a single
[9]
duct (21% vs 9%, respectively) .

BL
BL can occur at the anastomosis, T-tube insertion,
or cut surface of partial liver grafts. Their incidence
after pediatric liver transplantation ranges from 2%
[10,11]
to 15%
. They usually present early in the postoperative course and are diagnosed either by bilious
secretion in the abdominal drain or by routine cholan
giography in those cases where a t-tube or trans-AS
[7,12]
stent was used
. Bilomas result from small selflimited BL that form collections. They result from the
inadvertent division of bile radicals during hilar dissection
or parenchymal division in partial grafts. They are
diagnosed by ultrasound (US) or computed tomography
[2]
(CT) .

AS STRICTURES
An AS stricture is a segmental narrowing around the
anastomosis. The incidence of AS in children varies
[9,12]
between 2% and 35%
. The clinical presentation
can be poor, but jaundice, acholic stools, fever and
[4,12]
alteration of liver enzymes are common findings
.A
high gamma-glutamyl transferase (GGT) is present in
[4,13]
patients with BS
, and an increased GGT value can
[14]
be related to a greater stricture severity . Usually,
the diagnostic workup starts with non-invasive imaging
studies, including US, cholangio CT and cholangio
[7]
magnetic resonance (MR) . US sensitivity is highly
variable between studies and ranges from 23% to
[2,13,15]
92%
. In the pediatric population, US showed only
mild biliary dilation in 86.6% of the patients who were
[14]
diagnosed with severe strictures on PTC . Potthoff
[16]
et al
compared US with cholangiography in adults
who underwent liver transplantation and found that US
was able to detect a BC in 52.4% of the patients. The
sensitivity of US to detect AS was 24%, with a specificity
of 100%. The lack of US sensitivity may occur because
early strictures do not cause the bile ducts to dilate
immediately. Due to denervation of the implanted liver, it
takes up to three months for the dilation to be detected
[16]
by US .
Cholangio MR is routinely performed in adult reci
pients as part of the diagnostic work up of BS. It was
shown that cholangio MR sensitivity and specificity can
[17]
be as high as 90% for the diagnosis of BS . In cases
of BE anastomosis, however, the sensitivity of cholangio
[18]
MR drops to 50% . This is important for the pediatric
population because most pediatric patients have a BE
anastomosis. However, cholangio MR is helpful when
studying patients with two separate anastomoses,
without significant dilation on US, and with clinical
suspicion of BS. It can also serve as a guide to a PTC for
[4]
identifying the exact puncture location . Further studies

CLINICAL PRESENTATION AND
DIAGNOSIS
The presentation of BC is quite variable. BL usually have
a straightforward diagnosis and present early in the
post-transplant course. BS has a more indolent evolution
and presents later in the post-transplant follow-up.
BS demands a high index of suspicion because in the
initial phases the clinical picture can be confused with
rejection, infection and primary disease recurrence.
Early complications (< 30 d post-transplant) are a result
of technical issues such as handling and harvesting of
the graft, preservation injuries, surgical technique of
[7]
biliary reconstruction, or even vascular insufficiency .
Late complications (> 90 d post-transplant) can
appear from anastomotic (AS) and non-anastomotic
strictures (NAS). NAS can be related to the use of ABOincompatible grafts, preservation injury, opportunistic
infections, recurrent hepatitis, ductopenic rejection,
recurrent primary sclerosing cholangitis (PSC), stones
or casts, post-transplant lymphoproliferative disorder or
[7]
other tumors . Risk factors for AS complications (leaks
and strictures) are linked and include a prolonged cold
ischemia time, hepatic artery thrombosis (HAT), CMV
infection, and chronic rejection. Tissue hypoxia, as occurs
in patients with hepatopulmonary syndrome, at level of
the anastomosis can increase the rate of BCs following
[8]
liver transplantation . The presence of multiple bile
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Table 1 Liver biopsy findings suggestive of biliary strictures and differential diagnosis (BANFF
Histopathological features
Distribution, severity and
composition of portal
inflammation
Presence and type of interface
activity

Bile duct inflammation and
damage
Biliary epithelial senescence
changes and small bile duct
loss
Perivenular mononuclear
inflammation and/or
hepatocyte dropout
Lobular findings and
necroinflammatory activity

PSC/BS

[18]

Chronic rejection

Primary biliary cirrhosis

Usually patchy to diffuse; mild
Patchy; usually minimal or mild
neutrophilic, eosinophilic, or occasionally
lymphoplasmacytic
mononuclear predominant
Prominent and defining feature: ductular
Minimal to absent
type with portal and periportal edema

Periductal lamellar edema "fibrous
cholangitis"; acute cholangitis; multiple
intra-portal ductal profiles
Small bile duct loss associated with
ductular reaction
Absent

Focal ongoing lymphocytic bile
duct damage; inflammation
wanes with duct loss
Senescence/atrophy/atypia
involve a majority of remaining
ducts
Usually present but variable

Biliary pattern

Noticeably patchy and variable intensity;
predominantly mononuclear; nodular
aggregates and granulomas
Important feature later in disease
development: ductular and
necroinflammatory-type with copper
deposition
Granulomatous or focally severe
lymphocytic cholangitis is diagnostic in
proper setting
Small bile duct loss associated with
ductular reaction
Variable but generally mild; if present,
involves a minority of perivenular regions

Disarray unusual; neutrophil clusters; ± Variable; if present, concentrated
cholestasis
in perivenular regions

Pattern of fibrosis during
progression towards cirrhosis

)

Uncommon; if present usually a
venocentric pattern; may evolve
to biliary pattern

Mild disarray; parenchymal granulomas;
periportal copper deposition and
cholestasis are late features
Biliary pattern

PSC: Primary sclerosing cholangitis; BS: Biliary strictures.

most severe forms of NAS evolve in the case of early
HAT and result in partial or complete biliary necrosis. In
the case of late HAT or arterial stenosis, the forms are
attenuated due to collateral perfusion. Thus, the severity
of NAS correlates with the time of manifestation and is
most severe in the first year, whereas late HAT may be
[12]
even clinically unapparent . A patient with NAS has
a cholestatic picture with episodes of cholangitis. More
than 50% of the cases present in the first year.
NAS can also develop with an open artery, which
represents a distinct entity generally referred to as
[20]
ischemic-type biliary lesions (ITBL) . NAS can be
classified as extrahepatic (type Ⅰ), intrahepatic (type
Ⅱ), or a combination of both. NAS can also be sub
classified according to the etiology: NAS secondary
to HAT; ITBL secondary to microangiopathic injury
(donor factors-preservation injury, prolonged ischemia
times, donor after cardiac death); or ITBL secondary to
immunogenetic injury (ABO incompatibility, rejection,
autoimmune hepatic disease, CMV infection and
[20]
chemokine polymorphisms) .
The incidence of NAS varies between 5% and 25%.
Recently, many centers have had an increased incidence
due to the more liberal use of extended criteria donors
[12]
and donors after cardiac death . This is rarely the case
in pediatric liver transplantation, where donor selection
follows more strict criteria. The rate of NAS after living
donor liver transplantation (LDLT) is low, and the cases
are usually represented on PSC recurrence.
Risk factors for NAS include the use of UW-solution
(with a high-viscosity), Roux-en-Y reconstruction,
postoperative CMV infection and PSC as underlying
liver disease, cold ischemia time > 10 h, donor age
[12]
and organ quality (severe macrovascular steatosis) .

Figure 1 An 18-mo-old girl presented with a severe bilioenteric anastomotic
stricture five months after receiving a left lateral segment graft from a livedonor. After two percutaneous biliary interventions failed attempts to cross
the stricture the patient underwent surgical revision and a new bilioenteric
anastomosis was fashioned.

in children are necessary to define the diagnostic yield of
cholangio MR for BS.
Liver biopsy can help elucidate the investigation and
[19]
provide a differential diagnosis
(Table 1). Histology
consistent with cholestasis due to biliary obstruction has
[6,13]
been found in 69%-83% of the patients with BS
.
The gold standard for the diagnosis and treatment
is endoscopic retrograde cholangiography (ERC) in
patients with duct-to-duct (DD) anastomosis and PTC in
patients with BE anastomosis (Figure 1). The diagnostic
algorithm for BS is shown in Figure 2.

NAS
NAS concerns strictures located in both the extrahepatic
[20]
and intrahepatic biliary systems of the liver graft . The
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Jaundice and/or Fever and/or Acholic stools
and/or Altered liver function tests (elevated GGT)

US Doppler colangio MR

Clinical follow-up

Liver biopsy

Suggestive of biliary strictures

No

High index of suspicion

Yes
BE anastomosis

DD anastomosis

ERCP

PTC

Failure
Surgery re-anastomosis

Failure

PBI (ballon dilatation and
catheter placement)

Figure 2 Proposed diagnostic and treatment algorithm for biliary strictures. MR: Magnetic resonance; BE: Bilioenteric; PBI: Percutaneous biliary interventions;
PTC: Percutaneous transhepatic cholangiography; DD: Duct-to-duct; US: Ultrasonography; GGT: Gamma-glutamyl transferase; ERCP: Endoscopic retrograde
cholangio pancreatography.

MISSING DUCTS
A missing duct or excluded segmental bile duct is a
segmental bile duct that is discontinuous with the
primary biliary drainage tree of a partial allograft (Figure
[21]
3). Its incidence after LDLT can reach 40% . Signs
suggestive of a missing duct are persistent bile leak,
high direct hyperbilirubinemia and imaging evidence of
[22]
an isolated dilated bile duct system by US, CT or MR .
Additionally, a missing duct should always be suspected
when a patient presents signs of cholestasis but has
[4]
normal stool coloration .
Partial grafts always have a cut surface area and
occasionally present multiple bile ducts. During the
liver resection procedure in live-donor, split or reduced
grafts, these secondary bile ducts may be missed
and ligated unintentionally. Anatomical variations in
biliary drainage exist in which a biliary branch does not
communicate with its segmental bile duct and thus
[22]
[22]
drains into another segment . Conzen et al reported
four cases of excluded bile ducts after pediatric liver
transplantation. All of these patients had their diagnosis
confirmed by PTC and initially treated by PBI with
external catheter placement. Subsequently, a surgical
intervention was performed to include this excluded
duct in the BE anastomosis. The drainage catheter was
used for guidance and remained postoperatively. All
but one patient recovered well. The remaining patient
developed ductopenic rejection and underwent re[22]
transplantation .
Some important measures can help prevent this
complication, such as an adequate preoperative eva

Figure 3 A 3-year-old boy developed a biloma 12-mo after receiving
left lateral segment from a live-donor. He had a persistent bile leak and
segmental bile duct dilatation on abdominal computed tomography scan
imaging. A fistulography was performed by injecting contrast through the pigtail
catheter, and an excluded bile duct was evidenced.

HAT is a direct cause of NAS because the blood
supply to the biliary tree is almost solely arterial and
receives no significant contribution from the portal
vein in physiological conditions. However, some re
searchers support the hypothesis that the peribiliary
vascular plexus is sustained not only by blood from
the hepatic artery but also by blood from the portal
vein. Because ITBLs can occur in the absence of HAT,
it has been suggested that the portal blood impacts
the pathogenesis of ITBL. Patients with partial portal
vein thrombosis and intact arterial blood supply have
developed ITBL in the segments affected by portal vein
[20]
thrombosis .
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[26]

luation of the live donor’s biliary tree with a cholangio
MR or by means of an intraoperative cholangiography.
Additionally, for split and reduced grafts, backtable
cholangiography could help identify these secondary
[22]
ducts .

surgical intervention .
The gold-standard treatment for patients with BE
anastomosis is PTC with PBI. This is the mainstay of
treatment for liver-transplanted children because the
vast majority of these children have a BE anastomosis.
With an aggressive interventional radiology team, PTC
[2]
can be successful 76%-89% of the time . To achieve
good results, an early indication of the procedure, based
on a high index of clinical suspicion, is paramount.
PTC can be performed safely, even in the absence of
dilated bile ducts. Most of the procedures performed
in our institution are in children who are recipients
of partial grafts and lack bile duct dilatation. All such
procedures are performed under either US guidance or
[4]
fluoroscopic control . Percutaneous treatment of AS in
pediatric patients is considered safe and effective, and
in most cases, surgical revision of the anastomosis is
[6]
not needed . Contraindications to PTC are relative and
include uncorrectable coagulopathy, allergy to iodinated
contrast, and large volume ascites. To perform the
procedure safely, the patient should have an INR ≤
1.5, platelet count ≥ 50000/dL and a normal partial
[27]
[6]
thromboplastin time . Miraglia et al , studying
pediatric liver transplant recipients with BS, achieved a
trans-stricture biliary catheter placement success rate
of 92%. During follow-up, 11% of their patients needed
surgical revision of the anastomosis. In 75% of the
patients, only one course of treatment was required,
20% required two courses and 5% required three
courses of percutaneous stenting and bilioplasty. No life[6]
threatening complications were reported .
[13]
Moreira et al
studied pediatric liver transplant
recipients who underwent PTC due to clinical suspicion
of BS. They found that 29.7% had normal findings,
15.6% had simultaneous intrahepatic stenosis and
54.7% had isolated AS. One course of percutaneous
treatment section was needed in 65.7% of the patients,
two courses were required in 20%, three courses were
needed in 11.4% and more than three courses were
needed in 2.8%. Thirty-four precent had a recurrence
at a median 2.2 years of follow-up. At the end of followup, 82.6% were symptom-free. Only two patients
presented with hemobilia associated with hemodynamic
repercussions and were treated successfully by arterial
[13]
embolization . Some series reported complication
[28]
rates of approximately 40% . The most common
potential complications from PBI included bleeding,
fever, bacteremia and sepsis. Minor complications
occurred in approximately 11% of cases, and major
[27]
complications occurred in less than 2% .
For those patients who fail ERC and PTC, a novel
magnetic compression anastomosis can be created.
Transmural compression with two magnets causes
gradual ischemic necrosis, thus creating a new anasto
mosis between the dilated duct and small intestine
or bile duct. There are only few cases in which this
technique was performed, and further experience is
[29,30]
required before it has broader indications
.
There is still no randomized controlled trial for the

TREATMENT
Treatment strategies for BCs are based on the type and
severity of the complication and the biliary reconstru
ction technique applied (DD or BE anastomosis). Nonoperative management is the first-line approach,
and success can be achieved in 70%-90% of all BS
[2,4-6]
cases
.
BL can be treated conservatively by maintaining the
[4]
abdominal drain if the patient’s condition is stable .
Cut surface leaks or small caudate duct leaks usually
respond to the conservative approach and close in 5-8
[4,7]
wk . Anastomotic leaks, however, require additional
intervention. Patients with DD anastomosis are treated
[23]
with ERC, with reported success rates of 80%-90% .
Small leaks can be managed by sphincterotomy alone.
ERC management of significant anastomotic BLs is
successful approximately 50% of the time, but the
remainder of cases requires surgical revision. PTC is used
as a second-line therapy, i.e., as a rescue procedure, in
patients with DD anastomosis. Early leaks in a clinically
unstable patient demand urgent surgical revision.
They are usually due to a large defect or even biliary
[11]
[4]
necrosis . Ultimately, most BL will require surgery .
Bilomas are usually self-limiting and may be treated by
insertion of a percutaneous pigtail catheter. Using all the
available resources, the success rates of BL treatment
[12]
are approximately 85%-100% .
Overall 60%-90% of AS can be treated with inter
vention. In the long term, approximately 10%-20% of
such cases require surgical revision. In most centers,
surgical intervention is left as last resource for treating
AS. Patients with DD anastomosis are approached
with ERC with balloon dilatation with or without stent
[12]
placement . A successful endoscopic treatment can
be achieved in 58%-76% of LDLT cases and 80%-90%
[24]
of deceased donor cases . The complication rate is of
6.6% per procedure, with a cumulative complication
[15]
rate per patient of 21% . There is less cumulative
[25]
experience with ERC in children. Dechêne et al
reported on 17 children with BC submitted to ERC. All
but one patient completed the exam, and those patients
were treated with sphincterotomy, balloon dilatation
or stent placement. Although the most common
complication was bleeding (23.5%), only one required
surgical revision. In those patients with AS, the success
[25]
rate was 100% .
[26]
Unlike most centers, Darius et al indicated surgery
as the first treatment for AS. The primary patency
of surgically treated patients was 80%. The other
20% had recurrences and needed a second surgical
intervention. The 30-d mortality was 3.4%; 8.5%
had major complications, and most required another
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treatment of AS in pediatric liver transplant recipients.
PBI is less invasive and has a lower complication rate.
The treatment, however, is long, and the patient needs
multiple re-interventions for catheter exchange. A direct
surgical approach is obviously more invasive and has
higher complication rates, though it does have a shorter
[31]
treatment period . Quality of life cannot currently be
evaluated for each treatment approach based on the
personal impressions of the attendants. Most centers
are more likely to adopt a less invasive strategy than a
[32]
more invasive strategy .
Treatment of NAS is multidisciplinary, and the
success rates with interventional treatment are lower
than those observed for anastomotic complications. The
involvement of the biliary system is diffuse, and severe
forms with cast formation do not respond to endoscopic
treatment. Usually, ursodeoxycholic acid is used to
increase bile flow and lower lithogenicity. Antibiotic
therapy and prophylaxis are often necessary. The
difficulty in treating this condition is expressed by the
10-year graft failure rates that can occur in 20%-50%
[12]
of cases .

to lower complication rates in the recipients were taken
[35]
by groups with large experience in live donation . It
is not unusual to have more than one bile duct in the
liver graft from either right lobes or left lateral segment
grafts (LLS): 40% of LLS grafts require at least 2 biliary
[9]
anastomosis . It is a common practice to study the
donor’s biliary anatomy before electing for surgery and/
or during the hepatectomy by means of a transcystic
cholangiography. Intraoperative cholangiography can
help identify the exact point of bile duct transection.
Additionally, preoperative cholangio MR should be
performed in the donors, especially in the case of left
and right grafts. Cholangio MR accurately described the
[36]
anatomy in 88.3% of the donors . Another method,
by CT cholangiography could accurately define the
[37]
anatomy in 96% of the donors .
An aberrant biliary anatomy and the presence of
two or more ducts are significant risk factors for the
[24]
development of BCs . Generally, donation is precluded
if three or more small bile ducts are present. Care
should also be taken with the caudate lobe anatomy
because BL originating from the caudate lobe are not
infrequent and are difficult to manage. A maximum of
5 bile ducts are encountered in the caudate lobe and
careful attention should be paid to the performance of
[24]
continuous suturing and ligation of these radicles .
Because ischemia of the bile ducts plays an
important role in the development of BC, preserving
the blood supply to the bile duct is an important factor
to prevent these complications. In LDLT, interruption of
the blood supply is thought to be the most important
contributing factor for the higher incidence of BC in this
population. In a partial liver graft, the blood vessels to
the graft bile duct from the common bile duct side are
transected. The dissection of the right or left hepatic
artery in the donor operation should be restricted to
what is absolutely necessary to protect the branches,
and the dissection of the hilar duct should be minimal
or even avoided. Following the principle of preserving
[35]
the bile duct blood supply in the donor, Soin et al
applied a complete Glissonian approach in the donor’s
hepatectomy and reduced the incidence and severity of
BC in the recipients from 15.8% to 5.3%.

TECHNICAL VARIANT GRAFTS
Technical variant grafts are becoming the most used
types of liver grafts in pediatric recipients. However,
recipients of technical variant grafts are more likely to
develop any type of complication within 30 d than are
whole organ recipients. In the study by Diamond et
[1]
al , the incidence of BC within 30 d was 18.8% for split
livers, 17.5% for LDLT, 16% for reduced liver grafts and
7.5% for whole liver grafts, and the BC were mostly
represented by BL. As for the complications observed
at 2 years of follow-up, all of the variant grafts were
associated with an increased incidence of BC, and all
cases presented with an increased incidence of BL.
Recipients of reduced and live-donor grafts also had
an increased incidence of intrahepatic BS. Recipients
of live-donor grafts had a 2-fold increased incidence
[1]
of AS . However, no other groups have linked an
increased incidence of BC with technical variant grafts
and claim that the initial high rate of BC decreases after
[9]
the initial learning experience .

RECIPIENT OPERATION: UNSOLVED
TECHNICAL DILEMMAS AND FUTURE
TRENDS

LDLT
The incidence of BC after pediatric LDLT ranges from
[10,33]
4% to 45%
. BC occur more frequently after LDLT
than deceased donor transplantation and remain the
most common and prolonged treatment problem after
[24]
[34]
LDLT . Reding et al
reported an incidence of BC of
34% in LDLT vs 14% in deceased donors. The incidence
of strictures in LDLT is twice that of deceased donors
[34]
(24% vs 12%, respectively) .

In the beginning of the LDLT experience, the standard
biliary reconstruction procedure was the Roux-en-Y
hepaticojejunostomy. It is also the preferred method
for children because their bile ducts are too small or
the BE anastomosis is mandated because of underlying
liver disease. In adult LDLT, the routine use of a DD
reconstruction is now applied because of its theoretical
advantages: it preserves the sphincter mechanism,
decreases the operative time and allows access through
[24]
ERC . However, it cannot always be performed, as

Donor surgery

Some aspects of the donor surgery are particularly
important, and actions toward refining this technique

WJH|www.wjgnet.com

2167

August 28, 2015|Volume 7|Issue 18|

Feier FH et al . Biliary complications in children
Table 2 Different biliary reconstruction techniques in pediatric liver transplantation and biliary complications incidence
Ref.

N

Okajima et al[38]
Sakamoto et al[12]
Shirouzu et al[3]
Liu et al[10]
Anderson et al[5]

6
19
30
7
66

Tanaka et al[37]
Haberal et al[39]
Ando et al[9]
Chok et al[40]
Feier et al[4]
Darius et al[30]

60
31
49
78
489
429

Type of graft

BE/DD

Suture technique

Stent

BC

BS

BL

LDLT
LDLT
LDLT
LDLT
Whole, split and
reduced
LDLT
LDLT
LDLT
LDLT
LDLT
Whole, split,
reduced and LDLT

0/6
0/19
20/10
3/4
51/15

Interrupted
Continuous and interrupted
Interrupted
Interrupted
Continuous and interrupted

Yes
Yes, but not routine
Yes
No
No

16.6%
47.4%
6.6%
14.2%
26%

16.6%
36.8%
3.3%
0
23%

0
10.5%
3.3%
14.2%
3%

46/14
0/31
47/2
74/4
395/24

Continuous and interrupted/only interrupted
Interrupted, wide interval
Continuous posterior/interrupted anterior
Continuous and interrupted
Interrupted

Yes/No
No
Yes
No
No
No

20%
15.6%
4%

11.7%
9.3%
2%
16.7%
9.2%
13.2%

5%
6.2%
2%

14.5%
23%

6.7%
3.0%

BE: Bilioenteric anastomosis; DD: Duct-to-duct anastomosis; BC: Biliary complication; BS: Biliary stricture; BL: Bile leak; LDLT: Living donor liver
transplant.

in cases of PSC, biliary atresia, duct size mismatch,
tension and twisting of the bile duct as in partial liver
grafts.
In recent years, more pediatric groups are adopting
the DD reconstruction after pediatric liver transplantation
whenever it is technically possible, and some advo
cate that it provides better outcomes than the BE
[38]
anastomosis. Tanaka et al
compared the results
of the two techniques in 60 pediatric LDLT recipients.
The overall BC incidence was 20%. Patients in the BE
group had more BL (6.5% vs 0%), but patients in the
DD group had more strictures (21.4% vs 8.7%). The
researchers could not confirm the advantage of the DD
anastomosis and noted that when a stricture developed,
it was more difficult to treat if the patient had a DD
anastomosis; however, ERCP was not applied to treat
[38]
[11]
these patients . Liu et al
also recognized problems
when performing a DD anastomosis: three patients had
to be converted to a BE anastomosis because of kinking
[3]
and tension. In a smaller cohort, Shirouzu et al showed
no difference in the incidence of complications between
[33]
the techniques. Sakamoto et al
reported on 19
pediatric recipients with a DD anastomosis and observed
an incidence of BC of 47.4%. They argued that when
the biliary stent was routinely placed, the incidence of
complications dropped; thus, they recommended the
[33]
use of stents when performing a DD anastomosis .
To date, there is no high-impact study that has
proved the superiority of a DD anastomosis in children.
Because endoscopic biliary intervention is not widely
performed in younger children because of its technical
difficulty, the choice between a BE or DD anastomosis
should not be driven by the performance of ERC in
children. A common problem encountered with the DD
in partial liver grafts is the kinking of the anastomosis
due to tension during the liver transplant or during
follow-up because of the regeneration process. The BE
anastomosis may be less susceptible to kinking because
[38]
the intestinal loop has more mobility . Generally, in
patients with a preserved bile duct, such as those with
metabolic diseases, liver tumors, cryptogenic cirrhosis an
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attempt could be made to perform a DD anastomosis.
Bile duct size mismatch, tension and kinking of the
anastomosis may preclude the performance of a DD,
especially in partial liver grafts, because it increases the
risk of a bile duct stricture.
Another regularly raised issue is the use of
anastomotic stents. The rationale for a stent is the
maintenance of the biliary flow despite swelling of the
anastomosis as well as easy access for control cholan
giography in case of a suspected leak or stricture.
However, the stent itself is a foreign body and can induce
[24]
inflammation and subsequent stricture . Several
groups with experience in pediatric liver transplantation
have a great variety of techniques for reconstructing the
[3-5,10,11,26,38-41]
biliary duct
(Table 2). It would take a large
prospective controlled study to define the best technique
for biliary reconstruction.
Microsurgical techniques are emerging as an
alternative to lower the incidence of BC in LDLT. Lin
[42]
et al
started applying microsurgical techniques to
biliary reconstruction in LDLT. Their first report showed
comparable results between the conventional and
microsurgical groups, with overall complication rates
of 18.8% and 15.3%, respectively. However, after
stratifying the cases and excluding the learning curve,
the results with the microsurgical technique improved
[42]
with an overall incidence of BC of 5.4% . Their longterm results were published later, and the incidence
of BC was 9.6%. Their sample was constituted mainly
of adult patients, right lobe grafts and single duct
[43]
openings . Further experience with this type of
reconstruction in children with a BE anastomosis could
help define the role of microsurgery in this subgroup of
patients.

CONCLUSION
Despite difficult diagnosis and prolonged treatment,
BS have a high rate of resolution with non-operative
management. BL will ultimately require surgical treat
ment unless it is caused by a cut surface leak. No
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significant difference was observed regarding patient
[2,4,26]
or graft survival in the different series
. However,
the presence of BC, particularly BL increases the length
[2,44]
of stay and hospital costs
. Technical refinement,
especially in technical variant grafts, might be the key to
lowering the incidence of BC in pediatric liver transplant
recipients.
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Abstract
Preoperative biliary drainage (PBD) was developed to
improve obstructive jaundice, which affects a number
of organs and physiological mechanisms in patients
waiting for surgery. However, its role in patients who will
undergo pancreaticoduodenectomy for biliary obstruction
remains controversial. This article aims to review the
current status of the use of preoperative drainage for
distal biliary obstruction. Relevant articles published
from 1980 to 2015 were identified by searching
MEDLINE and PubMed using the keywords “PBD”,
“pancreaticoduodenectomy”, and “obstructive jaundice”.
Additional papers were identified by a manual search
of the references from key articles. Current studies
have demonstrated that PBD should not be routinely
performed because of the postoperative complications.
PBD should only be considered in carefully selected
patients, particularly in cases where surgery had to be
delayed. PBD may be needed in patients with severe
jaundice, concomitant cholangitis, or severe malnu
trition. The optimal method of biliary drainage has
yet to be confirmed. PBD should be performed by
endoscopic routes rather than by percutaneous routes
to avoid metastatic tumor seeding. Endoscopic stenting
or nasobiliary drainage can be selected. Although more
expensive, the use of metallic stents remains a viable
option to achieve effective drainage without cholangitis
and reintervention.
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without PBD; for level I studies, the complication rates of
the two approaches were 57% and 42%, respectively,
indicating a relative reduction of 15% and an absolute
risk reduction of 27% in cases where surgery was
performed without PBD. Moreover, the overall hospital
stay was prolonged following PBD. That meta-analysis
concluded that the benefit of PBD did not outweigh
the disadvantages of the drainage procedure and
complication rates and that PBD should therefore not be
routinely performed. Particularly following the publication
of this meta-analysis, the routine performance of PBD
was apparently no longer recommended. A multicenter,
randomized trial was reported in 2010. van der Gaag
[3]
et al compared PBD prior to surgery with surgery
alone for patients with cancer of the pancreatic head.
They concluded that routine PBD in patients undergoing
surgery for cancer of the pancreatic head increased
the rate of complications. This report corroborated the
results of the previous meta-analysis.
However, the above-mentioned studies have some
limitations. The meta-analysis published in 2002 is
limited by the fact that not all randomized trials are
equal in terms of size or quality. The five randomized
trials reviewed were relatively poorly designed, with
broad eligibility criteria including both distal and proximal
cancers, small sample sizes, different interventions
(internal and external drainage) and a number of
differing surgical resection procedures. These trials
reflect the 1970s approach to obstructive jaundice and
surgery, as demonstrated by the higher rates of the
use of external percutaneous approaches (59%), lower
resection rates (16%), and significantly higher rates of
perioperative death (12%).
There are also apparent limitations to the report
[3]
by van der Gaag et al . In that study, the initial rates
of endoscopic retrograde cholangiopancreatography
(ERCP) failure were 25%, and there were also ERCPrelated complications, including pancreatitis, perforation,
cholangitis, and bleeding, in 46% of the patients
included in the study. Both results appear excessive
to us because the majority of studies report rates of
[4,5]
approximately 5%-10% . Moreover, these authors
only used plastic stents, which have been associated
with early stent occlusion following cholangitis in up to
26% of patients.
Three other meta-analyses have concluded that
PBD does not reduce post-operative mortality and com
plications in cases of malignant obstructive jaundice and
that PBD in patients undergoing surgery for obstructive
jaundice is associated with increased serious morbidity;
however, these studies included proximal obstruction in
[6-8]
addition to distal obstruction . Based on another metaanalysis of studies that evaluated the use of PBD in
patients who were waiting for pancreaticoduodenectomy,
the use of PBD increased postoperative wound infection
rates, with no overwhelming evidence that PBD either
promoted or protected against other complications.
However, a limitation of this report was the lack of
comparison between percutaneous transhepatic biliary

Core tip: Because of the postoperative complications,
studies have demonstrated that preoperative biliary
drainage (PBD) should not be routinely performed in
patients who will undergo pancreaticoduodenectomy.
PBD may be selectively applied in patients with severe
jaundice, cholangitis, or severe malnutrition and in
those patients with a relatively long wait before surgery.
PBD should be performed through endoscopic routes
rather than percutaneous routes to avoid metastatic
tumor seeding. Endoscopic stenting or nasobiliary
drainage can be selected. Although more expensive, the
use of metallic stents remains a viable option to avoid
reinterventions.
Sugiyama H, Tsuyuguchi T, Sakai Y, Mikata R, Yasui S,
Watanabe Y, Sakamoto D, Nakamura M, Sasaki R, Senoo
J, Kusakabe Y, Hayashi M, Yokosuka O. Current status of
preoperative drainage for distal biliary obstruction. World J
Hepatol 2015; 7(18): 2171-2176 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i18/2171.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i18.2171

INTRODUCTION
Surgical resection is generally considered to be the
only curative treatment for patients with periampullary
cancer or cancer of the pancreatic head. Obstructive
jaundice due to distal biliary obstruction is the most
common symptom in such patients. Preoperative biliary
drainage (PBD) was introduced in the 1970s to relieve
the obstruction and to reverse physiological dysfunction
resulting from obstructive jaundice. PBD was previously
considered to improve surgical outcomes in patients
with malignant distal biliary obstruction who were
undergoing curative resection, with many physicians
electing to perform PBD in patients who were waiting
[1]
for surgery . A number of PBD methods exist, including
endoscopic plastic stenting, nasobiliary drainage,
metallic stenting, and percutaneous drainage. However,
the overall benefit of PBD is currently controversial.

OVERVIEW
In 2002, a systematic review summarized all prospective
and retrospective studies published between 1966 and
2001 to evaluate the efficacy of drainage compared
with that of direct surgery in patients with malignant
[2]
obstructive jaundice . Five randomized controlled
studies and 18 cohort studies were analyzed. A metaanalysis of both level Ⅰ and level Ⅱ studies found no
difference in mortality between patients who underwent
PBD and those who underwent surgery without PBD.
However, the overall complication rates were significantly
and adversely affected by PBD compared with surgery
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[9]

[18]

drainage (PTBD) and endoscopic drainage . Although
no study has yet equally randomized comparable
patients according to the level of obstruction and PBD
method used, and the results of the previous studies
remain controversial, all reported meta-analyses have
concluded that PBD should not be performed routinely
where possible.

to postoperative ascending colonization . Although
some reports discourage the use of PBD in cases of
[19-24]
distal biliary obstruction
, a recent Cochrane Review
found that PBD in patients with resectable pancreatic
cancer and periampullary cancer undergoing surgery
was associated with a similar mortality rate, but an
increased incidence of serious morbidity, compared with
[25]
patients who did not undergo PBD . Recent studies
have reported the effect of selective biliary drainage
on perioperative morbidity and mortality in patients
[26,27]
undergoing pancreaticoduodenectomy
. Jagannath
[26]
et al
reported that a positive bile culture in patients
with drainage was associated with stent complications
and duration of stenting and that uncomplicated stenting
was not associated with increased rates of serious
[27]
morbidity or mortality. Coates et al
also concluded
that the morbidity and mortality associated with PBD
may not be as significant as previously reported due
to recent refinements in endoscopic techniques and
improvements in perioperative management.

PATIENTS FREQUENTLY UNDERGO PBD
BEFORE SURGICAL CONSULTATION
A significant issue with PBD has been the use of the
technique before surgical referral or consultation. The
first and largest population-based study of patients with
pancreatic cancer undergoing pancreaticoduodenectomy
at a single institution found that 77% of 2573 patients
who were referred to a surgeon already had a stent in
[10]
place . This result was consistent with previous studies
[11-14]
reporting prior stent placement rates of 42%-79%
.
The report concluded that the use of preoperative
biliary stenting doubled between 1992 and 2007 despite
evidence suggesting that stenting was associated with
increased perioperative infectious complications. The
performance of PBD prior to surgical consultation can
be associated with significant delays in the time to
operate in many cases. Therefore, patients waiting for
pancreaticoduodenectomy should ideally be carefully
treated following discussion between surgeons and
[10]
endoscopists regarding the necessity of PBD .
There are three remaining questions: (1) How do we
select patients who are suitable for PBD? (2) What is the
appropriate PBD method with minimum complications?
and (3) How do we reduce the complications associated
with PBD?

WHAT IS THE OPTIMAL PBD METHOD
WITH MINIMAL COMPLICATIONS?
One of the largest prospective randomized trials,
[28]
performed in the United States by Pitt et al , concluded
that PTBD does not reduce operative risk, increases
hospital cost and is therefore not recommended. In
contrast, a recent study reported that PTBD was superior
to endoscopic drainage from the perspective of costeffectiveness; however, the lower cost was related to
those patients who were initially subjected to endoscopic
[29]
drainage and later changed to PTBD . It is also
important to determine which method is safer in terms
of the long-term survival of patients with resectable
distal cancer. Two recent retrospective studies revealed
that patients with resectable pancreatic cancer who
underwent PTBD had significantly worse survival than
patients who underwent endoscopic biliary drainage
[30,31]
[30]
(EBD)
. Strom et al
reported that patients with
PTBD had an even worse 5-year survival of just 3%,
whereas patients who underwent EBD and patients
without PBD had 5-year survival rates of 24% and 32%,
respectively. The result was almost identical to the results
[31]
reported by Murakami et al . The major underlying
cause of this finding is thought to be metastatic tumor
seeding along the PTBD sinus tract.
The main advantage of endoscopic drainage over
percutaneous intervention is the avoidance of skin and
liver puncture in patients with underlying coagulopathy
and the avoidance of tumor seeding along the catheter
track. ERCP with biliary drainage has become the
first line technique for the treatment of distal biliary
obstruction. In addition, ERCP is considered a diagnostic
tool in many countries due to the clinical importance
of biopsy material or cytology. However, only a few
studies have evaluated the safety and efficacy of each
method of endoscopic drainage for malignant distal

HOW DO WE SELECT PATIENTS WITH
DISTAL BILIARY OBSTRUCTION WORLD
HEALTH ORGANIZATION ARE SUITABLE
FOR PBD?
Preoperative drainage should be performed after
[15,16]
consideration of the following factors
: (1) The period
of time from diagnosis to anticipated surgery; (2) The
presence of an urgent indication for biliary drainage;
that is, acute cholangitis, severe pruritus, or severe
obstruction with very high bilirubin levels; (3) The
functional status of the patient. Many patients are in poor
status in terms of nutrition due to obstructive jaundice,
which is expected to improve with PBD; and (4) The plan
for neoadjuvant chemotherapy or chemoradiation for
locally advanced or borderline resectable cancer, where
PBD may prevent hepatotoxicity from chemotherapeutic
agent.
[17]
In 1999, Povoski et al
reported that PBD was
the only factor associated with postoperative infection
and postoperative death. Bacterobilia was thought
to develop in some patients with biliary stents due
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biliary obstruction. To the best of our knowledge, our
study was the first to compare endoscopic biliary
stenting (EBS) with endoscopic nasobiliary drainage
(ENBD) for PBD in patients with malignant distal biliary
[32]
obstruction . No significant differences in the overall
rate of catheter-related complications, the rate of tube
dysfunction, or the median interval from PBD to the time
of tube dysfunction were observed between the two
groups. Adequate endoscopic PBD was achieved in all
patients on the first attempt, and all patients underwent
surgery following a successful PBD. Symptoms such as
cholangitis and obstructive jaundice resolved within 7 d
after the drainage was placed in all patients. Two major
complications occurred: one case of cholangitis and
another of perforation due to endoscopic sphincterotomy
were observed in patients in the EBS group, both of
whom recovered following conservative treatment.
Another retrospective study demonstrated that EBS
increased the rates of wound infection because of a high
incidence of cholangitis prior to operative intervention
[33]
and should, therefore, be avoided . In that study,
ENBD had no effect on complication rates. However,
this finding required further analysis due to the small
number of patients included in this study.
Several studies have reported the utility of self[15,34,35]
expanding metallic stents (SEMSs)
. Singal et
[34]
al
demonstrated that SEMSs provide excellent
patency, with cholangitis occurring in < 5% cases after
4 wk; does not affect surgical technique; and results in
minimal postoperative complications in patients waiting
to undergo pancreaticoduodenectomy. In a study of 29
[35]
patients with pancreatic cancer, Decker et al reported
no preoperative intervention in the group that received
SEMS placement, and up to 40% of the group that
underwent plastic stenting required reintervention. The
other two studies comparing plastic and metallic stents
for internal drainage found no significant difference in
either the overall or serious complication rates between
[36,37]
SEMSs and plastic stents
; however, Haapamäki
[37]
et al
concluded that the significantly higher price of
SEMSs restricts their use to selected cases. A number
of recent studies have recommended the use of
SEMSs in patients who are candidates for neoadjuvant
chemotherapy or chemoradiation with obstructive
jaundice and resectable or borderline resectable
[15,38,39]
pancreatic cancer
; however, the small number
of prospective studies available means this conclusion
remains unreliable.
Another type of stent is completely contained
within the bile duct without one end extending to the
duodenum. This stent is called an inside stent and is
expected to prevent the reflux of intestinal contents into
the bile tree. Inside stents have been mainly used for
proximal bile duct strictures. Fewer early complications,
such as ascending cholangitis, and ease of performing
[40,41]
reinterventions were reported
. Although few reports
have evaluated using inside stents for distal biliary
obstruction, the latest report demonstrated their efficacy
[42]
[42]
for PBD in biliary tract cancer . Kobayashi et al
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retrospectively compared the postoperative complications
in two groups and reported that morbidity rates were
34.3% (11/32) in the conventional stent group and
24.0% (6/25) in the inside stent group. The limitation
of the report was that they included not only patients
with distal obstruction but also those with proximal
obstruction; additionally, they did not include patients
[42]
with pancreatic cancer .
[43]
Rerknimitr et al observed that the different types
of drainage were used in previous analyses; therefore,
the patient groups who underwent internal or external
drainages were not homogeneous.
Further randomized studies are needed to determine
the optimal method of PBD for distal biliary obstruction.

HOW TO REDUCE POSTOPERATIVE
INFECTION?
Despite many recent studies that have concluded that
PBD is not associated with increased postoperative
[44-48]
infection
, the possibility of preoperative cholangitis
caused by tube dysfunction after preoperative drainage
[49]
remains. Sudo et al
revealed that the susceptibility
of biliary microorganisms to antibiotics was the only
independent risk factor for postoperative infections in the
largest detailed bacteriologic analysis of intraoperative
bile cultures corresponding to PBD procedures using
data collected from 254 patients who were undergoing
pancreaticoduodenectomy. That study found that
perioperative antibiotics covering bile contamination
may prevent infectious complications following pan
creaticoduodenectomy in patients with and without PBD.
In addition to preoperative cholangitis, drainage
duration may also impact patient outcomes through the
development of preoperative complications. In general,
a minimum of 4-6 wk of PBD is advised. An overly long
drainage duration may increase infectious morbidity.
[50]
Son et al
reported that a PBD duration of < 2 wk,
which was associated with lower rates of preoperative
drainage-related complications, was more appropriate in
severely jaundiced patients with periampullary cancer.
However, the optimal duration in that study may not be
appropriate because the study did not strictly distinguish
between the different PBD methods. The optimal
drainage time will continue to be a controversial issue
because neoadjuvant chemotherapy and chemoradiation
are currently considered for locally advanced or border
line resectable cancer.

CONCLUSION
The majority of authors believe that PBD should not be
routinely performed in patients with malignant distal
obstruction due to a possible effect on preoperative
complication rates. However, preoperative drainage may
be selectively applied in patients with severe jaundice,
concomitant cholangitis, or severe malnutrition and
in patients who must wait for a relatively long time
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before surgery. To avoid complications, PBD should
be completed with endoscopic stenting or nasobiliary
drainage. Although the cost is significantly higher,
metallic stenting can be utilized in patients waiting for
surgery for more than 4 wk. Further randomized studies
are required to determine the optimal PBD method for
distal biliary obstruction.
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Abstract
AIM: To evaluate virological response to telaprevir or
boceprevir in combination with pegylated interferon and
ribavirin and resistance mutations to NS3/4A inhibitors
in hepatitis C virus-human immunodeficiency virus
(HCV-HIV) coinfected patients in a real life setting.

Informed consent statement: All patients provide written
informed consent prior to the inclusion of their data in the Nadis®
database.
Conflict-of-interest statement: Rosenthal E reported receiving
honoraria for participation in advisory boards for Gilead Sciences
Inc, Abbvie and travel grants from Abbvie, Bristol-Myers Squibb,
Gilead Sciences Inc, Janssen and Merck. The remaining authors
have no conflict of interest to declare in relationship with this
article.

METHODS: Patients with HCV genotype 1-HIV
coinfection followed in Nice University Hospital internal
medicine and infectious diseases departments who
initiated treatment including pegylated interferon and
ribavirin (PegIFN/RBV) + telaprevir or boceprevir,
according to standard treatment protocols, between
August 2011 and October 2013 entered this obser
vational study. Patient data were extracted from an
electronic database (Nadis®). Liver fibrosis was measured
by elastometry (Fibroscan®) with the following cut-off

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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values: F0-F1: < 7.1 kPa, F2: 7.1-9.5 kPa, F3: 9.5-14.5
kPa, F4: ≥ 14.5 kPa. The proportion of patients with
sustained virological response (SVR) twelve weeks after
completing treatment, frequency and type of adverse
events, and NS3/4A protease inhibitor mutations were
described.

htm DOI: http://dx.doi.org/10.4254/wjh.v7.i18.2177

INTRODUCTION
Therapeutic resources against hepatitis C infection are
currently expanding, with remarkable success rates
compared to previous results with dual pegylated
[1]
interferon + ribavirin (PegIFN/RBV) regimens . However
some of these new compounds can be associated with
considerable costs making them unaffordable in low
resource settings or among uninsured patients with
low incomes. The situation can be further complicated
by human immunodeficiency virus (HIV) co-infection,
requiring the adjunction of antiretroviral treatment. The
availability of multiple approaches for the management
of hepatitis C virus (HCV) in HIV-HCV co-infection thus
provides a choice of strategies covering a range of
costs while offering the patient reasonable chances of
therapeutic success.
Most data concerning treatment of HCV infection
among HIV-HCV co-infected patients have mainly been
[2-5]
based on clinical trials . Few have included cirrhotic
patients or non-responders to prior HCV therapy with
PegIFN/RBV combination, and none to our knowledge
have concerned patients who were both cirrhotic and
non-responders. We report the virological response
to triple combination therapy including IFN/RBV and
a protease inhibitor (telaprevir or boceprevir) among
a cohort of HIV-HCV genotype 1 co-infected patients
followed in a University Hospital.

RESULTS: Forty-one patients were included: 13 (31.7%)
patients were HCV-treatment naïve, 22 (53.7%) had
advanced liver fibrosis or cirrhosis (Fibroscan stage
F3 and F4); none had decompensated cirrhosis or
hepatocellular carcinoma; all were receiving antiretroviral
treatment, consisting for most them (83%) in either
a nucleoside reverse-transcriptase inhibitor/protease
inhibitor or/integrase inhibitor combination; all patients
had undetectable HIV-RNA. One patient was lost to
follow-up. SVR was achieved by 52.5% of patients. Five
patients experienced virological failure during treatment
and four relapsed. Seven discontinued treatment due
to adverse events. Main adverse events included severe
anemia (88%) and rash (25%). NS3/4A protease
mutations were analyzed at baseline and at the time
of virological failure in the 9 patients experiencing
non-response, breakthrough or relapse. No baseline
resistance mutation could predict resistance to HCV
protease inhibitor-based treatment.
CONCLUSION: Telaprevir and boceprevir retain their
place among potential treatment strategies in HIVHCV coinfected patients including those with advanced
compensated liver disease and who failed previous
PegIFN/RBV therapy.
Key words: Telaprevir; Boceprevir; Hepatitis C virushuman immunodeficiency virus coinfection; Resistance
mutations

MATERIALS AND METHODS
This was an observational single-center study concerning
all genotype 1 HCV-HIV co-infected patients followed in
Nice University Hospital internal medicine and infectious
diseases departments who initiated treatment including
PegIFN/RBV + telaprevir or boceprevir between August
2011 and October 2013 and who were not participating
in a clinical trial.
Liver fibrosis was measured by elastometry (Fibro
scan®) with the following cut-off values: F0-F1: < 7.1
kPa, F2: 7.1-9.5 kPa, F3: 9.5-14.5 kPa, F4: ≥ 14.5
kPa. Cirrhosis was considered present for values above
14.5 kPa prior to HCV treatment initiation. Virological
response to treatment was assessed at 4, 12, 24 and
48 wk. Rapid virological response (RVR) was defined as
undetectable HCV-RNA 4 wk after treatment initiation,
and sustained virological response (SVR) as undetectable
HCV-RNA 12 wk following completion of HCV treatment.
Persistently detectable HCV-RNA during treatment
was considered as non-response to treatment, while
treatment breakthrough concerned patients in whom
an initially positive response was followed by renewed
detectable HCV-RNA during treatment. Relapse was
defined as recurrence of viraemia in patients whose viral
load had become undetectable at the end of treatment.
Eventual exposure and response to a previous dual

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Data regarding treatment of hepatitis C
virus (HCV) infection with triple combination regimen
including interferon/ribavirin and a protease inhibitor
(telaprevir or boceprevir) among difficult to treat human
immunodeficiency virus (HIV)-HCV co-infected patients
are lacking. Most of the patients included in this singlecenter observational study had already failed a previous
dual treatment course and had severe liver fibrosis, one
out of six being both cirrhotic and non-responder to
prior therapy. More than one of two patients displayed
sustained virological response, suggesting that in lowincome countries, telaprevir and boceprevir may retain
their place among potential treatment strategies in HIVHCV coinfected patients.
Naqvi A, Giordanengo V, Dunais B, de Salvador-Guillouet F,
Perbost I, Durant J, Pugliese P, Joulié A, Roger PM, Rosenthal
E. Virological response and resistance mutations to NS3/4A
inhibitors in hepatitis C virus-human immunodeficiency virus
coinfection. World J Hepatol 2015; 7(18): 2177-2183 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i18/2177.

WJH|www.wjgnet.com

2178

August 28, 2015|Volume 7|Issue 18|

Naqvi A et al . Virological response to NS3/4A inhibitors
Table 1 Primers specific for the hepatitis C virus NS3/4A protease gene
sequence used for polymerase chain reaction
HCV genotype 1

Primers

Sequences 5'-3'

H77 location

G1F1
G1R1
MarsF3
MarsR2

CTB CTS GGR CCR GCC GAT
CCA CYT GGW AKS TCT GSG G
ACS GCR GCR TGY GGG GAC AT
GTG CTC TTR CCG CTR CCR GT

3372-3390
3998-4016
3309-3328
4035-4054

Genotyping: S = G or C; R = A or G; Y = C or T; W = A or T; K = G or T. HCV: Hepatitis C
virus.

PegIFN/RBV regimen was investigated. Patients
for whom no HCV viral load was available at 12 wk
following dual treatment initiation could not be assessed
for prior treatment response. Premature treatment
discontinuation of previous dual therapy that was
considered related to adverse events was differentiated
from virological failure.
Patient data were extracted from an electronic
[6]
database (Nadis®) and included date of initiation and
end of anti-HCV treatment, dose of RBV, peg-interferon,
boceprevir and telaprevir, response to previous antiHCV treatment, HIV-RNA, HCV genotype, HCV-RNA
at each stage of follow-up (week 4, 12, 24, 48, and at
least 12 wk after completing treatment), antiretroviral
treatment, and CD4 T-cell count. The following adverse
events were recorded: grade 2 to 4 anemia [hemoglobin
(Hb) < 9 g/dL], leucopenia, thrombocytopenia, severe
infection, decompensated cirrhosis, rashes, as well as
death and cause thereof. erythropoietin (EPO) use and
blood transfusions were also reported.

74 ℃.
PCR-amplified DNA was purified, genotype-specific
primers for the inner PCR were used for bidirectional
sequencing and automated dideoxynucleotide termi
nation sequencing was performed with BigDye Terminator
using a 3130XL Genetic Analyzer (Applied Biosystems)
then compared to the HCV-H77 reference strain using
Sequence Navigator software™ (Applied Biosystems) and
Geno2pheno.

Statistical analysis

Variables at treatment initiation were expressed as
frequencies (percentages) for categorical variables, or
median (interquartile range) for continuous variables.
The rate of treatment response was calculated as the
number of patients with undetectable HCV viral load
divided by the number of patients with available data on
HCV-RNA viral load at the considered visit.
In case of early treatment discontinuation with a
detectable HCV viral load, the patient was considered
as failing treatment at each subsequent visit up to week
48. In case of early treatment discontinuation with
undetectable HCV viral load, the subsequent HCV viral
load measurements were used to assess treatment
efficacy.
Data analysis was performed using Epi-Info™ version
7 software.

NS3/4A genotyping

In order to genotype HCV strains, total nucleic acids were
extracted from 500 µL of plasma with the NucliSENS®
easyMAG® automated platform (BioMerieux). The NS3/
4A protease sequence (745 nucleotides) was amplified
by reverse-transcriptase nested polymerase chain
[7]
reaction with protocol and primers described elsewhere
(Table 1) and evaluated in a multicenter quality control
[8]
study .
Briefly, 40 µL of reaction mixture contained 2X
Super Script Ⅲ One-Step reaction buffer with 0.4
mmol/L dNTP and 5 mmol/L MgSO4, 0.2 µmol/L of each
sense and anti-sense primers, 1 µL of Super Script
Ⅲ RT/Platinium Taq High Fidelity and 10 µL of RNA
extract. Amplification was performed using Biometra
thermocycler: 30 min at 55 ℃ followed by 2 min at
94 ℃, 40 cycles with 30 s at 94 ℃, 1 min at 59 ℃, 1
min at 68 ℃, and a final extension step at 68 ℃.
When needed, a nested polymerase chain reaction
(PCR) was performed involving the inner genotypespecific primers in 40 µL of reaction mixture contained
10X Invitrogen Thermal ace reaction buffer with 0.5
mmol/L dNTP, 0.2 µmol/L of each sense and anti-sense
primers and 10 µL of purified product of first step PCR
using: 2 min at 95 ℃, 35 cycles with 30 s at 95 ℃, 30
s at 59 ℃, 1 min at 74 ℃, and a final extension step at
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RESULTS
Patient characteristics at treatment initiation are
described in Table 2.
Among 41 patients included in the study, 13/41
(31.7%) were HCV-treatment naïve. Twenty-two
patients (53.7%) had advanced liver fibrosis or cirrhosis
(Fibroscan stage F3 and F4). None had decompensated
cirrhosis or hepatocellular carcinoma. All were receiving
antiretroviral treatment, consisting for most patients
(83%) in either a nucleoside reverse-transcriptase
inhibitor/protease inhibitor or/integrase inhibitor
combination (Figure 1). All had undetectable HIVRNA. Thirty-seven patients received telaprevir and 4
were treated with boceprevir in addition to IFN/RBV
combination therapy. One patient was lost to follow-up.
The number of patients with undetectable HCV
viral load at different stages of the treatment course
is shown in Figure 2. Twenty-seven patients (67.5%)
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2 NRTIs + PI/r

19/41

2 NRTIs + INSTI

15/41
4/41

2 NRTIs + NNRTI
PI/r

1/41

NRTI + PI/r + NNRTI

1/41

NNRTI + PI/r + INSTI

1/41
0

2

4

6

8

10

12

14

16
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Figure 1 Antiretroviral treatment regimens at initiation of triple anti-hepatitis C virus therapy (n = 41). PI: Protease inhibitor (atazanavir, darunavir, lopinavir,
ritonavir boost); NRTI: Nucleoside analogue reverse transcriptase inhibitor (tenofovir, emtricitabine, abacavir, lamivudine); NNRTI: Non-nucleoside analogue reverse
transcriptase inhibitor (efavirenz, etravirine); INSTI: Integrase strand transfer inhibitor (raltegravir).
40

Age: median (IQR)
Male gender
Genotype
1a
1b
HCV treatment-naïve
Prior HCV-treatment response
Non-responders
Breakthrough
Relapse
Premature treatment discontinuation
Missing data
Log HCV-RNA
Fibrosis stage
F0-F1
F2
F3
F4
CD4 T-cells/mm3: median (IQR)
HIV-RNA < 40 copies/mL

Number of patients with
HCV-RNA < 12 IU/mL

Table 2 Patient characteristics at initiation of triple antihepatitis C virus therapy (n = 41)
51 (48-55)
35 (85.4%)
32 (78.0%)
9 (22.0%)
13 (31.7%)

n = 31
n = 24

25
20

n = 21

15
10
5
4

12

24

48

SVR

Figure 2 Number of patients with undetectable hepatitis C virus-RNA
between hepatitis C virus treatment initiation and sustained virological
response 12. HCV: Hepatitis C virus; SVR: Sustained virological response.

12 (29.3%)
7 (17.0%)
5 (12.2%)
17 (41.5%)
540 (441-782)
41 (100.0%)

(52.4%) exhibited SVR.
Fifteen patients did not complete the treatment
course: 5 due to virological failure (3 viral breakthroughs,
2 non- or partial responders), 3 on patient’s decision,
and 7 because of adverse events. Eight patients did so
within the first 12 wk, three between 12 and 24 wk, and
four between 24 and 48 wk. Two of these patients were
switched to a sofosbuvir/RBV regimen.
Four patients relapsed: 2 were HCV treatmentnaïve with liver fibrosis stages F2 and F3, while the
other 2 patients were treatment-experienced with
a fibrosis score of F4. Among the seven previously
non-responding cirrhotic patients, 2 achieved SVR, 1
relapsed, 1 experienced virological breakthrough, 1
did not respond and 2 discontinued treatment due to
adverse events (gingival haemorrhage and psychiatric
decompensation).

Table 3 Main adverse events in 40 patients with available
follow-up
10 (25%)
39 (98%)
35 (88%)
23 (58%)
23 (58%)
2 (5%)

Adverse events

EPO: Erythropoietin; Hb: Hemoglobin.

Among the 15 patients who discontinued treatment
prematurely, seven developed the following adverse
events: flare-up of porphyria cutanea tarda (1), gingival
haemorrhage (1), psychiatric disorder (1), throm
bocytopenia (1), fatigue (1), cirrhotic decompensation
(1) and acute pancreatitis (1) (Table 3).
Thirty five (85%) patients developed severe anemia
(Hb < 9 g/dL) requiring either administration of EPO,
blood transfusion or both (Table 3).

displayed RVR. Response to treatment according to HCV
treatment history, stage of fibrosis and HCV genotype
is described in Figure 3 among the 40 patients with
available follow-up. Twenty-one patients (52.5%)
displayed SVR: 6 were treatment-naïve, 5 were partial
or non-responders to prior dual agent HCV-treatment
regimens, 3 had relapsed, 3 had discontinued treatment
prematurely, and response to initial treatment was
unspecified for 4 patients. Therapeutic success was
observed among all categories except in the patient who
had previously experienced virological breakthrough.
Among patients with advanced fibrosis (F3-F4), 11/21

WJH|www.wjgnet.com

n = 27

Weeks after treatment initiation

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; IQR:
Interquartile range.

Rash
Anemia Hb < 13 g/dL (men), < 12 g/dL (women)
Severe anemia (< 9 g/dL or decrease > 3 g/dL)
Ribavirin dose decreased
EPO administration
Blood transfusion

30

0

14 (34.1%)
1 (2.5%)
5 (12.2%)
3 (4.9%)
5 (14.6%)
5.8 (5.3-6.1)

n = 34

35

NS3/4A protease genotyping

Pre- and post treatment genotyping of the NS3 protease
was performed using standard Sanger sequencing for
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Figure 3 Sustained virological response at 12 wk following treatment discontinuation according to prior treatment history, fibrosis severity and genotype
in 40 patients with available follow-up. PTI: Premature treatment interruption; HCV: Hepatitis C virus.

Table 4 Baseline and post treatment NS3/4A-mutations among patients failing hepatitis C virus treatment
Genotype
1a
1a
1a
1a
1a
1b
1a
1b
1a

Previously
treated

HCV PI

Response to
treatment

HIV PI

Pre-treatment
HCV VL

Baseline NS3/
4A-mutations

Yes
Yes
Yes
Yes
No
Yes
No
No
NA

Tela
Tela
Tela
Tela
Tela
Tela
Tela
Tela
Boce

Non-responder
Non-responder
Breakthrough
Breakthrough
Breakthrough
Relapse
Relapse
Relapse
Relapse

Atazanavir
0
Atazanavir
Atazanavir
Atazanavir
Atazanavir
0
0
Darunavir

5.9
5.8
6.0
6.5
6.0
6.4
6.3
4.9
NA

0
0
0
0
0
I132V
I132V
I132V
NA

Baseline
Post-treatment
Post-treatment
1
fold-change NS3/4A-mutations fold change

1.8
1.8
1.8
NA

V36M, R155K
V36M, R155K
R155K
V36M
V36M, R155K
I132V, V36A
I132V, V36A
I132V, V36A
T54S, R155K

62
62
7.4
6.8-10.0
62
7.4-7.5
7.4-7.5
7.4-7.5
8.5

1

Fold-change in EC50 with regard to specific PI received. HCV: Hepatitis C virus; Tela: Telaprevir; Boce: Boceprevir; HIV PI: Human immunodeficiency
virus protease inhibitor; NA: Data unavailable; VL: Viral load.

the nine patients who experienced treatment failure (3
viral breakthroughs, 2 non- or partial responders, and
4 relapses). Their NS3/4A sequences were compared
to the HCV-H77 reference strain (reference sequence
AF009606) using Sequence Navigator software™
(Applied Biosystems) and were analysed with Geno2
pheno HCV. Both methods yielded the same resistance
mutations. Details of NS3/4A amino acid resistance
mutations are displayed in Table 4. Pre-treatment
plasma samples were available for 3 of the 4 relapsing
patients, showing an I132V mutation conveying possible
resistance to telaprevir. All three were treated with
telaprevir and displayed V36A mutations following
exposure, conferring 7.4-7.5 fold changes in EC50. The
fourth patient, who was the only one to have received
boceprevir among patients who failed treatment, had
T54S and R155K substitutions following exposure. The
non- and partial responders both had no initial mutations
but developed V36M and R155K conferring a 62-fold
change in antiviral activity.
No mutations were initially observed among patients
who developed virological breakthrough, who all displayed
R155K, V36M, or both substitutions after exposure, the
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latter combination associated with a 62-fold change in
EC50.

DISCUSSION
This observational study assessed the effectiveness of
a PegIFN/RBV + HCV-protease inhibitor combination in
difficult-to-treat HIV co-infected patients most of whom
had already failed a previous dual treatment course and
had severe liver fibrosis (54%), one out of six patients
being both cirrhotic and non-responder to prior therapy.
In spite of such adverse circumstances, among the 40
patients that could be assessed, 52.5% displayed SVR,
and one out of three among cirrhotic, non-responders
to previous therapy.
Two open-label, single-arm, phase 2 clinical trials
(ANRS HC26 TelapreVIH and HC27 BocepreVIH)
recently investigated the effectiveness of PegIFN +
RBV + protease inhibitor combination in pre-treated
[4,5]
patients . In the present study performed in a “reallife” setting, the SVR rate was similar to that obtained
in the BocepreVIH trial (53%) but lower than that in
the TelapreVIH trial (80%) while the proportion of
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immunodeficiency virus (HIV)-infected adults dramatically increased in
developed countries, ranking first as a cause of mortality in HIV-hepatitis C
virus (HCV)-infected individuals. This data makes treatment of chronic hepatitis
C a priority in this population, including very difficult to treat patients.

cirrhotic patients (41.5%) was higher (TelapreVIH 23%,
BocepreVIH 17%) and patients that were both cirrhotic
and non-responders were not included in those trials. A
comparison between these two agents was not possible
in the present study due to the small number of
[9]
patients receiving boceprevir. Lacombe et al reported
favorable results of triple therapy including telaprevir
in 20 HCV genotype 1 mostly cirrhotic HIV-coinfected
patients who had failed PegIFN/RBV treatment with
55% success rate at week 24. Overall treatment safety
in our patient cohort was comparable to that observed
[4,5]
in the above-mentioned clinical trials . One out of
four patients discontinued treatment due to adverse
events or by choice. Anemia was often severe and was
the most frequent adverse effect (88%), requiring EPO
administration in 60% of patients, without resulting in
treatment discontinuation.
In the present study, an analysis of viral populations
following treatment failure was performed by sequencing
method and sequences were aligned with the NS3/4A
sequence from the HCV genotype 1a H77 strain. All
nine patients with virological failure displayed a V36M/
R155K mutation. This was more frequent for subtype
1a. No amino-acid resistance mutation before treatment
was found in these patients using standard Sanger
sequencing, so that the emergence of telaprevir-resistant
variants could not be predicted from baseline findings.
On the other hand, non-response to treatment may
be explained by the subtype-specific resistant variants
generated by de novo reverse mutation after treatment
failure and the relatively higher fitness of these variants,
[10]
notably R155K , or by the presence of minority
resistant variants which should be detected by deep[11]
[12]
sequencing . In a recent paper, Aherfi et al describe
drug concentrations and NS3/4A protease genotyping
during therapy with these two agents and report
naturally occurring variants with decreased susceptibility
to HCV-protease inhibitors (PIs) at baseline in 20% of
their cohort of 30 genotype 1 HCV-infected patients; out
of 7 treatment failures, six patients displayed amino acid
substitutions associated with decreased susceptibility to
PIs.
Experience acquired through HIV antiretroviral
therapy shows that antiviral resistance, treatment com
pliance issues and the need for customized treatment
regimens require availability of a range of compounds
to meet the specific circumstances of each individual
patient. Our results suggest that these triple agent
regimens including telaprevir or boceprevir should remain
part of the HCV treatment arsenal for HIV co-infected
patients, even among those with advanced compensated
liver disease and who failed PegIFN/RBV therapy,
providing patients do not present with baseline predictors
of severe complications (platelet count > 100000/µL and
[13]
serum albumin concentrations > 35 g/L) .

Research frontiers

The addition of telaprevir and boceprevir to dual therapy with pegylated
interferon and ribavirin (PegIFN/RBV) strongly improves the odds of achieving
a sustained virological response in treatment-naïve HCV genotype 1 patients
as well as in prior non-responders and relapsers when compared with standard
therapy. Among HIV-HCV co-infected patients, data regarding treatment of
HCV infection with triple combination regimen including IFN/RBV and telaprevir
or boceprevir is scarce, more particularly in very difficult-to-treat patients with
cirrhosis and/or prior null response to PegIFN/RBV therapy.

Innovations and breakthroughs

This observational study showed the effectiveness of a PegIFN/RBV + HCVprotease inhibitor combination in difficult-to-treat HIV coinfected patients, most
of whom had already failed a previous dual treatment course and had severe
liver fibrosis, one out of six patients being both cirrhotic and non-responder to
prior therapy.

Applications

The cost of interferon-free regimens with very recent direct-acting antiviral
drugs is prohibitive, making them inaccessible in many developing countries.
This study suggests that in low-income countries, telaprevir and boceprevir may
retain their place among potential treatment strategies in HIV-HCV coinfected
patients including those with cirrhosis and/or prior null response to PegIFN/RBV
therapy.

Terminology

Telaprevir and boceprevir are two NS3/4A protease inhibitors. These drugs
were the first direct-acting antiviral agents approved by the United States Food
and Drug Administration and the European Medicines Agency for the treatment
of patients infected with HCV genotype 1.

Peer-review

This manuscript presented a clinical observation in evaluating the treatment
with telaprevir or boceprevir in combination with pegylated interferon and
ribavirin for HIV-HCV coinfected patients. This is a good topic.
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EDITORIAL

Targeting Kupffer cells in non-alcoholic fatty liver disease/
non-alcoholic steatohepatitis: Why and how?
Nicolas Lanthier
development are under investigation in an era of
increased prevalence of obesity and metabolic syndrome.
Previous findings have pointed to the role of adipose
tissue, adipose tissue macrophages and their secretory
products in the development of a chronic inflammatory
status inducing insulin resistance and a higher risk of
liver steatosis called non-alcoholic fatty liver disease.
The activation of resident macrophages [Kupffer cells
(KC)] and the recruitment of blood derived monocytes/
macrophages into the diseased liver have now been
identified as key elements for disease initiation and
progression. Those cells could be activated through gut
flora modifications and an altered gut barrier function but
also through the internalization of toxic lipid compounds
in adjacent hepatocytes or in KC themselves. Due to
the role of activated KC in insulin resistance, fibrosis
development and inflammation amplification, they
became a target in clinical trials. A shift towards an
anti-inflammatory KC phenotype through peroxisome
proliferator activator-receptorδ agonists, an inhibition of
macrophage recruitment through anti-C-C chemokine
receptor 2 action and a specific blocking of internalization
of toxic lipoxidation or glycation compounds into KC by
galectin-3 receptor inhibitors are now under investigation
in human NASH.
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Core tip: Previous findings in the context of obesity have
pointed to the role of macrophages from the adipose
tissue in the development of a chronic inflammatory
status inducing insulin resistance and non-alcoholic
fatty liver disease (NAFLD). However, nowadays, the
activation of liver macrophages called Kupffer cells (KC)
and the recruitment of monocytes have been identified
as key elements for disease initiation and progression
towards steatohepatitis and cirrhosis. What are the
possible reasons for this deleterious KC activation in
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authors . This diet induces NASH lesions together with
[9]
KC clustering next to injured hepatocytes , as seen in
[10]
the human NASH . In this situation, KC depletion also
[9]
ameliorated NASH injuries . Moreover, KC are known
to produce profibrogenic factors (for example transform
ing growth factor beta) able to activate the collagen
producing hepatic stellate cells (HSC). We showed
that in vivo KC depletion in a fibrosis mouse model
[11]
decreased HSC activation and fibrosis development .
Second, in humans, a recent elegant study explored
[12]
the key inflammatory steps in NAFLD development .
Interestingly, KC expansion was the first difference
seen in liver biopsies of patients with steatosis com
pared to control patients. The study also revealed
that KC expansion was the first step of liver inflamma
tory activation, preceding the recruitment of other
inflammatory cells. Further macrophage infiltration
particularly next to the portal tracts as well as apparition
of lymphocytes and neutrophils were seen in more
advanced fibrotic and inflammatory stages of the
[12]
disease . This well designed observation supports a
key role for KC activation in disease initiation as well
as in further fibrosis and inflammatory development.
Previous findings on hepatic gene expression patterns
in controls, obese patients with normal liver histology,
obese and steatotic patients and obese patients with
NASH corroborates this observation highlighting an
increased liver macrophage expression (CD68 mRNA)
with obesity, even more pronounced in case of NASH,
together with the upregulation of many genes involved
in neutrophil and macrophage recruitment including
monocyte chemoattractant protein-1 (MCP-1) also
[13]
named chemokine ligand 2 (CCL2) .

NAFLD? Are our current therapeutic approaches in
NAFLD targeting KC and how? Those two important
questions are raised in this paper, supported by recent
studies in the field.
Lanthier N. Targeting Kupffer cells in non-alcoholic fatty liver
disease/non-alcoholic steatohepatitis: Why and how? World J
Hepatol 2015; 7(19): 2184-2188 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i19/2184.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i19.2184

INTRODUCTION
The metabolic syndrome is characterized by a low grade
inflammatory state. Macrophages polarized towards
a pro-inflammatory phenotype infiltrating the white
adipose tissue particularly in its visceral location are
known to play a major role in this setting, producing
[1]
inflammatory circulating mediators . Similar to the
adipose tissue, the liver also contains macrophages,
called Kupffer cells (KC), which represent the largest
tissue resident macrophage population. In parallel with
the growing prevalence of the metabolic syndrome,
liver steatosis (i.e., increased fat deposition into the
hepatocytes) associated with this condition becomes now
a common finding, affecting one third of the population
in Western countries. Liver steatosis called non-alcoholic
fatty liver disease (NAFLD) could be the source of insulin
resistance and is known to be associated with increased
morbidity and mortality, particularly due to an increased
[2,3]
cardiovascular risk . Apart from that, the severity of
NAFLD is also linked to the fact that a subset of patients
with steatosis can progress to an inflammatory liver
disease with hepatocyte damage called non-alcoholic
steatohepatitis (NASH), which is able to induce fibrosis
[2,4,5]
and potential cirrhosis development
.

WHAT ARE THE POTENTIAL
ACTIVATORS OF KC?
Following the previous observations, an interesting
question is arising: what are the possible reasons for this
deleterious KC activation in NAFLD? Why do the cells
initiate an inflammatory condition while they are normally
present to fight against foreign particles or bacteria?
Indeed, KC belongs to the innate immune system and
their main function is the elimination by phagocytosis of
exogenous material including microorganisms, apoptotic
cells and debris. KC also participates to the adaptive
immune system, presenting specific antigens to cytotoxic
[14]
and regulatory T cells .
At disease initiation, KC can thus be activated by
pathogen-associated molecular patterns (PAMPs),
including modified gut microbiome (dysbiosis) and
increased gut-derived bacterial translocation described
[15]
in patients with obesity . They can also be activated
directly through the uptake or the metabolization of toxic
lipids like oxidized lipoproteins, ceramides and cholesterol
[16]
crystals recognized as foreign particles . With liver
disease progression, in addition with the amplification
of those mechanisms, KC activation can also be linked

DO KC PLAY A ROLE IN NAFLD/NASH?
In animal as in human studies, we have now arguments
sustaining that KC are implicated in NAFLD, both at
disease initiation and for disease progression.
First, previous animal experiments in our lab demon
strated a rapid onset of liver steatosis and hepatic
insulin resistance upon introduction of a high fat diet
[6]
concurrently with an inflammatory activation of KC .
We proved that the rapid KC activation in mice played a
[6]
pathological role in hepatic insulin resistance , as well
as in whole body insulin resistance and adiposity during
[7]
chronic high fat feeding . Clodronate loaded liposomes
[8]
were used to selectively deplete KC . Blunting hepatic
macrophage response prior to the initiation of the diet
prevented the development of hepatic insulin resistance
and ameliorated whole body insulin resistance and
[6,7]
decreased body weight in chronic experiments .
The implication of KC in NASH was also addressed
using methionine/choline deficient (MCD) diet by other
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to the presence of endogenous molecules released by
adjacent damaged hepatocytes constituting damage[15]
endogenous-associated molecular patterns (DAMPs) .
Collectively, PAMPs and DAMPs well known to be able
to activate various toll like receptors (TLR) like TLR2,
[15]
4, 9 present on KC but also intracellular lipid content
[16]
of KC
could be responsible for the inflammatory
reaction at different disease stages. Altogether, those
mechanisms explain the deleterious adaptation of the
liver innate immune system to the metabolic condition
associated with mal- and/or overnutrition.

insulin sensitivity . However, its impact on NAFLD
and KC activation remains to be established. Intestinal
[21]
dysbiosis could also be targeted through prebiotic
[22]
or probiotic
treatments. Whether those treatments
are effective in human NAFLD/NASH and KC activation
remains also to be experimentally addressed.

KC shift towards an anti-inflammatory phenotype

As mentioned before, experimental studies have
highlighted an alternative activation of KC, in some
circumstances, favoring glucose metabolism and fatty
acid oxidation. This alternative pathway is activated
by STAT-6 and interleukin 4 (IL-4) and maintained by
the fatty acid sensor peroxisome proliferator activatorreceptor delta (PPARδ). Unsaturated fatty acids act
[17]
in synergy with IL-4, activating PPARδ . In the first
publication demonstrating the shift towards an antiinflammatory phenotype, oleic acid was used in
[23]
conjugation to IL-4 to stimulate PPARδ .

Current clinical trials in
NAFLD/NASH: are they targeting
macrophages?
Despite their usefulness for the determination of the role
of KC in disease initiation or amplification, experimental
techniques depleting KC in animal models of NAFLD
or NASH using clodronate loaded liposomes are not
appropriate in a long term clinical human setting due to
the important roles of macrophages in health and host
defense as well as to the potential anti-inflammatory
benefits of the cells. Indeed, next to the classical “Mister
Hyde” inflammatory M1 phenotype of KC investigated
in animal and human studies, a possible “Dr Jekyll”
anti-inflammatory alternative M2 phenotype has been
[17]
described with specific activators and releasing factors .
Therefore, targeting specific pathways of KC seems to
be preferable to deleting a whole KC population and
its related function. Interestingly, a high proportion of
studies or current clinical trials in NAFLD/NASH potentially
target KC activation, by different methods which could be
classified as follows.

Eicosapentaenoic acid: The administration of this
polyunsaturated fatty acid has been tested in NAFLD/
NASH. In combination with docosahexaenoic acid, an
indirect impact on liver steatosis (on imaging) has been
described, maybe restricted to early NAFLD stages,
[24]
because an impact on fibrosis was not demonstrated .
In contrast, in well-established biopsy proven NASH
with fibrosis, the treatment supplementation was not
efficacious. Indeed, in patients with NAFLD activity
scores ≥ 4 with at least stage 1a fibrosis, a double blind
placebo controlled study did not evidence any beneficial
[25]
impact .
PPARδ: GFT505, a double PPARα and PPARδ agonist
known to ameliorate NASH in mice induced by the
[26]
MCD diet
was also tested in 22 individuals with
metabolic syndrome showing an amelioration of insulin
sensitivity, as well as a significant decrease in liver
[27]
enzyme abnormalities . A large phase 2b trial is now
conducted in order to test the benefice of such molecule
on NASH patients with fibrosis (NCT01694849).

Reduction of KC activation

Nutritional counseling: As we know, KC activation
occurs in humans in the setting of obesity and early
steatosis before the development of NASH and fibrosis.
Further KC recruitment occurs with disease progres
[12,13]
sion
. Many studies have investigated the role of
dietary counseling in the disease management. Few of
[18]
them have a paired liver biopsy , and none evaluated
the changes in macrophage content to assess the
impact of such a nutritional approach on KC response. In
[19]
a recent trial , weight loss was shown to significantly
ameliorate NAFLD activity scores in 47% of the subjects.
However, KC evaluation does not participate to this
score. Furthermore, portal inflammation which contains
[12]
mainly macrophages
remained unchanged in the
high weight loss group (> 5%) compared to the low
[19]
weight loss group (< 5%) , possibly meaning that the
portal inflammatory condition initiated in NAFLD could
perpetuate despite adequate nutritional counseling.

Blocking macrophage recruitment

Recruitment of hepatic macrophages is proven to
be mediated through the C-C chemokine receptor 2
(CCR2) for which the main ligand is CCL2 or MCP-1.
Cenicriviroc, a dual CCR2/CCR5 antagonist was tested
in diabetic mice fed a high fat diet, showing a decrease
in NASH components together with a decrease of
[28]
fibrosis . A phase 2 trial addressing the role of
cenicriviroc is now conducted in NASH patients with
fibrosis (NCT02217475).

Targeting specific macrophage pro-inflammatory
activation

Galectins are a family of 15 proteins having a car
bohydrate binding domain for the terminal galactose
residues of macromolecules such as glycoproteins. KC
express galectin-3 which is the main scavenger receptor

Specific modulation of gut microbiota: The
benefice of fecal microbiota transplantation of lean
donors on obese subjects has been demonstrated on
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involved in the hepatic uptake of advanced lipoxidation
and glycation endproducts. This scavenger receptor is
involved in inflammation and fibrosis. Indeed, galectin-3
null mice are resistant to steatohepatitis, stellate cell
[29]
activation and fibrosis under an atherogenic diet .
Treatment with galactoarabino-rhamnogalacturonan
polysaccharide (GR-MD-02) which has side chains
including galactose and arabinose will thus be able to
block the galectin-3 receptor. Through this mechanism,
the treatment was shown to decrease fibrosis in an
[30]
experimental model in rats . In a NASH model, the
treatment abrogated the expression of galectin-3 on
KC in areas of hepatocellular damage, as well as the
number of activated HSC while preserving normal KC
[31]
number . Results of an early phase 1 clinical trial with
this galectin-3 inhibitor drug (administered through
intravenous injections) were presented at the American
[32]
Association congress
and a phase 2 trial is planned
on NASH with advanced fibrosis (NCT02421094).
Other scavenger receptors like CD36, macrophage
scavenger receptor 1 mediate modified cholesterol
lipoproteins uptake into KC and have been described in
animal models of NASH to be implicated in the disease
[33]
pathogenesis . The specific targeting of those proinflammatory pathways through adequate therapy
represent attractive possibilities in order to blunt the
onset of hepatic inflammation by affecting intracellular
lipid content of KC.

5

6

7

8
9

10

11

CONCLUSION

12

We are facing a new metabolic era with an increased
prevalence of metabolic syndrome and NAFLD, but
also of new findings regarding disease evolution in
humans and potential pathophysiological mechanisms.
KC represents attractive targets in this setting and
numerous clinical studies specifically point to this
pathogenic pathway. Due to the importance of KC in
NAFLD and NASH, evaluation of their response in clinical
trials targeting other pathways like biliary salts (for
obeticholic acid), collagen synthesis (for simtuzumab) or
insulin secretion and satiety (for liraglutide) are of major
interest. However, due to the possible anti-inflammatory
role of KC, such evaluation remains difficult and has not
to be dissociated from other inflammatory pathways
analysis. Further studies are also needed addressing the
precise mechanisms of KC activation in humans, as well
as the nature of factors secreted from inflammatory KC.

13

14
15
16
17
18

REFERENCES
1
2
3
4

Lanthier N, Leclercq IA. Adipose tissues as endocrine target
organs. Best Pract Res Clin Gastroenterol 2014; 28: 545-558
[PMID: 25194174 DOI: 10.1016/j.bpg.2014.07.002]
Lanthier N. The role of the liver in insulin resistance. Treatment
Strategies. Hepatology 2014; 1: 89-95
Lanthier N, Leclercq IA. Liver and systemic insulin resistance.
Hepatology 2014; 60: 1113-1114 [PMID: 24452327 DOI: 10.1002/
hep.27017]
Lanthier N, Horsmans Y, Leclercq IA. The metabolic syndrome:
how it may influence hepatic stellate cell activation and hepatic

WJH|www.wjgnet.com

19

20

2187

fibrosis. Curr Opin Clin Nutr Metab Care 2009; 12: 404-411
[PMID: 19474722 DOI: 10.1097/MCO.0b013e32832c7819]
Pais R, Charlotte F, Fedchuk L, Bedossa P, Lebray P, Poynard
T, Ratziu V. A systematic review of follow-up biopsies reveals
disease progression in patients with non-alcoholic fatty liver. J
Hepatol 2013; 59: 550-556 [PMID: 23665288 DOI: 10.1016/j.
jhep.2013.04.027]
Lanthier N, Molendi-Coste O, Horsmans Y, van Rooijen N,
Cani PD, Leclercq IA. Kupffer cell activation is a causal factor
for hepatic insulin resistance. Am J Physiol Gastrointest Liver
Physiol 2010; 298: G107-G116 [PMID: 19875703 DOI: 10.1152/
ajpgi.00391.2009]
Lanthier N, Molendi-Coste O, Cani PD, van Rooijen N, Horsmans
Y, Leclercq IA. Kupffer cell depletion prevents but has no
therapeutic effect on metabolic and inflammatory changes induced
by a high-fat diet. FASEB J 2011; 25: 4301-4311 [PMID: 21873555
DOI: 10.1096/fj.11-189472]
Lanthier N, Horsmans Y, Leclercq IA. Clodronate liposomes: all
sites of injection are not equal. Hepatology 2010; 51: 721-722;
author reply 722 [PMID: 20101758 DOI: 10.1002/hep.23455]
Rivera CA, Adegboyega P, van Rooijen N, Tagalicud A, Allman M,
Wallace M. Toll-like receptor-4 signaling and Kupffer cells play
pivotal roles in the pathogenesis of non-alcoholic steatohepatitis.
J Hepatol 2007; 47: 571-579 [PMID: 17644211 DOI: 10.1016/
j.jhep.2007.04.019]
Lefkowitch JH, Haythe JH, Regent N. Kupffer cell aggregation
and perivenular distribution in steatohepatitis. Mod Pathol
2002; 15: 699-704 [PMID: 12118106 DOI: 10.1097/01.MP.
0000019579.30842.96]
Van Hul N, Lanthier N, Español Suñer R, Abarca Quinones J,
van Rooijen N, Leclercq I. Kupffer cells influence parenchymal
invasion and phenotypic orientation, but not the proliferation,
of liver progenitor cells in a murine model of liver injury. Am J
Pathol 2011; 179: 1839-1850 [PMID: 21854752 DOI: 10.1016/
j.ajpath.2011.06.042]
Gadd VL, Skoien R, Powell EE, Fagan KJ, Winterford C, Horsfall
L, Irvine K, Clouston AD. The portal inflammatory infiltrate
and ductular reaction in human nonalcoholic fatty liver disease.
Hepatology 2014; 59: 1393-1405 [PMID: 24254368 DOI: 10.1002/
hep.26937]
Bertola A, Bonnafous S, Anty R, Patouraux S, Saint-Paul MC,
Iannelli A, Gugenheim J, Barr J, Mato JM, Le Marchand-Brustel
Y, Tran A, Gual P. Hepatic expression patterns of inflammatory
and immune response genes associated with obesity and NASH
in morbidly obese patients. PLoS One 2010; 5: e13577 [PMID:
21042596 DOI: 10.1371/journal.pone.0013577]
Knolle PA, Gerken G. Local control of the immune response in
the liver. Immunol Rev 2000; 174: 21-34 [PMID: 10807504 DOI:
10.1034/j.1600-0528.2002.017408.x]
Ganz M, Szabo G. Immune and inflammatory pathways in NASH.
Hepatol Int 2013; 7 Suppl 2: 771-781 [PMID: 24587847 DOI:
10.1007/s12072-013-9468-6]
Bieghs V, Trautwein C. The innate immune response during liver
inflammation and metabolic disease. Trends Immunol 2013; 34:
446-452 [PMID: 23668977 DOI: 10.1016/j.it.2013.04.005]
Odegaard JI, Chawla A. Alternative macrophage activation and
metabolism. Annu Rev Pathol 2011; 6: 275-297 [PMID: 21034223
DOI: 10.1146/annurev-pathol-011110-130138]
Thoma C, Day CP, Trenell MI. Lifestyle interventions for the
treatment of non-alcoholic fatty liver disease in adults: a systematic
review. J Hepatol 2012; 56: 255-266 [PMID: 21723839 DOI:
10.1016/j.jhep.2011.06.010]
Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, TorresGonzalez A, Gra-Oramas B, Gonzalez-Fabian L, Friedman SL,
Diago M, Romero-Gomez M. Weight Loss Through Lifestyle
Modification Significantly Reduces Features of Nonalcoholic
Steatohepatitis. Gastroenterology 2015; 149: 367-378.e5 [PMID:
25865049 DOI: 10.1053/j.gastro.2015.04.005]
Vrieze A, Van Nood E, Holleman F, Salojärvi J, Kootte RS,
Bartelsman JF, Dallinga-Thie GM, Ackermans MT, Serlie MJ,

September 8, 2015|Volume 7|Issue 19|

Lanthier N. Kupffer cells and NAFLD/NASH

21

22
23

24

25

26

Oozeer R, Derrien M, Druesne A, Van Hylckama Vlieg JE, Bloks
VW, Groen AK, Heilig HG, Zoetendal EG, Stroes ES, de Vos
WM, Hoekstra JB, Nieuwdorp M. Transfer of intestinal microbiota
from lean donors increases insulin sensitivity in individuals with
metabolic syndrome. Gastroenterology 2012; 143: 913-6.e7
[PMID: 22728514 DOI: 10.1053/j.gastro.2012.06.031]
Delzenne NM, Neyrinck AM, Cani PD. Gut microbiota and
metabolic disorders: How prebiotic can work? Br J Nutr 2013; 109
Suppl 2: S81-S85 [PMID: 23360884 DOI: 10.1017/S00071145120
04047]
Cani PD, Van Hul M. Novel opportunities for next-generation
probiotics targeting metabolic syndrome. Curr Opin Biotechnol 2015;
32: 21-27 [PMID: 25448228 DOI: 10.1016/j.copbio.2014.10.006]
Odegaard JI, Ricardo-Gonzalez RR, Red Eagle A, Vats D, Morel
CR, Goforth MH, Subramanian V, Mukundan L, Ferrante AW,
Chawla A. Alternative M2 activation of Kupffer cells by PPARdelta
ameliorates obesity-induced insulin resistance. Cell Metab 2008; 7:
496-507 [PMID: 18522831 DOI: 10.1016/j.cmet.2008.04.003]
Scorletti E, Bhatia L, McCormick KG, Clough GF, Nash K,
Hodson L, Moyses HE, Calder PC, Byrne CD. Effects of purified
eicosapentaenoic and docosahexaenoic acids in nonalcoholic fatty
liver disease: results from the Welcome* study. Hepatology 2014;
60: 1211-1221 [PMID: 25043514]
Sanyal AJ, Abdelmalek MF, Suzuki A, Cummings OW, Chojkier
M. No significant effects of ethyl-eicosapentanoic acid on
histologic features of nonalcoholic steatohepatitis in a phase 2 trial.
Gastroenterology 2014; 147: 377-384.e1 [PMID: 24818764 DOI:
10.1053/j.gastro.2014.04.046]
Staels B, Rubenstrunk A, Noel B, Rigou G, Delataille P, Millatt LJ,
Baron M, Lucas A, Tailleux A, Hum DW, Ratziu V, Cariou B, Hanf
R. Hepatoprotective effects of the dual peroxisome proliferatoractivated receptor alpha/delta agonist, GFT505, in rodent models
of nonalcoholic fatty liver disease/nonalcoholic steatohepatitis.
Hepatology 2013; 58: 1941-1952 [PMID: 23703580 DOI: 10.1002/

27

28

29

30

31
32

33

hep.26461]
Cariou B, Hanf R, Lambert-Porcheron S, Zaïr Y, Sauvinet V,
Noël B, Flet L, Vidal H, Staels B, Laville M. Dual peroxisome
proliferator-activated receptor α/δ agonist GFT505 improves
hepatic and peripheral insulin sensitivity in abdominally obese
subjects. Diabetes Care 2013; 36: 2923-2930 [PMID: 23715754
DOI: 10.2337/dc12-2012]
Lefebvre E, Hashiguchi T, Jenkins H, Nabhan A, Yoneyama H,
Friedman SL, Wolfgang GH. Anti-fibrotic and anti-inflammatory
activity of the dual CCR2 and CCR5 antagonist cenicriviroc in a
mouse model of NASH. Hepatology 2013; 58 Suppl 1: 221A-222A
Iacobini C, Menini S, Ricci C, Blasetti Fantauzzi C, Scipioni A, Salvi
L, Cordone S, Delucchi F, Serino M, Federici M, Pricci F, Pugliese G.
Galectin-3 ablation protects mice from diet-induced NASH: a major
scavenging role for galectin-3 in liver. J Hepatol 2011; 54: 975-983
[PMID: 21145823 DOI: 10.1016/j.jhep.2010.09.020]
Traber PG, Chou H, Zomer E, Hong F, Klyosov A, Fiel MI,
Friedman SL. Regression of fibrosis and reversal of cirrhosis in
rats by galectin inhibitors in thioacetamide-induced liver disease.
PLoS One 2013; 8: e75361 [PMID: 24130706 DOI: 10.1371/
journal.pone.0075361]
Traber PG, Zomer E. Therapy of experimental NASH and fibrosis
with galectin inhibitors. PLoS One 2013; 8: e83481 [PMID:
24367597 DOI: 10.1371/journal.pone.0083481]
Harrison SA, Chalasani NP, Lawitz E, Noureddin M, Sanyal A,
Schiano TD. Early phase 1 clinical trial results of GR-MD-02, a
galectin-3 inhibitor, in patients having non-alcoholic steatohepatitis
(NASH) with advanced fibrosis. Hepatology 2014; 60: 225A-226A
Bieghs V, Verheyen F, van Gorp PJ, Hendrikx T, Wouters K,
Lütjohann D, Gijbels MJ, Febbraio M, Binder CJ, Hofker MH,
Shiri-Sverdlov R. Internalization of modified lipids by CD36 and
SR-A leads to hepatic inflammation and lysosomal cholesterol
storage in Kupffer cells. PLoS One 2012; 7: e34378 [PMID:
22470565 DOI: 10.1371/journal.pone.0034378]
P- Reviewer: Sazci A, Waisberg J S- Editor: Tian YL
L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

2188

September 8, 2015|Volume 7|Issue 19|

World J Hepatol 2015 September 8; 7(19): 2189-2193
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i19.2189

EDITORIAL

Herbal medicine-related hepatotoxicity
Evangelos Stournaras, Konstantinos Tziomalos
required from both physicians and the general public.
Physicians should always suspect herbal medicines
when evaluating a patient with unexplained liver injury.
Regulation standards for herbal products need to be
reconsidered, so that the efficacy and safety of these
products have been clearly demonstrated before they
enter the markets.

Evangelos Stournaras, Konstantinos Tziomalos, First
Propedeutic Department of Internal Medicine, Medical School,
Aristotle University of Thessaloniki, AHEPA Hospital, 54636
Thessaloniki, Greece
Author contributions: Stournaras E drafted the paper; Tziomalos
K revised the draft critically for important intellectual content.
Conflict-of-interest statement: We have no conflict of interest
to declare.

Key words: Herbal medicines; Liver transplantation;
Cholestasis

Open-Access:This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Herbal medicine products represent a common
therapeutic approach in the East and are gaining
increasing popularity in Western countries. They are
unjustifiably considered to be side-effect free; on the
contrary, severe toxicity, including catastrophic hepatic
injury has been reported in association with their use.
Vigilance is required from both physicians and the
general public. Physicians should always suspect herbal
medicines when evaluating a patient with unexplained
liver injury. Regulation standards for herbal products
need to be reconsidered, so that the efficacy and safety
of these products have been clearly demonstrated
before they enter the markets.

Correspondence to: Konstantinos Tziomalos, MD, PhD, First
Propedeutic Department of Internal Medicine, Medical School,
Aristotle University of Thessaloniki, AHEPA Hospital, Kiriakidi
1, 54636 Thessaloniki, Greece. ktziomalos@yahoo.com
Telephone: +30-2310-994621
Fax: +30-2310-994773
Received: May 15, 2015
Peer-review started: May 15, 2015
First decision: July 15, 2015
Revised: July 22, 2015
Accepted: August 20, 2015
Article in press: August 21, 2015
Published online: September 8, 2015

Stournaras E, Tziomalos K. Herbal medicine-related hepato
toxicity. World J Hepatol 2015; 7(19): 2189-2193 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i19/2189.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i19.2189

Abstract

TEXT

Herbal medicine products represent a common thera
peutic approach in the East and are gaining increasing
popularity in Western countries. They are unjustifiably
considered to be side-effect free; on the contrary,
severe toxicity, including catastrophic hepatic injury has
been reported in association with their use. Vigilance is
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The use of herbal products as medications has its origin
thousands of years ago and has been documented in
historical evidence from many ancient civilisations. In
recent years, there has been a significant increase in the
use of herbal medicines and herbal dietary supplements
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in Western societies, mainly for body building, weight
loss and maintenance of “good health”. This increased
use is supported by a general belief among lay people,
that since these products are natural, they are also
harmless; this belief is, however, frequently inaccurate
and mistaken. Indeed, herbal products have been
reported to cause severe side effects. Among these,
liver injury, occasionally severe enough to necessitate
transplantation or lead to death, has been frequently
described.
Herbal medicines represent a lucrative business in
both Europe and United States. In 2003, more than
$5 billion has been spent on over the counter herbal
[1]
products in Europe . A survey including 6 countries
(United Kingdom, Spain, Germany, Italy, Romania,
Finland) revealed that 18.8% of 2359 consumers had
[2]
used plant food supplements at least once . In the
United States, 100 million Americans spend $28 billion
[3]
each year in supplements . Data from National Health
and nutrition examination survey reveals that 52% of the
general population had consumed supplements between
[4]
1990-2000 . This tendency towards constant increase
in the use of herbal medicines has several explanations.
Many people believe that conventional drugs cause
severe side effects and are reluctant to use them. On the
other hand, many believe that herbal medicines have
been used for centuries, are effective, harmless and
represent a more “natural” or “physiological” means of
managing or preventing diseases. Moreover, marketing
regulations for herbal medicine are considerably less
strict than for conventional drugs and no safety or
efficacy trials are required before these products are
being marketed. This leads to an abundance of easily
accessible herbal medicine products that are sold over
the counter or via the internet. Herbal products in the
United States are regulated by the dietary supplement
health and education act (DSHEA), introduced in
[5]
1994 . According to DSHEA, a dietary supplement is
a product taken by mouth that contains an ingredient
(vitamin, mineral, herb or other botanicals, aminoacid or
substances such as enzymes, organ tissues, glandulars
[6]
and metabolites), intended to supplement the diet .
Manufacturers of herbal medicines are not required to
get Food and Drug Administration (FDA) approval before
selling a new product and they are responsible for
non-misleading labelling, reporting any side effect and
ensuring that their product has not been contaminated
[3,5]
or adulterated . In European Union, for herbal medical
products to be allowed entering markets, they need
to have been used medicinally for at least 30 years in
general and for at least 15 years in Europe and to have
sufficient data that they are not harmful and that their
[1]
pharmacologic effects are plausible .
Herbal medicines are divided into 3 categories. First,
there are plant-derived crude products, such as leaves,
roots and flowers. Importantly, the exact ingredients
and their concentrations in these products are unknown
and are subject to harvest conditions, weather, altitude
of growth and contamination with pesticides and heavy
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metals. The second category comprises of botanicals,
which have been the cornerstone of pharmaceutical
industry growth. Famous paradigms include poppiesderived opioids, china bark from which quinine is extrac
[7]
ted and mandrake, the source of atropine . The third
category includes all commercially available products
marketed under trade names and represents the
majority of herbal medicines used in Western societies.
Current lenient regulation standards often result in poor
quality products; contamination with bacteria or heavy
[8,9]
metals such as arsenic has been documented . In
one case, a weight loss-inducing nutritional supplement
contaminated with Bacillus subtilis caused severe
[9]
hepatotoxicity in 2 patients . Mislabelling is another
issue of concern; concentrations of constituents are
often inaccurate and may vary from batch to batch.
Adulteration with other substances such as steroids,
benzodiazepines, sildenafil and others that do not
[10]
appear on the ingredients list has also been reported ,
and contributes to the emergence of side effects.
Herbal medicine-related hepatotoxicity represents the
second most common cause of drug-induced liver injury
(DILI) in Western countries. In a prospective study from
Iceland that included 96 individuals diagnosed with DILI
between 2010 and 2011, 16% of cases were attributable
[11]
to dietary supplements . In the United States, the
drug induced liver injury network, which studies liver
toxicity related to the use of conventional medications or
herbal supplements, constitutes the largest database of
herbal medicines-related hepatotoxicity. Between 2004
and 2013, among 839 patients who had suffered DILI,
herbal dietary supplement was identified as the culprit
[12,13]
in 130 cases (15.5%)
. Interestingly, the proportion
of DILI caused by herbal medicines increased from 7%
to 20% during this time period, reflecting the increasing
popularity of these products. Supplements used for body
building were the most commonly implicated (45 of
130 cases), followed by weight loss-inducing products.
Chinese herbs and supplements for depression, gastro
intestinal symptoms, sexual performance enhancement
and joint problems were less commonly implicated in
DILI. In another recent retrospective cohort study using
data from a Northern California health care system
between 2004 and 2014, 18.8% of cases of acute
liver failure were caused by over-the-counter herbal
[14]
supplements . In Europe, an earlier study performed
between 1994 and 2004 in Spain reported that 9% of
[15]
461 cases of DILI were caused by medicinal herbs .
Interestingly, herbal products also represent the most
common cause of DILI in the East, reflecting their
widespread use worldwide. In a prospective Korean
nationwide study on DILI, “herbal medications”, “herbal
preparations”, “medicinal herbs or plants”, “health foods
or dietary supplements” and “folk remedies” were the
causative agents of 232 of 371 reported cases of DILI
[16]
(62.5%) .
There are 3 patterns of drug (and herbal dietary
supplement)-induced liver injury: hepatocellular, chole
static, and mixed. The R-value is a helpful index for
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distinguishing the type of liver injury at presentation.
R-value is defined as patient’s serum alanine amino
transferase (ALT)/upper limit of normal of ALT divided by
patient’s serum alkaline phosphatise (ALP)/upper limit
[17]
of normal of ALP . When R is ≥ 5, injury is classified
as hepatocellular, when R is < 2 as cholestatic, and
when R is 2-5 as mixed. With the exception of herbal
supplements used for body building, which cause a
cholestatic pattern of liver injury, most of the herbal
[12,17]
products typically induce hepatocellular damage
.
A large number of herbal medicines have the
potential to cause liver injury. Body building products
typically cause cholestatic hepatic injury and affected
patients are usually young males. Performance
enhancing agents are the most commonly implicated
agents in the drug induced liver injury network study.
Such supplements typically contain steroids, whose
[13,18]
hepatotoxicity potential has been well established
.
Greater celandine (chelidonium majus), used for the
management of dyspeptic symptoms, and cascara
sagrada, a herbal laxative containing anthracene
glycoside, are 2 other herbal medicines that have been
[19,20]
associated with cholestasis
. The rising prevalence
of obesity in Western societies has led to a flourishing
market of weight loss-inducing herbal medicines, which
are frequently implicated in cases of hepatotoxicity.
Hydroxycut, a multi-ingredient product, marketed as
a stimulator of basic metabolism and a lipolytic agent,
was eventually recalled from the market by the manu
facturer in 2009. Severe hepatocellular injury, leading
to liver transplantation and even death, has been
[21]
associated with this product . OxyELITE Pro has
been shown to cause severe or even fatal hepatitis at
the recommended dosage, leading the FDA to ban its
[22]
sales in 2013 . Herbalife products, used for a variety
of purposes, including weight loss and general well
being, have also been linked to severe cases of liver
[23]
injury . Germander also appears to induce weight loss
but also contains diterpenoids that cause hepatocyte
[24]
apoptosis . Green tea is extracted from Camellia
sinensis leaves and is commonly present in weight loss
supplements. Although the consumption of average
amounts of green tea appears to safe, excessive doses
found in dietary supplements have been associated
[25,26]
with hepatocellular injury, induced by catechins
.
Extract from comfrey tea (symphytum), used to make
tea, induces venoocclusive disease, since it contains
[27]
pyrrolizidine alkaloids . Kava, extracted from piper
methysticum and used for anxiety symptoms and sleep
disorders, is particularly popular in the Pacific Ocean
islands and has been incriminated in many cases of
hepatotoxicity, leading to a ban of kava-containing
[28]
products import in Europe and United States . Finally,
black cohosh (cimicifuga racemosa), used for meno
pause symptoms and dysmenorrhea, and glucosaminecontaining supplements, popular products marketed for
joint pain relief, have also been associated with severe
[29-31]
hepatotoxicity
.
Establishing a causal relationship between the use
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of herbal medicines and liver injury is challenging. Even
when highly suspected, direct correlation between
a single causative agent and hepatotoxicity can be
extremely difficult to prove. The variable composition
of herbal products (according to weather and harvest
conditions), the plethora of (often unlabeled) ingredients
and contamination or adulteration may impede dia
gnostic approach and establishment of causality. Clinical
suspicion that a herbal medication may have caused
hepatotoxicity is fundamental for diagnosis. Patients
tend to underreport consumption of herbal dietary
[32]
supplements , therefore physicians should persistently
assess this possibility during history taking. Initiation of
the suspected product prior to the manifestation of liver
injury is also a major key point for establishing causality.
Other non-pharmacological causes of liver injury must
also be excluded. These include viral hepatitis (by
hepatitis A, B, C or E virus, cytomegalovirus, EpsteinBarr virus, herpes simplex virus), autoimmune diseases
(autoimmune hepatitis, primary biliary cirrhosis, primary
sclerosing cholangitis) and metabolic and genetic
diseases (hemochromatosis, a1-antitrypsin deficiency,
wilson’s disease). Alcohol consumption needs to be
documented thoroughly, ischemic hepatitis must be
ruled out and liver imaging might be helpful for excluding
[17,33]
other pathologies
. None of the currently used
causality assessment tools were developed specifically
[17]
for herbal dietary supplements . The same diagnostic
guidelines designed for idiosyncratic DILI apply to
herbal products as well. The 2 most commonly used
approaches are the roussel uclaf causality assessment
method (RUCAM) and expert opinion process. The
RUCAM calculates a total score assigning points to
clinical and biochemical parameters; a higher score
indicates increased likelihood of hepatic injury due to
[34]
a specific medication . The RUCAM can be calculated
only for a single drug each time and labelled toxicity
is considered; these features are major restrictions in
the use of RUCAM for proof of herbal medicine-related
liver injury, since herbal preparations include multiple
ingredients and hepatotoxicity warnings seldom appear
in their labels. Expert opinion is being used by the drug
[35]
induced liver injury network and it appears to render
[36]
higher agreement rates . Novel causality assessment
tools specific to herbal dietary supplements have been
[37]
proposed and preliminary results appear promising .
In conclusion, herbal medicine products represent
a common therapeutic approach in the East and are
gaining increasing popularity in Western countries.
They are unjustifiably considered to be side-effect free;
on the contrary, severe toxicity, including catastrophic
hepatic injury has been reported in association with their
use. Vigilance is required from both physicians and the
general public. Physicians should always suspect herbal
medicines when evaluating a patient with unexplained
liver injury. Regulation standards for herbal products
need to be reconsidered, so that the efficacy and safety
of these products have been clearly demonstrated
before they enter the markets.
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REVIEW

Chronic hepatitis E: A brief review
Arvind R Murali, Vikram Kotwal, Saurabh Chawla

Abstract

Arvind R Murali, Department of Gastroenterology and Hepatology,
University of Iowa Hospitals and Clinics, Iowa City, IA 52246,
United States

Hepatitis E viral infection has traditionally been con
sidered an acute, self-limited, water borne disease
similar to hepatitis A, endemic to developing countries.
However, over the past decade, zoonotic transmission
and progression to chronicity in human patients has been
identified, resulting in persistently elevated transaminase
levels, progressive liver injury and cirrhosis. In addition
to liver injury, neurological, renal and rheumatological
manifestations have also been reported. Chronic hepatitis
E occurs mainly in immunosuppressed individuals such
as transplant recipients, human immunodeficiency
virus patients with low CD4 counts and in patients with
hematological malignancies receiving chemotherapy.
Diagnosis is established by persistent elevation of
hepatitis E virus RNA in the stool or serum. This popu
lation often requires treatment with antiviral agents,
particularly ribavirin, as spontaneous clearance with
reduction in immunosuppression occurs only in about
a third of the patients. The purpose of this review, is
to further discuss the clinical presentation, and recent
advances in diagnosis, treatment and prophylaxis of
chronic hepatitis E.
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Core tip: Chronic hepatitis E occurs mainly in immuno
suppressed individuals such as transplant recipients,
human immunodeficiency virus patients with low CD4
counts and in patients with hematological maligna
ncies receiving chemotherapy. A few cases have also
been reported in immunocompetent individuals. These
patients may present with unexplained elevation in
transaminases or less frequently with neurological or
renal manifestations. The diagnosis is confirmed by
a persistent elevation of hepatitis E RNA in serum or
stool. Reduction of immunosuppression to achieve

Received: April 30, 2015
Peer-review started: May 7, 2015
First decision: July 1, 2015
Revised: July 28, 2015
Accepted: August 20, 2015
Article in press: August 21, 2015
Published online: September 8, 2015

WJH|www.wjgnet.com

2194

September 8, 2015|Volume 7|Issue 19|

Murali AR et al . Chronic hepatitis E
3 was first identified in few sporadic cases in United
States in 1997 and is now considered as a re-emerging
zoonotic disease in several countries in Europe, North
[4]
America and Japan . Genotype 4 has been reported
to cause sporadic cases of acute hepatitis E in humans.
These were previously thought to be restricted to Asia
[3,4]
(China, Taiwan, Japan and Vietnam) . However,
recent reports have identified autochthonous HEV
[5]
genotype 4 infections in humans in Europe .
The estimated incidence of acute HEV infection is
about 3 million human infections per year worldwide
[6]
resulting in about 70000 deaths . Most of these patients
are in the endemic regions, but increasingly human
infections, mainly from HEV genotype 3, are being
reported in industrialized countries. HEV is transmitted
predominantly by the fecal-oral route in the endemic
areas. In the non-endemic areas, the mode of spread
of HEV is food borne, especially from undercooked pork
[7,8]
or infected raw meat from deer . The first evidence of
a zoonotic source of autochthonous (locally-acquired)
hepatitis E infection was reported from the United States
when HEV isolates from humans were related closely to
[9,10]
swine isolates
. Subsequent data have corroborated
this finding and therefore zoonotic transmission might
be an important mode of spread of hepatitis E in the
developed world. Person to person transmission is
considered uncommon during both epidemic and spora
[11,12]
dic setting
. Vertical transmission from mother to
fetus and blood transfusion related transmission of HEV
[13,14]
has also been documented
.
Hepatitis E seroprevalence is high in developing
countries like India and in Southeast Asia ranging from
[15]
27%-80% in the general population . Surprisingly,
some studies from developed countries like United
States and United Kingdom have shown an unexpectedly
[16,17]
high seroprevalence of 21% and 25% respectively
.
The reasons for this high seroprevalence could be due
to subclinical infection, exposure to animals, serological
cross reactivity with other agents or false positive
results. In particular, individuals coming in contact with
swine, like veterinarians, pig breeders and slaughter
house personnel have been found to have statistically
significant higher rates of hepatitis E seropositivity in
[18-22]
developed countries
.
The most common form of HEV infection is acute,
icteric hepatitis which is self limited. The illness usually
lasts for a few weeks and is followed by spontaneous
resolution. Few patients have severe illness leading to
fulminant hepatic failure. The mortality rate from acute
hepatitis E ranges from 1% to 4%, though the risk of
mortality is higher in pregnant patients and patients
[4]
who are immunocompromised .

spontaneous viral clearance should be attempted.
However it is effective only in about a third of patients,
therefore most patients require treatment with antiviral
agents, like ribavirin. The purpose of this review is
to increase awareness amongst physicians of chronic
hepatitis E infection as a possible treatable cause of
chronic liver disease, especially in immunosuppressed
individuals.
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INTRODUCTION
Hepatitis E viral infection has traditionally been
considered an acute, self-limited disease similar to
hepatitis A. Over the past decade, progression to
chronicity in human patients has been identified,
resulting in persistently elevated transaminase levels,
progressive liver injury and cirrhosis. In addition to
liver injury, certain extra-hepatic manifestations have
also been reported. Chronic hepatitis E occurs mainly
in immunosuppressed individuals such as transplant
recipients, human immunodeficiency virus (HIV) patients
with low CD4 count and in patients with hematological
malignancies receiving chemotherapy though a few
cases have also been reported in immunocompetent
individuals. While reduction of immunosuppression can
lead to clearance of hepatitis E in one third of patients,
treatment with antiviral agents, particularly ribavirin has
shown promising results. The purpose of this review, is
to further discuss the clinical presentation, and recent
advances in diagnosis, treatment and prophylaxis of
chronic hepatitis E.

VIROLOGY, EPIDEMIOLOGY AND
TRANSMISSION
Hepatitis E virus (HEV) is a non-enveloped, single
stranded RNA virus, 27 to 34 nm in diameter. It belongs
to the family Hepeviridae. Five genotypes of HEV
have been described of which genotypes 1 to 4 infect
humans, while genotype 5 has only been known to
[1]
infect birds . More recently, a new taxonomic scheme
for the classification of HEV has been proposed based
[2]
on analysis of existing genomic sequences . The
hepatitis E virus belongs to the species orthohepevirus A,
from the genus Orthohepevirus which includes isolates
[2]
from human, mammalian and avian HEV . There are
no known animal reservoirs for HEV genotypes 1 and
2 but genotype 3 can also affect animals such as deer,
[1]
pigs, rodents, mongeese and shellfish . Genotype 1
and 2 infections are frequent in endemic regions such as
Southern Asia, Africa and Mexico and are responsible for
[3]
large waterborne epidemics in these areas . Genotype
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DIAGNOSIS AND CLINICAL
PRESENTATION OF CHRONIC HEPATITIS
E
Diagnostic tests for hepatitis E can be classified as
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indirect and direct tests. Indirect tests to diagnose HEV
involves the detection of anti-HEV antibodies IgM and
IgG in the blood. Direct methods involve detection
of the virus itself or its constituents such as the viral
[23]
nucleic acids .
Anti-HEV IgM antibody is a marker of recent
infection. It appears in the serum within a few days
following infection with HEV and usually remains in the
serum for about 3-6 mo. Anti-HEV IgG antibody is a
marker of recent or remote exposure to HEV. It appears
few days to weeks after the development of anti-HEV
IgM, but lasts for a longer period of time. The titers of
anti-HEV IgG gradually decrease with time and may
eventually disappear. Diagnosis of acute hepatitis E is
usually made by indirect tests. A positive anti-HEV IgM
with or without a positive anti-HEV IgG confirms acute
hepatitis E. A positive anti-HEV IgG in the absence of
anti-HEV IgM suggests remote infection with HEV. It
must be noted that testing for antibodies is unreliable
in immunocompromised individuals, as they may not
develop antibodies.
Chronic hepatitis E is diagnosed by detecting HEV
RNA in the stool or serum by means of the direct
[23]
viral nucleic acid tests . Viral nucleic acids can be
detected in the blood and stool by using either reverse
transcriptase-polymerase chain reaction (RT-PCR) or
loop mediated isothermal amplification. The RT-PCR
test is commonly used test for diagnosing chronic HEV.
A positive RT-PCR after a minimum of 3-6 mo from the
time of diagnosis of HEV, establishes the presence of
[24-26]
chronic HEV
. This is because spontaneous clearance
may occur within the first 6 mo as noted in initial followup studies in immunosuppressed patients with positive
[22,23]
[24]
[24]
HEV RNA
. However, recently , Kamar et al
reported that in transplant recipients who acquired HEV
infection, none of the patients cleared the virus between
3 and 6 mo. The authors therefore suggested that in
this population, persistence of HEV RNA in serum or
stool beyond 3 mo should be considered as chronic
hepatitis. It should be noted though that there is a wide
variation in sensitivity of various assays for detection
[27]
of HEV RNA . HEV genotype detected by one assay
may not be detected by another assay and vice versa.
Antibody tests are not useful in the diagnosis of chronic
HEV. Presence or absence of serum anti-HEV IgG or
IgM does not rule in or rule out chronic HEV. However,
if a patient is noted to have anti-HEV IgG in the serum,
testing for HEV RNA should be performed to detect
underlying chronic HEV.
Chronic hepatitis E has almost exclusively been
[28]
reported with genotype 3 , however a recent case
study reports persistent hepatitis E in a child with
[29]
HEV genotype 4 . The source of infection in immuno
compromised patients if often unknown but thought
to be ingestion of pork or deer in most cases. In a
retrospective study of 85 transplant recipients who got
infected with hepatitis E, 32% were symptomatic at
[30]
the time of diagnosis of HEV infection . Most common
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symptom was fatigue (24%), followed by diarrhea
(6%) and arthralgia (5%). Abdominal pain was present
in 3% patients while jaundice was seen in only one
patient. Fifty-six out of 85 patients (66%) developed
chronic hepatitis while the infection resolved in the
remaining patients without any specific intervention. On
univariate analysis, aspartate transaminase and alanine
transaminase (ALT) levels at the time of diagnosis and
peak levels for these enzymes were significantly lower
in patients who progressed to chronic hepatitis. The ALT
elevation in chronic hepatitis E is modest (usually less
than 300 IU/L) as compared to acute hepatitis E (more
[28]
than 1000 IU/L) . While chronic hepatitis E can lead
to spontaneous resolution in some patients without any
specific intervention, it can lead to rapid progression to
[25]
cirrhosis and death in others . There is no correlation
between serum HEV concentration and progression to
[31]
liver fibrosis .

EXTRA HEPATIC MANIFESTATIONS OF
CHRONIC HEPATITIS E
Several extra-hepatic manifestations have been
described in patients with HEV infection, in both acute
and chronic phases. Neurologic complications are the
most frequent extra-hepatic manifestations. In a study
of 126 patients with acute and chronic HEV infection,
[32]
7 (5.5%) patients had neurologic manifestations .
Four of these patients were immunocompromised and
had chronic HEV infection; 3 had received solid organ
transplant, while one patient had HIV infection. Bilateral
pyramidal signs, ataxia, proximal myopathy, encephalitis,
cognitive dysfunction, peripheral demyelinating poly
neuropathy, painful sensory peripheral neuropathy
were the wide range of neurologic manifestations noted
in these immunocompromised patients with chronic
HEV infection. HEV RNA was detected in the cerebrospi
nal fluid in all 4 patients with chronic HEV infection.
Neurologic symptoms either completely resolved or
significantly improved in all patients who achieved viral
clearance with treatment for HEV. The mechanism and
pathogenesis of neurologic manifestations in patients
with HEV infection is as yet unclear.
Renal complications have also been reported in
patients with HEV infection. Membranoproliferative
glomerulonephritis and relapses in IgA nephropathy
were noted in solid organ transplant recipients with
[33]
acute and chronic HEV infection . Cryoglobulinemia
was also noted in 70% of these patients, with complete
resolution following therapy with ribavirin. A case of
membranous glomerulonephritis associated with chronic
HEV infection in a kidney transplant recipient has also
[34]
been reported . Nephrotic syndrome improved after
the introduction of ribavirin, and completely resolved
after the clearance of the virus.
Rheumatologic manifestations such as arthralgia,
myalgia, skin rashes and cryoglobulinemia have been
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[35]

reported in chronic HEV infection

[46]

.

in a patient with HIV was reported by Dalton et al .
They described a 48 years old male with abnormal
transaminases with a chronically low CD4 count (< 200)
despite anti-retroviral treatment, who had persistent
HEV RNA in serum for 18 mo and evidence of inflam
mation and cirrhosis on liver biopsy. Several cases
[47-49]
have been reported since then
. All cases of chronic
hepatitis E in patients with HIV had CD4 count less than
200. Prevalence of chronic HEV in HIV patients is low
and has been reported from 0% to 0.5% in different
[49-52]
studies
.
Recently, few cases of chronic hepatitis E have also
[53-55]
been reported in immunocompetent patients
.

CHRONIC HEPATITIS E IN SOLID ORGAN
TRANSPLANT RECIPIENTS
[24]

Kamar et al
in 2008 reported 14 cases of acute
hepatitis E following solid organ transplantation out of
which 8 progressed to chronic hepatitis. All patients
with chronic HEV had a cadaveric transplant (kidney
and liver transplant was done in 3 patients each while
2 patients underwent combined kidney and pancreas
transplant). Since then, chronic hepatitis E has been
reported in several recipients of liver, kidney, heart
and lung transplant who were on immunosuppressive
[30,36-38]
therapy
. The prevalence of post transplant infection
by HEV in non endemic regions appears to be between
[39]
1%-2% . Based on available data, approximately
60% of solid organ transplant recipients exposed to
HEV develop chronic infection, and within 2 years 10%
[40]
progress to cirrhosis .
Recurrence of chronic HEV infection has been
reported after a second liver transplantation. A liver
transplant recipient developed chronic hepatitis E and
cirrhosis and a second liver transplant was performed
after 7 years. HEV RNA continued to be detected
from the serum and stool of the patient at the time of
retransplantation and was also shown to be present in
[36]
the retransplanted liver tissue .
There has also been a case reported in which liver
transplant from a donor with occult HEV infection induced
chronic hepatitis and led to rapidly progressive cirrhosis
[41]
and death of the recipient .
Coexisting infection from more than one type of
hepatotropic virus such as hepatitis C, hepatitis B and
hepatitis E have been described. In patients with chronic
HCV, acute hepatitis E infection has been shown to cause
[42]
flare up of liver disease . Similarly acute hepatitis E
infection in a well compensated cirrhotic can lead to
decompensated liver disease or liver failure.

TREATMENT OF CHRONIC HEPATITIS E
[56]

Kamar et al
first demonstrated that reduction in
immunosuppressive drugs that target T cells could help
eradicate HEV in transplant recipients. Interestingly, all
patients who cleared their virus after dose reduction
of immunosuppresants had received a liver transplant,
permitting greater reduction of immunosuppressive
therapy (due to lower risk of acute rejection) as com
pared to kidney transplant patients. However, this effect
was seen only in four out of sixteen patients in their
study. The type of immunosuppressant therapy also
[57]
affects chronic hepatitis E. Wang et al
in a recent in
vitro study showed that while steroids do not have any
effect on HEV replication, calcineurin inhibitors stimulate
and mycophenolic acid inhibits replication of HEV. They
also demonstrated that the combination of ribavirin and
mycophenolic acid had greater ability to inhibit HEV
replication than ribavirin or mycophenolic acid alone.
As reduction in immunosuppression eradicated HEV
[58]
only in about 30% of patients, Kamar et al
used
pegylated interferon α 2a at the dose of 135 mcg/wk for
12 wk in three liver transplant patients who developed
chronic hepatitis E and failed to clear the virus in spite of
decreasing the dose of immunosuppressive drugs. While
all three patients had undetectable HEV RNA in serum
and stool at 12 wk of treatment, one patient developed
acute humoral graft rejection while HEV RNA was
redetected in another patient, 2 wk after completion of
interferon therapy.
Due to the risk of graft rejection from decreasing
dose of immunosuppressive drugs and using pegylated
[59]
interferon α, Mallet et al
studied the use of ribavirin
in treating two patients with chronic hepatitis E (one
was post kidney and pancreas transplant and other
has idiopathic CD4 T lymphocytopenia). Both patients
received ribavirin at a dose of 12 mg/kg per day for
12 wk. Liver enzymes normalized and HEV RNA was
cleared from the serum and/or stool of both patients
by week 4 of treatment and remained undetectable at
12 wk follow up. One patient needed dose reduction of
ribavirin due to anemia.
[60]
Kamar et al
performed a large retrospective
multicenter case series to assess the efficacy of ribavirin
on solid organ transplant recipients who had chronic

CHRONIC HEPATITIS E IN
HEMATOLOGICAL MALIGNANCIES, HIV
AND OTHERS
Chronic hepatitis E has also been reported in patients
[43]
with hematological malignancies. Ollier et al reported
a case of chronic hepatitis E in a 77 years old male
with non-Hodgkin’s lymphoma who was on rituximab.
[44]
le Coutre et al
reported a case of reactivation
and long term persistence of HEV viremia fourteen
weeks after allogenic stem cell transplant (SCT) in a
patient with Philadelphia chromosome positive acute
lymphoblastic leukemia (ALL). The reactivation was
attributed to immunosuppression or relapse of his ALL
shortly after SCT. Since then several other series have
reported prolonged HEV viremia and abnormal liver
enzymes in patients receiving chemotherapy and stem
[45]
cell transplantation . The first case of chronic HEV
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[63,64]

hepatitis E and HEV viremia. They included 59 patients
in this study, of which 37 patients had received kidney
transplants, 10 patients had liver transplantation, 5
patients had heart transplants, 5 patients had undergone
combined kidney and pancreas transplantation and 2
patients were recipients of lung transplant. The median
duration of therapy of ribavirin was 3 mo and the
median dose was 600 mg daily. Fifty-four patients had
genotyping performed and all cases were of the HEV
genotype 3. They found that at the end of the therapy
95% of patients had clearance of HEV while 78% of
patients had sustained virological response. Around
60% of patients had recurrence of HEV and 40%
of these patients had sustained virological response
following prolonged treatment course with ribavirin.
This study demonstrated that a 3 mo course of ribavirin
monotherapy is reasonable option to start with in chronic
HEV infection to obtain sustained virological response.
The main side effect of ribavirin was anemia, which
was seen in 54% patients, with 12% needing blood
transfusion.
Successful treatment of chronic hepatitis E in HIV
positive patients with pegylated interferon (IFN)-α alone
and combination of pegylated IFN-α and ribavirin has
[48,61]
been reported
.
A recent systematic review evaluated the efficacy
and safety of treatment with ribavirin in 105 patients
and pegylated interferon in 8 patients with chronic
[62]
hepatitis E . Sixty-four percent patients treated with
ribavirin had undetectable HEV at 6 mo after cessation
of treatment while only 2 out of 8 (25%) patients
treated with pegylated interferon achieved sustained
virological response. While the main side effect with
ribavirin was anemia, needing erythropoietin in 35%
patients and blood transfusion in 10% patients, pegy
lated interferon led to acute transplant rejection in 2
out of 8 patients. The authors concluded that ribavirin
should be the antiviral medication of choice in chronic
hepatitis E. However, the dose and duration of therapy
needs to be evaluated further. Also, the combination of
ribavirin and mycophenolic acid needs to be evaluated
in clinical trials.
Based on available data, we recommend a decrease
in immunosuppression (if feasible) as the first step in
management of chronic hepatitis E. In the absence of
an adequate response, we recommend ribavirin as the
antiviral medication of choice in a dose of 600-800 mg
per day for 3 mo with close monitoring for anemia.

viral load

VACCINATION FOR HEPATITIS E
Two vaccines have been developed for the prevention
[65]
of hepatitis E infection. Shrestha et al
in 2007
conducted a phase 2 randomized controlled trial of an
HEV recombinant protein vaccine among 2000 healthy
adults. This vaccine showed 95.5% efficacy after
administration of 3 doses during a median follow up of
around 2 years. However this vaccine never progressed
beyond phase 2.
[66]
Zhu et al
published the results of a randomized,
double blind phase 3 trial of a recombinant HEV vaccine
among a much larger group of healthy adults. Three
doses (30 mcg of purified recombinant hepatitis E
antigen per dose) of the vaccine were given at 0, 1 and
6 mo and it showed 100% efficacy during the 12 mo
follow up period after administration of the vaccine.
No vaccination associated serious adverse effects
were noted in the study. On extended follow up, up to
4.5 years, the vaccine was found to have efficacy of
[67]
86.8% . However, the ability of the vaccine to protect
against different genotypes of the virus is as yet unclear,
and data regarding its safety and efficacy in persons with
chronic liver disease, and other vulnerable populations
are needed prior to making recommendations for its
widespread use.

CONCLUSION
Chronic hepatitis E has been mainly reported with
genotype 3 but reports are emerging of other genotypes
leading to chronic hepatitis. Therefore, careful testing,
genotype categorization and recording of all chronic
hepatitis E infections should be performed. Currently
there is wide variation in the tests for diagnosis of HEV
and there is a need for standardization of the assays.
Effect of various immunosuppressant medications of
replication of HEV needs to be studied in vivo. It is
reasonable to start ribavirin treatment for chronic HEV
to prevent the progression of liver disease and cirrhosis.
However, more data are needed before recommendation
for optimal treatment for hepatitis E can be made. There
is need for increasing awareness amongst physicians
of chronic hepatitis E infection as it is one of the
treatable causes of chronic liver disease, especially in
immunosuppressed individuals.
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Dendritic cells: The warriors upfront-turned defunct in
chronic hepatitis C infection
Meenakshi Sachdeva, Yogesh K Chawla, Sunil K Arora
morbidity and mortality with over 170 million people
infected worldwide. HCV gives rise to a sustained,
chronic disease in the majority of infected individuals
owing to a failure of the host immune system to clear
the virus. In general, an adequate immune response is
elicited by an efficient antigen presentation by dendritic
cells (DCs), the cells that connect innate and adaptive
immune system to generate a specific immune response
against a pathogen. However, HCV seems to dysregulate
the activity of DCs, making them less proficient antigen
presenting cells for the optimal stimulation of virusspecific T cells, hence interfering with an optimal antiviral immune response. There are discordant reports
on the functional status of DCs in chronic HCV infection
(CHC), from no phenotypic or functional defects to
abnormal functions of DCs. Furthermore, the molecular
mechanisms behind the impairment of DC function are
even so not completely elucidated during CHC. Under
standing the mechanisms of immune dysfunction would
help in devising strategies for better management of the
disease at the immunological level and help to predict
the prognosis of the disease in the patients receiving
antiviral therapy. In this review, we have discussed the
outcomes of the interaction of DCs with HCV and the
mechanisms of DC impairment during HCV infection
with its adverse effects on the immune response in the
infected host.
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Core tip: Infection with hepatitis C virus (HCV) is
linked with serious outcome like chronic hepatitis in
the majority of infected cases, leading to severe liver
necrosis and an increased threat of cirrhosis and hepa
tocellular carcinoma. An aberrant signalling through an
inefficient antigen presentation by dendritic cells (DCs)
can lead to a subdued T cell immune response. There
is a need to completely understand the mechanistic
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Hepatitis C virus (HCV) infection causes tremendous
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some studies reporting no phenotypic or functional
defects in circulating DCs of chronically infected HCV
[8-11]
patients
, others indicate functionally and numerically
[12-15]
impaired DCs
. Thus, it is important to reconcile
these findings so as to reach a consensus on the status
of DC functions to better explore its applicability in
improving the overall immune response against the
virus.
The molecular mechanisms behind the impairment
of DC function are still not completely elucidated during
chronic HCV infection. There are possibilities that the
components of HCV through their interaction with DCs,
may dysregulate their functional abilities or impair the
maturation of DCs with a reduction in T helper 1 (Th1)
cytokines or lead to apoptosis of these cells. These
processes can also alter the expression of costimulatory/
inhibitory receptors, thereby interfering with the allostimulatory abilities of DCs. The toll-like receptor (TLR)nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-kB) signalling pathways are altered, leading
to a downstream reduction of interleukin 12 (IL-12)
[16,17]
secretion
. These pathways are also influenced by
the suppressor of cytokine signalling (SOCS) family
[18]
of proteins . This review highlights the outcomes of
the interaction of DCs with HCV and the mechanisms
of DC impairment during HCV infection with its downmodulatory effects on the immune response of the
infected host.

aspects of DC impairment during HCV infection so as
to harness this critical arm of the immune system for
successful resolution of disease.
Sachdeva M, Chawla YK, Arora SK. Dendritic cells: The
warriors upfront-turned defunct in chronic hepatitis C infection.
World J Hepatol 2015; 7(19): 2202-2208 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i19/2202.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i19.2202

INTRODUCTION
Hepatitis C virus (HCV) causes a persistent infection in
the majority of infected humans, accounting for chronic
liver diseases, cirrhosis, and hepatocellular carcinoma.
Hepatitis may occur with limited or no symptoms, but
often leads to jaundice, anorexia and malaise. The
infection can be either acute which lasts for less than 6
mo or chronic hepatitis C (CHC), which lasts longer than
[1]
6 mo . Till date, the reasons why some people are able
to resolve the infection spontaneously, while others do
not and go on to establish a chronic infection are not
well defined. As the disease commences, the viral load
(VL) increases rapidly, but the host immune response
lags behind, with adaptive immune response appearing
only after a month and humoral immune response after
[2]
about 2 mo . After few weeks of infection, the rate of
increase in the VL slows down and in approximately 8-12
wk of infection, when serum alanine aminotransferase
levels peak, the VL decline, HCV-specific antibodies
may or may not become detectable at this stage. Most
individuals develop a persistent, chronic infection with
stable VL keeping 2-3 logs lower than the acute stage.
The mechanisms by which HCV establishes a chronic
infection have yet not been completely delineated.
Various theories have been set forth to explain the
link between an inefficient cellular immune response
and the establishment of a chronic infection, including
rapid replication of HCV, which eviscerates the immune
[3]
system ; the production of immunomodulatory proteins
[4,5]
by HCV ; and inability of the body’s immune response
[6]
to persuade opportune priming of naive-T-cells .
Moreover, HCV succeeds in disrupting the coordination
between the components of the innate immune system,
subsequently resulting in a deficient adaptive immune
[7]
response . Consequently, the host’s immune system
is not able to clear the infection and fails to generate
protective cellular immunity against the virus.
Dendritic cells (DCs) are the most potent antigen
presenting cells (APCs), which connect innate and
adaptive immune system to generate a specific immune
response against a pathogen. HCV appears to disrupt
the activity of DCs, making them less capable as an APC
for the stimulation of virus-specific T cells and could thus
delay the propagation of an effective immune response
against the virus. There are discordant reports on the
functional status of DCs in chronic HCV infection, with
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DCs as warriors against infection

The response of DCs to any infection in general and HCV
in particular, at an early stage, is vital in shaping up the
course and final outcome of the disease. DCs are the
most efficient inducers of optimal immune responses
and are capable of either inducing protective immunity
against the non-self antigens or tolerance to selfantigens. DCs recognize microorganisms through pattern
recognition receptors (PRRs) like TLRs, nucleotidebinding oligomerization domain-like receptors, retinoic
acid inducible gene-Ⅰ (RIG-Ⅰ) like receptors and
[19]
C-type lectin receptors . The pathogen associated
molecular pattern (PAMP) signature of HCV includes
poly-uridine motifs and stem-loop double-stranded
RNA (dsRNA) structures within its single-stranded RNA
genome. The product of RIG-Ⅰwhich has been defined
as a dsRNA PAMP receptor is critical for transducing
HCV-induced signals in the host to activate immune
[20,21]
responses towards HCV
. Following the interaction
of PAMP with its cognate receptor there is downstream
activation of genes like Interferon regulatory factor-3
and NF-kB, resulting in the expression of interferon beta
(IFNβ) and its secretion from the infected cells. NF-kB
activation and function is central to the chemokine and
proinflammatory cytokine response to virus infection,
which functions side by side with IFNβ to modulate
the ensuing adaptive immune response. As soon as
DCs encounter a pathogen, the expression of various
molecules like the major histocompatibility complex
(MHC) Ⅰ and Ⅱ, co-stimulatory molecules (CD80
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and CD86) is increased on the DC surface along with
increased secretion of Th1 cytokines like IL-12. As the
DCs mature, they lose their ability to phagocytose
the antigen and become good APCs. This process is
guided by the changes in the expression of certain
chemokine receptors that is required for their migration
from the periphery to regional lymph nodes where
they encounter naive-T cells. Endogenous antigens are
+
processed and presented along with MHC Ⅰ to CD8
T cells, while the exogenous antigens are loaded onto
+
MHC Ⅱ for presentation to CD4 T cells. DCs possess
a unique ability whereby exogenous antigens can also
be presented through the MHC Ⅰ, known as crosspresentation of antigens. The processed peptides
complexed with MHC molecules interact with T cell
receptor accompanied by the binding of co-stimulatory
molecules with CD28 on T cells providing appropriate
signals for T cell activation. Eventually, the cytokines are
produced from DCs, that determine the differentiation
[22]
of effector cells into Th1, Th2 or cytotoxic T cells . The
interaction of CD40 on DCs with CD40L on T cells is
[23]
also required by DCs for appropriate T cell activation .
These DCs also promote the survival and differentiation
of cytotoxic T lymphocytes via the crosslinking of
CD137L (4-1BBL), which is a co-stimulatory immune[24]
checkpoint molecule, with CD137 on T cells .
Various subtypes of DCs are reported in the human
[25]
body that perform different functions . DCs are
resident in tissues such as spleen and lymph nodes,
those residing in the skin are known as Langerhans cells
that migrate from non-lymphoid organs such as skin,
intestines and lungs to lymph nodes to present tissue
derived antigens to T cells. Plasmacytoid DCs (pDCs)
and myeloid (mDCs) or monocyte-derived DCs (moDCs) may be present in various tissues, yet they mainly
circulate in the blood. The pDCs are known as major
producers of type Ⅰ interferons in response to virusassociated molecules such as single-stranded RNA and
unmethylated cytosine-phosphate-guanine-rich DNA
[26]
that trigger TLR7 and TLR9, respectively . Myeloid DCs
on the other hand, represent the major fraction of APCs
in the blood that responds to TLR ligation by producing
[27]
IL-12 .

MHC molecules, deficient expression of co-stimulatory
molecules, defects in the allo-stimulatory abilities,
aberrant secretion of cytokines with a preponderance of
immune-regulatory cytokines like IL-10 or transforming
growth factor-beta that mainly induce the regulatory T
[31,32]
cells have been observed in CHC patients
. The level
of Th1 promoting cytokine like IL-12 is reportedly found
at low levels, whereas the level of IL-10 is increased.
This cytokine profile affects the allo-stimulatory abilities
of DCs to induce lymphocyte proliferation as observed in
cocultures of DCs with T cells. Patients with detectable
HCV RNA had circulating DCs with significantly decreased
capacity to stimulate allogeneic T lymphocytes and
produce low IL-12 as compared to patients on antiviral therapy with undetectable RNA, suggesting the
important role of therapy in restoration of DC func
[33]
tions . The effect of anti-viral therapy is augmented in
patients with intact DC pathogen recognizing functions
indicating a direct association of DC functional status with
[34]
response to anti-viral treatment . Our own study on
CHC patients suggested that DCs of only those patients
achieved sustained virological response, in whom the
DCs exhibited mature and functional phenotype prior
to therapy initiation, indicating functional modulation of
defective DCs to be directly associated with successful
[35]
response to therapy . This also seems to predict the
clinical efficacy of anti-viral drugs and is also influenced
by the extent to which HCV inhibits DC functioning.

Mechanism of DC impairment

The immunosuppressive strategies adopted by HCV
to interfere with DC functioning and subsequent gene
ration of adaptive effector cell responses indicate that
the components of HCV including the HCV proteins
interact with immune components of the host including
DCs and possibly suppress the protective immunity
against viral infection. In fact, the interaction of DCs
with HCV core protein had a negative impact on the
function of DCs as the exposure to this protein was
able to inhibit TLR4-induced IL-12 secretion through
its interaction with the gC1q receptor on the surface of
mo-DCs by activating the phosphatidyl inositol 3-kinase
(PI3K) pathway, leading to a hampered differentiation
[36,37]
of Th1 cells
. Exposure of extracellular HCV core
antigens to DCs also transduced signals leading to
phosphorylation of signal transducer and activator of
transcription (STAT)3, that dampened the T helper
immune response through activation of PI3K/AKT signa
[38]
lling pathway . STAT3 activation is also related to
generation of myeloid suppressor cells, which through
their immunosuppressive factors, restrains cell-mediated
[39]
immune responses at the local inflammatory site .
HCV impairs the activation of DCs via select PRRs by
reversibly interfering with Toll/IL-1 domain-containing
adapter-inducing IFNγ (TRIF) and IFNβ promoter sti
mulator-1-dependent signal processing during chronic
infection, which leads to the exhaustive functioning of
+
HCV-specific CD8 T cells (i.e., loss of IL-2 secretion
[40]
and degranulation marker, CD107a) . Thus, subjects

Status of DCs during hepatitis C infection

DCs are known to get infected with the HCV as RNA of
several genotypes have been previously detected in the
[28]
blood of chronically infected subjects . Moreover, the
DCs express DC-specific intercellular adhesion molecule3-grabbing nonintegrin receptor that is used for the
[29]
uptake of HCV . Patients with chronic HCV infection
have been reported to have decreased frequencies of
[15,30]
peripheral mDC and pDC
. The counts of DCs in
circulation, however, do not necessarily reflect the total
DC compartment because of the migration of DCs from
the periphery to the site of infection.
Existing literature describes controversial reports
regarding the interaction of DCs with HCV. Multiple defects
like the reduced DC frequency, decreased expression of
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[53]

in whom PRR signalling in DCs was intact exhibited
enhanced polyfunctionality (i.e., increased secretion of
IL-2 and expression of CD107a).
Another important parameter contributing to
exhaustion of DCs during HCV infection is the expression
profile of receptors with inhibitory function, such as
[41]
programmed death ligand 1 (PD-L1) . A balanced
expression of costimulatory and inhibitory molecules
on DCs governs the stimulatory signals delivered to
T cells for their activation and regulates immunity vs
[42]
tolerance . Increased expression of co-stimulatory
markers (such as CD80, CD86, and CD40) can promote
T cell activation, while increased expression of coinhibitory markers (PD-L1 or CTLA-4) is involved in T
[43]
cell tolerance . An increase in the expression of both
costimulatory and coinhibitory markers was observed
in CHC patients, however, it was only the expression
of inhibitory molecule, PD-L1 that correlated with an
altered ratio of PD-L1/CD86 expression that seem to be
[44]
responsible for the DC dysfunction in these patients .
Thus, strategies that target the inhibitory molecules
on DCs might represent tools to improve DC functions
and more so for the better management of the disease.
Clinical trials in many chronic diseases, including CHC,
with an aim of investigating the efficiency of PD-1/
PD-L1 modulation are underway.
An upregulation of tryptophan-catabolizing enzyme
indolamine 2,3-dioxygenase (IDO), which is an inducer
of immune tolerance was significantly upregulated in
[45]
the myeloid DCs of CHC patients . This enzyme seems
to contribute to the attenuated functioning of DCs and
has been reported to be associated with inhibition of T
cell proliferation and function. Deprivation of tryptophan
forms certain toxic metabolites that lead to cell-cycle
arrest of both in vitro and in vivo activated human T
[46]
cells making these cells susceptible to apoptosis .
Patients infected with human immunodeficiency virus,
HCV and HBV have increased IDO activity and whether
it has any role in facilitating long-term persistence of
these viruses needs to be investigated further.
Further, in the presence of viral proteins, the DCs
tend to upregulate many genes which might play a
[47]
significant role in rendering them tolerogenic . HCV
core protein is shown to cause down regulation in
host response by interfering with the downstream
[48]
signalling pathway . SOCS proteins, potent regulators
of cytokine signalling also affect the DC differentiation,
maturation and also act as a negative regulator of JAK/
[49]
STAT signalling . The SOCS proteins interfere with the
binding of cytokines with their cognate receptors and
downstream cell-signalling intracellular molecules. In
a human hepatoma HepG2 cell line, over expression
of SOCS 1 and SOCS 3 suppressed STAT activity and
[50]
gene expression of various antiviral proteins . The
HCV core protein is shown to cause up-regulation of
SOCS 3 which might be related to non-responsiveness
[51,52]
to antiviral therapy
. Moreover, SOCS 3-tranduced
DCs expressed low levels of MHC class Ⅱ and CD86
molecules on their surface as was observed both in vitro
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and in vivo systems . Besides, such DCs produced
higher levels of IL-10 and lower levels of IL-12 and
IFNα, suggesting a phenotype of tolerogenic DCs. The
aforementioned mechanisms of DC impairment are
summarized in Table 1.
To deduce the mechanism of DC impairment during
CHC infection, we exposed the monocytes of healthy
individuals to the HCV-3 specific core and NS5 antigens
during differentiation to immature DCs in vitro, and by
further inducing maturation in the presence of lipopo
[54]
lysaccharide (LPS) . We observed that both core
and NS5 antigens induced maturation and activation
defects in healthy mo-DCs as they failed to upregulate
surface expression of HLA-DR, CD83, CD80 and CD86
upon LPS stimulation. Further, we found that in the
presence of NS5 and core antigens, the expression of
PD-L1 and IDO got upregulated while only NS5, and
not core, caused the increase in expression of SOCS 3
in the mo-DCs that were differentiated in the presence
of these viral proteins right from day one. Based on our
findings, we proposed a model of DC dysfunction during
CHC infection, indicating the upregulation and the role
of various negative regulatory factors in rendering the
defective phenotype of mDCs during CHC as summarized
in Figure 1.

Strategies to improve DC functions: Future aspect

The host immune response takes on a cardinal role in
virus control, recovery from the disease and provides
protective immunity. Evidence from literature indicates
that HCV, like many other viruses that cause chronic
disease in humans, targets the DCs and interfere not
only with its functioning but also use them for their
dissemination within host tissues. An effective HCV
vaccine would limit the number of new infections and
in that way cut the burden on healthcare organizations.
Nonetheless, on that path there are many hurdles
and challenges since an effective vaccine is confronted
with many factors associated with the HCV. This
includes the subsistence of an array of HCV genotypes,
limited availability of animal models and the gaps in
the existing knowledge regarding the immunological
mechanisms to HCV. Combinatorial approaches that
would simultaneously enhance immunogenicity of
vaccines and negate immunoregulatory pathways may
significantly impact the nature of immune response.
In this context, DC-based vaccines could be combined
with immuno-modulatory molecules to be useful as
both prophylactic and therapeutic vaccination against
[55]
HCV . These include the use of adjuvants with DCbased vaccines such as synthetic TLR agonists (Glu
copyranosyl lipid A, polyinosinic:polycytidylic acid or
synthetic oligodeoxynucleotides) that have been used
to improve the function of DCs against many other
[56-58]
+
infections
. The functions of cytotoxic CD8 T cells
have been rescued effectively by blocking the expression
of PD-L1 and CTLA-4 in vitro using blocking antibodies
[59]
with profound improvement in DC functions as well .
Therefore, reinvigorating the immune response through
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Table 1 Summary of mechanisms of dendritic cell impairment
Mechanism
STAT3 phosphorylation and activation of PI3K pathway
Interference with TRIF and IPS-1 signaling pathway
Down modulation of costimulatory molecules
Upregulation of inhibitory receptors
Upregulation of IDO
Increased expression of SOCS

Effect on immune system

Ref.

Reduced Th1 cell development
Exhaustive function of CD8+ T-cells
DC dysfunction
Impaired DC function and exhaustion of T cell functions
Immune tolerance
Negative regulators of JAK/STAT signalling,
differentiation of DCs to tolerogenic cell

Tacke et al[38]
Rodrigue-Gervais et al[40]
Bain et al[32], Rana et al[54]
Freeman et al[42]
Schulz et al[45]
Kim et al[52]
Li et al[53]

DC: Dendritic cell; Th1: T helper 1; SOCS: Suppressor of cytokine signalling; IDO: Indoleamine 2,3-dioxygenase; IPS: Interferon β promoter stimulator-1;
TRIF: Toll/interleukin-1 domain-containing adapter-inducing interferon γ.

Monocyte
Immature DC
Mature DC

HCV
proteins

IL-10, IL-12
LPS

Th2

NR

SVR

IL-10
Treg
Treg

↑ SOCS 3
↑ IDO
↑ PD-L1

Immunomodulator
+
Antiviral therapy

Treg

Figure 1 Proposed mechanism of dendritic cell impairment during chronic hepatitis infection and its relationship with antiviral therapy. Exposure of moDCs to HCV proteins ex vivo upregulated the expression of SOCS 3, IDO and PD-L1 that may be responsible for the observed maturation and activation defects
in DCs including decreased secretion of IL-12 and IFNγ on LPS stimulation leading to the differentiation of Th2 cells. Such DCs also produced increased levels of
IL-10 that promote the differentiation of regulatory T cells. Antiviral therapy along with some immunomodulation targeting these inhibitory molecules would help in the
reconstitution of DC function in the antiviral therapy non-responders and would help to achieve SVR. SVR: Sustained virological response; NR: Non-responders to
therapy; IL: Interleukin; IFN: Interferon; Th: T helper; SOCS: Suppressor of cytokine signalling; IDO: Indoleamine 2,3-dioxygenase; PD-L1: Programmed death ligand 1;
LPS: Lipopolysaccharide; CHC: Chronic hepatitis C; DC: Dendritic cells; HCV: Hepatitis C virus; mo-DC: Monocyte-derived DCs; Treg: Regulatory T cells.

blocking/down-modulating inhibitory molecules on
DCs are currently proposed to be innovative strategies
during chronic HCV infection. Furthermore, silencing
SOCS proteins with either siRNA based approaches or
via the use of antagonists may improve TLR-mediated
STAT-1 activation and IL-12 production in monocytes/
macrophages. Besides, blocking SOCS proteins along
with blocking PD-L1 in DCs would abrogate HCV-induced
inhibition as has been reported for T cell function
[60]
reconstitution . In future, such synergistic strategies
could be employed with the aim of eliminating the
pathogenic effects of HCV, although a deeper insight into
all these mechanistic aspects of DC dysfunction would
be essential.
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MINIREVIEWS

Psychosocial assessment and monitoring in the new era of
non-interferon-alpha hepatitis C virus treatments
Paul J Rowan, Nizar Bhulani
sofosbuvir regimen and the ombitasvir/paritaprevir/
ritonavir and dasabuvir regimen, we may now be in the
era of all-pill regimens for HCV. Until this development,
interferon-alpha along with Ribavirin has remained part
of the standard of care for HCV patients. That regimen
necessitates psychosocial assessment of factors
affecting treatment eligibility, including interferon-alpharelated depressive symptoms, confounding psychiatric
conditions, and social aspects such as homelessness
affecting treatment eligibility. These factors have
delayed as much as 70% of otherwise eligible can
didates from interferon-based treatment, and have
required treating physicians to monitor psychiatric as
well as medical side effects throughout treatment. Allpill DAA regimens with the efficaciousness that would
preclude reliance upon interferon-alpha or ribavirin have
been anticipated for years. Efficacy studies for these
recently approved DAA regimens provide evidence to
assess the degree that psychosocial assessment and
monitoring will be required. With shorter treatment
timelines, greatly reduced side effect profiles, and
easier regimens, psychosocial contraindications are
greatly reduced. However, current or recent psychiatric
comorbidity, and drug-drug interactions with psychiatric
drugs, will require some level of clinical attention.
Evidence from these efficacy studies tentatively demon
strate that the era of needing significant psychosocial
assessment and monitoring may be at an end, as long
as a manageable handful of clinical issues are managed.
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Core tip: The recently Food and Drug Administration
approved direct-acting antiviral regimens for hepatitis
C virus (HCV), ledipasvir/sofosbuvir regimen and
the ombitasvir/paritaprevir/ritonavir and dasabuvir
regimen, have demonstrated great efficacy, and

Abstract
Chronic hepatitis C virus (HCV) is a global concern. With
the 2014 Food and Drug Administration approvals of
two direct-acting antiviral (DAA) regimens, ledipasvir/
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addressed by social work before treatment can be
initiated. For women of child-bearing age, the teratogenic
risk of ribavirin requires attention to pregnancy risk. A
recommended practice has been to assure mandatory
birth control adherence for any woman of child-bearing
age to be prescribed any extended regimen that includes
[10]
ribavirin . Thus, while the prevailing regimen promises
good outcomes for many, psychosocial assessment and
monitoring has been a necessary part of HCV treatment.
Major changes to this clinical picture began in 2011,
with approval of the first direct-acting antivirals (DAA),
boceprevir and teleprevir. While these drugs greatly
boosted genotype-1 success rates and shortened treat
ment time by months, these successes were gained by
augmenting an interferon-alpha and ribavirin regimen
with these newer drugs. So, patients still faced the side
effects and contraindications associated with interferonalpha and with ribavirin.
With the 2014 Food and Drug Administration (FDA)
approvals of the ledipasvir/sofosbuvir “Harvoni” regimen
and the ombitasvir/paritaprevir/ritonavir and dasabuvir
“Veikira Pak” regimen, and with more regimens under
development, we may now be in the era of all-pill
regimens for HCV. Compared to the prevailing standard
of interferon-alpha-plus-ribavirin regimen that has
prevailed since the 1990s, this advancement in HCV
treatment is revolutionary for a few reasons: these new
regimens have superior efficacy across genotypes; the
treatment timeline is relatively brief; and patients no
longer need to self-administer a medication by injection.
Also, a further advancement seems to be the favorable
side effect profile.
Clinics treating HCV patients have had to develop the
capacity to provide the noted psychosocial assessment
and monitoring. With the advent of these new regimens,
it is worth reviewing their side effect profiles to consider
the degree that psychosocial assessment and moni
toring will continue to be part of HCV treatment. This
requires examining how lengthy and complex any
regimen is, the rates of discontinuation, the degree
of psychiatric adverse events experienced by study
enrollees, and whether any regimen medications have
any psychosocial contraindications (e.g., homelessness,
risk of pregnancy). This review draws upon previously
published data, and no original data, so no institutional
review board approval was needed, and no consenting
of any participants was required; it is also noted that the
authors have no conflicts of interest.

thus far seem to have short treatment timelines and
relatively benign side effect profiles. Depression has
not emerged as a side effect of these treatments. With
efficacious regimens that include no interferon-alpha
and no ribavirin, there may no longer be a need for
strong psychosocial assessment and monitoring built
into the routine of HCV treatment. Good history-taking,
strong pharmaceutical review, and reliable consultative
relationships should be adequate for meeting psycho
social needs in HCV treatment.
Rowan PJ, Bhulani N. Psychosocial assessment and monitoring
in the new era of non-interferon-alpha hepatitis C virus treat
ments. World J Hepatol 2015; 7(19): 2209-2213 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i19/2209.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i19.2209

INTRODUCTION
Chronic hepatitis C Virus (HCV) is a global concern, with
approximately 170 million people affected worldwide.
It is the leading cause of liver cirrhosis in developed
[1,2]
countries . Of the 6 genotypes, genotype 1 is the
[3]
most prevalent . Interferon alpha was recognized as
a successful treatment in the 1980s, but success rates
were low. Since 1998, Interferon-alpha along with riba
virin has remained the standard of care for HCV infected
patients, with success rates in genotype 1 only at
approximately 40%, while success rates for genotypes
2 and 3 hover around 80%. Until recently, the only
significant change to this regimen was the approval of
pegylated interferon-alpha treatment, in 2001, making
the regimen less challenging by reducing injections per
week and boosting efficacy to some degree.
Due to side effects of this regimen, candidates must
be assessed for eligibility. As much as 70% of otherwise
eligible patients are not eligible to begin treatment due to
[4,5]
contraindications . A leading contraindication has been
depression, since a leading side effect is the depression
that may emerge or be exacerbated by interferonalpha. Clinicians have also had to monitor other psycho
social issues, such as substance abuse. Some evidence
suggests that treatment does not seem to work in
[6]
active alcohol users , although some assessment have
shown similarly successful outcomes regardless of
[7]
current alcohol abuse . Injection drug users have been
[8]
perceived as at risk for insufficient adherence , and also
[9]
at risk for re-infection , so this poses another area of
psychosocial assessment. Clinically, a common practice
has been to refer an otherwise eligible candidate for
psychiatric care when any of these psychiatric conditions
are present or have been recently active.
Another psychosocial concern is social stability: since
treatment may take as long as 48 wk, a candidate must
have stable housing and have means for refrigerating
the interferon-alpha. Those with unstable housing
or unstable income might need to have those issues
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Ledipasvir-sofosbuvir regimen: Psychosocial aspects

The ledipasvir-sofosbuvir regimen, commercially avai
lable as Harvoni®, received FDA approval on October 10,
[11]
2014. The ION series of studies
established safety
and efficacy for this regimen. ION-1 allowed individuals
with mental illness to enroll, as long as the condition
had been well-controlled for at least a year. Also,
exclusion criteria included those with any psychiatric
hospitalization, suicide attempt, or psychiatric disability
period in the recent five years (ION-1 Study Protocol, 4.3
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g). A positive drug screen, elevated AUDIT (excessivealcohol screener) score, or drug abuse in the recent 12
mo were also exclusionary criteria. Therefore, enrollees
could have a mental illness such as depression, but had
to be free from recent complications of that condition.
In the ION-1 study, there was no drop-out due to side
effects (one enrolled participant dropped out after only
one dose), and only 4 of the 431 participants receiv
ing the ledipasvir-sofosbuvir regimen regimen were
lost to follow-up: loss to follow-up can reflect any of
many factors, including a passive refusal to continue
a regimen due to side effects or a regimen that is too
complex. This rate of loss to follow-up is much lower
than interferon-based trials. In the initial study providing
the superiority of pegylated interferon, by Fried et
[12]
al , 677 participants were randomized and began
treatment in the two pegylated interferon arms (one
with ribavirin, one with placebo); of these, 145 (21.4%)
experienced depression, and 28 (4.1%) discontinued
treatment (20 refused to continue treatment at some
point after beginning, and 8 had failure to return). About
the same time, a similar efficacy study of pegylated
[13]
interferon-alpha was conducted by Manns et al . In
this study, 30% of the 1025 patients in the two study
arms receiving pegylated interferon-alpha experienced
depression symptoms. In another analyses of these
[14]
data , the researchers noted that 218 of 1010 (21.6%)
patients receiving interferon-alpha sustained treatment
for less than 80% of the planned treatment time span.
Thus, depressive side effects and other aspects of
interferon-based regimens have been challenging for
patients to tolerate. For the ledipasvir-sofosbuvir regi
men, low rates of discontinuation may also be due to the
ease of compliance with the regimen: both medications
are combined in one pill, taken orally once daily.
In the ION-1 trial, no psychiatric serious adverse
events were reported among participants taking the
ledipasvir-sofosbuvir regimen, although other serious
adverse events, such as chest pain and pneumonia,
occurred in a few of these patients. Thus, overall, there
does not yet seem to be any notable risk of psychiatric
symptomatology for the ledipasvir-sofosbuvir regimen,
per study adverse event reporting or as might be
suggested by drop-out/loss to follow-up or by adherence
data. These study data indicate that, so far, psychiatric
problems such as depressive symptoms do not seem
to be a side effect of treatment, although it must be
acknowledged that study criteria excluded those with
current or recent psychiatric difficulty.
A related study, ION-3, was conducted to determine
whether a more brief regimen, 8 wk vs 12 wk of
[15]
ledipasvir-sofosbuvir, could be as efficacious . This
study, with a protocol largely parallel to ION-1, included
215 participants in the 8 wk ledipasvir-sofosbuvir arm
and 216 in the 12 wk arm. Among these participants,
the study’s Supplementary Materials indicate no psy
chiatric adverse events, and report very low rates of
drop-out/loss-to-follow-up (4 of 431; 0.9%). So, again,
the ledipasvir-sofosbuvir regimen seems very unlikely
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to produce psychiatric adverse events, or to have
treatment discontinuation.
Is pregnancy risk a concern for the ledipasvirsofosbuvir regimen, as for the interferon-alpha/ribavirin
regimen? Thorough data, such as a randomized clinical
trial with pregnant women, have not been conducted,
and post-marketing surveillance is still young, so
human data are limited. The FDA-approved medication
insert data report that animal-model studies have failed
to find any teratogenic effect when given to rats or
rabbits at exposures that are 3 or more times greater
than human doses. The status for pregnant women is
currently Category B: animal reproduction studies have
failed to demonstrate a risk to the fetus and there are
no adequate and well-controlled studies in pregnant
women.
Does the ledipasvir-sofosbuvir regimen have
contraindications with any psychiatric medications,
requiring close scrutiny in patients prescribed psychiatric
medications? Prescribing information report no such
noted conflicts, and neither of the two component
medications have metabolism by cytochrome P450
genes, a common biological indicator of possible drugdrug difficulties for psychiatric medications. Postmarketing surveillance has been brief, but thus far
contraindications for psychiatric medications have not
been detected for this regimen.

Ombitasvir-paritaprevir-ritonavir and dasabuvir:
Psychosocial aspects

Ombitasvir-paritaprevir-ritonavir plus dasabuvir is
commercially available as Viekira Pak®, which is a once
daily pill of ombitasvir-paritaprevir-ritonavir and a twice
[16]
daily pill of dasabuvir . Two related studies with similar
[16]
protocols, PEARL-Ⅲ and PEARL-Ⅳ , assessed the
efficacy and adverse events of this regimen. Each studied
the ombitasvir-paritaprevir-ritonavir plus dasabuvir
regimen with or without ribavirin in randomized, placebocontrolled trials. PEARL-Ⅳ studied patients with genotype
1a, and PEARL-Ⅲ studied those with genotype 1b. The
placebo arms (no ribavirin) of each of these studies
provide relevant data regarding possible psychosocial
issues to be assessed and monitored in this nointerferon-alpha, no-ribavirin regimen.
Potential participants with current or recent alcohol
or substance abuse (recent 6 mo) were excluded,
but otherwise psychiatric comorbidity was not an
exclusion. Together, in the placebo arms (no ribavirin),
there were 414 participants who participated in 12 wk
treatment. Aside from those discontinuing treatment
due to virologic failure or to adverse events that had
no psychosocial aspect, there were only 6 (1.4%) who
did not complete treatment (consent withdrawn, lost to
follow-up, or “other” reason). As noted earlier, reason
for loss to follow-up cannot be ascertained, but it must
be considered that psychiatric side effects or adverse
events could be involved. These rates of non-completion
are far lower than the rates, noted earlier, for interferonalpha regimens.
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The Supplementary Materials for PEARL-Ⅲ and Ⅳ
note adverse events, reported per Medical Dictionary
for Regulatory Activities vocabulary. No distinctly
psychiatric adverse events are noted except for “memory
impairment”, reported by 14 (3.3%) of participants in
the no-ribavirin arms of these studies.
So, the ombitasvir-paritaprevir-ritonavir plus dasa
buvir regimen seems to be well-tolerated, with strong
compliance and a very small burden of psychiatric
side effects. Substance abuse may reasonably be a
contraindication; more data are likely needed on the
degree that those with current or recent psychiatric
difficulties may need to be delayed from treatment,
but this regimen seems to hold promise for those with
psychiatric comorbidities.
There are two well-recognized psychosocial issues
with this regimen: the inclusion of ritonavir is proble
matic for women of reproductive age, and there is a
long list of drug-drug interactions between ritonavir
and other medications, including several medications
used for psychiatric indications. These challenges arise
mainly because ritonavir inhibits the liver enzyme
[17]
cytochrome P450-3A4 , and so affects to some degree
the pharmacokinetics of any drug affected by this
enzyme. Extensive data exist regarding pharmacology
of ritonavir because it has been recognized for years
as part of efficacious human immunodeficiency virus
[18]
(HIV) treatment . Also, the University of California San
[19]
Francisco “HIVInsite” website
has extensive data on
HIV/AIDS drugs, including ritonavir, and is the source of
some of the following observations regarding drug-drug
interactions.
Ritonavir reduces the efficacy of hormone-based
[20,21]
birth control
. The PEARL study protocols have
required that women participating in the trials avoid
pregnancy by using at least two forms of birth control,
neither of which can be hormone-based. So, along with
recognized evaluation for HCV treatment, providers
will need to assess and monitor pregnancy risk, and
pregnancy prophylaxis, for women of reproductive age.
Many of the ritonavir drug-drug interactions are
with medications that have psychiatric indications,
including carbamazepine (bipolar disorder), nefazodone
(depression), and triazolam (insomnia). So, assessment
and monitoring will require surveillance of psychiatric
conditions and any medications for these. It is possible
that patients taking triazolam for insomnia may not
perceive themselves as having a “psychiatric” condition,
so merely asking about “psychiatric” diagnoses or
prescriptions may not reveal that a patient is using
this drug; as is generally advisable, patients should be
encouraged to report any and all prescription drugs,
as well as over-the-counter drugs and any herbal or
“alternative” remedies. Regarding herbal/alternative
drugs, patients should avoid taking both ritonavir and
[22]
John’s Wort , a fairly commonly utilized herbal remedy
for depression. Ritonavir also has a drug-drug interaction
with sildenafil, used for erectile dysfunction; use of
both drugs can lead to pulmonary arterial hypotension,
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and there are drug-drug interactions with other drugs
used for erectile dysfunction as well, including avanafil,
tadalafil, and vardenafil. There is a fair amount of clinical
folklore and evidence that sildenafil is misused for
[23,24]
recreational purposes
, so the clinical management
of HCV treatment that includes ritonavir must assess and
monitor the use of erectile dysfunction drugs, whether
this use is legitimate use or recreational use.
In conclusion, clinical trial data indicate that these
recently approved, all-pill, no-interferon-alpha/no ribavirin
regimens are far more readily tolerated by patients
generally, and do not seem to have notable psychiatric
contraindications. Challenges of these regimens may be
limited to examining drug-drug interactions, including
the prescription of drugs for psychiatric indications or for
birth control. None of these issues requires significant
involvement of specialty mental health or social work
professionals, although it is necessary to have these
services readily available by consultation.
The type of psychosocial assessment and monitoring
required for these regimens is typical in medical care
delivery, and the adoption of the electronic medical record
and e-prescribing can support the detection of potential
drug-drug interactions. In many cases, precautions
or alternative clinical management strategies can be
determined for the duration of the 12 wk treatment, in
consultation with a pharmacist, the prescriber overseeing
the psychiatric condition, or both. So, with these recently
FDA-approved DAA regimens for HCV, with no interferonalpha and no ribavirin, treatment settings may no longer
need to have strong psychosocial assessment and
monitoring built into the routine of HCV treatment.
There are some further research issues to be
assessed for these recently-approved DAA regimens.
As clinical experience builds with all-pill DAA regimens,
the experience of patients with well-controlled or poorlycontrolled psychiatric comorbidity should be noted
and reported. One or both of these regimens may be
well-tolerated in patients with a range of psychiatric
comorbidities. If the DAA regimens are well-tolerated by
those with current or recent psychiatric comorbidities,
this would greatly broaden the range of patients
eligible to initiate therapy. Also, it would be valuable to
investigate patient preferences for avoiding pregnancy
for the duration of treatment. As evidence builds, we
will be able to more firmly determine whether we have
entered an era in which there is no longer any great need
for psychosocial assessment and monitoring of patients
undergoing HCV treatment.
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MINIREVIEWS

Assessing cardiovascular risk in hepatitis C: An unmet need
Javier Ampuero, Manuel Romero-Gómez
in altering glucose metabolism. After achieving sustained
virological response, the incidence of insulin resistance
and diabetes dramatically decrease. HCV core protein
plays an essential role in promoting insulin resistance
and oxidative stress. On the other hand, atherosclerosis
is a common disease in which the artery wall thickens
due to accumulation of fatty deposits. The main step in
the formation of atherosclerotic plaques is the oxidation
of low density lipoprotein particles, together with the
increased production of proinflammatory markers [tumor
necrosis factor-α, interleukin (IL)-6, IL-18 or C-reactive
protein]. The advent of new direct acting antiviral
therapy has dramatically increased the sustained
virological response rates of hepatitis C infection. In
this scenario, the cardiovascular risk has emerged and
represents a major concern after the eradication of the
virus. Consequently, the number of studies evaluating
this association is growing. Data derived from these
studies have demonstrated the strong link between HCV
infection and the atherogenic process, showing a higher
risk of coronary heart disease, carotid atherosclerosis,
peripheral artery disease and, ultimately, CVD-related
mortality.
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Core tip: Chronic hepatitis C is associated with signi
ficant morbidity and mortality, as a result of the
progression towards cirrhosis and hepatocellular car
cinoma. Furthermore, hepatitis C virus seems to be an
independent risk factor for cardiovascular diseases due
to its association with insulin resistance, diabetes and
steatosis. The advent of new direct acting antiviral therapy
has dramatically increased the sustained virological
response rates of hepatitis C infection. In this scenario,
the cardiovascular risk has emerged and represents a
major concern after achieving the eradication of the virus.

Abstract
Chronic hepatitis C virus (HCV) is associated with
significant morbidity and mortality, as a result of
the progression towards cirrhosis and hepatocellular
carcinoma. Additionally, HCV seems to be an inde
pendent risk factor for cardiovascular diseases (CVD)
due to its association with insulin resistance, diabetes
and steatosis. HCV infection represents an initial step in
the chronic inflammatory cascade, showing a direct role
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[10]

Akt phosphorylation . In fact, when viral clearance
is obtained, the expression of IRS-1 and IRS-2 is
restored and HOMA-IR index decreases, which indicates
[11]
the independent role of HCV in insulin resistance .
Furthermore, there are other non-structural proteins, like
NS5A and NS5B, which also promote insulin resistance,
enhancing TNFα and IL-6. The ability of these molecules
to disturb insulin signaling is well recognized. IL-1β is
other interesting molecule. It is produced by hepatic
macrophages, and is related to liver inflammation and,
[12]
ultimately, to disease progression . Finally, the role
of toll-like receptors is growing in importance. HCV
infection activates these molecules, which are closely
associated with proinflammatory cytokines, contributing
[13]
to the vicious circle .

Ampuero J, Romero-Gómez M. Assessing cardiovascular
risk in hepatitis C: An unmet need. World J Hepatol 2015;
7(19): 2214-2219 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i19/2214.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i19.2214

INTRODUCTION
Hepatitis C virus (HCV) infection is a global health
problem that affects 170 million people worldwide.
Hepatitis C is responsible for about 100000 deaths an
[1]
nually . Chronic hepatitis C is associated with significant
morbidity and mortality, which result mainly from
the progression towards cirrhosis and hepatocellular
[2]
carcinoma . Extrahepatic manifestations are wellknown complications of HCV infection. Similar to non[3,4]
alcoholic fatty liver disease , HCV seems to be an
independent risk factor for cardiovascular diseases (CVD)
due to its association with insulin resistance, diabetes
[5]
and steatosis . However, our knowledge about this topic
requires further studies. In fact, previous studies that
assessed the association between HCV infection and
[6]
CVD risk have been sometimes inconclusive . In this
review, our aim is to elucidate the role of HCV infection
on the cardiovascular-related affectation.

Oxidative stress

Oxidative stress is the other main pathway of HCVmediated inflammation, as insulin resistance promotes
fatty acid accumulation in the liver, resulting in increased
[14]
β-oxidation and reactive oxygen species (ROS) . On
the one hand, mitochondrial fat oxidation upregulates
nuclear factor kB (NF-kB). This latter activates the
transcription of several proinflammatory genes and the
[15]
production of proinflammatory cytokines . On the
other hand, ROS play an important role in fibrogenesis
by proliferating hepatic stellate cells and collagen
[16]
synthesis and by inducing tumor growth factor-β .
An imbalance between oxidant agents and antioxidant
defenses is the final result of all these processes,
causing oxidative damage to hepatocyte and altering
the reparation of DNA.

HCV AND INFLAMMATION
HCV infection represents an initial step in the chronic
proinflammatory cascade. It produces proinflammatory
cytokines, such as interleukin (IL)-1, IL-6 and tumor
necrosis factor (TNF) alpha, leading to increased inflam
mation and liver fibrosis. In addition, HCV-related
steatosis promotes increased expression of inflammatory
markers. These molecules are able to inhibit the insulin
signaling, causing insulin resistance and steatosis pro
[7]
gression .

ATHEROSCLEROSIS
Lipid oxidation

Atherosclerosis is a common disease in which the
artery wall thickens due to the accumulation of fatty
deposits, called atheromatous plaques. Cholesterol-rich
low density lipoprotein (LDL) is the main atherogenic
lipoprotein. LDL infiltrates into the endothelium and
adheres to extracellular matrix components, resulting
[17]
in accumulation in the vascular intima . Interestingly,
LDL particle size seems to facilitate the passing between
the endothelial cells because small dense LDL repre
sents a major component of an atherogenic lipoprotein
[18]
phenotype .
The main step in the formation of atherosclerotic
plaques is the oxidation of LDL particles, being the
[19]
risk higher in the wall than in the bloodstream .
Monocytes penetrate into endothelium and are able to
transform into macrophages. This latter kind of cells
is able to phagocyte oxidized LDL (oxLDL) particles
triggering a cascade of immune responses and producing
[20]
an atherosclerotic plaque . During oxidation, LDL
converts to oxLDL involving some enzymes (such as
lipoprotein-associated phospholipase A2) with several
consequences: (1) oxLDL activates T cells and macro
phages, stimulating the production of foam cells; (2)

Insulin resistance

Several studies have established a direct role of HCV
in altering the glucose metabolism, leading to insulin
[8]
resistance and diabetes, especially in genotype 3 . This
relationship could explain, at least in part, the impact
of metabolic abnormalities on sustained virological
response (SVR), regardless of other variables such as
viral or IL28B genotypes. In fact, achieving SVR with
antiviral therapy results in a dramatically decrease of the
development of insulin resistance and the appearance
[9]
of diabetes mellitus over time .
HCV core protein plays a fundamental role in the
induction of insulin resistance. The PI3K/Akt pathway,
whose phosphorylation is impaired upon insulin stimu
lation, is crucial for the inhibition of gluconeogenesis
in the liver. HCV core protein is able to degrade the
insulin receptor substrates (IRS) 1 and 2, by increasing
the expression of TNFα and suppressing cytokine
signalling-3, leading to defective downstream PI3K and
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oxLDL induces the expression of endothelial adhesion
molecules and the stimulation of several growth factors;
and (3) oxLDL affects nitric oxide releasing and vascular
smooth muscles, contributing to impair the vascular
[21]
contraction . As a result, oxLDL is able to thicken the
intima and enhance atherosclerosis.

associated with metabolic abnormalities, including
diabetes mellitus and liver steatosis, as well as metabolic
syndrome. All of these risk factors are well-known
[33]
predictors of cardiovascular disease . Secondly, HCV
infection interrelates with the host immune response.
As it is commented above, it is able to stimulate the
[34]
production of proinflammatory cytokines . Thirdly, HCV
infection comprises other extra-hepatic manifestations.
In particular, cryoglobulinemia has been associated with
higher prevalence of arterial hypertension and CVD
[35]
compared to those patients without this entity .
On the other hand, the HCV seems to be directly
related to atherosclerosis. HCV RNA sequences have
been investigated by highly sensitive reverse trans
criptase-polymerase chain reaction in plaque tissues of
patients who underwent to carotid revascularization,
demonstrating the presence of genomic and antigenomic
HCV RNA strands. Consequently, additionally to the role
of HCV on the development of chronic inflammation due
to insulin resistance and steatosis, HCV RNA sequences
[36]
seems to play a local effect on the endothelium .

Inflammation

Many markers, such as proinflammatory cytokines
(TNFα, IL-6 and IL-18), C-reactive protein, and adhesion
molecules, are increased in plasma in situation of
chronic inflammation. C-reactive protein may promote
inflammation and atherogenesis through effects on
[22]
monocytes and endothelial cells . Regarding to proin
flammatory cytokines, TNFα activates NF-κB after
[23]
interacting with the vascular endothelium . On the
other hand, there are other cells with the capacity of
enhancing proinflammatory cytokines such as activa
ted macrophages, Th1 lymphocytes, and foam cells.
Furthermore, several receptors (i.e., CD-36 and toll-like
receptors) located on the membrane of macrophages
[24]
leads to uncontrolled phagocytosis of oxLDL .

IMPACT OF HCV-RELATED
ATHEROSCLEROSIS

Diagnostic tests

Noninvasive and inexpensive tests to anticipate and
facilitate the prediction of cardiovascular risk are growing
in importance. Atherosclerosis can be detected by
several methods, depending on the organ or tissue
affected. Carotid intima-media thickness and the
presence of carotid plaques serve as marker of subclinical
atherosclerosis and can be measured by ultrasound.
They are especially considered to be independent stroke
[25]
[26]
predictors
and related to cardiovascular events .
Other tests have been developed with the same proposal.
Coronary artery calcification, judged by computed
tomography, is a good predictor of coronary heart
[27]
disease . Brachial artery flow-mediated vasodilation is
a test of endothelial dysfunction that is associated with
[28]
early stages of atherosclerosis . Pulse-wave velocity
seems to be the gold standard of arterial stiffness and an
[29]
early indicator for atherosclerosis . Other methods, such
as left ventricular hypertrophy (by electrocardiogram and
[30]
echocardiogram)
or peripheral arterial disease (PAD)
[31]
(by ankle-brachial pressure index) , are not extended
in clinical practice due to costs or specialized personal
requirement.

Coronary heart disease

Several studies have investigated the association
between atherosclerosis and HCV infection, with con
flicting results. In a systematic review, the majority
of studies were of poor quality although revealed a
tendency towards a higher risk of coronary heart disease
(CHD) among patients with HCV infection. However,
the studies showed heterogeneity in terms of methods
[37]
and conclusions . Other studies have showed similar
[38]
conclusions. Forde et al did not observe any difference
in the incidence rates of CHD between HCV-infected
and uninfected patients, as well as in terms of coronary
revascularization procedures. Main limitation of studies
showing no HCV-related effect on CHD is the inclusion
of some patients who could have had spontaneously
cleared HCV infection.
There are no many studies differentiating HCV
antibody and RNA positivity, regarding to CHD events.
In a very large study, authors found an increased risk
of CHD in patients with HCV seropositivity, being an
independent risk factor for CHD events. HCV seropositive
patients had a higher incidence of CHD events compared
with controls (4.9% vs 3.2%). Additionally, patients
with detectable HCV-RNA had a significantly higher
incidence of CHD events compared with patients who
were only HCV antibody positive (5.9% vs 4.7%).
Therefore, there was an increased incidence of CHD
events in patients with HCV seropositivity and the
incidence was much higher in patients with detectable
HCV-RNA compared with patients with remote infection
[39]
who were only antibody positive . Electrocardiogram
abnormalities are strongly associated with cardiovascular
disease. HCV infection has been associated with

BIOLOGICAL MECHANISMS LINKING
HCV AND ATHEROSCLEROSIS
A large body of evidence shows that infective agents
contribute to promote chronic inflammation which
[32]
could be associated, ultimately, with atherosclerosis .
Therefore, HCV infection has been widely assesed and
biological mechanisms have been reported.
On the one hand, HCV infection seems to be
associated with a higher risk of cardiovascular disease
by indirect mechanisms. Firstly, HCV infection is strongly
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increased risk to ischemic electrocardiogram when
compared with non-HCV subjects, revealing a possible
relationship between HCV seropositivity and ischemic
[40]
electrocardiogram . Other study, performed by Butt
[41]
et al , demonstrated that HCV-infected subjects had
lower lipid levels and a lower prevalence of hypertension
than those non-infected. Despite a favorable risk profile,
HCV infection was associated with a higher risk of
CHD after adjustment for traditional risk factors. In
diabetic population, similar results have been obtained.
Authors included three cohorts: patients who received
pegylated interferon plus ribavirin (treated cohort),
HCV-matched patients (untreated cohort) and diabetic
patients without HCV infection (uninfected cohort).
Main conclusion was that the incidences of ischemic
stroke and CHD were all lower in HCV-infected patients
treated with peginterferon and ribavirin, compared with
infected individuals without antiviral treatment and
diabetic patients without HCV infection. It is interesting
to note that the risk of ischemic stroke and CHD were
not attenuated in treated patients with PAD. This finding
suggests that the pathogenic role of HCV can be limited
at the early phase of atherosclerosis and that antiviral
treatment could not reduce cardiovascular morbidity at
[42]
an advanced stage .

were included. An excess risk of PAD development in
HCV-infected patients was observed compared with
non-HCV patients. The increased incidence of PAD in
HCV-infected patients appeared since within first year.
This study showed that gender had no effect on the
risk of PAD development, but did aging. However, this
study showed lack of evaluation of smoking, obesity or
[45]
exercise .

Cardiovascular mortality

Given that the HCV infection seems to be related to
several atherogenic processes, many authors have
evaluated its role on CVD-associated mortality similar to
[46]
[47]
other viral infections . Guiltinan et al
performed a
retrospective study including HCV antibody-positive and
HCV antibody-negative patients matched for age and
gender. HCV infection was associated with a significant
increase in overall mortality including significantly in
creased mortality from liver and cardiovascular causes.
In the REVEAL cohort, including 1095 anti-HCV-positive
and 760 detectable HCV RNA, was observed that
those anti-HCV-positive patients showed a higher risk
of CVD-related mortality compared with seronegative
[48]
subjects .

CONCLUSION

Carotid atherosclerosis

A large body of evidence has assessed the association
between HCV infection and carotid atherosclerosis.
[43]
First study was carried out by Ishizaka et al , in which
they evaluated the relationship between positivity for
HCV and carotid-artery plaque and carotid intimamedia thickening. After adjustment for cofounding risk
factors, HCV seropositivity was found to be associated
with an increased risk of carotid-artery plaque (OR
= 1.92) and carotid intima-media thickening (OR =
[44]
2.85). A definite study was performed by Petta et al
One-hundred-and-seventy-four consecutive biopsyproven HCV genotype 1 patients were evaluated by
anthropometric and metabolic measurements and
other 174 patients used as controls. Authors found that
patients with HCV genotype 1 had a higher prevalence
of carotid atherosclerosis compared with a control
population (carotid plaques: 42% vs 23%; IMT: 1.04
± 0.21 vs 0.90 ± 0.16). However, no direct association
was found between viral load and atherosclerosis. The
novel finding was the independent association of the
presence of carotid plaques with severe hepatic fibrosis,
after adjustment for age. Authors concluded that severe
fibrosis and the associated cascade of proinflammatory
and profibrogenic pathways generated in the liver might
promote carotid atherosclerosis at a much younger
[44]
age .

New direct acting antiviral therapy has dramatically
increased the sustained virological response rates of
[49]
hepatitis C infection . Infected patients are going
to live longer due to the eradication of the virus, so
other HCV-related comorbidities have emerged. Specifi
cally, cardiovascular disease is a major concern in this
scenario. All the data provided in this review suggest
a strong relationship between HCV infection and the
atherogenic process, showing a high risk of coronary
heart disease, carotid atherosclerosis, peripheral artery
disease and, ultimately, CVD-related mortality. However,
little is known about the precise mechanisms by which
HCV enhances atherogenic processes. Therefore, we
should be cautious when patients achieve SVR because
maybe the cardiovascular risk remains after the virus
eradication.

Peripheral artery disease
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Core tip: What is current knowledge: (1) Alphafetoprotein (AFP) values can predict development
of hepatocellular carcinoma (HCC) after interferon
therapy in patients with hepatitis C virus; and (2) The
predictive value of AFP on HCC development after
interferon therapy and its criteria remained uncertain.
What is new here: AFP values before interferon therapy
have strong predictive value on HCC development
after interferon therapy. The simple criteria defined by
AFP values before and 1 year after interferon therapy
might work efficient to predict HCC development after
interferon therapy.
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Abstract
AIM: To investigate factors that accurately predict
hepatocellular carcinoma (HCC) development after
antiviral therapy in chronic hepatitis C (CHC) patients.
METHODS: CHC patients who received pegylated
interferon and ribavirin were enrolled in this cohort
study that investigated the ability of alpha-fetoprotein
(AFP) to predict HCC development after interferon (IFN)
therapy.

INTRODUCTION
Hepatitis C virus (HCV) infection is the predominant
cause of liver cirrhosis and hepatocellular carcinoma
(HCC) in many countries, including Japan, the United
[1-3]
States, and Europe . HCV infection is resolved only
[4]
rarely once it becomes chronic . Chronic hepatitis C
(CHC) may occasionally progress to liver cirrhosis and
HCC after approximately 30 years without any disease[5,6]
related symptoms .
Interferon (IFN) therapy is effective for eliminat
ing the virus and reducing the HCC incidence in CHC
[7-11]
patients
. However, HCC sometimes develops even in
patients with a sustained virological response (SVR) due
[12]
to interferon (IFN) therapy . Recent advances in antiHCV therapy have improved therapeutic efficacy and
compliance, with more than half of patients obtaining
SVR. Therefore, the importance of predicting HCC
development after viral eradication in SVR patients is
increasing.
Recent studies on HCC development in CHC patients
after IFN therapy have proposed that in addition to liver
cirrhosis, old age, and male gender, the initial values
of and changes in alpha-fetoprotein (AFP) during IFN
[13-15]
therapy can predict HCC development
. However,
the potential of AFP to predict HCC development after
IFN therapy remains uncertain in CHC patients. We
therefore conducted a large-scale, long-term cohort
study of CHC patients receiving therapy with pegylated
interferon and ribavirin to determine the ability of AFP
to predict HCC development after IFN therapy and to
define simple criteria for AFP values that can accurately
predict HCC development after IFN therapy.

RESULTS: Of 1255 patients enrolled, 665 developed
sustained virological response (SVR) during mean
follow-up period of 5.4 years. HCC was occurred in
89 patients, and 20 SVR patients were included. Pro
portional hazard models showed that HCC occurred in
SVR patients showing AFP ≥ 5 ng/mL before therapy
and in non-SVR patients showing AFP ≥ 5 ng/mL
before and 1 year after therapy besides older age, and
low platelet counts. SVR patients showing AFP ≥ 5
ng/mL before therapy and no decrease in AFP to < 5
ng/mL 1 year after therapy had significantly higher HCC
incidence than non-SVR patients showing AFP ≥ 5 ng/
mL before therapy and decreased AFP (P = 0.043). AFP
≥ 5 ng/mL before therapy was significantly associated
with low platelet counts and high values of alanine
aminotransferase (ALT) in stepwise logistic regression
analysis. After age, gender, platelet count, and ALT
was matched by propensity score, significantly lower
HCC incidence was shown in SVR patients showing AFP
< 5 ng/mL before therapy than in those showing AFP
≥ 5 ng/mL.
CONCLUSION: The criteria of AFP < 5 ng/mL before
and 1 year after IFN therapy is a benefical predictor for
HCC development in CHC patients.
Key words: Hepatitis C virus; Interferon; Hepatocellular
carcinoma; Alpha-fetoprotein
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Statistical analysis

Table 1 Characteristics of patients enrolled in the present
study
Patient characteristics

n = 1255

Age (yr)
Gender (male/female)
HCV genotype (1/2/3)
White blood cell (/μL)
Hemoglobin (g/dL)
Platelet count (10000/μL)
Alanine aminotransferase (IU/L)
Alpha-fetoprotein (ng/mL)
Therapeutic outcome (SVR/relapse/NVR)

59 (18-79)1
674/581
846/406/3
5076 ± 15062
14.0 ± 1.52
16.7 ± 5.52
56 ± 372
4.6 (0.9-223)1
665/335/255

Data are expressed as mean ± SD or median (range).
Proportional hazard models were used to estimate the
factors associated with HCC development after interferon
therapy in SVR and non-SVR patients separately. The
cut-off value was defined for each parameter: median
for age and AFP, lower limit of normal range for white
blood cell, hemoglobin, and platelet count, and upper
limit of normal range for alanine aminotransferase.
The HCC incidence was estimated by the Kaplan-Meier
method and compared among the patient groups
using the log-rank test. Serum AFP values at different
time points were compared using the paired t test.
Factors associated with decreased AFP < 5 ng/mL 1
year after therapy among the patients showing AFP ≥
5 ng/mL before therapy were analyzed using stepwise
logistic regression analysis. The propensity score was
estimated for each patient using a logistic regression
model. Our study matched subjects using a caliper width
within 0.1 of the propensity score. Using this method,
comparable patient groups were identified. The baseline
characteristics of the propensity score-matched pairs
were almost identical. P values < 0.05 were considered
significant. The statistical analyses were performed using
JMP software (SAS Institute, Cary, NC, United States).
The statistical review of the study was performed by a
biomedical statistician.

1

Median (range); 2Mean ± SD. SVR: Sustained virological response; NVR:
Partial or null virological response.

MATERIALS AND METHODS
Patients

The study enrolled 1318 CHC patients who had under
gone combination therapy with pegylated interferon
and ribavirin at the Okayama University Hospital or its
affiliated hospitals between 2005 and 2011. We excluded
44 patients who developed HCC before interferon
therapy, and 19 patients who developed HCC within 1
year after the completion of therapy. The data of the
remaining 1255 patients were used for analysis. Written
informed consent was obtained from all patients, and the
study was conducted in accordance with the Declaration
of Helsinki. All protocols were approved by the ethics
committees of the institutes.

RESULTS
Change in AFP values during interferon therapy and
analysis of factors associated with decreased AFP
values

Interferon therapy

All patients had HCV RNA in their serum, as confirmed
by the qualitative Amplicor or TaqMan HCV assay (Roche
Molecular Diagnostics, Tokyo, Japan). They received
antiviral therapy with standard doses of Peg-IFN alpha2a or 2b with ribavirin. SVR was defined as undetectable
HCV RNA in the serum 24 wk after the completion of
therapy.

The characteristics of the patients enrolled in the study
are shown in Table 1. The mean age was 59 years,
and 581 patients (46%) were female. In the study,
1255 patients enrolled and 665 (53%) achieved SVR,
whereas 335 had virological relapse and 255 had partial
or no virological response. AFP values in SVR patients
gradually decreased during IFN therapy from a mean of
7.3 ng/mL before IFN therapy to 3.9 ng/mL at the end
of therapy (paired t test, P < 0.0001) and decreased
further to 3.4 ng/mL 1 year after therapy (P = 0.025,
Figure 1). Of the 274 SVR patients showing AFP values
≥ 5 ng/mL before IFN therapy, the values decreased
to < 5 ng/mL in 148 patients 1 year after IFN therapy,
whereas decreased AFP values to < 5 ng/mL were not
observed in 126 patients. Of the 580 non-SVR patients,
252 had AFP values < 5 ng/mL before IFN therapy and
328 patients had values ≥ 5 ng/mL. Of the 328 patients
showing AFP values ≥ 5 ng/mL before IFN therapy, 93
had decreased AFP values to < 5 ng/mL 1 year after
IFN therapy, whereas no decrease in values to < 5
ng/mL was observed in 235 patients. Stepwise logistic
regression analysis showed that factors associated with
AFP ≥ 5 ng/mL before therapy were low platelet count
and high alanine aminotransferase (ALT) values (P =
0.0040, and P = 0.028, respectively, Table 2). Non-SVR

Follow-up

The characteristics of the patients and their biochemical,
hematological, and virological data were collected at
enrollment. The patients were examined for HCC by
abdominal ultrasonography, dynamic computed tomo
graphy, and/or magnetic resonance imaging every 3-6
mo before and after therapy. Serum AFP values were
measured every 1-6 mo. The surveillance protocols were
in accordance with the standard of care in the clinical
[16]
practice manual of the Japan Society of Hepatology .
When HCC was suspected on the basis of the screening
examination, additional procedures such as dynamic
study, hepatic angiography, and/or tumor biopsy were
used to confirm the diagnosis. The end of follow-up was
defined as the time of HCC development or the last
medical attendance until June 2011. The mean follow-up
period was 5.4 years (range: 1.0-8.1 years).
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Table 2 Logistic regression analysis of factors associated with alpha-fetoprotein ≥ 5
ng/mL before therapy
Univariate analysis
1

Multivariate analysis
1

Factors

OR (range )

P

OR (range )

P

Age (1: ≥ 60 yr)
Gender (1: male)
HCV genotype (1: type 1)
White blood cell (1: ≥ 4000/μL)
Hemoglobin (1: ≥ 12.5 g/dL)
Platelet count (1: ≥ 130000/μL)
ALT (1: ≥ 40 IU/L)

1.2 (0.96-1.5)
1.2 (0.93-1.5)
0.72 (0.57-0.92)
0.78 (0.60-1.0)
0.97 (0.74-1.3)
0.31 (0.24-0.41)
3.0 (2.3-3.8)

0.10
0.19
0.007
0.061
0.80
< 0.0001
< 0.0001

0.35 (0.27-0.46)
2.7 (2.1-3.4)

< 0.0001
< 0.0001

1

95%CI. HCV: Hepatitis C virus; ALT: Alanine aminotransferase.

P = 0.20

Incidence of HCC development (%)

Patient ratio classified by AFP level (%)

P = 0.025
P < 0.001

≥ 10 ng/mL

P < 0.001

100

5-10 ng/mL
< 5 ng/mL

80
60
40
20
0

Before At
end

1 yr
after

SVR (n = 665)

Before

At
end

1 yr
after

Number
at risk

Non-SVR (n = 590)

20

P < 0.0001

NVR

Relapse

10

SVR
0

0

SVR
665
Relapse 335
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255

1

2

3
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255

648
328
238

595
310
202
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167
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134
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153
91

104
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Figure 1 Changes in alpha-fetoprotein values during interferon therapy.
Alpha-fetoprotein (AFP) values before, at end, and 1 year after interferon
therapy were classified by ≥ 10 ng/mL, 5-10 ng/mL, and < 5 ng/mL. The
patient ratios with different AFP values were shown for sustained virological
response (SVR) and non-SVR patients.

Figure 2 Cumulative hepatocellular carcinoma incidence after interferon
therapy. Cumulative hepatocellular carcinoma incidence after interferon therapy
was compared in groups of patients classified by the outcome of interferon
therapy using the Kaplan-Meier method. HCC: Hepatocellular carcinoma; SVR:
Sustained virological response; NVR: Partial or null virological response.

patients had significantly higher AFP values (12 ng/mL)
than SVR patients before IFN therapy (P < 0.0001),
and decreased AFP values 7.3 ng/mL at the end of
therapy. The changes in AFP values between the end of
therapy and 1 year after therapy were scarce (P = 0.20,
Figure 1). Stepwise logistic regression analysis showed
that decreased AFP values to < 5 ng/mL 1 year after
IFN therapy among the SVR patients showing AFP ≥ 5
ng/mL before therapy were significantly associated only
with low ALT values 1 year after IFN therapy (P = 0.027,
Table 3). As for non-SVR patients showing AFP values
≥ 5 ng/mL before IFN therapy, low ALT values at the
end and 1 year after IFN therapy were selected as
significant factors associated with decreased AFP values
to < 5 ng/mL 1 year after IFN therapy (P = 0.0040, and
P = 0.028, respectively).

virological response developed HCC. The duration until
detection of HCC was variable in non-SVR patients. As
shown in Figure 2, the cumulative HCC incidence was
2.8% at 5 years after IFN therapy in SVR patients, which
was significantly lower than that in non-SVR patients
(11.1%, log-rank test, P < 0.0001). As related to HCC
development within 3, 4, and 5 years after IFN therapy,
receiver operating characteristic curves were constructed
to determine the best cut-off values for AFP in SVR
patients. The results showed AFP values of 4.9, 4.3,
and 4.3 ng/mL to be the best cut-off values with areas
under the curves of 0.83, 0.81, and 0.82, respectively.
The best cut-off values were also determined for nonSVR patients, and the cut-offs were 5.6, 4.7, and 5.3
ng/mL with areas under the curves of 0.81, 0.80,
and 0.80, respectively. The desired sensitivity value >
90% was achieved for the cut-off of 5.0 ng/mL, and
the specificity was > 50% both in SVR and non-SVR
patients. Therefore, AFP values 5 ng/mL were used as
the cut-off values for further analyses. Table 4 shows the
analysis of predictive factors of HCC development after
IFN therapy for CHC patients in Cox proportional hazard
models. Multivariate analysis in SVR patients showed
old age, low platelet counts, and high AFP values before

Predictive factors of HCC development after interferon
therapy for CHC patients

During the mean follow-up period of 5.4 years, HCC was
occurred in 20 SVR patients: within 4 years of follow-up
in 18 patients (90%) and after approximately 6 years
of follow-up in the remaining patients. Twenty-eight
patients with relapse and 41 patients with partial or no
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Table 3 Logistic regression analysis of factors associated with decreased alpha-fetoprotein
< 5 ng/mL 1 year after therapy among the patients showing alpha-fetoprotein ≥ 5 ng/mL
before therapy
Univariate analysis
1

Factors
SVR patients
Age (1: ≥ 60 yr)
Gender (1: male)
HCV genotype
White blood cell (1: ≥ 4000/μL)
Hemoglobin (1: ≥ 12.5 g/dL)
Platelet count (1: ≥ 130000/μL)
ALT (1: ≥ 40 IU/L)
ALT at end of therapy (1: ≥ 40 IU/L)
ALT 1 yr after therapy (1: ≥ 40 IU/L)
Non-SVR patients
Age (1: ≥ 60 yr)
Gender (1: male)
HCV genotype
White blood cell (1: ≥ 4000/μL)
Hemoglobin (1: ≥ 12.5 g/dL)
Platelet count (1: ≥ 130000/μL)
ALT (1: ≥ 40 IU/L)
ALT at end of therapy (1: ≥ 40 IU/L)
ALT 1 yr after therapy (1: ≥ 40 IU/L)

Multivariate analysis
1

P

OR (range )

P

OR (range )

0.84 (0.50-1.4)
1.3 (0.77-2.2)
0.89 (0.54-1.5)
0.79 (0.43-1.5)
0.55 (0.26-1.2)
1.2 (0.66-2.0)
1.5 (0.82-2.8)
0.86 (0.43-1.7)
0.27 (0.087-0.86)

0.50
0.32
0.64
0.45
0.12
0.60
0.19
0.68
0.027

0.89 (0.55-1.4)
1.2 (0.73-1.9)
1.1 (0.59-2.2)
1.5 (0.86-2.7)
1.6 (0.91-2.8)
1.8 (1.1-2.9)
1.2 (0.69-2.1)
0.31 (0.18-0.54)
0.35 (0.21-0.59)

0.64
0.53
0.70
0.15
0.10
0.019
0.53
< 0.0001
< 0.0001

0.27 (0.087-0.86)

0.027

1.5 (0.88-2.4)

0.14

0.41 (0.22-0.75)
0.53 (0.30-0.93)

0.0040
0.028

1

95%CI. SVR: Sustained virological response; HCV: Hepatitis C virus; ALT: Alanine aminotransferase.

Table 4 Risk factors of hepatocellular carcinoma development after interferon therapy for chronic
hepatitis C patients in Cox proportional hazard models
Univariate analysis
1

Factors
SVR patients
Age (1: ≥ 60 yr)
Gender (1: male)
HCV genotype
White blood cell (1: ≥ 4000/μL)
Hemoglobin (1: ≥ 12.5 g/dL)
Platelet count (1: ≥ 130000/μL)
ALT (1: ≥ 40 IU/L)
ALT at end of therapy (1: ≥ 40 IU/L)
ALT 1 yr after therapy (1: ≥ 40 IU/L)
AFP (1: ≥ 5 ng/mL)
AFP at end of therapy (1: ≥ 5 ng/mL)
AFP 1 yr after therapy (1: ≥ 5 ng/mL)
Non-SVR patients
Age (1: ≥ 60 yr)
Gender (1: male)
HCV genotype
White blood cell (1: ≥ 4000/μL)
Hemoglobin (1: ≥ 12.5 g/dL)
Platelet count (1: ≥ 130000/μL)
ALT (1: ≥ 40 IU/L)
ALT at end of therapy (1: ≥ 40 IU/L)
ALT 1 yr after therapy (1: ≥ 40 IU/L)
AFP (1: ≥ 5 ng/mL)
AFP at end of therapy (1: ≥ 5 ng/mL)
AFP 1 yr after therapy (1: ≥ 5 ng/mL)

Multivariate analysis
1

P

HR (range )

4.7 (1.7-13)
1.3 (0.53-3.3)
0.84 (0.35-2.0)
1.4 (0.41-4.8)
1.2 (0.35-4.0)
0.20 (0.081-0.47)
3.0 (0.87-10)
2.4 (0.81-7.2)
0.99 (0.13-7.4)
28 (3.7-208)
8.0 (3.2-20)
5.5 (2.3-13)

0.0028
0.55
0.71
0.58
0.79
0.0003
0.083
0.12
0.99
0.0012
< 0.0001
< 0.0001

3.8 (1.4-11)

1.4 (0.87-2.3)
2.3 (1.4-3.9)
0.15 (0.037-0.61)
0.64 (0.39-1.0)
0.90 (0.54-1.5)
0.26 (0.15-0.42)
2.7 (1.5-4.9)
2.8 (1.8-4.5)
2.4 (1.5-3.9)
13 (4.9-37)
6.5 (3.6-12)
7.8 (4.1-15)

0.16
0.001
0.0083
0.076
0.69
0.0025
0.0014
< 0.0001
0.0003
< 0.0001
< 0.0001
< 0.0001

HR (range )

P
0.0092

0.35 (0.14-0.88)

0.022

13 (1.6-109)
1.9 (0.61-5.9)
1.5 (0.50-4.2)

0.017
0.27
0.49

2.1 (1.3-3.6)
0.19 (0.046-0.78)

0.0035
0.021

0.47 (0.28-0.81)
1.0 (0.53-2.0)
1.2 (0.69-2.0)
1.2 (0.69-2.0)
4.6 (1.4 - 15)
0.97 (0.40-2.3)
3.0 (1.2-7.1)

0.0063
0.92
0.54
0.56
0.011
0.94
0.014

1

95%CI. SVR: Sustained virological response; ALT: Alanine aminotransferase; AFP: Alpha fetoprotein.

and P = 0.49, respectively). As for non-SVR patients,
male gender, HCV genotype 1, low platelet counts, and
high AFP values before therapy and 1 year after IFN
therapy were independent factors associated with HCC

IFN therapy, but not high AFP values 1 year after IFN
therapy, were significant factors associated with HCC
development after IFN therapy in the follow-up period
in SVR patients (P = 0.0092, P = 0.022, P = 0.017,
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Incidence of HCC development (%)

F: AFP ≥ 5 ng/mL, non-SVR, no decreased AFP

20

C: AFP ≥ 5 ng/mL, SVR, no decreased AFP
10
E: AFP ≥ 5 ng/mL, non-SVR, decreased AFP
B: AFP ≥ 5 ng/mL, SVR, decreased AFP
0

Number
at risk

A
B
C
D
E
F

D: AFP < 5 ng/mL, non-SVR
A: AFP < 5 ng/mL, SVR
0

391
148
126
262
93
235

1

2

3

391
148
126
262
93
235

389
144
115
262
91
213

356
134
105
240
88
184

4

5

6

7

295
111
84
191
80
156

229
90
64
145
65
123

156
64
41
110
45
89

59
28
17
55
26
53

t /yr

Figure 3 Cumulative hepatocellular carcinoma incidence after interferon therapy in the patient groups classified by the outcome of interferon therapy and
alpha-fetoprotein values before and 1 year after interferon therapy. Cumulative hepatocellular carcinoma (HCC) incidence after interferon therapy was compared
in groups of patients classified by the outcome of interferon therapy and alpha-fetoprotein values before and 1 year after interferon therapy using the Kaplan-Meier
method. SVR: Sustained virological response; AFP: Alpha-fetoprotein.

Analysis of the impact of AFP value on HCC
development in SVR patients by propensity score
matching

development after IFN therapy (P = 0.0035, P = 0.021,
P = 0.0063, P = 0.011, and P = 0.014, respectively).

The cumulative HCC incidence in the patient groups
classified according to AFP values before therapy and 1
year after interferon therapy

Propensity score matching was utilized to clarify the
impact of AFP value on HCC development for the SVR
patients; the significant factors associated with HCC
development age, gender, platelet count, and alanine
aminotransferase were matched for the SVR patients
by propensity score. The comparison between the
patients showing AFP < 5 ng/mL and ≥ 5 ng/mL before
interferon therapy showed significantly lower cumulative
HCC incidence in those showing AFP < 5 ng/mL than in
those showing AFP ≥ 5 ng/mL (P <0.0001, Figure 4).

The cumulative HCC incidence was compared among
the patient groups classified according to AFP values.
Figure 3 showed that both SVR and non-SVR patients
showing AFP values < 5 ng/mL before therapy had
a significantly lower incidence than those showing
values ≥ 5 ng/mL (log-rank test, P < 0.0001). No SVR
patient showing AFP values < 5 ng/mL before therapy
developed HCC during the follow-up period, except
for one 69-year-old female patient. This patient had
advanced cirrhotic liver disease, with a platelet count
of 104000 cells/μL, AFP values 4.3 ng/mL, and alanine
aminotransferase values 22 IU/L before IFN therapy.
An HCC 1.2 cm in size was detected in her liver 20
mo after IFN therapy. The cumulative HCC incidence
was compared between the patient groups classified
according to AFP values before therapy and 1 year
after IFN therapy. The incidence was significantly lower
in patients with decreased AFP values to < 5 ng/mL
than in those without decreased values (P = 0.011 in
SVR patients, and P = 0.0026 in non-SVR patients,
respectively). It was noteworthy that SVR patients
showing AFP values ≥ 5 ng/mL before IFN therapy and
no decrease in AFP values to < 5 ng/mL 1 year after
IFN therapy had a significantly higher HCC incidence
than non-SVR patients showing AFP values ≥ 5 ng/mL
before IFN therapy and decreased AFP values to < 5
ng/mL 1 year after therapy (P = 0.043).
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DISCUSSION
The present study was a large-scale, long-term cohort
study of CHC patients receiving combination therapy
with pegylated interferon and ribavirin. The results
demonstrate that AFP values have a significant pre
dictive impact on HCC development after IFN therapy
besides age and liver fibrosis and elucidated that CHC
patients showing AFP values < 5 ng/mL before IFN
therapy and/or decreased AFP values to < 5 ng/mL 1
year after IFN therapy may have a low risk of developing
HCC, irrespective of the therapeutic outcome. AFP value
before and 1 year after IFN therapy is a simple and
useful marker for predicting HCC development during
the follow-up period after IFN therapy.
Recent advances in anti-HCV therapy have increased
the necessity to establish useful predictors of HCC
development after viral eradication in SVR patients. It is
necessary to identify patients who require close follow-
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Number
at risk

AFP ≥
5 ng/mL
AFP <
5 ng/mL

20

groups with different AFP values, matched of age,
gender, platelet count, and value of ALT with propensity
score matching. The results showed that SVR patients
showing AFP values ≥ 5 ng/mL before IFN therapy
have a significantly higher risk of HCC development
than those showing AFP values < 5 ng/mL, responsible
for elevated AFP values besides advanced liver fibrosis
and high hepatitis activity. These results are consistent
with a previous report on the association of AFP values
with patient characteristics in CHC patients showing that
AFP values correlate with liver fibrosis, steatosis, and
[26]
hepatitis activity . Elevated AFP values may therefore
combine with several risk factors other than cancer.
Interestingly, the results revealed that the changes
of AFP values during IFN therapy were correlated with
the changes of the values of alanine aminotransferase,
and that decreased AFP values < 5 ng/mL 1 year before
therapy were significantly associated with normal ALT
values 1 year after IFN therapy in both SVR and nonSVR patients. Therefore, it is possible that major effects
of IFN therapy on HCC development is associated with
decreased AFP values by reduced hepatitis activity.
In conclusion, the results suggest that patients
showing AFP values < 5 ng/mL before therapy or
decreased AFP values < 5 ng/mL 1 year after therapy
have a significantly lower risk of developing HCC than
patients showing AFP values ≥ 5 ng/mL 1 year after
therapy. Strict follow-up is therefore required for SVR
patients without a decrease in AFP values to < 5 ng/
mL 1 year after IFN therapy because of high risk of
developing HCC after IFN therapy. This simple criteria
of AFP concentrations ≥ 5 ng/mL before and 1 year
after IFN therapy is thus a useful predictor for HCC
development in CHC patients.
Future study might be needed to analyze the
development of HCC for CHC patients with oral therapy
with direct antiviral agents, and compare with patients
in this study.

P < 0.0001

10

AFP ≥ 5 ng/mL

AFP < 5 ng/mL
0

0

1

2

3

4

5

6

7

199

199

188

166

139

108

74

41

199

199

199

182

144

106

83

42

t /yr

Figure 4 Comparison of cumulative hepatocellular carcinoma incidence
after interferon therapy between the groups of sustained virological
response patients with different alpha-fetoprotein values with propensity
score matching. Age, sex, platelet count, and alanine aminotransferase were
matched for sustained virological response patients showing AFP values ≥ 5
ng/mL or < 5 ng/mL before interferon therapy by propensity score. Cumulative
HCC incidence after interferon therapy was compared in groups of patients with
different AFP values using the Kaplan-Meier method. AFP: Alpha-fetoprotein;
HCC: Hepatocellular carcinoma.

up for HCC development. In general, SVR patients have
a significantly lower risk of developing HCC than nonSVR patients. However, previous reports showed that
high AFP values before and/or after IFN therapy are
associated with HCC development after IFN therapy
in CHC patients, although the criteria for AFP varied
[13-15]
among reports
.
We investigated the changes in AFP values before,
at end, and 1 year after IFN therapy, and clarified
the efficacy of the AFP values at different time points
with regard to HCC development after IFN therapy
in CHC patients. Precise comparisons of risks of HCC
development among the patient groups classified
by therapeutic outcomes and AFP values before and
1 year after IFN therapy revealed that SVR patients
showing AFP values ≥ 5 ng/mL before IFN therapy
and no decrease in AFP values to < 5 ng/mL 1 year
after IFN therapy required periodical survey of HCC
development, because they have a significantly higher
risk of developing HCC than non-SVR patients showing
AFP values < 5 ng/mL before and/or 1 year after IFN
therapy.
AFP is widely used as a serological marker for HCC
[17-22]
and germ-cell tumors
. AFP value 10 ng/mL is
generally regarded as the upper limit of normal range,
with presence of cancer suspected when AFP value
increases above this value. However, AFP value is
[23-25]
sometimes elevated in CHC patients without HCC
.
The precise mechanisms of elevation in AFP values
remain uncertain. The present study demonstrated that
increased AFP values in CHC patients were significantly
associated with low platelet counts and higher values of
ALT, reflecting advanced liver fibrosis and high hepatitis
activity. Furthermore, the predictive value of AFP value
on HCC development was evaluated for the SVR patient

WJH|www.wjgnet.com

COMMENTS
COMMENTS
Background

Improvement in antiviral therapy increases the obtaining a sustained viral
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before, at end, and 1 year after IFN therapy, and clarified the efficacy of the
AFP values at different time points with regard to HCC development after IFN
therapy in CHC patients.

Applications

10

The results suggest that patients showing AFP values < 5 ng/mL before therapy
or decreased AFP values of < 5 ng/mL 1 year after therapy have a significantly
lower risk of developing HCC than patients showing AFP values ≥ 5 ng/mL 1
year after therapy.

Terminology

11

Strict follow-up is therefore required for SVR patients without a decrease in AFP
values to < 5 ng/mL 1 year after IFN therapy because of high risk of developing
HCC after IFN therapy. Simple criteria of AFP values ≥ 5 ng/mL before and
1 year after IFN therapy is a useful predictor for HCC development in CHC
patients.
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Abstract
The antiphospholipid syndrome (APS) is an acquired
thrombophilic disorder in which autoantibodies are
produced to a variety of phospholipids determinants
of cell membranes or phospholipid binding proteins.
There are few reports about association between anti
phospholipid antibodies and development of BuddChiari syndrome (BCS). We report the case of BCS
development in young Russian male with primary APS.
The patient underwent orthotopic liver transplantation
on August 26, 2012. At present time his state is good,
the blood flow in the liver restored and its function is not
impaired. We report about the first time the successful
use of dabigatran etexilate for prolonged anticoagulation
therapy in APS patient with BCS. In addition patient is
managed with immunosuppressive drugs.
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Core tip: Budd-Chiari syndrome (BCS) is rare disease
with a potentially dismal outcome if not treated optimally.
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with prolonged anticoagulation.

In manuscript is reported the case report of the BCS
development in young Russian male with primary
antiphospholipid syndrome (APS), who was underwent
orthotopic liver transplantation and now is managed
with immunosupressive drugs and with prolonged
anticoagulation. For the first time, it is reported the
successful use of dabigatran etexilate for prolongation
anticoagulation therapy in primary APS patient with BCS.

CASE REPORT
Patient S, aged 22, hospitalized at VA Nasonova
Scientific Research Institute of Rheumatology in order
to make more accurate diagnosis and to correct his
therapy. His medical history (Figure 1) shows that
he had suffered from left side ileofemoral thrombosis
in April 2006 (at the age of 15), underwent a lowmolecular heparins (Nadroparinum calcium) during one
month then took Sulodexid for about 2 mo, till March
2008, later he did not take any anticoagulants an antiplatelet drugs. Concomitant medication was venotonics
(Detralex = Hespiridine + Diosmine).
At the end of 2007 trophic ulcers appeared on the
skin of the lower third of the left shank. In March 2008
(at the age of 17 years) the patient had a right-side
ileofemoral thrombosis, trophic ulcers remained on the
skin of the left shank. The patient was treated with antiplatelet drugs (Aspirin, Pentoxifylline), and periodically
with antibiotics due to purulent discharge from the ulcers.
In September 2008 varicose vein disease was detected
due to which the patient underwent an endovasal
electrocoagulation of the great saphenous vein of the left
lower limb and subcutaneous dissection and ablation of
veins on the hip, shank and foot. In February 2009 the
patient had acute deep and superficial vein thromboses
of the right lower limb. He underwent therapy with
anticoagulants (heparin) combined with low doses of
Aspirin (thrombo-ASS - 100 mg) for 2 mo. He did not
take any anticoagulants afterwards. Hyperpigmentation
of feet and shanks skin and recurrent trophic ulcers
on shanks skin were observed. The patient’s state was
qualified as post-thrombotic syndrome.
The appearance and worsening of ascites was noted
in January 2011 (at the age of 20 years). On March 3,
2013, laparocentesis with evacuation of 12 L of fluid
was performed. Diagnostic abdominal paracentesis
showed a straw-colored ascetic fluid with protein
content 28 g/L. Computed tomography angiography on
March 16, 2011, showed the lumen of the inferior vena
cava was visualized only above the part of confluence
of renal veins. The vein's lumen from this level was
constructively quite homogeneous. The lumen of the
inferior vena cava at the confluence of renal veins was
severely narrowed (4-5 mm) with less contrast of its
lumen in venous phase of multiphase contrast protocol.
Hepatic veins were not visualized. The portal vein was
not expanded (at the level of the gate of the liver up
to 14 mm, splenic vein to 10 mm), the lumen of these
veins were homogeneous. There was slightly expressed
additional network of collateral veins in the abdominal
cavity, the largest of which were located along the
rear bottom edge of the liver in hepatorenal area. The
strong network of dilated venous vessels was visualized
subcutaneously along the anterior abdominal wall; the
recanalization of the umbilical vein was absent. Based
on these data it was concluded of apparent stenosis
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INTRODUCTION
The antiphospholipid syndrome (APS) is an acquired
thrombophilic disorder in which autoantibodies are
produced to a variety of phospholipids determinants of
[1-5]
cell membranes or phospholipid binding proteins .
Clinical features for definite APS include vascular
thrombosis (arterial and/or venous or small-vessels)
that must be diagnosed on the basis of objective criteria
[1-5]
and pregnancy morbidity . Laboratory criteria are well
defined and require anticardiolipin antibodies (aCL) of
IgG and/or IgM isotypes in serum or plasma presented
in medium or high levels (> 40 IgG phospholipid units or
th
IgM phospholipid units or > 99 percentile), antibodies
to β2 glycoprotein 1 (anti-β2GPI) of IgG and/or IgM
isotypes in serum or plasma in medium or high levels (>
th
99 percentile) and lupus anticoagulant (LA) in plasma.
Laboratory findings must be confirmed on repeated
[2]
testing 12 wk later . It helps to exclude transient
positivity due to infection. Patients with APS may have
other risk factors for thrombosis, which are shown in
Table 1. The presence of other risk factors for thrombosis
does not exclude APS and patients should be stratified
according to the presence or the absence of risk factors
for thrombosis.
APS is characterized by a hypercoagulable state
potentially resulting in thrombosis of all segments of the
[7]
vascular bed . Venous thrombosis typically presents with
deep vein thrombosis in the lower extremities, observed
in 29% to 55% of cases over a follow-up period of less
[6]
than 6 years . Other thrombotic presentations include
osteonecrosis and venous occlusion of solid organs, such
[8,9]
[10]
as the liver [Budd-Chiari syndrome (BCS)] , kidneys
and the adrenal glands with resulting in adrenal insu
[11]
fficiency . Clinical manifestations of APS with the
involvement of the abdominal cavity are various and are
shown in Table 2.
The aim is to describe case report of the BCS
development in young Russian male with primary APS,
who was underwent orthotopic liver transplantation and
now is managed with immunosuppressive drugs and
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Years of observation

04.2006

The age of the patient, yr

2008 02.2009 01.2011 03.2011 08.2011 08.2012

15

17

18

20

21

22

09.2014
23

Medical history
Thrombosis of left vena ileofemoralis
Thrombosis of right vena ileofemoralis
Recurrence skin ulcers of legs
Endovenous electrocoagulation of left vena safena magna
Enlargament of abdomen with refractory ascities
Varicosity of anterior abdominal wall
Edema of lower limbs
Apnoe on mild exertion
Non-occlusive thrombosis of retrohepatic segment of the inferior vena cava
Portal hypertension
Orthotopic liver transplantation

26.08.2012
Laboratory date

ALT, U/L

N

N

N

↑60

↑91

↑81

11

12

AST, U/L

N

N

N

↑49

↑159

↑146

14

18

Creatinine, μmol/L

N

N

N

N

↑91

↑123

87

78

Total bilirubin, μmol/L

N

N

N

N

↑67

↑100

1

N

N

N

N

148

↓45

IgG-aCL, GPL

NA

NA

NA

NA

100

1

NA

N

↑51.8

IgG-anti-β2GPI, OD u

NA

NA

NA

NA

NA

NA

↑ > 200

↑137

LA positivity

NA

NA

NA

NA

↑+

↑+

ND

ND

9

Platelet, 10 /L

5.6
123

5.4
148

Figure 1 Scheme of medical history and laboratory date of the patient. aCL: Antibodies to cardiolipin; anti-β2GP1: Antibodies to anti-β2-glycoprotein 1; LA:
Lupus anticoagulant; N: Normal range; NA: Not available; ND: Not done; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GPL: G phospholipid units;
OD u: Optical density units. 1Total aPL > 100 (normal range: 0-20).

[6]

Table 1 Additional risk factors for thrombosis

Table 2 Summary of the abdominal manifestations associated
[12]
with the antiphospholipid syndrome

Age (> 55 in men, > 65 in women)
Risk factors for CVD
Hypertension
Diabetes mellitus
Elevated LDL or low HDL - cholesterol
Smoking
Family history of premature CVD
BMI ≥ 30 kg/m2
Microalbuminuria
Estimated GFR < 60 mL/min
Inherited thrombophilias
Oral contraceptives
Nephrotic syndrome
Malignancy
Immobilization
Surgery

Abdominal organ
Liver

Intestine

LDL: Low density lipoprotein; HDL: High density lipoprotein; BMI: Body
mass index; GFR: Glomerular filtration rate; CVD: Cardiovascular disease.

Spleen
Pancreas

of the infrarenal part of inferior vena cava due to the
occlusion or obliteration. The lack of visualization of
the hepatic veins, enlarged liver with abnormality of its
perfusion, ascitis and the presence of venous collaterals
might be due to the BCS.
There was no evidence of infection or malignancy.
The liver biopsy was not done due to prolonged pro
thrombin time. In March 2011 the patient underwent
an in-patient treatment at regional clinical institute,
where BCS, refractory ascites, hepatosplenomegaly and
stenosis of lower infrarenal vena cava were diagnosed

WJH|www.wjgnet.com

Manifestations
Budd-Chiari syndrome:
Hepatic veno-occlusive disease and occlusion of
small hepatic veins
Nodular regenerative hyperplasia
Hepatic infarction
Cirrhosis
Portal hypertension
Autoimmune hepatitis
Biliary cirrhosis
Liver transplantation
Mesenteric ischemia (acute-chronic)[13,14]
Peptic ulcer disease[15,16]
Bowel ischemia and perforation[17]
High prevalence of aPL but no increased vascular
thromboses in inflammatory bowel disease
Splenic infarction
Autosplenectomy or functional asplenia
Acute pancreatitis

aPL: Antiphospholipid antibodies.

(Ultrasound Doppler examination data are shown on the
Figure 2).
On March 15, 2011, laparocentesis with evacuation
of 11 L of fluid was performed, Nadroparinum calcium,
Soludexid, Detralex prescribed. From March 23, 2011
till May 11, 2015, the patient was hospitalized for inpatient treatment at Endotoxicoses Department of N.V.
Sklifosovsky Scientific Research Institute of Emergency
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A

B

C

D

Figure 2 Ultrasound Doppler examination: Liver with signs of cirrhotic changes and luminal occlusion of hepatic veins to 3.4 mm (A); Non-occlusive
thrombosis of retrohepatic segment of the inferior vena cava (B); Signs of portal hypertension development: ascites (C) and splenomegaly (D).

Medical Aid; a drainage of abdominal cavity, fractional
evacuation of ascetic fluid, anticoagulant (Nadroparinum
calcium). Symptomatic therapy was performed at inpatient facility. From July 25, 2011 till August 20, 2011
the patient underwent in-patient treatment at the
Scientific Haematology Center of Russian Academy of
Sciences. A research of hypercogulation causes was
carried out. An abdominal ultrasound scan showed nonocclusive thrombosis of retrohepatic segment of the
inferior vena cava (Figures 1 and 2). Doppler scan and
computer tomography (CT) scan of abdominal cavity
showed the same findings.
At the same period the patient underwent tests for
antiphospholipid antibodies (aPL) that showed high
levels of total aPL > 100 (normal range: 0-20). Kaolin
clotting time (KCT), activated partial thromboplastin
time, prothrombin time, diluted Russel’s viper venom
time (dRVVT) were prolonged and were positive for LA.
At the clinic Nadroparinum calcium was substituted with
Dabigitran etexilate, plasmapheresis number of 9 was
performed. The patient was put in the waiting list for liver
transplantation. On August 26, 2012, orthotopic liver
transplantation was made at N.V. Sklifosofsky Scientific
Research Institute of Emergency Medical Aid as well as
biliary reconstruction: choledoho-choledoho end-to-end
anasthomosis. In postoperative period (on September
16, 2012) clinical findings showed transient cerebral
circulation disturbances. Magnetic resonance tomography
of the brain showed the signs of glial changes of the
right frontal lobe, the attack was stopped by the patient
himself and had no relapses, the patient was examined

WJH|www.wjgnet.com

by neurologist and psychiatrist. Toxical hyperkinesis with
asthenic syndrome was diagnosed. At the same time an
episode of herpetic infection recurrence was noticed.
Immunosuppressive therapy included: Mycophenolate
mofetil, Tarcrolimus, Methylprednisolone therapy. In
March 2013 Mycophenolate mofetil was discontinued.
Patient was screened for a hypercoagulable state. At
the same time the testing showed the levels of IgGand IgM-aCL within the norm, anti-β2GPI > 200 optical
density units (OD u) (Normal range < 20). Coagulation
time remained to be extended in KCT, dRVVT tests.
However, screening for IgG-aCL, IgM-aCL by ELISA
technique showed that aCL were negative but IgG-antiβ2GPI were high positive and LA was also positive. This
led to the diagnosis of primary APS as the underlying
cause of the extensive venous thrombosis.
In addition to APS, the patient was tested for the
presence of inherent thrombophilia (Table 3). The next
mutations of blood coagulation genes were detected:
homozygous 4G/4G polymorphism in plasminogene
activator inhibitor 1 (PAI-1) gene, 677TT polymorphism
in methylene tetrahydrofolate reductase gene, hetero
zygous G20210A polymorphism in prothrombin gene.
His family history was unremarkable for coronary artery
disease and for venous thromboembolic events. The
level of homocysteine was normal.
The patient continues to take dabigatran etexilate
up to the present. No relapses of thrombosis occurred
during the medical supervision period. Laboratory test
values dynamics are shown in Figure 1.
At the moment of presentation to our clinic the
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A

B

C

Figure 3 Physical examination findings: Dilated subcutaneous veins of the anterior abdominal wall (A), signs of chronic venous deficiency:
Hyperpigmentation of skin, lypodermatosclerosis, oedema of lower limbs (B and C).

Table 3 Patient S's inherent thrombophilia markers
Mutation

Result

FⅤ Leiden
G20210A in prothrombin gene
C10034T in γ-phibrinogen gene
Methylene tetrahydrofolate reductase 677TT polymorphism
4G/5G plasminogen activator inhibitor 1
G29926C in THBS gene (thrombospondine-4 gene)
G10976A in Ⅶ factor gene
С807Т in GpⅠ a gene
Т1565С in GpⅢ a gene
CYP2C9*2 ( cytochrome Р450 gene)
CYP2C9*3 (cytochrome Р450 gene)
G1639A in VKORC 1 gene (vitamin K hypoxide reductase gene)
I/D-polymorphism in ACE gene (anghiotensin-converting
ferment gene)

-/+/-/+/+/+
-/-/-/-/-/-/-/-/-

Figure 4 Ultrasound Doppler examination: Examination made 8 mo after
liver transplantation. No changes in liver echogenecity. Hepatic veins: Walls
not thickened, uniform lumen, blood flow preserved.

-/-: No mutation; +/-: Heterozygous mutation; +/+: Homozygous
mutation. In PAI-1 case: +/+ = 4G/4G, -/- = 5G/5G; in ACE case: +/+ =
D/D, -/- = I/I. PAI-1: Plasminogene activator inhibitor 1; FⅤ : Ⅴ factor
gene; GpⅠ a: Glycoprotein Ⅰ gene; GpⅢ a: Glycoprotein Ⅲ gene.

was performed. On the right leg revealed postthrom
botic syndrome: thrombosis of posterior tibial vein,
of peroneal vein, popliteal, sural, superficial, deep,
common femoral veins, external and common iliac veins
in weak recanalization stage (except iliac veins that have
no recanalization), and on the left leg thrombosis of
popliteal, sural, superficial, deep, common femoral vein,
external and common iliac veins and great saphenous
vein on the shank in partial recanalization stage of
various intensity levels (except iliac veins that have no
recanalization).
The patient was eventually discharged home and
followed up satisfactorily as an outpatient. He showed
dramatic improvement and remained asymptomatic with
no further recurrence of his ascites. His liver function test
showed marked improvement. Repeated color Doppler
ultrasound and CT showed better hepatic perfusion and
hepatic venous flow with better recanalization of the
inferior vein cava (IVC) and hepatic veins (Figure 4). His
condition remained under satisfactory control while on
prolonged coagulation.

patient’s state by the physical examination revealed
as satisfactory. He was of normosthenic type, body
temperature was 36.7 ℃ in axillary. Lipodermatosclerosis
of skin legs, multiple small superficial ulcers on skin
legs in stage of cicatrization were revealed. Varicose
veins on the anterior surface of abdominal wall, delicate
wire mesh livedo reticularis on skin of shoulders and
thighs (Figure 3) were noted. Respiration rate was
16/min, heart rate - 82 beats in min, systolic/diastolic
blood pressure was 140/80 mmHG. There were no
consciousness disturbances. The patient oriented to time
and place and was cooperative. Any focal, meningeal
symptoms were not identified. Our patient did not fulfill
[18]
the American College of Rheumatology
classification
criteria for systemic lupus erythematosus or other
autoimmune disease. Autoimmune and viral hepatitis,
myeloproliferative disease and paroxysmal nocturnal
hemoglobinuria were excluded. The echo-KG revealed
dilatation of the left atrium, functional extension of the
trunk of the pulmonary artery, thickening of the mitral
valve with mitral regurgitation +2.
Dynamic Doppler examination of his lower limbs
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DISCUSSION
BCS is a rare disease with a potentially dismal outcome
if not treated optimally. The classical BCS is a clinical
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and pathological entity, characterized by structural
and functional abnormalities of the liver resulting from
[3]
obstruction of the outflow of hepatic venous blood .
Ascites, hepatomegaly and abdominal pain constitute
the classic triad of BCS of hepatic vein but also an
extensive thrombosis of the IVC.
Several myeloproliferative disorders and hyper
coagulable states have been implicated as possible
causes of BCS. These include polycythaemia vera,
essential thrombocythaemia, paroxysmal nocturnal
haemoglobinuria, antithrombin, protein C and protein
S deficiency, resistance to activated protein C, factor
V Leiden (FVL), G20210A factor Ⅱ gene mutations,
use of oral contraceptives, pregnancy and postpartum
[8,9,12,18-20]
state
. The factor Ⅴ G1691A mutation and
the prothrombin G20210A mutation are the 2 most
common causes of hereditary thrombophilia. Numerous
studies have shown that these 2 gene mutations alone
or in combination with other risk factors can increase
the occurrence and recurrence of venous thromboem
[19-22]
bolism
. In one systematic review based on the
meta-analysis, it was shown the FVL mutation was
associated with an increased risk of BCS, portal vein
thrombosis (PVT) without cirrhosis, and PVT in cirrhosis,
however, the prothrombin G20210A mutation was
[23]
associated with PVT, but not BCS .
The relationship between LA and BCS was first
[21]
described in 1984 by Pomeroy et al . Several other
[12,18-22]
cases were reported afterwards
. The association
of BCS with APS seems to be rare. For this reason, in
one published series of 177 patients with BCS, no such
[24]
association was reported .
We described a case of a patient whose disease
began at the age of 15 with ileofemoral thrombosis
of the left leg. Subsequently, secondary to irregular
taking of anticoagulants, the development of ileofemoral
thrombosis on the right side was noted, accompanied by
development of postthrombotic syndrome in both legs,
as well as by IVC thrombosis - a stenosis of its infrarenal
part and non-occlusive thrombosis of retrohepatic
segment. In January 2011 an ascites gradually appeared
and then because of the accumulation of large quantity
of liquid, a laparocentesis was performed resulting
in evacuation of 11 liters of liquid; gradual rising of
liver failure was noted. An additional thrombosis risk
factor was heterozygous prothrombin gene (G20210A)
mutation. Besides that, the patient showed polymorphism
in PAI-1 gene (4G/4G genotypes of PAI-1). The role of
this gene’s polymorphism in thrombosis development
is still a matter of discussion. In a study of 357 patients
with different types of thrombosis and 281 unrelated
[25]
healthy controls by Balta et al , it was found that
the 4G/4G genotype of PAI-1 was associated with a
higher risk of thrombosis (OR = 1.7; 95%CI: 1.1-2.5).
Stronger association was observed in a subgroup of 33
patients with PVT wherein 4G/4G and 4G/5G genotypes
showed 10- and 6-fold increases respectively in the risk
of developing portal vein thrombosis. No statistically
significant association was found between 4G/4G
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genotype and other thrombosis groups in this study.
Most probably, the presence of inherent thrombophilias
(prothrombin gene mutation, 4G/4G PAI-1 genotype)
was a background for the development of thrombosis.
The combination of these inherent thrombophilias with
aPL without long-lasting anticoagulation therapy after
the first episode of thrombosis lead to relapses and the
thrombosis of the IVC with development of BCS and
further progression of liver damage.
Management of BCS, from simple medical treatment
to liver transplantation, depends on the acute and
chronic evolution of the disease and on the degree of
hepatic insufficiency. The management of BCS includes
anticoagulation and thrombolysis, percutaneous transhe
patic stent angioplasty, and transjugular intrahepatic
portosystemic shunt, but the effect of these approaches
varies greatly. BCS in patients progressing to cirrhosis is
[26,27]
an indication for liver transplantation
. Anticoagulation
therapy is the first line treatment of BCS secondary to
obstruction IVC and PVT. Long-term anticoagulation
with oral vitamin K antagonists such as warfarin is the
[28-30]
cornerstone treatment in APS also
. These drugs have
a delayed onset of action, food and drug interactions,
and variable pharmacokinetics/pharmacodynamics so
regular laboratory monitoring and dose adjustments are
required to maintain the international normalized ratio
in the therapeutic range. New oral anticoagulants that
selectively inhibit either thrombin (dabigatran etexilate)
or factor Ⅹa (rivaroxaban, apixaban) have now gained
approval in many countries for several clinical indications.
Unlike other than warfarin, these drugs have a rapid
onset of action and a relatively wide therapeutic range
such that coagulation monitoring is not required. In
the described case the drug of choice of anticoagulant
therapy was dabigatran etexilate, which the patient
continued to take after surgery. Dabigatran etexilate is
a new oral direct thrombin inhibitor that was approved
in the United States and in Canada for the prevention of
thromboembolic events in patients with atrial fibrillation,
as well as in Europe and Canada for the prevention of
[31]
venous thromboembolism . We have not found the use
of this drug in patients with APS and BCS for treatment
and prevent venous thromboembolic events.
In conclusion, it is described a case report of BCS
development in young man aged 22, with definite APS
and inherent thrombophilia (heterozygous prothrombin
gene mutation and homozygous 4G/4G polymorphism
in PAI-1 gene). The disease began at the age of 15
with ileofemoral thrombosis of the left leg, with further
development of ileofemoral thrombosis on the right
side, secondary to irregular taking of anticoagulants,
with relapses of the disease. An ascites and an evident
hepatic insufficiency were noted after 5 years from the
onset. Ultrasound Doppler examination showed nonocclusive thrombus in retro hepatic segment of the IVC.
BCS led to the development of liver cirrhosis with its
evident functional deficiency and the development of
multiple organ failure. The patient underwent orthotopic
liver transplantation. At present time his state is good,
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autoantibodies are produced to a variety of phospholipids determinants of cell
membranes or phospholipid binding proteins.

blood flow in the liver is restored and its function is not
impaired. We report about the first the successful use
of dabigatran etexilate for prolonged anticoagulation
therapy in APS patient with BCS after orthotopic liver
transplantation.

Experiences and lessons

Clinical manifestations of antiphospholipid syndrome depend on the localization
of thrombosis, which can lead to serious consequences such as BCS requiring
liver transplantation, and Dabigatran etexilate is the drug of choice for long-term
anticoagulant therapy in the prevention of recurrence of thrombosis.
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EDITORIAL

Role of liver resection in the management of multinodular
hepatocellular carcinoma
Osman Abbasoglu
cause of cancer related deaths worldwide. Various
treatment modalities have been applied to HCC depend
ing on the tumor load, functional capacity of the liver
and the general condition of the patient. According to
Barcelona Clinic Liver Cancer staging strategy and The
American Association for the Study of Liver Disease
guidelines, surgical resection is not advocated in the
tretment of multinodular HCC. Despite this, many recent
clinical studies show that, resection can achieve good
results in patients with multinodular HCC and 5-year
survival rate around 40% can be reached. If resection
or transplantation is not performed, these patients are
usually managed with palliative procedures such as
transarterial chemoembolization, radioembolization and
cytotoxic chemotherapy and 5-year survival of this group
of patients will be extremely low. Although survival
rates are lower and complications may be increased
in this group of patients, liver resection can safely be
performed in selected patients in experienced centers for
the management of multinodular HCC.
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Core tip: Liver resection is underutilized in the
management of multinodular hepatocellular carcinoma.
The presence of multiple nodules should not be
considered as a contraindication for surgical resection.
Acceptable 5-year survival rates can be achieved in
selected patients.
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Abstract
Hepatocellular carcinoma (HCC) is the third leading
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anatomic resection claim that, eradication of intrahepatic
metastasis along the portal venous system can only be
achieved by systematic removal based on segmental
[16]
liver anatomy . On the contrary, some surgeons prefer
non-anatomic resections, aiming to preserve enough
tumor free margin to maximize the volume of the
remnant liver. In the presence of multiple HCC nodules,
anatomical resections may be difficult to perform as
postoperative liver failure may be increased due to
insufficient remnant liver. In an analysis of 434 patients
from Japan, anatomic resections could be performed
in only 36% of patients with multinodular HCC while
71% of patients had undergone anatomical resections
[7]
in the presence of a single tumor . Although the risk of
intrahepatic disseminations is considered trivial in small
tumors under 2 cm, it may be challenging to justify
resection in the treatment of multinodular HCC for the
[17]
anatomic resection advocates .
[18]
Nathan et al
analyzed the factors predictive of
receipt of surgical treatment for early HCC that is, those
patients with non-metastatic tumors 5 cm or smaller
and without evidence of lymph node metastasis, extrahepatic tumor growth, or major vascular invasion.
Of the 1745 patients meeting the selection criteria, a
total of 820 patients (47%) did not receive any type
of surgical intervention. Seventy-six percent of those
(n = 622) had found to have no documentation of
any treatment modality in their medical records. The
authors examined the factors associated with receipt
of surgical therapy in a bivariate analysis. With respect
to tumor characteristics, patients who receive surgical
therapy generally had solitary tumors (68% vs 60%,
P < 0.001) and less often had bilobar disease (14%
vs 22%, P < 0.001). Surprisingly surgical treatment
was not offered to many patients without any apparent
reason. This Johns Hopkins University data suggest
that surgical treatment options are not offered to many
patients with HCC, and their opportunity of achieving
better survival may be hindered.
There is not enough data about the maximum
number of nodules that can be resected safely. In a
[19]
recent study of 399 patients, Nojiri et al showed that
even if patients have four or more nodules without portal
vein invasion and with well-preserved liver function,
resection for HCC may be the treatment of choice. The
3- and 5-year overall survival rates of patients with
multinodular HCC were 62% and 38% respectively.
[8]
Ishizawa et al reported 5-year survival of 58% in
126 patients with multinodular HCC and in this series
22 patients (17%) had four or more HCC nodules. In
this group of patients, existence of multiple tumors
was not found to be a predictor of overall survival but
independently increased the risk of recurrence (relative
[8]
risk 1.64) . With the development of radiofrequency
ablation, the combination of this modality with resection
may increase the resectability rates and surgical
treatment can be performed in more advanced multi
[20]
nodular HCC .
In a recent systematic review of 50 studies involving

TEXT
Hepatocellular carcinoma (HCC) is a major health
problem and is the sixth most common malignancy in
[1]
the world . HCC usually develops in the presence of
underlying chronic liver disease, most commonly due to
chronic hepatitis B in underdeveloped countries and due
to hepatitis C in developed countries. Although resection
remains the cornerstone treatment for HCC, the role
of resection in multinodular HCC is controversial. The
early literature suggests that transplantation is the only
treatment of choice that can offer long-term survival in
[2,3]
patients with multinodular disease .
Liver transplantation eliminates not only the tumor
but also the underlying liver disease and excellent
outcomes with 5-year survival rates exceeding 60%
can be achieved but, many patients are not candidates
for transplantation because of tumor size, advanced
[4]
age, high costs, and finally organ shortage . Clearly,
in patients with advanced underlying liver disease
and portal hypertension, transplantation is the only
option with a chance of cure. Tumors meeting Milan
criteria defined as a single tumor smaller than 5 cm or
up to three nodules smaller than 3 cm each are good
candidates for liver transplantation.
Many staging systems and management algorithms
have been proposed for HCC and the Barcelona Clinic
Liver Cancer (BCLC) staging and treatment strategy
is the most commonly used system. In the BCLC
treatment algorithm, surgical resection is limited to
patients with early stage single tumors. Patients with up
to three nodules may be offered liver transplantation.
Patients with more than three nodules are considered
for palliative treatments including chemoembolization.
[5]
BCLC algorithm was first introduced by Llovet et al
in 1999 in Seminars in liver disease. Since this original
publication, some modifications has been emerged, but
the suggestions in the management of multinodular HCC
[6]
has remained unchanged (Figure 1). The American
Association for the Study of Liver Disease guidelines also
advocates liver resection only for solitary HCC smaller
[7]
than 3 cm with well-preserved liver function .
On the other hand, the resectability for HCC mainly
depends on the volume and functional capacity of the
remnant liver, but not to the resected tumor amount.
The severity of underlying liver dysfunction is critical in
the evaluation of patients preoperatively. During daily
practice, surgeons, gastroenterogists and oncologists
may see many HCC patients with good liver reserve,
good general condition but with multinodular HCC.
Multinodular HCC has generally been regarded as a
contraindication to resection, but recently there is
[8-14]
evolving evidence for the resection of these tumors
.
Anatomic vs nonanatomic resection in patients with
[15]
HCC is an ongoing discussion . The surgeons performing
resection in the treatment of multinodular HCC have to
face the difficulty of achieving a curative intervention and
at the same time preventing postoperative liver failure
as a result of removal of too much liver. Proponents of
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HCC

Stage 0
PST 0, Child-Pugh A

Very early stage (0)
Single < 2 cm
Carcinoma in-situ

Stage D
PST > 2, Child-Pugh C

Stage A-C
PST 0-2, Child-Pugh A-B

Intermediate stage (B)
Multinodular, PST 0

Early stage (A)
Single or 3 nodules
< 3 cm, PST 0

Single

Advanced stage (C)
Portal invasion, N1, M1,
PST 1-2

End stage (D)

3 nodules < 3 cm

Portal pressure, bilirubin
Increased

Normal

Associated diseases

No

Yes

Liver transplantation
(CLT/LDLT)

Resection

PEI/RF

TACE

Curative treatments (30%)
5-yr survival 40%-70%

Sorafenib

Randomized controlled trials (50%)
Median survival 11-20 mo

Symptomatic ttc (20%)
Survival < 3 mo

Figure 1 The Barcelona Clinic Liver Cancer staging system and treatment schedule[19]. HCC: Hepatocellular carcinoma; PST: Performance status;
CLT: Cadaveric liver transplantation; LDLT: Living donor liver transplantation; PEI: Percutaneous ethanol injection; RF: Radiofrequency; TACE: Transarterial
chemoembolization.

patients with early HCC, but still acceptable, suggesting
that resection can be considered a reasonable approach
in carefully selected patients.
Despite the fact that many patients with multinodular
HCC may not be amenable to surgical treatment, these
patients need careful evaluation for possible surgical
therapy to provide that all therapeutic opportunities are
being applied (Table 1).
If resection or transplantation is not offered to
patients with multinodular HCC, these patients are
usually managed with palliative procedures such as
transarterial chemoembolization (TACE) and cytotoxic
chemotherapy (sorafenib, etc.). Although the survival
of patients after TACE is improved compared to
conservative management, 5-year survival of this group
[22]
of patients is still extremely low .
In conclusion, there is increasing evidence show
ing that resection can be safely extended to selected
patients with multinodular HCC to achieve acceptable
survival rates. Advances in the surgical treatment of
HCC over the recent years have broadened the available
surgical options for these patients. Although success
of resection decreases in multinodular HCC, the overall
5-year survival rates approaching 40% to 50% can be
achieved. With the improvements in surgical technique
and perioperative management, liver resection can
be considered as a safe treatment with an acceptable

Table 1 Survival of patients with multinodular hepatocellular
carcinoma in some large series
Ref.

Year

No. of
patients

3-yr survival
(%)

5-yr survival
(%)

Nojiri et al[19]
Zhao et al[10]
Ruzzenente et al[11]
Ishizawa et al[8]
1
Ikai et al[14]
Ng et al[12]
Ng et al[12]

2014
2013
2009
2008
2007
2005
2005

107
266
30
126
3174
380
82

62
58
ND
75
48
50
43

38
ND
46
58
30
39
26

1

3 or more hepatocellular carcinoma nodules. ND: No data.

[21]

14808 patients Zhong et al
showed that resection
can safely be performed in both large and multinodular
HCC. In this systematic review, hospital mortality rates
were found to be 2.7% to 7.3% depending on the
ethnicity and type of HCC and these rates were similar
to the mortality rates of early HCC surgery. The median
rate of postoperative complications in this study (26.6%
to 32.3%) is also comparable to early HCC series.
Overall 5-year survival and 5-year disease free survival
rates in these large and/or multinodular HCC patients
were 42% and 26% respectively. These numbers are
definitely lower than the corresponding 5-year survival
of 67% and 5-year disease free survival of 37% for
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mortality and morbidity rates in the treatment of multi
nodular HCC in experienced centers.
12
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EDITORIAL

Compartmentalization of hepatitis B virus: Looking beyond
the liver
Sibnarayan Datta
acids and proteins have long been reported in a variety
of extra-hepatic tissues. Of these, HBV has been studied
in details in the peripheral blood mononuclear cells
(PBMCs), due to its accessibility. From these studies,
it is now well established that PBMCs are permis
sive to HBV infection, replication, transcription and
production of infective virions. Furthermore, molecular
evolutionary studies have provided definite evidences
towards evolution of HBV genome in PBMCs, which is
independent of evolution occurring in the liver, leading
to the emergence and selection of compartment specific
escape variants or drug resistant strains. These variants/
resistant strains of HBV remain restricted within the
PBMCs and are rarely detected in the serum/plasma.
In addition, HBV infected PBMCs have been reported to
be directly transmitted through intrauterine modes, and
this infection does not correlate significantly with serum
HBV surface antigen or HBV DNA markers. This editorial
briefly reviews the current knowledge on this topic,
emphasizes and delineates the gaps that are required
to be filled to properly understand the biological and
clinical relevance of extrahepatic tropism of HBV.
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Core tip: This editorial discusses the phenomenon of
compartmentalization of hepatitis B virus (HBV) in
the peripheral blood mononuclear cells, their clinical
relevance in emergence of escape mutants/drug
resistant strains and also in transmission of infection
through intrauterine routes. Referring to findings
reported in some of the recently published articles on
this topic, possible implications of compartmentalization
is discussed with a focus on knowledge gaps that
need to be filled to better understand HBV biology and
pathology.

Abstract
Hepatitis B virus (HBV) is classically considered to be
hepatotropic, but accumulating evidences strongly
support its extra-hepatotropic nature too. HBV nucleic
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model, were found in human HBV occult infections too.
A previous study from our research group reported
asymptomatic, persistent occult HBV infection, specifically
in the peripheral blood leukocytes (PBL), and its possible
transmission within members of a family, that lacked
HBV DNA in serum, clearly signifying the involvement
[20]
of lymphatic cells in occult HBV infection . Based on
the analysis of HBV sequences isolated from the PBLs, it
was observed that despite the presence of two different
subtypes of HBV, namely “ayw” and “adw” (genotypes
D and A, respectively) in the family, only subtype adw
with an immune escape mutation of HBV surface antigen
(HBsAg) (G145R) was present in the PBLs of all the
family members, that possible acquired HBV by non[20]
sexual intrafamilial modes . The results of this study
also suggested the different modes of transmission of
HBV subtypes, i.e., possible sexual transmission for
“ayw” and restricted persistence of “adw” with G145R
within the PBL and its transmission through non-sexual
modes. Later, we demonstrated the PBL specific per
sistence of HBV subgenotype Ae/A2 with G145R even
[8]
in unrelated individuals within our study population .
Using multiple clonal analyses of HBV DNA from serum
and PBL from the same individuals, we detected diverse
HBV subgenotypes (D1, D2, D3, D5, Cs/C1 and Aa/A1)
in the serum, but could not detect subgenotype Ae/A2
sequences in any of the serum samples analyzed. On
the other hand HBV subgenotype Ae/A2 with G145R was
exclusively present in the PBL of majority of the subjects,
signifying the compartmentalization of a typical HBV
type with immune escape variants across a population
of unrelated individuals, as previously reported for other
[21-23]
viruses too
. It has long been recognized that HBV
interacts with cell receptors present on the hepatocytes
and lymphocytes through its preS envelope protein,
and amino acid residues 21-47 are crucial for this
[24]
interaction . Interestingly, from the analysis of HBV
multiple amino acid sequences, it has been observed
that the length of the preS region vary among HBV
genotypes, and also that the preS region is remarkably
conserved within genotypes in relation to its marked
[25]
inter-genotype variability . These facts suggest the HBV
genotype specific differences in attachment efficiency to
cellular receptors present on diverse cell types, and might
be responsible for genotype specific compartmentalization
of HBV. Despite being discovered much later than HBV,
in sharp contrast to HBV, compartmentalization have
been well studied for many other DNA and RNA viruses,
including human immunodeficiency virus (HIV), HCV,
[26-29]
epstein barr virus
.
In the recent years, studies on genetic variability of
HBV in PBMCs and in paired liver/plasma from different
groups of HBV infected individuals, have provided strong
evidences in support of compartmentalized evolution of
[30,31]
HBV within the PBMCs
. In these studies, researchers
have investigated the HBV genetic variability, drug
resistance and immune escape mutation patterns in
plasma and PBMCs from patients in different phases
of the chronic hepatitis B (CHB). Interestingly, in one
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TEXT
Hepatitis B virus (HBV) belongs to the family Hepad
naviridae of enveloped, partially double-stranded
DNA viruses and is classically considered to be a
[1]
hepatotropic virus . However, HBV proteins and nucleic
acids (both DNA, RNA) have been documented in a
variety of extrahepatic sites, including peripheral blood
mononuclear cells (PBMCs), lymph nodes, spleen, bone
[2-7]
marrow, brain, cerebro-spinal fluid . As compared
to other tissues, extrahepatic tropism of HBV has been
studied in considerable details in the PBMCs, due to
their easy access. These cells have been reported to
be permissive to HBV infection, replication, production
of replicative intermediates and biologically competent
[8-10]
virion particles
strongly supporting the lymphotropic
nature of HBV. HBV DNA has also been found to infect
bone marrow cells in vitro, express HBV antigens,
produce virion - like particles containing HBV genome
attesting to the fact that progenitor cells are also
[11-13]
potential targets for HBV infection
. Despite the
insufficiency of evidences to prove histo-pathological
[3,14]
changes due to extrahepatic HBV infection
, the
significance of such tropism is enormous from the
perspective of long persistence and parallel evolution
of the viral genome and its transmission. Two previous
case studies among liver transplant patients clearly
suggested the restricted persistence of immune escape
variants of HBV in PBMCs that acted as a source of re[15,16]
infection
.
Systematic studies on woodchuck hepatitis virus
(WHV, an animal model of hepadnaviral infection), have
revealed a number of unique and important facets of
[17-19]
lymphotropism of Hepadnaviruses
. These studies
have clearly demonstrated that Hepadnaviruses are
strongly lymphotropic in nature and that lymphoid cells
serve as an important non-hepatic reservoir for occult
[17,18]
persistence of the virus
. Furthermore, challenge
experiments with low doses of WHV was shown to
induce primary occult infection, restricted within the
[18]
lymphatic system, that rarely engaged the liver . Such
lymphoid cell restricted infection was transmissible to
virus naive hosts as an asymptomatic, occult infection
[18]
specifically within the lymphoid cells . Interestingly,
it was also demonstrated that woodchuck mothers
with lymphoid cell restricted occult hepadnaviral infec
tion transmit infection to their offspring, inducing an
occult infection, that too remain restricted within the
[19]
lymphatic system of the offsprings . These evidences
indicate a fascinating biology of lymphoid restricted
Hepadnaviruses, that is distinct from hepatic infections.
Subsequently, findings resembling the WHV animal
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study on 22 patients, only 3 patients had identical HBV
[7]
genotype profiles in plasma and PBMCs . Moreover, the
occurrence of immune escape mutations was also found
to be mostly compartment specific, being frequently
[7]
detected in the PBMCs of immune-active CHB patients .
Similarly, in another recent study on HIV-HBV co-infected
individuals, researchers documented compartmentspecific evolution of HBV, as evident by distinct resistance
mutation profiles in the plasma and cerebro-spinal
fluid, signifying independent evolution of HBV in the
[32]
central nervous system . Infection of immunologically
privileged sites by different viruses, evolution of escape
variants is known to be a well recognized immune
evasion or immune modulation strategy, well recognized
[33]
[34-37]
in case of other viruses such as HCV and HIV
.
Apart from providing a privileged site for viruses to
persist and evolve, PBMCs also play an important role
in virus transmission, through trafficking of maternal
[38]
PBMCs to the fetal blood . More specifically, recent
studies have demonstrated in utero transmission of
HBV (including vaccine escape mutants) via PBMCs,
[39,40]
crossing the placental barrier
. In a recent study
on PBMC HBV DNA positive subjects, the authors
observed that HBV infected PBMCs from the mothers
are able to cross the placental membrane, and infect
[40]
the fetus . Very recently, a similar study, reported
mother-to-infant PBMC trafficking activity in 63% of
the study subjects and intrauterine transmission of
HBV through this trafficking of infected PBMCs was
[41]
evident in 71.4% of the neonates . The intrauterine
infection rate was much higher in neonates born to
PBMC HBV DNA-positive mothers, as compared to PBMC
HBV DNA-negative mothers. The results of this study
clearly demonstrated that mother to fetal PBMC traffic
significantly increased the risk of PBMC HBV infection
in newborns. However, surprisingly, no noteworthy
association was found between mother to fetal HBV
positive PBMC transfer and detection of serum HBsAg
[41]
and/or HBV DNA positivity in the newborns signifying
that mother to fetus transfer of HBV positive PBMCs
is not frequently reflected in serum. Additionally, the
response to therapeutic approaches has been shown to
be different in PBMC restricted HBV, as compared to HBV
[30,31]
persisting in the liver
. Thus, there remains a serious
concerns regarding the use of therapeutic approaches for
prevention of vertical transmission of HBV, since serum
marker based evaluation studies might not represent the
actual incidences of transmission of HBV infected PBMCs
or the efficacy of therapeutic interventions in containing
such transmissions.
From the accumulating data, it is gradually becoming
apparent that infection of lymphocytes is an inevitable
phenomenon in a number of viral infection, including
HBV. Interestingly, this also raise a serious question,
if HBV is really a classical hepatotropic virus. Perhaps,
further studies in this direction might lead to the answer
in future. Nevertheless, persistence of HBV in PBMCs
have important implications in long term persistence,
emergence of immune escape/drug resistant variants
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and also in transmission. It is thus extremely essential to
study the phenomenon in details to properly understand
the mechanisms involved. Further deliberations might
be necessary to recommend testing of PBMCs for
routine diagnosis of HBV infection, particularly in studies
related to monitoring of transmission or therapeutic
efficacy. Taking into account the significance of PBMCs in
transfusion, transplantation, therapeutics, vaccination,
and intrauterine transmission, a comprehensive under
standing of HBV infection in these cells is imperative for
designing effective strategies to reduce the burden of
HBV and other viral infections.
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Abstract
Many years after therapeutic wilderness, sorafenib
finally showed a clinical benefit in patients with
advanced hepatocellular carcinoma. After the primary
general enthusiasm worldwide, some disappointments
emerged particularly since no new treatment could
exceed or at least match sorafenib in this setting.
Without these new drugs, research focused on optimi
zing care of patients treated with sorafenib. One
challenging research approach deals with identifying
prognostic and predictive biomarkers of sorafenib in
this population. The task still seems difficult; however
appropriate investigations could resolve this dilemma,
as observed for some malignancies where other drugs
were used.
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Core tip: The approval of sorafenib in advanced hepa
tocellular carcinoma is based on the positive results of
two large randomized phase Ⅲ clinical trials. The interand intra-individual variability regarding tumor response
and clinical outcome highlighted the unmet need of
effective biomarkers of response. These biomarkers
could be useful for monitoring treatment activity,
detecting early resistance to treatment and identifying
patients who would more likely benefit from treatment.
An overview of prognostic/predictive biomarkers of
sorafenib in hepatocellular carcinoma is discussed in this
review.
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clinical practice. We also discuss the place of functional
imaging to evaluate tumor response in advanced HCC.
The Tables 1-3 give an overview of different studies of
biomarkers in advanced HCC referred to in this review.
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com/1948-5182/full/v7/i20/2245.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i20.2245

BIOMARKERS
Definitions, why biomarkers?

The national institute of health defined “biological marker
(biomarker): a characteristic that is objectively measured
and evaluated as an indicator of normal biological
processes, pathogenic processes, or pharmacological
[25]
responses to a therapeutic intervention” . Additionally,
[26]
Ludwig et al defined biomarkers as molecular, cellular
or functional quantifiable or quantitative parameters
indicative of particular genetic, epigenetic histological
or cytological tumor abnormality. Initially, biomarkers
were used for risk assessment and screening in cancers
and later, to enhance cancer staging, to refine prognosis
[27]
and to evaluate the response to biological therapy .
Biomarkers could then be clinical, biological, molecular
or imaging parameters. Identifying prognostic and
predictive biomarkers to antiangiogenic therapies is a
crucial issue in HCC to be integrated into clinical care
in the future. Previously, some predictive biomarkers
of anticancer therapy response were identified in the
field of oncology. Indeed, the efficacy of anti-epidermal
growth factor receptors, such as cetuximab and pani
tumumab, in metastatic colorectal cancer is limited to
proto-oncogene proteins p21(ras) (KRAS) wild-type
[28-30]
cancer
. Other predictive biomarkers are used in
clinical practice. For instance, the human epidermal
growth factor receptor 2 expression in gastric and breast
[31-33]
cancers to predict response to trastuzumab
and
[34]
pertuzumab . Moreover, gefitinib and erlotinib showed
significant efficacy in patients with specific endothelial
[35,36]
growth factor receptor (EGFR) mutations
. Recently,
proto-oncogene proteins B-raf (BRAF) V600 E mutation
in patients with metastatic melanoma was proved to be
[37]
predictive of response to vemurafenib . Regarding HCC,
biomarkers should ideally meet at least the following
[26,38]
criteria
: (1) to be easily measurable through mini
mally invasive procedures, ideally using blood tests;
(2) to have a prognostic value in relation to the natural
history and the outcome of HCC; (3) to have a predictive
value wherein its presence correlates with the clinical
response to sorafenib therapy; and (4) preferably not to
be detectable in premalignant diseases (e.g., cirrhosis).

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the third leading cause of cancer[1,2]
related deaths worldwide . The incidence of HCC is
steadily increasing with about 625000 new cases per
year and the disease results in around 600000 deaths
[1,2]
yearly over the world . Less than 30% of patients
[3]
diagnosed with HCC are eligible for curative treatment
and during the course of the natural evolution of HCC;
a significant proportion of patients are candidates
for systemic therapies. In recent years, considerable
progress has been made in furthering the knowledge of
molecular biology of HCC, including better understanding
[4-8]
of the role of signaling pathways and angiogenesis .
These advances have led to the development of targeted
[9-11]
therapies in HCC
. Nevertheless, only sorafenib, a
multikinase inhibitor, remains till date the sole approved
drug in advanced HCC, based on the clinical benefit
observed in properly selected patients enrolled in clinical
[12,13]
trials
. With only three months of survival gain
compared to placebo, many practitioners and country
health authorities consider the cost-efficacy ratio of
[14-16]
sorafenib somewhat insufficient
. In some emerging
countries, the drug is not even approved for patients
with advanced HCC. Otherwise, published data and
clinical practice highlight a great inter-individual and even
intra-individual variation regarding clinical benefit and
[17-22]
toxicity
. For clinicians, there is an unmet need to
identify patients more likely to benefit from treatment.
Thus, to dispose of predictive markers of response and to
support the decision to continue treatment when better
outcome has been detected early. Thus, to improve
patient management, avoid side effects when sorafenib
has proved ineffective, and control health expenses and
clinical research. Numerous clinical, plasma and tumorderived biomarkers have already been studied. Some
of them have been proposed as predictive surrogate
markers of activity of sorafenib and other antiangiogenic
agents. Furthermore, Response Evaluation Criteria in
[23,24]
Solid Tumors (RECIST) criteria
were proposed to
evaluate tumor size changes during treatment in patients
with cancer. Novel imaging techniques and radiological
methods were suggested to strengthen the standard
RECIST criteria in HCC to evaluate, directly in patients,
the effects of drugs on tumor angiogenesis.
Herein, we review the current knowledge about
prognostic/predictive and pharmacodynamics biomar
kers for sorafenib and other antiangiogenic agents
in advanced HCC and their potential integration into
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Clinical biomarkers

Positive impact of drug-related cutaneous adverse events
on clinical outcome was initially reported in patients
treated with epidermal growth factor receptor inhibitors
[29,39]
for advanced colorectal cancers
, non-small-cell lung
[40]
[41]
cancers and pancreatic cancers . Some retrospective
studies have shown in patients with advanced HCC
treated with sorafenib a positive association with early
[42-44]
skin drug-related toxicities and clinical benefit
and
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Table 1 Association between baseline circulating markers and outcome in patients treated with various treatments for hepatocellular
carcinoma
Ref.
[85]

Schoenleber et al

Markers

Patients (n )

VEGF-A

1018

Study design

Treatment

Systemic review
Various
and meta-analysis (surgery, LRT
including only
and systemic
serum-based
therapies)
studies
Prospective
Surgery

Poon et al[115]

bFGF

88

Vejchapipat et al[105]

HGF

55

Retrospective

BSC

40

Retrospective

Resection

100

Retrospective

Resection

288

Prospective

Various

Chau et al[104]

Mizuguchi et al[106]

Kaseb et al[87]

IGF-1

Level values

Clinical impact

High serum
VEGF level

Poorer OS

Conclusion/comments

Serum VEGF method detection
varied among studies
Poorer DFS
Serum VEGF levels seem more
reliable than tissue VEGF for
HCC prognosis
High serum
Larger tumor > 5 cm High bFGF serum level before
Venous invasion
level > 10.8
surgery was shown to be an
pg/mL
independent factor of early
recurrence. No further studies
confirmed these findings
High level (≥
Advanced pTNM
Although a control group was
1.0 ng/mL
stage
included, results of this small
Poorer prognosis cohort study need confirmation
Poorer OS
in larger prospective analysis
High portal and
Multiple tumor
One limit of this study were
Poorer prognosis
serum HGF
the feasibility in routine of
level (> 699
intraoperative puncture of the
pg/mL)
portal vein was difficult
High serum
Postoperative
No correlation was observed
level (≥ 0.35
complications
between HGF level and RFS
Poorer OS
ng/mL)
Low plasma
High Child-Pugh The authors proposed that IGF-1
level (26
score
plasma level to be integrated
High AST level
ng/mL)
into the BCLC staging system
High tumor size
to predict OS for personal
Multiple tumor
management in patients with
Vascular invasion HCC. This proposal was not yet
Poorer OS
adopted in clinical practice

BCLC: Barcelona clinic liver cancer; bFGF: Basic fibroblast growth factor; BSC: Best supportive care; DFS: Disease-free survival; HGF: Hepatocyte growth
factor; IGF-1: Insulin growth factors 1; LRT: Loco-regional treatment; OS: Overall survival; RFS: Recurrence-free survival; VEGF: Vascular endothelial
growth factors.

[44,45]

[51]

disease control
(Table 4). Recently, the Barcelonan
group reported the results of a prospective single-arm,
monocentric study that assessed the link between
early sorafenib-related skin toxicities and outcome
[46]
in patients with advanced HCC . Added to baseline
performance status and barcelona-clinic-liver-cancer
[47]
staging system , early sorafenib-induced skin reactions
were an independent predictor of overall survival (OS).
Patients who experienced skin adverse events have
a better outcome compared to patients without any
cutaneous reactions. The time to progression (TTP) was
significantly longer in the first group (8.1 mo, 95%CI:
1.6-14.5, vs 3.9 mo, 95%CI: 2.08-5.7; P = 0.016) as
well as OS (18.2 mo, 95%CI: 11.9-24.4, vs 10.1 mo,
[46]
95%CI: 10.1-13.0; P = 0.009) . Accordingly, early
skin reactions during sorafenib treatment may indicate
antitumor effect and clinical benefit in patients with
advanced HCC. These findings support the need to
maintain treatment provided that these side effects are
well managed.
Arterial hypertension is a frequent side effect ob
served in patients treated with antiangiogenic agents.
The incidence of arterial hypertension in patients treated
with sorafenib for advanced cancers was estimated
[48]
at 23.1% . Previous studies showed a positive link
between arterial hypertension due to bevacizumab and
[49,50]
outcome in patients with advanced colorectal cancer
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and renal cell cancer or related to axitinib in pancreatic
[52]
cancer . However, a recent systematic review of all
placebo-controlled phase Ⅲ trials with bevacizumab
failed to demonstrate any positive impact of drug-related
arterial hypertension and clinical benefit [progressionfree survival (PFS) and OS] in patients with advanced
[53]
cancers . Sorafenib-induced arterial hypertension was
reported to be predictive of clinical benefit in patients
[54]
[55]
with metastatic renal cell cancer . Estfan et al found
in a small cohort of patients with advanced HCC that
arterial hypertension related to sorafenib correlated
[55]
with better OS . These results were not reproduced in
[42]
[46]
other retrospective
and prospective
studies. Thus,
no robust data is available to prove the link between an
increase in blood pressure during sorafenib treatment
and clinical benefit or antitumor activity for HCC (Table
4). In summary, no clinical biomarkers of response to
sorafenib were validated in clinical practice. Based on the
Barcelonan prospective study, cutaneous adverse events
seem to be the best track to explore in patients treated
with sorafenib for advanced HCC. These results should
be interpreted with caution since no untreated control
arm was evaluated in this study.

Circulating biomarkers

Alpha-fetoprotein: Serum alpha-fetoprotein (AFP)
is the only biomarker that passed all five phases of
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Table 2 Prognostic value of baseline circulating factors in patients treated with systemic therapies including antiangiogenic agents
for advanced hepatocellular carcinoma
Marker Patient (n )

Ref.
[86]

Kaseb et al

VEGF-A

Llovet et al[63]

394

490

Llovet et al[63]

HGF

251

Miyahara et al[112]

Ang2

30

Llovet et al[63]

490

Llovet et al[63]

c-KIT

245

Llovet et al[63]

IGF-2

254

Shao et al[126]

CEC/
CECP

40

Study type

Treatment

Levels values

Prognostic value

Conclusion/comments

Systemic review
Various (AA High serum or Poorer outcome Plasma VEGF seemed more relevant
including only
alone or
plasma level
than serum VEGF as prognostic factor
serum or plasmacombined
for HCC
based studies
with CT)
Prospective phase Ⅲ Sorafenib vs High plasma
Poor OS
The VEGF level was a prognostic factor
Better clinical/ for all patient's cohort but surprisingly
trial
placebo
level (> 101
demographic
pg/mL)
it did not affect prognosis in patients
parameters
receiving sorafenib. Moreover, the
VEGF level did not predict response
Prospective phase Ⅲ Sorafenib vs High plasma
Poorer OS
HGF was a prognostic factor for the
trial
placebo
level
entire cohort. However, it does not
predict response to sorafenib (only a
nonsignificant trend)
Prospective?
Sorafenib
High serum
Shorter PFS
The small cohort and the lack of
level
Progressive
control arm hamper conclusion on the
disease
role of Ang2 as predictive of response
to sorafenib
Prospective phase Ⅲ Sorafenib vs High plasma
Poorer OS
Ang2 was shown to be a prognostic
trial
placebo
level (> 6043.5 Better clinical/
factor in HCC but did not predict
pg/mL)
demographic
response to sorafenib
parameters
Prospective phase Ⅲ Sorafenib vs High plasma Trend to a better
Soluble c-KIT was shown to be a
trial
placebo
level (> 11.3
OS
prognostic factor for HCC. However, it
Trend to better showed only a nonsignificant trend to
ng/mL)
TTP
predict response to sorafenib
Better clinical/
demographic
parameters
Prospective phase Ⅲ Sorafenib vs High plasma
Better OS
IGF-2 was shown to be prognostic
trial
placebo
level (> 797.7 Better clinical/
factor in HCC but did not predict
demographic
ng/mL)
response to sorafenib
parameters
Prospective
Sorafenib +
High CECP
Poorer PFS
The predictive value of CECP was not
CT
level
Poorer OS
confirmed in further investigations

AA: Antiangiogenic; Ang2: Angiopoietin 2; CEC: Circulating endothelial cells; CECP: Circulating endothelial cell progenitors; c-KIT: Stem-cell factor
receptor; CT: Chemotherapy; HCC: Hepatocellular carcinoma; HGF: Hepatocyte growth factor; IGF-2: Insulin growth factor 2; OS: Overall survival; PFS:
Progression-free survival; TTP: Time to progression; VEGF: Vascular endothelial growth factors.
[56]

biomarker development as defined by Pepe et al .
AFP remains a useful prognostic marker and probably a
predictive marker of treatment response in HCC (Tables
5 and 6). In a large Chinese retrospective cohort, high
serum AFP level correlated with larger HCC size, vascular
[57]
invasion and low tumor differentiation . Previous
studies showed that AFP levels could be useful to predict
[58,59]
[60-62]
recurrence after surgery
, liver transplantation
.
The value of AFP as a prognostic marker was reported
in several studies evaluating sorafenib in advanced HCC.
[12]
The SHARP trial is a phase 3, placebo-controlled trial
that studied the benefit of sorafenib vs placebo in 602
[63]
patients with advanced HCC. Llovet et al
showed in
patients included in this study that high baseline AFP
plasma levels (> 200 ng/mL) have a negative impact
[63]
on OS . These findings confirmed previous results
reported with sorafenib a small cohort of patients with
[64]
[65]
advanced HCC , in retrospective analysis . High
baseline serum AFP level (≥ 400 ng/mL) also seemed
[63]
associated with shorter TTP . Noticeably, in a recent
analysis of six prospective phase Ⅱ trials evaluating
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systemic therapies for patients with advanced HCC, no
association between baseline AFP levels and prognosis
[66]
was observed . More interestingly, some authors
evaluated the kinetics of AFP during treatment in HCC
as a predictive marker of response or outcome. Previous
studies showed a positive correlation between the
decrease of AFP plasma levels and objective response
and OS in patients with advanced HCC receiving
[67,68]
systemic therapies
. Small series reported the value
of baseline and changes in AFP plasma levels to predict
response and outcome for patients with advanced HCC
treated with sorafenib. Several studies showed consistent
correlation between early (varying from 2 to 8 wk)
decrease of AFP level more than 20% following sorafenib
[69-73]
[69-71,73]
and objective response
and better outcome
in
[71]
patients with advanced HCC. Personeni et al showed
that early responders, defined by a 20% decrease of AFP
8 wk after sorafenib treatment, had significantly better
median OS and TTP compared to non-responders (13.8
mo vs 8.2 mo, P = 0.022 and 7.9 mo vs 2.4 mo, P =
[71]
0.004; respectively) . In a recent study, Nakazawa et
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Table 3 Treatment-induced changes in biomarkers levels and association with outcome in patients with hepatocellular carcinoma
Ref.

Marker

Patient (n )

Study design

Treatment

Llovet et al[63]

VEGF-A

490

Prospective phase Ⅲ trial

Sorafenib vs
placebo

37

Prospective single arm phase Ⅱ

34

Prospective single arm phase Ⅱ

37

Prospective single arm phase Ⅱ

37

Prospective single arm phase Ⅱ

34

Prospective single arm phase Ⅱ

Harmon et al[93]

Zhu et al[91]

VEGF-C

Harmon et al[93]

Harmon et al[93]
Zhu et al[91]

sVEGFR-2/
sVEGFR-3

Llovet et al[63]

Ang2

490

Prospective phase Ⅲ trial

Llovet et al[63]

c-KIT

245

Prospective single arm phase Ⅱ

34

Prospective single arm phase Ⅱ

CEC

37
36

Prospective single arm phase Ⅱ
Prospective single arm phase Ⅱ

CECP

34

Prospective single arm phase Ⅱ

Zhu et al[91]
Harmon et al[93]
Boige et al[98]
Zhu et al[91]

Marker treatment- Impact value
induced changes

Comments

Increase

No association The VEGF-A could serve
with OS and
as pharmacodynamic
ORR
marker of exposure to
sorafenib but did not
have prognostic or
predictive value
Sunitinib Reversible Increase Better DCR Inconsistent results were
Better PFS
observed in these trials.
Better OS
The value of VEGF-A
Sunitinib
Sustained increase No predictive
to predict response
value
to sunitinib could be
confirmed in larger trial
Sunitinib
Decrease
Better DC
The predictive value of
Better ORR VEGF-C was not shown
for sorafenib probably
because of its limited
action against the
VEGFR-3
Sunitinib
Reversible
Better OS (for
The small cohort did
decrease
sVEGFR-2)
not allow a definite
Sunitinib
Decrease
No predictive
conclusion
value
Sorafenib vs
No significant
Shorter TTP
Ang2 was probably a
placebo
change (for
Shorter
prognostic biomarker
sorafenib)
OS (for
than predictive of
Increase (for
patients who
response to sorafenib
placebo)
experienced
increase)
Sorafenib vs
Decrease
No predictive Tumor expression of KIT
placebo
(sorafenib) no
value
was considered as low
change (placebo)
in HCC, and the role
Sunitinib
Decrease
Better TTP
of soluble KIT remains
Better OS
unclear
Sunitinib
Decease
Better TTP
Bevacizumab
Early increase
Better OR
CEC level was not
Better DCR
associated with
Sunitinib
Decrease
Progression prognosis in this study.
However, it could
predict response to
bevacizumab. The
rarity of CEC level
and non-standardized
measurement methods
limited the use of CEC
as a predictive marker of
response to treatment in
HCC

Ang2: Angiopoietin 2; CEC: Circulating endothelial cells; CECP: Circulating endothelial cell progenitors; c-KIT: Stem-cell factor receptor; DCR: Disease
control; HCC: Hepatocellular carcinoma; ORR: Objective response; OS: Overall survival; PFS: Progression-free survival; sVEGFR: Soluble vascular
endothelial growth factors receptor; TTP: Time to progression; VEGF: Vascular endothelial growth factors.

[74]

al did not find a significant link between pretreatment
AFP levels and tumor response in patients with advanced
HCC treated with sorafenib. However, an early increase
in AFP levels correlates with poorer outcome with shorter
[74]
OS and PFS .
Japanese groups proposed the lens culinaris agglu
tinin reactive AFP (AFP-L3), an isoform of AFP, as a
[75-77]
good diagnostic and prognostic biomarker for HCC
.
However, scant data is/are available regarding the value
of AFP-L3 as predictive of response to antiangiogenic
[78]
agents in HCC .
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In summary, available data are not consistent
enough to confirm the value of baseline AFP level as
a predictive marker of response to antiangiogenic
[79]
treatment for patients treated for advanced HCC .
Des-gamma-carboxy prothrombin: Des-gammacarboxy prothrombin (DCP) is a prognostic factor for
[80]
HCC as shown by Japanese research . Changes in
DCP plasma level were evaluated in patients treated
[73,81,82]
with sorafenib
. Some studies reported that DCP
could be an independent factor of survival in patients
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Table 4 Clinical side effects induced by sorafenib in patients with advanced hepatocellular carcinoma and association with outcome
Side effect

Patients (n )

Study design

Skin reaction

94
65

Retrospective
Retrospective

Di Costanzo et al[43]

65

Retrospective

Shomura et al[44]

37

Retrospective

147

Prospective

94
41

Retrospective
Retrospective

Ref.
Otsuka et al[42]
Vincenzi et al[45]

Reig et al[46]

Otsuka et al[42]
Estfan et al[55]

Arterial
hypertension

Impact on survival

Impact on other parameters

Predictive value

Better OS
No impact on ORR, DCR, and TTP
No
Trend to a better OS
Better DCR
Early skin toxicity could
Better TTP
predict efficacy of sorafenib
Better OS
Not reported
Skin toxicity could predict
survival
Better OS
Better DCR
Skin toxicity could predict
efficacy
Better OS
Better TTP
Early skin reaction could
predict efficacy of sorafenib
and survival
No impact
No impact
No
Better OS
Trend to better TTP

DCR: Disease control rate; OS: Overall survival; ORR: Objective response rate; TTP: Time to progression.

Table 5 Prognostic value of baseline and increase of alpha-fetoprotein for hepatocellular carcinoma in patients who underwent
resection or transplantation
Patient (n )

Ref.
Liu et al[57]

AFP

2034

Wang et al[139]

160

Ma et al[58]

108

Ikai et al[59]

12118

Vibert et al[60]

153

Hakeem et al[61]

12159

Duvoux et al[62]

972

Study design

Treatment

Level values

Impact value

Comments

Retrospective Resection (79.2%) High AFP levels Large tumors (≥ 10 cm)
This large cohort study showed
Higher vascular invasion that High AFP level was associated
NA (20.8)
(> 20 µg/L)
Lower differentiated
with poor prognosis and poor
tumor
clinicopathological features of HCC
Retrospective
Resection
High AFP level
Shorter median TTR
In this study, the value of AFP levels to
(> 4000 UI/L)
predict recurrence is limited since only
a few numbers of patients (9%) have
AFP level higher than the cutoff level
Retrospective
Resection
High AFP level
Lower differentiated
This study demonstrated the negative
(> 20 ng/mL)
tumor
impact of high AFP levels on surgery
Higher vascular invasion benefit and the need to closely screen
Higher postoperative
patients after resection for recurrence
2-yr recurrence rate
Lower 24-mo survival
rate
Japanese
Resection
High AFP level Worsen OS after surgery This large cohort study showed better
nationwide
(≥ 20 ng/mL)
outcome of patient resected for HCC in
Analysis
the last decade but the persistence of
Comparative
the negative impact of high AFP level
study
on prognosis
Retrospective
LT
AFP level
Lower OS
This study showed the negative impact
Lower RFS
increase > 15
on the outcome of AFP levels increases
in patients undergoing LT
µg/L per month Higher recurrence rate
Systemic
LT
AFP > 1000
Poorer OS
The authors stressed the poor quality of
Poorer DFS
review
ng/mL (based on
previous studies and the need for highthe majority of Higher vascular invasion quality evidence on outcomes to use
Poorer differentiated AFP levels as a prognostic indicator for
study included
tumor
in the review)
patients undergoing LT
Prospective/
LT
High AFP level
Tumor recurrence
A new score model including AFP level
Vascular invasion
retrospective
was proposed to select patients for LT
Poor differentiation

AFP: Alpha-fetoprotein; DFS: Disease-free survival; HCC: Hepatocellular carcinoma; LT: Liver transplantation; NA: Not available; RFS: Recurrence-free
survival; TTR: Time to recurrence.
[81,82]

treated with sorafenib
. These results were not
[73]
reproduced in other reports . DCP is currently used
mainly in Japan and should be investigated more in a
western HCC population.

cancer angiogenesis. The activation of the complex
VEGF/VEGF receptor (VEGFR) stimulates endothelial
[83]
cell growth, proliferation, invasion and survival .
Circulating VEGF level may be useful in evaluating VEGF
[84]
expression in HCC tumor
and were found suitable
[85]
for HCC prognosis . The VEGF-A isoform promotes
angiogenesis and the dual VEGF-C/VEGF-D isoforms
stimulates the lymphangiogenesis through activation of

Vascular endothelial growth factors: The
vascular endothelial growth factors (VEGF) is one
of the potent pro-angiogenic factors implicated in
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Table 6 Prognostic and predictive value of baseline or changes of alpha-fetoprotein level for patients with hepatocellular carcinoma
treated with antiangiogenic therapies alone or combined with systemic therapies
Patients (n )

Study design

Treatment

Level values

Clinical impact

57

Retrospective

Sorafenib

High level ≥ 400
ng/mL

Shorter TTP

Shao et al[69]

72

Prospective

Yau et al[70]

94

Retrospective

Sorafenib

Personeni et al[71]

85

Retrospective

Sorafenib

Køstner et al[72]

76

Retrospective

Sorafenib

Kuzuya et al[73]

48

Retrospective

Sorafenib

Nakazawa et al[74]

59

Retrospective

491

Prospective
Phase Ⅲ trial

Hsu et al[64]

53

Prospective
single-arm
Phase Ⅱ trial

Baek et al[65]

201

Retrospective

Lin et al[66]

156

Ref.
[160]

Shim et al

Llovet et al[63]

Shao et al[119]

AFP

45

Various AA AFP response (>
+ CT
20% decrease from
baseline within the
first four weeks)

AFP response (>
20% decrease from
baseline within the
first six weeks)
AFP response (>
20% decrease from
baseline within the
first six weeks)
AFP response (>
20% decrease from
baseline within the
first four weeks)

Comments

This study suffers from some limits:
a retrospective study, a small cohort
including only hepatitis B patients, short
median follow-up duration, lack of
correlation with OS or ORR
Better DCR
The magnitude of AFP decline (20%
Better ORR
or 50%) from baseline was not clearly
Better PFS
defined. Similarly, the time point for
Better OS
evaluation of AFP level was not clear also
(4 wk? 7 wk?). Limits: a small number of
patients with heterogeneous treatment
Clinical benefit rate The cutoff value to define AFP response
Better PFS
was inconsistent between various studies
Marginal better OS
Better DCR
Better TTP
Better OS

The authors used the landmark method to
limit the potential favorable outcome due
to tumor features than to AFP response

Better ORR

No correlation was observed between
AFP response and OS probably because
of the limited number of patients
evaluated and the unusual poor OS seen
in all cohort (5.4 mo)
Limits of the study: retrospective design
and the small number of patients
included

AFP response
Better DCR
Better TTP
(decrease from
Better OS
baseline within 2
and 4 wk)
Sorafenib
AFP response
Progressive disease
Limits of the study: a small number
Shorter PFS
(increase from
of patients was enrolled in this and
Shorter OS
baseline within four
retrospective study. No association
weeks)
between AFP level before treatment and
tumor response was observed
Sorafenib vs High plasma level >
Poorer OS
The impact of baseline AFP on survival
placebo
200 ng/mL
was observed in both groups of patients
treated with placebo or sorafenib
Sorafenib +
> 400 ng/mL
Poorer OS?
The prognostic value of baseline AFP
mT/U
level was shown only in univariate
analysis and only score CLIP ≥ 3 was an
independent prognostic factor of poor OS
Sorafenib
Shorter FFS
Baseline AFP level, tumor size, PS,
≥ 400 ng/mL
Poorer OS
albumin and bilirubin levels were the
independent factor associated with OS in
this study
Various
No impact
Limits of the study: heterogeneous
≥ 400 ng/mL
systemic
population
therapies

Systemic
review of the
prospective
phase Ⅱ trials
Pooled analysis Sorafenib +
of single-arm mT/U and
phase Ⅱ trials
beva + C

> 400 ng/mL

No impact

This study especially focused on the
impact of IGF factors on outcome and
the small cohort analyzed limits the
interpretation of the effect of AFP levels
on survival

AA: Antiangiogenic; AFP: Alpha-fetoprotein; Beva: Bevacizumab; C: Capecitabine; CLIP: Cancer of the liver Italian program[161]; CT: Chemotherapy; DCR:
Disease control rate; FFS: Failure-free survival; mT/U: Metronomic tegafur/uracil; ORR: Objective response rate; OS: Overall survival; PFS: Progressionfree survival; PS: Performance status; TTP: Time to progression.

the VEGFR-2 and VGEFR-3 respectively. Several studies
showed that high baseline levels of VEGF-A impacts
negatively on prognosis in patients with advanced
[63,85-87]
[88]
HCC
. Ebos et al demonstrated that monitoring
of soluble VEGFR-2 (sVEGFR-2) in mouse tumor models
could be suggestive of the overall circulating VEGF
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levels and therefore, a potential surrogate biomarker
[88]
for VEGF-dependent tumor growth . An inverse link
between sVEGFR-2 plasma levels and tumor size was
detected. Recently, sVEGFR-1 levels were shown to be
associated with more advanced-stage HCC and tumor
differentiation and sVEGFR-2 levels to be associated with
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[89]

[63]

poorly differentiated tumor . Llovet et al
reported
changes of plasma VEGF level in patients treated for
HCC enrolled in the SHARP study. Compared to baseline
level, a significant increase in plasma level of VEGF
was observed in the sorafenib group (P = 0.010) and
a significant decrease in plasma level of sVEGFR-2
and sVEGFR-3 was seen in the placebo group (P <
[63]
0.0001) . The increase of VEGF plasma level found
after sorafenib treatment was somewhat surprising
since sorafenib showed OS improvement. However,
similar findings were observed in patients treated with
[90]
sorafenib for renal cell carcinoma , with sunitinib for
[91-93]
[94-96]
advanced HCC
or renal cell carcinoma
. Increase
of VEGF plasma level could be subsequent to hypoxia
[94]
induced by the antiangiogenic agents . Noticeably,
a reversible increase in the VEGF level induced with
sunitinib was also observed in non-tumor-bearing mice
suggesting a systemic response that possibly masks
tumor-specific changes or any difference in responding
patients. Therefore, the increase in VEGF in response to
[97]
treatment could also occur independently of tumor
and might explain the absence of correlation between
this change and the outcome in HCC patients treated
[63]
with antiangiogenic agents . In the SHARP trial,
the increase of VEGF-A plasma concentration during
sorafenib treatment observed in patients with advanced
[63]
HCC did not predict OS or tumor response . Similarly,
no association between VEGF-A plasma level changes
and outcome was observed in patients treated with
[98]
bevacizumab for advanced HCC . Accordingly, the
VEGF-A could serve as a pharmacodynamic marker
of exposure to antiangiogenic agents but did not have
[85]
prognostic or predictive value . Sunitinib induced in
patients with HCC, a reduction of VEGF-C (the ligand of
VEGFR-3) plasma level that was associated with disease
control and tumor response according to the RECIST
[23]
[99,100]
[93]
criteria and Choi criteria
respectively . Likewise,
sunitinib-induced decrease of sVEGFR-3 plasma levels
in patients with renal cell cancer and breast cancer
[95,101]
correlated with a better outcome
. Baseline level
of VEGF-C may be regarded as a potential predictive
biomarker of sunitinib efficacy in patients with advanced
[92,93]
HCC
. However, as sorafenib has limited action
[102]
against the VEGFR-3 , the value of this biomarker to
predict response in HCC patients could be anecdotal.
In summary, further robust studies are warranted to
demonstrate the predictive value of circulating VEGF in
patients treated with sorafenib or other antiangiogenic
agents for advanced HCC. The plasma VEGF should be
assessed more than serum VEGF because it was more
reproducible and consistent in estimating the activity of
[86]
VEGF .

SHARP study biomarkers analysis, patients treated
with sorafenib experienced a decrease in a mean
plasma level of HGF although; patients treated with
[63]
placebo have mean HGF concentration increase .
Added to circulating stem-cell factor receptor (c-KIT)
and angiopoietin 2 (Ang2) concentrations, HGF level
was shown to be an independent factor of survival
[63]
in patients with advanced HCC . Low baseline HGF
plasma level trends toward better OS (12.4 mo vs
6.3 mo, P = 0.073) and TTP in patients treated with
[63]
sorafenib for HCC . Noticeably, in contrast to plasma
levels, tissue HGF expression carries low prognostic
[107]
information
. Further investigations are needed to
identify the role of HGF as a predictor of response to
sorafenib in patients with advanced HCC.
Ang2: Ang2, one of the families of angiopoietins, is
an angiogenic factor implicated in tumor angiogenesis
[108]
stimulation and progression in human HCC . Tumor
overexpression of Ang2 was associated with vascular
invasion, tumor size microvessel density level, poorly
[108,109]
[110]
prognosis HCC
and poor differentiated tumor .
Preoperative presence of Ang2 in the hepatic vein was
also associated with portal invasion and poor outcome
[111]
in HCC resected patients
. In a small uncontrolled
cohort of patients treated with sorafenib for advanced
HCC, the authors reported that Ang2 could predict
[112]
the outcome . High Ang2 serum baseline level was
associated with PFS but not with OS in HCC patients
[112]
[63]
treated with sorafenib . Llovet et al
confirmed the
negative impact on prognosis of baseline high plasma
level of Ang2 in HCC. In patients treated with sorafenib
or placebo, median OS was significantly shorter in those
with high baseline Ang2 plasma levels compared to
those with low baseline concentrations (6.3 mo vs 14.1
mo, HR = 2.407; 95%CI: 1.9-3.03; P < 0.001). In the
group of patients treated with sorafenib, no significant
changes in median Ang2 plasma levels were observed
during the treatment. However, concentration increase
was reported in the group of patients treated with
[63]
placebo . Both patient groups treated with sorafenib
or placebo that experienced an increase of Ang2 plasma
[63]
levels during follow-up had shorter OS and TTP .
Ang2 seems, therefore, a prognostic factor of HCC
aggressiveness but not an adequate predictive factor of
[63]
sorafenib efficacy. Llovet et al suggested that dosing
Ang2 plasma levels during treatment with sorafenib
could be an attractive option to monitor patients with
advanced HCC.
Basic fibroblast growth factor: The basic fibroblast
growth factor (bFGF) is one of the identified angiogenic
[113]
factors with a potent stimulus for HCC growth
.
Tumor overexpression of bFGF seems mainly implicated
[114]
in HCC invasiveness than tumor neovascularization .
Moreover, a significant correlation between high preo
perative serum bFGF level and larger tumor, venous
invasion, advanced tumor staging and early recurrence
[115]
was reported in resected HCC . In the SHARP study,

Hepatocyte growth factor: The hepatocyte growth
factor (HGF) is a strong promoter of hepatocarcino
genesis through the activation of the HGF axis and its
[103]
receptor MET
. Previous studies showed that high
serum levels of HGF in patients with HCC negatively
[104-106]
associated with OS and outcome
. In the recent
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no difference was observed concerning changes in
mean bFGF plasma concentration between sorafenib
[63]
and placebo in patients with advanced HCC .

marrow-derived CEC progenitors (CECP) were shown to
[120,121]
be potential surrogate markers of angiogenesis
.
High circulating level of CECP in patients with HCC
[122]
correlates with advanced disease . Previous studies
reported levels of CEC and CECP decrease and return to
normal values following antiangiogenic therapy in cases
[123]
[124]
of complete remission . Willett et al
showed that
high doses of bevacizumab induce an increase of viable
CEC and CECP percentage in a small cohort of patient
with rectal cancer. Bevacizumab treatment induced in
patients with advanced HCC, an early increase of viable
[98]
CEC levels that correlated with objective response .
In patients with imatinib-resistant gastrointestinal stro
mal tumor, sunitinib induced early, but not subsequent
increase of CEC blood levels that seemed to be corre
[125]
lating with clinical benefit . Otherwise, sunitinib was
shown to cause a decrease of CECP level in patients
[91]
[126]
with advanced HCC . Shao et al
showed that high
baseline CECP level, but not CEC level, was associated
with poor OS in patients treated with sorafenib com
bined with metronomic chemotherapy. The value of
CEC and CECP levels as biomarkers of angiogenesis
and antiangiogenic therapies in HCC needs further
prospective analysis. In fact, methods and techniques of
measurement were inconsistent, and unreliable results
were reported depending on the type of study (clinical
or preclinical studies), cancer types, and antiangiogenic
[98,115,116,121]
agents
.
In summary, none of the above biomarkers is vali
dated to predict response to sorafenib in patient with
advanced HCC. Except the SHARP biomarkers analysis
study, the majority of available data was reported
from no control arm retrospective studies. Validation
through further large, controlled randomized trials are
required to confirm the predictive value of such pre
dictive biomarkers so to be integrated with clinical use.
Moreover, techniques used to assess drug-induced
variation in circulating factors should be standardized
for reliable interpretation. An important issue should
also be questioned of whether the presence or change
in circulating biomarkers could discriminate between
treatment benefit and tumor resistance or escape.

Stem-cell factor receptor - KIT: The role of stemcell factor receptor and its soluble forms has not been
entirely elucidated in HCC. Soluble forms of KIT were
fundamentally implicated in tumor-cell survival and
[93]
[63]
proliferation . Llovet et al
reported a trend to a
positive impact of high baseline soluble c-KIT level on
OS and TTP in patients treated with sorafenib. Sorafenib
induced a significant decrease in mean plasma levels
of soluble c-KIT, unlike the placebo that resulted in no
[63]
changes in c-KIT concentration . Likewise, following
exposure to sunitinib, plasma levels of soluble c-KIT
decreased significantly in patients with renal cell
[95]
[101]
[91-93]
carcinoma , breast cancer
and HCC
. SHARP
biomarker analysis showed a nonsignificant trend of
soluble c-KIT in predicting sorafenib response in patients
with advanced HCC. In the sorafenib cohort, patients
with high baseline soluble c-KIT level showed better
median OS and TTP compared to those with low soluble
c-KIT level but without reaching significance (10.4
mo vs 9.4 mo, P = 0.081 and 6.7 mo vs 4.1 mo, P =
[63]
0.052; respectively) . In a phase Ⅱ study, Zhu et
[91]
al
reported that soluble KIT plasma levels decrease
following 14 d of sunitinib treatment in patients with
advanced HCC and correlated with better PFS and
OS. Similarly, improvement of TTP and trend towards
better OS were reported when soluble KIT plasma level
decreased from baseline following sunitinib in patients
with HCC, metastatic breast cancer and neuroendocrine
[93,95,101]
tumor
. Nowadays, the role of soluble c-KIT in
HCC pathogenesis remains unclear since the expression
of this protein kinase in HCC tissue appears to be
[116]
anecdotal .
Insulin growth factors: The insulin growth factors
(IGF) signaling pathway, including its ligand, IGF-1, and
IGF-2, plays a crucial role in carcinogenesis of various
[117,118]
tumors
. In patients with HCC, independently to the
tumor stage, low baseline IGF-1 plasma level correlated
[87]
with poorer OS . In a small cohort of patients with
advanced HCC receiving first-line antiangiogenic
treatment associated with metronomic chemotherapy,
serum levels of IGF-1 could predict treatment efficacy in
this population. Indeed, high baseline IGF-1 serum levels
before treatment correlate with better OS, PFS and
[87]
disease control rate . Moreover, high baseline IGF-2
plasma levels associated with a better OS in the placebo
[63]
group enrolled in the SHARP trial . In this large phase
Ⅲ controlled trial, the IGF-2 failed to predict response to
[63]
sorafenib in patients with advanced HCC
confirming
previous results observed with other antiangiogenic
[119]
agents .

Tissue biomarkers

In addition to tissue prognosis markers obtained from
tumor samples, some studies tried to identify predictive
factors of response and outcome following anticancer
agents. Table 7 summarizes studies evaluating tissue
biomarkers used as prognostic and predictive of HCC.
[127]
Abou-Alfa et al
evaluated the impact of tumor
expression of phosphorylated extracellular signalregulated kinase (pERK) and outcome in patients treated
with sorafenib for advanced HCC. A high pretreatment
tumor level of pERK correlated with TTP, but the survival
impact was not analyzed. Tumor-cell expression and
staining levels of pERK using immunohistochemistry
analysis were performed in 33 patients. Patients with
high pretreatment tumor-cell pERK expression had
better TTP compared to those low staining intensity. The

Circulating endothelial cells and circulating
endothelial cell progenitors: In preclinical models,
levels of circulating endothelial cells (CEC) and bone-
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Table 7 Prognostic and predictive value of tissue biomarkers evaluated in hepatocellular carcinoma
Marker

Patient (n )

Origin of specimen

Method assay

Quantification

Ang2

46

Resected specimens

RT-PCR and IHC

Quantitative

Zhang et al[109]

38

Resected specimens

RT-PCR

No

Torimura et al[110]

59

Resected specimens (19)
and Biopsy (40)
Biopsy before sorafenib
Biopsy before sorafenib
Biopsy before sorafenib

RT-PCR and IHC

Semi-quantitative

Ref.
Mitsuhashi et al[108]

Abou-Alfa et al[127]
Ozenne et al[128]
Hagiwara et al[131]

pERK
JNK

33
20
39

Peng et al[134]

pVEGFR-2

35

Poon et al[84]

VEGF

60

IHC
Semi-quantitative
IHC
Semi-quantitative
IHC and Western
Quantitative
Blot

Resected specimen before RT-PCR and IHC
sorafenib
Resected specimen
IHC and ELISA

Semi-quantitative
Semi-quantitative

Marker level

Clinical impact

High tumor Ang2/1 Tumor portal vein
ratio
invasion
Large tumor
Increase MVD
Poor OS
High tumor Ang2/1
Large tumor
Portal vein invasion
ratio
Metastasis
High tumor Ang2 Poor differentiated
tumor
High tumor pERK
Better TTP
High tumor pERK
No impact
High JNK tumor
Lower ORR
Poorer TTP
Poorer OS
Low tumor
Poorer OS
expression
High tumor
Advanced HCC
expression
stage

Ang2: Angiopoietin 2; ELISA: Enzyme-linked immunoadsorbent assay; IHC: Immunohistochemistry; JNK: C-Jun N-Terminal Kinase; MVD: Microvessel
density; ORR: Objective response rate; OS: Overall survival; pERK: Phosphorylated extracellular signal regulated kinase; pVEGFR: Phosphorylated vascular
endothelial growth factors receptor; RT-PCR: Real-time polymerase chain reaction; TTP: Time to progression.
[134]

authors speculated that tissue expression of pERK could
be predictive of response to sorafenib since tumors
with higher levels of pERK were associated with more
[127]
sensitive, or responsive, to sorafenib . Our immuno
[128]
histochemistry analysis did not confirm these findings .
Indeed, immunophenotypical markers (including pERK,
VEGF, CD34, CK19, and STAT3) were evaluated in 21
patients treated with sorafenib for advanced HCC. None
of these tissue markers was predictive of survival in
[128]
our population . These inconsistent results could be
explained by the significant variability of detection of
ERK expression by immunohistochemistry between
samples obtained from biopsies compared to their sub
[129]
sequent resected HCC specimens
and the potential
for rapid dephosphorylation and variable time of tissue
[130]
fixation .
Recently, a Japanese group found in patients treated
with sorafenib for advanced HCC, a negative impact of
[131]
tumor expression of phospho-c-Jun on outcome
.
Tumor expression of phosphor-c-Jun was associated
[131]
with low tumor response rate, shorter TTP and OS .
These data need further validation since limited samples
were evaluated.
Otherwise, previous analysis showed that VEGF
expression in HCC tumor was associated with aggressive
[132,133]
[134]
disease and worse outcome
. Peng et al
showed
that tumor expression of VEGFR (phosphorylated
VEGFR-1 and VEGFR-2) could affect the outcome of
[134]
patients treated with sorafenib for advanced HCC
.
Using immunohistochemistry analyzes, low pVEGFR-1
and pVEGFR-2 expressions in previously resected HCC
specimens; a subsequent treatment with sorafenib was
associated with worse outcome and poorer OS. The
authors postulated that high autocrine VEGF signaling
activity in tumor tissue could be predictive of response
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and outcome in patients treated with sorafenib
.
These results could be hampered somewhat by the
retrospective feature of the analysis, the small number
of patients included and the low feasibility in clinical
practice.
Furthermore, overexpression of “stemness”-related
proteins (including c-KIT, K19, and CD34) was shown
to be associated with aggressive HCC and poor pro
[135-138]
gnosis
. Recently, the stem-cell factor, a ligand
of c-KIT, was shown to be an independent prognostic
[139]
factor for HCC after resection . In patients with low
tumor expression of stem-cell factor, the median time to
recurrence was 24 mo compared to 12 mo in patients
[139]
with overexpression > 85% of the marker .
Microvessel density (MVD) was another tissue
biomarker proposed to predict response to antiangiogenic
[124]
agents. Willett et al
observed a decrease of tumor
MVD following antiangiogenic therapies in rectal cancers
and this parameter was suggested as predictive of
clinical benefit. However, inconsistent results were
reported in an exploratory analysis of a large pivotal trial
evaluating the addition of bevacizumab to chemotherapy
[140]
in patients with metastatic colorectal cancer
. The
tumor MVD did not predict the survival benefit in this
[140]
large trial
. Noticeably, measurement methods of
MVD were not standardized explaining partially the
[140]
inconsistent results
. MVD analysis of HCC tumor
[141]
tissue was shown to have only prognostic value . The
feasibility of tumor MVD expression was very limited in
clinical practice hampering its use in predicting response
to antiangiogenic agents for HCC.
Some tissue markers of response were evaluated
in HCC using other antiangiogenic agents. Tivantinib,
a selective MET inhibitor, was evaluated in a second
line setting through a randomized, placebo-controlled
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[142]

phase Ⅱ trial in patients with advanced HCC . In this
study, tumor expression of MET influenced treatment
benefit. Patients with tumor overexpression of MET
clearly benefit from tivantinib treatment. High-MET
tumor expression was associated with longer TTP on
tivantinib compared to placebo (2.7 mo vs 1.4 mo, HR
= 0.43, 95%CI: 0.19-0.97; P = 0.03) and OS (7.2 mo
vs 3.8 mo, HR = 0.38, 95%CI: 0.18-0.81; P = 0.01).
Interestingly, tivantinib did not show any benefit when
[142]
tumor expression of MET was low .
Nowadays, no tissues biomarkers can identify
patients who might respond to sorafenib. Tumor analy
sis data were/was unavailable in large clinical trials,
probably because of lack of tumor samples biopsies
since HCC diagnosis was frequently made according to
[143,144]
imaging features
.

to mRECIST criteria, reclassified 22.6% of patients
as responders while they were initially categorized as
[147]
having stable disease by RECIST criteria . Our group
found consistent results when alternative radiological
[100]
criteria to RECIST were applied . We evaluated early
tumor response in 64 patients with advanced HCC
treated with sorafenib using RECIST, mRECIST, Choi and
[100]
EASL criteria . These new criteria identified a higher
objective response rate compared to the conventional
RECIST criteria (varying from 51% for Choi to 28% and
28% for mRECIST and EASL respectively; compared
to only 3% for RECIST criteria). Responder patients
according to Choi criteria at the first tumor assessment
had better OS compared to non-responders (22.4 mo
[100]
vs 10.6 mo, 95%CI: 0.15-086; P = 0.097) .
Further evaluations of these new criteria in com
parison to RECIST criteria are needed in prospective
clinical trials evaluating sorafenib or other antiangiogenic
agents for advanced HCC.
In summary, we believe that, combining early
reduction of AFP levels following sorafenib initiation
with new radiological criteria could be helpful in detect
ing patients who might benefit from antiangiogenic
treatment and to propose better tailor-made strategy
management.

IMAGING FEATURES AND FUNCTIONAL
IMAGING
The clinical benefit of sorafenib with OS gain in patients
with advanced HCC contrasted largely with a low
objective response rate noted in this population. The
low response rates could be considered as a sign of
lack of antitumor activity in early phases of clinical
trials but were favorably balanced by sustained tumor
stabilization and small numbers of tumor progression
in the waterfall plot activity. Fortunately, the decision to
proceed with phase Ⅲ trials was not hampered by the
apparent lack of tumor response.

Which response criteria to apply?

Functional imaging

Various functional imaging tools [including contrastenhanced ultrasound, dynamic contrast-enhanced
magnetic resonance imaging (MRI) and dynamic
contrast-enhanced CT and positron emission tomography
(PET)] were proposed to evaluate the antiangiogenic
[150]
effects
(Table 8). Functional imaging approaches
consist of infusion of intravenous contrast agent that
enhances vascular and tumor structures and the
acquisition of sequential images before, during, and after
injection.

[23,24]

The conventional RECIST criteria
usually used
for tumor response evaluation of conventional chemo
therapy appear clearly inappropriate to evaluate the
response to sorafenib in patients with advanced HCC.
Major features were reported following antiangiogenic
[145]
agents consisting of decreased tumor vascularization
[146]
and density
on computer tomography (CT) scans.
The modified RECIST (mRECIST) criteria are a new
[145]
assessment method proposed by Lencioni and Llovet
to overcome the limitations of RECIST criteria. They
include vascularization and tumor arterial enhancement
changes of the target lesion on CT. Other new criteria
including European Association for the Study of the Liver
(EASL) criteria and Choi criteria, that evaluated tumor
density changes, were also proposed to evaluate tumor
[100,146-148]
response to sorafenib in patients with HCC
.
A representative case of discrepancies between these
criteria is shown in Figure 1. Several studies used CTscan evaluation to predict early response to sorafenib
and to adjust treatment strategy according to the
[100,147,149]
potential clinical benefit
.
[147]
Edeline et al
showed in patients treated with
sorafenib for advanced HCC that overall response
rate was higher when mRECIST criteria were applied
compared to RECIST criteria (22.7% vs 1.9%).
Interestingly, tumor response assessment according
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Dynamic contrast-enhanced ultrasound

Some small cohort studies evaluated the useful of
dynamic contrast-enhanced ultrasound (DCE-US) to
predict early tumor response to sorafenib in patients
[151-153]
with advanced HCC
. In a Japanese prospective
monocentric study, a total of 37 patients with advanced
HCC treated with sorafenib were evaluated using
DCE-US, before treatment and on days 7, 14 and 28
[152]
of treatment
. Significant changes in different US
perfusion parameters between responders and nonresponders (according to RECIST and mRECIST criteria)
were observed at the prescheduled time of the followup. Correlation between reduction in tumor blood
volume 7 d after treatment initiation and better PFS
and OS was found. The authors suggest that DCE-US
performed earlier could be useful to identify patients
[152]
with advanced HCC, who may benefit from sorafenib .
Consistent results were obtained in an Italian prospective
study that enrolled 28 patients treated with sorafenib
and monitored with DCE-US at baseline, days 7, 15 and
[154]
30 of treatment . Early decrease of tumor vascularity
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Baseline
HCC aspect on CT scan at the
time of diagnosis

Arterial phase of CT scan showing a hypervascular tumor
related to HCC (black arrow) with existence of limited
peripheral hypodensity area on several axial slides
corresponding to spontaneous necrosis (white arrow)
Follow-up
CT scan evaluation
after 3 mo of sorafenib

Occurrence of hypodensity in the major part of the tumor corresponding to a loss of the
hypervascular aspect induced by sorafenib on arterial phase (black arrow). However,
persistence in several peripheral area of viable tumor (white arrow)
The response between baseline and evaluation CT scan will be according subsequent
criteria:
RECIST: Stable disease
mRECIST: Partial response (because > 30% decrease in the sum of diameters of viable lesion
Choi: Partial response (because of ≥ 15% of tumor density)

Figure 1 An illustrative case showing discrepancies between subsequent criteria used to assess tumor response in a patient treated with sorafenib for
hepatocellular carcinoma. HCC: Hepatocellular carcinoma; CT: Computed tomography; RECIST: Response evaluation criteria in solid tumors; mRECIST: Modified
RECIST.

Table 8 Value of functional imaging in patients with hepatocellular carcinoma treated with antiangiogenic agents
Imaging tools Patients (n )

Ref.
Sugimoto et al[152]

DCE-US

Zocco et al[153]

Zhu et al[91]

DCE-MRI

Hsu et al[156]

Lee et al[159]

FGD-PET

Study design

Treatment

Imaging findings and clinical impact

37

Prospective

Sorafenib

28

Prospective

Sorafenib

Tumor vascularity decreases and
blood volume within seven days
trends towards better PFS and OS
An early decrease in AUC and
increase of median transit time was
associated with better PFS and OS

34

Prospective

Sunitinib

31

Prospective

Sorafenib +
mT/U

29

Retrospective

Sorafenib

Conclusion/comments

These studies enrolled small cohort
of patients hampering adequate
interpretation. However, DCE-US
remains a promising noninvasive
imaging, but operator dependent,
to predict response in patients with
HCC treated with sorafenib and larger
cohort of patients should be evaluated
Decrease in vascular permeability The decrease of vascular permeability
was associated with better disease
induced by antiangiogenic agents
control
seems to be a good predictive of
A ≥ 40% decrease in vascular
tumor response and clinical benefit.
permeability with 14 d was
These promising findings should be
associated with better PFS and OS confirmed by largest cohort of patient
SUV < 5.00 correlated with longer
Prospective studies are needed to
PFS and OS
evaluate the predictive value of the
FDG-PET in HCC

AUC: Area under the time-intensity curve; DCE-US: Dynamic contrast-enhanced ultrasound; DCE-MRI: Dynamic contrast-enhanced magnetic resonance
imaging; FGD-PET: 18F-fluorodeoxyglucose - positron-emission tomography; PFS: Progression-free survival; OS: Overall Survival; mT/U: Metronomic
tegafur/uracil.
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[158]

occurring during treatment was predictive of tumor
response, better PFS and OS.

detection , in patients receiving antiangiogenic drugs
for HCC.
In summary, several studies with antiangiogenic
agents have shown the need for additional criteria,
beyond RECIST criteria, for early evaluation of antitumor
activity and identification of patients who could benefit
from these therapies. Furthermore, promising findings
of the correlation between biomarkers and radiological
response were shown in some studies, warranting
further validation in larger clinical trials.
Measurement of tumor hypodensity, intratumor
necrosis, and vascular parameters are the main criteria
to be explored by dynamic functional imaging. These
parameters are not already validated, but they represent
prospective radiological investigations of primary interest
for the assessment of antiangiogenic therapy effects
beyond tumor size.

Dynamic contrast-enhanced magnetic resonance
imaging

Dynamic contrast-enhanced magnetic resonance
imaging has already been proposed to assess vascular
disruption of antiangiogenic compounds in early clinical
trials. However, this technique remains considerably
more complex than conventional imaging and needs
[155]
real expertise
. Using DEC-MRI, changes in tumor
blood flow following VEGFR tyrosine kinase inhibitors
[91,156]
were observed in patients with advanced HCC
.
trans
Significant decrease in vascular permeability (K ) and
reverse reflux rate constant between the extracellular
space and plasma (Kep) were reported in patients with
[91]
advanced HCC treated with sunitinib . These changes
were associated with better prognosis since the extent
trans
of decrease in K
was significantly greater in patients
with partial response or stable disease compared to
those with progressive disease or those who died
[91]
early following sunitinib treatment . DEC-MRI was
also evaluated to predict response and benefit in 31
patients with advanced HCC treated with sorafenib
[156]
trans
plus metronomic tegafur/uracil . In this study, K
before treatment was significantly higher in patients
with partial response or stable disease compared to
patients with progressive disease. Following 14 d of
trans
treatment, significant change in median K
was
observed in responders compared to non-responder
patients (-47.1% vs 9.6%; P < 0.001). The percentage
trans
of K
change following treatment was an independent
predictor of tumor response, PFS, and OS. Better PFS,
and OS was seen when a vascular response, defined
trans
as ≥ 40 decrease in K
at day 14 of treatment, was
detected (29.1 wk vs 8.7 wk, P = 0.033 and 53.0 wk vs
[156]
14.9 wk, P = 0.016; respectively) .
Currently, the use of DEC-MRI is limited to clinical
research and has not been extended to routine practice.
Further studies combining cost-effectiveness are needed
to define the place of this innovative tool as predictive
of tumor response and clinical benefit with sorafenib in
advanced HCC.
18

CONCLUSION
The sorafenib success story in advanced HCC raised
new questions regarding the suitable approach to select
patients who would likely benefit from treatment, ideally
before its initiation. In routine practice, identifying
predictive tools and biomarkers of response or early
resistance seems to be an unmet need. Nowadays,
no one of biomarkers the cited above biomarkers was
validated in routine. AFP and some proangiogenic
factors, such as VEGF and Ang2, seem to be promising
prognostic and predictive biomarkers in HCC. However,
there is probably no single ideal biomarker to predict
response to antiangiogenic agents.
Controlled-arm prospective studies are required to
improve the robustness of result interpretation. New
endpoints are necessary for these biomarkers, such as
monitoring angiogenesis, predicting early treatment
response or even before starting therapy, defining
optimum biological dose and identifying early resistance
to antiangiogenic agents. Translational research using
sequential tumor biopsy analysis while the patient is his
own witness could probably be the most reliable method
to identify robust biomarkers. Furthermore, advances
in functional imaging techniques could allow evaluation
of these molecules in real time, by assessing tumor
density rather than tumor size. New tumor assessment
criteria, particularly in cases of stable disease according
to RECIST, should be identified and validated through
large prospective cohort analysis. Finally, combining
imaging response and efficient circulating biomarkers
such AFP or proangiogenic factors (e.g., VEGF or Ang2)
could be a practical option and may be helpful to detect
patients more likely to benefit from antiangiogenic
treatment and to propose better tailor-made strategy
management.

F-fluorodeoxyglucos-PET

Few studies evaluated the prognostic value of
18
F-fluorodeoxyglucose-PET (18-FDG-PET) in patients
[157,158]
receiving antiangiogenic agents for advanced HCC
.
[159]
In a small cohort study, Lee et al
found that the
degree of FGD uptake correlates with outcome in Korean
patients with advanced HCC treated with sorafenib.
Patients who experienced pretreatment standardized
uptake values (SUV) < 5.00 had better PFS and OS
[159]
compared to those with SUV ≥ 5.00 . Undeniably,
such findings should be verified by prospective evalua
tion in large cohort patients. Finally, no data are/is
available regarding the prognostic or predictive value of
18
F-fluorocholine, a PET tracer of lipid metabolism, that
18
is supposed to be more sensitive than F-FDG for HCC
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Markers of bacterial translocation in end-stage liver disease
Ioannis Koutsounas, Garyfallia Kaltsa, Spyros I Siakavellas, Giorgos Bamias
BT is commonly observed in liver cirrhosis and has been
shown to play an important role in the pathogenesis of
the complications of end stage liver disease, including
infections as well as hepatic encephalopathy and
hepatorenal syndrome. Due to the importance of BT in
the natural history of cirrhosis, there is intense interest
for the discovery of biomarkers of BT. To date, several
such candidates have been proposed, which include
bacterial DNA, soluble CD14, lipopolysaccharides
endotoxin, lipopolysaccharide-binding protein, calpro
tectin and procalcitonin. Studies on the association of
these markers with BT have demonstrated not only
promising data but, oftentimes, contradictory results.
As a consequence, currently, there is no optimal marker
that may be used in clinical practice as a surrogate for
the presence of BT.
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Abstract

Core tip: The exact mechanism behind bacterial
translocation in patients with cirrhosis has not been fully
elucidated. The discovery of reliable biomarkers for this
phenomenon would be of significant clinical importance,
as bacterial translocation is closely associated with
the development of severe complications. Various
molecules have been identified as candidates for serving
as markers of bacterial translocation in this patient
population. This mini-review attempts to summarize the
most recent available data regarding the potential use
of such markers as clinical and prognostic tools in the
management of end-stage liver disease.

Bacterial translocation (BT) refers to the passage of
viable bacteria or bacterial products from the intestinal
lumen, through the intestinal epithelium, into the
systemic circulation and extraintestinal locations. The
three principal mechanisms that are thought to be
involved in BT include bacterial overgrowth, disruption of
the gut mucosal barrier and an impaired host defence.
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Increased intestinal permeability has been linked to the
progression of liver disease and the complications of
[13]
cirrhosis . However, increased intestinal permeability
cannot fully account for the pathophysiology of BT;
moreover, it is not clear whether these structural changes
[5]
are the cause or the result of BT .
The intestinal immune system is comprised of
Peyer’s patches, the mesenteric lymph nodes (MLNs)
and a large number of cells distributed throughout the
[14,15]
lamina propria and epithelium of the intestine
.
Patients with cirrhosis exhibit systemic immune altera
tions that may promote the development of infections
and BT. Advanced cirrhosis is associated with decrease
in the cellular and humoral components of immune
response, decreased activity of the reticuloendothelial
system, decreased phagocytic capacity of Kupffer
cells, as well as restricted recruitment of leucocytes
in response to inflammatory stimuli due to portal
[16-18]
hypertension-associated splanchnic hyperaemia
.
The inflammatory response induced by BT, with the
synthesis of cytokines, particularly tumor necrosis
factor-alpha (TNF-α), interleukins and nitric oxide (NO)
also increases intestinal barrier permeability, which, in
turn, favours BT, thus creating a feedback in which BT
[5]
promotes its own causative mechanisms .
Bacterial translocation is also associated with
systemic complications and deterioration of the hyper
dynamic circulation in cirrhosis (Figure 1). Human studies
have shown that cirrhotic patients with increased levels
of lipopolysaccharide binding protein (LBP), a marker
of BT, are found to have a significant immune and
haemodynamic derangement, which is ameliorated by
norfloxacin administration, by causing selective intestinal
[19]
decontamination and inhibiting BT . Additionally, the
presence of bacterial DNA (bDNA), another marker of BT,
in patients with cirrhosis and ascites, has been correlated
with aggravation of peripheral vasodilation and with
[20]
worsening of intrahepatic endothelial dysfunction .
Kidney tissue in cirrhosis shows increased expression
of the toll-like receptor 4 (TLR4), nuclear factor κB
(NF-κB), and TNF-α molecules, which makes the renal
system further susceptible to the effects of cirrhosis
during BT, highlighting the fact that BT contributes to
[21]
the development of hepatorenal syndrome (HRS) .
Moreover, it has been reported that the non- absorbable
antibiotic rifaximin improves systemic hemodynamics
and renal function in patients with alcohol-related
cirrhosis and ascites, by suppressing intestinal bacterial
[22]
overgrowth and preventing BT . It has been also
suggested that cirrhotic patients may have compromised
ability to upregulate sufficient dilatory forces [i.e.,
endothelial nitric oxide synthase (NOS), inducible
NOS, and heme oxygenase-1] to counterbalance the
constrictive effect of endothelin-1 upon a secondary
insult of endotoxemia. This is indicated by the presence
of lipopolysaccharides (LPS) endotoxin during BT, and
the net effect of this phenomenon is the establishment
[23]
of increased intrahepatic resistance . Endotoxemia
may also be a trigger factor for variceal bleeding,

INTRODUCTION
Bacterial infections are frequent complications of cirrhosis
and have been associated with significantly increased
[1]
mortality rate . Spontaneous bacterial peritonitis
(SBP), urinary tract infections, pneumonia and sepsis
are the most common infections, with gram-negative
and gram-positive bacteria being equally detected as
the causative organisms. In particular, cirrhotic patients
with gastrointestinal bleeding have higher risk for
developing bacterial infections during hospitalization
and, thus, antibiotic prophylaxis is recommended in this
[2,3]
scenario .
Bacterial translocation (BT) refers to the entry
of viable bacteria or their products into the regional
lymph nodes, the systemic circulation, and possibly
extraintestinal organs. The origin of such microorganisms
is the enteric flora and translocation occurs via a
[4]
defective mucosal barrier . BT is considered the key
step in the pathogenesis of SBP and bacteremia in
cirrhotic patients, as well as a critical factor that triggers
host immune responses and secretion of inflammatory
mediators, which, ultimately, mediate the hemodynamic
changes that are present in portal hypertension and
[5]
cirrhosis . The main three mechanisms involved in BT
include bacterial overgrowth, physical disruption of the
gut mucosal barrier and an impaired host defence (Figure
[6]
1) . In the present article, we will briefly review the
pathogenesis of BT and analyze the literature regarding
surrogate markers for this condition.

Pathogenesis of BT

Small intestinal bacterial overgrowth (SIBO) is multi
factorial and may be the result of defective gastric
acid secretion and compromised small intestinal
motility, as well as dysregulated mucosal and systemic
immunity. The currently accepted criterion for the
5
diagnosis of SIBO is the presence of > 10 colonyforming units/mL of coliform bacteria in aspirates from
the proximal jejunum. Alternatively, breath tests have
been used as sensitive and simpler tools for diagnosis
of bacterial overgrowth, by measuring an increase in
breath hydrogen or methane concentration, produced
from intestinal bacterial fermentation after glucose or
[7]
lactulose ingestion . Experimental data has shown that
cirrhotic rats with SIBO had a significantly higher rate
of BT and slower intestinal transit than those without
[8]
SIBO . In clinical studies, the prevalence of SIBO in
cirrhotic patients was found to be significantly higher
than that in non-cirrhotic controls, and that it is related
[9]
to the severity of liver disease . Furthermore, the
incidence of SIBO was higher in patients with a previous
[10]
history of SBP than in SBP-naïve patients .
Structural and functional alterations of the gut mucosa
that lead to increased intestinal permeability to bacteria
[11]
and their products have been described in cirrhosis .
Bile secretions may also play a role in the prevention of
BT by inhibiting bacterial overgrowth, exerting a trophic
[12]
effect on intestinal mucosa and neutralizing endotoxin .
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Host
defence

Intestinal
permeability

SIBO

testinal locations has been long recognized in clinical
and experimental cirrhosis. At the time of liver surgery,
one third of cirrhotic patients with Child-Pugh stage C
demonstrate infected MLNs; this percentage is reduced
to the level of non-cirrhotic patients after selective
[27]
intestinal decontamination . In contrast, most of BT
episodes in cirrhotics remain undetected as its diagnosis
relies on blood or ascitic fluid cultures, which are more
often negative than positive. This may be the result of
bacterial opsonization which renders bacteria nonviable
in routine cultures. Despite the process of opsonization,
bacterial components might remain in biological fluids
and could be detected with more sensitive analytical
methods. Taken together, these findings emphasize the
need for the discovery of novel and reliable markers
with high sensitivity and specificity for the diagnosis of
[28]
BT .
The application of bDNA as a marker of BT was
initially shown in animal models of experimental
cirrhosis. Specifically, in cirrhotic rats the presence of
bDNA of a certain bacterial species in blood, ascites
or pleuritic ﬂuid was always associated with its simul
taneous presence in MLNs. Moreover, the presence
of bDNA was associated with marked inflammatory
[29]
responses . Importantly, these findings occurred
independently of the blood culture status (positive or
negative).
Several studies in humans have now tested the
validity of molecular detection of bDNA as a surrogate
marker of BT. Using a polymerase chain reaction (PCR)
[28]
- based method, Such et al
reported that bDNA in
serum and ascitic fluid was present in 32% of cirrhotic
patients with culture negative ascites, and that this
likely represented episodes of single clone translocation
and systemic seeding. E. coli was the most frequently
identified microorganism, while S. aureus was responsible
less frequently. The same group showed that bacteria
persist in the blood of cirrhotic patients during variable
periods of time after the completion of therapeutic
paracentesis, therefore suggesting that this phenomenon
is related to the existence of repeated episodes of BT
from the intestinal lumen. The presence of identical
sequences of nucleotides in all bDNA PCR fragments
detected in every patient, strongly supports the existence
of the repeated episodes of BT being caused by the same
[30]
bacteria specie . The presence of bDNA in patients
with decompensated cirrhosis has also been associated
with marked activation of peritoneal macrophages,
as evidenced by NO synthesizing ability along with
enhanced interferon-γ, TNF-α, interleukin (IL)-2, and
[31]
IL-12 production . Serum and ascitic fluid TNF-α
levels were significantly higher in patients with bDNA
compared to those without this marker on admission.
Additionally, the relative risk of death, HRS and SBP was
[32]
higher in patients with bDNA . A sub-group of patients
with translocation of Gram-positive microorganisms
showed increased proinflammatory cytokines unrelated
[33]
to endotoxin . Furthermore, the presence of bDNA
in patients with cirrhosis during an episode of ascites
was shown to be an indicator of poor prognosis. When

Bacterial translocation

NO, in
flamm
atory
cytokin
es

Splachnic vasodilation

Spontaneous
bacteremia

Portal hypertension
SBP

Variceal
bleeding

Hepatorenal
syndrome

Hepatic
encephalopathy

Figure 1 The main three mechanisms involved in bacterial translocation
include intestinal bacterial overgrowth, increased intestinal permeability
to bacteria and an impaired host defence. BT is considered the key step
in the pathogenesis of bacteremia and SBP in cirrhotic patients, as well as a
critical factor that triggers host immune responses and secretion of inflammatory
mediators from macrophages, hepatocytes and other cells which, ultimately,
mediate the hemodynamic changes that are present in portal hypertension and
cirrhosis. BT contributes to the development of hepatorenal syndrome, and it
may also be a trigger factor for variceal bleeding. Infection and the resulting
systemic inflammatory response are considered important factors contributing
to worsening hepatic encephalopathy in cirrhotic patients. SIBO: Small intestinal
bacterial overgrowth; SBP: Spontaneous bacterial peritonitis; NO: Nitric oxide;
BT: Bacterial translocation.

either by worsening liver function or causing an acute
[24]
increase in portal hypertension . Infection and the
resulting systemic inflammatory response (SIRS) are
considered important factors contributing to worsening
[25]
hepatic encephalopathy (HE) in cirrhotic patients . BTassociated inflammatory response may therefore have
a role in the pathogenic mechanisms involved in HE.
Consistent with this are the results from studies show
ing either improvement of minimal encephalopathy in
cirrhotic patients receiving rifaximin, or the effectiveness
of probiotics for secondary prophylaxis of HE, overall
suggesting that BT plays an important role in the
[26]
pathogenesis of HE .
Considering the eminent role of BT in the progression
of liver disease and the subsequent complications of
cirrhosis, it is not surprising that the elucidation of the
underlying mechanisms as well as the discovery of
possible markers of BT, that may be easily measured
and have prognostic value for the severity of liver
disease, has been at the center of attention of many
research groups. In this review, we aimed to summarize
the most prominent of the proposed markers of BT,
such as bDNA, LPS, LBP, sCD14, calprotectin and
procalcitonin (Table 1).

Bacterial DNA

The occurrence of bacterial-derived material in extrain
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Table 1 Biological markers for assessment of bacterial translocation in liver cirrhosis
Origin
Bacterial
DNA

Comments

Ref.

Pros: Long half-life, association with cytokine
Bellot et al[20], Francés et al[31], El-Naggar et al[32], Gonzálezproduction, hemodynamic changes and prognosis
Navajas et al[33], Zapater et al[34], Jun et al[35], Fagan et al[36]
Cons: Variable rates of detection (maybe depending on
Rincón et al[39], Sersté et al[40], Feng et al[41], Fujita et al[42],
methodology used), lower prevalence in outpatients
Vlachogiannakos et al[43], Mortensen et al[44], Mortensen et
al[45], Appenrodt et al[46]
Gram (-) bacteria
Pros: Correlation with TNF-α, stage of cirrhosis,
Hanck et al[52], Lin et al[54], Chan et al[55]
prognostic value for severity of liver damage
Cons: Short half-life, variation of detection rates
Bellot et al[5], Fukui et al[53], Kaser et al[56], Stadlbauer et al[57]
Acute phase protein Pros: Long half-life, correlation with TNF-RI, TNF-α,
Albillos et al[19], Albillos et al[59]
triggered by LPS
IL-6, and hyperdynamic circulation
Cons: Low detection rates, elevated in systemic
Albillos et al[19], Albillos et al[59]
infection from Gram (-) bacteria
Monocytes, liver
Pros: Prognostic marker of disease progression in
Landmann et al[61], Tuomisto et al[62], Sandler et al[63],
HBV/HCV/HIV, NAFLD and alcoholic liver disease, Balagopal et al[64], French et al[65], Ogawa et al[66], Campos et
correlation with liver fibrosis, easily measured
al[67]
Neutrophils
Pros: Easily measured, fecal levels associated with
Gundling et al[77], Lutz et al[81]
stage of liver disease, SBP and HE, ratio of ascites
calprotectin/total protein may be better
Cons: Plasma levels do no distinguish cirrhotic patients
Homann et al[75], Homann et al[76], Montalto et al[78]
from healthy controls, weak association with alcoholic
liver disease
Neutrophils, liver, Pros: Ascitic levels may differentiate between cirrhotic
Attar et al[97]
thyroid
subgroups
Cons: No correlation with HE, conflicting results
Spahr et al[92], Elefsiniotis et al[94], Rahimkhani et al[95],
depending on etiology of liver disease
Villarreal et al[96]
Neutrophils
Pros: Associated with ascites and advanced cirrhosis,
Papp et al[99]
predicts time to the first infectious complication
Cons: Single study
Bacteria

LPS

LBP

sCD14

Calprotectin

Procalcitonin

ANCAs (IgA)

LPS: Lipopolysaccharides; HE: Hepatic encephalopathy; SBP: Spontaneous bacterial peritonitis; LBP: Lipopolysaccharide binding protein; ANCA: Antineutrophil cytoplasmic antibodies; TNF-α: Tumor necrosis factor-alpha; IL: Interleukin; HCV: Hepatitis C virus; HBV: Hepatitis B virus; HIV: Human
immunodeficiency virus; NAFLD: Non-alcoholic fatty liver disease.

outpatients with cirrhosis and non-neutrocytic ascites,
[40]
after repeated paracentesis . This finding may account
for the markedly low prevalence of SBP in cirrhotic
outpatients, when compared with their hospitalized
counterparts. In another study, bacterial-specific 16S
ribosomal RNA was not detected in blood samples from
systemic or splanchnic circulation of cirrhotic patients
on days 0 and 29 after rifaximin administration. In this
study, plasma bDNA concentration did not correlate with
[43]
systemic hemodynamic parameters . Furthermore,
bDNA did not correlate with markers of inflammation,
such as C-reactive protein, TNF-α, IL-6 and IL-8.
Additionally, it did not accurately predict the presence
[44]
of SBP . bDNA was also found to be largely unrelated
to a panel of markers of inflammation and without
association with portal pressure in patients with cirrhosis
undergoing transjugular intrahepatic portosystemic
[45]
shunt insertion . No correlation between detection
[46]
of bDNA in ascites and SBP was found . In another
study, administration of a probiotic mixture improved
the hepatic and systemic haemodynamics in cirrhotic
patients, but these changes were not related to the
[39]
detection of bDNA .
In all, these contradictory results may be accounted
for by differences in the tested populations and, also,
in the specific methodologies used for the detection
[41,42]
of bDNA
. These discrepancies obviate the need

considering only patients with MELD score < 15, mortality
was significantly higher in those positive for bDNA. In
this study, SBP developed independently of the bDNA
[34]
status at admission . The presence of bDNA was also
associated with peripheral vasodilation and deterioration
[20]
of intrahepatic endothelial function . Another study
highlighted the strong correlation between SIBO and
the presence of bDNA in the peripheral blood of patients
[35]
with cirrhosis . Moreover, the high bDNA detection
frequency was recently confirmed as it was shown that
it was detected in ascitic fluid from 23 of 25 patients
with culture-negative, non-neutrocytic ascites. Again,
bDNA levels were a poor prognostic factor for a 6-mo
clinical outcome. High bDNA burden was also associated
with reduced major histocompatibility complex class Ⅱ
[36-38]
expression on macrophages isolated from ascites
.
Studies on the importance of bDNA detection in
cirrhotics have occasionally created contradictory results.
bDNA was identified by gel electrophoresis of a multiplex
PCR-based product which amplified selected prokaryotic
nucleic acids and was detected in 5/5 culture-positive
neutrocytic, 1/6 culture-negative neutrocytic and 8/56
culture-negative non-neutrocytic samples. Threemonth mortality was increased in the presence of ascitic
[39]
bDNA only for patients with a MELD score > 15 .
Contrary to hospitalized patients, bDNA was rarely
detected in ascitic fluid and serum of asymptomatic
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for larger studies which will include well-characterized
patient subpopulations, including chronic hepatitis,
non-alcoholic fatty liver disease (NAFLD), as well as
compensated and decompensated cirrhosis. Moreover,
standardisation of methodology is required in order to
determine the applicability of bDNA usage in clinical
practice as a surrogate marker for BT. Finally, testing of
larger cohorts of patients may define the significance
of detectable bDNA as a prognostic tool for systemic
responses and survival in cirrhosis.

bind and transfer bacterial LPS, and the LPS-LBP
[58]
complex binds mCD14 on myeloid cells or to sCD14 .
Consequently, several studies have tested the validity
of the expression of LBP as an indicator of a systemic
response to LPS, and, thus, as an indirect marker of
[19]
BT. Albillos et al demonstrated that BT, expressed by
elevated plasma levels of LBP, leads to derangement
of patients with decompensated cirrhosis. Cirrhotic
patients with high LBP levels had enhanced expression
of sCD14 and sTNF-RI as well as elevated circulating
levels of TNF-α and IL-6. Furthermore, an intense
hyperdynamic circulatory state was described in this
population. Interestingly, LPS was detectable only in one
third of the patients with high LBP. The latter observation
strengthens the suggestion that LPS cannot easily serve
as a marker of BT, due to its short half-life, so transient
episodes of bacteremia may remain undiagnosed. On
the other hand, the subsequent expression of LBP after
endotoxemia is detectable for a much longer period.
Moreover, a study performed by the same group
suggested that patients with high LBP circulating levels
[59]
have increased susceptibility to infections . Different
studies have proposed that increased levels of LBP in
cirrhosis are the result of chronic endotoxemia and
that also no difference occurs in the expression of LBP
between alcoholic and non-alcoholic cirrhosis. Kaser
[56]
et al
reported a strong correlation between the two
binding proteins of LPS, LBP and sCD14. Although its
longer half-life makes LBP a more attractive marker
of BT than LPS, its use has certain drawbacks. First,
systemic LBP elevation exists only in response to Gramnegative bacteria, and, second, it may not only be
present in BT, but also in systemic infection resulting in
[60]
SIRS (systemic inflammatory response syndrome) .
Recently, the target molecule of the complex LPS-LBP,
CD14 was also proposed as a surrogate marker of BT.
mCD14 is expressed mainly by macrophages and at a
lesser extent by neutrophils and dendritic cells. sCD14 is
secreted by hepatocytes and monocytes. The expression
of sCD14 is upregulated as a result of the presence
of LPS. CD14 acts as a co-receptor along with TLR-4
[61]
for the detection of bacterial LPS . LPS induces the
CD14/TLR4 complex endocytosis in human monocytes
and macrophages and the consequent NF-kB activation.
[62]
Tuomisto et al showed a significant correlation between
the levels of bDNA in the liver and the local expression of
CD14 in alcoholic liver disease. These findings emphasize
[63]
the role of CD14 as a marker of BT. Sandler et al
proposed that sCD14 may not only be a marker of BT,
but also a prognostic marker of disease progression in
HBV and HCV infection. Specifically, sCD14 in patients
with severe fibrosis was highly elevated not only in
peripheral blood, but also within the hepatic parenchyma,
measured by CD14 (+) hepatic cells. Regardless of
the etiology of cirrhosis, microbial translocation as
identified by the presence of sCD14, is believed to play
[56]
a key role in the progression of liver disease . Studies
concerning cirrhosis in HIV-infected patients support
[64]
[65]
this hypothesis . French et al
provided evidence

LPS-LBP-sCD14

LPS or endotoxin is a lipopolysaccharide, which is part
of the outer membrane of Gram-negative bacteria.
In circulation, it is recognized by LBP. The LPS-LBP
complex binds to membrane CD14 (mCD14) on myeloid
[47,48]
cells or to circulating CD14 (soluble CD14, sCD14)
and promotes a cascade of inflammatory responses via
[49,50]
myeloid differentiation-2/TLR4 activation of NF-kB
.
Kupffer cells, which are specialized macrophages
located in the liver, are activated when exposed to LPS
and can produce a spectrum of cytokines and reactive
oxygen intermediates, including the proinflammatory
cytokine TNF-α. Thus, LPS is a potent stimulator of
Kupffer cell TNF-α production, and this pathway has
been implicated in the pathogenesis of many types of
liver injury. It has also been proposed that through this
mechanism hepatic stellate cells are activated towards
the production of inflammatory and adhesion molecules,
[51]
thus inflicting liver damage .
Due to its aforementioned properties, LPS was one
of the first molecules that was proposed as a marker of
BT. The working hypothesis is that its presence in the
sera of cirrhotic patients directly indicates endotoxemia
from Gram negative bacteria. In alcoholic cirrhosis, LPS
has been found to correlate with TNF-α levels and with
the stage of liver disease (Child-Pugh score); thus, it
has been suggested that LPS may be a key player in the
[52]
progression of alcoholic liver disease . Levels of LPS in
plasma of patients with alcoholic cirrhosis were higher
than in non-alcoholics, pointing to a critical role for
alcohol consumption in the development of endotoxemia
[53]
and liver damage . Taking into consideration that LPS
plasma levels of cirrhotic patients are elevated compared
to chronic hepatitis and the reported correlation with
the stage of cirrhosis, it is probable that LPS may
[54]
serve as a prognostic factor of disease severity
and
[55]
short-term survival of cirrhotic patients . It should be
noted, however, that not all studies have demonstrated
a positive correlation between serum LPS and stage
[53,56]
of cirrhosis
. Therefore, LPS has not been clearly
[57]
established as a reliable marker of BT . This may be
due to the short half-life of LPS or to the interference of
[5]
various factors with the detection of LPS .
LBP is a 65 kDa, acute phase protein that is
predominantly produced in the liver by hepatocytes.
Bacterial LPS triggers the production of LBP and the
peripheral levels of LBP are significantly elevated in the
setting of bacterial presence. LBP is known to specifically
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that in HIV/hepatitis C virus (HCV)-coinfection, levels
of sCD14 and IL-6 were mostly elevated in patient with
disease progression than in non-progressors. Studies in
patients with NAFLD reached similar results, suggesting
a positive correlation between serum sCD14, hepatic
[66]
CD14 expression and liver inflammation . Attention
has also been drawn towards polymorphisms of the
promoter region of the CD14 gene, shedding light to the
role of CD14/-159TT genotype in the progression of liver
[67]
injury in alcoholic liver disease . Taking into account
the aforementioned studies, it appears that sCD14 may
represent a promising marker of BT as it can easily be
measured in circulation and correlates with progression
of liver disease.

when compared to healthy controls. Moreover, this
increase correlated with the severity of liver disease
(assessed by Child-Pugh and MELD scores). Even more
significantly, higher calprotectin values were associated
with advanced stages of HE, the presence of SBP, as
well as extraintestinal infections. Finally, calprotectin
[77]
strongly correlated with serum ammonia levels . The
aforementioned observations reinforced the hypothesis
that fecal calprotectin may be a reliable surrogate
marker for BT and provide important assistance in
the diagnosis and clinical management of patients
with decompensated liver disease. It should be noted
that the finding of a possible selective calprotectin
upregulation in alcoholic liver disease that was reported
in initial studies, was not confirmed in a longitudinal
study of active alcoholics, where alcoholics and controls
[78]
had similar fecal calprotectin measurements .
It was recently reported that ascitic calprotectin may
be utilized (with the help of a point-of-care assay) to
reliably predict an elevated polymorphonuclear count
(> 250) in ascitic fluid, allowing for faster diagnosis of
[79]
[80]
SBP . Another study by Alempijević et al
focusing
exclusively on HE confirmed that fecal calprotectin
levels were positively correlated with HE grading
according to the West-Haven grouping criteria, although
it did not show a correlation with serum ammonia levels
[77]
as Gundling et al
did. Finally, the ratio of ascites
calprotectin to total protein was proposed as a better
marker than ascitic fluid calprotectin alone for use in
the diagnosis and prognosis of SBP. The authors report
satisfactory sensitivity and specificity for this new
marker, as well as a statistically significant correlation of
[81]
higher values with poor 30-d survival .
In all, calprotectin remains a promising surrogate
marker for BT in cirrhosis. It demonstrates many
advantages, especially in its fecal measurement, as it
is a non-invasive, quick and relatively easy to perform
assay, with proven clinical value in other disease
[82]
states .
Procalcitonin (PCT) is a 116 amino acid propeptide
of calcitonin. It has been established as a valuable
biomarker for the diagnosis and monitoring of bacterial
infections to the point that is being used as a guide for
[83]
antibiotic use . Concerning advanced liver disease,
PCT has been studied for the past 15 years regarding
its potential for the diagnosis of SBP in decompensated
patients and subsequently for its utility as an indirect
marker of BT. As the liver is believed to be a key
source of PCT, there were initially concerns that hepatic
impairment may result in downregulated serum PCT
[84]
levels. Although, this was not proven to be the case ,
and early reports were encouraging about the use of
PCT in the diagnosis of SBP, its potential role remains
currently unclear as several studies provided conflicting
[85-93]
results
. A solution has been proposed with the
[87]
use of an ultra-sensitive PCT assay , and possible
explanations for the discrepancies noted between studies
[94]
include higher baseline levels in patient with alcoholic
[95]
or specific viral-related
causes of cirrhosis and the

Calprotectin - procalcitonin - anti-neutrophil cytoplasmic
antibodies

Calprotectin is a calcium and zinc binding protein with
[68]
a molecular weight of 36 kDa . It has been estimated
that it may account for more than 60% of the soluble
[69]
cytosolic proteins in human neutrophil granulocytes .
Moreover, it was shown that calprotectin measurements
in fecal samples not only correlate with the degree of
[70]
neutrophil migration in the gastrointestinal mucosa ,
but also serve as reliable surrogate marker of intestinal
[71]
inflammation . As a result, fecal calprotectin has
been studied in depth in gastrointestinal disorders,
and has assumed an important role in monitoring the
activity and response to treatment in patients with
[72,73]
inflammatory bowel disease
.
The pathogenesis of BT in patients with cirrhosis has
been associated with alterations in gut mucosal immune
responses and intestinal permeability. In addition,
neutrophil infiltrates are detected in the gastrointestinal
mucosa of cirrhotics. Consequently, calprotectin has
been investigated as a possible diagnostic marker for
the existence and natural history of SBP and HE. Initial
studies conducted by a Danish research group, focused
on the possible prognostic significance of calprotectin
levels in the plasma and ascitic fluid samples from
patients with end-stage liver disease. The authors
did not find a significant difference between healthy
controls and patients with cirrhosis (irrespectively if
liver disease was compensated or decompensated), a
[74,75]
finding that was confirmed in additional studies
.
On the other hand, they reported that high plasma
calprotectin levels were an indicator of poor survival in
[74]
alcohol-related cirrhosis . The most important finding,
however, regarding the role of calprotectin in relation
to BT, was that during follow up of the patients higher
calprotectin levels were an independent predictor of
[76]
recurrent bacterial infections .
Arguably the most important study regarding
the role of fecal calprotectin in the diagnosis of BT
complications, is the one conducted by Gundling et
[77]
al . They investigated the relationship between fecal
calprotectin levels and the onset and course of SBP
and HE. They confirmed that patients with cirrhosis
had significantly elevated fecal calprotectin levels
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[96]

presence of other bacterial infections . Furthermore, it
was reported that PCT levels in the ascitic fluid, but not
in serum may differentiate between different cirrhotic
subgroups, reflecting a possible localized role in the
[97]
interplay between ascites and BT . Interestingly, in
contrast to calprotectin, PCT has not been found to
correlate with the presence of HE, another possible
important component of the BT phenotype in cirrhosis. It
should be also noted, that in several of the PCT-related
studies the role of CRP was assessed as well and it was
usually found to have an inferior potential as a SBP
[91,98]
marker when compared to PCT
.
Finally, as part of the potential of established auto
immune and inflammatory markers of BT, a recent
Hungarian study is worth mentioning. Therein, it was
reported that the prevalence of anti-neutrophil cyto
plasmic antibodies (ANCA) of the IgA subtype was
higher in patients with cirrhosis in comparison to patients
with non-cirrhotic chronic liver disease or healthy
controls. Moreover, the presence of IgA ANCA was
associated with the presence of ascites and advanced
cirrhosis. Even more significant was the finding that,
during follow up, patients with IgA ANCA had not only
a higher complication risk but also IgA ANCA positivity
correlated with a shorter time to the first infectious
[99]
complication . As IgA antibodies are linked to the gut
immune system, these results may reflect a component
in the pathogenesis of BT involving alterations in the
local immune system and the intestinal barrier. In spite
of the promise shown by these observations, further
research is required to elucidate if IgA ANCA may serve
as a possible marker of BT.
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Abstract

Danijel Galun, Dragan Basaric, Marinko Zuvela, Predrag
Bulajic, Aleksandar Bogdanovic, Nemanja Bidzic, Miroslav
Milicevic, Clinic of Digestive Surgery, University Clinical Center
of Serbia, 11000 Belgrade, Serbia

Hepatocellular carcinoma (HCC) is one of the major
malignant diseases in many healthcare systems. The
growing number of new cases diagnosed each year
is nearly equal to the number of deaths from this
cancer. Worldwide, HCC is a leading cause of cancerrelated deaths, as it is the fifth most common cancer
and the third most important cause of cancer related
death in men. Among various risk factors the two are
prevailing: viral hepatitis, namely chronic hepatitis C
virus is a well-established risk factor contributing to the
rising incidence of HCC. The epidemic of obesity and
the metabolic syndrome, not only in the United States
but also in Asia, tend to become the leading cause of
the long-term rise in the HCC incidence. Today, the
diagnosis of HCC is established within the national
surveillance programs in developed countries while
the diagnosis of symptomatic, advanced stage disease
still remains the characteristic of underdeveloped
countries. Although many different staging systems
have been developed and evaluated the BarcelonaClinic Liver Cancer staging system has emerged as
the most useful to guide HCC treatment. Treatment
allocation should be decided by a multidisciplinary
board involving hepatologists, pathologists, radiologists,
liver surgeons and oncologists guided by personalized
-based medicine. This approach is important not only
to balance between different oncologic treatments
strategies but also due to the complexity of the disease
(chronic liver disease and the cancer) and due to the
large number of potentially efficient therapies. Careful
patient selection and a tailored treatment modality
for every patient, either potentially curative (surgical
treatment and tumor ablation) or palliative (transarterial
therapy, radioembolization and medical treatment, i.e. ,
sorafenib) is mandatory to achieve the best treatment
outcome.
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a growing number of new cases . Hispanics and blacks
are found to have the greatest increase in incidence
[6]
in the United States . The overall 5-year survival less
than 12% and 3-fold increase in incidence of HCC from
1975-2007 in both sexes made HCC the fastest rising
[7]
cause of cancer related death in United States .
More than 748000 new cases are diagnosed each
year, accounting for 9.2% of all new cancer cases world
[8-10]
wide (7.9% in men; 3.7% in women)
. Moreover, the
[11]
number of new cases of HCC increases continuously .
Furthermore, HCC is a major burden for healthcare
systems in underdeveloped countries with 84% of the
world HCC population having the highest annual fatality
[8,9,11]
ratio of any human tumor (0.96)
. Underdeveloped
regions may even have a 100-fold greater incidence of
HCC compared to developed countries. This is one of
[10]
the greatest differences recorded among cancers .
Sub-Saharan Africa and Eastern Asia are regions with
the greatest incidence of HCC demonstrating incidence
[7]
rates of over 20 per 100000 individuals . This figure
is most probably even larger when considering that
many HCC cases remain under-diagnosed or under[11]
reported . In these regions the most common cause
for HCC is HBV transmission at birth and the diagnosis
is established about one decade earlier compared to
the developed countries characterized by HCV acquired
[7]
later in life as a dominant cause for HCC .
Mediterranean countries have intermediate incidence
rates of 10-20 per 100000 individuals, while North and
South America have a relatively low incidence despite of
the reported increase in the number of HCC cases (< 5
[7]
per 100000 individuals) .
In developed countries, HCC dominantly occurs
in patients over 60 years old while in underdeveloped
regions the HCC diagnosis is already established in
[9-11]
many patients in their 30 s
. In all regions, there is
a predominance of the male over the female gender
(3/4:1) in the Asia-Pacific region, sub-Saharan Africa and
medium-risk countries, compared to 2:1 in regions with
[8-11]
a low incidence of HCC
.
[10,
The majority of HCC cases occur in cirrhotic livers
12,13]
; therefore the competing mortality risks from the
tumor and the cirrhosis should be considered when
deciding for a specific treatment modality.
In the majority of countries worldwide the diagnosis
is established late when only limited treatment options
are available resulting in poor treatment outcome. Only
in Japan the strict adherence to the national surveillance
program led to improved treatment results. This is
mainly because approximately 20% of HCC cases are
diagnosed in an early stage when curative treatment
[14,15]
modalities can be applied
.
In response to the HCC burden marked differences
between countries worldwide are reflected in providing
disparate quality of healthcare considering screening and
surveillance programs; available treatment modalities
and drugs; reimbursement of specific treatment options

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In response to the hepatocellular carcinoma
(HCC) burden marked differences between countries
are reflected in providing disparate quality of healthcare
considering screening and surveillance programs;
available treatment modalities and drugs; reimbur
sement of specific treatment options by the statefunded health insurance. Since the number of new HCC
cases being diagnosed each year is nearly equal to
the number of deaths from this cancer it is clear that
the international scientific community and healthcare
systems worldwide have no efficient answer to this
problem. International consensus on the use of any
given staging model is lacking. High-quality trials with
better patients’ stratification are mandatory. This review
article reflects the perspective of liver surgeons working
in a developing country.
Galun D, Basaric D, Zuvela M, Bulajic P, Bogdanovic A, Bidzic
N, Milicevic M. Hepatocellular carcinoma: From clinical practice
to evidence-based treatment protocols. World J Hepatol 2015;
7(20): 2274-2291 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i20/2274.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i20.2274

INTRODUCTION
[1]

According to Bailar et al cancer mortality rates have
not been significantly reduced in industrialized countries
except for testicular cancer, leukemia and lymphoma
in spite of an evident progress in developing innovative
approaches for cancer treatment. Hepatocellular
carcinoma (HCC) is a frustrating example for general
disappointment with the results of cancer treatment
having in mind that the growing number of new cases
being diagnosed each year is nearly equal to the number
[2-4]
of deaths from this disease .
Hepatocellular cancer is characterized by high and
increasing incidence, late diagnosis when curative
intent treatments are not feasible, low resectability
rate, high recurrence after a curative intent surgery,
poor response to medical treatments, and finally grave
prognosis. These characteristics define HCC as one
of the major malignant diseases in many healthcare
systems worldwide. Today, HCC is one of the leading
causes of cancer-related deaths, as it is the fifth most
common cancer and the third most important cause of
[2-4]
cancer related deaths in men .
A growing incidence of HCC was found in North
America increasing annually by 5.4% between 2002 and
2006 being one of only four malignancies demonstrating
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by the state-funded health insurance.

recent meta-analysis demonstrated that the relative
risk for HCC is 1.17 (95%CI: 1.02-1.34) in those who
2
were overweight [body mass index (BMI) 25-30 kg/m ]
and 1.89 (95%CI: 1.51-2.36) in those who were obese
2 [31]
(BMI > 30 kg/m ) . The incidence of the metabolic
syndrome continues to increase in developed countries
whereas the highest incidence is believed to occur in
[32]
the United Kingdom (34% of the adult population) .
While obesity is present in up to 100% of patients with
non-alcoholic fatty liver disease (NAFLD), the risk of liver
steatosis is much higher in obese than in non-obese
[5,30]
patients
. Finally, patients with liver steatosis are at
[33]
high risk for developing cirrhosis and HCC . Although
NAFLD is currently the most common liver disease in
developed countries, the incidence of HCC associated
with NAFLD is lower than HCC associated with non[33,34]
alcoholic steatohepatitis (NASH) (4%-27%)
. Today,
the risk of HCC developing in NASH-cirrhotic patients
challenges the risk of HCC developing in HCV-cirrhotic
[35]
patients .
The pathogenesis linking obesity, NAFLD, NASH
and HCC is still a subject of research. The relationship
between obesity and HCC are thought to be mediated
by factors associated to metabolic syndrome, NAFLD
[17]
and NASH . There is growing evidence that links
[17]
obesity to chronic liver inflammation . Moreover it is
found that an excessive accumulation of fatty acids and
glucose lead to increased expression of tumor necrosis
factor-α, nuclear factor-kappa B, EGF heading to hepatic
[36,37]
inflammation
.
One other finding is that adipose tissue induces
expression of leptin, a hormone that regulates body
[38]
mass . In animal models it was shown that leptin
promotes angiogenesis and mediate the progression of
[38]
NASH to HCC . Leptin is found to upregulate JAK/STAT,
AKT and ERK, i.e., signal transduction pathways involved
[39]
in cancer progression in HCC cells .
Moreover, leptin levels are increased in patients
with NASH, what may explain an increased vascular
[40]
invasiveness in HCC patients with metabolic syndrome .
Aflatoxins is another risk factor for HCC. These
toxins are metabolites of the widely distributed fungi
Aspergillus flavus and Aspergillus parasiticus and their
toxic, teratogenic, mutagenic and carcinogenic properties
[41-43]
pose a serious risk to humans
. Approximately 4.5
to 5.5 billion people worldwide are at risk of exposure
dominantly in Sub-Saharan Africa, Eastern Asia, and
[41,43]
parts of South America
. Contamination occurs
either in tropical and subtropical climates or in conditions
where food drying and storage facilities are suboptimal.
Aflatoxins are responsible for between 4.6% and
[43]
28.2% of all HCC cases worldwide . The AFB1 toxin
is metabolized in the liver by p450 enzymes forming
AFB1-8,9-exo-epoxide, which further react with the p53
[44,45]
tumor suppressor gene
. Mutation at codon 249 of
the p53 tumor suppressor gene accounts for 90% of
[46]
p53 mutations in AFB1-related HCC . There is a direct
correlation between the degree of exposure to AFB1 and
[42]
the incidence of HCC .

RISK FACTORS AND ETIOPATHOGENESIS
Viral hepatitis, namely chronic hepatitis C virus (HCV)
is a well established risk factor contributing to the rising
[16]
incidence of HCC . The epidemic of obesity and the
[17]
metabolic syndrome, not only in the United Stated
[18]
but also in Asia , tend to become the leading cause of
the long-term rise in HCC incidence.
HCV is an important global risk factor for HCC,
especially in developed countries, compiling more than
170 million of people being chronically infected world
[19,20]
wide
. The dominant prevalence is among injecting
drug users (60%-90%); hemophiliacs (50%-70%);
hemodialysis patients (15%-60%); and patients who
[21]
received blood transfusions before 1991 (5%-10%) .
About 25% of patients having chronic HCV infection
will develop cirrhosis and significant proportion will
progress to HCC with a time interval of about 20 years
[19-21]
or longer
.
HCV-related carcinogenesis is mediated by inducing
hepatic inflammation and later fibrosis; and finally by
[22]
promoting malignant transformation of infected cells .
Approximately 55% of all worldwide HCC cases are
[8]
associated with chronic hepatitis B virus (HBV) infection .
Among 400 million people chronically infected with HBV,
[2,8]
about 25% will develop HCC . Chronic HBV infection
distribution is nearly parallel to HCC high-risk regions
and it is implicated in the development of 85% of HCC
cases among ethnic Chinese and the Black African
[2,23]
population
. While in the developed countries, HCC is
rare before the age of 40 irrespective of the HBV status,
in underdeveloped countries, there is a distinct shift
[2,23,24]
toward a younger age
. A study from China on Han
Chinese population characterized by high prevalence
of HBV infection demonstrated that polymorphism
of GRP78 gene (genotypes AA and AG of rs430397)
is associated with the development and prognosis of
[25]
HCC .
HBV-induced carcinogenesis is essentially an in
flammatory process resulting from the reaction of the
host’s immune response to the presence of the virus.
Integration of HBV DNA into host DNA is considered a
[26,27]
critical step in HBV related HCC
. This leads to series
of changes like cell cycle progression, inactivation of
negative growth regulators, inhibition of the expression
of p53 tumor suppressor gene and other tumor suppressor
[26,27]
genes
.
Recently, a striking increase in the incidence of
obesity was recorded parallel to the increase in the
[28,29]
incidence of HCC in several developed countries
.
The increase in the number of HCC related cancer
deaths in the United States has been documented
while at the same time it is estimated that 25% of the
population meet the diagnostic criteria for the metabolic
[30]
syndrome . In the great majority of the obese patients,
the obesity is attributed to the metabolic syndrome. A
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[47]

[64]

The study from Yu et al found a synergistic effect
of AFB1 and HBV in causing HCC since population with
HBV who lived in the region of high exposure to AFB1
were associated to a mortality rate ten times higher
than that of population with HBV living in the region of
low exposure to the toxin.
Alcohol abuse, lasting more than 10 years, increases
the chance for HCC development approximately five
[48]
fold . It is most common in the Americas (32% of
[48]
HCC cases in the United States) and Western Europe
[49]
(45% of the cases in Italy ) and the incidence is
[7,9]
increasing in Asia . In principle, patients who develop
[50]
the tumor have alcohol-induced cirrhosis .
Other less frequent risk factors include iron
[51]
[52]
overload , hereditary hemochromatosis , tobacco
[53,54]
smoking
and membranous obstruction of inferior
[55]
vena cava .

rate can be greater than 10% for small lesions . The
AASLD guideline has been prospectively validated for
focal lesions 0.5 to 2.0 cm in size using MRI and contrastenhanced ultrasound, and demonstrated a low sensi
tivity (33%) but a very high specificity (100%) for the
[65]
diagnosis of HCC .

STAGING
Since 1984 nine different staging systems have been
developed and evaluated. The Barcelona-Clinic Liver
Cancer (BCLC) staging system has emerged as the
most useful to guide treatment decisions (Figure 1).
BCLC is based on the analysis of independent studies in
different clinical settings. It includes prognostic variables
related to tumor status, liver functional status, and
health performance status, together with treatmentdependent variables obtained from cohort studies and
randomized clinical trials. The system links tumor stage
with the treatment strategy allowing an estimation of life
[66]
expectancy associated to specific HCC management .
BCLC demonstrated the best independent predic
[67-71]
tive power in many trials
when the entire patient
population was included [not limited to patient population
treated by surgery, radiofrequency ablation (RFA) or
transarterial chemoembolization (TACE) only]. The BCLC
[67,68,71,72]
staging system was externally validated
and
has practically become an universal staging and treat
ment system. Moreover it was endorsed by European
Association for the study of the liver (EASL) and AASLD
[56,66]
as standard for patients with HCC
.
However, other trials have demonstrated conflicting
[73-77]
results thus favoring other staging systems
. Graf et
[78]
al have shown many limitations for the BCLC staging
system (Table 1). Furthermore, as indicated by Maida
[79]
et al the BCLC staging system was not derived from
a cohort of HCC patients by a multivariate analysis, and
therefore it is not a prognostic model able to predict the
mortality of HCC patients. Moreover, the intermediate
stage (BCLC B) includes an extremely heterogeneous
population in terms of both liver function and tumor
characteristics and the main limitation of the BCLC is
represented by its rigidity when it is acting as a treat
[79]
ment algorithm .
Importantly, treatment allocation should be decided
by a multidisciplinary board based on individualized
[80]
rather than on a guideline-based approach .
Although BCLC is the most comprehensive staging
system, as it integrates tumor status, liver function and
the performance status neither BCLC nor any other of
the staging systems has been universally accepted, as
[56]
pointed out by the AASLD guidelines , meaning that
international consensus on the use of any given model
is lacking.

DIAGNOSIS
Today, the diagnosis of HCC is established within the
national surveillance programs in developed countries
while the diagnosis of symptomatic, advanced stage,
disease still remains the characteristic of underdeveloped
countries. According to the American Association for
the Study of Liver Diseases (AASLD) screening for HCC
is recommended according to existing guidelines in all
[56]
cirrhotic patients using ultrasound every six months .
Screening for chronic HBV carriers is recommended as
[57]
well .
When a nodule is detected in a cirrhotic liver, a
contrast-enhanced diagnostic procedure is strongly
recommended. It is important to search for the typical
signs of HCC (arterial phase enhancement and portal
[56]
venous phase washout) . The updated guidelines of
AASLD consider that a non-invasive diagnosis of HCC
can be established if a lesion > 10 mm has a typical
vascular enhancement pattern in 4-phase multi-detector
row CT (MDCT) or dynamic contrast enhanced magnetic
[56]
resonance imaging (DCE-MRI) . These guidelines
[58]
were also accepted by the European societies .
Although MDCT is currently the most common
imaging modality for detecting HCC, it is suboptimal
for nodule characterization. DCE-MRI, with liverspecific contrast agents, has emerged as the preferred
diagnostic modality for the investigation of HCC as it
[59-61]
facilitates liver cancer characterization
. A recent
[62]
meta-analysis
estimated the accuracy of MRI with
liver-specific contrast agents compared to MDCT for the
detection and characterization of HCC and demonstrated
the superiority of MRI for the detection of HCC lesions <
20 mm.
For nodules smaller than 1 cm, a repeated ultra
sound examination in three months intervals is recom
[56]
mended . A biopsy is required only if imaging is
inconclusive for lesions smaller than 2 cm, or it is atypical
for lesions larger than 2 cm when the AFP level is not
[56]
elevated . However, biopsy carries an approximately
[63]
2% risk of tumor seeding
and the false-negative
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TREATMENT
Treatment allocation should be decided by a multidi
sciplinary board involving hepatologists, pathologists,
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HCC

Stage 0
PS 0, Child-Pugh A

Very early stage (0)
Single < 2 cm

Single

Stage A-C
PS 0-2, Child-Pugh A-B

Early stage (A)
Single or 3 nodules < 3 cm,
PS 0

Stage D
PS > 2, Child-Pugh C

Intermedium stage (B)
Multinodular, PS 0

Terminal stage (D)
Advanced stage (C)
Portal invasion, N1, M1, PS 1-2

3 nodules ≤ 3 cm

Increased

Associated diseases

No

Yes

LT

RFA

Normal
Resection

Sorafenib

TACE

Curative treatments

Symptomatic
treatments

Palliative treatments

Figure 1 Barcelona-clinic liver cancer staging system. BCLC: Barcelona-clinic liver cancer; TACE: Transarterial chemoembolization; HCC: Hepatocellular
carcinoma; LT: Liver transplantation; RFA: Radiofrequency ablation.

Table 1 Limitations of the barcelona-clinic liver cancer staging system
No
1
2
3
4
5
6
7
8
9
10
11

[78]

BCLC classification system
Does not consider nodule location, which is essential for defining respectability
Does not respect etiology of cirrhosis
Is based on variables measured at diagnosis, which might change over time
Does not consider the possibility of liver transplantation for patients with Child C cirrhosis with hccs within the Milan criteria
Does not reflect contraindications of TACE
Recommends liver resection to single nodules only in absence of portal hypertension in very early (BCLC 0) and early stage (BCLC A), however
probably portal hypertension might not affect survival in resected patients
Recommends liver resection in very early (BCLC 0) and early stage (BCLC A), however in selected patients hepatic resection is associated with good
survival even in more advanced BCLC stages
Does not consider treatment sequences or combination therapies
Includes a very heterogeneous population in the intermediate stage (BCLC B) in respect to tumor burden and liver function
Does not consider other therapies than sorafenib in selected patients with advanced stage C with performance status 1
Is not favorable as classification system in non-cirrhotic patients

BCLC: Barcelona-clinic liver cancer; TACE: Transarterial chemoembolization.

radiologists, liver surgeons and oncologists guided
by personalized-based medicine by. This approach
is important not only to balance between different
oncologic treatments strategies but also due to the
complexity of the disease (combination chronic liver
disease and the cancer) and due to the large number of
potentially efficient therapies. When considering different
treatment options the following is important: (1) there
is a marked difference in available treatment modalities
from one country to another; (2) historic studies are
lacking, i.e., the results of potentially curative treatment
modalities have never been compared to no treatment
- today such studies are unethical; (3) the level of
evidence for certain treatment modalities is limited to
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cohort studies and only a few randomized controlled
trials; and (4) large, robust studies comparing results of
different treatment modalities offered to patients in early
stage disease are lacking as well.

Surgical treatment

Surgical treatment of HCC is established as a potentially
curative treatment modality and includes liver trans
plantation, liver resection for HCC in cirrhotic livers and
liver resection for HCC in non-cirrhotic livers.

Liver transplantation

Liver transplantation (LT) is the best treatment option
as it removes both the tumor and the diseased liver
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[81,82]

parenchyma
. This is primarily important for patients
with a Child-Pugh (CP) score C as it is the treatment of
liver failure. The patient’s age (typically younger than 70
years), co-morbidities (e.g., cardiopulmonary disease,
smoking, diabetes or renal disease), nutritional state
(e.g., poor nutrition or morbidly obese), and social
factors (e.g., adequate support, compliance, abstinence
from alcohol and completion of an appropriate rehabi
litation program) are all factors determining the patients’
[81]
eligibility for LT .
The most appropriate candidates for LT are patients
that fit into the Milan criteria (a single tumor < 5 cm or
up to 3 tumors of < 3 cm) achieving a 5-year survival
rate of 70%-80%. In these patients the recurrence
[83,84]
rates are approximately 10%
.
The Milan criteria can be expanded to include more
patients primarily by liberalizing the restrictions on
[85]
tumor size. Yao et al
demonstrated that using the
University of California San Francisco criteria (single
nodule < 6.5 cm or ≤ 3 nodules each ≤ 4.5 cm, with
total combined tumor diameter ≤ 8 cm), a 75% 5-year
[86]
survival rate is achievable. Kaido et al
reported
that using the Kyoto criteria (a combination of tumor
number ≤ 10, maximal diameter of each tumor ≤ 5
cm, and serum des-γ-carboxy prothrombin levels ≤ 400
mAU/mL), the 5-year survival rate after living donor LT
is 82%.
[87]
Mazzaferro et al
have proposed the “Metro ticket
price” concept - the further one goes in expanding
the criteria for LT, the more one “pays”, i.e., the more
you deviate from the Milan criteria, the survival rate
decreases and recurrence rate increases.
Due to the limited number of donors and the scarcity
of sufficient available data, current guidelines do not
recommend LT for HCC patients outside the Milan
[58,88]
criteria
. Patients with a compromised liver function
(CP - B or C) should be listed for LT while allocation of
this treatment modality to CP class A patients instead of
surgical resection is still an area of debate. The Barcelona
Clinic has analyzed their results for surgical resection and
LT in an intent-to-treat manner, although the patients
[89]
were never compared directly in a randomized trial .
The five-year survival rates for resection and LT were
nearly identical if patients for resection were carefully
selected (CP class A, normal bilirubin levels and no portal
hypertension).
Waiting time for LT is a serious obstacle in many
national transplant programs worldwide. When the
waiting list for LT is longer than 12 mo the drop-out rates
[90,91]
can reach 25% of HCC patients listed for LT
. Clearly,
if patients with more advanced tumors are included as
a result of expanded listing criteria the dropout rate will
be higher and this will lead to poor survival figures. In
that regard the potential benefit of TACE, TARE, RFA
and others, applied in the neoadjuvant setting include
“bridging” or “down-staging” strategies to increase the
[92]
number of HCC patients qualifying for LT .
Furthermore another important concept of LT is
salvage LT that saves the donor pool and can effectively
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be performed for patients with recurrence or liver
function deterioration following resection for HCC. This
does not increase the perioperative mortality and has
[93]
similar long-term survival compared to primary LT .
Liver transplantation can also be offered to patients
with non-resectable HCC in normal livers providing
[94]
5-year survival rates of 59% . In contrast to LT for
HCC in cirrhosis the tumor size is not a predictor of
[94]
post-transplant survival .
Finally, many controversies related to LT were
confronted during an international consensus conference
held in 2010, in Switzerland that resulted in 37
[95]
statements and recommendations . These recom
mendations reflect the current state of scientific
evidence regarding the LT and reflect differences in
clinical practice of LT between continents, countries and
institutions. In each controversial topic the strength
of recommendation was conditioned by the level of
evidence that was in the majority of instances 2 or
less reflecting the quality of evidence that is currently
available. Among the 37 recommendations only 17
are strong (presented in Table 2) while the others are
week or their strength could not be established due to
[95]
insufficient data .
The highest level of evidence and the strength
of recommendation is related to the assessment of
candidates for LT and in defining criteria for listing
candidates with HCC in cirrhotic livers for deceased
donor LT. In regard to HCC patients in non-cirrhotic
liver LT this procedure may be considered as salvage
transplantation for patients with intrahepatic recurrence
following liver resection and no evidence of lymph node
[95]
or macrovascular invasion .
The role of down-staging was evaluated in per
spective of different loco-regional treatment options
that are presented in the literature (TACE, TARE, RFA).
Although the largest experience is linked to TACE and
RFA, based on existing evidence, no recommendation
can be made for selecting a specific loco-regional
[95]
therapy for down-staging .
Living donor LT is an important alternative to
deceased donor liver transplantation in the present circu
mstances of increasing number of HCC patients listed
for LT. It is conducted in a limited number of centers
worldwide. Although it facilitates access to LT, recent
meta analysis demonstrated that living donor LT is
associated with a higher rate of surgical complications
[96]
following transplantation .
In that sense an important recommendation is
derived from the consensus conference, i.e., that living
donor LT must be restricted to centers of excellence in
liver surgery and liver transplantation to minimize donor
[95]
risk and maximize recipient outcome .

Liver resection

During the past decade a tremendous improvement
in the understanding of liver anatomy, advances in
technology, anesthesiology and postoperative intensive
care and the application of intraoperative ultrasono
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Table 2 Recommendations from international consensus conference on liver transplantation (only the recommendations with the
[95]
highest level of evidence are presented, adopted from Clavien et al )
Assessment of candidates with HCC for liver transplantation
When considering treatment options for patients with HCC, the BCLC staging system is the preferred staging system to assess the prognosis of
patients with HCC
The TNM system (7th ed) including pathological examination of the explanted liver, should be used for determining prognosis after transplantation
with the addition of assessment of microvascular invasion
Either dynamic CT or dynamic MRI with the presence of arterial enhancement followed by washout on portal venous or delayed imaging is the best
non-invasive test to make a diagnosis in cirrhotic patients suspected of having HCC and for preoperative staging
Extrahepatic staging should include CT of the chest, and CT or MRI of the abdomen and pelvis
For patients with lesions smaller or equal to 10 mm, non-invasive imaging does not allow an accurate diagnosis and should not be used to make a
decision for or against transplantation
Criteria for listing candidates with HCC in cirrhotic livers for deceased donor LT
Preoperative assessment of the size of the largest tumor or total diameter of tumors should be the main consideration in selecting patients with HCC
for liver transplantation
The Milan criteria are currently the benchmark for the selection of HCC patients for liver transplantation, and the basis for comparison with other
suggested criteria
Biomarkers other than α-fetoprotein cannot yet be used for clinical decision making regarding liver transplantation for HCC
Indication for liver transplantation in HCC should not rely on microvascular invasion because it cannot be reliably detected prior to transplantation
Role of down-staging
Liver transplantation after successful down-staging should achieve a 5-yr survival comparable to that of HCC patients who meet the criteria for liver
transplantation without requiring down-staging
Criteria for successful down-staging should include tumour size and number of viable tumours
Managing patients of the waiting list
Periodic waiting-list monitoring should be performed by imaging (dynamic CT, dynamic MRI, or contrast-enhanced US) and α-fetoprotein
measurements
Patients found to have progressed beyond criteria acceptable for listing for liver transplantation should be placed on hold and considered for
down-staging
Patients with progressive disease in whom locoregional intervention is not considered appropriate, or is ineffective, should be removed from the
waiting list
Role of living donor LT
Living donor LT must be restricted to centers of excellence in liver surgery and liver transplantation to minimize donor risk and maximize
recipient outcome
In patients following living donor LT for HCC outside the accepted regional criteria for deceased donor LT, re-transplantation for graft failure using
a deceased donor organ is not recommended
Post-transplant management
Liver re-transplantation is not appropriate treatment for recurrent HCC
BCLC: Barcelona-clinic liver cancer; TACE: Transarterial chemoembolization; HCC: Hepatocellular carcinoma; LT: Liver transplantation; CT: Computed
tomography; MRI: Magnetic resonance imaging.

graphy have established surgical resection as a widely
accepted first-line curative treatment option for HCC
patients. Surgical resection for HCC is a safe and reliable
procedure and, unlike LT, it is available in many countries
and institutions. Presently, when considering liver
resection, the main focus has shifted from the tumor
towards the functional capacity of the remnant liver.
Liver resection for HCC is considered in two different
settings. One is liver resection for HCC in non-cirrhotic,
“normal” livers and the other is liver resection in cirrhotic
livers, when special attention is attributed to the func
tional capacity of the remnant liver. Considering the
improvement in the technical feasibility of complex liver
resection there are practically no more non-resectable
tumors, but considering the functional capacity of the
remnant liver only a relatively small percentage of HCC
patients with cirrhotic livers can be offered curativeintent liver resection.
Patients with HCC in non-cirrhotic livers are rare
in the western world; only 5%-15% of HCC patients
[58,97,98]
have a normal, non-cirrhotic parenchyma
. They
are diagnosed late with large-size tumors sometimes
with major vascular invasion. Liver resection is the only
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curative treatment in these patients and up to 70%-80%
[78]
of functional liver parenchyma can be removed .
The 5-year disease free survival of non-cirrhotic
HCC patients managed by liver resection is around 50%
depending on resection status, UICC stage, vascular
[98-101]
invasion, tumor size > 10 cm and tumor grading
.
About 50% of these patients will have recurrence within
[58,101]
2 years after curative resection
. Repeated liver
resection is the treatment of choice for patients with
intrahepatic recurrence having a similar prognostic
[102]
outcome as the primary resection .
According to the BCLC staging system, surgical
resection for HCC in cirrhosis is reserved for patients in
the BCLC 0 stage (single tumor < 2 cm, Child A, ECOG
0 without portal hypertension and normal bilirubin
level) and it is feasible in selected patients in the BCLC
A stage. However, clinical practice worldwide (not only
in Japan) is not limited to the frame recommended by
the BCLC staging. Moreover, it is expanded even to
selected patients belonging to BCLC intermediate stage
B group. This has to be considered within a context that
in many developing countries screening and surveillance
programs are lacking, therefore the majority of patients
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are diagnosed in an advanced stage of the disease
[103,104]
when surgical resection is still feasible
. Strict
adherence to the BCLC staging system would direct the
majority of patients to palliative treatment only.
Despite of recent advances in surgical techniques
and perioperative care, liver resection is challenged
by the poor functional reserve of the cirrhotic liver,
the impaired regeneration capacity, elevated portal
venous pressure, and other co-morbidities of the HCC
[105,106]
patients
. Although reserved for high-volume
centers, liver resection is justified even for patiens with
[107-109]
large and multinodular HCC
.
[110]
A study from Ishizawa et al
has demonstrated
that neither multiple tumors nor portal hypertension are
surgical contraindications for HCC. Two other studies
have verified that liver resection is feasible even in
Child B patients and in selected patients a major liver
[111,112]
resection is feasible as well
. According to Ho et
[113]
al
liver resection is associated with better overall
survival comparing to TACE (37.9 mo vs 17.3 mo) even
for patients with multinodular HCC. In patients with
large tumors, TACE is associated with low response rate
[108,109]
and a modest 3 years survival rate
.
Several studies confirmed that blood loss has a
negative impact on the perioperative morbidity, mortality
[114,115]
and long-term outcome
therefore a control of
bleeding is mandatory when performing liver resection.
[116]
Vascular occlusion techniques
are effective in reducing
blood loss, but it was found that they compromise
hepatic functional reserve in conditions of a preexistent
[117,118]
[119]
liver disease
. Fu et al
found an earlier recovery
of the postoperative liver function after hemihepatic
vascular inflow occlusion compared with the Pringle
maneuver, however it is technically more demanding
and potentially associated with more bleeding in cirrhotic
livers.
Prediction of the future, functional remnant liver
volume (FLR) is crucial for postoperative morbidity and
mortality. A remnant volume of at least 40% should
remain following resection of cirrhotic livers in order to
[120]
preserve adequate liver function . Three dimensional
measurements of liver volumes based on MDCT or
magnetic resonance imaging (MRI) and more important
post-processing software are important for predicting
the FLR after liver resection.
Portal vein embolization (PVE) has an important
role as an effective tool in inducing hypertrophy of the
non-embolized hepatic segments. An increase of the
FLR volume of 20%-46% can be achieved after 2-8
[121,122]
wk
. When the FLR volume is insufficient PVE
is considered an important therapeutic step before
extended resection. Recently, one other approach has
been described for increasing the FLR volume in a twostage procedure for patients undergoing extended liver
resection. In situ liver transection combined with portal
vein ligation emerged as a procedure associated with
[123,124]
rapid growth of the FLR
and was tested in the
[125]
settings of HCC in cirrhotic livers
even in conditions
[126]
of major vascular invasion . The median FLR volume
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increase was 18.7% within one week after the first
[125]
step and 38.6% after the second step . More studies
are needed before the real merits of ALPPS can be
evaluated.
The use of metabolic tests, namely the indocyanine
green test is another tool to assess the liver functional
[127]
capacity in order to avoid postoperative liver failure .
[120,128]
As indicated in two surveys
it is widely used in
Asia and the indocyanine green retention rate at 15 min
(ICGR-15) is integrated into the decision tree for deciding
[127]
the safe limit of hepatectomy . In the western world
the ICGR-15 test is used in a limited number of centers
[120]
and in selective cases only
. In HCC patients with
cirrhotic livers characterized by normal bilirubin level and
absence of ascites the ICGR-15 is the main determinant
[127]
for performing a liver resection .
The anatomic liver resection should be associated
with improved outcome as HCC tumors have a tendency
for local portal vein invasion with possible extension
toward the main portal vein. However conflicting
[129,130]
results are present in the literature. Two studies
,
demonstrated that anatomic resection is an indepen
dent predictor of improved recurrence-free survival
and it significantly improves the disease-free survival
rates. Anatomic resection is recommended in the
EASL guidelines as the preferred approach if sufficient
[56]
remnant liver volume can be preserved . The use
of dye widely practiced in Japan may aid delineation
of tumor bearing segments and facilitate complete
[131,132]
anatomical resection
.
Laparoscopic liver resection for HCC in cirrhotic
livers is an established and safe procedure performed in
[128]
many centers worldwide . There are no randomized
controlled trials that has compared laparoscopic vs
open liver resection in HCC patients. Four meta[133-136]
analyses
of nonrandomized studies found that
laparoscopic resection was associated with significantly
less blood loss, lower transfusion requirements, lower
overall morbidity, and shorter length of hospital stay
without a significant difference in length of operation,
surgical margin status, or tumor recurrence rates.

Ablative procedures

Tumor ablation can be achieved by chemical (ethanol,
acetic acid) or thermal [radiofrequency ablation-RFA,
microwave ablation (MWA)] ablation and it is the
treatment of choice in patients with single, small tumors
who are not candidates for surgery. According to the
BCLC staging and treatment algorithm these patients
[58]
are classified as BCLC A patients . BCLC 0 patients
may also be managed by this treatment modality,
although the algorithm primarily allocates resection to
[58]
this group of patients . When procedure limitations are
strictly respected (tumor size, tumor location, duration
of the treatment, maintaining the required temperature
in the tumor zone, etc.) tumor ablation is a curative
treatment option for the management of carefully
selected HCC patients.
Historically, tumor ablation started as chemical
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ablation using percutaneous ethanol injection (PEI) for
the management of nodular-type HCC. There is con
siderable experience with PEI since it is an established
technique. PEI induces coagulation necrosis of the tumor
as a result of cellular dehydration, protein denaturation,
[137]
and chemical occlusion of small tumor vessels
.
Several studies confirm that tumors < 2 cm can be
successfully treated by PEI achieving equivalent results to
[137-139]
thermal ablation techniques
. For larger tumors PEI
is inferior to thermal ablation and therefore should not be
[138-142]
performed
. However, PEI should not be neglected
and can be used in underdeveloped regions as a very
useful treatment modality.
Thermal ablation has now largely replaced PEI, initially
[137,139]
with RFA and recently with MWA
. Although it is an
interventional procedure performed percutaneously by
interventional radiologists or jointly by an interventional
radiologist and liver surgeon, a multidisciplinary approach
which provides important advantages, as described by
[143]
Poon et al . Thermal ablation can also be done via an
open or laparoscopic surgical approach.
The main advantage of thermal ablation is related
to its low major morbidity (2.2%-3.1%) and mortality
[144,145]
(0.1%-0.5%) rates
. Major complications include
intraperitoneal hemorrhage, hepatic abscess, bile
[56,144,145]
duct injury, and liver decompensation
. Tumor
seeding along the needle track has been reported as a
[146]
rare (0.5%) late complication of RFA .
The most important observations resulted from
explants studies following LT and demonstrated com
plete tumor necrosis in explanted liver specimens in
83% of tumors > 3 cm and in 88% of tumors in non[54,56,144,145]
perivascular locations
. Clearly the efficacy
of RFA is reduced with increasing tumor size and the
[147]
presence of large vessels
. RFA should be applied
for tumors less than 3 cm in size, bearing in mind that
success is related to the total volume of the tumor tissue
that has to be ablated.
[145,148]
Lencioni et al
have demonstrated 61% 5-year
survival in patients with Child A cirrhosis and solitary
HCC, compared with 51% in patients with Child A
cirrhosis and multiple tumors and 31% in patients with
[149]
Child B cirrhosis. Livraghi et al
has reported complete
tumor response in 97% of tumors ≤ 2 cm, with 5-year
survival in patients with preserved hepatic function of
68%, challenging resection as the first-line approach in
such cases.
[150]
Hasegawa et al
concluded that resection was
associated with a higher overall survival and lower
recurrence rate than RFA or PEI in the treatment of HCC
≤ 3 cm.
A challenging question is whether emerging alter
native, MWA, will replace RFA. Compared to RFA, MWA
is less-susceptible to the heat sink effect of nearby blood
[151]
vessels and produces a larger zone of necrosis .
[152]
In a non-randomized study published in 2013
that investigated the therapeutic efficacy of per
cutaneous RFA and MWA for HCC < 5 cm no significant
differences were found between the two procedures
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in the percentage of complete ablation local tumor
progression, distant recurrence and overall survival.
Clearly, more studies are needed to compare the two
ablation techniques.

Transarterial therapy

According to the BCLC staging and treatment algorithm
TACE is indicated for patients classified as BCLC B
stage, that is an intermediate stage composed of a very
[56,153,154]
heterogeneous patient population
. A Cochrane
[154]
review
clearly confirmed the survival benefit of this
treatment modality. However, TACE is not standardized
in regard to: (1) the procedure technique; (2) the choice
of embolic agent; (3) the choice of applied medications;
and (4) the schedule (on demand or at fixed intervals).
In clinical practice TACE is performed by injection of
chemotherapy with or without lipiodol, followed by
the injection of embolic particles. This procedure is
considered as conventional TACE. Innovative step
forward was the development of drug-eluting beads (DC
Bead) used to increase tumor drug delivery. However,
[155]
the PRECISION V study
designed to compare the
two TACE procedures failed to demonstrate a clear
superiority of DC Bead-TACE (one-sided P = 0.11). The
difference between the two TACE procedures was found
in the complete response, objective response, and
disease control favoring DC Bead group (27% vs 22%,
[155]
52% vs 44%, and 63% vs 52%, respectively) .
Complications of TACE include non-target emboliza
tion, the post embolization syndrome (fever, abdominal
pain, ileus), liver failure, cholecystitis and acute portal
[154]
vein thrombosis
. The procedure-related mortality
is less than 5% which defines TACE as a safe pro
[154]
cedure
. Main portal vein thrombosis, poor liver
function, and extrahepatic spread have been shown to
be predictors of poor outcome and are considered con
[154]
traindications for chemoembolization .
Several aspects of TACE treatment require special
consideration. In clinical practice an attempt should be
made to achieve the supraselective approach (STACE)
using micro-catheters in order to deliver chemotherapy
as close as possible to the tumor site. Unfortunately this
aspect was not much elaborated in clinical trials. Only
[156]
one trial
on 60 patients who were candidates for
LT, found STACE to be associated with complete tumor
necrosis in a larger proportion of patients (30.8% vs
6.9%, P = 0.02) compared to selective TACE group.
Still, a 5-year disease-free survival was similar in both
[156]
groups (76.8% vs 74.8%)
. In conclusion, there
is no clear relationship between the therapy-induced
complete necrosis and long-term survival.
The combination of TACE and RFA is another
challenging treatment option practiced in many centers
[157]
worldwide. Recent meta-analyses
showed that the
combination of RFA and TACE was associated with a
significantly higher overall survival rates (OR 1 year =
2.39, 95%CI: 1.35-4.21, P = 0.003; OR 3 years = 1.85,
95%CI: 1.26-2.71, P = 0.002), and recurrence-free
survival rate (OR 1 year = 2.00, 95%CI: 1.26-3.18, P
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= 0.003; OR 3 years = 2.13, 95%CI: 1.41-3.20, P <
[157]
0.001) compared with RFA alone . The quality of the
[157]
evidence was high for the 1- and 3-year survival .
[158,159]
Two recent meta-analysis
elaborated the
combination of TACE and sorafenib and found evident
improvement in the objective response, time to pro
gression and overall survival although the sorafenib
associated AEs were more frequent in the combination
[158,159]
therapy group
.
[160]
Another important meta-analysis
examined
the efficacy of TACE for HCC patients with portal vein
thrombosis (PVTT) and found that TACE improves
the 1-year survival of patients with HCC and PVTT. As
current treatment algorithms contraindicate TACE in
patients with main trunk PVTT more trials are required
[54,56,66]
to confirm these findings
.
As already indicated the BCLC B stage (an inter
mediate stage) is composed of a very heterogeneous
patient population. Several studies confirmed limited
treatment efficacy of TACE for HCC patients with large
[161,162]
multinodular tumors
. The objective response to
TACE treatment is found in 52% of patients (PRECISION
[155]
V trial ) leaving large proportion of patients without an
effective treatment. It is important to note that TACE is
contraindicated in patients with main trunk PVTT. These
findings led to development of new therapies for optimal
management of these subcategories of HCC patients
[163]
belonging to BCLC B stage .
Radio-embolization via hepatic artery using micro
spheres impregnated with yttrium-90 (TARE) is a
new emerging treatment option that is available in a
[162,163]
limited number of centers worldwide
. TARE uses
the same concept as TACE in regards the technical
aspect of the procedure. The difference is reflected
in the mode of action. In TARE the embolic particles
(microspheres) are 3-10 times smaller than those used
[164]
in TACE (25-35 micron in diameter)
. Yttrium-90
(beta emitter with a short half-life) microspheres are
used to produce tumor necrosis by internal delivery
of tumoricidal dose of radiation directly to the tumor
[165]
with nearly no embolic effect on the vessels
. The
safety and efficacy of TARE is well established in many
[164,166-168]
trials
and post-embolization syndrome is found
[164,166]
in 20%-55% of cases
. TARE was found to be a
[169,170]
safe procedure in HCC patients with PVTT
. Initially,
TARE was indicated in HCC patients who progressed or
relapsed after the TACE treatment or in HCC patients
not amenable to TACE (large multinodular tumors or
[164]
[162]
presence of PVTT) . Although Sangro et al
found
survival benefit for TARE comparing to TACE as a firstline treatment other studies reported no significant
[168,171,172]
difference in survival
. Potential advantage of
TARE over TACE can be attributed to early-stage HCC
patients listed for LT who are candidates for bridging or
[173,174]
down-staging therapy
.

numerous trials testing the efficacy of different drugs
in the medical management of HCC, two milestone
[175,176]
studies
have established sorafenib as a treatment
of choice for BCLC C patients according to the EASL[56]
EORTC guidelines .
Sorafenib is a molecular inhibitor of several tyrosine
protein kinases (VEGFR and PDGFR); Raf kinases (C-Raf
[177,178]
than B-Raf)
and intracellular serine/threonine
[179]
kinases (C-Raf, wild-type B-Raf and mutant B-Raf)
[180]
Sorafenib treatment induces autophagy
, which
suppresses tumor growth.
Although sorafenib was introduced as well-tolerat
[175,176]
ed drug a subanalysis of the two leading
and
[181,182]
other
studies have shown that the tolerability of
[183]
sorafenib was suboptimal ; it was down-dosed in more
than 50% and interrupted in 45% of patients due to
[183]
severe adverse events or compromised liver function .
Therefore the most important side effects are
[184]
gastrointestinal
(diarrhea 43%, increased lipase 41%,
increased amylase 30%, nausea 23%, anorexia 16%,
[185]
vomiting 16%, and constipation 15%), dermatologic
(rash/desquamation 40%, hand-foot skin reaction
30%, alopecia 27%, pruritus 19%, and dry skin 11%),
[186]
cardiovascular
. (Hypertension 17%, angioedema,
[187]
and congestive heart failure), hematologic . (Hypo
albuminemia 49%, hemorrhage 15%, anemia and
[186]
thrombocytopenia) and nervous system side effects
(neuropathy 13% and headache 10%).
One of the two milestone studies (SHARP/phase
[175]
conducted in the western world have shown
Ⅲ)
that sorafenib prolonged median survival from 7.9 mo
(placebo group) to 10.7 mo (sorafenib group) (HR =
0.69; 95%CI: 0.55-0.87; P = 0.00058). Sorafenib
also improved the time to progression (from 2.8 mo
to 5.5 mo). Another milestone study conducted in Asia
confirmed the outcomes of the SHARP trial, i.e., a phase
[176]
have shown a median overall
Ⅲ Asia-Pacific trial
survival of 6.5 mo (treatment group) comparing to 4.2
mo (placebo group) (HR = 0.68; 95%CI: 0.50-0.93; P
= 0.014).
Another important study was a phase Ⅳ, GIDEON
[188]
trial , conducted with the aim to evaluate the safety
of sorafenib treatment in HCC patients in real-life
conditions. In 2011 the second interim analysis showed
a median survival of 10.3 mo for Child A patients and 4.8
mo for Child B patients. The amount of adverse events
was comparable to the two milestone studies.
The use of sorafenib in adjuvant settings was
addressed in the STORM trial. In mid 2014 major phar
maceutical companies Bayer and Onyx announced that
the STORM trial did not meet its primary endpoint.
[189]
During the ASCO annual meeting in 2014 Bruix et al
reported that both primary and secondary endpoints
were not met. The trial enrolled the largest cohort of
patients with HCC treated in this setting. Overall, 1114
patients were equitably randomized to take either
sorafenib or placebo. The study did not met its primary
and secondary endpoints since no differences were
observed regarding recurrence-free survival (33.4 mo

MEDICAL TREATMENT
After years of disappointment with the results of
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vs 33.8 mo; HR = 0.94; 95%CI: 0.78-1.13, P = 0.26),
time to recurrence (38.6 mo vs 35.8 mo; HR = 0.89,
95%CI: 0.73-1.08) and overall survival (not reached vs
not reached, HR = 0.99, 95%CI: 0.76-1.30, P = 0.48).
In this trial, a higher rate of sorafenib discontinuation
due to drug-adverse events was observed compared to
[190]
placebo (24% vs 7%) .
Additional studies have evaluated other targeted
agents either in combination with sorafenib, or designed
as head-to-head compared to sorafenib, or as secondline treatments following disease progression or inability
to tolerate sorafenib; however, all these trials failed to
[190]
demonstrate an improvement in overall survival .

in order to improve survival and the quality of life of HCC
patients.
In the management of HCC patients, several recom
mendations are important: (1) to establish a national
surveillance program in as many countries as possible;
(2) to further improve treatment modalities for patients
on the waiting list for LT; (3) to improve the safety
of liver resection and to reduce the recurrence rates
following resection; (4) to investigate further and to
upgrade results of the TACE treatment modality; (5) to
continue research on novel molecular therapies; and
(6) to continue research on novel molecular markers for
better patient selection for various treatment modalities.

CONCLUSION AND FUTURE DIRECTIONS
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Management before hepatectomy for hepatocellular
carcinoma with cirrhosis
Hisashi Nakayama, Tadatoshi Takayama
of all cases. The risk factors are hepatitis B, hepatitis
C, alcohol, and etc. The risk of carcinogenesis further
increases with progression to hepatic cirrhosis in all liver
disorders. Radical treatment of HCC by liver resection
without causing liver failure has been established as a
safe approach through selection of an appropriate range
of resection of the damaged liver. This background
indicates that both evaluation of hepatic functional
reserve and measures against concomitant diseases such
as thrombocytopenia accompanying portal hypertension,
prevention of rupture of esophageal varices, reliable
control of ascites, and improvement of hypoalbuminemia
are important issues in liver resection in patients with
hepatic cirrhosis. We review the latest information on
perioperative management of liver resection in HCC
patients with hepatic cirrhosis.
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Core tip: Radical treatment of hepatocellular carcinoma
(HCC) by liver resection without causing liver failure
has been established as a safe approach through
selection of an appropriate range of resection of the
damaged liver. This background indicates that both
evaluation of hepatic functional reserve and measures
against concomitant diseases such as thrombocytopenia
accompanying portal hypertension, prevention of
rupture of esophageal varices, reliable control of ascites,
and improvement of hypoalbuminemia are important
issues in liver resection in patients with hepatic cirrhosis.
The latest information on perioperative management of
liver resection in HCC patients with hepatic cirrhosis was
reviewed.
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Abstract
The global distribution of hepatocellular carcinoma
(HCC) varies markedly among regions, and patients
in East Asia and Central Africa account for about 80%
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cirrhosis is classified into three types: micro-nodular
type, with nodes < 3 mm, macro-nodular type, with
nodes ≥ 3 mm, and mixed nodular type, in which both
nodules are mixed.

INTRODUCTION

Cause

Persistent hepatitis virus B and C infections and
excessive alcohol intake are the causes in many patients.
The specific types are primary biliary hepatic cirrhosis;
autoimmune hepatitis; non-alcoholic steatohepatitis;
and metabolic (Wilson disease, hemochromatosis),
congestive (Budd-Chiari syndrome), parasitic, and drug[12]
induced types .

The global distribution of hepatocellular carcinoma (HCC)
varies markedly among regions, and patients in East
Asia and Central Africa account for about 80% of all
[1,2]
cases . The risk factors are hepatitis B and aflatoxin
[3]
in these regions , whereas hepatitis C and alcohol are
[4,5]
risk factors in North America, Europe and Japan . The
risk of carcinogenesis further increases with progression
to hepatic cirrhosis in all liver disorders. Hepatic cirrhosis
is an irreversible pathological change and inhibition of
disease progression has previously been considered
difficult. However, advances in antiviral therapy now
[6]
permit eradication or inhibition of replication of viruses .
Radical treatment of HCC by liver resection without
causing liver failure has been established as a safe
approach through selection of an appropriate range of
[7,8]
resection of the damaged liver . In the HCC practice
guidelines of the Barcelona Clinic Liver Cancer (BCLC)
staging system, liver resection is not recommended
[9]
for patients with portal hypertension , and radiof
requency ablation (RFA) and transcatheter arterial
chemoembolization are selected in many countries. In
Japan, liver resection using appropriate preoperative
management has been found to be safe and to improve
[10]
the prognosis for patients with portal hypertension .
This background indicates that both evaluation of
[11]
hepatic functional reserve
and measures against
concomitant diseases such as thrombocytopenia
accompanying portal hypertension, prevention of rupture
of esophageal varices, reliable control of ascites, and
improvement of hypoalbuminemia are important issues
[12]
in liver resection in patients with hepatic cirrhosis .
In this report, we review the latest information on
perioperative management of liver resection in HCC
patients with hepatic cirrhosis.

Diagnosis

Hepatic cirrhosis is definitively diagnosed by histological
confirmation of lobular structure remodeling and pseu
dolobule formation on liver biopsy. However, liver biopsy
is not optimal because performance of this procedure
before liver resection has a risk of complications. Thus,
it is desirable to evaluate the presence of hepatic
cirrhosis based on blood chemistry and diagnostic
imaging. Several formulas for this purpose using blood
[14-17]
tests have been reported
(Table 1). The aspartate
aminotransferase (AST) to platelet ratio index (APRI
index) is based on the AST level and platelet count.
The diagnostic performance for hepatic cirrhosis C
using a cut-off of 1.0 is about 77% sensitivity and 75%
[16]
specificity .
In imaging diagnosis, transient elastography (Fibro
Scan™) can be used for noninvasive measurement
of liver stiffness (stiffness), in which liver elasticity is
determined by measuring the velocity of transmission in
the liver of a single shear wave emitted from a specific
[18,19]
probe of an ultrasonic diagnostic device
. A strong
correlation between liver elasticity and fibrosis stage has
[20]
been reported .

Staging

The most common hepatic cirrhosis classification is the
Child-Pugh classification, in which 5 factors are scored:
encephalopathy, ascites, serum bilirubin level, serum
[21,22]
albumin level, and prothrombin activity
. However,
diagnoses of encephalopathy and ascites are subjective,
and evaluation of liver function is determined specifically
at the time of the test, which are disadvantages in
evaluation of hepatic functional reserve for liver resec
tion. In planning for liver resection, the liver damage
[23]
classification is more appropriate, particularly for HCC .
This classification uses the indocyanine green retention
rate at 15 min (ICG-R15), instead of encephalopathy in
the Child-Pugh classification, and stricter measurements
of serum albumin and prothrombin levels. This classi
fication is particularly useful for preoperative selection of
[24]
patients with favorable hepatic functional reserve .
The prognosis of HCC depends on the hepatic
functional reserve and tumor stage. These variables are
integrated in staging systems including the model for

DEFINITION OF HEPATIC CIRRHOSIS
Hepatic cirrhosis is the terminal stage of chronic liver
disease, in which fibrous tissue accumulation due to
necrotizing inflammatory reactions makes the liver
[12]
surface rough and irregular . Histologically, lobular
structure remodeling and pseudolobule formation are
observed; i.e., hepatic cirrhosis is a morphologically
[13]
defined disease .

Classification

Hepatic cirrhosis is classified based on: (1) cause; (2)
function and clinical stage; and (3) node size-based
morphology (World Health Organization classification).
In (2), hepatic cirrhosis is classified into compensated
and decompensated phases, and by the Child-Pugh
classification, as described below. In (3), hepatic
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Table 1 Prediction formula and discriminating factors for hepatic cirrhosis
Year

Ref.

Formula

2000

Ikeda et al[14]

2007

Koda et al[15]

2003
2006

Wai et al[16]
Sterling et al[17]

Z = (0.124) × [γ globulin (%)] + (0.001) × hyaluronic acid (ng/mL) + (0.075) × platelet count (104/μL) + (-0.413) × gender (male = 1,
female = 2) + (-2.005)
The condition is hepatic cirrhosis when Z is positive, and chronic hepatitis when Z is negative
Fibroindex = (1.738) + (-0.064) × platelet count (104/μL) + (0.005) × AST (IU/L) + (0.463) × [γ globulin (g/dL)]
The fibroindex value corresponds to fibrosis stage
APRI = 100 × [AST level/(upper limit of normal AST)/platelet count (× 109/L)]
FIB-4 = [age × AST (U/L)]/[platelet count (× 109/L) × ALT (U/L)1/2]

APRI: AST to platelet ratio index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; FIB-4: Fibroindex-4.

Table 2 Definitions of the cancer of the liver Italian program score

[27]

Variable

Score

Child-Pugh stage
Tumor morphology
AFP (ng/mL)
Portal vein thrombosis

0

1

2

A
Uninodular and extension ≤ 50%
< 400
No

B
Multinodular and extension ≤ 50%
≥ 400
Yes

C
Massive or extension > 50%

AFP: Alpha-fetoprotein.

Table 3 Definitions of the Japan integrated staging score
Variable
Child-Pugh stage
TNM stage1

0
A
Ⅰ

1
B
Ⅱ

[33,34]

sponge or metal coil
. Long-term maintenance of
the increased platelet count requires extensive splenic
embolization of about 80% (splenic volumes ≤ 700
[35]
mL) , but this treatment is accompanied by risks of
complications such as abdominal pain (82.4%), fever
[36]
(94.1%), and splenic abscess (1.2%) . A shortterm minimum effect of embolization is believed to be
[37]
sufficient to prevent hemorrhage after liver resection .
Splenectomy reliably improves portal hypertension
and hypersplenism. In HCC accompanied by hepatic
cirrhosis, splenectomy improves the serum bilirubin,
albumin, and prothrombin levels, and splenectomy
performed before liver resection has a significant
[38]
benefit . In contrast, splenectomy before brain dead
liver transplantation causes an increase in infection,
[39,40]
decrease in survival rate, and high mortality
. Thus,
it has been suggested that cases should be carefully
selected for splenectomy. Also, since immune function is
reduced in patients with hepatic cirrhosis, overwhelming
post-splenectomy infection syndrome (OPSI) is a
[41]
concern . OPSI is a complication that develops rapidly
regardless of the time after surgery and has a poor
[42-44]
prognosis and high mortality (50%-70%)
. Pneumo
coccus is the causative bacteria in 80% of cases and
a pneumococcus vaccine is recommended for splenec
tomized patients. Interferon administration following
splenectomy may also induce OPSI; thus, antiviral
therapy should be performed carefully. The incidences
of portal vein thrombosis after splenectomy are
9%-29% and 1.6%-8.0% in patients with and without
[45-48]
concomitant spleen enlargement, respectively
.
Doppler ultrasonography and contrast CT are useful
for early diagnosis of portal vein thrombosis following
splenectomy. The timing of splenectomy varies among
[49]
institutions (Table 4). Sugawara et al
recommended
simultaneous splenectomy for readily resectable HCC

[28]

2
C
Ⅲ

3
Ⅳ

1

By liver cancer study group of Japan.

[25]

[26]

end-stage liver disease , OKUDA , cancer of the liver
[27]
Italian program (CLIP) (Table 2) , Japan integrated
[28]
[29]
staging (JIS) score (Table 3) , modified-JIS score ,
[30]
and the Tokyo score , all of which are useful predictors
[28]
of outcomes. Kudo et al
proposed the JIS score,
in which the TNM stage and Child-Pugh classification
are integrated. This score has advantages over the
CLIP score (integration of the Child-Pugh classification,
tumor morphology, alpha-fetoprotein, and portal vein
tumor thrombosis) because (1) stratification of scores
is distinct; (2) the prognosis of score-0 liver cancer is
favorable; and (3) there is a definitive JIS score for cases
with a poor prognosis. Integrated staging is useful for
prediction of outcomes, but inappropriate for selection
[31]
and comparison of treatment methods .

TREATMENT OF THROMBOCYTOPENIA
A reduced platelet count is an indicator of hepatic
cirrhosis, and liver resection requires measures against
[12]
thrombocytopenia to reduce the risk of hemorrhage .
Low preoperative platelet count is independently
associated with increased major complications, post
operative liver insufficiency, and mortality after resection
[32]
of HCC .
Partial splenic embolization is performed to improve
hypersplenism through partially necrotizing the spleen
by embolization of the splenic artery with a gelatin
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Table 4 Reports on liver resection and splenectomy for hepatocellular carcinoma complicated by hepatic cirrhosis accompanied by
hypersplenism
Table 1 Prediction formula and discriminating factors for hepatic cirrhosis
Year

Ref.

Simultaneous splenectomy,
2-stage (No. of patients)

Platelet count Child-Pugh Mortality
4
(×10 /μL)
(A/B/C)

Morbidity

Survival rate

Effect

1989

Takayama et al[38]

Simultaneous (12), 2-stage (8)

N

N

9.1%

27.3%

5 yr recurrence-free
66.7%

N

0

47.9

5.2 ± 1.5

1/4/1

0

17

3/5 yr survival
rate: 72.3%/38.9%
N

Simultaneous (12), no sp (6)

5.5 ± 1.5

10/8/0

11.1

66.7

N

Wu et al[97]

Simultaneous (41), no sp (485)

3.8 ± 2.1

419/85/23

1.5

20.5

N

2005

Chen et al[98]

Simultaneous (94), no sp (110)

6.2

125/79/0

N

15.2

2008

Sugimachi et al[99]

Simultaneous (4), no sp (11)

4.2 ± 0.8

9/6/0

6.7

47

5 yr survival 56%,
recurrence-free
survival 35%
N

2015

Zhang et al[100]

Simultaneous (84), no sp (84)

6.1 ± 4.2

84/0/0

0

39.3

Expansion of
indication of liver
resection
Improvement of
serum bilirubin
level
Improvement of
safety
Improvement of
platelet count,
albumin level, and
Child classification
Expansion of
indication of liver
resection
Improvement of
recurrence-free
survival rate
Improvement of
recurrence-free
survival rate
3-yr survival rate
equivalent to that
after conventional
liver resection
Improvement of
recurrence-free
survival rate

1999

Lin et al[94]

Simultaneous (11)

5.2 ± 1.5

5/6/0

2000

Sugawara et al[49]

Simultaneous (35), 2-stage (13)

4.7 ± 0.3

2000

Shimada et al[95]

2-stage (6)

2003

Oh et al[96]

2004

4.6

N

N

1/3/5 yr survival:
90%/78%/66%

N: Details unknown.

on the occurrence of hemorrhage from esophageal varices
and gastropathy. General rules for recording endoscopic
findings of esophagogastric varices is formatted with
location, form, color, red color signs, bleeding sings and
[50]
mucosal findings (Table 5) . According to the United
Kingdom guide lines, esophageal varices are classified
[51]
into 3 grades based on the size of varices . Grade
Ⅱ/Ⅲ varices (large) are indicated to beta-blocker or
variceal ligation (Figure 1). McCormack classification
is useful to definite of portal hypertensive gastropathy
[52]
(Table 6) . Thus, endoscopy should be performed
before liver resection to avoid overlooking esophageal
varices because the portal blood pressure rises after liver
resection and this may aggravate varices. For patients
with a history of hemorrhage from a varix, treatment of
the varix before liver resection is required. For patients
with a large (F2 or larger) varix accompanied by red
color sign based on above general rules, preventive
[53]
treatment is indicated .
Currently, endoscopic treatment is the standard for
esophageal varices, using endoscopic injection sclero
[54]
therapy and endoscopic variceal ligation . Balloonoccluded retrograde transvenous obliteration (BRTO)
improves the varix and ICG-R15 value in patients with
[55]
a gastric varix , but there is no evidence that BRTO
improves the safety of liver resection. The endoscopic
F factor (large varices) rating of bleeding esophageal
[56]
varices can be a significant predictive factor for HCC .
So the screening of HCC is required after the treatment

Diagnosis of cirrhosis

Endoscopy

Grade Ⅰ varices

No varices

Re-endoscope 2-3 yr

1

Re-endoscope 1 yr

Grade Ⅱ or Ⅲ varices (or
any varices with red signs)

1

Non cardio-selective
beta-blocker

Intolerant/contraindications to non
cardio-selective beta-blocker or
patient choice: Variceal band ligation

Figure 1 United Kingdom guidelines. Algorithm for surveillance of varices
and primary prophylaxis in cirrhosis. 1If there is clear evidence of disease
progression this interval can be modified by clinician. Endoscopy should also
be offered at time of decompensation[51].

in cases with favorable liver function and general
conditions, and earlier splenectomy if these criteria are
not met.

TREATMENT OF ESOPHAGEAL VARIX
The prognosis for patients with cirrhosis primarily depends
WJH|www.wjgnet.com
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Table 5 General rules for recording endoscopic findings of
[50]
esophagogastric varices

Table 6 McCormack classification for the presence of portal
[52]
hypertension and portal hypertensive gastropathy

Category

Mild gastropathy

Code subcategory

Location (L)

Form (F)

Color (C)

Red color signs (RC)

Bleeding signs

Mucosal findings

Ls: Locus superior
Lm: Locus medialis
Li: Locus inferior
Lg-c: Adjacent to the cardiac orifice
Lg-cf: Extension from the cardiac orifice to the
fornix
Lg-f: Isolated in the fornix
Lg-b: Located in the gastric body
Lg-a: Located in the gastric antrum
F0: No varicose appearance
F1: Straight, small-caliber varices
F2: Moderately enlarged, beady varices
F3: Markedly enlarged, nodular or tumorshaped varices
Cw: White varices
Cb: Blue varices
Cw-Th: Thrombosed white varices
Cb-Th: Thrombosed blue varices
RWM: Red wale markings
CRS: Cherry red spots
HCS: Hematocystic spots
Esophageal varices: RC0, RC1, RC2, RC3
Gastric varices: RC0, RC1
Te: Telangiectasia
Gushing bleeding
Spurting bleeding
Oozing bleeding
Red plug
White plug
E: Erosion
Ul: Ulcer
S: Scar

Severe gastropathy

for various types of surgeries. Preoperative sarcopenia
increased the morbidity rate including the rate of liver
failure, in patients who underwent major hepatectomy
[58]
with extrahepatic bile duct resection . European
Society for Parenteral and Enteral Nutrition guidelines
recommended an energy intake of 35-40 kcal/kgBW
per day (147-168 kJ/kgBW per day) and a protein
intake of 1.2-1.5 g/kgBW per day for cirrhotic patients
[59]
perioperatively .
Protein-energy malnutrition (PEM) occurs in 27%87% of patients with hepatic cirrhosis, and the level
of branched-chain amino acids (BCAAs) is markedly
[60]
reduced . In PEM, hypoalbuminemia is observed and
BCAAs are used for processing of ammonia and as an
energy source for gluconeogenesis in skeletal muscle.
In hepatic cirrhosis, serum albumin and plasma BCAA
levels are positively correlated, and the prognosis
is significantly poorer when serum albumin is < 3.5
[61,62]
g/dL
. Oral administration of BCAAs is of interest
as a pharmacological and nutritional approach for im
provement of hypoalbuminemia and insulin resistance,
inhibition of angiogenesis, and activation of immune
[63]
function . In a randomized controlled trial (RCT) in
646 patients with decompensated hepatic cirrhosis who
were divided into groups with and without treatment
with oral BCAAs for 2 years, the incidences of death,
liver cancer, rupture of esophageal varix, and liver
failure were lower in the BCAA group and the prognosis
[64]
was improved .

of large varices.

CONTROL OF ASCITES
Ascites accompanying hepatic cirrhosis involves inter
actions among various factors, including enhancement
of liver lymph production with elevation of the portal
blood pressure, enhancement of intra-abdominal portal
permeability, reduction of the effective circulating
blood volume, and enhancement of the sympathetic
[12]
nervous system . Treatment of fluid retention, which
manifests as ascites, includes restriction of salts and
water, administration of diuretics, and transfusion of
an albumin preparation. If no effect is obtained in a
short time, the patient is at high risk of liver or multiple
[57]
organ failure, and liver resection should be avoided .
Selection of the smallest possible range of resection in
patients with relatively favorable liver function and early
resolution of ascites is the key to safe and successful
[11]
liver resection .

SELECTION OF LIVER RESECTION RANGE
In Japan, East Asia and some European countries,
ICG-R15 is used as an index of hepatic functional
reserve. ICG-R15 is also a predictor of morbidity and
[65,66]
mortality after surgery
and can be used to deter
mine the acceptable liver resection range. In the
therapeutic strategy for HCC, the BCLC staging system
[9]
recommended by AASLD and EASL is used worldwide .
In Japan, the “treatment algorithm” described in the
Clinical Guidelines for HCC is widely used to select the
optimum treatment based on the liver function and
[67]
tumor status (Figure 2) . The Japanese treatment
algorithm differs markedly from the BCLC system with
[68]
regard to HCC with concomitant portal hypertension .
In the BCLC system, liver resection is not indicated if
portal hypertension is present, and liver transplantation
and RFA are recommended. In contrast, liver resection
is recommended based on the ICG-R15 level in the
Japanese treatment algorithm, and favorable outcomes

IMPROVEMENT OF NUTRITIONAL
STATUS
The association between preoperative sarcopenia and
postoperative morbidity/mortality has been reported

WJH|www.wjgnet.com
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Superficial reddening
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Treatment algorithm

HCC

1

Degree of liver damage

A, B

Tumor number 1

2 or 3

Tumor diameter

Treatment

(1) Liver resection
(2) Percutaneous
2
ablation therapy

C

≤ 3 cm

Liver resection
Percutaneous
ablation therapy

≥4

1-3

≤ 3 cm4

> 3 cm

(1) Liver
resection
(2) Embolization

≥4

(1) Embolization
3
(2) Chemotherapy

Liver
5
transplantation

Palliative
care

PS
At times, liver resection, chemotherapy, and embolization therapy may be selected for patients with
Child-Pugh class A liver damage along with vascular invasion
Chemotherapy is recommended for patients with Child-Pugh class A disease with extrahepatic metastases
(Caution) 1: The Child-Pugh classification may also be used when non-surgical treatment is considered
2: Can be selected for tumors with a diameter of ≤ 3 cm
3: Oral administration and/or hepatic arterial infusion are available
4: A single tumor ≤ 5 cm or 2-3 tumors ≤ 3 cm in diameter
5: Patients aged ≤ 65 yr

Figure 2 Algorithm for treatment in Japanese hepatocellular carcinoma guidelines[67]. This algorithm has been simple and easy to memorize, consisting of
three factors: (1) degree of liver damage; (2) number of tumors; and (3) tumor diameter. The recommendable treatment options are narrowed down to one or two by
referring to this algorithm. HCC: Hepatocellular carcinoma.
[10]

have been reported .
Liver resection for HCC is chosen based on the
balance between tumor status and liver function.
Resection exceeding the hepatic functional reserve with
the goal of cancer cure may lead to liver failure, whereas
insufficient resection of the cancer due to excessive
safety concerns may have a high risk of early recurrence.
Therefore, it is important to select the optimum surgical
procedure based on the tumor advancement and the
acceptable liver resection range. Preoperative liver
function can be evaluated using a galactose tolerance
99m
test,
Tc-GSA liver scintigraphy, and an ICG tolerance
test. The Makuuchi criteria are particularly useful for
chronic hepatitis and hepatic cirrhosis cases (Figure
[11]
3) . These criteria use the presence or absence of
ascites, serum bilirubin level, and ICG-R15 as evaluation
items. Surgery is not indicated for cases with persistent
ascites despite treatment with diuretics or if the serum
bilirubin level is consistently > 2.0 mg/dL. The range
of resection is determined based on ICG-R15 in patients
with a normal bilirubin level of ≤ 1.0 mg/dL, i.e.,
procedures can be selected for resection of up to 2/3
of the total liver volume (such as right lobectomy) in
patients with normal ICG-R15 (< 10%), up to 1/3 of the

WJH|www.wjgnet.com

total liver volume (such as left lobectomy) for patients
with ICG-R15 of 10%-19%, and up to 1/6 of the total
liver volume (Couinaud’s segmentectomy) for patients
with ICG-R15 of 20%-29%. When ICG-R15 exceeds 30%,
surgery is limited to partial resection or enucleation. In
a study in 1056 patients who underwent liver resection
[8]
based on these criteria, the surgical mortality was 0% .
Systematic resection of cancer-containing regions
perfused by branches of the portal vein should be
performed within the range allowed by the liver function
and with consideration of HCC invasion of the portal
vein. Systematic subsegmentectomy of the liver was
developed to overcome two contradictory goals: cancer
[69]
curability and conservation of liver function . Since
HCC develops in a liver damaged by chronic hepatitis
and hepatic cirrhosis in many cases, an insufficient
volume of residual liver after major hepatectomy, such
as lobectomy, may result in liver failure. To prevent liver
failure, portal vein embolization (PE) is applied to the
branch of the portal vein perfusing the planned region
for resection to induce compensatory hypertrophy of the
[70]
region remaining after liver resection . PE is indicated
for cases with ICG-R15 < 10% and a ratio of the nontumorous parenchymal volume of the resected liver to
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Ascites

Incontrollable

No or controllable

Total bilirubin

Normal

≥ 2.0 mg/dL

1.1-1.9 mg/dL

ICG-R15

No hepatectomy

Limited resection

Normal

10%-19%

20%-29%

≥ 30%

Trisegmentectomy
RT hepatectomy

Lt hepatectomy
Rt segmentectomy

Subsegmentectomy

Limited resection

Figure 3 Makuuchi’s criteria. Algorithm before proceeding to safety hepatectomy for hepatocellular carcinoma with cirrhotic liver. Makuuchi's criteria include three
factors: ascites, total serum bilirubin, and the ICG-R15: indocyanine green 15 min retention rate. This algorithm shows the maximal area for which an operation can be
performed safely (modified ref.[11]).

and without 500 mg/body hydrocortisone before liver
resection. Serum bilirubin significantly decreased 2
d after surgery in the steroid group and there were
significant differences in the time-courses of the bilirubin
level and the prothrombin activity for 7 d after surgery.
These results show the efficacy of steroid administration
[82]
for liver resection .

that of the whole liver (R2) of ≥ 60%, and for cases
[71]
with ICG-R15 ≥ 10% to < 20% and R2 of 40%-60% .
Both degree of liver hypertrophy and growth rate
after PE are strong predictors of post-hepatectomy
[72]
liver failure . Recent introduction of 3-dimensional
computed tomography (CT) has enabled simple and
accurate determination of the positional relationship
between the main vessels and the tumor, the range
of resection, and measurement of the residual liver
[73]
volume .
Since 1990, liver resection for HCC has been
performed with acceptable blood loss at high-volume
medical centers, and centers performing surgery with
[74-77]
blood loss of about 500 mL have increased
. Blood
transfusion may promote cancer recurrence and is likely
[78]
to induce hyperbilirubinemia and liver failure . Since
a low hematocrit value is preferable for microcirculation
of the liver, perioperative allogeneic transfusion should
be avoided as much as possible in liver resection.
Autologous blood transfusion is safe and useful for
avoidance of allogeneic transfusion without increasing
[79]
the risk of cancer recurrence . Administration of
fresh frozen plasma is recommended to supplement
coagulation factors and maintain the effective plasma
[80]
volume , but administration of fresh frozen plasma
does not influence the course after liver resection and
is not necessary if the serum albumin level 2 d after
surgery is ≥ 2.4 g/dL in Child-Pugh class A cases with
[81]
intraoperative blood loss of < 1000 mL .
The immunosuppressed state after liver resection
may lead to progression of liver failure and disse
minated intravascular coagulation. In a RCT of steroid
administration after liver resection, postoperative liver
function was compared between groups treated with

WJH|www.wjgnet.com

POSTOPERATIVE ANTIVIRAL
TREATMENT FOR HCC
HCC often recurs even after curative liver resection
or RFA. It has been believed that controlling hepatitis
and ameliorating the symptoms of cirrhosis prevent
the recurrence of HCC. Several studies have examined
the adjuvant therapies for their ability to prevent
[83]
recurrence . Eight RCTs were carried out to verify the
efficacy of adjuvant interferon therapy for postoperative
[84-91]
HCC
. It is suggested that adjuvant interferon-α
reduced HCC recurrence and improved overall survival
in patients with hepatitis C virus-infected HCC following
curative treatment. The available evidence suggests that
antivirus therapy with nucleoside analogs (lamivudine)
should be recommended a postoperative preventive
therapy for patients with hepatitis B virus-related HCC (>
[92,93]
500 copies of hepatitis B virus DNA/mL)
.

CONCLUSION
Perioperative management is important in liver re
section for patients with HCC and hepatic cirrhosis.
New methods for evaluation and improvement of liver
function are likely to facilitate expansion of the indication
for liver resection.
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Fast track anesthesia for liver transplantation: Review of
the current practice
Stephen Aniskevich, Sher-Lu Pai
need time to be properly optimized from a physiological
and pain standpoint prior to extubation. Recently, there
has been a growing movement toward early extubation
in transplant centers worldwide. Initially fueled by
research into early extubation following cardiac surgery,
extubation in the operating room or soon after arrival to
the ICU, has been shown to be safe with proper patient
selection. Additionally, as experience at determining
appropriate candidates has improved, some institutions
have developed systems to allow select patients to
bypass the ICU entirely and be admitted to the surgical
ward after transplant. We discuss the history of early
extubation and the arguments in favor and against fast
track anesthesia. We also described our practice of
fast track anesthesia at Mayo Clinic Florida, in which,
we extubate approximately 60% of our patients in the
operating room and send them to the surgical ward
after a period of time in the post anesthesia recovery
unit.
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Core tip: With proper patient selection, early extubation
and bypassing of the intensive care unit is possible for
patients undergoing liver transplantation. This needs a
multidisciplinary approach and institutional support to
be effective and can improve patient outcomes, as well
as, improving resource utilization.

Abstract

Aniskevich S, Pai SL. Fast track anesthesia for liver trans
plantation: Review of the current practice. World J Hepatol
2015; 7(20): 2303-2308 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i20/2303.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i20.2303

Historically, patients undergoing liver transplantation
were left intubated and extubated in the intensive care
unit (ICU) after a period of recovery. Proponents of this
practice argued that these patients were critically ill and
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stability, an alveolar-arterial gradient of < 150 mmHg,
and no encephalopathy tended to do well with imme
diate extubation. Criteria that did not significantly
affect extubation were age > 50, United Network for
Organ Sharing status 2-4, intraoperative transfusion
requirements, and coexisting diseases. That same
[7]
year, Neelakanta et al published a paper describing
the immediate extubation of 18 patients after liver
transplantation followed by ICU admission. There were
no incidents of reintubation. When the extubation group
was retrospectively compared to matched controls, no
[8]
differences in outcomes were discovered. Plevak et al
reported that an integrated plan encompassing all levels
of care for the first 48 h after liver transplant reduced
the time to extubation and shortened ICU stays without
the need to change personnel and intraoperative
protocols.
Over the next several years, researchers continued
to refine which criteria best predicted success with early
extubation. As the popularity with early extubation
grew, transplant programs developed internal protocols
to streamline the perioperative process and the per
centages of patients given the opportunity for early
extubation increased. Experience bred confidence, which
in turn lead to more early extubations, better outcomes
and improved patient selection. Biancofiore showed
an increase in the extubation rate from an initial rate
of 19% to 82% over 5 years as the anesthesia team
[1]
became more confident with the process . Similarly, the
overall trend had been an increase in rates reported in
the published studies from the same time era. Starting
with success rates of 18.7% in 2001, multiple studies
[9-12]
now describe rates closer to 90% as of 2010
. Today
many centers around the world participate in early
extubation of liver transplant patients, some have even
[2,13]
progressed to bypassing the ICU altogether
. For the
purpose of this paper, the process of bypassing the ICU
and going directly from the postoperative care unit to
the surgical ward is termed “fast tracking”.

INTRODUCTION
Historically, patients undergoing liver transplantation
have been recovered in intensive care units (ICUs)
following surgery to ensure a smooth transition through
the recovery period. Advocates of this practice argue
that these surgeries are associated with large fluid
shifts and patients often have multiple significant
comorbidities necessitating a slow, controlled emer
[1-3]
gence with close supervision . However, as surgical
and anesthetic techniques have improved, a growing
number of centers worldwide have begun the practice
of early extubation following transplantation. Some
centers have even developed processes allowing select
patients to completely bypass the ICU and be directly
admitted to the surgical ward after transplantation.
This article aims to discuss the history and techniques
involved in fast track liver anesthesia.

LITERATURE SEARCH
We performed a PubMed and MEDLINE search using
the terms fast track anesthesia, early extubation, liver
transplant, abdominal transplantation, ICU, transplant
anesthesia. Articles included original studies and review
articles were reviewed for significance and additional
articles were identified from the reviewed articles.

HISTORY
The idea of early extubation following major surgery
was first described in cardiac anesthesia by Prakash
[4]
et al in 1977. In his study, Prakash found that 123
of 142 adult patients could spontaneously breath
either immediately after or within 3 h following openheart surgery. Furthermore, the group realized that
the careful pre- and intra-operative assessment of
potential candidates was needed to ensure success with
this approach. More investigators followed, and as the
literature supporting and refining the process of early
extubation in cardiac anesthesia grew, anesthesiologists
began exploring its application in liver transplantation
(Table 1). Similar to the cardiac anesthesia experience,
liver transplant teams began the arduous task of trying
to determine which patients were most likely to succeed
[5]
with this new approach. Rossaint et al , in 1990,
suggested that patients who have been given minimal
fluids may be good candidates. In their study, fluid was
administered only when there was a fall in the cardiac
index and ventricular filling pressures. This resulted
in 5/36 patients being extubated immediately after
surgery and an average time to extubation of 6 h for
the remainder. Mandell and her team were successful
at defining criteria for early extubation by examining
patients that were successfully extubated within 8
[6]
h after surgery . After deriving a list of extubation
criteria and retrospectively comparing their success
rates to another university program, they found that
patients with good donor liver function, hemodynamic
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ARGUMENTS FOR AND AGAINST FAST
TRACK ANESTHESIA
Proponents and advocates of fast track anesthesia
have raised several points to support their arguments
(Table 2). Early investigators believed that prolonged
intubation following complex surgeries, such as liver
transplant, allowed the patients to adequately “recovery”
from the stress of surgery. Additionally, this period
theoretically allowed the physicians caring for the patient
in the postoperative phase to adequately optimize
hemodynamic and pulmonary parameters prior to
extubation and ideally improve outcomes. Advocates for
early extubation have argued that it may be beneficial
for the new graft to limit the exposure to mechanical
[14]
ventilation. Kaisers et al
reported the deleterious
effects of positive end expiratory pressure (PEEP) on
liver graft hemodynamics. They found that a PEEP of
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Table 1 Early extubation in adult liver transplant recipients
Patients (n )

Ref.
Rossaint et al[5]

Mandell et al[3]

Neelakanta et al[7]

Biancofiore et al[1]

Glanemann et al[9]

Skurzak et al[10]

Mandell et al[2]

Anesthesia

Criteria for extubation

Findings

5/39

Fentanyl infusion,
"According to established criteria" but not
methohexital infusion,
clearly delineated
thiopental, pancuronium
University of
Thiopental, succinylcholine,
Preoperative: UNOS status 3 or 4; No
University of Colorado: 0/16
Colorado: 16/67
isoflurane or desflurane,
coexistent disease; Age < 50 yr; No
reintubations; UCSF: 2/25
early extubation;
fentanyl, lorazepam,
Encephalopathy; Intraoperative: Good donor reintubations (hypoventilation/
UCSF: 25/106 early
doxacurium
liver function; < 10 units of red blood cells
respiratory failure)
extubation
administered; No vasoactive support at end
of surgery; A-a gradient < 150 mmHg
35 total patients: 18
Midazolam, thiopental,
Good nutritional status, no significant cardiac O reintubations for either group.
extubated in OR; 17 succinylcholine, isoflurane, or pulmonary disease, uneventful surgical
No difference in ICU length of
extubated in ICU
fentanyl, morphine,
course, < 3 units of red blood cells transfused, stay; Immediate extubation group
pancuronium
sign of early graft function, normothermia.
had more respiratory acidosis on
Decision was made by anesthesiologist after
admission to ICU
consultation with surgeon
365 total patients:
Fentanyl, thiopental,
Awake, following commands, clinical
Group A: 2/211 reintubations
Group A: 211
cisatracurium, sevoflurane,
evidence of neuromuscular reversal,
(surgical bleeding, pneumonia);
extubated in OR;
remifentanil
normocarbia, respiratory rate < 25, adequate
Group C: 4/41 reintubations
Group B: 113
oxygenation (pulse oximetry > 95% with FiO2 (surgical bleeding, pneumonia,
extubated < 24
< 0.5), hemodynamic stability
hepatic artery thrombosis). Nonh; Group C: 41
invasive ventilation performed
extubated > 24 h
in 11/211 Group A and 6/113 in
Group B
546 total patients:
Fentanyl, methohexital,
Hemodynamic stability, normothermia, tidal
Group 1: 9/102 reintubated;
Group 1: 102
pancuronium
volume of 5-8 mL/kg, respiratory rate < 20/
Group 2: 50/383 reintubated;
extubated in OR;
min, adequate minute ventilation, positive
Group 3: 22/61 reintubated;
Group 2: 383
gag reflex, awake and responsive
Survival at 5 yr greatly reduced
extubated < 24
in Group 3 and in patients whom
h; Group 3: 61
underwent reintubation. Liver graft
extubated > 24 h
reperfusion injury significantly
influenced success and time to
extubation
652 total patients:
Varied: Isoflurane or
Conventional criteria used to determine
30/575 reintubations within
575 extubation in
sevoflurane, fentanyl,
for extubation. Contraindications to early
48 h (surgical interventions,
OR; 77 nonextubated remifentanil, sufentanil,
extubation: active bleeding with a need for
oversedation, pulmonary failure,
patients
pancuronim, atracurium,
abdominal packing, preoperative
pulmonary edema, cerebral
cis-atracurium.
mechanical ventilation, grade 4
ischemia, hepatic/renal failure)
Extubated in OR
encephalopathy, graft dysfunction (acidosis,
persistent coagulopathy, hemodynamic
instability)
147 total patients: Thiopental, succinylcholine, Awake, following commands, positive gag
2/111 reintubations within
111 extubated in
isoflurane or desflurane,
reflex, tidal volumes > 8 mL/kg, respiratory
48 (portal vein thrombosis,
OR; 23 no attempt at
fentanyl, lorazepam,
rate < 20/min, normocarbia, adequate
oversedation)
extubation; 13 failed
doxacurium
neuromuscular reversal, hemodynamic
to meet extubation
stability
criteria

UNOS: United Network for Organ Sharing; ICU: Intensive care unit; UCSF: University of California San Francisco.

10 mbar significantly reduced cardiac index, SvO2 and
widened the arteriovenous oxygen content difference
when measured with a pulmonary artery catheter
placed percutaneously into the hepatic veins. It has
been hypothesized that this may be due to retrograde
blood accumulation in the liver circulation due to an
increased backpressure transmitted from the pulmonary
[15]
circulation . Several small animal studies lend support
[16,17]
to these claims
. More recently, however, these
findings have been challenged. Saner observed that
PEEP values up to 10 mbar produced no significant

Table 2 Arguments for/against fast track anesthesia
Pro

Con

Improved graft blood flow
Decreased complications from
mechanical ventilation
Patient comfort
Less chest radiographs
Improved resource utilization
Cost containment

Need for recovery after surgical
stress
Time to optimize cardiopulmonary
parameters
Chance of failed extubation
Absence of large prospective studies
showing benefit
Chance of reoperation
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change in hepatic arterial and venous flow as measured
by Doppler in deceased donor rescue liver transplant
[15,18]
and living donor liver transplant recipients
. Holland
[19]
et al , examined patients undergoing cardiac surgery
and requiring mechanical ventilation postoperatively.
His group found that a PEEP of 10 mbar did not in
fluence the disappearance of indocyanine green, a flow
dependent marker of liver function. Nonetheless, while
there is controversy about the effect of ventilation on
hepatic blood flow and graft function, there is strong
evidence that unnecessary mechanical ventilation
is associated with several complications, including
muscle deconditioning, tracheal injury, and pulmonary
infections, the incidence of which can be lessened with
[3,20,21]
early extubation
.
Early extubation and fast track anesthesia has been
shown to decrease the total cost for hospitalization by
either reducing the length of intensive care or bypassing
[6,13,22]
[13]
the ICU completely
. Taner et al , showed a
reduction in total room charges, as well as, a decrease
in the amount of chest radiographs and arterial blood
sampling. This translates to better resource utilization
and may be beneficial in areas with limited resources
and in environments where cost containment is impor
[12]
tant .
Early extubation is not without significant risk,
especially when dealing with patients possessing
significant comorbidities. In a review of 11 studies by
[12]
Wu et al , reintubation rates ranged from 3% to 35%.
A variety of reasons including respiratory insufficiency,
pneumonia, and reoperations were cited as common
reasons for reintubation. Glanemann found an 11.7%
reintubation rate among patients extubated in the
operating room vs a 36% rate in patient extubated in
[9]
the ICU . Additionally, they found a higher incidence of
tracheostomy in the ICU group. In the study, patients
with acute liver failure, retransplantation, Child C status,
and complicated surgeries requiring more than 6 units
of packed red blood cells had an increased risk for
[9]
prolonged postoperative mechanical ventilation .

score also appears to be inversely proportional to volatile
[30]
agent requirements . These findings necessitate careful
titration of these agents in patients planning to undergo
early extubation and fast track anesthesia to prevent
prolonged emergence.
Most often, neuromuscular blockade is achieved with
atracurium or cis-atracurium, however vecuronium,
rocuronium, and pancuronium have all been employed
[12]
in studies evaluating early extubation . As vecuronium,
rocuronium, and pancuronium utilize hepatic metabolism
to variable degrees, caution should be used when these
medications. Delayed and primary graft nonfunction may
result in prolonged neuromuscular block. Neuromuscular
monitoring is an absolute requirement to ensure adequate
return of muscle strength prior to extubation.
Adequate postoperative pain control without respir
atory depression is a key component to anesthesia for
fast track candidates, therefore an astute understanding
of analgesic pharmacology in the care of the liver
transplant patients is important. Liver transplantation
recipients have reported decreased perioperative opioid
requirements when compared to patients without liver
disease undergoing other types of major abdominal
surgeries, as the majority of opioid metabolism is liverdependent. The severity of the liver disease and the
process of the transplantation itself may alter the effects
[32-34]
of different pain medications
. For example, when
comparing healthy living liver donors undergoing graft
procurement to patients with liver cirrhosis from chronic
hepatitis B or C infection or hepatocellular carcinoma
undergoing hepatectomy, the latter showed significantly
[32]
lower morphine requirement on postoperative day 1 .
Additional studies have shown that morphine usage was
significantly less in patients undergoing liver transplant
than in other liver operations, especially during the
[35-37]
first three postoperative days
. Proper dosage of
medications is crucial in achieving both adequate intra
operative anesthetic depth and postoperative pain
control while avoiding over-sedation which increases the
risk of prolonged postoperative mechanical ventilation.
At our institution, approximately 60% of 150 yearly
liver transplant patients undergo fast track anesthesia
and bypass the ICU completely. We typically induce
anesthesia with propofol, fentanyl, midazolam, and
succinylcholine. After intubation, anesthesia is main
tained with isoflurane, fentanyl, and cis-atracurium. We
limit our fentanyl dosage to 1000 micrograms unless
the patient is opioid tolerant. If additional opioids are
needed, we limit them to incremental dosing of up
to 250 mg fentanyl aliquots. Postoperatively, patientcontrolled hydromorphone is administered to manage
incisional pain. Bispectral index monitoring is typically
not used and our average operative time is 238 min for
a primary liver transplantation. At the time of transplant,
30% have a raw MELD of 21-30 and 20% have a MELD
of 31-40. Prior to extubation every attempt to ensure
adequate hemostasis is attempted by the surgeon and
anesthesia team using real time thromboelastrography
and careful examination of the surgical field. Transfusion

ANESTHESIA FOR FAST TRACK
Most early studies have employed a balanced anesthetic
[1,6,7,9-11,23,24]
approach
. This typically consisted of thiopental
or propofol combined with opioids at induction, followed
by inhalational agents and narcotics for maintenance.
Concern has been raised over the use of propofol
infusions for liver transplantation based on the fact that
concentrations appear to increase during the anhepatic
[25,26]
phase
. This may result in unpredictable levels and
interfere with the ability to ensure a rapid emergence.
The use of bispectral index monitoring may help offset
[27-29]
this side effect by preventing overdosage
.
Isoflurane, desflurane, and sevoflurane have been
used in studies evaluating early extubation. Dose
requirements for both desflurane and isoflurane have
[30,31]
been shown to decrease during the anhepatic phase
.
Increasing Model for End-stage Liver Disease (MELD)
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goals are a stable hemoglobin of 8-10 mg/dL, an
international normalization ratio of 1.5-2, a fibrinogen
level greater that 170, and a platelet count of approxi
mately 100.
We do not utilize set fast track criteria per se; rather
all of the anesthesiologists base our determination on
clinical experience after consultation with the operating
surgeon. Typically redo transplants and patients requiring
vasopressors or postoperative dialysis are admitted
to the ICU after surgery. High volume transfusions
are not an indication for ICU admission unless there
is significant concomitant coagulopathy and a high
likelihood of needing to transfuse more than 2 units of
blood products per hour. Likewise, MELD score itself
is not an indication for intensive care, although higher
MELDs are more likely to be associated with significant
comorbidities. We usually make our determination after
graft reperfusion to give either the ICU or surgical ward
time to prepare for the admission. On admission to the
postoperative care unit, the anesthesia team evaluates
relevant blood labs, an electrocardiogram, and a chest
radiograph. After clearance from the anesthesia team,
the patient is transferred to the surgical ward where the
patient initially receives 1:1 nursing care for the first 24
h and further evaluation from the transplant hepatology
[13]
team .

7
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CONCLUSION
In summary, early extubation for large surgical cases
started in cardiac surgery and is gaining popularity
within the liver transplant anesthesia community. The
practice of fast track anesthesia may decrease the
incidence of pulmonary complications and improve graft
function, and result in better resource management.
As experience grows within our field, transplant teams
have become better able to determine patients that can
[24]
benefit from this practice . Careful coordination and
communication between the surgeons, anesthesiologists,
and ward teams needs to be in place to ensure safe
delivery of care.
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MINIREVIEWS

Progress in the treatment of pulmonary metastases after
liver transplantation for hepatocellular carcinoma
Zhan-Wang Xiang, Lin Sun, Guo-Hong Li, Rakesh Maharjan, Jin-Hua Huang, Chuan-Xing Li

Abstract

Zhan-Wang Xiang, Lin Sun, Guo-Hong Li, Rakesh Maharjan,
Jin-Hua Huang, Chuan-Xing Li, Sun Yat-Sen University
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Hepatocellular carcinoma (HCC) is the fifth most
common cancer in the world, and is the third leading
cause of cancer-related death. Liver transplantation (LT)
has become a curative treatment for patients with HCC.
However, recurrence and metastasis after LT are the
main factors reducing long-term survival in patients, and
the lung is the most common site of metastasis after LT
for HCC, although metastasis to liver, para-aortic lymph
nodes and renal periphery are observed. Thus, the
treatment of pulmonary metastases after LT for HCC has
become a hot research topic, the successful treatment
of pulmonary metastases can significantly prolong the
survival of LT patients. Although single conventional
treatment (chemotherapy, surgery and external beam
radiation therapy), immunosuppression, image-guided
minimally invasive therapy (radiofrequency ablation,
microwave ablation, cryoablation, and brachytherapy)
and molecular targeted drugs have had a significant
effect, patients do not have durable remission and the
long-term survival rate is disappointing. Therefore,
improving existing treatments and identifying a more
effective combination therapy are important research
issues in the prevention and treatment of pulmonary
metastases after LT for HCC. The paper reviewed
single conventional treatments, new treatments, and
combination therapy, to provide a basis for the best
treatment of these patients.

Author contributions: Xiang ZW and Sun L contributed equally
to this work; Li CX and Huang JH designed research; Xiang ZW,
Sun L, Li GH and Li CX performed research; Xiang ZW, Sun L
and Maharjan R analyzed data; Xiang ZW and Sun L wrote the
paper; all authors had read and approved the final manuscript to
be published.
Supported by National Natural Science Foundation of China,
No. 81371652 (to Huang JH).
Conflict-of-interest statement: The authors declare there is no
conflict of interest in this study.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Chuan-Xing Li, MD, Sun Yat-Sen University
Cancer Center, State Key Laboratory of Oncology in South China,
Collaborative Innovation Center for Cancer Medicine, No. 651
Dongfeng East Road, Guangzhou 510060, Guangdong Province,
China. lichuanh@mail.sysu.edu.cn
Telephone: +86-20-87343901
Fax: +86-20-87343901

Key words: Liver transplantation; Progress; Treatment;
Pulmonary metastases; Hepatocellular carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Received: April 16, 2015
Peer-review started: April 19, 2015
First decision: June 2, 2015
Revised: June 19, 2015
Accepted: September 2, 2015
Article in press: September 7, 2015
Published online: September 18, 2015

WJH|www.wjgnet.com

Core tip: The treatment of pulmonary metastases
after liver transplantation for hepatocellular carcinoma
has become a hot research topic. Although single
conventional treatment (chemotherapy, surgery and
external beam radiation therapy), image-guided
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the results of therapy have been disappointing, and
pulmonary metastases response rates after single or
multiple agent chemotherapy regimens were low, with
[11]
the 1-year survival rate between 0% and 30% . Lee
[12]
et al reported that the most commonly used chemo
therapeutic regimens were administered to patients
following LT for HCC, and the median time to pro
gression was 7.0 wk (95%CI: 5.8-8.2) and the median
overall survival was 16.6 wk (95%CI: 10.1-23.1).
[13]
Roxburgh et al
also found that HCC was generally
chemoresistant and results using systemic therapy were
disappointing. In addition, patients after LT required
long-term oral immunosuppressive drugs, as the vast
majority of patients could not tolerate chemotherapy
toxicity, which was also a problem when administering
[14]
chemotherapy .
There has been some progress in the use of
external beam radiotherapy (EBRT), particularly the
use of three-dimensional conformal radiotherapy and
the tomotherapy system, which have significantly
increased the partial or complete remission rate of lung
[15]
[16]
metastases . Jang et al
reported that 30-57.6 Gy
of radiation for lung metastases resulted in a complete
response rate of 26.3%, and the overall survival rate
[17]
at 1 year was 50.1%. Matsui et al
also showed that
stereotactic radiotherapy, performed at the site of tumor
location two years after radiotherapy, resulted in survival
of the patient without recurrence. However, at the time
of diagnosis, most patients have multiple pulmonary or
[18]
systemic metastases . Therefore, the future trend in
radiotherapy for pulmonary metastases after LT for HCC
is to increase the tumor area dose by screening patients
cautiously and using advanced radiotherapy positioning
technology, while reducing the scope of normal tissue
irradiated and the incidence of radiation toxicity. EBRT
has significant value for lung metastases after LT for
HCC.

minimally invasive therapy (radiofrequency ablation,
microwave ablation, cryoablation, and brachytherapy)
and molecular targeted drugs have had a significant
effect, patients do not have durable remission and the
long-term survival rate is disappointing. Therefore, we
reviewed single conventional treatments, new treat
ments, and combination therapy, to provide a basis for
the best treatment of these patients.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer in the world, is the third leading
cause of cancer-related death, and the incidence is
[1,2]
high and increasing . Liver transplantation (LT) is
[3]
carried out to treat HCC, especially in the early stage .
However, due to extrahepatic organ micrometastases,
which cannot be found by imaging and cancer cells
present in the blood circulation before LT, the charac
teristics of liver cancer (microvascular invasion, low
differentiation, allelic imbalance, genetic diversity),
the stage (super Milan criteria) and the administration
[4]
of immunosuppressive agents during and after LT ,
result in a high incidence of postoperative recurrence
[5]
and metastasis (60%-100%) . Tumor recurrence
and metastasis obviously decrease the chance of long[6,7]
term survival after LT for HCC , thus recurrence and
metastasis are the greatest obstacles to successful HCC
treatment.
Lung is the most frequent site of metastasis after LT,
although metastasis to liver, para-aortic lymph nodes
[8]
and renal periphery are observed . The successful
treatment of pulmonary metastases can significantly
[9]
prolong the survival of LT patients . Therefore, improv
ing existing treatments and identifying a more effective
combination therapy have become important issues in
pulmonary metastases after LT for HCC. The purpose
of this paper is to provide an overview of therapies for
pulmonary metastases after LT for HCC. Therefore,
we reviewed single conventional treatments, new
treatments, and combination therapy, to provide a basis
for the best treatment of these patients.

Surgery

Surgery has been accepted as the first treatment for
pulmonary metastases after LT for HCC for some time.
Studies have confirmed that surgery is effective, and
survival is reported to be between 24% and 78% at
3 years, with median survival ranging from 21 mo to
[19,20]
29 mo
. However, surgical resection of isolated
metastasis following LT for HCC is limited to a few
[21,22]
[23]
studies or case reports worldwide
. Bates et al
reported that five patients who had pulmonary resection
of metastatic HCC after LT, had an average survival
period of 44 mo after transplantation and 28 mo after
pulmonary resection, these survival times were similar
to those of patients following metastasectomy after
[18]
liver resection for HCC. A year later, Zhang et al
also reported five patients who underwent standard
lobectomy or wedge resection, and their survival ranged
from 3 to 53 mo, with an average survival period of 18
[24]
mo. Similarly, Togashi et al described two cases with
long-term survival following pulmonary metastasectomy
for HCC recurrence several months after living donor

CONVENTIONAL TREATMENT METHODS
Chemotherapy and external beam radiotherapy

The administration of chemotherapy for lung meta
stases after LT is controversial. The United Network for
Organ Sharing data indicate that 48% of HCC patients
[10]
received adjuvant chemotherapy after LT . However,
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liver transplantation, with no signs of further recurrence
2 years and 4 years 5 mo after resection of the
lung metastasis. These studies show that resection
of pulmonary metastases is an effective treatment
method. However, growth of metastatic tumors in the
alveoli causes no or mild respiratory symptoms in the
early stages of disease. At the time of diagnosis, lung
metastases have usually already developed into multiple
metastatic lesions, and most patients are denied the
[25]
chance of surgical treatment . Furthermore, due to
immunosuppression and surgical trauma, lung lesions
may recur after resection at any time, and possibly
metastases in other organs. The rate of recurrence and
metastasis in patients receiving immunosuppressive
therapy is significantly higher than in those who do not
receive immunosuppressive therapy, indicating that
immunosuppressive therapy plays a major role in tumor
[26]
recurrence and metastasis after LT . Therefore, the
value of surgery in the treatment of lung metastasis
after LT for HCC should be confirmed by further
prospective multi-center clinical studies.

thermal and non-thermal effects which are generated
by RFA electromagnetic waves in a biological medium
to solidify cancer tissue, and the local temperature can
be higher than 90 ℃, which kills tumor cells quickly and
effectively. RFA has been demonstrated to be a safe and
valuable treatment option and is accepted as the best
therapeutic choice for patients with unresectable HCC
[36]
pulmonary metastases. Lencioni et al
reported that
RFA results in a high proportion of sustained complete
responses in properly selected patients with pulmonary
malignancies, and is associated with acceptable mor
[37]
bidity. Hiraki et al
found that RFA for 83 pulmonary
metastases resulting from HCC was effective and safe in
selected patients, where the effectiveness rate was 92%
and survival rate was significantly improved. Therefore,
RFA improves survival in patients with limited metastatic
[38]
125
lung disease . In addition,
I brachytherapy has
also been used for pulmonary malignant tumors with
[39]
good efficacy. Zhang et al reported that computed
125
tomography-guided
I seed implantation was safe
and well tolerated for treating lung tumors, with few
complications, and the 1-, 3-year, and median overall
survival were 68.7%, 20.8% and 17.4 mo, respectively.
While the minimally invasive treatment of malignant
lung tumors has significantly progressed, there are few
reports on pulmonary metastases after LT for HCC. With
further clinical studies, coupled with the advantages of
minimally invasive treatment, such as safety, ease of
use, few complications and minimal trauma, this will
become a new treatment for pulmonary metastases
after LT for HCC.

NEW TREATMENT METHODS
Immunosuppression

More and more studies have confirmed that immuno
suppressants [e.g., mammalian target of rapamycin
inhibitors (m-TORi)] have anti-transplant rejection
[27,28]
and multiple anti-tumor effects after LT for HCC
.
[29]
Kawahara et al
found that m-TORi can decrease
the risk of recurrence after LT for HCC and have lower
[30]
drug toxicities. Cholongitas et al also showed that
patients on m-TORi had significantly lower recurrence
rates following LT for HCC, thus m-TORi may represent
an alternative immunosuppressive regimen with antine
oplastic effects. Moreover, the early use of m-TORi can
significantly prolong survival time and delay tumor
[31]
[32]
progression after LT . Klintmalm et al indicated that
m-TORi may have benefits in the oncology setting and
in relation to HCV-related allograft fibrosis, metabolic
syndrome, neurotoxicity, and survival time. However,
clinical studies have demonstrated that immunosu
ppressive agents can cause serious adverse reactions in
[33]
patients such as pneumonia and thrombocytopenia .
In patients with pulmonary metastases after LT for
HCC, most were in poor physical condition and were
unable to tolerate further treatment. Therefore, further
research on reducing the side effects of m-TORi and
controlling further progression with combination therapy
for pulmonary metastases after LT for HCC, will have
significant clinical value.

Targeted drugs

Sorafenib is a small molecular multikinase inhibitor of
vascular endothelial growth factor (VEGFR)-2, VEGFR-3,
platelet-derived growth factor-b, raf, Flt-3 and c-KIT.
Studies have demonstrated the ability of sorafenib to
inhibit tumor proliferation via the RAS-/RAF-signaling
[40,41]
pathway and angiogenesis
. Sorafenib has been
[42]
approved for the treatment of advanced HCC . Kudo
[43]
et al
reported 15 cases with complete remission
following treatment with sorafenib in patients with
advanced metastatic HCC, including multiple liver
lesions, lymph node metastases, adrenal metastases,
lung metastases and vascular invasion, which were
completely absent after treatment, and three tumor
markers (AFP, PIVKA-Ⅱ and AFP-L3) returned to
normal values. In addition, sorafenib has also made a
breakthrough in the treatment of HCC recurrence after
[44]
LT. Sposito et al found that sorafenib was associated
with an acceptable safety profile and had a survival
benefit in HCC patients suffering recurrence after LT,
the recurrence time was 38.1 mo, living conditions
were significantly improved after cancer recurrence
(the median survival from recurrence was 21.3 mo),
and the only factor associated with survival after HCC
recurrence in multivariate analysis was treatment with
[45]
sorafenib (HR = 4.0; P = 0.0325). Yeganeh et al
in
a large single-center retrospective study found that

Minimally invasive therapy

In recent years, due to the development of medical
imaging, many patients with pulmonary metastases may
also be treated with minimally invasive treatments, such
as interstitial laser coagulation, cryotherapy, microwave
ablation, percutaneous ethanol injection, radiofrequency
125
[34,35]
ablation (RFA), and I brachytherapy
. RFA uses
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sorafenib was safe and well tolerated in patients with
recurrent HCC following LT and may be associated
with a modest survival benefit, the rate of survival at
3, 6, 9, and 12 mo was 100%, 80%, 71% and 62%,
respectively. However, studies on the therapeutic value
of sorafenib in pulmonary metastases after LT for HCC
are rare, and only a few case reports were identified
in the present review. Furthermore, serious adverse
reactions have been observed, and some patients
could not tolerate conventional doses of sorafenib and
required dose reduction, which led to progression and
[14,46]
deterioration of the disease or death
. Therefore,
further investigations are needed to confirm the efficacy
of sorafenib in the prevention and treatment of HCC
after LT in international and multi-center randomized
studies with a large sample size. Nevertheless, sorafenib
is still a safe treatment and has a place in the treatment
of pulmonary metastases after LT for HCC.

success and have the potential to delay progression
and prolong survival, however, this does not apply to all
patients. Therefore, improving the existing treatments,
using individual and combination therapy, is the future
direction for the prevention and treatment of pulmonary
metastases after LT for HCC.
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EDITORIAL

Liver transplantation and sleeve gastrectomy in the
medically complicated obese: New challenges on the
horizon
Diego C Reino, Keri E Weigle, Erik P Dutson, Adam S Bodzin, Keri E Lunsford, Ronald W Busuttil

Abstract

Diego C Reino, Keri E Weigle, Adam S Bodzin, Keri E
Lunsford, Ronald W Busuttil, Division of Liver and Pancreas
Transplantation, Department of Surgery, University of California
Los Angeles, Los Angeles, CA 90095, United States

In the last 30 years, operative, technical and medical
advances have made liver transplantation (LT) a lifesaving therapy that is used worldwide today. Global
industrialization has been a contributor to morbid
obesity and this has brought about the metabolic synd
rome along with many downstream complications of
such. Non-alcoholic steatohepatitis (NASH) has become
a recognized hepatic manifestation of the metabolic
syndrome and NASH cirrhosis is predicted to be the
primary indication for LT in the United States by 2025.
Several case series and database reviews have begun
analyzing the efficacy of weight reduction surgery in the
LT recipient. These data have reasonably demonstrated
that weight reduction surgery in the LT recipient is a
feasible endeavor. However, several questions have
been raised regarding the type of weight reduction
surgery, timing of surgery in relation to LT, patient
and allograft survival and post-LT maintenance of
weight loss to name a few. We look forward to a time
when weight reduction surgery will work to improve
the technical conduct of LT, improve perioperative
benchmarks such as blood transfusions, intensive care
unit length of stay and help to prevent recurrence of
NASH cirrhosis in the medically complicated obese
patient. In the meantime, well-designed prospective
clinical trials that focus on the issues highlighted will
help guide us in the care of these complicated patients
who will soon account for the majority of the patients in
our clinics.
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of 7%, compared to 8% for HCV . Although the short
term data are promising, we have yet to understand
the long term graft and patient survival, operative
complications, immunosuppression-related morbidity
and the financial implications of performing liver
transplants on patients with NASH cirrhosis.
Historically, surgical procedures in the obese patient
have conferred a higher morbidity and mortality com
pared to those performed in patients with a lower
[7-9]
body mass index (BMI)
. However, only recently
have we begun to examine complications in the obese
[10]
liver transplant recipient. LaMattina et al
reviewed
their series of 306 obese liver transplant recipients
over 11 years and they found that patient and graft
survival, blood product transfusion, intensive care unit
(ICU) length of stay (LOS), and biliary complications
requiring intervention were all higher in the obese
[10]
patients . Specifically, patient survival at 1, 3 and 5
years for Class Ⅱ obese patients (BMI 35.1-40) was
91%, 78%, and 78%, vs 94%, 86% and 83% in the
[10]
non-obese recipients (P = 0.02) . Following a similar
trend, allograft survival for Class Ⅱ obesity was 87%,
76%, and 74%, vs 91%, 84% and 80% over the
same time period (P = 0.04). Comparing the same two
groups, blood transfusion use within the first 48 h was
significantly higher in the obese group by 5 units (P =
0.002), ICU LOS was 1.5 d longer (P = 0.04) and the
need for biliary interventions via endoscopic retrograde
cholangiopancreatography or percutaneous approach
after LT in Class Ⅱ obesity vs non-obese counterparts
[10]
was also elevated (P = 0.003) .
Concerns over outcomes in the obese LT recipient
have led to the advent of weight reduction surgery in
the liver failure patient. Weight reduction surgery has
evolved over the past 15 years and these advances have
had a significant impact on the metabolic syndrome
in the non-transplant obese patient. Of the weight
reduction procedures in practice, the gold standard
Roux-en-Y gastric bypass (RYGB) has been associated
with the most profound sustained weight loss in long
[11]
term studies . Similarly, cessation of preoperative
insulin and antihypertensive medications have been
more closely related to RYGB as compared to restrictive
[12]
procedures such as gastric banding . Despite im
proved outcomes with RYGB, early approaches towards
combined LT with weight reduction surgery have
focused on the use of sleeve gastrectomy (SG) as the
weight reduction procedure of choice. RYGB has largely
been eliminated from the armamentarium in the LT
recipient because of increased complexity with this
technique as well as the malabsorption associated with
RYGB that may adversely affect early post-transplant
[13,14]
immunosuppression levels
. Combined LT and gastric
banding has been previously reported. However, this has
largely been abandoned due to concerns for having a
[15]
foreign body in an immunosuppressed patient .
When considering approaches for SG in the LT
patient, three approaches can be taken. Pretransplant
SG, combined liver transplant and SG (LTSG) or SG in

Core tip: Non-alcoholic steatohepatitis (NASH) has
become a recognized hepatic manifestation of the
metabolic syndrome and NASH cirrhosis is predicted to
be the primary indication for liver transplant (LT) in the
United States by 2025. Previous reviews have shown
that weight reduction surgery is a feasible endeavor
in the liver failure patient. However, our review of the
available literature highlights the need for a prospective
clinical trial that will focus on the efficacy of sleeve
gastrectomy in relation to LT perioperative outcomes,
patient and allograft survival and prevention of NASH
recurrence in the post-transplant setting.
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TEXT
Nonalcoholic fatty liver disease (NAFLD) encompasses
a spectrum of liver injury that is marked by triglyceride
accumulation in hepatocytes. The severity of liver
injury ranges from benign steatosis that may be found
incidentally on ultrasound or cross sectional imaging
to nonalcoholic steatohepatitis (NASH), which is chara
cterized by neutrophil infiltration into portal triads. NASH
cirrhosis marks the final stage within the spectrum of
NAFLD and this has become a leading indication for liver
[1]
transplant (LT) in the United States . In 1980, Ludwig
[2]
et al first described NASH as a clinical entity when
they analyzed the liver biopsies of twenty patients with
no history of alcohol abuse and found that the histologic
profile was indicative of an inflammatory process as
evidenced by hepatic steatosis, lobular hepatitis, focal
necrosis with inflammatory infiltrates and Mallory bodies.
A common variable for this group of patients was that
they had manifestations of metabolic syndrome as most
of the patients were female, obese, hypertensive, with
[2]
diabetes mellitus and hyperlipidemia . This observation
has led many to believe that NASH is the hepatic
manifestation of the metabolic syndrome.
The prevalence of adult obesity and the metabolic
syndrome has reached epidemic proportions affecting
an estimated 34% of the adult population in the
[3-5]
United States . This has led to a parallel trend in the
incidence of NASH cirrhosis as the primary indication for
LT from 1.2% in 2001 to 9.7% in 2009, making it the
[6]
third most common indication in the United States .
[1]
Agopian et al have reported the largest single insti
tution series of patients undergoing LT for NASH
cirrhosis over an 18-year period. In this retrospective
series, they were able to demonstrate graft and patient
survivals at 90 d similar to hepatitis C virus (HCV) as
well as a retransplant rate for recurrent NASH cirrhosis
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the post-transplant setting. Heimbach et al
reported
on their experience of combined liver transplantation
and gastric sleeve resection (LTSG) for patients who
2
had a BMI greater than 35 kg/m along with a MELD
score range of 19-32. Although their series contained a
total of 44 patients and only 7 patients who underwent
combined LTSG, they had two key findings that were
important. First, they were able to demonstrate that
noninvasive obesity management programs centered
on dietary education are very effective at lowering the
mean BMI at the time of enrollment from 40 to a mean
BMI at the time of transplant of 33. The seven morbidly
obese patients (mean BMI 48) who failed to lose weight
from dietary modifications went on to get LTSG. The
second critical observation is that at 3 years follow-up,
the patients who underwent dietary modification and
liver transplant alone achieved the target weight loss
pretransplant, but were not able to sustain this weight
loss after transplant. This resulted in an increase of
the mean pretransplant BMI of 33 to 36 in the posttransplant setting when adjusted for ascites and edema.
In contrast, the 7 morbidly obese patients who failed
the pretransplant dietary modification program and
underwent combined LTSG had a mean BMI of 49 at
enrollment, 48 at the time of transplant and after 17 mo
follow-up had a mean BMI of 29. Of these 7 patients,
one gastric staple line leak occurred in a 60-year-old
[15]
male who had a MELD of 40 at the time of transplant .
Although there were no other complications attributable
to SG in this group, this very serious complication
raises questions regarding the timing of SG within the
spectrum of liver disease. Previous reports of weight
reduction surgery in the post-transplant setting have
demonstrated acceptable outcomes, but were reported
to be technically demanding operations due to the altered
[13,16-18]
surgical field
. Performing this operation in the posttransplant setting may offer an advantage in terms of
allograft survival if NASH recurrence could be prevented,
however, the surgical and perioperative benefits around
the time of transplant are lost by taking this approach.
Thus, the greatest advantage of weight reduction
surgery can potentially come in the pretransplant setting.
The timing of such a procedure is critical and must also
take into consideration the effect of SG on the technical
aspects of the future liver transplant. Namely, adhesion
formation subsequent to SG can potentially impact
mobilization of the left lobe of the liver due to dense
adhesions between the staple line of the stomach and
the left lobe of the liver and may similarly impact porta
hepatis dissection.
Previous reports based on nationwide admission
data, diagnosis and procedure codes have analyzed
outcomes for patients who underwent bariatric surgery
while having a concomitant diagnosis of compensated
vs decompensated liver disease or no liver disease
at all. Although this data is inherently limited, the
expected finding was that patients with decompensated
liver disease who underwent bariatric surgery had a
higher mortality rate (16.3%) as compared to those
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patients with compensated (0.9%) or no liver disease
[19]
at all (0.3%) (P = 0.0002) . By stratifying these
groups of patients and focusing on those patients
with compensated liver disease, we can potentially
identify patients who can tolerate SG prior to LT without
progressing to decompensated liver failure. This is a
significant barrier that will require increased awareness
in order for primary care physicians and hepatologists
to identify patients with metabolic syndrome who are at
the highest risk of developing NASH cirrhosis.
[20]
Weingarten et al
retrospectively analyzed their
prospectively collected data on 340 patients who
underwent laparoscopic bariatric operations with morbid
obesity as the primary indication for surgery and no
known history of liver disease. Liver biopsies were
performed intraoperatively and revealed that 44% of
the patients had mild NASH with no or minimal fibrosis
and 14% had advanced NASH with at least stage 2
[20]
fibrosis at the time of their bariatric surgery . The
complication rate did not differ significantly across NASH
categories when comparing hospital length of stay, 30 d
[20]
postoperative deaths, or liver failure . This is a critical
observation because it implies that we have inherently
been operating on patients with advanced, but com
pensated liver disease who can already be identified
as patients who may not recover from their burden of
liver disease if left untreated. More importantly, they
were able to tolerate a major bariatric operation without
any overt decompensation of their newly diagnosed
liver disease, as would be expected with this overall
minimal degree of liver injury. However, the important
observation is that these subsets of patients who have
NASH with low grade fibrosis, or perhaps even Child’s
A cirrhotic patients without any overt evidence of portal
hypertension, may be the most appropriate patients
who should be considered for SG prior to LT. Although
we currently do not have any empiric evidence to
support this hypothesis, these observations can be used
as preliminary data to help identify the optimal timing
for SG in the pretransplant period, while maintaining a
low risk for overt decompensation of their liver disease.

CONCLUSION
The future of liver transplant will see a paradigm shift
where HCV cirrhosis will become a secondary indication
for LT. The advent of direct acting antivirals has changed
the playing field when it comes to the treatment of HCV
cirrhosis. We can anticipate that NASH cirrhosis will
supersede all other indications for LT in the near future
if we consider the projection that 25 million Americans
will develop NASH by 2025, with 20% progressing to
cirrhosis and/or hepatocellular carcinoma that may
[3-5]
require LT . Our review of the literature summarizes
the initial experience with weight reduction surgery
in the setting of chronic liver disease and it suggests
that we can safely perform SG prior to, in combination
with, and in the post-transplant setting. Conventional
wisdom would suggest that most centers would consider
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patients who have no more than Child’s A cirrhosis and
2
a BMI of 35 kg/m for SG in the pretransplant setting.
With respect to combined SG and liver transplant
in the same setting, we propose that this should be
reserved for lower risk patients with low MELD scores or
patients who have MELD exceptions and have retained
physiologic reserve at the time of transplant. Ultimately,
the approach to the timing of SG will likely be center
and region specific as centers with very high acuity due
to organ constraints may not be able to offer combined
SG/liver transplant to their patients as other centers
or regions can. Thus, the centers/regions with higher
average MELD scores at transplant may be forced to
offer this service to their patients in the pretransplant
setting, assuming that NASH is the indication for
liver transplant and that their liver disease remains
compensated. Considering the scope of the problem
at hand, a prospective clinical trial that focuses on the
timing of SG, long term patient and allograft survival,
operative complications, financial implications and NASH
recurrence after LT will help guide the future of both of
these successful operations.
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Innate immune recognition of hepatitis B virus
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to viral control and liver pathology, while whether and
how HBV can trigger the components of innate immunity
remains controversial. In recent years, the data accu
mulated from HBV-infected patients, cellular and
animal models have challenged the concept of a stealth
virus for HBV infection. This editorial focuses on the
current findings about the innate immune recognition
to HBV. Such evaluation could help us to understand
HBV immunopathogenesis and develop novel immune
therapeutic strategies to combat HBV infection.
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Core tip: Hepatitis B virus (HBV) infection is prevalent
worldwide as a major public health problem and the
leading cause of severe liver diseases. A plethora of
evidence suggests that innate immune pathways are
involved in the cross-talk between HBV components
and host immune cells. Many type of cells, including
hepatocytes, kupffer cells and circulating monocytes,
could sense and be activated by HBV infection through
specific pathogen recognition receptors, resulting in
the production of pro-inflammatory cytokines and
interferons. Understanding of the nature of innate
immunity induced by HBV will aid to characterize the
immunopathogenesis of HBV infection and to further
design novel immune-based therapeutic strategies for
HBV infection.
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Abstract
Hepatitis B virus (HBV) is a hepatotropic DNA virus and
its infection results in acute or chronic hepatitis. It is
reported that the host innate immune system contributes
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INTRODUCTION
Hepatitis B virus (HBV) is a hepatotropic DNA virus
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belonging to the Hepadnaviridae family and causes
different outcomes of liver disease in humans, such as
acute or chronic hepatitis, liver cirrhosis and hepato
[1]
cellular carcinoma . Patients with chronic HBV infection
are mostly asymptomatic but at risk of developing
life-threating complications. Despite the availability of
effective prophylactic vaccines, HBV infection is highly
epidemic in developing countries and about 1 million
people die from HBV-associated severe liver diseases
[2]
annually . Generally, the pathogenesis and outcomes of
HBV infection are mainly determined by the magnitude
[3]
of host antiviral immune response . It has been
+
experimentally proved that the CD8 T cells - mediated
adaptive immune response is necessary for controlling
of HBV infection, and exogenous activation of host
innate immune system is able to inhibit HBV replication
[4]
and gene expression . However, during the occurrence
of HBV infection, whether and how HBV trigger the
components of innate immunity remains controversial.
This review will summarize and evaluate the current
findings, some of which are still contradictory, regarding
the induction of innate immunity by HBV infection and
how innate immune sensors are able to recognize HBV
components.

that HBV exposure in utero induced innate immune
cell maturation and Th1 response development, which
in turn enhanced the responses of cord blood immune
cells to bacterial infection in vitro. Therefore, rather than
being silent, HBV may be efficient in inducing anti-/proinflammatory cytokines, but less potent to activate IFN
response in patients.
In agreement with the findings above, HBV was
shown to be sensed by different types of liver cells with
in vivo and in vitro models. In the chimeric uPA-SCID
mice harboring human hepatocytes, a weak activation of
ISGs was detected in HBV-infected human hepatocytes,
[12]
but not in mouse hepatocytes without HBV infection .
Further, transduction of liver progenitor cell line HepaRG
cells with a baculovirus vector expressing HBV resulted
[13]
in significant activation of IFN-β and ISGs expression .
The possible explanation for activation of IFN pathway
in HepaRG cells is that the exceedingly high dose of
HBV baculovirus inoculum is able to induce different
intracellular pathways. However, when using cultured
primary human hepatocytes and non-parenchymal
liver cells, it was shown that HBV was recognized by
kupffer cells. This recognition led to nuclear factor
kappa B pathway activation and IL-6 production, while
[14]
no induction of type-Ⅰ IFNs . Moreover, circulating
monocytes were shown to respond to HBsAg in vitro,
resulting in strong production of pro-inflammatory
[15]
cytokines TNF-α and IL-6 .
Taken together, these data obtained from recent
studies suggested that liver cell populations, as well
as circulating innate immune cells, could sense and
respond to HBV infection, which enables the innate
immune system to detect and restrict the invading
virus. Then, it is necessary to explore the receptors and
the signaling pathways responsible for sensing HBV
within the infected hepatocytes or other immune cells.

HBV INFECTION ACTIVATES HOST
INNATE IMMUNITY
During the early phase of viral infections, the production
of pro-inflammatory cytokines and interferons (IFNs),
and the activation of natural killer (NK) cells is frequently
observed. Previously, HBV was considered as a stealth
virus that could establish persistent infection in liver by
[5]
evading the host innate immune system . Using an
experimentally infected chimpanzee model, Wieland
[6]
et al had reported that HBV was unable to interfere
host cellular gene transcription significantly and to
induce IFN-stimulated genes (ISGs) expression in the
liver. However, by quantification of serum cytokines,
a study, which was enrolled 21 HBV-infected patients
during the pre-symptomatic phase, indicated that
HBV infection was unable to elicit a strong production
of IFNs and interleukin (IL)-15, but did induce the
[7]
production of anti-inflammatory cytokine IL-10 . In
addition to this observation, another study suggested
that many cytokines were weakly induced during
acute HBV infection. After initiation of viral expansion
and before the peak of viremia, IFN-α, tumor necrosis
factor (TNF)-α, IL-15, IL-10, IL-6 and IL-1β levels were
detectable in serum samples from about half of HBV
[8]
patients . Interestingly, a longitudinal study performed
in woodchuck model demonstrated that NK and NKT cell
responses were activated within hours after inoculation
[9]
with high dose of woodchuck hepatitis virus (WHV) .
This result was consistent with the observation in
two blood donors developing HBV infection without
elevation of alanine aminotransferases at very early
[10]
[11]
stage of infection . Recently, Hong et al
revealed
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INNATE IMMUNE RECEPTORS INVOLVED
IN RECOGNITION OF HBV
In general, various pathogen-recognition receptors
(PRRs) which recognize specific structures and
components of pathogens by cells are responsible for
activation of host innate immune system. The main
PRRs sensing viral infection consist of toll-like receptors
(TLRs), NOD-like receptors, retinoic acid inducible
gene Ⅰ (RIG-Ⅰ)-like receptors including RIG-Ⅰ and
melanoma differentiation associated gene 5 (MDA5).
Viral envelope proteins, nucleocapsids and nucleic
acids are able to activate special intracellular signaling
pathways and induce the production of IFNs, pro[16]
inflammatory cytokines and chemokines . In the case
of HBV infection, several PRRs in different cell types
were identified to be involved in recognition of HBV.
[17]
For example, Cooper et al
demonstrated that HBV
nucleocapsids could activate TLR2-mediated signaling
pathway in human THP-1 macrophages to induce proinflammatory cytokines production. In HBV replicating
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[18]

[26]

hepatocytes, Lu et al
reported the expression of
MDA5 was up-regulated in Huh7 cells transfected with
the HBV genotype D replicative plasmid and in the livers
of plasmid hydrodynamically injected mice. Further, they
found that MDA5, but not RIG-I, was able to associate
with HBV-specific nucleic acids, suggesting that MDA5
[18]
may sense HBV . In contrast, a recent study suggested
that RIG-I was the most important innate immune
sensor of HBV in hepatocytes. They demonstrated that
IFN-λ but not type-ⅠIFNs is predominantly induced in
HBV infected primary human hepatocytes and hepatoma
cell lines. Moreover, the induction of IFN-λ is dependent
on the RIG-Ⅰ-mediated sensing the 5′-ε region of HBV
[19]
pregenomic RNA . These contradictory results might
mainly arise from the usage of different genotype of
HBV plasmid and cellular models. In addition, the results
also clarified that two previously reported cytosolic
DNA sensors, including cyclic GMP-AMP synthase and
IFN-γ-inducible protein 16, were not involved in HBV
[19]
recognition in hepatocytes . In addition, it is worth
noting that HBV-induced IFN responses in hepatocytes is
relatively weak, as compared with other virus infection,
which is consistent with the observations from the
[6]
[14]
studies obtained in chimpanzee and mouse models .

woodchuck models . Of note, this antiviral activity is
also associated with activation of intrahepatic T, NK, and
[25]
NKT cell responses that produce IFN-γ . Therefore,
TLR7 agonist might be a promising drug candidate for
immune modulation therapy of chronic HBV infection
due to its dual effect on host innate and adaptive
[27]
immune system .

CONCLUSION
The accumulated data highlight that HBV is recognized
by host PRRs and thus induces innate immune responses
that restrict virus replication and expansion. However,
the specific PRRs and intracellular signaling pathways
involved in the HBV recognition and inhibition still
require further investigation. An in-depth understanding
of immune mechanisms induced by distinct components
of HBV will provide the opportunity to characterize the
immunopathogenesis of HBV infection and develop
immune-based therapeutic strategies for HBV infection.
Considering the suppressive effect of different viral
proteins on innate immune system may contribute
[23]
to viral persistence in chronic HBV infection , the
activation of host innate immune system by specific PRR
agonists to overcome the immune suppressive effect
[27]
of HBV, like TLR7 ligand GS-9620 , may be helpful in
clearing HBV infection.

PRR ACTIVATION CONTROLS HBV
INFECTION
Although the PRR-mediated innate immunity is weakly
activated by HBV infection, numerous studies have
clarified that HBV replication and gene expression can
be inhibited by different PRR agonist stimulation in
[4]
[20]
vitro and in vivo . For example, Isogawa et al firstly
reported that intravenous injection of TLR3, TLR4,
TLR5, TLR7 or TLR9 ligands resulted in HBV inhibition
by type Ⅰ IFN induction in HBV transgenic mice model.
This finding was consistent with in vitro observation
that the culture medium derived from TLR3-activated
murine kupffer cells or liver sinusoidal endothelial cells
could inhibit HBV replication indirectly by IFN-β induction
[21]
in immortalized murine hepatocytes . Moreover, in
primary woodchuck hepatocytes or hepatoma cell lines,
it had been shown that TLR2 or TLR4 ligands were able
to inhibit HBV and WHV replication through activation
[22,23]
of MAPK-ERK and PI3K-Akt pathways directly
.
Besides TLRs, activation of RIG-Ⅰ in hepatocytes by
5’-triphosphorylated siRNA or HBV 5′-ε region derived
RNA also induced a vigorous IFN response against HBV
[19,24]
in hepatocytes
. These studies mentioned above
indicated that the PRR-induced anti-HBV response was
dependent on the secreted cytokines from immune cells
and the intracellular signaling pathways of hepatocytes.
It is worth mentioning that recent preclinical studies
revealed that oral administration of a TLR7 agonist
GS-9620, which was capable of stimulating robust IFN-α
responses in plasmacytoid dendritic cells and triggering
ISGs expression in PBMCs and liver, resulted in HBV
[25]
suppression in chronically infected chimpanzees
and
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Abstract
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The studies on hepatitis C virus (HCV) infection in prison
populations are few and mostly cross-sectional. We
analyzed prevalently the articles appearing on PubMed in
the last ten years. HCV infection is frequent in prisoners,
prevalences ranging from 3.1% to 38% according to
the HCV endemicity in the geographical location of
the prison and in the countries of origin of the foreign
prisoners and to the prevalence of intravenous drug
use, which is the most important risk factor for HCV
infection, followed by an older age of prisoners and
previous prison terms. HCV replication in anti-HCVpositive cases varies from 45% to 90% in different
studies, and the most common HCV genotypes are
generally 1 and 3. The response to antiviral treatment
is similar in prisoners to that of the general population.
Unfortunately, treatment is administered less frequently
to prisoners because of the difficulties in management
and follow-up. The new directly acting antivirals offer a
good therapy option for inmates because of their good
efficacy, short duration of treatment and low incidence
of side effects. The efforts of the prison authorities and
medical staff should be focused on reducing the spread
of HCV infection in prisons by extending the possibility of
follow-up and treatment to more prisoners with chronic
hepatitis C.
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makes it difficult to complete the clinical itinerary from
screening to post-treatment follow-up.
The prison authorities and physicians should imple
ment strategies to improve the diagnostic and thera
peutic approach to HCV in prisoners, general screening
for the anti-HCV antibody being the first step in this
approach. Prisoners with chronic HCV infection should
undergo a full diagnostic procedure and clinical staging
before being considered for treatment, since inmates
with HCV-related chronic hepatitis can achieve a
sustained virological response with the same frequency
[15]
as free patients .
Because of the numerous obstacles mentioned
above, only a few studies on HCV infection in prisons
have been carried out to date, and directives issued
[16]
by experts
are often not properly followed. Because
of complexity of the subject and in order to analyze
more recent aspects of the problem, we evaluated
prevalently the articles appearing on Pubmed in the
last ten years. We used a combination of the following
keywords: “prison”, “prisoners”, “inmate”, “HCV
infection”, “intravenous drug use”, “epidemiology”,
“chronic hepatitis”, ”cirrhosis”, “treatment”, “interferon”,
“ribavirin”, “directly acting antivirals (DAA)”, “sofosbuvir”,
“telaprevir”, “boceprevir”, to find articles focusing on the
epidemiology, clinical outcome and treatment of HCV
infection in prisons.

a social health problem: It is more frequent than in the
general population, but access to proper management
and treatment is more difficult. In this setting HCV
infection can be easily transmitted due to overcrowded
conditions, sharing supplies and particularly by drug
use. In the past, HCV treatment was rarely administered
to prisoners, often because they did not stay in the
same structure long enough. Also, the risk of HCV reinfection is high in inmates. New policies should be
applied to guarantee prisoners the same care as the
general population, particularly in view of the new,
shorter and more effective anti-HCV treatments.
Zampino R, Coppola N, Sagnelli C, Di Caprio G, Sagnelli
E. Hepatitis C virus infection and prisoners: Epidemiology,
outcome and treatment. World J Hepatol 2015; 7(21): 2323-2330
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i21/2323.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i21.2323

INTRODUCTION
The United Nations Basic Principles for the Treatment
of Prisoners state that prisoners “shall have access to
the health services available in the country without
[1]
discrimination on the grounds of their legal situation” .
Unfortunately, this basic principle has been infrequently
applied in real life and in most countries prisoners have
a lesser possibility of assistance and care than other
[2]
citizens .
Hepatitis C virus (HCV) infection is more frequently
[3,4]
detected in inmates than in the general population ,
the highest prevalence being reported in Central Asia
[3]
(38%) and Australasia (35%) . These high prevalences
are due mostly to unsafe lifestyles and family, psychiatric
and social problems, conditions often experienced by
prisoners before incarceration. Intravenous drug use
[5]
(IVDU), tattooing and promiscuous sexual contact are
the main risk factors for acquiring HCV infection. Once in
prison, overcrowding, violence, separation from family
[6]
and emotional problems are additional reasons that
may induce inmates to start or continue unsafe habits.
An estimate of the incidence of new HCV infections in
[7,8]
prisons exceeds 30 per 100 persons per year .
Proper treatment of chronic hepatitis C in prison
[9,10]
is rare for social and educational reasons
and, not
least, because most inmates with HCV infection remain
unaware of their virological condition. Several other
barriers may prevent HCV inmates from being admitted
for treatment: Individual problems (drug abuse, stress,
fear, lack of confidence) and social problems (stigma,
discrimination, difficulty to relate to the health per
[11]
sonnel) . Another obstacle may be the lack in a prison
of a liver disease specialist, a problem that can be
[12]
overcome with the use of telemedicine .
Although many prisoners are incarcerated for long
periods, the average length of stay in the same prison
[13,14]
can be weeks or months in several cases
, which
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EPIDEMIOLOGY OF HCV INFECTION IN
PRISONS
Table 1 shows the results of the majority of the studies
performed worldwide on the anti-HCV prevalence in
[17-42]
prisoners
. These rates ranged over the years from
3.1% to 38%, in relation to the endemicity of HCV
infection in the geographical location of the prison and
in the countries of origin of foreign prisoners as well
as the prevalence of IVDU in the different studies. The
lowest anti-HCV prevalence (3.1%) was reported by
[18]
Santos et al in 422 inmates held in two prisons, one
for males and one for females in the State of Sergipe in
Brazil, where only 10% of the detainees stated IVDU.
In contrast, the highest prevalence of HCV infection
[28]
was reported by Reekie et al in prisoners in Australia
investigated in 2004. The same Author found lower
rates in subsequent studies evaluating HCV infection
in the inmates of all Australian prisons, 33.3% in 2007
and 23.1% in 2010, regardless of IVDU.
[23]
Taylor et al , in a national cross-sectional study
conducted in Scotland, showed an overall prevalence of
HCV infection of 19% in a population of 4904 inmates,
53% in prisoners with a history of IVDU and 3% in
those without. Another national cross-sectional study
evaluated 1876 inmates randomly selected among
imprisoned individuals aged over 18 in France and in
[26]
French overseas departments
and reported an anti[29]
HCV prevalence of 4.8%. Alvarez et al
documented
a 10.1% prevalence of anti-HCV- positive cases among
2788 inmates held in two prisons in New York State,
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Table 1 Hepatitis C virus prevalence in different studies on prisoners
Ref.
Adjei et al[31]

Year of screening

Country

Type of study

Number screened/total

Type of screening

HCV prevalence

2004/5

Ghana

C-S 8 prisons;
inmates vs staff

1336/7652 vs 445/2139

C+Q

18.7% vs 18.7%

C-S
C-S 8 prisons
C-S
C-S
C-S

2788
973
148/150
695/965
1292 HIV-positive

C + Q + Clinical records

C-S
C-S
Prospective cohort
study

357
454/499
210 HCV Ab -

Almasio et al[16]
Alvarez et al[29]
Babudieri et al[42]
Barros et al[20]
Brandolini et al[17]
Hennessey et al[36]

2007/8
2006
1999/2000

Kazi et al[33]
Kheirandish et al[37]
Luciani et al[24]

2007/8
2006
2005/9

Macalino et al[32]

1998/2000

Mahfoud et al[30]
Marco et al[41]

2007/8

Lebanon
Spain

Meyer et al[34]
Mohamed et al[19]
Nokhodian et al[40]
Prasetyo et al[21]
Reekie et al[28]

2002

Germany
Egypt
Iran
Indonesia
Australia

2009/13

Italy
United States
Italy
Brazil
Italy
United States
Pakistan
Iran
Australia
United States

4269/5390
446 incidence study
580/35500
371

C+I
HCV History + C
Stored blood + medical
records
C+Q
C+I
C + Q + payment+ followup

2008
2009/10
2010
2002

Brazil
Italy
Spain
Brazil
France
United States

C-S
Observational and
C-S 18 prisons
C-S
C-S
C-S
C-S 4 prisons
C-S
C-S
C-S
Descriptive study
C-S 9 prisons
C-S 18 prisons
C-S 2 prisons
C-S 27 prisons
C-S

Taylor et al[23]

2010/11

Scotland

C-S 14 prisons

4904/6565

C+Q
Q + medical records
Educational information, C
+ or counseling
C+Q

Tresó et al[22]

2007/9

Hungary

C-S 20 prisons
inmates vs staff

4894/14331

C+Q

Rosa et al[27]
Sagnelli et al[38]
Saiz de la Hoya et al[25]
Santos et al[18]
Semaille et al[26]
Solomon et al[35]

2009
2004
2007
2010
2010/11

1125/1176
500/1200
160
375/375
588
536
618
195/386
2241/3468
378
422/519
1876
3914

Random+ C + Q
Q
C + I post screening
Random sampling + C + Q
C+I
C+Q
C+Q
C+Q
C+Q
Random + C + Q
Peer-to-peer education + C

38%
10.1%
38%
6.1%
22.4%
13%
15.2%
80%
Incidence 14.8 per
100/yr
23.1%
0.4 per 100/yr
3.43%
22.7%
8.6%
15.8%
4.4%
34.1%
33.3%
31.6%
23.2%
9.7%
22.8%
22.7%
3.1%
4.8%
29.7%
19%
Incidence > 1%
4.9% vs 0.5%

C-S: Cross-sectional; C: Consent; Q: Questionnaire; I: Interview; HCV: Hepatitis C virus.
[32]

from the prisoners, educational programs or peer-to[38]
peer communication
could be organized to improve
the trust relationship between the patients and medical
personnel. In some studies the information was obtained
from medical records, with a consequent lack of some
[26,27,36]
important data
.
Different results were reported in two interesting
studies comparing the prevalences of anti-HCV-positive
cases between prisoners and members of the staff.
[22]
Tresó et al
performed a multicenter cross-sectional
study in Hungary and found a significant difference in
the anti-HCV rate between the prisoners (4.9%) and the
[31]
wardens (0.47%), whereas Adjei et al found the same
anti-HCV prevalence (18.7%) in prison officers and
prisoners in nine prisons in Ghana, possibly reflecting
an occupation-related transmission or simply the high
prevalence of HCV infection in this country.

while Macalino et al
found a prevalence of 32.1%
in a cross-sectional study involving 4260 prisoners
incarcerated in Rhode Island correctional facilities. In
this study the authors investigated only the inmates
detained in the same prison for more than 12 mo and
registered an incidence rate of 0.4 per 100 persons per
year.
Cross-sectional studies in different Italian prisons
published 5 years apart showed anti-HCV positivity of
[42]
[38]
38% and 22.8% in the inmates investigated.
Most of the studies listed in Table 1 were crosssectional, performed with different aims, enrolment
criteria and statistical analysis. In most studies the infor
mation on the prisoners was obtained using a pre-coded
[20,34,37,40]
questionnaire, less frequently by oral interview
[35]
and in only one case by doctor-to-patient interview .
Some questionnaires gave no information on important
socioeconomic factors, which are indicators of the
[30]
level of awareness of HCV infection . In addition,
it cannot be excluded that some inmates may have
lied regarding certain questions, in particular those
concerning IVDU and sexual behavior, probably because
these behaviors are illegal or considered immoral from
a social perspective. To have more reliable information
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RISK FACTORS FOR THE ACQUISITION
OF HCV INFECTION IN PRISONERS
The epidemiological impact of various risk factors
for acquiring HCV infection has been investigated in
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Table 2 Risk factors associated with hepatitis C virus, hepatitis C virus genotype and human immunodeficiency virus and/or hepatitis
B virus co-infection
Ref.

HCV prevalence
[31]

Adjei et al
Alvarez et al[29]

18.7% vs 18.7%
10.1%

Babudieri et al[42]
Barros et al[20]

38%
6.1%

Brandolini et al[17]

22.4%

Hennessey et al[36]
Kazi et al[33]
Kheirandish et al[37]

13%
15.2%
80%

Luciani et al[24]

Risk factors (odds ratio)
IVDU (64.8)1; sex with IVDU (8.0)1; HIV (4.3)1; STD (3.2)1;
tattoo (2,9)a; non-Hispanic black (2.3)1
IVDU (10.5); tattoo (2.9)
IVDU (5.9)1; > 6 in prison(4.2)1; sex with IVDU(1.4)1; age >
40 (4.4)1
HIV +; origin; age 35-52

Macalino et al[32]
Mahfoud et al[30]
Marco et al[41]
Meyer et al[34]
Mohamed et al[19]

15.8%

Nokhodian et al[40]
Prasetyo et al[21]

4.4%
34.1%

IVDU (4.1)1; > 10 in prison (3.4)1; shared toiletries (3.9)1;
tattoo (2.8)1; dental procedure (4.7)1; age > 45 (1.5)1; DM
(3.9)1
IVDU (134.44)
IVDU (2.5); tattoo (3.2); piercing (3.6)

33.3% (’04)
31.6% (’07)
23.2% (’10)

IVDU; women (1.33)3
Age ≥ 25 (1.56)3
Previous imprisonment (2.15)3

9.7%
22.7%

IVDU (8.75); tattoo (3.35)
IVDU (24.5)1; HIV (8.4)1; Spanish (7.5)1
Prison > 5 yr (5.2)1

Santos et al[18]

3.1%

Semaille et al[26]

4.8%

IVDU (23.3)1; household contact (14.1)1;
syphilis (9.8)1; age > 30 (5.5)1
IVDU; women; > age; origin

Solomon et al[35]

29.7%

Rosa et al[27]
Saiz de la Hoya et al[25]

Tresó et al[22]

4.9%

IVDU (32.44)1; increasing age > 30
IVDU; previous imprisonment; tattoo
IVDU; tattoo

Increasing age, max > 45 (13.51)1; women (1.32)1; HIV
(4.09)1; HBV (2.69)1
IVDU

Co-infection

1a (3) 1b (1) 3a (1)
HIV/HCV
11.6% (60)

HBV (4.44)1; HIV (2.51)1; previous imprisonment (2.90)1
IVDU (24.32)1; surgery (2.41)1
History of incarceration (4.35)1; tattoo (2.33)1; first injection
1
≤ 25 years old (2.72)
IVDU-related behaviors; origin (2.63)2

Incidence 14.8
per 100/yr
23.1% 0.4%/yr
3.43%
22.7%
8.6%

Reekie et al[28]

HCV genotypes (No. of patients)

1 (5) 3 (1)
1 (34) 2 (5);
3 (24) 4 (3)

1a (14) 1c (5) 1b (1) 3a (4)
3k (4) 4a (2)

HIV/HCV 39
HCV/HIV 5
HCV/BcAb 33
B/C 1.2%

B/C 4
HIV/HCV 1
HBV/HCV 6
HBV/HCV 5
HBV/HCV 2

1a (23) 1b (12)
3 (12) 4 (16)

HIV/HCV 8.5%
HBV/HCV
0.3%
HBV/HCV/
HIV 1.5%

1a (6) 1b (1)
1 (3) 3 (1)
HIV/HCV
0.08%

1

Adjusted odds ratio; 2Hazard ratio; 3IRR. IVDU: Intravenous drug use; HCV: Hepatitis C virus; HBV: Hepatitis B virus; HIV: Human immunodeficiency
virus; STD: Sexually transmitted diseases; DM: Diabetes mellitus; IRR: Incidence rate ratio.

In a cross-sectional study including four prisons in
[21]
Indonesia , the general prevalence of inmates with
HCV infection was 34.1% (92 in IVDU and 36 in non[27]
IVDU). A cross-sectional study
in a rehabilitation
center for IVDU in Iran showed that the anti-HCV
prevalence reached 80%. Other forms of blood-toblood contact such as tattooing, sharing toiletries and
dental procedures were involved to a lesser extent in the
transmission of HCV among prisoners.
[34]
Meyer et al
found an anti-HCV and/or HCV-RNA
prevalence of 8.6% in 1125 young prisoners, but 94%
of the anti-HCV-positive were intravenous drug users.
In some studies, HCV infection was observed more
frequently in female inmates than in males, reflecting
the higher rates of females incarcerated for drug-related
[35]
offences. Solomon et al investigated for the anti-HCV

several studies on prison populations and the results
are summarized in Table 2. The main risk factor
associated with HCV infection in the prison populations
is IVDU. Although this risky behavior is strictly forbidden
in prisons worldwide, nearly half of illicit drug users
continue to use these drugs after their imprisonment. In
addition, the difficulty to get sterile injecting equipment
in prison results in widespread sharing of infected
equipment and an increased risk of HCV transmission.
A prospective Australian study conducted between 2005
[24]
and 2009
on 210 anti-HCV-negative subjects with a
life-time history of injection drug use observed every
6/12 mo for up to 4 years showed an incidence of HCV
infection of 14.8 per 100 persons per year and that
imprisonment was associated with high rates of HCV
transmission.
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prevalence the inmates entering the Maryland Division
of Corrections, which includes one male and one female
prison. Overall, 29.7% of 3914 prisoners were infected
with HCV and the prevalence was higher in women
[26]
than in men (37.9% vs 28.3%). Semaille et al
also
described a significantly higher anti-HCV prevalence
in women than in men (11.8% vs 4.5%) in French
prisons.
Other risk factors related to HCV infection in prison
were an older age and previous imprisonments, factors
probably related to an increased exposure over time
[35]
to the main risk factors. Solomon et al
found that
the HCV prevalence progressively increased with the
increase in age, from 7.9% in the age group younger
than 25% to 58.5% in that over 45 years. Macalino et
[32]
[18]
al
and Santos et al
found a significant association
between the presence of HCV infection and an age over
[19]
30, and Mohamed et al
found that an age over 45
and a previous prison term were factors associated with
anti-HCV positivity in inmates. A previous imprisonment
was registered in the life history of the majority (89%)
of anti-HCV-positive inmates in the main prison facility
[30]
in Lebanon .
Prisoners with HIV and/or HBV infection were more
likely to be infected with HCV, probably because of
the similarity in the routes of transmission of these
blood-borne infections. In an Italian prison, the antiHCV prevalence reached 89.6% in the HCV-human
immunodeficiency virus (HIV) co-infected inmates and
[17]
15.5% in those without HIV infection . Similar data
come from another study showing a higher prevalence
of anti-HCV positivity in anti-HIV-positive patients than
in the anti-HIV-negative (65.5% vs 27.5%), and in
those with a present or past HBV infection (47.1%)
[35]
than in those without any HBV contact (20.2%) .

evaluated only in a few studies. Prisoners frequently
[25,34]
showed a mild disease
and liver cirrhosis and progre
[19]
ssion to cirrhosis were detected with a low frequency .
However, most of the patients in the published studies
were young and the disease progression was mostly
evaluated with surrogate tests (APRI, fibroscan) and
[25,34]
infrequently with liver biopsy
. The mortality risks
were estimated to be higher in HCV-infected than in
[43]
non-infected subjects in the general population , a
[44]
difference that was more evident in prisoners .

Treatment

Few studies have been performed to date on the
treatment of chronic hepatitis C in prisoners and a
sustained viral response (SVR) with standard or peg
ylated interferon (Peg-IFN) plus ribavirin treatments
[12,43,45-52]
ranged from 28% to 69%
. Encouraging results
were observed in an old series in Canadian penitentiaries
using standard interferon plus ribavirin, with an overall
SVR of 55.9% (31.6% for genotype 1, 100% for
[47]
genotype 2 and 71.4% for genotype 3) . Maru et
[52]
al showed an overall SVR to Peg-IFN plus ribavirin of
47.1% (43.1% for HCV-genotype 1 and 58.8% for HCVgenotypes 2 and 3), HCV-genotype 1 and liver cirrhosis
being identified as predictive factors of a non-response.
[53]
Chew et al obtained an overall SVR of 28% (18%
for genotype 1, 60% for genotype 2 and 50% for
genotype 3) with Peg-IFN plus ribavirin.
The use of second generation DAAs to treat HCV
chronic infection has substantially reduced the period
of treatment and of post-treatment follow-up, thus
greatly improving the chances of completing treatment
in prisons. A recent study comparing the cost-benefit
of treatment with peg-IFN, ribavirin and boceprevir or
sofosbuvir found treatment including sofosbuvir cost[54]
effective . However, the rate of HCV re-infection after
successful treatment in inmates is high, particularly
[54,55]
in IVDU
, a priority situation warranting serious
consideration. The high costs of the new DAA treatments
are an important issue to be evaluated in order to
[56]
extend these therapies to prison inmates .

Virological status and clinical outcome

HCV replication in anti-HCV positive cases, as detected
by the presence of HCV RNA in serum, has been
reported with a rate ranging from 45% to 90% in diffe
[17,19-22,25,34]
rent studies
.
The HCV genotype distribution varied according
to the distribution in the geographical areas of the
prisons and to that of the country of origin of the foreign
[34]
prisoners. Meyer et al
performed HCV genotyping in
68 young prisoners and found genotype 1 in 50% of
cases and genotype 3 in 35%; in this study genotype
1 prevailed in German inmates and genotype 3 in the
prisoners from the independent states formerly part
of the Soviet Union. HCV-genotype 1 predominated in
[21]
[25]
Indonesian (66%)
and Spanish (55%) prisons .
[39]
Tyczyno et al compared the HCV genotyping performed
on prisoners in Poland with that of hospital patients
in the same country and found that HCV genotype 3
prevailed in the prisoners (60.1%) and genotype 1 in the
free patients (79.6%), most probably because genotype
3 is frequent in IVDU.
The severity of the disease associated with HCV
infection and the disease progression have been
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Conclusive statements

In most countries, the National Justice and Healthcare
Authorities should strive to remove the enormous
institutional, bureaucratic and economic barriers ham
pering an appropriate approach to the management
of HCV infection in prisons. These institutions have a
great responsibility and a fundamental role in organi
zing the life of prisoners, particularly of those with
chronic diseases who need new costly treatments.
More resources should be allocated in each country to
reduce the prevalence and incidence of HCV infection
in prisons and to treat all inmates already infected.
The basic principle underlying this difficult issue is that
prisoners in every country deserve the same healthcare
treatment as the general population and to deny them
this is unjust and immoral. This principle of equivalence
is fundamental and is supported by the international
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guidelines on prison health and prisoners’ rights and the
[57]
national policies in many countries .
6

Practical advice

Reduce the spread of HCV infection in prisons by: (1)
performing screening for anti-HCV as it is cost-effective,
which is particularly valid for prisoners with risk factors
[58]
for HCV infection ; The Centers for Disease Control
and Prevention recommends screening prisoners
born between 1945 and 1965, the age group with
[59]
the highest prevalence of HCV ; (2) defining the
prevalence and incidence in prisons of HCV infection;
(3) performing educational programs for prisoners and
prison personnel on the routes of HCV transmission,
prevention measures and management of infected
subjects. A successful approach based on peer-to-peer
[38,60,61]
communication
may improve the compliance
of inmates and favor their access to screening, clinical
evaluation and treatment; (4) performing regular
educational programs for prisoners and staff against the
[62]
discrimination of HCV-infected inmates ; (5) improving
the conditions of hygiene; (6) supplying the inmates
with personal toiletries; (7) heightening vigilance to
prevent tattooing and IVDU; and (8) providing opiate
[23]
replacement therapy for drug users .
Improve the access to follow-up and treatment of
prisoners with chronic hepatitis C by: (1) defining the
clinical condition of all anti-HCV-positive prisoners; (2)
avoiding frequent transfers of inmates under treatment
from one prison to another to allow the completion of
therapy and post-treatment follow-up or permitting
continuation treatment in another facility or outside
[56]
if no longer detained ; this is now easier with the
introduction of the second generation DAAs, which
reduce the duration of treatment and follow-up period;
and (3) organizing telematic assistance to benefit from
specialist’s support in the management of treated
[56]
patients .
Sensitivity, goodwill and a willingness to cooperate
by the Healthcare authorities, prison authorities and
personnel are necessary.
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Core tip: Based on several papers published over the
last two decades, there is a general assumption that
pain following liver transplantation (LT) is less intense
than pain following other major abdominal procedures
and that the postoperative opioid consumption is lower
than for other hepatobiliary procedures. There is also an
assumption that patient-controlled opioid analgesia is the
only mode of postoperative analgesia for this group of
patients. In this paper, we challenged that opinion and
addressed the specificity of postoperative pain intensity
and treatment in LT patients. We also explored all
options in pain control, in addition to patient-controlled
analgesia, including epidural analgesia, transversus
abdominis plane block and wound catheter infiltration.
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Abstract

INTRODUCTION
Liver transplantation (LT) is a major surgery performed
in very ill patients with end-stage liver disease. In terms
of hemodynamic variations, fluid shift and replacement,
metabolic derangements, bleeding tendency, duration,
and potential complications, it is probably the most
challenging abdominal operation. Although there is an
abundance of material in the literature on LT and on

This article addresses postoperative analgesia in patients
with end-stage liver disease who have undergone liver
transplantation (LT). Postoperative analgesia determines
how patients perceive LT. Although important, this topic
is underrepresented in the current literature. With an
increased frequency of fast tracking in LT, efficient intraand postoperative analgesia are undergoing changes.
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certain aspects of anesthesia, there are very few reports
regarding postoperative analgesia following LT.
Based on several papers published over the last two
decades, there seems to be a general assumption that
pain following LT is less intense than pain following other
major abdominal procedures and that consequently
the postoperative opioid consumption is lower than
[1-3]
for other hepatobiliary procedures . There is also an
assumption that patient-controlled opioid analgesia
(PCA) is the only mode of postoperative analgesia for
this group of patients. Improvements in perioperative
care and fast tracking require changes in intra- and
[4]
postoperative analgesia . In this paper, we will address
the specificity of postoperative pain intensity and
treatment in LT. We will also explore all options in pain
control.

metabolism and thus a decreased need for analgesic
[10]
medication . Third, when there is primary nonfunction
of the transplanted liver or delayed recovery of liver
function post-LT, analgesia requirements are decreased.
In addition, renal impairment may prolong the action of
morphine, in part due to slower excretion of the active
[11]
metabolites of morphine .
Historically, patients undergoing LT were kept
sedated and ventilated for at least 12 h, when the pain
is the most intense. During that time, they were given
generous continuous infusions of opioids that provided
sufficient analgesia. When patients woke up, they had
already passed the most painful postoperative phase.
However, with recent fast tracking in up to 90% of
patients undergoing LT, patients are awake within a
couple of hours of LT, when postoperative pain is most
[4]
intense .

SPECIFICITY OF PAIN INTENSITY
FOLLOWING LT SURGERY

INTENSITY OF PAIN: THE EVIDENCE
Pain intensity assessed by measuring pain

There is a general assumption among LT experts
that postoperative pain is not so severe and that
analgesia requirements are lower than for other major
abdominal procedures; however, several factors have
been identified as contributing to a high analgesia
requirement following LT. First, the large “MercedesBenz incision” that is routinely used for LT is one of the
[5]
longest and, consequently, most painful incisions .
The subcostal component of that incision is particularly
painful during deep breaths, coughing, and movement.
Second, the long surgical time, the use of surgical
retractors, and the pressure applied to the lower ribs
with the retractors contribute to an intensely painful
[6]
sensation following surgery . Third, the hyperdynamic
circulation characteristics of end-stage liver disease
are associated with a higher distribution clearance of
[7]
analgesic medications administered intraoperatively .
Consequently, the intraoperative analgesia requirement
is increased in patients with end-stage liver disease
undergoing LT. Fourth, when massive blood loss and
transfusion occur during surgery, there is a need for
more analgesia simply because some analgesic drugs
will be lost with blood loss. Fifth, when the newly
transplanted liver is working, analgesic drug metabolism
will be higher than that in the pretransplant state.
Sixth, some patients undergoing LT experience chronic
pain preoperatively. Consequently, management of
postoperative pain is as complex as for any other patient
with chronic pain. Finally, although less frequent, factors
associated with a high analgesia requirement still exist,
such as the fact that a small proportion of LT recipients
are methadone-maintained and require significantly
[8]
more intra- and postoperative analgesia .
There are also factors that might be expected to
contribute to lower analgesia requirements following
LT. First, patients with more severe end-stage liver
[9]
disease generally require less analgesia . Second,
during the anhepatic phase, there is no analgesic drug
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There are very little data in the literature about pain
intensity following LT. No single study has focused
on the intensity of postoperative pain. We could only
extract data from a control group of a retrospective
study on 16 patients who had received morphine PCA
for postoperative analgesia, where patients were in
the intensive care unit (ICU) and nurses recorded pain
[12]
scores hourly . The median pain score was 2/(0-3),
equivalent to a visual analog scale (VAS) score of 7.5,
[12]
at 24 h postsurgery . These results were from a
transplant center that intended to keep patients asleep
for the shortest possible time and that had a track record
[13]
of fast tracking 25% of patients . This study showed
high pain scores in first 24 h following LT. In contrast,
[3]
another retrospective study by Chen et al reported a
mean VAS score of 3 on postoperative day 1 and < 3 on
postoperative days 2 and 3 following LT.

Pain intensity assessed by opioid consumption

A few retrospective studies have assessed morphine
consumption post-LT. One study comparing morph
ine requirements after liver resection vs morphine
requirements after LT found slightly lower morphine
consumption only on the first postoperative day in the
[2]
LT group . A small retrospective study of 16 patients
who were fast-tracked and then monitored in the ICU
revealed that the total amount of morphine consumption
over 24 h was 71.8 ± 39.9 mg. Apart from the high
morphine consumption, large variation in the morphine
[12]
dosage was noted .

Intraoperative analgesia in LT

One of the many factors that can affect postoperative
analgesia following LT surgery is intraoperative
analgesia. The type of intraoperative analgesia used
depends on the transplantation center or the individual
anesthetist’s preferences. According to the current
literature, most use a continuous infusion or boluses
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[14]

of fentanyl followed by remifentanil infusion . A small
proportion of LT recipients, approximately 10% to 24%,
[15]
is eligible for intraoperative epidural analgesia .
Fentanyl is still the most commonly used intra
operative opioid. The amount of intraoperatively
administered fentanyl varies largely from 0.11 µg/kg
[2]
per minute in Moretti’s study to “not to exceed 10
[16]
µg/kg” in the Taner study or 100 µg/h until 1 h before
[17]
surgery in Biancifore’s study . Intraoperative fentanyl
administration has been reduced for fast tracking postLT: for example, from 50 µg/kg in the control and 20
[18]
µg/kg in the fast-track group , with the same analgesic
effect.
In the past, a large dose of fentanyl administered
intraoperatively delayed the initial request for post
[1]
operative analgesia. For example, in Eisenach’s study ,
the first request for postoperative analgesia was 725
± 267 min after the end of surgery. Their patients had
1695 ± 157 µg of fentanyl intraoperatively. When they
measured plasma fentanyl levels postoperatively, it
took 6 h for plasma fentanyl to be fully eliminated and
[1]
become undetectable . Such high intraoperative fentanyl
administration could explain the low postoperative
demand for analgesia in patients undergoing LT before
the fast-tracking era.
Although the pharmacokinetic properties of remi
fentanil are suitable for fast tracking, only a small
proportion of LT anesthetists use remifentanil intra
[19]
operatively . Changes in anesthetic practices by
reducing fentanyl dosing or replacing fentanyl with
remifentanil has the potential to facilitate fast tracking
[19]
following LT .

normal coagulation profiles preoperatively. Safe conduct
of TEA in LT involves anesthetic expertise and stringent
[6,15]
monitoring in the postoperative period
.

TAP block and LT

An ultrasound-guided subcostal TAP block can be used
as a part of multimodal postoperative analgesia in
patients undergoing LT. A retrospective study by Milan
[12]
et al
showed a significantly lower 24-h morphine
consumption when a TAP block was performed (46 ±
24 mg) than when a TAP block was not performed (72
± 40 mg), as well as lower pain scores and median
times to extubation.

Local anesthetic infiltration via wound catheter infusion

Although there are no reports on the application of
wound catheter infiltration for postoperative analgesia
in patients undergoing LT, there are some promising
results in patients undergoing live donor and live
resection. A recent prospective randomized study of 40
patients compared the quality of postoperative analgesia
and its side effects when using local anesthetic-based
analgesia (PainBuster) with the efficacy of opioidbased analgesia (intrathecal morphine with intravenous
fentanyl) in liver donors. The researchers found more
satisfactory analgesia with intrathecal opioids and
fentanyl than with PainBuster during the first 12 h after
surgery and comparable analgesia after that. The side
effects were similar. Bowel recovery was faster with
[21]
PainBuster .
Moreover, a recent meta-analysis showed that local
anesthetic infiltration via wound catheters combined
with PCA provided pain relief comparable to continuous
epidural analgesia except for the first postoperative day.
Both techniques were associated with a similar hospital
stay duration, and opioid use with a wound catheter
[22]
was associated with a lower complication rate .

TYPES OF POSTOPERATIVE ANALGESIA
FOLLOWING LT
Postoperative analgesia is multimodal, with opioid PCA
(fentanyl, remifentanil, morphine, buprenorphine, tra
[20]
madol, oxycodone) as the main component .
Ketamine and clonidine are sometimes used to
enhance the opioid effects of PCA. Other components of
multimodal analgesia include paracetamol, nonsteroidal
anti-inflammatory drugs, and various other analgesics
in the transitional period from PCA or epidural analgesia
to regular or as-required analgesia. Other options
that are rarely used include epidural analgesia or the
transversus abdominis plane (TAP) block in addition to
[12]
PCA .

DISCUSSION
There has been a general belief that patients undergoing
LT require less postoperative analgesia than do patients
undergoing “lesser” hepatobiliary surgery. Everyday
practice, however, does not always support this belief.
When we reviewed the literature, we found a few
publications that had assessed opioid consumption rather
[1-3]
than pain intensity . Additionally, each publication
included no more than 10 patients undergoing LT, and
[1-3]
the studies were performed several decades ago .
Historically, patients undergoing LT received gen
erous intraoperative analgesia with fentanyl. There is
evidence that it takes at least 6 h for intraoperatively
administered fentanyl to be eliminated from the blood
[1]
stream . Additionally, patients were kept asleep for at
least 12 h following LT, but sometimes they were kept
asleep for days, particularly patients with acute liver
failure. By the time the patients were awake, the most
severe postoperative pain had resolved, and a significant

Epidural analgesia and LT

Thoracic epidural analgesia (TEA) has been used as
a mode of postoperative pain relief for LT in a select
group of patients. It is not widely practiced because
of the impaired hemostasis associated with end-stage
liver disease and severe unpredictable intraoperative
coagulopathy. TEA in LT may not be the technique
of choice for routine administration of postoperative
analgesia, but can be considered in patients who have
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proportion of patients had no recollection of any pain
or had low pain intensity. Additionally, pain control in
sedated and ventilated patients was safe in terms of
respiratory depression, which allowed the intensivist to
be rather generous with opioid infusion because pain
assessment in ventilated and sedated patients is not
accurate.
With the relatively recent and expanding trend of
fast tracking patients undergoing LT, management of
the postoperative pain has changed. First, fast tracking
requires a 60% reduction in intraoperative analgesia
[18]
with fentanyl . Second, intraoperative fentanyl infusion
is stopped earlier, approximately 1 h before the end
[18]
of surgery . Although remifentanil, a shorter-acting
synthetic opioid, was supposed to replace fentanyl for
intraoperative analgesia, there is no confirmation that
this is happening; indeed, more papers describe the
[19]
intraoperative use of fentanyl than remifentanil . The
price of remifentanil for long surgical procedures and
its known hyperanalgesic effects may be to blame for
[23]
this .
When it comes to postoperative analgesic methods,
[19]
little seems to have changed from morphine PCA .
There are now more options for PCA, including tramadol,
buprenorphine, oxycodone, fentanyl, and, rarely and for
short periods of time, remifentanil.
Epidural analgesia should not be ruled out as an
option, but only about 10% of patients undergoing
LT meet the criteria for normal preoperative clotting
[15]
results . Logistic issues, such as the lack of competent
staff for following patients with epidural catheters,
medico-legal issues, and anesthetists’ reluctance, are
likely the real reasons why epidural analgesia is not
popular in LT. Although no publications have addressed
epidural hematomas following epidural analgesia for
LT, anesthetists have not been proactive in introducing
the method for postoperative analgesia. Unknown
metabolic pathways of local anesthetics in the anhepatic
phase and in patients with deranged liver function are
probably additional reasons for anesthetists’ reluctance.
There is also modest experience with alternative
techniques, such as the TAP block (a small retrospective
[12]
study on 15 patients and 15 controls)
and wound
catheter use in postoperative analgesia for LT (un
published data), which is not likely to motivate LT
anesthetists to apply these alternative techniques more
often.
In conclusion, it seems that the time has come
to reassess pain intensity following LT, the type and
quantity of analgesics, and additions to opioid PCA
analgesia as part of multimodal analgesia. There is also
a need to explore regional anesthesia techniques for
postoperative analgesia in patients undergoing LT.
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Renal failure in cirrhosis: Emerging concepts
Paulo Lisboa Bittencourt, Alberto Queiroz Farias, Carlos Terra
(AKI), is frequently found in patients with cirrhosis. The
occurrence of AKI, irrespective of the underlying cause,
is associated with reduced in-hospital, 3-mo and 1-year
survival. Hepatorenal syndrome is associated with
the worst outcome among AKI patients with cirrhosis.
Several definitions for AKI that have been proposed
are outlined and evaluated in this paper. Among
these, the International Club for Ascites-AKI criteria
substantially strengthen the quality of early diagnosis
and intervention according to underlying cause of AKI.
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Core tip: Acute kidney injury (AKI) is frequently
observed in hospitalized patients with cirrhosis and is
associated with increased mortality. Recently a new
definition for AKI has been proposed by the Inter
national Club of Ascites in order to allow early diagnosis
and management of AKI in cirrhosis with the purpose of
reducing its mortality, particularly with the occurrence
of hepatorenal syndrome.
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INTRODUCTION
Renal failure is a common complication of decom
[1-8]
pensated cirrhosis . Acute renal failure, now termed
acute kidney injury (AKI), has traditionally been
defined by serum creatinine (SCr) levels higher than
1.5 mg/mL. It occurs in 11% of patients with upper
gastrointestinal bleeding, in 34% of patients with

Abstract
Acute renal failure, now termed acute kidney injury

WJH|www.wjgnet.com

2336

September 28, 2015|Volume 7|Issue 21|

Bittencourt PL et al . Renal failure in cirrhosis
spontaneous bacterial peritonitis (SBP), in 27% with
bacterial infections other than SBP and in 40% to 49%
of critically-ill patients with cirrhosis requiring intensive
[1,7]
care support . Furthermore, 24% of outpatients with
cirrhosis develop some type of renal failure within one
[8]
year of the first episode of ascites . In most reports,
[5-8]
renal failure significantly reduces survival rates . In
this review, we outline and evaluate the definitions for
kidney injury in patients with cirrhosis, particularly the
emerging International Club for Ascites-AKI (ICA-AKI)
criteria and advances in the management of AKI in
cirrhosis.

was no longer regarded as among the exclusion criteria,
reflecting the fact that bacterial infections are a major
cause of HRS. A relevant recommendation of the ICA
revised criteria is that albumin infusion should be
preferred over the traditional volume expansion with
saline. Although simplified, this criteria diagnosed HRS in
a lower than expected number of patients with cirrhosis
[5,7,8]
and AKI in different cohorts
.
This is important because prognosis is related to the
cause of renal failure, as shown by a recent report in
which 3-mo survival rates of patients with cirrhosis were
73% for CKD, 46% for hypovolemia, 31% for bacterial
[5]
infection and 15% for HRS .
Renal failure in patients with cirrhosis, defined by
abnormally high SCr levels, is clearly associated with
increased mortality either in the intensive care unit
(ICU) or during hospital stay and reduced 3- and 12-mo
[5,7,8]
survival
. Patients with HRS and bacterial infections
requiring renal replacement therapy have the worst
[7]
prognoses .
However, there are several drawbacks to the use
of absolute SCr value and creatinine clearance for
the assessment of kidney function in patients with
[19]
cirrhosis . The endogenous production of SCr varies
according to muscle mass, which is often markedly
decreased in patients with cirrhosis, age, gender and
diet. Estimation of kidney function by glomerular filtration
rate (GFR) is unreliable because tubular secretion is
also involved in SCr elimination, and therefore is a
[19]
confounding factor .
In 2004 the Acute Dialysis Quality Initiative group
for the study of AKI proposed the Risk, Injury, Failure,
Loss of Kidney Function and End Stage (RIFLE) classi
fication for AKI in patients without cirrhosis. It is based
on the dynamic but sustained increase in SCr, GFR
assessment by creatinine clearance and urinary output
[20]
over a 7-d period . RIFLE has three stages of AKI
(Risk, Injury and Failure) and two outcomes; loss of
kidney function and end-stage kidney disease (Table 2).
RIFLE accurately identifies AKI and predicts prognosis,
including progression to CKD and higher risk of mortality
[20,21]
in the ICU
. Using the RIFLE criteria, several authors
have described a strong correlation between mortality
and the presence and severity of AKI in patients with
[21-24]
and without cirrhosis
.
However, the RIFLE criteria were difficult to apply in
a significant proportion of ICU patients, since it ideally
requires the measurement of baseline SCr levels. In
the absence of information regarding baseline SCr it
can be calculated, using the modification of diet in renal
disease equation. This assumes a baseline GFR of 75
2
mL/min per 1.73 m in the absence of CKD.
Subsequently, the acute kidney injury network
(AKIN) revised the RIFLE criteria and proposed their
[25,26]
consensus definition, the AKIN criteria
. The three
stages of AKIN are shown in Table 3. Adequate volume
expansion and exclusion of urinary tract obstruction
are required for establishing the diagnosis of AKI. The
diagnostic criteria have been modified to take into

DIAGNOSIS AND ETIOLOGY OF RENAL
FAILURE
The most common causes of renal injury in patients with
cirrhosis are: (1) circulatory dysfunction due to bacterial
infection; (2) hypovolemia secondary to gastrointestinal
bleeding, paracentesis or diuretic use; (3) contrast or
drug-induced; (4) chronic kidney diseases (CKD); and
[5,7-9]
(5) hepatorenal syndrome (HRS)
.
CKD, such as IgA nephropathy, glomerulonephritis
or nephrosclerosis are commonly seen in patients with
cirrhosis. In most cases, the underlying causes of both
conditions are alcoholic liver disease, hepatitis B and
C and non-alcoholic steatohepatitis with associated
[9]
diabetes and/or hypertension . HRS is a functional
[10,11]
type of renal failure
found only in patients with
[12-14]
advanced cirrhosis and ascites
. It is reversible
[11]
either with orthotopic liver transplantation (OLT)
or
with pharmacological treatment with splanchnic vaso
[15-18]
constrictors and albumin
. HRS is the ultimate result
of arterial underfilling due to splanchnic and systemic
vasodilation generally with high cardiac output. When
the circulatory dysfunction is inadequate to restore
hemodynamics, vasoconstrictor mediators are released,
[12-14]
resulting in severe renal vasoconstriction
.
HRS diagnosis was initially defined by the ICA
based on major and minor criteria to characterize the
occurrence of renal failure in a patient with cirrhosis
[12]
(Table 1) . There are two types of HRS. Type-1
HRS is a rapidly progressive renal failure defined by a
doubling of the baseline SCr to a level greater than 2.5
mg/dL in less than 2 wk from baseline. Type-2 HRS is
characterized by a steady or slow increase in SCr levels
to over 1.5 mg/dL. Type-2 HRS is frequently associated
with refractory ascites, while type-1 HRS is usually
triggered by infection, particularly SBP. Survival rates of
patients with untreated type-1 HRS are extremely low
when compared to type-2 HRS, whereas patients with
type-2 HRS usually have shorter survival compared to
[12,13]
patients with ascites but not HRS
.
In 2007, the ICA revised HRS diagnosis definition
[13]
(Table 1) to improve accuracy and applicability .
Creatinine clearance and all minor criteria were excluded
because they are difficult to comply with on a regular
basis. Ongoing bacterial infection without septic shock
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Table 1 The diagnosis of hepatorenal syndrome according to the original (1996) and revised (2007) International Ascites Club
criteria
Criteria for HRS-1 (1996)

Revised criteria for HRS-1 (2007)

Major criteria
Chronic or acute liver disease with advanced hepatic failure and portal hypertension
Low GFR: SCr > 1.5 mg/mL or 24 h SCr clearance < 40 mL/min
Absence of shock, ongoing bacterial infection or treatment with nephrotoxic drugs
or gastrointestinal or renal fluid losses
No sustained improvement in renal function following diuretic withdrawal and
expansion of plasma volume with at least 1500 mL of isotonic saline
Proteinuria < 0.5 g/d and no evidence of obstructive nephropathy or
parenchymal renal disease on ultrasound
Additional criteria
Urinary volume < 0.5 L/d
Urinary sodium < 10 mmol/L
Urinary osmolality > plasma osmolality
Urinary red blood cells < 50 high power field
Serum sodium concentration < 130 mmol/L

Presence of cirrhosis with ascites
SCr > 1.5 mg/dL
No improvement of SCr levels after at least 2 d of diuretic
withdrawal and volume expansion with albumin (1 g/kg of
body weight per day up to a maximum of 100 g/d)
Absence of shock
No current or recent treatment with nephrotoxic drugs
Absence of parenchymal kidney disease as indicated by
proteinuria > 500 mg/d, microhaematuria (> 50 red blood cells
per high power field) and/or abnormal renal ultrasonography

Adapted from Arroyo et al[12] and Salerno et al[13]. SCr: Serum creatinine; GFR: Glomerular filtration rate; HRS: Hepatorenal syndrome.

Table 2 Risk, injury, failure, loss of kidney function and end-stage kidney disease classification for acute kidney injury
Class
Risk
Injury
Failure
Loss of kidney function
End-stage kidney disease

Baseline SCr levels and GFR within 7 d
↑ SCr 1.5-1.9 times over baseline or ↓ GFR > 25%
↑ SCr 2.0-2.9 times over baseline or ↓ GFR > 50%
↑ SCr ≥ 3 times over baseline or ↓ GFR > 75% or if baseline SCr ≥ 4
mg/dL: ↑ SCr > 0.5 mg/dL
Complete loss of kidney function > 4 wk
Complete loss of kidney function > 3 mo

Urinary output
< 0.5 mL/kg per hour for 6 h
< 0.5 mL/kg per hour for 12 h
< 0.3 mL/kg per hour for 24 h or anuria for 12 h

Adapted from Bellomo et al[20]. GFR: Glomerular filtration rate; SCr: Serum creatinine.

Table 3 The Acute Kidney Injury Network classification of acute kidney injury
Stage
1
2
3

Baseline SCr within 48 h

Urinary output

↑ SCr ≥ 0.3 mg/dL or ↑ SCr 1.5-1.9 times over baseline
↑ SCr 2.0-2.9 times over baseline
↑ SCr ≥ 3 times over baseline or if baseline SCr ≥ 4 mg/dL: ↑ SCr ≥ 0.5 mg/dL

< 0.5 mL/kg per hour for 6 h
< 0.5 mL/kg per hour for 12 h
< 0.3 mL/kg per hour for 24 h or anuria for 12 h

Adapted from Khwaja et al[30]. SCr: Serum creatinine.

account changes in urinary output and SCr levels within
a pre-established time period, allowing early detection
of AKI even with modest increases in SCr (Table
3). In AKIN, estimation of creatinine clearance and
baseline SCr values are not required for the diagnosis
of AKI. AKIN classification allows better identification
and grading of AKI than RIFLE criteria in patients
[27-29]
hospitalized with cirrhosis
. Furthermore, AKIN is
more effective at identifying adverse prognoses and
[25,27-29]
higher in-hospital and short-term mortality
.
[28]
Fagundes et al
found AKI in 47% of the patients
either at admission (60%) or during hospitalization
(40%). AKIN stages Ⅰ, Ⅱ and Ⅲ were observed in
77%, 11% and 12% of the subjects, respectively.
Although AKIN stages were associated with lower 3-mo
survival, in stage 1 (mild dysfunction) this was limited
to the group with peak SCr levels over 1.5 mg/dL.
[29]
Similar results were observed by Piano et al who
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reported AKI in 26% of in-patients with cirrhosis, most
of them with AKIN stage Ⅰ. Patients with progression
of severity of AKI during hospital stay or peak SCr had
increased mortality rates.
The Kidney Disease Improving Global Outcomes
[30]
(KDIGO) criteria were published in 2012 . They differ
slightly from AKIN and RIFLE in the following para
meters: (1) Increase in SCr by 0.3 mg/dL or more
within 48 h; or (2) Increase in SCr to 1.5 times baseline
or more within the last 7 d; or (3) Urine output less than
0.5 mL/kg per hour for 6 h.
[14]
The new ICA-AKI criteria
give a new approach
to the definition and staging of AKI, of the definition of
AKI progression and response to treatment (Table 4).
The major change was the exclusion of urine output as
a parameter. Urine output in patients with cirrhosis and
ascites is often an unreliable indicator because the GFR
may be preserved in spite of the continuous sodium
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Table 4 International Club of Ascites-acute kidney injury criteria for diagnosis, grading, assessment of progression and response to
treatment of acute kidney injury in patients with cirrhosis
Class

Baseline SCr within 3 mo, most recent prior to hospital admission
1

Ⅰ
Ⅱ
Ⅲ
Progression of AKI
Regression of AKI
No response
Partial response
Full response

↑ SCr ≥ 0.3 mg/dL or ↑ SCr 1.5-1.9 times over baseline
↑ SCr 2.0-2.9 times over baseline1
↑ SCr ≥ 3 times over baseline or if baseline SCr ≥ 4 mg/dL: ↑ SCr ≥ 0.3 mg/dL1 or initiation of renal
replacement therapy
Progression of AKI to a higher stage and/or need for renal replacement therapy
Regression of AKI to a lower stage
No regression of AKI
Regression of AKI stage with a reduction of SCr to ≥ 0.3 mg/dL above the baseline value
Return of SCr to a value within 0.3 mg/dL of the baseline value

Urinary output
Not required
Not required
Not required

1

Which is known, or presumed, to have occurred within the prior 7 d. Adapted from Angeli et al[14]. SCr: Serum creatinine; AKI: Acute kidney injury.

plasma expansion with albumin 1 g/kg per day to a
maximum dose of 100 mg/d for two consecutive days.
If not already done, diuretics must be withdrawn. In
the absence of AKI regression, the course of treatment
is dictated by the underlying cause of renal failure. In
patients with type-1 HRS, a course of splanchnic vaso
constrictors and albumin is recommended, particularly if
SCr levels are higher than 1.5 mg/mL.
Clinical judgment is crucial to distinguish between
those patients with AKI caused by HRS who would
benefit from pharmacological therapy from those with
acute tubular necrosis or obstructive nephropathy,
where the medical therapy would have no effect. In
this scenario, biomarkers such as urinary neutrophil
gelatinase-associated lipocalin (NGAL), interleukin-18
and kidney injury molecule-1, may help differentially
diagnose acute tubular necrosis rather than common
causes of AKI in patients with cirrhosis. NGAL levels
are markedly higher in patients with cirrhosis with ATN
compared to patients with AKI caused by hypovolemia,
[31]
HRS or CKD . However, it has not yet been established
whether or not NGAL levels could identify patients with
suspected HRS who would benefit from pharmacological
therapy with albumin and splanchnic vasoconstrictors.
The diagnosis of type-1 HRS was updated to
include patients with ICA-AKI Ⅱ and Ⅲ at admission
or subjects who progressed from AKIⅠ to AKI Ⅱ or Ⅲ
[14]
despite volume expansion with albumin . No other
previously established criteria were modified (Table 5),
but the requirement of SCr threshold levels higher than
2.5 mg/dL for diagnosis of type-1 HRS was abandoned.
This high threshold may delay therapy with splanchnic
vasoconstrictors and albumin, with a detrimental effect
[14]
on response to treatment .
OLT is considered the best treatment for hepatorenal
[32]
syndrome . It improves renal function and is the
definitive treatment for cirrhosis, which is responsible
for severe circulatory dysfunction in patients with
type-1 HRS. Due to the poor short-term prognosis for
patients with type-1 HRS, OLT was rarely performed in
these patients. Nevertheless, after the introduction of
MELD score, priority has been given to HRS patients,
and many of them reach OLT. While on the waiting
list, patients with type-1 HRS must receive bridging

Table 5 Updated diagnosis of hepatorenal syndrome type of
acute kidney injury according to the International Club of
Ascites
Presence of cirrhosis with ascites
Diagnosis of AKI according to ICA-AKI criteria
No improvement of SCr after at least 2 d of diuretic withdrawal and
volume expansion with albumin (1 g/kg of body weight per day up to a
maximum of 100 g/d)
Absence of shock
No current or recent treatment with nephrotoxic drugs
No macroscopic signs of structural kidney injury: normal findings on
renal ultrasonography, absence of proteinuria > 500 mg/d and absence
of microhematuria
Adapted from Angeli et al[14]. SCr: Serum creatinine; AKI: Acute kidney
injury; ICA-AKI: International Club for Ascites-AKI.

retention and oliguria and many patients are under
diuretic therapy (Table 5). This requirement is a major
disadvantage of RIFLE, AKIN and KDIGO criteria.

MANAGEMENT OF AKI
Management of AKI in cirrhosis has moved towards
prioritizing early recognition and intervention, according
[14]
to the most probable cause of renal failure .
Patients with cirrhosis and ascites and AKI grade Ⅰ
should be carefully monitored with regards to all risk
factors for renal injury. Nephrotoxic agents (including
non-steroidal anti-inflammatory, aminoglycoside, con
trast agents), vasodilators and beta-blockers should be
immediately withdrawn. Diuretics should be decreased
or ideally withdrawn. This is particularly true when the
patient has refractory ascites because several drugs can
induce AKI.
In all patients with clinical and laboratorial signs
of hypovolemia, volume expansion with crystalloids,
colloids or packed red blood cells should be admini
stered according to clinical need. Patients should always
be screened for bacterial infection, and treated as
appropriate. If the AKI regresses, patients should be
closely followed-up with SCr measurements. In the
case of AKI stages Ⅱ or Ⅲ at admission or progression
of AKI stageⅠ to stages Ⅱ or Ⅲ, in addition to those
initial measures, it is recommended to proceed with
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[17]

treatments to improve short-term survival.
The hemodynamic and neurohormonal abnormalities
associated with type-1 HRS disappear within the first
month after OLT and patients regain a normal ability to
excrete sodium and free water. The long-term survival
of patients with HRS who undergo OLT is good (60% at
[33]
[34]
3 years) . However, a study by Nair et al
showed
that renal failure is an independent predictor of 30-d
and 2-year mortality after OLT. A case-control study
showed that patients with type-1 HRS treated with
vasoconstrictors before OLT have post-transplantation
outcomes similar to OLT patients with normal renal
function. These results suggest that in type-1 HRS,
treatment with vasoconstrictors before OLT could be an
[35]
important factor for post-transplantation outcome .
Pharmacological treatment of type-1 HRS consists of
the infusion of vasoconstrictors and intravenous human
[36]
albumin . Vasoconstrictors are administered to reverse
the splanchnic arterial vasodilation, and albumin for
volume expansion. This combination improves venous
return and cardiac output.
Several studies have shown that medical treatment
is effective in reversing type-1 HRS in 40%-60% of
[15,16,37-49]
patients
. Complete therapeutic response to
therapy, as defined by a reduction of SCr to below 1.5
mg/dL, is associated with a marked suppression of
plasma renin activity and a significant increase in mean
arterial pressure.
Terlipressin, a vasopressin analogue, has been
the most frequently used drug to improve splanchnic
circulation. In most studies intravenous terlipressin
bolus ranged from 0.5 to 2 mg/4-6 h. There are data
indicating that the therapeutic response to terlipressin
is very poor if not administered with albumin. A recom
mended dose for albumin administration is 1 g/kg on
[45]
the first day followed by 20-40 g/d thereafter .
A retrospective survey of 99 patients with type-1
HRS treated with terlipressin and albumin showed a rate
of improvement in renal function of 58% and increased
[45]
survival rates .
Two randomized, prospective, placebo-controlled
trials have been performed in order to evaluate the
efficacy and safety of terlipressin for treatment of type-1
[15,16]
HRS
. Patients were randomly assigned to receive
either terlipressin plus albumin or albumin alone (controlgroup). Compared to controls, the group treated with
terlipressin plus albumin had significant improvement in
renal function (43.5% compared to 8.7%; P = 0.017 in
one study and 34% compared to 13%; P = 0.008 in the
other). In both studies type-1 HRS reversal significantly
improved survival. The main conclusions are that: (1)
treatment with terlipressin and albumin is effective in
improving renal function in patients with cirrhosis; and (2)
type-1 HRS reversal significantly improves survival.
Although not often used outside the ICU, norepine
phrine has also been successfully used in patients
with HRS. Pilot studies suggest that norepinephrine is
as effective as terlipressin in the treatment of type-1
[43,46-49]
HRS
.
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A recent systematic review and meta-analysis
evaluated the efficacy and safety of norepinephrine
compared to terlipressin in the management of type-1
HRS. There was no difference between norepinephrine
and terlipressin in the reversal of HRS (RR = 0.97;
95%CI: 0.76 to 1.23), mortality at 30 d (RR = 0.89;
95%CI: 0.68 to 1.17) and recurrence of HRS (RR =
0.72; 95%CI: 0.36 to 1.45). Based on these studies,
the authors conclude that norepinephrine seems to be
an attractive alternative to terlipressin in the treatment
of type-1 HRS, particularly in the ICU. Some studies
without controls have reported improved renal function
in patients with HRS-1 treated with a combination of
[37]
midodrine and octreotide plus albumin . However, one
recent randomized controlled trial demonstrated that
terlipressin and albumin were clearly superior treatment
options to midodrine, octreotide and albumin in reversal
[50]
of HRS .
Recurrence of type-1 HRS after discontinuation
of treatment is observed in approximately 15% of
patients. Treatment of recurrent HRS is usually effective.
The incidence of ischemic side effects requiring discon
tinuation of terlipressin is around 5%-10%, although
most studies excluded high-risk patients with ischemic
[15-17]
heart or artery diseases
.
Data concerning the use of transjugular intrahepatic
portosystemic shunts (TIPS) in type-1 HRS are scarce;
only three studies have been published as full papers,
[51-53]
comprising a total of 30 treated patients
. These
studies showed that GFR improved markedly within 1-4
wk after TIPS. In one study specifically investigating
neurohormonal systems, improvement in GFR and SCr
was related to a significant suppression of both plasma
[51]
renin activity and antidiuretic hormone . Survival data
[51,52]
were provided in two of the studies
. In the study by
[51]
Guevara et al , 7 patients were included and the mean
survival was 4.7 ± 2 mo. In the paper by Brensing et
[52]
al , the mean survival was 75 wk, with 3- and 6-mo
survival rates of 64% and 50%, respectively. These
data sharply contrast with those usually reported in
patients with untreated type-1 HRS (median survival of
[54]
2 wk) .
De novo encephalopathy or deterioration in preexisting encephalopathy developed in 35%-50% of the
patients after TIPS, but most patients were successfully
managed with standard treatment. During the first year
[52]
of follow-up the shunt stenosis rate was 22% .
After pharmacological treatment of type-1 HRS,
despite marked suppression of renin-angiotensin axis
and sympathetic nervous system and normalization of
SCr, renal function does not reach normal levels in most
cases (GFR ranges between 30 to 50 mL/min).
However, treatment for type-1 HRS with TIPS in
patients responding to pharmacological treatment
(midodrine or octreotide and albumin) normalizes
[55]
GFR in most cases . Together these studies strongly
suggest that TIPS is useful in the management of type-1
HRS and probably improves survival. Unfortunately the
number of treated patients was very low and controlled
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studies in larger series must be performed to draw
stronger conclusions. Whether the use of covered stents
improves outcomes when compared to bare stents is
worthy of attention in future studies of TIPS for patients
with type-1 HRS.
There are a variety of other treatment options that
have been considered for HRS. The beneficial effects of
haemodialysis have not been convincingly demonstrated
in type-1 HRS. Complications during haemodialysis are
common and include arterial hypotension, bleeding,
and infections. Extracorporeal albumin dialysis has been
reported to improve renal function and survival in a
[56]
small series of patients with HRS . Further studies are
required on this topic.
Survival for patients with type-2 HRS is usually longer
compared to type-1, and many survive to OLT. Treatment
with vasoconstrictors plus albumin can be used, but
[57]
recurrence is common after stopping therapy . There
are few data on the treatment of type-2 HRS with TIPS.
In studies evaluating this issue significant improvement
[52]
in renal function was observed . However, a low
number of patients have been assessed.
Hepatorenal syndrome can be prevented at least
in two clinical scenarios; SBP therapy and SBP pro
[2,58]
[2]
phylaxis
. Sort et al randomized 126 patients with
cirrhosis and SBP to receive treatment with cefotaxime
or cefotaxime plus intravenous albumin (1.5 g/kg at
the time of diagnosis, followed by 1 g/kg on day 3).
Type-1 HRS was reported in 10% of patients in the
group of combination therapy and in 33% of cefotaxime
monotherapy. In-hospital mortality (10% compared
to 29%) and 3-mo mortality (22% compared to 41%)
were also lower in patients who received combination
therapy.
[58]
Fernández et al performed a randomized con
trolled trial to assess the effectiveness of norfloxacin as
primary prophylaxis in patients with cirrhosis and high
risk of developing SBP and HRS. These patients had one
or more of the following: Protein ascites levels below 15
g/L, Child-Pugh score ≥ 9 points, serum bilirubin ≥ 3
mg/dL, SCr ≥ 1.2 mg/dL, blood urea nitrogen ≥ 25
mg/dL, or serum sodium ≤ 130 mEq/L). Norfloxacin
reduced the incidence of SBP (7% compared to 61%, P
< 0.001) and HRS (28% compared to 41%, P = 0.02),
and improved survival (60% compared to 48%, P =
0.05).

consensus recommendation. Although the impact on
outcome of these new criteria needs further exploration,
the ICA-AKI criteria substantially strengthen the
quality of early diagnosis and intervention of HRS.
Use of splanchnic vasoconstrictors, either terlipressin
or noradrenaline and high-dose albumin remains the
standard treatment for type-1 HRS.
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Rituximab is currently used not only in the treatment
of B-cell lymphoma but also for various other diseases,
including autoimmune diseases, post-transplant graft vs
host disease, and rejection following kidney transplants.
Due to rituximab’s widespread use, great progress
has been made regarding research into complications
that arise from its use, one of the most serious being
the reactivation of hepatitis B virus (HBV), and efforts
continue to establish guidelines for preventive treatment
against this occurrence. This report discusses preventive
measures against rituximab-induced HBV reactivation
and future objectives.
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Core tip: For preventive measures against hepatitis B
virus (HBV) reactivation during rituximab treatment,
hepatitis B surface (HBs) antigen positive and HBc
antibody positive/HBs antibody negative patients are
subject to prophylactic treatment with nucleoside
analogs. During rituximab treatment, the HBV-DNA
levels of patients who are HBc antibody positive (HBs
antibody positive or negative) are ideally monitored
with PCR once a month. If the PCR results are positive,
the administration of nucleoside analogs is initiated.
However, since monitoring HBV-DNA levels is expensive,
it might be preferable to follow the HBs antibodies
instead. Due to wide differences in the insurance situa
tions in each country, including the follow-up intervals,
further research must determine ideal follow-up
intervals. However, no standard exists for the timing of
this treatment’s termination. For HBs antigen negative
patients who also receive nucleoside analog treatment, it
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production. It has been reported that rituximab treat
[30]
ment induces a change in CD8 distribution . This
might reduce the number of CD8-positive cells and
the subsequent acceleration of HBV replication. Once
the number of CD8-positive T-cells recovers, cells are
produced that specifically target HBV. However, since
memory T-cells are impaired by their reduced numbers,
CD8-positive T-cells randomly attack HBV, resulting in
[31]
severe hepatitis .
Rituximab not only affects B-cells but T-cells as well
and accelerates HBV replication. This is a primary factor
in the induction of HBV reactivation by the administration
of rituximab alone.

will be necessary in the future to evaluate the possibility
of switching to a vaccine when a patient becomes HBs
antibody positive.
Tsutsumi Y, Yamamoto Y, Ito S, Ohigashi H, Shiratori S, Naruse
H, Teshima T. Hepatitis B virus reactivation with a rituximabcontaining regimen. World J Hepatol 2015; 7(21): 2344-2351
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INTRODUCTION

Epidemiology of HBV reactivation

Rituximab, which improves the prognosis of CD20positive B-cell lymphoma, is generally indispensable
[1-3]
for the treatment of B-cell lymphoma . Rituximab
inhibits the production of various antibodies by targeting
CD20 positive B-cells and is effective for a range of
conditions, including diopathic thrombocytopenic pur
pura, chronic rheumatoid arthritis, multiple sclerosis,
and cryoglobulinemic vasculitis with applications to
[4-7]
other diseases as well . On the other hand, extensive
studies have also recently been conducted on rituximab’s
side effects, which include reports not only of typical
infusion reactions but also various infectious diseases
due to its immune suppressive effects: Cytomegalovirus,
progressive multifocal leukoencephalopathy, parvovirus
[8-11]
infection, and Herpes zoster
. Although hepatitis B
virus (HBV) reactivation has been previously reported
[12-16]
to be a complication of chemotherapy
, this pheno
menon has drawn greater attention due to reports that
argue that the frequency of reactivation is higher in
patients treated with rituximab than those who only
[17-24]
received chemotherapy
. The best way to deal with
[25,26]
HBV reactivation is to prevent it
. In this review,
we describe the prevention and treatment of HBV
reactivation based on previous reports and discuss a
summary and future objectives.

When combined with chemotherapy, the HBV reactivation
rate during rituximab treatment has been reported to be
20%-55% overall and 3% in hepatitis B surface antigen
[32-36]
(HBsAg) negative patients
. HBV reactivation can
be caused by chemotherapy alone. However, rituximab
more easily induces HBV reactivation independently
upon combined treatment with chemotherapy or steroid
[18,26]
treatment
. The frequency of HBV reactivation is also
higher with combination treatments including rituximab
compared to chemotherapy alone or a combination
[18,37]
chemotherapy and steroid treatment
. Risk factors
for HBV reactivation in patients receiving chemotherapy
include being male, lack of HBs antibody, HBs antigen
positivity, presence of a precore mutant, HBV-DNA level,
anthracycline/steroid use, transplantation, second/third
line treatment, youth, and the presence of lympho
[35,37-39]
ma
. However, when rituximab is used, the risk
factors for HBV reactivation are narrowed to a lack of
[37]
HBs antibody, youth, and being male . All the above
reports are retrospective analyses of patients who were
HBs antigen positive and who therefore were subject to
prophylactic nucleoside analog therapy. In the future,
patient groups must be identified who tend to experience
reactivation even when receiving such therapy.
Many remaining problems must be addressed. One
is whether the attending physician performs antibody or
DNA tests before initiating chemotherapy or a rituximab/
chemotherapy combination. This issue is rather basic; yet
[40]
a surprising report by Méndez-Navarro et al
in 2011
showed that serological screening of HBV is only done in
less than 40% of cases before treatment. In some cases,
HBV reactivation went undetected because no HBV
[41]
screening was conducted. Zurawska et al analyzed the
effect of HBsAg screening by dividing patients into three
groups: screening, non-screening, and only screening of
high-risk patients. Their results showed that the group
that was screened before treatment had the highest
prevention rate of HBV reactivation (10-fold); screening
the high-risk patient group was the most cost effective
measure. When comparing the screening and nonscreening groups, the former was more cost effective.
Screening prevents HBV reactivation.
Another problem is the screening method. Some
patients were diagnosed as HBc antibody negative

Principle of HBV reactivation during rituximab treatment

After HBV infection, HBV-DNA synthesis is initially
suppressed by cytokine production from NK and other
cells. A subsequent cytotoxic T-cell (CTL) reaction occurs
due to the presence of CD8-positive T lymphocytes.
Because hepatitis is triggered by CTLs, a time lag likely
exists between the HBV infection and the manifestation
[27,28]
of hepatitis
. On the other hand, rituximab induces
[29,30]
CD4 lymphopenia
. In a mouse model, B-cell
depletion reduced the number and the fraction of CD4
memory T-cells and impaired immunity against virus
[31]
infection . A reduction in CD20 Bcells shifted the CD4
effector phenotype to that of enhanced interferon-γ,
interleukin (IL)-2, and tumor necrosis factor. Perhaps the
depletion of CD20 positive B-cells reduces the production
of IL-7 and IL-15, both of which are critical for memory
[31]
T-cell survival, from monocytes or stromal cells .
Furthermore, HBV replication is likely accelerated by the
indirect effects of B-cell depletion on immune globulin
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when using the EIA method (AxSYM Assay: Abbot
Laboratories, Chiba, Japan, 2005), but they were
diagnosed as HBc antibody positive with the CLIA
method (Architect Assay: Abbott Laboratories, Chiba,
Japan, 2013). Thus, in the past, we overlooked an HBV
reactivation risk factor since our treatment was based on
AxSYM results. Therefore, reports on HBV reactivation
cannot be compared since the results were biased by
the screening method. This affects the evaluation of risk
factors and prophylactic administration. International
standardization of screening methods is needed.
The risk factors for HBV reactivation include being
male, lack of HBs antibody, HBs antigen positive,
presence of precore mutant, HBV-DNA level, anthracy
cline/steroid combination therapy, transplantation,
second/third line treatments, youth, and the presence of
lymphoma; When rituximab is used, the risk factors are
narrowed down to a lack of HBs antibody, youth, and
being male; Currently, the screening rate for HBV is only
30%-40%; Standardization of screening methods is a
future task.

analogs when steroids or fludarabine were used with
[49]
rituximab . Note that the combined use of such purine
analogs as fludarabine and cladribine with rituximab
tends to induce HBV-DNA mutations. A report on HBV
reactivation with bendamustine (an alkylating agent)
as well as a nucleoside analog has also been published.
However, HBV-DNA mutations with these agents were
not evaluated and their effectiveness in this regard
[50]
remains unknown .
With regard to HBV-DNA mutations, entecavir is
desirable for prophylactic treatment in the event of HBV
reactivation due to its poor ability to induce mutations
in HBV-DNA. However, its cost is problematic, and
measures must be enacted that are suitable for different
countries.
The presence of HBV mutations corresponds to the
frequency of the emergence of resistant strains with
standard nucleoside analogs.
Perhaps HBV mutations will increase with a com
bination treatment of steroids or anti-cancer drugs
such as purine analogs that have a strong immune
suppressive effect.

HBV-DNA mutations

HBs antigen positive cases

HBV-DNA mutations must be considered when assessing
the potential difficulties in the treatment of HBV using
[42]
nucleoside analogs. Pelizzari et al
reported that the
mutation rate in HBV-DNA with lamivudine is lower
than the rate during treatment for hepatitis B. However,
in their study, the observation period was short and
they analyzed too few cases. Several mutations were
reported in HBV reactivated patients. Main of these
mutations were developed in immune-active HBsAg
regions, such as M103I-L109I-T118K-P120A-Y134HS143L-D144E-S171F. In other patients, C48G-V96AL175S-G185E-V190A mutations were observed whose
function escaped the T-cell-mediated responses for
HBV. An N-linked glycosylation site was observed in
a major hydrophilic loop in HBV reactivated patients
[43]
without HBsAg . Compared to treatment with standard
chemotherapy with or without rituximab, the mutation
rate during the prophylactic treatment of HBV-DNA with
lamivudine was approximately 15%-20%. Therefore,
this indicates no significant difference in the HBV-DNA
mutation rate with lamivudine between the prophylactic
[44,45]
and standard HBV hepatitis treatment periods
.A
fatal case was also described in which HBV reactivation
was caused by HBV-DNA mutation during R-CHOP
[46]
treatment, although not at an early stage . Recently,
encouraging results have been reported on the effective
[47]
ness of entecavir in the prevention of HBV reactivation .
Due to the low frequency of the emergence of a resistant
HBV strain with entecavir use, this is the first choice for
the prophylactic treatment of patients with high viral load
or patients who require a long prophylactic treatment
[47]
period .
Lamivudine resistance was induced early when a
nucleoside analog such as fludarabine was used with
[48]
rituximab . Similar reports have been noted for
the induction of HBV-DNA mutations by nucleoside
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There is an international consensus that nucleoside
analog administration is necessary in HBs antigen
positive patients since prophylactic treatment is
effective for the prevention of HBV reactivation and
[51-53]
reduces mortality in this group
. Guidelines for each
analog are shown in Table 1. When referring to the
guideline treatments for HBs antigen positive chronic
hepatitis, entecavir use is desirable when the HBV-DNA
concentration exceeds 20000 IU/mL, while lamivudine
use is adequate if the HBV-DNA concentration falls
under 20000 IU/mL. In addition, in HBV-DNA-positive
cases, the possible existence of YMDD mutations
must be determined beforehand. If such mutations
are detected, using tenofovir or the combined use of
two nucleoside analogs might become necessary. As
mentioned previously, entecavir is more desirable for the
prevention of HBV reactivation due to its low induction of
resistant strains during treatment. Ideally, it is desirable
to start prophylactic treatment two weeks after the
administration of nucleoside analogs since the drugs
are most effective during this period. However, there
is no standard protocol regarding the starting time for
treatment since the specific condition of each individual
patient often plays a role. In our clinic, steroids are not
used on patients who are HBs antigen positive. A fatality
was previously observed in a group of patients who
were receiving steroid/rituximab combination therapy
that caused HBV-DNA mutation and HBV reactivation
even though the patient was HBs antigen negative. We
believe that the use of steroids should be avoided, at
[47]
least in HBs antigen positive patients .
For HBs antigen positive patients, treatment with
nucleoside analogs is necessary to prevent HBV reacti
vation.
Although from the point of view of preventing drug
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Table 1 Guidelines for chemotherapy or immunosuppressive drug therapy
AASLD

APASL
EASL

JAPAN

Subject to preventive treatment if HBsAg positive or anti-HBc positive and HBV-DNA positive. If HBV-DNA concentration is less than
20000 IU or for a shortened treatment (< 1 yr), lamivudine or telbivudine is desirable. If HBV-DNA concentration exceeds 20000 IU and longterm treatment is necessary, entecavir or tenofovir is desirable. lf HBV-DNA concentration remains less than 2000 IU six months after the
completion of treatment, the treatment should be discontinued; otherwise treatment shall continue (2009)
There are no guidelines (2005)
HBsAg cases are subject to treatment, and HBV-DNA is measured in these cases, although there is no defined value in which treatment
recommendations can be made. Lamivudine is most commonly used; however, it is best used in cases with low HBV-DNA concentration or
when resistant strains are less likely to emerge. In high HBV-DNA concentration cases or when there is a high risk of resistance, entecavir is
desirable. Careful follow-up of HBV-DNA concentration and liver function is necessary for HBsAg negative, Anti-HBc positive, and HBVDNA negative cases. Vaccination is recommended in HBV seronegative cases (2009)
Subject to nucleoside analog treatment if HBsAg positive or if HBsAg negative, and anti-HBs or HBc positive plus HBV-DNA positive.
If HBV-DNA is negative, HBV-DNA is monitored monthly and nucleoside analogs are administered when HBV-DNA becomes positive.
Entecavir is recommended as the nucleoside analog. The timing of the termination of the nucleoside analog treatment shall be determined in
accordance with the treatment for type B chronic hepatitis if HBsAg is positive. If the patient is anti-HBs or anti-HBc positive, a nucleoside
analog is administered for 12 mo after the completion of immunosuppressive therapy or chemotherapy. During this time, nucleoside analog
treatment will be discontinued if HBV-DNA is negative and ALT is normal. Patients are closely observed for 12 mo after treatment with
nucleoside analogs (2009)

HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; ALT: Alanine aminotransferase.

resistant HBV emergence, using entecavir as the initial
treatment is advantageous, due to its excessive cost,
substitution with lamivudine is acceptable.
Treatment based on the guidelines might be helpful.

HBs antibody negative are subjected to prophylactic
treatment with nucleoside analogs.

HBc antibody positive/HBs antigen negative/HBs
antibody negative

There are reports of HBV reactivation in HBc-ab negative/
[21,32,36]
HBs-ag positive/HBs-ab positive cases
, and
[43]
reactivation occurred in 6.9% of them . HBV reactiva
tion in HBc antibody negative/HBs antigen negative/HBs
antibody positive cases has also been reported (albeit in
[21,36]
small numbers)
, and reactivation was reported in
[43]
3.4% of them .
We previously reported decreased HBs and HBc
antibodies as well as induced reactivation after com
bination rituximab/chemotherapy in HBs antibody positive
[17,24,25,58-60]
patients
. HBs antibody in particular decreased
in patients with < 300 mIU/mL and disappeared in
patients with < 100 mIU/mL after combination therapy
[58-60]
with rituximab and chemotherapy
. For patients
who were originally HBc antibody positive/HBs anti
body positive but became HBs antibody negative after
continuous treatment with rituximab, perhaps HBV
reactivation can be induced by maintenance therapy with
rituximab. Therefore, the possibility of HBV reactivation
must be evaluated for group receiving maintenance
therapy with rituximab. Since a case has been document
ed in which HBV reactivation occurred even though
the patient had an HBs antibody titer of 868 mIU/mL,
monthly follow-ups must be conducted during treatment
[20]
for HBV-DNA positive patients . However, such
prophylactic treatment is expensive and HBV reactivation
remains a possibility. At present, HBV-DNA follow-up
is deemed adequate if the follow-up of HBs and HBc
antibodies is extended to once a month. We must
identify those who require prophylactic treatment from
among HBc antibody positive/HBs antigen negative/
HBs antibody positive and HBc antibody negative/HBs
antigen negative/HBs antibody positive patients.
Particular attention must be paid to patients with

HBc antibody positive/HBs antigen negative/HBs
antibody positive

The HBc antibody positive/HBs antigen negative
serotype is further divided into naïve (HBs antibody
positive) and occult types (HBs antibody negative).
However, since HBV reactivation is often observed in
HBc antibody positive/HBs antigen negative cases, it
may be preferable to divide HBc antibody positive/HBs
antigen negative cases based on whether they are
positive or negative for HBs antibodies. For HBc antibody
positive patients, perhaps HBV reactivation is induced
[36]
by rituximab. Although Hui et al reported a 3%-25%
reactivation rate, prophylactic treatment may be
desirable since the mortality is relatively high (30%-38%)
[36,54-56]
[47]
after reactivation occurs
. In 2013, Huang et al
conducted a randomized controlled trial to evaluate the
effect of the prophylactic administration of entecavir
on the frequency of HBV reactivation in HBc antibody
positive patients. In their report, unlike in retrospective
analyses, the prophylactic administration of entecavir
was the most important factor, at least for HBc antibody
[47]
[57]
positive patients . Furthermore, Seto et al
recently
reported frequent reactivation of HBV in patients with
10 mIU/mL HBs antibody prior to rituximab treatment.
In HBc antibody positive patients, prophylactic treat
ment is necessary, at least for those who are antibody
negative prior to rituximab treatment (occult type). We
believe that the prophylactic administration of a nucleic
acid analog is preferable in HBc antibody positive/HBs
antigen negative/HBs antibody negative cases.
HBc antibody positivity can cause HBV reactivation.
Attention is required since mortality is high after re
activation occurs.
Patients who are both HBc antibody positive and
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Screening
HBsAg (all patients)

HBsAg-

HBsAg+

Anti-HBc+

Check
HBeAg, Anti-HBe
HBV-DNA
Anti-HBs-

Anti-HBs-, Anti-HBc-

Ant-HBs+

HBV-DNA+

No action

HBV-DNA-

HBV-DNA monitoring (once a month)

If HBV-DNA+
Nucleoside analog administration for the prevention of HBV reactivation

Figure 1 The review is summarized as schematics. The treatment direction described here is based on the assumption that all patients are screened in advance.
HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus.
[61]

< 300 mIU/mL of HBs antibody during maintenance
treatment with rituximab since the HBs antibody status
might become negative (follow-up of HBs antibody
concentration is required).
Since HBV reactivation was reported even in patients
with a high HBs antibody titer, HBs antibody follow-up
is not sufficient for detecting the occurrence of reactiva
tion. Monthly follow-up for the presence of HBV-DNA is
necessary during treatment.

it can exacerbate liver damage . In our clinic, liver
protective drugs (glycyrrhizic and ursodeoxycholic
acids) are used together, although they might remain
insufficient. If resistance develops to entecavir or
lamivudine, 10 mg of adefovir or 200 mg of tenofovir
[52,53,61,62]
should be used
. However, great caution is
required since switching treatment drugs may induce
[63]
further HBV drug resistance . Tenofovir has been
reported to be effective for lamivudine as well as
[64-66]
adefovir resistant HBV strains
.
We must evaluate whether to discontinue nucleoside
analog administration in patients receiving those drugs
that promote HBV reactivation. Since HBs antibody
might become negative during rituximab treatment,
discontinuation should be considered after the treat
ment’s completion. An additional problem exists with
regard to determining the duration of the discontinuation
period. Cases of HBV reactivation even after long periods
of discontinuation have been documented. For example,
even after HBs antibody became temporarily positive, it
[60,67]
disappeared later and HBV reactivation was induced
.
If nucleoside analog treatment is given to HBs antibody
negative patients who later become antibody positive,
[53]
such treatment can be discontinued . On the other
hand, HBV vaccination is unable to suppress HBV reac
[68]
tivation . If rituximab is administered continuously,
HBs antibody may not be induced even after HBV
vaccination. It is necessary to evaluate not only the
induction of HBs antibody after HBV vaccination but also
diseases that are appropriate for the discontinuation
of nucleoside analog treatment. Based on the above
discussion, Figure 1 shows the modified guidelines from

Administration of nucleoside analogs upon HBV
reactivation

As for the prophylactic administration to prevent HBV
reactivation, low HBV drug resistance is desirable.
Although different guidelines exist, 0.5 mg of entecavir
might be desirable with regard to both effectiveness
and minimizing drug resistance. Depending on the
cost of the drug and individual financial circumstances,
100 mg of lamivudine is also acceptable, although
drug resistant strains are induced more easily. In this
case, various guidelines are helpful in the selection of
[51-53]
appropriate prophylactic drugs
. If HBV reactivation
occurs, the patient should be dealt with based on the
treatment of acute hepatitis B. Although the first choice
for treatment is 0.5 or 100 mg of lamivudine, interferon
is usually employed as well for acute hepatitis since
nucleoside analogs do not take effect immediately
upon HBV reactivation. However, in the case of HBV
reactivation, interferon is difficult to apply since reactiva
tion occurs after rituximab or chemotherapy treatment
and prolonged bone marrow suppression might occur.
Interferon’s administration is also undesirable because
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the Ministry of Health, Labour and Welfare.
Although entecavir is the first choice for prophylactic
treatment against HBV reactivation, the decision to
use it might also be based on financial conditions, and
the guidelines should be referred to when selecting the
appropriate drug.
When lamivudine resistance emerges, the treatment
drug should be switched to adefovir or tenofovir.
Since nucleoside analogs do not take effect imme
diately upon HBV reactivation, combination treatment
with interferon should be considered. However, bone
marrow suppression must be considered for patients with
hematological disorders.
The discontinuation of nucleoside analogs must
be considered in the future. For HBs antigen negative
patients, the discontinuation of nucleoside analog
treatment may be possible through a vaccine.

6

7

8

9
10

CONCLUSION

11

Regarding the prevention of HBV reactivation, based
on results from clinical studies conducted so far, not
only HBs antigen positive patients but also those who
are HBs antibody negative/HBc antibody positive might
be eligible for prophylactic treatment. By employing
combination rituximab/chemotherapy, safer treatment
for malignant lymphomas is possible. On the other
hand, HBV reactivation during maintenance therapy
with rituximab must be considered. The discontinuation
of nucleoside analog treatment may be possible through
combined administration of an HBV vaccine in patients
who are receiving nucleoside analogs as a preventive
treatment against HBV reactivation (primarily for anti
body negative cases).
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Neurosurgical procedures in patients with liver cirrhosis: A
review
Ching-Chang Chen, Yin-Cheng Huang, Chun-Nan Yeh

Abstract

Ching-Chang Chen, Yin-Cheng Huang, Department of
Neurosurgery, Chang Gung Memorial Hospital, Taoyuan City
333, Taiwan

Liver cirrhosis, a devastating liver fibrosis caused by
hepatitis/inflammation or tumors, is a major comorbid
factor in known surgery fields, such as cardiovascular
and abdominal surgeries. It is important to review
possible comorbid results in neurosurgical procedures
in cirrhotic patients. In the reviewed literature, ChildPugh and model for end-stage liver disease scores are
commonly used in the assessment of surgical risks for
cirrhotic patients undergoing abdominal, cardiovascular
or neurosurgical procedures. The major categories of
neurosurgery are traumatic brain injury (TBI), spon
taneous intracranial hemorrhage (SICH), brain tumors,
and spinal instrumentation procedures. TBI was reported
with surgical mortality as high as 34.5% and a com
plication rate of 87.2%. For SICH, mortality ranged from
22.7% to 47.0%, while complications were reported to
be 43.2%. Less is discussed in brain tumor patients;
still the postoperative hemorrhage rate approached
26.7%. In spinal fusion instrumentation procedures, the
complication rate was as high as 41.0%. Preoperative
assessment and correction could possibly decrease
complications such as hemorrhage, wound infection and
other cirrhosis-related complications (renal, pulmonary,
ascites and encephalopathy). In this study, we reviewed
the neurosurgical-related literature with regard to liver
cirrhosis as a prognostic factor influencing neurosurgical
outcomes.
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Core tip: Liver cirrhosis is a major comorbid factor
for surgical patients, including neurosurgery. We
reviewed published articles in the field of neurosurgical
procedures. For the high incidence of morbidity/mor
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According to the Child-Pugh score system (Child),
the complication rate increased in a step-wise fashion
from 38.7% to 60.0% and then 84.2%, the rebleeding
rate from 29.3% to 48.0% and then 63.2%, and the
mortality rate from 5.3% to 38.0% and then 63.2%
for Child A, B and C patients, respectively. Child
classification was significantly associated with higher
risk of complication [Child B vs A with odds ratio: 2.84
(95%CI: 1.28-6.29), and Child C vs A: 5.39 (95%CI:
1.32-22.02)] and risk of mortality [Child C vs A: 30.43
(95%CI: 7.71-120.02), and Child B vs A: 10.88 (95%CI:
3.42-34.63)].
Notably, in patients undergoing minimally invasive
burr holes for chronic subdural hemorrhage, the
rebleeding/recurrent rate was 66.7% (10/15 patients)
and mortality rate was 33.3% (5/15 patients). Un
controlled encephalopathy, varices bleeding or asso
ciated pneumonia, sepsis and multiple organ failure
were hypothesized to be causes of mortality.

tality rate, in cirrhotic patients, procedures should be
carefully assessed and managed aggressively toward
the coagulopathy and nutritional status.
Chen CC, Huang YC, Yeh CN. Neurosurgical procedures in
patients with liver cirrhosis: A review. World J Hepatol 2015;
7(21): 2352-2357 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i21/2352.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i21.2352

INTRODUCTION
Liver cirrhosis has been identified as a risk factor for
[1-9]
increased morbidity and mortality in surgical patients ,
[3-5,9]
trauma patients
, and patients undergoing emergent
major surgery such as laparotomy, cardiac, and thoracic
[1,5,9-12]
surgery
. A search of the literature found overall
mortality rates as high as 45%-50% for patients with
liver cirrhosis undergoing emergent nonhepatic sur
[8,13-17]
[3-5]
gery
and 40% for trauma surgery . Further
more, liver cirrhosis was also associated with increased
postoperative morbidity and longer hospitalization in
[13-15,18]
patients undergoing elective nonhepatic surgery
.
Liver cirrhosis, and its associated bleeding tendency,
is also a challenge for neurosurgeons in brain and
spine surgery. For example, spontaneous intracranial
[19,20]
[21,22]
hemorrhage (SICH)
and traumatic head injury
in cirrhotic patients have been reported in the literature;
however, such reports have been sporadic, and relatively
little has been published regarding cirrhotic patients who
undergo neurosurgical procedures.
[21]
In our previous study , we found the overall
complication rate for brain surgery with liver cirrhosis
was 52.1% and the mortality rate was 24.3%. These
high rates emphasize the importance of reviewing the
recommendations for patients harboring this devastating
systemic disease, including for patients needing
neurosurgical procedures. The following study reviewed
the risks and outcomes accompanying neurosurgical
procedures in patients with liver cirrhosis.

Spontaneous intracranial
hemorrhage/hemorrhagic stroke
in patients with liver cirrhosis
[19,20,23]

Liver cirrhosis is a well-known risk factor for SICH
,
despite the relatively rare occurrence of SICH in cirrhotic
[19,20]
patients (incidence ranged from 0.7% to 0.8%)
.
However, SICH is life-threatening and is sometimes
overlooked due to the similarities of neurologic deficits
caused by hepatic encephalopathy; most of the
cirrhotic patients who developed SICH were sent to the
emergency room for resuscitation and then admitted to
the neurosurgery wards for surgical intervention or to
the neurology wards for medical treatment if no surgical
indication.
Surgical procedures to decrease intracranial pressure
in SICH cases, such as craniotomy (hematoma removal)
or ventricular drainage (cerebrospinal fluid diversion),
were performed only in life-threatening instances. As
shown in our previous study, the surgical complication
rate was 43.2%, the rebleeding rate was 36.4%, and
[21]
the mortality rate was 22.7% .
Thus, some cirrhotic patients with SICH who under
went medical treatment experienced poor neurologic
outcomes even after surgery, including brainstem
failure due to delayed medical intervention or severe
coagulopathy. The overall mortality rate of cirrhotic
patients with SICH, with or without surgery, has
[20]
been reported as high as 47.0% . Outcomes were
associated with the size of the hematoma (P < 0.005)
and with the initial Glasgow Coma Scale score (P < 0.05)
[20]
and the Child-Pugh classification (P = 0.05) .

TRAUMATIC BRAIN INJURY IN PATIENTS
WITH LIVER CIRRHOSIS
For patients with traumatic brain injury (TBI), liver
cirrhosis is a significant risk factor for postoperative
complications. Over a 5-year-period, according to the
[22]
National Trauma Databank in America , cirrhotic
patients with TBI significantly experienced more
ventilator days compared with noncirrhotic patients
(2.9 ± 6.4 d vs 2.0 ± 6.4 d, p < 0.001). In addition,
overall mortality was almost two-fold higher for cirrhotic
compared with noncirrhotic TBI patients (34.0% vs
18.1%, OR = 2.34, 95%CI: 1.05-5.20, p = 0.035).
[21]
In our previous study , we found the complication,
rebleeding and mortality rates reached 84.4%,
68.8%, and 37.5%, respectively, in acute TBI patients.
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Brain tumor surgery in patients
with liver cirrhosis
There is little literature discussing the outcome for
cirrhotic patients with brain tumors who underwent
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[24]

craniotomy. Jiang et al
reported a median survival
of 3 (range 2.2-3.8) mo for 41 cases even with
successful intracranial excision of brain metastasis from
hepatocellular carcinoma (HCC). We reported 15 cases
of brain tumor (meningioma, glioma, pituitary adenoma,
lymphoma, and metastasis from breast cancer and
HCC) patients who received neurosurgical procedures
[21]
(craniotomy/biopsy) . Four of these patients (26.7%)
had immediate postoperative intracranial hemorrhage.
Despite the lack of clear evidence-based indications
nor contraindications for cirrhotic patients with brain
tumors, we presumed that the preoperative assessment
of neurological deficits, Karnofsky performance scale,
and corrections of pre-existing coagulopathy may be
crucial for the patients’ outcome.

time, ascites, and hepatic encephalopathy, while MELD
includes serum bilirubin, creatinine, and etiology.
Concerns for surgical procedures in cirrhotic patients
mostly focused on the impact on coagulopathy, including
clotting and the fibrinolytic system. We proposed an
algorithm to assess the risk for complications and
management of cirrhotic patients receiving regular neur
osurgical procedures (Figure 1).
Vitamin K is essential for factor Ⅱ, Ⅶ, Ⅸ and Ⅹ
[30]
and protein C, S and Z . Liver cirrhosis is a common
etiology for vitamin K deficiency due to poor nutrition
or cholestasis. In a meta-analysis, intravenous vitamin
K supplement from 1 to 5 mg may reverse the excess
[31]
anticoagulants . Thus, in spontaneous intracranial
hemorrhage patients with anticoagulation medications,
[32]
Degos et al suggested 5-10 mg of vitamin K if inter
national normalized ratio > 1.5 preoperatively.
Fresh frozen plasma transfusion could correct almost
[33]
all coagulation factors. Youssef et al suggested higher
units (> 6 units) of flash frozen plasma is considered to
reverse the prolonged prothrombin time. A concentrated
[34]
blood product, prothrombin complex concentrate ,
is shown in a clinical trial (phase Ⅲ b study) for its
[34,35]
superiority and safety in patients with coagulopathy
.
For thrombocytopenia, evidence has shown that
platelet counts should be > 50000/μl before imple
[36]
mentation of an invasive procedure . However, for
patients taking antiplatelet medication who have normal
platelet counts, the evidence for platelet transfusion
is not as clear. Evidence from a Stage Ⅱ b indicates
that transfusion with concentrated platelets would be
[32]
beneficial for patients taking antiplatelet medication .
In addition, serum albumin level is possibly related
to surgical outcome in patients with liver cirrhosis.
In a retrospective study, corrections of pre- and post
operative serum albumin levels in cirrhotic patients who
underwent microsurgery for free-flap reconstruction
were shown to decrease the intensive care unit stay and
[37]
complications .
Because there was no consensus regarding a stan
dard procedure for emergent neurosurgical interventions,
we proposed an algorithm (Figure 2). Emergent, mostly
life-threatening, procedures mandate that surgeons
make fast and effective decisions. Prospective studies
are urgently needed to demonstrate the most essential
components to prevent intraoperative bleeding, wound
infection, and other associated complications, such as
pneumonia, consciousness disturbance, or hepatorenal
syndrome.

Spine surgery in patients with
liver cirrhosis
Spine surgery is a common procedure in some
neurosurgery centers (up to 70% of daily practice).
Most spine surgeries are elective and less invasive,
involving a small amount of intraoperative blood loss.
Instrumentations for spinal stability have been widely
used in patients with degenerative lumbar and cervical
spine diseases to enhance stability and improve clinical
results. However, instrumentation inevitably encounters
more extensive wound exposure, bony destruction,
and intraoperative blood loss. Published literature has
shown that the complication rate of lumbar fusion
[25,26]
instrumentation ranged from 3% to 15%
. In a
retrospective study of lumbar instrumentation by Liao
[27]
et al , patients in the cirrhotic group had significantly
more blood loss (p = 0.049) and significantly longer
hospitalization (p = 0.023). Complication rate was also
significantly higher in the cirrhotic patient group than in
the control group (41% vs 10%, p = 0.007). Patients
with Child Class B score had a significantly higher
incidence of complications than those with Child Class A
(86% vs 27%, p = 0.006). Subanalysis in patients with
Child Class A showed that those with a Child score of
6 also had higher complication rates than those with a
score of 5 (p = 0.001).
Child score, hypoalbuminemia, ascites, and in
creased blood loss were identified risk factors for
complications, and deteriorated hepatic encephalopathy
would contribute to unsatisfactory outcomes. Whenever
elective instrumented lumbar surgeries are being
considered for cirrhotic patients, preoperative correction
could reduce or avoid these postoperative complications.

CONCLUSION
Liver cirrhosis is a diffuse process characterized by
fibrosis and conversion of normal liver architecture
[38]
into structurally abnormal nodules . It was a major
chronic devastating disease with high mortality rate
(up to 72.7 deaths/10000 population) distributed most
[39]
frequently in central Asia and the sub-Saharan region .
Studies have shown significantly high morbidity/mor

Preoperative evaluation and
correction of coagulopathy
[28]

For patients with cirrhotic liver, Child-Pugh and model
[29]
for end-stage liver disease (MELD)
scores are both
relied on for the prognosis prediction. The Child system
contains serum bilirubin/albumin level, prothrombin
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Table 1 Studies of neurosurgical procedures for cirrhotic patients
Neurosurgical type/ref.
TBI
Lustenberger et al[22]
Chen et al[21]
SICH
Chen et al[21]
Huang et al[20]
Brain tumor
Chen et al[21]
Spine surgery
Liao et al[27]

Patient (n )

Overall morbidity

Child A

Child B

Child C

Overall mortality

Child A

Child B

Child C

47
32

NA
84.4%

NA
38.7%

NA
60.0%

NA
84.2%

34%
37.5%

NA
5.3%

NA
38.0%

NA
63.2%

44
36

43.2%
NA

NA
NA

NA
NA

NA
NA

22.7%
47%

NA
11.1%

NA
27.7%

NA
8.3%

15

26.7%

NA

NA

NA

NA

NA

NA

NA

29

41.0%

27.0%

86.0%

NA

NA

NA

NA

NA

The Child-Pugh score is a classification system used in the prognosis of cirrhosis. NA: Not available; SICH: Spontaneous intracranial hemorrhage; TBI:
Traumatic brain injury.

Regular neurosurgical procedure
Complete blood count,
prothrombin time, activated
partial thromboplastin time,
albumin level, renal and
pulmonary function

Child/MELD stratification

INR prolonged
(> 1.5)

Low platelet counts
(< 150000/μL)

Platelet concentrate 12-24
units transfusion

Fresh frozen plasma (> 6 unit)
or plasma concentrate complex
transfusion, vitamin K 1-5 mg

Low albumin level

Albumin transfusion
(> 3.0 g/dL)

Figure 1 Preoperative assessment and management for patients planned receiving regular neurosurgical procedures. MELD: Model for end-stage liver
disease.

complications.
In this review, we discussed the outcome from
different etiologies, including TBI, SICH, brain tumor,
and spine procedures (Table 1). Preoperative assessment
and correction of coagulopathy and nutritional status
may be important, despite lack of evidence. Still,
the high morbidity/mortality rate in this devastating
underlying disease may demand the need to develop
evidence-based studies to elucidate the timing and
parameters for appropriate correction leading to better
surgical outcome in neurosurgical procedures.

Emergent neurosurgical procedure
Find any alternative
options for surgery

Complete blood count,
prothrombin time, activated
partial thromboplastin time,
albumin level

Vitamin K (1-5 mg) stat., desmopressin (0.3 μg/kg)
stat. and transfusion with fresh frozen plasma (> 6
units)/or prothrombin complex concentrate
Platelets concentrate 12-24 units
Surgical procedure
Recheck coagulation factions,
renal function, nutrition status

ACKNOWLEDGMENTS
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Figure 2 Management for patients receiving emergent neurosurgical
procedures.

tality rates in cirrhotic patients undergoing major
surgery. Neurosurgical procedures, which have not
been researched extensively, have been performed
conservatively on cirrhotic patients. However, the need
for neurosurgery often precludes the potential cirrhotic
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Abstract
AIM: To compare the nutritional status between
alcoholic compensated cirrhotic patients and hepatitis
C virus (HCV)-related cirrhotic patients with portal
hypertension.

Institutional review board statement: The study was reviewed
and approved by Hyogo College of Medicine ethics committee.
Informed consent statement: Written informed consent about
personal and medical data collection was obtained from all
patients.

METHODS: A total of 21 patients with compensated
cirrhosis (14 with HCV-related cirrhosis and seven
with alcoholic cirrhosis) who had risky esophageal
varices were investigated. In addition to physical
variables, including the body mass index, triceps
skinfold thickness, and arm-muscle circumference, the
nutritional status was also assessed using the levels of
pre-albumin (pre-ALB), retinol-binding protein (RBP)
and non-protein respiratory quotient (NPRQ) measured
with an indirect calorimeter.

Conflict-of-interest statement: None of the authors have
conflicts of interest to declare.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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RESULTS: A general assessment for the nutritional
status with physical examinations did not show a
significant difference between HCV-related cirrhosis
and alcoholic cirrhosis. However, the levels of pre-ALB
and RBP in alcoholic compensated cirrhotic patients
were significantly higher than those in HCV-related
compensated cirrhotic patients. In addition, the frequency
of having a normal nutritional status (NPRQ ≥ 0.85 and
ALB value > 3.5 g/dL) in alcoholic compensated cirrhotic
patients was significantly higher than that in HCV-related
compensated cirrhotic patients.
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CONCLUSION: According to our small scale study,
alcoholic compensated cirrhotic patients can develop
severe portal hypertension even with a relatively
well-maintained liver function and nutritional status
compared with HCV-related cirrhosis.

large varices even with a relatively well-maintained liver
[9-11]
function and general clinical conditions
.
Protein energy malnutrition is a major complication
of cirrhotic patients, and the presence of energy malnu
trition is determined by a low non-protein respiratory
quotient (NPRQ) level (< 0.85) which is measured with
an indirect calorimeter, and the presence of protein
malnutrition was determined by a low level of serological
[12]
albumin (ALB) (≤ 3.5 g/dL) . Although many cirrhotic
patients have nutritional problems, the differences in
the nutritional status between alcoholic cirrhotic patients
and hepatitis virus-related cirrhotic patients have not yet
been investigated in detail.
We previously evaluated cirrhotic patients with highrisk varices and reported the importance of nutritional
supporting therapy during the endoscopic treatment
[13]
for gastroesophageal varices . We herein performed a
sub-analysis and investigated clinical variables regarding
the nutritional status in compensated cirrhotic patients
(Child-Pugh class A) who have portal hypertension and
compared those with alcoholic cirrhosis and hepatitis C
virus (HCV)-related cirrhosis.

Key words: Alcoholic liver cirrhosis; Hepatitis C virus;
Rapid-turnover proteins; Albumin; Nutritional status;
Esophageal varices; Portal hypertension; Non-protein
respiratory quotient
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We compared the nutritional status between
alcoholic compensated cirrhotic patients and hepatitis C
virus (HCV)-related cirrhotic compensated patients. The
levels of rapid-turnover proteins in alcoholic compensated
cirrhotic patients were significantly higher than those
in HCV-related compensated cirrhotic patients. When
the nutritional status was determined using the albumin
level and non-protein respiratory quotient, the frequency
of having a normal nutritional status in alcoholic com
pensated cirrhotic patients was significantly higher than
that in HCV-related compensated cirrhotic patients.
These findings suggest that alcoholic compensated
cirrhotic patients can develop severe portal hypertension
even with a relatively well-maintained liver function and
nutritional status.

MATERIALS AND METHODS
[13]

Of the patients enrolled in our previous study (Clinical
Trial Registration: UMIN000001534, https://upload.
umin.ac.jp/), a total of 21 patients with compensated
cirrhosis (14 with HCV-related cirrhosis and seven
with alcoholic cirrhosis with Child-Pugh class A), who
were admitted to our department for the treatment
of esophageal varices with a high bleeding risk, were
analyzed in the present study. Liver cirrhosis as the
cause of portal hypertension was diagnosed according
to the clinical findings, such as the laboratory data,
ultrasonographic findings and endoscopic findings. The
characteristics of the study population are summarized
in Table 1. All clinical values were obtained on the day
of the first-time endoscopic treatment for esophageal
varices during hospitalization. The following physical
variables were used to evaluate the nutritional status
of the patients: body mass index, triceps skinfold
thickness (%TSF), and arm-muscle circumference
(%AMC). In addition to routine blood tests, pre-albumin
(pre-ALB) and retinol-binding protein (RBP) levels were
also measured as indicators which correlate the liver
synthesis capacity and nutritional status.
The parameters measured by indirect calorimetry
were carbon dioxide production per minute and oxygen
[12]
consumption per minute . The total urinary excretion
of nitrogen was measured according to the methods
[14]
previously reported . According to the study by Tajika
[12]
et al , the presence of energy malnutrition and protein
malnutrition was determined as a low NPRQ level (<
0.85) and a low ALB level (≤ 3.5 g/dL), respectively. All
clinical data were obtained under the fasting condition.
The study was reviewed and approved by Hyogo
College of Medicine Ethics Committee (Approval No.
650). Written informed consent about personal and

Enomoto H, Sakai Y, Iwata Y, Takata R, Aizawa N, Ikeda N,
Hasegawa K, Nakano C, Nishimura T, Yoh K, Ishii A, Takashima
T, Nishikawa H, Iijima H, Nishiguchi S. Development of risky
varices in alcoholic cirrhosis with a well-maintained nutritional
status. World J Hepatol 2015; 7(21): 2358-2362 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i21/2358.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i21.2358

INTRODUCTION
Chronic liver diseases (CLDs), such as hepatitis virusrelated liver diseases and alcoholic liver disease (ALD),
cause liver fibrosis and portal hypertension, and the
development of gastroesophageal varices is a major
[1,2]
complication in patients with advanced liver diseases .
However, ALD is suggested to have several specific
mechanisms which vary from viral hepatitis-related
liver diseases and contribute to the progression of
[3,4]
liver fibrosis . In addition, alcohol intake increases
the portal vein pressure by several causes which are
[5]
independent of the progression of liver fibrosis .
For instance, the enlargement of hepatocytes with
ballooning was reported to mechanically compress the
sinusoid and contribute to increased pressure of the portal
[6-8]
vein . Therefore, the severity of portal hypertension
in alcoholic liver cirrhosis tends to be more remarkable
than that in hepatitis virus-related cirrhosis, and patients
with alcoholic liver cirrhosis are suggested to develop
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medical data collection was obtained from all patients.

Table 1 Characteristics of enrolled patients with alcoholic
compensated cirrhosis or hepatitis C virus-related compen
sated cirrhosis
Age (yr)
Gender (male/female)
Child-Pugh score
AST (IU/L)
ALT (IU/L)
γ-GTP (IU/L)
ALP (IU/L)
Total bilirubin (mg/dL)
ALB (g/dL)
Hemoglobin (g/dL)
Platelet count (× 103/μL)
Prothrombin time (%)
BCAA treatment (present/absent)

Statistical analysis

The data between two groups were compared using
Student’s t-test (normally distributed data) or the MannWhitney U test (non-normally distributed data). The
frequency of having a normal nutritional status between
alcoholic compensated cirrhotic patients and HCVrelated compensated cirrhotic patients were analyzed
2
using the χ test. A value of P < 0.05 was considered to
be significant.

66.0 ± 11.5
18/3
5.4 ± 0.5
43 (16-99)
26 (10-86)
41 (12-821)
289 (191-726)
1.1 ± 0.5
3.6 ± 0.3
11.4 ± 1.7
110 ± 68
83.3 ± 9.1
9/12

RESULTS
Comparison of the clinical data between patients with
alcoholic compensated cirrhosis and HCV-related
compensated cirrhosis

Quantitative variables were expressed as the mean ± SD or median (range).
BCAA: Branched-chain amino acids; AST: Aspartate aminotransferase;
ALT: Alanine aminotransferases; γ-GTP: γ-glutamyl transpeptidase; ALB:
Albumin; ALP: Alkaline phosphatase.

First, we compared the clinical variables between
patients with alcoholic compensated cirrhosis and
HCV-related compensated cirrhosis. Since all enrolled
patients had a well-maintained liver function (ChildPugh A), most of the common clinical variables (except
for γ-glutamyl transpeptidase), including PT percentage,
total bilirubin level, ALB level and platelet count, did not
differ between the two groups (Table 2). In addition,
the general assessment for nutritional status with
physical examinations, such as %AMC and %TSF, did
not show any significant differences between the two
groups. However, when we compared the levels of preALB and RBP, which are more sensitive indicators for
liver synthesis capacity and nutritional status (referred
to as “rapid-turnover proteins”), these protein levels
were significantly higher in alcoholic compensated
cirrhotic patients compared with those in HCV-related
compensated cirrhotic patients, suggesting a better
maintained liver condition of alcoholic compensated
cirrhosis with severe portal hypertension than that of
HCV-related compensated cirrhosis (Table 3).

Table 2 Comparison of the general clinical characteristics
between patients with alcoholic compensated cirrhosis and
hepatitis C virus-related compensated cirrhosis
Alcoholic cirrhosis
HCV-related
P value
(n = 7)
cirrhosis (n = 14)
Age (yr)
Gender (male/female)
Child-Pugh score
AST (IU/L)
ALT (IU/L)
γ-GTP (IU/L)
ALP (IU/L)
Total bilirubin (mg/dL)
ALB (g/dL)
Prothrombin time (%)
Platelet (× 103/μL)
BCAA treatment (+/-)

63.7 ± 6.8
6/1
5.3 ± 0.5
30 (16-99)
24 (10-36)
113 (24-821)
311 (205-726)
1.2 ± 0.3
3.7 ± 0.3
84.5 ± 9.6
104 ± 51
4/3

67.2 ± 13.2
12/2
5.4 ± 0.9
47.5 (27-68)
35.5 (18-86)
29.5 (12-159)
281 (191-462)
1.0 ± 0.3
3.6 ± 0.3
82.7 ± 9.1
112 ± 77
5/9

NS
NS
NS
NS
NS
< 0.01
NS
NS
NS
NS
NS
NS

BCAA: Branched-chain amino acids; NS: Not significant; HCV: Hepatitis C
virus; AST: Aspartate aminotransferase; ALT: Alanine aminotransferases;
γ-GTP: γ-glutamyl transpeptidase; ALB: Albumin; ALP: Alkaline phosphatase.

Nutritional status in patients with compensated cirrhosis
with risky varices: Comparison between alcoholic
compensated cirrhosis and HCV-related compensated
cirrhosis

Table 3 Comparison of nutritional variables between patients
with alcoholic compensated cirrhosis and hepatitis C virusrelated compensated cirrhosis
Alcoholic cirrhosis
(n = 7)
BMI
%AMC
%TSF
REE/BMR
FPG (mg/dL)
IRI (μU/mL)
HOMA-IR
Pre-ALB (mg/dL)
RBP (mg/dL)

Using the indirect calorimetry in combination with the
blood test, we determined the nutritional status of each
patient in detail. The frequency of having a normal
nutritional status (NPRQ ≥ 0.85 and ALB value > 3.5
g/dL) in patients with alcoholic compensated cirrhosis
(5/7: 71.4%) was significantly higher than that in
patients with HCV-related compensated cirrhosis (2/14:
14.2%) (Figure 1). These findings suggest that patients
with alcoholic cirrhosis can develop severe portal
hypertension even with a relatively well- maintained
liver function and nutritional status when compared to
patients with HCV-related cirrhosis.

HCV-related cirrhosis P value
(n = 14)

25.0 ± 5.8
102.4 ± 2.3
142.7 ± 44.3
1.06 ± 0.13
124 ± 56
9.1 ± 2.6
2.8 ± 1.7
16.3 ± 7.2
2.4 ± 1.3

22.7 ± 3.1
105.0 ± 12.0
190.5 ± 75.2
1.02 ± 0.13
105 ± 16
13.8 ± 8.2
3.7 ± 2.5
9.7 ± 2.7
1.4 ± 0.3

NS
NS
NS
NS
NS
NS
NS
< 0.01
< 0.05

BMI: Body mass index; AMC: Arm-muscle circumference; TSF: Triceps
skinfold thickness; REE/BMR: Resting energy expenditure/basal metabolic
rate; FPG: Fasting plasma glucose; Pre-ALB: Pre-albumin; RBP: Retinolbinding protein; HCV: Hepatitis C virus; IRI: Immunoreactive insulin;
HOMA-IR: Homeostasis Model Assessment for Insulin Resistance.
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DISCUSSION
ALD leads to an increased intrahepatic and portal
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100%

either energy malnutrition (NPRQ < 0.85) or protein
malnutrition (ALB value ≤ 3.5) have an unfavorable
[12,21]
prognosis
. Recent advancements in antiviral treat
ment are expected to lead to a significant decrease
[22,23]
in the frequency of HCV infection
. It would be
interesting to evaluate changes in the nutritional status
of patients with cirrhosis after the elimination of HCVrelated compensated cirrhosis.
In Table 2, the mean value of %TSF was numerically
higher in HCV-related cirrhotic patients than that
in alcoholic cirrhotic patients, although a statistical
significance was not found between the groups. Although
physical examinations are generally accepted as a
method to assess the nutritional status, measurement
errors can easily occur (particularly regarding the levels
[13]
of TSF and AMC) , and therefore we should pay careful
attention to the evaluation of the physical variables.
Although the present study is a novel one that
focused on the data of rapid-turnover proteins and
indirect calorimetry in patients with compensated
cirrhosis, there are some limitations associated with
our study. First, the number of patients enrolled was
small. It would therefore be important to investigate a
larger number of patients in order to confirm our results.
Second, indirect calorimetry cannot be routinely used in
every institute. However, our study is unique in that it
investigated compensated cirrhotic patients with similar
clinical conditions (Child-Pugh grade A) and determined
the differences in the nutritional parameters between
patients with different etiologies. Further studies with a
greater accumulation of patients and readily available
tools for measuring the protein levels are necessary.

80%
Normal nutrition

60%

Energy malnutrition
Protein malnutrition

40%

PEM

20%
0%

Alcoholic

HCV

Figure 1 Nutritional status of compensated cirrhosis was determined
using the albumin value and non-protein respiratory quotient. The rate
of patients with a normal nutritional status (non-protein respiratory quotient
level ≥ 0.85 and albumin level > 3.5 g/dL) was significantly higher in alcoholic
compensated cirrhosis than that in HCV-related compensated cirrhosis. HCV:
Hepatitis C virus; PEM: Protein energy malnutrition.

pressure and portal hypertension depending on several
conditions which vary from hepatitis virus-related CLDs,
such as compression of the hepatic sinusoid by enlarged
[6-8]
hepatocytes in the form of ballooning . In addition,
perivenular fibrosis, one of histological characteristics of
ALD, is also suggested to contribute to the development
[15-17]
of portal hypertension
. We herein compared
several clinical parameters between Child-Pugh grade A
patients with alcoholic compensated cirrhosis and those
with HCV-related compensated cirrhosis. Although
there were no significant differences in the general
clinical variables, patients with alcoholic cirrhosis had
better liver synthesis capacity and/or nutritional status.
These findings suggest that alcoholic cirrhotic patients
are prone to develop portal hypertension even under
the condition of a well-maintained liver function and
nutritional status.
In the present study, the general clinical variables
including liver functional tests and physical examinations
did not differ between patients with HCV-related com
pensated cirrhosis and alcoholic compensated cirrhosis.
However, we found alcoholic compensated cirrhotic
patients showed significantly higher levels of preALB and RBP than HCV-related compensated cirrhotic
patients (Table 2). Rapid-turnover proteins, such as preALB and RBP, have shorter life-spans than ALB (preALB: approximately 2 d, RBP: approximately 12 h,
and ALB: approximately 3 wk). Therefore, these rapid
turnover proteins are able to sensitively reflect the
[18-20]
liver synthesis capacity and nutritional status
. In
addition, in HCV-related compensated cirrhotic patients,
the levels of ALB and the NPRQ were decreased in
35.7% (5/14) and 78.6% (11/14) of the patients,
respectively. Although we did not clarify the role of HCVinfection in the development of malnutrition, our findings
suggested that patients with HCV-related cirrhosis
potentially had either protein or energy malnutrition,
even compensated cirrhotic patients (Child-Pugh A) who
did not exhibit cirrhosis-related clinical symptoms. It
has been previously reported that cirrhotic patients with
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EDITORIAL

All-oral interferon-free treatments: The end of hepatitis C
virus story, the dream and the reality
Luigi E Adinolfi, Barbara Guerrera
hepatology community is euphoric about the possibility
of elimination and even eradication of HCV infection.
However, the current high cost of the new all-oral
regimens allows access to treatment only for a restricted
number of HCV-infected patients. In addition, many
other conditions such as modality of access and delivery
of care, inadequate knowledge of HCV epidemiology
and political commitments to be undertaken, hamper
the fulfillment of the dream to eliminate the virus. Since,
such conditions are not impossible to overcome, a global
urgent effort must be made to allow a widespread
access to the new treatments which will permit in the
next years to avoid million of HCV-related deaths.
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Core tip: It is begun the era of all-oral direct-acting
antiviral drugs for hepatitis C virus (HCV) treatment
allowing interferon-free therapeutic regimens. These
regimens are safe and yield cure rate greater than 90%.
The therapeutic success has posed the basis for HCV
elimination, although, confirmation are waiting from real
world. However, many conditions hinder the fulfillment
of the dream. These conditions are the excessive cost of
drugs, the access and delivery of care, the epidemiology
of HCV and the political commitments. Thus, an urgent
effort must be done to make accessible on large-scale
all-oral anti-HCV therapies allowing saving millions of
lives.
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Abstract

Adinolfi LE, Guerrera B. All-oral interferon-free treatments: The
end of hepatitis C virus story, the dream and the reality. World J
Hepatol 2015; 7(22): 2363-2368 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i22/2363.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i22.2363

The year 2014 marked the beginning of the end of
the interferon era and the triumph of the all-oral
interferon-free regimens for treatment of hepatitis C
virus (HCV) infection. These innovative therapies are
safe and yield a cure rate of over 90%. The scientific
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sofosbuvir, a nucleoside analogue acting as a false sub
strate for HCV to stop viral RNA synthesis. Sofosbuvir is
active against all HCV genotypes and has a high barrier
[4]
to resistance. A phase Ⅲ trial using the triple regimen
showed an SVR of 89% and 96% for HCV genotype 1
[5]
and 4, respectively, and a phase Ⅱ trial in treatmentexperienced patients showed an SVR of 96% and 83%
in genotype 2 and 3, respectively.
In the same year, based on the data of phase Ⅲ
[6,7]
studies , another triple regimen with pegIFN plus
ribavirin and simeprevir, a first-generation NS3-4A pro
tease inhibitor, was approved for the treatment of HCV
genotype 1 and 4. The two trials reported an SVR of
80% and showed that in HCV genotype 1a carrying
the mutation Q80K in the NS3 protease sequence the
response rate was significantly impaired.
The year 2014 also marked the beginning of the
end of the IFN era and the triumph of the all-oral IFNfree regimens, which were highly effective and safe
and afforded treatment also for patients with advanced
[8,9]
cirrhosis. Phase Ⅲ studies
showed that the com
bination sofosbuvir plus ribavirin for 12 wk for HCV
genotype 2 achieved an SVR from 88% to 100%
depending on whether the patients were treatmentnaïve or -experienced and on the absence or presence
of cirrhosis, and for 24 wk for genotype 3, achieving
an SVR from 60% to 94%, with the poorest results in
therapy-experienced cirrhotic patients. The treatment of
genotype 3 can be shortened to 12 wk by adding pegIFN
[10]
to sofosbuvir and ribavirin. A phase Ⅲ trial
showed
that the combination sofosbuvir plus daclatasvir, a “pangenotypic” first-generation NS5A inhibitor, taken for 12
wk produced an SVR in genotype 3-infected patients
of 90% for previously untreated patients and 86% for
prior non-responders. Thus, at present, this combination
seems to be the best option for the treatment of
genotype 3 infection. The combination sofosbivir plus
daclatasvir also showed good results in HCV genotype 1,
2, 4, 5 and 6.
The regimen sofosbuvir plus simeprevir has been
approved for treatment of HCV genotypes 1 and 4.
[11]
A phase Ⅱ study
showed an SVR of 93%-96% in
treatment-naïve and -experienced patients treated for
12 wk. For HCV genotype 1a the Q80K substitution
did not seem to influence the response rate of the
sofosbuvir and simeprevir combination.
In early 2015 the combination of sofosbuvir and
ledipasvir, a first-generation NS5A inhibitor, in a single
pill to be administered once a day was available for
the treatment of HCV genotypes 1, 3 and 4. The SVR
[12,13]
after 12 wk of treatment was as high as 99%
.
Importantly, it was shown that the treatment could be
[14]
shortened to 8 wk with an SVR of 94% . Patients with
genotypes 5 and 6 have also been treated successfully.
The first IFN-free triple combination approved for
HCV genotype 1 was ritonavir-boosted paritaprevir and
ombitasvir in one pill, and dasabuvir. Several phase Ⅲ
[15-18]
studies
showed an SVR from 95% to 100%. High
SVR rates were also reported for patients with HCV

MILESTONES THAT MARK HEPATITIS C
VIRUS THERAPEUTIC EVOLUTION
In the years 2014-2015 the scientific hepatology com
munity virtually laid the milestone that could mark the
beginning of the end of the hepatitis C virus (HCV) story.
The milestone marked the advent of the first new oral
drugs approved for HCV treatment, namely sofosbuvir
and simeprevir, which were quickly followed by several
others allowing interferon (IFN)-free therapeutic re
gimens. These innovative therapies, which yield a cure
rate of over 90%, have been approved in many regions
of the world, including Europe and the United States.
However, success did not come overnight but was the
result of a step-by-step escalation in both understanding
the molecular mechanisms of HCV replication and in
the therapeutic approaches which started at the end
of the 1980s, before the discovery of HCV, with IFN
[1]
alpha affording a response rate of less than 15% . The
addition of ribavirin to IFN increased the success rate to
about 30%, and then treatment moved into the era of
the long-acting pegylated IFNs (pegIFNs). PegIFN plus
ribavirin was the standard therapy for about 10 years
during which the overall therapeutic success increased to
[2]
50% . However, IFN-based treatment was associated
with a significant number of severe side effects that
limited its use considerably. Many other factors conspired
to limit the therapeutic response, further hampering the
use of IFN. These included host factors, such as age,
body mass index, level of liver fibrosis and steatosis,
insulin resistance, ethnicity, the genetic background
such as the polymorphism of interleukin-28B, and viral
factors, namely HCV genotype and HCV RNA levels.
Furthermore, IFN-based regimens required a long
therapeutic course, which reduced the adherence to
treatment.
The year 2011 marked the beginning of the era of
oral direct-acting antiviral drugs (DAAs). The scenery
was complex with the first-generation DAAs, the NS3-A4
protease inhibitors boceprevir and telaprevir, which were
approved in combination with pegIFNs and ribavirin
[3]
for HCV genotype 1 treatment . Although this triple
therapy afforded a higher sustained virological response
(SVR) rate than pegIFN plus ribavirin, the treatment was
short-lived because of the dependence on IFN due to the
low barrier to resistance of these first-generation DAAs.
Moreover, the use of these DAAs was aggravated by a
high rate of serious adverse events and by the scanty
possibility to treat patients with advanced liver disease.
Fortunately, the research moved fast and new oral HCV
DAAs were devised, several of which had proved highly
effective in a combined regimen, and finally approved
for use in clinical practice (Table 1). Several other DAAs
are currently in the drug development pipeline. Figure
1 shows the crucial milestones in the chronic hepatitis C
treatment evolution, from IFN-based regimens to all-oral
IFN-free combinations.
The first therapeutic strategy with the new DAAs
approved in 2014 was pegIFN plus ribavirin plus
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Table 1 Direct-acting antiviral agents approved for the treatment of hepatitis C virus in
interferon-sparing regimens
DAAs
Simeprevir
Paritaprevir
Sofosbuvir
Dasabuvir

Daclatasvir
Ledipasvir
Ombitasvir

Class

Generation

Activity

NS3-4A
NS3-4A
Nucleoside/nucleotide
analogues
Non-nucleoside inhibitors of the
HCV RNA-dependent
RNA polymerase
NS5A inhibitors
NS5A inhibitors
NS5A inhibitors

Second-wave, first generation
Second-wave, first generation
Nucleotide analogue

Genotypes 1 and 4
Genotypes 1 and 4
Pangenotype

Palm domain Ⅰ inhibitor

Genotype 1

First-generation
First-generation
First-generation

Pangenotype
Genotypes 1, 3, 4, 5, and 6
Genotypes 1 and 4

DAAs: Direct-acting antiviral agents; HCV: Hepatitis C virus.

cirrhosis and is contraindicated in patients with ChildPugh C decompensated cirrhosis. Furthermore, the
pharmacokinetics and safety of simeprevir for decom
pensated cirrhosis have not yet been fully evaluated,
and it induces increased bilirubin levels in about 10%
of cases. At present, considering the scanty data on the
safety of DAAs in advanced liver cirrhosis, they must be
used with extreme caution in this subgroup of patients.
Moreover, if DAAs are administered to patients taking
other drugs, it is mandatory that the drug-to-drug
[20]
interaction be taken into account .

All-oral IFN-free
2014-2015
regimens
Peg-IFN + ribavirin +
2011
boceprevir/telaprevir
Peg-IFN + ribavirin 2001

IFN + ribavirin 1998

IFN 1990
0

20

40

60
% SVR

80

CRITICAL POINTS THAT HAMPER THE
FULFILMENT OF THE HCV ELIMINATION
DREAM

100

Figure 1 Milestones in the chronic hepatitis C treatment evolution, from
interferon-based regimens to all-oral interferon-free combinations, and
the respective sustained virologic response rates. IFN: Interferon; SVR:
Sustained virologic response.

On the basis of the solid data from the trials on the
efficacy and safety of all-oral INF-free combinations, the
scientific community is euphoric about the elimination
and even eradication of chronic hepatitis C. Therefore,
now that we have a cure, the question is: In the real
world, can we meet the conditions to make the dream
come true? At the present, considering that HCV infection
and its treatment are tremendously complex situations,
the answer cannot be directly affirmative because of
the many conditions, not impossible to overcome, that
hamper the fulfillment of the dream. These conditions
are linked to the elevated cost of drugs, to the access
and delivery of care, to the epidemiology of HCV and to
the political commitments to be undertaken.
The current high cost of the new all-oral regimen
allows access to treatment only for a restricted number
of HCV-infected patients; at present, many countries
have chosen to treat only patients with advanced
liver diseases. The high treatment costs can only be
justified by the need to recuperate the research and
development costs of the drugs; it has been estimated
that the predicted manufacturing costs of HCV DAAs
range from United States $100 to $270 per person for
[21]
a 12-wk treatment course . Thus, action strategies
should be evaluated with the aim to reducing the price
of the new drugs and allowing extensive access to the

genotype 4 without adding dasabuvir.
All the above-mentioned data are awaiting solid
confirmation from the real world. The early real-life data
presented seem to confirm the trial results, albeit with
[19]
a slightly lower SVR . Further studies are necessary
to evaluate the effect of treatment in patients with
advanced liver disease as well as on the development
of hepatocellular carcinoma (HCC). To this regard, preli
minary studies seem to indicate that cirrhotic patients
should undergo a close follow-up after HCV clearance
by DAAs due to the residual possibility of developing
HCC. In addition, considering the widespread use, the
possibility to shorten the treatment duration should be
evaluated.
Overall, the data on safety seem to indicate good
tolerability for all of the above combinations. Moreover,
it seems that there are no absolute contra-indications
to the use of these approved DAAs. However, it is
necessary to be prudent with the use of sofosbuvir for
patients with severe renal impairment. In addition, the
triple combination of ritonavir-boosted paritaprevir,
ombitasvir, and dasabuvir has not yet been adequately
evaluated in patients with Child-Pugh B decompensated
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new treatments not only in high- but also in middle- and
low-income countries, where the highest prevalence of
HCV infection is concentrated. By extending access to
treatment, a double advantage can be achieved: First,
it will enable the drug companies to recover their costs
sooner, and second, it will allow substantial individual
and public health benefits by reducing both the hepatic
and extrahepatic HCV-associated pathologies and the
spread of HCV infection worldwide. Global negotiations
should be undertaken to include state authorities, drug
companies, healthcare authorities and the scientific
communities to reduce the cost of treatment, thereby
extending access to more patients and preventing the
spread of HCV infection. In this respect, the policies
adopted by Egypt and India have obtained a price
reduction that will allow widespread treatment of HCVinfected patients. Alternatively, it will be necessary
to wait 15 years for generic drugs, the time required
for drug patents to expire. If this should occur, the
question that everyone should ask themselves is: Is it
ethical to let someone die of hepatitis C when effective
treatment is available but is inaccessible due to the high
cost, especially since we know that treatments can be
produced at a very low cost?
At present, of the estimated 150-200 million HCVinfected subjects worldwide, only the tip of the iceberg
is really known. Consequently, if we presume today that
the drug costs could be reduced, we would be able to
treat only the prevalent cases of HCV. To achieve the
elimination of HCV infection another two conditions
have to be considered, the cases that are unaware of
their HCV status and the incident cases. As a substantial
number of countries do not have a screening program,
it is critical to start adequate screening programs to
identify subjects to be treated. Furthermore, the spread
of HCV infection must be taken in hand to identify
incident cases. Therefore, marginalized populations,
drug users and intra-family spread of the infection
must be monitored. To this regard, the current costs for
both the epidemiological and pre-treatment screening
is high. To ensure widespread treatment with the
new HCV DAAs it is necessary to reduce the costs of
diagnostic tests and, perhaps, determine only the HCV
genotype to detect viremic subjects and decide the best
therapeutic approach.
A further critical point is the delivery of treatment.
At present, due to the high cost and the complexity of
therapy, treatment is confined to specialist care centers
to administer the drugs. However, for several reasons,
these centers are not accessible to all infected subjects
and in order to implement a successful HCV elimination
program, non-specialists in primary care settings could
deliver treatment. Due to the complexity of treatment,
to be sure that an effective regimen is delivered,
specialist supervision in the primary care should be
given. Accordingly, Project ECHO could be a model
[22,23]
for the management of HCV
where the decisions
on treatment could be made using communication
technologies.
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CONCLUSION
The fantastic race for effective treatment for HCV has
reached the final straight and the finishing line that
marks the fulfillment of the dream can be clearly seen.
Although the reality has exceeded all expectations, the
Healthcare Authorities do not appear to be ready to take
on the challenge for victory. One analysis suggested
that it is possible to achieve the elimination of HCV by
2030 if screening programs to identify the HCV-infected
populations are implemented and if active management
with new oral anti-HCV therapies is made accessible
[24,25]
on a large scale
. However, time is running out and
there is an urgent need to reduce liver transplantation,
considering that HCV infection is the leading cause of
liver transplants, and to save millions of lives. To this
regard, it is important to underscore that the current
HCV-related death rate ranges from 350000 to 500000
[26]
people per year . Furthermore, a recent analysis
showed that HCV-related morbidity and mortality are
[25]
expected to increase in the next 15 years , and it is
estimated that among the current chronically HCVinfected population with no liver cirrhosis, the HCV[27]
related deaths will peak in 2030-2035 . Now that
we are in the final straight of the extraordinary race
for effective therapy, a concerted effort must be made
by the state authorities to press for a reduction in the
cost of the drugs and by the scientific communities to
improve the knowledge on HCV epidemiology and to
plan strategies for the access and delivery of therapies.
Widespread access to the new treatments will allow the
dream to become reality.
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Abstract
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Hepatitis C virus (HCV) is a major health problem
worldwide. Early detection of the infection will help better
management of the infected cases. The monoclonal
antibodies (mAb) of mice are predominantly used for
the immunodiagnosis of several viral, bacterial, and
parasitic antigens. Serological detection of HCV antigens
and antibodies provide simple and rapid methods of
detection but lack sensitivity specially in the window
phase between the infection and antibody development.
Human mAb are used in the immunotherapy of several
blood malignancies, such as lymphoma and leukemia,
as well as for autoimmune diseases. In this review
article, we will discuss methods of mouse and human
monoclonal antibody production. We will demonstrate
the role of mouse mAb in the detection of HCV antigens
as rapid and sensitive immunodiagnostic assays for
the detection of HCV, which is a major health problem
throughout the world, particularly in Egypt. We will
discuss the value of HCV-neutralizing antibodies and
their roles in the immunotherapy of HCV infections
and in HCV vaccine development. We will also discuss
the different mechanisms by which the virus escape
the effect of neutralizing mAb. Finally, we will discuss
available and new trends to produce antibodies, such
as egg yolk-based antibodies (IgY), production in
transgenic plants, and the synthetic antibody mimics
approach.
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into hepatocytes. Their presence on the surface of the
virus makes these two proteins, particularly E2, a major
target for HCV antibody neutralization and interaction
[3,8]
with host cellular receptors .

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

PRODUCTION OF MOUSE MAB

Core tip: The monoclonal antibodies (mAb) of mice
are predominantly used for the immunodiagnosis of
several viral, bacterial, and parasitic antigens. Human
mAb are used in the immunotherapy of several blood
malignancies, such as lymphoma and leukemia, as well
as for autoimmune diseases. In this review, we discuss
methods of mouse and human monoclonal antibody
production. We will demonstrate the role of mouse
mAb in the detection of hepatitis C virus (HCV) antigens
as rapid and sensitive immunodiagnostic assays. We
will also discuss the role of HCV-neutralizing antibodies
in the immunotherapy of HCV infections and in HCV
vaccine development.

Mouse mAb by hybridoma technology
[2]

In 1975, Köhler et al developed a hybridoma method
for the production of mAb. The persistence of antibodyproducing cells via their fusion with tumor cells may
be an obvious procedure today, but at the time, this
procedure was regarded as a key innovation that would
allow for the unlimited yield of a specific antibody
[2]
molecule. In 1984, Köhler et al were awarded the
Nobel Prize in Physiology or Medicine “for theories
concerning the specificity in development and control of
the immune system and the discovery of the principle
for production of mAb. While mAb are now long-estab
lished as vital research products, their therapeutic use
requires further development, particularly in terms of
the humanization of mouse antibodies and recombi
nant productivity protocols. Several hundreds of mAb
are currently under evaluation for the treatment of a
broad range of conditions and use within a variety of
[9]
therapeutics on the market . The principle production
of mouse mAb by hybridoma is shown in Figure 1. The
different types and applications of mAb as diagnostic
and therapeutic applications are presented in the Figure
2.
Hybridoma cell production has conventionally been
performed via cell fusion between spleen cells (B cell
source) and myeloma cell lines by chemical fusion
techniques using for example polyethylene glycol (PEG).
[10]
A recent publication by Kandušer et al
in 2014,
however, describes another technique for cell fusion
based on electrofusion. This technique is superior to
the PEG method due to its high fusion efficiency. Kato
[11]
et al have stated yet another technique that involves
CpG oligodeoxynucleotide (CpG ODN) for cell activation
[11]
prior to electrofusion. Kato et al
reported that CpG
ODN stimulation not only increases fusion efficiency but
also the number of antibody-producing cells, leading to
an increased number of positive clones obtained.
Rat and rabbit mAb can be produced by the hybri
doma technology using rat and rabbit spleen cells,
[12]
respectively. A recent study generated rat hybridoma
clones via the cell fusion of immunized rat spleen cells
with mouse myeloma SP2/0 cells and screened the
generated antibodies using recombinant mouse CXCL4
and rhCXCL4. This study concluded that the CXCL4
signaling pathway is a potential therapeutic target
in numerous diseases including cancer. In addition,
[13]
Zhang et al used rabbit hybridoma to produce highly
sensitive rabbit mAb targeting an emerging cell surface
in mesothelioma and other solid tumors (Mesothelin).
They concluded that the generated rabbit mAb may
be promising candidates for monitoring and treating
mesothelioma and other mesothelin-expressing cancers.

Tabll A, Abbas AT, El-Kafrawy S, Wahid A. Monoclonal
antibodies: Principles and applications of immmunodiagnosis
and immunotherapy for hepatitis C virus. World J Hepatol
2015; 7(22): 2369-2383 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i22/2369.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i22.2369

INTRODUCTION
Monoclonal antibodies (mAb or moAb) are monospecific
antibodies that have the ability to bind to the same
[1]
epitope . These antibodies are made by homogeneous
hybrid cells (B cells) that are each clones of the same
origin parent cell. Polyclonal antibodies, on the other
hand, are made of several different immune cells (B
cells). Hybridomas are hybrid cell lines that are genera
ted through the fusion of an antibody-producing B cell
with a myeloma (B cell cancer) cell. Myeloma cells are
characterized by the ability to grow in tissue cultures and
the absence of antibody chain synthesis. All antibodies
produced by these hybrid cells (using hybridoma
technology) are of a single specificity, and therefore
mAb. The establishment of cell lines producing mAb was
[2]
first reported by Köhler et al in 1975.
The hepatitis C virus (HCV) is a major health problem
worldwide. According to the estimates of the World
Health Organization, this virus infects more than 180
million people across the world (representing 2%-3%
[3,4]
of the world’s total population) . HCV (genotype 4)
is one of the major health issues in Egypt, infecting
[3,5-7]
22% of the country’s general population
. HCV is a
small-enveloped, single-stranded RNA virus belonging
to the family Flaviviridae. The genome encodes a
single polyprotein that is co- and post-translationally
processed into four structural and six non-structural
[4,8]
proteins . This is done by different cellular- and viralencoded proteases. The envelope glycoproteins E1 and
E2 are two structural proteins located on the surface
of the HCV, and hence play a crucial role in HCV entry

WJH|www.wjgnet.com

2370

October 8, 2015|Volume 7|Issue 22|

Tabll A et al . Monoclonal antibodies and hepatitis C virus
Hybridoma protocol
Spleen

Immunization

Propagation of mouse myeloma cells

Myeloma cell
Mouse challenged with antigen
Can propagate in culture for long time
Testing antibody response by ELISA

Can not produce specific antibodies

Spleen cells (containing B cells)
Produce specific antibodies
Can not propagate in culture for long time

Cell fusion by PEG/DMSO
Unfused B cells

Fused cells Fused myeloma with spleen Unfused myeloma Fused myeloma cell
cell (B cell) propagate
cells

Die

Die

Die

Die

Propagation of cells in selected media (HAT)
Propagation in HT media
Screening of positive secreting clone by ELISA
Isotyping of generated antibodies
Propagation of positive
hybrid clones in culture

Propagation of positive
hybrid clones in mice

Figure 1 Diagrammatic procedure of the production of mouse monoclonal antibodies by hybridoma technology. ELISA: Enzyme-linked immunosorbent
assay; PEG: Polyethylene glycol; DMSO: Dimethyl sulfoxide; HAT: Hypoxanthine-aminopterin-thymidine; HT: Hypoxanthine thymidine.

Methods of production of monoclonal antibodies

Mouse hybridoma technology

Mouse
monoclonal antibodies

Chimeric
monoclonal antibodies

EBV immortalization method

Humanized
monoclonal antibodies

Fully human
monoclonal antibodies

Used mainly for immunodiagnosis
Used mainly for immunotherapy

Figure 2 Diagrammatic presentations showing the applications of mouse and human monoclonal antibodies and their methods of production. EBV:
Epstein-Barr virus.

mAb, such as phase display, transgenic mice, humani
zed mouse mAb, and immortalization by Epstein-Barr
virus (EBV). In this review, we focus on the production

PRODUCTION OF FULLY HUMAN MAB
There are several methods for the production of human
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of fully human mAb by EBV immortalization. Human
mAb (hMAb) provide novel ways for probing the B cell
repertoire of various health and disease issues. Several
difficulties have been encountered in the development
of the hMAb, including cell line instability, low levels of
specific antibody secretion, and poor cloning potency,
[14]
particularly when using lymphoblastoid cells . Martin et
[15]
al reported that the immortalization of B lymphocytes
by EBV is a time consuming methodology for antibody
production. EBV infects B cells via their CD21 receptors,
which then transforms the B cells into lymphoblastoid
cell lines that produce antibodies, representing the
humoral immune response in vivo. Based on the type
of parent cell, the generated antibodies target either
an infective agent or a tumor cell, which makes them
suitable therapeutic candidates against these diseases.
Compared to other antibody manufacturing tech
niques, the immortalization of B cells stands as the
best technique, as the generation of fully human
antibodies from the immortalized human B lymphocyte
[16,17]
repertoire does not require immunization
. The
first B lymphocyte immortalization experiment was
performed by culturing B cells in the presence of a
herpes virus obtained from a marmoset lymphocyte cell
[18,19]
line B95-8
. Numerous changes to this procedure
have since been tried, yet the immortalization and B
lymphocyte rates remain inefficient. Several successful
mAbs have been generated with this technique for use
[20]
against different pathogens; Schieffelin et al
report
that human mAb against dengue virus envelope were
generated by the EBV transformation of B cells from
patients after two years of naturally-acquired dengue
virus infection. These antibodies were found to have
completely different cross-reactivity, and neutralizing
[20]
[21,22]
patterns. Schieffelin et al
and others
have used
CpG2006 as stimulators for EBV immortalization. Further
more, antibodies neutralizing the SARS corona virus and
cytomegalovirus have been successfully created via the
introduction of the polyclonal B lymphocyte activator
CpG2006 into the B lymphocyte immortalization method
and by B lymphocyte activation before EBV infection,
[21,22]
[23]
respectively
. Moreover, Fraussen et al report that
seeding low B lymphocyte numbers per well serves to
limit bias toward the advantageous outgrowth of fastgrowing immortalized B cells including interleukin-2 (IL2)
and CpG 2006.
[24]
Siemoneit et al used herpes virus immortalization
for the production of human organism antibodies to
target HCV core macromolecules. In doing this, they
revealed the establishment of two vegetative cell lines
secreting human mAb to the 22-kD nucleocapsid
[24]
macromolecule (core, p22) of HCV. Siemoneit et al
isolated B lymphocytes from an anti-HCV-positive
donor and immortalized them by EBV infection. Two of
the cell colonies were fused with the (mouse/human)
heteromyeloma cell line K6H6/B5. The generated fused
hybridomas produced antibodies of the IgG1/kappa
(U1/F10) and the IgM/kappa (Ul/F11) isotype and were
found to specifically react with the recombinant core
[25]
macromolecule p22. Recently, Steinitz
reported that
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EBV has the in vitro ability to immortalize nearly all
human B lymphocytes, which allows for the isolation of
monoclonal cell lines that secrete specific human mAb.
The method of immortalization by EBV allows for
the production of human mAb of different classes
(IgM, IgG, IgA, and IgE) from any individual. Human
mAb produced by EBV immortalization resemble
the supplies of antibody molecules derived from the
[25]
lymphocytes of blood donors. Therefore, Steinitz
concluded that human mAb are promising reagents
of passive immunization for several diseases, such as
cancer, and viral or bacterial infections. In our recently
[26]
published paper , we aimed to produce human
cell lines by manufacturing neutralizing human mAb
for use against the envelope E1/E2 macromolecule
of HCV. For this, we used two methods for the EBV
+
immortalization of CD22 cells taken from HCV-positive
patients: (1) immortalization with 100% EBV only;
and (2) immortalization by 30% EBV and CPG2006
with IL2 (Figure 3). Our results indicated that cell
stimulators play a role in the production of antibodies,
with immortalization by 100% EBV only producing large
clones compared to immortalization by 30% EBV and
CpG2006 with IL2. The antibody levels, as measured by
enzyme-linked immunosorbent assay (ELISA), showed
high optical density in cells immortalized with 30%
EBV and stimulants CpG2006 and IL2. Our results also
indicated that the immortalization of low B cell numbers
by 30% EBV, CPG2006, and IL2 was introduced with
high efficiency and reproducibility leading to immediate
generation of single clones that produced mAb. The
specificity of the generated mAbs was confirmed by
screening them against linear synthetic peptides (as
epitopes) derived from HCV E1 (a.a 315-323) and two
synthetic peptides derived from HCV E2 (a.a 412-419
and a.a 517-531) using in-house, ELISA-based opti
mized assays, all of which were studied by several
[27-29]
investigators
. Fifteen clones secreting human
immunoglobulin G against HCV E1/E2 protein were
isolated. The ELISA results showed that one antibody
was binding to the E2 peptide (a.a 517-531), while
two antibodies were binding to the HCV E2 peptide
(a.a 412-419). The three generated antibodies (IgG3,
one antibody, and IgG2, two antibodies) showed high
neutralization activity against HCVpp. We therefore
concluded that these antibodies may be useful for the
passive immunotherapy of HCV infections, particularly
for HCV-positive liver transplantation patients.

USING MOUSE MAB FOR THE
DETECTION OF HCV ANTIGEN(S) AS
DIAGNOSTIC MARKERS
The detection of anti-HCV antibodies involves a simple,
inexpensive, and quick test, yet this test has a low
sensitivity in the first six to eight weeks of infection, or
given the presence of several clinical conditions, such
[30]
as chronic immunosuppression or hemodialysis . A
[31]
recent study has shown that the proteins of Core and
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Protocol for generation of fully human monoclonal antibodies by EBV immortalization
(1) Separation of peripheral blood mononuclear cells
(2) Separation of CD22 positive B cells by Magnetic beads
+

CD22 B cells
Column removed
from magnetic
field

Magnetic labelled CD22
cells with Macs beads
(3) B cells immortalization
(4) Restimulation

Day 14
Day 21

+

CD22 cells

-

CD22 cells
+

Low number of CD22 B cells
1 μg/mL
30% v/v EBV

+

CD22 B cells

Addition of μg/mL CPG2006 and 50 U/mL IL2
Further culture without stimuli

(5) Verification of B cells immortalization
Day 28
Dot ELISA for human Ab production and
examination of cell growth
ELISA to confirm the specificity
of the production of human antibodies

Culture supernatant of
immortalized cells
1 2 3 4 5 6 7 8 9 10 11 12

Dot ELISA
Negative (culture media)
Positive Mab to HCV E2
Negative (control cell supernatant)
Positive HCV sera
Negative HCV sera

(6) Propagation of positive human clones

Figure 3 Generation of fully human monoclonal antibodies by Epstein-Barr virus immortalization. EBV: Epstein-Barr virus; HCV: Hepatitis C virus; IL2:
Interleukin-2; ELISA: Enzyme-linked immunosorbent assay.
[33]

E2 genes within the antigenic regions of a local HCV3a genotype can be used to develop highly sensitive,
specific, and economical diagnostic assays for the
detection of HCV infection. The recombinant antigen
showed 100% reactivity against HCV-infected sera, with
no cross reactivity in the HCV-negative sera. The authors
therefore concluded that a mixture of Core and E2
[31]
antigens is potentially valuable for HCV-Ab detection .
The disadvantage of HCV diagnosis via the detection
of HCV-Abs is the inability to distinguish between
active and past infection. Given this, HCV-Ag detection
is preferable, especially during the window phase of
[32]
HCV infection. Recently, Florea et al
investigated
the diagnosis of an HCV infection based on a HCV core
Ag detection assay and found both a good correlation
between the core Ag results with the HCV RNA viral load
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and very high specificity. Furthermore, Chevaliez et al
evaluated the clinical performance of the Architect HCVAg assay in terms of the detection and quantification of
HCV core antigens in patients with chronic HCV genotype
1-6 infections. They concluded that the Architect HCV-Ag
assay is highly specific, easy to perform, and represents
a valuable screening, diagnostic, and monitoring tool.
Several investigators have demonstrated evidence
[34-37]
[38,39]
of HCV antigens in liver tissue
serum samples
[40]
and plasma samples . We reported the detection of
HCV NS4 antigen in the sera of infected HCV patients
[41]
using the Dot ELISA technique as a rapid assay . The
assay developed was able to detect the HCV target
antigen in 95% of the serum samples from HCV-infected
individuals with a specificity of 97% compared to the
sera of uninfected individuals, using reverse transcription
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polymerase chain reaction results as a reference. This
antigen-detection-based method showed high positive
predictive values (99%) and negative predictive values
(90%). The added advantage of the assay is that it was
able to detect HCV target antigens in the sera of patients
during the window phase (negative for HCV-Ab and
positive for HCV-RNA), as well as in the sera of both low
and high HCV-RNA viral loads. The authors showed that
their developed assay was highly sensitive and specific
for HCV antigen detection, and that it could be applied
for the mass screening of HCV infection.
[41,42]
[41]
In two reports
, Attallah et al describe their use
of ELISA for the detection of HCV-NS4 and assessing
the diagnostic performance of the assay in 883 chronic
HCV patients. Taking quantitative HCV-RNA as a gold
standard for HCV diagnosis, areas under the receiver
operating characteristics (ROC) curves (AUC) were used
to assess the diagnostic accuracy of ELISA for HCV[42]
NS4. Attallah et al identified HCV-NS4 to be at 27 kDa
using Western blot. The areas under the ROC curves
(AUC) in HCV-NS4 detection were 0.95 among patients
with different pathological states of liver disease, with
0.93 for liver fibrosis, 0.95 for liver cirrhosis, and 0.98
for hepatocellular carcinoma (HCC). The mean ± SD
(ng/mL) of HCV-NS4 in liver fibrosis was 94.2 ± 55.6, in
liver cirrhosis was 99.3 ± 64.8, and in HCC was 124.9
± 70.3. The authors therefore concluded that HCVNS4 antigen detection using ELISA is a reliable test
to confirm HCV infection. We established a hybrid cell
line that produced mouse mAb targeting HCV E1 a.a
[43]
315-323 . We also produced mouse mAb targeting
HCV E1/E2 and used them in the ELISA as a diagnostic
assay for HCV infection (unpublished data). Our results
showed a sensitivity of 80% and a specificity 96%.

reported to possess several functions, such as signal
transduction, cell activation, and cell adhesion. Moreover,
in prior studies uding HCVpp and HCVcc systems, it has
been confirmed that the CD81 receptor plays a major
[4]
role in HCV cell entry . A large number of broadly antiHCV neutralizing antibodies block CD81 interaction with
the HCV envelope glycoprotein E2. Indeed, it has been
previously shown that anti-CD81 mAb inhibit the entry
[44,45]
of both HCVcc and HCVpp into the Huh-7 cell line
.
Resolving the crystal structure of CD81 complexed
[44,45]
with E2 protein
has revealed that CD81 binds the
HCV envelope glycoprotein E2 within certain specific
amino acid residues (i.e., 412-423, 432-447, 480-493,
528-535, and 544-551). K04, a recently generated antihuman CD81 monoclonal antibody, was shown to have
a broad-spectrum antiviral action in the prevention and
[46]
treatment of HCV infection .
Lipoprotein receptor scavenger receptor BI:
The scavenger receptor class B type Ⅰ [scavenger
receptor BI (SR-BI)] is highly expressed in hepatocytes.
This receptor functions as a lipoprotein receptor that
mediates cholesteryl ester selective uptake from high
[47]
density lipoproteins . The SR-BI receptor can bind
both high density lipoproteins (HDL) and low density
[8,47]
lipoproteins
. SR-BI has been previously shown
to mediate interactions of E2-CD81. It has been
[45,48,49]
suggested
that the SR-BI receptor interacts with
HCV glycoprotein E2 hypervariable region 1 [hyper
variable region-1 (HVR1), the first 27 amino acids in
E2]. In line with this hypothesis, HVR1 deletion has been
shown to inhibit E2-SR-BI interaction and to reduce HCV
[50-52]
infectivity
. Indeed, it has been shown that HVR1
facilitates the interaction between HDL and SR-BI, which
inhibits the neutralization of both HCVpp and HCVcc.
HCV infection in cell cultures has also been shown to be
inhibited with antibodies against SR-BI, confirming the
[47,53,54]
crucial role of SR-BI in HCV cell entry
. Lastly, it
was recently indicated that anti-SR-BI antibodies inhibit
the HCV infection of different genotypes, both in cell
[55]
cultures and humanized mice .

HCV neutralizing antibodies

HCV cellular receptors are targets for HCV neutra
lization: Many HCV neutralizing antibodies target E1
and E2 HCV glycoproteins. However, an alternative
strategy to preventing HCV entry may be achieved
by targeting host receptors, such as CD81 and SR-BI.
These antibodies block viral-host receptor interaction.
A large number of broad spectrum, anti-HCV, hosttargeting antivirals (HTAs) have been developed that
trigger the innate immune system. Examples of these
anti-HCV compounds include anti-SR-BI and toll-like
[3,8]
receptor agonists . The mechanism of action in this
group of compounds involves the inhibition of certain
cellular factors that are crucial to the HCV lifecycle. One
of the main advantages of HTAs is that they act on host
[3]
factors that are of a much lower rate of mutation .
Therefore, we are going to discuss primarily cellular
receptors required for the attachment of HCV together
with their involvement in the neutralization process.

Other HCV receptors: Aside from SR-BI and CD81,
other receptors including claudin-1 (CLDN1) and occludin
[56]
(OCLN) compose the tight junction factors . The tight
junction multiprotein complex is comprised of four
types of transmembrane proteins: Claudins, occludins,
junction associated molecules, and the coxsackie virus
[57-59]
B adenovirus receptors
. It is still unclear how the
CLDN1 and OCLN inhibit HCV cell entry. Anti-claudin-1
antibodies neutralize HCV infectivity via inhibiting the
interaction between CD81 and claudin-1 receptors,
[58,59]
which is important to the viral entry process
. Occlu
din has been reported to co-precipitate with the HCV
E2 glycoprotein. However, unlike CD81 and SR-BI and
claudin-1 cellular receptors, no virus-specific neutralizing
[60]
antibodies for occludin have been identified thus far .

CD81 receptor: The tetraspanin CD81 (26 kDa) is an
integral membrane unglycosylated protein. CD81 is
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HCV infection. This suggests that the most important
target of antibody response to the HCV E2 glycoprotein
[72]
is HVR1 (Table 1 for other examples) .

HCV-NEUTRALIZING EPITOPES AND
ANTIBODIES
The identification of the various mechanisms involved in
immune protection is an important step in designing an
HCV vaccine. The production of neutralizing antibodies
by adaptive immune systems following vaccination
has been prior demonstrated as a key strategy for
[61]
protection against human viruses . In the case of the
HCV, a viral infection can persist even in the presence of
a broadly neutralizing antibody, in many cases leading
[44,62]
to chronic infection
; this can result in liver fibrosis,
cirrhosis, and even eventually lead to hepatocellular
carcinoma, causing death.
Anti-HCV antibodies can be targeted against struc
tural and nonstructural protein epitopes (classified as
[63,64]
either linear or conformational)
. The envelope
glycoproteins E1 and E2 are considered major targets
for neutralizing antibodies, as they are present on the
surface of the HCV virus. Consequently, the development
of an HCVpp system using unmodified HCV E1 and
E2 envelope glycoproteins has allowed researchers to
achieve remarkable progress in the study of neutralizing
antibodies. However, little is understood so far as to the
structure of the HCV envelope glycoproteins and how
[65]
they interact with neutralizing antibodies .
Despite the fact that the HCV E1 glycoprotein is
more conserved than E2, it has been proposed that
E1 is of lower immunogenicity and hence a more
[47,66]
difficult target for neutralizing antibodies
. However,
two mAb against HCV glycoprotein E1 (IGH 505 and
[27]
IGH 526) have been identified . Both antibodies
neutralize HCVpp bearing the E1 envelope glycoprotein
of genotypes such as 1a, 1b, 4a, 5a, and 6a. These
antibodies work within the region of E1 amino acids
[27]
comprised of amino acids 313 to 327 . In addition
to these two antibodies, the H-111 antibody has
been reported to neutralize expressed E1 proteins
from genotypes 1a, 1b, 2b, and 3a via binding to the
[67,68]
192YEVRNVSGVYH211 region of E1
.
Anti-E2 human conformational-dependent HCV
antibodies targeting E2 in HCVpp cell culture systems
have been used to identify E2 epitopes. Due to
such studies, three different regions of the E2 HCV
[50]
glycoprotein E2 have been identified . These regions
include the E2 HVR1, the E2 HVR2, and the CD81
[69]
binding region of E2 and the C-terminus of HVR1 . The
HCV glycoprotein HVR1 is a major target of neutralizing
antibodies. This region is crucial for the virus, as it
plays an important role in the HCV virus binding and
[50,70]
entry process
. The physicochemical properties of
the residues of HVR1 and its conformation are both
highly conserved among various species despite the
sequence variability of HVR1. It has been suggested
that the sequence variability of E2 HVR1 is driven by the
[71]
antibody selection of immune-escape variants . Stable
HVR1 sequences associated with resolved infection
have also been reported, with HVR1 sequence change
being suggested as one of the reasons for persistent
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EXAMPLES OF HCV-NEUTRALIZING
ANTIBODIES
Epitopes can be classified into two main groups (linear
or conformational epitopes). Various viral epitopes
that are targeted by neutralizing antibodies have
been identified and characterized. Two human mAb,
HCV1 and 95-2, have been identified as successfully
neutralizing HCVpp belonging to different genotypes
(i.e., 1a, 1b, 2b, 3a, and 4a). In addition, a highly
conserved linear epitope in E2 (amino acids 412 to 423)
has been reported as recognized by HCV1 and 95-2
[65]
mAb . Moreover, e137, a human monoclonal Fab, has
been shown to bind to the HCV E2 glycoproteins of all
HCV genotypes, with the exception of HCV genotype
5. Furthermore, it has been confirmed that this epitope
interacts with highly conserved residues in all HCV
[73]
genotypes, such as T416, W529, and D535 . CBH-5
has also shown itself to be capable of neutralizing all
examined genotypes (genotypes 1-6). It was revealed
that two of the amino acids comprising the epitope
of CBH-5 are crucial for E2-CD81 interaction, which
suggests direct competition between CBH-5 and CD81
[74]
to bind with the HCV E2 glycoprotein . AP33 is another
broadly neutralizing mouse monoclonal antibody that
has been shown to neutralize all genotypes (i.e., 1a,
1b, 2a, 2b, 3a, 4, 5, and 6). This antibody recognizes
a highly conserved epitope in HCV glycoprotein E2
[75]
(amino acids 412 to 423) . The high conservation of
its epitope may have resulted in the broadly neutralizing
activity of this antibody. Finally, AR3B displays a broadly
neutralizing human antibody activity. AR3B neutralizing
antibodies have been shown to protect against viremia
[76]
in an infected mouse model .

NEUTRALIZING ANTIBODIES’
MECHANISMS OF ACTION
The lack of cell culture-based assays to measure and
quantify HCV activity has long hindered the study of
the role of neutralizing antibodies in HCV infections.
The mechanism of action in the antibody neutralization
process still remains unclear. Several mechanisms
through which neutralizing antibodies interfere with
different stages of the HCV life cycle have been
[77,78]
suggested
, including immune aggregation and
the blocking the attachment of the virion to the viral
receptor which inhibits HCV infection. In addition to
these mechanisms, neutralizing antibodies have been
reported to interfere with other stages of the HCV
life cycle following the binding process, such as the
penetration of the virus through the cell membrane
via host entry factors. Neutralizing antibodies may
also prevent conformational changes important for the
[77,78]
fusion of the virus to a host cell
.
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Table 1 Hepatitis C virus neutralizing antibodies
Neutralizing antibody
IGH505
IGH526
H-111
95-2
HCV-1
HC-1
3/11
3C7
AP33
CBH7
CBH5
CBH2
CBH-8C
CBH-8E
CBH-11
CBH-17
CBH4B
CBH4D
CBH4G
9/27
A8
J6.36
HC-11
Fab e20
Fab e137
1:7
AR3A
AR3B

AR3C
AR3D
AP213
H77.39
H35
H48
2/69a
9/86a
6/1a
9/75
6/53
6/16
1/39
6/41a
11/20c
ALP98
ALP1

Epitope

Specificity

Escape mutants

Ref.

E1 (313-326) linear
E1 (313-326) linear
E1 (192-202) linear
E2 (412-423) linear
E2 (412-423) linear
E2 (523-540) conformational
E2 (412-423) linear
E2 (396-407)
E2 (412-423) linear
E2 conformational
E2 (523-540) conformational
E2 (425-447), E2 (523-540) conformational
E2 conformational
E2 conformational
E2 conformational
E2 conformational
E2 conformational
E2 conformational
E2 conformational
E2 conformational
E2 (523-540) conformational
E2 Partially conformational
E2 (425-447)
E2 (523-540) conformational
E2 (523-540) conformational
E2 (412-423)
E2 (523-540) conformational
E2 (523-540) conformational
E2 (394-424), E2 (437-447)
E2 (523-540) conformational
E2 (394-424)
E2 (437-447)
E2(523-540) conformational
E2 (394-424), E2(437-447)
E2 (523-540) conformational
E2 (394-424), E2 (437-447)
E2 (523-540) conformational
E2 (396-407) partially conformational
E2 (384-520) linear
E2-conformational
E2-conformational
E2 (436-443) linear
E2 conformational
E2 (464-471) linear
E2 (524-531) linear
E2 (544-551) linear
E2 (384-391) linear
E2 (432-443) linear
E2 (480-493) linear
E2 (436-447) linear
E2 (644-651) linear
E2 (647-658) linear

Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
H strain
Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
Cross-reactive
H strain
Cross-reactive
J6 strain
NA

NA
NA
NA
NA
NA
No escape
N415Y, N415D, N417S, G418D
NA
N415Y, N415D, N417S, G418D
NA
NA
D431G, A439E
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
L438F

[27]
[27]
[68]
[65]
[65]
[69,125]
[75]
[126]
[75]
[74]
[68,127]
[68,125,128]
[129]
[129]
[129]
[129]
[129]
[129]
[129]
[130]
[127]
[131]
[69,125]

Cross-reactive
Cross-reactive

NA
NA

[132]
[73]

Cross-reactive
Cross-reactive

NA
NA

[127]
[76]

Cross-reactive

NA

[76]

Cross-reactive

NA

[76]

Cross-reactive

NA

[76]

Gla strain
Cross-reactive
Poorly cross-reactive
Poorly cross-reactive
NA
NA
NA
NA
NA
NA
NA
NA
NA
Cross-reactive
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

[133]
[131]
[134]
[134]
[135]
[130]
[130]
[130]
[130]
[130]
[130]
[130]
[130]
[136]
[136]

NA: Not available.
[81]

HCV neutralizing antibodies ; and (4) direct cell-to-cell
[82]
transmission of the HCV virus . HCV typically employs
a combination of these mechanisms together at the
same time.

VIRAL MECHANISMS FOR EVADING
NEUTRALIZING ANTIBODIES
HCV has developed the following different mechanisms
[79]
to evade neutralizing antibody responses : (1) the
[47]
association of HCV with low density lipoproteins ; (2)
the association of HCV with certain glycans can play a
role in shielding important neutralizing epitopes of E1
[80]
and E2 envelope glycoproteins ; (3) the production
of interfering antibodies, which may interfere with anti-
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Lipoproteins

It is reported that poorly infectious HCV particles linked
to immunoglobulins have been separated from the
higher density fractions of chronic HCV plasma samples,
with highly infectious particles found in lower density
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direct cell-to-cell transmission has been shown to be
CD81 independent. Lastly, both CLDN1 and OCLDN
cell receptors were reported to play a role in cell-to-cell
[94,95]
transmission
.

fractions, indicating the effect of lipoproteins on the
[83]
infectivity of HCV . The binding of HCV to lipoproteins
[47,84]
may facilitate HCV uptake by liver cells
. This
facilitated viral entry is mediated through interaction
between the ApoB and SR-BI receptors, which enable
HCV to escape recognition via different HCV neutralizing
antibodies. This suggests that lipoproteins could
possibly play a role in protection against antibodymediated neutralization by masking the epitopes of the
[85,86]
viral surface glycoproteins
.

AVAILABLE AND NEW TRENDS IN
ANTIBODY PRODUCTION
The high cost of production of antibodies by hybridoma
or the humanization of mouse antibodies, page displays,
or transgenic mice has led to the emergence of new
trends to produce antibodies, such as egg-yolk-based
antibody (IgY) production within transgenic plants and
synthetic antibody mimics.

HCV genetic diversity

The high variability of the HCV genome provides the
virus with an effective escape strategy from antibody
[87,88]
neutralization
. HCV is classified into seven different
genotypes, with each genotype including a number
of subtypes that are roughly 25% different at the
nucleotide level. The loss of the proofreading ability of
HCV NS5B polymerase increases the mutation rate of
[89]
the virus to one nucleotide per replication cycle . This
results in the evolution of HCV into many quasispecies
with different though closely related nucleotide sequen
ces even within the same patient, which may help the
[54,90]
virus to escape from the human immune response
.
HCV likely escapes the effects of the immune system
because immune responses develop over weeks and
[91]
HCV replicates on a timespan of days . Interestingly,
the sequence variation occurs mainly in the HCV E2
HVR1. HVR1 can remain with no change in its genome
sequence for roughly two years given the absence of
neutralizing antibodies. Given the virus’s exposure to
neutralizing antibodies, the HCV genomic RNA sequence
[89]
undergoes several adaptive mutations .

Egg yolk antibodies (IgY)

Providing passive immunity to chicks, IgY is passively
transmitted to egg yolks to help safeguard a chick
against infection until its own immune response can
be developed. IgYs are functionally similar to IgG in
mammals, and intensive research has been conducted
[96]
on the utilization of IgY for passive immunization .
The transient activity of passive antibodies increases the
need for large-scale production due to their frequent
administration. Hen eggs are an excellent source of
antibodies for passive immunization due to their being
a non-invasive means of production and the large
[97]
production capability of a chicken . The IgY collected
from egg yolks can yield eighteen times more antibodies
than the serum obtained from rabbits without sacrificing
[98]
the animal . An average hen can lay roughly 325
eggs a year. Given that an egg can produce 60-150 mg
[99]
of IgY , one hen can produce 20-40 g of antibodies
a year, with 2%-10% of the antibodies being antigen
[100]
specific .
Additional advantages of using IgYs to combat infec
tions in the human body include the ease of isolating egg
yolk antibodies and the absence of interaction accruing
between IgYs and the Fc receptors of mammals, which
can initiate an inflammatory reaction and fail to induce
[101]
complement activation in mammals
. In addition,
chicken antibodies produce a different antibody repertoire
and identify different epitopes than the antibodies
[102]
produced by mammals
. Furthermore, the largescale industrial production of eggs makes the process of
IgY production technically efficient. IgY has been used
effectively against several human and veterinary viruses,
[103]
such as the bovine rotavirus , infectious bursal disease
[104]
[105,106]
virus
, human influenza virus H1N1
, rabies
[107]
[108]
virus , bovine leukemia Virus , rabbit hemorrhagic
[109]
[110]
disease virus , bovine respiratory syncytial virus ,
[111]
[112]
[113]
avian reovirus , norovirus , hepatitis A virus , and
[114]
the white spot syndrome virus .
The use of genetic engineering technologies to
produce chicken mAb (mIgYs) will enhance the utility of
[115]
IgY antibodies . The combination of the high specificity
and homogeneity of the mAbs and the unique features of
chicken antibodies provide additional features to mIgYs.

Glycans

Glycans associated with HCV envelope proteins protect
the virus from neutralization by various antibodies
via shielding crucial epitopes, especially in the E2
glycoprotein. With eleven N-glycosylation sites, E2 is
the most glycosylated protein of the E1-E2 heterodimer,
whereas the E1 protein contains only four sites. These
fifteen glycans in total were reported to play a role in
the entry of HCV into host cells. Several glycans (E2N1,
E2N2, E2N3, E2N4, E2N6, E2N8, E2N9, E2N10, an
E2N11) on E2 were found to limit the accessibility of
[92]
neutralizing epitopes on E2 . These nine glycosylation
[80]
sites were found to be conserved across all genotypes ,
which may indicate their importance as an HCV escape
[92]
mechanism .

Direct viral transmission from cell to cell

Direct transmission between cells helps HCV to evade
both innate and adaptive immune systems. Cell-tocell spread has been found to occur in other viral
families, such as the herpes virus, retroviruses, and
[93]
rhabdoviruses . Direct cell-to-cell transmission is more
efficient in spreading the virus in host, as it allows the
virus to escape neutralizing antibodies. Furthermore,
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one-twentieth the size of natural antibodies. The authors
report that their new SyAMs are thermally stable and
can be administered orally. Furthermore, the authors
report that the SyAMs have the potential to be used
in treatments for cancer and other diseases, such as
human immunodeficiency virus and various bacterial
[124]
diseases . We believe that these synthetic antibody
mimics will open new areas of research and practice in
the field of immunotherapy.

Very few studies have investigated the generation and
[116]
utility of mIgYs with respect to prion immunogen . The
use of antibody engineering technologies facilitates the
production of mIgY, while the phage display technique
provides the features of a large, diverse library, as well as
[117]
an efficient selection procedure .

Antibody expression in plants

The first trial of the production of antibodies in plants
was carried out in 1989 in transgenic plants. Plant
expression systems have several advantages in terms
of the production of antibodies: First, these systems
cost less compared to other conventional expression
systems. Second, with regard to safety, they do not
contain mammalian viruses or pathogens and do not
produce endotoxins. Furthermore, as reported by Xu
[118]
et al
, the antibodies can be applied parenterally,
[119]
[120]
topically, or orally. Castilho et al
and Olinger et al
report that, with antibody plant expression systems,
it is possible to produce antibodies with desired
glycoforms, and that glyco-engineered plants have a
much higher degree of glycan homogeneity. In a recent
[121]
review article by Virdi et al
, they report that the
production of antibodies in edible tissues would allow
for oral passive immunization of the mucosal surface
of the stomach. The use of technology together with
the natural capacity of plant tissues to collect complex
antibodies will enable in the enrichment of the antibody
[121]
market. A review by Virdi et al
also showed the role
of plants as an adaptable expression system for passive
[122]
immunotherapy. Nianiou et al
showed the production
of antibodies against HCV core gene in transgenic
tobacco plants. The resultant HCV core antigen was
found to be immunoreactive not only with polyclonal
and mAb, but also with human sera positive for HCVinfected patients. Therefore, the authors prospected that
the use of a plant-based HCV vaccine could be possible.
[123]
Recently, Iranian scientists Mohammadzadeh et al
designed a highly codon-optimized HCV core protein
gene for the construction of an effective plant expression
system for the production of HCV core proteins with
antigenic properties in an Iranian Jafarabadi-cultivar
tobacco plant. The authors concluded that, through the
use of a gene optimization strategy that uses vectors
based on HCV and the suppression of plant-derived,
gene-silencing effects, an effective expression system
including the HCV core proteins of tobacco plants with
antigenic immunogenic characteristics may be possible.
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Abstract
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Although hepatocellular carcinoma (HCC) primarily
arises in the background of liver cirrhosis, the deve
lopment of HCC in nonalcoholic fatty liver disease
(NAFLD) without cirrhosis is increasingly recognized.
The pathogenesis of NAFLD associated non-cirrhotic
HCC is distinct from that of cirrhotic HCC because the
metabolic syndrome (MS) along with obesity and insulin
resistance (IR) underlie several unique mechanisms
that promote tumorigenesis. IR associated with MS,
NAFLD, and type 2 diabetes mellitus lead to the release
of multiple pro-inflammatory cytokines, including tumor
necrosis factor alpha, interleukin-6, leptin and resistin,
as well as decreased amounts of adiponectin. These
processes favor the development of hepatic steatosis
and inflammation within the liver, which precede HCC
development. Nevertheless, further investigation is
necessary to elucidate the determinants for develop
ment of HCC in patients with NAFLD in the absence of
cirrhosis.
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to their counterparts, with the prevalence of cirrhosis
at diagnosis significantly lower in men compared to
[10]
women (39% vs 79%, P = 0.008) . However, an
entirely Japanese cohort may not be generalizable to the
United States. The only reported case series from the
Unites States of HCC arising from non-cirrhotic NAFLD
[11]
was published in 2008. Guzman et al
describes
three patients with non-cirrhotic HCC in the setting
of NAFLD; all had at least two features of MS with a
mean body mass index (BMI) of 33.5. A French study
analyzed 128 patients with HCC and found that in
31 patients (24%), features of MS were the only risk
[8]
factor for HCC . Compared to the group of patients
who had an overt cause for underlying liver disease
(chronic hepatitis B virus/hepatitis C virus, genetic
hemochromatosis, auto-immune liver disease, alcohol),
the MS group was older (mean age 67.4 vs 59.4, P ≤
0.01), had a higher BMI (29.7 vs 25, P ≤ 0.0001), and
less background liver fibrosis (F0-F2: 65% vs 26%, P
≤ 0.001)[9]. Collectively, these data add to the growing
evidence that HCC can occur in patients with noncirrhotic patients with NAFLD, obesity, T2DM, or MS as
risk factors. In addition, establishing the attributable risk
of each component of MS for HCC requires further study.
The pathogenesis of NAFLD associated non-cirrhotic
HCC is distinct from that of cirrhotic HCC because MS
and its’ features of obesity and insulin resistance (IR)
contain several unique mechanisms that help support a
tumor-promoting environment. IR associated with MS,
NAFLD, and T2DM lead to increased release of free fatty
acids from adipocytes and the release of multiple proinflammatory cytokines including tumor necrosis factor
alpha (TNF-α), interleukin-6 (IL-6), leptin and resistin.
[5]
Decreased amounts of adiponectin are seen as well .
These processes favor the development of both hepatic
[5]
steatosis and inflammation within the liver . Increased
levels of TNF-α lead to activation of nuclear factor kB
(NF-kB), a regulator of immune and inflammatory
[5]
responses resulting in inhibition of apoptosis .

development of HCC in nonalcoholic fatty liver disease
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The pathogenesis of NAFLD associated non-cirrhotic
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metabolic syndrome along with obesity and insulin
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promote tumorigenesis.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD), obesity,
type 2 diabetes mellitus (T2DM), and the metabolic
syndrome (MS) are significant global health concerns
that have been rising at alarming rates both in the
Unites States and worldwide. Recent estimates suggest
that, in the Unites States, the prevalence of obesity has
risen to 33.8%, and the prevalence of T2DM among
[1-3]
middle-aged adults has increased to 10.6% . The
epidemiology of NAFLD, the most common liver disorder
in the Unites States and other industrialized countries,
mirrors that of obesity and T2DM. Nonalcoholic steato
hepatitis (NASH), a subset of NAFLD, can progress
to cirrhosis and to hepatocellular carcinoma (HCC). A
recently published prospective cohort study from the
Unites States involving asymptomatic middle-aged
patients determined the prevalence of NAFLD to be
[2]
46% and NASH 12.2% .

HEPATOCARCINOGENESIS IN NONCIRRHOTIC NAFLD

Role of obesity in hepatocarcinogenesis

Development of HCC in the setting of non-cirrhotic
NAFLD is not common, but multiple studies have
established obesity and T2DM - two major features of
MS - as significant independent risk factors for HCC.
Patients with cryptogenic cirrhosis, widely accepted as
representing NASH, have a prevalence of T2DM and
[4]
obesity similar to that of patients with NASH . The
typical non-cirrhotic NASH patient who presents with
HCC is older, male, and meets criteria for one or more
[5]
features of MS . The majority of published data has
been from Japanese studies, but similar observations
have been made in studies from both Europe and South
[6-10]
America
. The largest group of NAFLD associated
non-cirrhotic HCC patients studied to date once again
showed an older male predominance with more than
half exhibiting features of MS. This cross-sectional study
of 87 Japanese patients with a median age of 72 years
found that male patients appeared to develop HCC at
a less advanced stage of liver fibrosis when compared

WJH|www.wjgnet.com

Obesity is characterized by a low-grade chronic inflam
matory response that is associated with increased
[12]
cancer death rates, especially in HCC . Adipose tissue
expansion promotes the release of the pro-inflammatory
[13]
cytokines TNF-α and IL-6 . TNF-α stimulates prooncogenic pathways involving NF-kB, c-Jun amino acidterminal kinase (JNK), mammalian target of rapamycin
complex (mTOR) and extracellular signal-related
[14]
kinases . Additionally, IL-6 exhibits a major role in the
inflammatory response and exerts tumor-promoting
[6]
effects such as cell proliferation and anti-apoptosis .
In the setting of obesity, IL-6 levels are elevated. It
has been shown that weight loss results in reduced
levels of both IL-6 and TNF-α leading to a decreased
[15]
inflammatory and potentially carcinogenic response .
A recent murine model demonstrated that obesity
promoted malignant tumor growth in diethylnitrosamineinduced mice by enhancing the production of TNF-α
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[24]

and IL-6. This resulted in hepatic inflammation and
activation of the pro-oncogenic signal transducer and
[16]
activator of transcription (STAT3) pathway . The
investigators proposed that obesity, elevated IL-6, and
activated STAT3 alone do not cause HCC. Rather, chronic
activation of the IL-6/STAT3 axis leads to an increased
probability that hepatocytes with previously acquired
oncogenic mutations from exposure to environmental
and dietary carcinogens will continue their malignant
[16]
transformation . In the setting of a high fat diet,
the activity of hepatic STAT3 increases and leads to
[17]
accelerated liver tumor progression . Sorafenib, an
anti-HCC agent that exhibits anti-tumor cell progression
and anti-angiogenesis effects, acts mainly by blocking
VwsEGF/PDGF and has recently been shown to block
the STAT3 pathway, providing further evidence of the
[18]
importance of STAT3 in HCC tumorogenesis . Adipokine
imbalance via adipose tissue expansion plays a major
[19]
role in obesity, diabetes and NAFLD . This imbalance
leads to increased levels of leptin, a potent inflammatory
cytokine, and decreased levels of adiponectin, a potent
anti-inflammatory cytokine. Low adiponectin levels
precipitate a vicious cycle of ectopic fat accumulation
and further IR. Low adiponectin levels may also be
insufficient to suppress inflammatory signaling in Kupffer
[19]
cells and other macrophages or to activate adenosine
monophosphate-active protein kinase (AMPK), a potent
[6]
inhibitor of the mTOR oncogenic pathway . Adiponectin
has also been demonstrated to play a pivotal role in antiangiogenesis and apoptosis while leptin has been shown
to promote angiogenesis in animal models, further
substantiating the role of low adiponectin and elevated
[20]
leptin levels in tumor formation and growth .
Intrahepatic lipid accumulation, derived from either
lipolysis or excess dietary lipid intake, followed by lipid
peroxidation contributes to inflammation and ultimately
[21]
hepatocarcinogenesis . Peroxisome proliferatoractivated receptor alpha (PPARα) upregulates fatty acid
disposal in response to increased free fatty acid levels.
However, in murine models, PPARα variants accelerate
risk for hepatocarcinogenesis. Genetic variants affecting
cell signaling (Akt, E-cadherin, β-catenin, ERK, MEK,
MET, PI3K, Ras, Rat, mTOR and Wnt) as well as cell
cycle regulation (p16, p53, INK4, cyclin’s and cdk’s)
[21-23]
have all been implicated in HCC
. As differing classes
of HCC have been observed in both humans and murine
models, unique pathogenetic mechanisms linked to
specific genetic variants may explain each class of
[22,23]
HCC
.

the liver . IGF-1 activity increases expression of the
proto-oncogenes c-fos and c-Jun in vitro and activates
mitogen activated protein kinases (MAPK), processes
[25]
thought to contribute to HCC development . Another
important intracellular marker, JNK, is linked to obesity,
IR, NASH, and HCC. JNK, a MAPK, is activated by
IR, hyperinsulinemia, and obesity with an observed
[26]
reduction of in JNK activity with weight loss . JNK
has also been shown to phosphorylate and activate
IRS-1, which subsequently leads to the pathway that is
[27]
responsible for obesity- induced IR . Two main isoforms
of JNK have been delineated in a mouse model: JNK1
appears to promote hepatic steatosis and inflammation,
[28]
while JNK2 inhibits hepatocyte death . The activity
of JNK and its relationship to the development of
carcinogenesis has been slowly elucidated by a growing
number of studies. Approximately 70% of HCC tissues
show positive immunostaining for phosphorylated JNK,
[29]
suggesting a role in hepatocarcinogenesis .
Increasingly, reports are linking the treatment of IR
and hyperinsulinemia in diabetic patients to reducing
[30]
the risk of HCC . Central to the effects of insulinsensitizing therapy on the development of HCC is
the interaction between AMPK, the tumor suppressor
complexes TSC1 and TSC2, the mTOR oncogenic
pathway, and autophagy. AMPK is increased in the
setting of caloric restriction, starvation, and exercise
and moderates cellular activities such as hepatic fatty
[31]
acid and cholesterol biosynthesis . AMPK activation
also increases the expression of TSC1/TSC2 through
phosphorylation, which in turn reduces the activity of
[32]
the mTOR oncogenic pathway . This reduced activity
of the mTOR pathway leads to less uncontrolled cellular
growth, proliferation, and survival and an increase in
[33]
autophagy . Autophagy is a cellular housekeeping
strategy by which damaged proteins, organelles and
invading microorganisms are removed by cellular auto[3,34]
digestion
. Defects in this process have been shown to
play a pivotal role in a wide array of diseases, including
NAFLD and HCC, where autophagy exhibits anti-tumor
[35]
and anti-inflammatory properties . In the setting of
obesity and IR, AMPK is inhibited, leading to an increase
in the activity of the oncogenic mTOR pathway as well
[36]
as a decrease in autophagy . Increased mTOR activity
leads to unabated cellular proliferation while decreased
autophagy results in decreased removal of damaged
mitochondria, enhanced oxidative stress, and activation
of the JNK pathway, leading to inflammation and a
[34]
tumor-promoting environment . However, the reason
why only a small fraction of patients with risk factors
develop non-cirrhotic HCC remains elusive.

Role of insulin resistance in hepatocarcinogenesis

Obesity, T2DM, and NAFLD with its inherent activation
of pro-inflammatory cytokines and lipotoxicity promote
systemic and hepatic IR with resultant hyperinsuline
mia. IR and hyperinsulinemia have been shown to
upregulate the production of insulin-like growth factor-1
(IGF-1) and insulin receptor subtrate-1 (IRS-1). IGF-1
is a peptide hormone that stimulates cellular growth
through proliferation and inhibition of apoptosis within
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CONCLUSION
The pathogenesis of NAFLD associated non-cirrhotic
HCC is distinct from that of cirrhotic HCC because the
MS along with obesity and IR underlie several unique
mechanisms that promote tumorigenesis. IR associated
with MS, NAFLD, and T2DM lead to the release of
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multiple pro-inflammatory cytokines, including tumor
necrosis factor alpha, IL-6, leptin and resistin, as
well as decreased amounts of adiponectin. These
processes favor the development of hepatic steatosis
and inflammation within the liver, which precede HCC
development.
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hepatitis B virus (HBV) for propagation to hepatocytes.
It is transmitted by the same routes of HBV and it can
be acquired either by co-infection (simultaneous trans
mission of the two viruses) or super-infection (acquisition
of HDV by an already chronic carrier of HBV). As a
consequence, every HBV carrier is potentially at risk for
HDV superinfection. Since the clinical course of superinfection can be severe, early diagnosis of HDV infection
is necessary.
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Core tip: The re-appearance of hepatitis delta virus
infection in developed Countries has risen new interest
on one of the most severe forms of viral hepatitis in
humans. The lack of research on the subject for about
two decades is responsible for the present unavailability
of specific and efficient antiviral treatments against
hepatitis delta virus. This review focuses on what is
known up today and what still needs to be done.
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INTRODUCTION

Abstract

Hepatitis delta virus (HDV) is the etiological agent of one
of the most severe forms of viral hepatitis in humans.
Discovered and isolated in Italy in the mid-70s, the
virus was demonstrated to be endemic worldwide, with
prevalence rates varying greatly in different geographical
areas, regardless of the prevalence of hepatitis B

Chronic infection with hepatitis delta virus (HDV) has
lately regained clinical importance because of the
recent evidence of increasing prevalence in several
European countries, due to immigration from highly
endemic areas. HDV requires the mandatory presence of
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virus (HBV), whose presence is mandatory for HDV
[1-3]
propagation . Clinical expression is wide and although
sometimes it follows a benign course, more often the
disease is clinically important with rapid progression to
cirrhosis, liver decompensation and death, as compared
[4,5]
to HBV monoinfection . Several studies published
since HDV discovery have provided further knowledge
into biology, pathogenesis, epidemiology, and natural
history of HDV infection, however the mechanism res
ponsible for such a severe disease is still under debate.
In this review we will focus on some of the most
peculiar aspects of HDV infection, giving emphasis to
the improvements made since virus discovery on the
subjects of epidemiology, clinical course and natural
history of the disease but also underlying what still
needs to be done.

against HBV, systematic screening of blood and blood
products, amelioration of safety procedures against blood
borne infections in healthcare workers, use of disposable
needles and medical devices, improved socioeconomic
conditions and protection against sexually transmitted
diseases. In Italy, the prevalence of anti-HDV in chronic
HBsAg carriers was 24.7% in 1978-1981, 28% in 1987
[9,11]
but declined to 14% in 1992 and to 8.3% in 1997
.
In Turkey the prevalence observed in chronic HBV
carriers and cirrhosis between 1980 and 2005 were
20% and 32% respectively, with wide differences within
the country, being Eastern and Southeastern regions of
[14]
the country characterised by higher rates . Conversely,
countries like Pakistan and Iran have shown increasing
prevalence over time and the presence of HDV infection
has been discovered in new regions such as Russia,
Northern India, Southern Albania, mainland China and
[15]
some Pacific Islands . However, the decreasing trend
of HDV prevalence has come to a stop in several areas
of the world, with stable rates of infection demonstrated
[16]
[17,18]
[10]
in London , Germany
and Italy . Surprisingly, the
prevalence rates of HDV infection seem to be increasing
[19]
in France . The main reason for this recrudescence is
the increasing immigration from Eastern Europe, Africa,
Turkey and former Soviet Union. In the United States,
few studies in the 70s’-80s’ have reported prevalence
of 3.8% in blood donors, 15% in HIV coinfection, 30%
in developmentally disabled with chronic HBV, and up
[20-23]
to 67% in injection drug users
. More recent data
reported that 50% of injection drug users with chronic
[24]
HBV infection were also HDV infected . Finally, among
499 chronic HBV infected patients from Northern
[25]
California, 8% tested HDV positive .
Hepatitis D is also prevalent in the Amazonian region
of western Brazil, in Venezuela and Western Pacific
[26,27]
populations
.

EPIDEMIOLOGY
HDV is a small defective RNA virus that requires the
mandatory presence of HBV for its propagation to
[2]
hepatocytes but not for viral replication . The virus was
[1]
discovered and isolated by Rizzetto et al in the mid70s, while investigating a group of chronic HBV infected
patients with a severe disease. The existence of a new
antigen-antibody system was shown and it was observed
in patients with a severe course of HBV infection, only.
Later on, the virus was demonstrated to be an RNA
molecule of low molecular weight, encapsidated by the
three HBV envelope proteins known as large, medium
[6]
and small hepatitis B surface antigen (HBsAg) . It was
[7]
named the delta agent .
Epidemiological studies carried out in the 1980s
demonstrated that the virus was present worldwide
with prevalence varying widely in different areas of the
[3]
world, regardless of the prevalence of HBV infection .
Today we know that about 350 million people in the
world are considered to be chronic carriers of HBV
infection and about 5% of the HBV carriers are believed
to have HDV infection, leading to an estimated global
burden of about 15-20 million cases of chronic HDV
infection in the world. However, these data could be
largely underestimated for several reasons. Data on
HDV prevalence are still missing from large areas of the
world, not exclusively clustered in countries with low
socio-economic development (Figure 1). Moreover, a
systematic screening for anti-HDV in HBV carriers is still
not performed. For sure, main areas of prevalence are
the Mediterranean basin, the Middle East, Central and
Northern Asia, West and Central Africa, the Amazonian
basin, Northern South America and the Asia-Pacific
region (Figure 1). Mongolia is a country with particularly
high prevalence of HDV, with about one third of chronic
[8]
hepatitis being attributable to HDV .
The prevalence of HDV infection has significantly
changed over the last three decades in different areas
[9-11]
of the world. Indeed, mainly in Southern Europe
,
[12]
[13]
Taiwan and Turkey the prevalence has significantly
declined mainly due to mass vaccination campaign
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CLINICAL COURSE
The virus shares the same routes of transmission of
HBV, therefore it is transmitted by parenteral route
through exposure to infected blood or body fluids.
Since a very small inoculum has been demonstrated
[28]
to be sufficient for virus transmission , intravenous
[29]
drug users are particularly at risk of infection . Sexual
transmission is possible particularly in people with high[30]
risk sexual activity . Finally, inapparent parenteral
transmission has been reported as common in areas
at high endemicity, where intrafamiliar spread of the
infection is common.
HDV infection can be transmitted either as coinfection, i.e., the simultaneous transmission of both
HBV and HDV or as super-infection, i.e., the acquisition
of HDV by an already chronic carrier of HBV and the
course of the infection varies greatly, accordingly.
Indeed, during co-infection the host response to HBV
is responsible for HDV persistence and viral clearance
[31]
as observed in more than 95% of adult cases . Acute
HDV co-infection can be characterised by a more severe
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Figure 1 Estimated world epidemiology of hepatitis delta virus infection.
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Figure 2 Typical serologic pattern of coinfection by hepatitis B virus and hepatitis delta virus. The ALT peak is characterised by a double phase being the first
due to HBV replication and the second to HDV replication. IgM anti-HDV appear quickly, followed by seroconversion to IgG anti-HD. HBV infection in this phase is
revealed by the presence of IgM anti-HBc and HBV viremia. The self-limiting coinfection is transient and persistence of serum IgG anti-HD is the only marker of past
HDV infection. HDV: Hepatitis delta virus; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; ALT: Alanine aminotransferases.

course than acute HBV mono-infection, often resulting
in acute liver failure. HDV super-infection of an individual
already chronic carrier of HBV, results in chronic HDV
[32]
infection in the vast majority of cases . It can present
as an acute hepatitis in a previously unknown HBV
chronic carrier and it is often misdiagnosed as an acute
HBV or as a worsening of chronic HBV infection. The
typical course of HDV coinfection is characterised by
the appearance of serum HBsAg and HDAg during the
increase of alanine aminotransferases (ALT), followed by
HDV viremia (Figure 2). The ALT peak during coinfection
is typically characterised by a double phase: The first
is due to HBV replication while the second is related to
HDV replication. IgM anti-HDV appear quickly, followed
by seroconversion to IgG anti-HD. HBV infection in this
phase is revealed by the presence of IgM anti-HBc and
HBV viremia. The self-limiting coinfection is transient
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and persistence of serum IgG anti-HD is a marker of
past infection. The typical course of HDV superinfection
is characterised by a very rapid appearance and very
high levels of HDV viremia and serum HDAg (Figure 3).
The more rapid course of superinfection compared to
coinfection is due to the chronic carriage of HBsAg. This
situation entails that HDV infects for the first time an
organism in which the mechanism of HBsAg production
is already set and perfectly functioning, giving rise to
the assembly of new HDV virions much rapidly than
when the two viruses infect together for the first time.
Severe acute hepatitis characterised by ALT elevation
follows the peak of viremia and is coincidental with
IgM anti-HD rise. Markers of HBV infection are usually
inhibited with IgM anti-HBc and HBV DNA typically
testing negative. Superinfection’s progress is chronicity
in more than 70% of cases.
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that follows the peak of hepatitis delta virus viremia and is coincidental with IgM anti-HD rise. Markers of HBV infection are usually inhibited. IgM anti-HBc and
HBV DNA typically test negative. HDV: Hepatitis delta virus; HBsAg: Hepatitis B surface antigen; ALT: Alanine aminotransferases.

appears to be associated to a worse clinical outcome
while HBV genotype A appears to be able to determine
[36]
lower HDV viral load .
As a general concept, cirrhosis occurs within few
years from HDV infection in about two thirds of cases,
and there is a three-fold higher risk of progression to
cirrhosis as compared to patients with chronic HBV mo
noinfection only. Our recent publication on the natural
history of 299 patients followed-up for a median of 28
years indicated the occurrence of cirrhosis at an annual
[4]
rate of 4% . However, the occurrence of cirrhosis may
be characterised by a stable clinical state as well as
progression to liver decompensation and development
of hepatocellular carcinoma (HCC). Early reports on the
natural history of chronic HDV infection indicated that
the occurrence of HCC was quite unusual in this setting.
Nevertheless, a more recent report on 200 Child-Pugh A
class cirrhotic patients followed for 6.6 years, indicated
that HDV infected patients had a 3.2-fold increased
risk of developing HCC compared to the risk of HBV
[5]
monoinfected patients . Furthermore, the analysis of
data on the risk of developing liver decompensation
indicated again a 2.2-fold increased risk for chronic HDV
[5]
infection with regard to chronic HBV monoinfected .
We demonstrated that in our experience clinical de
compensation was the dominant complication of HDV
cirrhotic patients with an annual incidence rate of 2.7%
and that persistent HDV replication was associated with
[4]
the risk of developing liver decompensation . Finally,
our data showed that persistent HDV replication was
[4]
the only predictor of liver-related mortality .
The pathogenetic mechanisms of HDV-related liver
disease is still a matter of controversy. Indeed, although
conclusive evidence supporting a direct correlation
between levels of HDV replication and progression to
higher levels of liver disease are still weak, our group
has recently demonstrated that HDV RNA levels above
600.000 copies/mL are discriminating for cirrhosis
[37]
development . On the other hand, in spite of data

NATURAL HISTORY
The state of chronic carrier of HBV, represents the ideal
environment for the maintenance of HDV replication.
As a consequence, the chronic form of hepatitis Delta
is, in the vast majority of cases, the sequela of an acute
superinfection. Despite this knowledge, the clinical
course of chronic HDV infection may be characterised
by highly variable patterns ranging from mild, slowly
progressive disease to aggressive disease characteri
sed by a severe course that may lead to the fearsome
form of acute on chronic liver failure and death in a
few weeks, resolvable with liver transplantation, only.
Epidemiological studies on genotypes distribution have
demonstrated that different clinical courses may rely
upon the presence of genotypes more virulent than
others. Indeed, progressive forms of chronic HDV in
fection have been reported from Far East and South
America, where genotypes 2 and 3, respectively, have
been described and associated to rapidly progressive
diseases. The distribution of genotype 1 is worldwide
and the disease caused by this virus may have a
variable course. Genotype 4, typically isolated in the Far
East is usually characterised by a mild form of hepatitis.
Finally, genotypes 5-8 have been described in West and
Central Africa but there are not enough epidemiological
data coming from these areas allowing conclusions
on the clinical course characterised by these last viral
[33]
types . The different clinical course determined by
genotypes may depend by different virion assembly as
demonstrated by in vitro studies. These studies have
demonstrated a higher assembly efficiency for genotype
[34]
1 as compared to genotype 2 . Supporting these
findings are data demonstrating RNA replication fitness
as low as 100-fold in a clone of genotype 2 from Taiwan
[35]
as compared to a clone of genotype 1 from Italy .
Finally it has been suggested that HBV genotypes also
may affect the clinical course as well as disease severity
of chronic HDV infection. Indeed HBV genotype C
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available indicating that hepatitis D is mostly an
immune-mediated disease, the observation of unusual
histologic findings in fulminant hepatitis induced by HDV
genotype 3 leaves room to the hypothesis of a direct
[38]
cytopathic mechanism .
Whatever the mechanism, the optimal therapy
against HDV should take into account the different patho
genetic hypothesis combining an immuno-stimulating
role able to enhance the immunity against HDV and an
anti-viral role, able to reduce and possibly eradicate the
virus, leading to a long lasting control of the infection.

ficantly diverted the interest and research efforts from
HDV in the belief that it was a vanishing disease. The
awareness of massive immigration from areas of very
high HDV prevalence has recently brought new attention
on one of the most severe forms of viral hepatitis in
humans. Physicians in their daily practice should keep in
mind that any chronic carrier of HBV is potentially at risk
of HDV superinfection and an efficient treatment against
HDV is still unavailable.
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Liver transplantation for cholangiocarcinoma: Current
status and new insights
Gonzalo Sapisochín, Elena Fernández de Sevilla, Juan Echeverri, Ramón Charco
with iCCA and phCCA had very poor results and this
treatment strategy was abandoned. In the last decade,
thanks to a strict selection process and a neoad
juvant chemoradiation protocol, the results of OLT for
patients with non-resectable phCCA have been shown
to be excellent and this strategy has been extended
worldwide in selected transplant centers. Intrahepa
tic cholangiocarcinoma is a growing disease in most
countries and can be diagnosed both in cirrhotic and in
non-cirrhotic livers. Even though OLT is contraindicated
in most centers, recent investigations analyzing patients
that were transplanted with a misdiagnosis of HCC and
were found to have an iCCA have shown encouraging
results. There is some information suggesting that
patients with early stages of the disease could benefit
from OLT. In this review we analyze the current stateof-the-art of OLT for cholangiocarcinoma as well as the
new insights and future perspectives.
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Core tip: Cholangiocarcinoma is a malignant tumor of
the biliary system. Perihilar cholangiocarcinoma is an
accepted indication for orthotopic liver transplantation
(OLT) in some centers under a strict selection process
and after neoadjuvant chemoradiation. Intrahepatic
cholangiocarcinoma is a formal contraindication for LT
in most centers worldwide due to the poor reported
results. Nevertheless, there is some novel research
showing that the results of OLT in early stages of this
disease may not be as bad and could potentially be
accepted as an indication for transplant. In this review
we will analyze the current state-of-the-art of liver
transplantation for cholangiocarcinoma.
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Abstract
Cholangiocarcinoma is a malignant tumor of the biliary
system that can be classified into intrahepatic (iCCA),
perihiliar (phCCA) and distal. Initial experiences with
orthotopic liver transplantation (OLT) for patients
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group, and most recently adopted by the American
[16]
Joint Committee on Cancer . Fortunately, nowadays,
this term is widely employed by the surgical community
worldwide, making it easier to study outcomes of
[11,16,17]
patients diagnosed with these tumors
.
The results of nonsurgical therapies for phCCA have
been disappointing and most of the patients survive
[9,18]
less than 1 year after diagnosis
. The most important
prognostic factor is to achieve a complete resection at the
time of surgery, but this is only achieved in 25%-40%
[5,19-21]
of the cases
. The current 5-year survival rate after
[20,22-24]
surgery, even in select cases, rarely exceeds 40%
.
Moreover, currently, no effective neoadjuvant or adjuvant
therapy is available for ameliorating the outcomes of liver
[25]
resection .
For tumors that are locally unresectable due to the
invasion of major vessels, bilobar tumor involvement or
insufficient hepatic reserve, a total hepatectomy with
regional lymphadenectomy followed by an OLT could
be a good alternative. This approach achieves a wide
resection margin and the treatment of the underlying
[26]
disease .
The early experience before 2005 with OLT in phCCA
was disappointing. The first series reported 5-year
[9,27-31]
survivals ranging from 18% to 25%
. However,
these figures were refuted when two American groups
developed a new concept that improved the outcomes
of OLT for these tumors. The University of Nebraska
introduced the routine use of neoadjuvant therapy prior
[32]
to OLT and this new approach was posteriorly adopted
[33]
and redefined by the Mayo Clinic group . Before this
year, some authors had already suggested that the
use of neoadjuvant therapy enhanced the outcomes of
[3,10,34-36]
OLT in phCCA
. The Mayo Clinic group reported
the inclusion of 71 patients in the transplant treatment
protocol and 38 underwent OLT. One-, 3- and 5-year
survival rates were 92%, 82% and 82% after OLT.
Once recurrence and survival rates were analyzed,
they found better outcomes in transplanted patients
[33]
compared to patients undergoing resection . The Mayo
Clinic protocol involves careful selection of patients with
unresectable de novo phCCA or phCCA in the setting of
PSC without intrahepatic or extrahepatic metastases.
Positive lymph nodes are an absolute contraindication.
Criteria for anatomical unresectability include bilateral
segmental ductal extension, encasement of the main
portal vein, unilateral segmental ductal extension with
contralateral vascular encasement and unilateral atro
phy with contralateral segmental ductal or vascular
involvement. There are no longitudinal limits for bile duct
[37]
involvement . A pancreaticoduodenectomy combined
with OLT is justified to reach a R0 resection. The upper
limit of tumor size is 3 cm when a mass is visible on
cross sectional imaging studies. Patients initially receive
external-beam radiation (45 Gy in 30 fractions, 1.5
Gy twice daily) and continuous infusion of 5-flurouracil
administered over 3 wk. Brachytherapy (20 Gy at 1
cm in approximately 20-25 h) is administered 2 wk
following completion of external beam radiation therapy.

INTRODUCTION
Cholangiocarcinoma (CCA) is a malignant tumor of the
biliary system that represents approximately 10% of
all hepatobiliary malignancies, standing as the second
most common primary hepatic tumor of the liver after
[1-3]
hepatocellular carcinoma (HCC) . Depending on the
anatomic location, it is classified into three subtypes:
Intrahepatic CCA (iCCA), perihiliar CCA (phCCA) and
[4]
distal CCA .
Surgical treatment is the only curative option for
[4]
all subtypes . Radical resection offers 5-year survival
[2]
ranging between 25%-45% . Unfortunately, most
tumors are diagnosed at an advanced stage and the
resectability rate is low. Many patients are not candidates
for surgical excision due to the extent and location of the
tumor or due to the underlying liver disease. In these
patients, orthotopic liver transplantation (OLT) would
[5]
appear a possible alternative of treatment .
Liver grafts are a scarce source. In these regards, it
is important to take into account the maximum benefit
of OLT offered to recipients who are included in the
[6]
waiting list . There are many authors who consider that
long-term survival of recipients after OLT for a specific
condition must reach the results of all other accepted
[5,7,8]
indications
. Nevertheless, a 5-year survival after OLT
[6]
over 50% has been considered acceptable and it is
currently the accepted survival for patients undergoing
OLT for malignancies (mostly HCC) in most centers
worldwide.
The aim of this paper is to review the role of OLT
in the management of CCA and to describe the most
recent advances in knowledge and the ongoing research
in the field.

PHCCA
phCCA is an uncommon and aggressive malignancy
[9,10]
of the biliary tract whose incidence is increasing
. It
[5]
represents about two-thirds of all cases of CCA and
can be defined as a tumor that involves or is in close
[11]
vicinity to the bile duct confluence . Although no
specific etiologic factor can be found in most patients, an
association between long-standing biliary inflammation
[9]
and development of CCA has been observed . The
risk factors for the development of CCA include primary
sclerosing cholangitis (PSC), with a prevalence of phCCA
ranging between 5% to 15%, choledocal cyst disease,
[9,10,12-15]
.
hepatolithiasis and infection with certain parasites
The existence of different nomenclatures and the lack
of a reliable staging system have created problems to
compare the management and outcomes of phCCA. The
term phCCA was initially introduced by the John Hopkins
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After that, patients are treated with oral capecitabine,
administered until the time of transplantation. An
exploratory laparotomy is performed to exclude meta
static disease in all patients. Staging laparotomies are
performed as patients come close to being on the top of
the waiting list for deceased donor liver transplantation
or the day before in the setting of live donor liver
[10,33,37]
transplantation
.
The Mayo Clinic group also published an update
to their series with the aim of identifying prognostic
factors. They found that older recipient age, prior
cholecystectomy, CA-19.9 more than 100 at the time
of OLT, visible mass on cross-sectional imaging and
prolonged waiting times were related with worse pro
[34]
gnosis . This group attributes their success to both
patient selection and neoadjuvant treatment. Currently,
10-20 patients are enrolled in the neoadjuvant therapy
[37]
and OLT transplantation per year in this center .
The survival for transplanted patients with phCCA
arising in the setting of PSC is better than for patients
with de novo phCCA. It could be explained due to close
follow-up in PSC patients, making an earlier diagnosis
[38,39]
compared to patients with de novo CCA
. The
same authors observed that pretreatment pathological
confirmation was not associated with a statistically
significantly higher risk for recurrence after OLT and
they concluded that pathological confirmation before
therapy is desirable, but it should not be a requirement
[39]
for enrolling into their protocol .
Encouraged by the Mayo Clinic outcomes, in 2009,
the United Network of Organ Sharing/Organ Procurement
and Transplantation Network approved the allocation
of a standard Model of End-stage Liver Disease (MELD)
exception score for patients with phCCA who completed
[40,41]
a standardized neoadjuvant therapy protocol
. Due
to the lack of data, the MELD score was set to equal the
[40]
current standard assigned score for HCC .
Other studies have confirmed the good outcomes of
OLT for phCCA following this protocol. Darwish Murad et
[40]
al
presented a multicenter study including 12 largevolume centers in the United States. Centers with three
or more cases performed between 1993 and 2010
were included. They found that patients with phCCA
who were treated with neoadjuvant therapy followed
by OLT had a 65% 5-year disease-free survival and the
intention-to-treat 5-year survival was 53%. The dropout rate after 3.5 mo of treatment was 11.5%. Fortythree patients (20%) developed recurrence after OLT.
This figure is very low compared with recurrence in
patients who were transplanted without the use of any
neoadjuvant protocol, which ranged from 53% to 84%.
They concluded that this therapy was highly effective
[40]
and that the MELD exception was appropriate .
The use of a multimodality oncologic approach
including neoadjuvant chemo radiotherapy with sub
sequent OLT achieves excellent results for patients with
localized, regional lymph node-negative phCCA. Patient
survival after OLT is comparable to the results of OLT for
other causes. OLT for phCCA should be considered an
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option in patients diagnosed of an un-resectable phCCA,
in centers where the pre-transplant treatment of these
patients is optimal. One of the main challenges of this
protocol is to determine what patients are unresectable
as this can differ between centers.

ICCA
The incidence of iCCA or peripheral CCA is increasing
[5,17]
globally
, and this tumor is responsible for 0%-20%
[2,41]
of deaths related to an hepatobiliary malignancies
.
In United States, 5000 new cases of iCCA are diagnosed
[2]
each year .
Recent publications have suggested a strong asso
ciation between the development of iCCA, hepatitis
[5,42,43]
B and C and metabolic syndrome
. Hepatitis C
virus (HCV), whose incidence is still increasing, is an
etiological factor for hepatitis and cirrhosis and it has
been clearly identified as one of the main risk factors
[42]
for the development of HCC . Different studies have
found an increased prevalence of HCV in patients
diagnosed of iCCA. Other publications also suggest
that hepatic cirrhosis is one of the main risk factors for
[42-46]
the development of iCCA as it is for HCC
. Hepa
tocytes and cholangiocytes share progenitor cells,
therefore some authors have postulated that HCV could
induce carcinogenesis in both cell types by the same
[42]
mechanism .
HCC represents the most common primary tumor
encountered in the liver and its incidence is also growing
[47]
in Western countries . The increased incidence of
iCCA and its association with the presence of cirrhosis
makes necessary to accurately differentiate between
both tumors, as their treatment options and prognosis
[44]
differ significantly . However, diagnosis is particularly
complex in cirrhotic patients; the distinction between
high-grade dysplastic nodules, iCCA and HCC can pose
[48]
a challenge . When dynamic imaging studies (contrast
enhanced computed tomography or magnetic resonance
imaging) show an intrahepatic lesion in a cirrhotic liver,
with atypical features of HCC, a tumor biopsy should
be the next diagnostic step. The problem is that a
biopsy is not always feasible due to coagulopathy or
refractory ascites and does not always provide a reliable
[49,50]
diagnosis
.
Surgical treatment with hepatic resection and R0
[2,51]
margins is the only potential curative option
, but
this goal is achieved in less than 30% of patients as
many of them are not candidates for resection at the
[4,20]
time of presentation
. Following surgical resection,
the median disease-free survival is around 26 mo
and the reported rates of recurrence range around
[52-54]
60%-65%
. There are some cases where resection
is not feasible due to the presence of decompensated
cirrhosis or significant portal hypertension. Also, the
proximity or involvement of main vascular structures of
the liver may preclude surgical treatment. It is in such
cases where OLT may become an alternative to surgical
[7]
resection .
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Table 1 Patient survival and tumor-free survival in patients with intrahepatic cholangiocarcinoma and mixed hepatocellularcholangiocarcinoma
n

Ref.

No. of iCCA/HCC-CC

Patient survival (%)
1-yr

O'Grady et al[76]
Yokoyama et al[77]
Pichlmayr et al[78]
Pichlmayr et al[78]
Casavilla et al[55]
Shimoda et al[63]

13
2
18
22
20
16

Robles et al[27]
Ghali et al[56]

23
10

Fu et al[66]
Sapisochin et al[64]

11
14

Vallin et al[65]
Sapisochin et al[68]

10
29
≤ 2 cm
Multiple or single > 2 cm
32

Facciuto et al[71]

13 iCCA
2 iCCA
18 iCCA
22 iCCA
20 iCCA
8 iCCA
8 HCC-CC
23 iCCa
9 iCCA
1 HCC-CC
11 iCCA
6 iCCA
8 HCC-CC
10 iCCA
29 iCCA
8 iCCA
21 iCCA
16 iCCA
16 HCC-CC

Tumor-free survival (%)

3-yr

5-yr

1-yr

3-yr

5-yr

38
50
13.9
20.8
70
62

10
0
0
0
29
39

10
18
-

67
70

31
35

31
-

77
-

65
30

42
-

68
-

45
-

27
-

50.5
79

50.5
66

47

51.9
60

51.9
50

30

60
61
73
43
-

24
45
73
43
57

40
89
0
74
62

50
71
0
58
-

50
71
0
58
44

80
79
100
71
71

iCCA: Intrahepatic cholangiocarcinoma; HCC-CC: Hepatocellular-cholangiocarcinoma.

planted due to HCC, but were found to have a patho
logical diagnosis of iCCA or HCC-CC, with a group
of patients with pathological diagnosis of HCC. The
incidence of iCCA and HCC-CC previously undiagnosed
was 3.3%. It was observed that these tumors were
associated with bad prognosis and high recurrence rate
after OLT, finding a significant difference with those
[63,64]
patients with HCC
. In all of the previous studies,
probably due to the number of patients included, no
subgroups could be made according to different tumor
sizes or numbers.
Due to the poor results of OLT for iCCA, many
authors have proposed to determine the tumor factors
responsible for recurrence. Different factors such as
vascular or lymphatic invasion and size or number of
[1,27,55,58]
lesions
may need to be considered for strict
patient selection. Recent studies have shown en
couraging results that could potentially change the
management of patients with iCCA on cirrhotic livers.
[65]
Along these lines, Vallin et al , knowing that small
iCCA might be undiagnosed or misdiagnosed as HCC
in the context of liver cirrhosis, tried to determine the
prevalence and clinical impact of undetected iCCA in
liver explants of adult cirrhotic patients undergoing OLT.
They identified iCCA in 10 patients (1%), being 4 of
them less than 2 cm. Post-transplant tumor recurrence
of the whole cohort was observed in 5 patients (50%)
and all of them died. The authors couldn’t determine
[65]
if tumor size was associated with recurrence . Fu
[66]
et al
reported a retrospective study, evaluating 11
patients who, in absence of lymph node, vascular or bile
duct involvement, underwent OLT and whose 3-year
disease-free survival rate was 52% and recurrence rate
was 45%. They reported a 4-year survival for selected
patients of 50%.

iCCA as an indication for OLT is still highly con
troversial. OLT seems a promising treatment as it
provides both a wider surgical margin and a potential
[55]
cure for the underlying liver disease . Nevertheless,
most of the publications regarding OLT and iCCA have
shown high tumor recurrence rates and poor long-term
[5,27,55-59]
survival
. The main cause of death following
OLT for iCCA is tumor recurrence, occurring in a range
[54,58,60,61]
between 60%-90% of the patients
. These
poor outcomes have also been described in patients
with subtypes of iCCA such as mixed hepatocellular[5]
cholangiocarcinomas (HCC-CC) . It is important to
address though, that most of these studies are singlecenter experiences, with a small number of patients,
without differentiation between iCCA and phCCA and
including patients both with and without liver cirrhosis.
As with HCC, the presence of an iCCA on a cirrhotic liver
may have a different behaviour than its development
on a healthy liver and the results after OLT may also be
[62]
different .
The results published until late 2000, showed a
5-year actuarial survival that ranges between 10%-18%
(Table 1).
[27]
Robles et al
published a multicentre retrospective
study in 2004 in which 23 transplanted patients with
iCCA were analyzed, finding a 5-year survival of 42%,
and a recurrence rate of 35%. The mean time between
transplantation and recurrence was 22 mo. Ghali et
[56]
al , in a retrospective study that aimed to review
the outcomes after OLT in recipients found to have an
incidental iCCA in their explanted native liver, showed
that the long-term survival rates were not better than
those seen in patients with known iCCA. We reported,
in collaboration with the University of California, San
Francisco, a study comparing patients that were trans
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In 2014, we coordinated a Spanish multicenter
effort with the participation of 16 Spanish groups and
published some novel results. The first part of the study
aimed to evaluate the outcome of cirrhotic patients
with HCC-CC or iCCA on pathological examination after
OLT for HCC. This group of patients was compared to
a control group of patients with HCC. The total number
of patients with both tumors was 42, being the largest
series published to date. A subdivision was made,
according to the size and number of tumors, following
the Barcelona Clinic Liver Cancer staging classification.
The tumors were classified in single tumors ≤ 2 cm and
multinodular or uninodular > 2 cm. One of the most
salient results of that study was that there were no
significant differences in the actuarial survival between
patients in both the study and the control groups.
Contrary, those patients with multinodular or larger
tumors had a worst survival when compared to similar
[67-69]
HCCs
.
In a subsequent study, the risk factors for iCCA
recurrence after OLT in cirrhotic patients were analyzed
in 29 patients whose explanted liver showed an iCCA
(both misdiagnosed as an HCC in preoperative imaging
or incidental tumor). The main objective of this research
was to analyze if there was a subgroup of patients with
iCCA in which the results of OLT, in terms of survival,
were acceptable. A subgroup of patients with single ≤
2 cm (described as “very early” iCCA) was identified.
Patients in this group did not present tumor recurrence
and the 1-, 3- and 5-year survival was 100%, 73%
and 73%, respectively, with a median survival of 52
[68]
mo . This was the first study to report that patients
with “very early” iCCA can have an acceptable survival
after transplant and this may “open” a new indication
for OLT for these patients. Nevertheless, the number
of patients analyzed in that study was very limited
and these outcome will need to be validated in new
[4,68,70]
studies
. On-going research in the field is being
conducted to validate the previous results of this
experience but ultimately a prospective study will need
to be performed to ensure these good results and to be
able to include patients with “early or very early” iCCA in
the waiting list for OLT. In our opinion, as occurred with
OLT for HCC, the identification of a subgroup of patients
with iCCa at initial phases will expand the indication for
transplantation in these cases.
[71]
Subsequently, Facciuto et al
published a retro
spective study where they identified 32 patients with
cirrhosis and intrahepatic bile duct tumor on explant
specimen. This series showed that patients with iCCA
[72]
within Milan criteria
had a 5-year tumor recurrence
rate of 10% and a 5-year survival rate of 78%, com
parable with patients with HCC within Milan criteria.
The conclusion of this paper suggests that patients
with iCCA within Milan criteria may be able to achieve
acceptable long-term post-OLT survival. Furthermore,
in a review published by the Mayo Clinic group in 2013,
they proposed that, despite the high rate of recurrence
reported for these patients, OLT could be considered as
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an option of treatment in patients with very small iCCA
[52]
(≤ 2 cm) in the context of cirrhosis .
According to all these data, LT for “very early” or
“early” iCCA may be an option for cirrhotic patients in
the future, but further research must be conducted. If
the results of these new investigations confirm the good
expected outcome, this could potentially become a new
indication for LT for a growing disease.
In the International Liver Cancer Association guide
lines, the committee suggested that future studies
should focus on standardized selection criteria for giving
neoadjuvant chemotherapy for patients with iCCA who
[73]
could be considered candidates for OLT . In spite of
the disappointing outcomes of the studies that analyze
the role of neoadjuvant therapy in combination with OLT
[49,69]
for these tumors
, taking into account the benefits
of neoadjuvant therapy for early phCCA, future clinical
trials should evaluate the use of combining neoadjuvant
[45,73]
therapy with OLT for iCCA
. The guidelines published
[73]
in 2014 by Bridgewater et al
for the diagnosis and
management of iCCA affirm that OLT for iCCA or HCCCC should only be offered in centers with designed
clinical research protocols employing adjuvant or
neoadjuvant therapy and that futures studies should
focus on standardized selection criteria plus adjuvant
and/or neoadjuvant therapies with OLT as definitive
therapy for iCCA.
The group from the University of California, Los
Angeles, has been working on a neoadjuvant protocol
for patients with iCCA. They administered chemotherapy
alone or combined with radiation before and/or after
surgical treatment. They reviewed a series of 40 patients
who underwent OLT for locally advanced iCCA and
phCCA (26 iCCA and 14 phCCA). The overall 5-year
disease recurrence-free survival after OLT was 29% and
the recurrence rate was 38%. The shortcoming of this
score relies on the low number of cases, mixing different
[5,74]
types of tumors and the lack of external validation
.
Indeed this strategy for the management of iCCA
looks very promising but future investigation needs
to be conducted. With advances in stereotactic body
radiation for the treatment of hepatic malignancies this
therapy can play an important role in this strategy in the
[75]
future . Preoperative chemoradiation may be more
applicable in patients with large iCCA developing in noncirrhotic livers than in those patients with cirrhosis that
present with a “very early” iCCA but this will need to be
assessed in the future.

CONCLUSION
In conclusion, OLT for selected patients with nonresectable phCCA is an established strategy with good
results when a strict protocol is applied. Transplantation
for iCCA in cirrhotic patients is still very controversial
but may be a good option in a highly selective group
of patients with small unresectable tumors. Future
investigations in the field may confirm previous results
and change the management of patients diagnosed
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with this growing disease.
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MINIREVIEWS

Benefits of nucleos(t)ide analog treatments for hepatitis B
virus-related cirrhosis
Koichi Honda, Masataka Seike, Kazunari Murakami
hepatitis or cirrhosis associated with HBV are treated
with NUCs for an extended period of time, and the
effects, benefits, and limitations of these treatments
have been apparent. This article reviews HBV-related
cirrhosis, its natural course and survival, histological
improvement after NUC treatments, treatment effects for
decompensated cirrhosis, the incidence of hepatocellular
carcinoma (HCC) after NUC treatments, and the efficacy
of NUC treatments before and after the treatment of
patients for HBV-related HCC. Of particular interest are
the histological improvements, including regression of
fibrosis, that have been achieved with NUC treatments.
Liver function of patients with decompensated cirrhosis
has significantly improved regardless of the type of
NUC applied, and treatment with NUCs has reduced the
incidence of HCC in cirrhotic patients. However, cirrhosis
remains the strongest risk factor for HCC occurrence
following NUC treatments, and the long-term cumulative
incidence of HCC after NUC treatments remains high.
When recurrence does occur, it is important to reconsider
the treatment modality according to the degree of
improved liver function that was achieved.
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Core tip: We presented the benefits of nucleos(t)ide
analogs (NUCs) treatments for HBV-related cirrhosis
in this article. NUC treatments have been found to
improve inflammation and fibrosis in the liver of cirrhotic
patients. Moreover, even in patients with decom
pensated cirrhosis, liver function has improved in many
cases. Furthermore, although NUC treatments can
reduce the incidence of hepatocellular carcinoma (HCC),
rates of HCC remain high in patients with cirrhosis. NUC
treatments have been found to improve liver function
and the survival of patients with HCC. Improved liver
function was also achieved by providing NUC treatments
for hepatitis B virus-related HCC when recurrent tumors

Abstract
Chronic hepatitis B infection induces progressive liver
disease. Before nucleos(t)ide analogs (NUCs) became
established as a safe and effective treatment for
hepatitis B, it was difficult to suppress the activity of the
hepatitis B virus (HBV). Currently, many patients with
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survival probability was only 14%. Consistent with
[7]
these previous studies, Realdi et al found that the
5-year survival rate for 366 patients with histologically
confirmed cirrhosis was 84%. With the exception of the
[5]
study by Liaw et al , these studies analyzed the factors
affect their prognosis using multivariate analysis: Patient
age, total bilirubin levels, albumin levels, platelet counts,
hepatitis B e antigen (HBeAg) positivity, ascites, spider
nevi, and splenomegaly were reported as significant
prognostic factors. Patient age and total bilirubin were
the factors that were included in each of the studies.
Overall, the 5-year survival rates for HBV-related cirrhosis
reported in these studies ranged from 55% to 84%,
which may be due to differences in lead time bias, study
design, country, ethnicity, HBV genotype, and/or HBeAg
positivity.

developed. Therefore, it is important to select the
most appropriate treatment method considering the
alterations in liver function that may occur following
NUC treatments.
Honda K, Seike M, Murakami K. Benefits of nucleos(t)ide
analog treatments for hepatitis B virus-related cirrhosis. World J
Hepatol 2015; 7(22): 2404-2410 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i22/2404.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i22.2404

INTRODUCTION
An estimated 400 million people worldwide are chro
[1]
nically infected with hepatitis B virus (HBV) . Chronic
hepatitis B infection induces a progressive liver disease
that can lead to cirrhosis and hepatocellular carcinoma
[2]
(HCC) . Prior to establishing the antiviral drug, lamivu
[3]
dine, as an effective treatment for hepatitis B , it was
difficult to prevent disease progression. Lamivudine
was the first nucleos(t)ide analog (NUC) to be exten
sively characterized and it inhibits DNA synthesis.
Subsequently, it has been found to rapidly reduce serum
[3]
levels of HBV and to reduce inflammation in the liver .
Moreover, several NUCs, including adefovir dipivoxil,
telbivudine, entecavir, and tenofovir disoproxil fumarate,
have been developed. Initially, the indication of these
drugs was limited to patients with chronic hepatitis or
compensated cirrhosis, although they have gradually
been applied to the treatment of decompensated
cirrhosis. In this review article, we describe the effects,
benefits, and limitations of using NUCs to treat cirrhotic
patients.

HISTOLOGICAL IMPROVEMENT IN
PATIENTS WITH CIRRHOSIS
Histologically, fibrosis has improved with long-term
[8-17]
treatment with NUCs
. In early studies, lamivudine
was administered for a short period of time (e.g.,
[3,8,9]
. In 52%-95% of patients that received
6-12 mo)
lamivudine treatment for at least one year, an improve
ment in necroinflammatory activity was observed
[which was defined as at least a 2-point decrease in the
[3,9-11]
histologic activity index (HAI) score]
. In contrast,
the rate of hepatic fibrosis improvement (defined as
at least a 1-point decrease in the HAI fibrosis score)
associated with short-term lamivudine treatments were
[3,9]
not as high
and ranged from < 10% to 35%. Since
then, long-term use of NUCs has led to improvements
in liver fibrosis, even in cases of advanced fibrosis or
[11,13,14]
[13]
cirrhosis
. For example, Chang et al followed 57
hepatitis B patients that were treated with entecavir for
3-7 years (median, 6 years) and underwent repeated
histological examinations. Improved Ishak fibrosis scores
(≥ a 1-point decrease) were reported for 88% of these
patients. In addition, four patients with cirrhosis also
demonstrated an improvement in their Ishak fibrosis
scores (median decrease: 3 points, range: 1-4). Table
2 summarizes the primary studies that have described
histological changes after an initial NUC treatment.
[11]
Dienstag et al reported that fibrosis improved (defined
as a decrease in the HAI fibrosis score of at least 1-point)
in 45.5% of patients treated with lamivudine (n = 11)
after 1 year, and this rate increased to 72.7% after
[14]
an additional 2 years of treatment. Marcellin et al
reported that 51% of patients with hepatitis B that were
treated with tenofovir (n = 348) showed improvement
in fibrosis (defined as a decreased in the Ishak fibrosis
score of at least 1-point). In addition, fibrosis improved
in 74% of patients with cirrhosis (n = 97) at 5 years.
Taken together, these results demonstrate that longterm treatment with NUCs can potentially lead to
histological improvements in patients with cirrhosis.

NATURAL COURSE OF HBV INFECTION
AND CIRRHOSIS IN PATIENTS
Several studies have documented the natural history
of chronic hepatitis B prior to the availability of NUCs
[4]
(Table 1). For example, Weissberg et al studied 379
histologically confirmed chronic hepatitis B patients and
reported the following estimated 5-year survival rates:
97% for chronic persistent patients, 86% for chronic
active hepatitis patients, and 55% for chronic active
[5]
hepatitis patients with cirrhosis. Liaw et al also reported
the natural history of chronic HBV infection following
the recent development of histologically confirmed
cirrhosis in a cohort of 76 patients. The annual incidences
of hepatic decompensation and HCC development
were calculated to be 2.3% and 2.8%, respectively.
[5]
Furthermore, Liaw et al estimated the 5-year survival
[6]
rate to be 80%. de Jongh et al conducted a follow-up
study of 98 hepatitis B surface antigen - positive cirrhosis
patients with histopathologically confirmed cirrhosis.
The reported survival probability was 71% after 5 years.
For the 21 patients with decompensated cirrhosis, the
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Table 1 Studies characterizing the natural history of hepatitis B-related cirrhosis
Ref.

Publication year

Country

Number of patients
with cirrhosis

5-yr survival for patients with
compensated cirrhosis (%)

Cause of death

Weissberg et al[4]

1984

United States

130

55

Liaw et al[5]
de Jongh et al[6]

1989
1992

Taiwan
The
Netherlands

76
98

80
71

Realdi et al[7]

1994

Italy

366

84

Liver failure (70.3%)
Unrelated disease (18.9%)
Unknown causes (10.8%)
Hepatic failure or variceal bleeding (100%)
Hepatocellular carcinoma (38.5%)
Liver failure or fatal upper gastrointestinal
bleeding (38.5%)
Unrelated disease (23.1%)
Liver failure (53.6%)
Hepatocellular carcinoma (27.4%)
Unrelated disease (19.0%)

Table 2 Rates of fibrosis improvement in patients with chronic hepatitis or cirrhosis treated with lamivudine, entecavir, or tenofovir
Ref.

Publication year

Nucleos(t)ide

Honkoop et al[8]

1997

Lai et al[3]

1998

LAM (25 mg, 100 mg,
300 mg)
LAM (25 mg, 100 mg,
placebo)

Suzuki et al[9]
Dienstag et al[10]

1999
2003

Schiff et al[12]

No. of patients Treatment duration Cirrhosis percentage
13

6 mo

Not described

358

52 wk

5%

LAM (100 mg)
LAM (100 mg,
placebo)

20
63

52 wk
1 yr + additional 2
yr

0%
17%

2008

LAM (100 mg)
Entecavir (0.5 mg)

245

48 wk

Not described5

Chang et al[13]

2010

ETV (0.5 mg)

57

48 wk, long-term
(range: 3-7 yr,
median: 6 yr)

7%

Marcellin et al[14]

2012

TDF

348

5 yr

28%

Improvement ratio of fibrosis
No difference in fibrosis was
observed
25 mg (n = 72) 5%1,4
100 mg (n = 142) 2.5%1,4
Placebo (n = 143) 0%1,4
All patients (n = 20) 35%1
Bridging fibrosis (HAI fibrosis
score of 3; n = 19)
63% (1 yr + additional 2 yr)2
Cirrhosis (HAI fibrosis score of 4;
n = 11) 45.5% (1 yr)2; 72.7% (1 yr +
additional 2 yr)2
ETV (n = 120) HBeAg+ 57%3
HBeAg- 59%3
LAM (n = 125)
HBeAg+ 49%3
HBeAg- 53%3
All patients (n = 57) 32% (48 wk)3
88% (long-term)3
Cirrhosis (n = 4)
100% (long-term)3
All patients (n = 348)
51% (5 yr)3
Cirrhosis (n = 97) 74% (5 yr)3

1

Fibrosis improvement was defined as an HAI fibrosis score decrease of at least 1-point; 2Bridging fibrosis improvement was defined as achieving an HAI
fibrosis score of 0 or 1. Cirrhosis improvement was defined as achieving an HAI fibrosis score of 0, 1, or 3; 3Fibrosis improvement was defined as a decrease
in the Ishak fibrosis score of at least 1-point; 4Approximate value estimated from the published graph; 5All patients had advanced fibrosis or cirrhosis (Ishak
fibrosis scores of 4-6). LAM: Lamibudine; ETV: Entecavir; TDF: Tenofovir; HBeAg: Hepatitis B e antigen; HAI: Histologic activity index.
[18-30]

the type of NUC administered
. In addition, NUC
treatment led to a reduction in the Child-Pugh class
or a decrease in the Child-Pugh score (≥ 2-points
or ≥ 3-points decrease), in a substantial number of
[18-28,30]
cases
. However, there were a small number of
patients that were treated with NUCs who progressed
[18-30]
to death or required a liver transplant
. Studies that
analyzed the determinants of early mortality in patients
with decompensated cirrhosis B treated with NUCs
found that poor baseline liver function was associated
[23,26,30]
with poor prognosis
. Furthermore, most of the
deaths occurred within 1 year after NUC treatment, and
the most common causes of death were liver failure or
[23,26,30]
complications from liver failure
. In work by Hyun
[26]
et al , Child-Turcotte-Pugh scores at baseline and the

NUC TREATMENT FOR
DECOMPENSATED CIRRHOSIS
Once lamivudine treatment was established as an
effective and safe drug for the treatment of chronic
[3,10]
hepatitis B or compensated cirrhosis
, it was gradually
[18-30]
applied to the treatment of decompensated cirrhosis
.
The 1-year, 3-year, and 5-year survival probabilities
for patients with decompensated cirrhosis without
[6,31]
[6,31]
NUC treatment were: 70%-71%
, 35%-40%
[6,31,32]
and 14%-35%
, respectively. These survival
rates increased dramatically following the use of NUC
treatments to: 70%-94%, 63%-87%, and 55%-86%,
[18,23,26,29]
respectively
(Table 3). The liver function of the
latter patients also significantly improved regardless of
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Table 3 Effects of treatment with nucleos(t)ide analogs in patients with decompensated cirrhosis
Ref.

Nucleos(t)ide

Patient number

Treatment duration

Improvement ratio of ChildPugh score

Cumulative survival
3
rate

LAM (100 mg or 150 mg)

35 (CPB: 10, CPC: 25)

Mean: 19 mo

62.9% (22/35)1

Kapoor et al[19]

LAM (150 mg)

18 (CPB: 14, CPC: 4)

Yao et al[20]

LAM (150 mg)

13 (CPB: 0, CPC: 13)

CPB to CPA: 50% (4/14)
CBC to CPB: 50% (2/4)
69% (9/13)2

Hann et al[22]

LAM (100 mg)

31% (23/75)1

Not described

Tseng et al[23]

LAM (100 mg)

75 (CPA: 4, CPB: 28,
CPB: 43)
30 (CPB: 16, CPC: 14)

Mean: 17.9 mo
(range: 9-31 mo)
Mean: 17.5 mo
(range: 3-39 mo)
Mean: 12.7 mo
(range: 0.5-33 mo)
Mean: 39.7 mo
(range: 3-128 mo)

1 yr: 78%4
2 yr: 63%4
No deaths attributed
to liver disease
Not described

CPB to CPA: 62.5% (10/16)
CBC to CPB: 35.7% (5/14)

Bae et al[24]

LAM (100 mg)

17 (CPB: 12, CPC: 5)

Mean: 28 mo
(range: 14-42 mo)

1 yr 70%4
2 yr 66%4
3 yr 55%4
5 yr 55%4
Not described

Shim et al[25]

ETV (0.5 mg)

12 mo

Hyun et al[26]

LAM (100 mg)
ETV (0.5 mg)

55 (mean CP score 8.1 ±
1.7)
86 (CPB: 45, CPC: 41)

Villeneuve et al[18]

Liaw et al[27]

Chan et al[29]

TDF (300 mg)/FTC (200 112 (median CP score: 7,
mg) + TDV (300 mg)/ETV
range: 6-9)
(0.5 mg or 1 mg)
LAM (100 mg), TdT (600 228 (CPS < 7: 18, CPS 7-9:
mg)
155, CPS 9 <: 55)

CPB to CPA: 83% (10/12)
CBC to CPB (1/5) or CPA (3/5):
80% (4/5)
49% (27/55)1

Mean: 2 yr

Mean Child-Pugh score
Baseline
LAM: 9.5, ETV: 9.6
12 mo
LAM: 6.7, ETV: 6.6

48 wk

TDF: 25.9% (7/27)1
FTC/TDF: 48.0% (12/25)1
ETV: 41.7% (5/12)1
52 wk
LAM: 38.6% (44/114), TdT:
31.6% (36/114)1
104 wk
LAM: 40.4% (46/114 ), TdT:
38.6% (44/114)1

52-104 wk

12 mo: 87.1%
24 mo: 83.0%
1 yr
LAM: 92.4%
ETV: 90.7%
3 yr
LAM: 86%4
ETV: 76%4
Not described

52 wk
LAM: 88%, TdT: 94%
104 wk
LAM: 79%, TdT: 87%

1

Improvement of Child-Pugh score was defined as a decrease in the CPS greater than or equal to 2-points; 2Improvement of Child-Pugh score was defined
as a decrease in the CPS greater than or equal to 3-points; 3Cumulative survival rates calculated by Kaplan-Meier method; 4Approximate value from the
published graph. LAM: Lamibudine; ETV: Entecavir; TDF: Tenofovir; FTC: Emtricitabine; TdT: Telbivudine; CPB: Child-Pugh class B; CBC: Child-Pugh
class C; CPS: Child Pugh score; CPA: Child-Pugh class A.
[39-41]

reduce the incidence of HCC
. Furthermore, in three
[42-44]
[45]
meta-analyses
and a systematic review , NUC
treatments were found to consistently reduce the risk
of HCC compared with an absence of NUC treatment.
In addition, two Asian studies reported that entecavirtreated patients had a reduced risk of HCC compared
[40,46]
with treatment-naïve patients with cirrhosis
, and
[46]
Wong et al
reported that the 5-year cumulative
probability of HCC development among cirrhotic patients
was 13.8% in an entecavir cohort vs 26.4% in a control
[40]
treatment-naïve cohort (P = 0.036). Hosaka et al
conducted a propensity score-matched control study
and found that the cumulative 5-year incidence of HCC
among cirrhotic patients treated with entecavir (7.0%)
was lower than that of a control non-treated group
(38.9%) (P < 0.001). Furthermore, the entecavirtreated group had a significantly lower incidence of HCC
than a lamivudine-treated group of cirrhotic patients (P
[40]
= 0.043) . Liver cirrhosis has been found to be the
strongest risk factor for the occurrence of HCC after
[40,47,48]
NUC treatment
, and the long-term cumulative
incidence of HCC after NUC treatment remains high in
[40,45,46]
cirrhotic patients
.

Model for End-stage Liver Disease score at 3 mo after
beginning a NUC treatment were found to be significant
predictors of early mortality.

INCIDENCE OF HCC IN PATIENTS WITH
CIRRHOSIS THAT RECEIVED NUC
TREATMENT
Worldwide, HBV infection has been identified as an
[31]
important risk factor for the development of HCC .
Longitudinal studies of patients with chronic hepatitis
B infection have described the cumulative incidence of
[5,31-35]
HCC
. Incidence of HCC has been found to vary
by region and is influenced by the underlying stage or
condition of the liver disease present. For patients with
compensated cirrhosis that were not treated with NUCs,
the annual incidence of HCC has been reported to range
[5,31,36,37]
from 2.2%-2.8%
. In a comparison of cumulative
HCC incidence for patients with and without lamivudine
treatment, the former had a significantly lower inci
[38]
dence than the latter in a randomized study . Nonrandomized studies have also demonstrated that NUCs
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3

EFFICACY OF NUC TREATMENTS FOR
PATIENTS WITH HBV-RELATED HCC
Several studies have documented that antiviral therapy
with NUCs is beneficial after the treatment of HBV[49-52]
related HCC
. For example, improved liver function
has been observed following curative liver resection and
following radiofrequency ablation for the treatment of
[48-50]
HCC
. Moreover, in a longitudinal randomized clinical
[49]
trial conducted by Yin et al to evaluate the effects of
NUC treatments following radical hepatectomy, patients
who received NUCs exhibited significantly improved liver
function and decreased HCC recurrence. NUC treatment
following curative therapy for HCC has also improved
[49-52]
[50]
overall survival
. In a study by Kuzuya et al ,
NUC treatment improved liver function in patients with
recurrent HCC, and allowed all of the treated patients
to be eligible for curative treatment for recurrent HCC.
In contrast, two-thirds of the untreated group were not
eligible for curative therapy for recurrent HCC due to
[50]
deterioration of remnant liver function . Furthermore,
an increasing number of treatment options have become
[53,54]
available for recurrent tumors
. We previously
reported that a patient with decompensated cirrhosis
was able to undergo a right hepatectomy four years
[54]
after starting a lamivudine treatment regimen .

4

5
6

7

8

9

10

CONCLUSION
Here, the benefits of NUC treatments for patients
with HBV-related cirrhosis have been presented. NUC
treatments have been found to improve inflammation
and fibrosis in the liver of cirrhotic patients. Moreover,
even in patients with decompensated cirrhosis, liver
function has improved in many cases. Given that
hepatitis B can occasionally lead to death, or the need
for a liver transplant, in patients with highly deteriorated
liver function even after NUC treatment, it is recom
mended that a NUC treatment be started as early as
possible. Furthermore, although NUC treatments can
reduce the incidence of HCC, rates of HCC remain high
in patients with cirrhosis. However, NUC treatments
have been found to improve liver function and the
survival of patients with HCC. Improved liver function
was also achieved by providing NUC treatments for
HBV-related HCC when recurrent tumors developed.
Therefore, it is important to select the most appropriate
treatment method considering the alterations in liver
function that may occur following NUC treatments.
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Abstract
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AIM: To review the post-operative morbidity and
mortality of total esophagogastrectomy (TEG) with
second barrier lymphadenectomy (D2) with interposition
of a transverse colon and to determine the oncological
outcomes of TEG D2 with interposition of a transverse
colon.

Conflict-of-interest statement: We have no financial relation
ships to disclose.
Data sharing statement: Technical appendix, statistical code,
and dataset available from the corresponding author at marco.
ceroni@gmail.com. Consent was not obtained but the presented
data are anonymized and risk of identification is low. No additional
data are available.
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METHODS: This study consisted of a retrospective
review of patients with a cancer diagnosis who underwent
TEG between 1997 and 2013. Demographic data, surgery
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protocols, complications according to Clavien-Dindo
classifications, final pathological reports, oncological
follow-ups and causes of death were recorded. We
used the TNM 2010 and Japanese classifications for
nodal dissection of gastric cancer. We used descriptive
statistical analysis and Kaplan-Meier survival curves. A
P -value of less than 0.05 was considered statistically
significant.

INTRODUCTION
The incidence of esophagogastric junction (EGJ)
cancer has increased steadily in the West for the last 4
decades, with a currently reported prevalence of 5 cases
per 100000 people. EGJ cancer corresponds to the
increment of adenocarcinoma of the distal esophagus
and cardia, which are related to Barrett’s esophagus,
obesity, pathological gastro-esophageal reflux and
[1-4]
smoking .
Globally, these types of cancers are considered
to have a poor prognosis, with a survival rate of
20% at 5 years follow-up in patients who underwent
[5]
surgery . Another study that included more patients
[6]
was conducted by Rüdiger Siewert et al , and a 5-year
survival of 32.5% was reported when surgery was
performed.
The management of EGJ cancer is controversial.
There are several surgical treatment alternatives that
differ in morbidity, chance of no residual tumor (R0),
and type of lymph node dissection, and there is no
consensus on which method is considered to be the
best alternative.
Total esophagogastrectomy (TEG) with the inter
position of a transverse colon is recommended for
patients with extensive EGJ cancers (cancer that has a
significant invasion of the esophagus and stomach) or
for patients with a concomitant esophageal and gastric
cancer (also called double cancer).
TEG with second barrier lymph node dissection (D2)
is an infrequently performed surgery because it has
been associated with a high postoperative morbidity.
Considering national series, only series of less than
20 patients with EGJ cancer have been published to
[7-9]
date .
The main objectives of this study are: (1) to review
the post-operative morbidity and mortality of TEG D2
with interposition of a transverse colon; and (2) to
determine the oncological outcomes of TEG D2 with
interposition of a transverse colon.

RESULTS: The series consisted of 21 patients (80.9%
men). The median age was 60 years. The 2 main
surgical indications were extensive esophagogastric
junction cancers (85.7%) and double cancers (14.2%).
The mean total surgery time was 405 min (352-465
min). Interposition of a transverse colon through the
posterior mediastinum was used for replacement in all
cases. Splenectomy was required in 13 patients (61.9%),
distal pancreatectomy was required in 2 patients (9.5%)
and resection of the left adrenal gland was required
in 1 patient (4.7%). No residual cancer surgery was
achieved in 75.1% of patients. A total of 71.4% of
patients had a postoperative complication. Respiratory
complications were the most frequently observed
complication. Postoperative mortality was 5.8%. Median
follow-up was 13.4 mo. Surgery specific survival at 5
years of follow-up was 32.8%; for patients with curative
surgery, it was 39.5% at 5 years.
CONCLUSION: TEG for cancer with interposition of
a transverse colon is a very complex surgery, and it
presents high post-operative morbidity and adequate
oncological outcomes.
Key words: Esophagogastric junction cancer; Total
esophagogastrectomy; Transverse colon interposition;
Total gastrectomy; Total esophagectomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Esophagogastric junction cancers are rare
tumors that have increased in prevalence in recent
decades due to lifestyle changes. Key results of this
study are as follows: (1) We describe a treatment for
patients with esophago-gastric junction cancer; (2)
We show the surgical details in high quality artwork
to better represent the surgery; and (3) We show
the postoperative and oncological outcomes of this
technique.

MATERIALS AND METHODS
This study consisted of a retrospective review of patients
with cancer who underwent TEG between 1997 and
2013. Demographic data, surgery details, postoperative
complications, pathological reports of the surgical speci
men and oncologic follow-up were recorded.
Information was obtained from medical records,
surgery protocols, oncological controls and the national
registry of civil information. We used the TNM 2010
and the Japanese classifications for nodal dissection
[10,11]
of gastric cancer
. This study was approved by the
ethics committee of our center.

Ceroni M, Norero E, Henríquez JP, Viñuela E, Briceño E,
Martínez C, Aguayo G, Araos F, González P, Díaz A, Caracci
M. Total esophagogastrectomy plus extended lymphadenectomy
with transverse colon interposition: A treatment for extensive
esophagogastric junction cancer. World J Hepatol 2015;
7(22): 2411-2417 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i22/2411.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i22.2411
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Preoperative study and treatment

Preoperative evaluation of patients included upper
digestive endoscopy; computed tomography of the
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Figure 1 Lymph node dissection when performing total esophago
gastrectomy.

Figure 2 Surgery specimen, which was dissected in the operating room
after surgery.

vertical incision on the diaphragm (Pinotti maneuver);
(4) Determination of concomitant extension of EGJ
cancer into the esophagus and stomach and, if it is
significant, performance of the TEG; (5) Performance
of an esophagectomy using a transhiatal plus left
cervical approach. Dissection of the lower mediastinum
and EGJ lymph nodes; (6) Sectioning of the cervical
region of the esophagus and near total displacement
of the mobilized esophagus into the abdominal cavity
through the hiatus. A suture or nasogastric tube is used
to guide the colon into the neck through the posterior
mediastinum; (7) Performance of a total D2 gastrec
tomy with omentectomy and bursectomy (Figure 1);
(8) Performance of a splenectomy in patients with
macroscopic group 11 lymph node metastasis (LNM), or
if spleen cancer invasion is observed; and (9) Placement
of the surgical specimen on a secondary surgical table
for dissection by the surgeon at the end of the surgery
[12]
(Figure 2) .

Figure 3 Colon section at the origin of middle colic artery, preserving the
marginal arcade.

chest, abdomen and pelvis with use of intravenous
contrast; spirometry; colonoscopy; arterial gasometry;
serum albumin; general laboratory tests and specific
evaluations for each patient’s comorbidities. Once the
evaluations were complete, the patient was presented
in a clinical-radiological meeting of the center, where the
best treatment alternative was discussed.
Preoperative treatment of patients included motor
and respiratory physiotherapy and colon preparation. A
nutritionist assessed all patients. In the cases of patients
who presented with significant dysphagia or did not
improve their preoperative nutritional status, parenteral
nutrition was recommended.

Reconstruction steps

(1) Dissection of the colon from the cecum to the
sigmoid; (2) Selective clamping of the middle and left
colic arteries to determine the quality of transverse
colon irrigation (colon coloration is observed and the
pulse of the marginal artery is observed and manually
estimated); (3) Sectioning of the middle colic artery
at its origin, preserving Drummond’s vascular arcade
(Figure 3); (4) Measurement of the transverse colon;
i.e., distance from the patient’s neck to the root of the
mesentery. This measure is applied on the surface of the
colon following irrigation from the root of the mesentery
to the proximal end; (5) Sectioning of the proximal
transverse colon with a blue load of a linear cutting
stapler (in the place previously measured; Figure 3); (6)
Sectioning of the distal transverse colon where the left
colic artery arrives with a blue load of a linear cutting
stapler, preserving the continuity of the marginal artery
(Figure 3); (7) Ascension of the isoperistaltic transverse
colon through the posterior mediastinum to the neck
(Figure 4); (8) Manual performance of a coloesophageal
anastomosis, colojejunal anastomosis and colo-colonic

Surgical technique steps

The patient is placed in a supine position over the
operating table with the neck rotated to the right side.
An upper midline laparotomy is performed, extending
it by 2 cm below the umbilicus, and a left cervical
approach is also performed.

Resection steps

(1) Exploration of the abdominal cavity searching
for the presence of metastasis; (2) Resection of the
round ligament of the liver; (3) Dissection of the left
triangular ligament and enlargement of the hiatus by a

WJH|www.wjgnet.com
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Figure 4 Transverse colon interposition through the posterior medias
tinum. Coloesophageal anastomosis and colojejunal anastomosis are shown
lateral view.

No complication
7 (32%)

Figure 5 Transverse colon interposition through the posterior medias
tinum. Coloesophageal anastomosis and colojejunal anastomosis are shown
front view.

or double cancer. There were 17 (80.9%) men and 4
women (19.1%), with a median age of 60 years (46.7
to 64.2 years). Twelve patients were classified according
to the American Society of Anesthesiologists (ASA-1),
8 patients were classified as ASA-2 and 1 patient was
classified as ASA-3. The pre-surgery median serum
albumin value was 4 g/dL (3.5-4.2 g/dL).
The mean total surgery time was 405 min (352-465
min). Interposition of the transverse colon through
the posterior mediastinum was used for replacement
in all cases. Splenectomy was required in 13 patients
(61.9%), distal pancreatectomy was required in 2
patients (9.5%) and resection of the left adrenal gland
was required in 1 patient (4.7%).
The indications of the TEG D2 were: (1) extensive
EGJ cancer in 18 patients (85.7%); and (2) two con
comitant cancer (esophageal and gastric) in 3 patients
(14.2%).
The median hospital stay was 17 d (7 to 26 d),
and the median re-feeding time was 11.5 d (8 to 19
d). A total of 15 (71.4%) patients presented with the
following complications (detailed according to the
Clavien-Dindo classifications in Figure 6): 7 patients
(33.3%) presented with a cervical esophagus-colonic
anastomosis leak that was managed with medical
treatment; 2 patients (9.5%) presented with a colocolonic anastomosis leak, and both of these patients
underwent reoperation. One of them received a new
anastomosis and died afterwards, and the other
patient underwent a colostomy with a mucous fistula;
therefore, the intestinal transit was successfully recon
stituted. One patient (4.7%) presented with a coloduodenal anastomosis leak that was treated medically;
2 patients (9.5%) presented with obstruction of the
jejunostomy. Of those patients, 1 patient needed to

Clavien Ⅱ
8 (36%)

Clavien Ⅴ
1 (5%)
Clavien Ⅳb
1 (5%)
Clavien Ⅳa
1 (4%)

Clavien Ⅲb
2 (9%)

Clavien Ⅲa
2 (9%)

Figure 6 Complications observed according to Clavien Dindo classifications.

anastomosis (Figure 5); (9) Performance of a Witzel
type jejunostomy; (10) Installation of one drainage
tube to each pleura; and (11) Installation of a JacksonPratt type drainage tube to the neck.

Statistical analysis

A statistical analysis was performed using GraphPad
Prism software, version 5.0. A Kaplan-Meier method
was used to estimate the years of post-operative
survival. A P-value of less than 0.05 was considered as
statistically significant.

RESULTS
TEG and D2 lymph node dissection with transverse
colonic interposition was performed between 1997 and
2013 in 21 patients who had extensive EGJ cancer

WJH|www.wjgnet.com
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LN 110
50%

LN 2
64.7%

LN
LN
LN
LN
LN
LN

7: 62.5%
8: 37.5%
9: 0%
10: 30.7%
11: 33.3%
12: 12.5%

Table 1 Cumulative complications (patients may have
presented with more than one complication)
Surgical
Esophagocolonic anastomosis leak: 7 (33.3%)
Colocolonic anastomosis leak: 2 (9.5%)
Colojejunal leak: 1 (4.7%)
Jejunostomy obstruction: 2 (9.5%)
Intraabdominal collection: 4 (19%)
Infection of surgery wound: 4 (19%)
Medical
Respiratory: 9 (42.8%)
Sepsis by central venous catheter: 2 (9.5%)
Atrial fibrillation: 1 (4.7%)
Clostridium difficile diarrhea: 1 (4.7%)

LN 4
36.8%

LN 1
81.2%
LN 3
63.1%
LN 5
22.2%

LN 6
29.4%

be reoperated due to a twist of the jejunostomy, and
the second patient, who presented with only a partial
obstruction, was resolved by removing the jejunostomy
tube. The main medical complications were of the
respiratory type, occurring in 9 patients (42.8%). The
details of the complications are presented in Table 1.
When observing patients with EGJ cancer, they all
presented with pathological evidence of adenocarcino
ma. Three patients presented with more than one
tumor: 2 of these patients had concomitant esophageal
squamous cancer and gastric adenocarcinoma, and
the other patient had 3 tumors, including two gastric
adenocarcinomas and one squamous esophageal cancer.
The median tumor size was 8 cm (6.3 to 12 cm), and
the median count of lymph nodes removed was 37 (27
to 49 lymph nodes).
R0 surgery was achieved in 16 patients (76.1%), 1
patient (4.7%) underwent R1 surgery (presenting with
positive radial edges) and 4 patients (19%) underwent
R2 surgery (3 of those patients presented with isolated
peritoneal metastasis and 1 patient presented with
incidental finding of pleural metastasis).
The distribution of LNM is shown in Figure 7. The
lymph node groups most associated with metastasis
were group 1 (81.2%); group 2 (64.7%); group 3
(63.1%); group 7 (62.5%) and group 110 (50%).
Three (14.2%) patients were staged as Ⅱ B, 1
(4.7%) was staged as ⅢA, 1 (4.7%) was staged as Ⅲ
B, 12 (57.1%) were staged as ⅢC and 4 (19%) were
staged as Ⅳ.
To date, a total of 17 patients (80.9%) died: 11
died of cancer (64.7%), 1 died in the post-operative
period (5.8%) and 5 died because of non-cancer related
causes (29.4%).
The estimated specific survival rate for patients at 5
years follow-up was 32.8% with a median of 18.1 mo.
The estimated specific survival rate for patients with R0
surgery at 5 years follow-up was 39.6% with a median
of 20.5 mo (Figures 8 and 9).

Figure 7 Lymph node metastasis distribution. Only patients with esopha
gogastric junction cancer are considered. LN: Lymph node according to the
Japanese classifications.
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Figure 8 Cancer specific survival at 5 years, according to residual
tumors.
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Figure 9 Five year survival follow-up by tumor stage according to the
TNM classifications.
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EGJ cancer is an epidemiologically relevant pathology.
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There has been a significant increase in its incidence in
recent decades, and there will be a greater number of
[2-4,13]
patients with this disease in the future
.
The increasing incidence of EGJ cancer is related
to changes in lifestyle in developed countries, such as
changes in eating habits. In those countries, there are
also higher prevalences of gastro-esophageal reflux,
[14]
Barrett’s esophagus and obesity . However, the exact
pathophysiological mechanisms linking those changes
to EGJ cancer are still not clear.
Whether EGJ cancer should be considered in the
same group as esophageal and gastric cancer or if it
corresponds to a different type of cancer because of
its different oncological prognosis and lymph nodal
spreading is controversial. Therefore, various surgical
treatment alternatives have been described, such as
total esophagectomy, partial esophago-gastrectomy
(Ivor-Lewis and Merendino) and TEG. No consensus
has been established when deciding which method is
the most appropriate. In the last decade, this cancer
was imprecisely classified in the 2006 TNM, and
subsequently, it was grouped together with esophageal
[10]
cancer in the 2010 TNM classifications . This difficulty
in grouping corresponds to the several different types of
tumors than can compromise the EGJ, with some of the
tumors behaving as an esophageal cancer and others
having a gastric cancer behavior.
[15,16]
In 1996, Siewert et al
made a topographic
classification, which allows planning and standardization
of the surgical treatment and comparing outcomes. EGJ
cancer typeⅠis treated similarly to esophageal cancer,
[17]
with esophagectomy plus proximal gastrectomy , and
[18]
EGJ cancer type Ⅲ is treated with a total gastrectomy .
EGJ type Ⅱ tumors are usually treated with methods
similar to those used for type Ⅲ tumors because of
the frequent involvement of the intra-abdominal lymph
nodes, unless they present a greater esophageal
involvement in the preoperative study, in which a
proximal esophagogastrectomy plus abdominal and
mediastinal lymphadenectomy is preferred. The type
of approach and reconstruction in these cases can vary
according to the center; some centers prefer a combined
abdominal and thoracic approach, and other centers
prefer exclusively a transhiatal approach. Regarding
the type of reconstruction, it is possible to perform
reconstruction with interposition of the stomach into the
thorax (Ivor Lewis) or with interposition of a distal organ
(colon or bowel).
One of the most difficult aspects to determine in
patients with Siewert’s type Ⅱ or type Ⅲ large EGJ
tumors, also called EGJ cancer type Ⅳ by Burmeister
[8]
et al , is the length of the extension of the esophageal
tumor involvement when performing preoperative
studies. Therefore, in some cases, the choice of the
treatment alternative for surgery is made during the
intra-operative period. It has been established that in
order for the treatment to meet oncological criteria,
it has to ensure a macroscopic tumor-free margin
[19-22]
of at least 5-10 cm in the esophagus
. At the

WJH|www.wjgnet.com

other extreme, 2 cm is considered as a macroscopic
tumor-free margin of poor prognosis or insufficient in
a Japanese series. Therefore, we performed a total
esophagectomy with total gastrectomy if an esophageal
macroscopic tumor-free margin of less than 10 cm was
[19-22]
determined while in surgery
.
The aforementioned situation is why patients with
EGJ cancer should be prepared for an eventual TEG
and colon interposition plus an extended lymph node
dissection (D2), due to the frequent lymph node
metastasis of groups 1, 2, 3 and 7 of the Japanese
[6,7,23]
classifications
.
A second group of patients in whom the indication
of TEG is clearer, are those who have a concomitant
esophageal and gastric cancer (double cancer).
In this study, a splenectomy was performed only
when evidence of invasion of the splenic hilum was
found or in cases when significant LNM of groups 10 and
11 of the Japanese classifications were found. Resection
of other organs such as the pancreas or adrenal gland
is recommended only in cases with evidence of direct
invasion by the tumor.
While reviewing this series, we observed a high
morbidity (68%) and respiratory complications were the
most frequently observed (40%), followed by leakage
of the esophageal-colon anastomosis (30%); however,
only 1 postoperative death (5%) was observed. These
results were similar to results reported in other series of
TEG and can even be compared to a series of patients
[8]
who underwent proximal esophagogastrectomy , sugg
esting that multidisciplinary management is crucial for
the management of postoperative complications.
Oncological results observed in this study were very
satisfying when compared to large series, resulting
in a 39.6% survival rate at 5 years follow-up and a
median of 20.5 mo of survival when curative surgery
was achieved. The surgical results obtained in this
study showed that it is still controversial to perform this
procedure with palliative intention; however, it showed
better outcomes than other palliative procedures such
as esophageal prosthesis, a gastrostomy or palliative
chemotherapy. Similar to our series, Siewert’s study
even had patients who underwent palliative TEG who
were reported to have survival after 1 year of follow[6]
up .
TEG D2 has a high postoperative morbidity rate,
which suggests that it should be performed only in
specialized centers that are dedicated to high complexity
oncological surgeries.
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METHODS: A national community based crosssectional study was carried out in 6 governorates
representing Egypt. A total of 3600 children aged from
9 mo to 16 years who were fully vaccinated with HBV
vaccine during infancy were recruited. Face to face
interviews were carried out and sera were evaluated
for hepatitis B surface antigen (HBsAg), anti-HBV core
antibodies (total) and quantitative detection of hepatitis
B surface antibody using enzyme linked immunoassays
techniques. Samples positive to HBsAg/anti-HBV core
antibodies were subjected to quantitative HBV-DNA
detection by real time polymerase chain reaction with
3.8 IU/L detection limit.

Salama II, Sami SM, Said ZNA, El-Sayed MH, El Etreby LA,
Rabah TM, Elmosalami DM, Abdel Hamid AT, Salama SI,
Abdel Mohsen AM, Emam HM, Elserougy SM, Hassanain
AI, Abd Alhalim NF, Shaaban FA, Hemeda SA, Ibrahim NA,
Metwally AM. Effectiveness of hepatitis B virus vaccination
program in Egypt: Multicenter national project. World J Hepatol
2015; 7(22): 2418-2426 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i22/2418.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i22.2418

INTRODUCTION

RESULTS: Sero-protection was detected among 2059
children (57.2%) with geometric mean titers 75.4
± 3.6 IU/L compared to 3.1 ± 2.1 IU/L among nonseroprotected children. Multivariate logistic analysis
revealed that older age and female gender were the
significant predicting variables for having non seroprotective level, with adjusted odds ratio 3.3, 9.1
and 14.2 among children aged 5 to < 10, 10 to < 15
and ≥ 15 years respectively compared to those < 5
years and 1.1 among girls compared to boys with P <
0.01. HBsAg was positive in 0.11% and breakthrough
infection was 0.36% and 0.39% depending on positivity
of anti-HBc and DNA detection respectively. The
prevalence of HBV infection was significantly higher
among children aged ≥ 7 years (0.59%) compared to
0.07% among younger children with odds ratio equal
to 8.4 (95%CI: 1.1-64.2) and P < 0.01.The prevalence
was higher among girls (0.48%) than boys (0.29%)
with P > 0.05.

The hepatitis B vaccine is the mainstay of hepatitis B
prevention. In 1992, the World Health Organization
(WHO) recommended the implementation of universal
childhood vaccination worldwide and by the end of
[1]
2012, 181 countries had adopted this measure .
The complete vaccination series induces protective
antibody levels in more than 95% of infants, children
[2]
and young adults . Persistence of hepatitis B surface
antibody (anti-HBs) and thus the protection against
infection and carrier state depends on the peak antiHBs concentration achieved after primary vaccination.
However, anti-HBs decay exponentially with length of
[3]
time since vaccination .
Hepatitis B virus (HBV) is considered moderately
endemic in Egypt with 4% of the population having
[4]
evidence of chronic HBV infection . A key goal of HBV
immunization program is to reduce the prevalence of
hepatitis B surface antigen (HBsAg) among cohorts born
since the program implementation. A practical means
to determine the long term protection provided by HB
vaccine is to estimate the incidence of break-through
infection (positive anti-HBc) as well as chronic carrier
state (positive HBsAg) among previously vaccinated
[5]
individuals . In Egypt, the HBV vaccination program
was applied in 1992 with a schedule of 2, 4 and 6 mo
of age, while routine screening of pregnant women for
[6]
HBsAg was not applied . There have been no serosurveys among children born since the introduction
of the vaccine in Egypt; however, the finding of acute
disease transmission in these cohorts indicates there is
ongoing HBV transmission and more in-depth evaluation
[7]
of the immunization program is needed . Although
several studies have been done in Egypt to measure the
effectiveness of HBV vaccination, yet these studies were
done on a relatively small scale and in certain areas of
Egypt, from which arose the need for a large national
study including numerous areas to be representative
of all Egypt to give a clear picture of the situation. The
present study aimed to assess the effectiveness of
compulsory HBV vaccination on national basis and to
determine health disparities and risk factors associated
with non-seroprotective levels among Egyptian children
aged from 9 mo to 16 years. It also aimed to assess the
prevalence of breakthrough HBV infection and carrier
state among the studied children.

CONCLUSION: The Egyptian compulsory HBV
vaccination program provides adequate protection.
Occult HBV infection exists among apparently healthy
vaccinated children. Adherence to infection control
measures is mandatory.
Key words: Hepatitis B virus; Immunization; Seroprotection; Breakthrough infection; Children
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To assess the effectiveness of hepatitis B
virus (HBV) vaccination program, a national community
based survey was carried out in six governorates
representing Egypt on 3600 children aged 9 mo to 16
years (received 3 doses HBV vaccine during infancy).
Anti-hepatitis B surface (anti-HBs) titer, anti-HBc and
HBs antigen were assessed. HBV DNA detection was
done for suspected cases. Prevalence of HBV seroprotection, breakthrough HBV infection, and chronic
carrier were 57.2% 0.39% and 0.11% respectively.
Multivariate analysis revealed that older age and girls
were the significant predictor variables for non seroprotection. Despite waning of anti-HBs over time, HBV
vaccination program is effective in Egypt.
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interviewers attended several training sessions before
the study implementation in each governorate. To ensure
tracing blood samples and linking laboratory results
with other survey, data peel-off barcode sheets were
used. To assess the nutritional status, anthropometric
measurements including height and weight were also
taken.

MATERIALS AND METHODS
This is a community based national project using a
multi-stage cluster sampling technique. It was carried
out in 6 representative governorates in Egypt from
July 2010 to June 2013. These governorates included
the Capital (Cairo), two in Lower Egypt (Gharbeya and
Dakahleya), two in Upper Egypt (Assiut and Beni-Suef),
and one Frontier (Red Sea). The age of the participating
children ranged from 9 mo to 16 years. They were fully
vaccinated by the 3 compulsory HBV vaccine doses
during infancy. Probability proportional to size sampling
was used for the sampling process and selection of
clusters. The design effect used was considered equal to
2. From previous Egyptian studies carried out on small
scales, the prevalence of sero-protection level among
fully vaccinated children ranged from 95% among infants
[8,9]
aged 9 mo to 35% among children aged 11 years .
We assumed that it might be about 25% among older
children. The sample size allowed an estimated precision
(margin of error) of 5% and 95% confidence level
of being within 5% of the true value, with response
rate estimated to be 90%. The sample frame for the
survey was based on the most recent population
census of 2006. List of cities and villages were arranged
in serpentine order after the implicit stratification by
geographic location independently for urban and rural
areas of each governorate. After calculating a sampling
interval, a random number was selected from the table
of random numbers. Out of this list, the number of
participating areas in each governorate was identified
according to its population size. So, we identified 5 urban
areas from Cairo governorate, 4 areas from Gharbeya
governorate (1 city and 3 villages), 5 areas from
Dakahleya governorate (2 cities and 3 villages), 3 areas
from Assuit governorate (1 city and 2 villages), 2 areas
from Beni-Suef governorate (1 city and 1 village), and
one city area from Red Sea governorate. In each selected
area, one maternal and child health center in urban areas
or health unit (in rural areas) was randomly selected.
Then according to the age of the targeted children within
the catchment areas, one kindergarten and 3 schools
(primary, preparatory and secondary) were randomly
selected.
The study was reviewed and approved by the ethical
committees of Ministry of Health, National Research
Center and Ministry of Education. All the legal guardians
of the study participants were provided informed written
consent prior to study enrollment. In addition, children
aged above 10 years were enrolled after getting their
verbal assent. Through face to face interview, children’s
personal data, demographic and socioeconomic variables
and current and past medical history were collected
through a designed pre-tested close-ended question
naire. Children’s HBV vaccination was confirmed by
taking a full detailed vaccination history from parents
as well as revising the vaccination cards available with
their parents or in the child’s school file. For quality
assurance, Ministry of Health staff, supervisors and

WJH|www.wjgnet.com

Laboratory analysis

A blood sample (3-5 mL) was withdrawn from each child
aseptically and serum was aliquoted into two labeled
sterile cryotubes and stored at -20 ℃. Detection of HBV
markers was performed in the Virology lab - Microbiology
and Immunology Department-Faculty of Medicine (for
girls), Al-Azhar University, Cairo. Serum total anti-HBc,
HBsAg and anti-HBs were assessed using commercially
available enzyme linked immunoassays (Dia Sorin-Italy)
according to the manufacturer instructions. Anti-HBs ≥
10 IU/L, was considered to be protective against HBV
[10]
infection .
Repeatedly positive samples for either anti-HBc or
HBsAg were subjected to quantification of HBV DNA
by Real-time PCR using automated system. Viral DNA
was extracted from serum samples using QIAxtractor®,
and VX kit as recommended by the manufacturer
(QIAGEN, Germany). PCR setup was automated via
QIAgility (QIAGEN, Germany). HBV real-time assays
were performed in combination of Artus HBV RG PCR Kit
(Artus™ GmbH, Hamburg, Germany) and the Real time
PCR instrument, Rotor-Gene Q (QIAGEN, Germany).
Thermal profile was set according to manufacturer’s
guideline. Detection limit of HBV DNA in the current study
assay was 3.8 IU/L assessed by the WHO international
[11]
standard (97/750) . At least two negative controls, one
non template control and four standards (provided by
the manufacturer) were added per run. Strict precautions
were taken to avoid possible contamination. Only
reproducible data that revealed no false positive results
in the negative controls was used.

Statistical analysis

Data entry and statistical analysis were done using
SPSS software program version 18.0. Anti-HBs geome
tric mean titer (GMT) was calculated to estimate the
central tendency of anti-HBs level in consideration to its
skewed distribution. Children who had an undetectable
anti-HBs titer were assigned a titer value of 0.05 IU/
[12]
L . For qualitative data that presented by numbers
2
and percentages, χ was done. For comparison between
two means, t-test was done while one way ANOVA was
used for more than two means. Multivariate logistic
analysis was carried out to predict risk factors signifi
cantly associated with non-serprotection. P < 0.05 was
considered statistically significant and P < 0.01 was
considered statistically highly significant.
The statistical methods of this study were performed
by first author Iman I Salama, professor of public
Health and Preventive Medicine at National Research
Center and she is a Bio-statistical reviewer in Medical
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Figure 1 Prevalence of hepatitis B surface antibody levels among all the studied children (A) and among children aged ≤ 1 year (B). Anti-HBs: Hepatitis B
surface antibody.
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later on (Figure 2). There was no significant difference
between boys and girls in the different governorates
except in Gharbeya and Assuit, where males had
significantly higher sero-protection rate (66.4% and
59.3%) compared to females (49.9% and 48.4%)
respectively, P < 0.01.
Children with history of hospital admission, abscess
incision, surgical operation, regular medical injection,
blood transfusion and rheumatic fever had significantly
higher non sero-protective rates compared to children
with no such history (P < 0.001). Children with Height
for age percentile (HAP) and Weight for age percentile
th
(WAP) < 5 percentiles had significantly lower non
sero-protection rate compared to normal children with
odds ratio 1.3 for both, P < 0.05 (Table 2). Multivariate
logistic analysis revealed that older age and female
gender were the significant predicting variables for
having non sero-protective level, with adjusted odds
ratio 3.3, 9.1 and 14.2 among children aged 5 to < 10,
10 to < 15 and ≥ 15 years respectively compared to
those < 5 years and 1.1 among girls compared to boys,
P < 0.01 (Table 3).
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Figure 2 Hepatitis B surface antibody geometric mean titer among the
studied children according to age and gender. Anti-HBs: Hepatitis B surface
antibody; GMT: Geometric mean titer.
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RESULTS
Short and long term HBV sero-protection among the
fully vaccinated children

The present study was carried out on 3600 children and
adolescents from six Egyptian governorates, 1909 (53%)
from urban and 1691 (47%) from rural areas. There
were 1743 (48.4%) boys and 1857 (51.6%) girls with
a mean age of 9.1 ± 5.5 years. Overall sero-protection
rate among the studied children was 57.2% (95%CI:
55.6% to 58.8%). Figure 1A shows anti-HBs level
among all the studied children, while Figure 1B shows
anti-HBs level among children ≤ 1 year representing
the primary response to HBV vaccine 3-6 mo after
receiving the 3 compulsory doses. The GMT of the antiHBs was significantly lower among children ≥ 5 years
compared to younger, among girls than boys, in lower
socioeconomic status, in Assuit and Red Sea compared
to other governorates and in rural compared to urban
areas (P < 0.05), Table 1. The table also showed that the
distribution of anti-HBs levels was significantly different
as regards all studied socio-demographic characteristics,
P < 0.05. Antibody concentrations decline more quickly
during the first 4 years after vaccination than they do

WJH|www.wjgnet.com

HBV breakthrough infection among the fully vaccinated
children

Fourteen children (9 females and 5 males) showed HBV
breakthrough infection; 14/3600 (0.39%) were positive
for HBV-DNA, 13/3600 (0.36%) had positive anti-HBc
and 4/3600 (0.11%) had positive HBsAg. HBV infection
was not found among children aged < 3 years (Table 4).
The prevalence of HBV infection was significantly higher
among children aged ≥ 7 years (0.59%) compared to
0.07% among younger children, odds ratio 8.4 (95%CI:
1.1-64.2), P < 0.01. The prevalence was higher among
girls (9/1857; 0.48%) than boys (5/1743; 0.29%), P
> 0.05. Table 5 shows the demographic characteristics
and HBV markers of breakthrough infection among
the studied children. Five out of thirteen children with
positive anti-HBc had anit-HBs above 100 IU/L and 11
out of 14 children presented HBV DNA ≥ 200 IU/L.
Three children, positive for HBsAg, had a family history
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Table 1 Prevalence of hepatitis B virus anti-hepatitis B surface in relation to some socio-demographic
1
characteristics among 3586 studied children n (%)
Total

n = 3586
Gender
Boys
Girls
P value
Age in years
< 5 yr
5 to < 10 yr
10 to < 15 yr
≥ 15 yr
P value
Socio-economic status2
Very low
Low
Middle
High
P value
Governorate
Cairo
Dakahleya
Gharbeya
Beni-Suef
Assuit
Red Sea
P value
Residence
Urban
Rural
P value

Mean GMT

Anti-HBs IU/L
< 10
10-99
n = 1535
n = 1229

≥ 100

n = 822

1738
1848

220.4 ± 13.4
161.7 ± 11.2
< 0.05

681 (39.2)
854 (46.2)
< 0.001

643 (37.0)
586 (31.7)

414 (23.8)
408 (22.1)

1114
625
1026
821

64.0 ± 8.0
18.7 ± 13.8
3.0 ± 15.0
1.5 ± 17.0
< 0.001

152 (13.6)
206 (33.0)
606 (59.1)
571 (69.5)
< 0.001

435 (39.0)
240 (38.4)
346 (33.7)
208 (25.3)

527 (47.3)
179 (28.6)
74 (7.2)
42 (5.1)

992
650
934
916

22.3 ± 6.3
24.4 ± 6.2
37.2 ± 6.4
33.3 ± 6.5
< 0.001

465 (46.9)
301 (46.3)
349 (37.4)
376 (41.0)
< 0.001

345 (34.8)
220 (33.8)
324 (34.7)
308 (33.6)

182 (18.3)
129 (19.8)
261 (27.9)
232 (25.3)

815
898
762
358
564
189

32.3 ± 6.8
29.6 ± 5.8
29.8 ± 6.5
35.3 ± 6.2
22.3 ± 6.7
21.2 ± 7.0
< 0.01

320 (39.3)
380 (42.3)
328 (43.0)
155 (43.3)
264 (46.8)
88 (46.6)
< 0.05

271 (33.3)
328(36.5)
256 (33.6)
126 (35.2)
191 (33.9)
57 (30.2)

224 (27.5)
190 (21.2)
178 (23.4)
77 (21.5)
109 (19.3)
44 (23.3)

1902
1684

11.0 ± 18.4
7.3 ± 20.8
< 0.001

784 (41.2)
751 (44.6)
0.021

649 (34.1)
580 (34.4)

469 (24.7)
353 (21.0)

1

Breakthrough infected children were excluded; 2Data for Socio-economic status was fulfilled for only 3492 children.
Anti-HBs: Hepatitis B surface antibodies; GMT: Geometric mean titer.

Table 2 Hepatitis B virus immunity in relation to the child’s medical history n (%)
Risk factors

Total

Hospital admission
Yes
No
Open abscess
Yes
No
Surgical operation
Yes
No
Regular medical injection
Yes
No
Blood transfusion
Yes
No
Rheumatic fever
Yes
No
HAP (total = 3256)
< 5th percentile
th
≥ 5 percentile
WAP (total = 3317)
< 5th percentile
th
≥ 5 percentile

Level of anti-HBs
≥ 10 IU/L
<10 IU/L
n = 1535
n = 2051

Odds ratio (95%CI)

1196 (33.4)
2390 (66.6)

558 (46.4)
977 (40.9)

638 (53.6)
1413 (59.1)

1.3 (1.0-1.5)b

280 (7.8)
3306 (92.2)

150 (53.5)
1385 (41.6)

130 (46.5)
1921 (58.4)

1.6 (1.2-2.0)b

683 (19.0)
2903 (81.0)

339 (49.6)
1196 (41.2)

344 (50.4)
1707 (58.8)

1.4 (1.2-1.7)b

112 (3.1)
3474 (96.9)

59 (52.7)
1476 (42.5)

53 (47.3)
1998 (57.5)

1.5 (1.0-2.2)a

90 (2.5)
3496 (97.5)

48 (53.3)
1487 (42.5)

42 (46.7)
2009 (57.5)

1.5 (1.0-2.4)a

140 (3.9)
3446 (96.1)

74 (52.9)
1461 (42.3)

66 (47.1)
1985 (57.6)

1.5 (1.1-2.1)a

569 (17.5)
2687 (82.5)

218 (38.3)
1208 (45.0)

351 (61.7)
1479 (55.0)

1.3 (1.1-1.6)b

240 (7.2)
3077 (92.8)

89 (37.1)
1341 (43.6)

151 (62.9)
1736 (56.4)

1.3 (1.0-1.7)a

®

®

®

®

®

®

®

®

a

P < 0.05, bP < 0.01. ®: Reference group; Anti-HBs: Hepatitis B surface antibodies.
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Table 3 Univariate and multivariate logistic analysis to determine predictors
for risk of non sero-protection n (%)
Variable

Non-seroprotection rate

Age in years
<5
5 to < 10
10 to < 15
≥ 15
Gender
Boys
Girls

Crude odds ratio (95%CI) AOR (95%CI)

152 (13.6)
256 (34.7)
606 (59.1)
571 (69.5)

3.4 (2.7-4.2)b
9.1 (7.4-11.3)b
14.5 (11.5-18.1)b

681 (39.2)
854 (46.2)

®

®

1.3 (1.2-1.5)b

1.1 (1.0-1.4)b

®

®

3.3 (2.5-4.2)b
9.1 (7.3-11.2)b
14.2 (11.3-17.9)b

Variables entered in model: Age group, gender, socio-economic levels and history of rheumatic
fever, diabetes mellitus, surgical operation, regular medical injection, blood transfusion,
hospital admission, open abscess. bP < 0.01. AOR: Adjusted odds ratio; ®: Reference group.

Table 4 Hepatitis B virus breakthrough infection among the studied children in different age groups
Age group (yr)

Total

<3
3711≥ 15
Total

702
705
493
875
825
3600

Sero-protection rate
Anti-HBs ≥ 10 IU/L
n (%)
95%CI
633 (90.2)
88.0-92.4
557 (79.0)
76.0-82.0
282 (57.2)
52.9-61.6
335 (38.3)
35.1-41.5
252 (30.5)
27.4-33.6
2059 (57.2)
55.6-58.8

HBV infection markers
Anti-HBc %
0 (0.0)
1 (0.14)
4 (0.81)
4 (0.46)
4 (0.48)
13 (0.36)

HBsAg %
0 (0.0)
0 (0.0)
2 (0.41)
1 (0.11)
1 (0.12)
4 (0.11)

HBV-DNA %
0 (0.0)
1 (0.14)
5 (1.00)
4 (0.46)
4 (0.48)
14 (0.39)

HBV: Hepatitis B virus; Anti-HBs: Hepatitis B surface antibodies; Anti-HBc: Hepatitis B core antibody; HBsAg:
Hepatitis B surface antigen.

Table 5 Demographic characteristics and hepatitis B virus markers of breakthrough infection among
the studied children
N
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Age (yr)
10
15.8
16.8
11
11
10
11.8
15.8
16
12
9.3
9
9.8
3.3

Gender
Boy
Girl
Girl
Girl
Girl
Boy
Girl
Girl
Boy
Boy
Girl
Girl
Girl
Boy

Residence
Urban
Urban
Urban
Rural
Urban
Urban
Rural
Rural
Rural
Rural
Urban
Urban
Urban
Urban

Governorate
Beni-Suef

Assuit
Dakahleya

Cairo

Base line HBV markers
Anti-HBs (IU/mL)

HBsAg

Anti-HBc

HBV DNA

0
37
3
0
992
404
4
3
559
0
439
210
24
15

+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+

10000
1280
866
24100
953
2850
4170
455
781
26
48
3920
2440
209

HBV: Hepatitis B virus; Anti-HBs: Hepatitis B surface antibodies; Anti-HBc: Hepatitis B core antibody; HBsAg:
Hepatitis B surface antigen.

of positive HBV infection where two mothers and one
father were positive. None of the studied children had
elevated liver enzymes or was hepatitis B e antigen
(HBeAg) positive. Follow up after one year showed that
six children only retained anti-HBc positivity, three of
them were also positive for HBsAg while the other three
children had isolated anti-HBc indicating occult HBV
infection.
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DISCUSSION
HBV vaccine is the first vaccine against a major human
[13]
cancer . The present study has the greatest sample
size to study the effectiveness of HBV vaccine among
Egyptian children (n = 3600). Subjects were relatively
homogenous: All had received the same recombinant
HBV vaccine with the same schedule during infancy. The
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[25,26]

overall sero-protection rate among the studied children
was 57.2%, which decreased significantly from 90.2%
among children < 3 years to 30.5% among children ≥
15 years. Similarly, other Egyptian studies carried out
[8,14]
on smaller sample sizes
, reported 54% and 39.7%
sero-protection rate among vaccinated children aged
6-12 years respectively. In Slovakia, 10-11 years after
primary vaccination, 48.4% children had persisting
[15]
sero-protection anti-HBs . Similar to the present
[9]
study, Afifi et al , found that the mean anti-HBs level
decreased significantly with increasing age, being
426.8, 79.2 and 32.1 IU/L at 9 mo, 6 years and 11
years post vaccination respectively. On the other hand,
in Italy higher sero-protection rate (64% of children
[16]
aged over 10 years) was reported by Zanetti et al .
Similar to our results, anti-HBs concentrations decline
more quickly during the first few years after vaccination
than they do later on which was mentioned in a
[17]
Turkish study on children aged 2 to 12-years . Using
multivariate logistic analysis, the current study showed
that age and gender were the only two risk factors for
non-seroprotection among the studied children. The risk
of non-sero-protection was significantly slightly higher
among girls than boys with odds ratio of 1.1. However,
other studies in the United States and Iran found no
[18,19]
gender difference
.
Some investigators correlate the socioeconomic
[20]
status (SES) with vaccine response . In this study,
the percentage of non sero-protection was significantly
high among very low and low SES when compared to
non sero-protection among middle SES, with odds ratio
[21]
1.5 and 1.4 respectively. Wang et al
reported that
HBV vaccination program was less effective in socioeconomically disadvantaged area and was affected
[22]
by factors associated with urbanization . However,
[16]
Zanetti et al
showed that socioeconomic factors
such as residential location, family size, fathers’ level of
education did not affect the level of protective antibody
concentrations.
In the current study, it was found that children
th
with HAP and WAP < 5 percentiles had significantly
lower non sero-protection rate compared to normal
children with odds ratio 1.3 for both. These results
[23]
are in accordance to Karimi et al . However, another
Egyptian study done on 200 children showed no
difference in sero-protection rates as regards children’s
[22]
growth and nutritional status .
The fall in the antibody titer does not necessary
indicate loss of immunity. Protection against clinically
important disease outlasts the presence of detectable
[24]
antibodies . No HBV infection was detected among
children aged < 3 years, indicating absence of perinatal
infection. However, three older children found positive
for HBsAg had a family history of positive HBV infection
(2 mothers and 1 father were positive). Transmission
from chronically infected women to their infants during
delivery is one of the most common routes of HBV
infection worldwide. The risk of perinatal infection is
5%-20% in infants born to HBsAg-positive mothers

WJH|www.wjgnet.com

and 70%-90% if the mother is HBeAg positive
.
However, it was previously shown that combined active
+
and passive immunization of newborns of HBsAg
mothers against HBV demonstrates persistent protection
up to adolescence despite a frequent waning of anti[27]
HBs antibodies . A recent meta analysis showed
that HBV vaccine alone seems to be equally effective
to a combination of HBIG and hepatitis B vaccine for
+
neonates of HBsAg /HBeAg mothers in preventing
[28]
infection . Currently, WHO recommends that all infants
receive the hepatitis B vaccine as soon as possible after
birth, preferably within 24 h. The birth dose should be
followed by 2 or 3 doses to complete the primary series.
The complete vaccination series induces protective
antibody levels in more than 95% of infants, children
and young adults. Protection lasts at least 20 years and
[29]
is possibly lifelong .
None of the studied children aged < 7 years was a
carrier for HBsAg. This was in accordance with a recent
Egyptian study which did not find HBsAg positive sera
[30]
among 180 children < 5 years . Whereas another
Egyptian study in 2003 reported higher prevalence
[31]
(0.8%) of 6-year-old children having positive HBsAg .
In Taiwan, anti-HBc was detectable among 33% of
vaccinated children aged 15 years vs 0.48% of children
of the same age in the present study, and only one
child had detectable HBsAg in both the Taiwanese and
[32]
the present study . In Italy, 3 out of 1543 vaccinated
children aged 5 years were found to be anti-HBc posi
[10]
tive .
However in long-term follow-up studies, breakthrough
infections do occur, illustrated by the sero-conversion
of anti-HBc, but few clinically significant infections are
[33,34]
diagnosed and few new carriers are reported
.
A meta-analysis revealed that the overall cumulative
incidence of HBV breakthrough infection 5-20 years
post-primary vaccination was 0.007 with a variation
[5]
among studies ranging from 0 to 0.094 . In the
present study, the highest prevalence of HBV infection
detected by DNA (0.59%) was found in the age group
≥ 7 years compared to 0.07% in the age group < 7
years and it was higher among girls (9/1857; 0.48%)
than boys (5/1743; 0.29%). Results also suggested
that monitoring the presence of HBV DNA (by using
qPCR) is a better diagnostic parameter than anti-HBc
for detecting viral infection. The effect of increasing
age on the prevalence of breakthrough infection was
[35-37]
also detected by other studies
. On the contrary as
regards to gender, infection was higher among males
[37]
[38]
than females in both Gambia and in Iran .
In the current study, five out of thirteen children
with positive anti-HBc had anti-HBs above 100 IU/L. It
was reported that immunological responses to exposure
to HBV, so-called breakthrough infections, have been
observed in successfully vaccinated individuals who
were later exposed to HBV. Such an exposure may
[39]
simply boost the titer of anti-HBs . The results also
showed that one year later, six children retained antiHBc positivity, three of them were also positive for
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the hepatitis B disease burden.

HBsAg while the other three children had isolated antiHBc indicating occult HBV infection. Similar results were
[40]
obtained by Su et al , who recommended a single
HBV booster dose of vaccine for those with isolated
anti-HBc who were fully vaccinated with HBV vaccine as
infants.
From this study it can be concluded that the Egyptian
national HBV vaccination in infancy produces adequate
protection 1 to 16 years post vaccination. Successful
implementation of universal vaccination policies in Egypt
with a good coverage rate, together with the general
improvement in infection control measures and safety
blood donation can minimize the hepatitis B disease
burden. Strict adherence to infection control measures
and safe blood transfusion are needed especially for
high-risk infants to augment the effectiveness of the
vaccine.

Terminology

Hepatitis B is a serious disease caused by a virus that attacks the liver. The
virus, which is called HBV, can cause lifelong infection, cirrhosis (scarring)
of the liver, liver cancer, liver failure, and death; Sero-protection: Following a
standard hepatitis B vaccination course, antibody to HBsAg is established in
the bloodstream, the antibody is known as antibodies to hepatitis B surface
(anti-HBs). About 90%-99% of healthy neonates, children, adolescents and
adults develop protective levels of anti-HBs; Breakthrough infection: (Positive
anti-HBc): HBV infection in previously vaccinated subjects. Vaccinated subjects
with anti-HBs antibody titers below the protective level are still susceptible to
HBV infection, especially if they are exposed to a high viral load; HBV infections
positive HBsAg: Chronic carrier state among previously vaccinated individual.

Peer-review

The manuscript is well written and is based in a large and well selected cohort
that represents the Egypt young population. The conclusions and statements
are well made in face of the obtained results. HBV vaccine is worldwide used
and other studies have demonstrated its effectiveness in other populations.
This study was focused in Egypt population and evaluated the behavior of antiHBV response build after HBV vaccination. The expected result “The Egyptian
compulsory HBV vaccination program has produced adequate protection” was
correctly placed and support by the data collect.
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TOPIC HIGHLIGHT
2015 Advances in Hepatitis B virus

Antiviral therapy for chronic hepatitis B: Combination of
nucleoside analogs and interferon
Satoru Hagiwara, Naoshi Nishida, Masatoshi Kudo

Abstract

Satoru Hagiwara, Naoshi Nishida, Masatoshi Kudo, Depart
ment of Gastroenterology and Hepatology, Kinki University
School of Medicine, Osaka-Sayama, Osaka 589-8511, Japan

The ideal goal of chronic hepatitis B (CHB) treatment
should be suppression of emergence of hepatocellular
carcinoma through the disappearance of hepatitis B
s antigen (HBsAg) rather than the control of serum
hepatitis B virus-DNA level. For this purpose, various
types of combination therapies using nucleoside analogs
(NAs) and interferon (IFN) have been conducted. The
therapeutic effects of combination of two different kinds
of agents are better than those of the monotherapy
using NAs or IFN alone, probably because different
pharmaceutical properties might act in a coordinated
manner. Recently, combination therapies with NAs and
IFN and sequential therapies with NAs administration
followed by IFN therapy have been routinely employed.
We previously reported that combination therapy using
entecavir (ETV) and pegylated (PEG)-IFN showed
antiviral effects in 71% of CHB patients; the effect of
this combination was better than that using lamivudine
(LAM) and PEG-IFN. This is partially explained by the
better antiviral effects of ETV than those of LAM. In our
analysis, the cohort of CHB consisted of the patients
who showed a flare-up of hepatitis before antiviral
therapy, and their baseline HBsAg levels were relatively
low. Therefore, in addition to the combination of the
agents, the appropriate selection of patients is critical to
achieve a good viral response.
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Core tip: For the suppression of emergence of hepato
cellular carcinoma, disappearance of hepatitis B s antigen
(HBsAg) is necessary, which is an important goal for
the treatment of chronic hepatitis B. In order to achieve
HBsAg clearance, combination therapies with nucleoside
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reported on PEG-IFNα-2a and LAM combination therapy.
In hepatitis B e antigen (HBeAg)-negative cases, 48-wk
PEG-IFNα-2a monotherapy was compared with 48-wk
PEG-IFNα-2a and LAM combination therapy, demon
strating that the combination therapy showed relatively
stronger antiviral effects, although no difference was
noted at 24 wk after the therapy in terms of viral
[15]
response (VR rates: 43% vs 44%, respectively) . In
HBeAg-positive patients, 48-wk PEG-IFNα-2b mono
therapy was also compared with 48-wk PEG-IFNα-2b
and LAM combination therapy, again demonstrating no
difference in the therapeutic effects (VR rates: 32% vs
[16]
27%, respectively) . Therefore, PEG-IFN monotherapy
is recommended as the firs-line treatment because
there was no advantage of 48-wk PEG-IFNα-2a and LAM
[17]
combination in therapeutic effects of CHB .
We have conducted another clinical trial wherein we
combined ETV that exerted a stronger antiviral effect
[18]
than LAM, with PEG-IFN for 48 wk . Seventeen CHB
patients with genotype C received ETV and PEG-IFNα-2b
combination for 48 wk, and were observed for additional
24 wk to know the virological and biochemical res
ponse. Our results showed that serum HBV-DNA levels
continued to reduce after the 48-wk administration.
At 24 wk after the administration, low viral loads were
sustained at < 4 log copies/mL in 12 cases (71%).
Of 11 HBeAg-positive cases, four (36%) and eight
(73%) showed HBeAg seroconversion at the end of
the treatment and at 24 wk after the administration,
respectively. Hepatitis B s antigen (HBsAg) disappeared
in one case. Since only a small number of patients were
analyzed in this study, the good antiviral effect of this
combination should be confirmed with a larger sample
size. However, the virological and biochemical effects
observed in this study were superior to those reported
in the previous study of HBeAg-positive CHB patients
using PEG-IFNα-2a monotherapy or combination therapy
[18]
with LAM . This is partially explained by the use of
ETV that has more potent antiviral effects than LAM.
On the other hand, our cohort of CHB consisted of the
patients who developed flare-up hepatitis before the
treatment with low baseline HBsAg levels. Therefore
background condition of hepatitis with active immune
response should be an important factor to achieve a
good antiviral effect.
A recent report showed randomized control trial of
monotherapy vs combination therapy: Comparison of the
antiviral response between HBeAg-positive patients who
received ETV alone for 24 wk vs patients treated with
[19]
PEG-IFN for 24 wk after 24-wk ETV administration .
HBeAg loss with an HBV DNA < 200 IU/mL (18% vs
32%, respectively, P = 0.032) rates were significantly
higher in the 24-wk PEG-IFN combination group, and the
relapse rate after ETV discontinuation was also lower in
the 24-wk PEG-IFN combination group than ETV-mono
therapy group. Thus, ETV and PEG-IFN combination
may provide favorable outcomes. It is also known that
tenofovir (TDF) also exerts a good antiviral effect to HBV.
Therefore, TDF and PEG-IFN combination should be
conducted in a large-scale study.

analogs (NAs) and interferon (IFN) and sequential
therapies with NAs administration followed by IFN
therapy have been routinely employed. The combination
of antiviral agents, and the appropriate selection of
patients are critical to obtain a good response for HBsAg
clearance.
Hagiwara S, Nishida N, Kudo M. Antiviral therapy for chronic
hepatitis B: Combination of nucleoside analogs and interferon.
World J Hepatol 2015; 7(23): 2427-2431 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i23/2427.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i23.2427

INTRODUCTION
Hepatitis B virus (HBV) is a DNA virus, and it is cha
racterized by reverse transcription for replication in
[1]
infected hepatocytes . Various nucleoside analogs
(NAs) have been employed as antiviral agents for
[2,3]
chronic hepatitis B (CHB) patients. Lamivudine (LAM) ,
[4,5]
[6,7]
adefovir , and entecavir (ETV)
have been used to
inhibit HBV replication by blocking DNA chain elongation.
However, resistant viruses that appear after long[8-10]
term administration of NAs
should be taken into
consideration. HBV infects liver cells and forms stable
circular double-stranded DNA [covalently closed circular
DNA (cccDNA)] using DNA polymerase in the liver cell
[11,12]
nuclei, providing a template for viral proliferation
.
NAs do not directly act on cccDNA but inhibit HBV
proliferation by blocking reverse transcription. Thus,
discontinuing the administration may well cause viral
rebound that lead to the reactivation of hepatitis. On
the other hand, interferon (IFN) induces natural killer
(NK) cell and reduces cccDNA through the elimination of
infected liver cells. However, IFN is rarely indicated for
the cirrhotic patients with deteriorated liver functions.
In addition, it actually exerts a weak inhibitory effect on
[13]
virus proliferation compared to the NAs . In general,
unlike NAs, IFN shows different therapeutic effects
depending on the HBV genotypes; patients with the
genotypes C and D are more resistant to IFN than those
with the genotypes A and B. Instead of IFN, pegylatedIFN, whose metabolism and elimination are suppressed
by linear polyethylene glycol (PEG) modification, was
[14]
developed, achieving stronger antiviral effects .
In order to utilize the synergic effects of these
agents, NAs have been combined with IFN. Combination
therapies with IFN and NAs and so-called “sequential
therapies”, which are characterized by the NAs admini
stration followed by the IFN therapy, have been routinely
employed. In this article, we focus on the recent
advancement of antiviral therapy for CHB in the context
of combination therapy using NAs and IFNs.

CONCURRENT ADMINISTRATION OF IFN
AND NAS AND THEIR COMBINATION
Several randomized large-scale trials have been
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[27]

noted . This should be further investigated in the
future.
The expression levels of activation markers in
NK cells from the peripheral blood and liver were
higher in chronic hepatitis B patients with high alanine
transaminase (ALT) levels than in those with low ALT
levels, with the degree of activation being correlated
[28]
with the severity of hepatocyte damage . As described
above, IFN exerts antiviral effects through the activation
[25,26]
of NK cells
. Hence, in patients with high ALT levels,
antiviral effects may be increased by IFN intervention
through the increased activation of NK cells. The marked
therapeutic effects of the combination therapy with
PEG-IFN and ETV can be explained by the selection of
patients with high ALT levels (157 ± 143 IU/L) before
[18]
the intervention . A high viral load has been reported
as an IFN-resistance factor. The combination with ETV
may have increased the IFN effects by reducing viruses
early. The activities of interleukin 15 and 6 and CD8 were
increased by the combination with tenofovir and PEGIFN as compared to PEG-IFN monotherapy, suggesting
[29]
that tenofovir improves the immune response to IFN .
This should be further examined in the future.
The numbers of NKT cells in chronic hepatitis B
patients were lower than those in healthy subjects.
However, the numbers of NKT cells were restored in
[30]
patients successfully treated with telbivudine . In
addition, the IFN-γ production capacity of NK cells was
[31]
improved in patients successfully treated with ETV .
Before analog treatment, sequential therapy is con
ducted to reduce viruses, followed by IFN treatment.
IFN intervention may exert effects in patients with the
numbers and functions of NKT cells restored by analog
treatment.
In both combination therapy with PEG-IFN and
analog and sequential therapy, immunocompetent
cells, mainly NKT cells, may be associated with the
therapeutic effects. From this viewpoint, therapeutic
indications and effectiveness should be examined.

SEQUENTIAL THERAPY
Administration of NAs followed by IFN therapy is known
as sequential therapy. The results of the treatment with
the 20-wk LMV administration, followed by the 4-wk
combination of LMV with IFN and subsequent 24-wk IFN
[20]
monotherapy were reported . Fourteen CHB patients
received the therapy, resulting in HBeAg seroconversion
in 45% and negative for HBV-DNA in 57%. Thus,
this sequential method could be a promising antiviral
therapy. However, the majority of the patients examined
in this trial had a HBV-genotype A. Therefore, antiviral
effect for other genotypes is still unknown.
Other trials were performed using different protocols
at many facilities. Sequential therapy was conducted
in 36 HBeAg-negative patients using 6-mo LMV mono
therapy, followed by 6-mo combination of LAM with
[21]
IFN, and additional 12-mo IFN monotherapy . At 12
mo after the therapy, biological effects and HBV-DNAnegative rates were not significantly different from those
of the age- and sex-matched IFN-alone control group.
The antiviral response reported in this study were
markedly different from those reported in the previous
[20]
report . Sequential therapy was also conducted in
24 HBeAg-positive patients using 16 to 32-wk LMV
therapy, followed by 4-wk combination with IFN-β and
[22]
additional 20-wk IFN monotherapy . Virological effects
were noted in 29% of the patients, which is also much
[20]
lower than those reported by Serfaty et al . In this
trial, the majority of the CHB patients carried genotype
C virus that was known as a resistant genotype to IFN
therapy. Therefore, these controversial results among
the studies may be explained by the difference of the
HBV genotype in addition to the differences of sex,
and ethnic groups analyzed. In this report, background
factor that associated with therapeutic effects were
also analyzed: IFN therapy is markedly effective in
young patients with low HBV-DNA levels before the
[23]
therapy . Sequential therapy with ETV and IFNα was
also reported, demonstrating no additional therapeutic
[24]
advantage as compared to those with LMV . However,
this therapy is more likely to be effective in patients who
achieved clearance of HBeAg during ETV administration.
Therefore, the effects of sequential therapy should be
enhanced through the appropriate patient selection.

CONCLUSION
The concurrent administration of IFN and NAs is intended
to enhance the effect of IFN. Baseline viral loads
are considered to be associated with IFN resistance,
while flare up of hepatitis lead to susceptibility to IFN
treatment because active immune response should
accelerate the antiviral action of IFN. Thus, IFN exerts
maximum effects in a conflicting situation with low HBVDNA level accompanied by active hepatitis. From this
point of view, IFN should be started during an initial
decreasing phase of HBV-DNA under the administration
of NAs in patients with active hepatitis. To achieve this
condition, simultaneous initiation of NAs and IFN should
be ideal. Indeed, in addition to the types of combinations
of NAs and IFN, various factors, such as ALT, HBV-DNA,
and HBsAg levels before the treatment may affect the
therapeutic effects.
Sequential therapy is aimed at enhancing thera

IMMUNE RESPONSE AND THERAPEUTIC
EFFECTS
In the early stage of HBV infection, viruses are con
trolled by natural immunity, mainly consisting of NKT
cells, and activated NKT cells activate NK, T, and B
cells to ameliorate the HBV infection and eliminate
[25,26]
infected hepatocytes
. Thus, activated NKT cells are
essential for viral clearance in acute hepatitis B. On the
other hand, attempts have been made to treat chronic
hepatitis B by activating NKT cells. In a clinical trial on
chronic hepatitis B treatment with α-GalCer, a ligand
for type 1 NKT cells, no marked antiviral effects were
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peutic effects and safety discontinuing of the NAs
administration. However, it should also induce inactive
hepatitis after a long-term administration of NAs, which
could affect the effect of IFN. On the other hand, many
studies reported the effectiveness of sequential therapy
specifically in patients with low serum HBV-DNA levels
and negative HBeAg after administration of NA. The
factors that predict the effectiveness of sequential
therapy should be investigated.
Combination therapy and sequential therapy are
based on the different treatment concepts. However,
both are basically aimed at drug-free treatment. We
should take the advantages as well as the risk of
treatment failure into reconsideration for the treatment
of CHB.

11

12

13

14

REFERENCES
1

2

3

4

5

6

7

8

9

10

15

Summers J, Mason WS. Replication of the genome of a hepatitis
B--like virus by reverse transcription of an RNA intermediate. Cell
1982; 29: 403-415 [PMID: 6180831 DOI: 10.1016/0092-8674(82)
90157-x]
Dienstag JL, Perrillo RP, Schiff ER, Bartholomew M, Vicary C,
Rubin M. A preliminary trial of lamivudine for chronic hepatitis B
infection. N Engl J Med 1995; 333: 1657-1661 [PMID: 7477217
DOI: 10.2165/00002018-200225070-00004]
Leung NW, Lai CL, Chang TT, Guan R, Lee CM, Ng KY, Lim SG,
Wu PC, Dent JC, Edmundson S, Condreay LD, Chien RN. Extended
lamivudine treatment in patients with chronic hepatitis B enhances
hepatitis B e antigen seroconversion rates: results after 3 years of
therapy. Hepatology 2001; 33: 1527-1532 [PMID: 11391543 DOI:
10.1097/00042737-200107000-00026]
Marcellin P, Chang TT, Lim SG, Tong MJ, Sievert W, Shiffman
ML, Jeffers L, Goodman Z, Wulfsohn MS, Xiong S, Fry J, Brosgart
CL. Adefovir dipivoxil for the treatment of hepatitis B e antigenpositive chronic hepatitis B. N Engl J Med 2003; 348: 808-816
[PMID: 12606735 DOI: 10.2165/00128413-200816360-00035]
Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, Chang TT, Kitis
G, Rizzetto M, Marcellin P, Lim SG, Goodman Z, Wulfsohn MS,
Xiong S, Fry J, Brosgart CL. Adefovir dipivoxil for the treatment
of hepatitis B e antigen-negative chronic hepatitis B. N Engl J Med
2003; 348: 800-807 [PMID: 12606734]
Chang TT, Gish RG, de Man R, Gadano A, Sollano J, Chao YC,
Lok AS, Han KH, Goodman Z, Zhu J, Cross A, DeHertogh D,
Wilber R, Colonno R, Apelian D. A comparison of entecavir and
lamivudine for HBeAg-positive chronic hepatitis B. N Engl J Med
2006; 354: 1001-1010 [PMID: 16525137 DOI: 10.1016/s0084-395
4(08)70154-4]
Lai CL, Shouval D, Lok AS, Chang TT, Cheinquer H, Goodman Z,
DeHertogh D, Wilber R, Zink RC, Cross A, Colonno R, Fernandes
L. Entecavir versus lamivudine for patients with HBeAg-negative
chronic hepatitis B. N Engl J Med 2006; 354: 1011-1020 [PMID:
16525138 DOI: 10.1016/s0084-3954(08)70153-2]
Lok AS, Lai CL, Leung N, Yao GB, Cui ZY, Schiff ER, Dienstag
JL, Heathcote EJ, Little NR, Griffiths DA, Gardner SD, Castiglia M.
Long-term safety of lamivudine treatment in patients with chronic
hepatitis B. Gastroenterology 2003; 125: 1714-1722 [PMID:
14724824 DOI: 10.1053/j.gastro.2003.09.033]
Yuen MF, Sablon E, Hui CK, Yuan HJ, Decraemer H, Lai CL.
Factors associated with hepatitis B virus DNA breakthrough in
patients receiving prolonged lamivudine therapy. Hepatology 2001;
34: 785-791 [PMID: 11584376 DOI: 10.1053/jhep.2001.27563]
Yuen MF, Seto WK, Chow DH, Tsui K, Wong DK, Ngai VW,
Wong BC, Fung J, Yuen JC, Lai CL. Long-term lamivudine therapy
reduces the risk of long-term complications of chronic hepatitis B
infection even in patients without advanced disease. Antivir Ther
2007; 12: 1295-1303 [PMID: 18240869]

WJH|www.wjgnet.com

16

17

18

19

20

21

22

23

2430

Arase Y, Tsubota A, Saitoh S, Suzuki Y, Kobayashi M, Suzuki
F, Someya T, Akuta N, Ikeda K, Kobayashi M, Kumada H.
Randomized, controlled trial of natural interferon-alpha therapy for
e-antigen-positive chronic hepatitis B patients. Hepatol Res 2002;
23: 98-104 [PMID: 12048063 DOI: 10.1016/s1386-6346(01)00169
-3]
Newbold JE, Xin H, Tencza M, Sherman G, Dean J, Bowden S,
Locarnini S. The covalently closed duplex form of the hepadnavirus
genome exists in situ as a heterogeneous population of viral
minichromosomes. J Virol 1995; 69: 3350-3357 [PMID: 7745682]
Wu TT, Coates L, Aldrich CE, Summers J, Mason WS. In
hepatocytes infected with duck hepatitis B virus, the template for
viral RNA synthesis is amplified by an intracellular pathway. Virology
1990; 175: 255-261 [PMID: 2155510 DOI: 10.1016/0042-6822(90)9
0206-7]
Cooksley WG, Piratvisuth T, Lee SD, Mahachai V, Chao YC,
Tanwandee T, Chutaputti A, Chang WY, Zahm FE, Pluck N.
Peginterferon alpha-2a (40 kDa): an advance in the treatment of
hepatitis B e antigen-positive chronic hepatitis B. J Viral Hepat
2003; 10: 298-305 [PMID: 12823597 DOI: 10.1046/j.1365-2893.2
003.00450.x]
Marcellin P, Lau GK, Bonino F, Farci P, Hadziyannis S, Jin R, Lu
ZM, Piratvisuth T, Germanidis G, Yurdaydin C, Diago M, Gurel S,
Lai MY, Button P, Pluck N. Peginterferon alfa-2a alone, lamivudine
alone, and the two in combination in patients with HBeAg-negative
chronic hepatitis B. N Engl J Med 2004; 351: 1206-1217 [PMID:
15371578]
Janssen HL, van Zonneveld M, Senturk H, Zeuzem S, Akarca US,
Cakaloglu Y, Simon C, So TM, Gerken G, de Man RA, Niesters
HG, Zondervan P, Hansen B, Schalm SW. Pegylated interferon alfa2b alone or in combination with lamivudine for HBeAg-positive
chronic hepatitis B: a randomised trial. Lancet 2005; 365: 123-129
[PMID: 15639293 DOI: 10.1016/s0739-5930(08)70445-8]
Lau GK, Piratvisuth T, Luo KX, Marcellin P, Thongsawat S,
Cooksley G, Gane E, Fried MW, Chow WC, Paik SW, Chang
WY, Berg T, Flisiak R, McCloud P, Pluck N. Peginterferon Alfa2a, lamivudine, and the combination for HBeAg-positive chronic
hepatitis B. N Engl J Med 2005; 352: 2682-2695 [PMID: 15987917
DOI: 10.1016/s0084-3954(08)70087-3]
Hagiwara S, Kudo M, Osaki Y, Matsuo H, Inuzuka T, Matsumoto
A, Tanaka E, Sakurai T, Ueshima K, Inoue T, Yada N, Nishida N.
Impact of peginterferon alpha-2b and entecavir hydrate combination
therapy on persistent viral suppression in patients with chronic
hepatitis B. J Med Virol 2013; 85: 987-995 [PMID: 23588724 DOI:
10.1002/jmv.23564]
Brouwer WP, Xie Q, Sonneveld MJ, Zhang N, Zhang Q, Tabak
F, Streinu-Cercel A, Wang JY, Idilman R, Reesink HW, Diculescu
M, Simon K, Voiculescu M, Akdogan M, Mazur W, Reijnders JG,
Verhey E, Hansen BE, Janssen HL. Adding pegylated interferon to
entecavir for hepatitis B e antigen-positive chronic hepatitis B: A
multicenter randomized trial (ARES study). Hepatology 2015; 61:
1512-1522 [PMID: 25348661 DOI: 10.1002/hep.27586]
Serfaty L, Thabut D, Zoulim F, Andreani T, Chazouillères O,
Carbonell N, Loria A, Poupon R. Sequential treatment with
lamivudine and interferon monotherapies in patients with chronic
hepatitis B not responding to interferon alone: results of a pilot
study. Hepatology 2001; 34: 573-577 [PMID: 11526544 DOI:
10.1053/jhep.2001.26819]
Manesis EK, Papatheodoridis GV, Hadziyannis SJ. A partially
overlapping treatment course with lamivudine and interferon
in hepatitis B e antigen-negative chronic hepatitis B. Aliment
Pharmacol Ther 2006; 23: 99-106 [PMID: 16393286 DOI: 10.1111/
j.1365-2036.2006.02731.x]
Enomoto M, Tamori A, Kohmoto MT, Hayashi T, Jomura H, Habu
D, Sakaguchi H, Takeda T, Kawada N, Seki S, Shiomi S, Koh N,
Nishiguchi S. Lamivudine and IFN-beta sequential therapy in HBe
antigen-positive patients with chronic hepatitis B virus genotype
C infection. J Interferon Cytokine Res 2007; 27: 201-207 [PMID:
17348818 DOI: 10.1089/jir.2006.0140]
Enomoto M, Nishiguchi S, Tamori A, Kozuka R, Hayashi T,
Kohmoto MT, Jomura H, Morikawa H, Murakami Y, Shiomi

October 18, 2015|Volume 7|Issue 23|

Hagiwara S et al . Antiviral combination therapy for HBV

24

25
26
27

S, Kawada N. Long-Term Outcome of Sequential Therapy with
Lamivudine Followed by Interferon-β in Nucleoside-Naive, Hepatitis
B e-Antigen-Positive Patients with Chronic Hepatitis B Virus
Genotype C Infection. J Interferon Cytokine Res 2015; 35: 613-620
[PMID: 25884105 DOI: 10.1089/jir.2014.0234]
Enomoto M, Nishiguchi S, Tamori A, Kobayashi S, Sakaguchi
H, Shiomi S, Kim SR, Enomoto H, Saito M, Imanishi H, Kawada
N. Entecavir and interferon-α sequential therapy in Japanese
patients with hepatitis B e antigen-positive chronic hepatitis B. J
Gastroenterol 2013; 48: 397-404 [PMID: 22850869 DOI: 10.1007/
s00535-012-0645-5]
Bertoletti A, Ferrari C. Kinetics of the immune response during
HBV and HCV infection. Hepatology 2003; 38: 4-13 [PMID:
12829979 DOI: 10.1053/jhep.2003.50310]
Rehermann B, Nascimbeni M. Immunology of hepatitis B virus
and hepatitis C virus infection. Nat Rev Immunol 2005; 5: 215-229
[PMID: 15738952 DOI: 10.1038/nri1573]
Woltman AM, Ter Borg MJ, Binda RS, Sprengers D, von
Blomberg BM, Scheper RJ, Hayashi K, Nishi N, Boonstra A, van
der Molen R, Janssen HL. Alpha-galactosylceramide in chronic
hepatitis B infection: results from a randomized placebo-controlled

28

29

30

31

Phase I/II trial. Antivir Ther 2009; 14: 809-818 [PMID: 19812443
DOI: 10.3851/1295]
Zhang Z, Zhang S, Zou Z, Shi J, Zhao J, Fan R, Qin E, Li B, Li
Z, Xu X, Fu J, Zhang J, Gao B, Tian Z, Wang FS. Hypercytolytic
activity of hepatic natural killer cells correlates with liver injury in
chronic hepatitis B patients. Hepatology 2011; 53: 73-85 [PMID:
21254163 DOI: 10.1002/hep.23977]
Tan AT, Hoang LT, Chin D, Rasmussen E, Lopatin U, Hart S,
Bitter H, Chu T, Gruenbaum L, Ravindran P, Zhong H, Gane E,
Lim SG, Chow WC, Chen PJ, Petric R, Bertoletti A, Hibberd ML.
Reduction of HBV replication prolongs the early immunological
response to IFNα therapy. J Hepatol 2014; 60: 54-61 [PMID:
23994382 DOI: 10.1016/j.jhep.2013.08.020]
Jiang X, Zhang M, Lai Q, Huang X, Li Y, Sun J, Abbott WG, Ma S,
Hou J. Restored circulating invariant NKT cells are associated with
viral control in patients with chronic hepatitis B. PLoS One 2011; 6:
e28871 [PMID: 22194934 DOI: 10.1371/journal.pone.0028871]
Tjwa ET, van Oord GW, Hegmans JP, Janssen HL, Woltman AM.
Viral load reduction improves activation and function of natural
killer cells in patients with chronic hepatitis B. J Hepatol 2011; 54:
209-218 [PMID: 21095036 DOI: 10.1016/j.jhep.2010.07.009]
P- Reviewer: Gehring AJ, Ohkoshi S, Parvez MK, Pandey VN
S- Editor: Yu J L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

2431

October 18, 2015|Volume 7|Issue 23|

World J Hepatol 2015 October 18; 7(23): 2432-2448
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i23.2432

TOPIC HIGHLIGHT
2015 Advances in Liver Transplantation

Transoesophageal echocardiography during liver
transplantation
Lesley De Pietri, Federico Mocchegiani, Chiara Leuzzi, Roberto Montalti, Marco Vivarelli, Vanni Agnoletti
Lesley De Pietri, Division of Anaesthesiology and Intensive Care
Unit, Azienda Ospedaliero-Universitaria di Modena-Policlinico,
41100 Modena, Italy

First decision: June 2, 2015
Revised: June 22, 2015
Accepted: September 2, 2015
Article in press: September 9, 2015
Published online: October 18, 2015

Federico Mocchegiani, Roberto Montalti, Marco Vivarelli,
Transplantation Unit, Polytechnic University of Marche, 60126
Ancona, Italy
Chiara Leuzzi, Unit of Interventional Cardiology, Arcispedale
Santa Maria Nuova, IRCCS, 42100 Reggio Emilia, Italy

Abstract
Liver transplantation (LT) has become the standard
of care for patients with end stage liver disease. The
allocation of organs, which prioritizes the sickest
patients, has made the management of liver trans
plant candidates more complex both as regards their
comorbidities and their higher risk of perioperative
complications. Patients undergoing LT frequently display
considerable physiological changes during the pro
cedures as a result of both the disease process and the
surgery. Transoesophageal echocardiography (TEE),
which visualizes dynamic cardiac function and overall
contractility, has become essential for perioperative
LT management and can optimize the anaesthetic
management of these highly complex patients. More
over, TEE can provide useful information on volume
status and the adequacy of therapeutic interventions
and can diagnose early intraoperative complications,
such as the embolization of large vessels or development
of pulmonary hypertension. In this review, directed at
clinicians who manage TEE during LT, we show why
the procedure merits a place in challenging anaesthetic
environment and how it can provide essential information
in the perioperative management of compromised
patients undergoing this very complex surgical procedure.
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associated with their advanced age and the presence
of several comorbidities that increase the potential
for cardiovascular complications, particularly during
the haemodynamic stresses that characterize the
perioperative period. The preoperative cardiac evaluation
usually includes a trans thoracic echocardiography
which is essential to assess cardiac function and to look
for the effects on the heart of the two main pulmonary
syndromes caused by the end-stage liver disease:
Hepatopulmonary syndrome and portopulmonary hyper
tension (POPH).
Echocardiography with agitated saline contrast is
commonly used to detect intrapulmonary arteriovenous
shunts, which are common in patients with ESLD.
Microbubbles that appear late (after a time delay of 4
to 8 cardiac cycles) in the left side of the heart after
agitated saline injection into the venous system are
consistent with the diagnosis of hepatopulmonary
syndrome. Immediate or early shunting (1-2 cardiac
cycles) is more consistent with an atrial septal defect or
[6]
patent foramen ovale .
If diagnostic questions remain after a transthoracic
study, a TEE can provide increased sensitivity and can
directly visualize bubbles entering the left atrium from
the pulmonary veins rather than crossing the interatrial
[7]
septum . TEE is believed to be the test of choice for
the diagnosis of patent foramen ovale or interatrial
[8]
shunts .
For a preoperative patent foramen ovale (PFO)
diagnosis, it is important to assess the severity of the
problem and decide whether preoperative correction
is needed to avoid significant amounts of venous air
entering the systemic circulation at the time of reper
fusion.

Core tip: The allocation of organs to the sickest liver
transplant candidates has made their management
more complex and anaesthesia for perioperative liver
transplantation (LT) more challenging. Transoesophageal
echocardiography, which can visualize dynamic cardiac
function and overall contractility and provide real-time
feedback on the adequacy of therapeutic interventions,
has gained an irreplaceable role in the perioperative
management of LT. We believe that echocardiography
can play a key role in the care of and decision making
for compromised liver transplant candidates undergoing
this complex surgical procedure.
De Pietri L, Mocchegiani F, Leuzzi C, Montalti R, Vivarelli
M, Agnoletti V. Transoesophageal echocardiography during
liver transplantation. World J Hepatol 2015; 7(23): 2432-2448
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i23/2432.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i23.2432

INTRODUCTION
Liver transplantation (LT) is a life-saving procedure for
patients with end-stage liver disease not responsive
to other medical treatment. Unfortunately, many trans
plant candidates will die on the waiting list because of
[1]
the marked shortage of donor organs . In an effort to
reduce waiting list mortality, organ allocation is based
on the Model of End-Stage Liver Disease (MELD). This
score prioritizes allocation to the sickest patients, and
for this reason, patients undergoing LT today have
more severe end stage liver disease (ESLD), are older
(> 60 years), and are more complex regard both their
comorbidity burden and their risk for perioperative com
[2]
plications . The patient’s first examination will confirm
his status as a LT candidate, and intraoperative trans
oesophageal echocardiography (TEE) will help optimize
the anaesthetic management of these highly complex
patients.
Patients with cirrhosis requiring LT have an increased
cardiac output and a decreased peripheral vascular
resistance and arterial pressure but a compromised
ventricular response to stressors, such as haemorrhage,
vasoactive drugs, vascular clamping, volume overload,
and reperfusion. This condition is defined as cirrhotic
[3,4]
cardiomyopathy
and is associated with increased left
ventricular wall thickness and cardiac chamber enlar
gement. Assessing the optimal volaemia and excluding
left or right ventricular dysfunction in the perioperative
course of LT is a challenge for the anaesthesiologist.
TEE, by providing a rapid visualization of dynamic
cardiac function, volume status, overall contractility,
regional wall motion, embolization of large vessels, and
[5]
pericardial effusion, can provide irreplaceable help .

PFO

PFO, usually a benign and silent lesion (present in
approximately 25% of adults in the general population),
can cause hypoxemia and paradoxical embolic pheno
mena under circumstances when right atrial pressure
[9]
exceeds left atrial pressure . These circumstances may
occur perioperatively as a result of mechanical ventilation,
changes in intra-abdominal pressure, hypotension,
and/or severe reperfusion syndromes. Numerous
case reports implicate PFO as a cause of perioperative
[10]
hypoxemia and systemic thromboembolism in LT . Air
from the right atrium can embolize the coronary arteries,
particularly the right coronary artery, resulting in acute
myocardial ischaemia, ventricular fibrillation, and severe
right ventricular hypokinesis. Even in the absence of
systematic study, screening for PFO before surgery has
been suggested for high-risk patients to reduce the risk
[10,11]
of paradoxical embolization
.
Other authors, in contrast, state that LT can be
performed safely in patients with a PFO and other types
of intra-cardiac shunts because the overall incidence
of this complication appears to be quite low (isolated
[12]
case reports) . They argue that although TEE offers
the best sensitivity and specificity for PFO diagnosis, it
is semi-invasive and expensive and that most patients

Preoperative TEE assessment in
liver transplant candidates
Liver transplant candidates usually have cardiac changes
WJH|www.wjgnet.com
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with portal hypertension and oesophageal varices are
at higher risk of oesophageal bleeding provoked by
the TEE probe. Therefore, these authors argue that
a TEE should be reserved for LT patients with specific
[13]
indications . Although a PFO is not a contraindication
to LT, extra care should be taken to prevent thrombus
formation and air entry into the venous system during
surgery. Further studies are needed to determine
impact of a PFO on LT morbidity and the potential role,
if any, for percutaneous PFO closure in liver transplant
candidates.

be answered first with TTE or any other noninvasive
technique, then TEE should not be contraindicated by
the presence of oesophageal varices”.
Physicians who perform TEE need to make individual
decisions on the risk/benefit ratio of performing TEE
in patients with known or suspected varices. Burger[14]
Klepp et al agreed, suggesting that TEE is a relatively
safe method for monitoring cardiac performance of LT
patients with a moderate MELD score and documented
gastro-oesophageal varices but a low risk of major
[23]
haemorrhagic complications. Markin et al , based
on their retrospective study, state that intraoperative
TEE is a relatively safe method for monitoring cardiac
performance in liver transplant patients, with a major
complication rate of 0.86%. Although not without
risk, TEE provided valuable information that would not
otherwise be detected, such as pulmonary thromboem
bolism occurring at the time of graft reperfusion, uniden
tified PFO and the presence of ventricular dysfunction
[23]
after graft reperfusion .

Contraindication to TEE

The value of a TEE must of course be balanced against
the risk of performing the procedure. The insertion and
manipulation of a transoesophageal echocardiographic
probe may, even if infrequently, cause arrhythmias,
respiratory distress, hemodynamic effects, provoke
dental injuries, pharyngeal and/or laryngeal, esophageal
and/or gastric trauma, and of course bleeding, that can
be more severe and dangerous in cirrhotic patients with
gastric varices or coagulopathy. Gastro-oesophageal
varices are very common in patients listed for LT,
and their presence is indicated by worse laboratory
parameters and MELD scores. Varices are present
[14,15]
in 73% of patients with ESLD awaiting LT
, and
5% will develop new varices; moreover, up to 28%
of patients will have oesophageal varices in the three
[16]
years following a diagnosis of cirrhosis . Preoperative
endoscopy to evaluate the grade of the varices, oroph
aryngeal examination, limited probe manipulation and
exam performance by an experienced operator is,
[17,18]
recommended for patients with ESLD prior to TEE
.
Patients with oesophageal stricture, cancer, diver
ticulum, and recent oesophageal surgery are generally
considered to have near absolute contraindications for
TEE.
Gastro-oesophageal varices are considered a relative
contraindication to TEE, and the transgastric view is
sometimes avoided to prevent damaging gastro-oeso
[19]
phageal varices in the distal oesophagus ; however,
concerns over damage to these varices have been shown
[20]
to be largely unfounded . On the other hand, the right
message should be that TEE is not completely safe in
patients with oesophageal varices because their presence
still remains a relative contraindication for TEE.
There is a paucity of data related to the manipulation
of the TEE probe in patients with gastro-oesophageal
varices, but a recent retrospective analysis by Spier et
[17]
al specifically analysed this cohort and found no major
bleeding complications, even in higher-risk patients.
No bleeding episodes were reported in a small study
of 23 patients with oesophageal varices undergoing
[21]
intraoperative TEE during LT .
[22]
An editorial by Spencer
accompanying Spier’s
study provides some recommendations to aid decisionmaking regarding the use of TEE in patients with gastrooesophageal varices and concludes by saying that “if a
patient has an important indication for TEE, which cannot

WJH|www.wjgnet.com

Intraoperative TEE ASSESSMENT in
liver transplant PATIENTS
Intraoperative TEE use during LT has been increasing
because of its unique ability to rapidly visualize the
dimensions and function of the heart chambers; to detect
intra-cardiac air or thrombus, myocardial ischaemia, or
[24]
pulmonary thromboembolism ; and for its invaluable
[25]
role in intraoperative haemodynamic management . It
is an invasive medical procedure that is focused on intra
operative monitoring rather than specific diagnosis. It
carries rare but potentially life threatening complications
and therefore must be performed by only qualified
physicians.

Training and certification

Although TEE is reported to be routine in 40%-72% of
[13,26]
high-volume liver transplant centres
, formal TEE
certification is the exception. A thorough understanding
of anatomy, physiology, and the surgical procedure is
critical to its proper use. The intraoperative use of TEE is
limited by the need for advanced training and the lack of
credentialed anaesthesiologists. Most anaesthesiologists
learn to use TEE in LT in an informal manner after com
[26]
pleting training . A significantly smaller proportion
of anaesthesiologists who work in low volume liver
transplant centres do not use perioperative TEE because
they are unfamiliar with the procedure and the data it
[27]
provides . The American Society of Anesthesiology, in
cooperation with the National Board of Echocardiography
(NBE), defined the components of basic perioperative
TEE training as including independent clinical experience,
supervision, and continuing education requirements.
The NBE’s Basic perioperative TEE training pathways
require an extensive training, at least 150 basic intrao
perative procedures, and a written exam to obtain
[28,29]
certification
.
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from the anhepatic to the reperfusion phases of LT, and
rapid fluid assessments and adjustments are needed
to optimize the outcome. TEE analysis based on the
close approximation of the papillary muscles in the
transgastric mid papillary view (TG Mid SAX) allows for a
rapid qualitative assessment of ventricular filling so that
fluids can be adjusted for the desired preload.
Cirrhotic patients have an increased risk for right
ventricular failure, so aggressive fluid repletion or blood
transfusion or the increased blood flow to the right
heart at reperfusion can cause volume overload and
precipitate pulmonary oedema due to occult cardiac
[3]
disease . In these circumstances, TEE allows the right
heart chambers to be visualized, allowing for a real-time
diagnosis of right ventricle failure (due to pulmonary
embolism or overload), pulmonary hypertension, or
even a reduced preload. Right and left ventricular
dysfunction can be exacerbated during the transplant
by the clamping and unclamping of major vessels, such
as the inferior vena cava or portal vein, and the sudden
fluid shifts associated with such manoeuvres can be
assessed during surgery by TEE.
TEE can be useful not only in assessing the patient’s
volume status and intraoperative fluid management but
also when evaluating any left ventricular hypertrophy
or hyperdynamic systolic function typical of ESLD,
which may result in haemodynamically significant left
ventricular outflow tract obstruction (LVOTO) during
LT. TEE makes the diagnosis of an haemodynamically
significant LVOTO possible intraoperatively together
with the recognition and management of refractory
hypotension through inotropic agents and careful
[34]
volume administration .
Monitoring cardiac output (CO) during LT is parti
cularly important because it is considered, despite its
limitations, one of the main determinants of oxygen
transport and wrongly considered to be a surrogate
for left ventricular function. TEE seems to be a valid
alternative to standard methods for measuring CO,
providing both a numerical value for CO and separate
qualitative determinations of right and left ventricular
function and ejection fraction.
Because a normal CO value does not always imply
an adequate peripheral perfusion, it may be more
useful to monitor CO variations over time, especially
under conditions of haemodynamic instability or after
therapeutic interventions rather than considering a single
numerical value.

ME Asc Aortic LAX

H

ME RV inflow-outflow

ME bicaval

K

Desc Aortic LAX

Figure 1 List of the 11 views suggested by the American Society of Echo
cardiography and Society of Cardiovascular Anesthesiologists guidelines
on basic perioperative transoesophageal echocardiography. Modified from
Reeves et al[28]. ME: Mid esophageal; LAX: Long axis view.

The American Society of Echocardiography (ASE)
and the Society of Cardiovascular Anesthesiologists
(SCA) state that because of the risks, technical
complexity, and potential impact of TEE on perioperative
management, the basic TEE echocardiographer must be
[28]
a licensed physician .
Although a basic perioperative TEE echocardio
grapher should be familiar with the 20 classical views
necessary to obtain a comprehensive intraoperative
[30]
transoesophageal echocardiogram , recent ASE and
SCA guidelines state that it is more realistic to expect
an anaesthesiologist to be familiar with the 11 most
relevant TEE views (Figure 1), which can provide
him with the necessary information for an aetiologic
[28]
diagnosis of haemodynamic instability during surgery .
The basic perioperative TEE examination should be
performed using three primary positions of the probe
within the gastrointestinal tract: The mid-oesophageal
level, the transgastric level, and the upper oesophageal
level.

TEE assessment of haemodynamic alterations during LT

The haemodynamic instability typical of LT can result
from heart failure, real hypovolaemia, or reduced
[31]
peripheral vascular resistance .
Hemodynamic instability and rapid changes in
volume status, mainly due to acute blood loss or vascular
clamping, are the most serious complications and
challenges that the anaesthetist has to manage during
LT.
TEE allows the intraoperative causes of hypotension
to be identified and can help optimize volaemia and avoid
impaired organ perfusion and ischaemia. Identifying
the cause of hypotension is the key to treatment. It is
the inability of the cirrhotic patient to respond to cardiac
stress together with their hypovolaemia and the massive
fluid shifts that accompany clamping of the inferior vena
cava and subsequent reperfusion of the liver graft that
[32,33]
make intraoperative fluid management so difficult
.
Unique haemodynamic changes occur in the transition

WJH|www.wjgnet.com

Comparison of cardiac output measurements by TEE or
pulmonary artery catheter

The thermodilution method is the most common techni
que used at the bedside to monitor CO during LT; this
method uses a pulmonary artery catheter (PAC), which
is considered a gold standard due to its extensive past
[35]
use . PAC measurements are based on changes in
the temperature of the blood surrounding the catheter,
but the large core body temperature shifts that are
frequently witnessed before and after revascularization
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of the new graft can affect the reliability of both con
[36,37]
tinuous and bolus determination of CO with PAC
.
Massive peripheral or central venous infusion of fluids
or unheated blood from a veno-venous by-pass (VVB)
may affect the accuracy of thermodilution by increasing
thermal noise and lead to erroneous measures of
[38]
CO as well . Using right-heart catheterization for
volumetric left ventricular preload assessment highlights
some limitations. Right ventricular function differs
considerably from left ventricular one. The major deter
minant of left ventricular function is myocardial wall
tension, whereas for the right it is ventricular afterload.
Therefore, the relationship between right ventricular
preload assessment and cardiac output readings may
[39]
be weak . Another underlined PAC limitation comes
from a possible delayed reactivity to rapid changes in
cardiac output and intravascular volume detection. CO
monitored continuously by the thermodilution technique
yields values averaged over a period of time (3-6 min
[36]
or longer) , so changes in the left ventricular stroke
volume (SV) or CO cannot be assessed with a high time
[36]
resolution . TEE cardiac output monitoring instead
seems to detect changes in output during LT, as can
occur during acute haemodynamic changes, more rapidly
[40]
than thermodilution . Other authors argue instead that
a sudden change in filling pressures or SvO2, as indirect
indicator of cardiac output, is an extremely valuable
information provided by PAC, that allows the proper
detection and identification of certain intraoperative
[41]
events that TEE cannot detect . TEE application does
not guarantee a continuous monitoring and it’s not
good at trending information (especially preload): No
quantitative online evaluation of right ventricular function
is available, and only sporadic right ventricular ejection
[42]
fraction values can be obtained . On the other hand
TEE, unlike PAC, is not affected by blood temperature
changes and provides a calculated numerical value for
left ventricular volume and cardiac output (e.g., by
Simpson’s rule) as well as a qualitative determination of
right and left ventricular filling and ejection fraction.
In experienced hands, the correlation between
echocardiographic and thermodilution measurements
[43,44]
of cardiac output is generally acceptable
even if
there is no general agreement on this subject. Other
authors have declared that CO measurements by
TEE are not interchangeable with PAC thermodilution
because of limited agreement and a large percentage
[45]
of errors . Unlike PAC, TEE provides volumetric rather
than pressure data, which can be misleading in the
setting of pulmonary hypertension, valvular dysfunction
or ventricular failure. The unique shape and function of
the right ventricle may delay changes in PAC readings
until the right ventricle is significantly dilated as central
venous pressure readings do not necessarily correlate
[21]
with right ventricular preload or ejection .
Despite PAC limits, transoesophageal echocar
diography for monitoring left ventricular preload has
some limitations which should be emphasized as well.
Determination of the left ventricular end diastolic area
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(LVEDA) index provides a measure of left ventricular
filling that has been shown to correlate with changes in
[46]
SV during volume therapy only if, the compliance and
[47]
contractility of the left ventricle remain unchanged .
Quantitative assessment of LVEDA may be altered by
dislocation of the probe from the midpapillary level as
[47]
well . The technical complexity of TEE performance
can be increased by the difficulty in obtaining shortaxis visualization of the left ventricle which is limited
due to the common posterior retraction of the stomach
[48]
during LT . The apparent reduced invasiveness of
TEE compared to PAC, is however offset by a greater
complexity of the technique. TEE users should be
qualified in displaying standardized cross-sections, and
skilled to interpret findings in order to avoid potential
[49]
serious misinterpretation of the images . Beside this
technical difficulty this method is either not practicable in
a perioperative setting or cannot be routinely performed
for logistic and economic reasons.
In summary PAC allows for the nearly continuous
measurement of CO, right ventricle ejection fraction, and
right ventricle end diastolic volume showing some great
advantages like its continuous nature and the relative
lack of user input. TEE, besides aiding in the estimation
of preload, is very valuable in the overall assessment of
cardiac function, detection of air embolism or intracardiac
clot formation, diagnosis of hepatopulmonary syndrome,
[50]
and management of pulmonary hypertension . Both
methods have several limitations which make the actual
available literature inconclusive about how to best
monitor the hemodynamics during LT and whether a
single monitoring device is absolutely superior to the
others in terms of accuracy, validity and reproducibility
of data. Nowadays a complete, accurate, non-invasive
device, suitable for instantaneously detecting hemody
namic alterations typical of LT is still unavailable, and
the integration of various data from different monitoring
systems probably remains the only way to properly
manage haemodynamic instability.

How to measure CO with TEE

In the clinical setting, SV is an important parameter of
cardiac performance. Assessment of CO is an important
measure of responses to medical and surgical therapies,
such as administration of inotropic agents to treat right
[51]
and left heart failure . SV and CO are most reliably
and easily measured at the left ventricular outflow tract
(LVOT) or at the level of the aortic valve. SV and CO
can also be measured at the level of the mitral valve or
the pulmonary artery, but this is less commonly done
because, unlike the mitral or pulmonary valves, the
cross sectional area of the LVOT and ascending aorta
(because they are circular structures) change very little
throughout the cardiac cycle.
SV and CO measurement at LVOT: The TEE-derived
CO can be calculated as the product of SV and heart
rate, where left ventricular SV is calculated by multiplying
the time-velocity integral at the left ventricular outflow
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Stroke volume measured at LVOT level is simplified
by the following equations:

ME AV LAX

LA

SV = VTI × CSALVOT
CSA: Cross-sectional area; VTI: Velocity-time
integral.
The CSA (LVOT) is calculated from the LVOT
diameter as follows:

RV
LV

CSALVOT = 0.785 × diameter

2

The CSA of the LVOT is usually obtained from the
mid-oesophageal long axis (ME LAX) view at 110°-140°
(Figure 2). Errors in diameter measurements are
quadrupled because the formula requires squaring the
diameter. Therefore, very small errors in measurement
make a dramatic difference to the calculation.
The diameter should be measured multiple (usually
three) times at mid-systole in the mid oesophageal
aortic valve long axis (ME AV LAX) view, using the inner
edge to inner edge technique, and then averaged. This
measurement assumes that the annular size does not
vary much throughout the cardiac cycle, so the timing
of this measurement is not crucial.
VTI measured at the level of the LVOT using
pulse wave Doppler requires the sample volume to
be positioned in the LVOT just proximal to the aortic
valve. Because the blood flow is nearly parallel to the
ultrasound beam, the best transoesophageal views for
this measurement are the transgastric long axis (TG
LAX) and the deep transgastric long axis (deep TG LAX)
views with PW Doppler sample volume placed in the
[45,52]
LVOT (Figure 3)
.
When aortic stenosis is present, the CW Doppler
signal shows a characteristic flow image with two
[53]
densities . The most intense part of the time velocity
integral is the SV, whereas the outer contour shows
the speed of the peak that allows the pressure gradient
at the level of aortic valve to be calculated using the
modified Bernoulli equation. This technique cannot be
used when there is a significant aortic regurgitation.

Figure 2 Transoesophageal echocardiography view (mid esophageal long
axis view) used to measure left ventricular outflow tract diameter usually
best imaged at a multiplane angle of 110°-140°. AV: Aortic valve; LA: Left
atrium; LV: Left ventricle; RV: Right ventricle; ME AV LAX: Mid esophageal aortic
valve long axis view. Modified by Møller-Sørensen et al[45].
Deep TG LAX

LV

AV

LA

aA

Figure 3 Transoesophageal echocardiography view (deep transgastric
long axis view), used to measure velocity time integral. AV: Aortic valve; LA:
Left atrium; LV: Left ventricle; aA: Ascending aorta; TG LAX: Transgastric long
axis view. Modified by Møller-Sørensen et al[45].

SV and CO measurement at aortic valve: If
measuring at the level of the aortic valve, the CSA of
the valve can be measured using planimetry of a short
axis view of the aortic valve in mid systole (Figure 4).
VTI is measured using continuous wave Doppler with
the Doppler beam directed through the valve orifice;
the TG LAX view or the deep TG LAX view are the most
helpful views for this purpose.
The stroke volume measured at aortic valve is
simplified by the following equation:

Figure 4 Transesophageal measurement of aortic valve planimetry from
mid esophageal aortic valve SAX, usually best imaged at a multiplane angle
of 40°-60°.

tract by the LVOT area. It is important to remember
that area and flow measurements must be made at the
same anatomical site. This calculation assumes that flow
is laminar (i.e., not turbulent) and that the conduit being
measured is an unchanging circular orifice such that it
2
has the area of πr .
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SV = VTI × aortic valve area
It is important to remember that if significant aortic
stenosis is present, flow distal to the valve is not laminar
and SV measurements will therefore be inaccurate.
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LVD

LVD

L

Figure 5 Transesophageal measurements of left ventricular length and minor left ventricular diameter from the ME 2C, usually best imaged at a multiplane
angle of approximately 60°-90° and from the trans-gastric two-chamber view of the left ventricle, usually best imaged at an angle of approximately
90°-110°. L: Length; LVD: Left ventricular diameter.

Volume status assessment and volume therapy

of the ventricle at the junction of the basal and middle
thirds of the long-axis (Figure 5).
Reference ranges for un-indexed LVEDD are 3.9 to
[56]
5.3 cm in women and 4.2 to 5.9 cm in men .

Volume status assessments are a challenge in peri
operative haemodynamic management of LT and the
most common haemodynamic changes are secondary to
changes in volume status and cardiac function.
The filling pressures (i.e., central venous pressure
and pulmonary artery occlusion pressure), as indirect
indicators of filling volumes, have been the “standard”
methods for decades but, following significant criticism,
[5,54]
volumetric measurements are now preferred
. The
most commonly used parameters for left ventricular
preload assessment are the left ventricular end-diastolic
diameter (LVEDD) and the LVEDA, both obtained in
[28]
the TG Mid SAX view . It is important to remember
that retractor placement during LT may, unfortunately,
obstruct the transgastric view required to obtain these
[20,55]
parameters
. Additionally, some authors recommend
avoiding this view so as not to disrupt gastro-oeso
[19]
phageal varices in the distal oesophagus .

LVEDA: Compared with baseline imaging, measure
ments of LVEDA can be used as an indirect measurement
[57]
of LV preload and can be used to monitor the response
[58]
to fluid therapy .
Variations of LVEDA, measured by definition at
end-diastole at the mid-papillary muscle level, closely
reflect changes in left ventricular end diastolic volume
[59]
(LVEDV) . The LVEDA index provides a measure of
LV filling, which correlates with changes in the stroke
[60]
volume index during volume replacement .
LVEDA can be calculated most easily in the TG Mid
SAX view. The endocardium should be traced at the
mid-papillary muscle level in end-diastole where the
[61]
LV area is maximal (Figure 6) . By convention, the
papillary muscles are excluded from the tracing. Once
traced, ultrasound software can calculate the LVEDA,
2[56]
which normally ranges from 8 to 14 cm .
TEE provides a better index of LV preload in patients
with normal LV function than filling pressure values
obtained by the more invasive PA catheterization appro
[62]
ach .
Intraoperative TEE monitoring offers an indirect
assessment of preload, but the validity of LVEDA as a
preload index is still under discussion because it only
correlates with changes in stroke volume index during
volume therapy if the compliance and contractility of
[47]
the left ventricle remain unchanged . An index LVEDA
2
2
< 5.5 cm /m is very suggestive of low filling of the left
[63]
ventricle .

Left ventricular internal end diastolic diameter:
Volume status or trends can be rapidly estimated
by measuring LVEDD. A small left ventricular (LV)
internal diameter at end-diastole can be indicative
of hypovolemia, whereas the LV internal diameter
at end systole (LVESD) is a less specific indicator of
hypovolemia because a low value may be caused by a
decreased systemic vascular resistance, an increased
inotropic state, or by decreased ventricular filling. Both
LVEDD and LVESD are decreased in hypovolemia,
whereas LVEDD is normal and LVESD is decreased
[52]
when systemic vascular resistance is decreased .
Serial measurements of both diameters can be useful
to monitor a patient’s response to administered fluids.
The LV diameters can be measured by the TEE mid
oesophageal two chamber (ME 2C) view at the mitral
valve leaflet tips and by the TG Mid SAX view using
[52]
M-mode imaging at the mid-papillary level ; however,
the TG LAX view has been recommended because it is
easier to align. LV diameters are measured from the
endocardium of the anterior wall to the endocardium of
the inferior wall in a line perpendicular to the long-axis
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Left and right ventricular function assessment

Although PAC study parameters provide an index of global
myocardial function, they do not provide information on
specific areas of myocardial performance. Assessments
of left and right ventricular performance during surgery
are advantages that TEE offers. TEE can detect areas of
regional wall dysfunction that would otherwise remain
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A

B

Figure 6 Transesophageal measurements of fractional area change. Transgastric Mid SAX view of the left ventricle showing measurement of left ventricular end
diastolic area (A) and left ventricular end-systolic area (B). The bidimensional image is usually best imaged at a multiplane angle of 0°. Modified by Guarracino Fabio
et al[61].

undiagnosed. Clearly, time consuming methods requiring
multiple equations or measurements are not helpful in an
acute setting, such as with the hemodynamic instability
of LT. So, despite many published quantitative measures
[28,64]
of global left ventricular function
, most basic
echocardiographers rely on qualitative, visual estimations
of systolic function. This approach is far from precise but
allows a basic echocardiographer to differentiate those
patients who might benefit from inotropic therapies from
those who simply need more fluid volume.

and sometimes from an M-mode tracing of a TG LAX
view from the inner edge to the inner edge of the
endocardial borders (Figure 7).
Fractional shortening can be used to determine
ventricular function, with normal values ranging from
[56]
25% to 45% .
Although FS gives a rapid and simple estimate of
LV systolic function, it is not representative of global
ventricular function if there are ventricular regional wall
[56]
abnormalities or aneurysmal deformities . It assesses
only the selected cross section of the left ventricle, so
there should be no alterations in regional LV contractility
either at the apex or at the base if FS is to reflect global
LV function accurately.

Left ventricular function: The American Society of
Echocardiography and by the Society of Cardiovascular
[28]
Anaesthesiologists has recommended that ventricular
function is assessed by a regional wall motion analysis
based on a 17-segment wall motion score, as described
[64]
in the ASE guidelines . This approach suggests that
a physician trained in basic transoesophageal echocar
diography obtains mid oesophageal four-chamber (ME
4C), ME 2C and ME LAX views for a more comprehensive
evaluation and to monitor global and regional LV function.
However, visualization of 6 mid-papillary segments from
the TG Mid SAX view may suffice and is important for
[65]
prognosis .
The TG Mid SAX view provides significant diagnostic
information regarding regional and global ventricular
function to allow for efficient patient care and to minimize
any distraction under intraoperative conditions while the
patient is haemodynamically unstable.
Quantitative measurements of left ventricular func
tion can also be obtained by measuring the Fractional
Shortening, fractional area change and Ejection Fraction.

Fractional area change: Fractional area change
(FAC) is a two-dimensional measurement that is easily
obtained from the TG Mid SAX view. It expresses the
percentage change between the LVEDA and the left
ventricular end-systolic area (LVESA) according to the
following formula:
FAC (%) = (LVEDA - LVESA)/LVEDA × 100
Normal values range from approximately 55% to
[56]
65% .
This approach requires both the LVEDA and LVESA
measurements, tracing the left ventricular endo
cardium during the end of diastole and systole. The
measurements are usually made in the TG Mid SAX
view, but when this view is suboptimal, long axis views
can also be used. The endocardium can be traced
manually traced around the LV cavity, ignoring the
papillary muscles, or the endocardial borders can be
[61]
detected automatically (Figure 6) .
FAC can provide a reasonable global estimate of
LV function but, like the FS, it has its limitations. It
may represent global LV function poorly in cases of
myocardial infarction or aneurysmal dilatation in areas
of the ventricle other than the mid papillary level, where
FAC is evaluated. Changes in loading condition may also
influence the FAC.

Fractional shortening: Fractional shortening (FS)
expresses the percentage change between the LVEDD
and the LVESD according to the following formula:
FS (%) = (LVEDD - LVESD)/LVEDD × 100
The LV internal diameters are measured at the ends
of diastole and systole on an M-mode tracing of a TG
Mid SAX view taken just above the papillary muscles
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Figure 7 Transesophageal measurements of fractional shortening. A: TG Mid SAX view of the left ventricle showing M-mode measurement of LVEDD and LVESD
normalized for LVEDD. The bidimensional image is usually best imaged at a multiplane angle of 0°; B: TG LAX view of left ventricle showing M-Mode measurement of
LVEDD and LVESD normalized for LVEDD usually best imaged at an angle of approximately 80°-110°. LAX: Long axis view; TG: Transgastric; LVEDD: Left ventricle
end diastolic diameter; LVESD: Left ventricle end systolic diameter. Modified by Guarracino Fabio et al[61].

Ejection fraction: This measure requires the appli
cation of algorithms that can approximate the left
ventricle to a conventional solid. The ejection fraction
(EF) is the most widely used index in clinical practice
to describe left ventricular function, even if it measures
ejection ability rather than the contractility of the
left ventricle. The B-mode evaluation is most widely
used to study systolic function because it is reliable
even in the presence of geometric distortion or wall
motion abnormalities and because it correlates well
with radionuclide ventriculography and scintigraphy
[66]
measurements . In contrast to fractional shortening,
which depends on a single cavity dimension in systole
and diastole, the ejection fraction examines the entirety
of myocardial contraction by expressing stroke volume
as a percentage of LV end-diastolic volume:

to obtain from the standard ME 4C view, and some
retroflexion of the probe may be required to visualize
the true apex and prevent any foreshortening of the LV.
The Simpson method is the most widespread EF
calculation method and consists of 2-D measurements
of volume with the biplane method of discs (modified
Simpson’s rule). The EF is calculated from the summation
of a series (20) of overlapping slices from apex to base,
each of which is assumed to be an elliptical disc. This
is the currently recommended method of choice of the
American Society of Echocardiography and the European
[56]
Association of Echocardiography . Modern ultrasound is
equipped with software to calculate the EF by using the
area of the LV and its diameter measured from the apex
to the mitral floor in the two phases of the cardiac cycle.
The EF is calculated from projections of the ME 4C and
2C views (Figure 8).

LVEF% = (LVEDV - LVESV)/LVEDV × 100

Right ventricular function

where LVEF is the left ventricle ejection fraction,
LVEDV is the LV end-diastolic volume, and LV endsystolic volume (LVESV).
The LVEF represents a composite of cardiac per
formance involving preload, contractility, and afterload.
It is widely regarded to be a predictor of outcome and
survival. Normal EF values range from 55% to 70%.
The area-length and the Simpson’s methods are
among the commonest used to calculate the EF. The
previously used Teichholz method of calculating LV
ejection fraction from LV linear dimensions is not
recommended for clinic practice because inaccuracies
can arise from the geometric assumptions required to
[67]
convert a linear measurement to a 3-D volume .
The area-length method is an alternative method
to calculate LV volumes when the apical endocardial
definition precludes an accurate tracing. This method
[68]
assumes that the LV is bullet shaped , and the volumes
are obtained by measuring LV areas and lengths at
both end-diastole and end-systole. The measurements
require a long-axis view of the chamber without
foreshortening of the LV. This view may be difficult
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A normal right ventricle (RV) has an oblong shape and a
complex architecture and, in the ME 4C and TG Mid SAX
views, it is approximately two-thirds the size of the LV.
In the ME 4C view, the RV extends more than half way
to but does not normally share the LV apex.
The RV cavity on the short axis has a half-moon
shape with the concave side of the interventricular
septum towards the VS. A first echocardiographic sight
provides information regarding RV function because, at
the onset of right ventricular dysfunction, the ventricular
chamber enlarges and the usually convex septal wall
of the RV, facing the crescent shaped RV cavity, loses
its classical shape and anatomical relationships with
VS. An increase in RV pressure or volume overload can
cause flattening or leftward deviation of the septal wall,
producing an elliptical or circular short-axis shape of the
RV cavity. The normal right ventricle is accustomed to
a low pulmonary resistance and hence low afterload;
thus, normal RV pressure is low and right ventricular
compliance is high. Elevations in RV afterload result
acutely in RV dilatation, whereas chronic elevations
cause RV hypertrophy. Right ventricular size is best
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Figure 8 Calculation of ejection fraction using the disc method (Simpson's rule). Transoesophageal echocardiography ME 4C view in diastole (A) and systole
(B). The bidimensional image is usually best imaged at a multiplane angle of 0°. Modified by Guarracino Fabio et al[61]. EDV: End diastolic volume; ESV: End-systolic
volume.

estimated by TEE from a right ventricle focused ME 4C
view, with the multiplane angle adjusted to maximize
the tricuspid annulus diameter, usually between 10°
[56]
and 20° . Care should be taken to obtain the image
of the maximal right ventricular diameter without
[69]
foreshortening .
Many techniques have been described to obtain
quantitative measurements of the overall function of the
right ventricle, but in most cases, the physician relies on
qualitative measures, and on visual estimates of systolic
right ventricular function.
Assessments of right ventricular function are re
quired whenever a patient presents with unexplained
or refractory hypotension. Patients undergoing LT, for
example, can present with hypotension secondary to right
[70]
ventricular failure . If their RV dysfunction is related
to acute changes in pulmonary pressures associated
with lung volume shifts or acid-base changes during
the transplant, they can also be at risk for pulmonary
[21]
hypertension .
TEE has the significant advantage that right ven
tricular failure can be identified by dynamic rather than
the pressure changes, which can be easily missed in
PAC measurements. Because right ventricular failure
is an important complication during the reperfusion
phase of LT, TEE monitoring confers very significant
advantages at this stage.
When the evaluation is based on a quantitative
assessment, a number of echocardiographic techniques
may be used to assess RV function.

annulus. It has the advantage of easy reproducibility,
speed of measurement and less dependence on optimalquality images. There are some disadvantages: The
measurement is angle dependent, and the displacement
in the ME 4C view is representative of the function of
the entire right ventricle only if there are no regional RV
wall motion abnormalities. The TAPSE may also be loaddependent, even if less preload-dependent than other
[69]
markers of RV function .
Right ventricular fractional area change: The FAC
provides an estimate of the systolic function of the right
ventricle. Usually measured in the ME 4C view, it is a
simple method to assess RV function that correlates
with RV ejection fractions measured by magnetic
resonance imaging and has been related to outcome in
[56,71]
a number of diseases
. It is important to verify that
the entire right ventricle is in the view, including the
apex and the lateral wall, in both systole and diastole.
Care must be taken to exclude trabeculations while
tracing the RV area. The normal range is 35%-60%
and a two-dimensional FAC < 35% indicates RV systolic
[69]
dysfunction .

Utility OF TEE EXAMINATION AND
SURGICAL PHASES OF LT
In addition to all the pathophysiological processes that
characterize ESLD, the three major stages of LT (preanhepatic, anhepatic and reperfusion phases) pose
particular challenges in terms of anaesthetic mana
gement. TEE permits accurate monitoring of these clinical
phases with rapid anaesthetic management during
complicated procedures, maximizing the opportunities
for a successful outcome.

Tricuspidal annular plane systolic excursion: In
systole, the tricuspid annulus will normally descend
towards the apex 1.6-2.0 cm. A tricuspidal annular
plane systolic excursion (TAPSE) of less than 1.6 cm
has been associated with a poor prognosis in a variety
of cardiovascular diseases; it is highly specific for RV
dysfunction and can be used to monitor RV systolic
function serially. It is important to place the cursor at
the annulus side and to apply the M-Mode. Once the
image is frozen, the TAPSE is the difference between the
lowest and highest excursion points of the tricuspidal
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Pre-anhepatic phase

The pre-anhepatic phase begins with surgical incision
and concludes with cross clamping of the vascular
inflow to the liver. The conventional technique involves
clamping of the portal vein, the suprahepatic inferior
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vena cava, the infrahepatic inferior vena cava, and
the hepatic artery. The piggyback technique requires
temporary clamping of portal flow only and tangential
clamping of the retrohepatic inferior vena cava, which
allows venous return to the heart.
Surgical bleeding, when present, could be the
main issue during the pre-anhepatic phase. Dissection
may be complicated by steady and sometimes rapid
haemorrhage from varices in the abdominal wall or
adhesions within the abdominal cavity. Fluid shifts and
third space fluid losses may result from the drainage
of ascitic fluid and from venous congestion. Bleeding
during this phase of surgery is related to the degree of
pre-existing coagulopathy, the presence and severity of
portal hypertension, and the duration and complexity of
[72,73]
the surgical procedure
.
Vascular clamping and manipulation of the liver,
together with an inadequate volume resuscitation,
result in decreased venous return and reduced cardiac
[74]
output, resulting in critical organ hypoperfusion .
Sudden haemodynamic variations and a reduced
preload are the most serious complications and chall
enges that the anaesthetist has to manage during LT.
TEE allows circulatory volumes to be optimized,
avoiding impaired organ perfusion, ischaemia and, at
the same time, volume overload. Identifying the cause
of any hypotension is critical for successful treatment
and aggressive fluid repletion leading to overload must
be avoided to prevent pulmonary oedema or right
ventricular failure due to unrecognized preoperative
[3,75]
cardiac disease
.
Close approximation of the papillary muscles and
decreases in LVEDA and LVEDD in the TG Mid SAX
view signal a reduced preload due to haemorrhage or
vascular clamping: After a fluid challenge; TEE allows the
anaesthetist to assess the adequacy the interventions
rapidly. Signs of RV and right atrial dilation together
[76]
with RV hypokinesis
or atypical regional wall motion
[77]
abnormalities of the RV free wall
can draw attention
to right ventricular failure.
If the conventional surgical technique with inferior
vena cava and portal vein clamping is poorly tolerated,
the VVB might be warranted to guarantee venous return
to right atrium and to decompress the portal venous
system, reducing bleeding, vascular congestion to the
[78]
intestines, and injury to the bowel capillary bed .
In this case, TEE can assist in the placement of
transcutaneous VVB lines, confirm the correct location of
guide wires in the venous system, and detect the tip of
[79]
the cannula in the superior vena cava . Air embolism,
thromboembolism, and inadvertent decannulation are
among the reported and feared complications of VVB
[80]
and can increase its morbidity .

newly grafted liver. This phase is mainly characterized by
hemodynamic changes induced by the cross-clamping
of the inferior vena cava and portal vein, which reduce
venous return, cardiac output and renal perfusion
pressure while increasing the splanchnic and lower caval
[25]
pressures . VVB is used routinely in some centres to
facilitate return of blood from the portal system and
lower body to the heart via a centrifugal pump to the
[78]
axillary vein . The TG Mid SAX view or ME 4C view can
be ideal for monitoring ventricular function and volume
status continuously during this phase. If preload is
diminished or systemic vascular resistance is reduced,
the left ventricular papillary muscles will approximate
each other during systole and LVEDA will be reduced.

Reperfusion phase

LT represents a special case of acute right ventricular
stress. Cardiac output increases acutely at the time of
reperfusion (up to 3-fold in 15 min) and this increased
blood flow to the right heart can result in volume
overload and pulmonary oedema due to occult cardiac
[3]
disease .
This phase extends from the period immediately
after the reperfusion of the graft to the end of surgery
and includes the arterial anastomosis and biliary tract
reconstruction. Cardiovascular instability is greatest
during this phase of the operation, and it is as accom
panied by a decrease in mean arterial pressure of 30%
or more from baseline for at least 1 min’s duration, and
[81,82]
occurring within 5 min of reperfusion
.
The reperfusion syndrome is typically characterized
by severe hypotension, decreased heart rate, a signi
ficant reduction in systemic vascular resistance, and
increases in pulmonary arterial pressure and wedge
pressure. All these changes are thought to result from
the sudden release of cold, acidotic and hyperkalaemic
preservation fluid into the circulation while myocardial
dysfunction, often observed after reperfusion, is caused
by several vasoactive mediators released into the
[83]
circulation by the re-perfused graft .
The characteristic echocardiographic features of the
reperfusion phase may include acute right ventricular
systolic dysfunction, left ventricular systolic dysfunction
or both; new global or focal wall motion abnormalities;
decreased FAC; and because of rapid cardiac influx
after vascular unclamping, increases in ventricular enddiastolic volume and LVEDA are common. Selecting
and maintaining TEE, typically either in the ME 4C or
TG Mid SAX views, allows for real time monitoring
of all the effects of reperfusion on the heart. During
transition from the anhepatic to the reperfusion phase,
TEE views can also be useful for detecting intracardiac
air, thrombosis, mitral or tricuspid valve regurgitation;
severe diastolic dysfunction; or a previously undia
gnosed outflow obstruction that can occur during
reperfusion.
Following reperfusion TEE may be useful to detect
[84]
the temporary opening of a foramen ovale or elevation
of pulmonary arterial pressures, facilitating prompt

Anhepatic phase

The anhepatic phase starts after complete occlusion
of vascular inflow to the liver; includes the removal
of the native liver and the completion of the vascular
anastomoses; and ends with the reperfusion of the
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management of these complications.
Unique haemodynamic changes occur from the
anhepatic to the reperfusion phases, and a real time
TEE allows for a rapid assessment and adjustment of
fluid shifts and an optimal outcome.

interposition of the left bronchus.
Echocardiographic findings consistent with acute PE
[76]
include: Signs of RV dilation, RV hypokinesis , atypical
[77]
regional wall motion abnormalities in the RV free wall ,
and decreased TAPSE.
Another typical sign of elevated right-sided pressures
is the leftward shift of the interatrial septum or
interventricular septum, which is easily seen in the ME
4C view. Although the RV is dysfunctional, the LV may
appear hyperkinetic and underfilled, due to a leftward
[92]
shift of the interventricular septum .

USEFULNESS OF TEE IN THE
DIFFERENTIAL DIAGNOSIS OF RARE
CARDIOVASCULAR CONDITIONS OFTEN
ASSOCIATED WITH HAEMODYNAMIC
INSTABILITY

LVOTO

Cirrhosis is associated with increased left ventricular
wall thickness, cardiac chamber enlargement, and a
significantly impaired systolic and diastolic response
to stress, especially in the setting of volume overload.
The hypertrophic cardiomyopathy, which characterizes
the cirrhotic patient, makes these patients particularly
susceptible to LVOTO especially when hypovolemia,
tachycardia, and increased ventricular contraction can
cause apposition of the mitral valve anterior leaflet and
[93]
the septal wall during systole . The pre-anhepatic
and anhepatic phases of LT are usually associated with
decreases in the left ventricular preload secondary
to intraoperative surgical or medical bleeding and
to vascular clamping, whereas the post-reperfusion
phase is usually associated with a marked decrease in
systemic vascular resistance. Therefore, the patients
undergoing LT often have several risk factors for
[94]
dynamic LVOTO . TEE, by virtue of its unique features,
guarantees a continuous monitoring of cardiac function
and structures, especially during the anhepatic and
[34]
reperfusion phases
when the occurrence of dynamic
LVOTO is more common, and can facilitate appropriate
[95]
management and therapeutic interventions .
Dynamic LVOTO can be assessed readily in the
ME LAX view at an approximately 120° angle. The
characteristic features to look for are turbulence through
the left ventricular outflow tract, hypercontractility
of the left ventricle, systolic anterior leaflet motion
of the mitral valve, and some degree of late mitral
[96]
regurgitation . A severe mitral regurgitation due to
the systolic anterior leaflet motion represents a rapid
qualitative method to quantify the degree of LVOTO. The
degree of mitral regurgitation is a qualitative method
to determine the severity of LVOTO because it usually
correlates with the degree of outflow tract obstruction.
Another rapid qualitative measure of LVOTO can be
obtained by Colour-Doppler, where a mosaic pattern
indicates turbulence associated with an elevated LVOT
gradient. A quantitative assessment of the obstruction is
otherwise obtained by a Doppler quantification of blood
flow velocities through the LVOT, using the TG LAX view
or the deep TG LAX view. Blood flow velocity in the
LVOT is measured by positioning the continuous wave
Doppler sample volume in the centre of the LVOT just
proximal to the AV. Normal LVOT and AV flow velocities

Pulmonary embolism

Although patients with liver disease were long assumed
to have a natural bleeding tendency and to be pro
tected from thrombosis, the real coagulation state of
the cirrhotic patients combines changes in both proand anti-haemostatic pathways in a new haemostatic
[85]
balance . However, the occurrence of both bleeding and
thrombotic complications in a significant proportion of
patients shows that this haemostatic balance is relatively
[86]
unstable . Although LT is associated with increased
bleeding and altered coagulation, a prothrombotic
state may also occur. Intravascular thrombus formation
and subsequent embolization is a potentially fatal
complication that most often occurs after reperfusion.
Both surgery (vascular clamping) and trauma pose an
increased risk for pulmonary embolism (PE) and an
incidental cardiac thrombosis, in particular, may lead
to serious complications in LT, including intraoperative
[87]
death . Thus, anaesthesiologists may be responsible
for both PE diagnosis and treatment, even if the
diagnostic sensitivity of TEE for PE by direct visualization
of a thrombus in the pulmonary artery is actually quite
[88]
low . Although TEE is not the gold standard for PE
diagnosis, it can compare with the sensitivity of a TC
scan when the PE is acute, central and characterized
[89,90]
by severe haemodynamic instability
. Notably,
only 30% obstruction is needed for RV dysfunction
[91]
to be recognized on TEE
but the echocardiographic
diagnosis of a PE using direct evidence often requires
advanced TEE skills.
The Consensus Statement of the American Society
of Echocardiography and the Society of Cardiovascular
Anesthesiologists recommends that “a physician trained
in basic perioperative TEE at least should be able to use
ME 4C, ME AV SAX, and ME RV inflow-outflow views to
identify indirect echocardiographic findings consistent
[28]
with a PE” . Before initiating any specific treatment, the
presence of thrombus and/or signs of RV dysfunction,
typically due to elevated right-sided pressures, should
be identified. The direct visualization of intracardiac
thrombus or emboli in the main pulmonary artery or its
right or left branches by TEE allows for diagnosis, though
it is important to remember that the left pulmonary
artery is not completely visualized with TEE due to the
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[97]

are less than 1.5 m/s . Colour flow Doppler imaging of
the LVOT and AV is useful in directing the Doppler beam
through the area of maximum flow when these velocity
measurements are made.

the field of cardiac anaesthesia and it has gained
increasing importance as a monitoring tool in liver anae
sthesia. One of the most advantageous features of the
TEE over PAC is the direct visualization of the heart in
real time, which allows for instantaneous assessment
of the state of the cardiovascular system, changes in
global and regional contractility, and the rapid diagnosis
of ventricular dilatation and failure. TEE can overcome
the limitations of PAC measurements arising from the
large core body temperature shifts typical of massive
fluid infusion or revascularization of the new graft during
LT.
TEE allows the intraoperative causes of hypotensive
episodes during LT to be identified and can help rapidly
optimize volaemia, avoiding organ perfusion impairment
and ischaemia. TEE also allows for the intraoperative
diagnosis and management of specific cardiovascular
conditions that like portopulmonary hypertension, air
embolism and thromboembolism, can complicate LT
and the management of patients with hypertrophic
cardiomyopathy, who may experience LVOTO.
Notwithstanding the published guidelines that define
the basic and advanced competency requirements
for TEE users, transoesophageal echocardiography is
being used to monitor haemodynamics and for direct
therapy in liver transplant patients, and clinically useful
interpretations are possible even during the skillacquisition phase of TEE training.
The value of TEE must of course be balanced
against the risk of performing the procedure. Gastrooesophageal varices are very common in patients
listed for LT; thus, patients with ESLD should have a
preoperative endoscopic surveillance and oropharyngeal
examination, and probe manipulation should be limited
to experienced operators.
Despite these limitations, the intraoperative TEE
is a relatively safe method for monitoring cardiac
performance in liver transplant patients and should
not be contraindicated by the presence of oesophageal
varices if the indications for the exam are important.
Although the interpretation of TEE remains mostly
subjective, TEE has been helpful for assessing haemo
dynamic alterations, guiding fluid replacement and
inotropic therapy, and identifying potential complications
during LT, allowing for better management of patients.

Portopulmonary hypertension

Liver disease and portal hypertension can be associated
with pulmonary vascular complications, such as
POPH, which is characterized by the presence of portal
hypertension, a mean pulmonary artery pressure >
25 mmHg at rest, a mean pulmonary capillary wedge
pressure < 15 mmHg, and a pulmonary vascular
-5[98]
resistance > 240 dynxsxcm
. The prevalence of POPH
[99]
in liver transplant candidates is reported to be 6.3%
[100]
and 8.5%
Severe pulmonary hypertension and elevated right
ventricular systolic pressure predicted a high risk of
morbidity and mortality from fulminant right ventricular
[101]
failure among patients undergoing LT
. Patients
presenting for liver transplantation with pulmonary
hypertension have an additional risk for RV dysfunction
secondary to acute changes in pulmonary pressures
associated with the volume shifts and acid base distur
bances that characterize LT.
For this reason, most transplant centres consider
severe POPH an absolute contraindication to trans
[102]
plantation . On the other hand, a number of reports
have confirmed that LT can be performed safely if the
[102]
patient haemodynamic state is suitably controlled .
The most important test to screen for POPH is the
two dimensional TTE, which is a routine part of an LT
[103]
evaluation .
Unfortunately, the TTE cannot fully discriminate
between increased PVR due to true vaso-occlusive
arteriopathy, a hyperdynamic state, or fluid overload,
with normal/low PVR. Therefore, right heart catheteri
[104]
zation is the gold standard for the diagnosis of POPH .
For this reason, POPH may be missed by preoperative echocardiography and may be recognized only
during right heart catheterization in the intraoperative
phase.
The diagnosis of unexpected POPH on the operating
table may still be best handled through TEE. Continuous
intraoperative transoesophageal echocardiography has
been recommended for following right heart function,
and in the event of a pulmonary hypertensive crisis,
the anaesthetist has to be ready to address acute
pulmonary hypertension with effective agents such as
[102,105]
inhaled or intravenous vasodilators
.
The echocardiographic intraoperative findings of
severe pulmonary hypertension include right ventricular
hypertrophy, dilatation and dysfunction, as well as right
atrial enlargement. A paradoxical septal movement can
be seen as well.
The best views to visualize the right heart chambers
are ME 4C and ME RV inflow-outflow.
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Programmed death-1/programmed death-L1 signaling
pathway and its blockade in hepatitis C virus immunotherapy
Mohamed L Salem, Ahmed El-Badawy

Abstract

Mohamed L Salem, Center of Excellence in Cancer Research,
Tanta University, Tanta 31527, Egypt

Chronic hepatitis C virus (HCV) infection is a public
health issue that often progresses to life-threatening
complications, including liver cirrhosis, fibrosis, and
hepatocellular carcinoma. Impaired immune responses
to HCV are key features of chronic HCV infection. There
fore, intervention strategies usually involve enhancing
+
the immune responses against HCV. Cytotoxic CD8 T
lymphocytes (CTLs) play a critical role in the control of
HCV infection. However, their cytolytic function can be
impaired by the expression of co-inhibitory molecules.
Programmed death-1 (PD-1) receptor and its ligand
PD-L1 function in a T cell co-inhibitory pathway, which
either blocks the function of CTLs or the differentiation of
+
CD8 T cells. During chronic HCV infection, the immune
inhibitory receptor PD-1 is upregulated on dysfunctional
+
HCV-specific CD8 T cells. As such, blockade of the
+
PD-1/PD-L1 pathway in these CD8 T cells might restore
their functional capabilities. Indeed, clinical trials using
therapies to block this pathway have shown promise in
the fostering of anti-HCV immunity. Understanding how
chronic HCV infection induces upregulation of PD-1 on
HCV specific T cells and how the PD-1/PD-L1 interaction
develops HCV specific T cell dysfunction will accelerate
the development of an efficacious prophylactic and
therapeutic vaccination against chronic HCV infections,
which will significantly improve HCV treatments and
patient survival. In this review, we discuss the relationship
between PD-1 expression and clinical responses and the
potential use of PD-1 blockade for anti-HCV therapy.
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recovery from HCV may be due to induction of HCVspecific T cell responses. Hence, research efforts for
the development of novel treatments for chronic HCV
infection have focused on T cell responses.
+
Dysfunction of virus-specific CD8 cells is a funda
mental property of persistent viral infections like HCV;
consequently, restoration of T cell capacity is a major
aim in the generation of immune-based therapies for
[10]
persistent infection of viruses . Many factors are known
to contribute to T cell dysfunction, including inhibitory
cytokines, regulatory T cells, and inhibitory receptors
[10]
expressed on T cells . Accordingly, removal or blockade
of these inhibitory factors may be a promising approach
for the treatment of persistent viral infection.
Overall, the mechanisms that have been proposed
to date to explain impaired immunity in chronic HCV
infection are summarized as follows: (1) HCV escapes
immune responses by developing mutations; (2)
primary T cell exhaustion after an extensive response; (3)
impaired antigen presentation of dendritic cells (DCs); (4)
impaired natural killer (NK) cell activities; (5) skewing
the Th1 type cytokine to a Th2 type; (6) suppression
by HCV proteins; (7) impaired T cell maturation; (8)
suppression by regulatory T cells; (9) the nature of
the tolerogenic environment in the liver; and (10)
the expression of co-inhibitory molecules on immune
[11]
cells .
An important inhibitory receptor that downregulates
[12]
T cell function is programmed death-1 (PD-1) . PD-1,
with its two known ligands B7-H1/PD-L1 and B7-DC/
PD-L2, has recently been shown to be upregulated on
+
HCV- and HIV-specific CD8 cells, indicating that PD-1
upregulation may be an essential mechanism for viral
[13-17]
immune escape in chronic HCV and HIV infections
.
Here, we provide up to date review on the role of
PD-1 in HCV immune evasion and the potential use of
PD-1 blockade for anti-HCV therapy. Understanding the
relationship between PD-1/PD-L1 and T cell dysfunction
and its role in HCV persistence will accelerate the
development of an efficacious prophylactic and thera
peutic vaccination against chronic HCV infection.

pathway is an attractive target for anti-hepatitis C
virus (HCV) immunotherapy because it restores the
functional capacities of HCV-specific T cells. This is
an extremely promising development in anti-HCV
vaccines research since restoration of exhausted antiHCV T cells is a major challenge when developing
either prophylactic or therapeutic vaccines. This review
will discuss the correlation between PD-1 expression
and the clinical outcome in HCV patients and how this
information can be potentially applied to block PD-1/
PD-L1 pathway for HCV immunotherapy.
Salem ML, El-Badawy A. Programmed death-1/programmed
death-L1 signaling pathway and its blockade in hepatitis C
virus immunotherapy. World J Hepatol 2015; 7(23): 2449-2458
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i23/2449.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i23.2449

INTRODUCTION
Chronic viral infections, including hepatitis C virus
(HCV), hepatitis B virus (HBV), and human immunode
ficiency virus (HIV), are among the main causes of
[1]
death worldwide . While most viral infections prompt
successful T cell responses that remove the infections,
HCV, HBV, and HIV have acquired mechanisms to
avoid immune elimination, permitting them to persist
in many, if not all, infected individuals. These escape
mechanisms lower the responsiveness of patients to
anti-viral therapy.
HCV is found in nearly every region of the world,
affecting an estimated 170 million patients and 1%-2%
[2]
of the overall population in most infected countries .
HCV not only causes hepatitis C, but it also provides
the perfect infection setting to study viral evasion
mechanisms, since the infection persists in most infected
individuals while 25% of infected patients effectively
clear the virus. This allows for the comparison of immune
responses between responders and non-responders.
How these immune responses determine whether a
patient eliminates infection or develops a chronic infection
is not completely understood. Accordingly, viral escape
from immune cells has been suggested as a contributing
factor to HCV as well as HIV and HBV infection.
In the acute stage of HCV infection, 20%-40% of
[3]
patients improve spontaneously , and this recovery is
[4-6]
associated with a robust, HCV-specific T cell responses .
+
The discriminating role of the HCV specific CD8 cells
responses in the unprompted recovery of acute HCV
[5,6]
infection was demonstrated in chimpanzees , the only
animal model for the study of HCV. Even in chimpanzees
with chronically developing, acute HCV infection,
+
intrahepatic infusion of CD8 T cells promoted a partial
[7,8]
decline in the HCV load . In chimpanzees, vaccination
with an experimental prophylactic vaccine induced HCV+
specific CD8 cell responses and suppression of acute
[9]
HCV infection . These studies led to the hypothesis that
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HCV TREATMENT AND FAILURE
Combination therapy with pegylated interferon (PEGIFN) and ribavirin (RBV) is the current standard therapy
[18-21]
for individuals with chronic HCV infection
. Treatment
duration is 48 wk for HCV genotypes 1 and 4, and 24
wk for genotypes 2 and 3. The dominant majority of
treated patients, especially those with HCV genotypes
2 or 3, show a significant virologic response. Almost
66% of patients with HCV genotype 2 or 3 accomplish
rapid virologic response (RVR), characterized by
untraceable HCV RNA within 4 wk of starting treatment,
and 97% have undetectable HCV RNA within 12-24
wk of starting treatment. Seventy-six percent attain
[21,22]
sustained virologic response (SVR)
. Unfortunately,
only approximately half of all patients accomplish SVR
[18,20]
with 24-48 wk of therapy with PEG-IFN and RBV
.
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Factors that contribute to non-responsiveness, other
than genotype, are high baseline HCV viral-load, high
fibrosis stage in the liver, male gender, old age, race,
obesity, alcohol intake, insulin resistance, liver steatosis,
and alterations in the host immune response, such as
[23-25]
high interleukin (IL)-8 and IL-10 serum levels
.
Current IFN-based therapy does not work in many
patients, possibly due to a combination of viral and
host factors. Innate immunity to HCV is activated by
cellular sensors that identify the presence of pathogenassociated molecular patterns (PAMPs). Key fundamental
cellular sensors for HCV infection are toll-like receptor 3
(TLR3), which recognizes double-stranded RNA (dsRNA),
and the RNA helicase retinoic acid-inducible gene 1
(RIG-1). The HCV PAMP sensors TLR3 and RIG-1
signal through the adaptor proteins TIR-domain-contai
ning adapter-inducing interferon-β (TRIF) and Cardif,
respectively. Remarkably, the HCV NS3-4A serine
[26,27]
[28]
protease relieves both Cardif
and TRIF to disable
signals initiated by RIG-1 and TLR3. In addition to
blockade of the upstream events of IFN-β transcription
by NS3-4A, there is evidence that other HCV proteins
block IFN signaling downstream of the IFN-α/β receptor.
Overexpression of HCV core protein causes activation of
[29]
suppressors of cytokine signaling (SOCS) 3 protein ,
which in turn hinders signal transducer and activator of
transcription 1 (STAT1) phosphorylation by janus kinase
1 (Jak1). These mechanisms support viral persistence
even in the face of IFN-based therapies. Further
understanding of the molecular mechanisms underlying
HCV resistance to the host immune response will lead
to generation of novel therapeutic strategies. Moreover,
host factors, such as insulin resistance and race, have
considerable effects on treatment responsiveness.
Adjustment of adverse host factors, whenever possible,
may be a feasible alternative for the optimization of HCV
therapy.
PEG-IFN is contraindicated in decompensated
[30]
cirrhosis
and is associated with constitutional, autoi
mmune, neuropsychiatric, and hematological side
[31]
effects , whereas RBV is contraindicated in renal
[32]
failure and is associated with rash, cough, hemolysis,
[31]
and teratogenesis . Therefore, many patients are
ineligible for or intolerant to PEG-IFN and RBV therapy.
However, the approval of sofosbuvir (Sovaldi®, Gilead
Sciences), which is a direct acting pyrimidine nucleotide
analog that represents the first NS5B HCV polymerase
inhibitor, is considered a key step towards a new era
in chronic hepatitis C therapy. It was among the first
approved antiviral agents with strong activity and high
genetic barrier against all HCV genotypes. Additionally,
its safety profile is highly favorable, even when it is
prescribed to patients with very advanced liver disease
and high risk of complications (e.g., cirrhosis with portal
hypertension and liver transplant recipients).

chronic HCV infection. Therefore, intervention approa
ches commonly include those that can boost the
immune responses against HCV. These immunotherapies
for chronic HCV infections include anti-HCV neutralizing
antibodies, antagonists of T cell inhibitory factors,
[33]
therapeutic vaccines, agonists for TLRs, and cytokines .
These therapies can be utilized alone or in combination
with other antiviral drugs for chronic HCV therapy.
To date, immune-based therapies have not demon
strated satisfactory efficacy. In general, a virologic
response was shown only in a small group of patients,
and in these cases, the effect was marginal and transient.
A critical reason for the poor efficacy is the inadequate
activation and stimulation of immune responses. It
should be mentioned, however, that the virologic respon
ders showed the strongest T cell responses in a late
[34]
study that tested the peptide vaccine IC41 . This
observation demonstrated that a sufficient virologic
response might be accomplished by sufficient activation
and stimulation of the immune system. Thus, enhance
ment of the protocol/regimen is needed to improve the
efficacy of immune-based therapies.
One possible critical mechanism underlying the
inability of HCV patients to resolve the infection is the
imbalance between the stimulatory and regulatory
[35]
immune cells . The poor adequacy of immune-based
therapies may be due to various factors. First, many
individuals with chronic HCV infection have delayed
impairment of the anti-HCV immune response, and it
seems unlikely that longstanding immune dysfunction
can be repaired by immune-based therapies. Second,
HCV advances quickly, and persistent HCV infection
brings about the specific survival of viruses that are
most proficient at evading host immune responses.
Accordingly, these viruses may have the capacity to resist
clearance despite the improvement of immune responses
by immunotherapies. Finally, the poor adequacy may be
credited, in part, to the selection of patients.
Combination therapy might be an efficient strategy
for improving the efficiency of immunotherapies For
instance, the impact of therapeutic vaccines could be
enhanced by combining them with antagonists of T cell
inhibitory factors and/or agonists of TLRs. Interestingly,
combining antagonists of IL-10R or PD-1 with a thera
peutic vaccine strengthened the effects in a murine
model of persistent lymphocytic choriomeningitis virus
[36]
(LCMV) infection . In general, immunotherapies have
been well-endured and have not been associated with
severe adverse effects. However, improvements in
immunotherapies aiming to prompt stronger immune
responses may aggravate liver injury and cause severe
hepatitis in extreme situations. In this regard, it would
be useful to demonstrate the differences between
cytotoxic virus-clearing and tissue-damaging T cell
responses. A better understanding of the cellular and
molecular mechanisms implicated in T cell dysfunction
will pave the way for highly efficacious immunotherapies
for chronic HCV.

Anti-HCV immunity
Impaired immune responses to HCV are hallmarks of
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Figure 1 Programmed death-1 causes T cell exhaustion. Programmed death-1 (PD-1) inhibits the T cell receptor (TCR) signaling pathway through src
homology 2-containing protein-tyrosine phosphatase 2 (SHP2). PD-1 is located in the immune synapse at the T cell-antigen presenting cell (APC) interface. When
its physiological ligand (PD-L1 or PD-L2) binds, PD-1 suppresses the activation and function of T cells through the recruitment of SHP-2, which dephosphorylates
and inactivates ZAP70, a major integrator of TCR-mediated signaling. In chronically activated (“exhausted”) T cells, interferon (IFN)-α causes overexpression of
PD-1 through the binding of the transcription factor IRF9 to the signal transducer and activator of transcription (STAT)1 and STAT2 promoters. PD-1 also results in
accumulation of p27kip1, which is an inhibitor of cyclin dependent kinases to block cell cycle and proliferation[84]. ZAP70: Zeta-chain (TCR) associated protein kinase
70 kDa; IRF9: Interferon regulatory factor 9; JAK1: Janus kinase 1.

apoptosis in antigen specific T-cells in lymph nodes and
[45,46]
decreasing apoptosis in regulatory T cells
(Figure 1).
In the acute stage of HCV infection, HCV specific T
cells have been shown to be inadequately functional
[47-51]
regardless of the final outcome of the disease
.A
possible mechanism directing this behavior of the
HCV-specific T response is exhaustion. When T cells are
chronically exposed to high antigen loads, the PD-1/
PD-L1 ligand pathway may play a role in T-cell exhaus
tion. Blocking the PD-1/PD-L1 interaction can permit
[12,52-55]
restoration of exhausted T cells
. These studies
indicated that high expression of the inhibitory PD-1
receptor appears to be a signature of functional T cell
exhaustion.
[17]
Kasprowicz et al
have demonstrated elevated
+
PD-1 expression on almost all HCV specific CD8 and
+
CD4 T cells through the early phase of acute infec
tion, irrespective of clinical outcome or viral load. They
also showed that PD-1 expression is reliant on the
tissue microenvironment, where the T cells execute
their antiviral functions. Interestingly, the overall PD-1
+
+
expression levels of infiltrating CD8 and CD4 T lympho
cytes in the liver were significantly higher compared to
[17]
peripheral blood . The mean PD-1 expression level on
+
most of CD8 T liver-residing lymphocytes was 71%,
+
while the median expression on peripheral blood CD8 T
cells from the same subjects was 33%. For liver-derived
+
CD4 T lymphocytes, the median PD-1 expression
level was 53%, while PD-1 expression for cells in the
[17]
peripheral blood was only 25% .
It has been shown that chronic HCV infection has a
wide effect on PD-1 expression. For example, PD-1 is

PD-1 EXPRESSION ON IMMUNE CELLS IN
HCV PATIENTS
PD-1 and its ligands play a critical role in the inhibition
of the immune system by banning the activation of
T-cells, which subsequently decreases autoimmunity
and advances self-tolerance. The inhibitory effect of
PD-1 is achieved through a dual mechanism of inducing
apoptosis in antigen specific T-cells in lymph nodes
and decreasing apoptosis regulatory T cells (Tregs)
(Figure 1). New classes of drugs that block PD-1,
such as Nivolumab, Pembrolizumab, Pidilizumab, and
BMS‑936559, activate the immune system to attack
cancers and are used to treat tumors.
[37,38]
PD-1 has two ligands-PD-L1 (B7-H1)
, which
is largely expressed on both hematopoietic and
[39,40]
parenchymal cells, and PD-L2 (B7-DC)
, which is
mainly expressed on macrophages and DCs. Barber
[12]
et al
found that PD-L1 was expressed at very high
levels in splenocytes from persistently infected mice,
particularly on virally infected cells. Consequently,
not only did the exhausted cytotoxic T cells express
high levels of PD-1, but its ligand was upregulated on
infected cells (Figure 1). PD ligands are differentially
regulated, where IFN-γ primarily stimulates PD-L1
[41,42]
.
expression and IL-4 stimulates PD-L2 expression
Recent studies showed that antibody-mediated inter
ference with PD-1 caused regression of several tumor
types, including melanoma, renal-cell cancer, and
[43,44]
non-small-cell lung cancer, in some patients
. The
inhibitory effect of PD-1 is achieved through a dual
mechanism that involves simultaneous induction of
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Table 1 Differences between the studies made on the correlation between programmed death-1 expression and clinical outcome
Ref.
Urbani et al[16]
Kasprowicz et al[17]
Rutebemberwa et al[62]

No. of patients

Mode of transfection

Symptoms

PD-1 expression levels in
acute infection

PD-1 expression levels in
resolved patients

19
37
20

Sexually transmission
Sexually transmission
Injection drug use

Symptomatic
Symptomatic
Asymptomatic

High
High
High

Decreased
Irrespective
Decreased

PD-1: Programmed death-1.

highly expressed on peripheral B cells and monocytes,
[56]
since it is induced upon activation . In patients with
high
chronic HCV, CD56 NK cells expressed greater levels
of PD-1, convenient considering their greater functional
low
deficiency and less mature CD56 differentiation
[57]
state . In addition, PD-1 is expressed on Kupffer cells
in the liver, other monocyte-derived cells, as well as
[52,58,59]
epithelial, endothelial, and tumor cells
.
+
Although HCV-specific CD8 T-cells are generally
dysfunctional in HCV persistence, their level of impair
ment varied considerably among patients depending
on PD-1 expression. Within an individual patient, the
+
function and PD-1 expression of HCV-specific CD8
[60]
T-cells varied between the liver and peripheral blood .
Additional studies on the expression patterns of diverse
splice variants of PD-1, PD-L1, and receptor-ligand
interactions in diseased tissue will be important in
determining a more comprehensive estimation of the
level of the inhibitory signal and its effect on the outcome
of human infection. Such studies will not only provide a
superior mechanistic understanding of the PD-1 pathway
in controlling T cell responses but will also encourage
specific manipulation of this pathway therapeutically.

however, reported high levels of PD-1 expression
+
+
(60%-100%) on all HCV specific CD8 and CD4 cells
during the early stage of acute infection, irrespective
[17]
of the clinical outcome or viral load . Taken together,
these results suggested that a role for the PD-1/PD-L1
+
interaction in regulating CD8 T cell function may exist
under conditions of continuous high levels of HCV antigen
stimulation.
Consistent with this suggestion, another study showed
that the level of PD-1 expression in early phases of HCV
infection was significantly more on HCV-specific T cells
from patients who advanced to chronic HCV infection
than from those who eliminated infection; and this
[62]
correlation was independent of HCV RNA titer levels .
The reason for this difference is unclear, but it may
be due to differences between the routes of infection
between the two studies. This suggests that some of
the biological differences that cause the development of
symptoms likewise affect PD-1 expression. Additionally,
the duration of infection in patients defined as acutely
infected could be different between studies. Table 1
provides a list of studies involving PD-1 expression and
the role of PD-1 in HCV infection.
PD-1 expression was investigated in 72 treatment[57]
naïve patients with persistent HCV . In this study, PD-1
expression was upregulated significantly not only on
+
+
CD4 and CD8 T cells but also on NK cells, connecting
with failed early and persistent virologic response to
therapy. In contrast, patients with SVR demonstrated
decreases in PD-1 after therapy completion, demons
trating that PD-1 expressed by NK cells is critical in
[57]
persistent HCV .
+
+
PD-1 HCV-specific CD8 T cells in chronic HCV
[63]
infection have a tendency to co-express Tim-3 , 2B4,
[64]
CD160 and other inhibitory molecules , particularly
[65]
in the liver
since intrahepatic T cells showed a more
exhausted phenotype than in the blood. In addition,
the level of TIM-3 from patients with persistent HCV
infection was greater than those who resolved the
infection.
The results from other studies, however, are incon
sistent regarding the differences in levels of PD-1/
+
PD-L1 on HCV-specific CD8 cells contrasts between
those who clear HCV infection and those with persistent
[16,17,62]
infection
. Most of these studies though concluded
that PD-1 expression levels are elevated on HCV+
specific T cells vs naïve CD8 T cells or on T cells specific
for some control antigens in the acute stage of infection,
regardless of the outcome.

CORRELATION OF PD-1 EXPRESSION
AND CLINICAL RESPONSES
The identification of cellular and molecular factors
predicting clinical response to immunotherapy is strongly
desirable, not only to aid in the design of therapies that
overcome and enhance the inhibitory and stimulatory
mechanisms, but also to preselect patients most likely to
benefit from therapy and spare others from unnecessary
exposure to possible side effects. Similar to its inhibitory
role in anti-cancer immunity, the PD-1 signaling pathway
has also been found to shape the overall immunity in
HCV infection. For instance, PD-1 expression in acute
HCV infection was found to be a signature of functional
[16]
HCV-specific CD8 T cell exhaustion . In this study,
[61]
and as reported for the acute infection of HBV , the
expression of PD-1 by HCV specific cytotoxic T cells was
decreased in self-limited infections after the acute stage
+
of infection in conjunction with CD8 T cell differentiation
[61]
towards a memory CD127 phenotype . In contrast,
+
HCV specific CD8 T cells maintained high levels of PD-1
in patients with chronic advancement of infection and
remained functionally impeded with no change from
[16]
an effector to a memory phenotype . Other studies,
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Figure 2 Proliferation of exhausted T cells and blockage strategies to reverse exhaustion. Severely exhausted T cells (red cells) proliferate poorly in
comparison to partially exhausted and normal T cells (yellow and green cells). Antibody blockade of the pathway with PD-1 and its ligand reverses exhaustion and
restores the functional capacities of exhausted T cells. PD-1: Programmed death-1.

other than PD-1 to mediate its costimulatory function.
Moreover, exhaustion was more effectively overcomed
[68]
in HCV, than in HIV
by PD-1/PD-L1 blockade, as
demonstrated by the increased capability of HCV+
specific CD8 T cells to expand and to produce IFN and
[15]
IL-2 after incubation with anti PD-L1 antibodies .
Collectively, these in vitro data suggest that PD-1
signaling on T cells is a significant inhibitory pathway
during chronic HCV infection. Consequently, the possi
+
bility of partially restoring CD8 T cell function by
blocking PD-1/PD-L1 interaction may provide a valuable
tool for the enhancement of available therapies to cure
chronic hepatitis C.

RESTORATION OF ANTI-HCV
RESPONSES IN VITRO BY BLOCKING
PD-1
During the acute phase of HCV infection, HCV specific
T cells have been characterized as poorly functional,
[47-51]
regardless of the outcome of the disease
. A possible
+
explanation for this behavior of the HCV-specific CD8
T response is exhaustion, which is supported by the
initial rapid kinetics of HCV spread, replication after
infection, and later on, by the continuous exposure
+
of CD8 T cells to high antigen load. Several studies
demonstrated that the PD-1/PD-L1 pathway plays a
+
role in T-cell exhaustion when CD8 cells are chronically
exposed to high level antigen loads. Blockade of this
+
pathway can permit restoration of exhausted CD8 T
[12,52-55]
cells
and results in expansion of HCV specific T
[15,16,66]
cell proliferation
(Figure 2).
For instance, PD-L1 blockade improved HCV-specific
T cell proliferation in a dose-dependent manner. How
ever, proliferation of cytomegalovirus (CMV)-specific
+
CD8 T cells was not affected by PD-1/PD-L1 blockade,
consistent with their low expression levels of PD-1.
+
Similar to its effects on CD8 T cells in HCV, blocking the
PD-1/PD-L1 interaction in vitro restored effector function
and enhanced the proliferative ability of exhausted
+
CD8 T cells in many chronic infections, including HIV,
HBV, simian immunodeficiency virus (SIV), LCMV, and
[13,15,67-71]
Epstein-Barr virus (EBV)
.
This functional T cell restoration by blocking the
PD-1/PD-L1 pathway is a hierarchical phenomenon
that appears to reflect the different sensitivities to
[72]
exhaustion of the diverse T cell functions . Restoration
of proliferation capacity is relatively faster than the
restoration of IFN-γ and IL-2 production but with no
effect on cytotoxicity. In line with this, treatment with
anti-PD-L1 antibodies does not always predict the
[73]
expected positive effect of PD-1 blockade , suggesting
that PD-L1 binds at least one additional receptor
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POTENTIAL USE OF IN VIVO PD-1
BLOCKING FOR ANTI-HCV THERAPY
As demonstrated above, in vitro blockade of PD-1
can restore the functionality of HCV-specific T cells.
Blockade of PD-1 signaling was tested in vivo in both
[74]
chimpanzees
and in patients with chronic HCV
[75]
infection . In the chimpanzee study, an increase in
+
HCV specific CD8 cell responses and a considerable,
although transient, reduction in HCV viremia was only
seen in one of three chimpanzees. This chimpanzee
+
+
had the strongest and broadest CD4 and CD8 T cell
response before the development of chronic infection,
which suggested that PD-1 blockade alone is not
[74]
sufficient to attain viral clearance . In the patient
study, a single dose (10 mg/kg) of the PD-1 blocking
antibody BMS-936558 was followed by a greater than
0.5 log10 IU/mL decrease in HCV RNA titer in five of
45 (11%) patients. At the highest dose given (10 mg/
kg), a > 4 log10 IU/mL decrease in HCV RNA titer was
seen in three of 20 (15%) patients. This decrease of
HCV replication continued for more than 8 wk in most
[75]
patients .
Interestingly, in vivo PD-L1 blockade does not appear
to affect IL-10 level during chronic infection, although
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it downregulated IL-10 and upregulated IL-2 and IFN-γ
[76,77]
during in vitro stimulation
. Another ex vivo study
showed that intrahepatic T cells were significantly
[60]
dysfunctional and insusceptible to PD-1 blockade .
Therefore, the effect of PD-1 blockade is characterized
by T cell compartmentalization. Additionally, PD-1
+
expression on HCV specific CD8 cells is affected by viral
[62]
immune-evasion in chronic HCV infections .
Indeed, an efficient helper T cell function is com
pulsory for the development of virus specific CD8
[78]
cells . Thus, the synergistic effect of CD8- and CD4mediated T cell functions enhanced by anti-PD-L1 may
represent a strategy to enhance the effect of available
anti-HCV drugs. Consequently, it is conceivable that
utilizing PD-1/PD-L1 blockade can enhance the antiviral
effect of IFN/RBV therapy. Additional studies are
required, however, to survey whether the enhancement
of the T cell function induced by PD-1/PD-L1 blockade
and favored by IFN-α therapy in patients with a recent
HCV infection can be also accomplished in chronic
infections of longer duration, where the effect of long
lasting exhaustion may be more difficult to succeed.
+
Therefore, the potential of partially restoring CD8
cells function by blocking PD-1/PD-L1 interaction could
provide an additional tool to enhance available therapies
to cure chronic HCV.

single-nucleotide polymorphisms (SNP) of the PDCD1
gene (encoding PD-1) are connected with systemic lupus
[81]
erythematosus . Therefore, efforts have to be made
to enhance this promising strategy to maximize antiHCV therapeutic activities while minimizing toxicity. We
propose that one possible attractive alternative to the
systemic blockade of PD-1 for HCV immunotherapy is
to target the suppression of PD-1/PD-L1 co-stimulation
during antigen presentation. This was demonstrated in
[82,83]
mouse antigen presenting cells (APCs)
. This local
and transient blockade may provide the positive effects
needed to adequately boost anti-HCV immunity while
restricting possible side effects to a minimum.
Overall, continuing work to understand better how
the PD-1/PD-L1 pathway functions is imperative and will
encourage development of new vaccination approaches
that can overcome HCV specific T cell exhaustion.

CONCLUSION
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Contribution of the toxic advanced glycation end-productsreceptor axis in nonalcoholic steatohepatitis-related
hepatocellular carcinoma
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Abstract

Jun-ichi Takino, Kentaro Nagamine, Takamitsu Hori,
Department of Biochemistry, Faculty of Pharmaceutical Sciences,
Hiroshima International University, Hiroshima 737-0112, Japan

Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide. The main etiologies
of HCC are hepatitis B virus and hepatitis C virus (HCV),
and non-hepatitis B/non-hepatitis C HCC (NBNCHCC) has also been identified as an etiological factor.
Although the incidence of HCV-related HCC in Japan has
decreased slightly in recent years, that of NBNC-HCC
has increased. The onset mechanism of NBNC-HCC,
which has various etiologies, remains unclear; however,
nonalcoholic steatohepatitis (NASH), a severe form
of nonalcoholic fatty liver disease, is known to be an
important risk factor for NBNC-HCC. Among the different
advanced glycation end-products (AGEs) formed by
the Maillard reaction, glyceraldehyde-derived AGEs, the
predominant components of toxic AGEs (TAGE), have
been associated with NASH and NBNC-HCC, including
NASH-related HCC. Furthermore, the expression of the
receptor for AGEs (RAGE) has been correlated with the
malignant progression of HCC. Therefore, TAGE induce
oxidative stress by binding with RAGE may, in turn,
lead to adverse effects, such as fibrosis and malignant
transformation, in hepatic stellate cells and tumor cells
during NASH or NASH-related HCC progression. The aim
of this review was to examine the contribution of the
TAGE-RAGE axis in NASH-related HCC.
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Core tip: Expression of the receptor for advanced
glycation end-products (RAGE), which is a multiligand cell surface receptor, is correlated with the poor
therapeutic outcomes and malignancy of hepatocellular
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[14,15]

metabolic pathways
. There is evidence to suggest
that glyceraldehyde-derived AGEs (Glycer-AGEs),
the predominant components of toxic AGEs (TAGE),
are closely associated with insulin resistance, obesity,
hypertension, diabetes complications, cardiovascular
[16-24]
diseases, dementia, NASH, and cancer
. We recently
demonstrated that TAGE were present at significantly
higher concentrations in the sera of patients with NASH
than in those with simple steatosis or healthy controls,
and that TAGE accumulated in the livers of patients with
[25]
NASH . Extracellular TAGE induce oxidative stress by
binding with the receptor for AGEs (RAGE), which, in
[26-31]
turn, causes adverse effects in various types of cells
.
The TAGE-RAGE axis has been shown to increase the
[18,32-35]
malignancy of various types of cancer cells
.
These findings suggest that TAGE play an important
role in the development and progression of NASH
and NASH-related HCC. In this review, we discuss the
contribution of the TAGE-RAGE axis in NASH-related
HCC.

carcinoma (HCC). The synthesis of toxic advanced
glycation end-products (TAGE), ligands of RAGE, is
increased in nonalcoholic steatohepatitis (NASH) as
well as in NASH-related HCC. Interactions between
TAGE and RAGE induce oxidative stress, which may,
in turn, lead to adverse effects in tumor cells and
hepatic stellate cells during NASH or NASH-related HCC
progression. Therefore, these findings prompted us to
suggest that the TAGE-RAGE axis may be a treatment
target in NASH-related HCC.
Takino J, Nagamine K, Hori T, Sakasai-Sakai A, Takeuchi M.
Contribution of the toxic advanced glycation end-productsreceptor axis in nonalcoholic steatohepatitis-related hepatocellular
carcinoma. World J Hepatol 2015; 7(23): 2459-2469 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i23/2459.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i23.2459

INTRODUCTION
Background of NASH and NBNCHCC

Hepatocellular carcinoma (HCC), which accounts for
approximately 90% of all primary liver cancers, is one
of the most common malignancies in men and women,
and is the third leading cause of cancer-related mortality
[1-3]
worldwide . Hepatitis B virus (HBV) and hepatitis C
virus (HCV) are known to be the main risk factors for
[4]
HCC, accounting for over 75% of HCC worldwide . The
[3,4]
incidence of HCC is particularly high in Asia , and HBV
infection is endemic in eastern/south-eastern Asia, while
[5-7]
HCV infection is prevalent in Japan . Among diagnosed
HCC patients in Japan in 2006-2009, 84.1% had virusrelated HCC (HCV: 66.3%, HBV: 14.1%, HCV + HBV:
3.7%) and 15.9% had non-hepatitis B/non-hepatitis C
HCC (NBNC-HCC) [alcoholic: 7.2%, etiology unknown:
5.1%, nonalcoholic fatty liver disease (NAFLD): 2.0%,
[7,8]
Others: 1.6%] . Although the incidence of HCVrelated HCC has decreased slightly in recent years,
[9,10]
that of NBNC-HCC has increased
. Nonalcoholic
steatohepatitis (NASH), a severe form of NAFLD, has
been identified as an important risk factor among the
etiological factors of NBNC-HCC. The incidence of NASHrelated HCC is expected to increase in the future as the
number of patients with NAFLD is increasing worldwide.
Advanced glycation end-products (AGEs) formed by
the Maillard reaction, a nonenzymatic reaction between
the ketone or aldehyde groups of sugars and the amino
groups of proteins, have been implicated in aging
[11,12]
and diabetes-related pathological complications
.
This reaction begins with the conversion of reversible
Schiff base adducts to more stable covalently bound
Amadori rearrangement products. Over the course
of days to weeks, these Amadori products undergo
further rearrangement reactions to form irreversibly
[13]
bound moieties known as AGEs . Recent studies
have suggested that AGEs are formed not only from
sugars, but also from carbonyl compounds produced
as a result of the autoxidation of sugars and from other

WJH|www.wjgnet.com

NAFLD, which is the most common liver disease world
wide, is a disease that ranges from simple steatosis to
[36-41]
NASH
. Approximately 20%-30% of the population
has evidence of fatty liver disease attributed to NAFLD,
and approximately 10% of patients with NAFLD progress
[42]
to NASH . NASH, which is a disease that has the
typical histopathological findings of alcoholic liver disease
in patients without a history of significant alcohol abuse,
is recognized as a component of the metabolic syndrome
and has been closely associated with insulin resistance
[43-46]
as well as glucose and lipid metabolic disorders
.
Although simple steatosis appears to be a benign
and non-progressive condition, NASH is a potentially
progressive disease that can lead to fibrosis, cirrhosis,
[47,48]
and HCC
. Approximately 8%-26% of patients with
NASH progress to cirrhosis, and approximately 10%
of patients with cirrhotic NASH transform to HCC after
[47,49]
5 years
. Several case series have recently been
[50,51]
published on NASH-related HCC
. Furthermore,
NASH was shown to increase the risk of HCC without the
[52]
development of cirrhosis . While NASH is a risk factor
for HCC, the cirrhosis caused by NASH is also considered
to be an important risk factor.
The etiology of NBNC-HCC is often cryptogenic
cirrhosis (CC). Most cases of CC are considered to be
end-stage NASH because the prevalence of obesity
and diabetes among patients with CC is similar to
[53]
that of patients with NASH . In addition, patients
who undergo orthotopic liver transplantation for CC
[54]
often develop NAFLD and NASH after transplant .
However, the histopathological features of NASH often
[55]
disappear when cirrhosis is established . Marrero et
[56]
al reported that HCV (51%) and CC (29%) were the
first and second most common etiologies among 105
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Figure 1 Alternative routes for the formation of advanced glycation end-products in vivo. Reducing sugars, such as glucose, fructose, and glyceraldehyde
are known to react non-enzymatically with the amino groups of proteins to form reversible Schiff bases and Amadori product/Heyns products. These early
glycation products undergo further complex reactions such as rearrangement, dehydration, and condensation to become irreversibly cross-linked, heterogeneous
fluorescent derivatives, termed advanced glycation end-products (AGEs). Glu-AGEs: Glucose-derived AGEs; Fru-AGEs: Fructose-derived AGEs; Glycer-AGEs:
Glyceraldehyde-derived AGEs; Glycol-AGEs: Glycolaldehyde-derived AGEs; MGO-AGEs: Methylglyoxal-derived AGEs; GO-AGEs: Glyoxal-derived AGEs; 3-DG-AGEs:
3-deoxyglucosone-derived AGEs; CML: Nε-(carboxymethyl)lysine; P-NH2: Free amino residue of a protein; AR: Aldose reductase; SDH: Sorbitol dehydrogenase; FK:
Fructokinase; HFCS: High-fructose corn syrup; HbA1c: Hemoglobin A1c; TAGE: Toxic advanced glycation end-products.

patients with HCC in the United States, respectively,
that 50% of patients with CC had a prior histological
diagnosis of NASH or clinical features associated with
NAFLD, and that NAFLD-related CC accounted for 13%
of patients with HCC. These findings suggested the
existence of NASH-related HCC.

classes of AGEs (Glu-AGEs, glucose-derived AGEs; FruAGEs, fructose-derived AGEs; Glycer-AGEs, glycera
ldehyde-derived AGEs; Glycol-AGEs, glycolaldehydederived AGEs; MGO-AGEs, methylglyoxal-derived
AGEs; GO-AGEs, glyoxal-derived AGEs; and 3-DGAGEs, 3-deoxyglucosone-derived AGEs) were detected
in the sera of type 2 diabetic subjects undergoing
[13,58-61]
hemodialysis
. These findings suggested that all
seven forms of AGEs were synthesized in vivo (Figure 1).

Alternative routes for the
formation of AGEs in vivo
The formation of AGEs, which occurs through a nonenzymatic glycation reaction, is known to result from not
only glucose, but also the actions of various metabolites
[13,15,57]
that are primarily located intracellularly
.
We previously reported the contribution of fructose,
α-hydroxyaldehydes (glyceraldehyde and glycola
ldehyde), and dicarbonyl compounds (methylglyoxal,
glyoxal, and 3-deoxyglucosone) as well as glucose in the
glycation of proteins. Seven immunochemically distinct

WJH|www.wjgnet.com

Pathway for the in vivo
formation of TAGE
Glyceraldehyde, a precursor of TAGE, is produced by
two pathways (the glycolytic pathway and fructose
[17,21,22,24,62]
metabolic pathway)
. In the glycolytic pathway
(glycolysis), the intermediate glyceraldehyde-3phosphate (G-3-P) is metabolized by glyceraldehyde3-phosphate dehydrogenase (GAPDH), G-3-P accu
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Figure 2 In vivo production routes of glycer-advanced glycation end-products (toxic advanced glycation end-products). The chronic and excessive ingestion
of sugar-sweetened beverages (HFCS/sucrose) increases the levels of the sugar metabolite, glyceraldehyde in the liver. The glycolytic intermediate glyceraldehyde-3phosphate (G-3-P) is normally catabolized (glycolysis) by the enzyme glyceraldehyde-3-phosphate dehydrogenase (GAPDH). G-3-P accumulates intracellularly with a
decline in GAPDH activity. The metabolism of G-3-P then shifts to another route, resulting in an increase in the amount of glyceraldehyde, which promotes the formation of
glycer-advanced glycation end-products (AGEs) (TAGE). Fructose from the daily diet and polyol pathway is phosphorylated to fructose-1-phosphate (F-1-P) by fructokinase
and is then catabolized to glyceraldehyde and dihydroxyacetone phosphate by aldolase B (fructolysis). The newly synthesized glyceraldehyde is then transported or leaks
passively across the plasma membrane. Glyceraldehyde promotes the formation of TAGE both intracellularly and extracellularly. DHA-P: Dihydroxyacetone-phosphate;
FK: Fructokinase; HFCS: High-fructose corn syrup; TAGE: Toxic advanced glycation end-products; TG: Triglyceride; Protein-NH2: Free amino residue of a protein.
[14]

mulates intracellularly due to a decrease in GAPDH
enzyme activity. Accumulated G-3-P then shifts to
another metabolic route, and the amount of glyceral
dehyde is increased. In the fructose metabolic pathway
(fructolysis), fructose is mainly metabolized in the liver.
Fructose is phosphorylated to fructose-1-phosphate
(F-1-P) by a fructokinase, and liver aldolase B cleaves
F-1-P to produce dihydroxyacetone phosphate and
glyceraldehyde. The accumulated glyceraldehyde due
to a metabolic disorder is then transported or leaks
passively across the plasma membrane, thereby
promoting the intracellular and extracellular formation
of TAGE (Figure 2).

xidation . CML may also be formed independently
of the presence of fructose-lysine during the metalcatalyzed oxidation of low-density lipoproteins and
[68]
peroxidation of polyunsaturated fatty acids . A recently
supported concept is that CML is a marker of oxidation
rather than glycation.
[69]
Sebeková et al
initially suggested that the cata
bolism and clearance of circulating CML was impaired
by various liver diseases. In their study, plasma CML
levels were measured in 51 patients with liver cirrhosis
(five of whom were followed for 36 mo after liver
transplantation) and 19 healthy controls. The main
findings obtained were that: (1) plasma CML levels
were markedly elevated in patients with liver cirrhosis
and positively correlated with severity of the disease;
(2) plasma CML levels were inversely associated with
residual liver function in patients, as estimated by serum
albumin and plasma bilirubin levels; and (3) plasma
CML levels were markedly decreased (to approximately
50% of those before treatment) within 3 mo of liver
transplantation. These findings suggested that the liver
may play an important role in the removal of circulating
CML and that the hepatic clearance of circulating CML
[70]
may be impaired due to liver cirrhosis. Yagmur et al
also reported that serum CML levels were significantly
higher in patients with liver cirrhosis than in patients
without cirrhosis, and were positively associated with
the severity of cirrhosis defined by the Child-Pugh score.

Serum TAGE levels in NASH and
NBNC-HCC
AGEs were originally characterized by their ability to form
cross-links with and between amino groups and have
a yellow brown fluorescent color. However, this term is
now used for a broad range of advanced products of the
glycation process, including Nε-(carboxymethyl)lysine
(CML), Nε-(carboxyethyl)lysine, and pyrraline, which
are not cross-linked proteins and do not have color or
[13,63-67]
fluorescence
. CML was previously shown to be
formed from precursors such as glycolaldehyde and
glyoxal via the intra-molecular Cannizzaro reaction,
a process that is largely independent of glucose auto
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These findings suggested that circulating CML levels
may be a useful biomarker for evaluating residual liver
[71]
function. However, Moy et al
recently reported that
serum CML levels were inversely correlated with the
risk of HCC. They measured serum CML levels in 145
patients with HCC and 340 control patients, who were
male Finnish smokers, and found that high serum CML
levels correlated with a lower risk of HCC. Furthermore,
this relationship did not change in the case of NBNCHCC. Therefore, the relationship between circulating
CML levels and liver disease needs to be examined in
more detail in future studies.
Our clinical data indicated that TAGE played a role in
the etiology of NASH and that serum TAGE levels were
a useful clinical tool for discriminating between NASH[25,72,73]
related HCC, NASH, and simple steatosis
. We
measured serum AGE levels (CML, Glu-AGEs, and TAGE)
in 66 NASH patients without cirrhosis, 10 patients with
simple steatosis, and 30 control patients. We found that
serum TAGE levels were significantly higher in NASH
patients than in those with simple steatosis and the
controls; however, no significant difference was observed
[25]
in CML and Glu-AGE levels between the groups . We
measured serum TAGE levels in 43 NASH patients with
dyslipidemia in order to determine whether they played a
role in the treatment of NASH. Serum TAGE levels were
measured and clinical laboratory tests were performed
periodically during the administration of atorvastatin
(10 mg daily), a hydroxymethylglutaryl-CoA reductase
inhibitor, for 12 mo. This treatment significantly
decreased serum TAGE levels, and significantly im
[72]
proved biochemical and histological findings . We
also measured serum TAGE levels in 90 patients with
NBNC-HCC, 56 NASH patients without HCC, and 27
control patients, and found that serum TAGE levels
were significantly higher in NBNC-HCC patients than in
those with NASH without HCC and controls. Among the
patients with NBNC-HCC, 10 had NASH-related HCC, 49
alcoholic-related HCC, and 31 etiology unknown HCC,
and no significant differences were observed in serum
[73]
TAGE levels between these groups . These findings
suggested that the formation of TAGE, but not CML,
was enhanced by the development and progression
of NASH, and that enhanced TAGE may influence the
development and progression of NBNC-HCC. Brenner et
[74]
al
previously reported that increases in AGE-RAGEmediated inflammation in patients with end-stage liver
diseases including HCC following liver transplantation
were dependent on reactive carbonyl species-derived
AGEs, but not CML. Therefore, TAGE may play a more
important role in the development and progression of
[24,75]
NASH-related HCC than CML
.

box 1, and S100/calgranulins has been shown to trigger
the activation of key cell signaling pathways, thereby
[76]
reprogramming cellular properties . Previous studies
suggested that the expression of RAGE was associated
[77-80]
with the malignant progression of cancer
.
In the liver, RAGE is expressed in hepatocytes and
[81,82]
hepatic stellate cells (HSCs)
. Liver damage caused
by various factors such as inflammation, drugs, and
hepatic ischemia/reperfusion (I/R) is known to increase
the expression of RAGE, which induces further liver
[83-89]
[89]
failure
. For example, Kuhla et al
reported that
exposure to galactosamine/lipopolysaccharides induced
RAGE expression, leading to inflammation, and a pre- or
post-treatment with an anti-RAGE antibody attenuated
enhanced inflammation, apoptosis, and necrosis. There
fore, RAGE is crucially involved in the exacerbation of
liver disease and may also play a role in HCC, which
occurs following liver failure. A previous study reported
that the expression of RAGE mRNA was higher in the
liver cells of hepatitis and HCC patients than in normal
[81]
liver cells , and RAGE expression correlated with the
[90,91]
poor therapeutic outcomes and malignancy of HCC
.
[90]
Ito et al
investigated the relationship between RAGE
expression and clinical outcomes in 65 patients who
underwent initial hepatectomy for HCC. The number of
patients that expressed RAGE was significantly higher
among those with well and poorly differentiated HCC
than those with moderately differentiated HCC, and
the 5-year survival rate was significantly lower in the
RAGE-positive group than in the RAGE-negative group.
[91]
Yang et al
investigated the relationship between
RAGE expression and clinicopathological features in 75
patients with HCC. HCC tissues expressed significantly
higher levels of RAGE than non-cancerous tissues, and
the expression of RAGE was closely associated with
pathological staging and lymph-vascular space invasion.
Furthermore, recent studies suggested that RAGE
expression increased under hypoxic conditions in HCC
[79,81]
cell lines
. The survival of RAGE-transfected cells
was significantly prolonged under hypoxic conditions,
and an anti-RAGE siRNA treatment eliminated this
[81]
influence . Therefore, inhibitors of RAGE expression
may be effective as new HCC therapeutic drugs. Koh et
[88]
al
reported that losartan, a peroxisome proliferatoractivated receptor-γ (PPAR-γ) activator, attenuated the
enhanced expression of RAGE in I/R and attenuated
liver damage-inducing factors such as aspartate or
alanine aminotransferase, tumor necrosis factor-α,
[91]
and interleukin-6. Yang et al
demonstrated that
pioglitazone, a PPAR-γ agonist, decreased the expression
of RAGE in HCC cell lines, suppressed cell proliferation
and cell invasion, and induced apoptosis and cell cycle
arrest. We also previously reported that telmisartan may
down-regulate the expression of RAGE through its PPARγ-modulating activity in the human HCC cell line, Hep3B.
Telmisartan, but not candesartan, decreased RAGE
mRNA and protein expression levels, and GW9662,
an inhibitor of PPAR-γ, blocked the inhibitory effects of
telmisartan on RAGE mRNA and protein expression.

RAGE expression in HCC
RAGE, a multi-ligand cell surface receptor, interacts
with distinct molecules that have been implicated in
homeostasis, development, and inflammation. RAGE
binding by ligands such as AGEs, high mobility group
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Troglitazone and ciglitazone, which are full agonists
[92]
of PPAR-γ, mimicked the effects of telmisartan .
Therefore, PPAR-γ activators may become important
targets as inhibitors of RAGE expression in treatment
strategies for HCC.
Full-length RAGE, which is generally referred to as
RAGE, induces adverse effects, whereas the soluble
form of RAGE (sRAGE) attenuates these effects. sRAGE,
a circulating isoform of RAGE, has been detected
in plasma and consists of an endogenous secretory
RAGE (esRAGE), which is a splice variant, as well as
a proteolytically cleaved isoform of cell surface RAGE.
sRAGE, including esRAGE, is known to act as a decoy
receptor of RAGE by binding with AGEs and other
[93,94]
[83]
ligands competitively
. Zeng et al
reported that
the survival of mice treated with sRAGE after hepatic
I/R injury was better than that of mice treated with
PBS, and that the blockade of RAGE signaling by sRAGE
attenuated hepatic I/R injury. In order to elucidate
the relationship between serum sRAGE levels and
[95]
NASH, Yilmaz et al
measured serum sRAGE levels
in 48 patients with NASH (definite NASH, n = 40, and
borderline NASH, n = 8) and 14 control patients, and
found that serum sRAGE levels were significantly lower
in patients with NASH than in controls. Furthermore,
regarding the relationship between serum sRAGE levels
[71]
and HCC, Moy et al reported that serum sRAGE levels
inversely correlated with the risk of HCC or NBNCHCC, in addition to serum CML levels, as discussed
[96]
above. Kohles et al
also recently demonstrated
that serum sRAGE levels were significantly lower in
patients with progressive HCC than in patients without
progressive HCC. On the other hand, we, along with
others, recently found that serum sRAGE levels were
positively, rather than inversely, associated with serum
[97,98]
TAGE levels in non-diabetic and diabetic subjects
.
These findings suggested that since TAGE up-regulates
the expression of RAGE, increases in sRAGE levels may
[99]
reflect the expression of full-length RAGE . However,
the relationship between sRAGE and TAGE in NASH
or NASH-related HCC has not yet been elucidated in
detail; therefore, further analyses will be necessary in
the future.

relationship between increases in the expression of CRP
[101]
and the malignancy of HCC. Kinoshita et al
analyzed
the relationship between serum CRP levels and poor
prognoses in 186 patients with HCC, and demonstrated
that serum CRP levels correlated with a poor prognosis
[102]
in HCC patients. Furthermore, Kim et al
examined
serum CRP levels in 83 HCC patients with malignant
portal vein invasion and 1056 HCC patients without
portal vein invasion who underwent liver resection. They
found that CRP levels were significantly higher in HCC
patients with malignant portal vein invasion than in
HCC patients without portal vein invasion, and that CRP
levels correlated with the risk of tumor recurrence in
HCC patients with malignant portal vein invasion. TAGE
significantly enhanced cell proliferation in the human
HCC cell line HuH7, which expressed RAGE on the cell
surface, but not in the human HCC cell line HepG2,
which does not express RAGE. Flow cytometry with antiRAGE antibody staining demonstrated the expression
of membrane-bound RAGE in both HuH7 and HepG2
cells at 24.3% and 6.2%, respectively. Furthermore,
MK615, an extract of the Japanese apricot, was
shown to suppress TAGE-induced cell proliferation by
[34]
decreasing the expression of RAGE on the cell surface .
The expression of vascular endothelial growth factor
mRNA and protein was significantly greater in Hep3B
cells treated with TAGE than with the control nonglycated bovine serum albumin (BSA). Furthermore,
the proliferation and migration of as well as tube for
mation by human umbilical vein endothelial cells was
significantly greater with the conditioned medium of
TAGE-treated Hep3B cells than with the conditioned
medium of control non-glycated BSA-treated Hep3B
cells. On the other hand, TAGE did not influence HepG2
[34]
cells . This may have been due to differences in the
expression of RAGE on cell surfaces. Glu-AGEs were
also found to have no influence on Hep3B or HepG2
cells because they are known to have lower binding
affinity with RAGE than TAGE. The findings suggested
that the TAGE-RAGE axis played an important role in the
malignant transformation of HCC (Figure 3).
We previously reported the effects of the TAGERAGE axis in HSCs. TAGE induced the expression of
transforming growth factor-β1 and collagen type Iα2,
which are fibrogenic factors, as well as that of monocyte
chemoattractant protein-1, an inflammatory factor, via
the generation of NADPH oxidase-derived ROS in the
[103]
human stellate cell line LI90 . The activation of HSCs,
which mainly produce the extracellular matrix, has been
[104]
shown to play a pivotal role in liver fibrogenesis
,
[105,106]
and promotes the onset and progression of HCC
.
[107]
Amann et al
found that activated HSCs increased
the malignancy of HCC. The main findings of their study
were: (1) the conditioned medium of activated HSCs
significantly increased the proliferation and migration
of human HCC cell lines (HepG2, Hep3B, and PLC); (2)
activated HSCs significantly increased the volumes of
spheroids formed in the three-dimensional coculture of
HSCs and HCC, and these spheroids showed smaller

The TAGE-RAGE axis in HCC and
HSCs
We previously described the effects of the TAGE[100]
RAGE axis in HCC
. TAGE induced the expression
of C-reactive protein (CRP), an inflammatory marker,
via the activation of Rac-1 in Hep3B, and its induction
was attenuated by a pretreatment with anti-RAGE antiserum. Signal transducer and activator of transcription 3
- and nuclear factor-kappa B-dependent pathways and
a reactive oxygen species (ROS)-dependent pathway
exist in this signaling pathway, and have been suggested
to participate with each other in the early and late
[100]
stages of CRP induction . A previous study reported a
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Potential of a therapeutic target
sRAGE
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TGF-β1
MCP-1

EMT

Fibrosis
HCC
malignancy

HSCs

Inverse correlation

Invasion
Migration
Proliferation

Angiogenesis

ECs

Non-malignancy
VEGF

CML

TAGE

RAGE

Figure 3 Proposed model for the contribution of the toxic advanced glycation end-products-receptor axis in nonalcoholic steatohepatitis-related
hepatocellular carcinoma. The interaction between TAGE and RAGE alters intracellular signaling in tumor cells and hepatic stellate cells, and induces angiogenesis,
invasion, migration, proliferation, and fibrosis. This cooperation by the TAGE-RAGE axis may lead to the malignant progression of nonalcoholic steatohepatitis
(NASH)-related hepatocellular carcinoma (HCC). CML and sRAGE inversely correlate with the risk of HCC, and sRAGE, which plays the role of a decoy receptor
of RAGE, prevents the malignant progression of HCC. The TAGE-RAGE axis may become a treatment target in NASH and NASH-related HCC. CML: Nε(carboxymethyl)lysine; ECs: Endothelial cells; EMT: Epithelial mesenchymal transition; HSCs: Hepatic stellate cells; MCP-1: Monocyte chemoattractant protein-1;
RAGE: Receptor for advanced glycation end-products; sRAGE: Soluble receptor for advanced glycation end; TAGE: Toxic advanced glycation end-products; TGF-β1:
Transforming growth factor-β1; VEGF: Vascular endothelial growth factor.

central necrotic areas than those of spheroids formed
only with HCC; and (3) tumor size and invasion ability
were significantly greater following the co-implantation
of HSCs and HepG2 into nude mice than the implan
tation of HepG2 alone in vivo. Furthermore, Yang et
[108]
al
reported that collagen typeⅠ, which is secreted
by HSCs, enhanced the metastatic ability of HCC via
epithelial mesenchymal transition. These findings
suggested that the TAGE-RAGE axis in HSCs indirectly
caused the malignant transformation of HCC (Figure 3).

by NASH, contributes to the malignancy of NASH-related
HCC via RAGE. Therefore, the TAGE-RAGE axis may
become an important treatment target in NASH-related
HCC, and warrants further study.
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MINIREVIEWS

Training vs practice: A tale of opposition in acute
cholecystitis
Purvi P Patel, Shaun C Daly, Jose M Velasco
imaging, and management of bile duct stones despite
growing evidence in the literature defining best practice.
Management of patients with acute cholecystitis with
early laparoscopic cholecystectomy (LC) results in better
patient outcomes when compared with delayed surgical
management techniques including antibiotic therapy
or percutaneous cholecystostomy. Regardless of this
data, many surgeons still prefer to utilize antibiotic
therapy and complete an interval LC to manage acute
cholecystitis. The use of intraoperative biliary imaging
by cholangiogram or laparoscopic ultrasound has
been demonstrated to facilitate the safe completion of
cholecystectomy, minimizing the risk for inadvertent
injury to surrounding structures, and lowering conversion
rates, however it is rarely utilized. Choledocholithiasis
used to be a diagnosis managed exclusively by surgeons
but current practice favors referral to gastroenterologists
for performance of preoperative endoscopic removal.
Yet, there is evidence that intraoperative laparoscopic
stone extraction is safe, feasible and may have added
advantages. This review aims to highlight the differences
between existing management of acute cholecystitis
and evidence supported in the literature regarding best
practice with the goal to change surgical practice to
adopt these current recommendations.
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Core tip: General surgeons commonly perform lapar
oscopic cholecystectomy for acute cholecystitis; however,
current practices in biliary surgery often vary regarding
timing, intraoperative biliary imaging, and management
of bile duct stones. In spite of growing evidence in the
literature defining best practice and societal guidelines
supporting early cholecystectomy, intraoperative
cholangiogram and ultrasound, and laparoscopic bile

Abstract
Acute cholecystitis is one of the most common surgical
diagnoses encountered by general surgeons. Despite
its high incidence there remains a range of treatment
of approaches. Current practices in biliary surgery
vary as to timing, intraoperative utilization of biliary
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cholangitis and persistent cholecystitis (1.3% vs 10.3%)
and a decreased rate of septic shock (0.0% vs 1.3%)
[7]
have been demonstrated in EC patients . Most studies
with the highest level of evidence demonstrated similar
morbidity rates between EC and DC patients while some
[4,7-9]
even show improved outcomes for EC patients
.
A recent study analyzing the management of acute
cholecystitis in the elderly did not show any significant
differences in outcomes between the early and late
cholecystostomy groups. Furthermore, percutaneous
cholecystostomy did not confer any significant benefit
as a bridge to cholecystectomy except in medically
[1]
compromised patients .
The concern for an increased risk of bile duct injuries
when operating in acute inflammation may deter some
surgeons from early cholecystectomy. However, a metaanalysis, which included seven trials and over 1106
patients, demonstrated a similar common bile duct
injury rate between patients undergoing an EC vs a
[8]
DC (0.002% vs 0.004%) . In addition to the meta[4]
analysis, a database review by Zafar et al , which
included over 95000 patients, failed to show a difference
in observed bile duct injury rates. The literature
supports equal rates of bile duct injury irrespective of
laparoscopic cholecystectomy timing.
Many surgeons may choose to delay laparoscopic
cholecystectomy in times of acute inflammation to lessen
the chance of converting to an open procedure. The
current literature does not support this concern. There
exists no difference in conversion to open operations in
patients undergoing an EC, with rates as low as 0.14%
in a large meta-analysis to ranges of 5.0%-9.9% in
[4,7,8]
elsewhere in the literature
. These rates compare to
patients undergoing DC with rates as lows as 0.16% in
meta-analysis and ranges of 1.7%-11.9% elsewhere
[4,7,8]
in the literature
. Results were similar in the elderly
[9]
population . An increase in conversion rates after 5 d of
symptoms to open cholecystectomy was shown by Zafar
[4]
et al , further supports EC.
Some surgeons may be hesitant to perform a
laparoscopic cholecystectomy because such an operation
may be thought to lead to longer hospital stays, higher
costs and decreased patient satisfaction. Significantly
shorter hospital stays in EC patients, when compared
to DC patients, have been demonstrated and includes
[4,9,10]
[4]
the elderly population
. Zafar et al demonstrated
an increased postoperative stay of two days in patients
whose laparoscopic cholecystectomy was performed
after 5 d. Decreased hospital stay in one factor that has
led to decreased costs in EC. A cost savings of nearly
[7]
31% has been observed in the literature . In addition,
[11]
Johner et al
demonstrated not only a $2028 (2009
Canadian dollar) cost savings but a gain of 0.03 qualityadjusted life year (QALY) gain in patients undergoing
EC. Compared to EC, delayed cholecystectomy led to a
significantly increased rate of persistent abdominal pain,
10.0% vs 2.3% in EC patients, and increased rates of
[7]
persistent fever, 3.3% vs 0.3% in the EC group . When
mean patients satisfaction scores were determined,
EC patients had significantly higher satisfaction (92.7)

duct exploration utilizing laparoscopic ultrasound
and performing common bile duct exploration, an
overwhelming number of surgeons still perform delayed
operations, rarely perform intraoperative imaging and
defer treatment of common bile duct stones. Efforts
should be made to adopt the evidence-based data
supported in the literature.
Patel PP, Daly SC, Velasco JM. Training vs practice: A tale
of opposition in acute cholecystitis. World J Hepatol 2015;
7(23): 2470-2473 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i23/2470.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i23.2470

THE DICHOTOMY OF LAPAROSCOPIC
CHOLECYSTECTOMY TIMING
The timing of cholecystectomy in the management of
patients presenting with acute cholecystitis is variable
and controversial in spite of well-published guidelines
from surgical societies: SAGES and SSAT advocating
[1]
early cholecystectomy during same hospital admission .
Two current approaches exist in the treatment of acute
cholecystitis: (1) the traditional, conservative approach
consisting of initial antibiotic therapy or percutaneous
cholecystostomy followed by delayed cholecystectomy
(DC) once inflammation has resolved; and (2) the
preferred approach of early surgical intervention, ideally
utilizing laparoscopic cholecystectomy (EC) within three
to seven days of admission. Many surgeons continue to
practice the former due to a number of reasons, such
as a belief that an operation will be technically easier
after a two to six week delay. Patient comorbidities, and
the thought that laparoscopic cholecystectomy may be
relatively contraindicated in acute cholecystitis for it may
lead to high conversion rates have led to a resurgence
of percutaneous cholecystostomy beyond the accepted
indications in medically compromised patients. However,
a wide range of practicing surgeons in the United
States, ranging from 20% to 65% favor performing a
laparoscopic cholecystectomy early during the initial
[2-4]
presentation of acute cholecystitis . Current surgical
training has shifted this paradigm more towards early
surgical intervention based on strong evidence of its
benefit. However, practicing surgeons have been slow
[3,5,6]
to embrace the change for a variety of reasons
.
The concern for increased morbidity by operating in
a surgical field of acute inflammation still persists. While
significantly decreased morbidity rates for patients
undergoing EC (12.0%) compared to DC (33.3%) was
demonstrated in the ACDC trial, these results were
not replicated on a recent meta-analysis where similar
morbidity rates between EC patients and DC patients
[7,8]
(0.12% vs 0.27%) were observed . In the elderly
population, where the number of comorbidities is often
higher, similar morbidity rates were shown between EC
[9]
patients and DC patients . However, decreased rates of
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[10]

[18]

compared to DC patients (75.3) . This difference was
attributable to persistent and recurrent biliary attacks in
[10]
patients undergoing DC .

cystitis ranges from 3%-18% . Many algorithms
have been established to manage choledocholithiasis
but controversy exists to which is the best method.
When open cholecystectomy was standard of care, the
majority of common bile duct stones were removed
at the time of surgery by means of a common bile
duct exploration via a choledochotomy or an indirect
transcystic method. Early in the laparoscopic era, there
were limited capabilities of laparoscopic instruments and
surgeons’ lacked the expertise to complete a common
bile duct exploration. As such, endoscopic retrograde
cholangiopancreatography (ERCP) became standard
practice. With improved laparoscopic instruments and
advanced training, laparoscopic common bile duct
exploration (LCBDE) rates are on the rise. In conjunction
with intraoperative biliary ductal imaging, LCBDE allows
for the management of common bile duct stones during
one procedure. This technique has been shown to
have a statistically significant reduction in total costs,
length of hospital stay from 98 h with ERCP to 55 h,
[19,20]
and number of procedures performed
. In addition,
a trend towards better ductal clearance has been
[19]
demonstrated . Although utilization of LCBDE is gaining
popularity, use is largely limited to fellowship trained
minimally invasive or hepatobiliary surgeons and has
not yet been readily adopted by most general surgeons
despite improved outcomes.

THE DICHOTOMY OF BILIARY DUCT
IMAGING IN ACUTE CHOLECYSTITIS
Two current approaches exist regarding intraoperative
evaluation of the biliary tree: One that routinely
evaluates biliary ductal anatomy during a laparoscopic
cholecystectomy and the alternative, a selective
approach, that completes intraoperative imaging based
on individual clinical factors. To date, no randomized
controlled study has been appropriately powered to
endorse routine biliary imaging, however many studies
have demonstrated a trend towards decreased biliary
[12,13]
ductal injuries with routine evaluation
. Despite this
trend in data and despite a bile duct injury being one
of the most dreaded complications of biliary surgeons,
few training programs endorse a curriculum of routine
imaging and few surgeons have adopted it as part of
their practice.
When a surgeon undertakes biliary imaging, the next
decision to be made is which method of imaging should
be employed. Many techniques have been described in
the literature but the two most popular are intraoperative
transcystic cholangiography (IOC) and laparoscopic
ultrasound (LUS). Intraoperative cholangiogram is com
pleted by cannulating the transected cystic duct with a
small lumen catheter and is the most common method
utilized. Alternatively, laparoscopic ultrasound uses a
flexible probe dressed in a sterile sheath to evaluate
both ductal anatomy and the hepatic vasculature. In an
attempt to try and demonstrate one method superior
[14]
to the other, Aziz et al
performed a meta-analysis
including 11 studies whose results demonstrated no
significant difference in either sensitivity or specificity
between each method. However, more recent studies
have been able to demonstrate a higher specificity,
in some cases nearly 100%, using laparoscopic
[15]
ultrasound . Additional advantages to LUS include
that it is efficient, does not require cannulating the
biliary system, and it can be accomplished prior to a
complete and sometimes tedious dissection as it is easily
repeated as needed during the course of an operation.
Furthermore, LUS does not require fluoroscopy, and it
has a lower failure rate than IOC, being extremely useful
[15-17]
in defining the hepaticoduodenal anatomy
. In spite
of these many benefits, LUS is rarely taught and rarely
utilized in practice because of the technique’s large
learning curve and the traditional acceptance of IOC as
best care.

THE FUTURE OF BILIARY SURGERY
Even though laparoscopic cholecystectomy for acute
cholecystitis is one of the most commonly performed
operations by general surgeons, current practices in
biliary surgery remain varied despite growing evidence
in the literature defining best practice. Despite improved
outcomes by performing an early cholecystectomy in
acute cholecystitis and current training mirror such re
commendations, an overwhelming number of surgeons
still perform delayed operations. Despite superior
outcomes when LUS and IOC are utilized, a very limited
number of residents will be proficient at these techniques
upon completion of training and thus will not incorporate
them into clinical practice. Due to this lack of expertise,
many surgeons have come to rely on other tools
including MRCP for preoperative definition of anatomy
and ERCP to diagnose and remove common bile duct
stones. Although these alternative methods have
utility in a majority of cases, they come with additional
potential morbidity and costs. Efforts should be made for
surgical practice to catch up to surgical training and the
evidence supported in the current literature.
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Role of biomarkers in the prediction and diagnosis of
hepatocellular carcinoma
Mahmoud Khattab, Magdy Fouad, Elham Ahmed
fifth and the second most common cancer in the World
and in Egypt, respectively. Much work has focused
in the development of assays for detecting hepatic
carcinogensis before the observance of hepatic focal
lesions. Particular attention has been directed towards
HCC-specific biomarkers for use in the early diagnosis
of HCC and in the confirmation of radiological studies.
Although a number of biomarkers have been identified,
none have been considered reliable indicators of early
HCC lesions. This review presents a few of the most
relevant HCC biomarkers and suggests improvements
to the accuracy of diagnostic assays through their
combined use. Furthermore, we present an algorithm
for the biomarker-based diagnosis of HCC and highlight
its important role in the early prediction of HCC.
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Core tip: Alpha-fetoprotein (AFP) has been widely used
as a reference biomarker to validate the diagnosis of
hepatocellular carcinoma (HCC). However, normal
physiological-levels of AFP are observed in approximately
one third of HCC cases. Furthermore, a number of HCC
positive patients have AFP levels less than the threshold
value of 400 ng/mL. These factors make an AFP-based
diagnosis of HCC far from reliable. However, high
diagnostic accuracy indices have been reported when
AFP is combined with other biomarkers such as midkine,
golgi protein 73, des-γ-carboxyprothrombin, glypican-3,
and gamma-glutamyl transferase.
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Abstract
The prevalence of hepatocellular carcinoma (HCC) has
progressively increased in recent years and is now the
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[20]

in smaller studies in related populations . A correlation
was also observed for alcoholics presenting with liver
iron overload for increased risks of HCC and C282Y
[21]
mutation in haemochromatosis .

EPIDEMOLOGY
Hepatocellular carcinoma (HCC) has an annual in
cidence of 7.9% in men and 6.5% in women (fifth and
[1]
seventh worldwide respectively) . In regions with a
high prevalence of hepatitis C virus (HCV) and hepatitis
B virus (HBV) infections, the incidence and prevalence
[2]
of HCC has progressively increased . In Egypt, due
to the high prevalence of HCV and HBV infections,
the incidence rate of HCC has doubled in the past ten
[3]
years .

MOLECULAR PATHOGENESIS
The pathogenesis of HCC remains undetermined.
Evidence exists supporting the notion that DNA
damage occurs, resulting in the dysregulation of DNA
methylation, chromosomal instability, proto-oncogene
activation, and tumour suppressor gene inactivation. The
renin angiotensin system signalling pathways have been
observed to activate, which leads to cell proliferation
[22,23]
(Figure 2)
. Major risk factors for HCC typically lead
to liver cirrhosis and the accumulation of genetic and
epigenetic changes, such as the activation of oncogenes
and the inactivation of tumour suppressor genes. The
signalling pathways (e.g., Raf/MEK/ERK, PI3K/AKT,
and Wn/β-catenin pathways) are activated through
various growth factors. Growth factor receptor signalling
typically results in abnormal hepatocyte proliferation
[24,25]
and subsequently, tumour angiogenesis (Figure 3)
.
Furthermore, multiple mutations at the chromosomales,
genetics and epigenetics levels have been implicated
as pathogenetic mechanisms in the development of
[26,27]
HCC
. MicroRNA has been shown to aid in the
transcription of HCC oncogenes and (Wnt) signaling,
and it plays important roles in the development of HCC
through the activation of β catenin, the overexpression
[28]
of Wnt receptors and the inactivation of E-cadherin .

Pathogenesis and risk factors

Important environmental risk factors for HCC include
chronic hepatitis virus infections, alcohol abuse, and
non-alcoholic steatohepatitis (NASH). These risk factors
[4]
are also relevant aetiologic factors for cirrhosis . In
Eastern Asia and sub-Saharan Africa the main risk
factors for HCC are chronic hepatitis B infection and
exposure to aflatoxin B1. In North America, Europe, and
Japan, the main risk factors are chronic hepatitis C (CHC)
[5]
infection and alcohol consumption . HCV increases HCC
risk by promoting cirrhosis and causing specific genetic
[6]
lesions to the infected liver cells . Clinically relevant
hepatitis viral infections has been shown to predispose
individuals to HCC, similarly, occult hepatitis B infection
[7]
has been associated with the development of HCC .
Higher viral loads with prolonged infections have
been correlated with the occurrence of HCC and may
be due to accumulated risks from chronic oncogenic
[8]
damage . Daily alcohol consumption and Aflatoxin food
contamination have been associated with increased
[9,10]
risks of HCC
. Patients with CHC, increased insulin
resistance and high serum adiponectin levels are more
[11]
likely to develop liver cancer . Metabolic syndrome,
a combination of phenomena, including obesity, dysli
pidaemia, insulin resistance and type 2 diabetes mellitus
(DM), is a known potential risk factor for HCC. Due to
obesity or other causes, NASH has been associated with
[12,13]
increased risks of HCC
. DM has been associated
with a two to three fold increased risk of HCC. Addi
tionally, DM has been shown to affect the prognosis
[14]
of HCC after curative therapies . Furthermore,
DM type 2 can lead to HCC caused by carcinogenic
effects on the liver and other tissues from insulin-like
growth factor-1 (IGF-1) due to hyperinsulinaemia and
[15,16]
insulin-resistance (Figure 1)
. The risk for HCC
was particularly higher in diabetic patients treated
[17]
[18]
with insulin . However, Yamamoto et al , 2012,
reported a case in which a dramatic regression of HCC
was observed after four weeks of treatment with a
dipeptidyl peptidase-4 enzyme (DPP-4) inhibitor in a
+
patient with HCV-related chronic hepatitis. CD8 T-cells
were shown to accumulate around the HCC tissue,
indicating that a DPP-4 inhibitor may safely exert
beneficial effects on HCV-related HCC through immunity
[19]
modulation . A 1.7-fold increase in the incidence rates
of HCC was reported for individuals with hereditary
haemochromatosis confirming preliminary observations

WJH|www.wjgnet.com

BIOMARKERS IN DIAGNOSIS OF HCC
Alpha-fetoprotein and alpha-fetoprotein-L3

There are three forms of alpha-fetoprotein (AFP)
according to electrophoresis lectin-reactivity (AFP-L1,
AFP-L2, and AFP-L3). A high percentage of AFP-L3
seems to differentiate HCC from chronic liver diseases
and may be an indicator of HCC when the total serum
[29]
AFP levels are ≥ 200 ng/mL .
AFP has been traditionally used as a reference
biomarker to screen and support the diagnoses of HCC.
However, approximately one-third of HCC patients have
normal, physiological-levels of AFP. AFP levels > 200
ng/mL are specific for HCC, and levels > 500 ng/mL
correlate with tumour size. AFP-L3 levels above 10%
to 15% threshold level (percentage of AFP-L3 over
AFP) have been detected in approximately one-third
[30]
of HCC patients . The use of AFP levels to diagnose
HCC patients relies on a threshold value of 200 ng/mL,
a sensitivity of 0.310, a specificity of 0.960 and an area
[31,32]
under the curve (AUC) of 0.835
.

Des-γ -carboxyprothrombin

Des-γ-carboxyprothrombin (DCP) is produced in
HCC cell lines, and it is found at significantly higher
concentrations than normal in 50% to 60% of all HCC
patients and in 15% to 30% of early HCC cases. DCP
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Figure 2 The balancing effects of the renin-angiotensin system on tumouri
genesis (cited from Ager et al[23], 2008). The renin-angiotensin system can
promote or inhibit angiogenesis and cellular proliferation and thereby, support
or block tumour neovascularisation, growth and metastasis. ANG: Angiopoietin;
ACE: Angiotensin converting enzyme.

Accumulation of
extracellular matrix
Development and proliferation of HCC

Figure 1 Insulin resistance and the development of hepatocellular carcinoma
(cited from Eslam et al[16], 2011). HCC: Hepatocellular carcinoma; HOMA-IR:
Homeostasis model of insulin resistance; IRS: Insulin receptor; MAPK: Mitogenactivated protein kinase; IGF1: Insulin like growth factor 1; CTGF: Connective tissue
growth factor.

and AFP has been shown to provide higher sensitivity
[42]
and specificity than the individual use of each marker .

Gamma-glutamyl transferase

[33]

can be used together with AFP-L3 to diagnose HCC .
At a 125 mAU/mL threshold, DCP has high sensitivity
[34,35]
(89%), specificity (95%) and AUC (0.797)
in the
prediction of HCC.

In HCC and liver diseases, significant changes occur
in gamma-glutamyl transferase (GGT) serum activity.
GGT‑Ⅱ is a hepatoma-specific GGT and an early enzyme
[43]
marker of precancerous and cancerous processes . At
threshold levels of 100 U/L and 100 IU/mL for GGT and
AFP, respectively, GGT had a higher sensitivity and a
lower specificity than AFP (69.5% vs 43.5%) and (41.9%
vs 96.4%), respectively, for the diagnosis of HCC. When
AFP and GGT were combined, the sensitivity was 56.5%
[44]
and specificity was 69.5% .

Midkine

AT a 654 ng/mL threshold level, midkine (MDK) serum
has higher sensitivity (86.9% vs 51.9%), specificity
(86.3% vs 83.9%) and AUC (0.915 vs 0.754) compared
with AFP. Therefore, MDK can be used in the diagnosis
of AFP-negative HCCs and very early-stages of HCCs.
Furthermore, MDK can be used in HCC patients after
[36]
curative resections to diagnose tumour recurrence .

Alpha-l-fucosidase

Alpha-l-fucosidase (AFU) is a lysosomal enzyme. Its
serum levels have been shown to increase in patients
[45]
with cirrhosis and HCC . At a threshold of 2.3005
µmol/L per minute, AFU yielded a sensitivity and
[46]
specificity of 90% and 97.5%, respectively .

Dickkopf-1

Dickkopf-1 (DKK-1) can be used together with AFP for
the diagnosis of HCC and especially for HCC cases with
low levels of AFP. DKK-1 can distinguish HCC from nonmalignant chronic liver diseases and has sensitivity of
[37]
69.1% and a specificity of 90.6% .

Transforming growth factor beta-1

Transforming growth factor beta-1 (TGF-beta-1) is a
cytokine with multiple biological functions. It has a role
[47]
in cell growth and extracellular matrix formation .
With a threshold of 64.33 ng/mL, TGF-beta-1 has a
sensitivity of 78.3% and a specificity of 29.5% for the
diagnosis of HCC. The combined use of AFP and TGFbeta-1 altered the specificity and the sensitivity to
[48]
86.6% and 30.4%, respectively .

Golgi protein 73

Golgi protein 73 (GP73) serum levels increase in
[38]
patients with liver disease and HCC . At a threshold
value of RU 10 units, GP73 sensitivity, specificity and
[39]
AUC are 69%, 75% and 0.914 respectively .
The combination of GP73 and AFP (with a 35 ng/mL
threshold for AFP and an 8.5 RU threshold for GP73)
increased the HCC diagnostic sensitivity to 89.2%,
[40]
specificity to 85.2%, with an AUC of 0.914 .

IGF

IGFsⅠand Ⅱ are polypeptides that play important roles
in hepatic carcinogenesis. The serum levels of IGFⅠare
significantly lower in patients with HCC compared with
[49]
patients without HCC . At a threshold of 4.1 mg/g
IGFⅠhas a 63% sensitivity and a 90% specificity for
diagnosings of HCC. The combination of IGFⅠand AFP
increased the sensitivity to 80% and the specificity to
[50]
90% .

Glypican-3

Glypican-3 (GLP-3) is a 60 kDa cell surface-linked
heparin sulfate proteoglycan and is not expressed in
[41]
adult livers . GLP-3 serum levels are higher in HCC
patients than in patients with HCV-induced cirrhosis.
Furthermore, GLP-3 is more sensitive than AFP for the
detection of smaller HCC. The combined use of GLP-3
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Figure 3 Pathogenesis of hepatocellular carcinoma and targets for chemopreventive agents (cited from Singh et al[25], 2014). AMPK: Adenosine
monophosphate-activated protein kinase; IGFR1: Insulin-like growth factor receptor 1; MAPK: Ras mitogen-activated protein kinase; mTOR: Mammalian target of
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A tumor suppressor protein; P21: Cyclin-dependent kinase 2 inhibitor; CDK2: Cyclin-dependent kinase 2; ERK: Extracellular signal-regulated kinase protein; MEK:
Minase that phosphorylate mitogen activated protein (MAP); PDGFR: Platelet derived growth factor receptor; VEGFR: Vascular endothelial growth factor receptor;
IGFR1: Insulin like growth factor receptor 1; EGFR: Epidermal growth factor receptor; Ras: Prototypical member of the RAS superfamily of proteins; Raf: A MAP
kinase kinase kinase (a serine/threonine specific kinase); Akt: A protein kinase family of genes involved in regulating cell survival.

Squamous cell carcinoma antigen

Furthermore, OPN was more valuable when combined
[57]
AFP-L3 .

Squamous cell carcinoma antigen (SCCA) levels are
persistently elevated in patients with HCC displaying
normal, physiological-AFP levels. This property is useful
in the early detection and follow-up diagnoses for
[51]
patients treated for HCC . At a threshold of 0.368 ng/mL,
SCCA has an AUC of 0.705, a sensitivity of 84.2% and
[52]
a specificity of 48.9% .

Heat shock protein

Heat shock proteins (HSP) are stress-induced proteins
and belong to the glucose-regulated proteins (GRPs)
family. In neoplasms, the expression of HSP has been
associated with apoptosis regulation and tumour immune
response. The expressions of HSP27, HSP70, HSP90,
GRP78, and GRP94 increased in a stepwise pattern
as HCC developed from a dysplastic nodules to early
[58]
HCC and, finally to advanced HCC . In HBV-infected
patients, the expressions of GRP78, GRP94, or HSP90
have been significantly correlated with vascular invasion
and intrahepatic metastasis. HSP27 has been detected
in 90% HCC patients sera and two HBV patients sera,
[59]
but in none of normal sera . The optimal diagnostic
threshold for HSP27 was 456.5 pg/mL. This yielded a
sensitivity of 70% and a specificity of 73%, with an AUC

Osteopontin

Osteopontin (OPN) is an integrin-binding glycophos
phoprotein involved in many cellular functions, such
as regulating the survival, migration, invasion, and
[53]
metastasis of tumour cells . When compared with
cirrhosis, CHC, chronic hepatitis B or healthy controls,
OPN plasma levels were significantly elevated in
[54]
HCC patients . At a serum of 557 ng/mL, OPN has
sensitivity, specificity and AUC of 26%, 92.5% and
[55,56]
51%, respectively, for the diagnosis of HCC
.
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Enlarging and/or rising
index biomarker

Return to slandered surveillance

Proceed according to lesion size

Arterial hypervascularisation and
venous or delayed-phase washout

Positive

Negative

Biopsy

Negative

Positive

Positive

Treat as HCC
Index biomarker = A biomarker with a high AUC:
GP73 AUC = 0.914
AFP + DCP AUC = 0.874
AFP + GP73 AUC = 0.932
AFP + AFPL3 AUC = 0.748

Figure 4 Diagnostic algorithm for hepatocellular carcinoma. MDCT: Multidetector CT; MR: Magnetic resonance; AFP: Alpha-fetoprotein; DCP: Des-γcarboxyprothrombin; GP73: Golgi protein 73; AUC: Area under the curve; MRI: MR imaging; CT: Computed tomography; HCC: Hepatocellular carcinoma.
[60]

of 0.749

.

be elevated in HCC patients when compared with those
with cirrhosis. At a threshold of 2180 pg/mL, sCD25
based diagnoses of HCC had a sensitivity of 92.3% and
a specificity of 37.7%; for the early detection of HCC.
sCD25 based diagnoses had a sensitivity of 89.6% and
[64]
specificity of 39.3% .

Interleukin-6 and syndecan-1

Syndican: The serum level of syndecan-1 significantly
increased in HCC patients when compared with cirrhotic
and control groups. Syndecan-1 levels significantly
increased with progressive stages of Barcelona-Clinic
Liver Cancer Group[61]. The diagnostic value of the test
was significantly increased when combined with AFP.

Vascular endothelial growth factor

Vascular endothelial growth factor (VEGF), especially
VEGF-A, was found to be elevated in HCC, particularly in
[65]
advanced tumour stages and metastasis . High serum
[66]
levels of VEGF indicate poor HCC prognosis .

Interleukin-6: At a threshold of 7.9 pg/mL, inter
leukin-6 (IL-6) has a sensitivity of 0.83, a specificity of
[62]
0.83, and an AUC of 0.810 .
Higher C-reactive protein and IL-6 levels correlated
well with larger tumour sizes, poorer Child-Pugh
functions, shorter survival times and more predictable
outcomes in patients with HCC receiving loco-regional
[63]
therapy .

Soluble CD25

Glucoregulatory enzymes

In experimental studies, the sera and tissue levels of
the alpha feto protein and glucoregulatory enzymes,
HK, GAPDH and G6PD of hexose monophosphate shunt
were significantly higher in HCC-bearing animals when
[67]
compared with normal controls . Glucoregulatory
enzymes are promising targets as biomarkers for the
prediction of HCC in humans (Table 1).

[64]

In a study by Cabrera et al

, 2012, sCD25 was found
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Table 1 Threshold values, sensitivity, specificity and area under the curve of a few
biomarkers
Marker
AFP
DCP
GP73
AFP-L3
MDK
AFU
AFP + GP73
GGT + AFP
SCCA
HSP27
IL-6

Threshold

Sensitivity

Specificity

AUC

Ref.

200 ng/mL
7.5 ng/mL
10 RU
10%
654 ng/mL
2.3005 μmol/L
7.4 RU
100 U/L + 100 IU/mL
0.368 ng/mL
456.5 pg/mL
7.9 pg/mL

0.310
0.600
0.69
0.410
86.9%
90%
0.770
0.57
0.84
0.70
0.83

0.960
0.940
0.75
0.990
86.3%
0.975
0.840
0.70
0.49
0.73
0.83

0.835
0.797
0.914
0.710
0.915

[31,32]
[34,35]
[39]
[30]
[36]
[46]
[40]
[44]
[52]
[70]
[62]

0.932
0.705
0.649
0.810

AUC: Area under the curve; AFP: Alpha-fetoprotein; DCP: Des-γ-carboxyprothrombin; GP73:
Golgi protein 73; MDK: Midkine; AFU: Alpha-l-fucosidase; GGT: Gamma-glutamyl transferase;
SCCA: Squamous cell carcinoma antigen; IL-6: Interleukin-6.

Guideline diagnostic work-up for HCC

4

HCC nodules 1 cm or smaller are difficult to diagnose
by imaging and require further tested. Nodules
exceeding 1 cm can be diagnosed by imaging computed
tomography (CT) or magnetic resonance imaging (MRI)
with contrast. The uptake during the arterial phase and
contrast washout during the venous or delayed phases
[68]
provides diagnostic clues for HCC . However, the
conventional practices and methods for diagnosing HCC
are cumbersome and invasive. Nodular lesions showing
an atypical imaging patterns indicative of HCC on one
of the dynamic scans (CT or MRI) are validated with the
other dynamic scan (CT or MRI). Any liver nodules ≥ 2
cm showing atypical imaging pattern on both dynamic
scans (CT and MRI) subsequently require histological
[69]
confirmation . However, the use of biomarkers with
high HCC diagnoses accuracy indices can preclude the
need for these invasive and hazardous liver biopsies
(Figure 4).

5
6

7
8

9

10

CONCLUSION
Multiple biological markers are available to aid in the
diagnosis of HCC. However, their individual use does not
provide sufficient sensitivity and specificity. As presented
in this review, the combined use of more than one
biomarker may increase the predictive accuracy of HCC
diagnoses in cirrhotic patients.

11
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SYSTEMATIC REVIEWS

Detection of hepatitis B virus infection: A systematic review
Mallika Ghosh, Srijita Nandi, Shrinwanti Dutta, Malay Kumar Saha
METHODS: A thorough search on Medline database
was conducted to find original articles describing
different methods or techniques of detection of HBV,
which are published in English in last 10 years. Articles
outlining methods of detection of mutants or drug
resistance were excluded. Full texts and abstracts
(if full text not available) were reviewed thoroughly.
Manual search of references of retrieved articles were
also done. We extracted data on different samples and
techniques of detection of HBV, their sensitivity (Sn),
specificity (Sp) and applicability.
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RESULTS: A total of 72 studies were reviewed. HBV
was detected from dried blood/plasma spots, hepa
tocytes, ovarian tissue, cerumen, saliva, parotid tissue,
renal tissue, oocytes and embryos, cholangiocarcinoma
tissue, etc . Sensitivity of dried blood spot for detecting
HBV was > 90% in all the studies. In case of sero
negative patients, HBV DNA or serological markers
have been detected from hepatocytes or renal tissue
in many instances. Enzyme linked immunosorbent
assay and Chemiluminescent immunoassay (CLIA) are
most commonly used serological tests for detection.
CLIA systems are also used for quantitation. Molecular
techniques are used qualitatively as well as for quan
titative detection. Among the molecular techniques
version 2.0 of the CobasAmpliprep/CobasTaqMan assay
and Abbott’s real time polymerase chain reaction kit
were found to be most sensitive with a lower detection
limit of only 6.25 IU/mL and 1.48 IU/mL respectively.
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CONCLUSION: Serological and molecular assays are
predominant and reliable methods for HBV detection.
Automated systems are highly sensitive and quantify
HBV DNA and serological markers for monitoring.
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Automated detection; Molecular assay; Hepatitis B virus

Abstract

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: To review published methods for detection of
hepatitis B virus (HBV) infection.

Core tip: The article was aimed to review published
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core particles were released by Almeida et al . Antibody
present in post hepatitis serum reacted with these
inner/core particles. Researchers could comprehend
soon that to assess the infectivity of the disease mere
presence of HBsAg is not sufficient. In 1972 hepatitis B e
[9]
antigen (HBeAg) was identified by Magnius et al which
helped to differentiate between highly infectious and less
infectious forms. Simultaneously hepatitis B virus (HBV)
[10]
DNA was identified by Robinson et al . In earlier days
infection with HBV was detected by demonstration of
[2]
antibody titer by Complement Fixation Test . The first
solid phase sandwich radio immunoassay named Ausria
[11]
125 was developed by Ling et al at Abbott Laboratories
(North Chicago). This highly sensitive detection method
became a major discovery in the diagnosis of viral
[2]
transfusion hepatitis and screening of blood donors .
Since then innumerable serological and molecular
methods have been developed for diagnosing HBV. This
article provides an overview of detection of HBV infection
employing different techniques.

methods of detection of hepatitis B virus (HBV) infection.
A thorough search on medline database was conducted
and 72 studies were included. It was observed that
HBV can be detected reliably from dried blood spot
(sensitivity > 90%). Serological and Molecular assays are
predominant and reliable methods. Chemiluminescent
immunoassay is more sensitive than Enzyme linked
immunosorbent assay. Rapid tests are useful for
screening. Real time polymerase chain reaction (PCR),
branched DNA probe assays are principal methods for
quantitation. Automated systems are more sensitive
compared to in house assays. Abbott real time PCR was
found to be most sensitive with a lower detection limit of
only 1.48 IU/mL.
Ghosh M, Nandi S, Dutta S, Saha MK. Detection of hepatitis
B virus infection: A systematic review. World J Hepatol 2015;
7(23): 2482-2491 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i23/2482.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i23.2482

MATERIALS AND METHODS
Literature search

INTRODUCTION

The review followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
[12]
guidelines . A protocol was developed and pertinent
studies were identified as per inclusion and exclusion
criteria (Figure 1). A thorough search on Medline
database was conducted for articles related to diagnosis
of HBV infection. The search was based on the following
keywords or medical subject heading terms in the
database: (detection[All Fields] AND (“hepatitis B virus”
[MeSH Terms] OR “hepatitis B virus”[All Fields]) AND
(“infection”[MeSH Terms] OR “infection”[All Fields]))
AND (“2005/04/02”[PDat] : “2015/03/30”[PDat]).

rd

The enigma of hepatitis started long back in 3
millennium B.C. in Sumeria with the first description
of jaundice. Epidemic icterus was reported initially by
Hippocrates (460 to 375 B.C.) followed by various vague
descriptions by Greeks and Romans. But the perception
of transmissibility came into acceptance with the spread
[1]
of syphilis by Columbus and crew in 1494 . Further
innumerable epidemics occurred in recipients of vaccines
containing human serum or lymph. The largest was
in 1942 among United States Army personnel, who
[2]
received yellow fever vaccine containing human serum .
In 1940’s several experiments in human volunteers
[3]
[2,3]
by Cameron (1943) , Mac Callam (1944) , Paul et
[4]
al (1945) confirmed the viral etiology of hepatitis. 2
distinct clinicoepidemiological forms of viral hepatitis:
Serum hepatitis and infectious hepatitis was evidenced
[3]
by the study of Krugman in the late 1950’s and
[4]
1960’s at WillowBrook State Schools, NewYork . But
the most important exploration in the history of viral
hepatitis was of Sir B. Blumberg in the year 1960’s. He
observed an unusual reaction between the serum of
hemophiliac patient and that of Australian aborigine in
immunodiffusion gel and named this unusual protein
Australia Antigen (Au Ag) which was further linked to
[5]
viral hepatitis . In 1968 Alfred Prince also described a
serum antigen (SH Ag) in the serum of post transfusion
[6]
patients . These Au Antigen and SH Ag were soon
[1]
[7]
found to be identical . In the year 1970, Dane et al
discovered 42 nm sized virus like particles while observing
Au Ag immune complexes under Electron Microscope.
It was obvious that Au Ag was the surface antigen,
whereas the Dane particles were actual virus. Hence the
Au Ag was named hepatitis B surface antigen (HBsAg).
By treating these “Dane particles” with mild detergents
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Inclusion and exclusion criteria

The inclusion criteria were (1) articles describing methods
or techniques of diagnosis of HBV; (2) published in
English language; and (3) published in last 10 years.
Articles were excluded if (1) study not original (review
or editorial or case report); (2) studies describing
methods of detection of drug resistance or mutants; (3)
studies describing non microbiological serum biomarkers
for diagnosing hepatitis only; (4) studies describing
diagnosis of patients coinfected with other viruses
[hepatitis C virus (HCV), human immunodeficiency
virus, etc.] or bacteria (Mycobacterium tuberculosis);
and (5) full text or abstract not available in Medline.

RESULTS
Detection of HBV from samples other than serum or
whole blood

HBV is most commonly detected in serum or whole
blood. But we retrieved total 17 studies, which have
been published in MEDLINE in last 10 years, discussing
about detection of HBV from samples other than
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Total 770 studies were identified in MEDLINE as per search strategy

247 studies were found to be relevant as per title and abstract

Studies excluded (n = 175):
Reasons:
Studies not original (n 1 = 33)
Studies detecting drug resistance or mutants only (n 2 = 66)
Studies describing only non microbiological methods for detection of hepatitis (n 3 = 10)
Studies describing diagnosis of HBV patients co infected with other pathogen (n 4 = 30)
Full text or abstract not available (n 5 = 2)
Studies describing non human experiments (n 6 = 9)
Duplicate study (n 7 = 5)
Article not in English (n 8 =20)

Studies included in review (n = 72)

Figure 1 Flow Chart for selection of relevant articles. HBV: Hepatitis B virus.

serum or whole blood. Researchers have detected HBV
[13-16]
[17-20]
from dried blood/plasma spots
, hepatocytes
,
[21]
[22,23]
[24]
ovarian tissue , cerumen
, saliva , parotid
[25]
[26]
[27,28]
tissue , renal tissue , oocytes and embryos
,
[29]
cholangiocarcinoma tissue , etc. (Table 1).
Dried blood spots were first used in medical
[30]
diagnostics by Guthrie et al to detect Phenylketonuria.
Dried blood spot (DBS) collection is much easier than
taking venous blood. More over different antibodies,
medications, metabolites, and nucleic acids remain
[15]
stable for a longer period in these samples . As
researchers have validated this sample in diagnosis
of HBV, it has been used much conveniently in field
settings or resource poor settings. This review highlights
that serological markers and nucleic acid of HBV can be
detected from this sample by Point Of Care Tests (POCT),
Enzyme Linked Immunosorbent Assay (ELISA) or Nucleic
Acid Amplification Techniques with high sensitivity (Table
1). The combination of DBS and POCT is even more
advantageous to use in resource poor settings. Sn of
detection of HBsAg from saliva was 74.29% in the study
[24]
of Arora et al Presence of viral antigen in saliva makes
dentistry personnel more vulnerable. Saliva can also be
collected very easily without technical expertise and with
the help of POCTs diagnosis can be made in resource
poor settings rapidly.
In certain cases of chronic infection with low level
viremia or seronegative patients, HBV DNA has been
detected from hepatocytes by polymerase chain
reaction (PCR) - In situ hybridization, while couldn’t
[18]
be detected from blood . Other novel and highly
sensitive techniques like flowcytometric quantitation,
droplet digital PCR has increased the sensitivity of HBV
detection from hepatocytes even more. This is especially
important in diagnosing the etiology of chronic hepatitis/
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hepatocellular carcinoma in seronegative or low viremic
patients. Again persistent detection of covalently closed
circular DNA (cccDNA) helps to predict recurrence of the
[19]
disease . Detection of serological markers and HBV
DNA from ovarian tissue, oocytes or embryo becomes
[21,28]
important in case of in vitro fertilization
. Though
in one study nucleic acid couldn’t be detected after
culture and vitrification of oocytes or embryos from
[27]
seropositive mothers during the procedure . In the
[26]
study of Kong et al , HBsAg and HBcAg were detected
in frozen renal tissue by immunohistochemistry in 1.9%
of seronegative patients with glomerulonephritis. As it is
a common extrahepatic manifestation of viral hepatitis,
in occult infections renal tissues can be used to detect
the presence of virus.

Different methods of detection of HBV infection

The detection of HBV is very important in controlling
its spread. After the discovery of Ausria 125 various
serological, molecular and automated detection methods
have been introduced and validated by different
researchers. While searching Medline database in last
10 years total 55 studies were found describing different
methods of detection.

Serological methods

Serological methods are most common, rapid and
cost effective methods to detect different markers like
HBsAg, anti-HBsAg, anti-HBcAg, HBeAg, anti-HBeAg,
etc.
ELISA: ELISA is a type of solid phase immunoassay in
which antigens or antibodies are covalently bound with
suitable enzymes that can catalyze the conversion of a
substrate into colored products. It is a validated method
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Table 1 Studies describing detection of hepatitis B virus from samples other than serum or whole blood
Ref.

Year of publication

Sample used

Mendy et al[13]

2005

Chen et al[21]

2005

Dried blood spots along with
serum
Ovarian tissue

van der Laan et al[17]

2007

Hepatocytes

Goh et al[22]

2008

Cerumen and otorrhoea
samples along with serum

Chen et al[25]

2009

Parotid tissue

Nuriya et al[18]

2010

Hepatocyres

Villar et al[14]

2011

Dried blood spots

Wu et al[29]

2012

Arora et al[24]
Cobo et al[27]

2012
2012

Ye et al[28]

2013

Eftekharian et al[23]

2013

Kong et al[26]

2013

Ross et al[15]

2013

Alidjinou et al[16]

2014

Zhong et al[19]

2014

Huang et al[20]

2015

Method used

Comments

HBsAg detected by determine
Comparison of DBS results with serum
(TM) HBsAg
testing results: Sn 96%, Sp 100%
HBsAg and HBcAg detected by
Positivity rate of HBV DNA was 58.3%
immunocytochemistry and HBV
DNA by PCR
Flow cytometric quantitation A significant correlation was found between
the percentage of infected hepatocytes and
the intracellular expression level of HBsAg
(R = 0.841, P < 0.001)
HBsAg and HBeAg were
HBV DNA was detected in 66.7% of
detected by Enzyme
cerumen samples and 100% of otorrhoea
Immunoassay and HBV DNA
samples
was detected by quantitative
PCR
Serological markers by
Overall positivity rate was 54.5% to 58.3%
immunocytrochemistry and
HBV DNA by PCR
PCR - In situ hybridisation
All hepatocytes were infected with HBV in
chronic liver disease
HBsAg, anti-HBc, and anti-HBs Sn was 90.5%, 97.6%, and 78% for anti-HBc,
were detected by ELISA
HBsAg, anti-HBs assays, and Sp was 92.6%,
96.7%, and 97.3% for anti-HBc, HBsAg, and
anti-HBs assays, respectively
HBV DNA by nested PCR
HBV DNA and HBV antigens were detected
and HBV related antigens by
significantly in cases of intrahepatic
immunohistochemistry method
cholangiocarcinoma
HBsAg was detected by ELISA
Sn 74.29% and Sp 100%
Reverse transcriptase PCR
Viral sequences were not detected in these
samples from seropositive patients

Paraffin embedded intrahepatic
and extrahepaticcholangiocarci
noma tissue
Saliva
Spent culture media and liquid
nitrogen samples of oocytes and
embryos
Discarded test tube embryos
Single cell reverse transcriptase
Detection rate was 13.2%
from mothers with chronic HBV
PCR
infection undergoing in vitro
fertilization treatment
Cerumen along with serum HBV DNA was detected by PCR HBV DNA was detected in 6.6% of HBsAg
positive patients
Frozen renal tissue
HBsAg and HBcAg detected by Found positive in 9 out of 500 patients of
immunohistochemistry
glomerulonephritis without serological
evidence
Dried blood spots
HBsAG, anti HBcAg, anti
Sensitivity was 98.6%, 97.1%, 97.5%, 93%
HBsAg detected by Abbott
Architect and HBV DNA by
artus HBV LC PCR
Dried plasma spots
HBsAg and HBV DNA detected Sn and Sp 100% for serological markers and
by ELISA and PCR
Sn 96%, Sp 100% for HBV DNA
Hepatocytes
Covalently closed circular HBV
Helps to detect recurrence of HBV
DNA detected by in situ PCR
Formalin fixed paraffin
Droplet digital PCR to detect
Highly sensitive method
embedded hepatocellular
HBV copy number
carcinoma tissue

HBsAg: Hepatitis B surface antigen; DBS: Dried blood spots; Sn: Sensitivity; Sp: Specificity; HBcAg: Hepatitis B core antigen; HBV DNA: Hepatitis B virus
deoxy ribonucleic acid; PCR: Polymerase chain reaction; ELISA: Enzyme linked immunosorbent assay; Anti-HBc: Antibody to HBcAg; Anti-HBs: Antibody
to HBsAg.

of kit of Span Diagnostics Ltd. Though in most of the
cases kits are evaluated against a pretested panel,
when the results are projected to a population, PPV and
NPVs depend widely on the prevalence of that infection.
Different researchers have modified this method even.
[32]
Yazdani et al , 2010 used novel monoclonal antibodies
as capture layer and a polyclonal biotinylated antibody
as detector phase to develop one new ELISA system.
Sensitivity and specificity of the assay were 98.98%

to detect different serological markers. Various ELISA
[31]
kits are commercially available. Maity et al , 2012
evaluated 3 ELISA kits (Span diagnostics Ltd., J. Mitra
and Co. Pvt. Ltd., and Transasia Biomedicals Ltd.) in 300
samples. All the kits were found to be good at screening
having higher specificity. Positive predictive value (PPV)
and negative predictive value (NPV) were 100% when
panels were tested by kits of J. Mitra and Co. Pvt Ltd.
and Transasia Biomedicals Ltd, though little less in case
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and 99.6%, respectively when compared to established
commercial kit. The performance of ELISA depends
on concentration of coating antibody, conjugates and
sera. Using different concentrations by checkerboard
[33]
titration method Fatema et al , found that, optimal
concentration of coating antibody to be 0.25 ng/mL
and 1 in 9 diution of both conjugate and sera. Poly L
lysine coated magnetic beads were used to concentrate
[34]
the virus by Satoh et al . HBsAg and Anti HBc were
tested by Enzyme Immuno Assay (AxSYM, Abbott),
and haemaglutination inhibition test. By HBsAg EIA
they were able to detect 27 out of 40 occult HBV
infection. Antigen/ antibody quality is very important for
diagnostic accuracy. Recombinant HBcAg is expressed
in Escherichia coli and Pichia pastoris (P. pastoris) by
[35]
Li et al , 2007 and used in ELISA for detection of anti
HBcAg. P. pastoris derived antigen was more specific
and sensitive in detection than the other counterpart.

respectively. ADVIA centaur CP Immunoassay System
is based on chemiluminescent with advanced acridinium
[43]
ester technology. van Helden et al
compared its
performance with AxSYM, Abbott. It’s Sn and Sp was
100% and 99.5%. The automated chemiluminescent
micro particle immunoassay of Abbott (Architect)
detects anti-HBc. Borderline reactivity in this system
was reassessed by 2 other tests: Microparticle enzyme
immunoassay (MEIA, AxSYM, Abbott), and enzyme
linked fluorescent assay (ELFA, VIDAS Anti-HBc Total
[44]
Ⅱ, bioMérieux) by Ollier et al . 42.99% of borderline
reactive samples were found to be positive by MEIA,
ELFA. So, other confirmatory tests should be done in this
scenario. This commonly used Abbott’s Architect system
was also compared with another fully automated and
[45]
closed DiaSorinLIAISON(®)XL by Krawczyk et al
and
[46]
Kinn et al . The two tests were in > 95% agreement
in both the studies. In a multicentre study, automated
VIDAS HBsAg Ultra [long (L) and short (S)] incubation
protocol (Biomérieux) was compared to AxSYM (Abbott)
[47]
by Weber et al . Sn of the VIDAS HBsAg Ultra (L), (S)
and the AxSYM HBsAg v2 were 99.07%, 97.87% and
94.14% respectively. Sp was 100% for VIDAS. The
mean time of the diagnostic window was shortened with
the VIDAS HBsAg Ultra (L) and (S) when compared with
the AxSYM HBsAg v2 by 1.06 and 0.66 d, respectively.
Sn for the VIDAS HBsAg Ultra (L), (S) and AxSYM HBsAg
v2 were 99.07%, 97.87% and 94.14%. The Sp were
100% (VIDAS HBsAg Ultra L and S) and 99.6% (AxSYM
[47]
HBsAg v2) .

Chemiluminescent enzyme immunoassay and
its modifications: This rapid immunoassay method
uses antigen or antibodies labeled with luminescent
molecules. This is more sensitive than ELISA. In
comparative studies with PCR the sensitivity of chemil
uminescent enzyme immunoassay (CLEIA/ CLIA)
[36]
is 96% . Its sensitivity is even more enhanced by
different modifications by researchers. Matsubara et
[37]
al , 2009 developed a highly sensitive CLEIA method
for quantitative detection of HBsAg by a combination
of monoclonal antibodies each specific for epitopes
of HBsAg. This method was 230 fold more sensitive
than existing CLIA methods. Incorporating firefly
luciferase as labelling enzyme a bioluminescent enzyme
[38]
immunoassay was developed by Minekawa et al . This
became 50 fold more sensitive than conventional CLIAs.
[39]
Liu et al , 2013 developed an amplified luminescent
proximity homogeneous assay (AlphaLISA) for HBsAg.
The detection sensitivity was as low as 0.01 IU/mL,
when compared with the commercial light-initiated
chemiluminescence assay. The correlation coefficient of
this assay was 0.921.

Other methods: A biosensor based imaging ellip
sometry was developed and validated for 169 patients
[48]
by Qi et al . They concluded that this method could
detect 5 markers within 1 h with acceptable agreement
when compared to ELISA. Another novel assay based on
magnetic beads and time resolved fluroimmunoassay
[49]
(TR FIA) was developed by Ren et al , 2014. The
detection antibodies were europium labeled and
capturing monoclonal antibodies were immobilized on
magnetic beads. The test results had correlation with
CLIA (Y = 1.182X - 0.017, R = 0.989). The same TRFIA
method was also used to detect HBV Pre S1 antigen by
[50]
[51]
Hu et al
and HBsAg by Myyryläinen et al . Burbelo
[52]
et al
used Luciferase Immmunoprecipitation system
to detect HBV infection. This could correctly predict
the HBV status in all but 2 of 99 assays. Fletcher et
[53]
al
standardised an in house neutralization test for
confirmation of HBsAg. Six hundred and fifteen HBsAg
samples were subjected to the test. 100% of high
reactive samples and 93% of low reactive samples were
neutralized by this method, whereas 100% of grey zone
reactive samples were negative.

Automated systems: AxSYM (Abbott) is the first
automated third generation immunoassay system. Abbott
PRISM HBsAg assay is an in vitro chemiluminescent
immunoassay. A new prototype assay based on magnetic
micro particle was developed in this sysyem to increase
[40]
its sensitivity and ability to detect mutants. Lou et al
demonstrated that it can detect more commercially
available seroconversion panel members (185 of 384)
than PRISM (181). Researchers have evaluated different
automated CLIA systems across the world. Elecsys
(Roche) and Architect (Abbott) gave comparable results
for quantitation of HBsAg when assessed by Gupta et
[41]
al . Beckman Coulter’s anti-HBs chemiluminescence
immunoassay (Access AbHBsII) was evaluated in 1207
routine samples prescreened with AxSYM (Abbott)
[42]
for detection of anti HBsAg by Motte et al . Sn, Sp,
PPV and NPV were 97.8%, 98.1%, 96%, and 99%,
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POCT: POCTs are developed to make diagnosis more
[54]
rapid and accessible to patients. Njai et al
validated
3 POCTs (Determine, Vikia and Espline) for detecting
HBsAg in field or laboratory setting in Gambia, Western
Africa. All the 3 tests gave acceptable result when

2486

October 18, 2015|Volume 7|Issue 23|

Ghosh M et al . Detection of HBV
Table 2 Studies describing different quantitative molecular methods
Ref.

Year of publication

Garson et al[58]
Welzel et al[59]
Mazet-Wagner et al[60]

2005
2006
2006

McCormick et al[61]

2006

Cai et al[62]

2008

Paraskevis et al[63]

2010

Chevaliez et al[64]

2010

Sun et al[65]

2011

Cha et al[66]
Yang et al[67]
Kania et al[68]

2013
2014
2014

Method of quantitation

Detection limit

FRET based real time PCR assay
Sn at 95% detection level was 24.2 IU/mL
Novel real time PCR
Sn at 95% detection level was 56 IU/mL
Real time PCR assay to detect total HBV DNA
27 IU/mL
and cccDNA from serum and peripheral blood
mononuclear cells
Procleix Ultrio Assay (Multiplex PCR) to detect HIV 1,
Sp ≥ 99.5%, Sn is > 95% with detection limit for
HCV RNA and HBV DNA simultaneously
HBV DNA of 15 IU/mL
Real time fluorogenic Loop Mediated Isothermal
At 95% detection level 210 copies/mL
Amplification (RtF-LAMP)
New ultrasensitive in house real time PCR assay
Sn at 95% and 50% detection level: 22.2 IU/mL and 8.4
IU/mL
v2.0 of the CAP/CTM assay
Highly Sn, could even detect 6.25 IU/mL HBV DNA;
Sp is 99%, Intra-assay and interassay coefficients of
variation ranged from 0.21% to 2.67% and from 0.65%
to 2.25%, respectively
Duplex real-time PCR assay using two sets of primers/
Detection limit 29.5 IU/mL; Sp 100%
probes and a specific armored DNA as internal control
ExiStation HBV diagnostic system
9.55 IU/mL
Colorimetric PCR with DNA zyme containing probe
Broad range of linearity and high sensitivity
2 in house real time PCR targeting X (qPCR1) or S
qPCR1: 104 IU/mL; qPCR2: 91 IU/mL
(qPCR2) genes

FRET: Fluoresence resonant energy transfer; PCR: Polymerase chain reaction; cccDNA: Covalently closed circular DNA; Sn: Sensitivity; Sp: Specificity; HBV
DNA: Hepatitis B virus deoxy ribonucleic acid; v2.0: Version 2.0; HCV: Hepatitis C virus; CAP/CTM: CobasAmpliPrep/CobasTaqMan.

compared to AxSYM HBsAg ELISA as reference test.
Rapid kits (J. Mitra and Co. Pvt. Ltd., Span diagnostic
Ltd., Standard Diag. Inc.) were also evaluated by Maity
[31]
et al , 2012. Sn, Sp, PPV and NPV of all the kits were
100%.

lification, etc.; (2) Signal amplification: Branched DNA
probe (bDNA); and (3) probe amplification: Ligase
chain reaction. These techniques can qualitatively or
quantitatively detect minute amount of HBV DNA present
in the sample. Some researchers have even combined 2
different methods to increase Sn. Combination of bDNA
and HBV PCR helped in detection of HBe Ag positive
[57]
chronic HBV patients by Ozdarendeli et al .
Quantitative detection is very important for moni
toring of HBV infection. Molecular methods have been
used for quantitation by different researchers (Table 2).
In this review, of the entire in house and automated
molecular techniques version 2.0 (v2.0) of the Cobas
AmpliPrep/CobasTaqMan (CAP/CTM) assay was found to
be most sensitive, with a lower detection limit of only 6.25
[63]
IU/mL . Commercial assays were more sensitive than
in house assays.
[69]
Park et al
evaluated Magicplex™ HepaTrio Realtime Detection test, a multiplex PCR assay for the
detection of hepatitis A virus, HBV and HCV. Sn and Sp
[70]
was 93.8% and 98.2%. Monjezi et al developed a Taq
Man real time detection assay based on the concept of
phage display mediated immune PCR for the detection
of HBcAg. This method was able to detect about 10 ng
of HBcAg.
A rapid real time micro scale chip based PCR system
consisting of 6 individual thermal cycling modules was
[71]
developed by Cho et al . It took less than 20 min
to complete 40 thermal cycles. They conducted large
clinical evaluation study to detect HBV infection. The sn
and sp was 94% and 93% respectively.
The persistence of HBV can be detected by demon
[72]
stration of covalently cccDNA. Takkenberg et al

Comparison of different methods
[55]

Liu et al
compared test results of 4 different types
of serological tests in 116455 samples. Chemilu
minescent microparticle immunoassay (CMIA), electro
chemiluminescent immunoassay (ECLIA), ELISA and
golden immunochromato-graphic assay (GICA) were
used to test the HBsAg level. For qualitative results
GICA was significantly less specific than the other 3
tests. Compared to CMIA the false negativity rate of
ECLIA, ELISA and GICA were 0.2%, 1.3%, 12.3%.
Molecular methods: Molecular methods used in
diagnosis can be categorized as nucleic acid hybri
dization, nucleic acid amplification, sequencing and
enzymatic digestion of nucleic acids.
Hybridization technique: Conventional hybridization
technique, though highly specific, lacks sensitivity. Yao
[56]
et al
constructed a peptide nucleic acid probe which
combined with target DNA sequences more efficiently
than DNA probes. The detection limit was 8.6 pg/L and
Sp was 94.4%.
Nucleic acid amplification technique: Amplification
techniques can be: (1) target amplification: PCR,
nucleic acid sequence based amplification, transcription
mediated amplification, Strand Displacement amp
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Table 3 Comparison of different methods
Ref.

Year of publication

Hochberger et al[75]

2006

Juman Awadh et al[76]

2008

Yang et al[77]

2009

Louisirirotchanakul et al[78]

2010

Berger et al[79]
Lunel-Fabiani et al[80]

2010
2010

Caliendo et al[81]

2011

Ismail et al[82]

2011

Yeh et al[83]

2014

Comparison between

Remarks

Automated COBAS AmpliPrep/COBAS TaqMan
Good correlation between two
system (real time PCR) and Versant HBV 3.0
Versant HBV 3.0 (Bayer, branched DNA mediated
Both were highly specific, though
assay) and Biotitre B (real time PCR variant)
reproducibility of Versant HBV 3.0 was higher
Real Art HBV PCR Kit (Abbott, real time PCR) and
Abbott's kit was more sn, detection limit 27
Versant bDNA 3.0
IU/mL
fully automated ElecsysHBsAg Ⅱ assay, Architect,
The later 2 tests appeared less sensitive in
AxSYM and Advia Centaur HBsAg assays
detecting early HBV infection
CAP/CTM assay v2.0 and v1.0
Comparable results for all 278 tested samples
Access immunoassay system from Beckman coulter
Sn: 100%, Sp: 99.96%
with Abbott AxSYM and PRISM HBsAg assays; VIDAS
was used to conclude discrepant results
Abbott RealTime HBV IUO, the Roche CAP/CTM HBV Limit of detection of artus 1.5 log(10) IU/mL,
test, the Roche CobasTaqMan HBV test with HighPure
of other 3 tests 1.0 log(10) IU/mL
system, and the Qiagen artus HBV TM ASR
Abbott HBV real-time PCR (Abbott PCR), artus
Lower limit of detection against WHO
HBV real-time PCR with QIAamp DNA blood kit
standards were 1.43, 82 and 9 IU/mL
purification (artus-DB), and artus HBV real-time PCR
respectively
with the QIAamp DSP virus kit purification (artus-DSP)
Abbott real time HBV (RealTime assay) and CAP/CTM Real time assay's Sn: 98.2%, Sp: 100%. Good
HBV assays 2.0 (TaqMan assay)
level of agreement between the two

PCR: Polymerase chain reaction; Sn: Sensitivity; Sp: Specificity; WHO: World Health Organization; v2.0: Version 2.0; CAP/CTM: CobasAmpliPrep/
CobasTaqMan; HBV: Hepatitis B virus; bDNA: Branched DNA; HBsAg: Hepatitis B surface antigen.

developed a sensitive, specific and reproducible Real
Time PCR to detect and quantitate cccDNA in chronic
HBV patients. The lower limit of detection was 15 copies/
PCR. cccDNA is detected by Southern blot analysis in cell
[73]
[74]
cultures by Cai et al . Guo et al developed magnetic
capture hybridization and quantitative PCR assay to
detect cccDNA with a detection limit of 90 IU/mL.
Studies have been conducted to compare different
methods (Table 3). Abbott’s real time PCR kit was most
sensitive with lower limit of detection of only 1.48
IU/mL. In comparison most of the automated systems
had good agreement.

support.

COMMENTS
COMMENTS
Background

In earlier days infection with hepatitis B virus (HBV) was detected by
demonstration of antibody titer by Complement Fixation Test. The first solid
phase sandwich radio immunoassay named Ausria 125 was developed by Ling
et al at Abbott Laboratories (North Chicago). This highly sensitive detection
method became a major discovery in the diagnosis of viral transfusion hepatitis
and screening of blood donors. Since then innumerable serological and
molecular methods have been developed for diagnosing HBV.

Research frontiers

This article provides an overview of detection of HBV infection employing
different techniques.

DISCUSSION
HBV can be detected reliably from DBS (Sn > 90%
in all cases). In certain cases of occult infections or
seronegative patients, HBV have been detected from
hepatocytes or renal tissues also. Serological and
Molecular assays are predominant and reliable methods
for HBV detection. CLIA is more sensitive than ELISA.
Rapid tests are also dependable and useful for screening
purpose, especially in resource poor settings. Quantitation
is important for monitoring. Real time PCR, bDNA assays
are principal methods used for this purpose. Automated
systems are more sensitive when compared to in house
assays. Among the molecular techniques v2.0 of the
CAP/CTM assay and Abbott real time PCR were found to
be most sensitive with a lower detection limit of only 6.25
IU/mL and 1.48 IU/mL respectively.

Innovations and breakthroughs

Beside serum/plasma, HBV can be detected reliably from dried blood spots
(DBS) (Sn > 90% in all cases). In occult infections or seronegative patients,
HBV was detected from hepatocytes or renal tissues. Serological and
Molecular assays are predominant and reliable methods. Chemiluminescent
immunoassay is more sensitive than enzyme Linked Immunosorbent Assay.
Rapid tests are useful for screening. Real time polymerase chain reaction
(PCR), branched DNA assays are principal methods for quantitation. Automated
systems are more sensitive compared to in house assays. CobasAmpliprep/
CobasTaqMan version 2.0 assay and Abbott real time PCR were found to be
most sensitive with a lower detection limit of only 6.25 IU/mL and 1.48 IU/mL
respectively. Rapid tests are also highly sensitive and specific as evaluated by
different researchers.

Applications

Use of DBS and validated rapid tests can aid in initial diagnosis in resource
poor settings. Quantitation is important for monitoring and prognostic evaluation
and automated systems are highly sensitive and efficient for this purpose.
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Associating liver partition and portal vein ligation
for staged hepatectomy (ALPPS) is a novel 2-stage
technique intended to induce rapid growth of the future
liver remnant (FLR). Initial reports of a 12% mortality
rate have sparked debate regarding the safety of the
procedure. A 64 years old male was planned for a rightsided hemi-hepatectomy due to colorectal cancer liver
metastases. Intra-operatively it was decided to convert
to an ALPPS due to unexpectedly small segments 2-4.
Post-operative serum laboratory tests indicated an acute
liver failure and radiological imaging showed no sign of
arterial blood flow to the right hemi-liver. A computed
tomography examination on post-operative day 3
revealed that the FLR had increased from 290 to 690
mL in 3 d (138% growth). In the following days serum
values gradually improved and stage 2 was carried out
on post-operative day 7. The rest of the hospital stay
was uneventful and the patient made a full recovery.
ALPPS is a fascinating advancement in liver surgery.
Despite severe post-operative complications, in properly
selected cases it provides successful outcomes that
other modalities of treatment cannot offer.
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puted tomography (CT) thorax/abdomen showed
9 metastatic lesions in segments 5, 6, 7 and 8. The
patient received 4 cycles of FOLFOX and subsequent
imaging showed marked regress of the hepatic lesions
(Figure 1A). It was also noted that the right hepatic
artery arose directly from the superior mesenteric artery
(type Ⅲ according to the Michel classification). Following
2 additional cycles of chemotherapy, the patient was
planned for a right-sided hemi-hepatectomy.
Intra-operatively, pronounced chemotherapy induced
liver changes were evident with signs of sinusoidal
obstruction; i.e., blue liver syndrome. Further exploration
showed that segments 2, 3 and 4 were unusually small
(post-operative calculation of the FLR (segments 1-4)
290 mL, giving a FLR/BW-ratio of 0.34% and a ratio of
FLR/total estimated liver volume (sFLR) of 16.1% (Figure
1A). It was decided intra-operatively to deviate from the
initial planned one-stage right-sided hemi-hepatectomy
and to perform an ALPPS procedure with segments 1-4
as FLR. The right hepatic vein, a large inferior hepatic
vein (“Makuuchi vein”), right hepatic artery and right
bile duct were isolated and marked with rubber vessel
loops (Figure 2). The right portal vein was divided
and the liver was transected with a cavitron ultrasonic
surgical aspiration. Intra-operative bleeding was 400
mL, no blood was administered intra-operatively and no
hypotensive episodes were noticed during the operation.
On post-operative day two, serum laboratory tests
showed signs of acute liver failure and hepatic ischemia
[international normalised ratio (INR) of 2.1 (ref <
1.2), bilirubin 61 μmol/L (ref < 26 μmol/L), aspartaat
aminotransferase (ASAT) 131 ukat/L (ref < 0.76 ukat/L),
alanine aminotransferase (ALAT) 94.2 ukat/L (ref < 1.20
ukat/L) and creatinine 140 μmol/L (ref < 100 μmol/L)]
(Table 1). An ultrasound of the liver showed no sign
of arterial blood flow to the right hemi-liver. Following
proper rehydration, a CT examination was performed
on post-operative day 3, which confirmed occlusion of
the right hepatic artery and showed an ischemic right
hemi-liver. It was, however, noted that the FLR had
increased from 290 to 690 mL in only 3 d translating
into a 138% increase of the FLR volume (Figure 1B).
Already at this stage the FLR/BW-ratio was 0.8% and
sFLR 38.3%. Surprisingly, on the late venous phase of
the CT there was contrast enhancement in the hepatic
venous system of the deportalized segments, not only
in the large veins close to the inferior vena cava, but
also in the peripheral vessels (Figure 3A).
Despite impressive growth in terms of volume,
the patient was clearly still in severe liver failure. The
decision was taken to observe the patient and postpone
stage 2 of the ALPPS procedure for as long as possible,
closely monitoring the patient’s liver function during
the following days. On post-operative day 6 the serum
values had gradually improved and were as follows:
INR 1.7, bilirubin 52 μmol/L, ASAT 1.54 ukat/L, ALAT
11.85 ukat/L (Table 1). At this point the patient fulfilled
the Balzan 50-50 criteria for post-hepatectomy liver
[7]
failure . However, apart from some mild confusion

2-stage technique intended to induce rapid growth
of the future liver remnant. Initial reports of a 12%
mortality rate have sparked debate regarding the safety
of the procedure. We here present a complication
following ALPPS that to our knowledge has never been
described before. Yet proper patient selection resulted
in a full recovery following a potentially life threatening
liver failure.
Sanjeevi S, Sparrelid E, Gilg S, Jonas E, Isaksson B. Arterial
ischemia in the deportalized liver following associating liver
partition and portal vein ligation for staged hepatectomy. World
J Hepatol 2015; 7(23): 2492-2496 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i23/2492.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i23.2492

INTRODUCTION
Associating liver partition and portal vein ligation for
staged hepatectomy (ALPPS) is a novel two-stage
technique intended to induce rapid growth of the
future liver remnant (FLR). Classically the technique
is applied in the setting of an extended right-sided
hemi-hepatectomy. The stage 1 operation involves
transection of the right portal vein, followed by division
of the parenchyma between the portal flow-deprived
segments 4-8 and the normally vascularized FLR
(segments 1-3). After a short interval (in general 7
d at our institution) and having confirmed adequate
growth of the FLR, stage 2 is performed with removal
[1]
of the deportalized liver . Viable alternatives to ALPPS
include portal vein embolization, portal vein ligation and
[2]
two-stage hepatectomy . The decision to perform an
ALPPS procedure can also be made intra-operatively
when detection of additional disease makes other forms
[3]
of therapy unfeasible . The procedure is applicable
in a variety of liver tumors, but is utilized most often
[4]
for colorectal cancer liver metastasis (CRLM) . The
question whether ALPPS is a superior choice compared
to previously established surgical procedures is still
unanswered. Initial reports of a 12% mortality rate have
[5]
sparked debate regarding the safety of the procedure .
Large multicenter retrospective studies have studied
the morbidity and mortality associated with ALPPS,
but a prospective randomized control trial is yet to be
[3,4,6]
performed
.
In the following case report, we present a postoperative complication following ALPPS for CRLM, to our
knowledge not previously described.

CASE REPORT
A 64 years old male with no comorbidities was dia
gnosed with rectal cancer at a screening colonoscopy.
The tumor was staged as a T3cN0M0 and was surgically
resected. A scheduled follow-up at 2 mo revealed
elevated carcinoembryonic antigen levels and a com

WJH|www.wjgnet.com

2493

October 18, 2015|Volume 7|Issue 23|

Sanjeevi S et al . A case report and literary review
Table 1 Patient’s laboratory liver values during in-hospital stay
Reference intervals
Pre-op day (before stage 1)
1
Post-op day (after stage 1)
3
6
14
29

INR

Bilirubin (μmol/L)

ASAT (ukat/L)

ALAT (ukat/L)

< 1.2

< 26

< 0.76

< 1.20

FLR (mL)

FLR/BW ratio (%)

sFLR (%)

1.0

4

0.51

0.58

290

0.4

16.1

2.1
1.7
1.4
1.3

61
52
17
24

131.00
1.54
0.65
0.77

94.20
11.85
1.35
1.09

690
746
-

0.8
0.9
-

38.3
41.4
-

FLR: Future liver remnant; ASAT: Aspartaat aminotransferase; ALAT: Alanine aminotransferase; INR: International normalized ratio; sFLR: Standardized
future liver remnant.

A

B

Figure 1 Pre-operative computed tomography (A) and on post-operative day 3 (B) following stage Ⅰ of the associating liver partition and portal vein
ligation for staged hepatectomy procedure.

dark necrotic right hemi-liver was found at laparotomy
(Figure 4). The right hepatic artery, bile duct and right
hepatic vein were divided by staples. The right hemiliver was removed and the abdomen was closed. No
complications were experienced post-operatively and
the patient recovered well. The only complaint was
recurring hiccups that that ceased spontaneously 7
d after stage 2 (the patient experienced a prolonged
period of unexplained hiccups even after the colectomy
of the primary tumour). At this point the serum values
had further improved (INR 1.4, bilirubin 17 μmol/L,
ASAT 0.65 ukat/L, ALAT 1.35 ukat/L) (Table 1). The rest
of the hospital stay was uneventful and the patient was
discharged on post-operative day 22.

c

a

b

Figure 2 Vessel loops around the right hepatic artery (a), right bile duct (b)
and inferior hepatic vein (“Makuuchi vein”).

DISCUSSION

and fever, the patient was asymptomatic. CT images
now (post-operative day 6) showed signs of complete
hepatic ischemia with air in the intrahepatic bile ducts.
The FLR had only hypertrophied slightly since postoperative day 3 and now measured 746 mL. Once
again, on the late venous phase images there was
contrast-enhancement in the hepatic venous system
of the deportalized segments, both in the central and
peripheral vessels (Figure 3B).
Leaving the ischemic right hemi-liver for a longer
period of time was considered a clear risk and the
decision to proceed to stage 2 was made. Stage 2 of
the ALPPS was carried out on post-operative day 7. A

WJH|www.wjgnet.com

ALPPS is a relatively new technique with the mechanisms
driving growth of the FLR not fully understood. Complete
ischemia of the deportalized liver following ALPPS
has to our knowledge never before been described.
Remarkably, despite this unforeseen complication, the
patient successfully underwent even the second stage of
the operation and made an uneventful recovery.
Recent reports have questioned the use of ALPPS
due to a morbidity of 43%-60% and mortality of
[8-11]
15%-20%
. A multicenter registry study by Schadde
[4]
et al reported severe complications (Clavien-Dindo
≥ Ⅲb) in 27% of patients and a 90 d mortality of 9%.
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A

B

Figure 3 Post-operative late venous phase computed tomography with contrast enhancement of the hepatic venous system of the ischemic right hemiliver on (A) day 3 and (B) day 6.

operative venous flow noted in the deportalized right
hemi-liver (Figure 3). This phenomenon may explain
the subsequent improvement of serum liver values
between stage 1 and 2. Additionally, an increase in
venous flow was noted between post-operative days
3 and 6 (Figure 3). The source of the venous blood is
however not clearly understood, considering that blood
flow in the right hepatic artery was absent on imaging.
A standing theory is that the right hemi-lobe received
arterial blood from bile duct associated vessels with
retrograde filling of the portal veins from the hepatic
[14]
sinusoids . Retrograde filling of the right hepatic and
[15]
inferior hepatic veins could also have been possible .
The present case was extensively analyzed at the
institutional morbidity and mortality review board. A
point of criticism was the initial decision to proceed with
a right-sided hemi-hepatectomy despite the small FLR.
If this was pre-operatively noticed the patient may have
benefited from portal vein embolization. Despite the
misjudgment, the intra-operative decision to proceed
with ALPPS was considered the best option for the
patient. The reasoning behind the arterial occlusion
was also discussed. A technical error was considered
unlikely as optimal flow was palpated in the right hepatic
artery prior to closure of the abdomen. It could be
hypothesized that trauma during the surgery precipitated
the formation of an arterial thrombus. Occlusion of
the right hepatic artery has been described following
[16]
liver transplantations . Damage during the Pringle
maneuver and the formation of a pseudoaneurysms
have been proposed as underlying mechanisms.
To conclude, ALPPS is a fascinating advancement in
liver surgery, requiring further studies to better our under
standing. Yet, despite post-operative complications, in
properly selected cases it provides successful outcomes
that other modalities of treatment cannot offer.

Figure 4 Ischemic right liver lobe following stage 2 of associating liver
partition and portal vein ligation for staged hepatectomy.

Significantly better outcomes were noted in patients
with CRLM and patients under the age of 60. Although
our patient was 64 years old, he was previously healthy
with no recorded comorbidities. Other independent
risk factors included red blood cell transfusions and
stageⅠoperating times longer than 300 min, two factors
[6]
our patient did not fulfill. Truant et al hypothesize
that complications occurring between stage 1 and 2 of
ALPPS play a significant role in morbidity and mortality.
More specifically, post stage 1 biliary fistula, ascites and
infected bile collections worsen overall outcome. Again,
our patient experienced none of the abovementioned
complications and had an uncomplicated post-operative
course apart from post-hepatectomy liver failure and the
described liver ischemia.
Post-operative imaging showed that the FLR of the
patient increased by 157% over a period of 6 d. Of
greater significance is that the major part of the growth
(136%) occurred in less than 3 d after stage 1. This is an
impressive increase in size, considering that metabolic
support from the deportalized liver was sub-optimal.
Reported increases in the FLR range from an average of
[3,4,12]
49%-80% over 7 d
. It should be emphasized that
the increase in volume does not necessarily correlate
[13]
with an increase in function of the FLR .
Another unique aspect of this case was the post-
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A 64 years old male that went into severe liver failure following associating liver
partition and portal vein ligation for staged hepatectomy (ALPPS) due to arterial
ischemia in the deportalized liver.
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Clinical diagnosis

3

Differential diagnosis

4

Laboratory diagnosis

5

Liver failure following stage Ⅰ of ALPPS due to arterial ischemia.

The diagnosis of liver failure was well established by imaging and laboratory
tests. The exact mechanism for the full recovery of the patient is not completely
understood.

An acute rise in international normalized ratio and serum bilirubin, alanine
aminotransferase and aspartaat aminotransferase which gradually improved
over time.

Imaging diagnosis

An ultrasound of the liver showed no sign of arterial blood flow to the right hemiliver and a computed tomography examination confirmed occlusion of the right
hepatic artery and an ischemic right hemi-liver.

6

Pathological diagnosis

Pathology following stage Ⅱ of ALPPS confirmed the underlying disease to be
colorectal liver metastases.

Treatment

7

Supportive therapy.

Related reports

8

This is the first report to describe arterial ischemia in the deportalized liver
following ALPPS.

Term explanation

9

Experiences and lessons

10

ALPPS: Associated liver partition and portal vein ligation for staged hepatectomy;
FLR: Future liver remnant; CRLM: Colorectal liver metastasis.

ALPPS is a fascinating advancement in liver surgery requiring further studies
to better our understanding. Despite post-operative complications, in properly
selected cases it provides successful outcomes that other modalities of
treatment cannot offer.

11

Peer-review

12

ALPPS is an interesting novel two stage surgical procedure for extended
liver tumors with more and more applications described into literature: This
article describes a case report of application of ALPPS procedure in a patient
intraoperatively judged as not eligible to a right hepatectomy due to unexpected
little remnant volume: The attention is focalized on a specific particular
postoperative complication, never described previously into literature.
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EDITORIAL

Epigenetic mechanisms in non-alcoholic fatty liver disease:
An emerging field
Rocío Gallego-Durán, Manuel Romero-Gómez

Abstract

Rocío Gallego-Durán, Manuel Romero-Gómez, Inter-Centre
Unit of Digestive Diseases and CIBERehd, Virgen Macarena Virgen del Rocío University Hospitals, 41013 Sevilla, Spain

Non-alcoholic fatty liver disease (NAFLD) is an emerging
health concern in both developed and non-developed
world, encompassing from simple steatosis to nonalcoholic steatohepatitis (NASH), cirrhosis and liver
cancer. Incidence and prevalence of this disease are
increasing due to the socioeconomic transition and
change to harmful diet. Currently, gold standard method
in NAFLD diagnosis is liver biopsy, despite complications
and lack of accuracy due to sampling error. Further,
pathogenesis of NAFLD is not fully understood, but
is well-known that obesity, diabetes and metabolic
derangements played a major role in disease develop
ment and progression. Besides, gut microbioma and
host genetic and epigenetic background could explain
considerable interindividual variability. Knowledge that
epigenetics, heritable events not caused by changes in
DNA sequence, contribute to development of diseases
has been a revolution in the last few years. Recently,
evidences are accumulating revealing the important
role of epigenetics in NAFLD pathogenesis and in
NASH genesis. Histone modifications, changes in DNA
methylation and aberrant profiles or microRNAs could
boost development of NAFLD and transition into clinical
relevant status. PNPLA3 genotype GG has been asso
ciated with a more progressive disease and epigenetics
could modulate this effect. The impact of epigenetic on
NAFLD progression could deserve further applications
on therapeutic targets together with future non-invasive
methods useful for the diagnosis and staging of NAFLD.
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Core tip: The interplay of environmental and host factors
results in non-alcoholic fatty liver disease (NAFLD)
development and influence its progression individually.
Nevertheless, the physiopathology of this disease
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morbidity, which can lead to major complications (i.e.,
[10]
bleeding, and even death) . Non-invasive methods
have been recently developed in order to diagnose
non-alcoholic steatohepatitis, such as imaging tests
(transient elastography, acoustic radiation force impulse
and magnetic resonance elastography) as well as
biomarkers (cytokeratin-18 and fibroblast grown factor
21).
NAFLD pathogenesis can be resumed as the
excessive accumulation of fat in hepatocytes, leading to
increased intracellular vacuoles of fat, lack of capacity
for mitochondrial beta-oxidation, oxidative stress, proinflammatory mechanisms and hepatocellular apop
[11,12]
tosis
. Since pharmacological treatment for NAFLD
[13]
remains ineffective , the first-line approach for these
patients is the reduction on total body weight achieved
by decrease of energy consumption and increase of
exercise.

remains unclear, so this lack of knowledge avoids the
development of new therapeutic approaches and noninvasive biomarkers. Epigenetics could be an interesting
alternative to cover these issues, considering the amount
of evidence accumulated in order to clarify its role on
NAFLD.
Gallego-Durán R, Romero-Gómez M. Epigenetic mechanisms
in non-alcoholic fatty liver disease: An emerging field. World J
Hepatol 2015; 7(24): 2497-2502 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i24/2497.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i24.2497

EPIDEMIOLOGY
Non-alcoholic Fatty liver disease (NAFLD) is defined
as an accumulation of fat in the liver in absence of
significant alcohol consumption, hereditary disease
[1]
or drugs . It constitutes a clinicopathological disease
comprising a wide spectrum of disorders, ranging from
simple steatosis (SS), initially benign, to non-alcoholic
steatohepatitis (NASH), accompanied by inflammation
and/or hepatocellular damage. These two entities, SS
and NASH, show different natural history, evolution and
consequences, through necroinflammation, fibrosis,
cirrhosis and even hepatocellular carcinoma. The
strongest predictor of fibrosis progression in NAFLD is
the presence of steatohepatitis, mainly lobular inflam
[2]
mation and ballooning .
Currently, NAFLD is considered the most common
[3]
chronic liver disease in developed countries . Its world
wide prevalence in general population is estimated to be
[4]
around 20%-30% in Western countries and 5%-18%
[5]
in Asia , being a common and underdiagnosed con
dition. The reason for this variability remains unclear,
but presumable genetic and epigenetics factors play an
important role.
NAFLD is often associated with clinical features of
metabolic syndrome, such as central obesity, insulin
resistance, type 2 diabetes mellitus, arterial hypertension
[6]
and dyslipidaemia . Sedentary lifestyles and changes
in dietary patterns are responsible for an increased
prevalence of obesity and insulin resistance, leading to
an increased prevalence of this disease, projected to be
the top cause for liver transplantation within the next
[7]
decade . Furthermore, this disease is related to different
[8,9]
systemic disorders, like cardiovascular disease .

EPIGENETIC MECHANISMS
Historically, the term of epigenetic was coined by
Conrad Waddington in the 1940s as the branch of
biology which study the causal interactions between
genes and their products which bring the phenotype
[14]
into being . Currently, epigenetic modification is
defined as phenotypic changes in gene expression that
can be inherited through mitosis and/or meiosis caused
by an adaptive mechanism unrelated to alteration of
[15,16]
primary DNA sequences
.
Epigenetic phenomena are heritable adaptive
mechanisms considered reversible, since they are being
modulated by environmental stimuli. Disruption of
the balance could lead to the development of serious
disorders. The most described epigenetic modifications
include: (1) histone modification; (2) DNA methylation;
(3) microRNAs; and (4) chromatin remodelling. To date,
the most intensively studied epigenetic mechanisms in
NAFLD are DNA methylation and microRNAs (Figure 1).

HISTONE MODIFICATION
Modifications of the amino-terminal tails histones con
stitute an important determinant of chromatin structure
[17]
and gene expression . Aberrant histone modifications
promote the development of insulin resistance and
[18]
consequently, NAFLD . Among the most common
modifications acetylation has been reported, associated
with gene transcription activation and catalysed by
histone acetyltransferase (HAT) and deacetylation,
involved in gene repression, and catalysed by histone
deacetylase (HDAC).
So far, the most important findings in NAFLD have
been described in mice. Imbalance between HAT and
HDAC influences gene expression profile on NAFLD,
[19]
resulting on liver injury . p300 is a transcriptional
coactivator that belongs to the HAT family. It has been
identified as a key upstream regulator of carbohydrateresponsive element-binding protein activity, an activator

DIAGNOSIS, MANAGEMENT AND
TREATMENT
Percutaneous liver biopsy is often recommended in
patients with unexplained elevated serum aminotrans
ferases, constituting the gold standard method in
the diagnosis of fibrosis and steatohepatitis. It shows
inherent limitations, as high costs and associated
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Figure 1 Epigenetic phenomena. HAT: Histone acetyltransferase; HDAC: Histone deacetylase.
[28]

of glycolytic and lipogenic genes, so inhibition of its
activity may be beneficial for treating hepatic stea
[20]
tosis . Several HDCA also play important roles on
NAFLD. HDAC3 displays a circadian rhythm in mouse
liver controlling hepatic lipogenesis, and disruption of this
mechanism exacerbates metabolic diseases, including
obesity and diabetes. Its depletion reroutes metabolic
precursors toward lipid synthesis and storage in lipid
[21,22]
droplets
. Sirtuins (SIRT) are master metabolic
regulators with protective roles against obesity, glucose
and lipid metabolism. Activation of SIRT1 shows potential
against NAFLD-related physiological mechanisms, and it
has been found increased plasma levels in NAFLD obese
[23]
patients . SIRT1 could play a dual role, acting as a
potential therapeutic target and a noninvasive biomarker
[11]
on NAFLD .

(HCC) , more specifically in NAFLD-HCC. Metabolites
derived from metabolic syndrome, such as insulin, glu
cose and lipids could perturb epigenetic gene regulation
leading to a pro-inflammatory status and disturbing
[29]
metabolic pathways . Furthermore, DNA methylation
signatures can be remodelled by transcriptional factors,
so it has also being evaluated after bariatric surgery and
the massive loss weight that entails, suggesting that
NAFLD-associated methylation changes could be partially
[30]
reversible . It has been reported that functionally
relevant differences in methylation could distinguish
between mild and advanced NAFLD in 100 human
frozen liver biopsies. Moreover, in patients with advanced
vs mild NAFLD, 69247 differentially methylated CpG
sites (78% hypomethylated, 24% hypermethylated)
were described. These findings indicate that differential
[31]
methylation contributes to differences in expression .

DNA METHYLATION

MICRORNAS

Many methylations occur in the liver, and hepatic
steatosis is often view from the standpoint of the
deregulation of one-carbon metabolism, being related
[24]
to folate deficiency . DNA methylation is the addition
of a methyl group on cytosine with guanine as the next
[25]
nucleotide, also known as CpG site .
DNA methylation plays a central role in the regulation
of gene expression, representing a level of epigenetic
regulation, which is commonly associated with trans
criptional repression and chromatin accessibility.
Aberrant DNA methylation patterns of genomic stability
affect cell homeostasis, such as hypermethylation,
associated with gene repression, and hypomethylation,
related to gene activation. In mice, kick-off of steatosis
is accompanied by alterations in DNA methyltranferases
[26]
(DNMT) expression in the liver . In humans, hepatic
DNMT was found higher in NASH than SS patients and
[27]
significantly associated with NAS Score . Abnormal
DNA methylation is the hallmark of carcinogenesis; this
process has been studied in hepatocellular carcinoma

WJH|www.wjgnet.com

MicroRNAs (miRNAs) are receiving growing attention
because they are commonly deregulated in pathological
situations, being the most extensively investigated
epigenetic mechanism in NAFLD. MiRNAs constitute a
class of small, single-stranded non-coding RNA highly
conserved, acting as regulators of gene expression and
protein translation. They can interfere in each single
aspect of cellular activity, such as differentiation and
development, proliferation, metabolism, apoptosis and
[32]
tumorigenesis . A single miRNA could target multiple
genes (multiplicity) and multiple miRNAs could target
a just one gene (cooperativity). Taking into account its
large potential roles on carcinogenesis, miRNAs could
also be categorized as oncogenes (onco-miRNAs) or
[33]
tumour suppressors . It has been shown their stability
in serum, plasma, urine and saliva. Circulating miRNAs,
protected from degradation by RNAses contained in
body fluids, are currently extensively studied for noninva
[34]
sive diagnosis of a sort of liver diseases , including
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trend. Altered epigenetics patterns could distinguish
between NAFLD stages, but a better understanding
of the molecular mechanisms is mandatory to identify
reliable biomarkers and effective treatments. Among
epigenetic mechanisms, miRNAs occupy a top position,
because their disturbances present potential prognostic
and diagnostic, and the ability to be therapeutic targets.
Further research is needed to increase knowledge of
the role that epigenetics mechanisms could play in
determining most aggressive phenotypes of NAFLD. This
could lead to disease stratification, from simple steatosis
to non-alcoholic steatohepatitis, in order to target
therapies, providing new tracks in NAFLD pathogenesis.

Table 1 Dysregulated miRNAs in non-alcoholic fatty liver
disease
miR
miR-15b[45]
miR-34a[46]
miR-221[47]
miR-222[47]
miR-155[48]
miR-198[37]
miR-451[37]
miR-146b[37]

Modulation

Experimental model

Upregulation
Upregulation
Upregulation
Upregulation
Downregulation
Downregulation
Downregulation
Upregulation

In vitro/rats/human
Human
In vitro
In vitro
Mice
Human
Human
Human

[35]

NAFLD . Thereof, it has been identified several miRNAs
in serum/plasma of NAFLD patients that show diagnostic
potential for defining different phenotypes of this
disease, from simple steatosis to NASH, going through
[36]
fibrosis .
Actually, the major importance or miRNAs on
NAFLD stands on the discrimination of NASH and the
diagnosis of HCC. In this sense miR-122, the most
expressed miRNA in human liver has been reported
[37]
significantly under-expressed in NASH , acting as a
[29,38]
tumor-supressor in the liver
. It has been proposed
as a potential therapeutic target in the treatment of
[39]
[40]
hypercholesterolemia or different dyslipidaemia .
Besides miR-122, other miRNAs have been demon
strated to be involved in NAFLD. It has been reported
a link between liver cell apoptosis, miR-34a/SIRT1/p53
[41]
signalling and NAFLD severity , and recently, miR-21
seems to regulate triglyceride and cholesterol metabolism
[42]
in vivo and in vitro . Moreover, mir-24 is robustly
induced in fatty acids treated human hepatocytes, HepG2
cells and high-fat diet mice, revealing the potential role
of miR-24 inhibitor as a promising therapeutic target
[43]
for NAFLD . miR-33a and miR-33b also inhibit genes
involved in fatty acids metabolism and insulin signalling
in hepatocytes, regulating pathways controlling three risk
factors of metabolic syndrome, HDL levels, triglycerides,
[44]
and insulin . The miR-200 family and others, like
[33]
miR-155, are also related with NAFLD (Table 1).
Besides, there are still some barriers to the thera
peutic use of miRNAs. MiRNAs can be degraded by
endogenous RNAses and affect several pathways in
different organs, so caution is needed to avoid unde
sirable adverse effects.
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Recent advances in vaccination of non-responders to
standard dose hepatitis B virus vaccine
Saqib Walayat, Zohair Ahmed, Daniel Martin, Srinivas Puli, Michael Cashman, Sonu Dhillon

Abstract

Saqib Walayat, Daniel Martin, Srinivas Puli, Michael
Cashman, Sonu Dhillon, Department of Gastroenterology and
Hepatology, University of Illinois Peoria, Campus, OSF Saint
Francis Medical Center, Peoria, IL 61637, United States

Hepatitis B virus (HBV) infection is a global health
problem. It is estimated there are more than 2 billion
individuals exposed to the virus and 250 million are
chronically infected. Hepatitis B is the cause of more than
600000 annual deaths due to cirrhosis and hepatocellular
carcinoma. An effective vaccine exists and preventative
initiatives center around universal vaccination especially
in those at highest risk. Effective vaccination algorithms
have led to a significant decline in the development of
new infections and its devastating consequences. The
vaccine is administered intramuscularly in three doses,
with 95% showing long lasting serologic immunity.
An additional fourth dose or a repeated higher dose
three course regimen is given to those that fail to show
immunity. Despite these additional regimens, some
remain vulnerable to hepatitis B and are deemed nonresponders. Individuals with chronic disease states such
as kidney disease, liver disease, diabetes mellitus, as
well as those with a genetic predisposition, and those on
immunomodulation therapy, have the highest likelihood
of non-response. Various strategies have been developed
to elicit an immune response in these individuals.
These include increased vaccination dose, intradermal
administration, alternative adjuvants, alternative routes
of administration, co-administration with other vaccines,
and other novel therapies. These alternative strategies
can show improved response and lasting immunity.
In summary, HBV vaccination is a major advance of
modern medicine and all individuals at risk should be
sought and vaccinated with subsequent adequate titers
demonstrated.
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infection (HBSAg +ve) is only about 0.5% in general
population, it increases to approximately 50% among
IV drug users who have been using for at least 1 year
and over 90% if injecting drugs for more than 10
[1,10,11]
years
.
Hepatitis B vaccine has been a major breakthrough
in the global effort to eradicate the virus. The vaccine
is made from the yeast saccharomyces cervisiae and is
composed of physiochemically purified non-glycosylated
molecule of HepBsAg which is adherent to aluminum
[12]
hydroxide and preserved with thiamersol . It is highly
immunogenic, and dramatically reduces morbidity
and mortality related to hepatitis B. For example, the
introduction of screening in expectant mothers and
subsequent vaccination programs has led to an 80%
decline in the incidence of HBV infection between
[13]
1987-2004, from 10.7 to 2.1 per 100000 . Similarly,
in Taiwan, where the prevalence of HBV was inordinately
high; introduction of universal HBV in newborns has
decreased the rate of hepatocellular cancer by 75%,
with the incidence rate declining from 0.70 in 1981-1986
to 0.36 in 1990-1994/100000 children (ages 6-9)
and a 68% decline in infant mortality from fulminant
[14]
hepatitis . The World Health Organization (WHO)
now recommends universal vaccination of all neonates
and adolescents as well as adults who have not been
[1]
previously vaccinated .

Core tip: Hepatitis B is a major global pandemic.
Hepatitis B vaccine has been very effective in eradicating
the disease from the world. Despite its efficacy, the
standard vaccine fails to produce an immune response
in 5% of immunocompetent individuals as well as indi
viduals with chronic diseases and immunosuppressed
states. Different modalities have been used to produce
an immune response in these non-responders. These
include double dosing, more frequent dosing, intra
dermal vaccine, adjuvant vaccines and recombinant
vaccine with variable efficacies. Despite these novel
techniques there are still no official guidelines available
to vaccinate non-responders.
Walayat S, Ahmed Z, Martin D, Puli S, Cashman M, Dhillon S.
Recent advances in vaccination of non-responders to standard dose
hepatitis B virus vaccine. World J Hepatol 2015; 7(24): 2503-2509
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i24/2503.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i24.2503

INTRODUCTION
Hepatitis B is a major contributor to the burden of
infectious disease worldwide. Over 2 billion people
have been exposed to the virus, which has resulted in
nearly 350 million chronic carriers with 4 million new
[1]
cases diagnosed yearly worldwide . According to the
CDC in United States alone, there were almost 18760
new infections in 2012, contributing to 2.2 million
[2,3]
chronic carriers of hepatitis B . Hepatitis B is the
cause for nearly half of all cirrhosis diagnosis, 80% of
hepatocellular carcinomas and 1 million deaths yearly
worldwide. This places hepatitis B virus (HBV) infection
[1,4,5]
second only to tobacco as a major carcinogen
.
HBV is up to a 100 times more transmissible than
human immunodeficiency virus (HIV). This is largely
secondary to the fact that it is abundantly found in
body fluids, can survive up to seven days on fomites,
and most infected carriers are asymptomatic and
[1,3]
unaware of their disease . As such, development of an
effective vaccine and successful vaccination is a major
achievement of modern medicine and has the potential
to eradicate this infection from humankind.
HBV is an enveloped double stranded DNA virus
[6]
belonging to the Hepadna family of viruses . Humans
are the only known natural host of this virus and the
[7]
liver is the only organ where it is known to replicate .
In developing countries the vast majority of infections
are transmitted vertically, of whom nearly 90% develop
[3,8]
chronic hepatitis . The principle mode of transmission
in adults is via intravenous (IV) drug use and sexual
contact and the vast majority of these cases will clear
the virus spontaneously with few if any overt symptoms
[8,9]
and only < 5% develop chronic hepatitis .
In the United States, IV drug use is the major mode
of transmission. While the prevalence of chronic HBV
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Pathophysiology
HBV vaccine consists of the highly immunogenic surface
antigen (HepBsAg) protein. When administered, it
interacts with antigen presenting cells present in the
blood (HepBsAg specific B cells) where it is lysed
and processed. This epitope coupled with an major
histocompatibility complex (MHC)-Ⅱ molecule on the
cell surface is then presented to TH-2 cells. The TH-2
cells, when activated, stimulate the differentiation of
B-cells to plasma cells. These cells then release hepatitis
B surface antibodies (HepBsAb) in large quantities as
well as induce development of memory B and T cells.
These memory cells then play an important role in long[15]
term protection . Immunogenicity is generally known
to last approximately 10-31 years after a primary
vaccination, with the duration and degree of immune
response depending on the age, body mass index, sex,
and smoking status at the time of initial inoculation
[16,17]
series
.
It is not entirely clear why the persistence of
immunity, as defined by titers of HepBsAb greater
than 10 mIU/ml, may last for several decades after a
single round of vaccination. One possible explanation
of constant antibody response over prolonged periods
might be the persistence of antigen on the follicular
dendritic cells which may keep up-regulating the B and T
cells. Another possibility may be the initial antigen dose.
The higher the dose administered initially, the greater
the B-cell response. This increases the proportion of
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[18]

memory B-cells, resulting in longer lasting immunity

[19,24,25]

.

count and inversely proportional to the viral load
.
Patients with chronic liver diseases also have a
[26]
blunted response. In a study done by Mattos et al ,
patients with hepatitis C infection who were vaccinated
showed only a 55% seroconversion rate. Out of these
patients, only 37% had a robust response (Sero
conversion was defined as an antibody level greater than
10 mIU/ml while robust response defined as antibody
titers > 100 mIU/ml). Interestingly, patients with
genotype 1 had a worse response then other genotypes.
Additionally, immune response to vaccination was
inversely related to advanced liver disease as measured
[27,28]
.
by the MELD score
[29]
In a study done by Agarwal et al , evaluating
response rates to HBV vaccine in mild (creatinine 1.5 to
3.0 mg/dL), moderate (creatinine 3.0 to 6.0 mg/dL) and
severe (creatinine > 6.0 mg/dL) chronic kidney disease,
the seroconversion rates after 3 doses of 40 µg HBV
vaccine were 87.5%, 66.6% and 35.7%; respectively.
th
Rates improved significantly after a 4 dose was
administered to 100%, 77% and 36.4%, respectively.
Multiple studies have demonstrated patients with low
glomerular filtration rate, higher creatinine (late stage
kidney disease), diabetes, and old age are less likely to
[28]
seroconvert .

Vaccine administration
The vaccine is typically administered as a 10 mg
intramuscular (IM) dose in three doses at 0, 1, and 6 mo.
Successful vaccination is documented by an antibody
response of more than 10 mIU/ml and is achieved in
about 95% of the immune-competent population. A
fourth dose can be administered in immunocompromised
[8]
or individuals at greater risk of exposure to the virus .
In high-risk patients the antibody response should be
rechecked 1-3 mo after completion of the series and if
the antibody titer is less than 10 mIU/ml then the series
(40 mg) should be repeated again and the antibody
titers should also be rechecked. This usually results in a
response in fifty to sixty percent of the non-responder
[8,19]
subgroup of patients
. Those who do not respond to
the standard regimen as well as the additional booster
or repeated course regimen are labeled as true non[18]
responders . While avoidance of high-risk behavior
and prevention of exposure to blood and body fluids
remains universally advocated for non-responders, these
patients should be monitored for any acute changes in
their liver enzymes and aggressively treated if infection is
confirmed.

STRATEGIES TO VACCINATE PATIENTS
WHO DO NOT RESPOND TO STANDARD
THERAPY

Non-Responders
Despite the high efficacy of the HBV vaccine, nearly
5% of immunocompetent individuals fail to respond
to the primary HBV series. The reason for this nonresponse is not clear, however certain populations are
at high risk including those with genetic predisposition,
chronic disease, and immunomodulatory medications.
Some interesting observations have been made in these
populations. There may be a genetic predisposition for
non-response. The human leukocyte antigen (HLA)
along with MHC-Ⅱ plays an important role in presen
tation of the viral peptides to CD-4 T-helper cells and
subjects who fail to respond may have a defect in the
antigen presentation or the stimulation of T-helper cells.
Studies have shown that patients who are homozygous
for HLA DRB1*0301, HLA-B8, SC01, DR-3, HLAB44,
FC-31, DR-7 have an increased predisposition to non[20,21]
responsiveness
. Patients with advanced age, chronic
diseases, immune defects or on immunomodulatory
medications have a blunted immune response.
In one study of patients more than 60 years old,
only 32 of 70 (45.7%) patients developed anti-HBs
[22]
antibodies . In another study of 106 patients more than
59 years old, only 60% of the subjects had an antibody
[23]
titer greater than 10 mIU/mL at 7 mo post vaccination .
In patients with HIV, the seroconversion rate varies
from 18%-72% depending on the immune status of
the patient. In patients not receiving HAART therapy,
the rate of immune response can vary from 30%-50%
while in those receiving HAART the response increases
to 60%-70% and is directly proportional to the CD-4
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Increased dose

Considerable data exists on increased dose vaccination
as well as accelerated frequency to elicit an immune
[30]
response in high-risk individuals. Bonazzi et al
showed 68% response rate with double dosing (40 µg
IM) at 0, 1 and 6 mo in pre-transplant patients. Fortyone percent of their patients had a robust response
with an anti-HBs level > 1000 IU/ml. In another study,
[31]
Wiedmann et al
showed a seroconversion rate of
80% in patients with chronic hepatitis C who had not
responded to a primary vaccine just after giving a single
(40 µg) high dose booster. Ramzan and colleagues
also showed that higher dose and shorter interval (40
µg/mo for 3 mo) produced seroconversion in 72% of
the patients with chronic liver disease as compared
to 92% response in controls. Response was lower in
cirrhotics as compared to non-cirrhotics (54% vs 80%)
but after an additional booster dose of 80 mg, response
[32]
increased to 74% and 88%, respectively .

Intradermal administration of
the vaccine
Multiple studies have exploited the fact that a large
number of antigen presenting dendritic cells reside in the
skin, specifically the dermis. These cells then activate
the immunogenic cells in the corresponding lymph
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node where they drain. This presentation of antigen
into the dermis enhances the potential for activation of
the immune cascade and development of protective
[33-35]
antibodies
.
[36]
Rahman et al compared the efficacy of intradermal
vaccine and showed that it resulted in a significantly
higher immune response as compared to IM form. Both
T and B cell response were higher with intradermal form
as compared to IM form, suggesting that the intradermal
presentation of the antigen to Langerhans cells in the
dermis might result in trapping of the antigen in the skin
resulting in a more robust and more sustained humoral
and cell mediated response.
Forty-two chronic liver disease patients who had not
responded to standard 40 mg three doses and booster
[37]
doses were treated by Dhillon et al
using 40 mg
intradermally (20 µg in each arm) for a maximum of
three doses and seroconversion was seen in 29 (69%)
of the 42 patients in their study with 15 (51%) of the
patients developing a robust response.
In patients on hemodialysis who were primarily non
responsive to standard dosing of hepatitis B vaccine,
[38]
Barraclough et al
showed seroconversion rate of
79% in intradermal vs 40% in IM when a weekly 5 µg
dose was injected intradermally for 8 wk as compared
to 40 µg IM dose at 1 and 8 wk. The response in the
intradermal group was more robust than IM group with
[38]
titers being 239 IU/L vs 78 IU/L respectively .
No significant complications have been reported
with intradermal vaccination in the studies mentioned
above. Discoloration, itching, and nodule formation at
the site of injection were the most commonly noted
side effects and typically resolved spontaneously. The
intradermal vaccine requires a certain skill set for proper
inoculation in the dermis and its enhanced effectiveness.
This coupled with general lack of knowledge regarding
its efficacy has led to its limited adoption in non[39]
responders .

adjuvant to enhance immune response. Other more
immunogenic compounds have been identified. 3-deacy
latedmonophosphoryl lipid A (3D-MPL) combined with
aluminum has shown to produce more immunogenicity
then aluminum alone in unresponsive subjects, with
immune response seen in up to 98% of the patients
[45]
one month after receiving three doses . Another
polysaccharide adjuvant, Delta inulin: Advax™, has
shown to enhance immunogenicity (strong CD-4 And
CD-8 T cell response) with a robust response in pre
clinical trials on mice and pigs when compared with the
[46]
traditional aluminum based vaccine .

Other novel therapies
Phase 3 clinical trials are underway for HEPLISAV-B™, a
toll like receptor (TLR) agent in which HepBsAg is com
bined with immunostimulatory TLR 9 agonist to enhance
response on a 2 dose regimen over 1 mo compared to
the current 6 mo 3 dose regimen. It has shown earlier
and higher seroconversion rates than the standard
vaccine in those at risk for blunted or non-response.
In 218 subjects that were divided in two groups (179
HEPLISAV B and 39 Energix B) the sero-protection rates
at 12 and 52 wk post immunization for HEPLISAV B was
79% and 82% respectively as compared to 61% and
11% in the standard vaccine group[47].

Alternative mechanism
Akbar and colleagues compared antibody production
between HepBsAg and HepBcAg pulsed dendritic cells
from spleen and liver of HBV infected transgenic mice.
They showed while the surface antigen stimulated cells
resulted in production of only surface antibodies, core
antigen stimulated cells produced both core and surface
antibodies with higher titers (p < 0.05). Thus, the use
of core antigen is yet another fertile area of research
in the development of the next generation of vaccines
[48]
against HBV .

Improved Immunogenicity
Much research has focused on improving the imm
unogenicity by adding pre-S1, pre-S2 particle or
nucleocapsids containing core antigen (HBcAg) to the
S-protein to enhance efficacy of the vaccine. There
are several reports citing an increase response in non[40-43]
responders by using this technique
. In a study done
[43]
by Zuckerman et al on 100 non-responsive health care
workers to standard vaccine who failed to seroconvert
after 3 doses plus booster vaccine; a single dose of the
triple S recombinant produced seroconversion in 69
patients. Similarly, seroconversion rates of 65% and 71%
rd
th
were reported after a 3 and 4 dose of recombinant
pre-S1 and pre-S2 containing hepatitis B vaccine; in 17
[44]
non-responders with underlying chronic renal failure .

Routes of administration
While intramuscular and intradermal administration
have been commonly used and extensively studied,
other routes are also being actively sought.

Nasal Vaccine
A nasal based vaccine, Nasvac, which is a combination of
HBV surface and core antigen has shown good efficacy
in healthy as well as chronic HepB carriers possibly by
[49]
stimulating naive human B cells . In Phase 1 trials
of NASVAC, a mixture of 50 mcg of HBsAg and HBcAg
were administered via nasal spray to healthy adults (age
18-45) in five doses at 0, 7, 15, 30 and 60 d. It showed
anti-HBc seroconversion in 100% of patients as early
as day 30 with anti-HBs titers > 10 IU/L in 75% of the
[50]
patients at day 90 with no major side effects .

Use of Adjuvants
Currently, the HBV vaccine uses aluminum as an
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do not respond to the regular vaccine schedule. Every
effort should be made in high-risk populations (IV drug
users, healthcare workers, patients with chronic diseases
such as diabetes mellitus and chronic kidney disease) to
vaccinate against this virus and the antibodies should be
checked to ensure immunity. Both long-lasting immunity
and therapeutic potential has been demonstrated with
the various vaccines mentioned.

Oral vaccine
A once daily Oral preparation, V-5 Immunitor™, has
shown efficacy both in development of protective
antibody as well as normalization of liver function tests
in chronically infected individuals. When administered
to ten patients with chronic hepatitis B, it resulted in
normalization of liver enzymes in 100% of the patients
(112.4 to 44.4 U/L for aspartate aminotransferase and
118.8 to 46.1 U/L for alanine aminotransferase) while
half of the patients became HBsAg negative at the end
[51]
of one month . The preventative and therapeutic
potential for such a compound would be a major break
through in the study of this infection.
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Abstract
Several non-invasive surrogate methods have recently
challenged the main role of liver biopsy in assessing
liver fibrosis in hepatitis C virus (HCV)-monoinfected
and human immunodeficiency virus (HIV)/HCV-coin
fected patients, applied to avoid the well-known side
effects of liver puncture. Serological tests involve the
determination of biochemical markers of synthesis or
degradation of fibrosis, tests not readily available in
clinical practice, or combinations of routine tests used
in chronic hepatitis and HIV/HCV coinfection. Several
radiologic techniques have also been proposed, some
of which commonly used in clinical practice. The studies
performed to compare the prognostic value of noninvasive surrogate methods with that of the degree of
liver fibrosis assessed on liver tissue have not as yet
provided conclusive results. Each surrogate technique
has shown some limitations, including the risk of
over- or under-estimating the extent of liver fibrosis.
The current knowledge on liver fibrosis in HIV/HCVcoinfected patients will be summarized in this review
article, which is addressed in particular to physicians
involved in this setting in their clinical practice.
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chronic hepatitis of dubious etiology. However, clinicians
need repeatable, non-invasive procedures to monitor
liver fibrosis in patients with HIV/HCV coinfection. Two
types of non-invasive procedures have been developed:
The radiologic assessment of liver morphology and the
comprehensive evaluation of surrogate serum markers
that in any way correlate with the extent of liver fibrosis.
Each technique shows some limitations, including the
risk of an over- or under-estimation of the extent of liver
fibrosis.
This review presents the invasive and non-invasive
techniques currently available to assess liver fibrosis in
HIV/HCV-coinfected patients, and offers the physicians
who have these patients in care an evaluation of the
[10]
pros and cons of each method .

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The extent of liver fibrosis is a marker
of disease progression influencing the clinical and
therapeutic decisions to be made for human immuno
deficiency virus (HIV)/hepatitis C virus (HCV)-coinfected
patients. The international guidelines suggest antiHCV therapy for HIV/HCV-coinfected patients with
histological fibrosis score ≥ 2 in the Metavir scoring
system since they have an increased risk of liver failure.
Due to the high clinical impact of liver fibrosis and of
the well-known limitations of liver biopsy, surrogate,
non-invasive technologies have been researched. The
pros and cons of liver biopsy and surrogate technologies
in detecting liver fibrosis in HIV/HCV-coinfected patients
will be discussed in this review article.

HIV INFECTION AND LIVER FIBROSIS IN
HCV-RELATED CHRONIC HEPATITIS: A
PATHOGENETIC APPROACH
Several factors possibly accelerating the progression
of HCV-related liver fibrosis to its more severe stages
have been investigated, namely the direct action of
HIV, immune deregulation, an alteration in the cytokine
pattern towards a pro-fibrotic state, HIV-related depletion
+
of gut CD4 cells and consequent microbial translocation,
[1]
oxidative stress, and hepatocyte apoptosis . It has been
suggested that HIV promotes liver fibrosis by acting on
CCR5 and CXCR4 co-receptors for HIV-1 on hepatocytes
[1]
and other liver cells . In addition, experiments using
in vitro models have suggested that the HIV-1 viral
envelope glycoprotein gp120 may directly promote
[17]
hepatocyte apoptosis and high viral loads by inducing
transforming growth factor (TGF)-β, a cytokine that
alters the immune response and promotes liver fibrosis
[18,19]
and hepatocyte transformation towards HCC
.
Alterations and immune deregulation of the cytokine
+
network may further promote the loss of CD4 cells
+
induced by HIV, and a deregulated CD4 cell function
may lead to a reduction in the anti-fibrotic activity of
natural killer cells, possibly resulting in an accelerated
[20]
progression of liver fibrosis . The marked deregulation
of peripheral and intrahepatic cytokine networks and
+
+
the altered balance between CD4 and CD8 in HIV
infection may play an important role in accelerating liver
+
fibrosis. In fact, the predominant CD8 cell response is
characterized by an increased production of cytokines
such as interleukin-4 (IL-4), IL-5 and TGF-α, which
promote collagen deposition by fibroblasts. It has also
been observed that the acceleration of liver fibrosis is
+
more pronounced when the peripheral blood CD4 cell
[21-25]
count is consistently decreased
, an observation
possibly accounting for the reduction in the secretion of
interferon-gamma (a cytokine with anti-fibrotic action)
+
+
by CD8 cells following a decline in the number of CD4
[26-28]
cells
.
There is also some evidence that HIV and HCV
infections may promote hepatic fibrosis through an

Sagnelli C, Martini S, Pisaturo M, Pasquale G, Macera M, Zampino
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i24/2510.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i24.2510

INTRODUCTION
Nearly 7 million people are chronically coinfected with
human immunodeficiency virus (HIV) and hepatitis C
virus (HCV), i.e., around 20% of the entire HIV-positive
[1-3]
population worldwide .
HCV liver-related mortality is among the leading
causes of death of HIV-positive patients, despite the
introduction of new potent antiretroviral regimens that
have resulted in recent years in a consistent reduction
in hepatic decompensation and mortality. Liver-related
mortality remains higher in HIV/HCV-coinfected patients
[4]
than in those with HIV or HCV monoinfection , most
probably because HIV infection promotes HCV replication
and speeds up the progression of liver fibrosis to its
[5-7]
more severe stages .
An accurate assessment of liver fibrosis is funda
mental for monitoring the disease progression and
for the therapeutic decisions to be made in HIV/HCV
coinfection. According to the current international
guidelines, HIV/HCV-coinfected patients with chronic
hepatitis and significant fibrosis (grade F2 or more in
the Metavir scoring system) should be considered for
[8,9]
anti-HCV therapy , especially those with a controlled
[9,10]
HIV infection
.
Liver biopsy, an invasive method entailing side effects
[11-16]
or complications in a minority of cases
, remains
the gold standard for a morphological assessment
of chronic liver diseases, particularly in patients with
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increase in microbial translocation. Recent studies
+
have shown that massive CD4 cell depletion in lym
phoid tissue at the gastrointestinal level leads to an
increased microbial translocation through a disrupted
[29,30]
epithelium
, and microbial products, like lipopolysa
[31]
ccharide (LPS), enter the bloodstream . Of note,
experiments in animal models have shown that LPS
increases hepatic fibrosis and may activate Kupffer cells
[32]
to promote fibrosis . A further contribution to fibrosis
progression may also come from an HIV- and/or HCVinduced inflammatory activity in the liver tissue that, by
increasing the susceptibility of intrahepatic lymphocytes,
hepatocytes, and/or hepatic stellate cells to apoptosis,
may give rise to a continuous cycle of cell death and
regeneration in the lymphocytes and hepatocytes that
[1,33]
may promote fibrogenesis
.
Metabolic factors like insulin resistance and nonalcoholic liver steatosis have also been proposed as
factors involved in the pathogenesis of HCV-related liver
[34]
disease , and in turn HCV and chronic inflammation
of the liver may contribute to the development of these
metabolic syndromes. In addition, HIV infection also
induces metabolic abnormalities, including glutathione
deficiency, which could predispose T cells to apoptosis
[5,35]
through enhanced susceptibility to oxidative stress
.
In conclusion, HIV infection accelerates hepatic
fibrosis progression either by its direct viral action or
indirectly through a dysfunction of the immune system,
favoring a pro-fibrotic cytokine pattern, an increase in
bacterial translocation from the gut to the bloodstream
and an enhancement of apoptosis and oxidative stress.

allows the procurement of a liver specimen even in
patients with advanced liver diseases. TJLB is a safe
technique that provides good-quality specimens with a
[47]
low rate of complications , and is highly recommended
[48]
also for patients with coagulation disorders . Another
main issue is the representativeness of the liver
specimen, which correlates with the number of portal
tracts observed at microscopy and consequently, at
least in part, with its size. In a recent study, Komemushi
[49]
et al
compared the weight of liver specimens
obtained in ten bovine livers using either an aspirationtype semiautomatic cutting biopsy needle, or an
aspiration-type semiautomatic biopsy needle without
aspiration, or a normal-type semiautomatic biopsy
needle. The weights of the specimens were 6.80 ±
0.615 mg, 5.62 ± 0.843 mg, and 4.19 ± 0.140 mg,
respectively, suggesting that, at least in bovine livers,
heavier specimens can be obtained using an aspirationtype semiautomatic cutting biopsy needle.
The liver specimen is formalin-fixed and paraffin
embedded. Four microns-thick sections are stained with
hematoxylin-eosin or with trichrome stain. Liver fibrosis
[50]
should be evaluated using the Metavir scoring system
[51]
or the Ishak scoring system.
Several Authors assessed the degree of fibrosis on
a specimen obtained by liver biopsy to predict fibrosis
progression and cirrhosis development both in HCV[52,53]
monoinfected patients
and in those with HIV/HCV
[54]
coinfection . Comparative studies showed that HIV
[55-57]
infection accelerates the progression of fibrosis
and
that fibrosis is more severe and cirrhosis development
+
more rapid in HIV/HCV-coinfected patients with a CD4
3[58-60]
value < 200 cells/mm
.
It has also been demonstrated that a high degree
of liver steatosis speeds up the progression of fibrosis
to its more severe forms in HIV/HCV-coinfected patien
[41-43,61,62]
ts
.
At present, the examination of a liver specimen is
still considered the gold standard to assess liver fibrosis,
necroinflammation and steatosis in chronic hepatitis of
all etiologies, and to diagnose autoimmune hepatitis,
primary biliary cirrhosis, diseases related to iron or
copper deposits, alcoholic diseases, genetically induced
liver damage and toxicity- and drug-induced liver illness.

Liver biopsy

Liver histopathology is still considered the gold standard
to assess the degree of liver fibrosis, necroinflammation
[36,37]
and steatosis
. The degree of liver fibrosis has been
used as a predictive factor of disease prognosis and a
[38-44]
guide for treatment of HCV infection
, both in HCVmonoinfected and HIV/HCV-coinfected patients. Liver
biopsy, usually performed with a 1.6 mm needle, has
some limitations, including sampling errors and intra/
inter-observer variations (approximately 24% false[38,45]
negative rate in the diagnosis of liver cirrhosis)
,
infrequent but potentially severe complications and the
[12,14-16,38,46]
difficulty to obtain multiple determinations
.
Safety in liver biopsy has always been considered a
main issue and important improvements have been
obtained over time. In 1986, a nationwide Italian survey
[14]
considering 68272 percutaneous needle biopsies
registered a mortality rate of 9/100000. In this study,
ultrasound assistance to liver biopsy was available only
for a small percentage of patients and the six patients
who died had liver cancer or liver cirrhosis. From then
on, the routine use of ultrasound-guided liver biopsy and
the improved skills of the clinicians in selecting patients
have greatly reduced the incidence of complications and
the mortality rate following percutaneous liver biopsy.
The transjugular liver biopsy (TJLB), proposed for
patients with coagulation disorders and massive ascites,
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RADIOLOGIC TECHNIQUES
Morphological procedures

Conventional ultrasound: Ultrasound (US) exami
nation of the liver, the first non-invasive repeatable
procedure used to diagnose liver cirrhosis, remains
the first step in the management of chronic hepatitis.
Liver fibrosis is detected through US signs such as a
coarse or nodular parenchymal feature, hepatomegaly,
[63]
caudate lobe hypertrophy or irregular liver edges .
US cannot differentiate between the different degrees
of liver fibrosis, but it allows the assessment of some
signs of compensated or decompensated cirrhosis
such as portal vein diameter, the velocity of flow, flow
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[64]

reversal, ascites and splenomegaly . Hepatic surface
nodularity, especially as detected by a linear probe,
has been shown to be the most direct sign of advanced
[65]
fibrosis .
Contrast-enhanced US can be used for a more
[66]
accurate detection of cirrhosis , but it should be
remembered that the ‘‘arrival time’’ of the contrast
medium into the hepatic vein is reduced in patients with
cirrhosis. In addition, contrast-enhanced US requires
additional expertise and entails added costs, factors
which may limit its use in routine clinical practice.
As there is a higher risk of an early development
of liver cirrhosis and hepatocellular carcinoma (HCC)
[67]
in HIV/HCV coinfection than in HCV monoinfection ,
conventional US is of great clinical value for an early
detection of liver cirrhosis in HIV/HCV coinfection, since
it is cheap, easy to perform and safe and, consequently,
repeatable. It should be repeated at a 12-mo interval
in HIV/HCV-coinfected patients without cirrhosis and
at a 6-mo interval in those with liver cirrhosis or an
[68]
advanced stage of liver disease .

the slow washout of intravenous contrast in fibrotic
[71]
areas . The use of these techniques is limited by their
high cost and by the high degree of expertise required.
As they are not routinely repeatable, they are of little
use in HIV/HCV coinfection.

Elastography techniques

Fibroscan (transient elastography): Transient
elastography (TE, Fibroscan) is a technique used for
the non-invasive assessment of liver fibrosis using a
transducer on the end of a US probe that transmits
50-MHz pressure waves through the liver tissue. The
velocity of the resulting “shear wave”, measured by
US, correlates with the liver stiffness and provides an
estimate of liver fibrosis. Liver stiffness is expressed in
kilopascal (kPa) and is measured on a section of liver
tissue 100 times bigger than the biopsy sample, ensuring
more representative information. The result is the median
of at least 10 valid measurements performed in a single
session. The system considers valid only the shear waves
with a stable velocity. The result of liver stiffness has been
correlated with the degree of fibrosis as detected by the
Metavir staging system. For HCV-related chronic hepatitis
a value lower than 7 kPa reflects fibrosis stage F0-F1,
from 7 to 10 kPa stage F2, from 10 to 14 kPa stage F3
and over 14 kPa stage F4, a sign of liver cirrhosis. The
TE technique, evaluated for different etiologies of chronic
[72]
liver disease has a pooled sensitivity and specificity for
the diagnosis of cirrhosis of 83% and 89%, respectively.
It is easy to perform, repeatable, and well tolerated, but
it necessitates expensive equipment and is less reliable in
detecting the intermediate levels of fibrosis. In addition,
the diagnostic accuracy of transient elastography (TE) is
[73]
lower in obese patients , but a specific probe has been
[74]
developed to improve the accuracy in these cases .
Studies performed on patients with chronic hepatitis B or
[75]
C have shown that the score of liver stiffness increases
in patients with elevated aspartato aminotransferase
(ALT) serum levels, indicating a reduced accuracy of TE
in detecting liver fibrosis in these cases. Of note, the
consumption of a meal before TE can increase the scores
[76]
by as much as 27% .
At present, TE is the procedure used most to assess
liver fibrosis as it is well-validated and non-invasive
both in HCV monoinfection and HIV/HCV coinfection. Its
limitations, however, should be taken into consideration
[77]
when interpreting the results. De Lédinghen et al
studied 72 consecutive HIV/HCV-coinfected patients
who underwent both liver biopsy and liver stiffness
measurement by transient elastography. Liver stiffness
values ranged from 3.0 to 46.4 kPa and a value ≥ 14.5
kPa for the diagnosis of cirrhosis showed good specificity
and a positive predictive value.

Computed tomography: Morphological signs of liver
cirrhosis and portal hypertension observed at computed
tomography (CT), a technique of high sensitivity but
moderate specificity, have been used to diagnose liver
cirrhosis. CT allows an examination of the entire abdomen
and shows high sensitivity in detecting small varices
at various typical locations. Some parameters, obta
ined from multiple measurements during dynamicallyenhanced CT studies and proposed as markers of liver
[69]
fibrosis , have not as yet been validated in multicenter
trials.
Of note, some important factors limit the use of CT to
assess liver cirrhosis in clinical practice, namely, its cost
and the exposure of patients to ionizing radiations and
to intravenous contrast medium. As it is not routinely
repeatable, it is of little use in HIV/HCV coinfection.
Magnetic resonance electrography: Magnetic
resonance electrography (MRE) uses a vibration device
to induce a shear wave in the liver. This process involves
applying a probe to the back of the patient which
generates continuous low-frequency vibrations (60
MHz). Transmitted into the body, the acoustic vibrations
produce a shear-wave motion within the liver that is
measured through the magnetic resonance imaging
(MRI) spin echo sequence. A calculator analyzes the
wave images with an inversion algorithm to obtain a
quantitative image of shear stiffness (elastogram). MRE
has a higher sensitivity than the elastographic methods
in defining mild fibrosis and a better reproducibility.
A meta-analysis of five trials comparing MRE to liver
biopsies showed a sensitivity of 94% and specificity
of 95% in differentiating F0-F1 from F2-F4, as well
as a sensitivity of 98% and specificity of 94% in
[70]
differentiating F0-F3 from F4 . It is also possible to use
MRI techniques to quantify liver fibrosis using diffusionweighted MRI and contrast-enhanced MRI to evaluate
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Due to the direct generation of shear waves within
the liver, the distortion of waves induced by chest,
abdominal wall and ascites is avoided. Acoustic radiation
force impulse (ARFI) has an excellent accuracy in the
diagnosis of liver cirrhosis, with 84% sensitivity and 92%
specificity. The location of a region of interest allows
ARFI to estimate liver stiffness accurately. Measurements
made 1-2 cm below the liver capsule offer the best
results. The region of interest in ARFI (1-2 cm) is smaller
[78]
than in TE (5 cm) , but placing the region of interest
directly in the liver tissue avoids distortions. As regards
obesity, ARFI has the same limitations as Fibroscan,
providing unreliable results when the body mass index
[79]
(BMI) is over 30 . The accuracy of ARFI has been
compared to that of standard TE in HIV/HCV-coinfected
[80]
patients. In particular, Frulio et al studied 46 HIV/HCVcoinfected patients who underwent both ARFI and TE
within 6 mo. The agreement between the two methods
was defined as very good in predicting severe fibrosis (F
≥ 3) and moderate in predicting significant fibrosis (F
≥ 2). Morphological ultrasound analysis concomitant to
ARFI detected HCC in two cases, indicating that, at least
in this study, ARFI was more useful than TE.

with the liver function, whereas the direct biomarkers
reflect the turnover of the extracellular matrix.

INDIRECT BIOMARKERS
The aspartate aminotransferase/alanine
aminotransferase ratio index

The aspartate aminotransferase/alanine aminotrans
ferase ratio (AAR) index, also called aspartate amino
transferase/alanine aminotransferase ratio (AST/ALT)
ratio, is one of the oldest markers used in clinical
practice for an approximate determination of disease
etiology and extent of liver fibrosis. This ratio is usually
over 2.0 in alcoholic liver diseases and below 1.0 in
patients with long-lasting cholestatic syndromes and
in those with virus-related chronic hepatitis without
cirrhosis. A significant correlation between this ratio
and the presence of liver cirrhosis was documented
in a retrospective study on 252 HCV-monoinfected
patients, where an AST/ALT ratio of 1.0 or higher was
more frequently detected in a subset of 63 patients
[82]
with cirrhosis than in those without (P < 0.001) . In
this study the AAR index showed 81.3% sensitivity
and 55.3% specificity in identifying cirrhotic patients,
but 16 patients died within 1 year of follow-up. There
are no data on the application of this index in HIV/HCV
coinfection.

Supersonic shear wave imaging: Like ARFI,
supersonic shear wave imaging (SSWI) is a real-time
shear wave elastography technique that generates
shear waves directly within the liver and uses the Mach
cone of supersonic US waves. It uses conventional US
and at the same time displays the image of the liver,
measures the velocity of the shear wave and calculates
hepatic stiffness. Compared to TE, SSWI shows more
accuracy in assessing mild fibrotic stages and a similar
[81]
performance in detecting liver cirrhosis . Based on
a single excitation, SSWI analyzes the transversal
propagation of the wave outside the region of excitation
(ROE), whereas ARFI gives a local measurement of the
ROE and a qualitative measurement of liver stiffness.
There are no data on the application of this technique in
HIV/HCV coinfection, but it seems reasonable that, as it
is similar to ARFI, it merits validation also in this setting.

The aspartato aminotransferase/platelet ratio index

This test is based on the ratio between AST and platelet
count: Aspartato aminotransferase/platelet ratio index
(APRI) = [(AST/upper normal limit) × 100/platelet
count]. APRI values increase in the case of portal
hypertension because of the decline in the platelet
count. APRI has been extensively validated in chronic
[83]
hepatitis C. In a meta-analysis of 18 studies , an APRI
value > 2 had a specificity of 94% for the diagnosis of
cirrhosis and an APRI value > 0.5 showed a sensitivity
of 81% and a specificity of 55% for the diagnosis of
fibrosis (n = 28 studies). APRI has also been studied
[84]
in non-alcoholic fatty liver disease (NAFLD) , but has
not been validated for other etiologies. In a multicenter
[85]
study, Castera et al
evaluated the reliability of APRI,
Fibrotest, TE, and two algorithms combining TE and
fibrotest (FT), or APRI and Fibrotest in a cohort of
116 HIV/HCV-coinfected patients. They observed that
for F ≥ 2, both TE and FT had a better diagnostic
performance than APRI (P < 0.005) and for F4, TE
had a better performance than FT (P = 0.005) or
APRI (P = 0.025). In HIV/HCV-coinfected patients, the
performance of APRI and FT might be affected by HIV[86]
induced thrombocytopenia or by drug-related toxicity,
e.g., bilirubin elevation caused by atazanavir or gamma
glutamyl transpeptidase abnormalities caused by nonnucleoside reverse transcriptase inhibitors.

SEROLOGICAL MARKERS OF LIVER
FIBROSIS
The assessment of liver fibrosis and the presence
of liver cirrhosis based on the results of serological
biomarkers have been investigated in several studies.
Overall, the association of two or more biomarkers
can be considered a good indicator of the presence or
absence of severe fibrosis or cirrhosis, but their use
in distinguishing between the intermediate stages of
fibrosis or evaluating the progression of fibrosis needs
further investigation and validation. A combined use of
some biomarkers and radiologic techniques might afford
a more accurate assessment of liver fibrosis. Two large
categories of biomarkers have been established: The
direct and indirect. Indirect biomarkers are correlated
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[87]

markers and 2 clinical parameters : Alpha-2 macro
globulin, haptoglobin, total bilirubin, apolipoprotein-A,
gamma glutamyl transferase (GGT), age and gender.
The results of these biomarkers are combined in a
formula yielding a numerical value between 0.0 and
1.0 and the resulting score correlates with the METAVIR
fibrosis stages. FT was originally developed in 205 HCVmonoinfected patients and validated in 134 patients.
FT was subsequently validated in numerous patients
[88]
with cirrhosis of different etiologies. Poynard et al
conducted a meta-analysis of 30 studies (n = 6378
patients) including patients with chronic hepatitis C,
chronic hepatitis B, alcoholic liver disease (ALD), and
NAFLD. This study demonstrated that FT was moderately
accurate in distinguishing between adjacent fibrosis
stages in all etiologies investigated. The combination
[89]
of FT with transient elastography was assessed
in a study on 183 HCV-monoinfected patients who
underwent FT, TE and liver biopsy. When FT and TE
results were concordant, liver biopsy confirmed the
diagnosis of cirrhosis in 94% of patients, suggesting that
the combination of these two tests can be used instead
of liver biopsy in a large proportion of patients. Poynard
[90]
et al
studied the progression of fibrosis in 2472
patients with chronic liver disease of various etiologies
and found that FT and liver biopsy had a high degree
of concordance in estimating fibrosis progression.
[91]
Vermehren et al
assessed liver fibrosis using FT and
TE in 202 consecutive HIV-infected patients, 35 of whom
with HIV/HCV coinfection. A combination of TE and FT
indicated significant fibrosis in 8% of patients (31%
in HIV/HCV-coinfected and 3% in HIV-monoinfected
individuals). The Actitest, an evolution of FT that
considers the same panel of biotests plus the ALT values
and correlates with liver necroinflammation, has been
validated for the diagnosis of cirrhosis in chronic hepatitis
C.

with a low risk of significant fibrosis but does not
reliably predict the more advanced stages of fibrosis
or liver cirrhosis. The Forns Index should not be used
for patients with HCV-genotype-3 infection and liver
steatosis since they frequently show a high cholesterol
serum level that may affect the score. In addition, the
administration of drugs reducing the plasma level of
[95]
lipids may compromise the test results . The Forns
Index is considered useful to diagnose liver cirrhosis,
but of lower efficacy in detecting advanced fibrosis. In
addition, in HIV/HCV coinfection its diagnostic accuracy
+
[10]
is affected by the CD4 cell count and ALT levels .

NAFLD fibrosis score, Fibroindex

The NAFLD fibrosis score is a panel of parameters
comprising impaired fasting glucose (diabetes), age,
[96]
[97]
AST, ALT, platelets, BMI and albumin . Fibroindex
is a score based on the platelet count, AST and GGT.
These tests, considered of some clinical value in
detecting liver fibrosis in HCV monoinfection, have not
yet been used in HIV/HCV coinfection.

FibroMax

The FibroMax test is a panel of 5 different hepatic tests
that allows the assessment of liver fibrosis by a complex
sophisticated algorithm. This procedure is based on the
Fibro-test, ACTI-test, Steato-test, ASH-test and NASHtest. FibroMax, which has shown similar efficacy to
that of histopathology in assessing liver fibrosis in HCV
monoinfection, but being non-invasive and repeatable, it
might be particularly useful for long-term management
and treatment monitoring. It can also measure liver
steatosis and/or steatohepatitis. There are no data,
however, on its application in HIV/HCV coinfection.

DIRECT BIOMARKERS
Hyaluronic acid

The Fibrosis 4 score

Hyaluronic acid (HA) is a high molecular weight gly
cosaminoglycan in the extracellular matrix that is
produced by hepatic stellate cells. Elevated HA levels
may be due to an increased production within a fibrotic
liver or to a reduced clearance. Serum HA concentration
has been found to correlate with both liver inflammatory
activity and the fibrotic stage. In a study on 486 HCVmonoinfected patients, those with cirrhosis had signifi
cantly higher serum HA levels than those without (382
[98]
mcg/L vs 110 mcg/L) . In this study, an HA level <
60 mcg/L excluded cirrhosis (sensitivity 98%), while a
score > 110 mcg/L showed 78% specificity for cirrhosis.
HA has also been combined with indirect markers
(bilirubin, GGT, alpha-2 macroglobulin), age and gender
to formulate the Hepascore, a panel validated in 221
[99]
[100]
HCV-monoinfected patients . Resino et al
studied
HA as a possible marker of liver fibrosis in HIV/HCV
coinfection in 201 patients naïve for anti-HCV therapy
who underwent a liver biopsy. In this study the serum
HA levels correlated with the degree of hepatic fibrosis
on the liver biopsy, in particular for F4 (Metavir score).

The Fibrosis 4 score (FIB4) is a biomarker panel using
age, AST, platelet count and ALT [FIB4 = (age ×
[92]
AST)/(platelets × ALT)] . This marker was originally
developed and validated in a study on 832 HIV/HCVcoinfected patients, where FIB4 > 3.25 had a specificity
of 97% for the diagnosis of cirrhosis; the authors
estimated that 71% of liver biopsies could be avoided
[93]
using FIB4 . FIB4 was subsequently validated in 592
HCV-monoinfected patients, where a value > 3.25
correlated with cirrhosis, while a value < 1.45 had a
[94]
sensitivity of 74% in excluding severe fibrosis .

Forns index

The Forns Index uses a panel of common parameters:
Age, GGT, cholesterol and platelet count but requires a
complex calculation of the score. A score lower than 4.25
has a negative predictive value of 96% for excluding
significant fibrosis (≥ F2), whereas a score greater than
6.9 has a positive predictive value of 66% for significant
fibrosis. This index is therefore useful to identify patients
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PIIINP

[109]

acid than those with a lower fibrosis score (P < 0.05)

PIIINP (amino-terminal propeptide of serum type Ⅲ
procollagen) is a serum marker of collagen turnover
indicating tissue repair and fibrosis. Although associated
with liver cell necrosis and high aminotransferase serum
values, it has been studied as a non-invasive marker
of liver fibrosis. First studied in primary biliary cirrhosis
[101]
(PBC)
, PIIINP values were found to correlate with
the histological stage of PBC and with the levels of
cholestasis. In patients with chronic viral hepatitis,
PIIINP was identified as an independent predictor of
[102]
liver cirrhosis . There are no data, however, on the
application of PIIINP in HIV/HCV coinfection.

ASSOCIATION OF DIRECT AND INDIRECT
BIOMARKERS
Hepascore

The Hepascore, also known as the FibroScore, includes
specific and non-specific parameters to assess liver
fibrosis: Age, sex, total bilirubin, GGT, alpha-2-macro
globulin, and hyaluronic acid serum levels; a Hepascore
is generated using a very complex equation model.
Values ≤ 0.2 are negative predictive values excluding
fibrosis in 98% of cases, whereas values ≥ 0.8 are
positive predictive values for cirrhosis in 62% of cases.
Given the good negative predictive value of a low
Hepascore, this method is useful to exclude significant
fibrosis but is not indicated to predict liver cirrhosis. Calès
[110]
et al
compared 5 non-specific tests, APRI, FIB-4,
Fibrotest, Hepascore, FibroMeter, and 2 new specific
blood tests, FibroMeter HICV (human immunodeficiency
and C virus) and HICV test, in detecting liver fibrosis in
467 HIV/HCV-coinfected patients. These tests, originally
designed for HCV monoinfection were found to be less
effective in HIV/HCV coinfection (the Hepascore in
particular), while FibroMeter HICV and HICV test proved
to be acceptably reliable in identifying the different
stages of fibrosis.

Tissue inhibitor of metalloproteinase-1

Tissue inhibitors of metalloproteinase are a family
of enzymes that inactivate collagenase and metallo
proteinases. The development of hepatic fibrosis
causes an imbalance between collagen production and
collagen degradation, which entails decreased levels
of serum collagenase. The levels of tissue inhibitor
of metalloproteinase-1 (TIMP-1) were found to be
higher in alcoholic patients with significant fibrosis and
[103]
cirrhosis than in those with steatosis alone . TIMP-1
was also studied in a cohort of 194 HCV-monoinfected
[104]
patients
and found to significantly correlate with the
stage of fibrosis. A cutoff value of 1300 ng/mL showed
75% sensitivity and 70% specificity for the diagnosis of
extensive fibrosis. Of note, also in HBV-related chronic
hepatitis TIMP-1 correlated significantly with both liver
[105]
[106]
inflammatory activity and fibrosis
. Macías et al
analyzed the changes in the mediators of fibrogenesis
as a non-invasive marker of liver fibrosis in HIV/HCVcoinfected patients starting MVC-based antiretroviral
therapy. Twenty-four patients were enrolled and TGF-β1,
matrix metalloproteinase-2 and the TIMP-1 were
measured in serum samples obtained at baseline and
6 mo after starting maraviroc (MVC)-based therapy.
Serum mediators of liver fibrogenesis and fibrosis did
not change significantly in HIV/HCV-coinfected patients
treated with MVC. Since the TGF-β1 levels have been
found to increase in HIV/HCV coinfection in relation
[103]
to the increase in fibrosis
, this deterioration was
considered to have been prevented by MCV therapy.

Enhanced liver fibrosis score

The enhanced liver fibrosis score (ELF) score was
developed in a cohort of 1021 patients with chronic liver
[111]
disease . It combined age, HA, TIMP-1 and PIIINP.
This test identified liver cirrhosis with 90% sensitivity
and 69% specificity and showed high efficacy in ALD
and NAFLD. The ELF score to detect liver fibrosis has
[112,113]
also been validated in chronic hepatitis C and B
.
A modified ELF (not including age) was validated as a
[114]
predictor of severe fibrosis in patients with NAFLD .
There are no data, however, on the application of ELF in
HIV/HCV coinfection.

CONCLUSION
The assessment of liver fibrosis in HIV/HCV-coinfected
patients is invaluable for an accurate evaluation of
the clinical condition and therapeutic decisions to be
[113-125]
made
. In fact, the main risk for patients with
chronic hepatitis is the development of liver cirrhosis
and an associated HCC, clinical events entailing liver
transplantation and a high mortality rate. Although
liver biopsy is considered the gold standard for the
assessment of liver fibrosis because it offers a direct
view of the liver lesions, it is an invasive procedure with
complications in a limited number of cases, although
seldom life-threatening, and is not readily accepted by
patients and not easily repeatable.
The use of non-invasive radiologic techniques and
direct and indirect serological biomarkers to assess

YKL-40

YKL-40 (Chondrex) is a member of the bacterial chitinase
enzyme family thought to play a role in extracellular
matrix remodeling. In alcoholic liver diseases, the levels
of YKL-40 were found to correlate with the presence
[107]
of fibrosis
and with a lower survival. In patients
with HCV monoinfection the YKL-40 technique showed
80% sensitivity and 71% specificity in the diagnosis
[108]
of cirrhosis . YKL-40 was investigated in a cohort of
95 HIV/HCV-coinfected patients at the Johns Hopkins
HIV Clinic to evaluate its efficacy in the assessment of
liver fibrosis: Patients with a Metavir score ≥ F3 had
significantly higher serum levels of YKL and hyaluronic
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liver fibrosis has gained popularity with clinicians. Noninvasive techniques have been found to be quite sensitive
and specific in detecting liver cirrhosis, but less accurate
in differentiating between the intermediate stages of
fibrosis. Different combinations of radiologic techniques
and direct and indirect serological biomarkers to assess
liver stiffness are currently under evaluation.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) has been
identified as one of the most prevalent chronic liver
disease in adults and children populations. NAFLD is
usually associated with the metabolic syndrome (MS),
which is chiefly related to insulin resistance and its
consequences. Insulin resistance has a crucial role in
the pathogenesis of hepatic steatosis and potentially
nonalcoholic steatohepatitis (NASH). Because of the
contemporary epidemics of MS and obesity, the burden
of NAFLD is also expected to rise. Unhealthy diets, such
as the so-called western diet, are enriched in fructose,
trans-fatty acids and saturated fat and seem to be
associated with the development of NAFLD. In human
studies, certain dietary sugars, particularly fructose, are
used as a substrate for lipogenesis leading to hepatic
fatty infiltration, inflammation, and possibly fibrosis.
Other investigations have shown that fat consumption
especially cholesterol and trans/saturated fatty acids are
also steatogenic and seem to increase visceral adiposity.
The identification of specific dietary components that
favor the development of NASH could be important for
the management of this disorder. This review focuses
on the effects of different dietary approaches to prevent
and treat NAFLD emphasizing the macronutrients and
energy composition.

Author contributions: Ferolla SM, Couto CA, Ferrari TCA
and Martins FS performed search; Ferolla SM, Silva LC, Ferrari
MLA and da Cunha AS analyzed the data and made critical
revisions; Ferolla SM and Ferrari TCA wrote the paper; all the
authors approved the final version of the manuscript.
Supported by The Fundação de Amparo à Pesquisa do Estado
de Minas Gerais (FAPEMIG).
Conflict-of-interest statement: None of the authors have any
potential financial conflict of interest related to this paper.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Teresa Cristina Abreu Ferrari,
Professor, Departamento de Clínica Médica, Centro de PósGraduação, Faculdade de Medicina, Universidade Federal de
Minas Gerais, Av. Professor Alfredo Balena 190, Belo Horizonte
30130-100, Minas Gerais,
Brazil. tferrari@medicina.ufmg.br
Telephone: +55-31-34099746

WJH|www.wjgnet.com

Key words: Fatty liver; Dietary carbohydrates; Dietary

2522

October 28, 2015|Volume 7|Issue 24|

Ferolla SM et al . Dietary approach in nonalcoholic fatty liver
[4]

accumulation in the liver and, possibly, NASH . Several
metabolic pathways are involved in the development of
NAFLD such as high flux of free fatty acids (FFA) from
adipose tissue to the liver due to increased lipolysis in
visceral and subcutaneous adipose tissue; enhanced
FFA supply to the liver as a consequence of a high-fat
diet (HFD); the impairment of the β-oxidation of FFA in
the liver; high hepatic de novo lipogenesis (DNL); and
diminished export of FFA from the liver due to reduced
synthesis or secretion of very low density lipoprotein
[5-7]
(VLDL) .
In this context, it seems that the dietary composition
is related to NAFLD pathogenesis since it can influence
IR, FFA cell influx, DNL, and oxidative stress in the
[8,9]
liver . Furthermore, the NAFLD/NASH patients seem
to have a dietary pattern characterized by a higher
consumption of saturated fats (SF) and cholesterol,
and lower ingestion of polyunsaturated fats (PUFA),
[10,11]
fibers and antioxidants (vitamin C and E)
. Fructose
consumption is likely to be more elevated in subjects
[12-14]
with NAFLD than in control patients without NAFLD
.
In subjects with NAFLD, the consumption of fructose
[15]
per day was associated with more extensive fibrosis .
Non-pharmacological interventions are the first
clinical approaches aiming at correcting unhealthy life
style, treat the clinical manifestations of the MS, and
therefore, are an effective therapeutic option for patients
[16]
with NAFLD . Lifestyle changes include acquiring
healthy dietary pattern, increasing physical exercise and
[1,16]
losing weight
. Although weight loss is recommended
in NAFLD treatment, certain diets such as very lowcarbohydrate diet (VLCD) or HFD in spite of causing
weight loss, can induce IR and, thus, may cause or
exacerbate the hepatic disorder. Indeed, modifications
of the macronutrient composition of the diet, such as
reducing fat or carbohydrate intake, can improve NAFLD
[8]
without any changes in body weight .
This comprehensive review aims to analyze the
available clinical trials that evaluated different dietary
approaches in NAFLD treatment, and their relationship
with intra hepatocellular lipids, hepatic DNL and serum
levels of liver enzymes. We also discuss the chief
aspects on the role of diet in NAFLD development.

fats; Dietary fructose; Energy intake
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nonalcoholic fatty liver disease (NAFLD) has
been identified as one of the most prevalent chronic liver
disease. Its pathogenesis is not fully elucidated, and until
now there is no effective treatment for this condition.
Evidence supports that dietary pattern may be related
to the development of NAFLD. Furthermore, dietary
intervention could be beneficial in NAFLD treatment.
However, there is no consensus regarding the best
dietary intervention to treat NAFLD. In this context, we
conducted a systematic review about recent advances
in the effects of different diets in the development of
NAFLD in humans, and also in the dietary treatment
approach of this disorder.
Ferolla SM, Silva LC, Ferrari MLA, da Cunha AS, Martins
FS, Couto CA, Ferrari TCA. Dietary approach in the treatment
of nonalcoholic fatty liver disease. World J Hepatol 2015;
7(24): 2522-2534 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i24/2522.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i24.2522

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) has been
considered the most common chronic liver disease in
[1]
the Western World . NAFLD defines a spectrum of liver
diseases that can progress from steatosis (nonalcoholic
fat liver) to nonalcoholic steatohepatitis (NASH), hepatic
[2]
fibrosis/cirrhosis, and also to hepatocellular carcinoma .
The prevalence of NAFLD is growing fast because of
[1,2]
the increasing prevalence of obesity and diabetes .
It is expected, by this year, 2015, that the number of
overweight subjects exceeds 2.3 billion. More than
20%, 60% and 90% of the Western population, diabetic
individuals, and morbidly obese patients, respectively,
will present steatosis. Furthermore, up to 15% of the
Western population, 25%-30% of subjects with either
obesity or type-2 diabetes mellitus, and over 35% of
[2]
the severely obese individuals will develop NASH .
NAFLD is strongly associated with insulin resistance
(IR), visceral obesity, and dyslipidemia; therefore,
it was early recognized as the hepatic manifestation
of the metabolic syndrome (MS). Currently, NAFLD
is considered a multifactorial condition that causes a
rise in the rate of complications and death due to liver
disorders, and increases the chances of becoming type-2
[3]
diabetic and developing cardiovascular diseases .
The pathophysiology of NAFLD is complex involving
mechanisms not completely understood. However,
based on the theory proposed by Day, in 2002, which is
widely accepted, IR is crucial element in initiating lipid
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RESEARCH
The systematic review was conducted in the PubMed
database using the following terms: “Fatty Liver”
AND “Dietary Carbohydrates” OR “Dietary Fats” OR
“Diet, Fat-Restricted” OR “Dietary Sucrose” OR “Diet,
Mediterranean” OR “Energy Intake” OR “Ketogenic Diet”
OR “Diet, High-Fat” OR “Diet, Carbohydrate-Restricted”
OR “Feeding” OR “Hyperphagia” OR “Food Consumption”
OR “Eating” OR “Food Composition” OR “Portion Size”
OR “Food” AND “non-alcoholic”.
From the 1422 articles initially selected, the publi
cation date 2004-2015; the English, Portuguese and
Spanish languages; and adult age (adult, mild aged and
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elderly) were added as filters. The search brought up
147 articles; then, we selected the clinical trials. From
the 48 clinical trials, we selected those that evaluated
dietary intervention as the unique NAFLD treatment,
excluding the studies in which the diet was associated
with physical exercises, drugs, herbal medicines, supple
ments as probiotics, multivitamins or whey protein. The
only supplements that we included in the review were
n-3 PUFA and fibers. Twenty-five clinical trials were
considered for the present review. Additional articles
were manually selected from the reference lists of the
published systematic reviews and some cross sectional
studies, based on their relevance.
Thus, we selected controlled clinical trials in which
different dietary approaches were used for treating
NAFLD or NASH diagnosed by imaging methods and/or
histological evaluation, regardless of sex and ethnic
origin of the participants.

hepatic steatosis to NASH . Evidence suggests that
patients with NASH present impaired postprandial TG
response, which may increase TG uptake by the liver,
[19]
promoting hepatic fatty accumulation . Patients with
NASH show an abnormality of hepatic fatty metabolism,
which increases lipogenesis. Compared to healthy
controls, these patients produce 3 times more TG by
[21]
hepatic lipogenesis .
The intake of simple carbohydrates such as fructose
and sucrose has increased over the past decades.
Fructose is a monosaccharide that exists in natural
foods such as fruits, some vegetables and honey. These
natural foods contain small amounts fructose, which
are absorbed slowly. However, nowadays, fructose is
mostly consumed through commercial and industrial
products such as sweetened beverages, soft drinks,
and high-fructose corn syrup (HFCS). A high fructose
diet decreases the hepatic lipid oxidation by reducing
the function of the peroxisome proliferator-activated
receptor α (PPARα) leading to hepatic steatosis in
[22]
experimental models . Furthermore, not only fructose,
but also glucose stimulates lipogenic genes in the liver.
Diets with high content of fructose or sucrose lead to
metabolic alterations related to endoplasmic reticulum
stress in the liver by activating JNK, which contributes
[23]
to liver fat deposition and posterior inflammation .
Fructose could affect the metabolism in the liver at the
transcriptional level, increasing the proinflammatory
[22]
transcription factor NFkB and oxidative stress . A
high-fructose diet decreases PPARs protein in the liver
and increases forkhead boxO1, a transcription factor
that stimulates the apolipoprotein apoCIII production,
[24]
which results in increased VLDL-TG production . The
carbohydrate responsive element-binding protein,
another transcription factor, participates in the regulation
of lipid metabolism in the liver, as carbohydrates bind to
[25]
it stimulating lipogenic gene expression .
In addition to role of the monosaccharides, the
effects of high glycemic-index carbohydrate have been
explored. The high-glycemic index carbohydrate has a
close relationship with obesity, IR and increased plasma
[26,27]
and hepatic TGs
. Dietary glycemic index seems
to be associated with the grade of hepatic steatosis,
[28]
regardless of total energy or carbohydrate intake .
The underlying mechanism is not fully elucidated, but
some hypotheses have been proposed. Foods with highglycemic index enhance the hepatic influx of glucose.
The excess of hepatic glucose exceeds the ability of
glycogen production; therefore, this carbohydrate will
be used for the synthesis of new TG through DNL within
the hepatocytes. An elevated-glycemic index food might
augment oxidative stress, which can contribute to NASH
[29]
development .
Based on the exposed data, it is reasonable to
conclude that over-consumption of fat and carbohydrates
may promote hepatic steatosis. In the following sections,
we will discuss the clinical trials on different diets in the
development and treatment of NAFLD.

THE ROLE OF DIET IN THE
DEVELOPMENT OF NAFLD
It is increasingly recognized that hepatic steatosis
occurs when there is a combination of IR and per
[9]
manent excess of fatty acids delivered to the liver .
The sources that supply fatty acids to the liver are the
endogenous fat deposits, hepatic DNL, and dietary fat
intake. Approximately 90% of the FFA originate from
adipocyte lipolysis and are released by the action of
lipoprotein lipase on adipose tissue and other tissues
being transported such as circulating triglyceride (TG)containing lipoproteins. The second major source of
liver fatty acids is their synthesis inside the hepatocytes
through DNL, which uses carbohydrates as the major
substrate. Although DNL usually represents only 5% of
fatty acid in the liver, this percentage can reach 30% in
[17]
patients with NAFLD .
The mechanism involving fat-induced hepatic IR is
not fully understood. It is likely that as a consequence
of a HFD, there is an accumulation of fat metabolites,
which in turn stimulate the secretion of interleukin-6
(IL-6) and tumor necrosis factor-alpha (TNF-α). These
cytokines trigger several signal transduction pathways,
for example the serine/threonine kinases [protein
kinase-C (PKC)], c-JUN NH2-terminal kinase-1 (JNK),
[6]
and kappa B-kinase inhibitor, causing hepatic IR . The
PKC binds to the insulin receptor, inhibits its tyrosine
kinase activity and interfere with the ability of insulin
[18,19]
to phosphorylate the insulin receptor substrate-2
.
Furthermore, abundant dietary fat consumption increa
ses FFAs delivered to the liver. FFAs stimulate the
hepatocytes, leading to intracellular translocation of
the protein Bax to the lysosome and as a consequence
release cathepsin B. Capthepsin B induces the nuclear
factor-κB translocation which enhanced the secretion of
TNF-α inhibiting the action of insulin. Indeed, cathepsin
B causes alteration in the mitochondrial function culmi
nating in death of the liver cells and evolution from

WJH|www.wjgnet.com

2524

October 28, 2015|Volume 7|Issue 24|

Ferolla SM et al . Dietary approach in nonalcoholic fatty liver
meals. The results showed that both hypercaloric
diets - high-fructose or high-glucose - increased IHCL,
and these effects were not different between the 2
[36,42,47,48]
monosaccharides
.
Fructose and glucose are likely to increase IHCL
when they are consumed within a hypercaloric diet.
However, the studies that examined their effects when
they are intake in an isocaloric diet showed controversial
[36]
results. In the study by Johnston el al , fructose or
glucose were consumed in an isocaloric diet for 2 wk
(25% of daily caloric need from glucose or fructose)
by healthy, but centrally overweight men, and both
[36]
monosaccharide diets did not alter IHCLs . In a con
trolled, randomized double-blinded study, involving 24
adolescents (with hepatic fat > 8% on imaging) received
fructose or glucose beverages (with the same energetic
value), during 4 wk (3 servings of 8 fluid ounces bottle
of study-provided beverage each day, with 33 g of
glucose or fructose), no significant changes in hepatic
fat (measured by MRS), liver enzymes and body weight
[53]
were observed . Finally, in a randomized control trial
that included 64 healthy subjects, the authors compared
the effects on steatosis [measured by computed
tomography (CT)] of a HFCS sweetened beverage
with sucrose-sweetened low-fat milk at 8%, 18% or
30% of the caloric needs for maintenance of body
weight, and observed no significant changes in liver fat
[32]
despite the kind or quantity of the beverage . These
findings support that if monosaccharides are ingested
in a normocaloric diet in usually ingested sweeteners,
such as sucrose or HFCS, hepatic steatosis is not an
[41]
expected finding. However, the study by Maersk et al ,
which evaluated the results on hepatic fat deposition
(measured by MRS) of 47 healthy that consumed 1 L/d
of sucrose sweetened regular cola (Coca Cola®; 106
g sucrose/day = 53 g bound fructose/day; 430 kcal),
aspartame-sweetened diet cola (Coca Cola®; 4 kcal),
semi-skimmed milk (Arla Foods®; 451 kcal), or mineral
water (Aqua D’Or®; 0 kcal), during 6 mo, demonstrated
significant increase in IHCL in the sucrose sweetened
regular cola group, without any changes in whole caloric
[41]
consumption or body weight .

EFFECTS OF DIETARY CARBOHYDRATE
INTAKE IN INTRAHEPATOCELLULAR
LIPIDS, DNL AND LIVER ENZYMES EVIDENCE FROM CLINICAL TRIALS OF
"HEALTHY" HUMANS
In only a few clinical trials the effects of excessive
carbohydrate intake on the liver were investigated in
[30-51]
health humans
.

Intrahepatocellular lipids

Evidence from human studies suggests that in a high
simple carbohydrate diet the liver quickly accumulates
[46]
fat. Sevastianova et al
evaluated 16 overweight
subjects that in addition to their usual diet ingested 1000
kcal/d from simple carbohydrate (candy, pineapple juice,
sugar-sweetened soft drinks) for 3 wk, and, thereafter,
were placed on a hypocaloric diet for 6 mo. It was
observed that carbohydrate overfeeding during 3 wk
caused a 10-fold higher relative increase in hepatic fat
content (27%) than in body weight (2%). The augment
in hepatic steatosis was proportional to the rise in de
novo lipogenesis. When the patients lost weight, they
[46]
restored liver fat to normal .
Considering the simple carbohydrates, the effects
of fructose on liver fatty have been explored in many
studies. A group of researchers from Switzerland
published 5 studies comparing the effects of high fructose
and energy diet with a isocaloric diet on intrahepa
[39,40,42,49,51]
tocellular lipids (IHCLs) in healthy, male adults
.
In the first study, there were no changes in IHCL [mea
sured by magnetic resonance spectroscopy (MRS)] and
insulin sensibility in both hepatic and adipose tissue,
as well as in the whole body insulin sensitivity, after a
4-wk fructose overfeeding (1.5 g fructose per kilogram
body weight per day, which corresponds to the fructose
content of 2 L of soda) in 7 lean healthy males. However,
it was observed increased plasma concentrations of
triacylglycerol, VLDL-triacylglycerol, leptin and fasting
[39]
glucose after the intervention . The lack of effects on
liver fat accumulation after a fructose overfeeding could
have been influenced by the reduced sample size of
this earliest study. The results of the following 4 studies
from the Switzerland group were not consistent with
[40,42,49,51]
this finding
. They were evaluated in a recent
random-effects meta-analysis, which leads to the
conclusion that short term (1 wk) hypercaloric (35% of
energy above the requirement) fructose diets (3 or 3.5
g fructose per kilogram fat free mass per day) compared
with an isocaloric diet increased IHCLs by an average of
[52]
54% in a total population of 74 healthy adult males .
Moreover, in the context of hypercaloric diets, the
effects of high-fructose or high-glucose intake were
compared in some interventional studies including
[36,42,47,48]
different healthy populations
. In all those
studies, the subjects consumed fructose or glucose
dissolved in water, 3 or 4 times per day, with the main
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Hepatic de novo lipogenesis

There are few data from human studies about the
effects of carbohydrate intake in hepatic DNL. A hyper
caloric high-fructose diet (3 g per kilogram body weight
plus balanced diet to keep body weight) rose the DNL
in the liver by 7.8% (95%CI: 5.8%, 9.8%) in 7 male
[35]
subjects without any disease . When compared to a
hypercaloric high-glucose diet, only the hypercaloric
high-fructose (additional 25% of daily energy, during 10
wk) elevated DNL, caused dyslipidemia, reduced insulin
sensitivity, and augmented visceral adiposity in subjects
[50]
who are overweight or obese . On the other hand,
the addition of the non-digestible carbohydrate inulin
to a diet with 55% of total energy from carbohydrate,
for 3 wk, decreased lipogenesis in the liver and blood
triglyceride concentrations in 8 healthy subjects examined
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in a double-blind, randomized, placebo-controlled cross
[54]
over study .

accharides or monosaccharides on the liver in short term;
(4) monosaccharides were provided as their constituent
powders as opposed to either incorporated into the
matrix of a foodstuff, or as a constituent of sucrose in
usual diet; (5) use of large amounts of monosaccharide,
which were higher than the levels usually consumed;
and (6) fructose or sucrose consumption seems to
have been confounded with the excess of caloric
ingestion in some studies. Regardless the limitations
it is reasonable to conclude that the consequences of
fructose consumption on glucose and lipid metabolism
seems to be dose-dependent. High-fructose, -glucose
and -sucrose diets influence on the amount of fat in
the liver, but fructose seems to cause DNL in a higher
magnitude. However, the effects of long term dietary
intervention on hepatic DNL were not evaluated. Further
studies are needed to evaluate if the energy overfeeding
changes are monosaccharide specific, and to assess the
outcomes of low monosaccharide intakes in patients
with NAFLD. Evidence regarding the association between
carbohydrate intake and the development of NAFLD
comes from observational studies and only a few data
result from interventional studies as we will discuss in
the following topics.

Liver enzymes

The liver enzymes outcomes after hypercaloric highfructose diet are distinct among the studies. After a
high-fructose diet (200 g/d) during a 2-wk period, 74
years old male subjects, without any disease, presented
[43]
increase in all liver enzyme concentrations . In 2
randomized control trials, the authors demonstrated that
a diet rich in fructose (3.5 g fructose per kilogram fat
free mass daily; 30%-35% of calories above the energy
requirement) was associated with increase only in the
alanine aminotransferase (ALT) concentrations when
compared to the consumption of a weight maintaining
[33,40]
diet in healthy people
. However, in another rando
mized control trial, the authors did not observe any
alteration in this parameter with the same intake of
[42]
[49]
fructose . Sobrecases et al assessing the respective
effects of high-fructose, high-saturated fat and the
association of these diets in young men, without any
disease or obesity, verified that the high-fructose diet
alone did not change the ALT serum levels; however,
the high-fructose associated with high-saturated fat diet
[49]
increased the concentrations of this enzyme .
A random-effects meta-analysis on randomized
[30,34,36,42]
control trials
that compared the outcome of
the liver enzymes between hypercaloric high-fructose
and hypercaloric high-glucose diets (range 40 g/d to
3.5 g fructose per kilogram fat free mass per day) did
not show any significant differences in the ALT and
aspartate aminotransferase (AST) levels, regardless
[52]
of the tested monosaccharide . Only one study
demonstrated that high consumption of fructose, but
not of glucose, increased gama-glutamyl transpeptidase
[34]
(GGT) activity . Unexpectedly, an energy balanced
diet, with 25% of the caloric need per day from fructose
or glucose, was associated with a slight reduction in the
liver enzymes concentrations in centrally overweight
[36]
men .
The effects of a hyperenergetic high-sucrose diet
on liver function tests have also been investigated.
A hyperenergetic (double energy requirement) highsucrose diet (32% of caloric requirement from sucrose),
compared with a standard isocaloric diet in 12 healthy
male subjects, increased the blood concentrations of
[45]
alkaline phosphatase, ALT, AST, GGT, and bilirubin .
[44]
In agreement with these findings, Porikos et al
demonstrated that a hypercaloric sucrose containing
food-supplemented diet (25%-30% kcal) also raised the
ALT and AST levels. However, comparing high-sucrose
diet with high-glucose diet, it was not observed any
[30,37]
differences in the ALT and AST levels
.
The chief limitations of all intervention studies
presented above are the following: (1) small sample
size; (2) most studies included only men, and the effects
in women may differ due to differences in fructose
metabolism mediated by hormonal and anthropometric
mechanisms; (3) evaluation of the effects of the dis
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CARBOHYDRATE INTAKE AND
CARBOHYDRATE DIETARY
INTERVENTION IN THE TREATMENT OF
NAFLD
Some observational studies demonstrated association
between high carbohydrate intake or increased simple
sugars (sucrose or fructose) consumption and the
[12-14,55-58]
development of NAFLD
. The intake of simple
sugars appears to have been associated with the
amount of fat in the liver and to the severity of the disea
[55,57]
se
. A cross-sectional study demonstrated that high
intake of fructose was associated with increased GGT
concentrations in 38 subjects under 19 years old who
[59]
were overweight or obese and presented NAFLD .
Based on these findings, some clinical trials were
conducted with the aim of understanding the effects of
carbohydrate restriction in improving NAFLD.

Intrahepatocellular lipids

In a controlled clinical trial including 18 patients with
NAFLD (14 of them biopsy proven), the authors
evaluated the effectiveness of a 2-wk administration
of VLCD (20 g/d, 9 patients) vs calorie restriction
(1200-1500 kcal/d, 9 patients) at reducing hepatic TGs
measured before and after the intervention by MRS.
Weight loss was similar between the groups. Liver
TG decreased significantly with weight loss, but the
reduction was more intense in the low-carbohydrate
[60]
subjects compared with in the low-calorie group .
In order to evaluate the effects of an even more
restricted carbohydrate diet (< 20 g/d of carbohydrate)
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on liver histology, a pilot study including 5 NAFLD obese
subjects (confirmed by liver biopsy) were instructed
to follow a ketogenic diet associated with nutritional
supplementation for 6 mo. Post-treatment liver biopsies
were performed in 4 of those patients and showed
improvement in steatosis, inflammatory grade, and
fibrosis. Additionally, after treatment, the patients lost
[61]
weight (mean weight loss 12.8 kg; range 0-25.9 kg) .
Among the simple carbohydrates, the effects on
IHCLs of a fructose reduction diet were evaluated in a
before-after clinical trial including 10 overweight adults
with NAFLD. After 6 mo of the intervention, the subjects
diminished their fructose intake in approximately 61%
associated with significant reduction in total energy
consumption per day, total fat, and SF (224%), which
resulted in a decreased of IHCL content (236%). In
addition, the patients presented a reduction in their
[62]
body weight and body mass index (BMI) .

liver enzymes (AST, ALT and GGT), and 100% of them
showed reduction in BMI, waist circumference and IR
[65]
[66]
index . Corroborating these findings, Daubioul et al ,
in a randomized double-blind crossover investigation,
studied the effects of daily ingestion of oligofructose
(OFS), a kind of soluble fiber, in 7 patients with NASH
(biopsy proven). The subjects were randomly assigned
to intake 16 g of OFS or maltodextrine (placebo) daily
during 8 wk. OFS decreased serum AST after 8 wk, and
[66]
insulin concentrations after 4 wk . In a randomized
controlled trial, the authors evaluated the effects of beta
glucan-containing oat cereal (n = 16), another soluble
fiber, vs placebo (n = 18) in overweight subjects during
12 wk. The consumption of oat reduced the levels of
AST and ALT, body weight, BMI, percentage of body fat,
and waist-to-hip ratio. However, the anatomic changes
[67]
were not observed on ultrasound examination .

EFFECT OF DIETARY LIPIDS INTAKE
IN INTRAHEPATOCELLULAR LIPIDS IN

Liver enzymes

To evaluated the effects on liver enzymes of different
proportion of carbohydrates in a hypocaloric diet, Ryan
[63]
et al , randomized 52 subjects with obesity and IR
(high possibility of developing NAFLD) to receive a
normal carbohydrate (60% carbohydrate, 25% fat
or both) or moderate restricted carbohydrate (40%
carbohydrate, 45% fat) diet during 16 wk. The two
dietary interventions lead to a similar decrease in body
weight, daily insulin requirement and plasma ALT levels;
however, the 40% moderate restricted carbohydrate
intervention was associated with more significantly
decrease in IR, and in serum levels of insulin and ALT.
The reduction of the ALT concentrations was associated
with increasing in insulin sensitivity and decreasing in
[63]
daily insulin requirement . On the other hand, a 2-wk
on VLCD (20 g/d) or calorie restriction (1200-1500
kcal/d) correlated with a reduction in the serum levels
[60]
of AST, but not ALT, in patients with NAFLD .
The specific effect of a low-fructose diet was
evaluated in both children and adults with NAFLD.
Obese children with NAFLD received a restrictedfructose diet (no intake of beverages with sugar neither
any type of food sweetened with HFCS) or a restrictedfat diet [according to the American Heart Association
(AHA) guidelines] associated with instructions about
the diet, during 6 mo. The comparison between the
2 groups demonstrated no improvement in ALT and
AST concentrations in either group at the end of the
intervention. Likewise, children’s BMI Z scores demon
[64]
strated no significant improvement . On the other
hand, in an adult overweight population with NAFLD,
fructose-restricted diet during 6 mo led to weight loss,
normalization of AST and ALT levels, and reduction in
[62]
GGT concentrations in 7 out of 10 patients .
Studies using indigestible carbohydrates as dietary
fiber supplementation have attracted interest of resear
chers due to its several physiological benefits. After
treatment with soluble fibers (10 g/d) for 3 mo, 75%
of the NAFLD patients presented normalization of the
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HUMANS WITHOUT FATTY LIVER
[68]

HFD is involved in the pathogenesis of IR . Dietary fat
and oxidative stress are likely to play a role in NAFLD
pathogenesis and its evolution to NASH. The effects of
dietary fat content on hepatic TG (assessed by MRS),
body fat distribution [evaluated by magnetic resonance
imaging (MRI)], biomarkers of inflammation (serum
concentrations of IL-6, IL-12, TNF-α, interferon-γ), and
oxidative stress (assessed by urinary F2-α isoprostanes)
were evaluated in overweight or obesity patients
without glucose intolerance. The subjects ingested
a control diet (35% fat, 12% saturated fat and 47%
carbohydrate) during 10 d, and then, they consumed
a low fat [(20% fat wherein 8% as saturated fat) and
62% carbohydrate; n = 10] or a HFD [55% fat (25%
saturated fat) and 27% carbohydrates; n = 10] for 4
wk. After the intervention, both groups remained with
body weight stable. In the low-fat diet group, compared
to the control diet, the hepatic TG decreased, but, in the
HFD patients, the hepatic TG presented no alteration. In
both diets, intra-abdominal fat did not change; however,
the subcutaneous abdominal fat increased in the HFD
group. The inflammatory markers, fasting metabolic
parameters and urinary F2-α isoprostanes did not
[69]
demonstrate any changes . Contrary to these findings,
the consumption of HFD by 10 healthy subjects, during
[70]
4 d, increased IHCLs by approximately 90% .
The effects of an isocaloric restricted-fat, restrictedsaturated fat (LSAT) and restricted-glycaemic index (GI)
diet [LSAT: 23% fat (7% saturated fat), GI < 55; n =
20] on liver fat (without weight loss) were compared
with the effects of a high-fat, high-saturated fat (HSAT)
and high-GI [HSAT: 43% fat (24% saturated fat) GI >
70; n = 15] diet in an old population. In the LSAT group
the IHCL (measured by MRI) decreased significantly
while in the HSAT there were no changes in this
parameter. The LSAT diet also reduced total cholesterol,
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[79]

high-density lipoprotein cholesterol (HDL-c), low-density
lipoprotein cholesterol (LDL-c) and fasting glucose, and
increased TG levels, and the HSAT intervention had no
influence on HDL-c or glucose and raised LDL-c and total
cholesterol. The Matsuda index of insulin sensitivity got
better on the LSAT intervention, but fasting insulin and
homeostasis model of insulin resistance (HOMA-IR) did
not demonstrated any improvement as a result of both
[71]
dietary interventions .
Several important questions about the effects on
hepatic steatosis remain unanswered, including the
effects of the different types of fat: monounsaturated
fatty acids (MUFA), PUFA, and SF acid (SFA). In a
randomized, parallel-group study, the authors compared
the effects of PUFAs and SFA on hepatic steatosis,
systemic inflammation, and metabolic disorders in 61
subjects with abdominal obesity (15% with type-2
diabetes). The subjects received a 10-wk isoenergetic
diet (without altering the macronutrient intake), high
in vegetable n-6 PUFA (PUFA diet) or in SFA mainly
from butter (SFA diet). In the PUFA diet group, hepatic
steatosis (measured using MRI and MRS), TNF-α
receptor-2, and IL-1 receptor antagonist levels reduced,
whereas blood insulin tended to increase in the SFA
dietary intervention patients. The n-6 PUFAs diet
compared with the SFA diet intake modestly improved
the metabolic status and decreased liver fat regardless
of weight loss. Indeed, a high n-6 PUFA diet was
not associated with any signs of oxidative stress or
[72]
inflammation . Considering the suppressor action of
long-chain PUFAs on DNL in the liver, it could believe that
fish oil supplements might be useful in the treatment of
[35]
NAFLD . This subject will be discussed further.

dietary SF and a low consumption of carbohydrates .
Based on this finding, some clinical trials were designed
to investigate the modulation of dietary fat in the
treatment of NAFLD.

Intrahepatocellular lipids
[80]

Chan et al , studied 9 NAFLD subjects who underwent
a weight loss program through a low fat diet (LFD) and
the results showed a decrease in body weight, BMI,
hepatic steatosis, amount of visceral and subcutaneous
fat, HOMA-IR score, TGs, VLDL-apoB-100 levels, and
VLDL-apoB-100 secretion rate. The amount of steatosis
reduction correlated significantly with a decrease in the
[80]
rate of secretion of VLDL-apoB-100 and visceral fat .
The modulation of the different types of fat as a
dietary approach of NAFLD has been examined. The
effects of the Mediterranean diet (MD), known as a high
content in MUFA diet, on IHCL (measured by MRS) and
insulin sensitivity were evaluated in 12 biopsy proven
NAFLD subjects without diabetes, in a randomized,
crossover investigation comprising 6 wk of diet interven
tion. All participants receive, in a random order, both
MD and a control diet [low fat, high-carbohydrate diet
(LF/HCD)], with a wash-out period of 6 wk between
the dietary interventions. The results demonstrated
that although the patients did not present weight loss,
the MD was associated with a reduction in the hepatic
fat content and also improved insulin sensitivity in
the patients with NAFLD and glucose intolerance, in
[81]
comparison with the subjects from the LF/HCD group .
[82]
Nigam et al , compared, in NAFLD patients, the
effects of different types of vegetal oil: Canola oil
(61% MUFAs, 7% saturated fatty acids and n-6/n-3
ratio nearly 2/1), olive pomace oil (70% MUFAs, 15%
saturated fatty acids and n-6/n-3 ratio nearly 9/1), and
control oil group - soybean or safflower (15%-24%
MUFAs, 12%-16% saturated fatty acids, 50%-60%
PUFAs and n-6/n-3 of 7/1 for soya oil and higher than
100 for safflower oil). Ninety-three patients, matched
by age and BMI, were randomly assigned into 3 groups
to intake not more than 20 g daily of olive oil, canola
oil, or soyabean/safflower oil (control; n = 30) and
lifestyle counseling, for 6 mo. Compared to the control
oil group, the olive oil patients decreased weight and
BMI. Furthermore, these subjects presented reduction
in fasting insulin level, HOMA-IR, HOMA denoting b-cell
function, and disposition index, when compared to
the canola oil individuals. Pre- and post-intervention
analysis demonstrated that the olive oil group presented
increase in HDL-c levels; the canola oil group presented
reduction in fasting blood glucose and TG; and both
groups (olive and canola oils) presented improvement
[82]
in the grade of fatty liver and liver span .
In several studies, the effects of the intake of
n-3 PUFA supplements were investigated as a com
[83-89]
plementary treatment of NAFLD
. In general, these
studies demonstrated a reduction in liver fat measured
by different imaging methods, with the doses raging
from 0.83 to 6 g/d, and duration therapy ranging from

FAT INTAKE AND FAT DIETARY
INTERVENTION IN THE TREATMENT OF
NAFLD
Some observational studies were performed to evaluate
fat intake by individuals with NAFLD. According to the
[11]
investigation by Musso et al , the usual dietary pattern
of subjects with NAFLD without hyperlipidemia, diabetes
and obesity was rich in SF and cholesterol, and poor in
PUFAs. SF intake correlated with insulin sensitive index,
[11]
features of the MS, and increased postprandial TG .
Compared to the healthy controls, patients with NAFLD
have been shown to have a lower dietary intake of
omega-3 fatty acids and to have an increased n-6/n-3
[57,73]
ratio in their diet
. The elevated n-6/n-3 ratio in
the food has been associated with a pro-inflammatory
[74,75]
state
and increased lipogenesis causing steatosis
[76,77]
in animal models
. On the other hand, it has been
demonstrated that omega-3 PUFAs inhibits sterol
regulatory element binding protein 1c and upregulates
PPARa favoring fatty acid oxidation and improving
[78]
steatosis . NASH patients seem to have impairment in
glutathione metabolism towards an oxidant status, and
this alteration has been associated with a high intake of
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[83-87]

[88,89]

8 wk to 18 mo
. A supplementation of 2 g of n-3
PUFA 3 times per day, for 24 wk, was associated with
a complete fatty liver regression in almost 20% of the
NAFLD patients and some reduction in 53% of them. In
contrast, in the placebo group, 7% fatty liver completely
regressed and 35% presented certain reduction in
[87]
IHCL (measured by ultrasound) . Similar effects were
observed using a supplementation daily dose of 4 g
of n-3 fatty acids, for 8 wk, on liver fat (measured by
MRS) in women with polycystic ovary syndrome. N-3
PUFA diminished liver steatosis, TGs levels, and systolic
[83]
and diastolic blood pressures while these effects were
not observed in the placebo group. Using the same
dose of supplementation (4 g/d) of docosahexaenoic
acid (DHA) plus eicosapentaenoic acid (EPA), NAFLD
subjects were randomized in a clinical trial, double
blind and placebo-controlled to receive n-3 therapy
(n = 51) or placebo (n = 52) during 15-18 mo. Liver
fat percentage was measured by MRS in 3 liver zones
and liver fibrosis was evaluated by 2 validated scores.
The supplementation adherence and the presence of
contaminants as DHA and EPA in the placebo group
were investigating by verifying erythrocyte percentage
of DHA and EPA enrichment. The median liver fat at the
beginning was 21.7% in the placebo group and 23%
in the intervention group, and they changed to 19.7%
and 16.3%, respectively. The adjusted multivariable
regression model demonstrated a trend towards a
reduction in liver fat following treatment with the DHA
+ EPA; however, there was variable adherence to the
intervention and evidence of contamination in the
placebo group. DHA enrichment was independently
associated with a reduction in hepatic steatosis in the
regression analysis. There was no improvement in the
fibrosis scores. According to the results, erythrocyte
DHA enrichment with DHA + EPA supplementation could
be associated with less hepatic steatosis. The authors
concluded that increased percentage of erythrocyte DHA
enrichment can cause a reduction in hepatic steatosis in
[84]
NAFLD subjects .
These findings were corroborated by the results of
another study, in which a smaller dose (2 g/d) of PUFA
associated with AHA recommended diet, for 6 mo,
were evaluated. About one third (33.4%) of the NAFLD
patients presented a complete fatty liver regression,
and 50% demonstrated some reduction. In contrast, no
patient achieved complete regression in the group that
received only the AHA diet, and only 27.7% of them
[86]
presented some reduction in the steatosis . Another
study employing low dose of n-3 PUFA supplementation
(0.83 g/d, of which 0.47 g of EPA and 0.24 g of DHA) in
olive oil demonstrated improvement in the liver echotexture (evaluated by ultrasound) and in the hepatic
Doppler perfusion index, after 12 mo of treatment
of NAFLD patients, compared to a control group of
[85]
individuals also with NAFLD .
Although the investigations based on imaging
methods demonstrated a reduction in liver fat as com
mented above, the studies that investigated the role
of n-3 PUFA in NAFLD treatment using liver histology to
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evaluate the results have shown controversial results
.
[89]
Tanaka et al prescribed highly purified EPA (2700 mg/d)
to 23 NASH (biopsy-proven) patients during 12 mo and
the effects were measured by biochemical parameters
and hepatic biopsy. The outcome showed a reduction in
AST, FFA, soluble TNF-α receptors 1 and 2, ferritin, and
thioredoxin serum concentrations, which may be the
result of oxidative stress in the liver. Body weight, blood
glucose, insulin and adiponectin concentrations did not
changed. Post-treatment liver biopsy was performed
in 7 out of the 23 NASH patients and demonstrated
improvement in liver fat, fibrosis, ballooning in liver cells,
[89]
and lobular inflammation in 6 subjects . However,
in a larger phase 2b multicenter, placebo-controlled
[88]
trial, these findings were not confirmed . Sanyal et
[88]
al , compared the effects of different doses of EPA-E,
a synthetic PUFA, in the liver histology of 243 NASH
patients with NAFLD activity score ≥ 4 (minimum score
of 1 for steatosis and inflammation, along with either
ballooning or at least stage 1a fibrosis). The patients
were randomized into three groups which received lowdosage EPA-E (1800 mg/d; n = 82), high-dosage EPA-E
(2700 mg/d; n = 86) or placebo (n = 75) and were
followed for 12-mo. Liver biopsy was performed 2 wk
after the end of the treatment. The primary efficacy
end point was NAFLD activity score ≤ 3 without fibrosis
worsening; or a reduction in NAFLD activity score ≥ 2 with
contribution from at least 2 variables, without worsening
of fibrosis, 1 year after the end of the intervention. The
percentages of patients in the groups that achieved the
main end point were similar: 40% in the placebo group,
37% in the low-dose, and 35.9% the high-dose group.
EPA-E was not associated with any improvement in the
histological parameters of NASH (liver fat, inflammation,
[88]
ballooning, or fibrosis scores) .

Liver enzymes

In some of the studies the effects of n-3 PUFA supple
mentation were also assessed by the analysis of the
[85,87-89]
liver enzymes
. In an investigation, patients with
NAFLD that consumed olive oil plus 0.83 g of n-3 PUFA,
during 1 year, presented reduction in liver enzymes (ALT,
AST and GGT) and TGs serum levels, and increased in
adiponectin serum concentrations, compared with the
control group that received similar package of olive oil
[85]
without addition of n-3 PUFA . In the study in which
the NAFLD subjects consumed a higher dose of n-3
PUFA supplementation (2 g/d) associated with the AHA
diet or received solely the AHA regular diet, during 6
mo, it was observed a decrease in the ALT levels after
the treatment with the n-3 supplementation plus diet,
while the other enzymes remained unchanged. These
patients also presented a reduction in the TGs and
TNF-α level, and in the HOMA-IR score. No alterations
in the evaluated parameters were verified in the control
[86]
group . Different findings were observed with the use
of EPA in a dose of 2.7 g/d in the NASH (biopsy-proven)
patients, for 12 mo. Among the liver enzymes, only the
[89]
AST levels were reduced . Corroborating the results
[89]
of Tanaka et al , it was demonstrated that in a higher
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EPA dose (6 g/d), the NAFLD subjects demonstrated
more expressive reduction in the ALT concentrations
and also in total symptom scores and serum TG
levels when compared to a placebo group. In both
groups there were no changes in body weight, fasting
glycemia, renal function and blood cell counts, but there
was a tendency toward improvement in AST, GGT,
total cholesterol and HDL-c levels, without significant
[87]
differences between the groups .
The possible benefit of EPA supplementation on
liver enzymes was not supported in a large population
of patients with biopsy proven NASH. Both EPA-E 1800
mg/d and EPA-E 2700 mg/d used for 12 mo in NASH
patients had no effects on liver enzymes concentrations,
IR, adiponectin, keratin 18, high-sensitivity C-reactive
protein, or hyaluronic acid levels, but the elevated dose
of EPA-E was associated with a reduction of TG levels,
[88]
without any serious adverse events .

of the initial weight through hypocaloric diet (alone or
associated with increased physical activity) reduces
liver fat, however more expressive weight loss (up to
10%) might be necessary to determine improvement
[1]
[92]
in necroinflammation . In this context, Elias et al
evaluated the effects of a 6-mo hypocaloric diet
(reduction of 500-1000 calories per day) with 15%
protein, 55% carbohydrates and 30% fat, on IR,
biochemical parameters of the MS, and grade of liver
fat in 31 NAFLD subjects. The participants were called
adherent (group 1; n = 17), if they showed weight loss
higher than 5% of the initial weight, or non-adherent
(group 2; n = 14), if they do not reach 5% weight loss
from the initial weight. Group 1 patients improved all the
anthropometric parameters, and presented a reduction
in ALT and GGT levels, HOMA-IR, visceral fat and hepatic
density on computed tomography, along with increase
on HDL cholesterol levels. These subjects reduced the
total caloric consumption and total and saturated fats
intake. Group 2 presented only a significant decrease in
BMI and waist circumference. Based on these results,
the authors concluded that the dietary intervention as
the only therapeutic approach but leading to a weight
loss of at least 5% from the initial body weight is
[92]
effective in improving NAFLD .
A group of Taiwanese researchers compared the
effects of 2 different VLCDs (450 or 800 kcal/d) in
132 subjects presenting obesity (83 with NAFLD). The
patients were randomized to 2 VLCD groups aimed to
weight loss in 12 wk. During the 12-wk intervention
period, the VLCD-450 group showed a loss of 9.14%
of the initial body weight and the VLCD-800 group lost
8.98% of the initial weight as revealed by the intentionto-treat analysis. A total of 40.9% subjects from the
VLCD-450 group and 43.9% from the VLCD-800
group lost at least 10% of the body weight at the end
of the intervention. In both groups, it was observed
improvement in the following parameters: body weight,
waist circumference, hip circumference, fat mass, blood
pressure, TG and glycemia, without difference between
the 2 groups. NAFLD was resolved in 41.5% of the cases
in the VLCD-450 group and in 50.0% in the VLCD-800
[93]
group .
Until nowadays, there is no specific recommendation
regarding the amount of calorie restriction necessary to
[92]
improve NAFLD. As demonstrated by Elias et al
and
[93]
Lin et al , the reduction of 500 to 1000 kcal/d in the
usual energy intake or even a more restrictive diet (450
or 800 kcal/d) could be effective and safety to treat
obesity and to improve NAFLD; without any additional
benefit in recommending a more restrictive dietary
intervention.

CLINICAL TRIALS COMPARING
CARBOHYDRATE VS FAT DIETARY
INTERVENTIONS
Liver enzymes

The results of the studies comparing the effects of
low carbohydrate diet (LCD) with LFD on liver amino
transferases in NAFLD patients, allow concluding that
despite of macronutrient restriction both diets lead
to favorable results when associated with a reduction
[90,91]
in body weight
. In one of these studies, obese
subjects were included in the group Ⅰ (n = 112) if
normal levels of ALT, or group Ⅱ (NAFLD, n = 30) if
increased ALT concentrations (≥ 43 UI/L); then, they
were randomly allocated to receive LFD or LCD, for 3
mo. After outcome analysis, the authors concluded
that weight reduction following either hypocaloric diets
- LFD or LCD - was associated with improvement in
[90]
ALT concentrations and IR in subjects with NAFLD .
[91]
Likewise, Rodríguez-Hernández et al
randomized
59 obese women with NAFLD to receive either LCD
(n = 31) or LFD (n = 28), for 6 mo. At end of the
intervention, both groups presented weight loss (5.7%
and 5.5% in the LCD and LFD, respectively) and
decrease in AST and ALT serum levels, but without
[91]
differences between the groups .
Based on the above data, some authors investigated
the effects of energy restriction diet without modulation
in the proportion of the macronutrients in the treatment
of patients with NAFLD, as will be discussed in the next
topic.

ENERGY RESTRICTION ON DIETARY
INTERVENTION IN THE TREATMENT OF
NAFLD PATIENTS

CONCLUSION
Regardless of weight loss, restriction and modulation
of dietary carbohydrate (e.g., restriction of simple
carbohydrate and high glycemic carbohydrate) and
fat (e.g., restriction of total and saturated fat and

According to the American guidelines for the diagnosis
and management of NAFLD, loss of at least 3%-5%
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increase in MUFAs and n-3 PUFAs) seem to improve
metabolic parameters such as IR, decrease the liver
enzymes levels and/or reduce the grade of steatosis in
NAFLD patients. Contrary, weight loss, independently
of restriction of carbohydrate or fat improves the liver
parameters. Therefore, in some studies, the effects of
the restriction of one macronutrient per se could have
been confused with the effects of a restriction of energy
from the diet. Finally, data demonstrating improvement
in liver histology associated with different dietary
approaches are scarce. In this context, long-term studies
are needed to elucidate the detailed dietary approach of
NAFLD, before getting to clinical practice.
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Abstract
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Medical College of Soochow University, Jiangsu Key Laboratory
of Stem Cell Research, Suzhou 215123, Jiangsu Province, China

Infection by hepatitis C virus (HCV), a plus-stranded
RNA virus that can cause cirrhosis and hepatocellular
carcinoma, is one of the major health problems in
the world. HCV infection is considered as a multistep complex process and correlated with abnormal
metabolism of lipoprotein. In addition, virus attacks
hepatocytes by the initial attaching viral envelop
glycoprotein E1/E2 to receptors of lipoproteins on host
cells. With the development of HCV model system,
mechanisms of HCV cell entry through lipoprotein
uptake and its receptor have been extensively studied in
detail. Here we summarize recent knowledge about the
role of lipoprotein receptors, scavenger receptor class
B type Ⅰ and low-density lipoprotein receptor in the
entry of HCV, providing a foundation of novel targeting
therapeutic tools against HCV infection.
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Core tip: As cirrhosis and hepatocellular carcinoma
caused by hepatitis C virus (HCV) is one of the major
health problems in the world, the investigation of HCV
infection becomes more and more important. HCV entry
is the initial step to start infection and is a multiple
process involved in abnormal metabolism of lipid. Hence,
here we summarize recent knowledge about the role of
lipoprotein receptors for better understanding of HCV.
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protein (NS2, NS3, NS4A, NS4B, NS5A and NS5B),
[10]
and further encased in a lipid envelope . There are
two kinds of viral envelope glycoproteins, E1 and E2,
which are embedded in the lipid envelope. Since non
structural proteins play important roles in viral selfreplication, both envelope proteins are necessary and
serve as the fusogenic subunit during the process of
HCV entry; particularly, E2 acts as the receptor binding
[17,18]
protein
. Based on this, soluble form of recombinant
E2 glycoprotein (sE2) was synthesized to study the
[19,20]
receptors of HCV in cell entry
.

INTRODUCTION
Hepatitis C virus (HCV) mainly affects liver and causes
[1]
infectious disease hepatitis C in the world . As a RNA
virus, HCV infects about 2%-4% of people all over the
world and induces kinds of liver diseases, including
about 343000 deaths due to liver cancer from HCV
occurred in 2013 up from 198000 in 1990 and an
[2]
additional 358000 in 2013 occurred due to cirrhosis .
Different from hepatitis A virus and hepatitis B virus,
there is no available vaccine against HCV until now, and
current therapy for HCV infection is based on directacting antivirals with or without peginterferon plus
[3,4]
ribavirin . Hence, knowing the mechanism of HCV
infection is becoming more and more important.

HCV INFECTION
Infecting a target cell by HCV entails an orchestrated
process which can be described into several steps starting
from the binding of the viral particles to receptors with
[21]
co-receptors . Usually, the interaction of glycoproteins
(E1 and E2) on the viral surface and specific receptors
on the surface of target cell determines the association
of a HCV with a target cell. Here, we define the process
of viral entry into cells into a three-step process (Figure
1). Initially, HCV recognizes a target cell by binding to
the mannose-binding lectins L-SIGN, which is mainly
expressed on the endothelium of liver and DC-SIGN,
which is expressed on dendritic cells. Both of the cell
surface proteins are believed to function as HCV capture
[22]
receptors . Laterly, the viral glycoproteins interacts with
[23]
[24-26]
the CD81 tetraspanin
and lipoprotein receptors
,
transferring the virus from the surface to side gradually.
Finally, tight junction proteins may be utilized to help
HCV entry by inducing clathrin-mediated endocytosis.

HCV AND ITS STRUCTURE
The HCV belongs to the family Flaviviridae and is a
kind of the genus hepacivirus. Based on the differences
of nucleotide sequence, which is 30%-35% varying
over the complete genome, it is classified into seven
[5]
genotypes . Sixty percent of all cases are caused by
subtypes 1a and 1b and both types of HCV are able to
be found all around the world. For further study on HCV
entry and the elucidation of the mechanisms of HCV
infection, HCV-like particles (HCV-LP), HCV pseudotyped
particles (HCVpp) and HCV cell culture (HCVcc) system
[6-8]
is widely developed recently . HCV-LPs, production
of baculovirus expression systems, can infect both
hepatoma cells and human primary hepatocytes by the
[9]
mediation of its receptors . However, they are lack of
[10]
reporter to reflect the earliest stages of infection . The
disadvantage of HCV-LPs is made up by HCVpp, which is
produced by lentiviral particles incorporating unmodified
[11,12]
HCV glycoproteins into the lipid envelope
. HCVpp
mimics the very early stage of cell entry by carrying a
marker gene. Only one deficiency of HCVpp system,
they cannot be associated with lipoproteins, because
it is lack of lipoproteins in the producing cells, 293T
[10]
kidney cells . Following, HCVcc system is developed
to represent the complete replication cycle of virus and
to release the production of authentic virus particles
[13,14]
that are able to infect in vitro and in vivo
. Until
now, HCVcc system is the only model system which can
completely mimic a natural HCV infection, although its
recipient cells are limited to two specific cell lines, LH86
[10]
and Huh-7 . Unfortunately, there are few suitable
small animal models for the research of HCV and only
[15,16]
used for certain aspects of HCV infection in vivo
.
In a typical HCV particle, a core of genetic material
(a positive single-standard RNA), which consists of a
single open reading frame of 9600 nucleotide bases
long, is surrounded by a protective shell of nonstructural
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ROLE OF CD81 TERASPANIN IN THE
ENTRY OF HCV
During the process of HCV cell entry, CD81 teraspanin,
which contains a small extracellular loop, a large
extracellular loop (LEL), four transmembrane domains
and intracellular N- and C-terminal domains, plays
an important role. It was firstly reported that CD81
interacted with a soluble HCV glycoprotein E2 and
blockade of CD81 by a specific antibody or silencing
of CD81 inhibited the HCV entry and decreased HCV
infectivity, demonstrating that CD81 is necessary for the
[19,27,28]
entry of HCV
. In more detailed, the initial step
of HCV binding to CD81 is actually the linking between
[29]
HCV glycoprotein E2 and the LEL of CD81 , showing
LEL served directly in HCV entry. Subsequent research
pointed out the relation between CD81 expression
on cell surface and membrane lipid composition, that
ceramide enrichment of the plasma membrane strongly
inhibited the expression of CD81. As lipids organization
on the membrane of host cells is essential for HCV entry,
internalization of CD81 induced by ceramide inhibited
[30]
HCV entry . In HepG2 cells and Huh-7, which are
derived from hepatoma, CD81 was also demonstrated
to affect the susceptibility to HCV infection and the
[31-33]
efficiency of HCV entry
. In addition, the dynamic
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Figure 2 Model of scavenger receptor class B type Ⅰ topology and its
relevance for hepatitis C virus entry. The SR-BI regions comprise cytoplasmic
C-terminal and N-terminal domains separated by a large extracellular domain.
Cholesterol uptake and HCV entry is mainly mediated by extracellular domain.
Particularly, C323 is critical for SR-BI-mediated cholesterol ester uptake.
Amino acids 70-87 and the single residue E210 of SR-BI are required for E2
recognition in HCV entry. SR-BⅠ: Scavenger receptor class B type Ⅰ; HCV:
Hepatitis C virus; HDL: High-density lipoprotein; JAK/STAT: Janus kinase/signal
transducer and activator of transcription.

Figure 1 Process of hepatitis C virus cell entry. After being captured by DCSIGN and L-SIGN, virions with apolipoprotein may first attach a host cell by
interacting with LDLR on the cell surface (1), following by binding to CD81 and
SR-BⅠ (2), and finally by a later utilization of the tight junction protein CLDN1
and OCLN (3). HCV: Hepatitis C virus; SR-BⅠ: Scavenger receptor class B
type Ⅰ; LDLR: Low-density lipoprotein receptor; CLDN-1: Claudin-1; OCLN:
Occluding.

B typeⅠ(SR-BⅠ) and low-density lipoprotein receptor
(LDLR) in this review.

of CD81, which is dependent on the hepatocytes
[34]
polarization, could regulate HCV infection
and the
trafficking of CD81 on the host cell membrane promoted
[35]
claudin-1-dependent HCV particle internalization .
Recently, it was demonstrated that the expression of
[36]
CD81 also modulated HCV RNA replication , suggesting
that the HCV life-cycle also requires CD81.
Recent study pointed out that multiple RTKs could
mediate HCV entry by regulating CD81-claudin-1 and
[37]
viral glycoprotein-dependent membrane fusion . Liu
[38]
et al
also found that HCV transiently activates the
phosphatidylinositol-3-kinase/AKT pathway to facilitate
its entry. These findings may contribute to a new
approach to prevention and treatment of HCV infection.

SR-BⅠ

SR-BⅠ, as a 509 amino acid glycoprotein, is an integral
membrane receptor with cytoplasmic C-terminal and
N-terminal domains separated by a large extracellular
domain (Figure 2); and is found in numerous cell types
and tissues, including the liver and adrenal. There are
evidences that SR-BⅠ selectively mediates uptake of
high-density lipoprotein (HDL) cholesterol ester (CE) into
[42]
transfected Chinese hamster ovary cells and C323 of
SR-BⅠ is critical for SR-BⅠ-mediated cholesterol ester
[43]
uptake . Previous study also proves that the human
homologue of SR-BⅠ, CD36 and LIMPII Analogous-1
(hSR-BⅠ /CLA-1), serves as a receptor of HDL and
regulates cholesterol efflux to HDL during the process of
[44-47]
reverse cholesterol transport
.
Recent reports indicate that HDL promoted HCV
entry and this enhancement was mediated by the forma
tion of SR-BⅠ, HDL and HCV envelope glycoproteins
[20,48,49]
complex
. Many groups demonstrated that the
glycoprotein E2 could bind SR-BⅠ in hepatoma cells:
[20]
Scarselli et al demonstrated that extracellular domain
of SR-BⅠ interacts with E2 hypervariable region 1
[20,26]
[50]
(HVR1)
; Catanese et al
found out that amino
acids 70-87 and the single residue E210 of SR-BⅠ are
required for E2 recognition, raising a possibility for new
therapeutic strategies targeting virus/SR-BⅠ recognition.

ROLE OF LIPOPROTEIN RECEPTORS IN
THE ENTRY OF HCV
The metabolism of apolipoproteins, lipids and lipoproteins
is mainly regulated by the liver and HCV attacks liver,
leading to abnormal serum lipoproteins and accumulation
[39-41]
of lipids in hepatic cells in a chronic mode
. In recent
years, the relationship between cholesterol metabolism
and fatty acid biosynthetic pathways in target cells and
HCV infection has gained much attention. As a result, the
role of lipoprotein receptor in the HCV entry is extensively
investigated in detail. Hence, we will focus on roles of
the two lipoprotein receptors, scavenger receptor class
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the signaling pathways involved in the HCV infection in
more detail. After binding of glycoprotein E2 to SR-BⅠ,
multiple signaling pathways will be inactivated to facility
HCV entry in host cells. There is a report points out
that HCV selectively decreased the abundance of signal
transducer and activator of transcription 1 (STAT1) and
reduced the phosphorylation of STAT1 in the nucleus
by binding its core protein to STAT1 in a proteasomedependent manner to defense the immunity induced
[54]
by JAK/STAT pathway . In turn, the treatment with
interferon alpha was proved to phosphorylate STAT1 to
[25]
protect the host cells from infection of HCV . STAT3
activation in human hepatocytes was also confirmed to
[55]
resist an attack from HCV infection in vitro . Clinically,
treatment with interferon alpha and ribavirin is one of
the therapies for chronic HCV infection. Type 1 interferon
is a production from host cells infected with virus and
constitute the primary defense mechanism against viral
[56]
infection and replication . Secreted interferon acts
through an autocrine and paracrine loop that requires
intact interferon receptor and JAK/STAT pathways
[57]
involving STAT family members .
In summary, all of these evidences point out the
critical role of SR-BⅠ in enhancing HCV entry into
hepatic cells and the complicated process requires
the complex between lipoproteins, SR-BⅠ, and HCV
envelope glycoproteins. The SR-BⅠ gene is able to
transcript into two mRNA splice variants, SR-BⅠ and
SR-BⅡ and the two variants are different from their
C-termini. Although there is evidence that HCV soluble
envelope glycoprotein E2 is able to interact with not only
[58]
human SR-BⅠ but also SR-BⅡ , the role of SR-BⅡ in
the HCV entry is rarely reported.
In the family of scavenger receptors, there is
another member named scavenger receptor class A
(SR-A), which is mainly expressed in macrophage. It
is composed of a cytosol domain, a transmembrane
domain, a spacer domain, an alpha-helical coiled-coil
domain, a collagen-like domain and a cysteine-rich
domain and has two different types, SR-AI and SR[59]
AII . Different from the SR-B, the main function of
SR-A in innate immunity is defense of bacteria. Recently,
it was reported that SR-AI could bind to the nonstructural protein NS3 of HCV in dendritic cells, pointing
out that SR-A may serve as endocytic innate receptors
[60]
in NS3 recognition .

LDLR type A repeats

Epidermal growth
factor-like domain

Transmembrane anchor

Cell membrane

Cytoplasmic domain
C

Figure 3 Structure of low-density lipoprotein receptor and its relevance
for hepatitis C virus entry. LDLR is structurally composed by four motifs:
LDLR type A repeats, which is the main binding site for ligand; an epidermal
growth factor-like domain, which is response to the change of pH to release
ligand; a transmembrane anchor and a cytoplasmic domain, which mediates
clustering of the receptors into the clathrin-coated pit. LDLR: Low-density
lipoprotein receptor.

Based on the detailed internship between virus and
[25]
SR-BⅠ, Murao et al
point out that interferon alpha
decreases the efficiency of HCV infection by down
regulating the binding of SR-BⅠ with both synthesized
E2 region-Ⅰ(4931) and E2 region-Ⅱ (4938) peptides
[51]
in HepG2 cells. Vercauteren et al
recently found a
new anti-SR-BⅠ antibody, small molecule inhibitors
monoclonal antibody1671 (mAb1671), significantly
inhibited infection of hepatoma cells with wild-type HCV
by inhibiting the function of SR-BⅠ, suggesting that
mAb1671 could be used as a therapeutic antibody.
SR-BⅠnot only acts as a binding receptor of HCV,
but also plays a critical role in the post-binding steps.
[50]
[52]
Catanese et al
and Zeisel et al
showed that the
susceptibility of human hepatoma cells to HCVcc in
fection is markedly reduced by silencing of SR-BⅠwith
specific siRNA, SR-BⅠ specific antibody or mutation
of SR-BⅠand the effect is independent of lipoprotein,
pointing out the role of SR-BⅠ in the post-binding
process.
HCV particles associated with plasma lipoproteins
like HDL can be found in the viral particles isolated from
patients and the abnormal metabolism of lipid influences
the HCV infection, suggesting that HCV entry might also
potentially involve the interactions with SR-BⅠ ligands,
HDL. Although HCVpp is not able to interact with HDL
apolipoprotein, the increase of HDL still markedly induces
the enhancement of HCVpp entry, while inhibition of
the transfer of HDL CE reduces the entry of HCVpp into
[49,53]
cells
. However, the ability of HDL to facilitate HCV
entry is largely in a SR-BⅠ-dependent manner since
silencing of this receptor cancelled the effect of HDL on
[49]
enhancement of viral entry .
Another goal of recent researches was to examine
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LDLR

LDLR is another potential lipoprotein receptor involved in
HCV infection of hepatocytes. LDLR (Figure 3), an 893
amino acids transmembrane protein, is a cell surface
receptor that mediates uptake of cholesterol-rich low[61,62]
density lipoprotein (LDL)
. When the main ligand
cholesterol-LDL binds to the receptor, it is transferred
into hepatic cells by clathrin-mediated endocytosis and
then the receptor will release the bound LDL particle
because of the conformational change induced by
change in pH. Accumulation of serum LDL directly leads
to the development of atherosclerosis.
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[63]

Since Agnello et al
firstly suggested the role of
LDL-R in HCV entry in 1999, most studies focus on its
role as a receptor of HCV or facilitating initial attachment
[10]
[64]
to cell surface . André et al
reported that lipoviro-particles isolated from patients with hepatoma
infect hepatic cells in an LDLR-dependent manner,
indicating the important role of LDLR in HCV infection.
In coincidence with this report, LDLR is confirmed to
take part in an early stage in infection of normal human
[65]
hepatocytes by serum-derived HCV virions in vitro . A
human study that LDLR expression of 68 patients with
HCV chronic infection was significantly associated with
HCV-viral load, supplies the evidence that the LDLR may
[66]
be one of the receptors implicated in HCV replication .
While HDL facilities the entry of HCV into hepatic
cells, LDL could significantly inhibit the cell entry of
serum HCV and HCVpp via LDLR. Some studies also
reported that ApoE-containing very LDL, as a ligands
of LDLR, mediates the HCV entry in vitro. Recently,
Ficolin-2, as a lectin-complement pathway activator,
inhibited the chronic HCV infection by inhibition the
function of LDLR and SR-BⅠ and this effect was blocked
[67]
by ApoE3-mediated immune escape . It was confirmed
by a recent report that ApoE3 and ApoE4 rescue the
production of infectious virus and it requires both the
[68]
[26]
LDLR and SR-BⅠ . By contrast, Prentoe et al found
in the process of HCV entry, the function of LDLR is in
an ApoE-independent but E2 HVR1-dependent manner.
Although there are lots of evidences to prove that LDLR,
the same as SR-BⅠ and CD81, plays a critical role in
the initial step of HCV entry, one of studies suggested
that LDLR is not necessary for HCV entry and implied
[69]
the physiological function of LDLR in HCV replication .
Recently, it was demonstrated that HCV upregulates
the expression of LDLR via SREBPs and PCSK9 at both
transcriptional and posttranslational level to increase the
[70]
uptake of lipid and to promote viral proliferation . Until
now, there is no doubt that LDLR is able to mediate the
HCV infection. However, the detailed mechanism how
it really works during this complex process needs to be
further investigated.

of CD-81-CLDN-1 complex. OCLN is also able to interact
directly with E2, and silence of CLDN-1 and OCLN by
specific siRNA reduced both HCVpp and HCVcc cell
[75]
entry .

OTHER FACTORS ON CELL SURFACE
INVOLVED IN HCV ENTRY
Besides the receptors we talked above, there are some
other factors on host cell surface, which are believed to
[37]
be functional in HCV entry. Lupberger et al pointed out
the important role of epidermal growth factor receptor
(EGFR) and ephrin receptor A2 (EphA2) as cofactors
in HCV entry. EGF accelerated HCV entry by activating
signaling pathways and inhibition of EGFR or EphA2
activity reduced CD81-CLDN1 association. Following,
[76]
Diao et al
confirmed that EGFR internalization and
activation are critical for HCV entry and firstly identified a
hitherto-unknown association between CD81 and EGFR
by using HCVcc system. Based on these theories, Meyer
[77]
et al
recently supposed a model that interferon-α
inducible protein 6 inhibits HCV entry by impairing EGFR
mediated CD81/CLDN1 interactions. Niemann-Pick
C1-like 1 (NPC1L1), as a cholesterol uptake receptor
was firstly identified as an HCV entry factor by Sainz
[78]
et al
and they also proved clinically available FDAapproved NPC1L1 antagonist ezetimibe potently blocks
HCV uptake in vitro via a virion cholesterol-dependent
step, discovering a new antiviral target and potential
therapeutic agent. Furthermore, transferrin receptor 1
[79]
has also been reported as a receptor for HCV entry .
However, the roles of these new factors in HCV entry
remain to be determined in detailed.

CONCLUSION
The process of HCV entry is a multi-step process and
the major steps have already been described as the
combination of HCV glycoprotein and targeting cellsurface molecules, such as CD81 and lipoprotein
receptor SR-BⅠ and LDLR. With the development of HCV
model system, the role of lipoprotein and its receptor in
HCV infection is more and more detailed understood.
However, since all the model system has their own
limitations, the results obtained by using system in vitro
do not completely reflect the in vivo situation. Further
studies are required, especially by using engineering
new animal models, for HCV infection, and a detailed
understanding of the mechanism of HCV entry will give
a sufficient groundwork for the development of new
therapeutic drugs and tools.

ROLES OF TIGHT JUNCTION PROTEINS
IN THE LATER PHASE OF HCV ENTRY
By using screening cDNA library, two kinds of tight
junction proteins, claudin-1 (CLDN-1) and occludin
(OCLN), were identified as factors that are able to affect
[71,72]
the HCV entry in the later phase
. Either CLDN-1 or
OCLN contains four transmembrane domains and two
extracellular loops with the N-terminus and C-terminus
in the cytoplasm. Interestingly, there is no evidence to
confirm that there is direct interaction between CLDN-1
or OCLN and HCV particles. However, it was proved that
CLDN-1 directly interacts to CD81 and the association
[73]
increases the virus entry in the later phase . Laterly,
[74]
Krieger et al produced CLDN-1 specific antibody and
found it inhibited HCV infection by reducing the binding
of E2 with host cell surface and disrupting the formation
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MINIREVIEWS

Era of direct acting antivirals in chronic hepatitis C: Who
will benefit?
James Fung
with minimal side effects, all hepatitis C carriers should
benefit theoretically. In the real world setting however,
only a small proportion will benefit at this time point
due to the multiple barriers to accessing therapy. Given
that universal treatment is unlikely, treatment with
DAAs will likely be restricted to those with the highest
health benefits, and for those who can afford the high
expense of a treatment course. Those with the highest
unmet needs include those who have failed previous
interferon-based therapy or who are interferon-ineligible
with evidence of active disease, those with advance liver
disease, and those with recurrence of hepatitis C after
liver transplantation. In the future, the focus should be
on increasing access to treatment for those infected
with CHC.
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Core tip: Chronic hepatitis C has become an easily
curable disease with new direct acting antivirals (DAAs).
However, due to multiple barriers to therapy, only
those with highest unmet clinical needs including those
with prior treatment failure, cirrhosis, and post-liver
transplant, will likely receive therapy. DAAs have been
shown to be highly efficacious in these groups.
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Abstract
In the era of highly effective direct acting antiviral
(DAA) drugs for the treatment of chronic hepatitis C
(CHC) infection, where eradication is almost ensured
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INTRODUCTION
An estimated 170 million people worldwide are
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[30]

chronically infected with the hepatitis C virus (HCV),
affecting 2-3 percent of the world population, and
[1,2]
constituting a major health burden globally . For those
with chronic hepatitis C (CHC), approximately 20%
[3]
will progress to the development of liver cirrhosis .
This process usually takes several decades to occur
although disease progression can be accelerated by
[4]
the presence of co-existing liver disease , co-infection
with other viruses such as human immunodeficiency
[5-8]
[9-11]
virus , and also with alcohol intake
. Once cirrhosis
is established, further complications may occur with liver
decompensation and the development of hepatocellular
[12]
carcinoma (HCC) . In fact, the history of HCV is
relatively short, with the discovery of the blood-borne
virus in 1989 just over 25 years ago. Major routes of
transmission include transfusion of unscreened conta
[13]
minated blood products , and persons who inject drugs
[14]
using contaminated drug paraphernalia .

the efficacy of an all-oral regimen . In 2014, 3 alloral combination regimens were approved, including
sofosbuvir + simeprevir, sofosbuvir + ledipasvir, and
ombitasvir + paritaprevir + ritonavir + dasabuvir. All 3
regimens were demonstrated to be highly effective, with
[31-35]
SVR rates approaching 100%
.
Within a space of a few years, the treatment of CHC
has seen a dramatic shift in paradigm. CHC infection
has emerged from a disease that has been difficult
to cure with prolonged parenteral therapy to one that
is easily curable with a short duration of oral antiviral
therapy with minimal side effects.

WHO WILL BENEFIT?
Given the high SVR rates achieved, and the favorable
side effects profile of DAAs, it stands to reason that all
CHC carriers should benefit from these newly approved
all-oral combination DAA therapies. Moreover, with the
high cure rates observed, for the first time, there is a
glimpse of opportunity to eradicate HCV completely. In
reality however, only a small fraction of CHC patients
will likely receive DAAs at this time point, as shown
in Figure 1. This is due to the fact that there are multi
ple barriers to HCV treatments that currently exist,
precluding patients from receiving the best treatment
[36,37]
available
. The barriers most inherent to DAAs
include the availability of these new agents and the high
[38]
cost associated with a treatment course . Until these
become widely available, and at an affordable cost, the
benefits of DAAs will likely be restricted to those with
the highest unmet needs. These include patients who
have failed previous IFN-based therapies with evidence
of disease progression, those who are ineligible for IFN
therapy with progressive disease, those with established
cirrhosis, those on the liver transplant waiting list, and
those who have had a liver transplant (Figure 1).

EVOLUTION OF ANTIVIRAL THERAPY
FOR CHC
In the early 1990s, standard interferon (IFN) alpha-2b
was used to treat CHC infection. However, the curative
rate with standard IFN monotherapy was dismal,
with only approximately 15% achieving a sustained
[15,16]
virological response (SVR)
. The addition of ribavirin
enhanced the SVR to 33% and 41% for 24 and 48 wk of
[17-19]
therapy respectively
. The subsequent introduction
of pegylated IFN (Peg-IFN) in combination with ribavirin
[20,21]
(RBV) improved the SVR rate to an estimated 50%
.
The length of treatment ranged from 24-48 wk, and
together with the SVR, was dependent on the genotype
[22]
of the HCV . Despite significant side effects, the
modest SVR rate, the need for parenteral injections, and
prolonged duration of therapy, Peg-IFN and RBV (PR)
remained the standard of care for over a decade from
the turn of the new millennium.
Over the last several years, there has been an
exponential increase in therapeutic agents approved
for CHC infection. These agents, collectively known as
direct acting antivirals (DAAs), work by inhibiting specific
stages of the HCV replication cycle. Classes of drugs
include NS3/4A protease inhibitors, non-nucleoside
polymerase inhibitors, NS5B nucleos(t)ide polymerase
inhibitors, NS5A inhibitors, and cyclophilin inhibitors.
In 2011, boceprevir and telaprevir were approved for
the treatment of GT1 patients, improving the SVR
[23,24]
to 68%-75% for treatment-naive patients
, and
[25,26]
51%-59% in treatment-experienced patients
.
Despite the modest improvement, these first gene
ration DAAs still required the use of PR, resulting
in a complicated treatment regimen and potential
for significant side effects. In 2013, sofosbuvir and
simeprevir were approved. The use of simeprevir or
sofosbuvir with PR therapy for 12 wk achieved an SVR of
[27-29]
approximately 80% and 90% respectively
. An alloral combination of simeprevir and sofosbuvir achieved
an overall SVR12 rate of 92%, proving evidence of
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Patients who have failed previous IFN-based therapies

For those who have failed previous IFN-based therapies,
combination DAAs offers the best chance of achieving
SVR. In the COSMOS trial of 80 HCV GT1 patients
who were null responders treated with simeprevir and
sofosbuvir +/- ribavirin for 24 wk, the SVR achieved
[30]
was 90% . A trial (the SAPPHIRE 2 study) of 297
HCV GT1 patients without cirrhosis who had failed PR
therapy and treated with 12 wk of ritonavir-boosted
paritaprevir + ombitasvir + dasabuvir + RBV resulted
[39]
in an overall SVR rate of 96.3% . In the ION-2
study, 440 HCV GT1 previously treated patients given
sofosbuvir + ledipasvir +/- RBVⅠ for 12-24 wk resulted
[31]
in a SVR rate of ≥ 94% . Despite previously failing
to respond to IFN-based regimens, combinations DAAs
have been demonstrated to be highly effective for this
group of patients.

Patients ineligible for IFN therapy

There may be many different reasons as to why patients
may be ineligible for IFN-based treatment. These include
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High cost
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Advanced liver disease
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Mild disease
Low cost/re-imbursed
Widely available
Universal screening for at-risk subjects

All subjects with
hepatitis C

Figure 1 Current treatment model in the era of direct acting antivirals for chronic hepatitis C with respect to the patients who will benefit.

those who are intolerant to IFN or have hypersensitivity
to polyethylene glycol, have underlying autoimmune
[40,41]
hepatitis or other severe autoimmune disorders
,
history of significant psychiatric disorder such as
[42]
[43]
depression , and pre-existing cardiac disease .
Those patients with significant anemia, neutropenia,
or thrombocytopenia may also be contra-indicated, as
therapy with IFN can potentially compound the pre[44-46]
existing cytopenic state
. Patients with established
severe liver disease are also contra-indicated for IFNbased therapy, as there is a risk of decompensation and
[47]
liver failure with the use of IFN .
Therefore, for those with evidence of active hepatitis
and disease progression, and whom IFN is contraindicated or tolerated poorly, the use of combination
DAAs is the only therapeutic option in this setting.

RBV for 12 and 24 wk were associated with a SVR rate
[51]
of 87% and 89% respectively .

Patients on the liver transplant waiting list

As hepatitis C recurrence is universal for those patients
who are viremic at the time of liver transplantation,
there is enormous impetus to eradicate or treat HCV
[52-54]
prior to transplantation
. The indications for liver
transplantation for CHC patients include those with
[55]
decompensated cirrhosis and those with HCC . For
those with decompensated cirrhosis, as discussed in
the previous section, treatments using DAAs has been
shown to be effective. There are several rationales for
treating wait-listed patients. Firstly, there is a theoretical
opportunity that for those that achieve SVR, liver
synthetic function may be restored sufficiently to the
point whereby liver transplantation is no longer required
(similar to that observed for patients with chronic
[56,57]
hepatitis B)
. Secondly, achieving SVR or complete
viral suppression will prevent or reduce the rate of
[58,59]
disease progression and further decompensation
.
Thirdly, by achieving viral suppression or SVR prior to
liver transplantation, the recurrence rate after liver
transplantation will be significantly improved, and even
prevented for those who achieve SVR prior to their liver
[60]
transplant . In a phase Ⅱ open-label study of 61
patients with HCV of any genotype and compensated
cirrhosis with HCC were treated up to 48 wk of
sofosbuvir + RBV before liver transplantation. Of these,
43 had undetectable HCV RNA at the time of trans
plantation, of which 30 (70%) had virological response
at 12 wk post transplant. The recurrence was related
inversely to the number of consecutive days of undetec
[61]
table HCV RNA before transplantation . There has also
been reported case of decompensated patient improving
to the point of being delisted after treatment with
[62]
sofosbuvir and ribavirin for 24 wk .

Patients with established cirrhosis

As mentioned previously, those patients with established
cirrhosis, especially with evidence of advance liver
disease (Child Pugh B or C), are not eligible for IFN-based
therapy as there is an increase risk of precipitating liver
[48]
decompensation and failure . Prior to the availability
of all-oral combination of DAAs regimen, there was
no specific antiviral therapy available for this group.
Management of these patients with evidence of active
hepatitis and disease progression was often frustrating
for clinicians where the only outcome was either decom
pensation leading to death or liver transplantation.
Ironically, this group of patient perhaps is the group that
would need effective antiviral therapy the most.
Several studies have shown that DAAs are highly
effective in patients with established cirrhosis. In the
TURQUOISE Ⅱ trial of 380 compensated cirrhotic
patients infected with HCV genotype 1 using ritonavirboosted paritaprevir + ombitasvir + dasabuvir + RBV,
the SVR rate was noted to be 92% and 96% with 12
[49]
and 24 wk of treatment respectively . A multicenter
double blind study using ledipasvir + sofosbuvir for
24 wk and ledipasvir + sofosbuvir + RBV for 12 wk
in compensated HCV genotype 1 patients, the SVR12
[50]
rates were 97% and 96% respectively . In the
SOLAR-2 study of 108 decompensated patients with
HCV GT 1/4, treatment with ledipasvir + sofosbuvir +
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Patients after liver transplantation

For patients with recurrent hepatitis C after liver
transplantation, the disease progression is accelerated,
with approximately 20% developing graft cirrhosis by
[63-66]
5 years
. The use of long-term immunosuppression
or large doses of pulse steroid during episodes of acute
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cellular rejection may increase the severity of graft
[63]
hepatitis . Treatment with combination Peg-IFN and
RBV is often poorly tolerated after transplantation,
and has been associated with poor SVR rates of
[67]
approximately 30% . For those who do not tolerate
therapy with evidence of active hepatitis and disease
progression, those who do not respond to therapy with
evidence of disease progression, and those with severe
fibrosing cholestatic hepatitis, the rate of graft failure
is high, leading to graft decompensation and death or
[68,69]
retransplantation
.
Treatment with DAAs has been shown to improve
significantly the SVR rates in post transplant patients.
The use of early DAAs including telaprevir and boceprevir
in combination with Peg-IFN and RBV improved the
[70]
SVR rate to 41%-51% . Not surprisingly, there were
significant side effects observed with these regimens.
Furthermore, significant drug interactions occur between
telaprevir/boceprevir with the immunosuppressive
[71,72]
therapy
. All-oral combination DAAs have recently
been shown to be highly effective in post transplant
patients. In the CORAL-Ⅰtrial of ritonavir-boosted parita
previr + ombitasvir + dasabuvir with RBV, the SVR12
[73]
rate was 97% after 24 wk of therapy . Significant
dose reduction of immunosuppression must also be
undertaken when using this combination because of
significant drug interactions. In another study using
sofosbuvir and RBV after liver transplantation for 24
[74]
wk, the SVR12 rate was 70% . In the SOLAR-1 trial
using ledipasvir + sofosbuvir + RBV for 12 or 24 wk,
the SVR rates was 96% and 98% respectively for noncirrhotic patients, and 96% for those with compensated
[75]
cirrhosis .
One key aspect of using DAAs after transplantation
is that treatment should be given early at the time of
[76]
hepatitis recurrence . Despite the excellent virolo
gical response, the clinical benefit of DAAs when
administered late at the time of advanced disease with
graft decompensation may be negated. The SVR rates
have been shown to be lower for these patients, and
despite complete viral suppression, patients may still
succumb due to the poor general condition with high
[51,74]
susceptibility to infections
.

of patients are being treated.
Due to the high cost of DAAs, questions are raised
regarding the cost-effectiveness of these new regimens.
There are now several studies demonstrating that
the new DAAs are cost-effective across a wide range
[82-84]
of patients, including those with early disease
.
However, in the real world, with millions of eligible
patients for antiviral therapy, the cost of therapy would
be prohibitive. The previous sections have identified
subsets of chronic HCV carriers with perhaps the highest
unmet needs currently, and with the highest health
benefit to cost ratio. For this group of patients, the cost
of managing decompensated liver cirrhosis or liver
transplantation far exceeds the cost of a course of DAAs.

CONCLUSION
The introduction of DAAs over the last several years
has revolutionized the treatment landscape for CHC
infection. Currently, SVR can be achieved in almost all
patients treated with combination all-oral regimens with
minimal side effects. Therefore, these newly approved
DAAs will certainly improve almost every aspect of
patient outcome, but only for those who have access
to treatment. Although the high costs remain a major
hurdle for many, other barriers exist. These barriers
include the lack of an effective screening strategy to
identify all chronic HCV carriers, medical eligibility for
therapy, stigmatization of HCV carriers, and also the
attribution of the patient and health care provider.
The possibility of treatment being available to all CHC
subjects with complete eradication of HCV remains
a distant prospect, and can only be achieved with
universal screening of at-risk subjects, and making treat
ment widely available and affordable to all (Figure 1).
In the current review, those infected the CHC with the
highest unmet needs are discussed. These are patients
for whom treatment is likely to incur the highest health
benefit. As treatment becomes increasingly affordable
and more widely available, more patient groups will
stand to benefit. In the era of highly effective DAAs
where treatment efficacy is no longer an issue, the
focus should now be on increasing access and removing
barriers to therapy.
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Abstract
AIM: To study pentoxifylline effects in liver and adipose
tissue inflammation in obese mice induced by high-fat
diet (HFD).

Institutional animal care and use committee statement:
This work was performed in accordance with the principles
outlined by the National Council for the Control of Animal
Experimentation (CONCEA, Brazil) and it was approved
by Ethics Committee of São Francisco University, Bragança
Paulista, SP, Brazil (Protocol CEA/USF 00.02.11).

METHODS: Male swiss mice (6-wk old) were fed a highfat diet (HFD; 60% kcal from fat) or AIN-93 (control diet;
15% kcal from fat) for 12 wk and received pentoxifylline
intraperitoneally (100 mg/kg per day) for the last 14 d.
Glucose homeostasis was evaluated by measurements of
basal glucose blood levels and insulin tolerance test two
days before the end of the protocol. Final body weight
was assessed. Epididymal adipose tissue was collected
and weighted for adiposity evaluation. Liver and adipose
tissue biopsies were homogenized in solubilization
buffer and cytokines were measured in supernatant
by enzyme immunoassay or multiplex kit, respectively.
Hepatic histopathologic analyses were performed in
sections of paraformaldehyde-fixed, paraffin-embedded
liver specimens stained with hematoxylin-eosin by an
independent pathologist. Steatosis (macrovesicular and
microvesicular), ballooning degeneration and inflamma
tion were histopathologically determined. Triglycerides
measurements were performed after lipid extraction in
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liver tissue.

INTRODUCTION

RESULTS: Pentoxifylline treatment reduced micro
steatosis and tumor necrosis factor (TNF)-α in liver
(156.3 ± 17.2 and 62.6 ± 7.6 pg/mL of TNF-α for
non-treated and treated obese mice, respectively; P <
0.05). Serum aspartate aminotransferase levels were
also reduced (23.2 ± 6.9 and 12.1 ± 1.6 U/L for nontreated and treated obese mice, respectively; P < 0.05)
but had no effect on glucose homeostasis. In obese
adipose tissue, pentoxifylline reduced TNF-α (106.1 ±
17.6 and 51.1 ± 9.6 pg/mL for non-treated and treated
obese mice, respectively; P < 0.05) and interleukin-6
(340.8 ± 51.3 and 166.6 ± 22.5 pg/mL for non-treated
and treated obese mice, respectively; P < 0.05) levels;
however, leptin (8.1 ± 0.7 and 23.1 ± 2.9 ng/mL for
non-treated and treated lean mice, respectively; P <
0.05) and plasminogen activator inhibitor-1 (600.2
± 32.3 and 1508.6 ± 210.4 pg/mL for non-treated
and treated lean mice, respectively; P < 0.05) levels
increased in lean adipose tissue. TNF-α level in the
liver of lean mice also increased (29.6 ± 6.6 and 75.4
± 12.6 pg/mL for non-treated and treated lean mice,
respectively; P < 0.05) while triglycerides presented a
tendency to reduction.

Non-alcoholic fatty liver disease (NAFLD) defines a
spectrum of hepatic disorders including steatosis or
uncomplicated fatty liver and non-alcoholic steato
hepatitis (NASH). NAFLD is frequently associated with
metabolic syndrome establishment and it occurs more
often in males than in females and primarily affects the
[1]
middle aged and the elderly .
Several factors are associated with the development
of fatty liver, and NAFLD diagnosis requires the exclusion
of secondary etiologies, including alcohol consumption,
[2]
drug usage, hepatitis B and C . Although simple
steatosis is considered benign, NASH can progress to
end-stage liver disease, such as fibrosis, cirrhosis and
[3]
hepatic cancer . The mechanism of steatosis progression
to more severe liver injuries is not fully understood, but it
is associated with several risk factors, including elevated
serum transaminases, inflammation upon liver biopsy,
old age, diabetes mellitus, high body mass index (≥
2
28 kg/m ), presence of ballooning plus Mallory hyaline
or fibrosis upon biopsy and increased visceral adipose
[2,4]
tissue .
The growing epidemic of obesity and an aging popu
lation have led to an important demand for a medical
therapy for NAFLD, but several decades of pharma
[2]
cological research have resulted in very few options .
As NAFLD is considered a hepatic manifestation of a
metabolic syndrome, the first treatment approach is
a lifestyle change, including dietary alterations and
increased physical activity to reduce adiposity and
[5]
body weight . Therapeutic drugs are an adjunctive
approach to lifestyle changes. Statins are used to control
dyslipidemias, metformin and glitazones are used to
control diabetes mellitus, and angiotensin receptor
blockers are used to control inflammatory cell recruitment
and hepatic fibrosis development in addition to their antihypertensive effects. In total, these drugs aim to control
[1,2,6]
the symptoms of the metabolic syndrome
.
Pentoxifylline is a non-selective phosphodiesterase
inhibitor that has been reported to have antioxidant
activity and decrease tumor necrosis factor (TNF)-α gene
transcription. Pentoxifylline treatment improved the 6-mo
survival rate of patients with severe alcoholic hepatitis
[7]
compared with placebo . Recent studies have shown
that pentoxifylline may be a promising drug therapy
[8-10]
for NASH treatment
. Experimental results with
pentoxifylline have shown conflicting data depending on
the model employed. In NAFLD induced by a cholineand methionine-deficient diet, pentoxifylline treatment
was beneficial because it decreased hepatic inflammation
[11]
and alanine aminotransferase (ALT) levels . However,
in a genetic obesity model, pentoxifylline worsened
fatty liver in ob/ob mice because it increased intestinal
[12]
glucose absorption, and thus, hyperglycemia .
Considering that obesity is strongly associated with
the development of NAFLD and one of the main causes
of epidemic obesity is a hyperlipidic and hypercaloric

CONCLUSION: Pentoxifylline was beneficial in obese
mice improving liver and adipose tissue inflammation.
Unexpectedly, pentoxifylline increased pro-inflammatory
markers in the liver and adipose tissue of lean mice.
Key words: Pentoxifylline; Steatosis; Obesity; Adipose
tissue; Adipokine; Tumor necrosis factor-α
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pentoxifylline is prescribed to patients with
severe alcoholic hepatitis, which suggest that this drug
could also be beneficial to non-alcoholic steatohepatitis
(NASH) patients. However, experimental results with
pentoxifylline have shown conflicting data depending
on the NASH model employed. Considering that obesity
is strongly associated with the development of NASH,
our study evaluated the effects of pentoxifylline in
a high-fat diet induced obesity model. Our results
showed that pentoxifylline was beneficial in obesityassociated NASH improving liver and adipose tissue
inflammation. Unexpectedly, pentoxifylline treatment
resulted in undesirable effects in adipose tissue and
liver inflammatory markers in lean mice.
Acedo SC, Caria CRP, Gotardo ÉMF, Pereira JA, Pedrazzoli J,
Ribeiro ML, Gambero A. Role of pentoxifylline in non-alcoholic
fatty liver disease in high-fat diet-induced obesity in mice. World
J Hepatol 2015; 7(24): 2551-2558 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i24/2551.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i24.2551
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square analysis of the plasma glucose concentrations
during the linear decay phase.

Table 1 Diet composition
Control (AIN-93)
Cornstarch (QSP)
Casein
Sucrose
Dextrinated starch
Soybean oil
Lard
Cellulose
Mineral mix
Vitamin mix
L-cystine
Choline
Total

g/kg

kcal/kg

397.5
200
100
132
70
50
35
10
3
2.5
1000

1590
800
400
528
630
3948

HFD
g/kg
1155
200
100
132
40
312
50
35
10
3
2.5
1000

Necropsy and sample collection

kcal/kg

At the end of protocol, mice were fasted for 12 h and
euthanized by xylasine/ketamine overdose (0.1 mL/30
g body weight of 1:1 v/v of 2% xylasine and 10%
ketamine), and blood samples were collected in tubes
by portal vein or cardiac puncture. Liver was perfused
with 15 mL phosphate buffered saline (PBS), collected
and weighed. Samples were immediately processed or
stored at -80 ℃ for further analysis.

462
800
400
528
360
2808
5358

Hepatic enzyme analysis

Aspartate aminotransferase (AST) and ALT serum levels
were determined using a commercial kit (LABORLAB,
Sao Paulo, Brazil).

HFD: High-fat diet.

diet, our study evaluated the effects of pentoxifylline in
a high-fat diet (HFD)-induced obesity model. Metabolic
parameters, hepatic inflammation and adipose tissue
alteration were studied after 2 wk of pentoxifylline
treatment in mice after 12 wk of a HFD.

Cytokine and chemokine analysis in the liver and
adipose tissue

Liver and adipose tissue biopsies were homogenized
in solubilization buffer containing 100 mmol/L Tris (pH
= 7.6), 1% Triton X-100, 150 mmol/L NaCl, 0.1 mg
aprotinin, 35 mg/mL PMSF, 10 mmol/L Na3VO4, 100
mmol/L NaF, 10 mmol/L Na4P2O7 and 4 mmol/L EDTA
to extract total protein. Liver and adipose tissue extract
supernatants were collected and used in ELISA kits (R
and D Systems, Inc, Minneapolis, MN, United States)
or Multiplex Assay kits (Millipore, Billerica, MA, United
States), respectively, according to the manufacturer’s
protocol.

MATERIALS AND METHODS
Animals, diets and treatment

Specific pathogen-free, 4-wk-old male Swiss mice were
obtained from CEMIB (State University of Campinas,
Campinas, São Paulo, Brazil). All experiments were
performed in accordance with the principles outlined
by the National Council for the Control of Animal Experi
mentation (CONCEA, Brazil) and received approval
from the Ethics Committee of São Francisco University,
Bragança Paulista, SP, Brazil (Protocol CEA/USF
00.02.11). The animal protocol was designed to minimize
pain or discomfort to the animals.
The animals were individually housed and accli
matized to laboratory conditions (23 ℃, 12 h/12 h
light/dark, 50% humidity, ad libitum access to food and
water) for two weeks prior to experimentation. After
random selection, 6-wk-old mice were introduced to
control AIN-93 or HFD ad libitum for 12 wk (Table 1).
The mice received 100 mg/kg per day ip pentoxifylline
(Sigma Aldrich, Co. - Saint Louis, Missouri, United
States) diluted in 0.9% NaCl during weeks 10-12 before
being sacrificed. Each experimental group used 5
animals.

Liver histology

Hydrated 4.0 mm sections of paraformaldehyde-fixed,
paraffin-embedded liver specimens were stained with
hematoxylin-eosin to evaluate liver histology. Additional
sections were stained with Masson’s trichrome for
fibrosis analysis. For each group, six to nine mouse
livers were prepared and stained. An expert pathologist
evaluated the stained samples in a blinded fashion.
Steatosis, ballooning degeneration and inflammation
were histopathologically determined. The percentage of
steatotic cells (macrovesicular and microvesicular) was
determined and graded as follows: (1) 0: absent; (2) 1:
< 25%; (3) 2: 26%-50%; (4) 3: 51%-75%; or (5) 4:
> 75% of the parenchyma. Hyperemia, inflammation
and fibrosis were evaluated as either present or absent.

Blood glucose levels and insulin tolerance tests

Measurement of triglycerides in the liver

Twenty-four hours before the end of the protocol, mice
were fasted for 6 h, and blood samples were collected
from the tails. Glucose was measured using the glucose
oxidase method. Insulin (1.5 U/kg) was administered
by intraperitoneal injection, and blood samples were
collected for serum glucose determination at 0, 10,
15, 20 and 30 min. The rate constant for glucose
disappearance during an insulin tolerance test (kITT)
was calculated using the formula 0.693/t1/2. The
glucose t1/2 was calculated from the slope of the least-

WJH|www.wjgnet.com

Liver tissues were homogenized with in chloroform and
methanol (2:1 v/v) and an aqueous solution of NaCl was
[13]
added . The chloroform layer was dried under N2, the
total extract ressupended in PBS and triglycerides were
determined using commercial enzymatic kit (LaborClin,
Pinhais, PR, Brazil).

Statistical analysis

Data are expressed as the mean ± SEM. Comparisons
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Table 2 Metabolic and anthropometric parameters of lean (control) and obese (highfat diet) mice treated with pentoxifylline
Control
Final BW (g)
Liver (g)
Liver (% of BW)
Visceral adipose tissue (g)
Visceral adipose tissue (% of BW)
Blood glucose (mg/dL)
kITT
Insulin (ng/mL)
AST (U/L)
ALT (U/L)

HFD

NT

PTX

NT

PTX

34.2 ± 1.0
1.7 ± 0.2
4.1 ± 0.0
0.8 ± 0.1
2.2 ± 0.2
120.6 ± 6.8
4.0 ± 0.6
0.4 ± 0.1
19.4 ± 4.6
3.12 ± 0.9

37.0 ± 2.0
1.7 ± 0.0
4.6 ± 0.1c
0.9 ± 0.2
2.4 ± 0.4
131.0 ± 3.0
3.6 ± 0.3
0.4 ± 0.2
9.4 ± 2.3a
9.0 ± 2.0a

51.6 ± 1.5a
2.6 ± 0.2a
4.8 ± 0.2a
1.8 ± 0.2a
3.4 ± 0.3a
178.6 ± 10a
2.1 ± 0.1a
4.4 ± 2.0a
23.2 ± 6.9
2.25 ± 0.9

52.0 ± 2.7
1.7 ± 0.0c
3.3 ± 0.0c
2.7 ± 0.1c
5.4 ± 0.4c
141.0 ± 16
1.6 ± 0.3
4.5 ± 1.2
12.1 ± 1.6c
4.2 ± 1.5

a

P < 0.05 vs control NT group; cP < 0.05 vs paired NT group. HFD: High-fat diet; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; PTX: Pentoxifylline; BW: Body weight; NT: Nontreated; kITT: Rate constant for glucose disappearance during an insulin tolerance test.

liver weight in obese mice, but the depot of visceral
adipose tissue significantly increased. We evaluated
blood glucose levels and insulin tolerance at the end of
the treatment and did not find any differences between
treated animals and untreated animals. AST levels
decreased after pentoxifylline treatment, but ALT levels
did not change (Table 2).

Table 3 Liver histological score of lean (control) and obese
(high-fat diet) mice treated with pentoxifylline
Control
Macrosteatosis
Microsteatosis
Hyperemia
Inflammation
Fibrosis

HFD

NT

PTX

NT

PTX

0 (0-0)
0 (0-0)
0 (0-0)
0 (0-0)
0 (0-0)

0 (0-0)
0 (0-0)
0 (0-0)
0 (0-0)
0 (0-0)

2.0 (1-3)
1.8 (1-3)
0.8 (0-1)
0.6 (0-1)
0 (0-0)

2.0 (2-3)
1.3 (1-2)a
0.3 (0-1)a
0.3 (0-1)c
0 (0-0)

Liver histological analysis and triglycerides content

The livers from HFD mice presented pronounced
macrosteatosis, microsteatosis, hyperemia and inflam
mation, features that were not observed in lean mice.
We did not observe fibrosis in any of the groups.
Pentoxifylline treatment did not alter the livers of lean
mice, but it reduced inflammation, and we observed a
trend to reduce microsteatosis and hyperemia in HFD
mice (Figure 1 and Table 3). However, triglycerides
measurement revealed a tendency to reduction in livers
from lean mice but not from obese mice (Figure 1).

a

P = 0.06; cP < 0.05 vs the matched NT group. HFD: High-fat diet; NT: Nontreated; PTX: Pentoxifylline.

Table 4 Hepatic cytokines in lean (control) and obese (highfat diet) mice treated with pentoxifylline
Control
NT
TNF-α (pg/mL)
IL-10 (pg/mL)
MCP-1 (pg/mL)
a

HFD
PTX

NT

PTX

75.4 ± 12.6c 156.3 ± 17.2a 62.6 ± 7.6c
37.3 ± 8.3
27.5 ± 5.2
29.4 ± 8.2
56.2 ± 12.3
89.1 ± 10.8a 112.3 ± 22.4

29.6 ± 6.6
27.2 ± 3.6
34.9 ± 4.9

Inflammatory markers in liver and adipose tissue

We evaluated TNF-α, interleukin (IL)-10 and monocyte
chemoattractant protein (MCP)-1 protein levels in the
livers of untreated obese mice or obese mice treated
with pentoxifylline. A high-fat diet increased TNF-α
and MCP-1 levels but did not affect IL-10 expression.
Pentoxifylline treatment reduced TNF-α level but did not
modify hepatic MCP-1 or IL-10 levels (Table 4). Adipose
tissue analysis revealed that total plasminogen activator
inhibitor (PAI)-1, MCP-1 and leptin levels increased
in obese mice. Pentoxifylline treatment significantly
decreased TNF-α and IL-6 levels in obese adipose
tissue, but increased leptin and PAI-1 in lean adipose
tissue (Table 5).

c

P < 0.05 vs control NT group; P < 0.05 vs the matched NT group. HFD:
High-fat diet; NT: Non-treated; PTX: Pentoxifylline; TNF-a: Tumor necrosis
factor a; IL-10: Interleukin-10; MCP: Monocyte chemoattractant protein-1.

among groups of data were made using a one-way
ANOVA test followed by the Dunnett multiple compa
risons test. Non-parametric data (scores) are expressed
as the median (range) and were analyzed using the
Mann-Whitney test. An associated probability (P value)
of 5% was considered statistically significant.

RESULTS
Metabolic and anthropometric parameters after
pentoxifylline treatment

DISCUSSION

Animals on a HFD for 12 wk presented significant
alterations in body weight. However, pentoxifylline-treated
mice showed no change in body weight compared with
the matched controls. Pentoxifylline treatment decreased
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NAFLD is currently considered a consequence of obesity,
and its prevalence in obese subjects is very high.
Sedentary life style and consumption of foods with highfat and high-caloric content are the main contributing

2554

October 28, 2015|Volume 7|Issue 24|

Acedo SC et al . Pentoxifylline in non-alcoholic fatty liver

A

B

C

D

E
Triglycerides (mg/mg tissue)

1.0
0.8
0.6
0.4
0.2
0.0

a
NT

PTX

NT

PTX

Control

HFD

Figure 1 Pentoxifylline effects on non-alcoholic fatty liver disease in mice. A: Liver of lean mice and pentoxifylline-treated lean mice; B: A normal histology;
C: Liver of mice on a high-fat diet for 12 wk; D: Treated with pentoxifylline shows pronounced steatosis. Hematoxylin-eosin staining of 4.0 μm sections of livers.
Magnification: 200 ×; E: Hepatic triglycerides content was determined and expressed as mg/mg of liver tissue of all groups. Data are shown as mean ± SEM of 4 mice
per group, aP = 0.07. NT: Non-treated; PTX: Pentoxifylline; HFD: High-fat diet.

Table 5 Adipokine profile of lean (control) and obese (high-fat diet) mice treated
with pentoxifylline
Control
NT
TNF-α (pg/mL)
IL-6 (pg/mL)
PAI-1 (pg/mL)
MCP-1 (pg/mL)
Leptin (ng/mL)
Adiponectin (ng/mL)

87.2 ± 2.8
227.9 ± 23.3
600.2 ± 32.3
287.8 ± 17.1
8.1 ± 0.7
109.1 ± 0.5

HFD
PTX

75.5 ± 3.9
178.5 ± 30.9
1508.6 ± 210.4c
253.8 ± 13.3
23.1 ± 2.9c
102.8 ± 0.6

NT

PTX

106.1 ± 17.6
340.8 ± 51.3
2646.3 ± 755.1a
721.5 ± 112.8a
26.6 ± 3.0a
106.8 ± 1.7

51.1 ± 9.6c
166.6 ± 22.5c
4434.5 ± 1400.1
563.8 ± 109.7
20.5 ± 3.7
102.8 ± 5.9

a

P < 0.05 vs control NT group; cP < 0.05 vs the matched NT group. HFD: High-fat diet; NT: Nontreated; PTX: Pentoxifylline; TNF-a: Tumor necrosis factor a; IL-6: Interleukin-6; MCP: Monocyte
chemoattractant protein-1; PAI: Plasminogen activator inhibitor-1.

[14]

factors to obesity

lifestyle changes are the primary recommendations to

. The reduction of body weight and
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control NAFDL, and pharmacological interventions aim
to induce weight loss (e.g., orlistat and sibutramine),
to improve the antioxidant response (e.g., vitamin E
and C, ursodeoxycholic acid) or to ameliorate insulin
resistance and glucose and lipid metabolism (e.g.,
[15]
metformin, thiazolidinediones) . Pentoxifylline has
been considered an alternative treatment to control
NAFDL, as it has been recommended in alcoholic fatty
[16]
liver disease by acting as an anti-inflammatory drug .
Pentoxifylline is a methylxanthine derivative that acts
as a nonspecific phosphodiesterase inhibitor to promote
an increase in cyclic AMP levels and inhibit TNF-α gene
[17,18]
transcription
.
A high-fat diet obesity model is suitable to study
metabolic and liver disease associated with adipose
tissue expansion and to study potential therapeutics to
control obesity. Our results show that Swiss mice fed a
HFD for 12 wk present increased body weight, increased
adiposity, adipose tissue inflammation, insulin resistance,
hyperglycemia, steatosis, inflammation and increased
TNF-α and MCP-1 levels in the liver. Pentoxifylline
treatment did not change the final body weight but did
decrease the liver weight. Visceral (epididymal) adipose
tissue increased after pentoxifylline treatment, which
may explain why we did not observe a decrease in body
weight. Pentoxifylline treatment did not improve glucose
homeostasis, but some NAFLD features improved, such
as hepatic steatosis, inflammation, TNF-α levels, and
serum AST levels. Our results are consistent with a
previous study, where Sprague-Dawley rats fed a HFD
for 16 wk were treated with pentoxifylline for 4 wk (16
mg/kg per day). The results showed decreased AST
levels but not ALT, and improvements in basal glucose
[19]
but not HOMAIR index . Additionally, in a previous
study of Sprague-Dawley fed HFD for 10 wk and treated
with pentoxifylline for 6 wk (50 mg/kg per day), hepatic
[20]
steatosis and plasma levels of TNF-α were reduced . In
our work, we evaluated both hepatic and adipose tissue
TNF-α levels and found that pentoxifylline treatment
reduced both. However, glucose homeostasis did not
improve, but TNF-α and IL-6 levels decreased. A balance
between leptin and adiponectin have been suggested
to have a role in metabolic syndrome and type 2
[21]
diabetes . Pentoxifylline treatment could not reverse
the alterations in the obesity-induced leptin/adiponectin
ratio.
Interestingly, we observed increased TNF-α in the liver
and increased PAI-1 and leptin in adipose tissue of lean
mice after pentoxifylline treatment. A systematic review
of pentoxifylline data in patients with NAFLD revealed that
AST and ALT plasma levels and liver histological scores
were improved in several studies using pentoxifylline.
However, pentoxifylline treatment did not inhibit plasma
[22]
cytokines levels such as IL-6 in all studies . Although
pentoxifylline has been shown to inhibit TNF-α, Zein et
[9]
al reported that pentoxifylline treatment did not inhibit
TNF-α plasma levels in NASH patients. The authors
suggested that TNF-α plasma levels may not be related
to hepatic levels of this cytokine because they observed
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histological improvement. Both the adipose tissue and
liver of lean mice increased pro-inflammatory cytokine
production in response to pentoxifylline treatment,
an unexpected result that should be further studied.
Interestingly, triglycerides levels presented a tendency
to reduction in liver of lean mice. Several findings
suggested that triglycerides per se are not toxic, on
contrary; they protect liver from lipotoxicity by buffering
the accumulation of fatty acids. Triglycerides synthesis
inhibition improves steatosis but stimulates oxidizing
systems that increase hepatic oxidative stress and liver
[23]
damage . Although, pentoxifylline is able to decrease
oxidative stress and to inhibit lipid peroxidation in
[24]
patients with NASH , we did not rule out the possibility
that lean mice had an increase in oxidative response due
pentoxifylline treatment. We hypothesize that metabolic
status, liver metabolism, adiposity or inflammation
degree can interfere with the pentoxifylline response,
which could explain the controversial data obtained
in different clinical studies of NAFLD patients. In this
line of reasoning, pentoxifylline is effective in states of
hyperinflammation because relevant anti-inflammatory
effects can be achieved only in the presence of sufficient
[25]
adenosine concentrations . Metabolic stress, hypoxia
and inflammation are conditions related to increase
[26]
adenosine extracellular concentrations , and thus, could
interfere with the pentoxifylline response.
In conclusion, our results showed that pentoxifylline
was beneficial in an obesity-associated NAFLD model
by improving liver inflammation and adipose tissue
inflammation, but it was not able to improve obesityinduced metabolic disturbances. Unexpectedly,
pentoxifylline treatment increased pro-inflammatory
markers in the liver and adipose tissue of lean mice.

COMMENTS
COMMENTS
Background

Non-alcoholic fatty liver disease (NAFLD) defines a spectrum of hepatic
disorders including steatosis and non-alcoholic steatohepatitis that can progress
to end-stage liver disease, such as fibrosis, cirrhosis and hepatic cancer.
NAFLD is frequently associated with metabolic syndrome establishment and
obesity. Several decades of pharmacological research have resulted in very few
options for NAFLD management; therefore, new therapeutic approaches need
to be researched.

Research frontiers

Pentoxifylline is a non-selective phosphodiesterase inhibitor that has been
reported to have antioxidant activity and decrease tumor necrosis factor (TNF)-α
gene transcription. Pentoxifylline is prescribed to patients with severe alcoholic
hepatitis, which suggest that this drug could also be beneficial to NAFLD.
In this study, authors described pentoxifylline effects upon NAFLD using an
experimental model of high-fat diet induced obesity in mice. Pentoxifylline
was beneficial in obesity-associated NAFLD reducing liver microsteatosis
and TNF-α, as well as, serum aspartate aminotransferase levels. However,
pentoxifylline treatment in lean mice resulted in pro-inflammatory cytokine
production in the liver and adipose tissue, suggesting that pentoxifylline
effects could be dependent of additional conditions, as metabolic status, liver
metabolism, adiposity or inflammation degree.

Innovations and breakthroughs

NAFLD has reached epidemic proportions nowadays. The current therapy is
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limited to suggestions of lifestyle changes and metabolic alterations control.
Here, authors described beneficial pentoxifylline effects upon NAFLD using an
experimental model of high-fat diet induced obesity in mice. Interestingly, the
same treatment protocol in lean mice resulted in non-desirable effects upon
inflammatory parameters in liver and adipose tissue.

11

Applications

12

By demonstrating that pentoxifylline has a protective role in liver from obese
mice but not from lean mice, this study contributes to a better understanding of
conflicting results provides by clinical studies using this therapeutic for NAFLD.

Terminology

NAFLD defines a spectrum of hepatic disorders including steatosis, nonalcoholic steatohepatitis, liver fibrosis, cirrhosis and hepatic cancer. Pen
toxifylline is a non-selective phosphodiesterase inhibitor prescribed to patients
with severe alcoholic hepatitis, which suggest that this drug could also be
beneficial to NAFLD.

13
14

Peer-review

15

In the current manuscript, Acedo et al reported that administration of
pentoxifylline was able to reduce the fat accumulation in liver of obese mice
fed by high-fat diet. This study is helpful to better understand the mechanism of
pentoxifylline on NAFLD.
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Abstract
Glucosamine (GS) and chondroitin sulfate (CS) are
common over-the-counter (OTC) supplements used
in the treatment of osteoarthritis. These medications
are seemingly safe, but there are increasing reports of
hepatotoxicity with these supplements. We reported
a unique case of drug-induced cholestasis caused by
GS and CS in a combination tablet. The etiology of the
jaundice was overlooked despite extensive investigations
over a three-month period. Unlike drug-induced hepato
cellular injury, drug-induced cholestatic jaundice with GS
and CS has only been reported twice before. This case
emphasizes the importance of a complete medication
history, especially OTC supplements, in the assessment
of cholestasis.
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Core tip: Glucosamine and chondroitin sulfate are
common over-the-counter medications available in
North America and other countries in the treatment of
osteoarthritis. We report a unique case of drug-induced
cholestatic injury caused by this combination tablet. The
etiology of this patient’s new jaundice went undiagnosed
despite extensive investigations over three months.
Only after careful questioning of his medication history
and review of his liver biopsy was the correct diagnosis
obtained. This case adds to the increasing reports of
hepatoxicity related to this supplement. Furthermore,
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the supplement.
On exam, he was clearly jaundiced with no asterixis.
2
His body mass index was 28 kg/m . He had no other
stigmata of chronic liver disease. His abdominal exam
was benign with no appreciable hepatosplenomegaly.
His bloodwork drawn at the tertiary centre revealed
a total bilirubin of 470 mol/L (normal is < 18 mol/L),
direct bilirubin of 383 mol/L (normal is < 5 mol/L),
alkaline phosphate of 136 U/L (normal is 30-135 U/L),
gamma-glutamyl transferase of 59 U/L (normal is 0-80
U/L), aspartate transferase of 46 U/L (normal is 10-80
U/L), and alanine transferase (ALT) of 52 U/L (normal
is 10-80 U/L). This was virtually unchanged from his
previous bloodwork at his home hospital (Table 1). His
international normalized ratio and albumin levels were
near normal. The remainder of his bloodwork was noncontributory. Liver enzymes and liver function tests
were previously normal.
At his home hospital, he had had extensive inve
stigations for his jaundice. Serology for hepatitis A, B and
C were negative. Antinuclear antibody, antimitochondrial
antibody, and antineutrophil cytoplasmic antibody were
negative. Ceruloplasmin and alpha-antitrypsin levels
were normal, and anti-tissue transglutaminase was
negative with a normal IgA level. A skin biopsy was
negative for vasculitis. He had had multiple abdominal
ultrasounds that showed cholelithiasis, a somewhat
inhomogeneous liver with no discrete lesions, but speci
fically no evidence of intra or extrahepatic bile duct
dilatation. He had two endoscopic retrograde cholan
giopancreatographies (ERCPs), which revealed no
biliary tract abnormalities. A sphincterotomy and stent
insertion were completed in hopes of relieving any kind
of obstruction with no success. A subsequent magnetic
resonance cholangiopancreatography (MRCP) showed
no evidence of duct dilatation. Two liver biopsies showed
non-specific signs of acute cholestasis (Figure 1). Upon
further review with a pathologist at the tertiary centre,
these biopsies were most consistent with drug-related
cholestasis. Temporally, GS and CS fit as the likely
culprit.

it highlights the importance of a complete medication
history, especially over-the-counter medications, in the
assessment of cholestatic jaundice.
Ip S, Jeong R, Schaeffer DF, Yoshida EM. Unusual case of druginduced cholestasis due to glucosamine and chondroitin sulfate.
World J Hepatol 2015; 7(24): 2559-2562 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i24/2559.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i24.2559

INTRODUCTION
In North America and other countries, glucosamine
(GS) and chondroitin sulfate (CS) are common overthe-counter (OTC) supplements marketed for support
ing the structure and function of joints, especially in
treating osteoarthritis (OA). Although clinical trials have
suggested that these medications have minimal to no
[1,2]
significant clinical benefit in OA , they continue to be
utilized, which may be attributed to their reputation as
“natural products”, easy tolerability, and low side-effect
[3]
profile . A rare complication related to GS and/or CS
use is hepatotoxicity especially classic hepatocellular
[3-5]
drug-induced liver injury (DILI) ; however, purely
[4,6]
cholestatic injury is less documented . We report a
unique case of drug-induced cholestasis caused by GS
and CS. The etiology of the jaundice was missed despite
exhaustive medical investigations over three months.
This case adds to the growing literature of hepatotoxicity
related to this supplement. Furthermore, it highlights the
importance of a complete medication history, especially
OTC supplements, in the assessment of cholestatic
jaundice.

CASE REPORT
A 78-year-old man originally presented with a threemonth history of jaundice of unknown etiology at his
home hospital. He was subsequently transferred to a
tertiary centre for further investigations. His past medical
history was significant for a subarachnoid hemorrhage
and OA. He was previously well until he reported a threemonth history of pruritus, fatigue, nausea, vomiting,
and a thirty-pound weight loss with no abdominal pain.
He had no history of alcohol abuse or intravenous drug
use, no recent travel history, no mushroom ingestion,
and no family history of similar jaundice or any liver
disease. According to records from his home hospital,
he had not taken any other medications except aceta
minophen intermittently and vitamin D, which he had
been consuming for many years. On direct questioning,
however, he disclosed that he had taken GS and CS
approximately two months prior to the onset of jaundice.
This was his first exposure to this supplement, and he
took three tablets per day for his joint pain (maximum
daily dose outlined on the bottle). When he started to
become jaundiced three months ago, he discontinued

WJH|www.wjgnet.com

DISCUSSION
GS is an aminosaccharide that is important for pro
teoglycan formation, which helps preserve cartilage
[7]
integrity of joints while CS is an essential part of
[8]
aggrecan, a component of the cartilage structure .
Both supplements are frequently taken together in the
treatment of OA. Previous systemic reviews have shown
that these supplements are safe with no significant
[8,9]
side effects ; however, reports of hepatotoxicity have
[3-5]
been documented . We report a unique case of drugrelated cholestasis that adds to the expanding literature
of this mechanism of liver injury associated with GS and
CS.
There have been two other similar reports regarding
cholestatic DILI with GS and/or CS. Ossendza et
[6]
al describe a case of hepatitis with significant ALT
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Table 1 Pattern of liver enzymes

Total bilirubin (mol/L)
Normal: < 18 mol/L
AST (U/L)
Normal: 10-80 U/L
ALT (U/L)
Normal: 10-80 U/L
GGT (U/L)
Normal: 0-80 U/L
Alkaline phosphatase (U/L)
Normal: 30-135 U/L

Figure 1 Histologic micrograph of liver biopsy. This H and E photomicro
graph shows a representative area of the adequate core needle biopsy,
depicting overall a very mild lobular lymphocytic hepatitis with areas of mild
cholestasis with canalicular plugs and focal hepatocyte bile pigmentation. The
hepatic architecture is preserved with a normal relationship of central veins and
portal tracts and no evidence of fibrosis.

Presentation at
tertiary centre

476

440

45

40

47

48

59

136

136

136

AST: Aspartate transferase; ALT: Alanine transferase; GGT: Gammaglutamyl transferase.

Clinical diagnosis

The patient clearly had scleral icterus but no other stigmata of chronic liver
disease. His abdominal exam revealed no masses.

and bilirubin elevation, approximately 6- and 10-fold
respectively, in a patient taking therapeutic doses of
GS four months prior to presenting with pruritus and
jaundice. This patient recovered with discontinuation
[4]
of the supplement. Smith et al describe a case of
elevated cholestastic liver enzymes and normal bilirubin
that return to normal after stopping GS and CS. Our
case is unique in that the patient presented with purely
hyperbilirubinemia with mild liver enzyme derangement.
An exhaustive search for a cause was undertaken
including multiple investigations (e.g., ERCPs, MRCP,
etc.), highlighting the importance of a complete medi
cation history in the evaluation of new onset jaundice.
The mechanism by which GS and/or CS causes
hepatotoxicity is unclear. An allergic mechanism has
been proposed given the presence of rash and/or
[3]
eosinophilia in previous case reports . Furthermore,
GS is derived from the exoskeleton of shellfish, which
would theoretically worsen in those with known seafood
allergies. No cases of hepatotoxicity, however, have been
[10]
recorded in patients with known shellfish allergy .
The purity of the supplement may be another factor
in causing hepatotoxicity. In Europe, GS and/or CS is
classified as a medication, but in North America and
other countries, they are available as an OTC supple
ments, which is not under regulative scrutiny regarding
purity or efficacy. In our case, our patient appeared
only to be taking therapeutic doses suggested by the
manufacturer.
In conclusion, we report a rare case of cholestatic
injury related to GS and CS, adding to increasing reports
of hepatotoxicity of this supplement. Although this
supplement may be thought to be harmless, clinicians
need to consider this supplement in the evaluation of
liver enzyme derangement and/or jaundice.

Differential diagnosis

Medication (e.g., over-the-counter), malignant (e.g., pancreatic cancer), benign
obstruction (e.g., gallstones), autoimmune hepatitis.

Laboratory diagnosis

His bloodwork revealed significant hyperbilirubinemia of 470 mol/L (normal is <
18 mol/L) with relatively preserved liver enzymes and liver function tests.

Imaging diagnosis

He has multiple normal abdominal ultrasounds, endoscopic retrograde cholan
giopancreatographies and a magnetic resonance cholangiopancreatography.

Pathological diagnosis

The liver biopsy was consisted with drug-related cholestasis.

Treatment

His glucosamine and chondroitin sulfate supplements were stopped.

Related reports

There have been only two reports of drug-related cholestasis with glucosamine
and/or chondroitin sulfate.

Term explanation

Glucosamine and chondroitin sulfate are commonly available over-the-counter
supplements in the treatment of osteoarthritis.

Experiences and lessons

A complete drug history, especially over-the-counter medications, are important
in the evaluation of liver enzyme derangement and/or jaundice.

Peer-review

This is a good instructive case which will benefit readers.
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EDITORIAL

Clinical and biological significance of precursor lesions of
intrahepatic cholangiocarcinoma
Mark Ettel, Ogechukwu Eze, Ruliang Xu
morphology, pathogenesis, risk factors, treatment and
prognosis is increasing. While this increase is associated
with hepatitis C virus infection, chronic nonalcoholic
liver disease, obesity, and smoking, the pathogenesis
of ICC and molecular alterations underlying the car
cinogenesis are not completely elucidated. Benign
biliary lesions such as biliary intraepithelial neoplasia,
intraductal papillary neoplasm of the bile duct, von
Meyenburg complex or bile duct hamartoma, and bile
duct adenoma have been associated with ICC. For each
of these entities, evidence suggests or supports a role
as premalignant lesions. This article summarized the
important biological significance of the precursor lesions
of ICC and the molecular mechanisms that may be
involved in intrahepatic cholangiocarcinogenesis.
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Core tip: This manuscript highlights the important
development in the research field of intrahepatic
cholangiocarcinogenesis, and summarizes some key
points related to progression from the precursor lesions
to the intrahepatic cholangiocarcinoma, including
their molecular genetics. Each individual precursor or
potential precursor is linked to the cancer by the clinical,
histological and molecular association.

Abstract
Cholangiocarcinoma (CC) is primarily a malignant tumor
of older adults most prevalent in Southeast Asia, where
liver fluke infestation is high. However the etiology in
western countries is unknown. Although the incidence of
extrahepatic cholangiocarcinoma has remained constant,
incidence of intrahepatic CC (ICC) which differs in
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[13]

immunohistochemical respects . BilIN is subdivided
into BilIN-1, BilIN-2 and BilIN-3 according to consensus
criteria proposed in 2005 and accepted by an inter
[14,15]
national group in 2007
. BilIN-1 shows relatively
uniform, mildly irregular nuclei confined to the lower
two thirds of the epithelium. In BilIN-2, nuclei are fullthickness and can be found apically, and loss of cellular
and nuclear polarity is present but not diffuse. Nuclear
irregularity is increased compared to BilIN-1, but mito
ses remain rare. BilIN-3 is notable for marked cellular
and nuclear atypia and loss of polarity, with cytological
resemblance to invasive cholangiocarcinoma albeit
without basement membrane invasion. Cribriforming
and budding of cell clusters as well as mitoses are often
[11,15]
seen
. Macroscopic and radiologic identification of
[11]
these lesions is not possible .
BilIN has been associated with several conditions
which can predispose to cholangiocarcinoma. There
is no solid datum about the prevalence of BilIN. While
estimates of overall prevalence of BilIN are difficult
to determine, one study for margin status in biliary
carcinomas showed that 4 of 19 ICCs had BilIN at the
[16]
margin .
BilIN is frequently diagnosed in cases of hepatoli
[17]
thiasis , and primary sclerosing cholangitis and choledo
[15,18]
chal cyst have also been associated with BilIN
. BilIN
has also been shown to arise in autoimmune pancreatitis,
[19-21]
chronic hepatitis B and C, and alcoholic cirrhosis
.
BilIN shares several molecular alterations with cho
langiocarcinoma, and study of BilIN alongside cholan
giocarcinoma has helped to elucidate several of the key
molecular mechanisms in cholangiocarcinogenesis. Many
of these molecular changes accumulate in conjunction
[11]
with increasing grade of BilIN . KRAS has been shown
to occur early in cholangiocarcinogenesis and is present
in approximately 33% of BilIN lesions including in 25%
[22]
of cases of BilIN-1 . Also, p21, p53, cyclin D1 and EZH2
expression has been shown to increase and expression
INK4A
of Dcp4 and p16
decreases in tandem with increasing
[3]
grade of BilIN . Importantly, p53 overexpression has
been shown in BilIN-3 but reports show no increased
[17,22]
expression in BilIN-1/2
. Overexpression of EZH2
has been related to hypermethylation of the p16
promoter, which could explain the correlating increase
in EZH2 expression and decrease of p16 expression
[23]
with increasing grade of BilIN . Overexpression in
EZH2 and decreased p16 expression are associated with
deregulation of cellular senescence, and deregulation
of autophagy has been shown through in vitro studies
[24,25]
to precede cellular senescence
. Related to these
findings, it is notable that a recent study of expression
of autophagy-related proteins showed that light chain 3β
(LC3), beclin-1 and p62 showed increased expression in
BilIN-1, BilIN-2 and BilIN-3, suggesting that deregulated
autophagy plays a role in occurrence and development
[17]
of BilIN . Decreased membranous expression of
β-catenin similarly correlates with increasing grade of
BilIN, while E-cadherin is decreased in some cases of
BilIN but in a smaller proportion of cases compared to

INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is responsible
[1]
for 10%-20% of primary liver cancers worldwide .
ICCs are classified as perihilar or peripheral type. The
perihilar type, involving the large bile ducts, is composed
of a large tubular component or papillary proliferation
of tall columnar epithelium with mucin production. The
peripheral type, involving the smaller ducts and segmen
tal branches, is composed of a proliferation of relatively
small, tubular, closely packed cord-like structures or
[2]
ductular pattern lined by small cuboidal epithelium .
Grossly, both perihilar and peripheral ICC are firm and
[1]
white to tan . Another classification scheme divides
ICCs into conventional ductal carcinoma, bile ductular
[3]
type, intraductal neoplasm and rare variants , high
lighting similarities between intraductal neoplasms and
pancreatic intraductal papillary-mucinous neoplasms,
and differences between bile ductular type and the
conventional type on the origin of tumor cells. These
classification schemes reflect the postulated cells of
tumor origin with similarities between the perihilar
type, conventional ductal carcinoma, bile duct type and
mucin-producing type, and between the peripheral, bile
[2]
ductular, cholangiolar and cholangiolocellular types .
ICCs may evolve from two types of premalignant
biliary lesions: Biliary intraepithelial neoplasia (BilIN) and
[3]
intraductal papillary neoplasm of the bile duct (IPNB)
[4]
as in the case of perihilar large duct type ICCs . ICC
may also evolve without definite premalignant lesions.
No intraepithelial or intraductal preneoplastic, dysplastic
or neoplastic lesions have been demonstrated in the
[5]
small bile ducts or ductules . Von Meyenburg complex
(VMC) is suggested to be a possible premalignant
lesion of ICCs due to the occasional association of
[6-8]
VMC with ICCs and reports of VMC-like cystic ICCs .
Progression of bile duct adenoma (BDA) to ICC has
[9]
also been reported . The major clinical and histological
characteristic features of above lesions are summarized
in Figure 1 and Table 1. In addition to these precursor
lesions, incidence is also increased in patients with
risk factors such as chronic viral hepatitis, infection
with parasites such as clonorchis and opistorchis, and
[1]
hepatolithiasis .

BILIN
BilIN is an epithelial lesion and a precursor to both ICCs
(the intrahepatic bile ducts and peribiliary gland) and
to extrahepatic cholangiocarcinoma (the extrahepatic
[10,11]
bile ducts and gallbladder)
. BilIN is characterized
by epithelial cells with nuclear pseudostratification and
atypia, often with micropapillary projections into the
[10]
[10]
bile duct lumen . It is not grossly identifiable . BilIN
has often been described as the biliary counterpart to
pancreatic intraepithelial neoplasia (PanIN), partially due
to the similar embryonal development and morphology
[12]
of the pancreatic and biliary duct systems . Grading of
BilIN follows a similar 3-tiered pattern to that of PanIN,
which has proven similar in several morphologic and
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Table 1 Summary of the clinical and pathological features of intrahepatic cholangiocarcinoma and its precursor lesions
ICC

BilIN

IPNB

VMC/BDH

BDA

Incidence/
prevalence

10%-20% of primary liver cancers[1]

No published data

9%-38% of bile duct
carcinomas[28]

Risk factors

Chronic viral hepatitis, clonorchis,
opistorchis, hepatolithiasis[1]

Hepatolithiasis,
clonorchis[31,32]

0.00008%-0.006% of
patients (autopsy
series)[52,53]
No known risk factors

Gross
appearance

Firm, white to tan[1]

Hepatolithiasis, primary
sclerosing cholangitis,
choledochal cyst,
autoimmune pancreatitis,
chronic viral hepatitis,
alcoholic cirrhosis[15,17-21]
Not grossly identifiable[10]

5.6% of adults, 0.9%
of children (autopsy
series)[40]
Congenital hepatic
fibrosis, polycystic
liver disease[40]

Histologic
appearance

Molecular
alterations

Dilated bile ducts filled Well-circumscribed
with soft, papillary white
unencapsulated
to red to tan lesions
nodules, < 5 mm[1]
without invasion[10]

Subcapsular, wellcircumscribed
unencapsulated gray
to white, yellow or tan
firm nodules,
[47,48]
≤ 2 cm
Irregular dilated
Small uniform cuboidal
to branching low
epithelium-lined
cuboidal epithelium- ductules within fibrous
lined ductules within
stroma[47,48]
fibrous stroma, often
adjacent to portal
areas[1]

Perihilar type: Involves large
Epithelium with nuclear
Noninvasive papillary
bile ducts, composed of large
pseudostratification and
or villous biliary
tubules or papillae lined by
atypia (increasing from
neoplasm covering
columnar epithelium. Peripheral BilIN-1 to BilIN-2 to BilIN-3), delicate fibrovascular
type: Involves smaller ducts and
often with micropapillary
stalks (subtypes
segmental branches, composed of projections into the bile duct
pancreatobiliary,
small, tubular cords or ductular
lumen[10]
intestinal, gastric,
pattern lined by cuboidal
oncocytic)[10]
epithelium[2]
Activating mutations in KRAS
Activating mutation
Increased expression of
(22%) occurs early in cholangiocarci
of KRAS present in
Cyclin D1 and p21[26,35]
[63]
nogenesis
approximately 33% of BilIN
lesions including in 25% of
cases of BilIN-1[22]
Loss-of-function mutations in TP53
(15%), BRAF and EGFR mutation
(7% and 2%)[55,61,65,67]
Rare NRAS and PI3K mutations
have been[55,61-72]

Loss of
BRAF V600E mutation
heterozygosity
(53%)[46]
at key loci (5q21,
9p21, 10q23, 17p13)
harboring APC, p53,
p16, and PTEN[44]

Increased expression of
Aberrant expression of
p21, p53, cyclin D1 and
p16[30]
[3,17,22-25]
EZH2
Decreased expression of
Inactivation of p53
Dcp4 and p16INK4A. Loss
associated with
of SMAD4/DPC4 associated
increasing grade of
with higher grade[3,30,35]
dysplasia and invasion[30]
Decreased membranous
C-myc mutations in over
expression of β-catenin with
50% of cases[26]
increasing grade of BilIN[26]

IDH1 and IDH2 mutations cooccurring with increased TP53
expression and associated with
DNA hypermethylation[62,66]
Chromosomal aberrations including Decreased expression of
gains at 7p and 8q and losses at 1p, E-cadherin in some cases of
4q and 9p[68,69,73-76]
BilIN[26]
Aberrant methylation of
S100P: Increased
p16INK4a/CDKN2 (47%), RASSFIA
immunohistochemical
(56%) and APC (29%)[70,71,76]
expression in BilIN-2 and
BilIN-3[27]

Loss of SMAD4/DPC4
associated with higher
grade[30,35]

BilIN: Biliary intraepithelial neoplasia; IPNB: Intraductal papillary neoplasm of the bile duct; VMC: Von Meyenburg complex; BDH: Bile duct hamartoma;
BDA: Bile duct adenoma; ICC: Intrahepatic cholangiocarcinoma.

[26]

invasive cholangiocarcinoma . S100P also showed
increased immunohistochemical expression in BilIN-2
and BilIN-3 as compared to reactive benign epithelium
[27]
and BilIN-1 . The S100P immunohistochemical marker
is of particular interest as it has been suggested for use
[11]
in clinical diagnosis and grading of BilIN .

to the intraductal papillary mucinous neoplasm (IPMN)
[10,28]
of the pancreas
. Similarly to IPMN, the neoplasm
is characterized by thin fibrovascular cores lined with
noninvasive papillary or villous epithelium and filling a
[10]
dilated bile duct lumen . Grossly, IPNB shows dilated,
fusiform to cystic bile ducts with soft papillary lesions
ranging from white to tan to red. Histologically, the
aforementioned fibrovascular cores are lined by any of
four cell types: Pancreatobiliary, intestinal, gastric and
[10]
oncocytic types, parallel to those defined in IPMN .
However, there are important differences between
IPNB and IPMN. Only approximately 1/3 of IPNB show

IPNB
IPNB, defined as a precursor to cholangiocarcinoma
according to the World Health Organization 2010 classi
fication, has been described as the biliary counterpart
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A

B

C

D

Figure 1 Premalignant biliary lesions. A: Biliary intraepithelial neoplasia. Biliary epithelium with nuclear pseudostratification and atypia; B: Intraductal papillary
neoplasm of the bile duct. Papillary proliferation of neoplastic cells lining thin fibrovascular cores; C: Von Meyenburg complex. Small well-circumscribed lesion
consisting of dilated irregular bile ducts embedded within dense collagenous stroma; D: Bile duct adenoma. Well-circumscribed proliferation of small uniform tubules
surrounded by fibrous stroma.

to explore various molecular mechanisms in these
precursor neoplasms. Comparisons between IPNB and
BilIN have shown conflicting results. Cyclin D1 and
p21 expression increase occurs in IPNB just as it does
[26]
in in BilIN; a study by Itatsu et al
showed higher
[35]
expression in IPNB than in BilIN while Nakanishi et al
did not find this differential expression. Another cell
cycle protein, p16, has also shown aberrant expression
in IPNB and this aberrant expression was shown to be
[30]
more frequent in cholangiocarcinoma than in IPNB .
Inactivation of p53 has been shown to increase with
increasing grade of dysplasia and with invasion in one
[30]
study , while other studies have shown different
[35,36]
results
. C-myc mutations have been shown to be
common as well with expression in over half of cases in
[26]
one study . Similar to pancreatic neoplasms, loss of
SMAD4/DPC4 has been shown in IPNB and BilIN with
[30,35]
increased loss associated with higher grade
. GNAS
mutation has been seen mostly in intestinal subtype and
mucin hypersecretion-associated cases, and has been
recognized more frequently in studies involving Asian
[30,37]
cohorts where intestinal subtype is more common
.
KRAS mutations on the other hand appear more
[28,30]
common in early and low-grade lesions
.

macroscopic mucin production, while only rare IPMNs
[28,29]
are not associated with mucin hypersecretion
. Also,
pancreatobiliary type epithelium is most common and
gastric type epithelium is rare in IPNB, whereas IPMN
[10]
least commonly shows pancreatobiliary differentiation
[30]
and gastric is among the more common patterns .
Just as grading of BilIN parallels that of PanIN, grading
in IPNB follows that of IPMN. Low, intermediate and high
grade are assigned based on cytologic and architectural
characteristics, where low- and intermediate-grade
tumors comprise one diagnostic entity, high-grade
tumors another, and IPNB with associated invasive
[10]
carcinoma a final separate entity . Studies of histo
morphologic, molecular and other features of these
tumors have shown disparate results to some extent due
to the different features of IPNB with different etiology.
IPNB comprises 9%-38% of bile duct carcinomas
and is most common in patients from far eastern
th
th
[28]
countries in their 6 and 7 decades . In these patients
who often have risk factors such as hepatolithiasis and
clonorchiasis, intestinal subtype is most common (47%
[31,32]
and 38% in two large series)
. However, Western
cohorts more commonly show pancreatobiliary type
epithelium (36%, 69% and 45% of patients in three
recent series from the United States and western
[30,33,34]
Europe)
. Series in all populations have shown
uncommon oncocytic and gastric subtypes.
Molecular changes in IPNB remain poorly char
acterized, although several recent studies have begun

WJH|www.wjgnet.com

VMC (BILE DUCT HAMARTOMA)
VMCs, also known variously as bile duct or biliary
hamartomas or as biliary microhamartomas, are small
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(generally < 5 mm), well-circumscribed unencapsulated
nodules which consist of irregularly shaped, often dilated
bile ducts lined by a low cuboidal epithelium, embedded
within a dense collagenous stroma. VMCs are thought to
result from persistence of the embryonic ductal plate and
[1]
are generally adjacent to portal areas . Multiple case
reports showed exist of VMCs with histologic evidence of
transformation to cholangiocarcinoma, showing benign,
hyperplastic and dysplastic epithelium with adjacent
[7,8,38,39]
progression to invasive carcinoma
.
These lesions are fairly common with prevalence
of 5.6% in adults and 0.9% of children in one autopsy
series, and are especially prevalent in patients with adult
[40]
polycystic kidney disease or congenital hepatic fibrosis .
VMCs are generally considered benign, but several
case reports suggest that these lesions are capable of
transformation to cholangiocarcinoma, showing benign,
hyperplastic and dysplastic epithelium with adjacent
progression to invasive carcinoma, particularly in
[8,38,39,41-43]
patients with multiple VMCs
. This phenomenon
has been corroborated with molecular evidence of
mutations shared between cholangiocarcinoma and
[44]
VMCs . Further suggesting this link is a radiologic study
of 6 patients with multiple VMCs in which one of the six
(17%) patients with initial imaging evidence of VMCs
[45]
developed cholangiocarcinoma within 2 years .
Specific molecular genetic changes for transformation
of VMCs to cholangiocarcinoma have not been definitively
[38]
established . In contrast to biliary duct adenomas, BRAF
V600E mutations seen in a subset of ICC are not present
[46]
in VMCs . However, recent studies have identified
multiple findings suggestive of the sequential genetic
changes required for transformation of benign VMCs to
[38,44]
invasive cholangiocarcinoma
. In one study of two
patients with multiple VMCs and cholangiocarcinoma,
loss of heterozygosity (LOH) was examined at 20 key
genetic loci in the cholangiocarcinoma tumor, in VMCs
distant from the tumor, and in intermediate lesions where
VMCs showed transformation to cholangiocarcinoma.
LOH was seen in VMCs at some of the same key loci as
seen in cholangiocarcinoma, affecting oncogenes p16,
p53, APC and PTEN which have been shown to play a
[44]
role in the development of cholangiocarcinoma . In
contrast, immunohistochemical expression of p16INK4A
was shown to be lost in cholangiocarcinoma in one report
while adjacent uninvolved VMC ducts retained expression
[38]
of p16INK4A .

and sometimes show mucinous metaplasia, 1-antitrypsin
droplets and neuroendocrine differentiation. Previously
[49]
synonymous with bile duct hamartoma (BDH)
BDA and BDH have overlapping features - histological
findings and immunohistochemical properties aid in
distinguishing between the two. It has been reported
that BDAs originate from peri-biliary glands and not
[50]
bile ductules or ducts . This finding is supported by
the monoclonal antibody identification of antigens D10
and IF6 and the presence of mucin cells; a shared
profile amongst peribiliary glands and BDAs but not
VMCs. Malignant transformation of BDA has not been
unequivocally demonstrated. ICC in a background of
BDA mixed with minor component of BDH is reported
[51]
in the literature (also present in authors’ unpublished
case report). There has also been a report of progression
[9]
of BDA to ICC . BDA is a rare lesion and has been found
in 0.0008%-0.006% of patients in two large autopsy
[52,53]
series
.
Molecular characterization of BDAs is incomplete.
The BRAF V600E mutation was identified by PCR and
immunohistochemistry in 53% (8/15) cases of BDA
[46]
in one series . Interestingly, both wild-type BRAF
and BRAF V600E lesions coexisted in patients with
multiple BDAs. Identification of oncogenic mutations in
BDA supports a benign neoplasm rather than reactive
process and suggests that BDA may be an early lesion
in the pathogenesis of ICC, which has been shown
[54,55]
to harbor BRAF V600E mutations
. Furthermore,
the finding of coexistence of benign lesions, dysplastic
lesions and carcinoma (authors’ unpublished data)
[9]
and progression of BDA to ICC strongly suggests an
adenoma-dysplasia-carcinoma pathway, as seen in
colorectal carcinogenesis. BRAF V600E mutation was
not identified in von Meyenberg complexes, supporting
distinct etiologies with different molecular and biological
[46]
processes .

BILIARY ADENOFIBROMA
[56-59]

Few cases of biliary adenofibroma
, a benign
tumor with complex tubulocystic nonmucin secreting
biliary epithelial and an abundant fibroblastic stromal
components, have been reported to date. The immu
nohistochemical profile (cytokeratins 7, 8, 18, 19 and
D10 positive, and 1F6 negative) suggests a large bile duct
[59,60]
or interlobular duct origin
. Malignant transformation
[56]
of the epithelial component has been reported .

BDA OR PERIBILIARY GLAND
HAMARTOMA

MOLECULAR GENETICS OF ICCS AND
PRECURSORS

BDA are small (< 2 cm) benign gray to white, yellow
or tan lesions usually located directly beneath the liver
capsule. They are firm, well-circumscribed and not
encapsulated. Histologically, they are comprised of
uniform tubular or curvilinear ductules within a fibrous
[47,48]
stroma
. The ductules are lined by cuboidal cells with
bland, round to oval nuclei and without mitotic activity,
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Molecular alterations underlying ICC and the pre
malignant biliary lesions are not completely elucidated.
Activating mutations in KRAS (22%), loss-of-function
mutations in TP53 (15%), BRAF and EGFR mutation (7%
and 2%), and rare NRAS and PI3K mutations have been
[55,61-72]
reported
. IDH1 and IDH2 mutations co-occurring
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with increased TP53 expression and associated with
DNA hypermethylation has also been reported, although
the functional relevance is unknown. Chromosomal
aberrations including gains at 7p and 8q and losses at
1p, 4q and 9p were identified by comparative genomic
[69,73-76]
hybridization studies
. Aberrant methylation of
p16INK4a/CDKN2 (47%), RASSFIA (56%) and APC
(29%) genes have been demonstrated in ICC although
the exact role in the pathogenesis is also not delineated.
Investigation of genetic and epigenetic alterations in
benign intrahepatic biliary lesions will further highlight
mechanisms of carcinogenesis.
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EDITORIAL

Defining acute-on-chronic liver failure: East, West or Middle
ground?
Harneet Singh, C Ganesh Pai
of the definitions of ACLF proposed so far have been
universally accepted, the two most commonly used
being those proposed by the Asia-Pacific Association
for the Study of Liver (APASL) and the European Asso
ciation for the Study of Liver - Chronic Liver Failure
(EASL-CLIF) consortium. On paper both definitions and
diagnostic criteria appear to be different from each
other, reflecting the differences in cut-off values for
individual parameters used in diagnosis, the acute insult
or precipitating event and the underlying chronic liver
disease. Data directly comparing these two criteria are
limited, and available studies reveal different outcomes
when the two are applied to the same set of patients.
However a review of the literature suggests that both
definitions do not seem to identify the same set of
patients. The definition given by the APASL consortium
is easier to apply in day-to-day practice but the EASLCLIF criteria appear to better predict mortality in ACLF.
The World Gastroenterology Organization working party
have proposed a working definition of ACLF which will
identify patients from whom relevant data can be collec
ted so that the similarities and the differences between
the two regions, if any, can be clearly defined.
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Core tip: Acute-on-chronic liver failure, a relatively
new clinical entity seen in patients with chronic liver
disease including cirrhosis, is associated with high
morbidity and mortality. The two most commonly used
definitions given by the Asia-Pacific Association for
the Study of Liver and the European Association for
the Study of Liver - Chronic Liver Failure consortium,
are different and appear to identify different set of
patients. Because of limited data on these definitions,
the World Gastroenterology Organization working party
has proposed a new definition to identify patients from

Abstract
Acute-on-chronic liver failure (ACLF), a newly recognized
clinical entity seen in hospitalized patients with chronic
liver disease including cirrhosis, is associated with high
short- and medium term morbidity and mortality. None
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CLD/cirrhosis” . This was based on data collected
from 200 patients. A subsequent consensus meeting
evaluated the as yet unpublished data on approximately
1300 patients from 14 countries from the APASL ACLF
research consortium (AARC) database along with newer
evidence and altered the definition only to the extent
of additionally mentioning the associated high 28-d
[8]
mortality .
Experts in Europe and United States, on the other
hand, have characterized ACLF as “a syndrome that
defines a subgroup of cirrhotic patients who develop
organ failure following hospital admission with or without
an identifiable precipitating event and have increased
[9]
mortality rates” . In view of paucity of any established
evidence-based definition of ACLF, investigators of
the EASL-CLIF consortium performed the multicenter,
prospective observational CANONIC (CLIF Acute-onChronic Liver Failure in Cirrhosis) study which defined
acute decompensation as an acute development of
hepatic encephalopathy, large ascites, bacterial infections
or gastrointestinal hemorrhage, or any combination of
these. It also defined cut-off levels for diagnosing extrahepatic organ failure and stratified patients with ACLF
into 4 subgroups characterized by increasing mortality
[3]
(Table 1) . There are many differences between the
two definitions including the underlying CLD, the type
of acute worsening and its time frame, and prior decom
pensation raising the question as to which of these might
be appropriate for clinical use.
The APASL definition is liver centered. Simply put,
the condition basically reflects acute liver failure with
two additional requirements - the serum bilirubin should
be 5 mg/dL or above and ascites should be present in
case encephalopathy is not. On the other hand, the
EASL-CLIF consortium defines ACLF based on the failure
of one or more organs of which liver is only one.

whom data can be collected to ultimately arrive at a
uniform definition.
Singh H, Pai CG. Defining acute-on-chronic liver failure: East,
West or Middle ground? World J Hepatol 2015; 7(25): 2571-2577
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i25/2571.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i25.2571

INTRODUCTION
Patients with cirrhosis who develop superadded insults
like infections or organ failure from any other cause,
have a poorer prognosis as compared to those who do
[1,2]
not . Though transient and potentially reversible, such
events, either directly affecting the liver or involving
another part of the body, can dramatically worsen the
liver reserve in patients with pre-exiting stable liver
disease. This worsening differs from the progression
of the primary chronic liver disease (CLD) which leads
to chronic decompensation, being largely irreversible
in the majority of cases because of the accompanying
parenchymal extinction. Patients in the former group
tend to be younger, more commonly alcoholic, show
higher levels of white blood cell counts and C-reactive
protein and have a higher prevalence of infections as
[3]
compared to decompensated cirrhotics .
Increasing realization of the differences between
the two scenarios lead to the recognition of acute-onchronic liver failure (ACLF), a term used for the first time
in 1995 to describe a condition in which two liver insults
are present concurrently, i.e., one ongoing and chronic,
[4]
and the other, recent and acute . A typical feature of
ACLF is its rapid progression and the association with
[3,5]
high short and medium term mortality (30%-60%) .
ACLF is frequently encountered in day-to-day practice
and has been reported to occur in up to 30% of
[3]
cirrhotics . Intensive medical care is necessary for most
patients with ACLF thus increasing the per-patient costs
significantly.

DIFFERENCES IN THE APASL AND EASLCLIF DIAGNOSTIC CRITERIA
The individual parameters that make up the diagnostic
criteria differ considerably between the two definitions
(Table 2). For example, the cut off for serum bilirubin
level to define liver failure was found to be 12 mg/dL in
the CANONIC study as levels above this were associated
with a 28-d mortality above 15%. However, the bilirubin
level by itself was not important, since the mortality
was only 4% even among patients with elevated serum
bilirubin levels if they did not have extra-hepatic organ
[10]
failure . The cut-off level for serum bilirubin was kept
at 5 mg/dL in the APASL criteria ACLF because patients
with bilirubin between 5 and 10 mg/dL included in the
[8]
AARC data, had a mortality of about 38% .
Similarly, coagulation failure was defined as INR ≥
2.5 as per the CANONIC study, and ≥ 1.5 as per the
[3,8]
APASL criteria . INR reportedly reflects the acute liver
failure as per APASL; however, in the CANONIC study,
all patients had acute decompensation of cirrhosis and

DEFINITIONS FOR ACLF
Since the term ACLF was used for the first time, up
to thirteen different definitions have been suggested,
contributing to a great deal of confusion regarding what
[6]
constitutes the condition . The two most commonly
used definitions have been provided by the Asia-Pacific
Association for the study of Liver (APASL) and the
European Association for the study of Liver - Chronic
Liver Failure (EASL-CLIF) consortium (Table 1).
The definition provided by the APASL in 2009 char
acterizes ACLF as an “acute hepatic insult manifesting as
jaundice [serum bilirubin ≥ 5 mg/dL (85 micromoles/L)
and coagulopathy international normalized ratio (INR)
≥ 1.5, or prothrombin activity < 40%] complicated
within 4 wk by clinical ascites and/or encephalopathy
in a patient with previously diagnosed or undiagnosed
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Table 1 Diagnostic criteria of acute-on-chronic liver failure as per the chronic liver failure acute-on-chronic liver failure in cirrhosis
study
No ACLF - This group consists of 3 subgroups
Patients with no organ failure
Patients with a single "non-kidney" organ failure (i.e., single failure of the liver, coagulation, circulation, or respiration) who had a serum creatinine
level < 1.5 mg/dL and no hepatic encephalopathy
Patients with single cerebral failure who had a serum creatinine level < 1.5 mg/dL
ACLF grade 1 - This group consists of 3 subgroups
Patients with single kidney failure
Patients with single failure of the liver, coagulation, circulation, or respiration who had a serum creatinine level ranging from 1.5 to 1.9 mg/dL and/or
mild to moderate hepatic encephalopathy
Patients with single cerebral failure who had a serum creatinine level ranging from 1.5 and 1.9 mg/dL
ACLF grade 2 - This group consists of patients with 2 organ failures
ACLF grade 3 - This group consists of patients with 3 organ failures or more
Definitions of organ failures - CANONIC study
Liver failure - serum bilirubin level of 12.0 mg/dL or more
Kidney failure - serum creatinine level of 2.0 mg/dL or more, or the use of renal replacement therapy
Cerebral failure - grade Ⅲ or Ⅳ hepatic encephalopathy
Coagulation failure - an international normalized ratio of more than 2.5 and/or a platelet count of 20 × 109/L or less
Circulatory failure - use of dopamine, dobutamine, or terlipressin
Respiratory failure - ratio of partial pressure of arterial oxygen to the fraction of inspired oxygen (FiO2) of 200 or less or a pulse oximetric saturation to
FiO2 ratio of 200 or less
Adapted from Moreau et al[3]. ACLF: Acute-on-chronic liver failure; CANONIC: Chronic liver failure acute-on-chronic liver failure in cirrhosis.

Table 2 Principle differences in the definition and diagnostic criteria of acute-on-chronic liver
failure between Asia-Pacific and West
APASL definition
Total bilirubin
INR
Hepatic encephalopathy
Ascites
Duration between insult and ACLF
Acute event - sepsis
Acute event - variceal bleeding
Extra-hepatic organ involvement
What is chronic disease

EASL-CLIF definition

5 mg/dL or more
12 mg/dL or more
1.5 or more
2.5 or more
Any grade
Only grade Ⅲ and Ⅳ
May be present
Not included
4 wk
Not defined
No
Yes
No unless producing jaundice and
Yes
coagulopathy defining ACLF
No
Yes
Chronic liver disease with/without only Only cirrhosis, including those
compensated cirrhosis
with prior decompensation

APASL: Asia-Pacific Association for the Study of Liver; EASL-CLIF: European Association for the Study of Liverchronic Liver Failure; INR: International normalized ratio; ACLF: Acute-on-chronic liver failure.

causes other than liver failure including sepsis may
have contributed equally to coagulopathy. Additionally,
9
platelet count (≤ 20 × 10 /L) was also used to define
coagulation failure in the CANONIC study and not as per
the APASL consensus.
Hepatic encephalopathy, irrespective of its grade, is
an important criterion for diagnosis as per the APASL
criteria, whereas, as per the CANONIC study, mild to
moderate encephalopathy (Grade 1 or 2) would be
important only if associated with another organ failure
[3,8]
(liver, coagulation, circulation or respiration) .
Clinically detectable ascites was present in 91% of
patients with ACLF in the AARC database and it was
included as a diagnostic criterion as per the APASL
[8]
consensus . In the CANONIC study, ascites was signi
ficantly more common in those with, compared to
those without ACLF (78.7% and 63.4%; P ≤ 0.001);
however, it did not differ among the three grades of the
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former suggesting thereby that its presence per se may
[3]
not have influenced the outcome .
Renal failure was observed in 55.8% of the patients
[3]
included in CANONIC study . On the contrary, studies
based on the APASL definition reported renal failure in
[5,11]
only 30%-35% of patients with ACLF
. Associated
renal dysfunction has been well recognized to worsen
the outcome in decompensated cirrhosis. The high
mortality in ACLF was irrespective of the creatinine
level as per the AARC data as mentioned in the APASL
consensus statement. Hence the APASL criteria do not
include serum creatinine level to define ACLF.

ACUTE INSULT
The term precipitating event is generally used in the
West to refer to the acute insult, and the major events
recorded are primarily non-hepatic, most often being
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Table 3 Acute insult/precipitating event in patients with acute-on-chronic liver failure
As per APASL criteria
Hepatotropic viral infections
Reactivation of HBV
HEV super-infection
Active alcohol consumption (within last 28 d)
Drug induced liver injury
Complimentary and alternative medicines
Severe autoimmune hepatitis
Flare of Wilson's disease
Non-hepatotropic insults (if producing direct hepatic insult)
Surgery
Trauma
Viral infections
No acute insult identifiable

As per EASL-CLIF criteria
Bacterial infection
Gastrointestinal hemorrhage
Active alcoholism within the past 3 mo
Other precipitating events
Transjugular intrahepatic portosystemic shunting
Major surgery
Therapeutic paracentesis without use of intravenous albumin
Hepatitis
Alcoholic hepatitis (liver biopsy required for diagnosis)
No precipitating event identified

Adapted from Sarin et al[8] and Moreau et al[3]. ACLF: Acute-on-chronic liver failure; APASL: Asia-Pacific Association for the
Study of Liver; EASL-CLIF: European Association for the Study of Liver-chronic Liver Failure; HEV: Hepatitis E virus; HBV:
Hepatitis B virus.

bacterial infections and sepsis. Spontaneous bacterial
peritonitis (SBP) and bacterial pneumonia were the
most common precipitating events, seen in 32.6% of
[3]
patients in the CANONIC study . Superadded Hepatitis
A or E or reactivation of hepatitis B infections is seldom,
if ever encountered in the West. On the other hand,
APASL consensus contends that the acute insults should
be hepatic, since liver failure is the core part of ACLF.
Among these, super-added hepatitis E virus infection
and reactivation of hepatitis B virus (HBV) are the
[12-15]
leading causes of acute insult in ACLF (Table 3)
.
Among the non-infectious etiologies, alcohol-related
liver injury is the major cause of acute worsening of
CLD and this is equally reported in studies from the two
[3,5]
regions . Events outside the liver, whether related to
the underlying liver disease per se (e.g., SBP and variceal
bleeding), or not (e.g., pneumonia or urinary infections),
do not qualify as acute insults leading to ACLF as per the
APASL definition unless the liver is secondarily affected so
as to cause jaundice, coagulopathy and ascites or hepatic
encephalopathy.
Both documents recognize that an acute insult may
not be identifiable in a significant proportion of patients
with ACLF as was seen in 43.6% in the CANONIC
[3]
study . Interestingly, the identification or otherwise of
a precipitating event was unrelated to the severity of
ACLF as well as short term mortality.

underlying CLD. This is because even such patients carry
a poor prognosis with mortality rates being as high as
33% at 4 wk once they meet the other threshold criteria
[8]
for ACLF . On the other hand, both the CANONIC and
North American Consortium for End-Stage Liver Disease
[3,17]
studies included only patients with cirrhosis
.

DOES PRIOR DECOMPENSATION
MATTER?
In the CANONIC study, up to 50% of the patients
with ACLF had prior history of decompensation or
developed ACLF in 3 mo or less after the first episode
of decompensation. Previous studies from the West
have concluded that hepatic decompensation in the
past was an independent predictor of mortality in
[18]
patients with ACLF . Contrarily, in the CANONIC study,
patients with ACLF and no prior acute decompensation
had a higher prevalence of organ failure and a more
severe grade of ACLF as compared to those with acute
decompensation in the past. As expected, the former
group also showed a significantly higher mortality at 28
d (42.2% vs 29.6%; P = 0.03). Despite this difference
however, patients with previous decompensation are
not excluded since they too have a mortality above the
15% cut off considered relevant in the study. Also, for
any given value of leucocyte count, the probability of
mortality was significantly higher in those without prior
[3]
decompensation compared to in those with . This could
imply that those without previous decompensation have
an inappropriately exaggerated inflammatory response
and immune dysfunction leading to worse outcome
than those with previous decompensation. However, as
per the APASL criteria, patients with known previous
decompensation with jaundice, ascites and hepatic
encephalopathy are excluded from being defined as
ACLF based on the AARC data. In a retrospective study,
patients who met the APASL criteria for ACLF but also

UNDERLYING CLD
The diagnosis of CLD in the context of ACLF is primarily
made by history, physical examination and laboratory,
[16]
radiologic or endoscopic investigations . However,
most of the ACLF patients in the Asia-Pacific region
present with liver failure without having been previously
evaluated for liver disease. Unlike the EASL-CLIF
definition, the APASL includes non-cirrhotic, CLD s such
as chronic hepatitis and non-alcoholic fatty liver disease/
non-alcoholic steatohepatitis (NAFLD/NASH) also as
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had prior decompensation in addition were older, more
often had non-hepatic insults as a cause for acute
worsening and generally had less severe hepatic damage
compared to ACLF patients without any decompensation
[19]
in the past . The 28-d survival was however similarly
high (58.9% vs 61.4%) in the two groups. A study from
India with a smaller number of patients showed similar
[11]
results . Further research is needed to explore this
issue.
Liver biopsy continues to be an important tool to
differentiate between the underlying cirrhotic and noncirrhotic liver disease and to establish the etiology of
CLD in certain situations. Excluding patients with prior
decompensation and including those with chronic
hepatitis and NAFLD as it does, the APASL definition
would necessitate a more frequent need for doing a liver
biopsy for diagnosing the underlying CLD. Coagulopathy
being a necessary part of the definition, the trans-jugular
approach, needing expertise and adding to the cost of
care, would be necessary for obtaining the liver biopsy
in almost all who need the same. In the absence of liver
biopsy, there is a possibility that conditions such as acute
Budd-Chiari syndrome or abdominal tuberculosis with
hepatic and peritoneal involvement might be mistaken
for ACLF, though these conditions are rather uncommon.

but overlapping conditions which have similarly high
transplant-free, 28-d mortality (48.3% vs 50.7%; P =
0.22). The former group had compensated cirrhosis,
liver and coagulation failure being frequent in them,
while the latter had advanced underlying cirrhosis and
a high frequency of extra-hepatic organ failure. Thus,
conceptually, the acute precipitating events as per EASLCLIF not directly involving the liver by and large, would
need to raise the indicators of liver damage such as
bilirubin and INR to a higher level to cause a mortality
equivalent to Asian patients with ACLF. As would be
expected from these, infections are less frequent in
Asian patients with ACLF compared to their Western
[8]
counterparts . It thus becomes clear that the patients
defined by the two definitions actually differ considerably.
Further studies using the World Gastroenterology
Organization (WGO) consensus definition (see below)
would help confirm this.

PREDICTING OUTCOMES IN ACLF
The APASL consensus document stated that in the
absence of studies on prognostic parameters to further
stratify the outcome in patients with ACLF, the SOFA
[8]
score may be used . In a study from China, out of the
276 patients who met the APASL criteria, 83 (30.1%)
progressed to ACLF as per the EASL-CLIF criteria postenrollment and the mortality in them was over 50%
[20]
compared to less than 5% in the rest . When the
patients who met the APASL criteria were compared with
those who met EASL-CLIF criteria from among cirrhotics
with acute worsening, the 90-d mortality between the
two groups differed significantly (59.3% vs 13.1%
[20]
[11]
respectively) . Dhiman et al
from India found that
the short-term mortality was significantly higher in those
with ACLF than those without, if EASL-CLIF criteria were
used (47.4% vs 8.3%, respectively) but not if the APASL
definition was used (36.8% vs 38.7%, respectively).
They concluded that the former criteria were better than
the latter for defining ACLF and that the CLIF-SOFA
score, and not the Acute Physiology and Chronic Health
Evaluation Ⅱ (APACHE Ⅱ), Child-Pugh (CP) scores and
Model for end-stage liver disease (MELD) scores was a
significant independent predictor of mortality. The first
study was retrospective, and the second one included a
[22]
small number of patients. Agrawal et al showed that
simple organ failure count is better than the CANONIC
system of severity grading for predicting the in-hospital
[23]
mortality in Asian patients with ACLF. Jalan et al
added two other individual predictors of mortality, i.e.,
age and white blood cell count to the simplified organ
function scoring system (CLIF Consortium Organ Failure
score, CLIF-C OFs) to develop the CLIF Consortium
ACLF score (CLIF-C ACLFs) which was compared and
was found to have higher predictive accuracy than
MELD, MELD-Sodium (MELD-Na), and CP score. It was
subsequently validated in an external cohort and found
to perform better than the other prognostic scores for
sequential use in stratifying the mortality risk in patients

DO THE TWO DEFINITIONS IDENTIFY
THE SAME PATIENTS?
The differences in the two definitions would not matter
if they identified mostly the same patients. Data from
the literature however suggests they do not. Two
studies from Asia in patients with acute worsening of
CLD looked at how the two definitions fared in these
[20]
patients. Zhang et al found that 118 (29.9%) of their
394 patients met both the criteria for ACLF by EASL and
APASL, while 276 (70.1%) met only the APASL criteria.
[11]
On the other hand Dhiman et al found that 38 (76%)
of their 50 patients met the EASL criteria, whereas only
19 (38%) met the APASL criteria. The relative proportion
of patients with ACLF by one or the other definition may
vary from study to study depending on the background
liver disease population from which they are drawn. But
the proportions differing in the same study when the two
definitions are applied clearly shows that they identify
different patients with some overlap.
Because underlying chronic hepatitis and NASH are
considered for inclusion but previous decompensation is
not as per the APASL definition, patients meeting these
criteria clearly are in an earlier stage of CLD compared
to those meeting the EASL-CLIF criteria. This would
mean that the former would have a higher inflammatory
response from the acute event compared to the latter,
other factors being equal. This could also be the reason
why the higher thresholds for serum bilirubin and INR
[21]
come into play in the EASL-CLIF definition. Shi et al
have shown recently that ACLF precipitated by acute
hepatic injury and by extra-hepatic insults are distinct
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NEW DEFINITION - THE WORLD
GASTROENTEROLOGY ORGANIZATION
CONSENSUS

Table 4 Subtypes of acute-on-chronic liver failure as per
World Gastroenterology Organization working party
Type A ACLF - non-cirrhotic chronic liver disease with an acute flare;
often indistinguishable from acute or sub-acute liver failure
Reactivation of hepatitis B
Hepatitis A or E superimposed on chronic hepatitis B
Autoimmune hepatitis
Hepatitis E infection in patients at risk for NASH
Type B ACLF - well compensated cirrhosis with an acute insult
Type C ACLF - cirrhosis with previous hepatic decompensation

Because of the limited prospective data and of the
differing definitions offered by APASL consensus and
EASL-CLIF consortium, the WGO working party have
proposed a definition of ACLF which is primarily only
to identify patients from whom relevant data can be
collected so as to arrive at a uniform definition which
could bridge the gap between the Asia-Pacific region
[10]
and the West .
The working definition characterizes ACLF as “a
syndrome in patients with CLD with or without previously
diagnosed cirrhosis which is characterized by acute
hepatic decompensation resulting in liver failure jaundice
and prolongation of the INR and one or more extrahepatic organ failures that is associated with increased
mortality within a period of 28 d and up to 3 mo from
onset”. Thus, this definition includes patients with chronic
hepatitis, compensated cirrhosis as well as cirrhosis with
previous decompensation (Table 4). As per the CANONIC
study, the 28-d mortality was significantly lower in
patients with type C ACLF. It is hoped that future studies
will enroll patients as per this definition so that patients
falling into the different sub-categories with possible
different outcomes can be compared and more useful
data would emerge thereby.

Adapted from Jalan et al[10]. ACLF: Acute-on-chronic liver failure; NASH:
Non-alcoholic steatohepatitis.

with ACLF. Further comparative studies and extensive
research would be needed to determine the predictors
of mortality that can be applied to patients with ACLF as
defined by APASL criteria.

ARE THE DIFFERENCES REGIONSPECIFIC?
The possibility exists that the two definitions may be
region-specific because of the differences in the pattern
of the underling liver diseases and the prevalence of
acute events.
This would mean that one is best served by using the
definition applicable to one’s own region. However, some
concerns surface. One of the problems in comparing
different studies from the same region would be that
the background CLD and the acute insults may differ
[20]
between them. For example, Zhang et al
found that
CLD from chronic HBV infection constituted 52.5% of
the patients while alcohol abuse was the acute insult in
only 23.4%. Even within studies from India, the cause of
underlying CLD differed, hepatitis B infection being the
most common cause in a study from Mumbai (29.6%)
[22,24]
and alcohol, in the study from Chandigarh (66%)
.
Similarly the etiology of acute insult was also different,
acute viral hepatitis A or E being seen in 33.3% patients
in the former, while acute hepatitis E noted in 7% in the
[22,24]
latter study
.

CONCLUSION
Despite the diversity of early data on ACLF, two
consensus definitions have emerged in recent years
which appear to represent two different but overlapping
conditions. Several questions still remain to be answered
regarding which definition to use and whether there
are differences within a region based on the pattern
of patients seen in each. Now that a third important
definition has emerged, that proposed by the WGO, it is
likely that relevant data collected will help clarify many of
these issues so as to further improve the management
of patients with ACLF ultimately contributing to improved
outcomes in these patients.
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Microwave ablation of hepatocellular carcinoma
Guido Poggi, Nevio Tosoratti, Benedetta Montagna, Chiara Picchi
thermal ablation techniques provide a valid nonsurgical treatment alternative, thanks to their minimal
invasiveness, excellent tolerability and safety profile,
proven efficacy in local disease control, virtually
unlimited repeatability and cost-effectiveness. Different
energy sources are currently employed in clinics as
physical agents for percutaneous or intra-surgical
thermal ablation of HCC nodules. Among them, radio
frequency (RF) currents are the most used, while
microwave ablations (MWA) are becoming increasingly
popular. Starting from the 90s’, RF ablation (RFA) rapidly
became the standard of care in ablation, especially in
the treatment of small HCC nodules; however, RFA
exhibits substantial performance limitations in the
treatment of large lesions and/or tumors located near
major heat sinks. MWA, first introduced in the Far
Eastern clinical practice in the 80s’, showing promising
results but also severe limitations in the controllability
of the emitted field and in the high amount of power
employed for the ablation of large tumors, resulting
in a poor coagulative performance and a relatively
high complication rate, nowadays shows better results
both in terms of treatment controllability and of overall
coagulative performance, thanks to the improvement
of technology. In this review we provide an extensive
and detailed overview of the key physical and technical
aspects of MWA and of the currently available systems,
and we want to discuss the most relevant published data
on MWA treatments of HCC nodules in regard to clinical
results and to the type and rate of complications, both in
absolute terms and in comparison with RFA.
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Abstract

Core tip: In clinical practice there is an increasing
interest in the use of microwave radiations as ablative
technique for the treatment of small and intermediate
hepatocellular carcinoma nodules. No literature data are

Although surgical resection is still the optimal treat
ment option for early-stage hepatocellular carcinoma
(HCC) in patients with well compensated cirrhosis,
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tumors, resulting in a poor coagulative performance
[16]
and a relatively high complication rate . Starting from
the 90s’, several RFA systems were developed in the
United States and in Europe, showing safe, effective and
[17-19]
repeatable coagulative performance
. RFA rapidly
became the gold standard in ablation, especially in the
treatment of small HCC nodules, at first flanking and
eventually replacing percutaneous ethanol injection
[10]
(PEI) treatments . However, RFA exhibits substantial
performance limitations in the treatment of large lesions
[20,21]
and/or tumors located near major heat sinks
: Over
the last 5 years, these limitations have been effectively
tackled by second and third generation MWA systems,
with considerably enhanced characteristics both in terms
of treatment controllability and of overall coagulative
[22-25]
performance
.
The purpose of this review is: (1) to provide a brief
overview of the key physical and technical aspects of
MWA and of the currently available systems; and (2)
to gather and discuss the most relevant published data
on MWA treatments of HCC nodules in regard to clinical
results and to the type and rate of complications, both
in absolute terms and in comparison with RFA.

already available about a direct comparison between
radiofrequency ablation and microwave ablation; in this
review we provide an extensive and detailed overview
on the technical and engineering aspects of microwave
devices, and we critically expose the most relevant
clinical data about the experience in microwave ablation,
also by making a comparison with radiofrequency
ablation.
Poggi G, Tosoratti N, Montagna B, Picchi C. Microwave
ablation of hepatocellular carcinoma. World J Hepatol 2015;
7(25): 2578-2589 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i25/2578.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i25.2578

INTRODUCTION
The purpose of thermal ablative treatments is to destroy
solid tumors by raising their temperature above a lethal
threshold (60 ℃ for instantaneous coagulative necrosis,
[1]
50 ℃ for prolonged exposure to heat) through direct
energy deposition, which eventually turns into heat
within a limited and controlled range of action. Interstitial
thermal ablation is currently used for the treatment
[2]
[3]
of a large variety of tumors, including liver , lung ,
[4]
[5]
[6]
[7]
kidney , bone , thyroid and breast malignancies .
Despite the constantly increasing use of thermal
[8]
ablation in extra-hepatic applications , the treatment
of hepatocellular carcinoma (HCC) nodules remains
its most common clinical target. Resection is still the
favored treatment option for early-stage HCC in patients
with well compensated cirrhosis, but thermal ablation
techniques provide a valid non-surgical treatment alter
native, thanks to their minimal invasiveness, excellent
tolerability and safety profile, proven efficacy in local
disease control, virtually unlimited repeatability and cost[9,10]
effectiveness
.
Different energy sources are currently employed
in clinics as physical agents for percutaneous or intrasurgical thermal ablation of HCC nodules. Among them,
radiofrequency (RF) currents (i.e., alternating electric
currents in the 400-500 kHz frequency range) are
[11]
the most used , while microwave (MW) radiations
(i.e., non ionizing electromagnetic fields in the 1 GHz
[12]
frequency range) are becoming increasingly popular .
Other thermal ablation agents - such as laser radiations
[13]
and high intensity focused ultrasound beams
- are
also employed, but apparently provide less flexibility
of use and a globally inferior performance in terms of
maximum ablation volume attainable per probe and/or
per treatment time unit compared to RF ablation (RFA)
[14]
and to MW ablation (MWA) .
MWA was initially introduced in the Far Eastern
[15]
clinical practice in the 80s’ and 90s’ , showing pro
mising potential but also severe limitations in the
controllability of the emitted field and in the high
amount of power employed for the ablation of large

WJH|www.wjgnet.com

TECHNIQUE
Physical differences between RFA and MWA

RF heating relies on the ohmic dissipation effects related
with the circulation of alternating electric currents
within target tissues. RF effectiveness depends on the
electrical conductivity of the treated tissues, which, in
[26]
turn, is strongly correlated with their water content .
Dehydration and subsequent carbonisation of tissues
occurring at temperatures above 100 ℃ is, therefore,
[27]
an intrinsic barrier to further RF heating . This upper
temperature threshold in the active heating zone
(i.e., the inner treatment region, where heating is
mainly due to absorption and dissipation of the energy
delivered by the ablation probe) limits and slows down
also the indirect peripheral heating (i.e., the passive
heat transfer by mere thermal conduction from the
active zone outwards), accounting for the limited
coagulative performance of a single probe, the poor
response of tissues with low electric conductivity and
the high sensitivity to heat sinking effects typical of
[28]
RFA . These limitations are overcome altogether when
moving from an ohmic (i.e., based on electric power
dissipation within a conductive medium) to a dielectric
(i.e., not requiring electric currents circulation) heating
[29]
modality, as in MWA . Electromagnetic radiation at
industrial, scientific and medical (ISM) frequencies
(i.e., portions of the electromagnetic spectrum left
open for applications in the Industrial, Scientific and
Medical fields, in the neighbourhood of 900 MHz, 2.4
GHz and 5.8 GHz, respectively) propagating through a
biologic tissue induces a fast switching rotation of the
electric dipoles at the atomic or molecular level. Such
microscopic charge displacement - not generating any
macroscopic electric current - is countered by inter-
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to give different responses to the same thermal treat
ment, as shrinkage phenomena would not affect the final
ablation volume and aspect ratio in the same fashion.
This adds to the well-known oven effect, i.e., the higher
energy deposition and enhanced heating observed
[38,39]
within (pseudo-) capsuled nodules
, in accounting
for different technical and clinical outcome generally
observed for the thermal treatments of HCC nodules and
of hepatic metastases (typically non capsuled and not on
a cirrhotic background), beyond the obvious differences
in histology, morphology and vascularization.
All antennas are bipolar by definition: Therefore,
MWA differs from monopolar RFA treatments also for
the absence of neutral electrodes applied to the patient,
intrinsically ruling out the risk of skin burns at the
[40]
grounding pads site . Moreover, a MW field at ISM
frequencies in the 30-100 W power range propagating
across a biological tissue is almost completely absorbed
within just a few centimetres. Therefore, long-range non
thermal effects induced by MWA probes are excluded
and, unlike with RFA, patients with pacemakers or
[41]
metallic prosthesis are not at risk .

Figure 1 Contrast-enhanced computed tomography scan shows, in the
region surrounding what was the probe active tip position during the
ablation (white arrow), an inner hyper-dense core contrasting with an
outer thicker and hypo-dense annulus.
[30]

dipolar interactions, producing frictional heat . The
dielectric heating mechanism is particularly effective in
polar (i.e., featuring an intrinsic dipolar momentum)
molecules, such as water. Therefore, tissues rich in water
content are effectively heated by MWs, while tissues
poor in water content (which would hinder RF currents
circulation) absorb a smaller fraction of the applied MW
field energy, allowing further propagation to the next
[31]
tissue layer . Tissue carbonisation is not, therefore, an
insurmountable barrier to the MW heating process, and
temperatures far higher than 100 ℃ may be reached
within the target tumor, allowing enhanced active and
passive tissue heating, larger coagulation zones and
[32,33]
more effective rejection of heat sinking effects
. When
high power MWA treatments are performed, several
qualitative and quantitative differences are observed
in terms of RFA: (1) the hyper-echogenic spot around
the probe-active tip detectable on ultrasound-scanning
during a thermal ablation procedure forms and expands
at a much higher rate, providing a visual feedback of the
ongoing vaporization process; (2) post-MWA follow-up
scans [either computed tomography (CT) or magnetic
resonance imaging (MRI)] usually show, in the region
surrounding what was the probe active tip position during
the ablation, an inner hyper-dense core contrasting with
an outer thicker and hypo-dense annulus, the former
being charred tissue (not present on RFA) and the latter
being the coagulated but not carbonized zone typical of
any thermal ablation modality (Figures 1 and 2); and
(3) due to massive water evaporation, MWA treatments
induce substantial contraction in target tissues (30%-70%
in volume, according to several ex-vivo and in vivo
[34-36]
experimental observations
), far more than their RFA
[37]
counterparts . If the appropriate shrinkage correction
factor is used for accurately calculating the actual ablation
volume, the coagulative performance gap between MWA
and RFA widens further. Since the amount of tissue
contraction relates with the initial water content of the
target tissues, one may expect liver tumors of equal size
and location, but featuring a different water content (e.g.,
due to the absence or presence and degree of cirrhosis),
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Key components of a MWA system and current
implementations

A MWA system typically comprises: (1) a programmable
energy source, designed to generate the power required
[42,43]
and monitor energy delivery to the patient
; (2) an
interstitial antenna, usually a semi-rigid coaxial cable
emitting MW radiations from its exposed - i.e., uncovered
by the outer conductor - distal end, embedded into a
needle-like device; and (3) a power transmission line
linking the energy source output ports to the antennas:
indeed, MWA allows simultaneous multi-probe operation,
either in phased-array mode (i.e., exploiting synchronized
field emissions in order to obtain the desired interfere
nce patterns in the individual radiation diagrams) or
asynchronously - with still substantial thermal synergy obtaining in both cases remarkably increased and more
spherical ablation volumes compared to sequential,
[44,45]
contiguous, single-probe ablations
. On the contrary,
RFA allows only switched (i.e., sequential, unparalleled)
multi-probe operation due to potential cross-electrode
interference, with sensibly/considerably reduced syner
[46]
gistic performance . The MW generator consists of an
oscillator working at the selected frequency of operation
- either 915 MHz or 2.45 GHz in commercially available
systems - and an amplifier - ranging between 40 W
and 190 W output power in current systems - either
magnetron-based (i.e., resonating cavities built out of
high-powered vacuum tubes, very much like commercial
MW ovens) or in solid state (i.e., transistor-based)
technology. Magnetrons are less expensive but are
considerably heavier (up to 3-5 times) and bulkier (up to
4-5 times in volume) than their solid state counterparts.
The frequency of operation affects the antenna design
and the type of interaction between the electromagnetic
field with biological tissues: The higher the frequency,
the shorter the corresponding radiation wavelength and
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Figure 2 Time-lapse of ultrasound-guided percutaneous microwave ablation of medium-sized hepatocellular carcinoma of the right lobe. A: Ultrasound
evaluation before ablation; B: Needle insertion; C: Hyperechoic boiling effect in the ablation area during the procedure; D: One month later ultrasound evaluation: The
inner hyperechoic track corresponds to the position of the active probe.

the key lengths in the antenna geometry, the smaller the
field penetration into the target tissues, and the higher
[47]
the MW energy absorption rate by water molecules .
The selection of the operating frequency is, therefore,
a trade-off between conflicting requirements, which
accounts for the almost identical number of commercially
available MWA systems operating in the 915 MHz and
[48]
in the 2.45 GHz frequency bands. Hoffmann et al
shows a thorough ex-vivo comparison of 4 different MWA
systems, 2 operating at 915 MHz and 2 at 2.45 GHz,
suggesting that the latest generation of internally cooled
high power 2.45 GHz systems provides an overall higher
performance compared to earlier low power 915 MHz
systems (either in single or multi-probe configuration,
cooled or not cooled) as for ablation volume, transversal
diameter (i.e., the coagulation size perpendicular to the
antenna) and sphericity (i.e., the linear or quadratic ratio
between the radial and longitudinal axis of the ablation
[49]
zone). However, the preliminary experience of Liu et al
in the treatment of large HCC nodules (> 4 cm) with
both high power, internally cooled 915 MHz antennas (21
patients) and with equivalent 2.45 GHz antennas (19
patients) showed that the former were able to achieve
a lower local tumor progression rate (14.3% vs 26.3%)
with fewer probe insertions (3.69 ± 0.6 vs 4.71 ± 1.61).
[50]
Simo et al
came to opposite conclusions upon a
series of 48 patients with 124 hepatic tumors, out of
which 72 were treated with a 915 MHz system (average
nodule size: 1.7 ± 0.1 cm) and 52 with a 2.45 GHz
system (average nodule size: 2.5 ± 0.2 cm): The 2.45
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GHz system achieved equivalent, but more predictable
and faster ablations using a single antenna.
Internally cooled MWA probes seem to provide large,
more spherical and more consistent ablations over their
[51]
not cooled counterparts . MW power dissipation along
the coaxial cable feeding the distal antenna active tip is
very high (up to 15%-30% per meter length at room
temperature for operating frequencies around 1 GHz,
in cables of approximately 1-mm outer diameter) and
puts the probe at severe risk of shaft overheating. Either
lowering the radiated power or pulsing MW energy
delivery to prevent this risk has proven to excessively
reduce the probe performance in terms of the maximum
ablation zone achievable and/or the overall treatment
duration. Newer generations of MWA probes feature
[51]
[52]
either water
or gas
cooling within the applicator
shaft, allowing very high power treatments (even up
to 100 W radiated power) and large ablations (up to 5
cm perpendicular to the probe in 10 min, with a single
antenna, in ex-vivo bovine liver), while not enlarging the
probe size (still in the 13 G-17 G range).
The high power attenuation rate also affects the
coaxial cables used for transferring MW energy from the
generator output port to the interstitial antenna. Low
[42]
attenuation cables are generally thicker and heavier :
For a reasonable trade-off/compromise between ergono
mics and power handling, most MWA manufacturers
opt for relatively short (1.5 to 2.5 m) and fairly flexible
coaxial cables, exhibiting an overall insertion loss in the
1.5-3.0 dB range (= 30%-50% loss). When setting the
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working parameters for a MWA procedure, the majority
of currently available systems refer to the nominal MW
power at the generator output port. However, the only
clinically relevant quantity is the power irradiated into
the target tissues, which is significantly lower than the
nominal power, and generally differs from system to
system even for equal nominal power levels.
Early MWA technologies suffered from the poor
predictability of the radiated field pattern and from
uncontrolled back-heating effects (often referred to in
[53,54]
literature as “comet effect”
) due to the reflected
waves (i.e., MW radiations not absorbed by the target
tissues and back-propagating along the probe shaft outer
walls) generated by the inevitable impedance mismatches
between the antenna and the tissues. On the one hand,
this caused unwanted, deep cauterisation of tissues along
the probe shaft, increasing the risk of complications; on
the other hand, it reduced the antenna efficiency, dis
persing the MW field longitudinally rather than focussing
it on the probe distal end. Newer MWA probes have
solved this major performance issue, finally enabling a
safe delivery of large, spherical and controllable ablations,
through a number of design variants, such as mono
pole or dipole antennas featuring a miniaturized choke
(i.e., an impedance transformer superimposed to the
coaxial antenna, which traps reflected waves through a
[55,56]
destructive interference pattern)
, or triaxial antennas
(i.e., with the main coaxial line encompassed by an outer
[57]
coaxial line, serving for reflected waves absorption) .
Whichever the antenna design, MWA probes are
intrinsically less mechanically robust than RFA electrodes.
The latter are monolithic metal tubes, either loaded with
multi-tines or with a sharp metal penetration tip integral
with the electrode shaft; the former necessarily exhibits
a transition from a metallic to a non-metallic (typically,
plastic or ceramic) material around the antenna emitting
tip. Mechanic breakings of this junction have been
reported, especially when targeting hard cirrhotic livers
or when hitting the ribs, although recent advancements
in the material selection and assembly have substantially
mitigated this risk.
Unlike pronged RFA electrodes, straight RFA and
MWA applicators are potentially prone to migration
from their target. MWA probes exhibit an even higher
risk of displacement, due to the heavier and more rigid
extension cables. This problem is partly alleviated - only
during the probe insertion manoeuvre, but not during
the ablation treatment itself - when cryogenic cooling
is used, which causes and fixes an ice-ball at the probe
[58]
tip .
Ultimately, it is worth noting that currently available
MWA systems exhibit a great variability in key technical
features (antenna design, frequency of operation, use
of single or multiple probes, energy delivery algorithms,
maximum deliverable power, etc.), offering a wider
and more heterogeneous technological landscape than
RFA, which further contributes to the complexity of an
exhaustive and conclusive evaluation of MWA in the
interventional oncology scenario, beyond the still limited
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clinical experience.

CLINICAL APPLICATION IN HCC
Local ablation is considered the first-line treatment
option for patients with early-stage HCC, not suitable
[59]
for surgical therapy . For many years, PEI has been
the main technique for percutaneous treatment of HCC.
However, PEI is occasionally ineffective when there
is intra- or extra-capsular invasion, as fibrotic tissues
[60]
hinder ethanol diffusion ; moreover, the effectiveness
of PEI is rapidly impaired with increasing nodule size.
Thermal ablative techniques - including RFA, MWA and
laser ablation - have shown higher efficacy compared to
PEI in the loco-regional treatment of HCC, leading to a
better disease control and a survival benefit for lesions
[61-65]
larger than 20 mm
. RFA is currently the most
popular and widely used thermal ablation modality: It
provides a reasonable compromise between a number of
highly heterogeneous and often conflicting requirements,
such as safety, tolerability, efficacy, ease of use and
cost-effectiveness. RFA has proven to be particularly
effective for HCC lesions smaller than 3 cm, with the
best reported rate of complete necrosis approaching
99% of treated lesions, offering a 5-year overall survival
[66]
(OS) of around 40% . However, despite the high
percentage of necrosis reported by various authors,
the recurrence rate is highly variable, from 2% to
[67,68]
39%, depending on the technique used
. The main
limitations of RFA are related to poor energy propagation
into tissues with high electric and thermal impedance,
to the intrinsic 100 ℃ upper temperature threshold
that prevents tissue charring, and to the relatively slow
tissue heating mechanism that leads to tissue sensitivity
to convective heat sinking effects induced by blood or
bile circulation in proximity of the ablation target. MWA
overcomes all these limitations, due to its dielectric
(i.e., not related to electric currents circulation) heating
mechanism rather than the ohmic (i.e., based on electric
power dissipation within a conductive medium) modality
typical of RFA. However, higher heating velocity and
efficacy are achieved through a somewhat increased
technological complexity and costs compared to RFA,
both for generating the required amount of energy and
monitoring energy delivery to tissues, and for designing
and manufacturing safe, effective and minimally invasive
disposable probes suitable for percutaneous use.
Early MWA systems suffered from several technical
problems, ranging from inadequate power handling
to exceeding probe gauge, poor predictability of the
radiated field pattern and uncontrolled back-heating
effects. MWA was first used clinically in the Far East.
[69]
Lu et al
in 2001 reported their results in 107 HCCs
ranging in size from 0.8 to 6.4 cm (mean: 2.7 ± 1.5
cm), treated with MWA using a single antenna insertion
in 46 nodules ≤ 2 cm, or multiple antennae insertions
in 61 nodules > 2 cm. Technical success was achieved
in 98% of tumors ≤ 2 cm and in 92% of nodules > 2
cm, while local recurrence was found in 2% of nodules
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disease: they reported a local recurrence at the ablation
site in 2.7% of tumors, and an OS rate for all tumor
types of 47%, and for HCC of 74% at 19 mo. More
[74]
recently Qian et al
compared the performance of
MWA using a cooled-shaft antenna to the performance
of RFA with a cooled electrode both in vivo porcine liver
tissues and in patients with small HCCs (diameter range:
1.2-3.0 cm). They used a 2450 MHz MW generator
(MTC-3) connected to a 14-gauge cooled-shaft antenna
with a power output of 100 W (Qinghai Microwave
Electronic Institute, Nanjing, China) and a Cool-tip™ RF
ablation system (Valleylab, Boulder, CO, United States)
connected to a 17-gauge internally cooled needle
electrode with a maximum power output of 200 W. In
an in vivo animal study a single MW ablation induced
a significantly increased ablation volume compared
3
to single RF ablation (33.3 ± 15.6 cm vs 18.9 ± 9.1
3
cm , P < 0.001). Similarly, in clinical study the ablation
volume of MW ablation, shown on contrast enhanced CT
or MRI, was significantly larger than that of RF ablation
3
3
(109.3 ± 58.3 cm vs 48.7 ± 30.5 cm , P < 0.001). The
most interesting finding of the study is that all 3 axes
of the ablation volume obtained by MWA were greater
than those of RFA, confirming that the technological
evolution of MW devices obtains more spherical ablation
[23]
areas. Poggi et al
reported their preliminary results
on the feasibility and efficacy of thermal ablation of HCC
using a new 2.45 MHz microwave generator delivering
energy of 40-100 W through a 14- or 16-G internally
cooled, coaxial antenna featuring a miniaturized quarterwave impedance transformer (mini-choke) for reflected
wave confinement (AMICA-GEM, HS Hospital Service
SpA, Aprilia, Italy). Complete ablation was achieved in
183 lesions (94.3%), after a mean of 1.03 percutaneous
MWA sessions. To estimate the amplitude of the ablation
zone obtained with MWA, the authors calculated the
difference between the volume of the ablation zone
and the baseline volume of each treated lesion: This
difference was called Δ volume. To assess how the
ablated area was similar to a spherical shape, they
calculated the greater and the smaller diameter ratio.
For small HCCs they obtained a median Δ volume of
3
11.2 cm , representing an increase of almost 100% of
the volume of a 3 cm diameter lesion and they achieved
nearly spherical ablations areas with a mean diameter
ratio of 1.1. Using the same MWA device Di Vece et
[75]
al
compared the ablation area produced by a single
application of MWA with that produced by an internally
cooled RFA system in 40 patients with both primary
and secondary inoperable liver tumors. They found that
long- and short-axis diameters of the ablation areas
produced by MWA were significantly greater than those
produced by RFA: 48.5 ± 6.7 mm vs 30.9 ± 1.1 mm (P
< 0.0001) and 38.5 ± 4.6 mm vs 26.8 ± 2.9 mm (P <
0.0001), respectively. The results of clinical trials with
new generation MW ablation devices seem to confirm
the expectations of larger and faster ablation volumes
with microwave compared to radiofrequency. Yet it is
particularly difficult to compare the different technologies

≤ 2 cm and in 8% of nodules > 2 cm after a follow[70]

up of only 9 mo. Dong et al
reported the long-term
results of 339 HCC nodules of a mean tumor size of
4.1 ± 1.9 cm treated with MWA. After a mean followup period of 27.9 mo, the 1-, 3- and 5-year cumulative
survival rates were 92.70%, 72.85%, and 56.70%,
respectively. Even if obtained using first generation,
non-optimized MWA systems, these results showed
similar effectiveness and survival in the treatment of
[71]
small HCC nodules compared to RFA. Shibata et al
in 2002 published a study comparing percutaneous
RFA with percutaneous MWA. Using a first generation
microwave device capable of obtaining a necrotic area
of 24 mm × 16 mm for single needle insertion, the
authors showed no statistically significant differences in
the rate of complete ablations between patients treated
with MWA and patients treated with a latest generation
radiofrequency device, while the number of treatment
sessions was significantly lower in the RF ablation group.
Moreover the study showed no significant difference in
the local recurrence rate between the 2 groups even if
RF ablation group recurrence rate at 1 and 2 years was
4% and 10%, respectively, while 12% and 24% in the
MWA group; the absence of statistical significance might
have been due merely to the small number of patients
treated.
[72]
In 2005, Lu et al
reported the results of a
retrospective study comparing percutaneous MWA with
RFA. The mean diameter of HCC nodules was 2.5 ± 1.2
cm in MWA group and 2.6 ± 1.2 cm in RFA group. They
used a 2.45 GHz microwave generator connected to a
14-gauge electrode with a power output of 10-80 W.
A single insertion was applied for tumors of < 2.0 cm
diameter, while for > 2.0 cm tumors multiple insertions
were employed. RFA was performed by using a 290
KHz-RF generator with a maximum power output of
200 Watts. Complete ablation rates were 98.6% in <
3.0 cm tumors and 83.3% in > 3.0 cm tumors in the
MWA group and 98% and 81% in the RFA group: the
differences between the 2 groups were not statistically
significant. Moreover, they found a non-significant
difference in local recurrence of 11.8% for MWA com
pared to 20.9% for RFA. Complications and longterm survivals were also equivalent in the 2 groups.
[16]
In opposition to these data, Ohmoto et al
published
a retrospective study comparing RFA with MWA: RFA
resulted more useful for the treatment of small HCCs,
obtaining a lower local recurrence rate and a higher
survival rate compared with MWA.
More recent studies with newer microwave system
have confirmed the efficacy of MWA in the treatment
[73]
of HCC. Iannitti et al
published the data from the
first clinical trial in the United States using MWA and a
915 MHz generator. The mean single antenna ablation
volumes obtained were 10.0 mL (range 7.8-14.0 mL),
and clustered antennae ablation volumes were 50.5 mL
(range 21.1-146.5 mL). They treated 87 patients (45%
ablations were performed open, 7% laparoscopically,
and 48% percutaneously) with both HCC and metastatic
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available, due to the availability of many different MW
devices, the constant and rapid technological upgrade
and the lack of clinical outcome standardization. In this
[76]
regard, in a recently published review North et al
stated that currently the most powerful prognostic
factor for ablation success that can be converted into
improved progression-free survival remains the comple
teness of the initial ablation. However, standards of
optimal MWA have not been defined yet. The authors
selected 18 clinical studies, published between 2007
and 2013, on MWA of primary and secondary hepatic
tumors with a sample size of at least 20 patients and a
follow-up period of at least 6 mo. For each study they
evaluated the proposed definitions for the effectiveness
of the procedure, local recurrence, distant recurrence,
morbidity, mortality and OS. Ablation success turned out
to be the highest quality reporting standard while local
recurrence remained highly variable, without a clearly
defined distance from the initial target ablated lesion.
Given that nine microwave systems are currently
available on the market with differences in the frequency
used, the power supplied, the diameter of the probe, the
availability of a probe-cooling system or a miniaturized
[77]
device to decrease MW reflection , standardization of
clinical criteria for reporting MWA outcomes is pivotal to
compare the different methods.
The upgrade of MW devices enabled the new frontier
of percutaneous thermal ablation to treat medium and
large HCCs. Preclinical data support this hypothesis.
[57]
[78]
Brace et al
and Strickland et al
obtained, in an
in vivo porcine liver model, ablation zones with mean
diameters up to 6.5 cm and ranging from 3 to 6 cm
respectively. Early clinical trials also reported promising
results of MWA in treating hepatic tumors > 3 cm. Yin
[79]
et al
treated with percutaneous RFA or MWA 109
patients with HCCs measuring between 3.0 cm and 7.0
cm. They reported a complete ablation of 92.6%, a local
recurrence in 22% of patients and a 3-year survival rate
of 30.9% and they found no significant difference in the
complete ablation rate between RFA and MWA. Kuang et
[80]
al reported a complete ablation rate of 91% of tumour
[23]
measuring 3-5 cm. Likewise Poggi et al obtained 90%
of complete ablation in 49 HCC measuring 3.1-5.0 cm.
[81]
More recently Sun et al reported retrospective data of
patients with a single medium-sized HCC who underwent
percutaneous MWA. The OS rates were 89%, 74%, 60%
while cumulative recurrence-free survival was 51%, 36%
and 27% at 1, 2, and 3 years respectively. Patient age
and tumor diameter were independent factors associated
with local tumor recurrence while serum albumin level
and the appearance of a new lesion were independently
associated with OS. Therefore, despite the high
percentage of complete ablation reported, the recurrence
rate for HCCs larger than 3 cm is still quite high and is
often directly related with the size of the lesion. To date
few studies have evaluated the role of TACE combined
with MWA in the treatment of medium and large HCC.
TACE can reduce blood flow, creates ischemia, increases
the chemotherapeutic agent local effect on tumor
cells and increases the sensitivity of neoplastic cells to
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hyperthermia, resulting in synergy with the thermal
[82]
ablation effect. Liu et al
compared TACE followed by
MWA and TACE alone in 34 consecutive patients with
large unresectable HCC (> 5 cm). They found that the
mean survival rates were significantly higher in the
former than in the latter group of patients (11.6 mo vs 6.1
[83]
mo). Poggi et al reported their preliminary results on
feasibility and effectiveness of the combination of MWA
and TACE in 36 unresectable HCCs > 3 cm (size 3-11
cm, mean 4.78 cm), achieving a technique effectiveness
in 83.3% of the lesions. Complete ablation was obtained
in 100% of intermediate-sized HCCs. Local tumor
progression was found in 3 lesions (8%) 9 mo after the
procedures.
MWA is also performed through a laparoscopic
approach. Hepatic lesions close to the gastrointestinal
tract, gallbladder and bile ducts can be safely treated
in this way. Laparoscopic MWA can also be a viable
therapeutic option for patients unsuitable for hepatic
resection due to impaired liver function or concurrent
[84]
comorbidities. In a prospective cohort study, Cillo et al
treated 50 HCC in 42 patient with laparoscopic MWA.
They obtained a complete ablation rate of 100% in < 3.0
cm tumors and of 80% in > 3.0 cm tumors. The twoyear survival rate was 81% and the two-year recurrence
rate was 55% with no peri-operative mortality and a
median post-operative hospital stay of three days. Cillo
[85]
et al
have recently described an innovative use of
laparoscopic MWA in 2 patients affected by multiple liver
metastases and a large HCC, respectively. The Authors
developed a novel variation to the staged hepatectomy
in which laparoscopic portal vein ligation was associated
to laparoscopic MWA on the future hepatic transection
plane. This modified procedure allows a complete
hypertrophy of the non-occluded future liver remnant
preventing the development of interlobar portoportal
[85,86]
shunts that impair the remnant liver hypertrophy
.
Image-guided tumor ablation can also have a role in
HCC “bridge” to orthotopic liver transplantation (OLT),
reducing the risk of list drop-out and in HCC “downstaging” to fit patients into OLT criteria. Particularly,
[87]
Zanus et al
reported that out of 6 cases of HCC
patients which underwent laparoscopic MWA before OLT,
4 had received it as a bridge to OLT to prevent neoplastic
disease diffusion, and 2 as HCC down-staging to fit into
OLT criteria. In all 6 cases no peritoneal or nodal HCC
macroscopic and microscopic diffusion was observed
intraoperatively at the time of laparotomy for OLT.
[88]
Gringeri et al reported 1 case of laparoscopic MWA of
a single small HCC on liver graft. A complete ablation of
the tumor was achieved and after 24 mo the patient was
still free from local or distant recurrence, showing that
MWA can be safely and effectively applied to treat HCC
in liver transplant recipients.

COMPLICATIONS
According to the standardization of terminology and
reporting criteria for image-guided tumor ablation by
[77]
Goldberg et al , a major complication is an event that
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Table 1 Major complications of microwave ablation in literature n (%)
Liang et al
Major complications
Intra-peritoneal bleeding
Portal vein thrombosis
Bile leakage
Biloma
Bile duct injury
Obstructive jaundice
Liver disfunction
Liver abscess
Gastrointestinal perforation
Haemothorax
Intractable pleural effusion
Right diaphragmatic hernia
Pneumothorax
Tumor seeding

[91]

2.6%
1 (0.03)
NA
NA
1 (3)
1 (3)
NA
NA
4 (13)
2 (7)
NA
NA
NA
NA
5 (16)

Bertot et al

[90]

4.6%
NA
NA
NA

Livraghi et al
2.9%
2 (0.3)
NA
NA
NA
1 (0.1)
1 (0.1)
3 (0.4)
1 (0.1)
2 (0.3)
1 (0.1)
3 (0.4)
NA
1 (0.1)
1 (0.1)

NA
NA
NA
NA
NA
NA
NA
NA

[92]

Ding et al

[89]

3.1%
2 (0.31)
0.15 (1/654)
2 (0.31)
1 (0.15)
1 (0.15)
NA
4 (0.61)
1 (0.15)
NA
1 (0.15)
5 (0.76)
2 (0.31)
NA
NA

Ding et al

[89]

Lahat et al

2.7%
NA
NA
NA

4.6%
NA
NA
NA

2 (2)
NA
NA
NA
1 (0.8)
1 (0.8)
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

[93]

NA: Data not available.

leads to substantial morbidity and disability, increasing
the level of care, or results in hospital admission or
substantially lengthened hospital stay. All other events
are considered minor complications.
As stated by literature data, no statistically significant
difference in mortality rates, neither major nor minor
[89]
complications between the RFA and MWA is detected ;
in particularly, microwave ablation-associated mortality
ranges from 0% to 0.36%, showing that it can be
considered a safe technique for the treatment of liver
[90-93]
tumors
. With respect to major complications, data
from meta-analysis of comparative studies between
RFA and MWA shows that there are not significant
differences between the 2 ablative techniques. However,
it should be pointed out that there are still few studies
focused on a large number of patients, and data are
collected both from randomized and observational
studies: These bias are still too strong to making a solid
[77]
conclusion .
Major complications can be divided in vascular,
biliary, mechanical, infectious and functional.
Vascular complication includes bleeding and throm
bosis; bleeding complications (intra-peritoneal bleeding,
intra-hepatic haematomas) are mainly due to injury
of blood vessels during ablation caused by mechanical
trauma with the needle or by of an indirect thermal
damage by tissue coagulation and necrosis. To avoid
these complications, patients with severe coagulation
dysfunctions should not be treated. Moreover, the
complete cauterization of the needle track can reduce the
risk of major bleeding.
Portal thrombosis that can lead to portal hypertension
and liver failure, can occur when the ablated area is
close to the portal vein, where blood flow is often already
slow due to cirrhotic disease: this condition reduces the
“heat-sink” effect that normally protects the vessel wall,
through the cooling property of the blood flow.
Bile duct injuries, as bile leakage, biloma formation
and obstructive jaundice, mostly occur while treating
lesions adjacent to the bile ducts. While bile leakage

WJH|www.wjgnet.com

is often transient, biloma has a high risk of secondary
infection, and it should be promptly treated with catheter
drainage and antibiotics. Obstructive jaundice can be
caused by biliary injury at the porta hepatis and should
be treated with stent placement.
Perforation of the gastrointestinal wall related to
thermal injury can occur while treating lesions adjacent
to a gastrointestinal lumen (i.e., subcapsular lesions
or nodules of the left lobe), more frequently with a
percutaneous approach in patients with a history of
abdominal surgery, intestinal adhesions and anatomical
variations.
MWA of lesions adjacent to diaphragm can cause
thermal damage, resulting in pleural effusion or, rarely, in
diaphragmatic hernia. Moreover, through a percutaneous
intercostal approach, the damage to the intercostal or
diaphragmatic vessels during needle insertion could
cause haemothorax.
Liver abscess is uncommon, but it can occur in highrisk patients, such as patients with diabetes, post-biliaryenteric anastomosis, duodenal sphincterotomy and
biliary stent placement. In these categories of patients,
a prophylactic antibiotic therapy should be considered to
prevent infections.
Tumor seeding can occur when the lesion is near
the liver surface, more often when a diagnostic biopsy
is performed before the ablation. A complete needle
track ablation with cauterization when the antenna is
withdrawn may prevent tumor implantation.
Liver failure is more common after the ablation
treatment of patients with Child-Pugh Score of B or
above, and with multiple lesions.
Table 1 summarizes data of these complications
found in literature.
Minor complications include asymptomatic pleural
effusion not requiring drainage, liver decompensation
requiring only home therapy, subcapsular hematoma,
skin burns, slight thickening of the gallbladder wall,
asymptomatic portal thrombosis, hemobilia, arterialportal shunt. Periprocedural pain and fever are con
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sidered symptoms of post-ablation syndrome, and are
related to the side of lesion (subcapsular or peri-hilar)
and the amount of tissue necrosis.
To reduce the percentage of major complications, the
selection of patients and the choice of either percutaneous
or surgical approach are fundamental; high-risk patients
for infections, coagulation disorders, previous abdominal
surgery should be evaluated to establish the right costbenefit rate of the procedure. Gastrointestinal perforation
or thermal biliary injury should be avoided with the use
of thermocouples to check the temperature, as to timely
interrupt the procedure. Finally, the learning curve of
the physicians and the improvement of MW antenna
technology have considerably reduced complications due
to thermal damage.
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CONCLUSION
In conclusion, the recent improvement in ablation
microwave technology has significantly improved clinical
efficacy of this treatment. The devices of the latest
generation allow to obtain faster and larger ablation
areas than RFA. However, large-scale randomized
prospective clinical trials comparing MWA and RFA are
needed to determine the future clinical role of MWA.
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TOPIC HIGHLIGHT
2015 Advances in Hepatitis C virus

Ribavirin contributes to eradicate hepatitis C virus through
polarization of T helper 1/2 cell balance into T helper 1
dominance
Katsuhisa Nakatsuka, Masanori Atsukawa, Masumi Shimizu, Hidemi Takahashi, Chiaki Kawamoto
immunomodulatory and antiviral agent and its clinical
significance in the future treatment of patients with
hepatitis C virus (HCV) infection are reviewed. RBV
up-regulates type 1 and/or 2 cytokines to modulate
the T helper (Th) 1/2 cell balance to Th1 dominance.
Examination of co-stimulatory signaling indicated that
RBV down-modulates inducible co-stimulator on Th
cells, which contributes to differentiating naïve Th
cells into Th2 cells while reducing their interleukin-10
production. The effects on T-regulatory (Treg) cells were
also investigated, and RBV inhibited the differentiation
of naïve Th cells into adaptive Treg cells by downmodulating forkhead box-P3. These findings indicate
that RBV mainly down-regulates the activity of Th2
cells, resulting in the maintenance of Th1 activity that
contributes to abrogating HCV-infected hepatocytes.
Although an interferon-free treatment regimen exhibits
almost the same efficacy without serious complications,
regimens with RBV will be still be used because of
their ability to facilitate the cellular immune response,
which may contribute to reducing the development of
hepatocellular carcinogenesis in patients infected with
HCV.
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Core tip: Ribavirin has the potential to regulate the
T-helper (Th) 1/2 cell balance into Th1 dominance
by modulating the co-stimulatory signaling between
antigen-presenting cells and naïve Th cells as well
as the inhibitory activity of T-regulatory cells. These
are considered useful in treating hepatitis C virus
infection, especially to inhibit hepatocellular carcinoma
development.

Abstract
The mechanism of action of ribavirin (RBV) as an
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immune responses via the activation of natural killer cells,
+
+
CD4 Th cells, and CD8 cytotoxic T cells and the upregulation of major histocompatibility complex molecule
expression to stabilize the presentation of antigeneic
[28]
epitopes from the infected cells . Unfortunately, although
it has these abilities for modulating immune systems,
IFN monotherapy shows only limited efficacy against
HCV infection. Numerous investigations have attempted
to elucidate why IFN alone fails to eliminate HCV, and
[29]
[30]
it appears that HCV can escape or inhibit the host
immune response to establish persistent infection.
Hence, additional techniques were needed to enhance
the host cellular immune response.

Nakatsuka K, Atsukawa M, Shimizu M, Takahashi H, Kawamoto
C. Ribavirin contributes to eradicate hepatitis C virus through
polarization of T helper 1/2 cell balance into T helper 1 dominance.
World J Hepatol 2015; 7(25): 2590-2596 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i25/2590.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i25.2590

INTRODUCTION
About 185 million people worldwide are estimated
[1]
to be infected with hepatitis C virus (HCV) . Eighty
percent of HCV-infected patients will progress to
[2,3]
persistent infection , and 15%-30% of these will
[4]
develop cirrhosis over a 25- to 30-year period . In
addition, hepatocellular carcinoma (HCC) occurs in 8%
[5-7]
of cirrhotic patients annually . Because persistent
HCV infection is closely related to the development of
[8,9]
HCC , the elimination of HCV contributes markedly to
[10,11]
preventing the development of this form of cancer
.
The treatment strategy for HCV infection has im
proved during the 25 years since the introduction
of interferon (IFN) therapy. In particular, the rate of
persistent elimination of the HCV genotype 1, which was
considered to be IFN resistant, improved markedly from
8% to 45% with the introduction of pegylated (PEG)[12]
IFN treatment in combination with ribavirin (RBV) . In
addition, the administration of direct antiviral agents
(DAAs) with PEG-IFN plus RBV therapy greatly improv
[13-15]
ed treatment efficacy
. Currently, about 90% of
persistent HCV infection can be eliminated by admini
stering the IFN/RBV/DAA regimen.
In 2014, an IFN-free regimen featuring a combination
of the HCV-NS5A inhibitor daclatasvir (DCV) and NS3/
4A protease inhibitor asnaprevir (ASV) was approved.
This IFN-free regimen appears to have efficacy similar
to that of the previous standard regimen without
[16,17]
serious side effects
. Thus, IFN-free regimens will
play a leading role in future HCV treatment. However,
the potential of RBV to modulate the immune response
is considered useful in treating HCV infection, especially
[18-22]
to inhibit HCC development
. This paper reviews
the immunological activity of RBV and considers the
clinical significance of this antiviral agent in future HCV
treatment.

EFFECTS OF RBV ON THE TH1/2 CELL
BALANCE
The synthesized purine nucleotide analogue RBV,
[31,32]
developed as antiviral reagent
, is well known to
[33]
contribute to HCV elimination in combination with IFN .
The mechanism of action of RBV is not fully understood,
and it has been reported to: (1) induce viral RNA[34]
[35]
error catastrophe ; (2) inhibit RNA polymerase ;
(3) reduce RNA pooling via nicotinamide adenine
[36,37]
dinucleotide phosphate inhibition
; and (4) alter
[38,39]
the Th1/2 balance to Th1 dominance
. Among
the putative mechanisms of the enhancement of viral
elimination by RBV, it is notable that RBV polarizes the
Th cell balance into Th1 cell dominance because this
supports the importance of the activation of the host
cellular immune response in eliminating HCV. However, it
remains unclear how RBV modulates the Th1/2 balance.
Many groups examined the effects of RBV on type 1
and 2 cytokine production from T lymphocytes. Some
reported that RBV directly up-regulates Th1 cells through
the activation of type 1 cytokines, such as interleukin
[40-42]
(IL)-12
. In contrast, others indicated that RBV may
maintain Th1 cell activity through interference with
[43-46]
immunosuppressive cytokines such as IL-4 or IL-10
.
From the viewpoint of type 1 and 2 cytokine profiles, it
remains controversial whether RBV up-regulates Th1
cells directly or indirectly through the inhibition of Th2
cell activity.

POTENTIAL OF RBV TO MODULATE COSTIMULATORY SIGNALING

IMPORTANCE OF THE HOST CELLULAR
IMMUNE RESPONSE IN ELIMINATING
HCV

The importance of co-stimulatory signaling to determine
the differentiation of naïve Th cells into Th1 or 2
[47]
cells is well established . The signaling from CD80
on professional antigen presenting cells (APCs) to
+
its counterreceptor CD28 on CD4 T cells promotes
[48]
differentiation of naïve Th into Th1 cells . On the
other hand, the signaling from B7-H2 on APCs to its
counterreceptor inducible co-stimulator (ICOS) on
+
[49]
CD4 T cells promotes differentiation into Th2 . It
would be interesting to determine whether RBV exerts
specific effects on co-stimulatory signaling, although

Abrogation of infected cells is necessary to eliminate
persistent viral infection, and up-regulation of the host
cellular immune responses triggered by the activation
of T helper (Th) 1 cells is thought to be essential for
[23-26]
eliminating persistent HCV infection
. Among the
various mechanisms by which IFN eradicates viruses,
modulation of the host immune system may be critical,
[27]
along with its antiviral activity . IFN could enhance host
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[65]

only a few reports have addressed this aspect. Cheng
[50]
et al
reported that CD28 was up-regulated by IFN
plus RBV therapy in both treatment responders and
[51]
nonresponders. Atsukawa et al
demonstrated that
+
RBV down-modulates ICOS on human CD4 T cells,
which is associated with decreased IL-10 production.
They also examined the modulation of type 1/2 cytokine
fluctuations in the small cohort of patients who received
IFN plus RBV treatment and their results indicated that
+
IL-10 production from CD4 T-cells was decreased in
patients whose ICOS were down-modulated by the
therapy, which was closely associated with persistent
HCV elimination without changing CD28 expression and
IFN-γ secretion levels. These results indicated that RBV
mainly contributes to inhibiting the differentiation of
naïve Th cells into Th2 cells to maintain the activity of
Th1 cells by inhibiting stimulation-inducible molecules
+
on the surface of CD4 T cells. However, these results
do not fully explain the role of RBV because other
important factors play a role in Th1/2 cell modulation.

dependent, manner . These data indicate that RBVtreated Treg cells would lose their ability to differentiate
adapt
naive Th cells into Tr
cells. Moreover, the activity of
adapt
IL-10-dependent Treg cells such as Tr
and Tr1 was
mostly inhibited in the presence of RBV. Although that
in vitro study clearly indicated the effects of RBV against
Treg cells, it remained controversial whether RBV
could regulate Treg cells in clinical studies. Langhans et
[66]
al
showed that the activity of Treg cells was downmodulated in the clinical course of HCV treatment with
[67]
PEG-IFN and RBV. In contrast, Lee et al
found that
RBV did not impair the inhibitory activity of Treg cells.
More detailed studies are needed to confirm the effects
of RBV on Treg-cell activity in vivo.
Based on these findings, RBV may indirectly main
tain and/or up-regulate Th1 activity by inhibiting the
differentiation of naive Th cells into Th2 cells. The
potential to down-modulate the inhibitory activity of Treg
cells would be closely associated with this regulatory
cascade. The potential mechanism by which RBV
modulates the Th1/2 balance-regulatory cascade is
shown in Figure 1. Because both ICOS and FOXP3 are
enhanced after cell stimulation, it is also possible that
RBV affects the expression of these inducible factors.
Further studies are needed to elucidate how RBV is
associated with these intracellular signaling pathways.

POTENTIAL OF RBV FOR MODULATING
T-REGULATORY CELL ACTIVITY
It is well known that the activation of host T-regulatory
[52]
(Treg) cells is critical to allow persistent HCV infection .
Treg cells, found at first as antigen-specific inhibitors
[53,54]
of autoreactive T lymphocytes
, can identify as
+
+
CD4 CD25 , and intracellular forkhead box-P3 (FOXP3)expressing T cells. Subsequent detailed examina
tions revealed that the Treg family includes various
nat
subpopulations such as naturally occurring Treg (Tr ),
adapt
[55-58]
nat
adaptive Treg (Tr ), Treg, and Th3 cells
. Tr cells
differentiate in the thymus and exhibit inhibitory activity
against autoreactive Th cells in a cell contact-dependent
fashion, which plays an important role in regulating the
[59]
adapt
autoimmune response . Tr
cells differentiate from
nat
naïve Th cells under the influence of Tr cells in the
periphery and exhibit inhibitory activity in a humoral
[60]
element-dependent fashion . The orchestration of
these Treg cells could modulate antigen-specific Th1
activity in the later phase of exogenous pathogen
infections to switch the dominant immune response
[61]
from cellular to humoral . These phenomena play a
role in the termination of excessive activation of the Th1
[62]
response against exogenous antigens . In addition,
Tr1 and Th3 cells exhibit inhibitory activity against Th1
[56-58]
cells in a humoral element-dependent fashion
.
According to previous reports, the effect of antiviral
therapy on the activity of Treg cells remains uncer
[63,64]
[65]
tain
. Recently, Kobayashi et al
examined the
effects of RBV on the inhibitory activity of Treg cells in
vitro and found that it down-modulates the inhibitory
+
+
activity of peripheral CD4 CD25 CD127 T cells (=
+
FOXP3 Treg cells). Intracellular FOXP3 expression of
+
CD4 CD25 T cells decreased when they were incubated
with RBV-preincubated Treg cells. In addition, RBV
reduced the inhibitory effect of Treg cells in an IL-10dependent, but not tumor growth factor (TGF)-β-
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RBV MAY MODULATE INTRACELLULAR
SIGNALING TO INHIBIT EXPRESSION OF
FOXP3
The results of various studies indicated that RBV affects
intracellular signaling, contributing to the elimination of
HCV. However, it remains unclear how RBV modulates
intracellular signaling to inhibit the differentiation of
adapt
Th cells into Tr
cells. Some investigators reported
that RBV promotes signal transducer and activator of
[68,69]
transcription (STAT) 1 and 3 phosphorylation
. In
addition, overexpression of STAT-3 in suppressor of
cytokine signaling (SOCS)-1-knockout murine Treg cells
[70]
led to the down-modulation of FOXP3 expression .
Although no report directly demonstrated the relationship
between SOCS-1 and FOXP3, one possible hypothesis
is that RBV promotes STAT3 phosphorylation via inter
ference with SOCS1, which leads to the suppression of
FOXP3, with resultant inhibition of the differentiation
adapt
of naïve Th cells into Tr
cells. RBV can also reduce
intracellular RNA pooling by suppressing inosine-5’[71]
monophosphate dehydrogenase activity , which appears
to support this hypothesis.

CLINICAL USEFULNESS OF RBV IN THE
FUTURE TREATMENT OF HCV
As described above, the agonistic effects of RBV on
the cellular immune response plays a major role in the
elimination of HCV-infected hepatocytes in combination
with IFN and protease inhibitors. Because this effect
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Figure 1 Schema of the potential mechanism of action of ribavirin on T-regulatory cells in the T helper 1/2-regulatory cascade. RBV interferes with FOXP3
expression in naïve Th cells, making them unable to differentiate into adaptive Treg cells. RBV also disrupts the inhibitory activities of adaptive Treg and Treg 1 cells
by suppressing their IL-10 production. In addition, RBV down-modulates ICOS, expressed on naïve Th cells after stimulation, to inhibit the differentiation of naïve Th
cells in to Th2 cells. The combination of these affects may contribute to maintain Th1 activity against exogenous antigens, which would contribute to the elimination
of HCV-infected cells via the activation of specific CTLs. RBV: Ribavirin; ICOS: Inducible co-stimulator; IL: Interleukin; HCV: Hepatitis C virus; CTL: Cytotoxic T
cell; FOXP3: Forkhead box-P3; Treg: T-regulatory; Th: T helper; TGF: Tumor growth factor; MHC: Major histocompatibility complex; TCR: T cell receptor; GITR:
Glucocorticoid-induced tumour-necrosis-factor-receptor-related protein; APC: Antigen presenting cells.

will promote the autoimmune response, therapeutic
regimens featuring RBV may be not recommended for
patients with certain autoimmune disorders. On the other
hand, because the role of the cellular immune response
is important in cancer immunological surveillance, this
ability of RBV may be indispensable to protect HCC
development after eliminating HCV. However, IFN-free
regimens will be the main strategy for the treatment of
HCV infection in the near future because their efficacy in
eliminating the virus is equivalent to that of IFN-based
regimens without serious complications. Although it is
still controversial whether IFN-free regimens can protect
against HCC to the same degree as IFN and RBV-based
regimens, serum alpha-fetoprotein levels were reduced
in patients administered the DAA regimen featuring DCV
and ASV, indicating that IFN-free regimens could also
decrease the rate of HCC development. Therefore, the
clinical significance of RBV-featuring regimens will be
limited. However, it is still interesting whether combining
RBV and DAA therapy can decrease the development of
HCC more. Large-scale clinical studies will be needed to
establish the efficacy of RBV for protecting HCC.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease in children. High pre
valence of pediatric obesity and sedentary lifestyle has
augmented the incidence of NAFLD in children. Obesity
is associated with an increased risk of NAFLD through
various mechanisms such as intensification of insulin
resistance and increased levels of inflammatory markers.
There is no approved medical intervention for treatment
of pediatric NAFLD; the only proven strategy in mana
gement of pediatric NAFLD is lifestyle modification.
Recently, the effects of nutritional supplements have
been examined in the management of pediatric NAFLD.
The purpose of this review is to summarize the studies
evaluating the effects of nutritional supplements on
pediatric NAFLD and explain the future direction in this
field.
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free fatty acids to the liver . Also, several studies have
confirmed that endogenous lipid synthesis is increased
[15]
in patients with NAFLD . Hepatic fat derivatives such
as malondialdehyde (MDA) can contribute in the pro
[16,17]
gression of NAFLD
. In addition, the expression
of certain proinflammatory cytokines such as tumor
necrosis factor (TNF)-α increases in obese people, which
can cause insulin resistance through deterioration of
[15]
insulin receptors .
Free fatty acids that released from the adipose tissue
can inhibit the Cytochrome P450 (an enzymatic system
that involved in various pathways specially free fatty
acids beta-oxidation), which results in the production of
active oxygen radicals and depletion of body antioxidant
[18]
reserves (such as glutathione and vitamin E) .
Moreover, genetic predisposition plays an important
role in NAFLD pathogenesis. The genes involved in the
mitochondrial and fatty acids metabolism, affect the
[19]
disease progression .

DOI: http://dx.doi.org/10.4254/wjh.v7.i25.2597

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease in children. This disorder
includes a wide spectrum from a simple steatosis
with the mortality rate lower than one percent to a
critical illness such as cirrhosis and hepatic fibrosis that
may ultimately lead to hepatocellular carcinoma and
[1,2]
death . If NAFLD is not treated at early stages, it
can progress to nonalcoholic steatohepatitis (NASH),
which is characterized by lobular inflammation and
hepatocellular injury which may definitely progress to
[3]
cirrhosis and liver fibrosis . Coincident with the rise
in prevalence of childhood obesity over the past few
decades, NAFLD has become the leading cause of liver
disease in children. Insulin resistance and oxidative
[4]
stress are involved in the pathogenesis of NAFLD .

MANAGEMENT OF NAFLD
One of the main strategies in the management of
pediatric NAFLD is modification of life style and dietary
pattern. Several studies have found that gradual
weight loss and regular physical activity can help in
the treatment of NAFLD through improving the insulin
sensitivity, reduction in the body inflammation and
[20-22]
resolution of hepatic steatosis
. It should be con
sidered that weight loss in obese children (5% to 10% of
basal weight) must be quite gradual and the diet must
[23]
be balanced .
The result of pharmacological interventions in
treatment of pediatric NAFLD is contradictory. The main
family of medications that evaluated for treatment of
pediatric NAFLD are insulin sensitizers specially met
[24]
formin . These medications play a positive role in the
treatment of NAFLD by improving insulin sensitivity;
however, these beneficial effects have not been shown
[25]
in long term treatment . Recently, the beneficial effects
[9]
[26]
of some supplements specially vitamin E , probiotics
[27]
and omega-3 fatty acids in NAFLD management have
been shown.
The purpose of this review is to report the effective
ness of some dietary supplements in the management of
the pediatric NAFLD and future directions in this field.

PREVALENCE
Several conditions such as obesity, sedentary lifestyle
and the use of high-calorie foods have caused a sharp
[5]
increase in the NAFLD prevalence . The prevalence of
NAFLD is different from 5% to 20% in general population
[6,7]
and above 40% in obese and type 2 diabetes patients .
Also, its prevalence is different between the men and
women and increase in the older people. According to
the recent studies, NAFLD prevalence in normal children
[8]
is 3%, rising up to 50%-70% among obese children .
The prevalence in developed countries also increased
remarkably from 16.9% to 23.8% for boys and from
16.2% to 22.6% for girls, while in developing countries
increased from 8.1% to 12.9% for boys and from
8.4% to 13.4% for girls. In most of the communities,
parallel with the rising in prevalence of the obesity, and
chronic diseases such as diabetes and dyslipidemia, the
[9]
prevalence rate of the NAFLD is also increasing .
According to the American Association for the Study
of Liver Disease guideline, liver biopsy is a gold standard
[10]
for diagnoses of NAFLD ; however, because of the
invasive nature of this method, it is usually recommended
to use the other methods such as magnetic resonance
spectroscopy and Fibroscan for screening and staging of
[11]
this disease .

LITERATURE STUDY
A MEDLINE, PubMed and Cochrane Review database
search used a combination of keywords, including
NAFLD, pediatric, treatments, lifestyle changes, NASH,
supplements, nutrition, vitamins, minerals, vitamin
E, vitamin D, polyunsaturated fatty acids, probiotic,
symbiotic, polyphenols, curcumin, resveratrol, quercetin,
anthocyanin, herbal medicine, green tea polyphenols,
cinnamon, ginger and their related MeSH terms. The
articles were selected based on their relevance to the
review.

PATHOPHYSIOLOGY
Pathogenesis of NAFLD is closely associated with
[12,13]
obesity and insulin resistance
. Obesity especially
abdominal obesity can lead to insulin resistance. Insulin
plays various roles in metabolism such as oxidative
distress and carbohydrate metabolism. In obesity and
some chronic diseases such as type 2 diabetes and
dyslipidemia, insulin cannot function properly, so lipolysis
pathway will be activated leading to an increased influx of
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inflammatory markers such as TNF-α and interleukin[38]
1α in comparison to controls . Some of the prebiotics
such as lactulose and galacto-oligosaccharides can
promote the growth of certain intestinal bacteria such as
Lactobacillus and down-regulate levels of inflammatory
factors. In a clinical trial, researchers showed that
supplementation with oligofructose decreased levels of
[39]
[40]
liver enzymes specially ALT . Alisi et al
performed
a clinical trial and prescribed VSL#3 [a mixture of eight
probiotic strains including: Streptococcus thermophilus,
Bifidobacteria (B. breve, B. infantis, B. longum),
Lactobacillus acidophilus, L. plantarum, L. paracasei,
and L. delbrueckii subsp. Bulgaricus] in children with
NAFLD for four months and evaluated changes in fatty
liver severity after 4 mo as detected by ultrasonography.
The results of this study showed that probiotic supple
mentation reduced the severity of NAFLD but it did not
cause significant differences in levels of triglyceride, ALT
and HOMA-IR in comparison to the placebo group. The
authors discussed that this beneficial effect is due to
the increased levels of glucagon-like peptide 1. Vajro et
[41]
al
proposed that supplementation with Lactobacillus
rhamnosus strain GG decreases the level of ALT in
children with persistently elevated aminotransferases
and echogenic livers. Further clinical trials are needed to
find the best combination of probiotics for achieving the
best results from supplementation.

POLYNUNSATURATED FATTY ACIDS
Several studies have evaluated the beneficial effects
of Omega-3 long-chain polyunsaturated fatty acids
[27]
[28]
on the treatment of NAFLD . Janczyk et al
have
shown that supplementation with long chain omega-3
for 6 mo resulted in a significant decrease in aspartate
aminotransferase and gamma-glutamyl transpeptidase
levels compared with the control group; however, it
did not significantly reduce the levels of alanine amino
[29]
transferase (ALT) and liver steatosis. Nobili et al
have reported that Docosahexaenoic acid (DHA) supple
mentation for 24 mo resulted in a significant reduction in
triglyceride and ALT levels and improved liver steatosis
compared with the control group. As noted, one of the
major risk factors that involved in NAFLD pathogenesis is
[13]
[30]
insulin resistance . Nobili et al have shown that DHA
increased insulin sensitivity and decreased triglyceride
[27]
levels in children with NAFLD. Di Minno et al
have
also proposed that omega-3 supplementation has a
therapeutic effect on pediatric NAFLD. Also in another
[31]
study, St-Jules et al have shown that lack of fish and
long-chain omega-3 fatty acid intake in children was
associated with greater portal and lobular inflammation
in children with NAFLD. It seems that omega-3 fatty
acids supplementation has beneficial effects on pediatric
NAFLD through its anti-inflammatory and insulin sensitizer
effects; however, no study has examined its long term
effects.

Vitamin D

Vitamin D is a crucial nutrient for children’s health
[42]
and development . Several studies have reported
[43]
the vitamin D deficiency in obese children ; on the
other hand, NAFLD is more prevalent in obese children
[8]
than normal weight children . These data urged the
investigators to evaluate the association of plasma
[43]
vitamin D levels with NAFLD pathogenesis. Misra et al
evaluated the vitamin D level in children with biopsyproven NAFLD. They reported a high prevalence of
vitamin D deficiency in children with NAFLD; however,
they did not find any association between vitamin D
[44]
deficiencies and the severity of NAFLD. Black et al
analyzed the association of vitamin D and NAFLD severity
in adolescents with NAFLD; they have reported a high
vitamin D deficiency in these patients. In addition, they
showed an inverse association between serum vitamin
D levels and severity of NAFLD. In a similar study,
[45]
Nobili et al
have demonstrated a reverse associa
tion between vitamin D level in serum and severity of
NAFLD and fibrosis in 73 children with elevated serum
aminotransferase levels and hyperechogenic liver on
ultrasonography.
Little is known about the effect of vitamin D supple
mentation on NAFLD in children; however, a clinical trial
in adults resulted in a reduction in MDA and hs-CRP
[46]
levels without any significant change in ALT levels .
Conducting clinical trials in children are needed.

Vitamin E

Several previous studies have evaluated the beneficial
effects of vitamin E, as a potent antioxidant, in the
[32]
management of pediatric NAFLD. Nobili et al
pre
scribed vitamin E in children with NAFLD and observed
a similar decrease in the levels of ALT and HOMA-IR in
the intervention and control groups after 12 mo. A large,
[25]
well designed, clinical trial
has shown that vitamin
E is not superior to placebo in attaining the sustained
reduction in ALT level in patients with pediatric NAFLD
after 96 wk; however vitamin E could significantly
reduce the ALT levels at weeks 24, and 48. Moreover, it
could significantly improve the histopathological features
[33]
of the disease at week 96. Finally, Sarkhy et al
in a
systematic review and meta-analysis have shown that
vitamin E supplementation decreases level of ALT. It
seems that vitamin E can improve the characteristics
of pediatric NAFLD and specially NASH patients in short
time, but not in the long term supplementation.

Prebiotics and probiotics

Probiotics are among the major supplements which
have attracted the attention of many investigators
regarding their application for the treatment of NAFLD
[34]
and NASH . Probiotics can modify some NAFLD risk
factors such as insulin resistance, liver fat and oxidative
[26,35-37]
stress
. Prebiotics are chemicals that induce
the growth or activity of microorganisms. In some
animal studies, researchers have shown that mice fed
with prebiotic products exhibited a lower plasma of
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inflammatory and antioxidant properties . One of the
main members of polyphenols family is resveratrol;
supplementation with resveratrol has been shown to
be useful in reduction of the severity of the disease.
It has been shown that resveratrol reduces the level
[48,49]
of liver enzymes and inflammatory cytokines
and
[50]
attenuates hepatic steatosis . Other members of the
[47]
[51]
polyphenols family such as curcumin , quercetin ,
[47]
[52]
anthocyanin
and green tea polyphenols
have
been also indicated to have promising outcomes in
the treatment of adults NAFLD. The beneficial roles of
polyphenols in adults NAFLD propose its effectiveness
in pediatric NAFLD. Thus, clinical trials in children are
needed to confirm it.

2
3

4
5

6
7

INSULIN SENSITIZERS AND LIPID
LOWERING AGENTS

8

Herbal medicine has been used in traditional medicine
[53]
of many countries for treatment of different disorders .
Since these medications can improve the insulin sensi
tivity and lipid profile, they are proposed for treatment
[54]
of NAFLD . Several studies have shown satisfactory
results from these insulin sensitizers and lipid reducing
[55]
[56]
agents such as cinnamon, curcumin
and ginger
in
the management of NAFLD; however, studies have not
conducted to examine the effects of these supplements
on pediatric NAFLD. More extensive investigations are
needed to fully determine the therapeutic potential of
these components for treating NAFLD.

9

10

11

12

CONCLUSION
Due to the sharp rise in obesity prevalence in children
and a dramatically increase in pediatric NAFLD pre
valence, therapeutic strategies are urgently needed.
Dietary supplements play a pivotal role in pediatric
management through insulin sensitizer, anti-oxidant
and anti-inflammatory properties. In recent years, the
beneficial effects of some of these supplements have
been shown; however, several of them have not yet
been evaluated. Further clinical trials are needed to
support the use of supplements, either as preventative
or therapeutic agents in pediatric NAFLD.
More studies related to the pediatric NAFLD per
[57]
formed to assess changes in children lifestyle .
Recently, the beneficial effects of nutritional supplements
[9]
have been shown in both pediatric and adult NAFLD ;
however, several of these supplements’ effects are
assessed only in adults. Thus, evaluating the effects
of these potentially beneficial supplements in pediatric
NAFLD is highly recommended.
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However, the rarity of the tumor still restricts the quality
of evidence available for current recommendations
and guidelines. This article provides a comprehensive
review on the etiology, molecular biology, pathophysiology, clinical manifestations, and complications
associated with HCA. It also elaborates on the genetic
advancements, existing diagnostic tools and current
guidelines for management for such lesions.
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Core tip: Hepatocellular adenomas despite being benign
liver neoplasms often pose diagnostic and therapeutic
challenges. Studies at the molecular level have provided
new insights into the genetics and pathophysiology
of these lesions. These in turn have raised questions
over their existing management modalities. This article
provides a comprehensive review and update on the
topic.
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INTRODUCTION

Abstract

Hepatocellular adenomas (HCA) are rare monoclonal
benign liver tumors of presumable epithelial origin that
usually develops in healthy liver. It constitutes 2% of all
liver neoplasms; with an incidence of 3/1000000 per
[1]
year in Europe and North America . In spite of recent
technological and radiological advances, these seemingly
benign lesions often pose diagnostic challenges. The
advancements at molecular levels that predict the clinical
courses of these lesions on the basis of their genotypic

Hepatocellular adenomas (HCA) are rare benign liver
tumors. Recent technological advancements have helped
in the early identification of such lesions. However,
precise diagnosis of hepatocellular incidentalomas
remains challenging. Studies at the molecular level
have provided new insights into the genetics and patho
physiology of these lesions. These in turn have raised
questions over their existing management modalities.
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[5]

4.4%-25% of the patients with type Ⅲ disease . They
usually occur in second decade, with a higher proportion
among males (2:1). They are typically small, multiple
and un-encapsulated. TypeⅠ GSD is usually associated
[6]
with inflammatory subtype of HCA . The possibility of
malignant conversion is minimal in type Ⅲ as compared
[5]
to nearly 10% in type Ⅰ GSD . Disease regression
has been noted in patients adhering to specific diet
(continuous nocturnal feeding) with correction of insulin,
[7]
glucose, and glucagon levels .
In the Western population, obesity and related
metabolic syndrome manifestations such as diabetes
mellitus, insulin resistance, dyslipidemia and high blood
pressure are becoming increasingly postulated as risk
[8]
factors for development and progression of HCA .
Men with metabolic syndrome are at a much higher
risk (10 times more likely than females) for malignant
[9]
transformation .

and phenotypic characteristics have further complicated
the management of such lesions.

ETIOLOGY AND PRESENTATION
The true prevalence of hepatocellular adenoma is not
easy to access as uncomplicated adenomas often lack
symptoms. Often they are encountered as incidental
findings in patients undergoing radiological work up for
unrelated or non-specific symptoms. Majority (70% to
80%) of HCA are solitary, and are usually located in the
[2]
right liver lobe . They vary in size from 1 to 30 cm.
Patients with larger tumors are more likely to report with
symptoms such as vague abdominal pain. A palpable
intra-abdominal mass or enlarged liver may be noted
[2]
in < 30% of the cases . Jaundice if present is usually
due to pressure effect of the tumor on intrahepatic
biliary system. Elevation levels of gamma glutamyl
transferase and alkaline phosphatase may be noted in
some patients. High serum alpha-fetoprotein should
raise suspicion for malignant changes. Hemorrhage and
malignant transformation remain the most notorious
complications associated with these lesions. Bleeding
from a ruptured HCA is more anticipated with large sub
capsular lesions, particularly during pregnancy.
With the widespread use of oral contraceptives (OCPs)
in the 70’s the annual incidence of HCAs had reached
[3]
approximately 3-4 women per 100000 users . Over
the years, a reduction in drug potency has reduced their
frequency to about 1/100000. In comparison, the annual
incidence in women who have never used OCPs is nearly
[3]
1/1000000 . The role of estrogen in the development
of these lesions and its causal relationship has been well
established through multiple studies. The natural history
of HCAs closely corresponds with the dose and duration
of oral contraceptive used. HCAs tend to regress with
the withdrawal of estrogen therapy. However those that
don’t regress can be explained by the variable expression
of estrogen receptors (26%-73%) in these lesions.
Recent reports have noted epidemiological differences
in HCA patients between East and West. The female
preponderance and degree of association with oral
contraceptive use was reportedly absent in the Eastern
[4]
population .
Similar to OCPs, use of anabolic steroids predisposes
the emergence and growth of HCA, as well as, tends
to regress with their withdrawal. Anabolic steroids are
used primarily for the treatment of Fanconi syndrome,
impotence, to gain muscle mass and in transsexuals. In
general, adenomas secondary to exogenous hormone
therapy are single, large and encapsulated. In addition
to exogenous hormone therapy, high levels of endogen
ous androgens or estrogens puts both sexes at risk of
developing HCA.
TypeⅠ and type Ⅲ Glycogen storage diseases (GSD)
result in impaired glycogenesis and excessive hepatic
intracellular glycogen deposits. Both are inherited
autosomal recessive disorders. HCAs are seen in nearly
22%-75% of patients with typeⅠ disease compared to
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GENETICS AND PATHOPHYSIOLOGY
Advancements in molecular biology have enabled cla
ssification of hepatic adenomas into 4 major subgroups
[10]
based on genotypic and phenotypic characteristics : (1)
Adenomas inactivated for hepatocyte nuclear factor 1α:
They account for 35%-50% of HCA’s and are considered
the least likely to undergo malignant transformation
[10,12]
(15%)
. This subtype involves biallelic inactivation
[11]
of TCF1 gene . Mutations are predominantly somatic
(85%) with remaining 15% being in part somatic
and in part hereditary. It is associated with marked
steatosis, metabolic disease and absence of liver fatty
acid binding protein expression. These also lack cytologic
[10,12]
abnormalities or inflammatory infiltrates
; (2)
β-catenin activated adenomas (β-HCA): These mutations
account for 15%-18% of HCA’s and is highly correlated
with malignant transformation into hepatocellular
[10,12]
carcinoma (HCC)
. CTNNB1 gene alterations, Exon
3 deletions and changes in amino acid chain mostly
characterize these mutations. Their development has
been linked to male sex, androgenic hormone admi
nistration or glycogenesis. These mutated liver cell
adenomas overexpress β-catenin (nuclear and cytoplas
mic) and glutamine synthetase. They have cytoplasmic
changes and lower rates of steatosis; (3) Inflammatory
adenomas: These represent the most common subtype
(40%-55%). Hepatocellular proliferations noted in
these lesions are secondary to sustained activation
of janus kinase (involved in the JAK-STAT pathway).
It is characterized by inflammatory changes such as
sinusoidal dilatation, dystrophic arteries and dystrophic
vessel ductular reaction and immunohistochemically
[13]
positivity for serum amyloid A and C reactive protein .
It is more common in females on OCPs, but has also
been associated with obesity and alcohol abuse. Te
langiectatic hepatocellular adenoma which was once
referred as telangiectatic focal nodular hyperplasia has
now been reclassified under inflammatory HCA. Ten
percent of these HCAs have been reported to harbour
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[22]

mutations in the β-catenin gene are hence also at danger
of malignant changes; and (4) Unclassified Adenomas:
The unclassified type (< 10%) includes patients whose
tumors did not exhibit genetic or inflammatory diseas
[13]
es . It usually is a diagnosis of exclusion.
Several other genetic markers are being studied
to clarify their roles in the pathogenesis of hepatic
adenomas. These include micro RNAs (miR-224, miR122a, miR-107, miR-375), tumor suppressor proteins
(p16INK4a, p14ARF), APC gene and interleukin-6[14]
Gp130 signaling pathway .

could mimic other benign or malignant liver lesions .
Adenomas may appear well-demarcated and present
as iso echoic, hypo echoic (20%-40%), or hyper echoic
in up to 30%, often due to high lipid content of hepato
[22,23]
cytes
. Central necrosis, intratumoral bleeding and
calcifications may give rise to heterogeneous echoge
nicity. Necrosis may appear as hyperechoic areas with
acoustic shadows. Focal fat sparing usually appear as a
hypo echoic halo. Color Doppler may show the presence
of intra tumoral vessels and peri lesional sinusoids in
the absence of a central arterial signal, which can aid
[23]
in distinguishing HCA from FNH . Contrast-enhanced
ultrasonography, when available can augment ultrasonic
diagnosis.

DIAGNOSIS AND ROLE OF IMAGING
Accurate diagnosis of HCA is sometimes not feasible
with a single diagnostic study. Often the clinical setting
is combined with imaging studies and/or surgical
resection to enable a comprehensive diagnosis. When
lesions do not exhibit typical radiological features
characteristic for an adenoma, a definitive diagnosis is
impractical; it can be, at most, strongly suspected. The
definitive diagnosis then demands tissue examination
[15]
either by biopsy or resection. Herman et al
reported
a radiological diagnostic yield of 90% for HCA vs 77%
for FNH.
Percutaneous biopsy of a suspected liver adenoma
is not favored as this can induce bleeding and tumor
dissemination. Further, it is often inaccurate and absence
of abnormal tissue does not exclude malignancy. Charny
[16]
et al
in his study reported about 33% accuracy rate
for biopsies taken for suspicious liver lesions. Biopsy
should be considered only if imaging is inconclusive
and a biopsy would possibly bring about a change in
management. With advancement at the molecular level,
the role of preoperative biopsy could influence mana
gement of adenomas in the future to a greater degree
[17]
based on their genetic pathophysiological outcome .
In the near future, the molecular biology of the tumor
might guide management of such lesions.
Open/laparoscopic excision biopsy remains the
[1]
gold standard method for diagnosis . However, this
modality is only used if there are doubts regarding the
diagnosis after magnetic resonance imaging (MRI)
and/or percutaneous biopsy. A common dilemma is the
differentiation of an adenoma from focal nodular hyper
plasia (FNH) and well differentiated HCC. Considering
varying management strategies for the several liver
lesions, the implications of a prompt and accurate
diagnosis cannot be emphasized more.
Accurate tissue diagnosis may at times be tricky
and challenging. Incorporating more recent tissue
studies such as QBend 10- and erbB2-immunostaining,
comparative genomic in situ hybridization, and fluore
scence in-situ hybridization may help overcome this
[18-21]
issue
. Microscopically adenomas typically appear as
monotonous sheets of hepatocytes, which lack biliary
structures, dysplasia or fibrosis.

Computed tomography

Multi-phase computed tomography (CT) angiography
enables dynamic sequencing by obtaining images
during both contrast and non-contrast phases. HCA
characteristically shows early phase peripheral contrast
enhancement and subsequent centripetal contrast enhan
[23,24]
cement during the portal venous phase
. Adenomas
are typically well-demarcated and are isodense on
non-contrast images. Post contrast, the lesion may
become isodense and then hypodense. They are often
heterogeneous due to hemorrhage, necrosis and fibrosis.
Previous hemorrhagic areas may appear as calcifications
[24]
in less than 10% of cases .

Magnetic resonance imaging

Most adenomas are heterogeneous on both T1 and
T2 weighted sequences. Presence of enhanced T2
weight images that further enhance on gadolinium
[25]
administration is highly characteristic of HCA . Studies
of late have tried to characterize these lesions into its
four genotypic types based on MRI features. However
their specificity is debatable, owing to the highly variable
appearance of HCA. In comparison to the existing
gadolinium-based contrast agents for MRI, gadobenate
dimeglumine or gadoxetate disodium enhanced liver
MRI (hepatobiliary specific contrast agents) have both
renal and hepatobiliary clearance. Owing to variable
contrast uptake observed in hepatobiliary phase, HCA
(being hypointense) can be differentiated from FNH
[25]
(being iso- or hyperintense on delayed imaging) .

Isotope scanning (Technetium Tc-99m sulfur colloid)

HCAs usually have very few to no Kupffer cells, which
are mostly nonfunctional. Hence most adenomas do not
take up technetium Tc-99m sulfur colloid leaving a “cold”
[26]
spot in the liver . However upto 23% of adenomas
take up colloid uptake, making them indistinguishable
from FNH (vivid tracer uptake).

Angiography

This modality is sparingly used to diagnose hepatic
adenomas. HCAs demonstrate pattern of perfusion
starting at the periphery in contrast to the central vessel
[23]
seen in FNH . However necrosis and hemorrhage

Ultrasound

The sonographic features of HCAs lack specificity and
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within the HCA may make these features less obvious.

however serve as poor indicators of tumor progression.
There is considerable debate on the pathophysiology
and genetics involved in HCC arising from hepatic
adenomas. Histopathologic evidence of HCCs occurring
within regions of otherwise typical adenomas and
molecular level evidence of the same nucleotide muta
tion of β-catenin in the adenoma and HCC part the
adenoma supports adenoma-carcinoma sequence
[12,33,34]
hypothesis
. This is further reinforced by the idea
of “foci of dysplasia” within hepatic adenoma. A focus of
dysplasia once developed in a hepatocellular adenoma
is debated to invariably progress into transformation
[14]
to HCC . This is reasoned through inability to prevent
development of HCC in patients with hepatic adenoma
secondary to prolonged exogenous hormone therapy
[33]
inspite of discontinuation of offending agent .
Genomic studies have revealed chromosomal
aberrations [loss of heterozygosity (LOH) for M6P/IGFRII
[35,36]
receptor, LOH in hMLH1] in both HCA and HCC
.
However these aberrations are to a lesser degree in
HCA compared to HCC. Scientists are still in search of
the initial critical genetic event involved in malignant
transformation. There is also little evidence to prove a
common origin of HCA and HCC from same stem cells or
[14]
committed progenitor cells .

COMPLICATIONS
Rupture/bleeding - How to deal?

Of all the complications associated with HCAs, bleeding
is most common. Adenomas morphologically consist of
dilated sinusoids, thin-walled blood vessels with minimal
[1]
connective tissue support . These compounded by
the high pressure arterial flow and lack of substantial
fibrous capsule make them prone to bleed. More recent
studies have associated pregnancy, adenoma size >
3.5 cm, visualization of lesional arteries, left lateral
lobe location, and exophytic growth as risk factors for
[27]
spontaneous bleeding .
Bleeding can be subclassified as intra-tumoral, intrahepatic or extra-hepatic (hemoperitoneum). The risk of
spontaneous bleeding in HCA is ill-defined; however the
[1]
reported rates range between 20% and 40% . Bleeding
in most cases are contained and < 10% report with
life threatening hemodynamic instability. Intratumoral
bleeding accounts for most patients who present with
abdominal pain.
Over the past few decades, management of bleeding
adenomas has changed drastically. Earlier, the threshold
for emergency laparotomy and hepatic resection was
very low, however with poor outcomes. Now, the trend
is for a multidisciplinary approach to such events.
Management of such patients is often dictated by the
severity of the bleeding and hemodynamic status of the
patient. Options include emergency resection, resection
post hemodynamic stabilization or a delayed resection.
Emergency resection of ruptured hepatic adenomas
is associated with a mortality of 5% to 10%, which
[28]
drops to 1% when resection is elective . With the
development of minimally invasive locoregional treat
ments, selective arterial embolisation has increasingly
[29]
been applied as initial treatment . Apart from reducing
mortality, this therapy facilitates hemodynamic stabili
zation and reduces extent of definitive elective resection.
Patients who present with hemodynamic instability
secondary to ruptured HCA carry mortality risk of up
to 20%. Severe hemodynamic instability or failure
of interventional radiology may warrant emergency
laparotomy for damage control and control of hemorr
hage. Emergency hepatic resection in this setting is
often debated with opponents of this advocating time
for hematoma to resorb before undertaking formal
[30]
resection .

MANAGEMENT
Owing to inconclusiveness in imaging, possible lethal
complications that included bleeding, malignant trans
formation and the long term disease free guarantee
that surgery offers; surgeons of the past classically
preferred to operate on all hepatic adenomas. Recent
advancements in molecular biology has substantially
increased our understanding on pathophysiology of
the disease. With greater technological expertise and
development of surgical techniques, current surgeons
have a more comprehensive outlook towards the mana
gement of such tumors (Figure 1). However, the rarity
of the tumor has still restricted the quality of evidence
available for current recommendations and guidelines.
Management options for HCA include surgery for:
(1) all adenomas larger than five cm; (2) adenomas
harboring HCC or dysplastic foci; (3) β-catenin activated
HCA; (4) increasing size or imaging features of malignant
transformation; (5) rising alpha fetoprotein (AFP); (6)
[14]
HCA in males; and (7) HCA in GSD . Minimally invasive
options including laparoscopic liver resection has been
proven to safe with equivalent or superior outcome when
[37]
compared to open procedures . However, this approach
in anatomically unfavorable segments 7 and 8 need high
technical expertise and control.
Adenomas that are < 5 cm, which present in anato
mically challenging locations and those that undergo
regression on steroid withdrawal can be managed
[38]
conservatively . All adenoma patients (surgical and
nonsurgical candidates) who consume exogenous
hormone therapy should be advised to discontinue
their use. Malignant transformation has been reported

Malignant transformation

The precise risk of HCA transforming into carcinoma is
[31]
little known. Stoot et al in a systematic review noted
an overall risk of transformation to HCC to be 4.2%.
Prolonged use of exogenous steroid therapy, male
gender, increasing size, type Ⅰ GSD, and adenomas
harboring β-catenin mutations are high risk factors for
[12,32]
malignant transformation
. Elevated α-fetoprotein
levels may raise suspicion for malignant conversion;
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Dysplastic foci
rising AFP
B catenin
activation

HCC
GSD

Surgery

Size
<5
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However, of late due to increased awareness of the
disease entity and better imaging modalities, pregnancy
associated morbidities and mortalities have been greatly
reduced.
Pregnancy is no longer a contraindication in hepa
[43]
tocellular adenoma < 5 cm . All fertile females with
adenomas, aspiring pregnancy should discontinue
use of exogenous hormone therapy if any. Some still
advocate resection for these lesions before pregnancy.
However, the present trend is to allow conservative
management of these smaller lesions with ultrasound
monitoring of the adenoma every 6 wk. However those
with adenomas > 5 cm or those who experienced
adenoma related complications in previous pregnancies
should undergo resection prior to pregnancy. Radio
frequency ablation or embolization might be useful in
[39,40]
cases not amenable to surgery
.
Adenomas > 5 cm detected incidentally during
pregnancy often calls for an individualized approach.
Surgery is most tolerated during second trimester,
during which the risks to the mother and the fetus are
minimized. Radiofrequency ablation during pregnancy
has been described before in literature during first and
[44]
second trimesters . However their safety and efficacy
still needs to be proven. Angioembolisation during
pregnancy is questionable owing to the radiation risk to
the fetus early in pregnancy. Their use during various
trimesters of pregnancy warrants extensive studies
before conclusion can be drawn.

Regression
on steroid
withdrawal

Anatomically
challenging
locations

Conservative

Figure 1 Indications of surgical and conservative approach in mana
gement of hepatocellular adenomas. HCC: Hepatocellular carcinoma; GSD:
Glycogen storage diseases; AFP: Alpha fetoprotein.

infrequently in adenomas < 3.5 cm and in tumors that
have regressed in size over time. Hence such lesions
treated conservatively needs to be followed closely with
imaging (CT/MRI) at 6- to 12-mo intervals for first two
years. Following this, annual imaging may be modulated
[38]
based on lesion stability and growth patterns . The role
of AFP in surveillance is still not established.
The role of selective arterial embolization in mana
gement of HCA is not very clear. However, multifocal
lesions or those deemed un-resectable due to their
location may be managed by such interventional radio
[39]
logy techniques . Further, embolization may enable
possibility of elective hepatic resection in cases of
[34]
bleeding HCAs . The role of preoperative embolization
to facilitate safe hepatic resection in very large or hyper
vascular adenomas is still controversial. Radiofrequency
ablation might be useful in cases not amenable to
surgery or in patients who would require major hepatic
[40]
resection otherwise . However, large sizes of adenomas
may demand multiple sessions of the same.
Liver transplantation should be reserved for patients
in whom hepatic resection is not technically feasible due
to tumor size/location/recurrence/multiplicity and those
with adenomatosis or glycogen storage disease. Owing
to the complexities associated with liver transplantation,
this mode of management should be used as sparingly
as possible; when all other modalities of treatment may
fail to provide cure. The use of liver transplantation for
spontaneous intra-partum rupture of a hepatocellular
[41]
adenoma has been reported in literature .
Pregnancy poses a varied challenge in the mana
gement of HCAs. An increased level of endogenous
hormones during pregnancy has been postulated towards
the increase in size of adenomas during pregnancy.
Pregnancy induced hyper dynamic circulation combined
with increased liver vascularity may further increase
the risk of adenoma rupture, most seen in the third
[42]
trimester . In the past, owing to high maternal and
fetal mortality rates (44% and 38% respectively), fertile
[42]
females with HCA were discouraged from pregnancy .

WJH|www.wjgnet.com

LIVER CELL ADENOMATOSIS
[45]

Flejou et al
in 1985 was the first to propose adeno
matosis as a varied clinical entity from HCA. Liver cell
adenomatosis is characterized by the presence of multiple
adenomas (> 10), involving both lobes of the liver, in
absence of glycogen storage disease or exogenous
hormone therapy. They account for 10%-24% patients
with HCA. Histologic and radiologic features of these
lesions are identical to that in adenomas. These lesions
however have a higher risk of impaired liver function
[45]
and bleeding. Flejou et al
reported bleeding in
46% of patients in his series. Malignant degeneration
risk however does not correspondingly increase with
[46]
the number of lesions. Chiche et al
proposed two
different lesion patterns found in liver cell adenomatosis
- “massive” and “multifocal”. Lesions in massive type
tend to be larger (2 to 10 cm) and often result in
gross hepatomegaly with deformed liver contour. In
comparison, the multifocal type has smaller lesions (≤
[1]
4 cm) and rarely deform liver contour . The lesions in
massive type tend to progress fast and are more likely to
be symptomatic.
Management for these lesions remains challenging.
The extensive distribution of these lesions in both lobes
makes anatomical/non-anatomical hepatic resection
impractical. All females should discontinue use of exo
genous hormone therapy and avoid future pregnancies.
The massive variant of this disease with predominant
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large lesions (> 5 cm) in a single lobe may warrant hemi
hepatectomy. The role for radiofrequency ablation or
[40]
embolization in these patients is debatable .
Liver transplantation presents the lone potential
curative measure for these lesions. Evidence of malignant
transformation or symptomatic patients with recurrent
[45]
adenoma complications warrants transplantation .
However transplantation in turn increases the risk of
de-novo tumors in addition to other complications that
include peri-operative morbidities, infections, graft
[47,48]
rejection and renal failure
. Owing to the rarity of the
disease entity and lack of substantial clinical evidence,
the effectiveness of transplantation is still controversial.
Considering the complexities associated with trans
plantation, the trend of late is to treat such lesions
conservatively. Such patients are to be followed on a
regular basis with imaging to identify growth patterns
and malignant transformation.
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CONCLUSION

14

HCA despite being benign liver neoplasms often
pose diagnostic and therapeutic challenges. Further
characterization of the genetics and pathophysiology
of such lesions and their radiological correlations may
trigger changes in the existing management guidelines.
We believe larger prospective studies that focus on the
management of hepatic adenomas can aid overcome
the current short-comings on the quality of evidence
available.
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Abstract
AIM: To study clinical and histopathological features
of nonalcoholic fatty liver disease (NAFLD) in patients
with and without type 2 diabetes mellitus (T2DM) using
updated nonalcoholic steatohepatitis clinical research
network (NASH-CRN) grading system.
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METHODS: We retrospectively analyzed data of 235
patients with biopsy proven NAFLD with and without
T2DM. This database was utilized in the previously
published study comparing ethnicity outcomes in NAFLD
by the same corresponding author. The pathology
database from University of Chicago was utilized for
enrolling consecutive patients who met the criteria for
NAFLD and their detailed clinical and histopathology
findings were obtained for comparison. The relevant
clinical profile of patients was collected from the Elec
tronic Medical Records around the time of liver biopsy
and the histology was read by a single well-trained
histopathologist. The updated criteria for type 2 diabetes
have been utilized for analysis. Background data of
patients with NASH and NAFLD has been included. The
mean differences were compared using χ 2 and t -test
along with regression analysis to evaluate the predictors
of NASH and advanced fibrosis.

2 diabetes mellitus (T2DM) is a reliable predictor for
both nonalcoholic steatohepatitis (NASH) and advanced
fibrosis. Patients with nonalcoholic fatty liver disease
(NAFLD) and uncontrolled T2DM tend to have advanced
fibrosis and higher rate of ballooning histologically.
It is important to recognize the differences between
composite NAS and individual histological features while
interpreting liver biopsies among NAFLD patients. Early
diagnosis of NASH and advanced fibrosis in patients
with NAFLD has important clinical significance espe
cially to prevent further progression of liver disease to
cirrhosis, hepatocellular carcinoma and other related
complications. Thus, optimization of risk factors for
NAFLD such as metabolic syndrome, uncontrolled T2DM
and dyslipidemia is of paramount importance.
Puchakayala BK, Verma S, Kanwar P, Hart J, Sanivarapu
RR, Mohanty SR. Histopathological differences utilizing
the nonalcoholic fatty liver disease activity score criteria in
diabetic (type 2 diabetes mellitus) and non-diabetic patients
with nonalcoholic fatty liver disease. World J Hepatol 2015;
7(25): 2610-2618 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i25/2610.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i25.2610

RESULTS: Patients with NAFLD and T2DM were signi
ficantly older (49.9 vs 43.0, P < 0.01), predominantly
female (71.4 vs 56.3, P < 0.02), had higher rate of
metabolic syndrome (88.7 vs 36.4, P < 0.01), had signi
ficantly higher aspartate transaminase (AST)/alanine
transaminase (ALT) ratio (0.94 vs 0.78, P < 0.01) and
Fib-4 index (1.65 vs 1.06, P < 0.01) as markers of
NASH, showed higher mean NAFLD activity score (3.5
vs 3.0, P = 0.03) and higher mean fibrosis score (1.2
vs 0.52, P < 0.01) compared to patients with NAFLD
without T2DM. Furthermore, advanced fibrosis (32.5 vs
12.0, P < 0.01) and ballooning (27.3 vs 13.3, P < 0.01)
was significantly higher among patients with NAFLD and
T2DM compared to patients with NAFLD without T2DM.
On multivariate analysis, T2DM was independently
associated with NASH (OR = 3.27, 95%CI: 1.43-7.50,
P < 0.01) and advanced fibrosis (OR = 3.45, 95%CI:
1.53-7.77, P < 0.01) in all patients with NAFLD. There
was a higher rate of T2DM (38.1 vs 19.4, P < 0.01) and
cirrhosis (8.3 vs 0.0, P = 0.01) along with significantly
higher mean Bilirubin (0.71 vs 0.56, P = 0.01) and AST
(54.2 vs 38.3, P < 0.01) and ALT (78.7 vs 57.0, P = 0.01)
level among patients with NASH when compared to
patients with steatosis alone. The mean platelet count
(247 vs 283, P < 0.01) and high-density lipoprotein
cholesterol level (42.7 vs 48.1, P = 0.01) was lower
among patients with NASH compared to patients with
steatosis.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) includes a
histological spectrum of liver diseases ranging from
simple steatosis to nonalcoholic steatohepatitis (NASH)
and the latter histological entity can progress to cirrhosis
[1]
in patients without significant alcohol consumption .
NAFLD is considered to be the hepatic manifestation of
[2]
metabolic syndrome (MS) . Type 2 diabetes mellitus
(T2DM) is not only associated with NAFLD, but has also
been shown to be an independent risk factor for the
[2-4]
development of NASH . While screening for diabetes
and other risk factors for NAFLD is easily performed,
evaluation and management of NAFLD is still challenging.
In spite of having a well-defined understanding of the
stages of NAFLD progression, the exact pathogenesis is
[5]
still unclear .
Despite the availability of various non-invasive tools,
liver biopsy is still regarded as the gold standard for
accurate measurement of histopathological features
[6,7]
of NAFLD . Identifying the unique histopathological
features of NAFLD among patients with T2DM is not only
important to stage the disease progression but also help
us understand the impact of diabetes in progression of
NAFLD. At present, there are only few studies describing
histopathological differences among NAFLD patients
with and without T2DM in a multiethnic United States
[5,8]
population cohort . Moreover, these studies utilized
[8,9]
the Brunt scoring system
and were limited in sample
[8]
[5]
size or included pooled data from various centers .
Therefore, the primary aim of our study was to
evaluate and compare the clinical, laboratory and
detailed histological findings using the updated NASH

CONCLUSION: Patients with NAFLD and T2DM tend
to have more advanced stages of NAFLD, particularly
advanced fibrosis and higher rate of ballooning than
patients with NAFLD without T2DM.
Key words: Non-alcoholic steatohepatitis; Non-alcoholic
fatty liver disease; Advanced fibrosis; Non-alcoholic
fatty liver disease activity score; Type 2 diabetes; Liver
biopsy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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clinical research network (CRN) scoring system among
biopsy proven NAFLD patients with and without T2DM
using a single histopathologist from a major tertiary
health care center. We also explored the risk of NASH
and advanced fibrosis in both groups in addition to
comparing the background data of NAFLD and NASH
separately.

perisinusoidal and portal/periportal, bridging, and
cirrhosis, respectively. Lobular inflammation was scored
as 0, 1, 2, or 3 based on presence of no inflammation,
< 2 foci per 200 × field, 2-4 foci per 200 × field, and
> 4 foci per 200 × field, respectively. Ballooning was
scored as 0, 1, and 2 for no balloon cell, few balloon
cells, and many cells/prominent ballooning cells,
respectively. Lastly, Mallory’s hyaline was scored as 0 for
“none to rare” or 1 for “many”. A NAFLD activity score
(NAS) of ≥ 5 was considered NASH while fibrosis score
[6]
of ≥ 2 was considered advanced fibrosis .

MATERIALS AND METHODS
Study design

The pathology database from the University of Chicago
Medical Center (UCMC) containing the terms “steatosis”,
“steatohepatitis” and/or “fat” from June 1, 1995 to
June 30, 2005 was retrospectively analyzed and 683
positive biopsy reports were consecutively identified for
further analysis. UCMC’s computerized medical records
were then retrospectively reviewed to obtain patientrelated demographic, clinical, and laboratory data.
Patients either lacking adequate information and/or
having presence of other concomitant liver diseases
including hepatitis B and C, iron overload, medicationrelated steatosis, significant alcohol use (current daily
alcohol consumption of 40 g/d or more in males and
20 g/d or more in females) and liver transplant were
excluded. Data on T2DM and MS were collected based
[10]
upon American Diabetes Association
and National
[11]
Cholesterol Education Program ATP Ⅲ criteria . Obesity
2
was defined as body mass index (BMI) ≥ 30 kg/m
since data on waist circumference measures of central
[12]
obesity were unavailable . Out of the 683 patients with
fatty liver histology, only 238 patients were found to be
meeting the criteria for NAFLD and on further review,
3 patients had inadequate data regarding presence or
absence of T2DM, thereby leaving a total of 235 patients
eligible for further analysis. Moreover, all liver biopsies
were scored by a single pathologist using the updated
[6]
NASH CRN scoring system . The pathologist was
blinded to the clinical and laboratory data of the patients.
The clinical, laboratory and histological data were all
computerized and stored securely. The indication for
[13]
liver biopsy as elicited in previous study
among the
238 patients with NAFLD was abnormal liver function
tests followed by abnormal intraoperative appearance
of liver and subsequently followed by abnormal imaging
and associated abdominal pain respectively. The reasons
for ineligibility are also demonstrated clearly in the
[13]
original study . This study was originally reviewed
and approved by the institutional review board of the
University of Chicago Medical Center. The informed
[13]
consent was waived as part of the previous study and
there were no patient identifiers in the current study.

Statistical analysis

Patients with NAFLD were sub-divided according to
presence or absence of T2DM. Background data for
NASH and NAFLD was analyzed separately. Results
are expressed as mean ± SD for continuous variables
and as frequencies for categorical variables. A t-test
for unequal variance was performed to compare the
means of continuous variables. Categorical variables
2
were compared by χ test. Separate logistic regression
analyses were performed to study the variables asso
ciated with presence of NASH and fibrosis. Variables
which were significant on univariate analysis were
included in the multivariate analysis and independent
variables with P > 0.1 were excluded sequentially from
the models. The odds ratios and associated P-values
of the remaining variables are reported. Two-sided P
values < 0.05 were considered statistically significant.
Data analyses were performed using Stata (StataCorp,
College Station, TX). The statistical methods of this study
were reviewed by Matt Briggs, consultant statistician at
New York Methodist Hospital.

RESULTS
Demographic, comorbid and biochemical features

Patients with NAFLD and T2DM, were significantly older
(49.9 vs 43.0, P < 0.01), had higher proportion of
females (71.4 vs 56.3, P < 0.02), and showed higher
fasting glucose (167.0 vs 102.9, P < 0.01), higher
HbA1c (8.09 vs 5.83, P < 0.01), higher BMI (41.0 vs
35.9, P < 0.01), higher international normalized ratio
(1.02 vs 0.97, P = 0.03), higher rates of hypertension
(71.4 vs 37.3, P < 0.01), higher rate of dyslipidemia
(83.8 vs 61.2, P < 0.01), increased rate of metabolic
syndrome (88.7 vs 36.4, P < 0.01) and positive indirect
markers of NASH such as aspartate transaminase (AST)/
alanine transaminase (ALT) ratio (0.94 ± 0.4 vs 0.78
± 0.4, P < 0.01) and Fib-4 index (1.65 vs 1.06, P <
0.01) compared to patients with NAFLD without T2DM.
Conversely, patients with NAFLD without T2DM had
significantly higher rates of abnormal liver function tests
as a leading cause of liver biopsy (74 vs 54.5, P = 0.02),
higher ALT (79.2 vs 59.2, P = 0.01) and showed higher
serum iron levels (89.3 vs 71.3, P < 0.01) compared to
patients with NAFLD and T2DM (Table 1).
Background data evaluating all patients with NAFLD
showed higher rate of T2DM (38.1 vs 19.4, P < 0.01)

Case definitions and liver histology

NAFLD was defined histologically by the presence of
minimum 5% of steatosis on liver biopsy. Steatosis was
scored as 1, 2, or 3 for 5%-33%, 34%-66%, and >
66% steatosis, respectively. Fibrosis was scored as 0,
1, 2, 3 and 4 for no fibrosis, perisinusoidal or periportal,
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Table 1 Characteristics of patients with nonalcoholic fatty liver disease, divided according to nonalcoholic fatty liver disease without
type 2 diabetes mellitus and nonalcoholic fatty liver disease with type 2 diabetes mellitus (mean ± SD)
All patients (n = 235)

Parameter
Age (yr)
Gender (male/female)
Race (% Caucasian)
BMI (kg/m2)
Hypertension, n (%)
Dyslipidemia, n (%)
Metabolic syndrome, n (%)
Abnormal LFT’s as an indication of
liver biopsy, n (%)
Platelets
INR
Protein (g/dL)
Albumin (g/dL)
AST (U/L)
ALT (U/L)
Bilirubin (mg/dL)
Alkaline Phosphate
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL cholesterol (mg/dL)
Fasting glucose (mg/dL)
HbA1c
Iron (μg/dL)
Total iron binding capacity (μg/dL)
Ferritin (ng/mL)
AST/ALT
FIB-4 index
APRI

NAFLD (without T2DM) (n = 158)

NAFLD (with T2DM) (n = 77)

P value

45.3 ± 11.9
91/144
65.1
37.6 ± 11.5
114 (48.1)
139 (68.8)
115 (53.7)
159 (67.6)

43.0 ± 12.2
69/89
63.9
35.9 ± 10.6
59 (37.3)
82 (61.2)
52 (36.4)
117 (74.0)

49.9 ± 9.8
22/55
67.5
41.0 ± 12.6
55 (71.4)
57 (83.8)
63 (88.7)
42 (54.5)

< 0.01
0.02
0.9
< 0.01
< 0.01
< 0.01
< 0.01
0.02

257.5 ± 73.5
0.99 ± 0.16
7.4 ± 0.72
4.3 ± 0.5
49.8 ± 34.5
72.6 ± 58.5
0.67 ± 0.4
96.7 ± 61.8
200.2 ± 47.3
44.3 ± 11.8
211.4 ± 119.9
118.9 ± 41.0
125.6 ± 55.5
6.93 ± 2.09
82.6 ± 38.7
322.4 ± 72.3
258.2 ± 306.0
0.836 ± 0.432
1.26 ± 1.01
0.581 ± 0.471

262.6 ± 67.7
0.97 ± 0.10
7.4 ± 0.73
4.3 ± 0.5
50.4 ± 38.4
79.2 ± 65.4
0.68 ± 0.4
94.9 ± 68.2
200.9 ± 45.4
44.2 ± 12.0
209.7 ± 127.7
120.5 ± 41.3
102.9 ± 28.3
5.83 ± 1.11
89.3 ± 40.8
317.16 ± 71.8
281 ± 323.1
0.781 ± 0.434
1.06 ± 0.77
0.549 ± 0.458

247.4 ± 83.3
1.02 ± 0.23
7.3 ± 0.70
4.2 ± 0.46
48.3 ± 24.8
59.2 ± 38
0.62 ± 0.3
100.1 ± 46.9
198.8 ± 50.9
44.6 ± 11.7
214.4 ± 105.9
116.4 ± 40.8
167.0 ± 67.8
8.09 ± 2.26
71.3 ± 32.0
333.0 ± 72.9
223.0 ± 276.7
0.947 ± 0.41
1.65 ± 1.28
0.643 ± 0.493

0.15
0.03
0.12
0.06
0.6
0.01
0.3
0.5
0.8
0.9
0.8
0.6
< 0.01
< 0.01
< 0.01
0.2
0.3
< 0.01
< 0.01
0.16

NAFLD: Nonalcoholic fatty liver disease; T2DM: Type 2 diabetes mellitus; AST: Aspartate transaminase; ALT: Alanine transaminase; LDL: Low-density
lipoprotein cholesterol; NAS: NAFLD activity score; HDL: High-density lipoprotein cholesterol; BMI: Body mass index; INR: International normalized
ratio; APRI: AST to platelet ratio index; LFT: Liver function test.

and presence of cirrhosis (8.3 vs 0.0, P = 0.01) among
patients with NASH compared to those with steatosis
(fatty liver) alone. Moreover, there was significant
higher values of AST (54.2 vs 38.3, P < 0.01), ALT (78.7
vs 57.0, P = 0.01) and Bilirubin (0.71 vs 0.56, P = 0.01)
and lower values of high density lipoprotein (HDL) (42.7
vs 48.1, P = 0.01) and platelet count (247 vs 283, P <
0.01) among patients with NASH respectively. There
was no difference in age, sex, ethnicity, BMI and various
other risk factor variables between the groups (Table 2).

NAFLD without T2DM (28.6 vs 17.7, P = 0.06) (Table 3).

NASH

After controlling for age, gender, ethnicity and BMI, a
multivariate analysis showed significant association
between NASH and presence of diabetes (OR = 3.27,
95%CI: 1.43-7.50, P < 0.01) and ALT ≥ 36 IU (OR =
3.88, 95%CI: 1.15-13.1, P = 0.029) in all patients with
NAFLD, while only ALT ≥ 36 IU (OR = 4.21, 95%CI:
1.13-15.6, P = 0.03) was significantly associated with
NASH in patients with NAFLD and T2DM (Table 4).

Histological features

Fibrosis

Patients with NAFLD and T2DM had significantly higher
mean NAS (3.5 vs 3.0, P = 0.03) and fibrosis scores
(1.2 vs 0.52, P < 0.01) compared to patients with
NAFLD without T2DM. In addition, a significantly higher
percentage of patients with NAFLD and T2DM showed
advanced fibrosis (27.3 vs 13.3, P < 0.01) and pro
minent ballooning (27.3 vs 13.3, P < 0.01) compared
to patients with NAFLD without T2DM. However, there
were no statistically significant differences between
groups regarding NAS ≥ 5 (29.9 vs 20.9, P = 0.12),
steatosis ≥ 2 (66.2 vs 55.1, P = 0.1) and inflammation
≥ 2 (9.1 vs 6.3, P = 0.4). On the contrary, there was a
trend for presence of higher Mallory bodies in patients
with NAFLD and T2DM compared to patients with

WJH|www.wjgnet.com

After controlling for age, gender, ethnicity and BMI on
multivariate analysis, only T2DM (OR = 3.45, 95%CI:
1.53-7.77, P < 0.01) and low platelet (OR = 0.99,
95%CI: 0.99-1.0, P = 0.025) showed an independent
association for advanced fibrosis among all patients with
NAFLD. No separate indicator for advanced fibrosis was
noted among patients with NAFLD and T2DM (Table 5).

DISCUSSION
Research over the past few decades has dwelled
upon identifying the potential risk factors associated
with NASH and advanced fibrosis which indeed has
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Table 2 Characteristics of patients with nonalcoholic fatty liver disease, divided according to nonalcoholic
steatohepatitis and steatosis (mean + SD)
Parameter
Age (yr)
Gender (male/female)
Race (% caucasian)
BMI (kg/m2)
Hypertension, n (%)
Dyslipidemia, n (%)
Metabolic syndrome, n (%)
Platelets
INR
Protein (g/dL)
Albumin (g/dL)
AST (U/L)
ALT (U/L)
Bilirubin (mg/dL)
Alkaline Phosphate
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL cholesterol (mg/dL)
Fasting glucose (mg/dL)
HbA1c
Iron (μg/dL)
Total iron binding capacity (μg/dL)
Ferritin (ng/mL)
Mallory bodies
CAD
Gastric bypass
Cirrhosis
Steatosis
Inflammation
Fibrosis
Ballooning
NAS score

All patients (n = 235)

NASH

Steatosis

P value

45.3 + 11.9
91/144
65.1
37.7 + 11.5
114 (48.5)
139 (68.8)
115 + 53.7
258 + 73.5
0.996 + 0.162
7.39 + 0.762
4.27 + 0.536
49.8 + 34.5
72.6 + 58.5
0.668 + 0.416
96.7 + 61.8
200 + 47.3
44.4 + 11.9
211 + 120
1119 + 41
126 + 55.5
6.93 + 2.09
82.6 + 38.7
322 + 72.3
258 + 306
50 + 21.3
67 + 28.9
21 + 8.94
14 + 5.96
1.92 + 0.861
0.44 + 0.62
0.753 + 1.11
0.821 + 0.712
3.18 + 1.69

45.9 + 12.4
67/101
64.9
37 + 10.6
82 + 48.8
100 (70.9)
67 (42.7)
247 + 72.1
1 + 0.178
7.39 + 0.733
4.27 + 0.555
54.2 + 36.3
78.7 + 63.1
0.71 + 0.456
100 + 70.9
202 + 48.6
42.7 + 10.7
220 + 125
121 + 41.6
129 + 55.9
7.12 + 2.19
83.8 + 40.5
319 + 74.6
276 + 324
50 + 29.8
50 + 29.9
14 + 8.33
14 + 8.33
2.1 + 0.83
0.625 + 0.663
1.05 + 1.21
1.15 + 0.575
3.86 + 1.45

43.8 + 10.4
24/43
65.7
39.4 + 13.7
32 + 63.9
39 (63.9)
32 (56.1)
283 + 71.1
0.98 + 0.112
7.37 + 0.714
4.26 + 0.487
38.3 + 26.1
57 + 40.7
0.567 + 0.275
88.3 + 28.3
197 + 44.5
48.1 + 13.6
191 + 105
114 + 39.8
117 + 53.8
6.37 + 1.69
78.6 + 31.9
335 + 63.4
201 + 232
0
17 + 26.2
7 + 10.4
0
1.46 + 0.765
0
0
0
1.46 + 0.765

0.2
0.6
0.1
0.17
1
0.3
0.08
< 0.01
0.3
0.8
0.8
< 0.01
0.01
0.01
0.1
0.5
0.01
0.18
0.33
0.14
0.11
0.52
0.31
0.21
< 0.01
0.63
0.61
0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

AST: Aspartate transaminase; ALT: Alanine transaminase; HDL: High-density lipoprotein cholesterol; NAS: Nonalcoholic fatty liver
disease activity score; NASH: Nonalcoholic steatohepatitis; LDL: Low-density lipoprotein cholesterol; BMI: Body mass index; INR:
International normalized ratio; CAD: Coronary artery disease.

Table 3 Histological findings of patients with nonalcoholic fatty liver disease, divided according to nonalcoholic fatty liver disease
without type 2 diabetes mellitus and nonalcoholic fatty liver disease with type 2 diabetes mellitus n (%)
Parameter

All patients (n = 235)

NAFLD (without T2DM) (n = 158)

NAFLD (with T2DM) (n = 77)

P value

3.2 ± 1.7
0.75 ± 1.1

3.0 ± 1.6
0.52 ± 0.9

3.5 ± 1.7
1.2 ± 1.3

0.03
< 0.01
< 0.01

191 (81.3)
44 (18.7)

139 (88.0)
19 (12.0)

52 (67.5)
25 (32.5)

179 (76.2)
56 (23.8)

125 (79.1)
33 (20.9)

54 (70.1)
23 (29.9)

90 (38.3)
145 (61.7)

66 (41.7)
92 (58.3)

24 (31.2)
53 (68.8)

97 (41.3)
138 (58.7)

71 (44.9)
87 (55.1)

26 (33.8)
51 (66.2)

193 (82.1)
42 (17.9)

137 (86.7)
21 (13.3)

56 (72.7)
21 (27.3)

218 (92.7)
17 (7.3)
50 (21.3)

148 (93.7)
10 (6.3)
28 (17.7)

70 (90.9)
7 (9.1)
22 (28.6)

NAS score (mean ± SD)
Fibrosis score (mean ± SD)
Fibrosis score
<2
≥2
NAS score
<5
≥5
NAS score
<3
≥3
Steatosis
<2
≥2
Ballooning
<2
2
Inflammation
<2
≥2
Mallory bodies

0.12

0.11

0.1

< 0.01

0.4

0.06

NAFLD: Nonalcoholic fatty liver disease; NAS: NAFLD activity score; T2DM: Type 2 diabetes mellitus.
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NAFLD and T2DM have higher ballooning (27.3 vs 13.3,
P < 0.01) compared to patients with NAFLD without
T2DM. Ballooning is considered to be the most important
feature of steatohepatitis and correlates with features
[7]
[21]
of insulin resistance very well . Recently, Leite et al
examined the histological features of NAFLD in T2DM
patients using the updated NASH CRN grading system
and also assessed for interpathologist’s agreement
on histological features. Although they demonstrated
presence of significant higher ballooning (42%-55%)
among patients with NAFLD and T2DM, they had
several limitations. The biopsies were evaluated by two
pathologists, and the kappa score for inter-observer
agreement for assessment of the degree of ballooning
was 0.45 indicating that there was more disagreement
between the pathologists than agreement. Moreover,
[21]
the study sample in Leite et al lacked a comparative
control group of patients with NAFLD without T2DM.
Thus, our study overcomes the limitations of the Leite
[21]
et al
study, but also demonstrates that patients
with NAFLD and T2DM have higher rates of prominent
ballooning compared to patients with NAFLD without
T2DM using a larger and more diverse patient population
including Asians, Hispanics, African Americans and
Caucasians. Interestingly, in a large clinical trial involving
173 biopsy proven pediatric NAFLD patients, Lavine
[22]
et al
demonstrated a significant improvement in
hepatocyte ballooning at 96 wk of therapy with vitamin
E -0.5 (95%CI: -0.8 to -0.3, P = 0.006) and metformin
-0.3 (95%CI: -0.6 to -0.0, P = 0.04) compared to
placebo. No other histological features of NAFLD had
shown any significant improvement otherwise. Further
[23]
more, Chen et al in a large case-control study demon
strated that diabetes is associated with higher risk of
HCC (OR = 2.29, 95%CI: 2.25-2.35, P < 0.001) and
use of metformin resulted in 7% reduction in the risk
of HCC in diabetic patients incrementally (adjusted OR
= 0.93, 95%CI: 0.91-0.94, P < 0.0001) by inhibiting
hepatoma proliferation and inducing cell cycle arrest.
Thus, hepatocyte ballooning is not only a distinct
histological feature of NASH but may play an essential
role in the management and prognosis of NASH.
Further studies are needed to explore the exact role of
hepatocyte ballooning in the progression onto cirrhosis
and HCC.
While ballooning is one component of the overall
NAS, our results showed that the mean NAS was
significantly higher among patients with NAFLD and
T2DM (3.5 vs 3.0, P = 0.03) compared to patients with
NAFLD without T2DM. However, there was no significant
difference in NAS ≥ 5 (20.9 vs 29.9, P = 0.12) between
the two groups in our study (Table 2) which could
likely be attributed to relatively smaller sample size of
the patients with NAFLD and T2DM (n = 77). NAS is
different from Brunt scoring system, as it includes the
active and potentially reversible features of NAFLD,
such as steatosis, inflammation and ballooning, and is
separate from the potentially less reversible features like
[6]
fibrosis . Moreover, the numeric value of the composite

Table 4 Variables associated with nonalcoholic steato
hepatitis (nonalcoholic fatty liver disease activity score ≥ 5)
(multivariate analysis)
Variables

P value

Odds ratio

95%CI

3.27
3.88
1.84

1.43-7.50
1.15-13.1
1.01-3.35

3.06

1.01-9.25

4.21

1.13-15.6

All patients
Presence of T2DM
< 0.01
ALT ≥ 36
0.029
Protein
0.045
Patients with NAFLD without T2DM
Protein
0.048
Patients with NAFLD with T2DM
ALT ≥ 36
0.03

ALT: Alanine transaminase; NAFLD: Nonalcoholic fatty liver disease;
T2DM: Type 2 diabetes mellitus.

Table 5 Variables associated with advanced fibrosis (multi
variate analysis)
Variables

P value

All patients
Presence of T2DM
< 0.01
Platelet
0.025
INR
< 0.01
Patients with NAFLD without T2DM
Platelet
0.03
INR
0.001
Patients with NAFLD with T2DM
Platelet
0.045

Odds ratio

95%CI

3.45
0.99
4151

1.53-7.77
0.99-1.0
97.7-176426

0.99
16950

0.98-0.99
62.4-4607293

0.99

0.98-0.99

NAFLD: Nonalcoholic fatty liver disease; T2DM: Type 2 diabetes mellitus;
INR: International normalized ratio.

significant prognostic value. T2DM is being increasingly
recognized as an important risk factor in NAFLD pro
gression, especially with NAFLD being regarded as an
[2-4]
extension of metabolic syndrome . However, there
is a lack of definite predictors for NASH among NAFLD
[14,15]
patients with T2DM
, thereby highlighting the need
to obtain liver histopathology for accurate determination
of NASH and fibrosis. Recognizing unique histological
features among NAFLD patients with T2DM would
enhance our understanding of disease progression and
aid development of potential remedies. Prior studies
evaluating the histopathological features of NAFLD
among T2DM patients utilized the Brunt system of
[3,8,16-20]
histological evaluation
and were limited by lack
of a comparative control group of patients with NAFLD
[3,16,17,20,21]
without T2DM
. To date, only one multicenter
study compared the histopathological differences among
[5]
patients with NAFLD with and without T2DM utilizing
the NAS criteria among United States population with
the limitation of potential inter-observer variability due to
histology being read by multiple pathologists. Therefore,
we conducted a detailed comparative histological
evaluation using the NAS criteria in patients with NAFLD
with and without T2DM at a single center using a single
well-trained histopathologist to identify factors predicting
NASH and advanced fibrosis in a multiethnic United
States cohort.
Our study highlights the findings that patients with
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NAS is distinct from the qualitative histopathologic
diagnosis utilized by Brunt scoring system (i.e., definite
[7]
NASH, kappa score = 0.57) . Furthermore, Miyaaki
[20]
[24]
et al
and Adams et al
have pointed that patients
with NAFLD and T2DM tend to have advanced fibrosis
and less steatosis, which could be attributed to the
natural progression of disease or advanced age of the
population with T2DM at the time of evaluation. Thus
variation among individual histological features of NASH
among patients with NAFLD and T2DM could lower
the overall composite NAS. Therefore, it is important
to quantify individual histological features separately
along with NAS while interpreting liver biopsies among
NAFLD patients. Further large population-based studies
are needed to explore the additional utility of NAS in
patients with NAFLD and T2DM.
In our study, patients with NAFLD and T2DM demon
strated significantly higher mean fibrosis score and
advanced fibrosis compared to patients with NAFLD
[5,8,20]
without T2DM which corroborates with prior studies
.
On adjusting for age, gender, BMI and ethnicity, T2DM
was noted to be an independent predictor for NASH and
advanced fibrosis among all patients with NAFLD in our
[5]
study which is not surprising. Recently, Loomba et al
conducted a cross-sectional analysis of 1069 patients
with NAFLD from the NAFLD Database study and PIVENS
trial to examine the association of personal and family
history of T2DM to histological features of NASH and
advanced fibrosis. On sub-analysis using a comparative
group of patients with NAFLD without T2DM and
adjusting for age, sex, ethnicity and BMI, patients with
NAFLD and T2DM had increased risk of NASH (OR = 2.48,
95%CI: 1.31-4.72, P = 0.01), any fibrosis (OR = 2.94,
95%CI: 1.49-5.81, P < 0.01) and advanced fibrosis
(OR = 6.03, 95%CI: 3.16-11.52, P < 0.0001) which is
similar to our study results. However, the diagnosis of
NASH was based on modified Brunt criteria as opposed
to composite NAS criteria in our study and comparative
histological analysis for differences in ballooning or NAS
≥ 5 was lacking. Younossi et al[8], in a cohort study of
132 patients with NAFLD, demonstrated that patients
with NAFLD and T2DM (n = 44) had significantly higher
rates of cirrhosis (25 vs 10.2, P = 0.04), liver related
mortality (RR = 22.83, 95%CI: 2.97-175.03, P = 0.003)
and overall mortality (RR = 3.30, 95%CI: 1.76-6.18,
P = 0.002), compared to patients with NAFLD without
T2DM (n = 88). However, there was no statistical
difference for fibrosis ≥ 2 between the two groups (17
vs 32, P = 0.07) in their study, which is contrary to our
study and could be related to their smaller sample size.
Early diagnosis of NASH and advanced fibrosis in
patients with NAFLD and T2DM has important clinical
significance. In a long term follow up study of biopsy
[25]
proven NAFLD patients, Ekstedt et al reported higher
mortality particularly among patients with NASH com
pared to reference population with respect to liver-related
causes (2.8 vs 0.2, P = 0.04) and from cardiovascular
[8]
disease (15.5 vs 7.5, P = 0.04). Younossi et al in their
study reported higher occurrence of cirrhosis (25 vs
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10.2, P = 0.04), overall mortality (RR = 3.30, 95%CI:
1.76-6.18, P = 0.002) and mortality related to liver
disease (RR = 22.83, 95%CI: 2.97-175.03, P = 0.003)
among diabetic patients with NAFLD as opposed to non[26]
diabetic patients with NAFLD. Moreover, Welzel et al ,
found a 2.9 fold risk for development of HCC among
diabetic patients in a recent analysis within the SEERdatabase. Thus, it is imperative to identify and evaluate
patients with NAFLD and T2DM early on for presence of
NASH and advanced fibrosis. Currently, no single noninvasive panel has been proven to be a valid substitute
[27]
for a liver biopsy . In our study, the indirect markers
for NASH such as AST/ALT ratio (0.94 ± 0.4 vs 0.78 ±
0.4, P < 0.01) and Fib-4 index (1.65 vs 1.06, P < 0.01)
showed higher significance among patients with NAFLD
with T2DM compared to patients without T2DM while
APRI score (0.64 vs 0.54, P = 0.16) did not. The utility of
most non-invasive tests is limited as a screening test to
exclude advanced fibrosis due to high negative predictive
value (76.9%-90.5%) and a modest positive predictive
[28]
value (36.1%-61.1%) . Moreover, patients with NAFLD
and BMI > 30 (OR = 8.4, 95%CI: 6.6-10.8, P < 0.0001)
and T2DM (OR = 2.0, 95%CI: 1.5-2.6, P < 0.0001) pose
unique challenge for accurate liver stiffness measurement
using Fibroscan, mainly due to attenuation of elastic
[29]
waves by subcutaneous and pre-hepatic fat thickness .
Therefore, a selective liver biopsy could be helpful among
obese, elderly patients especially with NAFLD and T2DM
to accurately stage NAFLD. Furthermore, our results
(Table 5) comparing the background features among
patients with NASH and steatosis showed higher number
of patients with NASH to have T2DM and cirrhosis in
addition to indirect evidence for advanced disease and
fibrosis reflected by significantly higher Bilirubin, AST and
ALT and lower platelet and lower HDL values. Therefore
optimization of risk factors of NAFLD such as metabolic
syndrome, T2DM and dyslipidemia to prevent further
progression of liver disease to cirrhosis, HCC and other
related complications is warranted.
Our study has some limitations. Data on duration of
T2DM and insulin resistance were lacking, hence we could
not assess for the association of these variables with
NAFLD progression. However, the mean HbA1c among
patients with NAFLD and T2DM was 8.09 which reflects
uncontrolled T2DM thereby minimizing the confounding
effect of diabetic medication and highlighting the role of
uncontrolled T2DM in NAFLD progression. Furthermore,
the data being obtained at a major tertiary care referral
center, could have led to selection bias. Lastly, the smaller
sample size of patients with NAFLD and T2DM limited
our ability to show statistically significant rate of cirrhosis.
Therefore, larger prospective studies on patients with
NAFLD with and without T2DM are needed to further our
understanding of the relationship between T2DM and
NAFLD progression.
In conclusion, patients with NAFLD and T2DM tend to
have higher ballooning and advanced fibrosis compared
to patients with NAFLD without T2DM. Our study also
demonstrated that T2DM is an independent predictor

2616

November 8, 2015|Volume 7|Issue 25|

Puchakayala BK et al . NAFLD and T2DM using NAS criteria
for both NASH and advanced fibrosis, while utilizing
the more current NAS criteria. Patients with NAFLD
and T2DM in general should be advised and educated
regarding optimal diabetes control, hyperlipidemia
management and vascular disease screening which
may not only prevent cardiovascular complications but
also could prevent further progression to NASH and/or
advanced fibrosis/cirrhosis. Future prospective studies
are needed to explore the role of NASH (especially
hepatocyte ballooning) among patients with and without
T2DM and development of advanced fibrosis, HCC and
cardiovascular disease burden and mortality.

2

3

4
5

COMMENTS
COMMENTS
Background

6

Identifying the unique histopathological features of nonalcoholic fatty liver
disease (NAFLD) among patients with type 2 diabetes mellitus (T2DM) is not
only important to stage the disease progression but also help us understand the
impact of diabetes in progression of NAFLD. Presently, only few studies have
described the histopathological differences among NAFLD patients with and
without T2DM in a multiethnic United States population cohort.

7

Research frontiers

While screening for diabetes and other risk factors for NAFLD is easily
performed, management of NAFLD is still evolving. Current interest is in
understanding the pathogenesis of NAFLD progression, which will pave way to
potential novel treatments.

8

Innovations and breakthroughs

The authors’ study highlights the findings that patients with NAFLD and T2DM
have higher ballooning compared to patients with NAFLD without T2DM.
Ballooning is considered to be the most important feature of steatohepatitis and
correlates with features of insulin resistance very well. Similarly, significantly
higher mean fibrosis score and advanced fibrosis is demonstrated among
patients with NAFLD and T2DM. It is important to quantify individual histological
features separately along with NAS while interpreting liver biopsies among
NAFLD patients.
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10
11

Applications

T2DM is an independent predictor for both NASH and advanced fibrosis.
Hepatocyte ballooning is not only a distinct histological feature of NASH but
may play an essential role in the management and prognosis of NASH. Patients
with NAFLD and T2DM in general should be advised and educated regarding
optimal diabetes control, hyperlipidemia management and vascular disease
screening thereby preventing progression of liver disease burden and mortality.

12

Terminology

NAFLD includes a histological spectrum of liver diseases ranging from simple
steatosis to NASH and the latter histological entity can progress to cirrhosis.
T2DM is shown to be an independent risk factor for the development of NASH.
The components that make up NASH include fat in liver cells (steatosis),
inflammation, scar tissue (fibrosis) and degeneration of liver cell (ballooning).
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This is an excellent work dealing with a very interesting topic, the histo
pathological alterations in diabetic and non-diabetic patients with NAFLD.
There are few studies describing the mentioned differences and this work
constitutes a novel approach. The authors showed clearly the impact of T2DM
on NAFLD. Comorbidity seems to be very important in converting the disease
and determining the severity of the disease either ways.
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Abstract
AIM: To identify gaps in the existing knowledge on
single, dual and triple infections of human immuno
deficiency virus (HIV), hepatitis B virus (HBV) and
hepatitis C virus (HCV) in the Middle East and North
Africa (MENA) region among men who have sex with
men (MSMs), female sex workers (FSWs), injecting
drug users (IDUs) and prisoners.
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METHODS: We performed an extensive literature
search on articles published on the topic in the 25
countries of the MENA region. PubMed database was
used as the main search engine. Case reports, case
series, qualitative studies, editorials, commentaries,
authors’ replies and animal studies were excluded.
Original articles and reviews dealing with the prevalence
of HIV, HBV and HCV and their co-infection were
included. Data on population type, sample size, age and
markers of infections were extracted from the relevant
studies.
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RESULTS: HIV, HBV and HCV are blood-borne viruses
with similar modes of transmission. The categories of
people at high risk of acquiring HIV-1, HBV and HCV
commonly include: MSMs, FSW and IDUs. It is well
established that HIV-positive individuals co-infected
with HBV or HCV suffer from liver pathology associated
with morbidity and mortality. Moreover, HIV-infected
individuals do not respond well to treatment for HBV or
HCV and hence are at increased risk of hepatic toxicity.
Consequently, co-infection of HIV-positive individuals
with HBV and/or HCV is a global health problem of
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[1]

causes worldwide compared to 2.4 million in 2005 .
The use of combined antiretroviral therapy (cART) has
significantly reduced the mortality and morbidity caused
by (HIV-1). In the Middle East and North Africa (MENA)
countries, the picture of the HIV-1 epidemic is different.
230 000 people living with HIV were reported in 2013,
15000 deaths and a treatment coverage estimated to
[1]
be 11% (range of 8%-16%) .
Recent data show that liver pathology is a significant
cause of morbidity and mortality in HIV patients coinfected with hepatitis B virus (HBV) or hepatitis C
virus (HCV). Moreover, HIV-infected individuals do not
respond well to treatment for HBV or HCV and hence
[2,3]
are at increased risk of hepatic toxicity . Globally, 240
million people are chronically infected with HBV (defined
as hepatitis B surface antigen positive for at least 6 mo)
[4]
[World Health Organization (WHO)] . Data from other
sources have reported 350-400 million people infected
[3]
worldwide with HBV . The majority of these cases
[5]
are in Asia and Africa where HBV is endemic . One
hundred and thirty-170 million people are infected with
[6]
HCV with 3-4 million people newly infected each year
with HCV. These numbers exceed the number of people
living HIV-1.
According to the WHO Eastern Mediterranean
Regional Office, there are approximately 4.3 million
people infected with HBV (1.79% of the global pre
valence) and 800000 people infected with HCV in the
[7]
region (0.57% of the global prevalence) each year
HIV, HBV and HCV are blood-borne viruses with similar
modes of transmission. HIV-1 is mainly a sexually
transmitted virus (vaginal or anal sex). HIV-1 can also
be transmitted via sharing needles or syringes used
to prepare injection drugs with someone who is HIVpositive. Similarly, HCV is most commonly transmitted
through the sharing of injecting tools; consequently,
people at high risk of acquiring HCV include among
others people who inject drugs and HIV-infected
[8]
people . While transmission of HBV varies depending on
[9]
a country level of endemicity , injecting drug use has
been described as an important mode of transmission
[10]
among young adults . In summary, the categories of
people at high risk of acquiring HIV-1, HBV and HCV
include commonly: Men who have sex with men (MSMs),
female sex workers (FSW), injecting drug users (IDUs)
and prisoners engaging in risky behaviors.
Despite the availability of preventive and control
measures, co-infection of HIV-positive individuals with
HBV and/or HCV is a global health problem of significant
and increasing magnitude. Globally, 5%-20% of the HIVinfected individuals are inflicted by chronic hepatitis B and
[11]
therefore accounting for an estimate of 2 to 4 million .
In countries where the viruses are highly endemic, the
[12]
co-infection can reach 25% . Worldwide, the burden
of HIV-HCV co-infection is estimated to be 4 to 5 million
[13]
persons . While the potential of worse HIV outcomes
are suggested to be associated with viral hepatitis, it is
still yet to identify the populations in the MENA region
with dual infections (HIV-HBV or HIV-HCV) or triple co-

significant magnitude. Our review reveals the paucity
of epidemiological data for key populations in many
countries of the region. Limited number of studies
exists in the MENA region on the status of HIV, HBV
and HCV and their co-infections among prisoners, MSMs
and FSWs. Evidence support the continued increase
of the HIV epidemic among MSMs. In addition to the
lack of studies on MSMs and FSWs in the MENA region,
our review highlights the lack of data on the practices,
characteristics, or the status of HIV infection and viral
hepatitis among male sex workers selling or exchanging
sex for money.
CONCLUSION: The MENA countries are in urgent
need of advanced research and strengthening of the
data collection systems and reporting practices of these
infections among key populations.
Key words: Human immunodeficiency virus; Hepatitis B
virus; Hepatitis C virus; Men who have sex with men;
Female sex workers; Injecting drug users; Prisoners
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Despite the availability of preventive and
control measures, co-infection of human immuno
deficiency virus (HIV)-positive individuals with hepatitis
B virus (HBV) and/or hepatitis C virus (HCV) is a global
health problem of significant and increasing magnitude.
While the potential of worse HIV outcomes are
suggested to be associated with viral hepatitis, it is still
yet to identify the populations in the Middle East and
North Africa (MENA) region with dual infections (HIVHBV or HIV-HCV) or triple co-infections with HIV, HBV
and HCV. This review highlights the available data on
HIV, HBV and HCV and their co-infections in the MENA
countries with specific focus on high-risk groups (men
who have sex with men, female sex workers, injecting
drug users and prisoners).
Melhem NM, Rahhal N, Charide R, Kreidieh K, El-Khatib
R. Human immunodeficiency virus and viral hepatitis among
high-risk groups: Understanding the knowledge gap in the
Middle East and North Africa Region. World J Hepatol 2015;
7(25): 2619-2630 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i25/2619.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i25.2619

INTRODUCTION
In 2013, 35 million people were estimated to be living
with human immunodeficiency virus type-1 (HIV-1).
Globally, 2.1 million people became newly infected with
HIV in 2013, down from 3.4 million in 2001. Acquired
immunodeficiency syndrome (AIDS)-related deaths
peaked in 2005 and have fallen by the end of 2013
whereby 1.5 million people died from AIDS-related
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Table 1 Human immunodeficiency virus, hepatitis B virus and hepatitis C virus and their co-infection status among prisoners from
Middle East and North Africa countries between 2005 and 2015
Country
Egypt
Iran

n

500
160
392a
358b
163
249a
150a
Lebanon 580
Libya
6371

Mean age/age HIV (%) HBV (%) HCV (%) HIV-HBV co-infection (%) HIV-HCV co-infection (%) Triple infection (%) Ref.
41.0
16.6
35.9
34.7
34.5
35.4
31.4
31.7
> 16

0.0
0.6
17.0
0.0
0.0
15.1
42.5
0.2
18.2

9.8
0.6
4.5
6.1
7.4
4.7
18.9
2.4
6.9

15.8
NS
80.5
8.1
7.4
64.8
75.9
3.4
23.7

0.0
0.0
0.8
0.0
0.0
1.1
NR
0.0
NR

0.0
NS
14.5
0.0
0.0
14.3
NR
0.0
NR

0.0
NS
0.8
0.0
0.0
1.1
NR
0.0
1.5

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]

a

Among prisoners who inject drugs; bDrug-related convictions; n: Sample size; NR: Not reported; NS: Not studied. All numbers were rounded to the nearest 1.
HIV: Human immunodeficiency virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

infections with HIV, HBV and HCV. This review highlights
the available data on HIV, HBV and HCV and their coinfections in the MENA countries with specific focus on
high-risk groups. The aim of this review is to identify
gaps in the existing knowledge on the interplay between
these viruses in the region among MSMs, FSWs, IDUs
and prisoners.

PubMed search included the combination of the following
keywords and each of the MENA countries listed
above: (1) “men who have sex with men” or “MSM”
or “homosexual” or “gay”; (2) “female sex workers” or
“FSW” or “prostitute”; (3) “injecting drug users” or “IDU”
or “drug injectors” or “intravenous drug users”; and (4)
“prisoners”.

MATERIALS AND METHODS

RESULTS

In an attempt to understand the lack of full spectrum
knowledge of the epidemiology of HIV, HBV and HCV
and their existing co-infections in MENA countries
and specifically in high risk-groups, we performed an
extensive literature search on articles studying these viral
infections in the 25 countries of the MENA region. These
countries include: Algeria, Bahrain, Cyprus, Djibouti,
Egypt, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya,
Mauritania, Morocco, Oman, Palestine, Qatar, Saudi
Arabia, Somalia, Sudan, Syria, Tunisia, Turkey, United
Arab Emirates (UAE) and Yemen. PubMed database was
used as the main search engine. The WHO, Centers for
Disease Control and Prevention, Joint United Nations
Programme on HIV/AIDS (UNAIDS), World Bank and
MENA National AIDS Programs websites were also
checked for any updated data on the distribution of any
of these infections. Case reports, case series, qualitative
studies, editorials, commentaries, authors’ replies and
animal studies were excluded. Original articles and
reviews dealing with the prevalence of HIV, HBV and HCV
and their co-infection were included. Data on population
type, sample size, age and markers of infections were
extracted from the relevant studies.
The search was conducted using predefined com
bination of keywords or terms to select manuscripts
and reviews published during the past decade, i.e.,
between 2005 and 2015. The following keywords were
used in order to identify articles studying HIV and
HBV or HCV co-infection: “HIV” and “HBV” or “HCV”
in combination with each of the 25 different countries
of the MENA region. In order to identify the articles on
high risk groups and their impact on the epidemiology of
HIV, HBV and HCV in the MENA region, the systematic

To our knowledge, 52 articles were deemed eligible using
our search technique. These articles included published
data on markers of HIV, HBV and HCV and their coinfections in the countries of the MENA region during
the past decade. Data were available from 12 countries:
Cyprus, Egypt, Iran, Israel, Lebanon, Libya, Morocco,
Palestine, Saudi Arabia, Sudan, Turkey and Yemen. The
data available on HIV, HBV, HCV and their co-infections
from these countries are summarized among prisoners
(Table 1), FSWs and MSMs (Table 2), IDUs (Table 3) and
other defined populations (Table 4). The latter include
blood donors, soldiers, HBV patients, non-injecting drug
users, waste handlers and hospital patients.

WJH|www.wjgnet.com

Distribution of HIV, HBV, HCV and their co-infection
prevalence among prisoners

Limited data were published on HIV and HBV/HCV coinfections among prisoners in the MENA region. Data
from Egypt, Iran, Lebanon and Libya are summarized
in Table 1. The majority of the studies originated from
Iran and were geographically distributed as follows:
[16,17,20]
three from Northern Iran prisons
, two from Center
[15,18]
[19]
Iran
and one from Southern Iran . The number of
participants included in these studies ranged between
[20]
150 prisoners in one facility in Iran to 6371 prisoners
[22]
participating in the Libyan study . Most of these studies
[14-17,20-22]
were conducted on male prisoners
and only
[18]
one study included female prisoners in Iran . The
mean age of the study participants ranged between
31.4 and 41 years except for one study conducted
on juvenile prisoners in Isfahan, Iran (mean age 16.6
[15]
years) . None of these studies mentioned the reason
of imprisonment. These studies could be referred to as
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Table 2 Human immunodeficiency virus, hepatitis B virus and hepatitis C virus and their co-infection status among female sex
workers and men who have sex with men in Middle East and North Africa countries between 2005 and 2015
Country
FSWs
Lebanon
Libya
Turkey
MSM
Lebanon
Libya

n

Mean age/age HIV (%) HBV (%) HCV (%) HIV-HBV co-infection (%) HIV-HCV co-infection (%) Triple infection (%) Ref.

103a
69a
130

≥ 18
≥ 15
38.9

0.0
10.1
0.0

0.0
2.9
3.1

0.0
7.2
0.8

0.0
0.0
0.0

0.0
4.3
0.0

0.0
0.0
0.0

[23]
[24]
[25]

101a
227a

≥ 18
≥ 15

1.0
5.3

1.0
3.1

0.0
8.4

0.0
0.0

0.0
4.4

0.0
0.0

[23]
[24]

a

Non-adjusted prevalence using respondent-driven sampling method. All numbers were rounded to the nearest 1. HIV: Human immunodeficiency virus;
HBV: Hepatitis B virus; HCV: Hepatitis C virus.

Table 3 Human immunodeficiency virus, hepatitis B virus and hepatitis C virus and their co-infection status among injecting drug
users in Middle East and North Africa countries between 2005 and 2015
Country
Cyprus
Iran

n

40
202
417
258
233
117a
899
100
268
153
539
200
1327
518
Israel
743
Lebanon
106a
Libya
328a
Palestine
192
Saudi Arabia 297

Mean age/age HIV (%) HBV (%) HCV (%) HIV-HBV co-infection (%) HIV-HCV co-infection (%) Triple infection (%) Ref.
25-31
≥ 17
28.8
32.3
< 30
33.9
17-58
37.0
30.7
35.3
36.5
26.5
35.2
33.8
≥ 18
≥ 15
41.3
31.0

0.0
NR
24.4
18.8
7.7
0.7
10.7
19.0
10.8
5.9
NR
1.5
20.2
15.5
1.9
0.9
87.1
0.0
0.7

0.0
NS
NS
NS
22.7
0.7
50.7
6.0
6.0
22.9
NR
4.5
NS
3.7
8.6
2.8
4.5
2.6
6.1

50.0
52.0
80.0
65.9
40.3
59.0
34.5
56.0
39.2
59.5
NR
12.0
13.5
69.5
69.3
52.8
94.2
43.8
37.7

0.0
NS
NS
NS
4.7
0.0
7.8
NR
NR
2.0
0.0
0.0
NS
0.6
NR
0.0
4.2
0.0
NR

0.0
9.4
24.0
NR
6.4
0.0
8.7
15.0
NR
5.2
1.1
0.0
NR
11.2
NR
0.0
83.2
0.0
NR

0.0
NS
NS
NS
4.7
0.0
6.5
5.0
NR
1.3
NR
0.0
NS
0.6
NR
0.0
NR
0.0
NR

[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[16]
[40]
[44]
[41]
[42]
[43]

a

Estimated prevalence using respondent-driven sampling method. All numbers were rounded to the nearest 1. n: Sample size; NR: Not reported; NS: Not
studied; HIV: Human immunodeficiency virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

seroprevalence studies since enzyme-linked immuno
sorbent assay and enzyme immunoassay were used
to detect antibodies to HIV, HBV and HCV. Few studies
reported in addition to anti-hepatitis B surface antigen
(HBsAg) titers the levels of HBs Ag as a marker of HBV
[17,18]
infection
. We don’t have data on the hepatitis B
vaccine status of these prisoners, except for one study
held in Isfahan (Iran) clearly stating that the prisoners
[18]
were not vaccinated against HBV . It has been noted in
four studies that the populations included were not only
prisoners but also individuals who inject drugs; those
[16,17,19,20]
studies were all done in different areas from Iran
.
The prevalence of HIV among prisoners as reported
during the last decade in these countries ranged from
0% to 42.5% with Iran reporting the highest prevalence
[20]
[22]
rate
followed by Libya (18.2%) . It is rather
interesting that HIV was not reported in the study held
in the Minia governorate, Egypt among a cohort of 500
[14]
prisoners in . Compared to Egypt, Lebanon and Libya,
Iran also reported highest prevalence rates of HBV and
[20]
[16]
HCV at 18.9%
and 80.5% , respectively. Other
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studies from Iran reported significantly lower rates of
[15]
HBV with 0.6% being the lowest and 4%-7% reported
[16-19]
in other areas
. In general, Table 1 shows that HBV
prevalence rates among prisoners ranges between
[15]
[20]
0.6%
to 18.9%
whereas HCV prevalence ranged
[21]
[16]
between 3.4% in Lebanon
to 80.5% in Iran . We
similarly assessed the status of co-infection and found
that two studies didn’t report on the HIV-HBV/HCV co[20]
[22]
infection, one from Iran
and one Libya . However,
two studies from Iran reported HIV-HBV co-infection
[16]
[19]
rates to be 0.8% and 1.1% . The other five studies
reported a zero co-infection rate. The co-infection
prevalence of HIV and HCV was reported in two Iranian
[16,19]
studies with an average rate of 14%
. Triple infections
[16,19]
of 0.8%, 1.1% and 1.5% were recorded in Iran
and
[22]
Libya . The other studies either reported a 0% rate or
did not assess these co-infections (Table 1).

Distribution of HIV, HBV, HCV and their co-infection
status among FSWs and MSMs

During the past decade, Lebanon, Libya and Turkey
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Table 4 Human immunodeficiency virus, hepatitis B virus and hepatitis C virus and their co-infection status among different
populations from Middle East and North Africa countries between 2005 and 2015
n

Country
HIV infected individuals
Iran

Morocco
Sudan
Turkey
Blood donors
Cyprus
Iran
UAE
Others
Cyprus
Soldiers
Iran
HBV patients
HIV infected patients’ partners
Non-injecting drug users
Referral from behavioral
counseling center
Libya
General Population
Medical waste handlers
Non-Medical waste handlers
Turkey
ER patients
In and out-patients

Mean
age/age

HIV (%) HBV (%) HCV (%)

HIV-HBV coinfection (%)

HIV-HCV coTriple
infection (%) infection (%)

Ref.

64
168
1338
106
80
130
391
201
1444
503
358
949

38.7
32-42
36.6
37.0
50.2
36.0
38.4
39.0
35.0
37.9

-

-

-

18.8
NS
NS
20.8
11.3
11.5
14.5
44.3
NS
29.4
26.8
0.0

NS
87.5
78.0
67.0
33.8
77.0
72.0
67.2
78.4
5.4
NS
0.9

NS
NS
NS
NR
25.0
9.2
7.9
36.3
NS
NR
NS
0.0

[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]

5057
6499851
2026628
592

34.5
38.0
-

0.0
< 0.1
< 0.1
1.2

3.0
0.6
0.4
67.2

0.5
0.1
0.1
31.6

0.0
NR
NR
NR

0.0
NR
NR
NR

0.0
NR
NR
NR

[61]
[62]
[63]
[64]

12488

34.5

0.0

2.2

0.5

0.0

0.0

0.0

[61]

264
168
336
379

41.6
33.2
28.5
29.7

0.4
NR
1.5
4.0

NS
5.6
2.9

4.5
NR
4.5
35.6

0.4
NS
1.2
0.8

NR
9.5
0.9
3.4

NR
NS
0.9
0.3

[65]
[50]
[31]
[66]

9170
300
300

34.0
-

0.2
0.0
0.0

3.7
2.3
0.3

0.9
2.7
0.0

< 0.1
0.0
0.0

0.1
0.0
0.0

< 0.1
0.0
0.0

[67]
[68]
[68]

51.7
-

0.0
0.3

5.0
33.9

1.8
1.2

0.0
NR

0.0
NR

0.0
NR

[69]
[70]

1000
97000-225000

All number were rounded to the nearest 1. n: Sample size; NR: Not reported; NS: Not studied; HIV: Human immunodeficiency virus; HBV: Hepatitis B
virus; HCV: Hepatitis C virus.

reported on the prevalence of HIV, HBV, HCV and their
co-infection in MSMs and FSWs (Table 2). The age of
the participants was reported to be above 15 or 18
years old for FSWs and MSMs in Libya and Lebanon
whereas a mean age of 39 years was reported for
the participants in the Turkish study on FSWs. The
respondent-driven sampling (RDS) method was used
to recruit participants (MSMs and FSWs) for the studies
[23,24]
from Lebanon and Libya
. The RDS method was
used to increase the chances of recruiting hard-to-reach
[26]
vulnerable populations . On the other hand, a cross[25]
sectional study design was reported by Gul et al
on
FSWs in Turkey and recruitment of participants was not
addressed in details (a questionnaire was administered).
HIV and/or viral hepatitis were not detected in FSWs
in Lebanon; whereas 1% out of 101 Lebanese MSM
participating in the study reported HIV-1 or HBV but not
[23]
HCV nor any co-infection, dual or triple . This study
reported on the prevalence of HIV and HCV through
detection of antibodies and that of HBV through the
detection of anti-hepatitis B virus core antigen.
When comparing the rates reported in Libya among
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FSWs and MSMs, it was clear that HIV-1 was more
prevalent among FSWs (10.1%) as compared to MSMs
(5.3%). Similar rates were reported for HBV infection
(HBsAg) in Libya with 2.9% among FSWs and 3.1%
among MSMs (Table 2). HCV was detected among
7.2% of participating FSWs whereas 8.4% was reported
among MSMs. Dual HIV-HCV infections were detected
among FSWs and MSMs in Libya (4.3% and 4.4%,
[24]
[23]
[25]
respectively)
but not in Lebanon
and Turkey .
Triple infections of HIV, HBV and HCV were not detected
in FSWs and MSMs in the three countries reporting on
these high-risk groups in the region.

Distribution of single, dual and triple HIV, HBV and HCV
infections among IDUs

During the last 10 years, seven out of the 25 MENA
countries published data on HIV and viral hepatitis
among IDUs (Table 3). The majority of these studies
(n = 13) were from Iran and were published between
[16,28-39]
2007 and 2015
. The remaining studies originated
from Cyprus, Israel, Lebanon, Libya, Palestine and Saudi
[27,40-44]
Arabia
. A common feature between the MENA
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countries reporting on IDUs (Table 3) is the predominance
[16,27-44]
of male participants
. The Iranian studies covered
different geographical areas from Iran, with 5 studies
[16,28-30,33]
[32,37]
performed in Tehran
, 2 in Isfahan
, 2 in
[31,39]
[34,36]
[38]
Shiraz
, 2 in Arak
, 1 in Kashan
and 1 study
[35]
included Tehran, Mashhad and Shiraz , simultaneously.
The pool of participants included in these studies had
[16,28-39]
a mean age ranging between 17 and 58 years
.
The majority of the studies included IDUs between 29
and 37 years of age. The participants were recruited
[16,28-39]
through interviews (structured questionnaires)
and
rarely through the RDS method to approach potential
[32]
participants . Furthermore, two studies were performed
[37,39]
in Drop in Centers
. Drop in centers are institutions
[45]
providing health related services to reduce harm .
[32]
Zamani et al observed that the development of “social
networks” is allowing for an increase in sharing of needles
in parts of Iran. Seroprevalance data were reported for
[16,28,31,34,36-39]
HIV, HBV and HCV in 11 studies from Iran
with the remaining studies reporting HBsAg as a marker
of HBV infection along with the seroprevalances of HIV
[32,35]
and HCV among the participants
. Interestingly,
[31]
Honarvar et al reported on different behaviors adopted
by the IDU population participating in their study. Those
behaviors were categorized as follows: Sexual behaviors,
condom use in sexual contracts, cigarette smoking,
[31]
tattooing and cupping .
[46]
According to Mathers et al , 8 out of the 25 MENA
countries (Cyprus, Egypt, Israel, Lebanon, Morocco,
occupied Palestinian territory, Oman and Tunisia) have
needle and syringe programs (NSPs), however the
number of IDUs accessing those programs is not up-to
date. While Iran was not part of that study, Des Jarlais et
[47]
al , reported that the first NSP established in Iran was
[48]
[47]
in 2003 . Des Jarlais et al showed that the increase
of NSPs was associated with a notable decrease in the
number of IDUs in Iran. Recent data show that by 2010,
[47]
Iran reached a number of 637 NSP sites .
For ease of the interpretation of the results, we will
report the range of single, dual and triple infections as
reported in the 7 countries of the MENA region (Table
3). The seroprevalence of HIV ranged between 0% to
[27]
[42]
87.1%. Cyprus
and Palestine
reported the lowest
[41]
percentages and Libya the highest . The RDS method
[41]
was applied by Mirzoyan et al in Tripoli, the capital of
Libya. Thus, there is lack of information from other areas.
Authors did not also report on the laboratory assays
performed to report on HIV, HBV and HCV. Consequently,
we could not report especially for hepatitis B whether the
reported data are seroprevalence or prevalence/infection
data. With regard to the study done in Israel, authors
could not conclude on specific results because the
[40]
majority of the participants were immigrants . Similarly,
a 0% rate was reported by the Palestinian study (East
Jerusalem Governorate); the authors stated that they
aimed at estimating HIV related risky behaviors and
[42]
could not report on the magnitude of the epidemic . In
Iran, a variable range of HIV-positives was reported with
[32]
[29]
a low of 0.7% to a high of 24.4% . The majority of
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these studies reported though a range between 10% and
[16,30,33-35,39]
24%
. HBV was reported to be less than 10%
in Cyprus, Israel, Lebanon, Libya and Palestine (Table 3).
In Iran, the range of HBV seroprevalence and infection
was variable in different areas, with values of less than
[16,32,34,35,38]
[31,36]
[33]
10%
, 23%
and 51% . HCV rates were
high in Cyprus (50%), Israel (69%), Lebanon (53%),
Libya (94%) and Palestine (40%). Variable results were
reported in different parts of Iran with the lowest being
12% and 13%; HCV single infections among IDUs in
Iran jumped in other studies to above 35% and reached
at time 80%.
Few studies reported the co-existence of HIV and
[41]
HBV among IDUs; these include a rate of 4% in Libya
[36]
[31]
[33]
as compared to 2% , 4.7%
and 7.8%
in Iran.
[27]
Dual HIV-HCV co-infection was not detected in Cyprus ,
[44]
[42]
Lebanon
and Palestine . The highest HIV-HCV co[41]
infection rate (83.2%) was reported in Libya
as
compared to those of Iran where the highest rate was
[29]
found to be 24% .
Finally, triple infection with HIV, HBV and HCV were
either rarely reported or even studied (Israel, Libya,
Saudi Arabia and many parts of Iran) or did not exist
among IDUs as the case in Cyprus, Lebanon and
Palestine (0% triple infections) (Table 3). In Iran, a range
[32,38]
of zero
to 6.5% is reported. The latter study included
[33]
IDUs from Tehran
where the highest percentage of
HIV-HBV co-infection was reported as compared to the
rest of the studies in MENA.

HIV, HBV, and HCV among populations other than highrisk groups

Table 4 includes the categories studied for HIV, HBV,
HCV and their co-infections in few MENA countries other
than the high-risk groups (i.e., MSMs, FSWs, IDUs and
prisoners). HBV and HCV were detected in already
[49-57]
[58]
known HIV positive patients in Iran
, Morocco ,
[59]
[60]
Sudan
and Turkey . The age of these patients
[51-60]
ranged between 35 and 50 years
. The purpose of
these studies was stated to be either to study HIV co[50]
[49]
[51-56]
infection with HCV , HBV or triple infection
. Only
three intended to assess the risk factors of these dual
[54,55,57]
and triple infections
. Iran was again the leading
country in the number of published studies on HBV and
HCV co-infections. These studies took place in different
[50,51,57]
[49,54]
[52,56]
areas from Iran: Shiraz
, Isfahan
, Tehran
,
[55]
[53]
Lorestan
and Mazandaran . Another study had
its population come from Shiraz counseling center for
behavioral diseases, and the study was a long cohort
[57]
taking place from 2003-2011 . The majority of these
studies (9 out of the 12) reported results on the HIV
[49-53,56-58,60]
infected population were seroprevalance data
while a study from Isfahan and another from Lorestan
[54,55]
reported on anti-HIV, anti-HCV and HBsAg
. The
purpose of these studies and the recruitment of
participants were variably reported (for example HIVpositive patients in one study attended a consultation
[49]
center for behavioral diseases) . The aim of the study
[50]
by Alipour et al
was to identify and quantify the risk
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factors of HCV transmission in HIV infected persons and
[50]
their partners. Alipour et al
documented that HIV
was mainly transmitted by intravenous (IV) drugs and
blood transfusion. This comes in agreement with two
other reports from Iran suggesting that the prominent
[54,56]
mode of transmission for HIV was IV drug use
,
and the rest came from engaging in risky sexual
behaviors, in addition to the majority being associated
[54]
with prisons . In contrast, the Turkish study reported
the most common route of HIV and HCV transmission
to be heterosexual behavior followed by IV drugs and
[60]
homosexual practices . The rate of HBV infection
among HIV-infected individuals ranged from 0% in
[60]
[56]
Turkey to 44.3% in Iran , whereas HCV prevalence
[60]
[50]
rate ranged from 0.9% and 87.5% . Triple infection
was either not studied or not reported in the majority of
the studies. However in Iran, when studied, the rate of
[54,57]
triple infection ranged between 9.2% and 36.3%
.
Data on blood donors were extracted from the
[61]
few published studies performed in Cyprus , Tehran[62,63]
[64]
Iran
and UAE . The majority of the participants
were males whose age ranged between ≤ 35 and 38
[61-63]
years
. The study performed in the UAE did not
[64]
report on the mean age of study participants . The
data from these countries reported on markers of HIV,
HBV and HCV infections. The studies on blood donors
[63]
included large samples; the studies held in Iran and
[64]
the UAE
extended over 6 years. Importantly, HIV
[64]
prevalence was 1.2% in UAE , and less than 0.1% in
[61-63]
Cyprus and Iran
. Compared to the other studies
among blood donors, only the study performed in UAE
reported high HBV and HCV infections, 67.2% and
[64]
31.6% respectively . In Cyprus, HBV infection rate
[61]
reached 3% , while in Iran the rate was less than
[62,63]
1%
. Similarly the HCV infection rate was less than
[61-63]
1% in Cyprus and Iran
. Dual and triple infections
were either not reported (Iran, UAE) or were not looked
[61]
for among participating blood donors (Cyprus) . Pro
tection against HBV as detected by anti-HBsAg among
blood donors of the UAE was high (67%). Similarly, the
rate of HCV among these participants was 31.6% (Table
4).
Low rates of HBV (2.2%) and HCV (0.5%) were
reported among 12488 soldiers in Cyprus, no dual or
[61]
triple infections since no HIV cases were reported .
Two studies were conducted in Iran where the HIV,
HBV and HCV rates were respectively 1.5%, 5.6% and
[31]
4.5% among non-injecting drug users and 4%, 2.9%
and 35.6% among referrals from behavioral counseling
[66]
centers . When HBV-positive patients were tested for
HIV, 0.4% of the participants were HIV-positive and
[65]
4.5% HCV-positive . A 9.5% HIV-HCV co-infection
prevalence rate was determined among HIV-infected
[50]
individuals’ partners in an Iranian study .
In Libya, a population-based study including nine
districts in Tripoli showed that the average prevalence
rates of HIV reached 0.2%, whereas HBV and HCV
[67]
rates reached 3.7% and 0.9% respectively . A casecontrol study in Libya also studied the risk of acquiring
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these infections among medical and non-medical waste
[68]
handlers . HIV was not detected among the cases and
[68]
controls and thus no dual or triple infections . Moreover,
2.3% of the medical waste handlers had HBV compared
[68]
to 0.3% among non-medical waste handlers . In the
latter, HCV cases were not reported; however 2.7% of
[68]
the medical waste handlers had HCV .
Hospital patients were also part of large size studies
[69]
reported from Turkey extending for 5 mo and 7 years
[70]
respectively . HIV was not detected among patients
visiting the emergency room cases; HBV and HCV rates
[69]
were 5% and 1.8%, respectively . In- and outpatients
participating in a similar study in Turkey were also
assessed for HIV, HBV and HCV infections. 0.3%, 33.9%
and 1.2% were reported, respectively. Dual or triple
infections were not reported.

DISCUSSION
Despite the availability of successful prevention and
treatment strategies, co-infection of HIV-positive
individuals with HBV and HCV remains a global public
health problem. This review highlights the data available
on HIV, HBV and HCV co-infections among high-risk
groups in the MENA region. Globally, the reported
prevalence of HIV-HBV and HIV-HCV co-infections vary
among studies. This is expected especially due to the
changing epidemiology of these viruses across time. It is
estimated that the rate of HIV-infected individuals with
concurrent chronic HBV infection can reach up to 25%,
[12]
especially in high endemic areas for both viruses . In
less endemic areas, i.e., North America, Europe and
Australia, HBV and HIV are acquired through sexual
transmission or injection-drug use (prevalence rates
are less than 10% in these areas) and half of the IDUs
[5]
are reported to be co-infected with HIV and HBV . The
prevalence of HIV and HCV co-infections is estimated to
be 2%-2.9% (moderate) in many parts of Sub-Saharan
Africa and less than 2% in Europe and other developed
[13]
areas . HIV/HCV co-infections among HIV-positives
with history of injection drug use is reported to be
[71]
between 82% and 93%
and previously reported to
[13]
range between 72% and 95% . Authors observed that
MSMs were at lower risks of co-infection despite the fact
that HCV epidemics have been described among HIVinfected MSMs; 1%-12% and 9%-27% were reported
between MSM and heterosexuals, respectively.
HIV infection is known to negatively affect all phases
of the natural history of hepatitis B infection leading to
persistent infection, increased cirrhosis, higher liverassociated mortality and increased risk of hepatocellular
[12]
carcinoma . Similarly, viral persistence, increased viral
load, rapid progression to end-stage liver disease and
fibrosis caused by HCV are negatively impacted by HIV
[72]
infection .
Our review reveals the paucity of epidemiological
data for key populations in many countries of the region.
Limited number of studies exists in the MENA region on
the status of HIV, HBV and HCV and their co-infections

2625

November 8, 2015|Volume 7|Issue 25|

Melhem NM et al . HIV, HBV and HCV in MENA
[81]

among prisoners, MSMs and FSWs. We also highlight the
lack of studies on the prevalence of HIV, HCV and HBV
among transgenders. This is alarming especially when
MSMs continue to show high burden of HIV prevalence
[73,74]
and incidence globally
. Evidence supports the
continued increase of the HIV epidemic among MSMs. In
high-income countries and despite the success of cART,
HIV epidemic trends are decreasing except in MSMs.
HIV is estimated to be increasing at 8% among MSMs
in the United States per year since 2001. Similarly, the
highest rates of HIV infection are in MSMs in much of
Africa, Asia and Latin America. Importantly, and by
the end of 2011 only 93 out of 196 countries did not
report on the prevalence of HIV in MSMs in the past 5
[75]
years . The UNAIDS reported a pooled HIV prevalence
of as low as 3% in the MENA region to as high as 25%
[76]
in the Caribbean . However, Data on MSMs and HIV
infections from the Middle East, North Africa and SubSaharan Africa were reported to be emerging.
Consequently, data gaps in surveillance are added
challenges to understanding the epidemiology of MSMs
in the region. This is especially true due to the stigma,
discrimination and homophobia associated with this
group. An increased risk of unprotected anal intercourse
and higher levels of HIV misinformation were associated
with homophobia. Discrimination and stigma were
also identified as possible barriers for HIV testing and
[77]
adherence to treatment . In addition, criminalization
of HIV transmission and male-male sex make it dan
gerous for affected individuals to release their status
and thus reduce the implementation of recommended
[73]
services .
In addition to the lack of studies on MSMs and FSWs
in the MENA region, we don’t have any study on the
practices, characteristics, or the status of HIV infection
and viral hepatitis among male sex workers selling or
exchanging sex for money. Male sex workers have been
ignored globally in the context of HIV/AIDS. Evidence
exists that the HIV burden is either sustained or
[78]
increasing in this population . We believe, along with
[78]
others , that this is also a key population at high risk
of acquiring and transmitting HIV and viral hepatitis.
Global and regional studies on biological, behavioral and
structural factors affecting HIV, HBV and HCV are clearly
needed.
In 2008, a range of 11-21 million people has been
[79]
estimated to inject drug in the world
where data
from the Middle East and many countries in Africa were
absent. In a more recent review on hepatitis B and C
[80]
among IDUs, Nelson et al
reported a range of 6-15
million worldwide with 1.2 million IDUs being HBsAg
positive and 6 million being anti-HBC positive. These
populations were mainly clustered in the United States,
China and Russia. Data from few countries of the MENA
region were included in this study (prior to 2009); these
include Cyprus, Egypt, Israel, Lebanon, Palestine, Saudi
Arabia, Syria and Turkey. Our review shows that not
many countries of the MENA region are advocating for
research on these viruses among IDUs during the past 10

WJH|www.wjgnet.com

years (Table 4). Mumtaz et al estimated the number
of people who inject drugs to be approximately 626000
(33000-1635000) in the MENA with HIV evidence of
epidemics in one third of the countries among IDUs. This
review highlighted the low levels of condom use, high
level of having sex with sex workers as well as the high
level of MSMs and sex selling; all of which indicate a high
injecting and sexual risk environment. The prevalence of
HCV was estimated to range between 31% and 64%.
Our review shows again the scarce number of
estimates of single, dual and triple infection among IDUs
in the region except for Iran. Iran is the main country
in the region with the highest number of IDUs. NSPs
are reported to be present in Egypt, Iran, Jordan Israel,
[82,83]
Lebanon, Morocco, Oman, Palestine and Tunisia
.
Moreover, the lack of opioid substitution therapy was
also reported in the MENA countries except for Israel,
Iran, Lebanon, Morocco and the UAE. Harm reduction
has been described in prisons in Iran where prisoners
can access clean injecting equipment. Evidence suggests
that injecting equipment are shared in prisons of Jordan,
Kuwait and Lebanon.
We believe that it is also important that HIV, HBV
and HCV prevention strategies address the vulnerability
among women who use or inject drugs. This is critical
especially with the reported increase of HIV prevalence
among female IDUs as compared to their male coun
terparts as well as the increased prevalence of HCV
[84]
among female IDUs and FSWs . Policies to reduce
discrimination and sex-based violence, police mistreat
ment, registration of female drug-users and protection of
their rights, access to NSPs and access to HIV and viral
hepatitis treatment are all needed and not addressed in
the MENA region for FSWs.
It is critical to acknowledge that HIV and coinfections with HBV and HCV are major threats among
high-risk groups in the MENA region. Several limitations
exist in this review while trying to interpret the variable
data: (1) the different types of sampling methods and
approaches used to recruit participants in different
studies; (2) the definition of HIV, HBV, HCV infections
and their co-infections; this depends on the sensitivity of
the surveillance documenting the mode of acquisition of
these viruses; and (3) the lack of data on size estimation
of MSMs, FSWs, IDUs and other populations in the
region. It is clear that urgent reforms are needed to take
place in order to push for extensive and comprehensive
research agenda for countries to be informed about the
impact of HIV transmission among high-risk groups and
the change in the dynamics of the pandemic. Estimates
of key populations at high risk including IDUS, FSWs,
MSMs and other lesbian, gay, bisexual, transgenders
are needed to guide policy makers to understand the
magnitude of the problem. Vaccination against hepatitis
B to all IDUs must be a priority especially those that
are already HCV-positive. HIV testing of these highrisk populations should also be part of the strategic plan
in MENA countries. Understanding these gaps is key
to strategize surveillance, bio-behavioral surveillance,
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interventions and treatment plans.
This review highlights the paucity and the variability
of existing data on high-risk groups and the status of
HIV, HBV, HCV infections and co-infection in the MENA
region. Without addressing the risks of expanding
epidemics among high-risk groups, an AIDS free society
will remain an illusion. It is obvious that resources need
to be allocated to inform strategic planning and policy
of the silently creeping waves of HIV and viral hepatitis
epidemics among these groups. The MENA countries are
in urgent need of advanced research and strengthening
of the data collection systems and reporting practices of
these infections among key populations. These efforts
are critical to ultimately incorporate findings in setting
national health policy priorities in the region.

2

3

4
5
6
7

COMMENTS
COMMENTS

8

Background

9

Despite the availability of successful prevention and treatment strategies, coinfection of human immunodeficiency virus (HIV)-positive individuals with
hepatitis B virus (HBV) and hepatitis C virus (HCV) remains a global public
health problem. This review highlights the data available on HIV, HBV and HCV
co-infections among high-risk groups in the Middle East and North Africa (MENA)
region. The high-risk groups include men who have sex with men (MSMs),
female sex workers (FSW), injecting drug users (IDUs) and prisoners.

10

11

Research frontiers

To the authors’ knowledge, this is the first review on the status of co-infection
(dual and triple) of HIV-positive individuals with HBV and/or HCV among highrisk groups in the countries of the MENA region.

12
13

Innovations and breakthroughs

The authors’ review highlights the paucity and the variability of existing data
from the MENA region on HIV, HBV and HCV co-infections among MSMs,
FSWs, IDUs and prisoners. This review draws the attention of researchers
to the critical need of addressing the gaps in surveillance, the latter being a
challenge to understanding the epidemiology of these co-infections among
high-risk groups. Advanced research, strengthening of the data collection
systems as well as reporting practices and behaviors among high-risk groups
are urgently needed.

14

15

Applications

Resources are needed to be allocated to inform strategic planning and policy on
HIV and viral hepatitis epidemics among key populations in the MENA region.
These efforts are important especially in setting national health policy priorities
in the region.

16

Terminology

17

This review summarizes the existing data on the status of co-infections of
HIV-1, the causative agent of acquired immunodeficiency syndrome, and viral
hepatitis among high-risk groups in the MENA region.

18

Peer-review

Melhem et al have reviewed the existing data on the prevalence of coinfection
of HIV, HBV and HCV in the MENA region, this is really interesting revision of
the existing data.

19

REFERENCES
1

20

Fact Sheet 2014. [Internet] 2014. Available from: URL: http://
www.unaids.org/sites/default/files/en/media/unaids/contentassets/
documents/factsheet/2014/20140716_FactSheet_en.pdf

WJH|www.wjgnet.com

2627

Ioannou GN, Bryson CL, Weiss NS, Miller R, Scott JD, Boyko
EJ. The prevalence of cirrhosis and hepatocellular carcinoma in
patients with human immunodeficiency virus infection. Hepatology
2013; 57: 249-257 [PMID: 22532055 DOI: 10.1002/hep.25800]
Matthews PC, Geretti AM, Goulder PJ, Klenerman P. Epide
miology and impact of HIV coinfection with hepatitis B and
hepatitis C viruses in Sub-Saharan Africa. J Clin Virol 2014; 61:
20-33 [PMID: 24973812 DOI: 10.1016/j.jcv.2014.05.018]
World Health Organization. Hepatitis B 2015 Fact Sheet.
Available from: URL: http://www.who.int/mediacentre/factsheets/
fs204/en/
Kourtis AP, Bulterys M, Hu DJ, Jamieson DJ. HIV-HBV
coinfection--a global challenge. N Engl J Med 2012; 366: 1749-1752
[PMID: 22571198 DOI: 10.1056/NEJMp1201796]
World Health Organization. Hepatitis C 2014. Available from:
URL: http://www.who.int/mediacentre/factsheets/fs164/en/
World Health Organization (WHO)-Regional Office for
Eastern Mediterranean Region. The growing threats of hepatitis
B and C in the Eastern Mediterranean Region: a call for action
2009. Available from: URL: http://applications.emro.who.int/docs/
EM_RC56_3_en.pdf
Centers for Disease Controal and prevention (CDC). Viral
Hepatitis 2015. Available from: URL: http://www.cdc.gov/hepatitis/
Custer B, Sullivan SD, Hazlet TK, Iloeje U, Veenstra DL,
Kowdley KV. Global epidemiology of hepatitis B virus. J Clin
Gastroenterol 2004; 38: S158-S168 [PMID: 15602165]
World Health Organization. Guidance on prevention of Viral
Hepatitis B and C among people who inject drugs. 2012: 1-46
Available from: URL: http://apps.who.int/iris/bitstream/10665/
75357/1/9789241504041_eng.pdf
Petty LA, Steinbeck JL, Pursell K, Jensen DM. Human
immunodeficiency virus and coinfection with hepatitis B and C.
Infect Dis Clin North Am 2014; 28: 477-499 [PMID: 25151567]
Thio CL. Hepatitis B and human immunodeficiency virus
coinfection. Hepatology 2009; 49: S138-S145 [PMID: 19399813
DOI: 10.1002/hep.22883]
Alter MJ. Epidemiology of viral hepatitis and HIV co-infection.
J Hepatol 2006; 44: S6-S9 [PMID: 16352363 DOI: 10.1016/j.
jhep.2005.11.004]
Mohamed HI, Saad ZM, Abd-Elreheem EM, Abd-ElGhany
WM, Mohamed MS, Abd Elnaeem EA, Seedhom AE. Hepatitis
C, hepatitis B and HIV infection among Egyptian prisoners:
seroprevalence, risk factors and related chronic liver diseases. J
Infect Public Health 2013; 6: 186-195 [PMID: 23668463 DOI:
10.1016/j.jiph.2012.12.003]
Ataie M, Nokhodian Z, Ataei B, Kassaian N, Yaran M, Hassa
nnejad R. Seroprevalence of hepatitis B virus and human immunod
eficiency virus among young prisoners. J Res Med Sci 2013; 18:
70-72 [PMID: 23900503]
Mir-Nasseri MM, Mohammadkhani A, Tavakkoli H, Ansari E,
Poustchi H. Incarceration is a major risk factor for blood-borne
infection among intravenous drug users: Incarceration and blood
borne infection among intravenous drug users. Hepat Mon 2011;
11: 19-22 [PMID: 22087111]
Azarkar Z, Sharifzadeh G. Evaluation of the Prevalence of
Hepatitis B, Hepatitis C, and HIV in Inmates with Drug-Related
Convictions in Birjand, Iran in 2008. Hepat Mon 2010; 10: 26-30
[PMID: 22308122]
Nokhodian Z, Yazdani MR, Yaran M, Shoaei P, Mirian M, Ataei B,
Babak A, Ataie M. Prevalence and Risk Factors of HIV, Syphilis,
Hepatitis B and C Among Female Prisoners in Isfahan, Iran.
Hepat Mon 2012; 12: 442-447 [PMID: 23008724 DOI: 10.5812/
hepatmon.6144]
Davoodian P, Dadvand H, Mahoori K, Amoozandeh A, Salavati
A. Prevalence of selected sexually and blood-borne infections
in Injecting drug abuser inmates of bandar abbas and roodan
correction facilities, Iran, 2002. Braz J Infect Dis 2009; 13: 356-358
[PMID: 20428635 DOI: 10.1590/s1413-86702009000500008]
Asl RT, Eshrati B, Dell CA, Taylor K, Afshar P, Kamali M,
Mirzazadeh A. Outcome assessment of a triangular clinic as a harm
reduction intervention in Rajaee-Shahr Prison, Iran. Harm Reduct

November 8, 2015|Volume 7|Issue 25|

Melhem NM et al . HIV, HBV and HCV in MENA

21

22

23

24

25

26
27

28

29

30

31

32

33

34

35

J 2013; 10: 41 [PMID: 24369092 DOI: 10.1186/1477-7517-10-41]
Mahfoud Z, Kassak K, Kreidieh K, Shamra S, Ramia S.
Prevalence of antibodies to human immunodeficiency virus (HIV),
hepatitis B and hepatitis C and risk factors in prisoners in Lebanon.
J Infect Dev Ctries 2010; 4: 144-149 [PMID: 20351454]
Ziglam H, Zorgani AA, Balouz A, Abudher AH, Elahmer O.
Prevalence of antibodies to human immunodeficiency virus,
hepatitis B, and hepatitis C in prisoners in Libya. Libyan J Med
2012; 7: 19713 [PMID: 23259007 DOI: 10.3402/ljm.v7i0.19713]
Kassak K, Mahfoud Z, Kreidieh K, Shamra S, Afifi R, Ramia S.
Hepatitis B virus and hepatitis C virus infections among female sex
workers and men who have sex with men in Lebanon: prevalence,
risk behaviour and immune status. Sex Health 2011; 8: 229-233
[PMID: 21592438 DOI: 10.1071/sh10080]
Valadez JJ, Berendes S, Jeffery C, Thomson J, Ben Othman
H, Danon L, Turki AA, Saffialden R, Mirzoyan L. Filling the
Knowledge Gap: Measuring HIV Prevalence and Risk Factors
among Men Who Have Sex with Men and Female Sex Workers in
Tripoli, Libya. PLoS One 2013; 8: e66701 [PMID: 23840521 DOI:
10.1371/journal.pone.0066701]
Gul U, Kiliç A, Sakizligil B, Aksaray S, Bilgili S, Demirel O,
Erinckan C. Magnitude of sexually transmitted infections among
female sex workers in Turkey. J Eur Acad Dermatol Venereol 2008;
22: 1123-1124 [PMID: 18194239 DOI: 10.1111/j.1468-3083.2007.0
2548.x]
Heckathorn D. Respondent Driven Sampling 2012. Available
from: URL: http://www.respondentdrivensampling.org/
Demetriou VL, van de Vijver DA, Hezka J, Kostrikis LG,
Kostrikis LG. Hepatitis C infection among intravenous drug users
attending therapy programs in Cyprus. J Med Virol 2010; 82:
263-270 [PMID: 20029809 DOI: 10.1002/jmv.21690]
Zamani S, Ichikawa S, Nassirimanesh B, Vazirian M, Ichikawa
K, Gouya MM, Afshar P, Ono-Kihara M, Ravari SM, Kihara M.
Prevalence and correlates of hepatitis C virus infection among
injecting drug users in Tehran. Int J Drug Policy 2007; 18: 359-363
[PMID: 17854723 DOI: 10.1016/j.drugpo.2007.02.007]
Hosseini M, SeyedAlinaghi S, Kheirandish P, Esmaeli Javid G,
Shirzad H, Karami N, Jahani M, Seyed Ahmadian M, Payvarmehr
F, Mohraz M, Emadi Koochak H, McFarland W. Prevalence and
correlates of co-infection with human immunodeficiency virus and
hepatitis C virus in male injection drug users in Iran. Arch Iran
Med 2010; 13: 318-323 [PMID: 20597566]
Eskandarieh S, Nikfarjam A, Tarjoman T, Nasehi A, Jafari F,
Saberi-Zafarghandi MB. Descriptive Aspects of Injection Drug
Users in Iran’s National Harm Reduction Program by Methadone
Maintenance Treatment. Iran J Public Health 2013; 42: 588-593
[PMID: 23967426]
Honarvar B, Odoomi N, Moghadami M, Afsar Kazerooni P,
Hassanabadi A, Zare Dolatabadi P, Farzanfar E, Lankarani KB.
Blood-borne hepatitis in opiate users in iran: a poor outlook and
urgent need to change nationwide screening policy. PLoS One 2013;
8: e82230 [PMID: 24312645 DOI: 10.1371/journal.pone.0082230]
Zamani S, Radfar R, Nematollahi P, Fadaie R, Meshkati M,
Mortazavi S, Sedaghat A, Ono-Kihara M, Kihara M. Prevalence
of HIV/HCV/HBV infections and drug-related risk behaviours
amongst IDUs recruited through peer-driven sampling in Iran. Int J
Drug Policy 2010; 21: 493-500 [PMID: 20483578 DOI: 10.1016/
j.drugpo.2010.04.006]
Rahimi-Movaghar A, Razaghi EM, Sahimi-Izadian E, AminEsmaeili M. HIV, hepatitis C virus, and hepatitis B virus co-infections
among injecting drug users in Tehran, Iran. Int J Infect Dis 2010; 14:
e28-e33 [PMID: 19464218 DOI: 10.1016/j.ijid.2009.03.002]
Ramezani A, Amirmoezi R, Volk JE, Aghakhani A, Zarinfar N,
McFarland W, Banifazl M, Mostafavi E, Eslamifar A, Sofian M.
HCV, HBV, and HIV seroprevalence, coinfections, and related
behaviors among male injection drug users in Arak, Iran. AIDS
Care 2014; 26: 1122-1126 [PMID: 24499303 DOI: 10.1080/09540
121.2014.882485]
Alipour A, Haghdoost AA, Sajadi L, Zolala F. HIV prevalence and
related risk behaviours among female partners of male injecting

WJH|www.wjgnet.com

36

37

38

39

40

41

42

43

44
45

46

47

48

49

50

2628

drugs users in Iran: results of a bio-behavioural survey, 2010. Sex
Transm Infect 2013; 89 Suppl 3: iii41-iii44 [PMID: 24064986
DOI: 10.1136/sextrans-2013-051201]
Sofian M, Aghakhani A, Banifazl M, Azadmanesh K, Farazi AA,
McFarland W, Eslamifar A, Ramezani A. Viral hepatitis and HIV
infection among injection drug users in a central Iranian City. J
Addict Med 2012; 6: 292-296 [PMID: 22895463 DOI: 10.1097/
ADM.0b013e3182659928]
Javadi A, Ataei B, Kassaian N, Nokhodian Z, Yaran M. Coinfection of human immunodeficiency virus, hepatitis C and
hepatitis B virus among injection drug users in Drop in centers. J
Res Med Sci 2014; 19: S17-S21 [PMID: 25002888]
Sharif M, Sherif A, Sayyah M. Frequency of HBV, HCV and HIV
infections among hospitalized injecting drug users in Kashan.
Indian J Sex Transm Dis 2009; 30: 28-30 [PMID: 21938111 DOI:
10.4103/0253-7184.55477]
Salehi A, Naghshvarian M, Marzban M, Bagheri Lankarani K.
Prevalence of HIV, HCV, and High-Risk Behaviors for Substance
Users in Drop in Centers in Southern Iran. J Addict Med 2015; 9:
181-187 [PMID: 25748560 DOI: 10.1097/adm.000000000000011
2]
Loebstein R, Mahagna R, Maor Y, Kurnik D, Elbaz E, Halkin
H, Olchovsky D, Ezra D, Almog S. Hepatitis C, B, and human
immunodeficiency virus infections in illicit drug users in Israel:
prevalence and risk factors. Isr Med Assoc J 2008; 10: 775-778
[PMID: 19070285]
Mirzoyan L, Berendes S, Jeffery C, Thomson J, Ben Othman H,
Danon L, Turki AA, Saffialden R, Valadez JJ. New evidence on the
HIV epidemic in Libya: why countries must implement prevention
programs among people who inject drugs. J Acquir Immune Defic
Syndr 2013; 62: 577-583 [PMID: 23337363 DOI: 10.1097/QAI.0b
013e318284714a]
Stulhofer A, Chetty A, Rabie RA, Jwehan I, Ramlawi A. The
prevalence of HIV, HBV, HCV, and HIV-related risk-taking
behaviors among Palestinian injecting drug users in the East
Jerusalem Governorate. J Urban Health 2012; 89: 671-676 [PMID:
22674463 DOI: 10.1007/s11524-012-9672-z]
Alzahrani AJ. Simultaneous detection of hepatitis C virus core
antigen and antibodies in Saudi drug users using a novel assay. J
Med Virol 2008; 80: 603-606 [PMID: 18297713 DOI: 10.1002/
jmv.21075]
Mahfoud Z, Kassak K, Kreidieh K, Shamra S, Ramia S. Distribution
of hepatitis C virus genotypes among injecting drug users in Lebanon.
Virol J 2010; 7: 96 [PMID: 20465784 DOI: 10.1186/1743-422x-7-96]
Slesnick N, Glassman M, Garren R, Toviessi P, Bantchevska D,
Dashora P. How to open and sustain a drop-in center for homeless
youth. Child Youth Serv Rev 2008; 30: 727-734 [PMID: 18584064
DOI: 10.1016/j.childyouth.2007.12.004]
Mathers BM, Degenhardt L, Ali H, Wiessing L, Hickman M,
Mattick RP, Myers B, Ambekar A, Strathdee SA. HIV prevention,
treatment, and care services for people who inject drugs: a
systematic review of global, regional, and national coverage. Lancet
2010; 375: 1014-1028 [PMID: 20189638 DOI: 10.1016/s0140-673
6(10)60232-2]
Des Jarlais DC, Feelemyer JP, Modi SN, Abdul-Quader A,
Hagan H. High coverage needle/syringe programs for people who
inject drugs in low and middle income countries: a systematic
review. BMC Public Health 2013; 13: 53 [PMID: 23332005 DOI:
10.1186/1471-2458-13-53]
Center for Disease Management Ministry of Health. Current
statistics on HIV/AIDS infection in the Islamic Republic of Iran
2007. Edited by the Iranian Ministry of Health, Tehran, Iran, 2007:
6
Khorvash F, Javadi A, Tayeri K, Ataei B. Occult hepatitis B virus
infection among human immunodeficiency virus-infected patients
with isolated hepatitis B core antibody in Isfahan, Iran. J Res Med
Sci 2014; 19: S64-S66 [PMID: 25002898]
Alipour A, Rezaianzadeh A, Hasanzadeh J, Rajaeefard A,
Davarpanah MA. Sexual Transmission of Hepatitis C Virus Between
HIV Infected Subjects and Their Main Heterosexual Partners.

November 8, 2015|Volume 7|Issue 25|

Melhem NM et al . HIV, HBV and HCV in MENA

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Hepat Mon 2013; 13: e13593 [PMID: 24348647 DOI: 10.5812/
hepatmon.13593]
Rezaianzadeh A, Hasanzadeh J, Alipour A, Davarpanah MA,
Rajaeifard A, Tabatabaee SH. Impact of hepatitis C on survival
of HIV-infected individuals in Shiraz; South of Iran. Hepat Mon
2012; 12: 106-111 [PMID: 22509187 DOI: 10.5812/hepatmon.839]
Ramezani A, Banifazl M, Eslamifar A, Aghakhani A. Serological
pattern of anti-HBc alone infers occult hepatitis B virus infection in
high-risk individuals in Iran. J Infect Dev Ctries 2010; 4: 658-661
[PMID: 21045360]
Babamahmoodi F, Heidari Gorji MA, Mahdi Nasehi M, Delavarian
L. The prevalence rate of hepatitis B and hepatitis C co-infection
in HIV positive patients in Mazandaran province, Iran. Med Glas
(Zenica) 2012; 9: 299-303 [PMID: 22926367]
Ataei B, Tayeri K, Kassaian N, Farajzadegan Z, Babak A. Hepatitis
B and C among patients infected with human immunodeficiency
virus in Isfahan, Iran: seroprevalence and associated factors. Hepat
Mon 2010; 10: 188-192 [PMID: 22308138]
Mohammadi M, Talei G, Sheikhian A, Ebrahimzade F, Pournia
Y, Ghasemi E, Boroun H. Survey of both hepatitis B virus
(HBsAg) and hepatitis C virus (HCV-Ab) coinfection among HIV
positive patients. Virol J 2009; 6: 202 [PMID: 19922624 DOI:
10.1186/1743-422x-6-202]
SeyedAlinaghi S, Jam S, Mehrkhani F, Fattahi F, Sabzvari D,
Kourorian Z, Jabbari H, Mohraz M. Hepatitis-C and hepatitis-B
co-infections in patients with human immunodeficiency virus in
Tehran, Iran. Acta Med Iran 2011; 49: 252-257 [PMID: 21713737]
Alipour A, Rezaianzadeh A, Hasanzadeh J, Rajaeefard A,
Davarpanah MA, Hasanabadi M. High prevalence of HCV
coinfection in HIV-infected individuals in Shiraz, Islamic Republic of
Iran. East Mediterr Health J 2013; 19: 975-981 [PMID: 24684094]
Rebbani K, Ouladlahsen A, Bensghir A, Akil A, Lamdini H,
Issouf H, Brahim I, Kitab B, Fakhir FZ, Wakrim L, Marhoum El
Filali K, Himmich H, Ezzikouri S, Benjelloun S. Co-infections
with hepatitis B and C viruses in human immunodeficiency virusinfected patients in Morocco. Clin Microbiol Infect 2013; 19:
E454-E457 [PMID: 23731409 DOI: 10.1111/1469-0691.12252]
Yousif M, Mudawi H, Hussein W, Mukhtar M, Nemeri O, Glebe D,
Kramvis A. Genotyping and virological characteristics of hepatitis
B virus in HIV-infected individuals in Sudan. Int J Infect Dis 2014;
29: 125-132 [PMID: 25449246 DOI: 10.1016/j.ijid.2014.07.002]
Aydin OA, Yemisen M, Karaosmanoglu HK, Sargin F, Gunduz A,
Ceylan B, Mete B, Ozgunes N, Sevgi DY, Ozaras R, Tabak F. Low
Prevalence of Hepatitis C Virus Infection Among HIV-Positive
Patients: Data From a Large-Scale Cohort Study in Istanbul,
Turkey. Hepat Mon 2014; 14: e18128 [PMID: 25337142 DOI:
10.5812/hepatmon.18128]
Altindis M, Yilmaz S, Dikengil T, Acemoglu H, Hosoglu S.
Seroprevalence and genotyping of hepatitis B, hepatitis C and HIV
among healthy population and Turkish soldiers in Northern Cyprus.
World J Gastroenterol 2006; 12: 6792-6796 [PMID: 17106927]
Kafi-abad SA, Rezvan H, Abolghasemi H, Talebian A. Prevalence
and trends of human immunodeficiency virus, hepatitis B virus,
and hepatitis C virus among blood donors in Iran, 2004 through
2007. Transfusion 2009; 49: 2214-2220 [PMID: 19527477 DOI:
10.1111/j.1537-2995.2009.02245.x]
Mohammadali F, Pourfathollah AA. Changes in frequency of
HBV, HCV, HIV and syphilis infections among blood donors in
Tehran province 2005 - 2011. Arch Iran Med 2014; 17: 613-620
[PMID: 25204477]
Al Shaer L, AbdulRahman M, John TJ, AlHashimi A. Trends
in prevalence, incidence, and residual risk of major transfusiontransmissible viral infections in United Arab Emirates blood
donors: impact of individual-donation nucleic acid testing, 2004
through 2009. Transfusion 2012; 52: 2300-2309 [PMID: 22691239
DOI: 10.1111/j.1537-2995.2012.03740.x]
Tahaei SM, Mohebbi SR, Azimzadeh P, Vahedi M, Almasi S,
Romani S, Sharifian A, Derakhshan F, Zali MR. Frequency of
HIV and HCV Co-Infections in Chronic HBV Patients Referred
to Taleghani Hospital, Tehran, Iran from 2006 to 2010. Hepat

WJH|www.wjgnet.com

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

2629

Mon 2011; 11: 993-996 [PMID: 22368684 DOI: 10.5812/
kowsar.1735143X.740]
Keramat F, Eini P, Majzoobi MM. Seroprevalence of HIV, HBV
and HCV in Persons Referred to Hamadan Behavioral Counseling
Center, West of Iran. Iran Red Crescent Med J 2011; 13: 42-46
[PMID: 22946017]
Daw MA, Shabash A, El-Bouzedi A, Dau AA. Seroprevalence
of HBV, HCV & HIV co-infection and risk factors analysis in
Tripoli-Libya. PLoS One 2014; 9: e98793 [PMID: 24936655 DOI:
10.1371/journal.pone.0098793]
Franka E, El-Zoka AH, Hussein AH, Elbakosh MM, Arafa AK,
Ghenghesh KS. Hepatitis B virus and hepatitis C virus in medical
waste handlers in Tripoli, Libya. J Hosp Infect 2009; 72: 258-261
[PMID: 19443080 DOI: 10.1016/j.jhin.2009.03.019]
Ozturk TC, Guneysel O, Tali A, Yildirim SE, Onur OE, Yaylaci
S. Hepatitis B, Hepatitis C and HIV seroprevalence in critically
ill emergency medicine department patients in a tertiary inner city
hospital in Istanbul, Turkey. Pak J Med Sci 2014; 30: 703-707
[PMID: 25097500]
Turhanoğlu M, Onur A, Bilman FB, Ayaydın Z, Aktar GS. Eightyear seroprevalence of HBV, HCV and HIV in Diyarbakir training
and research hospital. Int J Med Sci 2013; 10: 1595-1601 [PMID:
24046538 DOI: 10.7150/ijms.6506]
Rotman Y, Liang TJ. Coinfection with hepatitis C virus and
human immunodeficiency virus: virological, immunological, and
clinical outcomes. J Virol 2009; 83: 7366-7374 [PMID: 19420073
DOI: 10.1128/jvi.00191-09]
Operskalski EA, Kovacs A. HIV/HCV co-infection: pathogenesis,
clinical complications, treatment, and new therapeutic technologies.
Curr HIV/AIDS Rep 2011; 8: 12-22 [PMID: 21221855 DOI:
10.1007/s11904-010-0071-3]
Beyrer C, Sullivan P, Sanchez J, Baral SD, Collins C, Wirtz AL,
Altman D, Trapence G, Mayer K. The increase in global HIV
epidemics in MSM. AIDS 2013; 27: 2665-2678 [PMID: 23842129
DOI: 10.1097/01.aids.0000432449.30239.fe]
Beyrer C, Baral SD, van Griensven F, Goodreau SM, Chari
yalertsak S, Wirtz AL, Brookmeyer R. Global epidemiology of
HIV infection in men who have sex with men. Lancet 2012; 380:
367-377 [PMID: 22819660 DOI: 10.1016/s0140-6736(12)60821-6]
Beyrer C, Wirtz AL, Walker D, Johns B, Sifakis F, Bara SD.
The global HIV epidemics among men who have sex with men
2011. Available from: URL: http://siteresources.worldbank.org/
INTHIVAIDS/Resources/375798-1103037153392/MSMReport.
pdf
UNAIDS. UNAIDS Middle East and North Africa regional report
on AIDS 2011. Available from: URL: http://www.unaids.org/
sites/default/files/media_asset/JC2257_UNAIDS-MENA-report2011_en_1.pdf
Tanser F, de Oliveira T, Maheu-Giroux M, Bärnighausen T.
Concentrated HIV subepidemics in generalized epidemic settings.
Curr Opin HIV AIDS 2014; 9: 115-125 [PMID: 24356328 DOI:
10.1097/coh.0000000000000034]
Baral SD, Friedman MR, Geibel S, Rebe K, Bozhinov B, Diouf
D, Sabin K, Holland CE, Chan R, Cáceres CF. Male sex workers:
practices, contexts, and vulnerabilities for HIV acquisition and
transmission. Lancet 2015; 385: 260-273 [PMID: 25059939 DOI:
10.1016/s0140-6736(14)60801-1]
Mathers BM, Degenhardt L, Phillips B, Wiessing L, Hickman M,
Strathdee SA, Wodak A, Panda S, Tyndall M, Toufik A, Mattick
RP. Global epidemiology of injecting drug use and HIV among
people who inject drugs: a systematic review. Lancet 2008; 372:
1733-1745 [PMID: 18817968 DOI: 10.1016/s0140-6736(08)61311
-2]
Nelson PK, Mathers BM, Cowie B, Hagan H, Des Jarlais D,
Horyniak D, Degenhardt L. Global epidemiology of hepatitis B
and hepatitis C in people who inject drugs: results of systematic
reviews. Lancet 2011; 378: 571-583 [PMID: 21802134 DOI:
10.1016/s0140-6736(11)61097-0]
Mumtaz GR, Weiss HA, Thomas SL, Riome S, Setayesh H,
Riedner G, Semini I, Tawil O, Akala FA, Wilson D, Abu-Raddad LJ.

November 8, 2015|Volume 7|Issue 25|

Melhem NM et al . HIV, HBV and HCV in MENA

82

HIV among people who inject drugs in the Middle East and North
Africa: systematic review and data synthesis. PLoS Med 2014; 11:
e1001663 [PMID: 24937136 DOI: 10.1371/journal.pmed.1001663]
The Global State of Harm Reduction. Towards an integrated
response 2012. Available from: URL: http://www.ihra.net/
files/2012/07/24/GlobalState2012_Web.pdf

83
84

Stone K. The Global State of harm reduction 2014. Available
from: URL: http://www.ihra.net/files/2015/02/16/GSHR2014.pdf
El-Bassel N, Wechsberg WM, Shaw SA. Dual HIV risk and
vulnerabilities among women who use or inject drugs: no single
prevention strategy is the answer. Curr Opin HIV AIDS 2012; 7:
326-331 [PMID: 22498480 DOI: 10.1097/COH.0b013e3283536ab2]
P- Reviewer: Arriagada GL, Shih WL, Zhu X
S- Editor: Ji FF L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

2630

November 8, 2015|Volume 7|Issue 25|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ISSN 1948-5182 (online)

World Journal of
Hepatology
World J Hepatol 2015 November 18; 7(26): 2631-2702

Published by Baishideng Publishing Group Inc

WJH

World Journal of
Hepatology
Editorial Board
2014-2017

The World Journal of Hepatology Editorial Board consists of 469 members, representing a team of worldwide experts
in hepatology. They are from 53 countries, including Algeria (1), Argentina (6), Armenia (1), Australia (1), Austria
(4), Bangladesh (2), Belgium (3), Botswana (2), Brazil (13), Bulgaria (2), Canada (3), Chile (1), China (98), Czech
Repoublic (1), Denmark (2), Egypt (12), France (6), Germany (19), Greece (11), Hungary (5), India (15), Indonesia
(2), Iran (4), Israel (1), Italy (52), Japan (35), Jordan (1), Malaysia (2), Mexico (3), Moldova (1), Netherlands (3),
Nigeria (1), Pakistan (1), Philippines (2), Poland (1), Portugal (2), Qatar (1), Romania (6), Russia (2), Saudi Arabia
(4), Singapore (1), South Korea (11), Spain (20), Sri Lanka (1), Sudan (1), Sweden (1), Switzerland (1), Thailand (4),
Turkey (21), Ukraine (3), United Kingdom (17), and United States (56).

EDITORS-IN-CHIEF
Clara Balsano, Rome
Wan-Long Chuang, Kaohsiung
GUEST EDITORIAL BOARD
MEMBERS
King-Wah Chiu, Kaohsiung
Tai-An Chiang, Tainan
Chi-Tan Hu, Hualien
Sen-Yung Hsieh, Taoyuan
Wenya Huang, Tainan
Liang-Yi Hung, Tainan
Jih RU Hwu, Hsinchu
Jing-Yi Lee, Taipei
Mei-Hsuan Lee, Taipei
Chih-Wen Lin, Kaohsiung
Chun-Che Lin, Taichung
Wan-Yu Lin, Taichung
Tai-Long Pan, Tao-Yuan
Suh-Ching Yang, Taipei
Chun-Yan Yeung, Taipei
MEMBERS OF THE EDITORIAL
BOARD

Jorge Quarleri, Buenos Aires
Adriana M Torres, Rosario

Armenia
Narina Sargsyants, Yerevan

Australia
Mark D Gorrell, Sydney

Austria
Harald Hofer, Vienna
Gustav Paumgartner, Vienna
Matthias Pinter, Vienna
Thomas Reiberger, Vienna

Bangladesh
Shahinul Alam, Dhaka
Mamun Al Mahtab, Dhaka

Algeria
Samir Rouabhia, Batna

Argentina
Fernando O Bessone, Rosario
Maria C Carrillo, Rosario
Melisa M Dirchwolf, Buenos Aires
Bernardo Frider, Buenos Aires

WJH|www.wjgnet.com

Belgium
Nicolas Lanthier, Brussels
Philip Meuleman, Ghent
Luisa Vonghia, Antwerp

Botswana
Francesca Cainelli, Gaborone

I

Sandro Vento, Gaborone

Brazil
Edson Abdala, Sao Paulo
Ilka FSF Boin, Campinas
Niels OS Camara, Sao Paulo
Ana Carolina FN Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Julio CU Coelho, Curitiba
Flavio Henrique Ferreira Galvao, São Paulo
Janaina L Narciso-Schiavon, Florianopolis
Sílvia HC Sales-Peres, Bauru
Leonardo L Schiavon, Florianópolis
Luciana D Silva, Belo Horizonte
Vanessa Souza-Mello, Rio de Janeiro
Jaques Waisberg, Santo André

Bulgaria
Mariana P Penkova-Radicheva, Stara Zagora
Marieta Simonova, Sofia

Canada
Runjan Chetty, Toronto
Michele Molinari, Halifax
Giada Sebastiani, Montreal

Chile
Luis A Videla, Santiago

January 27, 2014

China
Guang-Wen Cao, Shanghai
En-Qiang Chen, Chengdu
Gong-Ying Chen, Hangzhou
Jin-lian Chen, Shanghai
Jun Chen, Changsha
Alfred Cheng, Hong Kong
Chun-Ping Cui, Beijing
Shuang-Suo Dang, Xi’an
Ming-Xing Ding, Jinhua
Zhi-Jun Duang, Dalian
He-Bin Fan, Wuhan
Xiao-Ming Fan, Shanghai
James Yan Yue Fung, Hong Kong
Yi Gao, Guangzhou
Zuo-Jiong Gong, Wuhan
Zhi-Yong Guo, Guangzhou
Shao-Liang Han, Wenzhou
Tao Han, Tianjin
Jin-Yang He, Guangzhou
Ming-Liang He, Hong Kong
Can-Hua Huang, Chengdu
Bo Jin, Beijing
Shan Jin, Hohhot
Hui-Qing Jiang, Shijiazhuang
Wan-Yee Joseph Lau, Hong Kong
Guo-Lin Li, Changsha
Jin-Jun Li, Shanghai
Qiang Li, Jinan
Sheng Li, Jinan
Zong-Fang Li, Xi'an
Xu Li, Guangzhou
Xue-Song Liang, Shanghai
En-Qi Liu, Xi‘an
Pei Liu, Shenyang
Zhong-Hui Liu, Changchun
Guang-Hua Luo, Changzhou
Yi Lv, Xi'an
Guang-Dong Pan, Liuzhou
Wen-Sheng Pan, Hangzhou
Jian-Min Qin, Shanghai
Wai-Kay Seto, Hong Kong
Hong Shen, Changsha
Xiao Su, Shanghai
Li-Ping Sun, Beijing
Wei-Hao Sun, Nanjing
Xue-Ying Sun, Harbin
Hua Tang, Tianjin
Ling Tian, Shanghai
Eric Tse, Hong Kong
Guo-Ying Wang, Changzhou
Yue Wang, Beijing
Shu-Qiang Wang, Chengdu
Mary MY Waye, Hong Kong
Hong-Shan Wei, Beijing
Danny Ka-Ho Wong, Hong Kong
Grace Lai-Hung Wong, Hong Kong
Bang-Fu Wu, Dongguan
Feng Wu, Chongqing
Xiong-Zhi Wu, Tianjin
Chun-Fang Xu, Suzhou
Rui-An Xu, Quanzhou
Rui-Yun Xu, Guangzhou
Wei-Li Xu, Shijiazhuang
Shi-Ying Xuan, Qingdao
Ming-Xian Yan, Jinan
Lv-Nan Yan, Chengdu
Jin Yang, Hangzhou
Ji-Hong Yao, Dalian
Winnie Yeo, Hong Kong

WJH|www.wjgnet.com

Zheng Zeng, Beijing
Qi Zhang, Hangzhou
Shi-Jun Zhang, Guangzhou
Xiao-Lan Zhang, Shijiazhuang
Xiao-Yong Zhang, Guangzhou
Xin-Chen Zhang, Harbin
Yong Zhang, Xi'an
Hong-Chuan Zhao, Hefei
Ming-Hua Zheng, Wenzhou
Yu-Bao Zheng, Guangzhou
Ren-Qian Zhong, Shanghai
Fan Zhu, Wuhan
Xiao Zhu, Dongguan

Czech Repoublic
Kamil Vyslouzil, Olomouc

Denmark
Henning Gronbaek, Aarhus
Christian Mortensen, Hvidovre

Egypt
Ihab T Abdel-Raheem, Damanhour
NGB G Bader EL Din, Cairo
Hatem Elalfy, Mansoura
Mahmoud M El-Bendary, Mansoura
Mona El SH El-Raziky, Cairo
Mohammad El-Sayed, Cairo
Yasser M Fouad, Minia
Mohamed AA Metwally, Benha
Hany Shehab, Cairo
Mostafa M Sira, Shebin El-koom
Ashraf Taye, Minia
MA Ali Wahab, Mansoura

France
Laurent Alric, Toulouse
Sophie Conchon, Nantes
Daniel J Felmlee, Strasbourg
Herve Lerat, Creteil
Dominique Salmon, Paris
Jean-Pierre Vartanian, Paris

Christoph Roderburg, Aachen
Frank Tacke, Aachen
Yuchen Xia, Munich

Greece
Alex P Betrosian, Athens
George N Dalekos, Larissa
Ioanna K Delladetsima, Athens
Nikolaos K Gatselis, Larissa
Stavros Gourgiotis, Athens
Christos G Savopoulos, Thessaloniki
Tania Siahanidou, Athens
Emmanouil Sinakos, Thessaloniki
Nikolaos G Symeonidi, Thessaloniki
Konstantinos C Thomopoulos, Larissa
Konstantinos Tziomalos, Thessaloniki

Hungary
Gabor Banhegyi, Budapest
Peter L Lakatos, Budapest
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Zsolt J Tulassay, Budapest

India
Deepak N Amarapurkar, Mumbai
Girish M Bhopale, Pune
Sibnarayan Datta, Tezpur
Nutan D Desai, Mumbai
Sorabh Kapoor, Mumbai
Jaswinder S Maras, New Delhi
Nabeen C Nayak, New Delhi
C Ganesh Pai, Manipal
Amit Pal, Chandigarh
K Rajeshwari, New Delhi
Anup Ramachandran, Vellore
D Nageshwar Reddy, Hyderabad
Shivaram P Singh, Cuttack
Ajith TA, Thrissur
Balasubramaniyan Vairappan, Pondicherry

Indonesia
Cosmas RA Lesmana, Jakarta
Neneng Ratnasari, Yogyakarta

Germany
Laura E Buitrago-Molina, Hannover
Enrico N De Toni, Munich
Oliver Ebert, Muenchen
Rolf Gebhardt, Leipzig
Janine V Hartl, Regensburg
Sebastian Hinz, Kiel
Benjamin Juntermanns, Essen
Roland Kaufmann, Jena
Viola Knop, Frankfurt
Veronika Lukacs-Kornek, Homburg
Benjamin Maasoumy, Hannover
Jochen Mattner, Erlangen
Nadja M Meindl-Beinker, Mannheim
Ulf P Neumann, Aachen
Margarete Odenthal, Cologne
Yoshiaki Sunami, Munich

II

Iran
Seyed M Jazayeri, Tehran
Sedigheh Kafi-Abad, Tehran
Iradj Maleki, Sari
Fakhraddin Naghibalhossaini, Shiraz

Israel
Stephen DH Malnick, Rehovot

Italy
Francesco Angelico, Rome

January 27, 2014

Alfonso W Avolio, Rome
Francesco Bellanti, Foggia
Marcello Bianchini, Modena
Guglielmo Borgia, Naples
Mauro Borzio, Milano
Enrico Brunetti, Pavia
Valeria Cento, Roma
Beatrice Conti, Rome
Francesco D'Amico, Padova
Samuele De Minicis, Fermo
Fabrizio De Ponti, Bologna
Giovan Giuseppe Di Costanzo, Napoli
Luca Fabris, Padova
Giovanna Ferraioli, Pavia
Andrea Galli, Florencee
Matteo Garcovich, Rome
Edoardo G Giannini, Genova
Rossano Girometti, Udine
Alessandro Granito, Bologna
Alberto Grassi, Rimini
Alessandro Grasso, Savona
Salvatore Gruttadauria, Palermo
Francesca Guerrieri, Rome
Quirino Lai, Aquila
Andrea Lisotti, Bologna
Marcello F Maida, Palermo
Lucia Malaguarnera, Catania
Andrea Mancuso, Palermo
Luca Maroni, Ancona
Francesco Marotta, Milano
Pierluigi Marzuillo, Naples
Sara Montagnese, Padova
Giuseppe Nigri, Rome
Claudia Piccoli, Foggia
Camillo Porta, Pavia
Chiara Raggi, Rozzano (MI)
Maria Rendina, Bari
Maria Ripoli, San Giovanni Rotondo
Kryssia I Rodriguez-Castro, Padua
Raffaella Romeo, Milan
Amedeo Sciarra, Milano
Antonio Solinas, Sassari
Aurelio Sonzogni, Bergamo
Giovanni Squadrito, Messina
Salvatore Sutti, Novara
Valentina Svicher, Rome
Luca Toti, Rome
Elvira Verduci, Milan
Umberto Vespasiani-Gentilucci, Rome
Maria A Zocco, Rome

Satoshi Oeda, Saga
Kenji Okumura, Urayasu
Michitaka Ozaki, Sapporo
Takahiro Sato, Sapporo
Junichi Shindoh, Tokyo
Ryo Sudo, Yokohama
Atsushi Suetsugu, Gifu
Haruhiko Sugimura, Hamamatsu
Reiji Sugita, Sendai
Koichi Takaguchi, Takamatsu
Shinji Takai, Takatsuki
Akinobu Takaki, Okayama
Yasuhito Tanaka, Nagoya
Takuji Tanaka, Gifu City
Atsunori Tsuchiya, Niigata
Koichi Watashi, Tokyo
Hiroshi Yagi, Tokyo
Taro Yamashita, Kanazawa
Shuhei Yoshida, Chiba
Hitoshi Yoshiji, Kashihara

Jordan

Yasuhiro Asahina, Tokyo
Nabil AS Eid, Takatsuki
Kenichi Ikejima, Tokyo
Shoji Ikuo, Kobe
Yoshihiro Ikura, Takatsuki
Shinichi Ikuta, Nishinomiya
Kazuaki Inoue, Yokohama
Toshiya Kamiyama, Sapporo
Takanobu Kato, Tokyo
Saiho Ko, Nara
Haruki Komatsu, Sakura
Masanori Matsuda, Chuo-city
Yasunobu Matsuda, Niigata
Yoshifumi Nakayama, Kitakyushu
Taichiro Nishikawa, Kyoto

WJH|www.wjgnet.com

Portugal
Rui T Marinho, Lisboa
Joao B Soares, Braga

Qatar
Reem Al Olaby, Doha

Romania
Bogdan Dorobantu, Bucharest
Liana Gheorghe, Bucharest
George S Gherlan, Bucharest
Romeo G Mihaila, Sibiu
Bogdan Procopet, Cluj-Napoca
Streba T Streba, Craiova

Kamal E Bani-Hani, Zarqa
Russia
Malaysia

Anisa Gumerova, Kazan
Pavel G Tarazov, St.Petersburg

Peng Soon Koh, Kuala Lumpur
Yeong Yeh Lee, Kota Bahru
Saudi Arabia
Mexico
Francisco J Bosques-Padilla, Monterrey
María de F Higuera-de la Tijera, Mexico City
José A Morales-Gonzalez, México City

Abdulrahman A Aljumah, Riyadh
Ihab MH Mahmoud, Riyadh
Ibrahim Masoodi, Riyadh
Mhoammad K Parvez, Riyadh

Singapore
Moldova
Angela Peltec, Chishinev

Netherlands
Wybrich R Cnossen, Nijmegen
Frank G Schaap, Maastricht
Fareeba Sheedfar, Groningen

Nigeria
Japan

Jacek Zielinski, Gdansk

CA Asabamaka Onyekwere, Lagos

Ser Yee Lee, Singapore

South Korea
Young-Hwa Chung, Seoul
Dae-Won Jun, Seoul
Bum-Joon Kim, Seoul
Do Young Kim, Seoul
Ji Won Kim, Seoul
Moon Young Kim, Wonu
Mi-Kyung Lee, Suncheon
Kwan-Kyu Park, Daegu
Young Nyun Park, Seoul
Jae-Hong Ryoo, Seoul
Jong Won Yun, Kyungsan

Pakistan
Bikha Ram Devrajani, Jamshoro

Philippines
Janus P Ong, Pasig
JD Decena Sollano, Manila

Poland

III

Spain
Ivan G Marina, Madrid
Juan G Acevedo, Barcelona
Javier Ampuero, Sevilla
Jaime Arias, Madrid
Andres Cardenas, Barcelona
Agustin Castiella, Mendaro
Israel Fernandez-Pineda, Sevilla
Rocio Gallego-Duran, Sevilla
Rita Garcia-Martinez, Barcelona

January 27, 2014

José M González-Navajas, Alicante
Juan C Laguna, Barcelona
Elba Llop, Madrid
Laura Ochoa-Callejero, La Rioja
Albert Pares, Barcelona
Sonia Ramos, Madrid
Francisco Rodriguez-Frias, Córdoba
Manuel L Rodriguez-Peralvarez, Córdoba
Marta R Romero, Salamanca
Carlos J Romero, Madrid
Maria Trapero-Marugan, Madrid

Sri Lanka

Levent Doganay, Istanbul
Fatih Eren, Istanbul
Abdurrahman Kadayifci, Gaziantep
Ahmet Karaman, Kayseri
Muhsin Kaya, Diyarbakir
Ozgur Kemik, Van
Serdar Moralioglu, Uskudar
A Melih Ozel, Gebze - Kocaeli
Seren Ozenirler, Ankara
Ali Sazci, Kocaeli
Goktug Sirin, Kocaeli
Mustafa Sunbul, Samsun
Nazan Tuna, Sakarya
Ozlem Yonem, Sivas

Niranga M Devanarayana, Ragama
Ukraine
Sudan
Hatim MY Mudawi, Khartoum

Sweden
Evangelos Kalaitzakis, Lund

Switzerland
Christoph A Maurer, Liestal

Thailand
Taned Chitapanarux, Chiang mai
Temduang Limpaiboon, Khon Kaen
Sith Phongkitkarun, Bangkok
Yong Poovorawan, Bangkok

Rostyslav V Bubnov, Kyiv
Nazarii K Kobyliak, Kyiv
Igor N Skrypnyk, Poltava

United Kingdom
Safa Al-Shamma, Bournemouth
Jayantha Arnold, Southall
Marco Carbone, Cambridge
Rajeev Desai, Birmingham
Ashwin Dhanda, Bristol
Matthew Hoare, Cambridge
Stefan G Hubscher, Birmingham
Nikolaos Karidis, London
Lemonica J Koumbi, London
Patricia Lalor, Birmingham
Ji-Liang Li, Oxford
Evaggelia Liaskou, Birmingham
Rodrigo Liberal, London
Wei-Yu Lu, Edinburgh
Richie G Madden, Truro
Christian P Selinger, Leeds
Esther Una Cidon, Bournemouth

Turkey
Osman Abbasoglu, Ankara
Mesut Akarsu, Izmir
Umit Akyuz, Istanbul
Hakan Alagozlu, Sivas
Yasemin H Balaban, Istanbul
Bulent Baran, Van
Mehmet Celikbilek, Yozgat

WJH|www.wjgnet.com

United States
Naim Alkhouri, Cleveland
Robert A Anders, Baltimore
Mohammed Sawkat Anwer, North Grafton
Kalyan Ram Bhamidimarri, Miami

IV

Brian B Borg, Jackson
Ronald W Busuttil, Los Angeles
Andres F Carrion, Miami
Saurabh Chatterjee, Columbia
Disaya Chavalitdhamrong, Gainesville
Mark J Czaja, Bronx
Jonathan M Fenkel, Philadelphia
Catherine Frenette, La Jolla
Lorenzo Gallon, Chicago
Kalpana Ghoshal, Columbus
Grigoriy E Gurvits, New York
Hie-Won L Hann, Philadelphia
Shuang-Teng He, Kansas City
Wendong Huang, Duarte
Rachel Hudacko, Suffern
Lu-Yu Hwang, Houston
Ijaz S Jamall, Sacramento
Neil L Julie, Bethesda
Hetal Karsan, Atlanta
Ahmed O Kaseb, Houston
Zeid Kayali, Pasadena
Kusum K Kharbanda, Omaha
Timothy R Koch, Washington
Gursimran S Kochhar, Cleveland
Steven J Kovacs, East Hanover
Mary C Kuhns, Abbott Park
Jiang Liu, Silver Spring
Li Ma, Stanford
Francisco Igor Macedo, Southfield
Sandeep Mukherjee, Omaha
Natalia A Osna, Omaha
Jen-Jung Pan, Houston
Christine Pocha, Minneapolis
Yury Popov, Boston
Davide Povero, La Jolla
Phillip Ruiz, Miami
Takao Sakai, Cleveland
Nicola Santoro, New Haven
Eva Schmelzer, Pittsburgh
Zhongjie Shi, Philadelphia
Nathan J Shores, New Orleans
Siddharth Singh, Rochester
Veysel Tahan, Iowa City
Mehlika Toy, Boston
Hani M Wadei, Jacksonville
Gulam Waris, North Chicago
Ruliang Xu, New York
Jun Xu, Los Angeles
Matthew M Yeh, Seattle
Xuchen Zhang, West Haven
Lixin Zhu, Buffalo
Sasa Zivkovic, Pittsburgh

January 27, 2014

Contents

Three issues per month Volume 7 Number 26 November 18, 2015

EDITORIAL
2631

Wnt-/-β-catenin pathway signaling in human hepatocellular carcinoma
Waisberg J, Saba GT

TOPIC HIGHLIGHT
2636

Strategies to optimize the use of marginal donors in liver transplantation
Pezzati D, Ghinolfi D, De Simone P, Balzano E, Filipponi F

REVIEW
2648

Hepatocellular carcinoma: A comprehensive review
Waller LP, Deshpande V, Pyrsopoulos N

2664

Challenges of liver cancer: Future emerging tools in imaging and urinary biomarkers
Trovato FM, Tognarelli JM, Crossey MME, Catalano D, Taylor-Robinson SD, Trovato GM

MINIREVIEWS
2676

Hepatitis C virus: A global view
Mohamed AA, Elbedewy TA, El-Serafy M, El-Toukhy N, Ahmed W, Ali El Din Z

2681

Factors associated with the response to interferon-based antiviral therapies for chronic hepatitis C
Enomoto H, Nishiguchi S

                ORIGINAL ARTICLE
           Prospective Study
2688

Importance of virological response in the early stage of telaprevir-based triple therapy for hepatitis C
Hiramine S, Furusyo N, Ogawa E, Nakamuta M, Kajiwara E, Nomura H, Dohmen K, Takahashi K, Satoh T, Azuma K, Kawano
A, Koyanagi T, Kotoh K, Shimoda S, Hayashi J

                CASE REPORT
2696

Pseudolymphoma (reactive lymphoid hyperplasia) of the liver: A clinical challenge
Kwon YK, Jha RC, Etesami K, Fishbein TM, Ozdemirli M, Desai CS

WJH|www.wjgnet.com

I

November 18, 2015|Volume 7|Issue 26|

World Journal of Hepatology

Contents

Volume 7 Number 26 November 18, 2015

ABOUT COVER

Editorial Board Member of World Journal of Hepatology , Wan-Yee Joseph
Lau, DSc, FRCS (Ed), MD, Professor, Faculty of Medicine, the Chinese
University of Hong Kong, Hong Kong, China

AIM AND SCOPE

World Journal of Hepatology (World J Hepatol, WJH, online ISSN 1948-5182, DOI:
10.4254), is a peer-reviewed open access academic journal that aims to guide clinical
practice and improve diagnostic and therapeutic skills of clinicians.
WJH covers topics concerning arrhythmia, heart failure, vascular disease, stroke,
hypertension, prevention and epidemiology, dyslipidemia and metabolic disorders,
cardiac imaging, pediatrics, nursing, and health promotion. Priority publication will
be given to articles concerning diagnosis and treatment of hepatology diseases. The
following aspects are covered: Clinical diagnosis, laboratory diagnosis, differential
diagnosis, imaging tests, pathological diagnosis, molecular biological diagnosis,
immunological diagnosis, genetic diagnosis, functional diagnostics, and physical
diagnosis; and comprehensive therapy, drug therapy, surgical therapy, interventional
treatment, minimally invasive therapy, and robot-assisted therapy.
We encourage authors to submit their manuscripts to WJH. We will give priority
to manuscripts that are supported by major national and international foundations and
those that are of great basic and clinical significance.

INDEXING/
ABSTRACTING

World Journal of Hepatology is now indexed in PubMed Central, PubMed, Digital Object
Identifier, Directory of Open Access Journals, and Scopus.

FLYLEAF

I-IV

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Su-Qing Liu
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Hepatology
ISSN
ISSN 1948-5182 (online)
LAUNCH DATE
October 31, 2009
FREQUENCY
36 Issues/Year (8th, 18th, and 28th of each month)

Editorial Board

Responsible Science Editor: Fang-Fang Ji
Proofing Editorial Office Director: Xiu-Xia Song

Xiu-Xia Song, Vice Director
World Journal of Hepatology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

Wan-Long Chuang, MD, PhD, Doctor, Professor,
Hepatobiliary Division, Department of Internal
Medicine, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung 807, Taiwan

PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
November 18, 2015

EDITORS-IN-CHIEF
Clara Balsano, PhD, Professor, Departement of
Biomedicine, Institute of Molecular Biology and
Pathology, Rome 00161, Italy

WJH|www.wjgnet.com

COPYRIGHT
© 2015 Baishideng Publishing Group Inc. Articles published by this Open Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the
Baishideng Publishing Group (BPG) represent the
views and opinions of their authors, and not the views,
opinions or policies of the BPG, except where otherwise explicitly indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1948-5182/g_info_20100316080002.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

II

November 18, 2015|Volume 7|Issue 26|

World J Hepatol 2015 November 18; 7(26): 2631-2635
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i26.2631

EDITORIAL

Wnt-/-β-catenin pathway signaling in human hepatocellular
carcinoma
Jaques Waisberg, Gabriela Tognini Saba
clarified, which negatively impacts the development
of targeted therapy protocols for this overwhelming
neoplasia. The aberrant activation of signaling in the
HCC is primarily due to the deregulated expression
of the components of the Wnt-/-β-catenin. This leads
to the activation of β-catenin/T-cell factor-dependent
target genes that control cell proliferation, cell cycle,
apoptosis, and cell motility. The deregulation of the Wnt
pathway is an early event in hepatocarcinogenesis. An
aggressive phenotype was associated with HCC, since
this pathway is implicated in the proliferation, migration,
and invasiveness of cancer cells, regarding the cell’s own
survival. The disruption of the signaling cascade Wnt/-β-catenin has shown anticancer properties in HCC’s
clinical evaluations of therapeutic molecules targeted for
blocking the Wnt signaling pathway for the treatment
of HCC, and it represents a promising perspective. The
key to bringing this strategy in to clinical practice is to
identify new molecules that would be effective only in
tumor cells with aberrant signaling β-catenin.
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Core tip: The Wnt signaling pathway is decisive in the
rule of mechanisms of proliferation and survival, as
well as the differentiation of liver cells during hepatic
embryogenesis and morphogenesis. The atypical
initiation of signaling in the hepatocellular carcinoma
(HCC) is primarily because of deregulated expressions of
the components of the Wnt-/-β-catenin. The mechanisms
that are considered more functional and that sustain
aberrant activation of signaling pathways act via alte
rations in the β-catenin gene or the AXIN1/2 -gene’s
encoding axin, a protein necessary for the degradation
of β-catenin. The development of targeted therapeutic
molecules for the blockade of the Wnt-signaling pathway
for the treatment of HCC depends on the identification
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Abstract
The molecular basis of the carcinogenesis of hepato
cellular carcinoma (HCC) has not been adequately
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The signaling of those specific anomalies and inherited
and epigenetic mechanisms related to risk features are
specific cellular changes and are considered the center
[5]
of initiation and development of HCC . Due to the com
plex genetic heterogeneity of HCC, the investigation
targets the molecular signaling pathways and their shared
[4]
molecular mechanisms .

of molecules that would be effective only in tumor cells
that carry an aberrant signaling β-catenin.
Waisberg J, Saba GT. Wnt-/-β-catenin pathway signaling
in human hepatocellular carcinoma. World J Hepatol 2015;
7(26): 2631-2635 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i26/2631.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i26.2631

PATHOGENIC MECHANISMS
The main determinants’ mechanisms of liver carcino
genesis are related to cirrhosis renewal subsequent to
liver injury caused by hepatitis, contaminants, or meta
bolites and mutations in oncogenes (sole or multiple)
or in neoplasm suppressor genes. These mechanisms
are associated with the main changes in cell signaling
pathways with interest from the therapeutic point of
view because its lock can reverse, delay, or prevent
[14]
hepatocarcinogenesis .
The atypical initiation of signaling in HCC is primarily
related to a deregulated expression of the components
of the Wnt-/-β-catenin. These activate β-catenin/TCFdependent target genes that monitor cell proliferation,
cell phase, apoptosis, and cell motility. The Wnt pathway
is the input constituent of the physiological processes
implicated in the embryonic progress and homeostasis
[3]
of human tissues .

INTRODUCTION
Hepatocellular carcinoma (HCC) is distributed globally.
It is the second most important cause of cancer deaths
[1]
and caused approximately 750000 deaths in 2012 .
Management options for HCC are restricted, and
this neoplasm can just be cured by radical treatments,
such as hepatectomy or liver transplantation, when
the diagnosis is made while the tumor still has small
proportions. However, the diagnosis is often made at a
late stage in the development of HCC, when the cancer
has already grown too much and/or is widespread. More
over, malignant tumors also have significant resistance
[2]
to multidisciplinary treatment protocols .
The increasing incidence of HCC triggered an intense
phase of research to clarify the main molecular, genetic,
and cellular mechanisms involved in its pathogenesis,
which could encourage the development of more effec
[3,4]
tive treatments for this neoplasia . However, the
molecular basis of the carcinogenesis of HCC still has
[5,6]
not been adequately clarified , which impairs the
development of targeted therapy protocols for this
[2]
overwhelming neoplasia .

WNT SIGNALING PATHWAY
Although it is inactive in adult livers, the Wnt path
[15]
way participates in liver pathobiology . This route is
markedly decisive in the active surroundings of hepatic
development and controls the progressions of pro
liferation, survival and the differentiation of hepatocytes.
Abnormal initiation of this pathway has also been
[5]
recognized in hepatoblastoma as well as in HCC .
Under normal conditions, the β-catenin level of a
hepatocyte is lowered, because the complex activity
destruction of the β-catenin protein, involving the APC,
axin, and GSK-3 proteins, and the fact that it connects
itself to β-catenin molecules, phosphorylating it, with
[4]
consecutive deprivation in the proteasome . Stimulation
of the non-canonical Wnt-/-β-catenin pathway is started
by the connecting of extracellular ligands of the trans
membrane receptor’s Wnt-/-FZD-related protein and
low-density lipoprotein receptor, which afterward lique
fies the complex configuration destruction of β-catenin
proteins, which results in the increase of β-catenin in the
[4]
cytoplasm . The β-catenin proteins are able to displace
to the nucleus and forming a binding complex with the
transcription factor LEF-/-TCF proteins. This binding
complex promotes an activation of target genes that
regulate cell proliferation, migration, invasion, cell cycle
[4]
progress, and metastasis propagation (Figure 1). For
that reason, the constitutive start of this pathway could
possibly be significant for establishing and maintaining
[4]
the malignant liver phenotype .
In liver carcinogenesis, early deregulation of the

MOLECULAR PATHOGENESIS
IMPORTANCE
Complex processes are involved in several steps
within the molecular pathogenesis of HCC. The normal
hepatocytes can have their phenotype transformed
by an accumulation of aberrant genetic mutations or
epigenetic nature, as well as by signaling the pathway’s
[7-13]
activation of growth factors
.
In chronic hepatic disease, it is decisive to recognize
the mitogenic signaling pathways that do not participate
in liver regeneration. Also, the mitogenic signaling
pathways are essential to trigger the emergence of a
clonal expansion that promotes tumor growth. This
identification can prevent the occurrence of adverse side
effects on the eventual use of a target therapy for the
steps involved in the carcinogenesis of HCC. However,
non-transformed hepatocytes can show higher molecular
redundancy and continue to proliferate, though some
signaling pathways are inhibited. Moreover, due to the
fact that the altered hepatocytes might provide incom
plete terminated molecular mechanisms, they may block
[5]
specific pathways that control cell growth and survival .
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A
LRP

Frizzled

B

oncogenic conductors in HCC. The mutation/activation of
[6]
JAK 1 was found in 9.1% of patients .
The deregulated signaling cascade Wnt-/-β-catenin
[16]
was observed in 95% of HCC . Moreover, this route
can likewise be initiated by deletions or mutations in the
β-catenin gene, thus making non-degradable proteins by
destruction complex. This event facilitates the increase
of β-catenin protein in the cytoplasm. In turn, such a
molecule translocates to the nucleus and activates genes
[9]
related to cell growing . Most mutations/deletions
are located in the N-terminus of beta-catenin, thus
leading to a change in beta-catenin protein turnover
after failure of phosphorylation (GSK3, CK1). Thus, the
overexpression of FZD Wnt ligands and receptors leads
the activation of these ligands and receptors as the
primary mechanism causing the increase of β-catenin
protein in the cytoplasm and the displacement of
[4]
β-catenin to the cell nucleus .
An important ligand that is involved is the Wnt3,
which is normally overexpressed in CHC. After attaching
to the FZD7, it triggers the canonical signaling triggered
[17,18]
by hepatitis B and hepatitis C virus
. In this con
text, the interruption of the interaction involving the
ligands and Wnt-/-FZD receptors was suggested as a
mechanism of inhibition of Wnt signaling/β-catenin to
reduce the migration and invasiveness of tumor cells of
[18]
HCC .
Wnt ligands focus on the cell surface for linking with
heparan sulfate proteoglycans; then, the Wnt ligand is
unrestricted and able to interact with the FZD receptors
[4]
to start the signaling pathway of β-catenin .
The mechanism further clarified that the mutations
in the β-catenin gene or CTNNB1, which were observed
[19,20]
in about 20% to 40% of all cases of HCC
concerned
the activation of β-catenin in HCC. The mutations have
also been reported in the constituents of the complex of
β-catenin degradation, including AXIN1 gene mutation,
which was observed in 3% to 16% of all cases of
[19,20]
HCC
and the AXIN2 gene and in approximately
[21]
3% of all cases of HCC . Interestingly, HCC occurs in
HCV patients, up to 40% of whom show an incidence of
[22]
CTNNB1 gene mutations . Further, the HCV patients led
to an increased expression of the gene Wnt1 in HCC cells
[23]
due to mechanisms not yet completely understood .
Studies of HCC occurring in patients with HBV have
implicated protein X of the HBV to stimulate the activation
of β-catenin, representing an independent CTNNB1 gene
[24]
mutation . Interestingly, the majority of the functionally
important mutations that cause the activation of Wnt
signaling are those that affect the CTNNB1 gene and
correlate significantly with the concentration of the
nuclear β-catenin protein. The ultimate consequence of
continued signaling pathway Wnt-/-β-catenin brings about
an amplified expression of genes’ β-catenin dependents,
[25,26]
which influence the whole tumor
.
Mutations of the β-catenin gene mostly have been
[27]
described as late events in HCC , while other authors
[28,29]
reported that these mutations are early events
.
The tumors with the mutated β-catenin gene have been

Wnt

Citoplasm

LRP

Dvl

Frizzled
Dvl

APC

Axin
GSK-3

Βeta-catenin

GSK-3

Citoplasm

Axin

Βeta-catenin

Nucleus

Proteossomal
degradation

Βeta-catenin
LEF/TCF

Target
genes

Figure 1 Wnt-/-β-catenin signaling pathway. A: APC protein, axin, and GSK-3
that forms the complex destruction of the β-catenin protein in the proteasome;
B: Wnt binds to Frizzled and LRP receptors, dissolving the destruction-complex,
which results in an increase of β-catenin in the cytoplasm and nucleus. β-catenin
forms a binding complex with the transcription factor LEF-/-TCF proteins
to promote the activation of target genes. LRP: Lipoprotein receptor; Dvl:
Dishevelled; APC: Adenomatous polyposis coli; GSK3: Glycogen synthase kinase
3; LET/TCF: Lymphoid enhancer factor/T-cell factor.

Wnt pathway occurs. An aggressive phenotype was
associated with HCC, since this pathway is implicated in
the proliferation, migration, and invasiveness of cancer
[2]
cells, within the course of the cell’s survival .
The start of this pathway happens when a ligand
connects to a Wnt receptor Frizzled (FZD) on the cell
membrane. The routes identified in the Wnt signaling
pathway are the non-canonical pathway and the canonical
[3]
pathway, where β-catenin protein is involved .
The Wnt signaling pathway mediated by the β-catenin
protein involves the binding of 1 or more of the 19 Wnt
ligands to 1 or more of the FZD transmembrane cell
surface receptors of the tumor cells. This stimulates the
activation of the associated β-catenin canonical pathway
and the non-canonical pathway in which the participation
of c-Jun NH2-terminal kinase (Jnk) plus protein kinase
C occurs, both of which are primarily active during
[3]
embryogenesis and adult tissue homeostasis .
The mechanisms considered more functionally aber
rant and the sustained initiation of the signaling pathway
happen via the β-catenin mutations in the genes or
AXIN1-/-2 axin genes encoding a protein essential for
[5]
the degradation of β-catenin .
[6]
Kan et al described the complete genome se
quencing of 88 HCC, 81 of which are positive for the
hepatitis B virus (HBV). The author identified genes with
genetic modifications and signaling pathways involved
in HCC related to HBV. They found the β-catenin gene
(15.9%) and TP53 (35.2%), the oncogene and tumor
suppressor gene, respectively, to be the most often
mutated. The signaling pathway Wnt-/-β-catenin and
Janus kinase protein (JAK)-/-STAT were changed from
62.5% to 45.5% of the patients, respectively, and
were considered probable to perform as the two main
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[30]

reported as having less vascular invasion and higher
[30,31]
grades of cell differentiation
. These mutations have
been associated with better prognoses for patients
with HCC. However, other authors observed a higher
nuclear and cytoplasmic concentration of the β-catenin
protein in HCC with the most micro- and macro-vascular
[32,33]
invasion
, increased neoplastic cell proliferation, and
[29]
poorly differentiated tumors .
Moreover, it is interesting that a diminutive but
important number of patients with HCV developed
[34]
HCC with no confirmation of fibrosis . The HCV has
a preference in the use of the Wnt pathway as an HCC
[35]
development mechanism . Similarly, it is worth noting
that the diminutive number of hepatic adenomas that
develop into HCC often have mutations in the gene
[36]
for β-catenin . The neoplastic conversion of hepatic
adenomas in HCC usually takes place in the healthy
liver without confirmation of fibrosis. Thus, this finding
indicates the involvement of the mutation of the β-catenin
[5]
gene, regardless of the presence of liver fibrosis .

4
5

6

7

8

CONCLUSION
The findings of the Wnt signaling pathway activity in HCC
suggest that the activation of β-catenin is sometimes
found in up to 90% of HCC. However, in 40% to 60% of
HCC patients, mutation of the CTNNB1 or AXIN1/AXIN2
genes was not observed. Actually, this finding may reflect
the significant participation of Wnt-/-β-catenin signaling
pathway in the maintenance of the normal function
of hepatocytes in liver parenchyma, even without the
[5]
presence of neoplastic cells in its interior .
The interruption of the signaling cascade Wnt-/β-catenin has shown antineoplastic activity in HCC,
although therapeutic molecules are not currently blocking
[2]
the Wnt signaling pathway for the treatment of HCC .
Still, proteins that are part of the Wnt signaling pathway
are considered potential targets for pharmacological
[3,37]
therapy
. However, the complexity of transcription
- dependent mechanisms of β-catenin becomes the
challenge of ambitious drug therapy. Moreover, such
medicaments may have important side-effects in organs,
such as the intestine, where the Wnt-/-β-catenin is
significant for the regeneration of tissues. The key toward
this strategy coming into clinical practice is to identify
new molecules that would be effective only in tumor cells
that carry an aberration that signals β-catenin.
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Strategies to optimize the use of marginal donors in liver
transplantation
Daniele Pezzati, Davide Ghinolfi, Paolo De Simone, Emanuele Balzano, Franco Filipponi
stage liver disease, but availability of liver grafts is still
the main limitation to its wider use. Extended criteria
donors (ECD) are considered not ideal for several
reasons but their use has dramatically grown in the
last decades in order to augment the donor liver pool.
Due to improvement in surgical and medical strategies,
results using grafts from these donors have become
acceptable in terms of survival and complications;
nevertheless a big debate still exists regarding their
selection, discharge criteria and allocation policies.
Many studies analyzed the use of these grafts from
many points of view producing different or contradictory
results so that accepted guidelines do not exist and the
use of these grafts is still related to non-standardized
policies changing from center to center. The aim of
this review is to analyze every step of the donationtransplantation process emphasizing all those strategies,
both clinical and experimental, that can optimize results
using ECD.
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Abstract
Liver transplantation is the treatment of choice for end

WJH|www.wjgnet.com

2636

November 18, 2015|Volume 7|Issue 26|

Pezzati D et al . Marginal donors in liver transplantation
include reduced patient and graft survival, especially
in HCV positive recipients, and ischemic type biliary
[14]
lesions (ITBL) . These grafts are extremely sensitive
to hemodynamic instability, and an appropriate donor
management is pivotal with adequate systemic blood
(> 100 mmHg) and central venous pressures (> 10 cm
H2O), a hematocrit > 25%, normal body temperature,
and diuresis greater than 1 mL/kg per hour in order to
avoid hypoperfusion and low oxygen support to the liver
[15]
graft . A rapid procurement technique with minimal
organ manipulation and double perfusion (aortic and
[15]
portal) should be preferred . In order to minimize the
ischemia/reperfusion injury (I/R), CIT should be as short
[14,15]
as possible
. Many series using graft older than 70
years showed optimal results when CIT is shorter than
8 h, whilst a CIT > 12 h is associated with a twofold risk
[16]
of graft failure . Thus, procurement in distant hospitals
should be carefully evaluated and allocation to more
stable patients who can better tolerate some degree of
[16,17]
organ dysfunction should be warranted
. Older liver
grafts are preferentially allocated to low biochemical
model for end-stage (MELD) score patients and HCV[5,15]
negative recipients with hepatocarcinoma
.

INTRODUCTION
Liver transplantation (LT) is the treatment of choice
for patients with end stage liver disease. Due to
improvement in surgical techniques, immunosuppressive
strategies, and patient management, the number of
candidates has dramatically grown in the last decades
while the number of donors has remained stable. This
gap has stimulated the development of innovative
strategies to increase the donor pool. Currently, the
ideal liver donor - younger than 40 years; trauma as
the cause of death; donation after brain death; hemo
dynamic stability; without macrovescicular steatosis,
[1]
infection(s) or chronic liver disease - is less frequent
[2]
due to demographic changes in the general population .
The concept of extended criteria donors (ECD) was
introduced to indicate donors associated with a higher
risk of primary non function (PNF) of the liver graft,
delayed graft function (DGF), and a poorer prognosis
after transplantation. Elderly donors (> 60 years),
donors with malignancies, infections, macrovescicular
steatosis > 30%, donors after cardiac death (DCD),
hypernatremia, hemodynamic instability, prolonged
cold ischemia time (CIT), split liver grafts, and living
donor liver transplants (LDLT) are all included in this
[3-5]
category .
Despite numerous studies, the impact of each
donor variable on recipient outcome is still debated
due to controversial results. Some authors reported
that careful liver graft selection provides comparable
results vs optimal donor grafts, and some recent studies
[4-5]
confirm these findings . Nevertheless, the reported
results may be related to specific donor demographic
characteristics (i.e., healthier life styles) or to the
experience of transplant teams with management of
[6]
these donors . The aim of the present review is to
appraise all strategies that can be implemented in view
of optimization of use of ECD in LT.

Hemodynamic instability

Previous United Network for Organ Sharing (UNOS)
data have shown that organs subjected to prolonged
hypotension do not show any significant increase in post[17]
transplant graft loss . However, graft loss increased
[17]
in transplants from donors receiving norepinephrine .
Some studies showed that dopamine dose > 10 µg/kg
[18]
[19]
per minute , or 6 µg/kg per minute had a significant
impact on early graft function. Systemic blood pressure
should be kept above 90-100 mmHg as low pressure is
[20]
related to increased preservation injury . The use of
dopamine is indicated to increase the mesenteric and
renal flows at doses of 2-5 µg/kg per minute. Higher
doses can lead to renal impairment and a dopamine
dose > 15 µg/kg per minute is considered a marginality
[21,22]
criterion
.

DONOR EVALUATION
Age

Hypernatremia

Old donors should be carefully evaluated as age is
[7]
related to allograft failure and post-transplant death .
Nevertheless, the progressive aging of the population
and the decreasing incidence of trauma-related deaths
have made elderly donors a considerable resource in
many countries. In our recent study the mean donor age
[5]
was 70 years , and similar results were reported by the
[8]
Spanish liver donor registry . Old organs develop brown
atrophy, show a decrease in weight and number of
cells, thickening of endothelial cell lining, endothelial cell
fenestrations, reduction of blood flow, reduced synthetic
capacity resulting in a diminished response to external
[9-13]
stressors and a limited regeneration rate
. Short term
complications using these grafts include PNF - defined
as an irreversible graft dysfunction requiring liver retransplantation within 10 d - initial poor function (IPF)
[14]
and vascular complications . Long-term complications
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Hypernatremia is considered a risk factor for graft
dysfunction, but the mechanism of hypernatremia-related
[23,24]
injury to liver cells is not clear
. One hypothesis
is that a sudden change in extracellular osmolality
in a liver graft obtained from a hypernatremic donor
might cause intracellular water accumulation and cell
[25]
swelling . However, high serum sodium concentrations
may promote accumulation of osmoles within the liver
allograft cells. Subsequent transplantation of these livers
into recipients with normal serum sodium levels may
promote intracellular water accumulation, hepatocyte
[23]
[23]
lyses, and death . Avolio et al suggested that donor
hypernatremia may adversely affect the outcome of LT
and showed a direct correlation between the donor serum
sodium concentrations and the recipient liver enzyme
levels [aspartate aminotransferase (AST) and alanina
[23]
aminotransferase (ALT)] after surgery . González
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[24]

et al
showed that donor hypernatremia correlates
with hepatic allograft dysfunction, whilst Figueras et
[25]
al
reported that donor hypernatremia is associated
with high bilirubin levels post-operatively and graft loss
within the first month post-transplantation. Totsuka et
[26]
al
showed that both graft function and survival were
improved by correction of donor hypernatremia and
suggested that latent changes in hepatocytes induced by
hypernatremia are reversible and might be attenuated
by appropriate donor management. Recent studies have
found that donor hypernatremia does not affect graft
[27]
survival in liver and kidney transplantation .

2005, more than 800 LT procedures were performed
using grafts from donors with a history of malignancy,
[35]
and only two donors transmitted a fatal disease .
The most common cancers were non melanoma skin
neoplasms followed by central nervous system malig
[35]
nancies .
Melanoma is one of the most commonly reported
donor-derived malignancies and might have one of the
highest transmission rates and associated mortality
if inadvertently transmitted to the recipient. As its
biological behavior is complex and characterized by late
recurrences (tumor dormancy) donors with an history of
malignant melanoma should always be discarded also
[36]
in case of cured disease . Donors with central nervous
system malignancies should be carefully evaluated
as certain risk factors are associated with malignancy
transmission; organs from donors having high grade (Ⅲ
or Ⅳ) tumors, ventriculo-systemic shunts or history of
extensive cranial surgery that disrupts the blood-brain
barrier are associated with a transmission rate of 45%
and should not be considered for transplantation; in cases
where the underlying etiology of brain death is unclear, a
[37]
rapid limited brain autopsy should be conducted .
Data derived from the United Kingdom Transplant
Registry showed that 18 solid organ recipients developed
cancer from 16 donors (0.06%): 3 were donor-derived
cancer (0.01%) and 15 were donor-transmitted cancer
[38]
(0.05%) . Of the 15 donor-transmitted cancers, 6
were renal; 5 were lung; 2 were lymphoma; 1 was
[38]
neuroendocrine, and 1 colon cancer .
Some recent Italian series have shown no disease
transmission with use of grafts from donors with lowgrade malignancies or neoplasms of low metastatic
[39,40]
potential
. An accurate donor evaluation coupled
with histological information of tumor grade allows to
reduce to acceptable rates the risk of donor-to-recipient
[39,40]
transmission
. Donors with a documented history
of malignancy should not discarded per se, especially
for low-grade central nervous system tumors and mali
gnancies treated successfully with long-term diseasefree survival rates. However, there is still variability in
[39,40]
guidelines and practices across countries
.

Infections

Hepatitis B virus: In the presence of antibody to
hepatitis B core antigen (anti-HBc) IgM-positivity or
circulating hepatitis B virus (HBV)-DNA levels, some
centers decline using these organs for donation. AntiHBc IgG-positive donor grafts can be safely used,
provided use of anti-HBV prophylaxis with oral antiviral
[28-30]
agents in HBV naïve recipients
. The addition of
anti-hepatitis B surface antigen immunoglobulin does
not seem to provide superior protection rates vs oral
[29]
antivirals alone .
In pediatric transplantation, organs from anti-HBcpositive donors are still used with caution after an
[28-30]
individualized risk-to-benefit evaluation
.
Hepatitis C virus: The use of hepatitis C virus (HCV)positive donors for LT was originally debated and not
widely practiced due to concerns about an increased risk
[31-34]
of HCV-related graft failure after transplantation
.
In the last decade, long-term follow-up data confirmed
that use of HCV-positive donor grafts in HCV-positive
[31]
recipients was safe and did not affect graft survival .
In this setting, post-transplant HCV recurrence rates
were 55.54% vs 41.74% for recipients of HCV-negative
[32]
grafts . Patient and graft survival at 4 years posttransplantation are similar in recipients of either HCV[32]
positive or HCV-negative liver grafts .
A recent UNOS-based study on 1695 HCV patients
transplanted with HCV-positive grafts has confirmed no
difference in patient and graft survival vs HCV-positive
[33]
recipients transplanted with HCV-negative liver grafts .
An European, multicenter study has also shown similar
overall patient and graft survival rates in this category
[34]
of patients . HCV recurrence was reported to be
more rapid in the group of patients who received antiHCV-positive grafts, although it did not reach statistical
[34]
significance (P = 0.07) . The authors suggested appro
priate use of anti-HCV-positive donor grafts, especially
if HCV-RNA is positive, as their use might be associated
[34]
with more rapid fibrosis progression . The recent
introduction of direct antiviral agents for treatment of
HCV infection will likely reshape this practice.

Steatosis

Steatosis is a very common chronic liver disease and
it is estimated to occur in more than 65% of obese
[41]
patients . Microvescicular steatosis is accumulation
of small fatty droplets not displacing the cell nucleus,
and even if diffuse it does not entail a higher risk
[42]
for graft loss after LT . Macrovescicular steatosis is
characterized by large droplets displacing the nucleus
to the cell periphery and is associated with a significant
[42,43]
risk factor for PNF
. It can be classified based on the
proportion of hepatocytes affected, being mild < 30%,
[43]
moderate from 30% to 60%, and severe > 60% .
Most transplant centers do not use grafts with more than
30% of macrovescicular steatosis. However, use of these
latter grafts is suggested reducing cold storage within 6
[44]
h . Steatotic livers show heightened sensitivity to I/R

Malignancies

According to the UNOS database, 2.7% of deceased
[35]
donors have a history of cancer . Between 2000 and
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injury and several mechanisms have been proposed
to explain this. The liver might be more subjected to
[45]
lipid peroxidation , and a more accentuated proinflammatory response with release of mediators, such
as tumor necrosis factor (TNF)-α, and an increased
[46]
neutrophil infiltration . Animal models showed narrow
ed and tortuous microvessels with reduced hepatic and
sinusoidal blood flow, mitochondrial dysfunction and
[47]
decreased energy levels .

ALLOCATION STRATEGIES
In LT setting, several allocation policies have been
proposed over the recent years, but none is complete in
evaluating all clinical aspects of a liver disease patient.
Patient based policies includes: Urgency principle
and utility based principle. The urgency principle is
[60]
based on MELD , and although widely practiced it
has raised criticism over the years. The components
of the formula are not always objective, due to inter[61]
laboratory variability ; symptom-based exceptions
may be under- or mis-scored, and extra-points are
[62]
assigned almost arbitrarily . The first-come-first-served
principle did not take into consideration the individual
patient gravity with the resulting risk of increased
death on the waitlist of sickest patients. The utility
based principle is based on survival benefit concept
and was introduced as a way to balancing the risk of
death after LT with the risk of mortality while on the list,
[63]
thus avoiding futile transplantation ; survival benefit
computes the difference between the mean lifetime
with and without LT so that a graft goes to the patient
with the greatest difference between the predicted
post transplant lifetime and the predicted waiting list
lifetime for this specific donor. Donor-based policies
were introduced with the increasing use of ECD, as
graft and patient survival was greatly reduced for some
[64,65]
unfavorable donor-to-recipient matching categories
.
[1]
Feng et al introduced the concept of a donor risk
index (DRI) assessing donor variables that can affect
transplant outcomes, thus providing formal assessment
to clinical donor-related variables. Main limitations of
DRI are: First DRI was reported before introduction of
MELD, second DRI is mainly related to donor age, third
DRI takes into consideration only data at the time of
procurement. Combined donor-recipient based systems
have been proposed widely; balance of risks (BAR)
score includes: MELD, recipient age, retransplant, life
support dependence prior to LT, donor age and CIT thus
establishing a threshold at 18 points. BAR score is mainly
determined by MELD balanced by other factors both of
[66]
recipient and donor . Actually the ideal matching is
still a theory based more on myth than reality. To date,
every system that has been proposed appears to not be
[65]
statistically robust enough .

INTERVENTIONS
Several approaches have been suggested in order to
reduce the sensitivity of livers to I/R injury. Physical
exercise and dietary interventions are reserved to living
donors, but it may take long before providing histologic
[48]
changes in liver cells . Drug schedules have been
used to decrease liver cell lipid intake. Urso-deoxycholic acid was used in a clinical trial, but its results are
[49]
controversial . Pentoxifylline was used based on its
effect on reducing TNF-α levels and increasing gluta
[50]
thione activity . To date, only bezafibrate was reported
[51]
in steatotic living liver donors before transplantation .
Ischemic preconditioning is based on intermittent
clamping before cold flushing and has been shown
to reduce lipid peroxidation, hepatic microcirculation
failure and neutrophil accumulation when applied to
[52]
steatotic livers . Volatile anesthesia has been shown
to be superior to the intravenous one in preventing
liver injury after reperfusion in previous studies on liver
[53]
resection , but a recent multicenter trial comparing
propofol with sevoflurane in LT has shown no difference
in terms of acute organ injury and clinical outcomes
[54]
between the two regimens .
Several experimental strategies can be applied to
either the donor or the graft. Pharmacological precon
ditioning was successfully used in rats with resulting
reduced inflammatory responses, parenchymal dys
[55]
function, and injury . Heat-shock preconditioning is
a method to induce endogenous protective heat-shock
proteins by exposure to heat, and is applied 3-48 h
[56]
before organ procurement . This leads to a decrease in
TNF-α, an increase in nitric monoxide and improvement
[56]
of microcirculation and inhibited platelet aggregation .
Some pharmacological additives can be used during cold
preservation to ameliorate metabolism and suppress
inflammation, such as interleukin-6, pentoxifylline,
L-carnitine, carvedilol, epidermal growth factor, and
[57]
insulin like growth factor 1 . Venous systemic oxygen
persufflation during static cold storage (SCS) preser
vation was described in the Nineties to supply gaseous
oxygen to livers, and it utes was demonstrated that
application for 90 min may rescue steatotic livers after
[58]
extended SCS preservation . The use of machine
perfusion has recently been introduced in some centers
and may preserve steatotic livers by continuous supply of
nutrients, removal of waste products, and maintenance
[59]
of ideal microcirculation conditions .
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ORGAN RETRIEVAL
Preservation solutions

A recent study was conducted on 42869 first liver
transplants performed in Europe with the use of either
University of Wisconsin solution (UW; n = 24562),
histidine-tryptophan-ketoglutarate (HTK; n = 8696),
Celsior solution (CE; n = 7756) or the Institute Georges
[67]
Lopez preservation solution (IGL-1; n = 1855) . The
overall 3-year graft survival was higher with UW, IGL-1
and CE (75%, 75% and 73%, respectively), compared
[67]
to HTK (69%) (P < 0.0001) . The same trend was
observed with a total ischemia time > 12 h or for grafts
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[67]

used for patients with cancer (P < 0.0001)

.

was perfused twice with urokinase during cold perfusion
and after trimming of the donor liver. The incidence of
[74]
ITBLs resulted lower than in the control group .

Retrieval techniques

During liver procurement for deceased donation, rapid
en bloc procurement with minimal manipulation after
clamping the donor aorta achieved better early graft
[68]
function post-transplantation .
In DCD, most surgeons use some modiﬁcation of
[69]
the super rapid recovery technique . The donor is
prepared as well as the surgical instruments. After the
declaration of death the surgeons expeditiously perform
aortic cannulation. Thereafter, the thoracic or supraceliac
aorta is cross-clamped, and the vena cava is vented into
the right chest. The portal system can be flushed by in
situ cannulation of the inferior mesenteric vein or on the
back table. Organs can be removed separately or en
bloc. Cannulating the donor pre-mortem may decreases
[69]
warm ischemia time . It is necessary to cannulate
both femoral artery and vein before support withdrawl
in order to perfuse with cold preservative solution
immediately after declaration of death. Thereafter, a
median sternotomy and midline abdominal incisions are
made and the intra-abdominal organs are topically ice
[69]
cooled and then removed en bloc or separately .
In donors from brain death, a randomized pros
pective study was performed to test the impact of the
donor harvesting technique on post-transplantation
outcomes in ECD. A modified double perfusion (MDP)
technique was compared with the single aortic perfusion
(SAP) technique. Thirty-five suboptimal grafts were
randomly assigned to either technique (18 MDP livers
vs 17 SAP livers). Variables were comparable in the 2
study groups. The SAP group presented higher blood
transaminases and bilirubin levels after LT. Graft primary
dysfunction was also significantly higher (P = 0.01) in
the SAP group (35%) vs the MDP group (5%). In the
SAP group, 5 cases required re-LT (< 30 d). Patient
and graft survival rates were higher in the MDP (100%
in both cases) than in the SAP group (68% and 58%,
[70]
respectively) so that the study was stopped .

CIT

Prolonged CIT is an independent risk factor for DGF and
[75]
PNF . The European Liver Transplant Registry survey
showed a lower 5-year survival rate with CIT over 15 h
[76]
if compared with CIT less than 12 h . Similar results
[77]
were reported in a United States survey .
Liver grafts from elderly donors and/or donors with
steatosis are even more affected by prolonged CIT,
[78]
which should be kept below 8 h . In our previous
series, we showed that, albeit not statistically signiﬁcant,
graft survival was lower for grafts > 80 years with a CIT
[5]
> 8 h (3-year survival 82.6% vs 61.9%, P = 0.078) .

Biopsy

Biopsy can be a valuable tool to determine the utility in
pursuing donation in ECDs, particularly with liver-only
[79]
donors . Nevertheless, there are still no guidelines on
its routine use in this kind of donors. In our previous
experience, we performed on demand biopsies based
on surgical evaluation at procurement and discarded
livers in the presence of macrovescicular steatosis >
30%, necrosis > 5%, fibrosis > 2% as per Ishak’s
score, severe micro and macroangiopathy, and severe
[5]
inflammation . In a recent review some authors stated
that pre-transplant histopathological evaluation is a timeeffective, accurate, and reliable tool to assess liver quality
[80]
from candidate deceased donors . Pre-transplant
biopsies are of value in the selection of donor livers for
transplantation, especially in case of ECD, and should be
performed more frequently in order to avoid unnecessary
loss of organs suitable for transplantation and trans
[80]
plantation of inappropriate organs . Correlation of
histopathological findings with clinical conditions is
essential and requires excellent communication between
pathologists, surgeons, and the other members of the
transplant team.

Perfusion with fibrinolytic drugs

Machine perfusion and machine preservation

Plasminogen activators have been tested in LT to
prevent microthrombosis, improve microcirculation
[71]
and oxygen supply . Liver grafts from non-heartbeating donors (NHBD) are additionally affected by
microvascular alterations, including erythrocyte aggre
gation and thrombi formation, which might hamper
appropriate equilibration of the preservation solution to
[71]
the graft microvasculature . Streptokinase was used
in experimental models to observe post-preservation
viability in NHBD. Streptokinase preflush resulted in
a relevant and significant improvement of structural
[71,72]
integrity as well as functional and metabolic recovery
.
ITBL have a multifactorial origin but I/R injury
and microthrombosis are considered to be the most
[73]
relevant . In order to decrease its incidence, urokinase
[74]
perfusion has been tested . In a prospective study by
[74]
Lang R et al , the arterial system of the donor liver
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Machine perfusion and/or preservation (PM) consists
of a pump creating a flow of blood or preservative
[81]
solution through the organ . This continuous perfusion
allows better preservation, oxygenation and removal
[81]
of metabolites . Another advantage is the possibility
to monitor the performance of the graft and to provide
[81,82]
adjuvant substances
. PM can be divided into 3
groups based on the temperature of preservation: Hypo
thermic (HMP) at 4 ℃; normothermic (NMP) at 37 ℃,
and subnormothermic (SNMP) at 20 ℃-25 ℃. Different
flow regimes and pressures (pulsatile vs unpulsatile),
single (artery) vs dual perfusion (artery and portal vein),
[82]
oxygenated vs nonoxygenated .
The HMP, by lowering the metabolism but providing
metabolic substrates, is reported to protect grafts from
[83]
[83]
ischemic insults related to reperfusion . Guarrera et al
were the first to analyze the impact of this method in
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humans observing an attenuation of biochemical markers
of liver injury, less biliary complications and hospital stay.
They concluded that HMP of donor livers provided safe
[83]
and reliable preservation . The addiction of oxygen to
perfusion solution (hypothermic oxygenated perfusion) in
[84,85]
animal models showed further improvements
.
The SNMP lowers the liver metabolic demand in
sub-physiological temperature conditions, however
maintaining sufficient metabolism for viability testing
[86,87]
and improvement of graft function
. In an animal
model, a beneficial effect with lower transaminases
was found, while rising total bilirubin levels suggested
inadequate prevention of I/R or hypothermia-induced
[86]
biliary damage .
This technique was tested on livers discarded from
transplant and showed a preservation of liver function
with minimal injury and an improvement in various
[87]
post-ischemia hepatobiliary parameters .
The NMP system seems the most promising technique
as it allows to maintain livers in an environment similar
to human body with normal temperature and metabolite
[88]
and oxygen supply . Moreover, it allows to monitor
liver function parameters such as pH, transaminases,
[88]
and the bile output . It has been recently tested on a
human setting with optimal results showing favorable
safety and feasibility profiles, whilst costs seems to limit
its widespread applicability.

well in order to reduce CIT and prevent blood loss after
[92]
reperfusion . SLT in adults is associated with significant
increase (10%) of graft failure and recipient morbidity.
[93]
Results are notably better in children .
Even if procured from ideal donors these grafts
should be considered as extended criteria as the volume
is lower and may lead to hepatic failure in the post
operative course. Moreover non-optimal positioning in
the recipients may lead to compromised venous outflow
and complications as biliary leakage, hepatic artery
thrombosis (HAT), IPF are more frequent than in whole
[94]
organ LT .
SLT for two adults has been performed reporting
worst results with the left segment and is actually
considered a high risk procedure due to insufficient
parenchymal volume and complex vascular anasto
[94-96]
mosis
.
The use of left allografts should be primary considered
for pediatric patients while the use of right allografts in
adults marginally increases risks of graft failure so that
SLT should be considered as a safe technique to expand
the donor pool.

TRANSPLANTATION
At transplantation, the main strategies encompass the
modality of graft reperfusion and use of temporary
[97-100]
porto-caval shunts
. Graft reperfusion can be se
quential or simultaneous. In the sequential mode, the
liver graft is perfused first via portal vein or hepatic
artery, while in the simultaneous technique the arterial
anastomosis is fashioned during the anhepatic phase
and both the porta and the hepatic artery are perfused
[97,98]
simultaneously
.
Sequential reperfusion is associated with a shorter
CIT. However, if the porta is perfused first the delay of
arterial revascularization is associated with more pro
nounced microvascular disturbances, while if the hepatic
artery is perfused first this might cause an increased
[98]
blood flow called reactive hyperemia . Simultaneous
graft reperfusion results in improved oxygenation but
[97-99]
may entail a longer CIT
.
The use of temporary porto-caval shunt (TPCS) is
controversial. The hemodynamic and immunological
consequences of portal vein clamping are poorly chara
cterized. In animal models an interruption of portal flow
for up to 90 min induces edema of the gut with mucosal
damages. The use of TPCS was initially advocated for
patient with acute liver failure without collaterals. It was
thought to be useless in cirrhotic patients as the presence
of collaterals resulted in little hemodynamic changes
during portal clamping.
[101]
In a prospective randomized trials Figueras et al
demonstrated a beneficial effect of TPCS in terms of
decreased blood transfusions especially in patients with
severe portal hypertension and high portal flow.
Renal impairment is a common sequel to LT. Impaired
renal perfusion, vascular instability and the release of
cytokines at reperfusion contribute to a reduction in renal

Back-table

The major back table concerns using ECD are related
to arterial structure and anatomy. When using grafts
from old donors, arterial evaluation plays a pivotal
role as aneurysms or severe atherosclerosis may led
[5]
to graft discharge . Graft arterial reconstruction of a
right replaced hepatic artery using a safe and rigorous
technique does not enhance the risk of arterial com
plications or graft loss, and the technique using the GDA
[89]
stump is to be recommended for routine use .
In order to reduce the incidence of ITBL, some authors
reported on the use of back-table arterial pressure
perfusion to achieve reliable perfusion of the capillary
system of the biliary tract, which may be impaired by
[90]
the high viscosity of UW solution . A highly significant
difference in the incidence of ITBL was found when
this technique was used when compared to standard
[91]
perfusion with lower peak AST and ALT levels . The
authors’ conclusion was that arterial back-table pressure
perfusion is an easy and reliable method for preventing
ischemic biliary lesions in LT and suggested it should be
[90,91]
standard in liver procurement
.

Split liver grafts

Split liver transplant (SLT) is a technique used to in
crease the donor pool that creates two allografts from a
single liver graft. Technical and logistical issues in both
donors and recipients prevent its worldwide usage and it
accounts for only 4% of LT in the United States. Splitting
was originally performed as an ex-vivo bench procedure
but it was after performed as an in-situ procedure as
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[102]

[115]

function .
[100]
In a study by Ghinolfi et al
it has been shown to
improve hemodynamic stability and renal function in
patients undergoing orthotopic LT. Lower graft survival
rates were reported in patients of high DRI liver grafts
[100]
when a TPCS was not used . TPCS improves the perioperative outcome, this being more evident when high[100]
risk grafts are allocated to high-risk patients .
[103]
Another series by Pratschke et al
showed reduced
hepatic injury and increased portal flow after reperfusion.
Retransplantation rate was decreased and long term
survival increased. This effect was more pronounced
[103]
when using ECD .

have serious consequences
. Emergent interven
tions are usually needed with early HAT because of its
[114]
related ischemia/necrosis of the bile duct system
.
Although urgent re-transplantation is considered the
main treatment for early HAT, endovascular interventions
including percutaneous transluminal angioplasty (PTA),
intra-arterial thrombolysis (IAT) in selective cases, and
[117,118]
stent placement may be alternative treatments
.
Currently many centers consider interventional radiology
[118,119]
as first choice for the management of early HAT
.
IAT can be considered but is related to high risk of
[120]
hemorrhage in patients with recent (< 2 wk) surgery .
Late HAT can be silent in up to 50% of patients with
[116]
only mildly elevated liver function tests . Symptomatic
patients often present with biliary complications with
recurrent cholangitis, abscess and biliary leakage or
[116]
stricture, and the presentation may be insidious
.
Late HAT is usually due to ischemic or immunologic
injuries and can be treated with biliary stenting and/or
[116,117]
endovascular interventions
.
Hepatic artery stenosis (HAS) has been treated
both with PTA and stent placement with comparable
[117-120]
results
. The use of PTA for HAS can reduce the rate
[120]
of HAT . Solitary stenosis are usually treated with PTA
[117-120]
while angioplasty is used for tandem lesions
. These
procedures are related to complications and risks that
have to be taken into consideration and moreover are, in
some cases, ineffective so that surgical intervention such
as anastomotic reconstruction or re-transplantation must
[120]
be applied .
Aneurysms and pseudoaneurysms of the hepatic
artery are very rare complications after LT, but they
[121]
are associated with high mortality rates (> 50%)
.
Both can be treated by either surgical or endovascular
[121]
procedures .
A series from the UNOS database reported that the
risk of HAT with loss of the graft increases progressively
with each decade of donor age > 50 years, such that
a 61% risk was associated with use of donors older
[122]
than 70 years
. A recent experience with donors
older than 70 years showed a lower incidence of HAT
(4.7%) and improved results were attributed to better
[123]
[5]
management . Ghinolfi et al in their series showed
a 3.6% of severe vascular complications: 10 (1.2%)
HAT and 7 HAS (0.8%) with no differences across all
donor age groups. There were no differences in terms of
donor age for the 11 (1.3%) cases of portal thrombosis
[5]
as well .
[124]
Venous complications are more frequent in LDLT .
Compared with the arterial complications, venous
adverse events usually have a better response rate to
endovascular interventions, such as angioplasty or stent
[124,125]
placement
. Endovascular procedures are consi
dered as the first choice for post-transplant portal vein
[125]
complications with high success rates .

POST-TRANSPLANT COMPLICATIONS
ITBL

Biliary complications continue to be a major issue in LT
[104,105]
ranging between 10% and 30%
. Anastomotic
strictures (AS) are mainly related to the surgical tech
[104,105]
nique and to ischemia to the distal bile stump
. NonAS (NAS) are thought to be caused by three different
types of injuries: I/R, immune-mediated mechanisms,
[106]
and cytotoxic injury from bile salts
. The highest
incidence of NAS has been reported for DCD livers as
they suffer from an additional warm ischemia time during
[107]
organ retrieval . NAS with a patent hepatic artery are
generally referred to as ITBL. The incidence of ITBL in
ECD is higher, due to a major vulnerability to I/R injury
and to warm ischemia time and CIT, and are reported in
up to 14% vs 3% for younger donors.
Several strategies have been suggested to reduce
[108-111]
the incidence and severity of ITBL
. The relative
importance of portal venous blood flow in developing
[108]
ITBL was outlined by Farid et al
because these
lesions were diagnosed in patients with a normal arterial
flow but with portal thrombosis. In order to reduce the
incidence of graft microangiopathy and thrombosis,
back-table pressure arterial perfusion and the use
of plasminogen activators have been proposed with
favorable results. Simultaneous graft revascularization
seems to be associated with a lower incidence of
[109,110]
ITBL than sequential revascularization
. Viscous
preservation solutions may negatively impact on efficacy
of flushing of the bile ducts capillaries, resulting in
[111-113]
residual bile crystallization and obstruction
. Use
of less viscous solutions, like HTK, seems to provide
better results in reducing the incidence of biliary tract
injuries, despite the recent results of the European liver
[67,112]
transplant registry data
.
In a large study, a CIT > 10 h was found to be
associated with a higher incidence of ITBL and every
[113]
effort should be made not to exceed this limit .

Vascular complications

HAT represents more than 50% of all arterial com
plications following LT and it is divided into early (< 4
[114-116]
wk from LT) and late HAT (> 4 wk from LT)
. Early
HAT is generally related to technical problems and can
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The imbalance between the number of potential
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recipients and available donors still represents a major
concern in LT so that the expansion of donor pool
continues to be a priority.
Improvements have been made in order to better
define ECD but many lacks still exist regarding their
use. Some centers routinely use ECD but their results
seem to be related more to their practical experience
and can be reproduced with difficulties.
Some ethical considerations should also be carried
out; the use of ECD can constitute a risk for recipients
in terms of PNF, DGF and surgical complications so
that some authors advocate the use of an informed
consent about allograft specific risks. Moreover some
combinations such as ECD with HCV recipients have
been proved to be dangerous in terms of recurrence
and survival but they have never been clearly censored
by the scientific community.
It has finally to be taken into consideration that this
is an expanding field in LT so that applying too strict
rules on ECD use may preclude further advancement.
Many efforts should be carried out in order to establish
an international consensus on ECD use and to create
guidelines that could be largely adopted.
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Hepatocellular carcinoma: A comprehensive review
Lisa P Waller, Vrushak Deshpande, Nikolaos Pyrsopoulos
chronic hepatitis B and C infections are most commonly
afflicted. Different therapeutic options, including liver
resection, transplantation, systemic and local therapy,
must be tailored to each patient. Liver transplantation
offers leading results to achieve a cure. The Milan criteria
is acknowledged as the model to classify the individuals
that meet requirements to undergo transplantation. Mean
survival remains suboptimal because of long waiting
times and limited donor organ resources. Recent debates
involve expansion of these criteria to create options for
patients with HCC to increase overall survival.
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Core tip: Hepatocellular carcinoma (HCC) is the pro
minent Primary Hepatic tumor. Survival rates average
between 6 and 20 mo, making Liver transplantation
is the most efficient treatment. The established Milan
Criteria is now widely accepted around the world for
choosing patients suffering with HCC as liver transplant
candidates. Due to high mortality rates, additional
variables and tumor characteristics have been researched
(example, University of California, San Francisco Criteria)
in order to include more patients as candidates, so
as to increase overall survival. In this comprehensive
review, the pathophysiology, diagnostic modalities, and
treatment options are thoroughly discussed.
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Abstract

Waller LP, Deshpande V, Pyrsopoulos N. Hepatocellular
carcinoma: A comprehensive review. World J Hepatol 2015;
7(26): 2648-2663 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i26/2648.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i26.2648

Hepatocellular carcinoma (HCC) is rapidly becoming one
of the most prevalent cancers worldwide. With a rising
rate, it is a prominent source of mortality. Patients with
advanced fibrosis, predominantly cirrhosis and hepatitis
B are predisposed to developing HCC. Individuals with
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significant role. Associated factors include: Age, male
gender, hepatitis C virus (HCV)/hepatitis B virus, alcohol
abuse, severity of non-alcoholic fatty liver disease/
NASH, diabetes/obesity, iron overload, and genetic
[13]
variants (PNPLA3, APOB, TERT) .

INTRODUCTION
Hepatocellular carcinoma (HCC) has become the most
common primary hepatic malignancy, with average
[1]
survival rates between 6 and 20 mo . It now ranks sixth
in the world among all malignancies, contributing to the
[2]
third leading cause of mortality attributed to cancer .
Incidence worldwide has increased, likely due to the
rising incidence of chronic hepatitis B and C infections.
[3]
Since 1963 when first performed by Starzl et al , liver
transplantation has seen dramatic changes, though
initial outcomes were suboptimal. Attempts to treat
HCC with liver transplantation showed poor results. At
this point, it was determined that a narrow spectrum of
selection criteria was needed to increase survival during
[4]
the time after transplant. In 1996, Mazzaferro et al ,
in his revolutionary paper, proposed stricter criteria for
liver transplantation. The four-year rate of survival was
[4]
75% with an 83% survival rate without recurrence .
From this landmark study, the Milan Criteria (MC) was
established. The MC includes three major points: an
isolated malignancy ≤ 5 cm, or 2-3 tumors each < 3 cm,
that does not have any evidence of invasion into the
vascular system or dissemination outside the liver. The
MC became accepted for assessing individuals that have
[5]
HCC as candidates for transplantation . Given the high
mortality associated with HCC, there has been a recent
discussion on expanding the current criteria to include
more patients as potential transplant candidates, and,
therefore, increase overall survival.
In the hopes of improving disease-free survival,
there may be certain ways to help incorporate more
candidates with HCC. These may include expanding the
current Milan and University of California San Francisco
(UCSF) criteria to include tumor markers and histology,
increasing the number of living donor transplants for
HCC, using sorafenib post transplant, and utilizing
alternative immunosuppressive regimens.

PATHOPHYSIOLOGY
The pathophysiology of HCC is an evolving topic and
appears to be multifactorial. In 1981, after Beasley linked
hepatitis B infection to HCC development, its cause was
[14]
thought to have been identified . Subsequently further
research linked other etiologies of underlying cirrhosis
[15]
to HCC . Ongoing studies have linked metabolic synd
[16]
rome as a significant cause . Research has shown
[17]
that repeated inflammation facilitates carcinogenesis .
HCC predominantly arises in a cirrhotic liver where
repeated inflammation occurs along with fibrogenesis.
Inflammation and fibrogenesis predispose the liver to
[17]
dysplasia and subsequently malignant transformation .
An inflammatory microenvironment plays a prominent
[17,18]
part in starting the advancement towards HCC
.
The pathogenesis of HCC is made up of different
genetic/epigenetic aberrations and alterations with many
signaling pathways that lead to a known heterogeneity
[19]
of the diseases biologic and clinical behavior . The
majority of specimens are from hepatectomies and,
thus reflect a minority of patients. Cancer genetic hete
rogeneity of HCC is quite magnificent. Difference exist
between patients including variations within stages of
tumor development in a similar patient, such as in the
[16,20]
nodules, as well as diversity within a tumor
.
Recent analysis has been sought to investigate
the genetic pathways that are affected during hepato
[21]
carcinogenesis . p53, PIK3CA, and β-catenin appear to
be frequently mutated in patients. Additional research
is needed to identify the signal pathways that are
disrupted, leading to uncontrolled division. Two pathways
in cellular differentiation (i.e., Wnt-β-catenin, Hedgehog)
appear frequently altered. Up-regulated WNT signaling
is believed to link preneoplastic adenomas with greater
[22,23]
chances for malignant transformation
.
Ongoing studies are looking at inactivated mutations
of ARID2, a chromatin-remodeling gene, in the major
[17]
subtypes of HCC . Eighteen point two percent of
individuals with HCV-associated HCC, primarily in Europe
and the United States, had inactivation mutations of
ARID2, suggesting this as a common mutation subtype
in a tumor suppressor gene.

ETIOLOGY
Worldwide, chronic hepatitis B contributes to the greatest
number of HCC. Chronic hepatitis C is primarily the
cause in Southern Europe and North America. Individuals
that have chronic hepatitis B may develop HCC without
[5]
evidence of cirrhosis . However, 70%-90% of patients
[6]
suffer from concurrent cirrhosis . Some factors, such
as elevated viral loads, and having hepatitis B envelope
and surface antigens are believed to contribute to
[7,8]
HCC incidence . Advanced age, being male, obesity,
alcohol abuse, diabetic, and family history, are variables
[6,9]
associated with increased risks for developing HCC .
Hepatitis B and C co-infection have a cumulative effect
[9,10]
in contributing to the formation of HCC
. Additional
[11,12]
variables of risk for HCC are in Table 1
. The United
States, as well as other developed countries, have
increasingly seen non-alcoholic steatohepatitis (NASH)
as a primary contributor. It is assumed that the obesity
epidemic and prevalence of diabetes has played a

WJH|www.wjgnet.com

DIAGNOSIS
Patients who are high risk require surveillance. High risk
groups include: Cirrhotic hepatitis B carriers, patients with
hepatitis C cirrhosis, stage 4 primary biliary cirrhosis, other
causes of cirrhosis, Asian males older than 50 years of
age that are hepatitis B carriers, a known family member
having HCC in hepatitis B carriers, and African/Northern
[24]
American blacks having hepatitis B . Surveillance
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Figure 1 Liver Imaging Reporting and Data System. Adapted from American College of Radiology (www.acr.org).

Table 1 Etiology of hepatocellular carcinoma

[23]

gnant feature, could be absent .
Liver Imaging Reporting and Data System (LIRADS) first came about around March 2011, with wide
spread acceptance by many in practice. LI-RADS is a
method to help standardize the assessment and ability
for CT and MRI in recognizing HCC in individuals that
[29,30]
demonstrate risk factors
. LI-RADS categorizes a
liver lesion on imaging by its likelihood of being benign,
HCC, or alternative diagnosis. The criteria to categorize
a lesion into LI-RADS depends on the diameter as
well as identifying the four primary variables useful for
diagnosing HCC. These include enhancement during the
arterial phase, washout following hyperenhancement, the
development of a capsule, and growth compared with
[29]
previous studies
(Figure 1). LI-RADS is in constant
expansion and critique, garnering input from multiple
specialists.
Another imaging study, contrast-enhanced ultra
sound, is useful for identifying hepatic lesions. It can help
characterize cirrhotic nodules from HCC using microbubble
[31,32]
contrast agents
. In general, HCC does not have
Kupffer cells (reticuloendothelial cells). These cells came
of importance when Sonazoid, an agent used to enhance
imaging about ten minutes after its administration, was
introduced. Since the tumor lacks Kupffer cells, there is
no enhancement in the post vascular phase, while benign
[33]
lesions show continued enhancement .

[12]

Risk factors for hepatocellular carcinoma
Chronic hepatitis C infection with advanced fibrosis or cirrhosis
Chronic hepatitis B infection with/without cirrhosis
Alcoholic liver disease with cirrhosis
Hereditary hemochromatosis with cirrhosis
Alpha1-antitrypsin deficiency with cirrhosis
Autoimmune hepatitis with cirrhosis
Porphyrias
Wilson's disease
Non-alcoholic fatty liver disease
Nonalcoholic steatohepatitis with cirrhosis
Primary biliary cirrhosis
Type 1 hereditary tyrosinemia
Type 1 and 2 glycogen storage disease
Hereditary ataxia-telangiectasia
Hypercitrullinemia
Aflatoxin exposure
Other carcinogens
Thorotrast
Polyvinyl choloride
Carbon chloride

[24,25]

includes ultrasound at 6-mo intervals
. Nodules found
on ultrasound that are < 1 cm must routinely be followed
by ultrasound every three to six months. If nodules are
stable then routine surveillance every six months can be
resumed. Nodules > 1 cm require further investigation
by quadruple phase computed tomography (CT) scan
or dynamic enhancement magnetic resonance imaging
[26]
(MRI) with contrast . Because a tumor gets its vascular
source through the hepatic artery, it demonstrates a
classic vascular pattern on multiphase CT scans. This
pattern of enhancement during the early phase of arterial
enhancement has quick washout in the delayed or
portal venous phase. Diagnosis can be made purely by
[27]
radiology. Saborido et al reported a higher recurrence
rate among patients who underwent tumor biopsy
before liver transplantation. Currently, a pre-transplant
tissue diagnosis is not required in cirrhotic patients
[12,28]
that have the classic imaging findings for HCC
. If
an imaging study does not reveal this typical vascular
pattern, then another imaging study with enhancement
using a different modality should be performed, or tissue
[5]
diagnosis must be pursued . However, the differential
diagnosis between dysplastic nodules and early HCC
might be cumbersome even for an experienced liver
pathologist, because stromal invasion, a typical mali
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TUMOR MARKERS AS CRITERIA FOR
HCC
Historically, alpha-fetoprotein (AFP) has been used to aid
[24]
in diagnosing HCC . Typically, levels greater than 400
ng/mL are considered diagnostic. However, recent data
has shown its sensitivity and specificity to be unreliable.
AFP can be elevated in other disease manifestations
such as metastatic colon cancer or intrahepatic cholan
[34,35]
giocarcinoma
. Therefore, its use may be limited as
the only tool for surveillance or diagnosis. Diagnosis
should be made purely on radiological appearances and
[26]
histology . Interestingly, recent studies have shown that
AFP may be significant in anticipating the reappearance
of HCC after liver transplantation.
Other markers that aid in determining recurrence
have included the size and quantity of lesions, bi-lobar
disease, an involvement of macrovascular invasion
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Table 2 Criteria for listing for liver transplantation and hepatocellular carcinoma: Various expansion beyond the Milan Criteria
Criteria

Ref.

No. of patients

Mazzaferro et al[4]
Mazzaferro et al[86]

48
283

DuBay et al[109]

294

Yao et al[81]

70

Herrero et al[110]

154

Ito et al[41]

125

Lee et al[111]

186

Bologna Criteria

Del Gaudio et al[112]

177

Metroticket Calculator

Mazzaferro et al[86]

> 1000

MC
Up to seven criteria
Toronto Criteria
UCSF Criteria
Clinica universitaria
de Navarra Criteria
Kyoto Criteria

Asan Criteria

Toso Criteria
Silva Criteria

Toso et al[113]
Boin et al[114]

288
257

Hangzhou Criteria

Zheng et al[87]

195

Selection criteria

Survival rate at 5 yr

Solitary HCC < 5 cm or 3 nodules < 3 cm
Sum of the number of tumors and diameter of
the largest tumor ≤ 7 cm
Dominant lesion not poorly differentiated on
biopsy, no restriction on tumor size and number
Solitary tumor ≤ 6.5 cm or 3 nodules ≤ 4.5 cm
in diameter with a total tumor diameter ≤ 8 cm
Solitary tumor ≤ 6 cm or ≤ 3 nodules ≤ 5 cm in
diameter
≤ 10 nodules all ≤ 5 cm in diameter protein
induced by vitamin K absence or antagonist-Ⅱ
≤ 400 mAU/mL
≤ 6 nodules with a maximum tumor diameter of
≤ 5 cm
Solitary HCC ≤ 6 cm or 2 nodules ≤ 5 cm or
< 6 nodules ≤ 4 cm and sum diameter ≤ 12 cm
International Liver Transplant Society meeting in
2005 as a Web-based survey. Predict 5 yr survival
based on tumor size
Total tumor volume ≤ 115 cm3
≤ 3 nodules with a maximum tumor diameter of
≤ 5 cm and total tumor diameter < 10 cm
Total tumor diameter < 8 cm with grate Ⅰ or Ⅱ
tumor on biopsy and AFP < 400 ng/mL

75% (4 yr)
71.2%

Survival rate at
5 yr using MC
73.3%

68%

72%

75.2%

72%

68%

66%

Overall survival
68.3%

No difference

76%

76.3%

71% (3 yr)

71% (3 yr)

50%-70%

75%-80%

80%
69%

82%
62%

72%

78%

HCC: Hepatocellular carcinoma; MC: Milan Criteria; AFP: Alpha feto protein.
[36]

and tumor satellites, and tumor-specific biomarkers .
Tumor differentiation and microvascular invasion are also
substantial risks, but these features are not determined
until after the evaluation of the explant. Biomarkers that
consist of AFP and des-gamma-carboxy prothrombin are
reported to correlate with a post-transplant recurrence
[37]
of HCC . In a recent study, an AFP over 400 ng/mL
supplemented with the total tumor volume was recom
[38]
mended as a predictor following transplant . In another
[39]
investigation by Hameed et al , an AFP level > 1000
ng/mL was highly favorable in predicting recurrence of
HCC, with a comparison to vascular invasion. Individuals
that have elevated preoperative AFP levels > 1000 ng/mL,
were found to have 1- and 5-year rates of survival,
without reappearance of HCC, of 90% and 52.7% respec
tively, with levels ≤ 1000 ng/mL showing 95% and
80.3% 1-5 year survival rates. Levels of > 1000 ng/mL
led to excluding 4.7% of the individuals with a reduction
[39]
in the recurrence rate for HCC of 20% .
Another recent marker for tumor growth, antagonistⅡ (PIVKA-Ⅱ), might have benefit for listing criteria in
HCC patients. This tumor marker is a protein brought
[40]
about by the deficiency of vitamin K . The Kyoto Criteria
[41]
(Table 2), was created at Kyoto University by Ito et al ,
where they looked at 125 patients that had HCC, 70 of
which were inside MC, and the rest 55 who were outside.
All patients had no extrahepatic or macrovascular
disease. They identified individuals who had no more
than 10 tumors, of at most 5 cm with PIVKA-Ⅱ < 400
mAU/mL, demonstrating five-year rates of survival of
[41]
86.7%, similar to individuals who fell within MC .
Systemic inflammation has been found to have an
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association with worsening outcomes and recurrence
of tumor in patients with HCC. The detection of inflam
mation has led to identifying various indicators, including
the neutrophil-to-lymphocyte ratio (NLR). A Japanese
study demonstrated individuals having levels of at least
5 were found to have diminished rates of survival;
multivariate analysis identified NLR elevation as being
[42]
the main predictor of recurrence-free survival .
C-reactive protein (CRP) has been another marker of
inflammation frequently studied. A meta-analysis done
with 1885 patients confirmed an elevation of serum CRP
> 10 mg/L showed poor overall [hazard ratio (HR) =
2.15] rates of survival and diminished recurrence-free
rates of survival (HR = 2.66). Levels of at least 10 mg/L
were comparative to invasion of the vascular system
[odds ratio (OR) = 3.05], tumor growth (OR = 2.36),
increasing size (OR = 3.41) and advanced stage (OR =
[43]
3.23) . Based on these various findings a score has
been proposed that is a combination of elevated CRP
and low albumin levels, known as the Inflammation[44]
based index .

STAGING
According to the American Association for the Study of
Liver Disease (AASLD), the system to categorize HCC
must incorporate the stage, the individual’s functional
status, and the underlying function of the liver. Different
systems to stage HCC have been created and validated,
in various degrees. The American Joint Committee on
Cancer revised the tumor, lymph nodes, and metastasis
(TNM) classification of malignant tumors staging system
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HCC

Very early stage (0)
1 HCC < 2 cm

Early stage (A)
1 HCC or
3 nodules < 3 cm
PS 0

1 HCC

Portal pressure/bilirubin

Intermediate stage (B)
Multinodular
PS 0

Advanced stage (C)
Portal invasion, N1, M1,
PS 1-2

End stage (D)

3 nodules ≤ 3 cm

Increased

Associated diseases

No

Normal

Resection

Stage D
PS > 2, CP C

Stage A-C
PS 0-2, CP A-B

Stage 0
PS 0, CP A

Liver transplantation

Yes

RFA

Transarterial chemoembolization

Curative treatment

Sorafenib

Symptomatic treatment

Palliative treatment

Figure 2 Barcelona-Clinic Liver Cancer Staging System[24]. HCC: Hepatocellular carcinoma; RFA: Radiofrequency ablation; CP: Child-Pugh.
[45]

in 2010 . Like the 2002 classification, this incorporates
the number of lesions, and existence and extent of
any invasion into the vasculature. However, compared
to the 2002 staging system, changes surrounding the
improved prognosis of multiple HCC lesions vs major
[46]
vascular invasion was incorporated . The TNM staging
system has been the basis for allocating exception
points for the Model for End-stage Liver Disease (MELD).
The MELD score validated discriminating different stages
of individuals undergoing hepatic resection.
The Okuda staging system, developed in 1985, by
[47]
Okuda et al , includes the length of the tumor and
three markers identifying the degree of cirrhosis. This
includes the total bilirubin, albumin, and quantity of
ascites. In one study, the noted survival was 8.3, 2.0,
and 0.7 mo for patients that were untreated with stages
[48]
Ⅰ, Ⅱ, and Ⅲ, in the Okuda System respectively . The
Okuda system appears to be purely clinical, and patients
staged in this system are not candidates for resection.
This staging system does not stratify patients by extrahepatic or macrovascular involvement. The Cancer of
the Liver Italian Program score (CLIP), proposed in
1998, combines features of the tumor (macroscopic
tumor morphology, serum AFP levels, and any evidence
or lack of portal vein thrombosis) with a cirrhosis index
of severity to reach a prognostic score between 0 and
[46,49]
6
. The CLIP staging system was found to have some
limitations, especially in determining rates of survival in
[47]
patients planning for surgical resection with HCC .
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The Barcelona-Clınic Liver Cancer (BCLC) staging
system (Figure 2) came about from data obtained in
multiple studies done by the Barcelona-Clinic Liver
[50]
Cancer Group . The BCLC became a standardized mea
[11]
sure of identifying prognosis for patients with HCC .
The primary benefit of the BCLC system has been its
ability to identify patients having early HCC that may
be helped by curative therapies. It differentiates itself
from other individuals having a progressive disease that
may demonstrate assistance with other life-sustaining
therapies. This compares to Child-Pugh (CP), which
evaluates only how severe the underlying hepatic dys
function is in cirrhotic patients. BCLC takes into account
the individuals performance capability, tumor burden,
the involvement of the vasculature, metastatic disease,
[1]
CP stage, and evidence of portal hypertension .

TUMOR HISTOLOGY
Well-differentiated, clear cell and fibrolamellar tumors,
and the presence of tumor encapsulation are associated
[51]
with a better prognosis . Some suggest the utility of
using tumor grade to select patients for treatment (e.g.,
liver transplantation), although this has not yet been
[51]
accepted into practice . Also, this creates another
invasive procedure in the pre-transplant workup, and
biopsy has the potential risk of seeding the tumor
through the needle tract. There have been reports of
tracking and seeding within the soft tissue, peritoneum,
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and intermittent involvement of the proximal ribs many
[52]
months and years after the biopsy .

encompassing less than 30% of the encompassing liver.
PEI shouldn’t be used for individuals that demonstrate
spread outside the liver, with evidence of a thrombus
in the portal vein, CP class C with a prothrombin time
> 40% of standardized level, thrombocytopenia of >
[59]
40000/micro/L . The introduction of ethanol and RFA
[60]
were found to be as efficient in lesions < 2 cm in size .
However, RFA has more predictable necrotic effects for
all tumor sizes, with superior efficacy as compared to
[24]
alcohol injection for bigger tumors . Most programs use
the MC as the endpoint of down-staging, and this must
[16,61,62]
be maintained for at least 3-6 mo
.

CURRENT MANAGEMENT OF HCC
With the establishment of the MELD system, five-year
survival without HCC therapy, with local tumor ablation,
surgical resection and liver transplantation was 15.2%,
[53]
37.6%, 55.5% and 77.2% respectively . Current
management of HCC includes surgical resection/hepa
tectomy, liver transplantation (deceased and living),
thermal or chemical ablation, chemoembolization, and
medical treatment.

RESECTION

LOCAL REGIONAL THERAPY FOR HCC

Hepatic resection is a possible curative therapy, con
sidered ideal for individuals with maintained hepatic
[25]
reserve . Patients with single lesions and without any
evidence of invasion of the vasculature can be offered
resection. Individuals without any proof of cirrhosis
or having preserved synthetic function with cirrhosis,
standardized levels of bilirubin and the pressure gradient
of < 10 mmHg in the hepatic vein (Grade Ⅱ recom
[24,63]
mendation) are potential candidates
. In addition,
EASL guidelines (Table 3) also recommend platelet counts
[26,64]
being over 100000
. Rates of continued survival
without recurrence averaged 40% or better, with a fiveyear survival of 60%, but results up to 90% are reported
for certain individuals. Perioperative mortality is low,
reported as 2%-3% with less than 10% requirements for
[26]
blood transfusions . Current guidelines, notably AASLD
and EASL, recommend RFA if patients are not suitable
for surgical resection. Recent debates have argued that
RFA may be a decent alternative to surgical resection
with similar outcomes and side effect profiles. A total of
19 studies comparing resection to RFA were reviewed,
of which three were randomized controlled trials with
the rest being retrospective observational studies. The
conclusion was that for small HCC (< 2 cm) RFA was a
reasonable option, until further studies become available.
Small HCC presents an easy access, without any
significant technical limitations, with complete necrosis,
including the desired safety margin, being most likely
achieved. This is compared to nodules greater than 2 cm,
especially if greater than 3 cm, and/or in locations where
tumor ablation may not be effective or safe, surgical
removal is preferred. This often correlates to subcapsular
[65]
locations, making atypical resections possible .
Despite curative resection, recurrence remains
[66]
common . Recurrence develops either from the micro
scopic residual disease that remains after resection
or from de novo cancer that comes about in hepatitis
[67]
or cirrhosis . Most often, recurrence occurs in the
liver. Controversy does exist over whether resection or
transplantation offer better options for individuals with a
low MELD and fall within MC. This also depends on the
wait time of a particular country or United Network for
Organ Sharing region. In a recent study by Squires et

Because of the scarcity of donor grafts, some patients
with HCC may experience long waiting times, which
varies based on geographical location, during which their
disease may progress or recur. Local treatment has been
a mainstay to slow or arrest the advancement of the
[54]
disease while patients are waiting for transplantation .
Transarterial chemoembolization (TACE) and radiofre
quency ablation (RFA) have become prominent clinical
[55]
tools of therapy . TACE can be used to manage un
resectable and multifocal HCC and to downstage lesions
prior to liver transplantation, but not as a primary cura
[24]
tive procedure . During the progression of HCC, it
[55]
exhibits extreme neo-angiogenic activity . TACE uses
an infusion of a cytotoxic agent deployed inside the
artery followed by the embolization of blood vessels that
supply the tumor. This results in a cytotoxic and ischemic
[26]
effect . TACE combines the delivery of chemotherapy,
via a catheter, mixed with various agents followed by
stagnation of the vasculature achieved with embolic
agents. It is relatively safe. However, complications
like post-embolization syndrome can affect up to 50%
of patients that may induce acute liver failure, with an
[56]
associated risk of post-procedure mortality . Absolute
contraindications to TACE include no hepatopetal flow
(thrombus in the portal vein), hepatic encephalopathy,
and evidence of obstruction in the biliary system.
Some relative contraindications include bilirubin > 2
mg/dL, lactate dehydrogenase > 425 unit/L, aspartate
aminotransferase > 100 unit/L, tumor load involving >
50% of the liver, cardiac or renal insufficiency, ascites,
[57]
recent variceal bleed, or significantly low platelets .
[58]
RFA is the most common local ablation therapy . It has
been one of the best alternative therapies for patients
having early HCC that cannot undergo surgical removal
or transplantation. Percutaneous ethanol injection (PEI),
like RFA, can be utilized as alternative therapy in small
HCC for patients deemed poor surgical candidates for
resection, given limited hepatic reserve. Injecting 95%
ethanol into the tumor via a needle produces local
coagulation necrosis and fibrosis, with thrombosis of
[58]
tumor microvasculature and tissue ischemia . Ideal
applicants to undergo PEI should have a tumor with a size
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Table 3 Clinical practice guidelines for liver transplantation in hepatocellular carcinoma - European Association for the Study of the
Liver and European Organization for Research and Treatment of Cancer
Guideline

Level of evidence Strength of recommendation

Liver transplantation is considered to be the first-line treatment option for patients with single tumors
less than 5 cm or ≤ 3 nodules ≤ 3 cm (Milan criteria) not suitable for resection
Perioperative mortality and one-year mortality are expected to be approximately 3% and ≤ 10%,
respectively
Extension of tumor limit criteria for liver transplantation for HCC has not been established. Modest
expansion of Milan Criteria applying the “up-to-seven” in patients without microvascular invasion
achieves competitive outcomes, and thus this indication requires prospective validation
Neoadjuvant treatment can be considered for loco-regional therapies if the waiting list exceeds six
months due to good cost-effectiveness data and tumor response rates, even though impact on longterm outcome is uncertain
Down-staging policies for HCCs exceeding conventional criteria cannot be recommended and should
be explored in the context of prospective studies aimed at survival and disease progression end-points
Assessment of downstaging should follow modified RECIST criteria
Living donor liver transplantation is an alternative option in patients with a waiting list exceeding
six to seven months, and offers a suitable setting to explore extended indications within research
programs

2A

1A

2B

2B

2D

2B

2D

2C

2A

2B

Adapted from the EASL-EORTC clinical practice guidelines: Management of hepatocellular carcinoma. J Hepatol 2012; 56: 908. The level of evidence and
strength of recommendation are based on the National Cancer Institute classification and GRADE system, respectively. HCC: Hepatocellular carcinoma;
RECIST: Response Evaluation Criteria In Solid Tumors.

[68]

al , they looked at 257 patients, of which 131 indivi
duals had transplant compared to 126 that underwent
resection. MC was met in all transplant patients, and
only in 45 (36%) patients who had a resection. Follow
up median was 30 mo, and the average time waiting for
transplantation was 55 d, without having any individuals
being dropped from the list while waiting.
Individuals within MC demonstrated greater five-year
comprehensive survival (65.7% vs 43.8%; P = 0.005)
and RFA (85.3% vs 22.7%; P < 0.001) compared to
resection. Individuals having hepatitis C, with transplant,
(n = 87) showed significant improvement in 5-year
results as correlated with individuals within Milan have
undergone resection (n = 21; OS: 63.5% vs 23.3%; P
[68]
= 0.001; RFS: 83.5% vs 23.7%; P < 0.001) . In this
study, they showed that transplant not only increased
longevity from recurrence but improved five-year
survival, illustrated as well for subjects having preserved
synthetic function or low MELD.
Salvage liver transplantation is postulated as a
possible option in the reappearance of HCC after surgical
resection. It is promising in that it could relieve the
burden of increasing waiting times for listed patients
as well as limited organ resources, but it still has not
been thoroughly evaluated. Recently, in a study by Hu
[69]
et al , they retrospectively monitored outcomes and
factors that influenced the survival of 53 individuals that
underwent salvage liver transplantation from 2004-2012
in a single center Zhejiang University in China. Patients
that had salvage liver transplantation were found inside
MC, Hangzhou criteria (Table 2) or outside both Milan
and Hangzhou criteria. Results showed that individuals
not within Milan but inside Hangzhou criteria showed one
and three-year rates of survival of 70.1% and 70.1%,
comparable to patients inside MC. Tumor-free survival
[69]
was also similar .
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LIVER TRANSPLANTATION FOR HCC
Current reports that came out of the Organ Procurement
and Transplantation Networks (OPTN) and European
Liver Transplant Registry revealed HCC being the cause
[70]
of 17.2% of liver transplantation for the United States .
HCC was initially a primary reason for transplantation.
It was believed that this would get rid of the tumor
[71]
and provide a cure for the primary liver disease .
However, it came to fruition that the amount of tumor
load correlated with the success of transplantation;
patients who had diffuse disease did not have favorable
outcomes, whereas individuals that had minimal tumor
quantity may have the opportunity for a cure. Selection
of patients was a source of constant debate, given a
worldwide organ shortage, controlling the amount of
tumor present during the time till transplant, exploring
live donors, and different immunosuppressive or supple
[71]
mentary therapy . During this period, it was found
that patients who had incidental lesions found in their
explants postoperatively had similar outcomes to patients
who had a nonmalignant disease. Individuals identified
with minimal tumor load from HCC during surgery that
was not seen through imaging because of the small
size had excellent results similar to patients without
[72]
malignant disease . The size of less than 5 cm was the
cutoff. As stated earlier, Mazzaferro’s study established
the MC, creating guidelines for selecting patients to
[4]
undergo transplantation for HCC . An agreement among
guidelines is that transplantation has become the best
option to treat cirrhotic’s in Child’s class B that may or
may not having portal hypertension, being within Milan.
Surgical resection still is an accepted initial therapy in
[26]
early HCC with maintained hepatic reserve . Individuals
require a detailed review to evaluate the size and amount
of tumors and to exclude any involvement outside
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Table 4 Organ Procurement and Transplantation Networks classification system for nodules seen on images of cirrhotic livers
OPTN class 0
Incomplete or technically inadequate study

Repeat study required for adequate assessment; automatic priority MELD points cannot be assigned
on basis of an imaging study categorized as OPTN class 0

OPTN class 5
Meets radiologic criteria for HCC
Class 5A: ≥ 1 cm and < 2 cm measured on late
arterial or portal venous phase images
Class 5A-g: Same size as OPTN class 5A HCC

May qualify for automatic exception, depending on stage
Increased contrast enhancement in late hepatic arterial phase AND washout during later phases of
contrast enhancement AND peripheral rim enhancement (capsule or pseudocapsule)
Increased contrast enhancement in late hepatic arterial phase AND growth by 50% or more
documented on serial CT or MR images obtained ≤ 6 mo apart
Class 5B: Maximum diameter ≥ 2 cm and ≤ 5 cm
Increased contrast enhancement in late hepatic arterial phase AND either washout during later
contrast phases OR peripheral rim enhancement (capsule or pseudocapsule) OR growth by 50% or
more documented on serial CT or MR images obtained ≤ 6 mo apart (OPTN class 5B-g)
Class 5T: Prior regional treatment for HCC
Class 5X: Maximum diameter ≥ 5 cm

Describes any residual lesion or perfusion defect at site of prior UNOS class 5 lesion
Increased contrast enhancement in late hepatic arterial phase AND either washout during later
contrast phases OR peripheral rim enhancement (capsule or pseudocapsule)

Adpated from Wald et al[30]. HCC: Hepatocellular carcinoma; OPTN: Organ Procurement and Transplantation Networks; MELD: Model for End stage Liver
Disease; CT: Computed tomography; MR: Magnetic resonance; UNOS: United Network for Organ Sharing.

the liver with or without vascular spread (i.e., Tumor
thrombus in the hepatic or portal system). If a nodule is
found with CT or MRI in a patient with cirrhosis, based
on OPTN, it should have an organization of LI-RADS
[70]
nodules .
Individuals with HCC have minimal use from the
MELD criteria, as minimal liver dysfunction was often
concurrently present and did not progress until later
in their disease course. This was in comparison to in
dividuals with hepatic dysfunction from other etiologies,
presenting with worsening hepatic dysfunction at the time
of diagnosis. HCC individuals are often on the waiting
list for some time, having a range of 104 to 387 d, with
[73]
a wide overall fluctuating timeline . These individuals
may also be dropped from the list for numerous reasons
including: Tumor progression beyond MC, metastatic
disease, vascular invasion, progression of their liver
disease or complications (infection, renal failure), or nontumor related contraindications (i.e., alcohol relapse).
Therefore in 2002, the idea of the MELD exception points
was created. Now, individuals that have ALTSG stage T2
HCC (which is a primary HCC lesion within 2 and 5 cm,
with at most three lesions all no greater than 3 cm) will
[74]
be assigned a higher priority MELD score . They are
awarded 22 MELD points because their 3-mo mortality
approximates patients with liver failure and a score of 22.
Patients receive an increase by 10% every three months,
only if their disease remains within MC. Patients having
T1 HCC (an isolated lesion < 2 cm) had been formerly
allocated additional MELD points, but this practice was
abandoned after a further study showed excellent 3-mo
[75]
survival with such small lesions . With the allocation
points for HCC, the individuals receiving MELD exception
was escalated from 10.5% in 2002 to 15.5% in 2008.
The guidelines to help classify HCC in the UNOS/OPTN
[30]
system (Table 4)
was developed to help continue
MELD exception point allocation for individuals having
HCC that was capable of being diagnosed without doubt,
through imaging. The OPTN class 5 nodules correlate
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with definite imaging interpretation for HCC. Class 5B
and 5T nodules can also account for continuous allocation
for a greater MELD score of 22.
Class 5B and 5T nodules can also account for con
tinuous allocation for a greater MELD score of 22.
A Mayo Clinic trial compared a new approach for
allocating organs and looked at pre and post-MELD time
span. There was statistical significance favoring improved
principles including: The time span until liver transplant
(LT) - 2.28 years vs 0.69 years (P < 0.001), individuals
transplanted 0.439 transplant/person-years vs 1.454
transplant/person-years (P < 0.001), waiting list survival
after five months of 90.3% vs 95.7% (P < 0.001) with
the rate of falling off the list in five months, of 16.5% vs
[75]
8.5% (P < 0.001) . These findings illustrated that this
novel incorporation criterion improved in increasing rates
of the incidence of Deceased Donor Liver Transplant
(DDLT) for HCC individuals. Also, five-month rates to fall
off the list greatly diminished, with increased survival
rates in this time span, while noted to be waiting during
[76]
the post-MELD period . These findings indicated these
novel MELD allocation criterion showed definite benefit
to candidates with HCC for transplantation.

RECURRENCE POST TRANSPLANTATION
The recurrence of HCC, post-transplant, remains a
clinically relevant problem. Based on the literature in
the post-transplant period, HCC recurrence uniformly
[18]
occurs with an incidence of 10%-20% . Recurrence
post-transplant typically occurs within the first two years.
Repeated transplantation has not been encouraged due
to diminished rates of survival and lack of organs, with
[77]
the average survival rate lower than one year . In a
study where 60 LT recipients were evaluated, the overall
median survival measured post reappearance was
roughly ten and a half months (ranging from one-136),
with primarily delayed recurrence as well as being eligible
to undergo resection were felt to correlate in a positive
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[19]

manner with overall survival . Another meta-analysis,
[9]
by Chen et al studied 1198 patients and showed that
the presence of involvement into the vasculature, tumor
diameter > 5 cm, tumor status beyond Milan, and poor
differentiation were felt as prominent variables for the
[31]
risk for recurrence of HCC . The gross features of HCC,
including the size and total amount of the lesion, both
variables part of Milan, are identified as the greatest
predictors of results. The entire tumor size, defined as
the total of all tumor diameters, was found to correlate
with a fourfold increase in tumor recurrence if greater
[30]
than 10 cm . Despite this, there is currently no precise
formula to predict recurrence accurately. In the posttransplant period, roughly 10% to 15% of individuals
[78]
with HCC inside Milan, undergo recurrence . Further
evidence suggests that independent variables beyond
the size of the tumor and total number of tumors may be
linked to a more aggressive tumor biology, resulting in an
[39,79]
increased chance of HCC recurrence post-transplant
.
The diagnostic accuracy of MRI and CT has shown
to be in the range of 45%-60% and for cases with
[36]
lesions under stage, noted for 21%-43% . This is likely
because the relationship comparing imaging criterion
and histopathology for cirrhotic hepatic explants needs
further investigation. Also, the sensitivity of different
multidetector-row CT for HCC less than 1 cm is not as
[22]
sensitive .
Recent studies have tried to find characteristics to
predict better tumor recurrence including tumor markers,
inflammatory markers, tumor histology, explant patho
logy. Because of the risk of recurrence, some have
been intimidated to expand the current criteria used in
guidelines to list patients with HCC. Nevertheless, it is an
avenue that needs to be investigated.

Their results showed that when having these certain
observed criteria [isolated tumor size, 1 lesion < 6.5
cm, or < 3 nodules with the biggest lesion diameter <
4.5 cm and the entire tumor burden diameter < 8 cm]
survival rate were 90% and 75.2%, at 1 and 5 years,
respectively, after orthotopic liver transplantation (OLT)
vs 50% 1-year survival when individuals were outside
[81]
these guidelines (P = 0.0005) . This widely used UCSF
criteria showed that modest expansion showed similar
results to MC and, therefore, allowed a greater number
of patients with HCC the opportunity for transplantation.
[82]
In 2006 Decaens et al
suggested expanding
the criteria to incorporate the characteristics of the
lesion within the explanted liver. This study was a large
independent series testing the utility of the suggested
criteria for pre-transplant evaluation. Four hundred and
seventy nine patients were listed, between 1985 and
1998, and 467 underwent LT for HCC. Individuals were
categorized into both the Milan and UCSF categories,
according to pre or post-transplantation tumor charac
teristics, with imaging at the time listed and the time of
liver transplant, respectively. The survival rates for five
years were measured utilizing Kaplan-Meiers method
in comparison to the log-rank test. Pre-transplant UCSF
guidelines were measured by the principle for the
intention-to-treat. With these criteria, 279 subjects were
categorized within Milan, 44 outside Milan while within
UCSF (this being the subgroup that could benefit from
expanding criteria), and 145 subjects were outside both
Milan and UCSF.
Given the minimal time frame of four months, the
5-year survival was 60.1%, 45.6%, and 34.7%, res
pectively (P = 0.001). Survival rates were mathematically
decreased for the group within UCSF but outside Milan,
in comparison with patients within Milan. However,
it was noted that the results were not significant (P
= 0.10). Five-year survival was 70.4%, 63.6%, and
34.1%, for subjects within Milan (n = 184), within UCSF
but outside Milan (n = 39), as well as individuals both
outside UCSF and Milan (n = 238), correspondingly
(P = 0.001). Results for five-year survival showed no
difference when comparing individuals inside Milan and
those inside UCSF but not within Milan (P = 0.33). This
data was extrapolated for pre-transplant assessment and
demonstrated that the UCSF guidelines correlate to a
[72,82]
5-year survival below 50%
.

EXPANSION OF CRITERIA FOR LIVER
TRANSPLANTATION FOR HCC
Although undergoing transplantation provides positive
outcomes, when it comes to HCC, the limited number
of viable organs restricts the number of patients getting
transplanted. Allocation guidelines will have to incorporate
that individuals with HCC may come off the waitlist as
their tumor progresses while also taking into account
the patients that have inherent liver disease waiting
[80]
for transplantation . Irrespective of the reason for
transplantation, the purpose is to provide individuals with
the utmost benefit despite the limitations of resources
from deceased and living donors, in an impartial, ethical,
and fiscal manner. The initial studies of the MC deter
mined that the earlier stages of HCC yielded significant
benefit from transplantation. The latter stages, in whom
transplantation could potentially offer some benefit, are
not included, and this has created open forums about the
potential necessity to expand the criteria, to incorporate
[26]
more patients .
[81]
In 2001, Yao et al
studied 70 subjects that had
expanded guidelines for HCC and liver transplantation.
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CHALLENGING THE MC
To some, the MC seem too constrained, and various
clinical studies have challenged their limits with sugges
[76]
tions of new parameters to select patients .
Even with these findings, the AASLD guidelines do
not suggest expanding the current transplant criteria
[24]
past the MC . The EASL guidelines state that the HCC
limit extension guidelines are currently not identified. The
broadening of MC, utilizing “up-to-seven” in individuals
with no evidence of microvascular invasion, has noted
favorable outcomes and requires further prospective
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[26]

[91]

confirmation . Individuals that will be transplanted while
in Milan have 5-year survival rates of 70% or greater,
as compared to other congregations that demonstrated
5-year survival rates being approximately 50% when
[41,72]
undergoing transplantation in expanded criteria
.
The survival rate is arguably the lowest that is accepted,
but given the minimal amount of available organs,
[83]
extending criteria is still an ongoing debate . Therefore,
many patients who have a possibility of doing well posttransplant are not viable candidates at most transplant
centers. Because of this, different expansion criteria have
been proposed with varying degree of success (Table 3).
The Metroticket project was introduced at the
International Liver Transplant Society meeting in 2005
as a Web-based survey in an attempt to gather an
appropriate amount of subjects to aid with robust sta
[84,85]
tistical analysis
. The project collected data from
more than 1000 individuals outside of MC that under
went transplantation. The result of the project is the
Metroticket calculator, which can be used to predict 5-year
survival based on a patient’s tumor characteristics (size
of the total nodules, length of the largest nodules, and
[76,86]
involvement into the vasculature if available)
. The
Metroticket predicts survival beyond the MC, the upper
limit of liver transplantation being the “rule of 7” where
the length of the biggest nodule and the total amount
[72]
[84]
of nodules cannot exceed 7 . In a study by Lei et al ,
they found that he was able to calculate the rates of
survival in 230 situations, by utilizing the Metroticket
model. The three- and five-year survivals are 64.7% and
56.2% respectively, and what had been seen was 71.3%
and 57.8%, respectively. However, the predicted fiveyear rate of survival was 43.5%, with observations being
only 8.7%, implying that validity for HCC with macro[84]
invasion may need to be revised .

recipients in comparison with deceased donors . Some
ethical issues have arisen with LDLT with respect to overall
well-being of the donor as well as possible monetary
[93]
exchange for organs . People who oppose LDLT state it
is not acceptable to bring healthy donors into such longterm risk for disability or even mortality. Currently it is
estimated that right hepatic lobe transplantation mortality
[91]
is approximately 0.5% . Another important issue
regarding a variable that influences the recurrence of HCC
following LDLT is the procedure itself. This may represent
more risk when measured with DDLT. A large multicenter
cohort trial from Japan and Korea demonstrated that
when applying MC and UCSF guidelines for LDLT there
were equivalent long-term outcomes when compared
to DDLT, but some authors recently illustrated a greater
incidence of recurrence of HCC in LDLT in comparison to
[89]
DDLT . Six studies compared DDLT and LDLT for HCC,
and there was no any conclusive data demonstrating
a difference in outcome between the grafts. There was
a greater risk of HCC recurring in patients that were
fast-tracked, as LDLT may lengthen the time from the
diagnosis until the transplant. This would not allow the
necessary time for the tumor to behave biologically
[71]
and materialize . In 2010, the consensus conference
recommended that individuals that had HCC, who opted
to have LDLT, may benefit from the consideration of a
3 month observation period prior to transplant because
[71]
of this finding . LDLT remains another promising, yet
controversial option for patients with HCC, who face
increased mortality waiting for transplantation.

MEDICAL TREATMENT
The pathophysiologic complexity of HCC has made
medical treatment of HCC challenging. It has been
difficult to provide adequate tumor therapy but at the
same time maintaining liver function.
Sorafenib, which is an oral tyrosine kinase inhibitor,
was the original therapy that demonstrated any im
[94-96]
provement in mortality for progressive HCC
. It is
recommended as initial treatment for individuals with the
maintained hepatic reserve but cannot attain advantages
from surgical removal, transplantation, ablation or TACE
[24]
(grade-Ⅰ recommendation) . Sorafenib is still shown to
be the exclusive treatment that has shown any mortality
benefit in this category. Tamoxifen, anti-androgens,
octreotide or herbal drugs are not recommended.
The sorafenib HCC Assessment Randomized Protocol
trial illustrated safety and mortality benefit in individuals
that have progressive HCC. This randomized study
of 602 patients, with maintained hepatic reserve (>
95% CP A) were on a continuous regimen of Sorafenib
[96]
400mg twice-daily, or a placebo . If patients did not
respond or had deleterious effects to Sorafenib, there
[26]
was no second line agent available .
More recently, there have been further studies using
sorafenib as neoadjuvant therapy or as bridging therapy
[96]
prior to LT . Some preclude that sorafenib may also
[97]
have a role in preventing tumor relapse . The studies in

LIVING DONOR LIVER TRANSPLANT FOR
HCC
With current listing guidelines of HCC, only a limited
number of patients can qualify to be placed on LT lists.
The demand for donor livers has continued to grow over
the last two decades, and this has placed greater weight
on the need for efficient and effective means of increasing
the supply. Over the last few years, while having the
ability to perform living donor liver transplantation
(LDLT), various institutions thought to broaden their
[87]
guidelines . At this time, the use of LDLT makes up
roughly fewer than 5% of adult LTs, disproportionately
lower when compared to renal transplantation, which
[26]
has similar donors comprising 40% of the population .
In Asian countries, the majority of liver transplantations
for HCC patients are LDLT, and these account for 96% of
[88-90]
liver transplantation for HCC
.
The current benefits of LDLT are an intensive donor
evaluation, time available for optimization before trans
plantation, as well as a nominal time for cold ische
[91-93]
mia
. There is also a reduction in the mortality for
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the last three years have been small ranging from 1-39
patients but do provide some optimism that sorafenib
may have a role in decreasing tumor recurrence post
[98]
transplantation .
In the recent sorafenib as Adjuvant Treatment in the
Prevention of Recurrence of Hepatocellular Carcinoma
trial, effectiveness and safety with supplementary
sorafenib was tested. Eligibility criteria included indivi
duals that underwent local ablative therapy or resection
surgically, with the intention of a cure but developed a
[99]
significant risk of recurrence . The main criteria for
inclusion included: CP score between five and seven,
ECOG PS 0, with the lack of any redevelopment measured
by CT or MRI. The study’s criteria of exclusion was made
up of ascites, the redevelopment of HCC, any spread
outside the liver or involvement of major vasculature,
and any prior major systemic HCC therapy. Individuals
were separated by curative treatment, geographical
location, risk of recurring, and their CP score. They were
arbitrarily assigned in an equal distribution, consisting of
two therapeutic arms: Sorafenib 400 mg twice daily or
placebo therapy, for a length of at most four years. The
main endpoint included survival without recurrence of
HCC documented by an independent reviewer. Secondary
goals were the timeframe until HCC recurred and the
[100]
overall survival .
In this randomized study, 1114 patients were includ
ed (556 received Sorafenib and 558 were randomized
to placebo). There was no noted variation in survival
free recurrence, time to recurrence and overall survival
benefit. There was a shorter median therapy time for
sorafenib (12.5 mo vs 22.2 mo) and smaller average
daily doses (578 mg vs 778 mg). The rates for cutting
short sorafenib treatment were much higher due to
adverse effects (24% vs 7%) and withdrawal of consent
(17% vs 6%). Unfortunately, their primary endpoint was
not met. Initial smaller studies do suggest that further
extensive studies need to investigate the possibility of
supplementary treatment with sorafenib for HCC.

switched patients to sirolimus, again, because of its anti[102,104]
angiogenic properties
.
The ongoing phase 3 SILVER study (Immunosu
ppression in Patients Undergoing Liver Transplantation
for Hepatocellular Carcinoma) could demonstrate the
effect immunosuppression with sirolimus will have with
HCC reappearance after undergoing transplantation
for this primary hepatic malignancy (Clinical Trials
government identifier NCT00355862). The data obtained
should provide greater certainty when inquiring about
[83]
situations with mTOR inhibitor/SFN combinations .
There is an obvious risk of cancer recurrence with
immunosuppression post transplantation, including the
recurrence of HCC. It is postulated that HCC patients
would benefit from personalized regimens after trans
[105]
plantation
. Even after identifying the potential
benefits of mTOR inhibitors on HCC, the studies done
are not prospective and are uncontrolled. A large pro
spective, case-controlled data analysis demonstrated a
significant improvement in survival with sirolimus than
tacrolimus. In a retrospective, systematic review study
[101]
by Cholongitas et al , they looked at 3666 HCC liver
transplanted patients in around 42 clinical studies from
January 2007 to October 2013. Their results showed
patients on calcineurin inhibitors (CNIs) had higher
rates of redeveloping HCC, as compared to individuals
undergoing therapy with mTORi (448/3227 or 13.8%
vs 35/439 or 8%, P < 0.001). CNI therapy had greater
recurrence for HCC in Milan (74% vs 69%) with fewer
episodes through involvement micro vascularly, in
comparison with mTORi therapy treatment (22% vs
44%) (P < 0.05). It was noted that everolimus treatment
demonstrated quite an improvement for HCC recurrence,
when compared to sirolimus and CNIs (4.1% vs 10.5%
[101]
vs 13.8%, correspondingly, P < 0.05) .
Few initial studies have shown induction of partial
[101]
remission or stability with sirolimus in advanced HCC .
Further studies are needed to evaluate the promising
role of mTOR inhibitors and HCC, with a recent ongoing
[106]
trial looking at this very data post transplant .
Post-transplant, side effects of sirolimus include
thrombosis of the hepatic artery, delayed wound healing,
incisional hernias, hyperlipidemia, bone marrow supp
ression, mouth ulcers, skin rashes, albuminuria, and
[102,107]
pneumonitis, among others
. These risks are
difficult to quantify because the incidence (and even
the presence) of side effects varies widely by reporting.
Because of the side effect profile of sirolimus and
everolimus, specifically hepatic artery thrombosis, it is
recommended that mTOR inhibitors not be used in the
[103,108]
.
initial three months after transplantation

IMMUNOSUPPRESSION POST
TRANSPLANT: MTOR INHIBITORS
Mammalian target of rapamycin (mTOR) inhibitors have
significant roles with monitoring cell growth, propagation,
and continuation through cytoplasmic serine/threonine
kinase. These inhibitors might play a part in targeting
cancer cells. Overexpression using mTOR has been
identified within 15% to 41% of HCC, and their inhibitors
have demonstrated properties on cancer cells of HCC as
[101]
well as animal models .
Sirolimus has also been proposed as a better option
in individuals with HCC because of its antiproliferative
[102]
activity . In many transplant centers, sirolimus has
been used as monotherapy or in adjunct, for patients
[103]
who have had adverse effects of calcineurin inhibitors .
Also, for patients who have developed non-hepatic
malignancies post transplant, some LT centers have

WJH|www.wjgnet.com

CONCLUSION
HCC has become a significant burden globally, con
tributing to major morbidity and mortality. Since the
1980’s, the number of cases domestically has been
increasing. Undergoing transplantation offers excellent
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results, and the MC provides guidelines for patients who
[24]
should undergo transplant evaluation . Many patients
who may have potentially positive outcomes after
transplant are often excluded, leaving them with dismal
treatment options. Recent discussions have involved
expansion to the guidelines to include greater tumor
size, tumor quantity, and incorporating tumor markers
and histology in the listing criteria. Also, with the addition
of chemotherapy, changes in immunosuppression regi
mens, increasing the use of living donors and salvage
transplantation post resection, the data looks promising,
with comparable survival rates. These findings may
support future studies investigating these possibilities,
with goals of improving mortality for individuals with
HCC.

15

16
17
18
19

REFERENCES
1
2

3
4

5

6
7

8

9

10
11
12

13

14

Byam J, Renz J, Millis JM. Liver transplantation for hepatocellular
carcinoma. Hepatobiliary Surg Nutr 2013; 2: 22-30 [PMID:
24570911]
Bravi F, Bosetti C, Tavani A, Gallus S, La Vecchia C. Coffee
reduces risk for hepatocellular carcinoma: an updated metaanalysis. Clin Gastroenterol Hepatol 2013; 11: 1413-1421.e1
[PMID: 23660416]
Starzl TE, Marchioro TL, Vonkaulla KN, Hermann G, Brittain RS,
Waddell WR. Homotransplantation of the liver in humans. Surg
Gynecol Obstet 1963; 117: 659-676 [PMID: 14100514]
Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gennari L.
Liver transplantation for the treatment of small hepatocellular
carcinomas in patients with cirrhosis. N Engl J Med 1996; 334:
693-699 [PMID: 8594428 DOI: 10.1056/NEJM199603143341104]
Lavanchy D. Hepatitis B virus epidemiology, disease burden,
treatment, and current and emerging prevention and control
measures. J Viral Hepat 2004; 11: 97-107 [PMID: 14996343 DOI:
10.1046/j.1365-2893.2003.00487.x]
Beasley RP. Hepatitis B virus. The major etiology of hepatocellular
carcinoma. Cancer 1988; 61: 1942-1956 [PMID: 2834034]
Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, Huang GT,
Iloeje UH. Risk of hepatocellular carcinoma across a biological
gradient of serum hepatitis B virus DNA level. JAMA 2006; 295:
65-73 [PMID: 16391218 DOI: 10.1001/jama.295.1.65]
Custer B, Sullivan SD, Hazlet TK, Iloeje U, Veenstra DL,
Kowdley KV. Global epidemiology of hepatitis B virus. J Clin
Gastroenterol 2004; 38: S158-S168 [PMID: 15602165 DOI: 10.10
97/00004836-200411003-00008]
Chen G, Lin W, Shen F, Iloeje UH, London WT, Evans AA.
Past HBV viral load as predictor of mortality and morbidity
from HCC and chronic liver disease in a prospective study. Am
J Gastroenterol 2006; 101: 1797-1803 [PMID: 16817842 DOI:
10.1111/j.1572-0241.2006.00647.x]
Ayub A, Ashfaq UA, Haque A. HBV induced HCC: major risk
factors from genetic to molecular level. Biomed Res Int 2013;
2013: 810461 [PMID: 23991421]
El-Serag HB. Hepatocellular carcinoma. N Engl J Med 2011; 365:
1118-1127 [PMID: 21992124 DOI: 10.1056/NEJMra1001683]
Sleisenger MH, Feldman M, Friedman LS, Brandt LJ. Sleisenger
and Fordtran’s gastrointestinal and liver disease: pathophysiology,
diagnosis, management. 9th ed. Philadelphia, PA: Saunders/
Elsevier, 2010
Dongiovanni P, Romeo S, Valenti L. Hepatocellular carcinoma in
nonalcoholic fatty liver: role of environmental and genetic factors.
World J Gastroenterol 2014; 20: 12945-12955 [PMID: 25278690
DOI: 10.3748/wjg.v20.i36.12945]
Beasley RP, Hwang LY, Lin CC, Chien CS. Hepatocellular
carcinoma and hepatitis B virus. A prospective study of 22 707

WJH|www.wjgnet.com

20

21
22

23

24
25

26

27

28
29

2659

men in Taiwan. Lancet 1981; 2: 1129-1133 [PMID: 6118576 DOI:
10.1016/S0140-6736(81)90585-7]
Cucchetti A, Piscaglia F, Caturelli E, Benvegnù L, Vivarelli M,
Ercolani G, Cescon M, Ravaioli M, Grazi GL, Bolondi L, Pinna
AD. Comparison of recurrence of hepatocellular carcinoma after
resection in patients with cirrhosis to its occurrence in a surveilled
cirrhotic population. Ann Surg Oncol 2009; 16: 413-422 [PMID:
19034578 DOI: 10.1245/s10434-008-0232-4]
Bruix J, Gores GJ, Mazzaferro V. Hepatocellular carcinoma:
clinical frontiers and perspectives. Gut 2014; 63: 844-855 [PMID:
24531850 DOI: 10.1136/gutjnl-2013-306627]
Block TM, Mehta AS, Fimmel CJ, Jordan R. Molecular viral
oncology of hepatocellular carcinoma. Oncogene 2003; 22:
5093-5107 [PMID: 12910247 DOI: 10.1038/sj.onc.1206557]
Lu H, Ouyang W, Huang C. Inflammation, a key event in cancer
development. Mol Cancer Res 2006; 4: 221-233 [PMID: 16603636
DOI: 10.1158/1541-7786.MCR-05-0261]
Bertino G, Demma S, Ardiri A, Proiti M, Gruttadauria S, Toro A,
Malaguarnera G, Bertino N, Malaguarnera M, Malaguarnera M,
Di Carlo I. Hepatocellular carcinoma: novel molecular targets in
carcinogenesis for future therapies. Biomed Res Int 2014; 2014:
203693 [PMID: 25089265]
Tao Y, Ruan J, Yeh SH, Lu X, Wang Y, Zhai W, Cai J, Ling S,
Gong Q, Chong Z, Qu Z, Li Q, Liu J, Yang J, Zheng C, Zeng C,
Wang HY, Zhang J, Wang SH, Hao L, Dong L, Li W, Sun M,
Zou W, Yu C, Li C, Liu G, Jiang L, Xu J, Huang H, Li C, Mi S,
Zhang B, Chen B, Zhao W, Hu S, Zhuang SM, Shen Y, Shi S,
Brown C, White KP, Chen DS, Chen PJ, Wu CI. Rapid growth of
a hepatocellular carcinoma and the driving mutations revealed by
cell-population genetic analysis of whole-genome data. Proc Natl
Acad Sci USA 2011; 108: 12042-12047 [PMID: 21730188 DOI:
10.1073/pnas.1108715108]
McKillop IH, Moran DM, Jin X, Koniaris LG. Molecular
pathogenesis of hepatocellular carcinoma. J Surg Res 2006; 136:
125-135 [PMID: 17023002 DOI: 10.1016/j.jss.2006.04.013]
Luca A, Caruso S, Milazzo M, Mamone G, Marrone G, Miraglia R,
Maruzzelli L, Carollo V, Minervini MI, Vizzini G, Gruttadauria S,
Gridelli B. Multidetector-row computed tomography (MDCT) for
the diagnosis of hepatocellular carcinoma in cirrhotic candidates for
liver transplantation: prevalence of radiological vascular patterns
and histological correlation with liver explants. Eur Radiol 2010;
20: 898-907 [PMID: 19802612 DOI: 10.1007/s00330-009-1622-0]
Bruix J. [Usefulness of the molecular profile in the diagnosis,
prognosis and treatment of hepatocellular carcinoma]. Gastroenterol
Hepatol 2014; 37 Suppl 2: 81-89 [PMID: 25087717 DOI: 10.1016/
S0210-5705(14)70074-3]
Bruix J, Sherman M. Management of hepatocellular carcinoma: an
update. Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI:
10.1002/hep.24199]
European Association for Study of Liver; European Organisation
for Research and Treatment of Cancer. EASL-EORTC clinical
practice guidelines: management of hepatocellular carcinoma. Eur
J Cancer 2012; 48: 599-641 [PMID: 22424278 DOI: 10.1016/
j.ejca.2011.12.021]
European Association For The Study Of The Liver; European
Organisation For Research And Treatment Of Cancer. EASLEORTC clinical practice guidelines: management of hepatocellular
carcinoma. J Hepatol 2012; 56: 908-943 [PMID: 22424438 DOI:
10.1016/j.jhep.2011.12.001]
Saborido BP, Díaz JC, de Los Galanes SJ, Segurola CL, de Usera
MA, Garrido MD, Elola-Olaso AM, Sánz RG, Romero CJ, Garcia
García I, González EM. Does preoperative fine needle aspirationbiopsy produce tumor recurrence in patients following liver
transplantation for hepatocellular carcinoma? Transplant Proc
2005; 37: 3874-3877 [PMID: 16386569 DOI: 10.1016/j.transproce
ed.2005.09.169]
Salhab M, Canelo R. An overview of evidence-based management
of hepatocellular carcinoma: a meta-analysis. J Cancer Res Ther
2011; 7: 463-475 [PMID: 22269411 DOI: 10.4103/0973-1482.92023]
Mitchell DG, Bruix J, Sherman M, Sirlin CB. LI-RADS (Liver

November 18, 2015|Volume 7|Issue 26|

Waller LP et al . Hepatocellular carcinoma

30

31
32
33
34

35

36

37

38

39

40

41

42

43

Imaging Reporting and Data System): summary, discussion,
and consensus of the LI-RADS Management Working Group
and future directions. Hepatology 2015; 61: 1056-1065 [PMID:
25041904]
Wald C, Russo MW, Heimbach JK, Hussain HK, Pomfret EA,
Bruix J. New OPTN/UNOS policy for liver transplant allocation:
standardization of liver imaging, diagnosis, classification, and
reporting of hepatocellular carcinoma. Radiology 2013; 266:
376-382 [PMID: 23362092 DOI: 10.1148/radiol.12121698]
Forner A, Bruix J. [Contrast-enhanced ultrasonography in the
diagnosis of hepatocellular carcinoma]. Radiologia 2013; 55:
173-174 [PMID: 23228630 DOI: 10.1016/j.rx.2012.10.002]
Joo I, Choi BI. New paradigm for management of hepatocellular
carcinoma by imaging. Liver Cancer 2012; 1: 94-109 [PMID:
24159577 DOI: 10.1159/000342404]
Zheng SG, Xu HX, Liu LN. Management of hepatocellular
carcinoma: The role of contrast-enhanced ultrasound. World J
Radiol 2014; 6: 7-14 [PMID: 24578787 DOI: 10.4329/wjr.v6.i1.7]
El-Serag HB, Kramer JR, Chen GJ, Duan Z, Richardson PA, Davila
JA. Effectiveness of AFP and ultrasound tests on hepatocellular
carcinoma mortality in HCV-infected patients in the USA. Gut 2011;
60: 992-997 [PMID: 21257990 DOI: 10.1136/gut.2010.230508]
Wang NY, Wang C, Li W, Wang GJ, Cui GZ, He H, Zhao HJ.
Prognostic value of serum AFP, AFP-L3, and GP73 in monitoring
short-term treatment response and recurrence of hepatocellular
carcinoma after radiofrequency ablation. Asian Pac J Cancer Prev
2014; 15: 1539-1544 [PMID: 24641364 DOI: 10.7314/APJCP.201
4.15.4.1539]
Chan EY, Larson AM, Fix OK, Yeh MM, Levy AE, Baktha
vatsalam R, Halldorson JB, Reyes JD, Perkins JD. Identifying risk
for recurrent hepatocellular carcinoma after liver transplantation:
implications for surveillance studies and new adjuvant therapies.
Liver Transpl 2008; 14: 956-965 [PMID: 18581511 DOI: 10.1002/
lt.21449]
Taketomi A, Sanefuji K, Soejima Y, Yoshizumi T, Uhciyama H,
Ikegami T, Harada N, Yamashita Y, Sugimachi K, Kayashima H,
Iguchi T, Maehara Y. Impact of des-gamma-carboxy prothrombin
and tumor size on the recurrence of hepatocellular carcinoma
after living donor liver transplantation. Transplantation 2009; 87:
531-537 [PMID: 19307789 DOI: 10.1097/TP.0b013e3181943bee]
Chan SL, Mo F, Johnson PJ, Siu DY, Chan MH, Lau WY, Lai
PB, Lam CW, Yeo W, Yu SC. Performance of serum α-fetoprotein
levels in the diagnosis of hepatocellular carcinoma in patients
with a hepatic mass. HPB (Oxford) 2014; 16: 366-372 [PMID:
23980880 DOI: 10.1111/hpb.12146]
Hameed B, Mehta N, Sapisochin G, Roberts JP, Yao FY. Alphafetoprotein level > 1000 ng/mL as an exclusion criterion for liver
transplantation in patients with hepatocellular carcinoma meeting
the Milan criteria. Liver Transpl 2014; 20: 945-951 [PMID:
24797281 DOI: 10.1002/lt.23904]
Proceedings of the fifth annual meeting of the Japanese Committee
for the International Diagnostic Criteria in Psychiatry (JCIDCP).
November 2, 1985, Kyoto. Abstracts. Jpn J Psychiatry Neurol
1986; 40: 701-711 [PMID: 3599569]
Ito T, Takada Y, Ueda M, Haga H, Maetani Y, Oike F, Ogawa K,
Sakamoto S, Ogura Y, Egawa H, Tanaka K, Uemoto S. Expansion
of selection criteria for patients with hepatocellular carcinoma
in living donor liver transplantation. Liver Transpl 2007; 13:
1637-1644 [PMID: 18044766 DOI: 10.1002/lt.21281]
Yoshizumi T, Ikegami T, Yoshiya S, Motomura T, Mano Y, Muto
J, Ikeda T, Soejima Y, Shirabe K, Maehara Y. Impact of tumor
size, number of tumors and neutrophil-to-lymphocyte ratio in liver
transplantation for recurrent hepatocellular carcinoma. Hepatol Res
2013; 43: 709-716 [PMID: 23190306 DOI: 10.1111/hepr.12016]
Zheng LY, Yang LL, Li LR, Jing HR, Wang J, Wang QF, Wang
Q. [Expressions of TNF-alpha, IL-6, CRP, and MCP-1 in phlegmdamp constitution population detected by multiplexed Luminex
assay]. Zhongguo Zhongxiyi Jiehe Zazhi 2013; 33: 920-923 [PMID:
24063213]

WJH|www.wjgnet.com

44

45

46
47

48

49

50
51

52
53

54

55

56

57

58

59

2660

Pinato DJ, Karamanakos G, Arizumi T, Adjogatse D, Kim YW,
Stebbing J, Kudo M, Jang JW, Sharma R. Dynamic changes
of the inflammation-based index predict mortality following
chemoembolisation for hepatocellular carcinoma: a prospective
study. Aliment Pharmacol Ther 2014; 40: 1270-1281 [PMID:
25327965 DOI: 10.1111/apt.12992]
Edge SB, Compton CC. The American Joint Committee on
Cancer: the 7th edition of the AJCC cancer staging manual and
the future of TNM. Ann Surg Oncol 2010; 17: 1471-1474 [PMID:
20180029]
Busuttil RW, Klintmalm GB. Transplantation of the liver. 2nd ed.
Philadelphia: Elsevier Saunders, 2005: 1485
Okuda K, Ohtsuki T, Obata H, Tomimatsu M, Okazaki N,
Hasegawa H, Nakajima Y, Ohnishi K. Natural history of hepato
cellular carcinoma and prognosis in relation to treatment. Study of
850 patients. Cancer 1985; 56: 918-928 [PMID: 2990661]
Yau T, Tang VY, Yao TJ, Fan ST, Lo CM, Poon RT. Development of
Hong Kong Liver Cancer staging system with treatment stratification
for patients with hepatocellular carcinoma. Gastroenterology 2014;
146: 1691-700.e3 [PMID: 24583061]
Kudo M, Chung H, Osaki Y. Prognostic staging system for
hepatocellular carcinoma (CLIP score): its value and limitations,
and a proposal for a new staging system, the Japan Integrated
Staging Score (JIS score). J Gastroenterol 2003; 38: 207-215
[PMID: 12673442 DOI: 10.1007/s005350300038]
Llovet JM, Fuster J, Bruix J. The Barcelona approach: diagnosis,
staging, and treatment of hepatocellular carcinoma. Liver Transpl
2004; 10: S115-S120 [PMID: 14762851 DOI: 10.1002/lt.20034]
Cillo U, Vitale A, Bassanello M, Boccagni P, Brolese A, Zanus
G, Burra P, Fagiuoli S, Farinati F, Rugge M, D’Amico DF. Liver
transplantation for the treatment of moderately or well-differentiated
hepatocellular carcinoma. Ann Surg 2004; 239: 150-159 [PMID:
14745321 DOI: 10.1097/01.sla.0000109146.72827.76]
Durand F, Belghiti J, Paradis V. Liver transplantation for hepato
cellular carcinoma: role of biopsy. Liver Transpl 2007; 13: S17-S23
[PMID: 17969095 DOI: 10.1002/lt.21326]
Wong RJ, Devaki P, Nguyen L, Cheung R, Cho-Phan C,
Nguyen MH. Increased long-term survival among patients with
hepatocellular carcinoma after implementation of Model for Endstage Liver Disease score. Clin Gastroenterol Hepatol 2014; 12:
1534-1540.e1 [PMID: 24361414]
Chok KS, Cheung TT, Lo RC, Chu FS, Tsang SH, Chan AC,
Sharr WW, Fung JY, Dai WC, Chan SC, Fan ST, Lo CM. Pilot
study of high-intensity focused ultrasound ablation as a bridging
therapy for hepatocellular carcinoma patients wait-listed for
liver transplantation. Liver Transpl 2014; 20: 912-921 [PMID:
24753206 DOI: 10.1002/lt.23892]
Cescon M, Cucchetti A, Ravaioli M, Pinna AD. Hepatocellular
carcinoma locoregional therapies for patients in the waiting list.
Impact on transplantability and recurrence rate. J Hepatol 2013;
58: 609-618 [PMID: 23041304 DOI: 10.1016/j.jhep.2012.09.021]
Ikeguchi M, Urushibara S, Shimoda R, Yamamoto M, Maeta Y,
Ashida K. Inflammation-based prognostic scores and nutritional
prognostic index in patients with locally-advanced unresectable
colorectal cancer. World J Surg Oncol 2014; 12: 210 [PMID:
25022764 DOI: 10.1186/1477-7819-12-210]
Marelli L, Stigliano R, Triantos C, Senzolo M, Cholongitas
E, Davies N, Tibballs J, Meyer T, Patch DW, Burroughs AK.
Transarterial therapy for hepatocellular carcinoma: which technique
is more effective? A systematic review of cohort and randomized
studies. Cardiovasc Intervent Radiol 2007; 30: 6-25 [PMID:
17103105 DOI: 10.1007/s00270-006-0062-3]
DuBay DA, Sandroussi C, Kachura JR, Ho CS, Beecroft JR,
Vollmer CM, Ghanekar A, Guba M, Cattral MS, McGilvray ID,
Grant DR, Greig PD. Radiofrequency ablation of hepatocellular
carcinoma as a bridge to liver transplantation. HPB (Oxford) 2011;
13: 24-32 [PMID: 21159100 DOI: 10.1111/j.1477-2574.2010.0022
8.x]
Abdelaziz A, Elbaz T, Shousha HI, Mahmoud S, Ibrahim M,

November 18, 2015|Volume 7|Issue 26|

Waller LP et al . Hepatocellular carcinoma

60
61

62

63

64
65

66

67

68

69

70
71

72
73

74

Abdelmaksoud A, Nabeel M. Efficacy and survival analysis of
percutaneous radiofrequency versus microwave ablation for
hepatocellular carcinoma: an Egyptian multidisciplinary clinic
experience. Surg Endosc 2014; 28: 3429-3434 [PMID: 24935203
DOI: 10.1007/s00464-014-3617-4]
Llovet JM. Treatment of Hepatocellular Carcinoma. Curr Treat
Options Gastroenterol 2004; 7: 431-441 [PMID: 15527709 DOI:
10.1007/s11938-004-0002-8]
Yao FY, Kerlan RK, Hirose R, Davern TJ, Bass NM, Feng S,
Peters M, Terrault N, Freise CE, Ascher NL, Roberts JP. Excellent
outcome following down-staging of hepatocellular carcinoma prior
to liver transplantation: an intention-to-treat analysis. Hepatology
2008; 48: 819-827 [PMID: 18688876 DOI: 10.1002/hep.22412]
Ravaioli M, Grazi GL, Piscaglia F, Trevisani F, Cescon M,
Ercolani G, Vivarelli M, Golfieri R, D’Errico Grigioni A, Panzini I,
Morelli C, Bernardi M, Bolondi L, Pinna AD. Liver transplantation
for hepatocellular carcinoma: results of down-staging in patients
initially outside the Milan selection criteria. Am J Transplant 2008;
8: 2547-2557 [PMID: 19032223 DOI: 10.1111/j.1600-6143.2008.0
2409.x]
Bruix J, Castells A, Bosch J, Feu F, Fuster J, Garcia-Pagan
JC, Visa J, Bru C, Rodés J. Surgical resection of hepatocellular
carcinoma in cirrhotic patients: prognostic value of preoperative
portal pressure. Gastroenterology 1996; 111: 1018-1022 [PMID:
8831597 DOI: 10.1016/S0016-5085(96)70070-7]
Simpson KJ, Finlayson ND. Clinical evaluation of liver disease.
Baillieres Clin Gastroenterol 1995; 9: 639-659 [PMID: 8903798
DOI: 10.1016/0950-3528(95)90054-3]
Cucchetti A, Piscaglia F, Cescon M, Ercolani G, Pinna AD.
Systematic review of surgical resection vs radiofrequency ablation
for hepatocellular carcinoma. World J Gastroenterol 2013; 19:
4106-4118 [PMID: 23864773 DOI: 10.3748/wjg.v19.i26.4106]
Hwang S, Lee YJ, Kim KH, Ahn CS, Moon DB, Ha TY, Song
GW, Jung DH, Lee SG. The Impact of Tumor Size on Long-Term
Survival Outcomes After Resection of Solitary Hepatocellular
Carcinoma: Single-Institution Experience with 2558 Patients. J
Gastrointest Surg 2015; 19: 1281-1290 [PMID: 25956724 DOI:
10.1007/s11605-015-2849-5]
Cha C, Fong Y, Jarnagin WR, Blumgart LH, DeMatteo RP.
Predictors and patterns of recurrence after resection of hepato
cellular carcinoma. J Am Coll Surg 2003; 197: 753-758 [PMID:
14585409 DOI: 10.1016/j.jamcollsurg.2003.07.003]
Squires MH, Hanish SI, Fisher SB, Garrett C, Kooby DA,
Sarmiento JM, Cardona K, Adams AB, Russell MC, Magliocca JF,
Knechtle SJ, Staley CA, Maithel SK. Transplant versus resection
for the management of hepatocellular carcinoma meeting Milan
Criteria in the MELD exception era at a single institution in a
UNOS region with short wait times. J Surg Oncol 2014; 109:
533-541 [PMID: 24347475 DOI: 10.1002/jso.23531]
Hu Z, Zhou J, Li Z, Xiang J, Qian Z, Wu J, Zhang M, Zheng S.
Salvage liver transplantation for recurrent hepatocellular carcinoma
after liver resection: retrospective study of the Milan and Hangzhou
criteria. PLoS One 2014; 9: e87222 [PMID: 24475255 DOI:
10.1371/journal.pone.0087222]
Taniguchi M. Liver transplantation in the MELD era--analysis
of the OPTN/UNOS registry. Clin Transpl 2012: 41-65 [PMID:
23721009]
Clavien PA, Lesurtel M, Bossuyt PM, Gores GJ, Langer B, Perrier
A. Recommendations for liver transplantation for hepatocellular
carcinoma: an international consensus conference report. Lancet
Oncol 2012; 13: e11-e22 [PMID: 22047762 DOI: 10.1016/S14702045(11)70175-9]
Alsina AE. Liver transplantation for hepatocellular carcinoma.
Cancer Control 2010; 17: 83-86 [PMID: 20404791]
Majno P, Giostra E, Mentha G. Management of hepatocellular
carcinoma on the waiting list before liver transplantation: time
for controlled trials? Liver Transpl 2007; 13: S27-S35 [PMID:
17969086 DOI: 10.1002/lt.21328]
Wiesner R, Lake JR, Freeman RB, Gish RG. Model for end-stage

WJH|www.wjgnet.com

75

76

77

78

79

80

81

82

83
84

85

86

87

2661

liver disease (MELD) exception guidelines. Liver Transpl 2006;
12: S85-S87 [PMID: 17123285 DOI: 10.1002/lt.20961]
Francoz C, Belghiti J, Castaing D, Chazouillères O, Duclos-Vallée
JC, Duvoux C, Lerut J, Le Treut YP, Moreau R, Mandot A, Pageaux
G, Samuel D, Thabut D, Valla D, Durand F. Model for end-stage
liver disease exceptions in the context of the French model for endstage liver disease score-based liver allocation system. Liver Transpl
2011; 17: 1137-1151 [PMID: 21695771 DOI: 10.1002/lt.22363]
Menon KV, Hakeem AR, Heaton ND. Review article: liver
transplantation for hepatocellular carcinoma - a critical appraisal
of the current worldwide listing criteria. Aliment Pharmacol Ther
2014; 40: 893-902 [PMID: 25155143 DOI: 10.1111/apt.12922]
Schlansky B, Chen Y, Scott DL, Austin D, Naugler WE. Waiting
time predicts survival after liver transplantation for hepatocellular
carcinoma: a cohort study using the United Network for Organ
Sharing registry. Liver Transpl 2014; 20: 1045-1056 [PMID:
24838471 DOI: 10.1002/lt.23917]
Ahn CS, Moon DB, Lee SG, Hwang S, Kim KH, Ha TY, Song
GW, Jung DH, Park GC, Park YH, Park HW, Jung BH, Kang
SH. Survival differences between Milan criteria after downstaging and De novo Milan in living donor liver transplantation
for hepatocellular carcinoma. Hepatogastroenterology 2014; 61:
187-191 [PMID: 24895818]
Abdel-Wahab M, Sultan AM, Fathy OM, Salah T, Elshobary
MM, Elghawalby NA, Yassen AM, Elsarraf WM, Elsaadany
MF, Zalatah K. Factors affecting recurrence and survival after
living donor liver transplantation for hepatocellular carcinoma.
Hepatogastroenterology 2013; 60: 1847-1853 [PMID: 24719918]
Ramanathan R, Sharma A, Lee DD, Behnke M, Bornstein
K, Stravitz RT, Sydnor M, Fulcher A, Cotterell A, Posner MP,
Fisher RA. Multimodality therapy and liver transplantation for
hepatocellular carcinoma: a 14-year prospective analysis of
outcomes. Transplantation 2014; 98: 100-106 [PMID: 24503764
DOI: 10.1097/01.TP.0000441090.39840.b0]
Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A,
Ascher NL, Roberts JP. Liver transplantation for hepatocellular
carcinoma: expansion of the tumor size limits does not adversely
impact survival. Hepatology 2001; 33: 1394-1403 [PMID:
11391528 DOI: 10.1053/jhep.2001.24563]
Decaens T, Roudot-Thoraval F, Hadni-Bresson S, Meyer C,
Gugenheim J, Durand F, Bernard PH, Boillot O, Sulpice L,
Calmus Y, Hardwigsen J, Ducerf C, Pageaux GP, Dharancy S,
Chazouilleres O, Cherqui D, Duvoux C. Impact of UCSF criteria
according to pre- and post-OLT tumor features: analysis of 479
patients listed for HCC with a short waiting time. Liver Transpl
2006; 12: 1761-1769 [PMID: 16964590 DOI: 10.1002/lt.20884]
Castelli G, Burra P, Giacomin A, Vitale A, Senzolo M, Cillo U,
Farinati F. Sorafenib use in the transplant setting. Liver Transpl
2014; 20: 1021-1028 [PMID: 24809799 DOI: 10.1002/lt.23911]
Lei JY, Wang WT, Yan LN. “Metroticket” predictor for assessing
liver transplantation to treat hepatocellular carcinoma: a singlecenter analysis in mainland China. World J Gastroenterol 2013; 19:
8093-8098 [PMID: 24307805 DOI: 10.3748/wjg.v19.i44.8093]
Raj A, McCall J, Gane E. Validation of the “Metroticket” predictor
in a cohort of patients transplanted for predominantly HBV-related
hepatocellular carcinoma. J Hepatol 2011; 55: 1063-1068 [PMID:
21354447 DOI: 10.1016/j.jhep.2011.01.052]
Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M,
Mariani L, Camerini T, Roayaie S, Schwartz ME, Grazi GL, Adam
R, Neuhaus P, Salizzoni M, Bruix J, Forner A, De Carlis L, Cillo U,
Burroughs AK, Troisi R, Rossi M, Gerunda GE, Lerut J, Belghiti J,
Boin I, Gugenheim J, Rochling F, Van Hoek B, Majno P. Predicting
survival after liver transplantation in patients with hepatocellular
carcinoma beyond the Milan criteria: a retrospective, exploratory
analysis. Lancet Oncol 2009; 10: 35-43 [PMID: 19058754 DOI:
10.1016/S1470-2045(08)70284-5]
Zheng SS, Xu X, Wu J, Chen J, Wang WL, Zhang M, Liang
TB, Wu LM. Liver transplantation for hepatocellular carcinoma:
Hangzhou experiences. Transplantation 2008; 85: 1726-1732

November 18, 2015|Volume 7|Issue 26|

Waller LP et al . Hepatocellular carcinoma
102 Liang W, Wang D, Ling X, Kao AA, Kong Y, Shang Y, Guo Z, He
X. Sirolimus-based immunosuppression in liver transplantation for
hepatocellular carcinoma: a meta-analysis. Liver Transpl 2012; 18:
62-69 [PMID: 21964956 DOI: 10.1002/lt.22441]
103 Zhao X, Lu S, Wang M, Wu J, Lin D, Guo Q, Lai W, Zeng D, Li C,
Liu Y, Sun L, Yan D, Li N. [A retrospective cohort study regarding
the effect of sirolimus-based immunosuppression protocol on the
long-term survival of hepatocellular carcinoma patients after liver
transplantation]. Zhonghua Waike Zazhi 2014; 52: 245-248 [PMID:
24924566]
104 Morard I, Dumortier J, Spahr L, Hadengue A, Majno P, Morel
P, Mentha G, Giostra E. Conversion to sirolimus-based immuno
suppression in maintenance liver transplantation patients. Liver
Transpl 2007; 13: 658-664 [PMID: 17457887 DOI: 10.1002/lt.21116]
105 Chen K, Man K, Metselaar HJ, Janssen HL, Peppelenbosch MP,
Pan Q. Rationale of personalized immunosuppressive medication
for hepatocellular carcinoma patients after liver transplantation.
Liver Transpl 2014; 20: 261-269 [PMID: 24376158 DOI: 10.1002/
lt.23806]
106 Schnitzbauer AA, Zuelke C, Graeb C, Rochon J, Bilbao I, Burra P,
de Jong KP, Duvoux C, Kneteman NM, Adam R, Bechstein WO,
Becker T, Beckebaum S, Chazouillères O, Cillo U, Colledan M,
Fändrich F, Gugenheim J, Hauss JP, Heise M, Hidalgo E, Jamieson
N, Königsrainer A, Lamby PE, Lerut JP, Mäkisalo H, Margreiter
R, Mazzaferro V, Mutzbauer I, Otto G, Pageaux GP, Pinna AD,
Pirenne J, Rizell M, Rossi G, Rostaing L, Roy A, Turrion VS,
Schmidt J, Troisi RI, van Hoek B, Valente U, Wolf P, Wolters
H, Mirza DF, Scholz T, Steininger R, Soderdahl G, Strasser SI,
Jauch KW, Neuhaus P, Schlitt HJ, Geissler EK. A prospective
randomised, open-labeled, trial comparing sirolimus-containing
versus mTOR-inhibitor-free immunosuppression in patients
undergoing liver transplantation for hepatocellular carcinoma.
BMC Cancer 2010; 10: 190 [PMID: 20459775 DOI: 10.1186/1471
-2407-10-190]
107 Decaens T, Luciani A, Itti E, Hulin A, Roudot-Thoraval F, Laurent
A, Zafrani ES, Mallat A, Duvoux C. Phase II study of sirolimus in
treatment-naive patients with advanced hepatocellular carcinoma.
Dig Liver Dis 2012; 44: 610-616 [PMID: 22459565 DOI: 10.1016/
j.dld.2012.02.005]
108 Menon KV, Hakeem AR, Heaton ND. Meta-analysis: recurrence
and survival following the use of sirolimus in liver transplantation
for hepatocellular carcinoma. Aliment Pharmacol Ther 2013; 37:
411-419 [PMID: 23278125 DOI: 10.1111/apt.12185]
109 DuBay D, Sandroussi C, Sandhu L, Cleary S, Guba M, Cattral
MS, McGilvray I, Ghanekar A, Selzner M, Greig PD, Grant DR.
Liver transplantation for advanced hepatocellular carcinoma using
poor tumor differentiation on biopsy as an exclusion criterion.
Ann Surg 2011; 253: 166-172 [PMID: 21294289 DOI: 10.1097/
SLA.0b013e31820508f1]
110 Herrero JI, Sangro B, Quiroga J, Pardo F, Herraiz M, Cienfuegos
JA, Prieto J. Influence of tumor characteristics on the outcome
of liver transplantation among patients with liver cirrhosis and
hepatocellular carcinoma. Liver Transpl 2001; 7: 631-636 [PMID:
11460231 DOI: 10.1053/jlts.2001.25458]
111 Lee S, Ahn C, Ha T, Moon D, Choi K, Song G, Chung D, Park
G, Yu Y, Choi N, Kim K, Kim K, Hwang S. Liver transplantation
for hepatocellular carcinoma: Korean experience. J Hepatobiliary
Pancreat Sci 2010; 17: 539-547 [PMID: 19727542 DOI: 10.1007/
s00534-009-0167-6]
112 Del Gaudio M, Ercolani G, Ravaioli M, Cescon M, Lauro A,
Vivarelli M, Zanello M, Cucchetti A, Vetrone G, Tuci F, Rama
cciato G, Grazi GL, Pinna AD. Liver transplantation for recurrent
hepatocellular carcinoma on cirrhosis after liver resection:
University of Bologna experience. Am J Transplant 2008; 8:
1177-1185 [PMID: 18444925 DOI: 10.1111/j.1600-6143.2008.022
29.x]
113 Toso C, Trotter J, Wei A, Bigam DL, Shah S, Lancaster J, Grant
DR, Greig PD, Shapiro AM, Kneteman NM. Total tumor volume
predicts risk of recurrence following liver transplantation in

[PMID: 18580463 DOI: 10.1097/TP.0b013e31816b67e4]
de Villa V, Lo CM. Liver transplantation for hepatocellular car
cinoma in Asia. Oncologist 2007; 12: 1321-1331 [PMID: 18055852
DOI: 10.1634/theoncologist.12-11-1321]
89 Akamatsu N, Sugawara Y, Kokudo N. Living donor liver trans
plantation for patients with hepatocellular carcinoma. Liver Cancer
2014; 3: 108-118 [PMID: 24945001 DOI: 10.1159/000343866]
90 Kaido T, Takada Y, Uemoto S. Usefulness of the Kyoto criteria as
selection criteria for living donor liver transplantation for hepato
cellular carcinoma. Liver Transpl 2010; 16: 538-540 [PMID:
20373466 DOI: 10.1002/lt.22020]
91 Berg CL, Gillespie BW, Merion RM, Brown RS, Abecassis MM,
Trotter JF, Fisher RA, Freise CE, Ghobrial RM, Shaked A, Fair JH,
Everhart JE. Improvement in survival associated with adult-to-adult
living donor liver transplantation. Gastroenterology 2007; 133:
1806-1813 [PMID: 18054553 DOI: 10.1053/j.gastro.2007.09.004]
92 Chen CL, Cheng YF, Yu CY, Ou HY, Tsang LL, Huang TL, Chen
TY, Concejero A, Wang CC, Wang SH, Lin TS, Liu YW, Yang CH,
Yong CC, Chiu KW, Jawan B, Eng HL, Chan SC, Sharr WW, Lo
CM, Tamura S, Sugawara Y, Kokudo N, Lee KW, Yi NJ, Suh KS,
Moon DB, Lee SG, Ahn CS, Huang S, Kim KH, Ha TY, Song GW,
Jung DH, Park GC, Namkoong JM, Park HW, Park YH, Park CS,
Sung KB, Ko GY, Gwon DI, Kaido T, Ogawa K, Fujimoto Y, Ito
T, Toniyama K, Mori A, Ogura Y, Uemoto S, Yap AQ, Lin YH,
Liu CY, Chiang YC, Lin CC, Shin M, Joh JW, Kabiling C, Hu TH,
Kang SH, Jung BH, Choi YR. Living donor liver transplantation:
the Asian perspective. Transplantation 2014; 97 Suppl 8: S3
[PMID: 24849827 DOI: 10.1097/TP.0000000000000060]
93 Grant RC, Sandhu L, Dixon PR, Greig PD, Grant DR, McGilvray
ID. Living vs. deceased donor liver transplantation for hepatocellular
carcinoma: a systematic review and meta-analysis. Clin Transplant
2013; 27: 140-147 [PMID: 23157398 DOI: 10.1111/ctr.12031]
94 Gish RG, Finn RS, Marrero JA. Extending survival with the use
of targeted therapy in the treatment of hepatocellular carcinoma.
Gastroenterol Hepatol (N Y) 2013; 9: 1-24 [PMID: 24872793]
95 Mancuso A, Mazzarelli C, Perricone G, Zavaglia C. Sorafenib
efficacy for treatment of HCC recurrence after liver transplantation
is an open issue. J Hepatol 2014; 60: 681 [PMID: 24216445 DOI:
10.1016/j.jhep.2013.10.030]
96 Bruix J, Raoul JL, Sherman M, Mazzaferro V, Bolondi L, Craxi
A, Galle PR, Santoro A, Beaugrand M, Sangiovanni A, Porta C,
Gerken G, Marrero JA, Nadel A, Shan M, Moscovici M, Voliotis
D, Llovet JM. Efficacy and safety of sorafenib in patients with
advanced hepatocellular carcinoma: subanalyses of a phase III trial.
J Hepatol 2012; 57: 821-829 [PMID: 22727733 DOI: 10.1016/j.
jhep.2012.06.014]
97 Roh YN, David Kwon CH, Song S, Shin M, Man Kim J, Kim S,
Joh JW, Lee SK. The prognosis and treatment outcomes of patients
with recurrent hepatocellular carcinoma after liver transplantation.
Clin Transplant 2014; 28: 141-148 [PMID: 24372624 DOI:
10.1111/ctr.12286]
98 Xie B, Wang DH, Spechler SJ. Sorafenib for treatment of hepa
tocellular carcinoma: a systematic review. Dig Dis Sci 2012; 57:
1122-1129 [PMID: 22451120 DOI: 10.1007/s10620-012-2136-1]
99 Liu L, Chen H, Wang M, Zhao Y, Cai G, Qi X, Han G.
Combination therapy of sorafenib and TACE for unresectable
HCC: a systematic review and meta-analysis. PLoS One 2014; 9:
e91124 [PMID: 24651044 DOI: 10.1371/journal.pone.0091124]
100 Chow PK, Poon DY, Khin MW, Singh H, Han HS, Goh AS, Choo
SP, Lai HK, Lo RH, Tay KH, Lim TG, Gandhi M, Tan SB, Soo
KC. Multicenter phase II study of sequential radioembolizationsorafenib therapy for inoperable hepatocellular carcinoma. PLoS
One 2014; 9: e90909 [PMID: 24614178 DOI: 10.1371/journal.
pone.0090909]
101 Cholongitas E, Mamou C, Rodríguez-Castro KI, Burra P.
Mammalian target of rapamycin inhibitors are associated with
lower rates of hepatocellular carcinoma recurrence after liver trans
plantation: a systematic review. Transpl Int 2014; 27: 1039-1049
[PMID: 24943720 DOI: 10.1111/tri.12372]
88

WJH|www.wjgnet.com

2662

November 18, 2015|Volume 7|Issue 26|

Waller LP et al . Hepatocellular carcinoma
patients with hepatocellular carcinoma. Liver Transpl 2008; 14:
1107-1115 [PMID: 18668667 DOI: 10.1002/lt.21484]
114 Boin IF, Pracucho EM, Rique MC, Reno RR, Robertoni DB,
Silva PV, Rosim ET, Soares AB, Escanhoela CA, Leonardi MI,

Souza JR, Leonardi LS. Expanded Milan criteria on pathological
examination after liver transplantation: analysis of preoperative
data. Transplant Proc 2008; 40: 777-779 [PMID: 18455014 DOI:
10.1016/j.transproceed.2008.02.038]
P- Reviewer: Chuang WL, Kim IH, Long XD, Wang GY, Yagi H
S- Editor: Ji FF L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

2663

November 18, 2015|Volume 7|Issue 26|

World J Hepatol 2015 November 18; 7(26): 2664-2675
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i26.2664

REVIEW

Challenges of liver cancer: Future emerging tools in imaging
and urinary biomarkers
Francesca M Trovato, Joshua M Tognarelli, Mary ME Crossey, Daniela Catalano, Simon D Taylor-Robinson,
Guglielmo M Trovato
obesity and alcohol misuse. Over the past three decades,
in the United Kingdom alone, deaths from chronic liver
disease have increased both in men and in women.
Currently, 2.5% of deaths worldwide are attributed to
liver disease and projected figures suggest a doubling in
hospitalisation and associated mortality by 2020. Chronic
liver diseases vary for clinical manifestations and natural
history, with some individuals having relatively indolent
disease and others with a rapidly progressive course.
About 30% of patients affected by hepatitis C has a
progressive disease and develop cirrhosis over a 20 years
period from the infection, usually 5-10 years after initial
medical presentation. The aim of the current therapeutic
strategies is preventing the progression from hepatitis
to fibrosis and subsequently, cirrhosis. Hepatic steatosis
is a risk factor for chronic liver disease and is affecting
about the half of patients who abuse alcohol. Moreover
non-alcoholic fatty liver disease is part of the metabolic
syndrome, associated with obesity, hypertension, type
Ⅱ diabetes mellitus and dyslipidaemia, and a subgroup
of patients develops non-alcoholic steatohepatitis and
fibrosis with subsequent cirrhosis. The strengths and
pitfalls of liver biopsy are discussed and a variety of
new techniques to assess liver damage from transient
elastography to experimental techniques, such as in
vitro urinary nuclear magnetic resonance spectroscopy.
Some of the techniques and tests described are already
suitable for more widespread clinical application, as is
the case with ultrasound-based liver diagnostics, but
others, such as urinary metabonomics, requires a period
of critical evaluation or development to take them from
the research arena to clinical practice.
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Abstract
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Chronic liver disease has become a global health problem
as a result of the increasing incidence of viral hepatitis,

Core tip: There is an increasing need for non-invasive
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equally useful in countries with large populations, such
[4]
as China . The use of this approach as a continuous
tool for training, by plain e-learning technology, provides
valuable results in both the developed and the develop
[5,6]
ing world , while new developments using emerging
e-learning technologies and smartphone applications
are steadily becoming a reality. In general, international
research partnerships and potential clinical applications
are receiving ever greater attention, given that techn
ology has diminished the restriction of geographical
barriers with the effects of globalisation becoming more
[7]
evident, and populations increasingly more mobile .
The implications are manifold, and among them,
the opportunity of assessing new diagnostic tools where
there are emerging or more prevalent diseases, such as
viral hepatitis, non-alcoholic fatty liver disease (NAFLD)
and liver cancer. In this setting, international collaboration
should move research goals away from pure market
forces and towards humanitarian aims. Indeed, en
compassing this second aim, the profession and the
mission of medical intervention will contribute to peaceful
cohesion and ultimately to shared economic profits.
The pathophysiology of HCC has been attributed to
chronic inflammation associated with a variety of disease
processes, but on a worldwide scale, mainly due to viral
hepatitis B virus (HBV) and hepatitis C virus (HCV).
Nonetheless, cirrhosis is not the absolute pre-condition
for the further development of cancer. HCC onset is
associated with active HBV or HCV infection, but also
its incidence increases with age, alcohol consumption,
smoking, human immunodeficiency virus (HIV) infection,
obesity and diabetes. In this regard, the concurrent effect
of NAFLD is becoming all the more important, owing to
an increasingly obese population, not only in Western
Europe and North America, but also in the developing
[8]
world . Since it is possible to reverse much of the
pathology seen in fatty liver disease through lifestyle
[9,10]
change, such as exercise and dietary modification
,
it is quite surprising that the two paths of research and
therapeutic intervention are not more closely allied in a
translational approach, as in many places they are still
[11]
separated, much like the tracks of a railroad .
The increase seen in chronic liver disease and HCC,
confirmed and increasing in Europe for 20 years or
more, is due to a multiplicity of factors, and not just to
[12]
HCV-induced hepatitis . The same increasing trend
of incidence, possibly due to improved diagnostic tools,
[13]
is reported worldwide for cholangiocarcinoma , the
[14]
causes of which
are even less directly attributable
[15]
to the same factors as HCC . Cholangiocarcinoma is
more insidious in its onset, with elusive clinical features
devastating and scarcely responsive clinical progress.
It is clear that a strategy for eradication of HBV and
prevention of its consequences must include an effective
campaign of successful widespread vaccination, with
birth dose vaccination in the developing world, owing
to the high prevalence of mother to baby transmission.
As this is not possible yet for HCV infection, antiviral
therapy regimens for HCV have been burdensome for

assessment of liver disease. New techniques to assess
liver damage from transient elastography to experimental
techniques, such as in vitro urinary nuclear magnetic
resonance spectroscopy are currently investigated.
The guidelines of sustainability in countries with limited
resources, facilities and low financial income can be seen
as an opportunity for addressing research toward lowcost diagnostics and for driving clinical practice toward
more streamlined technology, with ultimate benefits for
the populations of poorer countries around the world. In
this perspective, urinary biomarkers of liver cancer and
ultrasound imaging are two complementary models.
Trovato FM, Tognarelli JM, Crossey MME, Catalano D, TaylorRobinson SD, Trovato GM. Challenges of liver cancer: Future
emerging tools in imaging and urinary biomarkers. World J
Hepatol 2015; 7(26): 2664-2675 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i26/2664.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i26.2664

INTRODUCTION
“Nothing strengthens authority so much as silence”:
Leonardo da Vinci

Many relevant reviews are available on chronic liver
disease and on one of its major complications, hepa
tocellular carcinoma (HCC), and the most significant
advances in diagnosis, management, and long-term
[1]
outcome are appropriately considered and well-focused .
By contrast, this brief overview has the aim of sum
marizing some epidemiological and clinical concepts,
highlighting some of the current diagnostic criteria used
for addressing personalized therapeutic choices, and
discussing briefly some practical and ethical challenges.
The latter problems are also the consequence of a global
economy and of the current research approach, which
we have to consider from the perspective of sustai
[2]
nability .
The most frequent liver cancer, accounting for
80%-90% of all primary liver cancers, is HCC, but there
are critical differences in the diagnostic algorithms.
Differences are due not only to the skills and knowledge
of pathologists, but also to the actual availability of
such diagnostic facilities in most countries, particularly
where liver cancer is more frequent. Sadly, there are
countries in which only one surgical pathology laboratory
is available: This is the case of Zambia, a country with
12 million inhabitants, while until recently, Liberia had no
diagnostic laboratory services, owing to the ravages of
a prolonged civil war. With this limitation and shortage
of expertise, frequent even in developed countries,
surrogate tools for reliable diagnosis are warranted,
beside the fact that reducing the number of invasive
procedures also has great appeal. The Italian Association
of Pathologists, “Patologi Oltre Frontiera”, has been
working in Africa since 2004 to create a virtual laboratory
[3]
with telemedicine . This is a very important approach,
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markers, and the application of imaging-based tech
nologies, such as ultrasound and magnetic resonance
(MR) techniques.

the patient and expensive for healthcare systems, and
until recently, with poor sustained viral response rates
to antiviral medications. Nonetheless, overall there is
only weak evidence, if any, of a beneficial effect of viral
eradication on the subsequent occurrence of liver cancer
[16]
in such treated patients with cirrhosis .
The mainstay of diagnosis has been liver biopsy
for many years, but now a variety of alternatives are
beginning to emerge.

Serum markers

Serum may be obtained at routine venepuncture,
making it quick and acceptable to most patients. Samp
ling variability is negated, although site-specificity to
hepatic processes may be questioned. Serum markers
may broadly be divided into indirect and direct markers
of hepatic fibrosis. Indirect markers are those where
the indices measured correlate with fibrosis stage,
but are not integral to the pathogenesis of disease.
Such markers include “so-called” liver function tests,
such as aspartate aminotransferase (AST) and alanine
aminotransferases, and composite or panel markers,
such as the AST-to-platelet ratio index (APRI) and the
fibrotest/actitest markers.
On the other hand, direct markers are those measu
ring intermediates or metabolites of fibrogenesis, such as
hyaluronic acid and panel markers such as the Enhanced
Liver Fibrosis test, consisting of metalloproteinase-1,
procollagenase 3 and hyaluronic acid. The performance
of a number of these tests for the detection of cirrhosis
[20]
is displayed in Table 1 .

Liver biopsy techniques

A liver aspirate was performed for the first time in
1883 by a German physician, Paul Ehrlich, while the
percutaneous liver biopsy technique dates back to the
1920s. Fifty years later the radiologist Charles Dotter
[17]
invented the transjugular approach . Several preprocedural precautions need to be taken, including prior
knowledge of the patient’s anatomy with a screening
liver ultrasound, an up-to-date platelet count and a
clotting screen. Many conditions, such as high bleeding
risk, are contraindications to standard percutaneous
[18]
approaches, partially or completely . However, liver
biopsy remains the gold-standard for assessing the
severity of chronic liver diseases.

Requirement for biomarkers of liver fibrosis

Imaging-based markers

Effective antiviral therapies and the advent of antifibrotic
drugs have led to an increasing demand for non-invasive,
accurate and reliable biomarkers of hepatic disease
severity. It is recognised that the current “gold standard”
for monitoring the severity of fibrosis, histological analysis
of liver biopsy, has limitations and engenders risk to the
patient with a defined morbidity, including pain, bleeding,
time off work and a mortality rate of between one in 1000
[18]
and one in 10000 cases . The specimen retrieved by
standard liver biopsy is just 1/50000 of the total volume
of the liver, and in about 16% of cases the sample
exceeds the optimal length for adequate histological
[19]
assessment of 25 mm . This causes sampling varia
bility and errors since inflammation, hepatic fibrosis and
steatosis may all have an irregular distribution within the
liver. In addition, as histological scoring systems are semiquantitative categorical assessments of a continuous
process (fibrogenesis), there is appreciable intra- and
inter- observer variability.
A safe, reliable, non-invasive imaging approach for
detecting hepatic fibrosis would obviate the hazards
associated with liver biopsy and allow patients to be
monitored serially with a view to prevent the decline
towards cirrhosis and its complications. Accordingly, there
are potential health economic benefits from prevention
of end-stage disease and the reversal of less severe
fibrosis.

Imaging techniques, particularly those based on
ultrasound and MR, often provide hepatic structural
information. Although a number of structural changes are
associated with cirrhosis and portal hypertension, these
signs alone are neither sensitive nor specific enough
to stage chronic liver disease. A number of specialized
applications have, however, shown promise and imaging
techniques have the added benefit of providing real-time
information to the operator and patient.

Transient elastography

Transient elastography is an ultrasound based technique
that evaluates the velocity of propagation of a lowfrequency shear wave through the liver (Figure 1).
This is dependent on the “stiffness” of the liver and
reflects the degree of fibrosis. FibroScan® (Echosens,
Paris, France) is the equipment dedicated to apply this
technology and its performance has been scrutinised in
[21]
a large number of studies over the last decade .
However, while transient elastography performs
well for the assessment of cirrhosis, with sensitivity
and specificity quoted between 77% and 100%, there
has been less clear separation of stages of pre-cirrhotic
[21]
disease . Cut-off values reported by different studies
to assess histological stages are variable according to
the kind of patients selected and aetiology of disease.
More recently, liver stiffness has been shown to
increase in flares of viral hepatitis and in acute hepati
tis, even up to the levels seen in cirrhosis, but in the
absence of clinically significant fibrosis. Further studies
have demonstrated a compelling correlation between
liver stiffness and portal pressure, while cardiac failure,

Non-invasive assessment of chronic liver diseases

The non-invasive assessment of the severity of chronic
liver disease includes the development of serum (or
blood) markers, which may be divided into direct or
indirect tests, either singly, or combined as serum panel
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Table 1 Examples of serum markers for the assessment of fibrosis
Name

Constituents

Indirect markers
APRI
FibroTest
Direct markers
ELF
FibroSpect

Accuracy (%)

AST, platelets
α2 macroglobulin, α2 and γ globulin, total bilirubin, apolipoprotein A1, γGT
PⅢNP, HA, TIMP-1, (age)
HA, TIMP-1, γ2 macroglobulin

Se

Sp

PPV

NPV

41
87

95
59

88
63

64
85

90.5
77

41
73

99
74

92
76

APRI: Aspartate aminotransferase (AST) to platelet ratio index; γGT: γ-glutamyl transpeptidase; HA: Hyaluronic acid; PⅢNP: Amino terminal of
procollagenase Ⅲ; TIMP-1: Tissue inhibitor of matrix metalloproteinase 1; ELF: Enhanced Liver Fibrosis test; Se: Sensitivity; Sp: Specificity; PPV: Positive
predictive value; NPV: Negative predictive value.

with shorter arrival times correlating with increased
severity of liver disease due to circulatory changes,
such as arterialisation of liver sinusoids, hyperdynamic
circulation and extra- and intra-hepatic shunting (Figure
2). A study on 85 chronic hepatitis C patients assessed
by HVTT showed 100% sensitivity and 80% specificity
[22]
for cirrhosis . Moreover microbubbles allowed to
stratify mild and moderate disease (95% sensitivity
and 86% specificity) suggesting that other processes,
besides portal hypertension, may contribute to effects
observed.

MR techniques

Figure 1 Transient elastography. A specialist nurse places the probe per
pendicular to the surface of the liver. A low frequency shear wave is generated
along the same axis as the ultrasound transducer. The velocity of the shear wave
through the liver is measured by a high frequency ultrasound signal and the
output displayed as stiffness, in kPa, alongside a two-dimensional “elastogram”.
The output is the median of 10 measurements, with a success rate of > 66%
and an interquartile range of measurements < 1/3 of the median considered
satisfactory.

infiltrative conditions and even hepatic steatosis may
affect stiffness values.
On the contrary of what was initially assumed, the
sole liver stiffness cannot be considered a measure
of hepatic fibrosis, but rather the result of different
processes including fibrosis. Thus the results should be
interpreted according to the clinical context and corro
borated by other non-invasive techniques.

Both MR imaging (MRI) and MR spectroscopy (MRS)
techniques have been applied to assess the severity of
[23]
chronic liver diseases . MRI techniques include dynamic
superparamagnetic iron oxide and gadolinium enhan
ced studies, which have been shown to demonstrate
reticular-nodular patterns, thought to represent septal
hepatic fibrosis, allowing the qualitative discrimination of
moderate to severe, from mild fibrosis. Objective stratifi
cation of fibrosis severity in patients with chronic hepatitis
[24]
C has been reported using diffusion-weighted MRI .
Furthermore, MR elastography, which like transient
elastography measures liver stiffness, allows visualisation
[25]
of a map of hepatic liver stiffness . MRS examines the
chemico-physical environment of nuclei in a region of
interest, providing metabolic information in the form of a
spectrum, of relevance in chronic liver disease.

Use of ultrasound contrast agents

MR spectroscopy
31

In vivo P MRS is a safe, reproducible technique which
provides biochemical information on hepatic metabolic
31
processes. Typical in vivo P MR liver spectra contain
phosphomonoester (PME), phosphodiester (PDE),
inorganic phosphate (Pi) and ATP resonances, reflecting
cellular energy state, intermediates of carbohydrate
metabolism, precursors of cell membrane synthesis and
breakdown. These resonances are multicomponent, but
more detailed biochemical information may be obtained
with in vitro MRS at higher magnetic field strengths (11.7
T-14.0 T) than in clinical studies (1.5 T-3.0 T).
31
In vivo phosphorus-31 ( P) MRS provides metabolic
information useful to evaluate fibrogenesis. The PME/
PDE ratio has been used as an index of cell membrane

Microbubble contrast agents are small, stabilised gasfilled phospholipid bubbles (about 3 µm) that resonate
when subjected to ultrasound, amplifying the reflected
signal, thus enhancing intravascular signal for several
minutes after intravenous injection and increasing signal
from vessels and tissues. Safety and tolerance with
current agents is excellent. When quantified, the resultant
signal intensity change is proportional to microbubble
[22]
concentration .
A simple microbubble-enhanced ultrasound test to
measure hepatic vascular transit time (HVTT) by timing
the arrival of contrast agent in the hepatic artery and
subsequently the hepatic vein has been developed. A
curve of signal intensity against time can be plotted,
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Figure 2 Hepatic vascular transit times. Time intensity curves from the hepatic vein plotted in a normal patient and a patient with cirrhosis, showing earlier arrival of
contrast in the cirrhotic liver. Adapted from Lim et al[22] 2005. HVTT: Hepatic vascular transit times.
[27]

information on the amount of liver fat . More recent
studies have demonstrated the potential to measure
lipid composition non-invasively, which may change
with disease state and with dietary intervention. Typical
hepatic spectra contain water, fat and choline resonances,
which can be quantified using external reference stand
ards or expressed as a percentage relative to the total
1
MR signal (Figure 4). H MRS is readily accessible to all
centres that have an MR scanner and most machines
have the capability to perform such sequences as an
addition to a standard MRI examination.

Mean (PME/PDE) ± 2SE
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The future of biomarkers of chronic liver disease

Inflammation, steatosis and fibrosis are complex mul
tistep processes. It would be surprising if a single
biomarker were able to describe liver disease completely.
Accordingly, combinations of markers and modalities
may describe disease more accurately and reproducibly
than one marker alone. Studies of marker combinations
should be performed to establish optimal combinations,
in terms of numbers of tests, accuracy of combinations
and the provision of complementary information from
the test components. Candidate markers differ widely in
the equipment and expertise required, so cost-benefit
analyses compared to routine liver biopsy are warranted.
Serum markers and imaging techniques need to be
investigated longitudinally in response to intervention in
a number of disease states. As histological assessment
of liver biopsy is itself a surrogate marker of liver disease,
the challenge is to develop and validate protocols
correlated to clinically meaningful outcome measures.

Severity of disease

Figure 3 31P magnetic resonance spectroscopy. PME/PDE ratios obtained
from in vivo hepatic 31P MRS varying with severity of hepatitis C-associated
liver disease. Adapted from Lim et al[26] 2003. MRS: Magnetic resonance
spectroscopy; PME: Phosphomonoester; PDE: Phosphodiester.

turnover and correlates with histological stages. MRS
has good sensitivity (82%) and specificity (81%) to
detect cirrhosis and could differentiate it from mild
[26]
hepatitis and moderate hepatitis (Figure 3).
Recent longitudinal work in chronic hepatitis C has
demonstrated a change in PME/PDE ratios in response
to antiviral treatment, separating virological responders
from non-responders.

MRS in hepatic steatosis

1

In hepatic steatosis, proton ( H) MRS can provide
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procedures, such as transient elastography (Fibroscan
®) and Acoustic Radiation Force Impulse (ARFI), two
methods suitable for measuring the “stiffness” of the liver
(LSM).
In the United States, as in Italy, there are reference
criteria, i.e., cut-off values, for defining the presence of
severe fibrosis. For instance, according to the criteria
of the Harvard Pilgrim Health Care, LSM of ≥ 7.5 kPa
on Fibroscan® should allow the use of DAAs; while
®
according to the Idaho criteria Fibroscan measurement
> 12.5 kPa or ARFI value > 1.75 m/s or APRI score
> 1.5 should be used. These striking differences are
mirrored by the different results reported in the past
and are well discussed in the EASL-AASLD clinical
[29]
practice guidelines . These variances in cut-off values
for treatment are all the more complicated, given how
prone the “gold standard”, liver biopsy, is to sampling
[18,19]
error and underscoring of fibrosis
.
With this in mind, we set out to define the noninvasive measures most suitable to be used as cutoff values to define cirrhosis in a prospective casecontrol study, taking into account co-temporaneous liver
biopsies, ARFI and TE measurements in chronic liver
disease with different severity of fibrosis, measured by
the Ishak grading system. Patients with liver cancer
were excluded. According to the results in our patients,
there is optimal correlation of the non-invasive measures
of fibrosis, either ARFI or Fibroscan®, with each other
and with the Ishak score. The cut-off values for cirrhosis
that we identified are: ≥ 10.25 kPa for Fibroscan®, and
ARFI of the left liver lobe m/s 1.77, ARFI of the right liver
lobe m/s. 1.92 for the overall group of patients. These
cut-off values for the presence of cirrhosis were lower in
subjects with previous HBV, compared to HCV, and even
lower in subjects without any evidence of viral hepatitis,
such as NAFLD. This observation strengthens the need
of using the chosen cut-off for specific disease groups.
Differently, detection of liver nodules by any imaging
method, particularly by ultrasound, is a defendable
screening procedure, even if it encounters several limita
tions. It is suggested that combining alpha-fetoprotein
(AFP) with ultrasound is the method of choice for
screening patients at high risk for developing HCC, but
this is not a widely accepted criterion due to the lack of
[30]
sensitivity and specificity . The use of plain ultrasound,
even without contrast, is still the most suitable approach.
Small nodules (< 1 cm) should be followed up in 3
subsequent months repeating ultrasound. If the lesion
is no longer detectable, or if it is stable, it should be
watched every 3 mo according to a monitoring strategy.
In the case that the nodule enlarges, further imaging
is needed. Equally, nodules that are > 1 cm require
an immediate work up with computed tomography or
[31]
MRI . Despite the great interest and intervention aimed
[32-34]
at screening HCC in high-risk populations
, the actual
results are controversial and, more importantly, the cost[35,36]
benefit ratio in terms of outcome is still disputed
.
This is the current situation, despite the benefits of the
[37-39]
use of effective drugs
and, to a lesser degree, of

IHCL CH2

Water

7.0

5.0

3.0
ppm

1.0

-1.0

Figure 4 1H magnetic resonance spectroscopy. Proton (1H) MR Spectra
(left to right) from: (1) a patient with significant hepatic steatosis; (2) a patient
with mild hepatic steatosis; and (3) a healthy volunteer. The intrahepatocellular
(IHCL) lipid resonance is many times larger in (1) than (3), with the hepatic
water resonance scaled to the same height for comparative purposes.
Candidate markers for hepatocellular carcinoma which have been proposed
in the literature. Most reflect high cellular turnover exhibited by tumours, but
the majority lack sensitivity and specificity (see text for further explanations).
Reproduced from Thomas et al[27] 2005. ppm: Parts per million; IHCL CH 2:
Intrahepatocellular lipid.

Further research into non-invasive technologies for
the assessment of chronic liver disease is required to
correlate these techniques with clinical outcomes and to
optimise them, in order to create validated management
algorithms.

The challenge of a reliable diagnosis by non-invasive
imaging

“Don’t spend time beating on a wall, hoping to
transform it into a door” Coco Chanel: According
to the United States Center for Disease Control, May
2015, (http://www.cdc.gov/hepatitis/HCV/HCVfaq.
htm#section1) every 100 persons infected with HCV,
75-85 will go on to develop chronic infection, 60-70
will develop chronic liver disease and over a period of
20-30 years 5%-20% will become cirrhotic. The death
for liver disease, for cirrhosis or liver cancer involves the
1%-5% of patients infected, since the yearly incidence
of HCC in people with cirrhosis is 3%-5%. This is very
similar to the recommendation of WHO, which specifies
that development of HCC is rare in patients with chronic
hepatitis C not complicated by cirrhosis (http://www.
who.int/csr/disease/hepatitis/whocdscsrlyo2003/en/
index3.html).
The current treatment indications for HCV are under a
state of flux, owing to the advent of a raft of new directlyacting antiviral agents (DAAs). The current modus
vivendi is to allow the use of new drugs according to the
presence of severe grades of fibrosis in some countries,
[17,28]
but decompensating cirrhosis in others
. The grade
of fibrosis can be assessed by liver biopsy, but modern
algorithms now allow the use of non-invasive ultrasound
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United States-guided treatments. Of course, surgical
procedures are still the first line therapy in appropriate
settings. Unfortunately, this is not the most frequent
situation, less than 20% are suitable candidates for
resection due to either multifocal unresectable tumors
[1]
or their underlying chronic liver disease . In this subset
pharmacological therapy, with the current available drugs
and other emerging molecules or associations, which will
be available in the future, remains the more sustainable
and rewarding option. The use of biomarkers, also
derived from proteomic profiles, was found to have some
[40]
utility in the prediction of clinical response to therapy ,
but other investigations in this field are needed.

information quickly, and allowing a management plan.
In particular for HCC the early diagnosis is important as
lesions detected below 2 cm are treatable with surgical
resection or liver transplantation. Moreover HCC affects
different populations, and the test should, be applicable
across different patients and ethnicities.
The prevalence of HCC is high in the developing
[43]
world , particularly in sub-Saharan Africa, where the
attention to expense is of most importance, since often
patients spent many days to reach a hospital and have
limited resources to move. A urine dipstick test for HCC
potentially would fulfil many of these criteria.

How detect cancer through the urine?

A urine biomarker must have three main features:
first, correct size (less than 20 kDa) and ionic charge
to pass through the renal glomerulus and be not reabsorbed by the tubules. Second, the biomarker should
not be a molecule produced as a secondary effect of
cancer, but needs to be specific for the type of cancer.
Third, the amount of biomarker secreted should be
adequate for early detection. The research of markers
must be focused on small molecules (50-1000 Da)
called metabolites, including bile acids, amino acids,
peptides and nucleotides. Different combinations of
metabolites could be specific for different conditions,
while individually, since they are ubiquitous and involved
in most cellular processes, they have minimal diagnostic
potential. So a metabolic profile of different altered
metabolites in combination may be highly specific for a
type of cancer. This field of research has been termed
[44]
“metabonomics” .

SUSTAINABLE AND RELIABLE
DIAGNOSIS: THE PLACE OF URINARY
BIOMARKERS FOR LIVER CANCER
DIAGNOSIS
Better three hours too soon than a minute too late.
William Shakespeare

Urine has long been known to possess diagnostic fea
tures; Indian scriptures reporting its sweet taste are
probably the earliest proof of this. In the ⅩⅦ century,
Thomas Willis identified the sweet taste of urine in
diabetic polyuria. These characteristics have been used
in daily practice since the diagnostic potential of urine
has been applied in dipstick reagents. Some examples
are the diagnosis of proteinuria, through detection of
protein amine groups; haematuria, thanks to peroxidise
activity of lysis-released haemoglobin; infection, through
the detection of leukocyte esterase and nitrites; glyco
suria, thanks to the conversion to hydrogen peroxide
by glucose oxidase and pregnancy, with a strip-based
immunoassay for rapid determination of beta human
[41,42]
chorionic gonadotropin
.

Urinary biomarkers of HCC

Nucleosides: The research for a urinary biomarker of
HCC dates back to the 1970s when high levels of methy
lated purines (7-methylguanine, 1-methylhypoxanthine,
N-dimethylguanine, 1-methylguanine and adenine) were
detected in the urine of patients with HCC compared
[45]
to both cirrhotic patients and healthy controls
(Table
2). This suggested that a rapid ribonucleic acid (RNA)
turnover is involved in HCC pathogenesis and the methy
lation of nucleic acid could be a potentially involved
in carcinogenesis. Later, a study using immunoassay
technique showed high urinary levels of cyclic guanosine
3’:5’ monophosphate (cGMP) in rats with implanted liver
[46]
and kidney tumours . These findings were confirmed in
[47]
1982 by Dusheiko et al in a clinical study on humans.
The urinary cGMP excretion, as well as the plasma and
ascitic fluid levels of cGMP, were found to be increased
in patients with HCC, hepatic disease and other neo
[47]
plasms . These findings supported the hypothesis of
a shift in cyclic nucleotide metabolism toward cGMP in
cancer. However, urinary cGMP is not accurate to detect
progression of cirrhosis to HCC, nor to differentiate HCC
from other cancers.
The case for nucleoside derivatives as tumour
[48]
markers was supported in 1986 by Tamura et al
in
their study in HCC patients using high performance

Urinary biomarkers

To be a urinary biomarker, a substance must pass
through the renal collecting system avoiding tubular
re-absorption, after plasma filtration through the renal
glomerulus thanks to its size and ionic charge. Indeed
the renal glomerulus is a barrier for larger or negatively
charged plasma proteins, like albumin, since only mole
cules of < 20 kDa or 1.8 nm in size may pass through.
Only after these passages can a molecule finally be found
in enough quantities in urine to allow a diagnosis.

How select a good diagnostic test?

A good test must have high sensitivity (ideally 100%)
and specificity, whilst also detecting the disease in its
early stages, in order to allow the best treatment. “Gold
standard” is the term used for the most accurate test
that unfortunately is often expensive or time consuming
to use for rapid diagnostics in the daily practice. So a
good test must also be cheap, minimally invasive with
low risk for the patient, and rapid, providing the needed
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cancers and other inflammatory diseases such as HIV
[55]
infection , thus it is not specific for the diagnosis of
HCC. Conversely, the combination of HPLC urinary levels
of neopterin, pseudouridine and creatinine is a reliable
indicator of RNA turnover, indicating neoplastic growth,
in adenocarcinoma, non-Hodgkin’s lymphoma and
[56]
HCC .

Table 2 Urinary markers of hepatocellular carcinoma
Year

Urinary biomarker

Nucleosides and nucleotides
1974
Methylated purines[45]
1976
Cyclic GMP[46,47]
1986
Pseudouridine[48,49]
Proteins and polyamines
1990
TGFα and β[50-52]
1998
Neopterin[53-56]
2004
Urinary trypsin inhibitor[59,60]
1998
Spermine, putrescine, spermidine[58]
Metabolite profiles
2009
Octanedioic acid, glycine and hypoxanthine[61]
2010
Creatinine, carnitine, creatine[62]

Polyamines

The exact role of the polyamines (putrescine, spermine
and spermidine) is unclear, although they are involved
in cellular proliferation. Putrescine acts on S-adenosylme
thionine (SAMe), a methylating molecule, to produce
spermine, which in turn acts on further SAMe molecules
[57]
[58]
to produce spermidine . Antoniello et al , in their
study based on reverse phase liquid chromatography,
found increased levels of free and acetylated polyamines
in the urine of patients affected by HCC compared to
[58]
both healthy and disease controls (cirrhotic patients) .
As other biomarkers polyamines are not specific to HCC
and not sensitive enough for early-stage diagnosis.

GMP: Guanosine 3’:5’ monophosphate; TGF: Transforming growth factor.

liquid chromatography (HPLC). They detected high level
of urinary pseudouridine, a C-glycoside isomer of the
nucleoside uridine,that showed a high sensitivity (83%)
[48]
for HCC diagnosis if combined with serum AFP levels .
Urinary pseudouridine levels probably reflect the overall
cellular proliferation in tumorigenesis and are not specific
for HCC, since have also been shown to be elevated in
other cancers, such as non-Hodgkin’s lymphoma.
[49]
Jeng et al
showed, with an HPLC-based study in
Taiwanese subjects, that the nucleosides adenosine,
cytidine and inosine were elevated in the urine of patients
affected by HCC and if joined with serum levels of AFP,
the diagnosis of cancer was reached with a sensivity
[49]
of 80% . However this study evaluated the potential
markers of HCC comparing only with a healthy control
group, not considering cirrhotic patients, decreasing the
reliability of the study.

Urinary trypsin inhibitor

Urinary trypsin inhibitor (UTI) is a 25 kDa trypsin
inhibitor used as a marker of hepatocyte function, it
is believed to be produced by hepatocytes. A study in
2004 failed to shows a significant difference in levels
[59]
of UTI in liver cirrhosis and HCC patients reducing its
usefulness in the early diagnosis of cancer. Other authors
demonstrated that there is a correlation with the severity
[60]
of liver disease, indeed Kikuchi et al found a reduction
of UTI plasmatic levels after HCC surgical treatment.
Moreover the levels of UTI were correlated also with risk
of tumour recurrence. Thus, UTI may be considered a
biomarker of hepatic disorders and HCC but, also in this
case, it lacks sensitivity for the early detection of cancer.

Transforming growth factor α and β

In 1990, a study using a modified ELISA assay, showed
the presence of transforming growth factor α (TGFα) in
[50]
the urine of patients affected by HCC . The following
[51]
year a small study by Chuang et al
identified low
molecular weight epidermal growth factor-related TGFs
with functional activity in the urine of a similar group of
patients. The same author corroborated their results in
a larger study in 1997, showing a correlation of urinary
[52]
TGFβ1 with the outcome of HCC patients . A functional
explanation of TGFs role in carcinogenesis comes from
the ability to stimulate non-transformed cells to grow as
colonies in vitro. However further studies are needed to
confirm if these findings are specific for HCC compared
to other malignancies.

Metabolic profiling
[61]

Wu et al , in their study based on urinary gas chroma
tography mass spectrometry of 20 HCC patients, founda
marker set of 18 metabolites (including octanedioic
acid, glycine and hypoxanthine) distinguishing HCC and
healthy Chinese controls, but a disease control group
[61]
of cirrhotic patients was not considered . This reduces
the reliability of those findings in the principal at risk
population.
1
A recent proton magnetic resonance ( H-NMR)
[62]
spectroscopy study by Shariff et al
reported a panel
of urinary metabolites discriminating patients affected
by HCC from both healthy controls and cirrhotic ones,
with high sensitivity and specificity, respectively 100%
and 93% in the first case and 89.5% and 88.9% in the
[62]
second one, in a Nigerian groups of patients (Figure 5) .
This panel included creatine, creatinine, carnitine and
acetone, that mirror an alteration of energy metabolism
and cellular growth in such group of patients. Moreover,
creatine is a biomarker of cachexia and sarcopenia
related to the malignancy condition. These results need
to be corroborated by larger studies on different ethnicity,

Neopterin

Neopterin is a protein released from macrophages
during the inflammatory response. In 1998 authors
showed increased urinary levels of neopterin in Japanese
patients with advanced HCC, correlating with lesion
size but not with AFP. However this protein was not
[53,54]
detected in patients with early HCC
. Unfortunately,
neopterin has been found to be elevated in several
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Figure 5 Principal components multivariate statistical analysis (A) and partial least squared discriminant multivariate statistical analysis (B). A: Principal
components multivariate statistical analysis scatter plot showing statistical separation of data sets of urinary nuclear magnetic (NMR) spectroscopy information
of hepatocellular carcinoma (HCC) subjects (small black spots), compared to urinary data sets from healthy controls (small green spots); B: Partial least squared
discriminant multivariate statistical analysis showing statistical differentiation of metabolite information from HCC subjects obtained using NMR spectroscopy,
compared to similar urinary data sets from patients with cirrhosis. These are the essential raisons d’être for searching and using urinary biomarkers for the early and
reliable diagnosis of HCC, but promising research is still being undertaken to this end (Figure 6).
Metabolites discriminating between HCC and liver disease
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Figure 6 Statistical “loadings plot” of information obtained from an urinary nuclear magnetic resonance spectroscopy data set showing metabolites
upregulated in hepatocellular carcinoma (upward peaks: Carnitine, anserine, creatine, acetylcarnitine, alpha-ketoglutarate) and downregulated in
hepatocellular carcinoma (downward pointing peaks: Hippurate, glycine, trimethylamineoxide, creatinine, citrate), compared to urinary nuclear magnetic
resonance spectroscopy data from patients with cirrhosis. Most metabolites represent alternative energy metabolites as liver tumours are not solely dependent
on glycolysis for an energy source. HCC: Hepatocellular carcinoma; TMA: Trimethylamineoxide; OPLS: Orthogonal partial least squares discriminant analysis.

before this panel could be applicable and extended to the
varying range of patients affected by HCC.
The information contained in the urine is useful to
reach the diagnosis and urinary dipsticks are used in
daily practice, allowing the physician to institute rapid
management of an underlying condition, ranging from
urinary tract infections to pregnancy. A new urinary
dipstick test for the diagnosis of HCC would be of great
value both in developed countries, where the first
screening could be done by general practitioners, and in
the resource-poor settings, where patients may not have
easy access to serological tests or imaging facilities.
These are the essential raisons d’être for searching
and using urinary biomarkers for the early and reliable
diagnosis of HCC, but promising research is still being
undertaken to this end (Figure 6).
[62-64]
1
After preliminary studies
using urinary H-NMR
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spectroscopy in African populations, multiple marker
metabolites in the urine do provide clues for the im
plication of altered energy-related pathways in the
[63]
pathogenesis and progression of HCC . More impor
tantly from a clinical perspective, metabotypic changes
seem to characterize HCC patients with enhanced
sensitivity and specificity compared to serum AFP in the
published studies to date, although much work needs
[64]
to be performed on validation of this . These findings
suggest panel of urinary metabolites may prove useful
for screening HCC in at-risk populations.
Moreover, further investigation in high risk populations
[64]
for other liver cancers, such as cholangiocarcinoma ,
[65]
notably in Northeast Thailand , may be a worthwhile
direction to pursue, potentially providing an answer
to the difficult challenge of early diagnosis of primary
cholangiocarcinoma and of monitoring the effects of
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[66-68]

treatment, whenever available
. Furthermore, the
rising trend of prevalence of cholangiocarcinoma in
[69,70]
Europe, although of uncertain origin
, is a matter of
serious concern, but the lesson learnt by the long history
of HCC can be useful for future research and applications.

3

4

CONCLUSION
Urinary biomarkers have been studied for almost half
century, including nucleosides, small proteins, polya
mines and recently, metabolites. Some of the techniques
and tests described are already suitable for more wide
spread clinical application, as is the case with ultrasoundbased liver diagnostics, but others, such as urinary
metabonomics, requires a period of critical evaluation
or development to take them from the research arena
to clinical practice. The guidelines of sustainability
in countries with limited resources, facilities and low
financial income can be seen as an opportunity for
addressing research toward low-cost diagnostics and
for driving clinical practice toward more streamlined
technology, with ultimate benefits for the populations of
[70]
poorer countries around the world . Also medicine, as
“science, after all, is essentially international, and it is only
through lack of the historical sense that national qualities
have been attributed to it” (Marie Curie). Medicine should
not exist as a “medical science” with different priorities for
[71]
low and high-income populations . The most important
discoveries and advancements in the field of medicine
have required, and probably still require, more focus to
the clinical problems along with a sustainable analytical
investigation of all the physiological and pathological
details.
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Abstract
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Hepatitis C virus (HCV) is a global challenge; 130-175
million are chronically infected. Over 350000 die each
year from HCV. Chronic HCV is the primary cause of
cirrhosis, hepatocellular carcinoma (HCC), and end-stage
liver disease. Management of chronic HCV is aimed
at preventing cirrhosis, reducing the risk of HCC, and
treating extra hepatic complications. New treatments for
chronic HCV has been devoted based on direct-acting
antivirals, as pegylated interferon (peginterferon) is
responsible for many side effects and limits treatment
access. Sofosbuvir is the first compound to enter the
market with Peginterferon-free combination regimens.
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INTRODUCTION
Hepatitis C is a global health problem as the World
Health Organization (WHO), reported 3-4 million people
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[5,8]

are newly infected with hepatitis C virus (HCV) per year
and 130-170 million people are chronically infected. Over
350000 people die each year from hepatitis C-related
[1]
liver diseases . The data on the global prevalence are
[2]
mostly based on HCV seroprevalence studies . HCVinfected people are at high risk for developing chronic
liver disease, cirrhosis, and hepatocellular carcinoma
(HCC). HCV accounts for about 27% of cirrhotic cases
and about 25% of HCC cases worldwide. However, WHO
data are based on published studies and data submitted
from different countries and regions. Although HCV is a
world epidemic, there is great variability in its distribution
[1,2]
in different regions of the world
(Table 1).
The highest prevalence rates are reported from
developing poor countries in Africa and Asia, while the
developed, industrialized nations in Europe and North
America have low prevalence rates. Egypt, Pakistan,
and China have the highest rates of chronic infection.
Unfortunately, there are no good data from African coun
tries, with the exception of Egypt, Morocco, and South
Africa. The major transmission route in these countries
is thought to be unsafe injections using contaminated
equipment as in the case of Egypt, where the HCV
epidemic has been mainly attributed to the prolonged
use of parenteral anti-schistosomal treatment (antimony
potassium tartrate, tartar emetics) with use of nondisposable glass syringes for more than 30 years. Chronic
HCV is the most common cause of cirrhosis and the most
[3]
common indication for liver transplantation in Egypt .

Asia especially in Hong Kong and Southern China .
Genotypes 2, 4, and 6 are responsible for the majority
of the remaining cases of HCV worldwide after cases
caused by genotype 1and 3, with an estimated 16.5
million (9.1%), 15.0 million (8.3%), and 9.8 million
(5.4%) cases, respectively. To date, only one genotype
7 infection has been reported; it was isolated in Canada
[10]
from a Central African immigrant .

PREVALENCE OF HCV GENOTYPES AND
SUBTYPES

DIAGNOSIS

MORBIDITY
Twenty-five percent to thirty percent of chronic infected
[3]
HCV will suffer from cirrhosis after 20-30 years . Twentyfive percent or more of cirrhotic patients will develop endstage liver disease or hepatocellular carcinoma. However,
pre-cirrhotic infection is not benign, and many HCVinfected patients suffer from extra-hepatic manifestations
such as fatigue, joint affection, depression, insulin
resistance, diabetes mellitus, nephropathy and lympho
proliferative disorders which increase the hospitalization
[11-13]
for HCV patients by 15% per year
.

MORTALITY
Chronic HCV infection causing about 2.4 million deaths
each year. Recently reported that, the average annual
age-adjusted mortality rate of deaths in which HCV
was increased by 0.18 deaths per 100000 persons per
[14]
year .

HCV is often remains undiagnosed for many years and
usually diagnosed accidentally. HCV should be suspected
in high risk persons and all patients presenting with
increased liver enzymes, or cryptogenic chronic liver
[15]
disease . Infection with HCV is diagnosed by testing for
specific antibodies using enzyme immunoassay (EIA),
chemiluminescence immunoassays and recombinant
[16]
immunoblot assays . The introduction of the third
generation EIA has brought the specificity of the sero
[17]
logical testing to extremely high (greater than 99%) .
The presence of HCV antibodies indicate that HCV
infection is acute, chronic, or has resolved. HCV-RNA
can be detected in the blood using polymerase chain
[18]
reaction or transcription-mediated amplification . HCVRNA should be determined before initiating treatment
[19]
and monitoring of HCV treatment . HCV genotyping is
useful in determining treatment duration and predicting
[20-22]
the likelihood of treatment response
.

HCV classified into seven genotypes (1-7) with multiple
subtypes on the basis of phylogenetic and sequence
[4,5]
analyses of whole viral genomes . HCV strains be
longing to different genotypes differ at 30%-35% of
nucleotide sites. Strains that belong to the same subtype
[6]
differ at < 15% of nucleotide sites . The distribution of
HCV genotypes depend on modes of transmission and
[5]
ethnic variability .
Genotype 1 is the most common HCV genotype and
is estimated to account for 83.4 million (46.2%), with
wide geographical distribution, in Northern and Western
[4,5]
Europe, Asia, North and South America, and Australia .
HCV genotype 2 mostly present in West and Central
[7,8]
Africa, as its endemic place of origin . HCV genotype 3
is the next most common genotype after genotype 1 and
account for 54.3 million (30.1%) cases globally, about
[4]
75% of this number occur in south Asia . Genotype 4 is
[7]
characteristic for the Middle East especially Egypt . The
predominant HCV genotype among Egyptians was found
to be genotype 4, particularly subtype 4a suggesting
an epidemic spread of HCV. However, recent studies
revealed that other genotypes and subtypes as 1a, 1b,
and 2a are also present indicating that HCV genotypes
[8,9]
are extremely variable . Genotype 5 is present only
[5,7]
in South Africa . Genotype 6 is endemic in South East
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TREATMENT
Treatment indications

The goal of antiviral therapy is to cure HCV with sus
tained virological response (SVR). Treatment should be
recommended in all chronic HCV infection adult patients
especially patients who are at risk of developing cirrhosis
unless there are therapy contraindications. Treatment of
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relapsed patients on previous treatment and resistant
patients). These new drugs open a new era in the
management of chronic HCV infection after 25 years of
HCV discovery. During these 25 years, the classical line
of treatment of HCV had many side effects with limited
success and low SVR; the new class of drug is called
[32]
directly acting antiviral agents (DAAs) .
DAAs drugs increase the SVR rates with fewer
side effects and provide a new hope for chronic HCV
either naïve or treated patients with simplified route of
administration via oral intake and more short period
for treatment. First-generation NS3 protease inhibitors
introduced in the market of HCV therapy since 2011
are telaprevir and boceprevir, which approved as a new
standard line of therapy for genotype 1 HCV patients
in addition to standard classical therapy, although low
SVR rates were obtained in replasers and previous
[33]
non-responder to dual therapy . Moreover, many side
effects, especially in patients with advanced grade of
[34]
hepatic fibrosis .
Sofosbuvir (SOF), simeprevir (SIM), and daclatasvir
(DCV), are new generations of DAAs which increase the
SVR rates with fewer side effects and short duration of
treatment. These drugs are used with or without PegIFN
and/or RBV combination with different duration of
treatment according to combination were used. In IFN
eligible patients, the optimal regimen is a 12-wk course
of PegIFN and RBV plus SOF, SIM, and DCV, but in IFN
ineligible patients, the best line of treatment is 24-wk
of SOF/RBV, or 12-wk of SOF-SIM or SOF-DCV with or
without RBV. Monotherapy with SOF, SIM, and DCV is
[35]
not recommended .

Table 1 Hepatitis C prevalence rates in developed and deve
[1]
loping countries
Country

Prevalence

Egypt
Italy
Pakistan
China
Indonesia

18%-22%
2.5%-10%
4.9%
3.2%
2.1%

Table 2 Pretreatment assessments in patients with chronic
[23]
hepatitis C virus infection
Medical history, including previous antiviral therapies and response
Psychiatric history, including substance use disorders
Liver function tests, including liver enzymes, serum albumin, serum
bilirubin, and prothrombin time
Complete blood count
Thyroid-stimulating hormone
Serum creatinine
Plasma glucose
Pregnancy test (in female of childbearing period)
HIV serology
Hepatitis B surface antigen
Quantitative HCV RNA measurement
Retinal examination
Electrocardiogram
HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.

chronic HCV with pegylated interferon (PegIFN)-alpha
and ribavirin (RBV) containing regimens is absolutely
contraindicated in: Uncontrolled depression, psychosis or
epilepsy; pregnancy; severe concurrent medical diseases
including retinopathy, autoimmune thyroid disorders;
[16,23,24]
liver cell failure
.
Now, Pretreatment liver biopsy is not mandatory
[25]
and instead we can use fibroscan . Other lines of
pretreatment assessment are included in (Table 2).
Until 2011, the combination of PegIFN-alpha and
ribavirin for 24 or 48 wk was the standard of care for
treatment of HCV infection. PegIFNs administered
subcutaneously once weekly in combination with oral
RBV, resulting overall SVR rates of 40%-50% among
[21,26]
treatment-naïve patients
. SVR rates were lower in
[27]
specific patient populations, such as African Americans .
Adverse events from either PegIFN alpha-2a or alpha-2b,
and RBV are similar. The optimal RBV dose appears to be
between 800 and 1400 mg per day, based on weight in
[28]
combination with either PegIFN product . The standard
treatment duration of PegIFN and RBV has been 48 wk,
except in patients who are slow responders (detectable
HCV RNA at 12 wk but undetectable HCV RNA by 24 wk
into treatment), in whom extending therapy to 72 wk
[29,30]
may be beneficial
.

SOF as line of treatment of chronic HCV

SOF is pan-genotypic antiviral HCV-specific nucleotide
inhibitor of viral NS5B polymerase that acts as chain
terminator when incorporated as a substrate by RNA
polymerase in the nascent HCV-RNA genome, leading
to inhibition of viral replication which has a high barrier
[36]
to resistance . SOF is taken at dose of 400 mg once
daily oral, without relation to food intake. SOF is taken
as prodrug which became active molecule by phosph
orylation inside the hepatocytes. SOF is metabolized
by dephosphorylation to convert the active molecule to
inactive metabolite GS-331007. GS-331007 is excreted
through the kidney but the dose modification of SOF is
not required if creatinine clearance is ≤ 30 mL/min. In
severe renal impairment and end stage renal disease
SOF is not recommended. Dose adjustment is not
recommended in patients with mild-to-severe hepatic
[37,38]
impairment
.
SOF treatment regimens without PegIFN should not
be used for patients with genotype 1, 4, 5 or 6 HCV
infection unless the HCV patients had contraindication for
PegIFN. Patients with advanced liver fibrosis or cirrhosis,
high baseline viral load, previous unresponsiveness
to PegIFN and RBV combination therapy may need
[39]
extended course for 24 wk .

New drugs for hepatitis C

After 2011, new oral effective drugs have been intro
duced in the treatment of chronic HCV infection with the
[31]
cure rate about 90% ; suggest that we might soon
be able to cure all patients with HCV (treatment-naïve,
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GLOBAL PREVENTION AND CONTROL
In many countries, including the developed countries,
most patients with HCV infection are unaware about
their infection for many years and, so developed cirrhosis
and HCC before they known about their HCV infection
and also became a big source of HCV infection in their
[40]
communities . In developing countries, barriers to
screening include inadequate awareness of hepatitis C
among healthcare providers and their patients. Public
health officials in many developing countries do not
understand the true burden of HCV infection. Survei
[41,42]
llance for HCV infection is very important
. Linking
prevention to testing, and treatment of HCV infection
requires a comprehensive approach tailored to meet the
[43]
needs of individual countries .

13

14

15

16

CONCLUSION

17

DAAs drugs represent a breakthrough in HCV therapy.
The next few years are expected to introduce more
new drugs in the market of HCV therapy with complete
elimination of PegIFN and RBV combination therapy.

18

REFERENCES
1
2
3
4

5
6

7
8
9
10

11

12

World Health Organization. Secretariat. Viral hepatitis. SixtyThird World Health Assembly A63/15. Provisional agenda item
11.12. Geneva: World Health Organization, 2010
Shepard CW, Finelli L, Alter MJ. Global epidemiology of
hepatitis C virus infection. Lancet Infect Dis 2005; 5: 558-567
[PMID: 16122679 DOI: 10.1016/S1473-3099(05)70216-4]
Seeff LB. Natural history of chronic hepatitis C. Hepatology 2002;
36: S35-S46 [PMID: 12407575 DOI: 10.1053/jhep.2002.36806]
Messina JP, Humphreys I, Flaxman A, Brown A, Cooke GS,
Pybus OG, Barnes E. Global distribution and prevalence of
hepatitis C virus genotypes. Hepatology 2015; 61: 77-87 [PMID:
25069599 DOI: 10.1002/hep.27259]
Hajarizadeh B, Grebely J, Dore GJ. Epidemiology and natural
history of HCV infection. Nat Rev Gastroenterol Hepatol 2013; 10:
553-562 [PMID: 23817321 DOI: 10.1038/nrgastro.2013.107]
Smith DB, Bukh J, Kuiken C, Muerhoff AS, Rice CM, Stapleton
JT, Simmonds P. Expanded classification of hepatitis C virus
into 7 genotypes and 67 subtypes: updated criteria and genotype
assignment web resource. Hepatology 2014; 59: 318-327 [PMID:
24115039 DOI: 10.1002/hep.26744]
Karoney MJ, Siika AM. Hepatitis C virus (HCV) infection in
Africa: a review. Pan Afr Med J 2013; 14: 44 [PMID: 23560127
DOI: 10.11604/pamj.2013.14.44.2199]
Lavanchy D. Evolving epidemiology of hepatitis C virus. Clin
Microbiol Infect 2011; 17: 107-115 [PMID: 21091831 DOI: 10.1111/
j.1469-0691.2010.03432.x]
Daw MA, Dau AA. Hepatitis C virus in Arab world: a state of
concern. ScientificWorldJournal 2012; 2012: 719494 [PMID:
22629189 DOI: 10.1100/2012/719494]
Murphy DG, Willems B, Deschênes M, Hilzenrat N, Mousseau
R, Sabbah S. Use of sequence analysis of the NS5B region for
routine genotyping of hepatitis C virus with reference to C/E1
and 5’ untranslated region sequences. J Clin Microbiol 2007; 45:
1102-1112 [PMID: 17287328 DOI: 10.1128/JCM.02366-06]
Arrese M, Riquelme A, Soza A. Insulin resistance, hepatic
steatosis and hepatitis C: a complex relationship with relevant
clinical implications. Ann Hepatol 2010; 9 Suppl: 112-118 [PMID:
20714007]
Jacobson IM, Cacoub P, Dal Maso L, Harrison SA, Younossi

WJH|www.wjgnet.com

19

20
21

22

23
24
25
26

27

28

2679

ZM. Manifestations of chronic hepatitis C virus infection beyond
the liver. Clin Gastroenterol Hepatol 2010; 8: 1017-1029 [PMID:
20870037 DOI: 10.1016/j.cgh.2010.08.026]
Moorman AC, Gordon SC, Rupp LB, Spradling PR, Teshale EH,
Lu M, Nerenz DR, Nakasato CC, Boscarino JA, Henkle EM, OjaTebbe NJ, Xing J, Ward JW, Holmberg SD. Baseline characteristics
and mortality among people in care for chronic viral hepatitis:
the chronic hepatitis cohort study. Clin Infect Dis 2013; 56: 40-50
[PMID: 22990852 DOI: 10.1093/cid/cis815]
Ly KN, Xing J, Klevens RM, Jiles RB, Ward JW, Holmberg SD.
The increasing burden of mortality from viral hepatitis in the
United States between 1999 and 2007. Ann Intern Med 2012; 156:
271-278 [PMID: 22351712 DOI: 10.7326/0003-4819-156-4-20120
2210-00004]
Recommendations for prevention and control of hepatitis C virus
(HCV) infection and HCV-related chronic disease. Centers for
Disease Control and Prevention. MMWR Recomm Rep 1998; 47:
1-39 [PMID: 9790221]
Ghany MG, Strader DB, Thomas DL, Seeff LB; American
Association for the Study of Liver Diseases. Diagnosis, manage
ment, and treatment of hepatitis C: an update. Hepatology 2009;
49: 1335-1374 [PMID: 19330875 DOI: 10.1002/hep.22759]
Colin C, Lanoir D, Touzet S, Meyaud-Kraemer L, Bailly F,
Trepo C; HEPATITIS Group. Sensitivity and specificity of thirdgeneration hepatitis C virus antibody detection assays: an analysis
of the literature. J Viral Hepat 2001; 8: 87-95 [PMID: 11264728
DOI: 10.1046/j.1365-2893.2001.00280.x]
McHutchison JG, Gordon SC, Schiff ER, Shiffman ML, Lee
WM, Rustgi VK, Goodman ZD, Ling MH, Cort S, Albrecht JK.
Interferon alfa-2b alone or in combination with ribavirin as initial
treatment for chronic hepatitis C. Hepatitis Interventional Therapy
Group. N Engl J Med 1998; 339: 1485-1492 [PMID: 9819446
DOI: 10.1056/NEJM199811193392101]
Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis
progression in patients with chronic hepatitis C. The OBSVIRC,
METAVIR, CLINIVIR, and DOSVIRC groups. Lancet 1997; 349:
825-832 [PMID: 9121257 DOI: 10.1016/S0140-6736(96)07642-8]
Friedrich-Rust M, Zeuzem S, Sarrazin C. Current therapy for
hepatitis C. Int J Colorectal Dis 2007; 22: 341-349 [PMID:
16175369 DOI: 10.1007/s00384-005-0038-9]
Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman
M, Reindollar R, Goodman ZD, Koury K, Ling M, Albrecht JK.
Peginterferon alfa-2b plus ribavirin compared with interferon
alfa-2b plus ribavirin for initial treatment of chronic hepatitis C:
a randomised trial. Lancet 2001; 358: 958-965 [PMID: 11583749
DOI: 10.1016/S0140-6736(01)06102-5]
Hu KQ, Tong MJ. The long-term outcomes of patients with
compensated hepatitis C virus-related cirrhosis and history of
parenteral exposure in the United States. Hepatology 1999; 29:
1311-1316 [PMID: 10094980 DOI: 10.1002/hep.510290424]
Kim AI, Saab S. Treatment of hepatitis C. Am J Med 2005; 118:
808-815 [PMID: 16084169 DOI: 10.1016/j.amjmed.2005.01.073]
Sandeep M, Dhawan VK. Hepatitis C Treatment & Management.
In: Katz J, editor. Medscape reference, 2012
National Institutes of Health Consensus Development Conference
Panel statement: management of hepatitis C. Hepatology 1997; 26:
2S-10S [PMID: 9305656 DOI: 10.1002/hep.510260701]
Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G,
Gonçales FL, Häussinger D, Diago M, Carosi G, Dhumeaux
D, Craxi A, Lin A, Hoffman J, Yu J. Peginterferon alfa-2a plus
ribavirin for chronic hepatitis C virus infection. N Engl J Med 2002;
347: 975-982 [PMID: 12324553 DOI: 10.1056/NEJMoa020047]
Muir AJ, Bornstein JD, Killenberg PG. Atlantic Coast Hepatitis
Treatment Group. Peginterferon alfa-2b and ribavirin for the
treatment of chronic hepatitis C in blacks and non-Hispanic whites.
N Engl J Med 2004; 350: 2265-2271 [PMID: 15163776 DOI:
10.1056/NEJMoa032502]
Jacobson IM, Brown RS, Freilich B, Afdhal N, Kwo PY, Santoro
J, Becker S, Wakil AE, Pound D, Godofsky E, Strauss R, Bernstein
D, Flamm S, Pauly MP, Mukhopadhyay P, Griffel LH, Brass CA.

November 18, 2015|Volume 7|Issue 26|

Mohamed AA et al . HCV global view

29

30

31

32

33

34
35

Peginterferon alfa-2b and weight-based or flat-dose ribavirin in
chronic hepatitis C patients: a randomized trial. Hepatology 2007;
46: 971-981 [PMID: 17894303 DOI: 10.1002/hep.21932]
Berg T, von Wagner M, Nasser S, Sarrazin C, Heintges T,
Gerlach T, Buggisch P, Goeser T, Rasenack J, Pape GR, Schmidt
WE, Kallinowski B, Klinker H, Spengler U, Martus P, Alshuth
U, Zeuzem S. Extended treatment duration for hepatitis C virus
type 1: comparing 48 versus 72 weeks of peginterferon-alfa-2a
plus ribavirin. Gastroenterology 2006; 130: 1086-1097 [PMID:
16618403 DOI: 10.1053/j.gastro.2006.02.015]
Pearlman BL, Ehleben C, Saifee S. Treatment extension to
72 weeks of peginterferon and ribavirin in hepatitis c genotype
1-infected slow responders. Hepatology 2007; 46: 1688-1694
[PMID: 18046717 DOI: 10.1002/hep.21919]
Kowdley KV, Lawitz E, Poordad F, Cohen DE, Nelson DR,
Zeuzem S, Everson GT, Kwo P, Foster GR, Sulkowski MS, Xie
W, Pilot-Matias T, Liossis G, Larsen L, Khatri A, Podsadecki T,
Bernstein B. Phase 2b trial of interferon-free therapy for hepatitis
C virus genotype 1. N Engl J Med 2014; 370: 222-232 [PMID:
24428468 DOI: 10.1056/NEJMoa1306227]
Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton
M. Isolation of a cDNA clone derived from a blood-borne non-A,
non-B viral hepatitis genome. Science 1989; 244: 359-362 [PMID:
2523562]
Aghemo A, Degasperi E, Colombo M. Directly acting antivirals
for the treatment of chronic hepatitis C: unresolved topics from
registration trials. Dig Liver Dis 2013; 45: 1-7 [PMID: 22695478
DOI: 10.1016/j.dld.2012.05.002]
D’Ambrosio R, Colombo M. Safety of direct antiviral agents
in real life. Dig Liver Dis 2013; 45 Suppl 5: S363-S366 [PMID:
24091117 DOI: 10.1016/j.dld.2013.07.012]
Abdel-Razek W, Waked I. Optimal therapy in genotype 4 chronic
hepatitis C: finally cured? Liver Int 2015; 35 Suppl 1: 27-34 [PMID:

36
37

38
39
40

41

42
43

25529085 DOI: 10.1111/liv.12724]
Martel-Lafferriere V, Dieterich DT. GS-7977: A promising
nucleotide analog NS5B polymerase inhibitor of HCV. Future Virol
2012; 7: 537-546
Kirby B, Gordi T, Symonds WT, Kearney BP, Mathias A.
Population pharmacokinetics of sofosbuvir and its major metabolite
(GS-331007) in healthy and HCV-infected adult subjects. 64th
Annual Meeting of the American Association for the Study of
Liver Diseases. Washington: DC, 2013 Nov 1-5
Degasperi E, Aghemo A. Sofosbuvir for the treatment of chronic
hepatitis C: between current evidence and future perspectives. Hepat
Med 2014; 6: 25-33 [PMID: 24822024 DOI: 10.2147/HMER.S44375]
NICE technology appraisal in development. Final appraisal
determination - sofosbuvir (ID654) for treating chronic hepatitis C.
London: NICE, 2015: 1-104
Institute of Medicine (US) Committee on the Prevention and
Control of Viral Hepatitis Infection, Colvin HM, Mitchell AE.
Hepatitis and liver cancer: A national strategy for prevention
and control of hepatitis B and C. Washington (DC): National
Academies Press (US), 2010
Arab Republic of Egypt, Ministry of Health and Population
National Committee for the Control of Viral Hepatitis. Egyptian
national control strategy for viral hepatitis 2008-2012. [Accessed
2012 Jan 5]. Available from: URL: http://www.pasteur-international.
org/ip/resource/filecenter/document/01s-000042-0da/nsp-10-april2008-final.pdf
Ministry of Health, Government of Pakistan. Prime Minister’s
Program for Hepatitis Prevention and Control phase I (2005-2010)
and phase II (2010-2015). Report, 2010
World Hepatitis Alliance. Viral hepatitis: Global policy. [Accessed
2012 Jan 3]. Available from: URL: http://www.worldhepatitisalliance.
org/Libraries/Campaign_Materials/Viral_Hepatitis_Global_Policy.
sflb.ashx
P- Reviewer: Herzer K, Parola M S- Editor: Gong XM
L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

2680

November 18, 2015|Volume 7|Issue 26|

World J Hepatol 2015 November 18; 7(26): 2681-2687
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i26.2681

MINIREVIEWS

Factors associated with the response to interferon-based
antiviral therapies for chronic hepatitis C
Hirayuki Enomoto, Shuhei Nishiguchi
years. Because of its established antitumor effects, IFNbased treatments for chronic HCV infection still have a
clinical impact, particularly for patients with high risk
conditions of developing hepatocellular carcinoma, such
as older age and advanced liver fibrosis. As a result
of exhaustive research, several viral factors, including
NS5A amino acid mutations such as the IFN sensitivitydetermining region and the IFN/ribavirin resistancedetermining region, and mutations of amino acids in
the core protein region (core 70 and 91) were shown to
be associated with the response to IFN-α treatment. In
addition, among the host factors related to the response
to IFN-α treatment, polymorphisms of the interleukin28B gene were identified to be the most important
factor. In this article, we review the factors associated
with the efficacy of IFN-α treatment for chronic HCV
infection. In addition, our recent findings regarding the
possible involvement of anti-IFN-α neutralizing anti
bodies in a non-response to pegylated-IFN-α treatment
are also described.
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Core tip: Interferon-α (IFN-α) therapy has been playing a
central role in anti-hepatitis C virus (HCV) strategies, and
several viral and host factors related to the treatment
efficacy have been identified. After the development
of pegylated-IFN-α (Peg-IFN-α), the clinical impact of
anti-IFN-α neutralizing antibodies in the treatment for
HCV infection has not been sufficiently addressed. We
recently found that anti-IFN-α neutralizing antibodies
were associated with a non-response to Peg-IFN-α
treatment. Our findings provide important information
for the treatment of chronic hepatitis C in the clinical
setting.

Abstract
Hepatitis C virus (HCV) infection is a major health
concern worldwide. Interferon-α (IFN-α) therapy has
been the main antiviral treatment for more than 20
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reported that recombinant IFN treatment normalized
the aminotransferase levels of patients with NANB
hepatitis, and suggested the potential clinical utility of
IFN treatment for NANB hepatitis. In 1989, HCV was
[13]
identified by Choo et al , and many patients with
NANB hepatitis were demonstrated to be infected with
HCV. In 1992, IFN-α monotherapy was approved as
the first antiviral therapy for chronic hepatitis C (CH-C)
in Japan. At that time, the factors associated with the
efficacy of IFN-α treatment were unclear, and IFN-α
treatment was sensationally reported as a “dream”
therapy that would cure about 30% of CH-C patients.
However, intensive research demonstrated several
[3,4]
factors that were related to the efficacy of treatment .
Among these factors, serogroup 1 and a high viral
load (100 KIU/mL: Currently 5.0 log copies/mL) were
particularly associated with poor treatment efficiency,
and most Japanese patients who achieved a sustained
viral response (SVR) were infected with viruses of
serogroup 2 or had a low viral load. Unfortunately, about
60%-70% of Japanese CH-C patients were infected
with viruses of serogroup 1 (mostly genotype 1b) and
had a high viral load (so-called “1b/high” patients),
and fewer than 5% of these patients experienced a
successful eradication of HCV by the IFN-α treatment.
Therefore, many Japanese “1b/high” patients showed
unfavorable outcomes despite their high expectations
to be free from HCV infection, and a few years after the
approval of IFN-α treatment for CH-C, the “1b/high”
patients came to be considered patients who should
not be treated using this regimen, because they were
predicted to be at risk for experiencing adverse events
without achieving a SVR.
Although only a small percentage of patients with
1b/high disease obtained a SVR, this finding indicated
that there were patients who achieved a SVR irres
pective of infection with “1b/high” viruses. In 1996,
[14]
Enomoto et al
compared the amino acid sequences
of HCV between patients with a SVR and those without
a SVR. They found that the amino acids sequence of
the NS (non-structural) 5A region was closely related
to the eradication of HCV genotype 1b in response to
IFN-α monotherapy. They named the specific region
(NS5A 2209-2248) the interferon sensitivity determining
region (ISDR). The identification of the ISDR had a high
clinical impact; however, the HCV phenotype with many
mutations of amino acids in the ISDR was observed in
only in a small percentage of “1b/high” patients, and HCV
eradication remained a major challenge for Japanese
clinicians.
In 2000, ribavirin (RBV) became clinically available,
and about 20%-30% of “1b/high” patients succeeded in
obtaining a SVR following RBV treatment. This gave phy
sicians the impression that they could also cure patients
infected with “1b/high” viruses even without mutations of
the ISDR. However, because of the presence of an ISDRindependent response, the identification of additional
factors that were associated with the response to IFN-α
[15]
plus RBV combination therapy was needed. Akuta et al

Enomoto H, Nishiguchi S. Factors associated with the response
to interferon-based antiviral therapies for chronic hepatitis C.
World J Hepatol 2015; 7(26): 2681-2687 Available from: URL:
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INTRODUCTION
HCV infection is a major health concern worldwide.
Approximately 150-160 million individuals are assumed
to be infected with hepatitis C virus (HCV), and chronic
HCV infection causes fibrotic liver changes and cirrho
[1,2]
sis . Furthermore, HCV-associated cirrhotic patients
are at a high risk of developing hepatocellular carcinoma
(HCC). The eradication of HCV is considered to terminate
the chronic liver inflammation and decrease the risk of
cirrhosis-associated clinical complications. Therefore,
the main goal of anti-HCV treatment has been focused
on how to eradicated HCV and “cure” the patients.
Interferon-α (IFN-α) therapy has been playing a central
role in anti-HCV strategies. Exhaustive studies have been
carried out to increase the efficacy of IFN-α treatment,
and many viral and host factors have been identified
[3,4]
that affect the response to treatment .
Recently, new agents which directly inhibit the
replication of HCV have been developed [direct-acting
antivirals (DAAs)], and new IFN-free regimens which
include only DAAs have been introduced, with promising
clinical efficacy. IFN-free treatments are currently
approved as standard therapies in the recent guidelines
of the American Association for the Study of Liver Disease
and the European Association for the Study of the
[5,6]
Liver . However, even after a HCV infection has been
resolved, elderly patients with advanced liver fibrosis still
have a high risk at developing HCC, and many Japanese
[7,8]
patients have these features . Previous studies have
shown that IFN therapy significantly reduces the risk for
[9-11]
hepatocellular carcinoma in HCV-infected patients
,
while the antitumor effect of IFN-free treatment has not
yet been sufficiently evaluated. IFN therapy is therefore
still considered to have clinical significance, particularly in
Japanese HCV-infected patients with a high incidence of
HCC. In this article, we review the factors associated with
the efficacy of IFN-α therapy for chronic HCV infection.
In addition, we also discuss our recent findings regarding
the role of anti-IFN-α neutralizing antibodies (NAbs) in
IFN-α based therapy.

VIRAL FACTORS ASSOCIATED WITH
THE RESPONSE OF HCV INFECTION TO
IFN TREATMENT
It was known that there were patients who showed
chronic liver damage irrespective of the absence of
hepatitis A virus or hepatitis B virus infection (nonA-nonB
[12]
hepatitis: NANB hepatitis). In 1986, Hoofnagle et al
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reported that mutations of amino acids in the core protein
region (core 70 and 91) were significantly associated with
a non-response to combination therapy. Subsequently, a
specific region other than the ISDR (NS5A 2334-2379)
was found to be related to the treatment response
to IFN-α plus RBV therapy, and was reported as the
Interferon/Ribavirin Resistance-Determining Region
[16,17]
(IRRDR)
. Overall, the most important viral factors
associated with the response to IFN-α treatment for HCV
were determined to be the amino acid sequences in the
core region and NS5A region, such as mutations of core
70, core 91, ISDR and IRRDR.

inhibit the replication of HCC were developed, and triple
therapy (the Peg-IFN-α plus RBV plus a DAA) became
available in Japan. In 2011, telaprevir, which inhibits the
activity of the protease in the NS3/4A region, was first
approved for clinical use in Japan, and the combination
of telaprevir with Peg-IFN-α plus RBV increased the
[21,22]
SVR rate of the “1b/high” patients over 60%
.
[23,24]
Recently developed drugs such as simeprevir
and
[25,26]
vaniprevir
were shown to provide a SVR in over
80% of the “1b/high” patients when one of these agents
was administrated in combination with the Peg-IFN-α
plus RBV. Although the DAAs showed strong anti-HCV
effects, DAA monotherapy induced viruses with drugresistant mutations, and the main role of a DAA has thus
been to increase the treatment efficacy of Peg-IFN-α and
RBV. Many viral mutations associated with resistance
[27,28]
to DAAs have been reported
; however, factors
associated with the response to the IFN treatment are
also considered to be important in the efficacy of DAAcontaining triple therapy. Table 1 summarizes the various
factors associated with the efficacy of interferon-based
treatment.

HOST FACTORS ASSOCIATED WITH
THE RESPONSE TO IFN TREATMENT FOR
HCV INFECTION
From 2004, when pegylated-IFN-α (Peg-IFN-α) became
available, Peg-IFN-α plus RBV combination therapy came
to be a standard treatment, which provided a SVR in
about 40%-50% of the patients with “1b/high” infections.
Since IFN-α treatment depends on the immune response
of patients, the characteristics of HCV-infected patients
were considered to affect the treatment efficacy. Some
host factors such as aging, sex, and the degree of liver
fibrosis, had long been known to be related with the
treatment efficacy. However, the major predictive factors
for the response to IFN-α treatment were the amino acid
sequences of HCV in the NS5A and core regions, and no
decisive host factor had been discovered.
In 2009, findings regarding the gene polymorphisms
[18-20]
of interleukin 28B (IL28B) were reported
. A genomewide analysis showed that patients with a risk allele had
about 40-fold higher resistance to Peg-IFN-α plus RBV
combination therapy. These three papers were extremely
important, because these studies included various races
of patients from different counties, thus demonstrating
that the involvement of IL28B in the treatment response
to the Peg-IFN-α plus RBV combination therapy was not
limited to patients with a specific ethnic back ground.
In Japan, the IL28B gene polymorphism rs8099917 is
commonly assessed, and patients with the G allele are
predicted to show a poor response to Peg-IFN-α plus RBV
combination therapy. Among the host factors associated
with the response to the IFN-α treatment for HCV, the
IL28B sequence is considered to be the most important
factor.

THE ROLE OF ANTI-IFN-α NEUTRALIZING
ANTIBODIES IN IFN-α TREATMENT
Since IFN treatment involves the exogenous admini
stration of the antiviral drug, patients who receive IFN
sometimes develop anti-IFN NAbs. Anti-IFN NAbs inhibit
the interactions between IFN and its receptor, and
diminish the biological activity of IFN. Anti-IFN NAbs
were reported to be associated with a poor response of
CH-C treated with IFN, particularly in patients treated
[29-32]
with non-natural recombinant IFNs
. With regard to
HCV-infected patients receiving rIFN-α, several previous
studies have suggested that anti-IFN-α NAb were more
frequently detected in the sera of non-responders than
[29-32]
in that of responders
. Because of the difficulty in
obtaining a SVR, Japanese HCV-infected patients with
“1b/high” sometimes received multiple kinds of IFN
therapy, and frequently develop anti-IFN-α NAbs.
Since non-pegylated IFN-α products were unstable
in human sera, the administrated non-pegylated IFN-α
has a short plasma half-life (3-8 h), and becomes unde
[33]
tectable within one day . Peg-IFN-α maintains serum
concentrations that show antiviral effects for a long time
(Peg-IFN-α 2a: 168 h and Peg-IFN-α 2b: 80 h) for two
reasons. One reason is that the clearance of IFN-α is
decelerated because of the biding of the IFN-α with a
high weight molecule agent (polyethylene glycol), and
the other is that the Peg-IFN-α product, which is enclosed
in polyethylene glycol, can escape from recognition and
[34]
attack by the host immune system .
Since Peg-IFN-α products were designed to be
protected from the host immune system, the anti-IFN-α
NAb were no longer believed to be of clinical significance
after Peg-IFN-α was used as the first-line drug. In
[35]
2010, Halfon et al measured anti-IFN-α NAbs with a

MUTATIONS OF HCV RESULTING IN
RESISTANCE TO DAAS
As described above, the Peg-IFN-α plus RBV treatment
increased the rate of HCV eradication in patients with
“1b/high” infection; however, more than half of the
patients with “1b/high” infections still experienced
treatment failure. In order to provide a higher SVR rate
than Peg-IFN-α plus RBV treatment, DAAs which directly
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Table 1 Factors associated with the efficacy of interferon treatment
Factors

Main findings

Classically identified viral and host factors
Age, HCV genotype, Viral load, Liver fibrosis
Viral factors
ISDR
Amino acid mutations of the core region (Nos. 70 and 91)
IRRDR
Drug resistant mutation1
Host factors
IL28B SNPs

Older age, HCV genotype 1, high viral load, and advanced liver fibrosis were
associated with poor treatment results

Ref.
[3,4]

Mutations of the ISDR (NS5A 2209-2234) were positively related to the HCV
[14]
eradication with IFN-α monotherapy
Mutations of amino acids were associated with a poor response to IFN-α plus RBV [15]
treatment
Mutations of the IRRDR (NS5A 2334-2379) were associated with a favorable
[16,17]
response to the IFN-α plus RBV treatment
[27,28]
The hero/minor allele of IL28B SNPs was related to a poor response to Peg-IFN-α
plus RBV treatment

[18-20]

1

Resistant mutations to DAAs are only associated with the treatment efficacy of DAA-containing triple therapy. HCV: Hepatitis C virus; ISDR: Interferon
sensitivity-determining region; IRRDR: Interferon/ribavirin resistance-determining region; RBV: Ribavirin; SNPs: Single nucleotide polymorphisms; PegIFN-α: Pegylated-interferon-α; IL28B: Interleukin 28B; DAA: Direct-acting antiviral.

plus RBV therapy often show a poor response to robust
triple therapy (Peg-IFN-α plus RBV plus a DAA), the
factors associated with the response to IFN treatment
were also suggested to have an impact on the new DAAcontaining therapy. We recently used the HCV-replicon
system with genotype 1b to assess the potential role of
anti-IFN-α NAb in the response to DAA-containing triple
[37]
therapy . Although telaprevir (TVR) monotherapy
rapidly reduced the HCV-RNA level in vitro, the HCVRNA level was increased again with the emergence of
TVR-resistant viruses. Combination treatment with TVR
and IFN-α successfully inhibited the replication of HCV
for more than 30 d. However, in the presence of antiIFN-α NAb-positive sera, the levels of HCV-RNA showed
a time course similar to that with TVR monotherapy, and
TVR-resistant viruses were detected in the conditioned
medium. Our findings suggest that the anti-IFN-α NAb
decreased the antiviral effects of IFN-α and caused
treatment failure even when used in DAA-containing
triple therapy. Indeed, we recently experienced a patient
who achieved a SVR with an IFN-free regimen, despite
that the patient developed the anti-IFN-α NAb and
resulted in NR to the triple therapy. The role of antiIFN-α NAb in triple therapy (Peg-IFN-α plus RBV plus a
DAA) should be clarified in further clinical studies.

quantitative sandwich enzyme-linked immunosorbent
assay and reported that the presence of anti-IFN-α
NAb was not associated with an early viral response
(≥ 2 log10 copies/mL reduction in HCV-RNA at week 12
relative to baseline values). However, Peg-IFN-α agents
are artificially generated drugs as well as conventional
IFN agents, and we therefore asked whether anti-IFN-α
NAbs were associated with the treatment efficacy of
[36]
Peg-IFN-α using an antiviral biological assay method .

ANTI-IFN NEUTRALIZING ANTIBODIES
IN PEG-IFN-α TREATMENT WITH
THE ANTIVIRAL BIOLOGICAL ASSAY
METHOD
We studied a total of 129 patients who had received PegIFN-α plus RBV treatment at our institute, and evaluated
the involvement of anti-IFN-α NAb in the response to
the Peg-IFN-α plus RBV treatment. An antiviral biological
assay revealed that none of the 82 end-of-treatment
responders had developed anti-IFN-α NAbs, while
anti-IFN-α NAbs were detected in seven of the 47 NR
patients (7/47: 14.9%). When we examined the sera
of an additional 83 NR patients who had received PegIFN-α treatment at other institutions, 12 patients were
proven to be anti-IFN-α NAb-positive (12/83: 14.5%).
The patients who had IFN-responsive factors, such as
HCV serogroup 2 and major allele homozygotes for
the IL28B gene, were included in the 19 anti-IFN-α
NAb-positive patients; however, all of them were nonresponders, suggesting that the presence of antiIFN-α NAb contributed to the non-response to the
[36]
Peg-IFN-α treatment . Table 2 shows the published
reports regarding the possible involvement of antiIFN-α neutralizing antibodies in the response to IFN-α
treatment for chronic hepatitis C.
Since patients with a non-response to Peg-IFN-α
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CONCLUSION
Although IFN-free treatments are currently recom
[5,6]
mended in the USA and Europe , the guideline of
the Asian Pacific Association for the Study of Liver
[38]
Disease
includes IFN-based antiviral treatments for
CH-C. Because of its antitumor effects, IFN treatment
is still important in HCV-infected patients, particularly in
Japanese patients who are at a high risk of developing
HCC. Viral factors (such as serogroup, viral load,
mutations of core 70, core 91, ISDR and IRRDR) and
host factors (such as aging, sex, the degree of liver
fibrosis and IL28B SNPs) have been identified to be
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Table 2 Possible involvement of anti-IFN-α neutralizing antibodies in the response to interferon-α treatment for chronic hepatitis C
Treatment

Cohort

Main results

Ref.

IFN-α monotherapy

47

[29]

IFN-α monotherapy

63

IFN-α monotherapy

28

IFN-α monotherapy

84

Peg-IFN-α plus RBV

42

Peg-IFN-α plus RBV

129

Fifteen of 47 patients (31.9%) developed detectable levels of NAbs within two to eight months after starting
treatment. Patients who developed anti-IFN NAbs showed poor responses to IFN (4/15: 26.6%) compared to
antibody-negative patients (26/32: 81.3%) (P = 0.0009)
Fifteen of 63 patients were positive for neutralizing anti-IFN-α NAbs. The responsive rate of all patients was
60.3% (38/63), while that of patients with anti-IFN NAbs was 13.3% (2/15), showing that NAbs development
could significantly affect the therapeutic efficacy of IFN (P < 0.01)
Among 28 patients treated with recombinant IFN-α-2a, anti-IFN-α NAbs were detected in 75% (6/8) of the
patients who did not respond to IFN therapy. During IFN treatment, the mean ALT level of anti-IFN negative
patients was decreased and continuously suppressed during treatment with the 3 MU of IFN-α-2a, while that of
anti-IFN positive patients was reelevated without a dose-reduction of IFN
In 84 patients with initial responses to IFN-α treatment, anti-IFN-α NAbs developed in 38.5% (5/13) of patients
with breakthrough, as compared to 2.8% (2/71) of complete-responder patients (P < 0.0005) The emergence
of anti-IFN-α NAbs three months after the initiation of therapy was the only factor to be predictive of
breakthrough (RR = 9.5, 95%CI: 1.6-64.7, P = 0.007)
A total of 42 non-response patients to previous conventional IFN treatment were re-treated with Peg-IFN-α2a plus RBV. A decrease in HCV-RNA greater than 2 log10 copies/mL at week 12 relative to baseline values
was not associated with the presence of anti-IFN-α NAbs (7/19, 36.8% in responders vs 6/23, 26.1% in nonresponders at week 12; P = 0.73)
A total of 129 patients who received Peg-IFN-α plus RBV were studied. Of the 47 patients who did not achieve
an end of treatment response, seven patients (14.9%) were positive for anti-IFN-α NAbs, while no anti-IFN-α
NAbs were detected in the 82 end of treatment responders (P = 0.0001). Anti-IFN-α NAbs were associated with
a non-response to Peg-IFN-α plus RBV treatment, regardless of the patient IL28B-type and other treatment
response-related characteristics

[30]

[31]

[32]

[35]

[36]

IFN: Interferon; Peg-IFN-α: Pegylated-interferon-α; RBV: Ribavirin; NAbs: Neutralizing antibodies; ALT: Alanine aminotransferase; RR: Relative risk; HCV:
Hepatitis C virus; IL28B: Interleukin 28B.

associated with the response to IFN treatment for HCV
infection. In addition, viral mutations resistant to DAAs
have become problematic in recent triple therapies.
After the development of the Peg-IFN-α, the clinical
impact of anti-IFN-α NAb in the treatment of CH-C was
no longer considered. Due to the discrepancy in the
[36]
[35]
results of our study and a previous study , perhaps
because of different detection methods of NAbs, the
association between anti-IFN-α NAbs and a non-response
to Peg-IFN-α therapy has not been fully confirmed.
However, our recent findings suggest that anti-IFN-α
NAb abolished the antiviral effects of Peg-IFN-α, and this
finding provides important information for the treatment
of CH-C in the clinical setting.
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Abstract

virological response in the early stage of telaprevir-based triple
therapy for hepatitis C. World J Hepatol 2015; 7(26): 2688-2695
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i26/2688.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i26.2688

AIM: To investigate the efficacy of virological response
(VR) to telaprevir (TVR)-based triple therapy in pre
dicting treatment outcome of hepatitis C.
METHODS: This prospective, multicenter study
consisted of 253 Japanese patients infected with
hepatitis C virus (HCV) genotype 1b. All received 12
wk of TVR in combination with 24 wk of pegylatedinterferon-α (IFN-α) and ribavirin. Serum HCV RNA was
tested at weeks 1, 2, 3, 4, 6, 8, 12, 16, 20, and 24. VR
was defined as undetectable serum HCV RNA. Sustained
virological response (SVR) was VR at 24 wk after the
end of treatment and was regarded as a successful
outcome.

INTRODUCTION
Since the approval of interferon-α (IFN-α) for the treat
ment of hepatitis C virus (HCV) infected patients in 1991,
treatment regimens have greatly evolved and improved.
The rate of sustained virological response (SVR) to
dual therapy with ribavirin (RBV) and pegylated IFN
(PegIFN) of patients with HCV genotype 1 has remained
[1-3]
approximately 50% , but with telaprevir (TVR), the
first direct-acting antiviral agent (DAA) approved in the
United States, Canada, the European Union, and Japan,
the rate of SVR to triple therapy of PegIFN-α, RBV, and
[4-6]
TVR against HCV genotype 1 has reached over 70% .
New DAAs have since been developed and approved,
and it has become common for patients to be treated
with IFN therapy that contains a DAA or a DAA based
IFN-free oral therapy. Unfortunately, the cost of DAAs
can be prohibitive, and some have serious side effects.
If patients who will not achieve SVR can be identified
before or in the early stage of treatment, they can avoid
starting or continuing an expensive treatment that has
no possibility of success. Therefore, studies of factors
that can be used to predict the outcome of DAA based
therapies are needed.
For dual therapy with PegIFN-α/RBV, it has been
consistently reported that virological response (VR:
undetectable serum HCV RNA) at week 4 or 12 of
[7-10]
therapy is strongly associated with outcome
. Rapid
VR (RVR), VR at week 4, and early VR (EVR), VR at
week 12, were terms coined before the approval of
DAAs, and this criterion is still used for determining
the best form of antiviral treatment management, as
recommended by international consensus conferences
such as the American Association for the Study of Liver
[11]
Diseases (AASLD)
and the European Association
[12]
for the Study of the Liver (EASL) . However, the
viral kinetics during DAA therapy are unclear, and it is
possible that the time point most predictive of success
might be different than the older regimens.
To clarify the timing of VR most predictive of SVR
during DAA based treatment, we measured serum HCV
RNA at seven time points during the early stage of TVRbased triple therapy for Japanese patients.

RESULTS: Of 253 patients, 207 (81.8%) achieved SVR.
The positive predictive value of VR for SVR was 100% at
week 2, after which it gradually decreased, and was over
85% to week 12. The negative predictive value (NPV)
gradually increased, reaching 100% at week 12. The
upslope of the NPV showed a large increase from week
4 (40.6%) to week 6 (82.4%). There was a moderate
concordance between the SVR and VR at week 6
(kappa coefficient = 0.44), although other VRs had poor
concordance to SVR. Multiple logistic regression analysis
extracted VR at week 6 (P < 0.0001, OR = 63.8) as an
independent factor contributing to SVR. In addition,
the interleukin-28B single nucleotide polymorphism
and response to previous pegylated-IFN-α and ribavirin
therapy were identified as independent factors for SVR.
CONCLUSION: VR at week 6, but not at week 4, is
an efficient predictor of both SVR and non-SVR to TVRbased triple therapy.
Key words: Chronic hepatitis C; Direct-acting antiviral
agent; Rapid virological response; Early virological
response; Response-guided treatment
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although an undetectable viral level at week 4
or 12 is a good predictor of the outcome of hepatitis C
for conventional interferon therapy without direct-acting
antiviral agents (DAAs); the transition of the viral level
during DAA therapy has not been well documented. In
this prospective multicenter study, we frequently tested
253 patients to investigate viral activity during triple
therapy containing telaprevir, the first approved DAA,
and found that an undetectable viral level at week 6
was the most effective predictor of disease outcome.
Our findings suggest that the most predictive time point
in DAA therapy is different from conventional therapy
markers.

MATERIALS AND METHODS
Patients

Since 2004, the Kyushu University Liver Disease Study
Group has conducted prospective, multicenter studies to
investigate the efficacy and safety of antiviral treatment
[3,6]
for chronic hepatitis C patients . For this study, we
recruited 253 chronic hepatitis C patients infected

Hiramine S, Furusyo N, Ogawa E, Nakamuta M, Kajiwara E,
Nomura H, Dohmen K, Takahashi K, Satoh T, Azuma K, Kawano
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with HCV genotype 1b who started TVR-based triple
therapy between December 2011 and December 2012
and completed 24 wk post-therapy follow-up by June
[6]
2013. Exclusion criteria were as reported previously .
The study was conducted in accordance with the
ethical principles of the Declaration of Helsinki and was
approved by the Ethics Committee of our hospital.
Informed consent was obtained from all patients before
enrollment. The study was registered as a clinical trial
on the University Hospital Medical Information Network
(ID 000009711).

Applied Biosystems, Foster City, CA). Patients were
genotyped as TT, TG, or GG at the polymorphic site.
Similarly, genotyping by the SNP of the inosine triphos
phate pyrophosphatase (ITPA) (rs1127354) gene was
done using the TaqMan Allelic Discrimination Demon
stration Kit. Patients were genotyped as CC, CA, or AA
at the polymorphic site. IL28B and ITPA SNPs were
not available for only two patients (1.2%). Although
rs12979860, another IL28B SNP that is also strongly
correlated to the therapeutic outcome, has been re
[15]
ported , we determined only rs8099917 because it was
previously reported that rs8099917 and rs12979860
[16]
represent 98.6% of the Japanese population .

Treatment response

VR was defined as undetectable serum HCV RNA.
Successful treatment was SVR at 24 wk after the end of
treatment. Relapse was defined as VR during the treat
ment but non-SVR. Patients with HCV RNA detectable
throughout treatment were classified as non-responders.
Patients who had not been previously treated with
PegIFN-α/RBV therapy were classified as treatment
naïve.

Therapeutic protocol

All patients received 12 wk triple therapy that included
TVR (2250 mg/day) (Telavic; Mitsubishi Tanabe Pharma,
Osaka, Japan), PegIFN-α-2b (60-150 μg/wk) (PEGIntron; MSD, Tokyo, Japan), and RBV (600-1000 mg/d)
(Rebetol; MSD), followed by a 12 wk dual therapy that
included PegIFN-α-2b and RBV. TVR (750 mg) was
administered orally three times a day at 8 h intervals
after each meal. PegIFN-α-2b was injected subcu
taneously once weekly at a dose of 1.5 μg/kg. RBV was
given orally at a daily dose of 600-1000 mg based on
body weight (600 mg for patients weighing < 60 kg, 800
mg for those weighing 60-80 kg, and 1000 mg for those
weighing > 80 kg). The above durations and dosages
are those approved by the Japanese Ministry of Health,
Labor, and Welfare. If marked anorexia, an elevation of
serum creatinine, or severe anemia developed, the TVR
dose could be reduced to 1500 mg/d (750 mg at a 12
h interval, after meals). The method of RBV/TVR dose
[17]
reduction in the case of anemia was as reported . The
completed assigned total cumulative dosages of each
drug were calculated by reviewing the patients’ medical
records and by counting the pills not consumed by each
patient. The actual dosage of TVR given was calculated as
the percentage of target TVR (2250 mg/d). The dosages
of PegIFN-α-2b and RBV were calculated individually as
averages on the basis of body weight at baseline.

Clinical and laboratory assessment

Clinical parameters included hemoglobin, platelet count,
serum albumin, aspartate aminotransferase (AST),
alanine aminotransferase, γ-glutamyl-transpeptidase,
low-density lipoprotein (LDL) cholesterol, ferritin, and
estimated glomerular filtration rate. HCV RNA was
tested at baseline, weeks 1, 2, 3, 4, 6, 8, 12, 16, 20,
and 24 during the treatment and at weeks 4, 8, 12,
and 24 after the end of treatment. We defined the
early stage of treatment as the period between day 1
and week 12. The timing of VR in the early stage of
treatment was evaluated for candidate predictors of
SVR. Liver biopsy was done for 154 (60.9%) patients
before the induction of therapy. For each specimen,
the stage of fibrosis (F0-4) and grade of activity (A0-3)
[13]
were established according to the Metavir score .

Determination of HCV markers

The baseline and follow-up tests for HCV viremia were
done by real-time polymerase chain reaction (PCR)
assay (COBAS TaqMan HCV test, Roche Diagnostics,
Basel, Switzerland), with a detectability of ≥ 15 IU/mL
and a linear dynamic range of 1.2-7.8 log IU/mL. HCV
genotype and the core amino acid substitution at position
70 of the HCV genome were determined before treat
ment for all patients. HCV genotype was determined by
sequence determination in the 5’ non-structural region of
[14]
the HCV genome, followed by phylogenetic analysis .

Definition of positive predictive value and negative
predictive value

To evaluate the precision rate of on-treatment VR for
predicting outcome, we calculated the positive predictive
value (PPV) and the negative predictive value (NPV).
PPV is defined as the probability that a patient with a
given on-treatment VR will achieve SVR. In contrast,
NPV is defined as the probability that a patient without
a given on-treatment VR will not achieve SVR.

Interleukin 28B and inosine triphosphate
pyrophosphatase polymorphism genotyping

Statistical analysis

Statistical analyses were performed using the SAS
system, version 9.1.3 (SAS Institute, Cary, NC, United
States). Continuous data are expressed as median with
interquartile range. Univariate analyses were performed
2
using the χ test, Fisher’s exact test, paired t-test, or

Human genomic DNA was extracted from peripheral
blood. Genotyping by the single-nucleotide polymor
phism (SNP) of the interleukin 28B (IL28B) (rs8099917)
gene was done using the TaqMan Allelic Discrimination
Demonstration Kit (7500 Real-Time PCR System;
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Rate of viral response

100%

Demographic and clinical features of patients, by SVR
status

a

80%

The patient characteristics are summarized by the
clinical outcome in Table 1. Sex, age, genotype of IL28B
SNP (rs8099917), hemoglobin level, platelet count,
serum albumin, AST, and LDL-cholesterol at baseline
were significantly correlated with SVR in the univariate
analysis (all P < 0.05). The rate of non-responders to
previous PegIFN-α/RBV therapy was significantly higher
in the non-SVR group than in the SVR group (44.8%
vs 12.5%, P < 0.0001). The SVR rate significantly
decreased as the stage of fibrosis progressed but was
not related to the grade of activity.

b
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Figure 1 Transition of the virological response rate by sustained virological
response status. The virological response (VR) rates were significantly higher
in the sustained VR (SVR) than the non-SVR group between weeks 2 and 8
(26.9% vs 0.0%, 59.8% vs 25.6%, 81.6% vs 35.0%, 98.5% vs 65.0% and 98.5%
vs 86.5% at weeks 2, 3, 4, 6 and 8, respectively. P < 0.0001 at weeks 2, 3, 4 and
6. P = 0.0027 at week 8), although there was no statistical difference at week 1 or
12 (7.3% vs 0.0% and 100% vs 97.3%, respectively). aP < 0.01, bP < 0.0001, vs
SVR group.

Concordance between SVR and VR during the early
stage of treatment

The PPV and NPV, calculated on the basis of VR in the
early stage of treatment, are shown in Table 2. The
PPV of VR for SVR was 100% at week 2, after which it
gradually decreased, and it was over 85% to week 12.
The NPV gradually increased, reaching 100% at week
12. The upslope of the NPV showed a large increase
from week 4 (40.6%) to week 6 (82.4%). Kappa
coefficients were calculated to evaluate the concordance
between SVR and VRs (Table 2). There was a moderate
concordance between the SVR and VR at week 6 (kappa
coefficient = 0.44, 95%CI: 0.24-0.76), although the
other VRs had poor concordance to SVR.

Mann-Whitney U test, as appropriate, with SVR as the
outcome. Kappa coefficient was used for the analysis
of the concordance between SVR and VR at the seven
time points. To identify independent factors predictive
of SVR, variables that reached the P < 0.1 level in
univariate tests were used as candidates in the multiple
logistic regression analysis. Continuous parameters that
were significant in univariate analysis were converted
into categorical variables by dichotomizing at the
round number closest to their median for analysis in
the multiple logistic regression model. Because liver
histology data was missing for 99 (39.1%) patients,
it was excluded from the multiple logistic regression
model. A P value less than 0.05 was regarded as
statistically significant in all analyses.

Multivariate analysis for factors predictive of SVR

Multiple logistic regression analysis was done to deter
mine factors predictive of SVR. VR at week 6, which
had the highest kappa coefficient, was included as a
candidate in order to compare its predictive power.
IL28B SNP (rs8099917) genotype [P < 0.0001, odds
ratio (OR) = 8.24, 95%CI: 2.81-26.8], response to
previous PegIFN-α/RBV therapy (P = 0.0281, OR = 3.29,
95%CI: 1.14-9.46), and VR at week 6 (P < 0.0001, OR
= 63.8, 95%CI: 10.8-563) were extracted as factors
contributing to SVR. VR at week 6 had a high statistical
correlation with SVR (Table 3).

RESULTS
Transition of VR rate during telaprevir-based triple
therapy and follow-up

Of the 253 patients, 207 (81.8%) achieved SVR,
37 (14.6%) relapsed, and nine (3.6%) were nonresponders. The VR rates increased dramatically over the
first 6 wk (5.9%, 22.0%, 53.4%, 74.0%, and 93.1% at
weeks 1, 2, 3, 4, and 6, respectively). Two hundred and
forty-four patients (96.4%) had achieved VR by week
12. The rate gradually decreased to 81.8% after the end
of treatment. A graph of the VR rates classified by SVR
status is shown in Figure 1. Comparison of the VR rates
of the SVR and non-SVR groups in the early stage of
treatment showed that although there was no statistical
difference at weeks 1 or 12 (7.3% vs 0.0% and 100%
vs 97.3%, respectively), the rates were significantly
higher for the SVR than for the non-SVR group for
weeks 2 to 8 (26.9% vs 0.0%, 59.8% vs 25.6%, 81.6%
vs 35.0%, 98.5% vs 65.0%, and 98.5% vs 86.5% at
weeks 2, 3, 4, 6, and 8, respectively. P < 0.0001 at
weeks 2, 3, 4, and 6. P = 0.0027 at week 8).

WJH|www.wjgnet.com

DISCUSSION
VR in the early stage of treatment has in the past
been used to manage the treatment of patients with
HCV. Since the advent of DAAs, no studies have been
published that describe the detailed transition of serum
HCV RNA during DAA therapy. Although the guidelines
of AASLD and EASL recommend checking VR at weeks
4 (RVR) and 12 (EVR) for the assessment of initial
response to therapy and adherence, other time points,
such as weeks 1, 2, 3, 6, and 10, were not mentioned
[11,12]
in these guidelines
. It is likely that RVR and EVR
were chosen because they have been traditionally used
as markers for PegIFN-α/RBV therapy and because the
efficacy of other time points in DAA-containing therapy
have not yet been fully investigated. By testing at
frequent intervals in this prospective multicenter study
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Table 1 Patient characteristics
All (n = 253)
Sex, male (%)
Age (yr)
Body mass index (kg/m2)
Baseline HCV RNA (log10 IU/mL)
IL28B SNP (rs8099917), TT/TG or GG (%)1
ITPA SNP (rs1127354), CC/CA or AA (%)1
Hemoglobin level (g/L)
Platelet count (× 109/L)
Serum albumin (g/L)
Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)
γ-glutamyl-transpeptidase (U/L)
LDL-cholesterol (mg/dL)
Ferritin (μg/L)
Estimated glomerular filtration rate (mL/min per 1.73 m2)
Response to previous PegIFN-α/RBV therapy
Treatment naïve, n (%)
Prior relapse, n (%)
Prior non-response, n (%)
Liver histology
Stage, F0-2/F3-4 (%)
Grade, A0-1/A2-3 (%)
Not determined, n

123 (48.6)
61 (12.5)
23.4 (3.9)
6.5 (0.9)
186/65 (74.1/25.9)
193/58 (76.9/23.1)
138 (22)
157 (69)
40 (6.0)
48 (42)
54 (58)
40 (51)
95 (38)
164.6 (232.3)
79.4 (19.1)

SVR (n = 207)
108 (52.2)
60 (12)
23.4 (3.9)
6.5 (0.9)
166/40 (80.6/19.4)
157/49 (76.2/23.8)
140 (21)
159 (65)
40 (6.0)
46 (43)
53 (64)
39 (47)
98 (36)
160.5 (223.2)
79.7 (18.9)

92 (36.4)
113 (44.7)
48 (19.0)
96/58 (62.3/37.7)
54/100 (35.1/64.9)
99

81 (39.4)
100 (48.1)
26 (12.5)

Non-SVR (n = 46)
15 (32.6)
63.5 (11.25)
23.9 (3.8)
6.4 (0.7)
20/25 (44.4/55.6)
36/9 (80.0/20.0)
134 (20)
129 (69)
39 (5.0)
59 (34.5)
58 (44)
46 (59)
75 (35)
181.7 (253.9)
77.7 (19.4)

P value
0.0153
0.0340
0.2198
0.4468
< 0.0001
0.5802
0.0031
0.0006
0.0143
0.0350
0.4955
0.1270
< 0.0001
0.3583
0.6210
< 0.0001

11 (23.9)
13 (28.3)
22 (44.8)

87/38 (69.6/30.4)
45/80 (36.0/64.0)
82

9/20 (31.0/69.0)
9/20 (31.0/69.0)
17

< 0.0001
0.614

1

IL28B and ITPA SNPs were not available for only two patients (1.2%). Continuous variables are expressed as median (interquartile range). P value draws
a comparison between SVR and non-SVR patients. SVR: Sustained virological response; HCV: Hepatitis C virus; IL28B: Interleukin 28B; SNP: Singlenucleotide polymorphism; ITPA: Inosine triphosphate pyrophosphatase; LDL: Low-density lipoprotein; PegIFN: Pegylated interferon; RBV: Ribavirin.

Table 2 Precision rate for the prediction of sustained virological response and non-sustained virological response in the early stage
of telaprevir-based triple therapy
Patients who achieved SVR/patients with
VR, n
Week 1
Week 2
Week 3
Week 4
Week 6
Week 8
Week 12

14/14
52/52
113/124
168/182
202/228
200/232
198/234

PPV (%)

Patients who did not achieve SVR/patients
without VR, n

100
100
91.1
92.3
88.6
86.2
84.6

45/222
44/185
33/109
26/64
14/17
5/8
1/1

NPV (%)
20.3
23.8
30.3
40.6
82.4
62.5
100

Kappa coefficient
(95%CI)
0.03 (0.01-0.05)
0.12 (0.08-0.16)
0.22 (0.12-0.33)
0.38 (0.24-0.51)
0.44 (0.27-0.61)
0.18 (0.02-0.34)
-

PPV: Positive predictive value, the probability that a patient with a given on-treatment virological response (VR) will achieve sustained virological response
(SVR); NPV: Negative predictive value, the probability that a patient without a given on-treatment VR will not achieve SVR.

Table 3 Factors contributing to sustained virological response
Univariate analysis
Sex (male to female)
Age (< 60 yr to ≥ 60 yr)
IL28B SNPs (rs8099917) (TT to TG/GG)
Hemoglobin level (≥ 140 g/L to < 140 g/L)
Platelet count (≥ 150 × 109/L to < 150 × 109/L)
Serum albumin (> 35 g/L to ≤ 35 g/L)
Aspartate aminotransferase (< 50 U/L to ≥ 50 U/L)
LDL-cholesterol (≥ 95 mg/dL to < 95 mg/dL)
Response to previous PegIFN-α/RBV therapy (naïve/relapse to non-response)
VR at week 6

OR

P value

2.25
1.79
5.19
2.13
3.21
2.51
2.30
4.39
6.38
31.1

0.0153
0.0822
< 0.0001
0.0245
0.0005
0.0308
0.0123
< 0.0001
< 0.0001
< 0.0001

Multivariable analysis
OR (95%CI)

P value

8.24 (2.81-26.8)

< 0.0001

3.29 (1.14-9.46)
63.8 (10.8-563)

0.0281
< 0.0001

P value draws a comparison between SVR and non-SVR patients. SVR: Sustained virological response; IL28B: Interleukin 28B; SNP: Single-nucleotide
polymorphism; LDL: Low-density lipoprotein; PegIFN: Pegylated interferon; RBV: Ribavirin; VR: Virological response.
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of 253 patients infected with HCV genotype 1b, we were
able to show that the transition during treatment with
a DAA is different than what was seen in the past with
PegIFN-α/RBV therapy. VR at week 6 had a high PPV
(88.6%), NPV (82.4%), and kappa coefficient (0.44),
which indicates its usefulness as a single time point for
predicting both SVR and non-SVR during TVR-based
triple therapy. In addition, multiple logistic regression
analysis that included pretreatment factors, such as the
patient’s genotype, laboratory parameters at baseline,
and response to previous therapy, extracted VR at week
6 as an independent factor contributing to SVR.
For dual therapy with PegIFN-α and RBV, RVR and
EVR correlate with outcome and have traditionally been
utilized as predictors. It has consistently been reported
[7-9]
that RVR has a high PPV, around 90% , making it a
useful marker for the prediction of SVR. In contrast, EVR
has a high NPV, over 90%, making it a useful predictor
[10]
of non-SVR . In our study, the rates of EVR were not
significantly different between the SVR and the non-SVR
group. Although RVR had a high PPV, the NPV showed a
sharp rise, from 45.7% at week 4% to 87.0% at week
6. This suggests that in DAA therapy, which has a direct
mechanism and much stronger power to eliminate HCV
than dual therapy, the most useful and meaningful time
points for predicting the outcome may be different than
in PegIFN-α/RBV therapy.
Although the DAAs strongly eliminate HCV, they are
costly and some have serious side effects, such as the
rash and anemia that often accompany TVR. To avoid
unproductive expenditures and side effects, attempts
have been made to establish response-guided treatment
regimens that include early termination rules for unpro
[5,18]
ductive DAA therapy
. It has been suggested that
patients who have a rapid decline in their viral level
can be treated with a shorter treatment duration, while
preserving the high rate of SVR, and that treatment
can be discontinued earlier for patients who are unlikely
to respond the treatment. Our results showed that
checking VR at week 6 would contribute to shortening
the duration of TVR-based triple therapy. Furthermore,
because both SVR and non-SVR can be predicted at a
single time point (week 6), unnecessary testing can be
eliminated, which will contribute to patient comfort and
economic efficiency.
One of the limitations of our study is that TVR is
no longer the standard of care in many countries. It is
not recommended for the treatment of patients with
decompensated cirrhosis or in a post-liver transplantation
setting, and it should not be administered as comedication. In addition, TVR can cause serious rash
and anemia. In Japan, IFN-based therapy with RBV
and simeprevir, a new nonstructural protein (NS)3/4A
inhibitor, has become the standard of care against HCV
[19]
genotype 1 . More recently, a number of novel DAAs,
such as NS5A and NS5B inhibitors, have been developed
and approved, and the current standard of care in the
[11]
United States is an IFN-free DAA regimen . Although
our results might seem late to the game, TVR-containing
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treatment will continue to be an option in regions of
the world where the newly approved DAAs are not
available or in those patients with no other alternative.
Another limitation of our study is that the patients were
all Japanese and infected with HCV genotype 1b. The
rate of SVR significantly differs by the race of the patient
[20]
and the genotype of HCV . Hence, our results may not
be broadly applicable to the up-to-date IFN-free DAA
regimens or to every patient with chronic hepatitis C.
However, the results are useful because 253 patients
were enrolled and frequent HCV RNA testing during DAAcontaining therapy was analyzed that included numerous
variables, including the genotype and laboratory para
meters of each patient in this study. We believe that
our study is sufficiently reliable to show that the most
efficient time point for checking VR in DAA therapy might
be different than the RVR and EVR that was developed
for earlier therapies. Our results will need to be validated
for the current DAA regimens, and further studies of
patients with other HCV genotypes and of other racial
cohorts will be necessary.
It is also a limitation of our study that we did not
test for mutations of various HCV strains. Many studies
have revealed that the variations in the amino acid
sequences of HCV affect the antiviral activity of DAAs.
[21]
Bartels et al , using a direct-sequencing technique,
reported that the mutant strain resistant to NS3/4A
protease inhibitors was detected in 2% of treatment
naïve patients and that it was the pre-existing dominant
[22]
strain in some of the patients. Nasu et al , using an
ultra-deep sequencing technique, found some resistant
mutations in a surprisingly high percentage of treatment
naïve patients. In the coming era of IFN-free regimens,
it will be essential to determine the mutations of the
patients’ HCV strains before treatment.
In conclusion, VR at week 6 is the time point most
predictive of both SVR and non-SVR in the early stage of
TVR-based triple therapy. This result shows the possibility
that the most efficient time point for checking VR in DAA
therapy might be different than the conventional RVR
and EVR. Our results will need to be validated in light of
the newly developed DAA regimens.
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Abstract
Reactive lymphoid hyperplasia (RLH), also known as
pseudolymphoma or nodular lymphoid lesion of the
liver is an extremely rare condition, and only 51 hepatic
RLH cases have been described in the literature since
the first case was described in 1981. The majority of
these cases were asymptomatic and incidentally found
through radiological imaging. The precise etiology of
hepatic RLH is still unknown, but relative high prevalence
of autoimmune disorder in these cases suggests an
immune-based liver disorder. Imaging features of
hepatic RLH often suggest malignant lesions such as
hepatocellular carcinoma and cholangiocarcinoma. In
this report, we discuss two cases of hepatic RLH in
patients with autoimmune hepatitis. We also present
pathologic and magnetic resonance imaging findings,
including one case utilizing a hepatocellular contrast
agent, Eovist. Definitive diagnosis of hepatic RLH often
requires surgical excision.
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Core tip: Reactive lymphoid hyperplasia of the liver
also known as pseudolymphoma is an extremely rare
condition. Because of its rarity, association with underly
ing inflammatory liver disease and close resemblance
to malignant hepatic lesions such as hepatocellular
carcinoma and cholangiocarcinoma on imaging studies,
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suggestive of a hepatic adenoma (Figure 1F). Due to the
diagnostic uncertainties of this liver lesion, the patient
underwent a surgical resection of the mass and also core
biopsy of the non-tumoral area to assess the condition of
the background liver.
Pathologic examination of the resected specimen
showed a 2.5 cm relatively well-circumscribed tumoral
nodule containing lymphoid proliferation characterized
by reactive lymphoid follicles and interfollicular plasma
cells within the resected liver parenchyma (Figure 2A and
B). Since lymphoma was suspected on initial evaluation,
flow cytometric analysis, immunohistochemistry and
polymerase chain reaction analysis for immunoglobulin
heavy chain gene rearrangement were performed.
Briefly, the flow cytometric analysis on the cells obtained
from the tumor showed mixed population of CD2,
CD5 and CD3 positive T cells with a CD4/CD8 4.5/1
(approximately 40%) and polyclonal CD19, CD20 and
CD22 positive polyclonal B lymphocytes (60%) with
no abnormal immunophenotype. Also with cytoplas
mic kappa and lambda stains, clonality could not be
demonstrated. These results were consistent with a
reactive process. Immunohistochemical analysis showed
numerous CD20 positive B cells mostly confined to
follicles (Figure 2C) without abnormal immunophenotype
and numerous interfollicular polyclonal CD138 and
MUM-1 positive plasma cells (Figure 2D) with kappa/
lambda ratio 3/1 within the lesion area. The majority
of the plasma cells were IgG positive but negative for
IgG4, CD56, CD117 and CD20. CD21 immunostain
showed round follicular dendritic networks in follicles.
Cyclin-D1 stain was negative. CD3, CD43 and CD5
highlighted the T-cells but they were negative on the
B-cells. MIB-1 proliferative index was approximately
30% in interfollicular areas. Although these results were
consistent with reactive lymphoid hyperplasia, low grade
marginal zone B-cell lymphoma was in the differential
diagnosis. Polymerase chain reaction (PCR) analysis did
not show monoclonal immunoglobulin heavy chain gene
rearrangement and excluded the possibility of a subtle
B cell clonal process. In summary, our analysis ruled
out a low grade extranodal marginal zone lymphoma
and supported the diagnosis of RLH. The pathologic
examination of the core biopsy of the liver from nontumoral area showed steatohepatitis with portal lymphoid
aggregates and plasma cells consistent with autoimmune
hepatitis (grade 2, stage 2, data not shown).

this rare lesion is frequently misdiagnosed. We discuss
two cases of hepatic reactive lymphoid hyperplasia
(RLH) in patients with autoimmune hepatitis and how
we came to the correct diagnosis. Definitive diagnosis of
hepatic RLH often requires surgical excision.
Kwon YK, Jha RC, Etesami K, Fishbein TM, Ozdemirli M,
Desai CS. Pseudolymphoma (reactive lymphoid hyperplasia)
of the liver: A clinical challenge. World J Hepatol 2015;
7(26): 2696-2702 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i26/2696.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i26.2696

INTRODUCTION
Reactive lymphoid hyperplasia (RLH) also known as
[1-3]
[4,5]
pseudolymphoma
and nodular lymphoid lesion
is a condition characterized by localized non-neoplastic
[6]
proliferation of lymphoid tissue at extranodal sites .
This rare condition is known to affect various organs
including skin, orbit, thyroid, lung, stomach, breast,
intestine, spleen and pancreas, however involvement
[6]
of liver is extremely rare and only 51 such cases have
[7-10]
been reported to date
. Although the pathogenesis
of hepatic RLH remains unclear, this condition is found
to be associated with a number of chronic inflammatory
and immunological conditions including viral hepatitis
and various autoimmune diseases including autoimmune
hepatitis, primary biliary cirrhosis and autoimmune
[6,11,12]
thyroiditis
. We report two cases of incidentally found
hepatic lesion for which surgical excision was performed
with a final diagnosis of hepatic RLH. We also describe
magnetic resonance imaging (MRI) and pathologic
features of RLH, and review of current literature.

CASE REPORT
Case 1

A 41-year-old Hispanic women with autoimmune he
patitis (ANA+, SMA+, IgG greater than 1.1-fold of
upper normal limit) had an abdominal MRI at an outside
hospital with conventional extracellular contrast agent
as a part of elevated transaminase workup. The MRI
demonstrated a non-cirrhotic liver with a single 2.5 cm
lesion in segment 3 with hypervasular enhancement
with washout (Figure 1A-D). Due to recent diagnosis of
cervical cancer (stage 1B), positron emission tomography
(PET) scan was performed (Figure 1E), which showed
PET positivity. Metastatic disease was a concern, and
as such, the patient underwent image guided needle
biopsy of the liver lesion, which showed indeterminate
lesion with unusual florid lymphoplasmacytic infiltrates.
To further characterize the lesion, MRI was repeated in
our institution with single dose of Eovist (Gadoxetate
Disodium, Bayer HealthCare Pharmaceuticals), a liver
specific contrast. This showed an arterial enhancement
and lack of uptake on hepatocellular phase images most
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Case 2

A 60-year-old African-American woman with chronic liver
cirrhosis from autoimmune hepatitis (ANA+, SMA+) had
a routine surveillance MRI, which showed a 1 cm lesion
in segment 2 (Figure 3). The lesion had early contrast
enhancement with washout, with features probable for
hepatocellular carcinoma (HCC), which is classified as
Liver Imaging Reporting and Data System category 4 by
[13,14]
American College of Radiology
. Similar to the above
case, at the time of surgery, the initial evaluation of the
liver nodule showed atypical lymphoid proliferation and
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A

B

C

D

E

F

Figure 1 Imaging findings of case 1. A: T2-weighted fat-saturated image showing focal mass (indicated by arrow) in segment 2 with increased signal intensity
as compared to background liver; B: T1-weighted fat-saturated image showing focal mass with decreased signal intensity as compared to background liver; C: T1weighted fat-saturated image after contrast infusion in the late arterial phase. The mass is hypervascular on this phase; D: T1-weighted fat-saturated image after
contrast infusion in the portal venous phase. The mass washes out on this phase. A capsule is seen; E: Positron emission tomography scan shows hypermetabolic
activity; F: T1-weighted fat-saturated image 20 min after hepatocellular contrast, Gadoxetate Disodium (Eovist) infusion. Lesion does not take up Eovist.

A

B

C

D

Figure 2 Histopathological findings of case 1. A and B: Tumoral nodule containing lymphoid proliferation characterized by reactive lymphoid follicles and
interfollicular plasma cells within liver parenchyma; C: Numerous CD20 positive B cells mostly confined to follicles; D: Numerous interfollicular polyclonal CD138 and
MUM-1 positive plasma cells.
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A

B

D

C

E

Figure 3 Imaging findings of case 2. A: T2-weighted fat-saturated image showing subtle focal mass (indicated by arrow) in subcapsular portion of segment 2 with
increased signal intensity as compared to background liver; B: T1-weighted fat-saturated image showing small focal mass with decreased signal intensity as compared
to background liver; C: T1-weighted fat-saturated image after contrast infusion in the late arterial phase. The mass shows subtle hypervascular enhancement on
this phase; D: T1-weighted fat-saturated image after contrast infusion in the portal venous phase. The mass shows faint wash-out on this phase; E: T1-weighted fatsaturated image after contrast infusion in 3 min delayed post contrast phase. The mass shows faint filling in.
[16]

thus, lymphoma workup was performed including flow
cytometry, immunohistochemistry and PCR analysis.
The pathologic examination showed a 1 cm relatively
well-circumscribed tumoral nodule containing reactive
lymphoid follicles and interfollicular plasma cells within
liver parenchyma surrounded by regenerative nodules
(Figure 4A). The flow cytometric analysis showed
mixed population of polyclonal B cells and T cells with
a CD4/CD8 ratio of 2.5/1 and with no abnormal immu
nophenotype consistent with a reactive process. The
immunohistochemical analysis showed numerous CD20
positive B cells mostly confined to follicles, without
abnormal immunophenotype, numerous T cells and
polyclonal plasma cells with kappa/lambda ratio 3/1
within the lesion area. CD21 immunostain showed round
follicular dendritic networks in follicles (Figure 4B). The
results were consistent with a reactive process. PCR
was also performed, which was negative for monoclonal
immunoglobulin heavy chain gene rearrangement.
The sections of the adjacent liver parenchyma showed
bridging fibrosis, portal and focal lobular lymphoid
aggregates with plasma cells and focal nodule formation
(Figure 4C and D). A diagnosis of RLH of liver in a back
ground of autoimmune hepatitis was made.

zone lymphoma on histology . The mean age of
hepatic RLH cases was 58 years with a marked female
predominance with a male to female ratio of greater than
[6]
1:7 . The majority of cases were asymptomatic and
diagnosed incidentally, and more than half of the cases
were associated with an underlying inflammatory or
autoimmune condition like viral hepatitis, primary biliary
[6]
cirrhosis or autoimmune thyroiditis . The majority of
[11]
cases, 81%, had a solitary tumor at presentation . The
[6]
average size was 15.4 mm with range 4 to 55 mm .
With the use of intravenous gadolinium-enhanced
MRI, RLH lesion may resemble HCC and cholangio
carcinoma. In patients at risk for HCC, a lesion with
imaging features of arterial phase enhancement and
washout on later phase images, or presence of a capsule,
[13,14]
is highly worrisome for HCC
.
In our first case, the conventional contrast-enhanced
MRI showed a non-cirrhotic liver with a single lesion with
arterial enhancement and washout, and presence of a
capsule. This lesion showed lack of uptake on hepato
cellular phase of Eovist-enhanced MR images, which
may be seen in HCC, hepatic adenoma, and argues
against focal nodular hyperplasia. Given the normal
background liver morphology, hepatic adenoma was
the favored diagnosis. On PET scan, the lesion was PET
positive; PET positivity has been previously reported one
[11]
case . Hypointensity on the hepatocellular phase of
[17]
Eovist is consistent with findings previously reported .
In our second case, the background liver was noted
to be cirrhotic, and a small lesion in segment 2 showed

DISCUSSION
Hepatic RLH is very rare presumably benign condition
[6,15]
that may simulate malignancy on imaging studies
and low grade lymphoma especially extranodal marginal
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A

B

C

D

Figure 4 Histopathological findings of case 2. A: Tumoral nodule within liver parenchyma; B: CD21 immunostain showing round follicular dendritic networks in
follicles; C: Sections of adjacent liver parenchyma showing bridging fibrosis; D: Portal and focal lobular lymphoid aggregates with plasma cells and focal nodule
formation.

some features of arterial enhancement and faint wash
out, but a suggestion of subtle filling in on later delayed
phase images. Abnormal increased signal intensity
was also seen on T2 weighted images. These features
were most consistent with malignancy, and with a
differential diagnosis of HCC and cholangiocarcinoma or
[13,14]
biphenotypic tumors
.
Natural history of hepatic RLH is yet to be defined due
to its rare occurrence. Although hepatic RLH is presumed
to be a benign liver lesion, malignant transformation
of RLH into lymphoma in other organs such as lung,
[18-20]
stomach and skin has been well reported previously
.
[21]
In liver, there is one case report by Sato et al in 1999
where a hepatic RLH transformed into a low grade
lymphoma in a 55-year-old patient with primary biliary
cirrhosis and Sjogren’s syndrome. To our best knowledge,
there are no other reports of malignant transformation or
local or distant recurrence of RLH from various follow-up
[6,22]
periods ranging from 3 mo to 15 years
.
Although majority of the reported cases in literature
were treated with surgical resection due to uncertain
diagnosis, three cases were treated with liver trans
[4,23]
plantation due to associated liver disease
. Since this
lesion occurs with pre-existing liver disease, it’s very
important to consider this lesion in differential diagnosis
before considering patients for transplants especially for
oncological indication.
In conclusion, hepatic RLH will continue to present to
clinicians as conundrum for correct diagnosis. Not much
is known about this hepatic lesion, but up to 30% of the
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reported cases are associated with various autoimmune
[24]
diseases . Preoperative definitive diagnosis of hepatic
RLH using various imaging modalities including MRI
with hepatocellular agents such as Eovist is extremely
difficult. Percutaneous needle aspiration or core biopsy
may be helpful in differentiating hepatic RLH from
metastatic carcinoma and primary liver tumors such as
HCC. However, this approach may be inadequate in diffe
rentiating low-grade malignant lymphoma, particularly
extranodal marginal zone lymphoma from RLH. Although
extremely rare, one case of malignant transformation
of hepatic RLH has been reported, and in other organs,
RLH may undergo malignant transformation. Therefore,
any patient with hepatic RLH should have close follow
up. Based on limitations of imaging and pathology, for
definitive diagnosis and treatment, surgical excision is
the advised course.
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Case characteristics

Hepatic reactive lymphoid hyperplasia (RLH) is an extremely rare condition,
which is often misdiagnosed.

Clinical diagnosis

RLH is often associated with various autoimmune diseases, and the authors’
two patients had underlying autoimmune hepatitis.
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Laboratory diagnosis
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No specific lab values are associated with hepatic RLH.

Imaging diagnosis

With the use of intravenous gadolinium-enhanced magnetic resonance imaging,
hepatic RLH lesion may resemble HCC and cholangiocarcinoma, often leading
to misdiagnosis.
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Pathological diagnosis

10

Treatment

11

Pathologic examination of hepatic RLH shows lymphoid proliferation characterized
by reactive lymphoid follicles and interfollicular plasma cells, often leading to
misdiagnosis of lymphoma on initial evaluation.

Although hepatic RLH is presumably benign condition, surgical excision is the
advised for definitive diagnosis and as a definitive treatment.

Related reports

Misdiagnosis as HCC, cholangiocarcinoma or hepatic lymphoma will results in
radically different treatment course, which may include liver transplant, major
hepatic resection or chemotherapy.
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Term explanation
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Hepatic RLH is a presumably benign condition, which is associated with an
underlying inflammatory or autoimmune condition like viral hepatitis, primary
biliary cirrhosis or autoimmune thyroiditis.

Experiences and lessons

Since 1981, 51 cases of hepatic RLH have been reported to date. Hepatic RLH
should on the differential diagnosis especially when facing with hepatic lesion
with underlying inflammatory or autoimmune condition without clear risk factors
for HCC and cholangiocarcioma.
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Binge drinking: Burden of liver disease and beyond
Susana Llerena, María Teresa Arias-Loste, Angela Puente, Joaquín Cabezas, Javier Crespo, Emilio Fábrega
binge drinking has generalized. It is considered to be a
socio-sanitary problem with few known consequences
in terms of individual and third-party social impacts (in
the form of violence or traffic accidents) and its organic
impact (affects the liver and other organs and systems,
such as the nervous and cardiovascular systems) and
represents an important financial burden due to its
increasing economic impact. This review provides a
global approach to binge drinking and emphasizes its
epidemiological character, the effect of this type of
consumption and the possible management of a problem
with an increasing tendency in our society.
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Core tip: Binge drinking is an alcohol consumption
conduct that is primarily performed during the weekend
by 24% of teenagers and young adults. Although the
consequences of this habit are not well known, they
have a social and organic impact on individuals. Binge
drinking is considered to be a public health issue that
should be addressed with primary prevention programs
and a comprehensive intervention of the problem.

Received: April 27, 2015
Peer-review started: May 4, 2015
First decision: October 21, 2015
Revised: October 26, 2015
Accepted: November 10, 2015
Article in press: November 11, 2015
Published online: November 28, 2015

Llerena S, Arias-Loste MT, Puente A, Cabezas J, Crespo J,
Fábrega E. Binge drinking: Burden of liver disease and beyond.
World J Hepatol 2015; 7(27): 2703-2715 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v7/i27/2703.htm DOI:
http://dx.doi.org/10.4254/wjh.v7.i27.2703

Abstract

INTRODUCTION

The consumption of alcoholic beverages is harmful to
human health. In recent years, consumption patterns
of alcoholic beverages have changed in our society, and

The consumption of alcoholic beverages is harmful
to human health. Excessive alcohol intake is a major
global and public health challenge that has been
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identified as one of the main determinants of a variety
[1]
of noncommunicable diseases . The excessive consum
ption of alcohol is the leading global cause of preventable
morbidity and mortality and a major problem in Western
countries. According to the World Health Organization
(WHO), it is the cause of 4.5% of the diseases in
the world and 4% of the deaths in the world and
is considered the main cause of death among men
between 15 and 59 years of age, especially in Eastern
[2,3]
Europe countries . In the United States, this excessive
alcohol consumption causes 75000 deaths each year
[4]
and is the third leading preventable cause of death .
Alcohol is the main cause of cirrhosis and indication
for liver transplants in Europe, and accounts for 1.8%
[5]
of all deaths caused by liver disease . When the data
are adjusted by age, alcohol is the main risk factor for
impairment (i.e., life-years lost at early ages) in young
[6]
populations between 10-24 years of age .
In recent years, consumption patterns of alcoholic
beverages have changed in our society, and binge
drinking has generalized. The reason for this change
and its implications for the individual and the society are
not well known. For this reason, we present this review
using a comprehensive approach to the binge-drinking
problem.

primarily correlate it with clinical definitions of abuse or
[9-11]
dependence
.
To prevent confusion, alternate terms have been
[12-16]
suggested, such as heavy drinking
, heavy episodic
[17-22]
drinking
, heavy sessional drinking, risky single[23]
[24]
occasion drinking , dangerous drinking , or high[25]
risk drinking . In Spain, the First Conference in Health
Prevention and Promotion in the Clinical Practice in 2007
proposed the term heavy episodic drinking of alcohol.
Although binge drinking cannot be identified with
the common criteria for the harmful consumption of
alcohol, many authors have stressed its social and health
consequences, which may exceed the social and health
[26-29]
consequences of regular alcohol consumption
.
In the 1990s, the effect of alcohol consumption
regarding the sex of the patient was determined in
the Harvard School of Public Health College Alcohol
[30,31]
Study
. Wechsler’s group employed a questionnaire
to evaluate the habits of alcohol consumption. The group
discovered that significant problems of alcohol consum
ption occur in men after the intake of five beverages
in one event, whereas similar problems occur after the
intake of four beverages by women. The term heavy
alcohol consumption (HAC) evolved and was understood
as the consumption of five or more drinks by men and
four or more drinks by women in a single occasion, at
[31]
least once in the last two weeks .
Regarding the “single-event” discussion that is
referenced in the binge drinking definition, several
authors consider including the concentration of alcohol
in the blood to determine the adequate threshold for the
binge-drinking pattern. This threshold is explained by
the difference in the effect of the intake of one alcoholic
beverage in one hour during five continuous hours in an
adult with an average body weight and the intake of the
same amount of alcohol (five beverages) over a shorter
period, for example, two hours.
Accordingly, the National Institute on Alcohol Abuse
[32]
and Alcoholism (NIAAA)
redefined the term HAC by
considering the level of concentration of alcohol in the
blood. HAC considers minimum levels of 0.08 g/L of
alcohol in the blood when determining the pattern of
alcohol consumption. In adults, this level would corres
pond to the intake of five or more beverages by men and
four or more beverages by women in approximately two
hours. The NIAAA considers duration (two hours) in the
HAC definition.
To consolidate a definition that includes alcohol levels
in the blood, several studies have employed different
variants of Widmark’s formula, which was developed in
[33]
the 1930s and has proven adequate reliability . This
equation establishes that the maximum concentration
of alcohol in the blood is A/(p × r), where A = amount
of alcohol consumed (in grams); p = body weight and r
= fat/water ratio (0.7 for men and 0.6 for women).
[34]
Recently, another study
determined that the
[30,31]
definition by Wechsler’s group
and the NIAAA pro
[33]
posal
are strongly correlated with a similar pattern
of association among the variables of sex, race and

DEFINITION OF BINGE DRINKING
A unified definition of binge drinking is necessary to
effectively approach this subject and to analyze the risk
factors of binge drinking, its socio-sanitary implications
and its relation to alcohol dependence. We review the
controversial term of binge drinking, which lacks a
consensus among the different studies. The controversy
stems from the following items: (1) its inadequate
definition; (2) the minimum amount of consumption that
is considered to be a problem has not been established;
(3) a standard drinking unit (SDU) that is common to all
countries has not been established; and (4) the unspeci
fied period of time that is considered to be “a single
event”.
Consequently, epidemiological studies describe
important methodological problems; the prevalence of
this type of consumption in young populations varies
between 7% and 40% due to the lack of uniform cut[7]
off points . This variability is attributed to the lack of
consensus in determining the harmful consumption
levels of alcohol and the differences in pure ethanol in
an SDU for each country. Therefore, the cut-off points
for the number of SDUs ingested in each event (i.e.,
five alcoholic beverages and six alcoholic beverages)
and the frequency intervals (i.e., in the last week, 15 d,
and 30 d) in which the episodes of heavy consumption
[8]
occur vary in the different studies . Regarding the
term binge drinking, several authors suggest that this
definition traditionally refers to a pattern of consuming
large amounts of alcohol in a few hours and primarily
during weekend nights that is conducted by younger
[8]
age groups without a differentiation of gender ; they
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Luxembourg, The Netherlands, Portugal, Spain, Sweden,
and the United Kingdom). Binge drinking is not the
prerogative of the young. Eighteen percent of persons
aged 55 years of age and older reported binge drinking
at least once a week in 2006 compared with 24% of
persons aged between 15 and 24 years. Eastern Europe
had the highest pattern of drinking score of 4.9, which
indicated that people in this region frequently consumed
large quantities of alcohol and frequently drank to
intoxication, engaged in prolonged binges, and primarily
[39]
consumed alcohol outside of mealtime . Traditionally,
alcohol consumption in Spain has been associated
with the adult population; its regular consumption was
primarily linked with gastronomy and social events.
In the last 20 years in the remaining Mediterranean
countries, important changes have occurred regarding
the quantity, patterns and meaning of consumption that
are similar to the increased binge drinking in the rest of
[8]
the world . One of the most recent household surveys
on alcohol and drug use in Spain showed that 18% of the
population between 15 and 34 years of age (with a mean
age of first contact with alcohol at the age of 16.8 years)
indicated that they consumed five or more alcoholic
beverages in one single occasion (occasion refers to
the intake of several glasses in a couple of hours) in the
[40]
[41]
last 30 d . A cross-sectional study with a significant
number of participants (n = 20608) of 15 years of age
and older that employed the 2011-2012 National Health
Survey as a source of information (Servicio Nacional de
Salud, by its initials in Spanish) considered the intake of
≥ 40 g/d of alcohol in men or ≥ 24 g/d in women to
be high-risk consumption. Binge drinking was defined
as the consumption of ≥ 6 (men) and ≥ 5 (women)
standard beverages of alcohol in 4-6 h in the last 12 mo.
A total of 1.3% of the surveyed subjects were average
high-risk drinkers; 19.6% of the men and 7.1% of the
women had performed binge drinking in the last year.
This pattern decreased with age but increased with
educational level in both sexes, with beer as the most[42]
consumed beverage. A study in Italy of 654 individuals
with a mean age of 20.6 years showed that 38% of
the subjects had recently engaged in binge drinking.
By performing a multivariate analysis, a relation was
observed between this type of consumption and higher
educational expectations, a larger amount of money
available to spend during the weekends, interests in
parties and discos, a higher prevalence in women (despite
the reports from Anglo-Saxon countries), the use of
cannabis, a greater influence of friends and the use of
electronic cigarettes. Conversely, living with parents
produced a protective factor (Table 2). In another Italian
study based on the CAGE questionnaire or Alcohol Use
Disorders Identification Test showed that 19.5% of the
1520 patients who attended an emergency service
during the five months of the study had problems with
alcoholism; the most frequent attendees were young
males (18-20 years of age), divorced or single patients,
[43]
and unemployed, homeless or immigrant patients .

Table 1 Prevalence of binge drinking
Ref.

Prevalence

Galán et al[41]
Slutske et al[150]
Bartoli et al[42]
Delegación del Gobierno para el Plan Nacional sobre
Drogas[40]
CDC[44]
Grucza et al[45]
Hanewinkel et al[151]
Lee et al[152]

Table 2 Factors associated with binge drinking

13.35%
19.50%
37.85%
18%
17.10%
50%
27.00%
46.30%

[42]

OR (95%CI)
Female gender
Living with parents
High financial availability for each weekend
Cannabis use
Smoking e-cigarettes
Positive alcohol expectancies
Peer influence
Interest for discos and parties
High educational level

1.57
0.57
1.33
1.61
2.49
1.11
2.4
1.53
3.63

age and the initiation of consumption. These authors
believe that quantity and duration should be considered,
as suggested by the NIAAA, because the sole inclusion
of the quantity variable underestimates the HAC pre
valence and is insufficiently sensitive in discriminating
between problematic and nonproblematic patterns of
consumption.
An additional and more adequate definition for the
clinical environment may be the consumption of six or
more alcoholic beverages by men (60 g) and five or
more alcoholic beverages by women (50 g) in a single
occasion (in a two-hour period) at least once in the
last 30 d. This definition is similar to the approach by
[32]
[30,31]
the NIAAA
and Wechsler’s group
and gathers
all proven relevant variables of quantity and frequency
but requires customization to the country in which the
research will be conducted.

EPIDEMIOLOGY
Since Strauss and Bacon’s epidemiological study, which
[30]
was performed in the United States during the 1950s ,
several authors have reported an alarming increase in
alcohol consumption among young global populations
and consider it to be a risk pattern of consumption in
[35-38]
this population (Table 1)
. At the European level
(Eurobarometer, 2007), approximately 80 million
Europeans who are aged 15 years or older [over onefifth of the adult European Union (EU) population]
reported binge drinking at least once a week in 2006;
this proportion has increased since 2003 in the adult
population of the EU 15 (Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Ireland, Italy,
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In the United States, approximately 38 million adults
binge drink, according to a 2010 survey by the Centers
for Disease Control. The total prevalence of binge
drinking among adults in the 48 states and the District
[44]
of Columbia was 17.1% . Epidemiological studies have
identified that binge drinking is prevalent on college
campuses; some studies indicate that approximately
50% of students reported binge drinking in recent
[45]
weeks . A recent study noted that approximately
500000 college students are injured and 1700 college
[46]
students die each year from alcohol-related injuries .
Binge drinkers have a greater risk for developing
[47]
alcohol dependence . In addition, binge drinking has
been associated with unplanned and unsafe sexual activity,
assaults, falls, injuries, criminal violations, automobile
[48]
crashes, and total poor neuropsychological functioning .
Each year, two thousand homicides are registered in
Europe due to excessive alcohol consumption.
The importance of this problem translates to high
healthcare costs. In the United States, the estimated
annual expenditure for binge drinking is 168 billion
[44]
dollars . The estimated cost of binge drinking for the
English Public Health System was £1.7 billion in 2003,
which reflects the physical and psychological health
problems that are associated with this type of excessive
[49]
drinking .

are current smokers, compared with 22.8% of adults
[65]
aged 26 or older. In a recent study , teenagers who
attend bars and discos showed a higher rate of tobacco
consumption; this consumption was highly associated
with the intake of alcoholic beverages.

TOXICITY OF ALCOHOL
The factors that affect the susceptibility to alcohol toxicity
include genetics, gender, lifestyle/nutrition, exposure to
environmental chemicals and drugs, and comorbidities.
Toxic and other adverse effects of alcohol on organs and
tissues in humans are a consequence of its metabolism
to acetaldehyde, the associated formation of reactive
oxygen and nitrogen species, the depletion of co-factors
(e.g., NAD+), and the impairment in energy homeo
[66]
stasis . Due to the considerable redundancy in the
oxidative enzymatic pathways (alcohol dehydrogen
ases, CYP2E1 and catalase) that can convert alcohol
to acetaldehyde, the majority of tissues are capable of
alcohol metabolism even though the liver is the primary
site. Similarly, acetaldehyde dehydrogenases are ubi
quitous in mitochondria. A minor and non-oxidative
pathway of alcohol metabolism is via fatty acid ethyl ester
(via fatty acid ethyl ester synthase) and phosphatidyl
ethanol (via phospholipase D). Alcohol impacts the
integrity of the gastrointestinal mucosal barrier, resulting
in the translocation of the gut bacteria-derived lipopoly
saccharide (endotoxin) and other molecules to the liver
via the portal blood flow and the activation of the innate
immune response. The molecular and cellular sequelae
of the toxic mediators of alcoholic injury assume many
forms. Acetaldehyde and oxidants are highly reactive
molecules that can damage deoxyribonucleic acid (DNA),
proteins and lipids. Changes in hepatic respiration and lipid
metabolism can cause tissue hypoxia and impairment in
the mitochondrial function. Secondary effects include the
disruption of signaling pathways and ion channel function,
the unfolded-protein response and oxidative stress as
well as the activation of adaptive immune response that
is significantly triggered by acetaldehyde protein adducts.
Cell death triggers additional innate immune response,
activation of fibrogenesis, and tissue repair. In addition to
pro-inflammatory mediators, other signaling molecules,
such as neurotransmitters, are affected by alcohol.
Depending on the affected tissue, gross pathological
changes that are associated with alcohol drinking include
most or all of the following conditions: Fat accumulation
(steatosis), inflammation, necrosis and fibrosis and
[67]
functional deterioration . Alcohol via acetaldehyde also
favors carcinogenesis and has been considered to be a
[68]
class 1 carcinogen by the WHO .

ALCOHOL AND TOBACCO
Similar to alcohol, tobacco is considered to be a major
[50,51]
cause of morbidity and mortality
. Tobacco has been
directly responsible for 100 million deaths in the XX
[50,51]
century
. Cigarette smoking is strongly associated
[52-58]
with alcohol consumption
. Conversely, drinkers,
especially binge drinkers, are more likely to smoke
[52,55]
than nondrinkers
. This tobacco-alcohol relationship
involves the pleasure-reward dopamine brain systems,
as evidenced in murine models. In a recent study of
mice, the rodents that were exposed to nicotine tended
to ingest alcohol more frequently than rodents that
were not administered nicotine due to a reduction in the
dopamine response of the reward-response system in
the brain, which decreased the pleasurable response to
[59]
alcohol .
Young adults perceive an increased enjoyment of
[53,60]
and desire for cigarettes while drinking alcohol
,
which may explain why smokers smoke more cigarettes
[53,61-63]
while under the influence of alcohol
, especially
[53,61]
during binge drinking episodes
. If the frequency of
alcohol consumption, binge drinking and being a smoker
are associated, we are experiencing a global health issue
with an early beginning in adolescence because both
substances synergically increase the future risk to a level
that exceeds the usual risk for liver, cardiovascular and
neoplastic diseases posed by the individual use of either
[64]
of these substances . Young adults smoke cigarettes
at rates that are higher than any other age group.
According to the 2010 National Survey on Drug Use and
Health survey, 34.2% of young adults aged 18 to 26
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Compared with nonbinge drinkers, frequent binge
drinkers were more likely to report fair or poor health and
experience a greater number of sick days. These findings
appear to reflect the generally negative consequences
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(hepatocyte apoptosis) in genetically obese (ob/ob) mice
by increasing tumor necrosis factor α and decreasing
[78]
nuclear factor κΒ activity . Individuals with fatty liver
are predisposed to increased liver injury by chronic binge
alcohol drinking. This finding has been proven in studies
involving rats, where repeated alcohol binges in the
context of mild steatosis may promote the activation of
[79]
stellate cells and contribute to liver injury .
Despite these findings, note that the majority of
experimental data concerning the impact of binge
drinking on the pathogenesis of a liver injury may not
be completely extrapolated to humans because the
majority of the studies are based on animal models
that do not completely mimic liver injury in humans.
Note that ethanol sensitivity in human, rat, mice, and
other animal models (e.g., drosophila, zebrafish) can
also vary due to differences in populations, species, and
strains. In animal models, several approaches have
been considered to examine the effect of binge ethanol,
including the single binge, the intermittent repeat binge,
and chronic ethanol exposure followed by episodes of
binging. Evidence from these animal studies provide
mechanistic information on the binge ethanol effect
relevant to alcoholic liver disease. For example, the
cellular effects of ethanol are increasingly attributed to
the modulation of immunological, metabolic, signaling,
[80-82]
and epigenetic pathways
. Binge alcohol alters the
levels of several cellular components and dramatically
amplifies liver injury in chronically alcohol exposed liver.
Evidence exists that acute alcohol exposure inhibits
hepatic mitochondrial DNA synthesis and also impairs
mitochondrial metabolism and dynamics. Alcohol into
xication inhibits the inflammatory response by inhibiting
signaling through TLRs when a potent external TLR
[83]
stimulus is provided during alcohol intoxication . As
previously reported, binge drinking promotes the activa
tion of stellate cells and contributes to liver injury via a
[79]
pro-fibrogenic response .
Other factors involved in the toxicity of alcohol to the
liver are obesity, resistance to insulin, chronic infection
with hepatitis C virus, being female, and tobacco con
[84]
sumption . A priori, tobacco appeared to have a minor
role in fibrosis and chronic liver disease; however, addi
tional studies have suggested its deleterious role in the
course of chronic liver disease. Tobacco and alcohol may
have a synergic and deleterious impact on chronic liver
[85]
disease . Tobacco may accelerate the progression to
cirrhosis in patients with alcoholic chronic liver disease
and increase liver decompensations in individuals with
[86]
established cirrhosis . Approximately 90% of the
patients with advanced alcoholic chronic liver disease are
[87]
smokers . Tobacco seems to be involved in the risk of
[88]
developing hepatocarcinoma
by increasing aflatoxin
[89]
B1, which is a known hepatic carcinogen .
The mechanisms by which smoking promotes the
progression of chronic diseases are substantially un
known. Smoking may accelerate the progression of
“fibrogenic” conditions, such as chronic renal, cardiac
[90,91]
or pancreatic diseases
. Cigarette smoke induces an

Table 3 Summary of the organic effects of alcohol-binge
drinking
Hepatic
Steatosis
Steatohepatitis
Fibrosis
Cirrhosis
Hepatocellular
carcinoma
Oncogenic
Oral cavity
Pharynx
Larynx
Esophagus
Colorectum

Neurocognitive
Impaired verbal memory
Impaired episodic memory
Deficits language and
attentional tasks
Prospective memory
Executive functions

Renal
Glomerulonephritis
Acute nephropathy
Kidney graft failure

Cardiovascular
Hypertension
Ischemic heart disease
Stroke
Cardiomyopathy
Myocarditis

Others
Acute pancreatitis
Chronic pancreatitis
Major depression
Impaired fertility
Premature and low
weigh births
Fetal alcohol syndrome

Breast
Pancreas

Arrhythmias
Atherosclerosis

of alcohol abuse but at an earlier stage in poor health
[69]
development . Binge drinking is associated with the
deterioration of work performance, brain damage,
alcohol dependence, stroke, heart rhythm disturbances,
coronary disease, sexually transmitted diseases and
[35]
premature death . Table 3 summarized the organic
effects of binge drinking on different organs and systems.

Effect on the liver

The epidemiological evidence demonstrates that binge
[70]
drinking in chronic alcoholics augments liver injury . A
recent study showed that frequent consumers (5-7 d/wk)
have a higher mortality rate compared with persons with
[71]
lower rates of consumption (1-4 d/wk) . A heavy binge
drinking episode in patients who chronically consume
alcohol is the most common trigger for the admission of
[72]
patients with steatohepatitis . A study of a large cohort
of drinkers with consecutive biopsies suggested the
concept of multiple hits of alcoholic hepatitis in the same
patients as the prime determinant in the progression of
[73]
[74]
alcoholic liver injury . Mathews et al
have recently
developed a chronic plus binge alcohol feeding model
in mice, which is similar to the drinking patterns of
many alcoholic hepatitis patients: A history of chronic
drinking and recent excessive alcohol consumption have
begun to identify novel mechanisms that participate in
the pathogenesis of alcoholic liver injury. Chronic binge
ethanol feeding induces higher levels of steatosis, serum
[74]
alanine transaminase, and liver inflammation . Binge
alcohol consumption aggravates oxidative stress and
promotes the pathogenesis of nonalcoholic steatohepatitis
from obesity-induced simple steatosis. Alcohol and high
fat diets synergistically induce nitrosative, endoplasmic
reticulum, and mitochondrial stress and an up-regula
tion of hepatic toll-like receptor 4 (TLR4), thereby
[75,76]
contributing to steatohepatitis
. Additionally, high
fat diet plus binge ethanol synergistically exacerbates
acute steatohepatitis through the induction of CXCL1
[77]
and subsequent hepatic neutrophil infiltration . Mode
rate ethanol binges induce significant liver damage
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[103]

array of pathogenic effects that are potentially involved
in tissue fibrogenesis, including systemic inflammation,
[92]
thrombogenesis and oxidative stress . Smoking exerts
powerful immunoregulatory actions that can produce an
impaired wound healing response to injury. These effects
may be more pronounced in susceptible individuals as
[93]
suggested by genetic epidemiological studies . The
strongest evidence to support a fibrogenic effect of
smoking is the fact that smoking cessation has beneficial
[94,95]
effects on the progression of chronic renal diseases
.
Smoking increases the production of pro-inflam
matory cytokines (interleukin 1, 6 and 13) and tumor
necrosis factor α, angiogenic factors (vascular endothelial
growth factor-A) and fibrogenic mediators (leptin,
transforming growth factor β1 and angiotensin Ⅱ) also
induces oxidative stress by stimulating nicotinamide
adenine dinucleotide phosphate oxidase and decreasing
[92]
antioxidant defenses, which cause lipid peroxidation .
These effects can cause an increase in hepatocellular
damage and the subsequent activation of resident
hepatic stellate cells, which comprise a major fibrogenic
cell type. Another potential mechanism by which smok
ing causes liver fibrogenesis may be iron deposition.
Smoking also induces profound changes in the micro
vasculature, such as endothelial dysfunction, smooth
muscle cell proliferation and vasoconstriction, which
cause impaired delivery of nitric oxide and tissue
[96]
hypoxia . These events are potentially implicated in
the wound healing response of the liver to chronic injury.
Heavy smokers commonly exhibit several features of the
insulin resistance syndrome and develop an increased
[97]
risk for type 2 diabetes . Because insulin resistance
promotes liver fibrogenesis, it can participate in the
fibrogenic effect of tobacco in the liver. Therefore, we
can conclude that the interaction between alcohol and
tobacco synergistically elevates the disease risk to a level
above the risk posed by the individual use of either of
[64]
these substances .

the histone of rat tissues . A study in a South Korean
population that included 2677 men of 55 years of age,
with a follow-up of 20.8 years, associated severe binge
drinking and its frequency with mortality due to oral and
esophageal cancer. A higher mortality was observed in
these cancers for patients with a daily binge drinking
habit compared with nondrinkers. The alcohol dose and
mortality due to esophageal cancer and the mortality
and the frequency of alcohol consumption are highly
associated, whereas the volume of consumed alcohol is
not highly associated. Note that tobacco consumption
[104]
was an important confounding factor in this study .
Binge alcohol consumption seems to be a risk factor for
pancreatic cancer. After adjusting for sex and age in a
[105]
case-control population study
in San Francisco (United
States) with 532 cases and 1701 controls, the risk of
pancreatic cancer was determined to be higher in binge
drinking patients when a higher amount of units were
consumed and a longer consumption had occurred. This
finding supports the notion that a high consumption
of alcohol, including binge drinking, is a risk factor for
the development of pancreatic cancer. Alcohol is also
involved in the development of a hepatocarcinoma.
Acetaldehyde, a reactive metabolite of ethanol, binds
to nucleic acids, proteins such as enzymes, microsomal
proteins and microtubules. The generated reactive
oxygen species can also activate or repress the epigene
tic elements such as chromatin remodeling, non-coding
RNAs (micro-RNAs), DNA (de) methylation and histone
modification that affect gene expression, hence leading
[106]
to hepatocarcinoma .
We should consider that smoking is a known risk
factor for upper digestive tract cancer, including oral
cavity, pharynx and esophagus cancers. Therefore, the
interaction of alcohol and tobacco synergistically elevates
the disease risk to a level above the risk posed by the
individual use of either of these substances.

Oncogenic effects

The consequences on the memory of alcoholic beverage
binge drinking have been explored in animal models. The
results show that binge doses of alcohol cause a disrup
tion in the growth of new brain cells; this lack of new
growth may cause the long-term deficits detected in key
areas of the brain (such as hippocampal structure and
[107,108]
function) that are induced by binge drinking
. The
increasing interest in performing studies to analyze the
neurotoxic effect of alcohol due to the increased practice
of binge drinking in adolescence is not surprising. A “safe”
alcohol dose for the developing brain of an adolescent
is unknown. The prefrontal cortex and limbic system,
which includes the hippocampus, undergoes prominent
[109,110]
reorganization during the late teenage years
;
these cognitive processes, which are dependent on
these areas of the brain, such as memorial processes,
are very sensitive to any damage caused by excessive
alcohol ingestion. Different studies have reported poorer
performance in neurocognitive tests with the worst
[111]
verbal memory and poorer episodic memory . Binge

Neurocognitive effects

Alcoholic beverages and ethanol in alcoholic beverages
are classified by the WHO International Agency for
Research on Cancer as “carcinogenic to humans” (group
[68]
1) . Probable mechanisms for the association between
alcohol drinking and upper digestive tract cancer have
[98,99]
been presented in several studies
. The carcinogen of
esophageal cancer, with regard to alcohol consumption,
[100,101]
is acetaldehyde
, which is a highly reactive and
toxic alcohol metabolite. Acetaldehyde interferes with
DNA repair machinery and directly inhibits O6 methylguanyltransferase, which is an enzyme that is deemed
[102]
important for the repair
. The inhalation of acetal
dehyde has been known to cause bronchial cancer and
esophageal cancer. Several studies have reported the
hazards of binge drinking using experiments. After in
vivo administration of ethanol in the stomach of rats,
which is analogous to the binge drinking condition,
histone H3 modification, which primarily affects histone
methylation in the liver, lung and spleen, was detected in
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Effect on the cardiovascular system

drinking affects the executive functions and the working
memory from the Brodmann areas 46 and 9 of the
dorsomedial prefrontal cortex. Studies of neurocognitive
function in teenagers aged 15-19 years with a history
of alcohol abuse have revealed deficits for a range
of language and attentional tasks, verbal and nonverbal memory tasks, and specific working memory
[112,113]
impairments
. Compared with nonalcohol drinkers,
binge drinkers evinced cognitive impairments in the
Paced Auditory Serial Addition Test regarding executive
planning function and episodic memory tasks-these
findings were similar to frontal function deficits observed
[105]
in Korsakoff alcoholics . Using magnetic resonance,
[114]
several studies
have correlated binge drinking in postadolescence and early adulthood with brain structural
alterations. These results showed a greater decrease
in the gray matter of the dorsomedial prefrontal cortex
in binge drinking subjects compared with the control
subjects. A positive correlation between the increased
gray matter in binge drinkers and the results from the
Self-Ordered Pointing Test (SOPT), which is an error test,
[109]
was observed . The measure of the prefrontal cortex
was also correlated with the volume and the rate of
[109]
alcohol intake .
[115]
A Spanish cohort study
evaluated the binge
drinking habits of 89 university students with a twoyear follow-up. The neuropsychological performance was
measured using several scales; binge drinkers yielded
the worst scores in the Wechsler Memory Scale-Ⅲ and
the SOPT and demonstrated a worse verbal memory
compared with nonbinge drinkers. Another study, with a
longer follow-up of ten years, of adolescents with abusive
alcohol consumption revealed that verbal memory
deteriorated with time for adolescents who presented the
[116]
habit to a young adult age . At a neuropsychological
level, binge drinking subjects show deficiencies in the
assessment tests for the frontal executing functions of
attention, planning, cognitive flexibility, work memory,
decision-making, verbal fluency, decision-changing and
[117]
inhibitory control tasks .
Regarding the effect of prospective memory, a
[118]
study
showed similar results on the Prospective and
Retrospective Memory Questionnaire test for binge
drinkers and nonbinge drinkers. These findings contrast
[119]
with another study by the same author
. A higher
number of short- and long-term prospective memory
lapses were observed in this group. This study excluded
consumers of other substances and lacked the control
of the age, type of alcohol consumption, hours after the
last intake or period of consumption. However, a lower
score in the prospective remembering video procedure
(PRVP) was observed in binge drinkers, which revealed
differences when consumers of other substances and
consumers who had drank alcohol in the last 48 h were
excluded. Nonsignificant differences were observed
between the groups regarding age, anxiety or depression
levels, and years of alcohol consumption. Subjects with
a higher intake of alcohol units per week demonstrated
lower results in the PRVP test.
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Approximately 10% of cardiovascular disease-related
[120]
deaths are attributable to alcohol
. The probability
of coronary heart disease and cardiovascular mortality
[121]
increases with heavy consumption . Studies suggest
that a binge pattern of drinking may precipitate myo
[122]
cardial ischemia or infarction
, and evidence of an
association between binge alcohol consumption and
a two-fold greater mortality after acute myocardial
[123]
infarction also exists . In addition to the volume of
consumption, the pattern of drinking must be considered.
[124]
Recently, Liu et al
demonstrated that binge patterns
in mice increase the development of atherosclerosis
compared with no alcohol controls. The results from
retrospective studies of adults who range in age between
40 and 60 years have indicated that binge drinking
is associated with a heightened risk of cardiovascular
(CV) events, such as stroke, sudden death, myocardial
infarction, and increased mortality after myocardial
[123,125-127]
infarction
. In addition, an alcohol binge drinking
pattern is associated with the progression of carotid
[128]
atherosclerosis . Endothelial dysfunction is an early
indicator of blood vessel damage and atherosclerosis and
[129-131]
a strong prognostic factor for future CV events
. In
binge drinkers, cardioprotective changes in high density
lipoproteins are not observed, and adverse changes in
low-density lipoproteins are acquired. Binge drinking
seems capable of predisposing the heart to arrhythmia
by reducing the threshold for ventricular fibrillation and
by causing scarring of the myocardium. The myocardium
may be especially sensitive during withdrawal, as will
occur after weekend binges. In addition, irregular
drinking is associated with an increased risk of throm
bosis, which is most likely to occur after heavy drinking
stops. These physiological mechanisms may explain
the observed increase in cardiovascular events during
the weekend and on Mondays. In countries with known
weekend binge drinking, the Monday peak is pronounced
and is accompanied by slight increases in mortality on
Saturdays and Sundays. This finding has been observed
in countries of the former Soviet Union and in Sco
[132-134]
[135]
tland
. Chenet et al
hypothesize that alcohol,
particularly when drunk in binges, serves as a catalyst
in acute ischemic heart diseases by being synergetic to
other triggering factors.
In an experimental animal model in which binge
alcohol was administered after chronic alcohol treatment,
binges caused a decrease in the messenger ribonucleic
acid (mRNA) of low-density lipoprotein-receptor (LDL-R)
and increased mRNA levels of the angiotensinogen gene
in the liver. Binge ethanol intake in chronically exposed
rat liver decreased LDL-R and increased angiotensinogen
[136]
gene expression
. Note that increases in plasma
LDL cholesterol and angiotensin are cardiovascular risk
factors in human alcoholics. In a recent study performed
in ApoE KO mice, the arterial lumen was reduced and
the deposits of macrophages were more evident,
which confirms the aterogenic capacity of alcohol binge
[124]
drinking
. These results imply that binge alcohol-
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induced alterations in liver have consequences on the
cardiovascular system. Thus, binge drinking affects
interorgan cross-talk. This finding is further supported
by increases in the plasminogen activator inhibitor
(PAI). PAI-1 serves a major role in fibrin metabolism
by blocking fibrinolysis. The role of PAI-1 in fibrin accu
mulation in vascular disease is well understood to
contribute to endothelial dysfunction and inflammation.
Thus, these findings provide strong evidence to
support a health message that discourages binge
drinking. The provision to healthcare professionals of
scientific evidence that binge drinking can accelerate
atherosclerosis may encourage them to perform brief inter
ventions for individuals with at-risk drinking behaviors.

with a credible threat to remove the licenses of outlets
that repeatedly sell to under-aged customers. These
strategies are also more effective when supported by
community-based prevention programs. Some of these
measures are effective in decreasing the damage caused
by alcohol but are also cost-effective from a revenue
point of view due to increases in the price and taxes of
[143,145]
alcoholic beverages
.
Preliminary data support the intriguing possibility
that integrated intervention may enhance smoking
[146]
cessation and reduce binge drinking .
Decreased smoking and improved maintenance of
abstinence may result from a behavioral intervention
to reduce binge drinking. This hypothesis is supported
by several lines of evidence, including conditioning
mechanisms in which the craving to smoke is elicited by
[147,148]
higher levels of alcohol consumption
, and environ
mental factors, such as parental and peer influence for
concurrent use of cigarettes while engaging in binge
[149]
drinking .
Smoke-free bar policies may not be sufficient
to influence the association between smoking and
drinking, particularly if tobacco marketing continues
in these venues or in the absence of programs that
specifically address the co-use of tobacco and alcohol.
Tobacco interventions should prioritize bars and other
social venues that are popular among young adults to
reach persons who are at greatest risk. The strong and
consistent association between smoking and drinking
indicates that public health efforts and clinical cessation
programs need to address the paired use of tobacco and
alcohol among the young adult bar-going population.

Other effects

The effect of alcohol on other organs and systems varies.
[137]
Binge drinking is one of the main causes of pancreatitis
and is involved in a higher mortality from a duodenal
[138]
ulcer . It is also the cause of neuropsychiatric condi
[139]
[140]
tions, such as depression . In the kidney , binge
drinking has been correlated with glomerulonephritis,
acute nephropathies, and the loss of kidney transplants. It
is the cause of fertility disorders, prematurity, low weight
[141]
and newborn alcoholic syndrome .

APPROACHING THE PROBLEM
Numerous social and political interventions are available
to decrease this type of consumption, such as laws
against driving under the effect of alcohol, increased
taxes, restriction of access and availability of alcohol,
and brief interventions, such as medical advice and
control via publicity.
Our main weapon against this problem is primary
prevention, which is difficult to develop due to established
alcohol consumption among different cultures, which is
primarily associated with social events. In this manner,
the WHO has developed a strategic plan to approach the
harmful consumption of alcohol, based on preventive
[142,143]
interventions
with the help of health services, to
reduce access to alcoholic beverages and prohibit its
marketing and by increasing prices.
A substantial amount of evidence across different
countries to support making alcohol more expensive,
primarily via taxation, and to reduces the extensive range
of harm due to intoxication and binge drinking, including
road traffic accidents and fatalities, intentional and
unintentional injuries, rapes and robberies, homicides,
[144]
crime, and violence . Another issue in this plan is the
marketing control of the illicit production of beverages
with regulation systems.
Similarly, a substantial amount of evidence to
support raising the minimum purchasing age to reduce
alcohol-related road traffic accidents and to reduce
the density of alcohol outlets to reduce drunkenness,
assaults, and road traffic fatalities. However, these
strategies will only be effective if it is not backed up
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CONCLUSION
Binge drinking is an increasing public health issue
that affects teenagers and young adults. Although its
consequences are not well known, relevant hepatic,
cardiovascular, neurocognitive and oncogenic effects
may be present. Binge drinking also has a significant
social and economic impact. Interventions should be
globally approached to address the consumption of
alcohol and tobacco.
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Abstract
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Inflammatory bowel disease (IBD) is composed of
Crohn’s disease and ulcerative colitis and is manifested
by both bowel-related and extraintestinal manifestations.
Recently the number of therapeutic options available
to treat IBD has dramatically increased, with each new
medication having its own mechanism of action and
side effect profile. A complete understanding of the
hepatotoxicity of these medications is important in order
to distinguish these complications from the hepatic
manifestations of IBD. This review seeks to evaluate the
hepatobiliary complications of non-steroid based IBD
medications and aide providers in the recognition and
management of these side-effects.
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Core tip: Recently the number of medical therapies
for inflammatory bowel disease (IBD) has greatly
increased. Each medication has its own mechanism
of action and side effect profile. This review article
discusses the hepatic side effects of medications used
to treat IBD enabling physicians to better recognize and
manage these complications.
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due to a systemic hypersensitivity reaction characterized
by high fevers, generalized lymphadenopathy, a macu
lopapular rash, elevated liver enzymes, eosinophilia and
[9]
immune complexes . Granulomatous hepatitis has been
described in patients on sulfasalazine presenting with
an elevated alkaline phosphatase and bilirubin along
with the presence of granulomas on liver biopsy. This
has been described in patients without CD and appears
[10-12]
to be medication rather than disease related
.
Also reported are rare cases of fatal fulminant hepatic
necrosis from drug rash with eosinophilia and systemic
symptoms, a devastating complication with an estimated
mortality of 10% if not appropriately diagnosed and
[13-20]
treated with high dose corticosteroids
.
Due to adverse effects of the sulfapyridine moiety,
5-ASA formulations without sulfa, the mesalamine
derivatives, were developed in the 1970s, and are now
more widely used than sulfasalazine. A systematic
review of the short-term adverse effects of mesalamine
show that this class of medication is generally well
tolerated, with rates of adverse events similar to placebo
[21]
controls . The most common side effects associated
with mesalamine include flatulence, nausea, headache,
dyspepsia, and diarrhea. Despite the absence of the sulfa
moiety and limited systemic absorption of mesalamine, a
randomized trial comparing mesalamine to sulfasalazine
showed rates of DILI to be similar between the two
medications, with 2.6% of patients taking mesalamine
[8]
experiencing liver injury . One case report described
possible drug-induced autoimmune hepatitis in a patient
with CD treated with mesalamine. This patient deve
loped chronic hepatitis with evidence of fibrosis on liver
biopsy, as well as an elevated anti-nuclear antibody
and anti-smooth muscle antibody, which resolved with
[22]
discontinuation of the medication . Other case reports
have linked mesalamine to systemic hypersensitivity
reactions similar to sulfasalazine as well as to the develop
[23,24]
ment of hepatocellular cholestasis
.
When signs of liver injury develop secondary to sulfa
salazine or mesalamine, the dosage should be decreased
or the medication stopped completely depending upon
the severity of the liver test elevation and the patient’s
condition. While no formal guidelines exist specifically for
sulfasalazine or mesalamine, cases suspicious for DILI
should be evaluated and managed according to currently
[25]
accepted guidelines .

INTRODUCTION
Inflammatory bowel disease (IBD) is primarily composed
of Crohn’s disease (CD) and ulcerative colitis (UC). The
North American incidence is 19.2 cases per 100000
person years and 20.2 cases per 100000 person years
[1]
for UC and CD, respectively . Through a combination
of genetic and environmental factors, IBD appears to
be caused by an inappropriate and overactive response
of the body’s immune system directed primarily at
the gastrointestinal tract. Though most disease mani
festations are bowel-related, multiple extraintestinal
manifestations including dermatologic (pyoderma gan
grenosum, erythema nodosum), ophthalmic (uveitis
and episcleritis), joint (large and small joint arthritis
and sacroiliitis) as well hepatobiliary complications may
occur. Additionally, biliary and hepatic manifestations are
common, with up to 29% of IBD patients developing
[2]
abnormal liver tests .
Recently the number of therapeutic options available
to treat IBD has increased dramatically. Current guide
lines emphasize a move away from short term corti
costeroid based treatment and towards IBD targeted
medications proven to either induce and/or maintain
clinical remission. Each new class of medication has
its own mechanism of action and side effect profile.
While multiple reviews have evaluated the hepatobiliary
manifestations of IBD, few have focused in detail on the
hepatic side effects of these medications. A complete
understanding of the prevalence, characteristics and
management of the hepatoxicity of these medications
is important to distinguish these effects from IBD
itself, limit their toxicity and maximize their therapeutic
benefit. This review evaluates the hepatobiliary com
plications, mainly drug induced liver injury (DILI), of
currently available non-steroid based IBD therapies.

SULFASALAZINE AND
5-AMINOSALICYLATES
Sulfasalazine is a pro-drug composed of 5-aminosalicylic
acid (5-ASA) linked to sulfapyridine by an azo bond,
and has been used in the treatment of IBD for over 70
[3]
years . The primary efficacy of sulfasalazine in IBD
is through the 5-ASA moiety and although the exact
mechanism of action is not known, 5-ASA has been
shown to have an array of anti-inflammatory properties
including effects on reactive oxygen species, nuclear
[4-6]
factor kappa B, and cytokines . Though mainly de
monstrating benefit for UC, it is commonly used for CD.
Common side effects include headache, nausea, dyspe
psia, or allergic reactions, and are generally attributed
to the sulfa component. The overall incidence of liver
toxicity has been estimated to be between 0.4%-2.9%,
depending upon the study group and underlying dise
[7,8]
ase . Though most liver test abnormalities are minor
and reversible with drug discontinuation, previous studies
have described severe hepatotoxicity to sulfasalazine
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AZATHIOPRINE AND
6-MERCAPTOPURINE
The thiopurine immunomodulators azathioprine (AZA)
and its principle metabolite, 6-mercaptopurine (6-MP),
have shown efficacy in the maintenance of steroid
[26]
induced remission for both CD and UC . AZA is con
verted to its active metabolite 6-MP through nonenzymatic reactions by compounds such as glutathione.
Intracellular metabolism of 6-MP is dictated by the activity
of several enzymatic pathways resulting in both the
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Figure 1 Azathioprine/6-mercaptopurine metabolism. Azathioprine is converted to 6-MP via nonenzymatic reactions. IMPDH and GMPS generate
active 6-thioguanine nucleotides. TPMT results in the production of hepatotoxic 6-MMP and 6-MMPR metabolites. 6-MP: 6-mercaptopurine; TPMT:
Thiopurine methyltransferase; XO: Xanthine oxidase; HPRT: Hypoxanthineguanine-phosphoribosyl-transferase; 6-MMP: 6-methylmercaptopurine; 6-MMPR:
6-methylmercaptopurine ribonucleotide; IMPDH: Inosine monophosphate dehydrogenase; GMPS: Guanosine monophosphate synthetase; MPK: Monophosphate
kinase; DPK: Diphosphate kinase. Adapted from Cuffari C, Theoret Y, Latour S, Seidman G. 6-Mercaptopurine metabolism in Crohn’s disease: Correlation with
efficacy and toxicity. Gut 1996; 39: 401-406.

therapeutically active metabolite 6-thioguanine (6-TG),
which is associated with myelosuppression, as well as the
non-therapeutic metabolites 6-methylmercaptopurine
(6-MMP) and 6-methylmercaptopurine ribonucleotide
(6-MMPR) which have been associated with hepatotoxicity
[27]
(Figure 1) .
AZA and 6-MP have been shown to result in both
a hepatocellular and cholestatic hepatitis, with a
number of studies evaluating the incidence of liver
test abnormalities occurring in IBD patients treated
with these medications. A large study of 3931 patients
from the prospective Spanish nationwide database
found that 4% of patients on thiopurines developed
[28]
hepatotoxicity . Another study that followed 786
patients with IBD, of whom 138 received either AZA
or 6-MP, found that 7.1% of those treated per patient
year developed elevated liver tests that were 1-2
times the upper limit of normal. Approximately 2.6%
of those treated per patient year developed liver tests
[29]
greater than twice the upper limit of normal . A large
systematic review of 3485 patients from 2007 evaluating
the incidence of liver injury in patients with IBD exposed
to AZA or 6-MP showed an overall prevalence of abnormal
liver tests of 3.3%. When follow-up time was included,
2992 patients received treatment during a total of 6952
years of follow-up, with the average rate of drug-induced
liver test elevation being 1.4% per patient year. These
liver test abnormalities were generally noted to occur
[30]
within the first few months of drug initiation .
The primary hepatic manifestations include hyper
sensitivity reactions, cholestasis, peliosis hepatitis, Disse
space fibrosis, veno-occlusive disease and nodular
[31]
regenerative hyperplasia (NRH) . In hypersensitivity
syndromes, symptoms usually develop within 2-3
wk of initiation with an elevated bilirubin and alkaline
phosphatase, as well as with moderate elevations of
aminotransferases. At the histologic level, parenchymal
[30,31]
cell necrosis is noted
. NRH, peliosis hepatitis,
fibrosis, and veno-occlusive disease have been shown
to be dose-dependent injuries and likely secondary
to damage to the endothelial cells lining the sinusoids
[30,32]
and terminal hepatic venules
. This is often noted
[30]
between 3 mo and 3 years of initiating treatment .
Thiopurine methyltransferase (TPMT) activity plays an
important role in determining AZA and 6-MP metabolism
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and the development of side effects. Approximately
0.3% of the population has low or absent activity, 11%
of the population has intermediate activity as they are
heterozygote’s, and 89% of the population possess the
[33]
wild type with normal activity . In general, 6-TG levels
8
greater than 230-260 pmol/8 × 10 erythrocytes are
associated with clinical efficacy, while levels over 450
8
pmol/8 × 10 erythrocytes are associated with bone
marrow toxicity. Though high levels of 6-TG can also
result in liver damage, particularly the development of
NRH, most liver toxicity is believed to be related to 6-MMP
and 6-MMPR, particularly at levels over 5700 pmol/8 ×
8
[27,30,34]
10 erythrocytes
.
Though no commercial testing is available for high
TPMT activity, this appears to occur in up to 15% of the
population with a preferential formation of the hepato
[35]
toxic 6-MMP and 6-MMPR metabolites . Despite this
association, routine monitoring for 6-MMP and 6-MMPR
is not widely recommended. In patients who develop
abnormal liver tests associated with the overproduction
of 6-MMP and 6-MMPR the thiopurine may be stopped,
the dose reduced or allopurinol may be used to inhibit
xanthine oxidase. While an examination of the metabolic
pathways involved would suggest this approach to result
in an increase of both 6-TG and 6-MMP/6-MMPR levels,
in fact, the effect is one of preferentially increased 6-TG
over 6-MMP/6-MMPR. Typically AZA or 6-MP dosing
is cut to one third or half the prior dose when used in
conjunction with allopurinol, and the patient’s blood work
monitored closely.
As no formal guidelines exist, and most cases of liver
toxicity occur within the first few months of therapy, we
recommend following the protocol outlined by the United
States Food and Drug Administration (FDA) (http://
www.accessdata.fda.gov/drugsatfda_docs/label/2014/
205919s000lbl.pdf), which suggests checking serum
transaminase levels, alkaline phosphatase, and bilirubin
[30]
levels weekly for the first month . Following this initial
therapy we agree with repeat testing monthly for the
next 3 mo, then every three months thereafter, following
along with the currently recommended monitoring
of white blood cell counts. This sequence should be
repeated with any dose increase. It is common for
patients to have a slight elevation of liver enzymes with
normalization on repeat testing. However, if elevations
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[42]

45% experienced a worsening of their liver tests .
A meta-analysis evaluating 12 studies of 457 children
with IBD exposed to MTX found that 10.2% of patients
developed abnormal liver biochemistry with 6.4% of
patients requiring dose reduction and 4.5% of patients
[43]
requiring discontinuation of the medication .
Beyond elevated liver tests, long term MTX use may
lead to the development of fibrosis and cirrhosis. The
histologic feature of methotrexate-induced liver toxicity
[44]
tends to resemble nonalcoholic steatohepatitis . Earlier
studies reported up to a 50% chance of developing
fibrosis, though there is concern that this may be an
[45-47]
overestimation secondary to confounding factors
.A
more recent meta-analysis of 15 studies examined the
relationship between long term low-dose MTX and biopsy
evidence of liver fibrosis. It showed that patients have a
6.7% chance of progressing at least one histologic grade
of fibrosis for every gram of MTX taken and that the
rate of progression of liver disease was associated with
the cumulative dose of the medication. In addition, it
revealed a 5.0% chance of having advanced pathologic
[48]
changes on biopsy .
In general, measures to prevent or identify hepa
totoxic effects should be employed prior to chronic use
and risk factors for the development of hepatoxicity
identified. These risk factors, created by the American
Academy of Dermatology, allow for stratification and
guidance in how aggressive liver enzymes should be
monitored and whether a patient should be considered
[44]
for liver biopsy . Patients should be ruled out for
chronic viral infections such as hepatitis B and hepatitis C,
and educated to avoid hepatotoxic agents. In addition,
all patients should undergo periodic monitoring of their
liver tests. While there are no formal recommendations
for laboratory monitoring by gastrointestinal societies,
the American College of Rheumatology recommends
monitoring liver tests every 2-4 wk for the first 3 mo,
then every 8-12 wk for the next 3 mo. After 6 mo of
[49]
therapy liver tests should be checked every 12 wk .
With regards to liver biopsy, the most recent set
of American College of Gastroenterology guidelines
recommend consideration of a biopsy prior to initiation
of MTX in patients with elevated liver tests at baseline,
patients with one or more risk factor for hepatotoxicity
and in patients who are suspected to have chronic liver
[26]
disease . Given the lack of biopsy data in patients
with CD, current guidelines defer to the American
Rheumatology Associations guidelines which recommend
a liver biopsy for patients who develop elevations in
AST in 5 of 9 blood samples in a 12-mo period, 6 of 12
samples if performed monthly, or if there is a decrease
[26,50]
in serum albumin below the normal range
. The role
for current noninvasive technologies such as transient
or MRI elastography, or serum non-invasive markers of
fibrosis remains unclear.

become persistent or marked, the dose of AZA or 6-MP
may be reduced in half with continued close monitoring,
or by finer dose adjustments guided by metabolite
levels. With normalization, careful resumption of the
[30]
previous dose can be reattempted . In one prospective
study that evaluated this method, slightly less than half
[36]
of patients were able to resume their previous dosage .
Patients whose liver tests fail to normalize should have
the medication discontinued. If severe cholestatic
jaundice occurs, the medication should be withdrawn
with continued close monitoring of the liver tests for
improvement. Patients should consider undergoing liver
biopsy if liver tests remain persistently elevated after
[30]
medication withdrawal .

METHOTREXATE
Methotrexate (MTX) was discovered in the 1940’s
and was first used to treat leukemia in 1948. It is a
structural analogue of folate which competitively inhibits
the enzyme dihydrofolate reductase and thereby the
production of the intracellular metabolite folinic acid and
the synthesis of purines and pyrimidines. Clinically, it
has demonstrated effectiveness in the treatment of CD
[37,38]
but not UC
. Generally, it is given intramuscularly
at a dose of 25 mg weekly in combination with another
medication used to induce remission, such as steroids
or a biologic agent. Once a clinical response is observed,
patients are switched to subcutaneous or intramuscular
injections at a dose of 15 mg weekly. Multiple side effects
have been reported including infections, pneumonitis,
bone marrow suppression and liver test abnormalities.
There is extensive literature relating to MTX’s effects
on the liver with significant variability in reports of liver
tests abnormalities and histologic changes on biopsy.
While the mechanism resulting in hepatotoxicity is not
fully understood, it is likely related to MTX induced
folate deficiency, as supplementation has been shown
[39,40]
to reduce hepatic adverse events
. Much of the
evidence relating to its heptotoxicity comes from its
use in rheumatoid arthritis and psoriatic arthritis, where
it has been shown to have a variety of effects on the
liver ranging from hepatic steatosis to fibrosis. The
CORRONA database is a large cohort of patients which
followed 2104 patients with rheumatoid arthritis and
psoriatic arthritis exposed to methotrexate. Overall,
approximately 22% of patients exposed to MTX with
rheumatoid arthritis developed an elevated aspartate
aminotransferase (AST)/alanine aminotransferase (ALT),
while 35% of patients with psoriatic arthritis exposed to
[41]
MTX had an AST/ALT > 1 × the upper limit of normal .
Similar results were found in patients with IBD on
chronic low dose MTX. A retrospective study evaluating
87 subjects with a mean duration of therapy of 81 wk
and an average dose of 1813 mg found that 24% of
patients developed elevated liver tests. Of these patients,
44% had underlying risk factors for liver disease. While
23% of patients in the study had abnormal liver tests at
baseline, 45% had normalization while on MTX, while
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ANTI TUMOR NECROSIS FACTOR-ALPHA
Tumor necrosis factor-alpha (TNF-α) is a pro-inflamma
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tory cytokine that plays a role in the immunopathology of
[51]
IBD . Infliximab (REMICADE®) is a chimeric monoclonal
anti-TNF-α antibody which was first approved to treat CD
[52]
in 1998 and UC in 2005 . Its most common side effects
are headache, rash and cough, while infusion reactions
[53]
have been seen in 5% of patients . In addition, through
its immunosuppressive properties, it has been associated
with an increased risk of infection based on large cohort
[54]
studies .
Infliximab has been associated with several forms
of DILI. A large, prospective cohort study found that
6.7% of patients treated with infliximab experienced
hepatocellular cytolytic injury, with mild elevations
in AST/ALT > 1 × the upper limit of normal, but dis
continuation rates were not significant compared to
[55]
those who did not have liver enzyme elevations . In
another retrospective cohort study, 6% of patients,
the vast majority who were on low-dose infliximab,
developed mild idiopathic liver enzyme elevations. In
up to 50% of these patients, other possible causes
(medication, alcohol, metabolic, viral) were identified.
The mean time to ALT elevation was 29 wk, and resolu
tion occurred after a median of 17 wk in 82% of patients
[56]
despite continuation of therapy . In this study, a
small subset of patients were found to have positive
autoimmune markers, and underwent liver biopsies
which demonstrated features of autoimmune hepatitis,
requiring cessation of the initial anti-TNF-α treatment.
Although infliximab has been used in several studies
to treat refractory autoimmune hepatitis, autoimmune
hepatitis due to infliximab is becoming an increasingly
[57-59]
recognized form of hepatocellular injury
. In a review
of 34 cases of DILI secondary to TNF-α antagonists,
16/26 patients treated with infliximab had autoimmune
antibodies or liver biopsies suggestive of autoimmune
hepatitis, with interface hepatitis, piecemeal necrosis,
[60]
and portal lymphocytic inflammation with plasma cells .
Patients with autoimmune features had a latency period
of 16 wk before liver injury was apparent and higher
peak ALT values. In the reported cases, patients often
recovered with discontinuation of infliximab and corti
costeroid therapy.
Cholestatic liver injury has been described in several
case reports of patients treated with infliximab. Patients
developed jaundice after infliximab infusions, with
markedly elevated alkaline phosphatase and bilirubin.
One patient who underwent liver biopsy demonstrated
bland cholestasis. Cholestatic liver injury resolved in
most cases within 6-8 wk with supportive therapy and
[61,62]
withdrawal of infliximab
. In a severe case of acute
cholestatic hepatitis after eight months of treatment
with infliximab for rheumatoid arthritis, one patient
progressed to liver failure requiring liver transplant. This
patient’s liver biopsy showed ductal proliferation with
[63]
collapse and enucleation of the hepatocytes .
Apart from DILI, infliximab has also been shown
to cause reactivation of hepatitis B, in patients with a
positive surface antigen (HBsAg) and patients with anticore antibodies (HBcAb) without HBsAg. In a systematic
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review of HBsAg-positive patients, 2/14 patients treated
with infliximab experienced hepatitis B reactivation,
characterized by jaundice with elevated liver enzymes
[64]
and a positive HBV DNA . The outcomes for patients
with reactivation range from recovery with lamivudine
[65]
treatment to fatal fulminant hepatitis . Patients with
HBsAg-positive or anti-HBc positive serology are con
sidered to be at moderate risk (1%-10%) for reactivation
[66]
(Table 1) . Given the poor outcomes associated with
hepatitis B and the availability of prophylactic antivirals,
both the AGA and AASLD recommend screening for
hepatitis B with HBsAg and anti-HBcAb prior to initiating
[66,67]
therapy
. If a positive result is obtained, HBV DNA
should be checked before initiating prophylaxis. Antiviral
prophylaxis has been associated with an 87% relative
risk reduction of reactivation and an 84% relative risk
reduction of HBV-associated hepatitis flares. Tenofovir
or entecavir is recommended for long-term antiviral
prophylaxis given high resistance rates with lamivudine.
In contrast to the experience with hepatitis B, hepatitis
C has not been shown to be affected by infliximab
usage, and screening for hepatitis C is not currently
recommended.
Adalimumab (HUMIRA®) is a fully human monoclonal
anti-TNF-α antibody, and was FDA-approved for use in
CD in 2007 and UC in 2012. It has also been associated
with DILI, though less seldom than infliximab. In a
population-based study from Iceland, the absolute risk
of DILI with adalimumab was reported to be 1/270
[68]
patients, compared to 1/120 infliximab users . Idio
syncratic liver enzyme elevations can be seen with
adalimumab, albeit at a lower incidence than infliximab.
In a study of 1753 IBD patients treated with anti-TNF
therapy, 33% of patients were initiated on adalimumab;
however, only 6% of the 102 patients with elevated
liver enzymes were adalimumab users (three times
[56]
the number on infliximab) . Resolution of mild liver
enzyme elevations generally occurred despite continued
use of adalimumab.
Two cases of drug-induced autoimmune hepatitis
have been reported in patients being treated with
[69,70]
adalimumab, including one patient with CD
. Liver
enzyme elevations and autoantibodies were seen after
10-12 wk of treatment. Liver biopsies in both patients
showed typical morphologic features of autoimmune
hepatitis. Both patients recovered with cessation of the
medication and initiation of corticosteroids. Interestingly,
two cases of patients who developed autoimmune
hepatitis with infliximab with subsequent treatment
with adalimumab have also been described in the
literature. In both cases, autoimmune hepatitis resolved
after infliximab was discontinued, with no evidence of
recurrence after adalimumab was initiated, suggesting
that DILI from one anti-TNF-α treatment does not pre
[71,72]
clude therapy with another drug in the same class
.
One case of severe cholestatic injury due to adali
[73]
mumab has been reported . A female patient with CD
being treated with adalimumab developed severe jaundice
after seven months. Bilirubin and alkaline phosphatase
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immunomodulators has increased with the approval
of vedolizumab in May 2014. Integrins modulate the
adhesion of leukocytes to endothelial cells and are
responsible for a key step in the inflammatory cascade
whereby activated leukocytes anchor to the endothelial
wall prior to transmigration. Two anti-integrin therapies
are currently approved to treat IBD, natalizumab and
vedolizumab, while a third, ertolizumab, is currently in
phase 3 testing.
Natalizumab (TYSABRI®) is a monoclonal antibody
directed to the alpha-4 integrin. Initially used for multiple
sclerosis, it was subsequently approved to induce and
maintain clinical remission in patients with moderate
to severe active CD in patients who failed conventional
[77,78]
therapies and anti-TNF-α agents
. Its use has been
significantly limited in CD due to morbidity and mortality
in postmarketing cases of progressive multifocal leu
kencephalopathy that developed secondary to the JC
virus. Initial trials examining natalizumab’s efficacy
[77,79-82]
in treating IBD did not mention hepatotoxicity
.
Generally elevation of aminotransferases have oc
curred in approximately 5% of patients on natalizumab
[83,84]
compared with 3%-4% of controls
. In the post
marketing setting, clinically significant liver injury,
including liver failure, has been reported with at least
59 cases of hepatic injury reported to the FDA’s Adverse
Event Reporting System. In a report of 6 cases of liver
injury, there was a significant hepatocellular component
with ALT’s reaching 2212 IU/L in one patient. Serum
bilirubins ranged from 4.5-16 g/dL and occurred as early
as 6 d after treatment. In addition, there were varying
[85]
degrees of autoantibodies that were positive . The
etiology of the liver injury that occurs is unclear but is
likely immunologically mediated.
Vedolizumab (ENTYVIO®) and ertolizumab are
newer anti-integrin therapies with less data relating to
their hepatotoxic effects. Vedolizumab is a monoclonal
antibody to the α4β7 integrin that modulates lymphocyte
migration into the gut. In the phase 3 trials examining its
efficacy, three patients developed elevated transaminases
with or without bilirubin elevation after 2-5 doses of
vedolizumab. One further case was reported in the open
labeled trial. Some patients developed autoantibodies
[86-90]
and were treated with systemic steroids
. Currently,
screening for hepatitis B prior to treatment is not
routinely recommended.
Ertolizumab is a monoclonal antibody that binds
the β7 subunit of α4β7 and αEβ7 integrins. Phase 1 and
phase 2 studies in UC have been performed while phase
3 studies are underway. No reported adverse events
[91,92]
related to the liver have been reported
.

Table 1 Risk of hepatitis B viral DNA associated with
medication use and hepatitis B status
Risk group

Medication

High risk (> 10%)

Corticosteroids > 4 wk
(moderate-high dose)
Moderate risk (1%-10%)
TNF-a inhibitors
Ustekinumab
Vedolizumab
Natalizumab
Corticosteroids > 4 wk

Low-risk (< 1%)

Azathioprine
6-mercaptopurine
Methotrexate

Hepatitis B virus status
HBsAg+/HBcAb+
HBsAg+/HBcAb+
(1%-10%)
HBsAg-/HBcAb+ (1%)

HBsAg+/HBcAb+
(1%-10%) (low dose)
HBsAg-/HBcAb+ (1%)
(moderate-high dose)
HBsAg+/HBcAb+
HBsAg-/HBcAb+

Adapted from American Gastroenterological Association Institute Technical
Review on Prevention and Treatment of Hepatitis B Virus Reactivation
During Immunosuppressive Drug Therapy[66]. Corticosteroids (prednisone
equivalent): Low dose: < 10 mg; Moderate dose: 10-20 mg; High dose: >
20 mg. HBsAg: Hepatitis B surface antigen; HBcAb: Anti-hepatitis B core
antibody; TNF-a: Tumor necrosis factor-alpha.

were elevated, and liver biopsy demonstrated cannalicular
cholestasis associated with large intracannicular bile
thrombi throughout the parenchyma without other
significant inflammation. Spontaneous recovery was seen
5 wk after discontinuation of adalimumab.
As with infliximab, adalimumab has been impli
cated in hepatitis B reactivation, including fatal hepatic
failure in a patient with clinically resolved hepatitis B
[74,75]
infection
. Consequently, hepatitis B screening and
prophylaxis is recommended prior to starting patients
on adalimumab. Certolizumab and golimumab are the
remaining anti-TNF-α treatments which have been FDAapproved for use in CD and UC, respectively. Due to
limited use, data on hepatoxicity is scarce, though the
same recommendations for hepatitis B screening apply.
In addition to direct drug-related injury or injury
by viral reactivation, there is evidence of an increased
risk of malignancy affecting the liver in patients on
TNF-α treatment. Nineteen cases of hepatosplenic
T-cell lymphoma (HSTCL) have been associated with
[76]
infliximab use . This rare but aggressive malignancy
is an extranodal form of non-Hodgkin’s lymphoma that
predominantly affects young males, and often has a poor
prognosis. Presenting symptoms include hepatomegaly,
splenomegaly, systemic B-type symptoms, elevated
liver enzymes and signs of hepatitis. The exact causal
relationship between infliximab and HSTCL is unclear, as
patients were also treated with azathioprine, 6-merca
ptopurine, or steroids. More long-term studies are
needed to delineate the relationship between infliximab
and HSTCL.

USTEKINUMAB
Ustekinumab (STELARA®) is a human IgG1k monoclonal
antibody that targets interleukin (IL)-12 and IL-23
[93]
activity by blocking its receptors . It was approved
in 2009 for use in moderate to severe psoriasis and
psoriatic arthritis. While it has demonstrated benefit in

ANTI-INTEGRIN THERAPIES
The use of anti-integrin therapy for moderate to severe
UC or CD that is refractory to anti-TNF agents or
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of hepatotoxicity in 20%-82% of patients, characterized
by transaminase elevations as well as elevations in
bilirubin and alkaline phosphatase, which were dose
[110-112]
responsive
. In IBD patients, the rate of liver tests
abnormalities is closer to 1%-4% of patients, with a
recent systematic review of the literature reporting only
11 cases of elevated liver tests in IBD patients treated
[113,114]
with cyclosporine
.

patients with CD, it currently does not have FDA approval
for this indication. In the two published trials evaluating
its efficacy in CD, there were two hepatobiliary disorders
reported as biliary colic and cirrhosis, which did not differ
[94,95]
significantly in number from the control group
. Eleva
ted liver enzymes were a relatively rare occurrence,
occurring in up to 1.4% of patients through 64 wk of
follow up in one study. In patients treated for up to 5
years with ustekinumab for moderate-severe psoriasis,
hepatobiliary disorders were rare, representing only 0.2
events per 100 patient-years for up to 5 years of follow
[96-98]
up
.
IL-12 plays an important role in controlling hepatitis
B viral infections through its facilitation of type 1 T helper
lymphocytes and by inhibiting HBV replication through
[99-101]
interferon-gamma production
. Given its mechanism
of action, reactivation rates between 1%-10% would be
[66]
expected (Table 1) . There is therefore a theoretical risk
of reactivation of hepatitis B with the use of ustekinumab.
One retrospective study in patients with psoriasis
reported 11 patients who where hepatitis B surface
antigen positive and surface antibody negative who were
started on ustekinumab. Out of the 7 patients in whom
prophylaxis was not given, two experienced reactivation.
Of the 4 patients in whom prophylaxis was initiated, no
[101]
cases of reactivation were observed . Assuming a 5%
rate of reactivation of hepatitis B in patients exposed
to ustekinamab, prophylaxis would result in 44 fewer
reactivation events per 1000 patients treated and should
[66]
be considered .

ANTIBIOTICS
Though their benefits are not well defined in prospective
randomized trials, antimicrobials have long been used
as either adjunctive therapy for IBD complications such
as CD related abscesses, or as the primary therapy in
pouchitis, an IBD like condition occurring in surgically
constructed continent jejunal or “J-pouch” reservoirs
following total colectomy for UC. Since current IBD
models suggest that even normal bowel bacteria may
play a role in initiating and propagating the aberrant
immune response typical of IBD, the appeal of antibiotics
is straight forward; that decreasing bacterial concen
trations may lessen this immune stimulation and thus
decrease the inflammatory response. Though there is
some evidence of benefit to this approach in fistulizing
peri-anal and colonic CD, a clearer benefit in UC is
lacking. Currently, antibiotic therapy for UC is only
recommended for end-stage cases of toxic megacolon,
when bacteremia is common.
The two most commonly used antibiotics are metro
nidazole and ciprofloxacin, either individually or in
combination. Metronidazole is a synthetic nitroimidazole
derivative used to treat both anaerobic bacteria and
protozoa, generally dosed orally at 10 to 20 mg/kg per
day. Ornidazole, another nitroimidazole derivative not
currently available in the United States, has also been
studied for the treatment of CD. Though metronidazole
is often given intravenously when utilized for inpatients
with CD related abscesses, most clinical experience in CD
is with oral use. While dose adjustment is recommended
in patients with severe liver impairment, primary hepa
totoxicity is extremely rare. Cases of DILI have been
reported, typically presenting with a hepatocelluar injury
[115,116]
pattern several weeks after the initiation of therapy
.
Small prospective trials of metronidazole and ornidazole
in CD have reported elevations of liver enzymes, that did
[117,118]
not significantly differ from the placebo group
.
Ciprofloxacin is a member of the fluoroquinolone
class of antibiotics whose mechanism involves inhibition
of DNA gyrase within sensitive bacteria, preventing the
relaxation of supercoiled DNA and subsequent breakage
of double stranded DNA. Minor elevations of serum AST
and ALT related to ciprofloxacin use is quite common,
affecting approximately 1% of users. A recent large
study of a Veterans Administration population of 7862
patients with fluoroquinolone exposure matched against
45512 controls, each group excluding underlying liver
disease, showed an increased risk of hepatotoxicity in
exposed compared to unexposed patients, odds ratio

CYCLOSPORINE
Cyclosporine prevents the activation of T-lymphocytes by
inhibiting the production and release of IL-Ⅱ. It is used to
induce remission in refractory UC and serve as a bridge
to medications such as AZA or 6-MP for maintenance
therapy. Traditionally given as an intravenous infusion
at a rate of 4 mg/kg, the lower 2 mg/kg dose has been
shown to be equally effective with fewer reported side
[102-104]
effects
. Over 80% of steroid refractory patients
will respond to therapy and in many cases, cyclosporine
[105]
provides an alternative to colectomy
. While side
effects such as nephrotoxicity, hypertension and infec
tions are more prevalent, hepatotoxicity is rare.
Animal studies evaluating its effects on the liver
reveal increased bile acid and bilirubin concentrations
when given at high doses, with a corresponding reduc
tion of the biliary secretion of bile acids, cholesterol
and phospholipids. Cholestasis was secondary to a
decrease in bile acid dependent and independent bile
[106,107]
flow fractions
. Case series that evaluated dosages
ranging from 2-10 mg/kg per day found mild abnor
malities in liver tests consistent with mild increases in
alkaline phosphatase levels as well as slight increases
[108]
in bilirubin and aminotransferases . In addition, cyclo
sporine has been reported to increase the incidence of
[109]
cholelithiasis . Earlier studies evaluating cyclosporine
use in post-renal transplant patients reported evidence
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Table 2 Summary of medication side effects and management options
Medication
Sulfasalazine

5-ASA

Prevalence of liver injury

Manifestation

0.4%-2.9%

Mild liver test abnormalities
Severe systemic hypersensitivity
Granulomatous hepatitis
DRESS syndrome
Mild liver test abnormalities
Drug induced autoimmune hepatitis
Systemic hypersensitivity reaction
Hypersensitivity reaction
Cholestasis
Peliosis hepatitis
Disse space fibrosis
Veno-occlussive disease
Nodular regenerative hyperplasia
Hepatosplenic T-cell lymphoma
Elevated liver tests
Fibrosis
Hepatocellular injury
Cholestasis
Hepatosplenic T-cell lymphoma
Autoimmune hepatitis
Hepatocellular injury
Cholestasis
Autoimmune hepatitis
Liver failure
Elevated liver tests
Increased bile acids
Cholestasis
Hepatocellular injury

Approximately 2.6%

AZA/6-MP

1.4%-7.1%

Methotrexate
Anti-TNF-a agents

Anti-integrin therapy

Ustekinumab
Cyclosporine

Approximately 10.2%
0.37%-6.7%

< 5%

1.4%
1%-4%

Management

1

Slight liver test elevation →
Monitor
Persistent elevation →
Consider stopping medication/reducing dose
Marked elevation →
Stop medication

1

For general management of elevated liver tests. For specific recommendations see text. ASA: Aminosalicylic acid; AZA: Azathioprine; 6-MP:
6-Mercaptopurine; TNF: Tumor necrosis factor; DRESS: Drug reaction with eosinophilia and systemic symptoms.
[119]

(OR) = 1.20; 95%CI: 1.04-1.38 . Much rarer cases of
severe hepatocellular, cholestatic or a mixed pattern of
injury have been reported with fluoroquinolones, which
are among the group of antibiotics most commonly
associated with this complication. Clinical trials of cipro
floxacin for the treatment of CD have not shown any
significant rates of liver injury, but given the small size
of these studies it is not possible to determine whether
[120,121]
there is any disease specific associated liver risk
.
Finally, though CD is not widely considered to be
caused by a specific infection, there is a possible asso
ciation of CD with the organism Mycobacterium avium
paratuberculosis (MAP), which has been found in the
serum and tissue of some CD patients. Though there
has been modest success with antimicrobial treatment
regimens directed at MAP, it is unclear whether this
success is related to its effect on MAP or a general
alteration of the bowel flora. While isoniazid (INH) has
an anti-mycobacterial effect, and has been used as part
of MAP directed therapy, the common usage of INH in
individuals with IBD is not as a direct therapy, but as a
co-therapy to prevent reactivation of mycobacterium
tuberculosis (TB) in individuals with suspected latent
[122,123]
infection treated with anti-TNF-α therapy
. In the
United States population the risk of latent TB has been
estimated at 4%, with significant variations depending
[124]
upon the region and socioeconomic status . Current
prescribing guidelines recommend testing for latent
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TB prior to initiation of biologic therapy with anti-TNF-α
[125]
agents . In patients at risk for latent TB, at least one
month of INH therapy is suggested prior to the initiation
[126]
of biologic therapy .
INH inhibits the synthesis of mycolic acid, an essential
component of the bacterial cell wall, and is commonly
associated with DILI. Mild elevations of serum trans
aminases occur in up to 20% of INH treated patients, and
usually requires close monitoring without discontinuation
of therapy. Traditionally more severe, and potentially fatal
INH hepatitis has been directly associated with increasing
patient age, ranging from a rate of 0.3% in individuals
20 to 34 years of age, and as high as 4.6% in those over
age 65 years manifesting as an acute hepatocellular
pattern. Though, more recent studies have suggested
[127,128]
that rates may be as low as 0.1%
. Fatality rates
once hepatitis develops have been reported as high as
10%, and are worse with increasing age, though overall
fatality rates in those treated and monitored following
current American Thoracic Society guidelines appear to
[129,130]
be very low
. Current guidelines recommend routine
monitoring of patients treated with INH prophylaxis
who are at higher risk of underlying liver disease such
as those with chronic viral hepatitis, recent pregnancy,
and regular alcohol consumption. However, monitoring
may be considered for anyone greater than 35 years of
age. Suggested intervals of AST, ALT, and bilirubin testing
are at baseline, then as often as every 4 wk while on
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therapy. Discontinuation of therapy should be considered
for an ALT > 5 × the upper limit of normal, or > 3 × the
upper limit of normal with associated nausea, vomiting,
[131]
abdominal pain, jaundice, or unexplained fatigue .

9

10

CONCLUSION

11

While both patients and physicians alike may look
forward to a true “cure” for illness, the management
of chronic medical conditions typically requires the
use of medications, often for an indefinite length of
time. This is certainly true for the management of IBD.
The fact that IBD is itself an immune related disease,
requiring immune suppressing or modifying therapies,
for long periods of time, further increases the side effect
potential of these treatments. IBD medications are
prominent on the list of well described agents causing
DILI, as well as other hepatobiliary manifestations, each
with their own prevalence and management strategy
[25]
(Table 2) . While the data on newer therapies appears
encouraging with regard to DILI specifically, further post
marketing experience will be needed to determine the
exact nature of this risk and appropriate prophylactic
and management strategies.
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Hepatitis B virus (HBV) infection is a major public health
problem in many countries, with nearly 300 million
people worldwide carrying HBV chronic infection and
over 1 million deaths per year due to cirrhosis and liver
cancer. Several hepatitis B surface antigen (HBsAg)
mutations have been described, most frequently due to a
single amino acid substitution and seldom to a nucleotide
deletion. The majority of mutations are located in the
S region, but they have also been found in the pre-S1
and pre-S2 regions. Single amino acid substitutions in
the major hydrophilic region of HBsAg, called the “a”
determinant, have been associated with immune escape
and the consequent failure of HBV vaccination and HBsAg
detection, whereas deletions in the pre-S1 or pre-S2
regions have been associated with the development of
hepatocellular carcinoma. This review article will focus
on the HBsAg mutants and their biological and clinical
implications.
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with the HBsAg produced by yeast cells into which the
genetic code for HBsAg had been inserted. The complete
vaccination schedule induces protective antibody levels
in more than 95% of infants, children and young adults.
The emergence of single or multiple amino acid
substitutions in the HBsAg region has been found in
infants born to HBsAg-positive mothers who underwent
passive/active immunoprophylaxis at the birth, in
HBsAg-positive liver transplant recipients treated with
hyperimmune anti-HBs immune globulin and in patients
who experienced loss of HBsAg after anti-HBV therapy.
This review article focuses on the impact of HBsAg
mutants on vaccine escape, failure of diagnostic tests to
detect HBsAg, and on the development of hepatocellular
carcinoma (HCC).

assays. There is growing evidence in the last decade
of the association between HBsAg mutations and
the development of hepatocellular carcinoma (HCC),
suggesting that the pre-S1 or pre-S2 large deletions are
those prevalently associated with the development of
HCC. This review article will focus on the clinical impact
of the various HBsAg mutants.
Coppola N, Onorato L, Minichini C, Di Caprio G, Starace M,
Sagnelli C, Sagnelli E. Clinical significance of hepatitis B surface
antigen mutants. World J Hepatol 2015; 7(27): 2729-2739
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i27/2729.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i27.2729

INTRODUCTION

HBV VIROLOGY

Hepatitis B virus (HBV) infection is a major public health
problem in most countries, with approximately 2 billion
people worldwide showing exposure to the virus, nearly
300 million carrying HBV chronic infection and over 1
million deaths per year due to HBV-related end-stage
[1-5]
liver disease, liver cirrhosis and liver cancer .
HBV is an enveloped Hepadnavirus with an incom
[6]
plete double-stranded DNA genome of 3.2 Kb . Eight
genotypes, with a distinct geographical distribution, have
been identified to date. Genotype A prevails in northwestern Europe and in the United States, genotypes B
and C in Asia, genotype D in the Mediterranean basin,
the Middle East, and India, genotype E in Western Africa,
genotype F in South and Central America, genotype G
in the United States and France, genotype H in Northern
[7]
Latin America , genotypeⅠin Laos, Vietnam, Eastern
[8,9]
[10]
India
and North-Western China and genotype J in
[11,12]
Japan
.
The worldwide prevalence of chronic HBV infection
in the general population borders 5%, but it differs
widely from one geographical area to another, from
0.1%-2.0% in the United States and Western Europe,
from 2.0%-8.0% in Eastern Mediterranean countries
and Japan, and from 5.0%-20.0% in South-Eastern
[1,13]
Asia and sub-Saharan Africa
.
Risk factors for HBV infection include transfusion of
unscreened blood, renal dialysis, sexual promiscuity,
sharing or re-using syringes among injection drug users,
tattooing, piercing, working or residing in a healthcare setting, living in a correctional facility and longterm household or intimate non-sexual contact with an
HBsAg-positive individual. In highly endemic areas the
majority of hepatitis B surface antigen (HBsAg) chronic
carriers acquire HBV infection at birth or in the first
decade of life, whereas in countries with a low endemicity
HBV transmission occurs mostly in adulthood due to
unprotected sexual contact, syringe sharing or parenteral
[7,14-17]
exposure to contaminated medical equipment
.
A vaccine against HBV became available in 1982,
and ten years later the World Health Organization
recommended universal vaccination of newborn babies

Human HBV is the prototype member of the Hepadna
viridae family, which includes a variety of avian and
mammalian viruses sharing similar genomic organiza
tion, organ tropisms and a unique strategy of genome
[14]
replication .
HBV is one of the smallest enveloped animal viruses
with a diameter of 42 nmol/L consisting of an outer lipid
envelope and an icosahedral nucleocapsid core com
posed of proteins. The nucleocapsid encloses the viral
DNA and a DNA polymerase acting also as a reverse
[17]
transcriptase . The outer envelope contains the embe
dded proteins HBsAg, pre-S1 and pre-S2 involved in
the viral binding of, and entry into susceptible cells.
HBV is also called “Dane particle” after the name of the
researcher who first observed it on electron microscopy
together with filaments and 22 nmol/L spherical bodies
[18]
in the serum of infected individuals . HBV infects the
hepatocytes, whereas the filaments and spherical bodies
do not contain the viral DNA and do not infect the liver
cells. These filaments and spherical bodies show the
same HBsAg reactivity as the surface of HBV and are
considered to be produced by HBsAg in excess during
[19]
the life cycle of the virus .
The HBV genome consists of 3200 base pairs of
partially double-stranded circular DNA containing four
(P, C, S and X) overlapping open reading frames (ORF)
with a nucleotide diversity of ≥ 8% in different geno
[15,16]
types
. The P gene codes for the viral polymerase/
reverse transcriptase. It has four domains: A terminal
domain, which serves as a protein primer for reverse
transcription of pre-genomic viral RNA, a spacer region
without no apparent function, the polymerase domain,
which has reverse transcription activity, and the RNase
H domain, responsible for the degradation of the RNA
template during reverse transcription.
The core (C) gene codes for HBcAg, the major
structural protein of the nucleocapsid. The preC/C ORF
is transcribed into a precore/core fusion protein. During
entry into the endoplasmic reticulum, 19 amino acids
are cleaved from the N-terminal end of the precore
protein by a signal peptidase. When transported into the
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Golgi compartment, additional amino acids are removed
from the C-terminal end by intra-Golgi proteases to form
the HBe antigen. This antigen, which is secreted into
the serum, is used as a marker of active HBV replication
in clinical practice. The possibility that the circulating
HBe antigen may suppress the immune response and
[14]
favor HBV replication has been hypothesized
but
never proven, and the biological function of this protein,
if any, remains unknown. The preS/S ORF encodes the
envelope proteins HBsAg, pre-S1 and pre-S2. The X
gene codes for potent transactivating factors of viral
and cellular genes (HBxAg), some of which possibly
[20,21]
correlated to the development of HCC
.

a cluster of B-cell epitopes, common to all subtypes of
the virus, called ‘‘a’’ determinant and showing a two-loop
structure of aa (124-147). Mutations may occur on both
loops of the “a” determinant and may be responsible for
a lack of protection and the occurrence of HBV infection
in immunized patients (vaccine escape) or for failure
to protect by the HBIG administered as a prophylactic
measure or failure to detect HBsAg in diagnostic assays.
Table 2 lists the studies suggesting the association of
HBsAg mutants with vaccine escape or failed HBsAg
detection.
[61]
In 1988 a follow-up Italian study
reported that
children with a strong antibody response to HBV vaccine
may still become infected with HBV. This observation
was confirmed in other investigations and the conclusion
on this point is that this phenomenon may involve nearly
2% of children born of HBsAg-positive mothers or with
[61,62]
other HBsAg-positive household contacts
. More
detailed analysis identified an association of vaccine
escape with a point mutation from glycine to arginine
[61]
at position 145 (G145R) . This G145R mutation is the
[62-68]
vaccine-escape mutant most frequently detected
,
[61,69]
[70,71]
stable over time
and horizontally transmissible
.
[72]
He et al studied 176 restaurant employees before
and one year after the HBV vaccination was completed.
Six (3.4%) of the 176 became HBV-DNA positive after
vaccination and four (2.3%) of the six showed a point
mutation within the “a” determinant (Gly-145-Ala, and
Ile/Thr-126-Asn/Ser).
[73]
Ngui et al
tested 17 HBV-infected mother/infant
pairs because the infants became HBV-infected despite
careful passive-active HBV immunoprophylaxis. Complete
concordance in the S gene sequence was identified in 15
mother/infant pairs, while in the remaining two pairs the
sequence of the S gene differed: One infant harbored
three nucleic acid changes (P120Q, F134Y and D144A)
and the other was carrying the I126N substitution,
mutations that may interfere with HBsAg/anti-HBs bind
ing. Mismatches in the HBV S gene were also observed in
16 of 41 HBV-infected mother/infant pairs in Singapore,
of whom the infants acquired HBV infection despite HBV
[74]
passive/active immunization .

HBSAG STRUCTURE AND VARIANTS
The preS/S ORF encodes three different structurally
related envelope proteins, termed the large (L), middlesized (M) and small (S) protein, that is synthesized
from alternative initiation codons. The three proteins
share the same carboxy-terminus but have different
amino terminal extensions. In particular, the S protein
corresponding to the HBsAg consists of 226 amino
acids (aa), the M protein contains an extra N-terminal
extension of 55 aa, and the L protein has a further
N-terminal sequence of 108-119 aa compared with the
[22]
M protein . The enhancer and basic core promoter
regions of S region overlap with the X gene.
HBsAg is an envelope glycoprotein that is currently
the primary element for diagnosis and target of immu
noprophylaxis of HBV infection. The dominant epitopes
of HBsAg, which are the targets of neutralizing B-cell
responses, reside in the ‘‘a’’ determinant (aa 124-147)
within the major hydrophilic region (MHR).
Several mutations in the S region have been described
and those most frequently reported in the literature are
listed in Table 1. In most cases, they were aa substitutions
due to a single mutation, but nucleotide deletions have
also been reported. The majority of mutations were
located in the S region, but some mutations were also
identified in the pre-S1 or pre-S2 regions. Mutations in
the S region have been found in various HBV genotypes,
while those in pre-S1 or pre-S2 have been frequently
[23-60]
observed in patients with HBV genotype C (Table 1)
.

HBsAg mutants associated with failed HBsAg detection
[75]

In 1999, Coleman et al
demonstrated that three
commercial assays did not detect serum HBsAg in
patients showing mutations including G145R in the “a”
[76]
determinant. Subsequently, Zhang et al
prepared a
panel containing four dilutions of an HBsAg wild-type
serum, three recombinant mutants (G145R, K141E, and
T131I) and one negative sample. This panel was tested
for HBsAg reactivity by the laboratories of 85 blood
banks using different assays. HBsAg reactivity was
detected only in 19.4% of the assays in the presence of
the aa substitution G145R and in 20% in the presence
of the T131I or K141E mutants.
[77]
Sticchi et al
found G145A HBsAg mutants in
8 (3.1%) of 256 HBsAg chronic carriers, alone in 5
and with other HBsAg mutations in 3 (T126I, T131A,

CLINICAL SIGNIFICANCE OF HBsAg
MUTANTS
Some HBsAg mutants have been associated with major
biological or clinical events such as immune escape,
failure to detect HBsAg and the development of HCC.

HBsAg mutants associated with immune escape

The MHR region, which is exposed to the outer surface
of the virion, is situated between aa 99-169 of HBsAg.
The antibodies produced after HBV vaccination and
those used in diagnostic assays to detect serum HBsAg
are both directed against this region and, specifically, to
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Table 1 Mutations reported in the hepatitis B surface antigen regions
Codon

Type mutation

Mutation

Phenotypic consequence

HBV genotype

AAS

M197T1, Y206C2/H3,
F220L4

Low serum HBV DNA

D

AAS

G145A1

A-B-C-D

[24,31,47]

AAS
AAS

G145R
C121W

Immune escape1
Lamivudine resistance1
Immune escape
Immune escape

A, B-C-D
A

[28,35,36,40,41,45,47-50]
[25]

AAS
AAS

C147W
T189I

WT act, Mt aat
WtCaa, Mt cga
Wt ttc, Mt tac
Wt atg, Mt atc
Wt ttg, Mt tcg
WT gac, Mt gaa
Wt cct, Mt Tct
Wt act, Mt agt
WT act, MT atc
WT act, Mt agc
WTcca, Mt aca
Wt gca, Mt Gta
Wt gta, Mt gca
Wt Tcg, Mt acg
Wt tgt, Mt ttc
Wt cct, Mt act
Wt ata, Mt act
Wt att, Mt ctt
Wt tat, Mt ttt
Wt agt, Mt aac
Wt tat, Mt cat
Wt acg, Mt aat

AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS
AAS

I126N
Q129R
F161Y
M103I
L94S
D144E
P127S
T126S
T126I
T143S
P120T
A184V
V184A
S143t
C76F
P70T
I82T
I110L
Y134F
S207N
Y134H
T125N

Wt atg, Mt atc, WT aag, Mt
agg
Wt tat, Mt tgt
Wt ccc, Mt ctc, MtQ caa,
MtS tcg, Mtt acc
Wt tcg, Mt cta
Wt ctt, Mt cct
Wt cct, Mt ctt
Mutations in pre-S1 region
Wt tct, Mt aca

AAS

M103I-K122R

Immune escape
Immune escape, reducing HBsAg
detection signal
Immune escape
Vaccine escape
Immune escape
Immune escape
HCC
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Immune escape
Increased HBsAg reactivity in
immunological diagnostic assays
Immune escape

AAS
AAS

Y100C
P120L/Q/S/T

AAS
AAS
AAS

Wt aac, Mt act
Wt cag, Mt cct
Wt acc, Mt aat
Wt aat, Mt acc
Wt cct, Mt cag
Deletion size (bp) 39
Deletion size (bp) 108
Deletion size (bp) 39
Deletion size (bp) 108
104th codon
preS1 start
Wt ucc, Mt gcc
Wt cct, Mt ctt
Wt tgg, Mt ctg, Mt agg
104th codon
Mutations in pre-S2 region
Not specified
From 8th codon to 23rd codon

Wt1 atg, Mt1 acg, Wt2/3 tac,
Mt2 tgc, Mt3 cac, Wt4 ttt, Mt4
ttg
Wt1 gga
Mt1 gca
Wt tgc
Mt tgg
Wr tgc, Mt tgg
Wt act, Mt att

D
E-A

Ref.
[23]

[25,26]
[27,28,33]

C
B
C
D
D
D, C, A
B, D
B
C, D
C, A
B, D
E
E
E
E
E
E
A, C
D
D
D
D

[29]
[30,34]
[31,51]
[24,52]
[32]
[28,33,40,52]
[33,34,39]
[33,34,38]
[28,34,53]
[34,53]
[34,53]
[27]
[27]
[25,27,53]
[27]
[27]
[27]
[25,53]
[25,55]
[25,56]
[52]
[43]

A-C-D

[24]

Immune escape
Immune escape

B-C
B-C

[45]
[45]

S143L
L127P
P127L

Immune escape
Immune escape
Immune escape

D
E
A

[52]
[27]
[27]

AAS

S98T

D

[57]

AAS
AAS
AAS
AAS
AAS
D
D
D
D
AAS
D
AAS
AAS
AAS
AAS

N48T
Q82P
T97N
N97T
P93Q
Region (nt) 3046-3084
Region (nt) 2959-3066
Region (nt) 3046-3084
Region 2959-3066
Q104Stop
Not specified
S17A
P32L
W43L/R
Q104Stop

Significant association with disease
progression (LF, LC, HCC)
Reduced HBsAg detection signals
Reduced HBsAg detection signals
HBsAg not detected
HBsAg not detected
HBsAg not detected
Progression to advanced liver disease
Progression to advanced liver disease
Progression to advanced liver disease
Progression to advanced liver disease
HCC development and immune escape
HCC development and immune escape
Immune escape
Immune escape
Immune escape
HCC development and immune escape

C
C
C
E
E, C
C
C
C
C
C
C
C
C
C
C

[27]
[27]
[27]
[27]
[27]
[58]
[58]
[58]
[58]
[59]
[59]
[59]
[59]
[59]
[59]

AAS
D

preS2-W3Stop

Immune escape
Immune escape

C
C

[59]
[59]

AAS: Amino acid substitution; D: Deletion; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HBsAg: Hepatitis B surface antigen; LC: Liver
cirrhosis; LF: Liver fibrosis.
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Table 2 Studies on hepatitis B surface antigen mutations associated with immune escape and failure to detect hepatitis B surface
antigen
Ref.

Country

No. of patients Type of study Patients with HBsAg mutation, n (%)

Sticchi et al[77]

Italy

256

Luongo et al[79]

Italy

1

Case report

Lee et al[66]

South Korea

1

Case report

SeddighTonekaboni et al[68]
Ngui et al[73]

4

Carman et al[62]
Laoi et al[78]

United
Kingdom
England,
Wales
Multinational
Ireland

Foy et al[80]

United States

Cross-sectional

Clinical significance

HBsAg mutation
G145R, T126I

1

Detection failure; vaccine
escape
Vaccine escape

1

Vaccine escape

2

Vaccine escape
Vaccine escape

8 (3.1)

17

Cross-sectional

2 (12)

32
32

Cross-sectional
Cross-sectional

1
6 (18.5)

1

Case report

1

Vaccine escape
Vaccine escape, detection
failure
Immune escape

M125T, T127P
Q129H
G145R, P120Q,
I126T
P142S, G145R,
G145A
P120Q, F134Y,
D144A, I126N
G145R
G145A, F134L,
D144E, S143L
D144E

HBsAg: Hepatitis B surface antigen.

C139Y, E/D144G, T126I, M133L, P120Q or T126I). In
the three patients with a multiple mutation, HBsAg was
undetectable by 3 of 5 routine assays used in this study.
HBsAg mutants associated with failure to detect
HBsAg have also been observed in patients with acute
[78-80]
[78]
hepatitis B
. Laoi et al
studied 32 consecutive
patients with acute hepatitis B and found a single or
multiple amino acid substitution in 6 (18.5%) isolates.
The G145A substitution along with the F134L were
responsible for failure to detect HBsAg in one of these
6 and the D144E and S143L in another two isolates,
whereas the other mutants identified (R113Thr, Ser114
Pro, Thr118Val, Ala128Val) were of unclear significance.

0.05). In accordance with this, a correlation between a
pre-S deletion and the presence of liver cirrhosis or HCC
[86]
was described in an observational Japanese study .
Also, in a cross-sectional Italian study, the prevalence
of pre-S2 deletions or start codon mutations was much
higher in the 19 patients with HBV-related HCC than in 91
[87]
HBV carriers without HCC (84.2% vs 43.9%, P < 0.02) .
[88]
In 2006, Chen et al found a higher prevalence of pre-S
deletions in 50 Taiwanese patients with HBV-related
hepatocellular carcinoma than in 102 HBV-infected
individuals without HCC (52.0% vs 29.4%, P < 0.0001).
Similar data come from three studies performed in
[89]
[90]
[91]
Taiwan , South Korea and China , respectively. In
[92]
addition, a South Korean study performed by Mun et al
demonstrated a correlation of both pre-S1 deletions and
pre-S1 start codon mutations with the occurrence of HCC
(P = 0.027 and P = 0.048, respectively); in this study
the presence of pre-S2 deletions was also significantly
associated with the development of liver cirrhosis (P =
0.001). The association of pre-S deletions and pre-S2 start
codon mutations with the presence or the development
of HCC was confirmed in other studies performed in
[93-95]
southern Asia
. Moreover, a cross-sectional South
[96]
Korean study on 119 HBsAg-positive patients showed
a higher prevalence of pre-S1 deletions in patients with
[97]
HCC than in those without. In a case-control study on
192 HBsAg-positive patients from Taiwan, the pre-S2,
but not pre-S1 deletions, were associated with the
occurrence of HCC, data endorsed by the results of a
subsequent South Korean case-control study on 270
[98]
HBV-infected patients
that described a correlation
between pre-S2 but not pre-S1 deletions or pre-S2 start
codon mutations and HCC. The pre-S deletions were
significantly associated with the development of HCC also
[99]
in a study performed by Kao et al on 168 HBV chronic
patients from Taiwan.
A prospective study performed in South Korea
[100]
investigated 195 patients with chronic HBV infection
and showed a higher incidence of HCC in those who

HBsAg mutations associated with HCC development

The HBsAg mutations prevalently associated with the
development of HCC are the large deletions involving the
[81]
pre-S1 or pre-S2 regions . These deletions naturally
occur during the chronic phase of HBV infection and
induce the synthesis of truncated variants of the large
envelope protein, with important immunological and
[82]
clinical consequences . In fact, these variants present
reduced antigenicity and, by altering the immune
response, may favour the replicative activity of the
[83]
virus . In addition, the pre-S deletions decrease the
expression of middle and small surface proteins, resulting
in intracellular accumulation of viral particles that may
induce stress in the endoplasmic reticulum, oxidative
DNA damage and genomic instability, and possibly lead
[84]
to a higher rate of neoplastic transformation . The
growing evidence on the association between HBsAg
mutations and the development of HCC emerging in the
last decade is shown in Table 3.
[85]
In 2003, Huy et al conducted a multicenter crosssectional study on 352 HBsAg-positive patients from 12
countries in five continents or subcontinents and demon
strated a higher prevalence of pre-S1 and/or pre-S2
deletions and pre-S2 start codon mutations in patients
with HCC than in those without (35.7% vs 16.5%, P <

WJH|www.wjgnet.com

2733

November 28, 2015|Volume 7|Issue 27|

Coppola N et al . HBsAg mutants
Table 3 Clinical significance of hepatitis B surface antigen mutations in chronic hepatitis B
Ref.

Country

Abe et al[103]

No. of patients Type of study

Japan

40

Sweden

35

Cao et al[94]

China

97

Chen et al[88]

Taiwan

152

Chen et al[95]

Taiwan

240

Choi et al[90]

South Korea

300

Fang et al[93]

China

66

Gao et al[91]

China

79

Huang et al[104]

Taiwan

38

Hung et al[110]

Taiwan

313

Huy et al[85]

12 countries

352

Jang et al[96]

South Korea

119

Kao et al[99]

Taiwan

168

Lee et al[98]

South Korea

270

Lee et al[107]

South Korea

247

Lin et al[89]

Taiwan

266

Mun et al[92]

South Korea

120

Qu et al[102]

China

193

Italy

110

South Korea

195

Japan

160

Hong Kong

26

Thailand

154

Yeung et al[97]

Taiwan

192

Zhao et al[101]

China

317

Bläckberg et al[106]

Raimondo et al[87]
Sinn et al[100]
Sugauchi et al[86]

Sung et al[108]

Thongbai et al[105]
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Patients with HBsAg mutation, n (%)

Clinical significance

Case-control

27/30 (90) in HCC+
Correlation between preS1-S2 deletion and
0/10 (0) in HCCHCC (P < 0.001)
Case-control
8/16 (50) in HCC+
No correlation between Pre-S2 mutations and
4/19 (21) in HCCHCC (P > 0.05)
Case-control
34/47 (72.3) in HCC+
Correlation between pre-S deletion or pre-S2
13/50 (26) in HCCstart codon mutation and HCC (P < 0.001)
Cross-sectional
26/50 (52.0) in HCC+
Correlation between pre-S deletion and HCC
30/102 (29.4) in HCC(P < 0001)
Case-control
Pre-S deletion: 28/80 (35) in HCC+ vs Correlation between pre-S deletion (P = 0.002),
27/160 (16.9) in HCCW4P/R (P = 0.021) and M1V/I/A mutations (P
= 0.011) and HCC
Cross-sectional W4P/R: 10/80 (12.5) in HCC+ vs 7/160 Correlation between pre-S deletion or pre-S2
(4.4) in HCC- M1V/I/A: 23/80 (28.8) in
start codon mutation and HCC (P < 0.001)
HCC+ vs 24/160 (15) in HCC31/72 (43.1) in HCC+
Case-control
51/228 (22.4) in HCCCorrelation between pre-S deletion and HCC
15/33 (45.5) in HCC+
(P < 0.01)
Cross-sectional
6/33 (18.2) in HCCCorrelation between pre-S deletion and HCC
10/26 (38.5) in HCC+
(P = 0.001)
Case-control
3/53 (5.7) in HCCCorrelation between pre-S deletion and HCC
9/19 (47.4) in HCC+
(P = 0.008)
Cross-sectional
1/19 (5.3) in HCCCorrelation between pre-S deletion and HCC
41/146 (40) in HCC+
(P < 0.001)
Cross-sectional
5/167 (3.0) in HCCCorrelation between pre-S1/S2 deletion and
17/49 (34.7) in HCC+
pre-S2 start codon mutations and HCC (P <
50/303 (16.5) in HCC0.05)
Cross-sectional
17/48 (35.4) in HCC+
Correlation between pre-S deletion and HCC
13/71 (18.3) in HCC(P < 0.05)
Case-control
56/112 (50.0) in HCC+
Correlation between pre-S deletion and HCC
4/56 (7.1) in HCC(P < 0.001)
Case-control
28/135 (18.5) in HCC+
Correlation between pre-S2 deletion and HCC
6/135 (4.4) in HCC(P < 0.001)
Cross-sectional
19/153 (12.4) in advanced liver
Correlation between W4P/R mutation and
disease (LC or HCC) 1/94 (1.1) in nonHCC or cirrhosis (P < 0.05)
advanced liver disease
Cross-sectional
19/64 (29.7) in HCC+
Correlation between pre-S deletion and HCC
25/202 (12.4) in HCC(P = 0.02)
Cross-sectional Pre-S1: 13/40 (32.5) in HCC+ vs 11/80
Correlation between pre-S1 (P = 0.027) and
(13.7) in HCCpre-S1 start codon mutations (P = 0.048) and
Pre-S1 start codon: 9/40 (22.5) in HCC+ HCC. Correlation between pre-S2 deletions
vs 4/80 (5.0) in HCC- Pre-S2: 8/21 (38.1)
and cirrhosis (P = 0.001)
in LC+ vs 4/59 (6.8) in LCCase-control
Pre-S deletion: 28/96 (29.2) vs 11/97 Correlation between pre-S deletion (P = 0.003),
(11.3), Pre-S2 start codon: 17/96 (17.7) pre-S2 start codon (P = 0.027), T31C (P = 0.044),
vs 7/97 (7.2), T31C: 23/96 (24.0) vs
T53C (P = 0.027) but not T766A mutation (P =
37/97 (38.1), T53C: 36/96 (37.5) vs
0.966) and HCC
23/97 (23.7), T766A: 13/96 (13.5) vs
14/97 (14.4) in HCC+ vs HCCCross-sectional
16/19 (84.2) in HCC
Correlation between pre-S2 deletion or start
40/91 (43.9) in HCCcodon mutation and HCC (P < 0.02)
Cohort
13/24 (54.2) in HCC+
Correlation between pre-S mutation and HCC
31/171 (18.1) in HCC(P < 0.001)
Cross-sectional 20/58 (34.5) in advanced liver disease Correlation between pre-S deletion and HCC
(LC or HCC)
or cirrhosis (P < 0.05)
17/102 (16.7) in non-advanced liver
disease
Case-control T31C: 6/16 (37.5) in HCC+ vs 0/10 (0.0) Correlation between T31C and T53C mutations
in HCC- T53C: 6/16 (37.5) in HCC+ vs
and HCC (P < 0.05)
1/10 (10.0) in HCCCross-sectional
24/65 (36.9) in HCC+
No correlation between pre-S1/S2/S deletion
34/89 (38.2) in HCCor start codon mutation and HCC (P > 0.1)
Case-control
28/96 (29.2) in HCC+
Correlation between pre-S deletion and HCC
14/96 (14.6) in HCC(P = 0.015)
Case-control
74/157 (47.1) in HCC+
Correlation between pre-S deletion and HCC
45/160 (28.1) in HCC(P < 0.001)
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Zhu et al[109]

China

55

Case-control

4/20 (20.0) with Pre-S2 start codon,
5/20 (25.0) with T53C and 3/20 with
T766A in HCC+ vs 0/20 in HCC-

Correlation between pre-S2 start codon (P =
0.014), T53C (P = 0.004) and T766A mutation (P
= 0.043) and HCC

HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HBsAg: Hepatitis B surface antigen; LC: Liver cirrhosis.

tested positive for pre-S mutations. Two subsequent
Chinese case-control studies on 317 and 193 HBsAgpositive patients, respectively, identified pre-S dele
[101,102]
[102]
tions
and pre-S2 start codon mutations
as
independent predictors of HCC development. Abe et
[103]
al
found a correlation between the presence of pre-S1
or pre-S2 deletions and the occurrence of HCC in a casecontrol study on 40 Asian children with chronic HBV
infection, a finding confirmed in a retrospective study on
[104]
38 Taiwanese children
in which the presence of pre-S
mutations was identified as an independent predictor of
HCC development.
[105]
Instead, a cross-sectional study
enrolling 154
patients from Thailand failed to show an association
between HCC and pre-S1 or pre-S2 deletions or start
codon mutations. Likewise, a small case-control study
showed no association between pre-S2 mutations and
[106]
HCC in 35 patients from different countries .
The S region of the HBV genome may present point
mutations that could alter HBsAg secretion. These point
mutations were investigated by some Authors to identify
a possible correlation between their presence and the
[95]
development of HCC. Chen et al
found a correlation
between the W4P/R mutation and the occurrence of
HCC, an observation endorsed by the data from a cross[107]
sectional study from South Korea
on 247 HBsAgpositive patients in which the prevalence of W4P/R
mutants was higher in patients with cirrhosis or HCC
than in those with a less severe liver illness. In addition,
[102]
Qu et al
in a larger study confirmed the association
of the T31C and T53C mutations with the occurrence of
[108]
HCC previously demonstrated in a small cohort study
published in 2008. In Qu’s study the T766A mutant and
HCC were not associated, whereas a case-control study
[109]
carried out by Zhu et al
on 55 HBV-infected Chinese
patients showed a significant association between the
pre-S2 start codon (P = 0.014), T53C (P = 0.004) and
T766A (P = 0.043) mutations and the occurrence of
HCC.

should be taken into account by clinicians and healthcare
personnel working in laboratories and blood banks.
Although several studies reported an association
between HBsAg mutations and HCC, the data on this
point are not conclusive because most of the studies
were performed in south-eastern Asia, some of them
were very small, most of them were cross-sectional and
a few reported data contrasting with those from the
majority of studies. A large worldwide study, planned on
the basis of the data available, would almost certainly
improve our knowledge on this topic.
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Abstract
The association of chronic hepatitis C virus (HCV)
infection with a wide spectrum of cutaneous mani
festations has been widely reported in the literature,
with varying strength of epidemiological association.
Skin diseases which are certainly related with chronic
HCV infection due to a strong epidemiological and
pathogenetic association are mixed cryoglobulinemia,
lichen planus and porphyria cutanea tarda. Chronic
pruritus and necrolytic acral erythema are conditions
that may share a possible association with HCV infection,
while several immune-mediated inflammatory skin
conditions, such as psoriasis, chronic urticaria and
vitiligo, have been only anecdotally reported in the
setting of chronic HCV infection. Traditional interferonbased treatment regimens for HCV infection are
associated with substantial toxicity and a high-risk of
immune-related adverse events, while the advent of
new direct-acting antivirals with sustained virological
response and improved tolerability will open the door
for all-oral, interferon-free regimens. In the new era
of these direct acting antivirals there will be hopefully
a renewed interest in extra-hepatic manifestations of
HCV infection. The aim of the present paper is to review
the main cutaneous HCV-related disorders - mixed
cryoglobulinemia, lichen planus, porphyria cutanea tarda
and chronic pruritus - and to discuss the potential impact
of new antiviral treatments on the course of these extrahepatic manifestations of chronic HCV infection.
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studies and case-series. The complex interplay between
the cutaneous immune system and the HCV-induced
immune response in a genetically predisposed individual
can induce or change the course of inflammatory skin
conditions. For example, chronic HCV infection is a major
infectious comorbidity complicating the therapeutic
management of psoriasis, which is increasingly based
on systemic immune-modulating agents, such as metho
trexate, cyclosporine and TNF-alpha inhibitors.
Thus, the nature of HCV extra-hepatic manifesta
tions requires a multidisciplinary approach, in order to
ensure a correct diagnosis and optimize therapeutic
interventions.
Traditional interferon (IFN)-based treatment regimens
for HCV infection were associated with substantial toxicity
and a high-risk of immune-related adverse events.
These included a plethora of IFN-induced manifestations
and the induction or worsening of immune-mediated,
inflammatory skin conditions, such as psoriasis, eczema,
lichenoid eruptions, pruritus and alopecia areata. IFNrelated cutaneous adverse events have to be diffe
rentiated clinically from true, primary cEHMs of HCV
infection.
In 2011, boceprevir and telaprevir were licensed
for use in HCV as new first wave, first-generation
direct-acting antivirals (DAAs), still to be administered
in combination with IFN and ribavirin. To overcome
this limit, in 2014 three new HCV DAAs (Sofosbuvir,
Simeprevir and Daclatasvir) have been licensed world
wide for use as IFN-free, a major achievement in the
[2]
field of hepatology . For the first time in three decades
the availability of new direct-acting antivirals with
sustained virological response and improved tolerabi
lity will open the door for all-oral, IFN-free regimens.
Nevertheless, these new treatment regimens have to
be tested in real-life clinical scenarios, such as difficult to
treat patient subsets with advanced fibrotic disease and/
or substantial comorbidity. In the new era of these direct
acting antivirals there will be hopefully a renewed interest
in extra-hepatic manifestations of HCV infection.
The aim of the present paper is to review the main
cutaneous HCV-related disorders - MC, LP, PCT and
chronic pruritus - and to discuss the potential impact of
new antiviral treatments on the course of these extrahepatic manifestations of chronic HCV infection.

Core tip: It is known that the association of hepatitis C
virus (HCV) infection with a wide spectrum of cutaneous
manifestations has been widely reported in the
literature. In the new era of direct acting antivirals there
will be hopefully a renewed interest in the diagnosis
and treatment of extra-hepatic manifestations of HCV
infection. The aim of the present paper is to review the
main cutaneous HCV-related disorders and to discuss
the potential impact of new antiviral treatments on the
course of these extra-hepatic manifestations of chronic
HCV infection in order to help all the clinicians dealing
with patients undergoing antiviral treatment.
Garcovich S, Garcovich M, Capizzi R, Gasbarrini A, Zocco MA.
Cutaneous manifestations of hepatitis C in the era of new antiviral
agents. World J Hepatol 2015; 7(27): 2740-2748 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v7/i27/2740.htm
DOI: http://dx.doi.org/10.4254/wjh.v7.i27.2740

INTRODUCTION
Hepatitis C virus (HCV) is known to induce both hepatic
and extra-hepatic manifestations. Chronic HCV infection
is now considered a systemic disease with multi-organ
involvement. The association of chronic HCV infection
with a wide spectrum of cutaneous manifestations has
been widely reported in the literature, with varying
strength of epidemiological association. In registrybased studies, about 17% of HCV patients present at
least one skin manifestation, which can be directly or
[1]
indirectly induced by chronic HCV infection . In Table 1,
the cutaneous extra-hepatic manifestations (cEHMs) are
summarized according to the quality of epidemiological
and pathogenetic relationship with chronic HCV-infection.
The recognition of cEHMs is important for the clinician
for several reasons. First, to ensure early diagnosis
by routine HCV-testing in patients with higher risk of
infection than the general population; Second, some
of these manifestations may improve after effective
antiviral treatment without or in combination with skintargeted therapy; Third, cEHMs may identify a difficultto treat patient subset, requiring a tailored antiviral
regimen as well as multidisciplinary care.
Skin disease which are certainly related with chronic
HCV infection are mixed cryoglobulinemia (MC), lichen
planus (LP) and porphyria cutanea tarda (PCT). In these
disorders testing for HCV infection is recommended, in
the light of the strong epidemiological and pathogenetic
association. Psoriasis, chronic pruritus and necrolytic
acral erythema are conditions sharing a possible asso
ciation with HCV infection, although they lack definitive
epidemiological and experimental evidence to support
universal screening for HCV. Moreover, other immunemediated inflammatory skin conditions, such as chronic
urticaria and vitiligo, have been anecdotally reported
in the setting of chronic HCV infection in retrospective
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MIXED CRYOGLOBULINEMIA CUTANEOUS MANIFESTATIONS
Skin is the most frequently involved organ of MC-related
vascular inflammation in chronic HCV-infected patients
and clinical manifestations include palpable purpura
(21%) with or without livedo, Raynaud phenomenon
(15%), pruritus (8%), urticaria (6%) and leg ulcers.
Leucocytoclastic small vessel vasculitis is the main
[3]
histological correlate of cutaneous lesions .
Systemic vasculitis involving the kidneys, heart and
central nervous system characterizes the severe forms
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12 wk), especially in the background of advanced liver
fibrosis, in order to obtain clearance of cryoglobulins and
[8,9]
long-lasting clinical remission .
In severe MC vasculitis with advanced renal and
liver involvement, the addition of immune-modulating
agents is crucial for targeting the B-cell clonal autoim
mune responses and clonal expansions in the blood and
liver. Rituximab, an anti-CD20 monoclonal antibody,
proved to be safe and superior to conventional immuno
suppressive agents (glucocorticoids, azathioprine or
cyclophosphamide) in the treatment of severe HCV[10]
associated MC vasculitis . Rituximab has been used
successfully in monotherapy, or in combination or
sequential treatment strategies with Peg-IFN-alpha/
ribavirin, optimizing treatment outcomes in patients
[11,12]
with severe MC disease
. Symptomatic moderateto severe MC thus identifies a distinct subset of difficultto treat HCV patients, who require a tailored treatment
approach, combining new generation antivirals and
immune-modulating agents. Furthermore, symptomatic
MC patients are at increased risk of haematological
adverse events during IFN-based regimens and could
clearly profit from new all-oral treatment strategies.
Considering the under-representation of these patients
in registrative trials there is a need for large, prospective,
multi-center studies, assessing the impact of new direct
acting antivirals on the natural history of HCV-associated
MC vasculitis syndrome.

Table 1 Classification of cutaneous extrahepatic manifestations
of chronic hepatitis C virus infection
Cutaneous conditions with defined epidemiological and/or
pathogenetic association
Mixed cryoglobulinemia
Lichen planus
Porphyria cutanea tarda
Cutaneous conditions with possible association
Pruritus (prurigo nodularis/lichen simplex cronicus)
Necrolytic acral erythema
Cutaneous conditions with anecdotal association
Psoriasis
Chronic urticaria
Vitiligo
Erythema multiforme
Erythema nodosum
Pyoderma gangrenosum

of MC disease, with increased risk of death due to endorgan complications, progression of liver disease and
lymphoma. In severe MC disease, cutaneous lesions
comprise hemorrhagic ulcers and skin necrosis, due to
immune-complex deposition in small-to medium sized
[4]
blood vessel with complement activation .
In patients with mild- to mode-rate symptomatic
HCV-related MC, an optimal antiviral treatment is war
ranted in order to attain a sustained virological response
and cutaneous improvement. Treatment goals in MC
patients are clinical remission of MC-related organ
manifestations, clearance of cryoglobulins, in addition
to sustained virological responses, while limiting the
use of immune-modulating agents with risk of liver
toxicity. In the majority of MC patients, there is a good
correlation of SVR and clinical response, with remission
of end-organ manifestations and symptoms. Other
useful laboratory response markers are clearance of
cryoglobulins, complement levels (C3, C4, CH50 activity)
and rheumatoid factor acitivity. On the other hand,
patients who relapse after initial HCV antiviral treatment
[5]
frequently develop a clinical relapse of MC disease .
Combination antiviral therapy with pegylated IFN/
ribavirin yields a SVR in almost 52% of patients with
symptomatic MC disease, as recently shown in a meta[6]
analysis of ten clinical studies . Triple antiviral therapy
with Peg-IFN-alpha/ribavirin and a first-generation
protease inhibitor (telaprevir or boceprevir) in severe
HCV-associated MC vasculitis determined a complete
clinical response of MC and SVR in 66.7% of treated
patients of an open-label cohort study. In the same
study, the improvement of clinical responses was at the
costs of a higher rate of serious adverse events (46.6%),
mostly haematological ones, in comparison to dual
[7]
antiviral regimens . Antiviral treatment with secondgeneration protease inhibitors could have a potential
impact on the course of HCV-associated symptomatic
MC, due to an improved tolerability profile and high
efficacy. Preliminary clinical experience with sofosbuvir
in dual or triple antiviral regimens for symptomatic MC
highlighted the need for longer treatment durations (>
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LP
LP is an inflammatory disorder involving the skin and the
oro-genital mucous membranes. It is the prototypical
disease belonging to the spectrum of lichenoid tissue
reactions (LTRs), which are characterized by an interfacedermatitis histological pattern, with a T-cell mediated
autoimmune attack on basal keratinocytes. It can affect
the skin and its appendages (hair and nails) as well the
mucosal surfaces of the genitalia, oesophagus, urinary
tract, high respiratory tract and the eyes, with organspecific clinical phenotypes (Figure 1A). Oral lichen planus
(OLP) (Figure 1B) is the most studied clinical phenotype
of LP in the setting of chronic HCV infection, with the
erosive form being the most severe and recurrent clinical
[13]
variant .
The association between LP and chronic HCV infec
tion has been described in several epidemiological
studies, with conflicting results depending on study
design and country-specific prevalence of HCV burden.
In hyperendemic regions such as Egypt, Japan and
Southern Europe the rate of association can be as high as
35%, whereas it can decline to 0.5% in the low-incidence
countries of Northern Europe. Two recent meta-analysis
of published studies support the association between
chronic HCV infection and LP. Patients with LP have a
five-fold greater risk of HCV-infection (OR 5.4; 95%CI:
3.5-8.3) compared to control subjects. Conversely,
the odds ratio for a diagnosis of LP among patients
[14]
with HCV is 2.5 (95%CI: 2.0-3.1) . This association
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Figure 1 Cutaneous extra-hepatic manifestations of chronic hepatitis C virus infection. A: Cutaneous Lichen planus with inflammatory hyperpigmentation and
cicatricial alopecia; B: Erosive oral lichen planus; C: Porphyria cutanea tarda, with typical involvement of sun-exposed acral skin; D: Chronic pruritus with secondary
nodular scratch lesions, or prurigo nodularis.

proved to be not significant in the isolated cutaneous LP
subtype. In summary, the variability in the association
between HCV and LP can only be partially explained by
a geographic effect and differences in study design, with
genetic factors (HLA-DR-associations), age and IFNbased treatments also playing a role. Several authors
agree to routinely check for HCV infection in patients with
a clinically and histologically-confirmed diagnosis of LP
[15,16]
disease
.
The current pathogenetic hypothesis regard LP
as a T-cell mediated autoimmune reaction to a viral
protein or to a self-epitope shared by the virus and
presented by basal keratinocytes, which are attacked
+
by cytotoxic CD8 T cells. The immune dysregulation in
LTRs is characterized by the subepithelial infiltration of
+
CD8 cytotoxic T-cells, natural killer-cells, myeloid and
plasmocytoid dendritic cells releasing Th1-cytokines,
such as tumor necrosis factor (TNF)-alpha and IFN[17]
gamma . Type-ⅠIFNs (IFN-alpha and beta), produced
by plasmocytoid dendritic cells, promote the epithelial
expression of MxA protein and the recruitment of
cytotoxic T-lymphocytes via CXCR-3/IP-10 CXCL-10
interactions. This cellular immune reaction pattern is
common to many disease states, such as viral infections
and cutaneous lupus erythematosus. Supposed trigger
factors of lichenoid inflammation are viral antigens,
cross-reactive autoantigens or xenobiotics (drugs,
chemicals), which are presented by basal keratinocytes
[18]
to immune cells . Experimental data strongly suggest
that HCV may be involved in the pathogenesis of OLP,
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inducing a cellular immune response directed against
HCV antigens and basal cell epithelial damage. The
presence of HCV-RNA in mucosal and cutaneous lesions
has been demonstrated by polymerase chain reactionbased techniques in several studies, suggesting a tissuecompartmentalization of HCV, albeit with low levels of
viral replication. Other studies did not replicate these
[19,20]
findings
.
[21]
Pilli et al
further demonstrated the presence of
HCV-antigen specific CD4 and CD8 T-cells in the lesional
+
cell-infiltrate of HCV OLP patients, with higher frequency
and IFN-gamma production than the clones in the peri
pheral blood. Whether the cytotoxic T-cell response may
be directed against viral antigens presented by basal
keratinocytes or simply induced by the local Th1-biased
cytokine milieu is still under debate.
In HCV-infected patients, mucosal LP more fre
quently runs a chronic persistent course, with higher
prevalence of erosive-ulcerative lesions and exten
sive disease, compared to non-infected LP patients.
Treatment outcomes in patients with OLP associated
with chronic HCV infection are often unsatisfactory
compared to patients suffering from idiopathic disease.
In addition, the evolution of oral lesions is often fluctua
ting, with repeated periods of relapse according to the
degree of liver function decompensation, although
some authors have found no correlation between the
severity of LP disease and HCV-viral load or liver disease
[22,23]
parameters
. IFN-based treatment regimens may
negatively influence established LP or induce the onset
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of lichenoid lesions, as type-ⅠIFNs are a major driver of
[24]
lichenoid inflammation . Accordingly, there is a relative
contraindication for IFN-based antiviral treatment in
patients with concomitant LP and chronic-active HCV
infection.
In this patient subset, a new therapeutic strategy
with IFN-free regimens (Sofosbuvir, Simeprevir and/or
Daclatasvir according to genotype) should be taken into
account, optimizing treatment outcomes for both liver
and extra-hepatic involvement. As yet, there are no
published reports on the impact of IFN-free regimens
on the clinical course of LP.
In patients with stable liver disease and symptomatic
muco-cutaneous LP, treatment should be aimed at
suppressing lichenoid-tissue inflammation with immunemodulating agents, while reducing the risk of HCV
replication or liver-toxicity. Treatment of LP is based
on a step-wise approach with the use of topical and/or
systemic immune-modulating agents, depending on
disease’s course (acute vs chronic), extent (localized vs
multifocal disease) and impact on patient’s quality of
[25]
life . Systemic treatment of LP should be restricted to
severe mucosal or generalized-cutaneous disease, and
includes different drugs, such as retinoids (acitretin),
steroids and immunosuppressive agents (methotrexate,
cyclosporine), albeit with a lack of high-quality evidence
[26]
and clinical guidelines . In HCV-infected patients,
systemic treatment of LP needs to be tailored on a caseby case basis, with strict monitoring of liver-function
and HCV-replication parameters. As systemic steroids
carry a substantial risk of reactivating HVC replication,
treatment with alternative systemic agents should be
preferred. Cyclosporine A has been successfully used
for the treatment of severe, mucosal LP and its safety
in HCV-infected patients has been reported in the
[27]
setting of transplantation and autoimmune diseases .
Moreover, in patients with chronic-active HCV infection
and concomitant, severe LP the combination of new
DAAs and cyclosporine A is possible, with a lower risk of
drug interactions compared to first-generation protease[28]
inhibitors .

PCT and HCV remains significant, with a reported 50%
[30]
mean HCV prevalence in PCT patients . Screening for
HCV infection and a comprehensive assessment of liverfunction is therefore mandatory in the diagnostic workup
of PCT. On the other hand, in patients with active HCVrelated hepatic disease routine testing for porphyrin
metabolism is not recommended, as there is only a 5%
reported prevalence of preclinical or overt PCT in the HCV
[31]
infected patient population . Iron overload (hepatic
siderosis) is a critical pathogenetic event, disrupting the
enzymatic activity of UROD by inducing the formation of
an intracellular inhibitor, probably derived from hydroxy
methylbilane and/or uroporphyrinogen.
HCV infection is an important trigger of PCT, interac
ting with other hepatotoxic and genetic susceptibility
factors, usually preceding the clinical expression of PCT.
HCV increases the production of reactive oxygen species,
leading to hepatic down-regulation of hepcidin, the key
[32]
regulator of iron absorption and metabolism . This
contributes to iron overload in conjunction with other
factors, such as genetic predisposition, further decreasing
the activity of UROD below the critical threshold for
[33]
deranged porphyrin metabolism .
The clinical aspects of PCT are characterized by
typical cutaneous lesions (vesicles, bullae, erosions and
crusting) developing in sun-exposed areas, resulting in
scarring, milia and mottled hypo-/hyper-pigmentation
(Figure 1C). Other diagnostic clues are photosensi
tivity, skin fragility, facial hypertrichosis and late-stage
sclerodermoid plaques. Laboratory investigations are
necessary for diagnosis and differentiation with other
cutaneous porphyrias, as previously reviewed. There
are no significant differences in the clinical presentation
of PCT between HCV positive and HCV-negative cases,
but the former present more advanced histological
and biochemical liver disease. Genetic studies have
described in PCT patients the importance of the mutation
profile in the HFE-gene, which is linked to hereditary
hemochromatosis. Up to two-thirds of PCT patients
carries a mutation of the HFE gene (H63D or C282Y
mutations), and heterozygous carriers are at a higher
risk of progression to severe liver disease and fibrosis.
HFE-genotyping is clinically relevant since PCT patients
with homozygosity for C282Y mutation do not respond
to chloroquine and should be preferentially treated with
[34]
phlebotomy . In a Spanish study, the same mutation
was significantly associated with HCV-negative PCT
patients, which presented hepatic siderosis. The H63D
+
mutation was reportedly more frequent in HCV PCT
[35]
patients, with milder defects in iron haemostasis .
Standard of care for PCT includes photoprotection,
anti-malarial drugs (chloroquine) and phlebotomy,
the latter to reduce hepatic iron stores. In the setting
of chronic HCV infection, effective antiviral treatment
may potentially improve clinical and laboratoristic
manifestations of PCT, especially when preceded by
therapeutic phlebotomy. Since iron is also involved in the
progression of HCV-relate liver disease, depletion of iron
stores by phlebotomy can improve both conditions. In a

PCT AND LIVER DISEASE
PCT comprise a group of diseases resulting from an
inherited or acquired dysfunction of the uroporphy
rinogen decarboxylase enzyme (UROD). PCT is the
most frequently occurring type of non-acute porphyria.
The acquired, sporadic form of PCT (type Ⅰ) occur in
predisposed individuals with deficient activity of the
enzyme in the liver, which is triggered by the exposure
to liver toxins (hepatotoxic aromatic hydrocarbons),
drugs (alcohol, estrogens), cigarette smoking, dyalisis
[29]
and hepatopatic viruses, with HCV at the forefront .
The epidemiological association of PCT with HCV
infection is strong, with increasing rates from Northern
Europe, Australia and England (20%) to Southern Europe
(70%-90%). When adjusting for geographical variation
and variability in study designs the association between
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clinical study with IFN-based regimens, the presence of
PCT was independently associated with an insufficient
[36]
virological response . Consequently, effective manage
ment of PCT and iron-reduction should precede antiviral
therapy, as phlebotomy proved beneficial for treatment
[37]
outcomes of IFN-based regimens . On the other hand,
occurrence of new-onset PCT has been reported in some
[38]
cases during IFN/ribavirin therapy . Indeed, ribavirin
is known to induce haemolytic anemia, which further
aggravates liver iron excess and progression to clinically
manifest PCT in predisposed individuals. For this reason,
studies addressing the role of new triple of quadruple+
antiviral drug regimens in PCT + HCV patients in
combination with iron-reduction therapy are warranted.
+
In conclusion, PCT + HCV patients should undergo a
comprehensive assessment of iron metabolism, here
ditary hemochromatosis, HFE-gene mutations and
evaluate exposure to hepatotoxic trigger factors in order
to optimize therapeutic management.

infected patients present a de-novo onset of psoriasis
in higher age, with a significantly lower BMI, compared
to HCV negative psoriatic controls, while maintaining
a positive correlation with diabetes and hypertension.
This evidence supports the role of HCV infection as
a trigger factor for psoriatic disease in genetically
[47]
predisposed individuals . A potential confounding
factor in these studies is the increased monitoring and
screening procedures related to moderate-to severe
psoriasis, a condition increasingly treated with a wide
array of systemic immunomodulating agents. This
could account for an increased HCV detection rate in
these patients, which are additionally exposed to a
significant risk of nonalcoholic fatty liver disease and
to potential hepatotoxic drugs, such as methotrexate
and retinoids. Thus, additional prospective studies are
warranted in order to support the role of psoriasis as a
true extrahepatic manifestation of chronic HCV infection
and to evaluate the course of psoriatic disease after
effective and sustained antiviral response. Screening for
HBV and HCV infection is routinely performed before
initiating systemic treatment of psoriasis, as a chronic
active infection can have a clinical impact on treatment
[48]
selection . As yet there are no comprehensive and
definitive recommendations addressing the issue of
universal screening for HCV infection in the general
psoriasis population. Treatment with immunomodulating
drugs, such as TNF-alpha antagonists (etanercept,
adalimumab, infliximab), has proved safe and effective
in controlling psoriatic disease in HCV-positive patients,
[49]
as reported in several case-series . Furthermore, the
risk of HCV reactivation in patients exposed to TNF-alpha
inhibition was considered to be low, as only three cases
of HCV-related liver disease occurred in a total of 216
[50]
exposed patients . There is a need for long-term data
on the safety of the new biologic agents, with TNF-alpha
antagonists and IL-23/12 blockers, in the treatment of
moderate-severe plaque psoriasis and psoriatic arthritis
with concomitant HCV infection.

PSORIASIS
Psoriasis is a common, chronic, immune-mediated
inflammatory disease which affects the skin (plaque
psoriasis) and/or joints (psoriatic arthritis). As other
immune-mediated disorders, such as rheumatoid
arthritis and IBDs, psoriasis results from the complex
interplay between genetic factors and environmental
triggers and has been recently linked to the metabolic
syndrome. Moderate-to severe psoriasis and psoriatic
arthritis are associated with substantial systemic
inflammation and both conditions are driven by the
overproduction of Th1-Th17 cytokines [TNF-alpha, IFN[39]
gamma, interleukin (IL)-17, IL-12/23] . Chronic HCV
infection and related liver disease represent one of the
many comorbidities affecting psoriasis patients, thus
representing a challenge for its clinical management.
The epidemiological association between psoriasis and
chronic HCV infection has been described mainly by
hospital-based clinical studies and observational studies
in countries with a heterogeneous burden of HCV and
psoriatic disease. An increased risk of HCV infection
among patient with moderate-to severe psoriasis and
psoriatic arthritis has been reported in Taiwan, Japan
and Italy, independently of exposure to interferon-based
antiviral regimens, which are a well-known trigger of
[40-43]
psoriasis
. Other observational studies from Italy
and the United States did not confirm these findings,
probably due different study-designs and limited
[44,45]
sample of psoriatic patients
. Recently, a large casecontrol study further supported the association between
psoriasis and HCV infection, reporting a significant oddsratio of 1.75 (95%CI: 1.37-2.25) in the multivariate
analysis. In the same study there is a significant inter
action with smoking, a risk factor common to both
[46]
psoriasis and progression of HCV-related liver disease .
Interestingly, in two hospital-based studies Imafuku et
[47]
al
described a distinct patient subset with psoriasis
and associated chronic HCV infection. These HCV-
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PRURITUS AND PRURITIC ERUPTIONS IN
CHRONIC HCV INFECTION
Pruritus is a common symptom of hepatic diseases,
mainly linked to chronic cholestatic disorders (primary
biliary cirrhosis, primary sclerosing cholangitis), where
it can run a chronic (> 6 wk duration) and refractory
course. Although frequently overlooked by clinicians,
in chronic HCV infection pruritus represent the most
common extra-hepatic cutaneous manifestation, affect
ing up to 15% of patients in a large cohort study.
Proper clinical assessment of pruritus in HCV infection
is important, as this can be an early, acute and transient
symptom of a recent infection or a persistent mani
festation of chronic HCV infection, possibly responding
to effective antiviral treatment. Chronic pruritus (CP)
is now defined as persisting more than 6 wk, involving
primarily-diseased, non-inflamed or secondarily diseased
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skin. CP is increasingly being recognized as the skin
equivalent of pain, because it is associated with a
significant impairment of quality of life and is frequently
[51]
treatment-resistant . In the setting of chronic HCV
infection patients present mainly with two clinical
pictures, either with generalized pruritus on apparently
non-diseases (normal) skin, or pruritus associated
with secondary scratch lesions (papules, nodules,
excoriations, lichenification). Chronic scratch lesions
are typical of prurigo nodularis (Figure 1D) and lichen
simplex cronicus, both pruritic conditions significantly
associated with an increased prevalence of HCV infection
[52,53]
in case-control studies
. In the presence of primary,
inflammatory skin changes, pruritus is related to a
cutaneous disease, such as psoriasis, LP and urticaria,
which are frequently observed in HCV infected patients.
Despite the paucity of data on the clinical course reported
in previous studies, pruritus associated with chronic HCV
[54]
infection may recognize multiple pathogenetic factors .
Dry-skin (xerosis) and skin barrier defects, alterations of
peripheral pruriception due to neuropeptide imbalance
and concomitant cholestasis can all contribute to the
genesis of chronic pruritus in HCV infected patients.
Recently the role of autotaxin (lysophospholipase
D) and its product lysophosphatidic acid has been
discovered in the pathogenesis of pruritus linked to
cholestatic liver disease. Patient with cholestatic pruritus
present high serum levels of lysophosphatidic acid,
a potent neuronal activator, and increased autotaxin
activity. Serum autotaxin activity showed a significant
correlation to itch intensity, both diminishing after
[55]
effective therapeutic interventions . Furthermore, both
autotaxin activity and lysophosphatidic acid are increased
in chronic HCV infection, showing a strong correlation
with liver cirrhosis stage, related complications and
[56]
prognosis . Further studies should address the role
of autotaxin serum activity and lysophosphatidic acid
as mediators linking HCV-related liver fibrosis and noncholestatic pruritus.
During active antiviral treatment, new-onset of
localized or generalized pruritus associated with primary
skin lesions has to be carefully approached by the
clinician, in order to differentiate dermatological adverse
events from true extra-hepatic skin manifestations.
Traditional treatment with IFN and ribavirin can induce
pruritic skin eruption in 8%-10% of HCV-patients, as
well as elicit pre-existent pruritic skin diseases, such
[57]
as eczema and psoriasis . First generation protease
inhibitors, telaprevir and boceprevir, have also been
increasingly associated (41%-61% rate) with adverse
cutaneous drug reactions, most commonly grade 1-2
pruritic eczematous eruptions. Telaprevir-associated
dermatitis occur more frequently (56% vs 34%) in
comparison to IFN/ribavirin treated patients, and is
constantly associated with pruritus (95% of cases) and
secondary lesions (xerosis, excoriations and licheni
[58]
fication) . In the case of progressive (grade 2) or
severe-generalized (grade 3) pruritic skin eruption
treatment telaprevir needs to be discontinued. The risk
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of severe cutaneous drug reactions, namely StevensJohnson Syndrome and Drug Reaction with Eosinophilia
and Systemic Symptoms, has been reported in
telaprevir-treated patients and early diagnostic signs
(cutaneous pain, mucous membrane involvement,
[59]
systemic inflammation) should be promptly detected .
Cutaneous adverse reactions represent an emerging
issue of dual-and triple antiviral combination therapies
and require effective recognition and management, in
order to ensure adherence to antiviral treatment.

CONCLUSION
HCV infection is one of the main cause of chronic liver
[60]
disease worldwide . In the last decades clinical support
for patients with chronic HCV infection has advanced
rapidly due to the enhanced understanding of the patho
physiology of the disease and the improvements in
therapy and prevention. Unfortunately, HCV infection
is not limited to the hepatic involvement but it may
lead to extra-hepatic diseases as well, in particular
dermatological and mucocutaneous manifestations. In
addition, dermatological adverse events are a potential
concern during classic (IFN-based) and “new” (DAAs)
anti-viral treatment. For this reason a throughout
knowledge of cEHMs is mandatory for HCV-treating
physicians, in order to deal with both hepatic and extrahepatic diseases and to correctly address dermatological
side effects during treatment. Skin disease which are
certainly related with chronic HCV infection due to a
strong epidemiological and pathogenetic association
are MC, LP and PCT. Necrolytic acral erythema and CP
are conditions that may share a possible association
with HCV infection, while several immune-mediated
inflammatory skin conditions, such as chronic urticaria
and vitiligo, have been only anecdotally reported in
the setting of chronic HCV infection. Psoriasis has been
recently associated with chronic HCV-infection and
notably both conditions share a common background of
TNF-alpha based chronic systemic inflammation. Some
of these conditions may complicate the clinical scenario
of HCV infection, thus resulting in difficult-to treat
patients, who may require a tailored antiviral regimen as
well as multidisciplinary care. This is why the upcoming
of new direct acting antivirals will help boost interest in
extra-hepatic manifestations of HCV infection. Anyhow
these new treatment regimens have to be tested in
real-life clinical scenarios, such as patient subsets with
advanced fibrotic disease and/or substantial comorbidity.
It is possible but yet unproven that the more effective
and rapid antiviral response observed with new IFN-free
antiviral regimens will improve outcome in these clinical
settings, especially when HCV infection is burdened by
extra-hepatic manifestations.
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Abstract
AIM: To evaluate the efficacy of vitamin E treatment on
liver stiffness in nonalcoholic fatty liver disease (NAFLD).

Institutional review board statement: This study conformed
to the Japanese Good Clinical Practice and the Declaration
of Helsinki, and was reviewed and approved by the Ethics
Committee of the Fujita Health University Hospital (IRB number:
14-020).

METHODS: Thirty-eight NAFLD patients were admini
stered vitamin E for > 1 year. The doses of vitamin E
were 150, 300, or 600 mg; three times per day after
each meal. Responses were assessed by liver enzyme
levels [aspartate aminotransferase (AST), alanine
aminotranferease (ALT), and γ-glutamyl transpeptidase
(γ-GTP)], noninvasive scoring systems of hepatic
fibrosis-4 [FIB-4 index and aspartate aminotransferaseto-platelet index (APRI)], and liver stiffness [velocity of
shear wave (Vs)] measured by acoustic radiation force
impulse elastography. Vs measurements were performed
at baseline and 12 mo after baseline. The patients were
genotyped for the patatin-like phospholipase domain
containing 3 (PNPLA3 ) polymorphisms and then divided
into either the CC/CG or GG group to examine each
group’s responses to vitamin E treatment.

Informed consent statement: Each patient gave a written
informed consent.
Conflict-of-interest statement: We have no financial relation
ships to disclose.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS: We found marked differences in the platelet
count, serum albumin levels, alkaline phosphatase
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[10]

CONCLUSION: One year of vitamin E treatment
improved noninvasive fibrosis scores and liver stiffness
in NAFLD patients. The responses were similar between
different PNPLA3 genotypes.
Key words: Vitamin E; Acoustic radiation force impulse;
Nonalcoholic fatty liver disease; Velocity of shear wave;
Patatin-like phospholipase domain containing 3
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Responses to vitamin E treatment in non
alcoholic fatty liver disease patients were assessed by
noninvasive scoring systems of hepatic fibrosis, and
liver stiffness (velocity of shear wave) was measured
by acoustic radiation force impulse elastography.
Vitamin E treatment for 1 year improved not only liver
enzyme levels but also noninvasive fibrosis scores and
liver stiffness. Subsequently, the patients were divided
into two groups according to patatin-like phospholipase
domain containing 3 (PNPLA3 ) genotype (CC/CG or GG)
to examine whether either group responded differently
to the treatment. The responses were similar between
different PNPLA3 genotypes.

MATERIALS AND METHODS
Patients

Vitamin E was administered for > 1 year to 38 patients
with NAFLD as treatments for atherosclerosis, diabetic
retinopathy, or prevention of lipid peroxidation from
January 2011 to July 2015. The patients showed no
improvement in aminotransferase levels following lifestyle
modification such as dietary modification and exercise
before beginning vitamin E treatment. Their clinical data
were retrospectively studied (Table 1). The diagnosis of
NAFLD was confirmed by liver biopsy in 10 patients, by
ultrasonic examination in 23 patients, and by presence
of cirrhosis with no obvious etiology and with metabolic
risk factors such as obesity and metabolic syndrome
[11]
in 5 patients . None of the patients consumed > 40
g of alcohol per day. The patients who increased the
dose of or started other medicines for NAFLD, such as
pioglitazone, metformin, ursodeoxycholic acid, statins,
ezetimibe, or angiotensin 2 receptor antagonist, during
the study period were excluded from this study.

Fukui A, Kawabe N, Hashimoto S, Murao M, Nakano T,
Shimazaki H, Kan T, Nakaoka K, Ohki M, Takagawa Y,
Takamura T, Kamei H, Yoshioka K. Vitamin E reduces liver
stiffness in nonalcoholic fatty liver disease. World J Hepatol
2015; 7(27): 2749-2756 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i27/2749.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i27.2749

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common
[1]
liver disease , and nonalcoholic steatohepatitis (NASH)
characterized by steatosis with necroinflammation and
[2]
eventual fibrosis can lead to end-stage cirrhosis and
[3]
hepatocellular carcinoma .
Although there are no generally approved treatments
for NASH, several treatment options have demonstrated
[4-7]
efficacy in various clinical trials. Statins
, insulin
[8,9]
sensitizers such as thiazolidinediones , and metfor

WJH|www.wjgnet.com

[11]

min
are effective for the treatment of NAFLD .
Oxidative stress plays a central role in the transition from
[12]
simple steatosis to NASH . An effective therapeutic
strategy is to target reduction in oxidative stress using,
for example, administration of vitamin E. A recent trial
has provided substantial evidence for the previously
suggested efficacy of vitamin E in inducing histological
[13]
improvement of NASH .
Evaluation of liver fibrosis is essential in chronic
liver diseases because the prognosis of the diseases
and the treatment decisions often depend on fibrosis.
Liver biopsy is still considered the gold standard for
liver fibrosis assessment, despite being an invasive
[14]
method and not completely risk free . In recent years,
noninvasive methods, aimed at replacing liver biopsy,
have been developed for the evaluation of liver fibrosis.
Development of noninvasive tools will enable monitoring
of the disease progression and response to therapy.
Velocity of shear wave (Vs) measured by acoustic
radiation force impulse (ARFI) has been reported to be a
[15,16]
good method for assessing the stage of liver fibrosis
.
Vs has been reported to be useful in diagnosing
[17-19]
NAFLD
.
The single-nucleotide polymorphism rs738409 (C >
G) in the patatin-like phospholipase domain containing
3 (PNPLA3) was strongly associated with increased
hepatic fat levels and with hepatic inflammation in
[20-23]
NAFLD patients
. However, the effect of the PNPLA3
polymorphisms on the response to treatment has not
been reported.
The aims of this study were to evaluate the efficacy of
vitamin E treatment for NAFLD by noninvasive methods
and to assess the association between the treatment
response and the PNPLA3 polymorphism present.

levels, FIB-4 index, APRI, and Vs at baseline depending
on the PNPLA3 polymorphism. AST, ALT, and γ-GTP
levels (all P < 0.001); FIB-4 index (P = 0.035); APRI (P
< 0.001); and Vs (P < 0.001) significantly decreased
from baseline to 12 mo in the analysis of all patients.
In the subset analyses of PNPLA3 genotypes, AST
levels (P = 0.011), ALT levels (P < 0.001), γ-GTP levels
(P = 0.005), APRI (P = 0.036), and Vs (P = 0.029) in
genotype GG patients significantly improved, and AST
and ALT levels (both P < 0.001), γ-GTP levels (P =
0.003), FIB-4 index (P = 0.017), and APRI (P < 0.001)
in genotype CC/CG patients.

Vitamin E administration

The total doses of 150, 300 or 600 mg vitamin E were
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Table 1 Clinical characteristics and laboratory values of the patients at baseline

CC/CG

PNPLA3 genotype
GG

P value
PNPLA3 CC/CG vs GG

19
6/13
58.4 ± 11.9
158.7 ± 11.3
69.7 ± 16.1
27.7 ± 4.0

19
4/15
65.6 ± 10.1
154.4 ± 7.6
66.7 ± 13.5
28.0 ± 5.3

0.461
0.061
0.226
0.685
0.988

13
5
1
0
1/0/0
5/14
0/19
2/1/16

10
4
4
1
3/2/0
10/9
0/19
0/3/16

All patients
No. of subjects
Sex (male/female)
Age (yr)
Height (cm)
Body weight (kg)
Body mass index (kg/m2)
Classification of NAFLD
Fatty liver confirmed by an imaging examination
NASH confirmed by a liver biopsy
Nonviral liver cirrhosis diagnosed clinically
Burn-out NASH confirmed by a liver biopsy
Child-Pugh grade of cirrhotic patients (A/B/C)
Concurrent diabetes mellitus (+/-)
Concurrent hepatocellular cancer (+/-)
Dosage of vitamin E (150 mg/300 mg/600 mg)
Concurrent medication
Pioglitazone
Metformin
Ursodeoxycholic acid
HMG-CoA reductase inhibitor
Ezetimibe
Angiotensin receptor 2 antagonist
Serum biochemical tests
Platelet count (× 104/μL)
Prothrombin activity (%)
Hemoglobin A1c (%)
Total protein (g/dL)
Serum albumin (g/dL)
Total bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
Alkaline phosphatase (IU/L)
γ-GTP (IU/L)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
Cholinesterase (IU/L)
Scoring systems of hepatic fibrosis
FIB-4 index
APRI
Velocity of shear wave (m/s)

38
10/28
62.0 ± 11.6
156.6 ± 9.9
68.2 ± 14.9
27.9 ± 4.7
23
9
5
1
4/2/0
15/23
0/38
2/4/32
3
2
27
13
7
9

0.347

0.439
0.097
0.223

2
2
14
6
6
6

1
0
13
7
1
3

0.547
0.146
0.721
0.732
0.036a
0.252

16.7 ± 7.5
98.5 ± 18.7
6.38 ± 1.06
7.42 ± 0.52
4.27 ± 0.39
0.98 ± 0.50
61.1 ± 29.9
68.5 ± 41.2
312 ± 108
87.4 ± 70.0
185 ± 37
151 ± 85
333 ± 124

19.3 ± 7.1
104.2 ± 17.6
6.26 ± 0.97
7.47 ± 0.49
4.41 ± 0.36
0.84 ± 0.29
58.2 ± 32.2
69.9 ± 36.0
270 ± 85
72.6 ± 59.1
194 ± 43
147 ± 99
353 ± 91

14.1 ± 6.9
93.2 ± 18.2
6.49 ± 1.14
7.36 ± 0.54
4.14 ± 0.37
1.11 ± 0.61
64.1 ± 27.2
67.1 ± 45.7
355 ± 112
101.5 ± 76.4
176 ± 28
156 ± 64
313 ± 147

0.046a
0.061
0.394
0.435
0.032a
0.172
0.191
0.385
0.032a
0.142
0.172
0.351
0.172

3.80 ± 2.78
1.50 ± 0.94
2.20 ± 0.91

2.61 ± 1.74
1.17 ± 0.75
1.81 ± 0.76

4.98 ± 3.10
1.84 ± 0.98
2.56 ± 0.89

0.006a
0.014a
0.010a

Data are presented as number of patients or means ± SD. Statistical analysis was performed by χ 2 test or Mann-Whitney U test. aP < 0.05. PNPLA3: Patatinlike phospholipase domain containing 3; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; APRI: Aspartate aminotransferaseto-platelet ratio index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; γ-GTP: γ-Glutamyltransferase.

orally given into 3 administrations per day after each
meal for > 1 year: 150 mg for 2 patients, 300 mg for 4
patients, or 600 mg for 32 patients (100 mg is equivalent
to 100 IU; Eisai Pharmaceutical Co., Tokyo, Japan). In
the American Association for the Study of Liver Diseases
practice guideline, vitamin E was recommended to be
administered to nondiabetic adults with biopsy-proven
[11]
NASH at a daily dose of 800 IU . However, the dosage
of vitamin E accepted by health insurance in Japan is
150-300 mg for atherosclerosis or diabetic retinopathy,
and 300-600 mg for prevention of lipid peroxidation.

and the aspartate aminotransferase-to-platelet index
(APRI), were calculated from the measurements using
[24,25]
the originally reported formulas
. The APRI formula
was aspartate aminotransferase (AST) level (U/L)/AST
9
(upper limit of normal; U/L)/platelet (10 /L) × 100 and
the FIB-4 score formula was age (years) × AST level
9
(U/L)/platelet (10 /L) × [alanine aminotranferease
1/2
(ALT)] (U/L). These noninvasive scoring systems were
used at each of the time points.

Vs measurement by ARFI elastography

Vs measurement by ARFI elastography was performed
at baseline and 12 mo after baseline using a Siemens
ACUSON S2000 (Siemens Medical Systems Co., Ltd.,
Tokyo, Japan). The examination was performed on the
right lobe of the liver. A measurement depth of 2-3
cm below the liver capsule was chosen. Ten successful

Laboratory data and noninvasive scoring systems

Laboratory data were collected at three time points:
at baseline (beginning of vitamin E administration),
6 and 12 mo after baseline. Two noninvasive scoring
systems of hepatic fibrosis, the fibrosis-4 (FIB-4) index

WJH|www.wjgnet.com
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CC/CG group (P = 0.046, and P = 0.032, respectively).
Alkaline phosphatase levels, FIB-4 index, APRI, and Vs
in the GG group were significantly higher than those
in the CC/CG group (P = 0.032, P = 0.006, P = 0.014,
and P = 0.010, respectively).

38 patients with NAFLD were
administered vitamin E for over 1 yr

38 patients were genotyped SNP rs738409

Body weight change
19 patients with major allele
7 with CC homozygous
12 with CG heterozygosity

Body weight in all patients did not change from base
line to 12 mo (68.2 ± 14.9 kg and 72.4 ± 16.8 kg,
respectively). There were no patients who achieved > 7%
weight loss during study periods.

19 patients with risk allele
19 with GG homozygous

Effect of vitamin E on serum AST, ALT, and γ -glutamyl
transpeptidase levels

Figure 1 Characteristics of patients included in this study. The study
comprised 38 patients with nonalcoholic fatty liver disease (NAFLD) who
were administered vitamin E for > 1 year. The patients were genotyped SNP
rs738409 and divided into two groups by genotype (CC/CG and GG) to
examine the difference in the response to vitamin E.

Serum AST, ALT and γ-glutamyl transpeptidase (γ-GTP)
levels in all patients significantly decreased from base
line to 6 mo (P < 0.001, P < 0.001, and P = 0.019,
respectively) and 12 mo (P < 0.001, P < 0.001, and
P < 0.001, respectively). Those in the CC/CG group
also significantly decreased from baseline to 6 mo (P =
0.004, P = 0.022, and P = 0.047, respectively) and 12
mo (P < 0.001, P < 0.001, and P = 0.003, respectively).
Serum AST and ALT levels in the GG group significantly
decreased from baseline to 6 mo (P = 0.045, and P =
0.004, respectively) and 12 mo (P = 0.011, and P <
0.001, respectively), and serum γ-GTP levels in the GG
group significantly decreased from baseline to 12 mo (P
= 0.005) (Figure 2).

acquisitions at different locations were performed on
each patient, and the results are expressed as median
values in m/s. Vs is considered to be proportional to the
square root of tissue elasticity. Histological improvement
was not examined because sequential liver biopsy was
not performed.

PNPLA3 rs738409 genotyping

Genomic DNA was extracted from whole blood samples
using QIA amp DNA Mini Kits (Qiagen, Tokyo, Japan),
according to the manufacturer’s protocol. The rs738409
PNPLA3 SNP was genotyped using TaqMan predesigned
SNP genotyping assays (Applied Biosystems, Tokyo,
Japan), according to the manufacturer’s protocol. The
patients were divided into two groups by PNPLA3
genotype (CC/CG vs GG) to examine the different
responses to vitamin E in each group (Figure 1).

Effect of vitamin E on the FIB-4 index

The FIB-4 index in all patients significantly decreased
from baseline to 6 and 12 mo (P = 0.015 and P = 0.035,
respectively). FIB-4 index in the CC/CG group also
significantly decreased from baseline to 6 and 12 mo
(P = 0.014 and P = 0.017, respectively). On the other
hand, the FIB-4 index did not change in the GG group
(Figure 3A).

Statistical analysis

Differences in the two groups in terms of clinical cha
racteristics and laboratory values at baseline were
2
analyzed using either the χ test or the Mann-Whitney
U test. Differences between the laboratory values
obtained at three time points were analyzed using the
Freedman test. Differences between the laboratory
values obtained at two time points were analyzed using
Wilcoxon’s signed-rank test with Bonferroni’s correction.
Differences were judged as significant if the P value
was < 0.05 (two-tailed). All statistical analyses were
conducted using SPSS software (SPSS Statistics Version
22; IBM Co., Armonk, NY).

Effect of vitamin E on APRI

APRI in all patients significantly decreased from
baseline to 6 and 12 mo (P < 0.001 and P < 0.001,
respectively). APRI in the CC/CG group significantly
decreased from baseline to 6 and 12 mo (P = 0.004
and P < 0.001, respectively). APRI in the GG group also
significantly decreased from baseline to 6 and 12 mo (P
= 0.028 and P = 0.036, respectively; Figure 3B).

Effect of vitamin E on Vs

Vs in all patients decreased from baseline to 12 mo
(P = 0.005). Vs in the GG group also decreased from
baseline to 12 mo (P = 0.029), and Vs in the CC/CG
group also tended to decrease; however, the decrease
was not significant (Figure 4).

RESULTS
Baseline characteristics

Seven obese patients included in this study exceeded
their ideal body weight (body mass index was > 32
2
kg/m ), and 39.5% of patients had type 2 diabetes
(Table 1). Platelet counts and serum albumin levels in
the GG group were significantly lower than those in the
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DISCUSSION
The present study showed that a 1-year treatment
of vitamin E improved not only laboratory values but
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Figure 3 Effects of vitamin E treatment on results of noninvasive
scoring systems of hepatic fibrosis. aIndicate a difference compared
with baseline values (P < 0.05). A: Evolution of FIB-4 index during the study
period. FIB-4 index in all patients decreased from baseline to 6 and 12 mo
(P = 0.015 and P = 0.035, respectively). The FIB-4 index in the CC/CG
group also decreased from baseline to 6 and 12 mo (P = 0.014 and P =
0.017, respectively); B: Evolution of APRI during the study period. APRI in
all patients decreased from baseline to 6 and 12 mo (P < 0.001 and P <
0.001, respectively). APRI in the CC/CG group decreased from baseline to
6 and 12 mo (P = 0.004 and P < 0.001, respectively). APRI in the GG group
also decreased from baseline to 6 and 12 mo (P = 0.028 and P = 0.036,
respectively). FIB-4: Fibrosis-4; APRI: Aminotransferase-to-platelet index.

All patients
CC/CG

γ-GTP (IU/L)

150

GG

100
a

0

a

a
a

6 mo after

12 mo after

a

Baseline

4.0

t

All patients

3.5
a

Figure 2 Effects of vitamin E treatment on liver enzyme levels. Indicate
a difference when the results are compared with baseline values (P <
0.05). A: Evolution of AST during the study period. Serum AST levels in all
patients decreased from baseline to 6 and 12 mo (P < 0.001 and P < 0.001,
respectively). Serum AST levels in the CC/CG group decreased from baseline
to 6 and 12 mo (P = 0.004 and P < 0.001, respectively). Serum AST levels in
the GG group also decreased from baseline to 6 and 12 mo (P = 0.045 and
P = 0.011, respectively); B: Evolution of ALT during the study period. Serum
ALT levels in all patients decreased from baseline to 6 and 12 mo (P < 0.001
and P < 0.001, respectively). Serum ALT levels in the CC/CG group decreased
from baseline to 6 and 12 mo (P = 0.022 and P < 0.001, respectively). Serum
ALT levels in the GG group also decreased from baseline to 6 and 12 mo (P
= 0.004 and P < 0.001, respectively); C: Evolution of γ-GTP during the study
period. Serum γ-GTP levels in all patients decreased from baseline to 6 and
12 mo (P = 0.019 and P < 0.001, respectively). Serum γ-GTP levels in the
CC/CG group decreased from baseline to 6 and 12 mo (P = 0.047 and P =
0.003, respectively). Those in the GG group decreased from baseline to 12 mo
(P = 0.005). AST: Aspartate aminotransferase; ALT: Alanine aminotranferease;
γ-GTP: γ-glutamyl transpeptidase.
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Figure 4 Evolution of velocity of shear wave during the study period.
a
Indicate a difference compared with baseline values (P < 0.05). Velocity of
shear wave (Vs) in all patients decreased from baseline to 12 mo (P = 0.005).
Vs in the GG group also decreased from baseline to 12 mo (P = 0.029), and
that in the CC/CG group also tended to decrease (P = 0.083).
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also the noninvasive scores related to hepatic fibrosis
and liver stiffness in NAFLD patients. The treatment
responses are similar between different PNPLA3 geno
types.
In general, lifestyle modification should be the first
line of treatment in patients with NAFLD, and it was
reported that weight reduction greater than 7% achieved
through lifestyle intervention improves aminotransferase
[26]
levels and liver histology . Because the weight of
patients in the present study did not change during the
study period, it was assumed that the outcomes were
not affected by weight loss.
Recently, a large, multicenter randomized controlled
trial was conducted by the NASH Clinical Research
Network to evaluate the efficacy of vitamin E treatment
for amelioration of NASH in adults [pioglitazone, vitamin
[13]
E, or placebo for nonalcoholic steatohepatitis (PIVENS)] .
This trial reported that serum AST, ALT, and γ-GTP levels
in the vitamin E group decreased compared with the
placebo group and that the changes occurred in the first
24 wk and were sustained throughout the study period.
In our study, the changes occurred 6 mo after baseline,
which was consistent with the PIVENS study.
Liver biopsy is regarded as the gold standard in the
assessment of patients with NAFLD/NASH. However,
liver biopsy is an invasive procedure with potential com
plications, and sampling error can result in substantial
misdiagnosis and staging inaccuracies. Recently, several
indices have been developed for noninvasive tests that
help to diagnose advanced liver disease. The FIB-4
index and APRI can easily be used at the bedside or in
an outpatient setting because of the simple calculation
of only a few laboratory values. In our study, the FIB-4
index and APRI markedly decreased from baseline to
6 and 12 mo. These findings may indicate that the
administration of vitamin E improved liver fibrosis.
However, since these scoring systems are calculated
using ALT, the reduction of the score may be attributed
to the reduction of hepatic inflammation.
In recent years, several studies have reported the
usefulness of ARFI elastography for the assessment of
liver stiffness and a positive correlation between Vs and
[17-19]
biopsy-proven fibrosis stage in patients with NAFLD
.
[27]
ARFI elastography has mainly been used in diagnosis
and there are no reports of it being used for assessment
of the efficacy of vitamin E treatment in NAFLD patients.
In our study, Vs markedly decreased from baseline to
12 mo. In the subset analysis of 32 patients without
six patients with daily doses of 150 mg and 300 mg of
vitamin E, Vs markedly decreased from baseline to 12
mo (P = 0.004). The reduction of Vs probably indicates a
reduction in liver fibrosis. The PIVENS trial reported that
the vitamin E group had a reduction in steatosis, lobular
inflammation, and activity score, whereas fibrosis scores
[13]
did not markedly improve . The fact that ARFI revealed
a reduction in liver stiffness in the present study despite
no demonstration of a significant reduction in fibrosis
by liver biopsies in the PIVENS trial may indicate that
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ARFI is more sensitive than liver biopsies for detecting
the reduction of fibrosis. There may be possibility that
the reduction of Vs is attributed to factors other than
reduction of fibrosis.
[17]
Yoneda et al
reported that Vs differed between
groups with different inflammatory activity in 54 patients.
[19]
Fierbinteanu Braticevici et al
reported that Vs had a
positive correlation with inflammation in 64 patients. On
[18]
the other hand, Palmeri et al
reported that Vs was
not associated with inflammation scores in 172 patients.
Thus, the association between Vs and inflammation is
still unclear, and further studies are required in this field.
The association between the PNPLA3 polymorphisms
with not only fatty liver and triglyceride content, but
also with inflammation and fibrosis in NAFLD has been
[22,28,29]
reported
. A meta-analysis reported that GG
homozygous had a 3.24-fold greater risk of higher
necroinflammatory scores and a 3.2-fold greater risk
[29]
of developing fibrosis than CC homozygous . In the
present study, there were some differences at baseline
depending on the PNPLA3 polymorphism. The platelet
counts and serum albumin levels were lower, and alka
line phosphatase levels, the FIB-4 index, APRI, and Vs
were higher in GG patients than in CC/CG patients. Our
results were consistent with previous reports.
In the subset analyses of PNPLA3 genotypes, AST
and ALT levels, APRI, and Vs in genotype GG patients
and AST, ALT, and γ-GTP levels, FIB-4 index, and APRI
in genotype CC/CG patients improved following vitamin
E treatment. Vitamin E treatment for 1 year improved
not only liver enzyme levels but also noninvasive fibrosis
scores and liver stiffness in NAFLD patients. The res
ponses are similar between different PNPLA3 genotypes.
The most effective dosage of vitamin E is unclear. In
the PIVENS trial, 800 IU of vitamin E was administered
per day. However, a previous study reported that patients
with vascular disease or diabetes mellitus who received
long-term supplementation with vitamin E (400 IU/d)
had a higher risk of heart failure and hospitalization for
[30]
heart failure . These results may suggest that we have
to avoid vitamin E treatment for patients with vascular
disease or diabetes mellitus. In the present study, no
patients had heart failure during the observation period.
The present study had several limitations: (1) it was
a retrospective study; (2) there was no control group;
(3) the sample size was insufficient to provide significant
differences in some indicators; and (4) sequential liver
biopsy was not performed for observing histological
improvement. The preliminary findings of the present
study need further verification via a well-controlled,
prospective study with a sufficiently large sample size to
confirm the efficacy of vitamin E by noninvasive scoring
systems of hepatic fibrosis and Vs and differences of
response according to PNPLA3 polymorphisms.
In conclusion, vitamin E treatment for 1 year impr
oved not only laboratory values but also the noninvasive
scores of hepatic fibrosis and liver stiffness in NAFLD
patients. These responses were similar between different
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PNPLA3 genotypes.
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Background

Nonalcoholic fatty liver disease (NAFLD) is a common liver disease, and
eventual fibrosis can lead to end-stage cirrhosis and hepatocellular carcinoma.
An effective therapeutic strategy is to target reduction in oxidative stress using,
for example, administration of vitamin E. Liver biopsy is still considered the
gold standard for liver fibrosis assessment, despite being an invasive method
and not completely risk free. Velocity of shear wave (Vs) measured by acoustic
radiation force impulse (ARFI) has been reported to be a good method for
assessing the stage of liver fibrosis. The single-nucleotide polymorphism
rs738409 (C > G) in the patatin-like phospholipase domain containing 3
(PNPLA3) was strongly associated with increased hepatic fat levels and with
hepatic inflammation in NAFLD patients. In this study, the authors evaluated
the efficacy of vitamin E treatment for NAFLD by noninvasive methods and to
assess the association between the treatment response and the patatin-like
phospholipase domain containing 3 (PNPLA3) polymorphism.

4

5

6

Research frontiers

Few prior reports showed that vitamin E improved serum aspartate amino
transferase (AST), alanine aminotranferease (ALT), and γ-glutamyl transpeptidase
(γ-GTP) levels and reduced steatosis, lobular inflammation, and activity score, but
did not markedly improve fibrosis scores in nonalcoholic steatohepatitis (NASH).
The results of the authors’ study contribute to non-invasive evaluation of the
efficacy of vitamin E treatment for NAFLD/NASH.

7

Innovations and breakthroughs

The pioglitazone, vitamin E, or placebo for nonalcoholic steatohepatitis
trial reported that serum AST, ALT, and γ-GTP levels in the vitamin E group
decreased compared with the placebo group, and that vitamin E group had
a reduction in steatosis, lobular inflammation, and activity score, whereas
fibrosis scores did not markedly improve. The present study showed that a
1-year treatment of vitamin E improved not only laboratory values but also
the noninvasive scores related to hepatic fibrosis and liver stiffness in NAFLD
patients, and that the treatment responses were similar between different
PNPLA3 genotypes.

8

9

Applications

10

This study suggests that liver stiffness is useful for monitoring the efficacy of
vitamin E treatment for NAFLD/NASH. The patients with NAFLD/NASH can be
evaluated the therapeutic effect of vitamin E using noninvasive tools without
liver biopsy.

11

Terminology

ARFI: Vs measured by ARFI has been reported to be a good method
for assessing the stage of liver fibrosis; PNPLA3: The single-nucleotide
polymorphism rs738409 (C > G) in the PNPLA3 was strongly associated with
increased hepatic fat levels and with hepatic inflammation in NAFLD patients.
12

Peer-review

The authors investigated the effect of vitamin E on NAFLD. They suggested
that vitamin E treatment for 1 year reduced stiffness in NAFLD patients and the
responses were similar between different PNPLA3 genotypes. The work was
logically designed and nicely described.
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Core tip: Interferon (IFN)-based therapy reduces the
rate of hepatocellular carcinoma (HCC) development in
patients with chronic hepatitis C virus (HCV) infection.
However, HCC development has frequently been re
ported in HCV-related liver cirrhosis (LC-C) patients
who achieved sustained virological response. We
conducted a multicenter, retrospective study to evaluate
the relationship between clinical factors and HCC
development in Japanese LC-C patients treated with IFN
and ribavirin therapy. We suggested that the elevation
of Alpha-fetoprotein and des-γ-carboxy prothrombin
levels at 24 wk after the completion of IFN and ribavirin
therapy were strongly associated with the incidence
of HCC irrespective of virological response among
Japanese LC-C patients.
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Abstract

Shakado S, Sakisaka S, Chayama K, Okanoue T, Toyoda J,
Izumi N, Matsumoto A, Takehara T, Ido A, Hiasa Y, Yoshioka
K, Nomura H, Ueno Y, Seike M, Kumada H. Alpha-fetoprotein
and des-gamma-carboxy-prothrombin at twenty-four weeks
after interferon-based therapy predict hepatocellular carcinoma
development. World J Hepatol 2015; 7(27): 2757-2764 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i27/2757.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i27.2757

AIM: To investigate risk factors for development
of hepatocellular carcinoma (HCC) in patients with
hepatitis C virus-related liver cirrhosis (LC-C).
METHODS: To evaluate the relationship between
clinical factors including virological response and the
development of HCC in patients with LC-C treated with
interferon (IFN) and ribavirin, we conducted a multi
center, retrospective study in 14 hospitals in Japan.
All patients had compensated LC-C with clinical or
histological data available. HCC was diagnosed by the
presence of typical hypervascular characteristics on
computed tomography and/or magnetic resonance
imaging.

INTRODUCTION
Chronically hepatitis C virus (HCV) infection is the
[1]
commonest cause of liver cirrhosis in the world . HCVrelated liver cirrhosis (LC-C) patients are the high risk to
[2,3]
the development of hepatocellular carcinoma (HCC) .
Many previous studies suggested that interferon (IFN)based therapy reduces the rate of HCC development
in patients with chronically HCV infection, especially
[4-8]
those with sustained virological response (SVR) .
Non-SVR, male sex, older age, and advanced liver
fibrosis have been shown to be risk factors for HCC
[9-13]
development in patients treated with IFN
. Therapy
with IFN and ribavirin has been used for LC-C patients,
leading to significant effects including SVR. However,
the development of HCC has frequently been reported

RESULTS: HCC was diagnosis in 50 (21.6%) of 231
LC-C patients during a median observation period of
3.8 years after IFN and ribavirin therapy. Patients who
developed HCC were older (P = 0.018) and had higher
serum levels of pretreatment alpha-fetoprotein (AFP) (P
= 0.038). Multivariate analysis revealed the following
independent risk factors for HCC development: history
of treatment for HCC [P < 0.001, odds ratio (OR) =
15.27, 95%CI: 4.98-59.51], AFP levels of ≥ 10 ng/mL
(P = 0.009, OR = 3.89, 95%CI: 1.38-11.94), and desγ-carboxy prothrombin (DCP) levels of ≥ 40 mAU/mL
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Table 1 Pretreatment clinical characteristics of 231 hepatitis C virus-related liver cirrhosis patients
treated with interferon and ribavirin
All patients (n = 231)

Non HCC (n = 181)

HCC (n = 50)

P -value1

111:120
60.4 ± 9.2
23.7 ± 3.4
1.1 ± 1.2
3.8 ± 0.5
86.1 ± 15.2
84.6 ± 64.4
89.0 ± 124.0
13.2 ± 1.8
12.1 ± 6.8
94.1 ± 916.1
261.5 ± 2687.8
161:70
74/191 (38.7%)
80 (34.6%)
189:42
208 (90.0%)

82:99
59.6 ± 9.2
23.7 ± 3.5
1.2 ± 1.4
3.8 ± 0.5
86.1 ± 15.8
86.6 ± 65.8
89.0 ± 125.2
13.1 ± 1.9
12.2 ± 7.2
24.2 ± 38.0
328.6 ± 3057.3
130:51
60/146 (41.1%)
44 (24.3%)
147:34
162 (89.5%)

29:21
63.1 ± 9.1
23.9 ± 2.9
0.9 ± 0.3
3.8 ± 0.3
86.1 ± 13.2
77.1 ± 59.6
89.3 ± 122.1
13.5 ± 1.7
11.7 ± 5.1
355.1 ± 1994.9
26.5 ± 18.1
31:19
14/45 (31.1%)
36 (72.0%)
42:8
46 (92%)

NS
0.018
NS
NS
NS
NS
NS
NS
NS
NS
0.038
NS
NS
NS
NS
NS
NS

Sex (M:F)
Age (yr)
BMI (kg/m2)
Total bilirubin (mg/dL)
Albumin (g/dL)
Prothrombin (%)
ALT (IU/L)
GGT (IU/L)
Hemoglobin (g/dL)
Platelets (104/mm3)
AFP (ng/mL)
DCP (mAU/mL)
IL28B (TT:non TT)
Presence of EV
HCC treatment history
HCV genotype (1/2)
IFN treatment (naive)

Data are expressed as number (%) or mean ± SD. All demographic and clinical data are those at the start of antiviral
treatment. 1Comparison between non HCC and HCC. HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; NS: Not
significant; BMI: Body mass index; ALT: Alanine aminotransferase; GGT: Gamma glutamyl transpeptidase; AFP: Alphafetoprotein; DCP: Des-gamma-carboxy prothrombin; IL28B: Interleukin 28B rs8099917; EV: Esophageal varices; IFN:
Interferon.

Combination therapy with IFN and ribavirin

[14,15]

in LC-C patients who achieved SVR
. The aim of
this retrospective, multicenter study was to evaluate
the relationship among pre- and post-treatment clinical
factors, virological response, and HCC development in
Japanese LC-C patients treated with IFN and ribavirin to
elucidate the predictive markers for HCC development.

All 231 patients were treated with INF and ribavirin.
Pegylated-IFN alpha-2b, pegylated-IFN alpha-2a or IFN
alpha-2b were administered to 297 (85.3%), 19 (8.2%),
15 (6.5%), respectively.

Surveillance for HCC

Hepatic ultrasonography, computed tomography (CT),
and/or magnetic resonance imaging (MRI) were per
formed every 3 to 6 mo during follow-up period for HCC
surveillance. HCC was diagnosed on the basis of the
presence of typical hypervascular characteristics of CT
and/or MRI findings.

MATERIALS AND METHODS
Patient selection

We conducted a retrospective, multicenter study
in 14 hospitals in Japan. All 290 patients with LC-C
were treated with IFN plus ribavirin. A diagnosis of
compensated LC-C was defined with the clinical or
histological finding. We decided the presence of at least
one of the following criteria: Liver biopsy demonstrating
cirrhosis, multiple nodular appearance of liver surface
on peritoneoscopy, liver stiffness greater than 12.5
kPa on transient elastography, presence of esophageal
[16-18]
varices, or positive values of cirrhosis criteria
.
Of the 290 patients, 59 developed HCC within 6
mo of completing IFN and ribavirin therapy and were
excluded from the study. All analyses used data from
the remaining 231 cases. Table 1 shows pretreatment
clinical characteristics. Of 231 patients, 189 patients
were infected with HCV genotype 1 and 80 patients
(34.6%) had received treatment for HCC previously.
Eighty patients were treated for HCC with hepatectomy,
transcatheter chemoembolization, or radio frequency
ablation therapy in each hospital. More detail of
treatment history was not investigated in this study. The
average follow-up period was 3.8 ± 2.2 years.

WJH|www.wjgnet.com

Statistical analysis

We conducted statistical analyze with Fisher’s exact test
or Student’s t-test. Univariate and multivariate analysis
were used with JMP version 9.0 for Macintosh (SAS
Institute, Cary, NC). The odds ratio and 95%CI were
also calculated.

RESULTS
Pretreatment clinical factors associated with HCC
development

HCC was diagnosed in 50 (21.6%) of 231 LC-C patients
treated with IFN and ribavirin during a median followup period of 3.8 years (0.6-11.9 years). Patients who
developed HCC were older (P = 0.018) and had higher
serum levels of alpha-fetoprotein (AFP) (P = 0.038)
than the non-HCC group (Table 1). In our study, no
significant difference in HCC development was observed
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Table 2 Risk factors for the development of hepatocellular carcinoma in hepatitis C virus-related liver
cirrhosis patients treated with interferon and ribavirin

IFN treatment duration (wk)
Sustained virological response
Albumin levels at the end of IFN treatment (g/dL)
Prothrombin levels at the end of IFN treatment (%)
AFP levels at the end of IFN treatment (ng/mL)
DCP levels at the end of IFN treatment (mAU/mL)
Albumin levels at 24 wk after IFN treatment (g/dL)
Prothrombin levels at 24 wk after IFN treatment (%)
AFP levels at 24 wk after IFN treatment (ng/mL)
DCP levels at 24 wk after IFN treatment (mAU/mL)

Non HCC (n = 181)

HCC (n = 50)

P -value

43.1 ± 21.5
63 (34.8%)
3.7 ± 0.6
86.0 ± 21.5
15.5 ± 34.9
25.6 ± 47.2
4.0 ± 0.5
87.8 ± 17.9
11.5 ± 15.8
18.4 ± 12.7

44.1 ± 22.5
12 (24%)
3.7 ± 0.6
83.5 ± 11.1
42.8 ± 96.0
255.6 ± 863.2
3.7 ± 0.5
86.6 ± 14.2
63.2 ± 193.2
354.0 ± 1887.5

NS
NS
NS
NS
0.009
0.017
0.004
NS
0.002
NS

Data are expressed as number (%) or mean ± SD. HCC: Hepatocellular carcinoma; IFN: Interferon; NS: Not significant; AFP:
Alpha-fetoprotein; DCP: Des-gamma-carboxy prothrombin.

Pre treatment

End of treatment

24 wk after treatment

Pre treatment

350

300
DCP (mAU/mL)

250
AFP (ng/mL)

24 wk after treatment

350

300

200
150
100

250
200
150
100

50
0

End of treatment

400

50
Non HCC

HCC

0

Figure 1 A change of the alpha-fetoprotein levels after interferon-based
treatment. AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma.

HCC

Figure 2 A change of the des-gamma-carboxy prothrombin levels after
interferon-based treatment. DCP: Des-gamma-carboxy prothrombin; HCC:
Hepatocellular carcinoma.

for male sex, platelet count, interleukin 28B genotype,
presence of esophageal varices, HCV genotype, type of
IFN or IFN treatment history (naive or non-naive).

levels of AFP and DCP were the greatest risk factors for
HCC development at 24 wk after the completion of IFN
and ribavirin therapy. In patients who did not develop
HCC, albumin levels increased from 3.7 g/dL at the
completion of IFN and ribavirin therapy to 4.0 g/dL at
24 wk after the completion of treatment. A change of
those tumor markers after IFN and ribavirin therapy was
shown in Figures 1 and 2.
In our study, SVR was not associated to HCC
development. And the levels of AFP and DCP were not
associated with HCC development in patients with a SVR
(Table 3).
As shown in Table 4, the multivariate analysis
revealed the following independent risk factors for HCC
development after IFN and ribavirin therapy: History of
treatment for HCC (P < 0.001, OR = 15.27, 95%CI:
4.98-59.51), AFP levels of ≥ 10 ng/mL at 24 wk after
the completion of IFN and ribavirin therapy (P = 0.009,
OR = 3.89, 95%CI: 1.38-11.94), and DCP levels of
≥ 40 mAU/mL at 24 wk after the completion of IFN
and ribavirin therapy (P < 0.001, OR = 24.43, 95%CI:
4.11-238.67).

Predictive factors associated with HCC development
after IFN and ribavirin therapy

In this study, the duration of treatment with IFN and
SVR were not associated with HCC development (Table
2). Serum levels of AFP and des-γ-carboxy prothrombin
(DCP) were focus to be risk factors for HCC development.
Normal range of AFP and DCP were under 10 ng/mL
and under 40 mAU/mL, respectively. In patients who
developed HCC, serum levels of AFP decreased from
355.1 ng/mL to 42.8 ng/mL during the course of IFN
therapy and then increased from 42.8 ng/mL to 63.2
ng/mL at 24 wk after the completion of IFN and ribavirin
therapy. In patients who did not develop HCC, serum AFP
levels at the beginning, completion, and 24 wk after IFN
and ribavirin therapy were 94.1, 15.5 and 11.5 ng/mL,
respectively. In patients who did not develop HCC, serum
DCP levels at the beginning, completion, and 24 wk after
IFN and ribavirin therapy were 328.6, 25.6 and 18.4
mAU/mL, respectively. As with AFP, serum DCP levels
were increased in patients who developed HCC. Serum
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Table 3 The levels of alpha-fetoprotein and des-gamma-carboxy prothrombin with development of hepatocellular carcinoma in
patients with sustained virological response
Patients with SVR (n = 75)

Non HCC (n = 63)

HCC (n = 12)

P -value1

16.1 ± 20.2
13.7 ± 47.8
6.7 ± 10.0
93.7 ± 374.1
140.0 ± 637.9
33.9 ± 52.6

17.8 ± 22.2
17.9 ± 57.8
5.8 ± 4.1
131.3 ± 481.4
226.9 ± 864.2
28.9 ± 37.4

12.6 ± 14.9
5.1 ± 1.8
8.0 ± 15.1
40.3 ± 69.8
42.1 ± 83.3
39.3 ± 66.5

NS
NS
NS
NS
NS
NS

AFP levels at pretreatment (ng/mL)
AFP levels at the end of IFN treatment (ng/mL)
AFP levels at 24 wk after IFN treatment (ng/mL)
Pre DCP levels at pretreatment (mAU/mL)
Post DCP levels at the end of IFN treatment (mAU/mL)
24 wk DCP levels at 24 wk after IFN treatment (mAU/mL)

Data are expressed as number (%) or mean ± SD. 1Comparison between non HCC and HCC. HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; DCP:
Des-gamma-carboxy prothrombin; NS: Not significant; SVR: Sustained virological response.

Table 4 Factors associated with hepatocellular carcinoma development (n = 231)
Risk factor

Univariate analysis

Multivariate analysis

P -value

P -value

0.012
< 0.001
0.003
< 0.001

Not significant
< 0.001
0.009
< 0.001

Age (over 60 yr)
HCC treatment history
AFP levels at 24 wk after IFN treatment ≥ 10 ng/mL
DCP levels at 24 wk after IFN treatment ≥ 40 mAU/mL

OR

95%CI

15.27
3.89
24.43

4.98-59.51
1.38-11.94
4.11-238.67

HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; IFN: Interferon; DCP: Des-gamma-carboxy prothrombin.

1.0
Log-rank test: P < 0.001
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Figure 5 Cumulative incidence of hepatocellular carcinoma according
to des- gamma-carboxy prothrombin levels at 24 wk after the completion
of interferon-based therapy. 1The value at 24 wk after the completion of
interferon-based therapy (mAU/mL). DCP: Des-gamma-carboxy prothrombin;
HCC: Hepatocellular carcinoma.
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Patients with a previous history of treatment for HCC
had a significantly higher cumulative incidence of HCC
development after IFN and ribavirin therapy (P < 0.001)
(Figure 3). The incidence of HCC was significantly
lower in patients with AFP levels of < 10 ng/mL than
in those with AFP levels of ≥ 10 ng/mL at 24 wk after
the completion of IFN and ribavirin therapy (P = 0.004)
(Figure 4) as in patients with DCP levels of < 40 mAU/
mL than in those with DCP levels of ≥ 40 mAU/mL at
24 wk after the completion of IFN and ribavirin therapy (P
< 0.001) (Figure 5).

0.2
0.0

0.4

Cumulative incidence of HCC after IFN and ribavirin
therapy

0.6
0.4

1
AFP ≥ 10

0.6

Figure 4 Cumulative incidence of hepatocellular carcinoma according
to alpha-fetoprotein levels. 1The value at 24 wk after the completion of
interferon-based therapy (ng/mL). AFP: Alpha-fetoprotein; HCC: Hepatocellular
carcinoma.

Log-rank test: P < 0.001

1
DCP ≥ 40

0.8

0.0

11

Figure 3 Cumulative incidence of hepatocellular carcinoma according to
the history of treatment for hepatocellular carcinoma. HCC: Hepatocellular
carcinoma.
1.0

Log-rank test: P = 0.004

DISCUSSION
In this retrospective, multicenter, cooperative study
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conducted in Japan, we evaluated risk factors of HCC
development in LC-C patients treated with IFN and
ribavirin. A history of treatment for HCC was a strong
risk factor for the development of HCC in our patients.
Although HCC has a high recurrence rate, even after
curative surgery, a suppressive effect of IFN on HCC
recurrence after previous curative treatment has been
[19-23]
reported in several studies
. Furthermore, particularly
in Japan, IFN is used as an anti-cancer drug for the
[24-27]
treatment of HCC
. Unfortunately, in LC-C patients
treated with IFN and ribavirin, most notably in those
with a history of treatment for HCC, IFN therapy did
not reduce recurrence rates in our study. Many studies
reported that IFN-based therapy not only improves
hepatic fibrosis and inflammation but also reduces the
incidence of HCC, particularly in patients who achieve
[4-13]
SVR
. In our study, a history of treatment for HCC
was a stronger risk factor for HCC development than
achieving SVR. In those patients receiving IFN and
ribavirin therapy, long-term surveillance for HCC should
be conducted even after antiviral therapy with SVR.
In our study, serum levels of AFP decreased after
IFN and ribavirin therapy compared to baseline levels
in both HCC and non-HCC groups. Serum levels of AFP
were further decreased at 24 wk after IFN and ribavirin
therapy in the non-HCC group. However, serum levels
of AFP were increased at 24 wk after the completion
of IFN and ribavirin therapy in patients who developed
HCC. Therefore, serum AFP levels at 24 wk after the
completion of IFN and ribavirin therapy may be a strong
predictor of HCC development in LC-C patients treated
with IFN and ribavirin. Serum levels of DCP were also
increased at 24 wk after the completion of IFN and
ribavirin therapy in patients who developed HCC. Both
AFP and DCP serum levels at 24 wk after the completion
of IFN and ribavirin therapy were more strongly asso
ciated with HCC development than those of pre- and/or
post-IFN treatment.
Previous studies reported that a low or decreased
AFP level during IFN therapy is associated with a
[28-30]
reduced incidence of HCC
. Serum levels of AFP after
IFN-based therapy are also informative, and a higher
post-treatment AFP (≥ 6 ng/mL) was a risk factor for
[11,31]
HCC development
.
Recently, DCP was demonstrated as a tumor marker
[32,33]
for the detection of HCC
. However, it was unclear
whether DCP had value in detecting HCC in patients
with LC-C who received IFN and ribavirin therapy. We
demonstrated by multivariate analysis that elevated
serum levels of AFP (≥ 10 ng/mL) and DCP (≥ 40
mAU/mL) at 24 wk after the completion of IFN and
ribavirin therapy were independently associated with
HCC development. In clinical practice, even in patients
with SVR, careful surveillance for HCC is required in
patients with LC-C with an AFP of ≥ 10 ng/mL or a DCP
of ≥ 40 mAU/mL at 24 wk after the completion of IFN
and ribavirin therapy. A randomized controlled study
demonstrated that the LC-C patients who were treated
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with long-term pegylated-IFN had a low risk of HCC
[34]
development . Therefore, LC-C patients with an AFP of
≥ 10 ng/mL or a DCP of ≥ 40 mAU/mL at 24 wk after
the completion of IFN and ribavirin therapy should be
considered for long-term maintenance treatment with
pegylated-IFN, irrespective of whether SVR is achieved.
Recently, therapies with direct-acting antivirals
without IFN have demonstrated great efficacy against
[35-38]
HCV
. However, it is currently unknown whether
serum AFP levels and HCC incidence are decreased in
patients treated with IFN-free regimens using directacting antivirals.
Although this present study had some limitations, all
included patients were diagnosed with well-established
cirrhosis without chronic hepatitis. Thus, our findings
provide valuable information.
In conclusion, we suggested that elevated serum
levels of both AFP and DCP at 24 wk after the completion
of IFN and ribavirin therapy are strongly associated
with HCC development, irrespective of the virological
response, among Japanese LC-C patients. In these
patients, additional surveillance for the development of
HCC may be required.
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Abstract
AIM: To compare the surgical outcomes between
laparoscopic liver resection (LLR) and open liver re
section (OLR) as a curative treatment in patients with
hepatocellular carcinoma (HCC).

Data sharing statement: Technical appendix, statistical code,
and the dataset are available from the corresponding author at
cfscky@nus.edu.sg. As this study comprises a review in literature
and a retrospective study on patient’s data in our own hospital,
informed consent from patients was not taken. The presented data
are anonymized and risk of identification is low. All data generated
during the project will be made available via the National
University Hospital (Singapore)’s research data repository. There
is no security, licensing or ethical issues related to the data, and all
data used in the project was generated directly as a result of the
project, without any pre-existing data being used.

METHODS: A PubMed database search was performed
systematically to identify comparative studies of LLR vs
OLR for HCC from 2000 to 2014. An extensive text word
search was conducted, using combinations of search
headings such as “laparoscopy”, “hepatectomy”, and
“hepatocellular carcinoma”. A comparative study was also
performed in our institution where we analysed surgical
outcomes of 152 patients who underwent liver resection
between January 2005 to December 2012, of which 42
underwent laparoscopic or hand-assisted laparoscopic
resection and 110 underwent open resection.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
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RESULTS: Analysis of our own series and a review of
17 high-quality studies showed that LLR was superior to
OLR in terms of short-term outcomes, as patients in the
laparoscopic arm were found to have less intraoperative
blood loss, less blood transfusions, and a shorter length
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Leong WQ et al . Curative resection for hepatocellular carcinoma
increased risk of complications related to underlying
[9]
synthetic and metabolic dysfunction . Nevertheless,
over the past 2 decades, it has become a widely
accepted mode of curative resection for HCC by being
established as both safe and feasible. It has also evolved
to encompass more difficult anatomic resections.
A number of comparative studies have been pu
blished on the surgical outcomes of LLR vs open liver
resection (OLR) as a curative treatment for HCC, and
most suggest that while LLR and OLR both have similar
overall survival (OS) and disease-free survival (DFS)
rates, LLR confers the additional advantages of shorter
duration of hospitalization and lower complication rates.
To our knowledge, there has been so far no prospective,
randomized controlled study done on this subject.
In this review article, we systematically reviewed 17
comparative studies from 2001 to 2014 to look at the
surgical outcomes of LLR vs OLR for curative resection
of HCC. We also conducted our own comparative study
by analysing data from 152 patients who underwent
surgical resection of HCC from 2005 to 2012 at the
National University Hospital (Singapore) and compared
our results to those of the 17 comparative studies.

of hospital stay. In our own series, both LLR and OLR
groups were found to have similar overall survival (OS)
rates, but disease-free survival (DFS) rates were higher
in the laparoscopic arm.
CONCLUSION: LLR is associated with better short-term
outcomes compared to OLR as a curative treatment
for HCC. Long-term oncologic outcomes with regards
to OS and DFS rates were found to be comparable in
both groups. LLR is hence a safe and viable option for
curative resection of HCC.
Key words: Hepatocellular carcinoma; Laparoscopy;
Open liver resection; Hepatectomy; Surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Surgical resection is the standard treatment
for hepatocellular carcinoma (HCC), and provides
the best outcomes for patients eligible for resection.
Laparoscopic liver resection (LLR) is a relatively new
advancement in treatment of HCC and has raised
concerns on its feasibility and safety. We reviewed 17
studies and performed our own comparative study on
surgical outcomes of LLR vs open liver resection for the
curative treatment of HCC. We showed that LLR resulted
in more desirable short-term outcomes, whereas longterm oncologic outcomes were comparable. Hence, LLR
is a safe and feasible option in the surgical treatment of
HCC.

MATERIALS AND METHODS
A PubMed database search was performed systematically
to identify comparative studies of LLR vs OLR for HCC
from 2000 to 2014. An extensive text word search was
conducted, using combinations of search headings such
as “laparoscopy”, “laparoscopic”, “minimally invasive
surgery”, “hepatectomy”, “hepatic resection”, “hepatic
lobectomy”, “liver resection”, “hepatocellular carcinoma”,
“HCC”, and “primary liver cancer”. The search was
restricted to comparative studies and human studies
only. All studies identified for screening were manually
reviewed. References from these articles were also
searched for relevant studies. The most recent search
was conducted on 6 June 2014 (Figure 1).
Studies were included in the analysis if they: (1)
were comparative studies on humans and in the English
language; (2) focused on outcomes of LLR vs OLR for
HCC; (3) had more than 10 patients in each group
included in the study; and (4) if multiple studies were
reported by the same institution or authors, the most
recent publication was included. Studies were excluded
from the analysis if they: (1) were reviews lacking original
data, abstracts, editorials, or expert opinions; (2) did not
show clear comparisons between outcomes on LLR vs
OLR; and (3) included resections of benign tumours or
metastatic lesions other than HCC. Our own series was
analysed together with the selected studies.

Leong WQ, Ganpathi IS, Kow AWC, Madhavan K, Chang
SKY. Comparative study and systematic review of laparoscopic
liver resection for hepatocellular carcinoma. World J Hepatol
2015; 7(27): 2765-2773 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i27/2765.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i27.2765

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
prevalent cancer and the third most frequent cause of
cancer-related death, with about 750000 new cases
diagnosed and approximately 700000 deaths worldwide
[1,2]
each year . Potentially curative treatment options for
[3]
[4]
HCC include surgical resection , liver transplantation ,
[5]
and local ablation . Surgical resection remains the
standard treatment, and provides the best outcomes,
[6]
for candidates who are eligible for resection . In 1991,
[7]
Reich et al performed the first laparoscopic hepatic
resection (LLR) for a benign liver tumour; subsequently,
[8]
Hashizume et al reported the first LLR performed
for HCC. However, many barriers have hindered the
popularity of LLR, including concerns of uncontrollable
bleeding, resection margins, tumour seeding, and portsite metastases. LLR may also be perceived as a
challenge especially in cirrhotic patients, who are at
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National University Hospital series

Case records of 152 patients who underwent curative
resection for HCC at the National University Hospital
(NUH) in Singapore from January 2005 to December
2012 were prospectively retrieved and manually culled
for clinical data. Of the patients included in our study, 42
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Potentially relevant studies identified for screening
(PubMed, limited to humans and English language)
n = 138
Articles excluded (n = 102):
Omitted after reviewing titles and abstracts (95)
Systematic reviews and meta-analyses (7)
Articles retrieved for detailed evaluation
n = 36
Articles excluded (n = 8):
No comparison between LLR and OLR (1)
Inclusion of non-HCC resections (7)
Articles that fit selection criteria
n = 18
Repeated reports (n = 1)
Articles included in analysis
n = 17

Figure 1 Flow chart illustrating the screening and selection process. LLR: Laparoscopic liver resection; OLR: Open liver resection; HCC: Hepatocellular
carcinoma.

underwent laparoscopic or hand-assisted laparoscopic
resection and 110 underwent open resection. All patients
were followed up for recurrence at least 3-mo for the
st
nd
1 year, 4-mo for the 2 year, then every 6 mo subse
quently. Patients were stratified according to the type
of operation they underwent (OLR vs LLR). Vital status
and the death date for subjects were obtained from the
National Death Registry Database, and death data was
supplemented with data from hospital records. For longterm oncologic outcomes, the study endpoints analyzed
were OS and DFS. OS was calculated from the date of
operation to the date of death. DFS was calculated from
st
the date of operation to the date of 1 recurrence or
HCC-related death.

tion. All patients were followed up for recurrence at least
st
nd
3-mo for the 1 year, 4-mo for the 2 year, then every 6
mo subsequently.

Statistical analysis

Table 2 shows the intraoperative results of the two
groups. In the LLR group, conversion from LLR to OLR
occurred in 5 patients (11.9%). The duration of operation
in the LLR group was significantly shorter compared to
the OLR group (mean 250.43 min vs 349.90 min, P <
0.001). The intraoperative blood loss was significantly
lower in the LLR group (495.83 mL vs 1085.00 mL, P
< 0.001), as was the requirement for blood transfusion
(9.5% vs 39.1%, P < 0.001). However, there was no
difference in the amount of blood transfused in patients
who required transfusion in both groups.

Demographics

The demographic data and clinical characteristics of both
groups are shown in Table 1. Both groups did not differ
in terms of age, gender, Child-Pugh score, pre-operative
laboratory investigations, and tumour locations; however,
there was a significant difference in the ASA score (P =
0.045), number of co-morbidities (mean 3 vs 2.32, P =
0.028), and tumour size (mean 3.85 cm vs 7.15 cm, P <
0.001).

Intraoperative results

The clinical characteristics of patients and postoperative
results were expressed as means with standard
2
deviations. The χ or Fisher’s exact test was used to
compare categorical variables and the Mann-Whitney U
test was used to compare continuous variables. Survival
analysis was performed using the time of disease-free
survival vs recurrence of a tumor or death. Survival
curves were computed using the Kaplan-Meier method
and compared between open and laparoscopic groups
by the log-rank test. A P value of < 0.05 was considered
as being statistically significant. All statistical calculations
were performed using SPSS version 21.0.

Pathologic results

As for the pathologic results shown in Table 3, there
was no difference in the condition of the surrounding
liver parenchyma in both groups, except for a larger
proportion of patients with cirrhosis in the LLR group
(59.5% vs 35.5%, P = 0.007). Microscopic vascular
invasion occurred more often in the OLR group (14.3%
vs 30.9%, P = 0.037). There was no difference between
both groups in the histological grade of the tumours
as well as the number of patients with local tumour
invasion and positive resection margins.

RESULTS
NUH series

One hundred and fifty-two patients undergoing liver
resection for HCC were retrospectively reviewed at the
National University Hospital in Singapore, from January
2005 to December 2012. Of the patients included in
our study, 42 underwent laparoscopic or hand-assisted
laparoscopic resection and 110 underwent open resec
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Table 1 Preoperative characteristics n (%)
Variable
Age
Gender
Male
Female
Child-Pugh score
A
B
No. of comorbidities
HBsAg
Anti-HCV
Alpha-fetoprotein
ALT
AST
ALP
Total bilirubin
PT
ASA class
Ⅰ
Ⅱ
Ⅲ
No. of tumours
Solitary
Multiple
Size of largest
tumour (cm)
Tumour location
Left lobe
Right lobe
Bilobar

Table 2 Perioperative data n (%)

LLR (n = 42)

OLR (n = 110)

P value

61.07 (11.91)

59.45 (11.15)

0.400
0.359

32 (76.2)
10 (23.8)

91 (82.7)
19 (17.3)

42 (100.0)
0 (0.0)
3 ± 1.86
6 (42.9)
1 (7.1)
734.33 ± 2978.62
40.64 ± 28.86
46.83 ± 36.03
90.26 ± 35.51
13.12 ± 7.18
13.71 ± 0.94

103 (93.6)
7 (6.4)
2.32 ± 1.64
25 (55.6)
1 (2.7)
2126.96 ± 8456.88
46.57 ± 35.59
56.93 ± 50.26
102.29 ± 44.24
12.91 ± 14.26
13.61 ± 1.64

3 (7.1)
24 (57.1)
15 (35.7)

9 (8.2)
62 (56.4)
39 (35.5)

Type of resection
Right hepatectomy
Left hepatectomy
Extended right
hepatectomy
Extended left
hepatectomy
Right anterior
sectionectomy
Right posterior
sectionectomy
Left lateral sectionectomy
Wedge resection
Segmentectomy
Others
Conversion from LLR to
OLR
Duration of operation
(min), means ± SD
Intra-operative blood loss
(mL), mean ± SD
Blood transfusion
Amount transfused (mL),
mean ± SD

0.094

0.028
0.406
0.466
0.654
0.408
0.280
0.099
0.367
0.176
0.045

0.469
37 (88.1)
5 (11.9)
3.85 ± 2.60

91 (82.7)
19 (17.3)
7.15 ± 4.88

< 0.001
0.256

15 (35.7)
21 (50.0)
6 (14.3)

0 (0.0)

6 (5.5)

0 (0.0)

2 (1.8)

6 (14.3)

2 (1.8)

8 (19.0)
6 (14.3)
14 (33.3)
0 (0.0)
5 (11.9)

3 (2.7)
10 (9.1)
31 (28.2)
3 (2.7)
-

-

250.43 ± 98.85

349.90 ± 132.29

< 0.001

495.83 ± 501.94 1085.00 ± 943.55

< 0.001

4 (9.5)
43 (39.1)
< 0.001
709.25 ± 726.18 1349.30 ± 1532.32 0.269

8 (19.0)
12 (28.6)
25 (59.5)
16 (38.1)
2 (4.8)
6 (14.3)

35 (31.8)
31 (28.2)
39 (35.5)
29 (26.4)
5 (4.5)
34 (30.9)

0.118
0.962
0.007
0.157
0.955
0.037

0 (0.00)

2 (1.8)

0.379
0.077

9 (21.4)
30 (71.4)
3 (7.1)
0 (0.0)
1 (2.4)

20 (18.2)
61 (55.5)
28 (25.5)
1 (0.9)
8 (7.3)

LLR (n = 42) OLR (n = 110) P value

Variable
Patients with complications
Bleeding
Prolonged ascites
Intra-abdominal sepsis
Liver failure
Cardiac
Pulmonary
Gastrointestinal
Wound infections
Postoperative mortality
Length of hospital stay (d),
means ± SD

LLR (n = 42) OLR (n = 110) P value

16 (38.1)
1 (2.4)
1 (2.4)
0 (0.0)
2 (4.8)
3 (7.1)
8 (19.0)
1 (2.4)
0 (0.0)
1 (2.4)
7.55 ± 11.74

50 (45.5)
1 (0.9)
4 (3.6)
3 (2.7)
1 (0.9)
10 (9.1)
15 (13.6)
9 (8.2)
5 (3.3)
3 (2.7)
11.42 ± 9.35

0.413
0.476
0.698
0.280
0.127
0.701
0.405
0.197
0.160
0.905
< 0.001

LLR: Laparoscopic liver resection; OLR: Open liver resection.

ascites, intra-abdominal sepsis, liver failure) among
the LLR and OLR groups. There was no difference in
postoperative mortality as well. The total length of
hospital stay was significantly shorter in the LLR group
(7.55 d vs 11.42 d, P < 0.001).

Long-term oncologic outcomes

Table 5 shows the long-term oncologic outcomes of the
two groups. In the LLR group, the 5-year overall survival
was 80.5%. In the OLR group, the 5-year overall
survival was 83.8% (P = 0.949) (Figure 2). For diseasefree survival rates, the LLR group had a survival rate of
52.5% whereas their counterparts in the OLR group had
a survival rate of 38.2% (P = 0.035) (Figure 3). Hence,
there was a significant difference in the disease-free
survival rates between both groups but not in overall

0.253

LLR: Laparoscopic liver resection; OLR: Open liver resection.

Post-operative outcomes

With regards to post-operative outcomes (Table 4),
there was no difference in the overall complications rate
as well as the specific complications (cardiac, pulmonary,
gastrointestinal, wound infections, bleeding, prolonged

WJH|www.wjgnet.com

33 (30.0)
11 (10.0)
9 (8.2)

Table 4 Postoperative outcomes n (%)

Table 3 Pathologic results n (%)

Condition of non-tumourous
liver
Normal
Chronic hepatitis
Cirrhosis
Steatosis
Others
Microscopic vascular
invasion
Invasion into adjacent organs
Histological grade
Well differentiated
Moderately differentiated
Poorly differentiated
Undifferentiated
Positive resection margin

< 0.001
4 (9.5)
4 (9.5)
0 (0.0)

LLR: Laparoscopic liver resection; OLR: Open liver resection.

27 (24.5)
71 (64.5)
12 (10.9)

Data are mean ± SD or n (%) unless otherwise indicated. HBsAg: Hepatitis
B virus surface antigen; Anti-HCV: Anti-hepatitis C virus antibody;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP:
Alkaline phosphatase; PT: Prothrombin time; ASA: American Society of
Anaesthesiologists; LLR: Laparoscopic liver resection; OLR: Open liver
resection.

Variable

LLR (n = 42) OLR (n = 110) P value

Variable
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Overall survival

100

Laparoscopic
(n = 42)

80
Percentage of survival (%)

Percentage of survival (%)

80

Open
(n = 110)

60

Disease free survival

100

P = 0.949
40

20

60
Laparoscopic
(n = 42)
40

Open
(n = 110)

P = 0.035

20

0

0
0

20

40

60

80

100

0

20

Survival (mo)

40

60

80

100

Survival (mo)

Figure 2 Kaplan-Meier survival curves of overall survival in laparoscopic
and open liver resection.

Figure 3 Kaplan-Meier survival curves of disease-free survival in laparo
scopic and open liver resection.

studies analysed, as shown in Figure 6 (patients: 1173;
WMD: 0.41; 95%CI: 0.14-1.08; P = 0.07).

Table 5 Oncological outcomes
LLR (n = 42) OLR (n = 110) P value

Variable
Overall survival time (mo),
mean ± SD
Disease-free survival time
(mo), mean ± SD

71.25 ± 6.59

76.42 ± 4.468

0.949

DISCUSSION

46.81 ± 7.132

34.390 ± 4.254

0.035

Intraoperative bleeding is a significant problem faced
during liver resection, and is frequently the most
common reason for conversion from laparoscopic to
[27,28]
open hepatectomy
. The number of transfusions
required intraoperatively has also been shown to be
an independent risk factor for a worse post-operative
[29,30]
prognosis
. The worldwide acceptance of LLR was
delayed due to concerns of the technical difficulties
of controlling hemorrhage and obtaining hemostasis.
However, our study showed that intraoperative blood loss
and the number of patients requiring transfusion were
significantly lower in the laparoscopic arm. Reasons for
this include image magnification during LLR, usage of
intra-operative ultrasonography to visualize the tumour
and surrounding intrahepatic vessels and equipment such
as ultrasonic laparoscopic coagulation shears and argon
beam coagulators to provide rapid hemostasis in the
event of hepatic hemorrhage. The pneumoperitoneum in
LLR results in increased intra-abdominal pressure, which
also reduces visceral blood flow, in turn decreasing blood
[31,32]
loss
.
Another major concern regarding LLR for malignant
lesions is difficulty assessing resection margins, due
to the lack of tactile sensation and distance perception
in laparoscopic resection. However, our study showed
that there was no difference in resection margins in
both series. We are able to make up for the lack of
palpation in LLR and hence achieve the intended margins
laparoscopically, with pre-operative surgical planning
using a variety of imaging techniques and the use of
intra-operative ultrasonography to demarcate surgical

LLR: Laparoscopic liver resection; OLR: Open liver resection.

survival rates.

Systematic review

After an extensive literature search and screening, a
total of 138 references were identified. The flow of
reference selection is depicted in Figure 1. A total of
17 studies published between 2001 and 2014 were
[10-26]
identified as eligible for analysis
.
Our review of the above selected articles, as well
as the results of our own comparative study, showed
that post-operative outcomes in the OLR cohort were
significantly and consistently poorer compared to the
LLR cohort. The characteristics of the selected articles are
summarised in Table 6, and some of the post-operative
outcomes analysed using Forest plots (Figures 4-6).
Fourteen high-quality studies (including the NUH
series) reported on length of hospital stay (Figure 4);
pooled outcome measure favored LLR [patients 1340;
WMD: -5.08; 95%CI: -6.82-(-3.33); P < 0.00001]. The
results of 18 studies on post-operative complications
(Figure 5) showed that patients who underwent LLR
experienced significantly fewer complications than their
counterparts who underwent OLR (patients: 1653;
WMD: 0.40; 95%CI: 0.30-0.54; P < 0.0001). No
significant differences were observed between LLR and
OLR with regards to post-operative mortality in the 11
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Table 6 Characteristics of included studies
Ref.

No. of patients

Shimada et al[10]
Laurent et al[11]
Kaneko et al[12]
Sarpel et al[13]
Lai et al[14]
Belli et al[15]
Endo et al[16]
Aldrighetti et al[17]
Tranchart et al[18]
Ker et al[19]
Kim et al[20]
Truant et al[21]
Hu et al[22]
Lee et al[23]
Cheung et al[24]
Kim et al[25]
Kim et al[26]
Our reports

Child-Pugh score A

Solitary tumour

LLR

OLR

LLR n (%)

OLR n (%)

P value

17
13
30
20
25
54
10
16
42
116
26
36
30
33
32
70
29
42

38
14
28
56
33
125
11
16
42
209
29
53
30
50
64
76
29
110

13 (100.0)
22 (73.3)
23 (92.0)
49 (90.7)
10 (100.0)
9 (56.2)
30 (71.4)
98 (84.5)
32 (88.9)
29 (96.7)
33 (100.0)
32 (100.0)
28 (96.6)
42 (100.0)

14 (100.0)
22 (57.9)
31 (93.9)
117 (93.6)
7 (63.6)
9 (56.2)
33 (78.6)
197 (94.3)
47 (88.7)
24 (80.0)
50 (100.0)
60 (93.8)
29 (100.0)
103 (93.6)

0.49
NS
0.90
0.499
NS
NS
0.08
1
NS
NS
0.367
0.317
0.094

LLR n (%) OLR n (%)

Mean tumour size (cm)

P value

LLR

OLR

P value

-

-

-

2.6 ± 0.9
3.35 ± 0.89
3.0 ± 0.8
4.3 ± 2.1

2.5 ± 1.0
3.43 ± 1.05
3.1 ± 0.9
4.3 ± 2.2

0.89
0.48
NS
0.876

44 (81.5)
9 (90.0)
34 (94.4)
31 (93.9)
24 (82.8)
37 (88.1)

96 (76.8)
10 (90.9)
44 (83.0)
41 (82.0)
28 (96.6)
91 (82.7)

0.486
NS
0.2
0.186
0.103
0.469

3.8 ± 1.3
3.0 ± 1.5
4 ± 2.2
3.58 ± 1.75
2.5 ± 1.2
2.9 ± 1.2
6.7 ± 3.1
2.58 ± 1.44
3.59 ± 2.17
3.85 ± 2.60

6.0 ± 2.3
4.1 ± 0.8
4.6 ± 2.5
3.68 ± 2.09
5.4 ± 3.5
3.1 ± 1.2
8.7 ± 2.3
2.45 ± 1.27
4.28 ± 2.55
7.15 ± 4.88

0.006
NS
NS
0.95
0.001
0.5
NS
0.550
0.278
< 0.001

LLR: Laparoscopic liver resection; OLR: Open liver resection.

LLR
Study or subgroup Mean
Shimada 2001
Laurent 2003
Kaneko 2005
Belli 2009
Endo 2009
Aldrighetti 2010
Tranchart 2010
Ker 2011
Kim 2011
Truant 2011
Hu 2011
SJ Kim 2014
H Kim 2014
Chang 2014

SD

OLR
Total Mean

12
5
17
15.3
8.6
13
14.9
7.1
30
8.4
2.5
54
20
4
10
6.3
1.7
16
6.7
5.9
42
6.2
3
116
11.08 4.96
26
6.5
2.7
36
13
2.1
30
12
22.98
70
7.69 2.94
29
7.55 11.744
42

SD

22
8
17.3 18.9
21.6
8.8
9.2
3.1
32
8
9
3.8
9.6
3.4
12.4
6.8
16.07 10.697
9.5
4.8
20
3.2
17.13 15.89
13.38 7.37
11.42 9.354

Total
38
14
28
125
11
16
42
208
29
53
30
76
29
110

Weight

Mean difference

Mean difference

IV, random, 95%CI

IV, random, 95%CI

7.1% -10.00 (-13.48, -6.52)
2.0% -2.00 (-12.95, 8.95)
6.3% -6.70 (-10.83, -2.57)
9.6% -0.80 (-1.66, 0.06)
5.1% -12.00 (-17.34, -6.66)
8.7% -2.70 (-4.74, -0.66)
8.7% -2.90 (-4.96, -0.84)
9.5% -6.20 (-7.27, -5.13)
6.1% -4.99 (-9.32, -0.66)
9.1% -3.00 (-4.56, -1.44)
9.3% -7.00 (-8.37, -5.63)
4.2% -5.13 (-11.59, -1.33)
7.8% -5.69 (-8.58, -2.80)
6.5% -3.87 (-7.83, -0.09)

Total (95%CI)
531
809 100.0% -5.08 (-6.82, -3.33)
2
2
2
Heterogeneity: Tau = 8.04; χ = 115.06, df = 13 (P < 0.00001); I = 89%
-20
Test for overall effect: Z = 5.70 (P < 0.00001)

-10
Favours (LLR)

0

10
Favours (OLR)

20

Figure 4 Forest plots depicting length of hospital stay in the included studies. LLR: Laparoscopic liver resection; OLR: Open liver resection.

margins.
Our analysis of the 17 studies showed that the rates
of postoperative complications were significantly lower
in patients who underwent LLR. Possible reasons for this
include less mobilization and manipulation of the liver
and other intra-abdominal organs, avoidance of long
incisions and division of the abdominal muscles hence
minimizing disruption to the abdominal wall collateral
circulation, less severe pain, earlier ambulation and
oral food intake, and more post-operative cough and
expectoration. However, the findings in our comparative
study were not significant. Nevertheless, it is worthy
to note that even though there was a significantly
higher number of co-morbidities in patients in the LLR
group, and a significantly greater number of patients
found to have cirrhosis in the LLR group, the LLR cohort

WJH|www.wjgnet.com

experienced fewer postoperative complications, though
this result was not statistically significant.
Liver resection in HCC patients with chronic liver
disease (CLD) or cirrhosis has been a major issue
due to the high rates of postoperative morbidity from
decompensation due to their underlying liver disease. In
these patients, portal hypertension is a major risk factor
[33,34]
for development of postoperative decompensation
.
The studies we analysed which were specific to HCC
patients with underlying CLD or cirrhosis showed that
LLR resulted in fewer postoperative complications
[15]
compared to OLR. Belli et al
showed that a signi
ficantly decreased postoperative morbidity rate in the
[11]
laparoscopic group. The studies by Laurent et al and
[21]
Truant et al
showed lower rates of post-operative
ascites and liver failure in the LLR group as well. Overall,
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LLR

OLR

Study or subgroup Events

Total

Shimada 2001
Laurent 2003
Kaneko 2005
Sarpel 2009
Lai 2009
Belli 2009
Endo 2009
Aldrighetti 2010
Tranchart 2010
Ker 2011
Kim 2011
Truant 2011
Hu 2011
Lee 2011
Cheung 2013
SJ Kim 2014
H Kim 2014
Chang 2014

17
13
30
20
25
54
10
16
42
116
26
36
30
33
32
70
29
42

1
4
3
1
4
10
3
4
9
7
1
9
4
2
2
5
4
16

Events

Total

Weight

38
14
28
56
33
125
11
16
42
208
29
53
30
50
64
76
29
110

1.6%
3.2%
3.4%
1.6%
3.9%
13.2%
2.2%
3.5%
8.7%
11.9%
1.7%
9.0%
3.2%
3.2%
3.3%
6.5%
4.8%
15.1%

4
7
5
4
5
45
3
7
17
63
7
19
3
12
12
11
11
50

Odds ratio

Odds ratio

IV, random, 95%CI

IV, random, 95%CI

0.53
0.44
0.51
0.68
1.07
0.40
1.14
0.43
0.40
0.15
0.13
0.60
1.38
0.20
0.29
0.45
0.26
0.74

(0.05,
(0.09,
(0.11,
(0.07,
(0.25,
(0.19,
(0.17,
(0.10,
(0.15,
(0.07,
(0.01,
(0.23,
(0.28,
(0.04,
(0.06,
(0.15,
(0.07,
(0.36,

5.14)
2.15)
2.37)
6.51)
4.46)
0.88)
7.60)
1.92)
1.05)
0.34)
1.10)
1.53)
6.80)
0.98)
1.38)
1.38)
0.96)
1.53)

Total (95%CI)
641
1012 100.0%
0.43 (0.33, 0.57)
Total events
89
285
2
2
2
Heterogeneity: Tau = 0.00; χ = 16.97, df = 17 (P = 0.46); I = 0%
Test for overall effect: Z = 5.83 (P < 0.00001)

0.01

0.1
Favours (LLR)

1

10
Favours (OLR)

100

Figure 5 Forest plots depicting postoperative complications in the included studies. LLR: Laparoscopic liver resection; OLR: Open liver resection.
LLR

OLR

Study or subgroup Events

Total

Laurent 2003
Lai 2009
Belli 2009
Aldrighetti 2010
Tranchart 2010
Ker 2011
Kim 2011
Truant 2011
Lee 2011
Cheung 2013
Chang 2014

13
25
54
16
42
116
26
36
33
32
42

0
0
1
0
1
0
0
0
0
0
1

Events
2
1
5
0
1
6
0
4
0
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Odds ratio

Odds ratio

Total

Weight

IV, random, 95%CI
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0.19 (0.01, 4.25)
0.42 (0.02, 10.87)
0.45 (0.05, 3.97)
Not estimable
1.00 (0.06, 16.53)
0.13 (0.01, 2.32)
Not estimable
0.15 (0.01, 2.89)
Not estimable
0.65 (0.03, 16.44)
0.87 (0.09, 8.60)

12.0%
11.4%
10.8%
9.1%
18.0%

Total (95%CI)
435
738
100.0%
0.41 (0.15, 1.08)
Total events
3
23
2
2
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Heterogeneity: Tau = 0.00; χ = 2.19, df = 7 (P = 0.95); I = 0%
Test for overall effect: Z = 1.81 (P = 0.07)
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Figure 6 Forest plots depicting postoperative mortality in the included studies. LLR: Laparoscopic liver resection; OLR: Open liver resection.

fewer complications in the LLR group result in a shorter
length of hospital stay. Furthermore, from our own
comparative study, the rates of prolonged ascites and
liver failure in both groups were not significantly different
despite a significantly larger number of patients with
cirrhosis in the LLR group.
Laparoscopic hepatectomy has not been shown to
increase the risk of tumor recurrence and affect the
oncologic outcomes (in terms of overall survival and
disease-free survival). However, in our study, there was
a significant increase in disease-free survival rates in
the LLR group; this could be attributed to the higher
incidence of microscopic vascular invasion found on
histology in the OLR group, which is a significant under
lying risk factor for tumour recurrence.

WJH|www.wjgnet.com

Although LLR has been shown to be superior to OLR
in terms of surgical outcomes, the clinical significance
of these results should be interpreted keeping in mind
that they were based on selected patients who fulfill
certain criteria. The size and location of the tumour are
important considerations that influence a surgeon’s
decision to perform an open or a laparoscopic resection.
As a general rule, small (< 5 cm) tumours, in superficial
or peripheral locations, far away from major vessels, are
considered for LLR. Large tumours and cases requiring
vascular or biliary reconstruction are usually indications
for open resection. Nevertheless, with improvement
of the laparoscopic technique and new advances in
technology over the past 2 decades, LLR is being per
formed more frequently and for more complex cases
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Applications

[22,35,36]

with tumours in difficult anatomical locations

.

The study results suggest that LLR is associated with better short-term
outcomes compared to open liver resection as a curative treatment for HCC,
with comparable long-term oncologic outcomes between both groups. LLR is
hence a safe and viable option for curative resection of HCC.

Strengths and limitations

Our systematic review has some limitations which
warrant discussion and should be considered when
interpreting the results. Firstly, all comparative studies
including our own are non-randomized controlled studies
that are retrospective or retrospective matched. To
our knowledge, no randomized control trial has been
published on this subject. Also, as mentioned above,
selection of patients in both the LLR and OLR groups
followed certain criteria based on the pre-operative
clinicopathologic characteristics of each case, as well
as according to the experience and expertise of the
surgeons. This tends to increase the risk of selection
bias. However, many of the studies we analysed per
formed case-matched analysis and matched patients
in both groups based on similar characteristics, such as
tumour size, tumour location, and presence of CLD or
[12-14,17,18,20-22,24,26]
cirrhosis
. This minimized the degree of
selection bias to some extent.
The strengths of our review are, firstly, a substantial
number of studies analysed from various centres around
the world, in addition to our own. Also, strict inclusion
and exclusion criteria were implemented to select
the highest quality and most recent studies after an
extensive literature search.
In conclusion, our systematic review and comparative
study show that as a curative treatment for HCC, LLR
provides better short-term outcomes than OLR in
terms of intraoperative blood loss, blood transfusions,
and length of hospital stay, while both LLR and OLR
provide similar long-term oncologic outcomes. Further
research should be undertaken in the form of prospective
randomized control trials to substantiate our findings
even further.

Peer-review

This is an excellent paper dealing with comparison between laparoscopic and
open liver resection in the treatment of HCC. The manuscript is well written and
provides important clinical information that is potentially useful to readers.
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AIM: To determine the clinical impact of portal vein
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METHODS: We identified original articles reported
through February 2015 in MEDLINE, Scopus, Science
Citation Index, AMED, the Cochrane Library, and
relevant examples available in the grey literature. Two
independent reviewers screened all citations for inclu
sion criteria and extracted summary data. Random
effects odds ratios were calculated to obtain aggregate
estimates of effect size across included studies, with
95%CI.
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RESULTS: A total of 226 citations were identified
and reviewed, and 3 studies with 2436 participants
were included in the meta-analysis of summary effect.
Patients with portal vein thrombosis had an increased
risk of mortality (OR = 1.62, 95%CI: 1.11-2.36, P =
0.01). Portal vein thrombosis was associated with an
increased risk of ascites (OR = 2.52, 95%CI: 1.63-3.89,
P < 0.001). There was insufficient data available
to determine the pooled effect on other markers of
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point. However, the field of coagulation disorders and
chronic liver disease is ever evolving and continues to
generate controversy, in particular, when consideration is
given to the impact of PVT on the development of hepatic
decompensation. Multiple studies have been published
indicating adverse clinical outcomes in the setting of
PVT in both transplant and non-transplant populations,
including hepatic decompensation, increased post[7-10]
transplant mortality, and decreased quality of life
.
Others have argued that PVT does not affect clinically
[11]
relevant outcomes . Due to this uncertainty, we sought
to determine the clinical impact of PVT on transplant free
survival and hepatic decompensation in adult patients
with cirrhosis.

decompensation including gastroesophageal variceal
bleeding or hepatic encephalopathy.
CONCLUSION: Portal vein thrombosis appears to
increase mortality and ascites, however, the relatively
small number of included studies limits more genera
lizable conclusions. More trials with a direct comparison
group are needed.
Key words: Hepatology; Coagulopathy; Liver; Ascites;
Hepatic encephalopathy; Portal hypertension
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Portal vein thrombosis (PVT) is a common
complication of cirrhosis with resultant downstream
hepatic decompensation and mortality. Treatment
options carry risk and are not without complications.
To date, there is a lack of systematic evidence on the
clinical importance of PVT. We performed a systematic
review and meta-analysis to determine the aggregate
estimates of effect of PVT on hepatic decompensation
and mortality. PVT appears to significantly increase
mortality (OR = 1.62, 95%CI: 1.11-2.36) and ascites
(OR = 2.52, 95%CI: 1.63-3.89), however, the small
number of included studies limits more generalizable
conclusions. More trials with a direct comparison group
are needed.

MATERIALS AND METHODS
Literature search strategy and study selection

The investigators systematically searched the published
medical literature for observational studies and clinical
trials that compared mortality or hepatic decompensation
outcomes in cirrhosis patients with and without PVT. Pub
lished studies were identified by searching the following
electronic databases: MEDLINE, Scopus, Science Citation
Index, AMED, and the Cochrane Library. The search
criteria included all publications through February 2015
with English language restriction. Electronic search
criteria included the following terms or keywords: “portal
vein thrombosis”, “mesenteric thrombosis”, “splanchnic
thrombosis”, “cirrhosis”, “mortality”, “decompensation”,
and “humans”. We reviewed the reference lists of
included articles in order to identify articles missed in
the database searches. Recent conference abstract lists
and other relevant grey literature sources were also
searched for examples of relevant studies using the
same terms and keywords. Studies were excluded if PVT
was associated with only malignancy, developed postprocedure (surgery or interventional), were found in noncirrhotic patients with portal hypertension, were in LTonly recipients, if no control/comparison group without
PVT was included, or if survival was not analyzed. This
study did not require institutional review board approval.

Stine JG, Shah PM, Cornella SL, Rudnick SR, Ghabril MS,
Stukenborg GJ, Northup PG. Portal vein thrombosis, mortality
and hepatic decompensation in patients with cirrhosis: A metaanalysis. World J Hepatol 2015; 7(27): 2774-2780 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i27/2774.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i27.2774

INTRODUCTION
Portal vein thrombosis (PVT) is defined as an obstruction
of the portal vein or its branches, which include the
splenic, superior mesenteric, and inferior mesenteric
[1]
veins . It is associated with numerous conditions
including malignancy, myeloproliferative disorders,
inflammatory conditions (such as pancreatitis), intraabdominal infections (such as secondary peritonitis), and
[2,3]
cirrhosis . PVT is common in patients with cirrhosis;
over 30% of liver transplant recipients have PVT on direct
[2,4,5]
explant examination at the time of transplant (LT)
.
Incidence rates of PVT while variable, are reported to be
[6]
as high as 16% . The mechanism of PVT development
in cirrhosis is multifactorial and is due to a combination
of changes in liver architecture leading to impaired blood
flow and endothelial cell activation, hypercoagulability,
and the potential development of hepatocellular
[7]
carcinoma (HCC) . The presence of PVT appears to be
associated with the severity of underlying liver disease
and hepatic decompensation from a mechanistic stand

WJH|www.wjgnet.com

Data extraction

Two study personnel (Stine JG and Shah PM) inde
pendently screened the abstracts and titles of all studies
identified using the electronic and manual search
criteria to identify studies meeting the inclusion criteria.
Each study meeting requirements of the first-round
inclusion criteria then underwent a full-text indepen
dent review by both reviewers. Disagreements about
inclusion between reviewers were resolved by follow-up
consultation, and if necessary by a third clinical reviewer
(Cornella CL). Two reviewers independently extracted
the following data from each study that met inclusion
criteria: patient characteristics (age, gender, MELD,
and etiology of liver disease), study-level characteris
tics (author, publication year, study design, enrollment
period, target population, total number of enrolled

2775

November 28, 2015|Volume 7|Issue 27|

Stine JG et al . Portal vein thrombosis increases patient mortality
Table 1 Study level characteristics n (%)
Ref.

Date published

Dates enrolled

Enrollment

PVT

Death - no PVT

Death - PVT

2013
2013
2010

2004-2009
1998-2009
1995-2007

290
150
3295

70 (24.1)
42 (28.0)
148 (4.5)

62 (28.2)
21 (19.4)
1171 (37.2)

24 (34.3)
9 (21.4)
81 (54.7)

John et al[16]
Maruyama et al[17]
Englesbe et al[7]
PVT: Portal vein thrombosis.

[7,16,17]

patents, and percentage of patients with PVT) and
outcomes (mortality and hepatic decompensation).

inclusion criteria for the current meta-analysis
.
[7,17]
Of these, two were retrospective
. The third study
[16]
followed a prospective cohort of patients . No additional
studies were appropriate for inclusion based on our
a-priori determined inclusion and exclusion criteria. Nery
[11]
et al
recently published a multicenter prospective
series of 1243 adult patients with cirrhosis without
baseline PVT in France and Belgium. About 118 patients
developed de novo PVT during a median follow-up period
of 47 mo. This study, while initially considered in fulltext review, was excluded specifically because absolute
numbers for mortality or individual types of hepatic
decompensation were not provided; rather, univariate
and multivariable analysis P-values were provided only
and only a composite of hepatic decompensation was
given in absolute number.
The 3 eligible reports evaluated cirrhotic patients that
did not initially have PVT, but developed it sometime over
the study period. They each excluded patients with HCC
and prior transplant. All 3 studies evaluated long-term
outcomes in cirrhotic patients with PVT compared to
cirrhotic patients without PVT. Study level characteristics
are found in Table 1. A summary of the search results is
presented in Figure 1, reflecting the reporting standards
of the Preferred Reporting Items for Systematic Reviews
[18]
and Meta-Analyses .
[7]
The Englesbe et al study assessed a total of 3295
(148 with PVT and 3147 without PVT) cirrhotic patients
between 1995-2007. The study assessed patients
that were being evaluated as candidates for liver trans
plantation that had thrombus in the main portal vein
only. Patients with partial thrombus or thrombi in portal
vein branches, without extension into the main portal
[17]
vein were excluded. The Maruyama et al
article
evaluated a total of 150 patients with viral hepatitis, 42
had PVT (and 108 did not have PVT). The study by John
[16]
et al
found 290 patients with cirrhosis, 70 of these
had PVT and 220 did not. Notably, both the Maruyama
[17]
[16]
et al and John et al articles specified patients with
complete and partial thrombus, unlike the Englesbe
[7]
study .
In total, the three studies included 3735 cirrhotic
patients, 260 of which had PVT. Lengths of follow-up
ranged from less than one month to 136 mo, with mean
follow-ups ranging from 25 mo to 50 mo. Baseline
demographic characteristics were similar between PVT
and non-PVT groups in all 3 studies. There were no
differences in regards to race, age, gender, causes of
cirrhosis, or model for end stage liver disease (MELD)
scores. Demographic and etiologic characteristics of the

Primary and secondary outcomes

Mortality was the primary outcome assessed. Secondary
outcomes included the presence of or development of
new gastroesophageal variceal bleeding, ascites, hepatic
encephalopathy, and an aggregate measure of the
occurrence of any of these three hepatic decompensation
outcomes.

Study quality and risk of bias assessment

The quality of observational studies was assessed
[12]
using the methods described by Stroup et al . Only
studies deemed high-quality by the investigators were
included in the analysis. The Newcastle-Ottowa Quality
[13]
Assessment for Cohort Studies scale
was used to
further characterize the quality of studies based on
selection of study groups, comparability of groups, and
ascertainment of outcome. The studies are rated on
an 8-point scale separated by the three broad sections
delineated above.

Statistical analysis

Descriptive analysis of the studies identified, excluded,
and included, and meta-analysis of the reported study
effect measures, was conducted utilizing review manager
software (Rev-Man version 5.3; Copenhagen; The Nordic
Cochrane Centre; The Cochrane Collaboration; 2014).
We estimated pooled ORs and calculated corresponding
95%CIs using DerSimonian and Laird random-effects
models, which account for both between and within
study variability given that the included studies were
[14,15]
not functionally identical
. Between study variability
was separately assessed using the Cochran’s Q statistic
(with P < 0.05 considered significant). The proportion of
heterogeneity accounted for by between-study variability
2
was estimated using the I index and adjudicated to be
2
[14,15]
significant if I was > 75%
. A post-hoc funnel plot
was created to assess for the presence or absence of
publication bias.

RESULTS
Included studies

The electronic search criteria identified 226 studies.
After ensuring no duplicates were present, we screened
titles and abstracts. The full text of eleven studies was
assessed for eligibility. Following the qualitative systematic
review process, three observational studies met the
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Identification

216 records identified through database searching

Screening

226 records screened

Eligibility

11 full text articles reviewed

Included

10 records identified through other sources

3 studies included in review

215 records excluded

8 full text articles excluded

Reasons for exclusion
Different primary endpoint
No comparison group
Included malignancy
Different measure of association
No mortality information
Not limited to cirrhosis

Figure 1 The preferred reporting items for systematic reviews and meta-analyses diagram. About 226 records were screened in aggregate; 11 full text articles
were reviewed; 3 studies met inclusion criteria.
[17]

SE(log[OR])

0.2
0.4
0.6
0.8
1.0

[16]

Maruyama et al
and John et al
both received 6/8.
The potential for publication bias was assessed using a
funnel plot of the relationship between reported effect
variance SE(log[OR]) and the reported study OR.
The plot illustrates the lack of evidence for potential
publication bias in the three studies-the study with the
largest effect size is the largest study included while the
smaller studies have lower effect sizes (Figure 2).

0.0

Portal vein thrombosis and mortality
[7]

0.005

0.1

1
OR

10

The Englesbe et al article demonstrated an incidence
rate of 4.5% for PVT. The patients with PVT were at
significantly higher risk of mortality with an OR of
2.04 (95%CI: 1.46-2.84) (Figure 3) Conversely, the
[17]
[16]
Maruyama et al and John et al studies found higher
rates of mortality between PVT and non-PVT subjects.
The OR for mortality for PVT in both studies were 1.13
and 1.27, respectively but these differences were nonsignificant. Pooled analysis of the results reported across
all 3 studies demonstrates a significantly increased
risk of mortality in PVT patients (OR = 1.62, 95%CI:
1.11-2.36, P = 0.01). The Cochran’s Q statistic was non2
significant at P = 0.23 and I = 32%, demonstrating
non-significant heterogeneity of effects reported across
studies.

200

Figure 2 Funnel plot assessing publication bias. No significant publication
bias was observed in this study.

patients included in each studies are summarized in
Table 2.

Bias assessment

All 3 studies include cohorts drawn from their abdominal
transplant clinic population. The patients were truly
representative of the average transplant population.
Exposed and unexposed patients (patients with cirrhosis
with spontaneous PVT and those without PVT) were
all drawn from their transplant clinic population and all
information was obtained through medical records in the
[7]
three studies. The Englesbe et al study controlled for
PVT along with MELD, age, and presence of hepatitis C
virus in a multivariable logistic regression with survival
[17]
as the outcome. The Maruyama et al study does not
include a model controlling for covariates. The John et
[16]
al
study does control for ascites and renal function,
however this study created a multivariable model to
identify predictors for PVT development. All three studies
had widely variable amounts of follow-up and there is
no information available on patients lost to follow-up
for any of the studies. Based on these characteristics,
[7]
the Englesbe et al study received a score of 7/8, while
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Portal vein thrombosis and hepatic decompensation

Secondary outcomes included episodes of hepatic
decompensation, including individual cases of ascites,
variceal bleeding, or portosystemic encephalopathy.
[16]
[17]
Both John et al and Maruyama et al demonstrated
similar effects of PVT on ascites development. John
[16]
et al
showed an OR of 1.51 (95%CI: 0.87-2.60)
compared to an OR of 7.46 (95%CI: 3.38-16.45) in the
[17]
[7]
Maruyama et al study (Figure 4). The Englesbe et al
study was excluded from this portion of analysis since
they did not report on rates of hepatic decompensation.
When the pooled OR was evaluated using randomeffects modeling, PVT continued to have statistically
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Table 2 Patient level characteristics n (%)
1

2

Englesbe 2010

3

John 2013

Maruyama 2013

No PVT (n = 3147)

PVT (n = 148)

No PVT (n = 220)

PVT (n = 70)

No PVT (n = 108)

PVT (n = 42)

1905/1242

91/57

144/76

42/28

63/45

22/20

218 (6.9)
2545 (80.9)
"Nonblack"

7 (4.7)
131 (88.5)
"Nonblack"

184 (83.6)

60 (85.7)

-

-

-

-

95 (3)
173 (5.4)
672 (21.4)
1253 (39.8)
72 (2.3)
449 (14.3)
51.5 ± 11.2
12.1 ± 7.2

8 (5.4)
7 (5.4)
31 (20.9)
50 (34.1)
0
22 (14.9)
50.9 ± 10.8
13.3 ± 8.3

24 (11)
37 (16.9)
62 (28.3)
35 (16)
37 (16.9)
55.8 ± 9.1
13.8 ± 4.5

5 (7.1)
5 (7.1)
16 (27.1)
12 (17.1)
20 (28.6)
58.4 ± 8.8
14.9 ± 5.9

108
63.3 ± 8.68
10.2

42
62.4 ± 11
10.6

Sex (M/F)
Race
Black
White
Other
Etiology
AIH
Biliary/cholestatic
Alcohol
Viral
Cryptogenic/NASH
Other
Age (yr)
MELD
1

Presence of PVT at time of initial transplant evaluation or during the pre-transplant period; 2PVT category includes patients with PVT at baseline (n = 47)
and those that developed new PVT during the study period (n = 23); 3Study only assessed patients with viral hepatitis. No data reported for race. PVT:
Portal vein thrombosis; MELD: Model for end stage liver disease; NASH: Non-alcoholic steatohepatitis; M/F: Male/female; AIH: Autoimmune hepatitis.

PVT
Study or subgroup

No PVT

Odds ratio

Odds ratio

M-H, random, 95%CI

M-H, random, 95%CI

Total

Events

Total

Weight

148
70
42

1171
64
21

3147
220
108

54.8%
29.7%
15.4%

2.04 (1.46, 2.84)
1.27 (0.72, 2.26)
1.13 (0.47, 2.72)

Total (95%CI)
260
3475
100.0%
Total events
114
1256
2
2
2
Heterogeneity: Tau = 0.04; χ = 2.96, df = 2 (P = 0.23); I = 32%
Test for overall effect: Z = 2.50 (P = 0.01)

1.62 (1.11, 2.36)

Englesbe et al
John et al
Maruyama et al

Events
81
24
9

0.01

0.1

1

10

Favours no PVT

100

Favours PVT

Figure 3 Portal vein thrombosis and mortality. PVT is associated with an increased pooled risk of death in the absence of significant heterogeneity. PVT: Portal
vein thrombosis.
PVT

Odds ratio

Odds ratio

Events

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

76
21

220
108

83.0%
17.0%

1.51 (0.87, 2.60)
7.46 (3.38, 16.45)

Total (95%CI)
112
328
Total events
58
97
2
2
Heterogeneity: χ = 10.63, df = 1 (P = 0.001); I = 91%
Test for overall effect: Z = 4.17 (P < 0.0001)

100.0%

Study or subgroup
John et al 2013
Maruyama et al 2013

Events
31
27

No PVT
Total
70
42

2.52 (1.63, 3.89)
0.05

0.2
Favours no PVT

1

5

20

Favours PVT

Figure 4 Portal vein thrombosis and ascites. PVT is associated with an increased pooled risk of hepatic decompensation manifested as ascites. This conclusion
may be limited by heterogeneity in the included studies. PVT: Portal vein thrombosis.

significant higher odds of hepatic decompensation (OR
= 2.52, 95%CI: 1.63-3.89, P < 0.001). The Cochran’s
2
Q statistic and I were both significant for heterogeneity
in this analysis. There was insufficient data available
to determine the pooled effect on other markers of
decompensation including gastroesophageal variceal
bleeding or hepatic encephalopathy.

both mortality and hepatic decompensation. We have
demonstrated a significantly increased rate of mortality
for patients with cirrhosis and PVT when compared to
those patients without PVT. This finding is important
because PVT is a common finding in patients with
[4,6,19]
cirrhosis
and one that significantly impairs quality of
[7-9]
life and post-LT outcomes . Several risk factors have
been suggested to increase the risk of PVT in patients
awaiting liver transplantation, including non-alcoholic
[20]
steatohepatitis .
The risk of hepatic decompensation with ascites for
patients with cirrhosis was also significantly greater
in the presence of PVT. Evaluating a pooled estimate

DISCUSSION
Our systematic review and meta-analysis is the first
study to offer a pooled estimate and quantitative
assessment of the clinical impact of PVT in terms of
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of risk for gastroesophageal variceal hemorrhage or
ascites resulting from PVT could not be performed due
to the lack of data reporting by the included studies.
While this has been shown in other studies, these were
not included due to a lack of a comparison group.
PVT appears to increase mortality and hepatic
decompensation (composite as well as variceal hemorr
hage and ascites), however, the relatively small number
of included studies limits generalizable conclusions. Our
study has several other limitations. Multiple studies with
a large number of patients were excluded due to a lack
of a comparison group, and our literature search revealed
a general lack of randomized controlled trials within
the context of PVT. The large multicenter prospective
[11]
study by Nery et al
was specifically excluded due
to a lack of absolute numbers and component hepatic
decompensation assessment. The inclusion of only
three studies also limits the systematic assessment
for publication bias and may also have resulted in the
large degree of heterogeneity seen in calculation of the
pooled measure of effect for PVT and the development of
ascites.
Regardless, this current review represents the
best available summary of the evidence to date and
highlights a significant need for future research around
the implications of PVT, especially prospective studies
with a direct comparator group. Safety and efficacy data
on both prevention and treatment of PVT is in general
[21]
lacking. Villa et al
recently published their unblinded
randomized, single center experience having found that
daily prophylactic dosing of low molecular weight heparin
(the equivalent of 40 mg/d) for twelve months prevented
the development of PVT in patients with compensated
cirrhosis. While the study was terminated at 48 wk,
the effect persisted through follow-up at 5 years when
[21]
compared to standard of care . Additionally, the authors
demonstrated less hepatic decompensation in the low
molecular weight heparin arm (P < 0.0001) and a more
[21]
importantly, a significant survival benefit . Building
[22]
on this work, Cui et al
published their single center
randomized trial of 65 patients investigating therapeutic
doses of low-molecular weight heparin (1 mg/kg every
twelve hours or 1.5 mg/kg daily), where 78.5% (n = 51)
responded to treatment with either complete or partial
recanalization at 6 mo after starting therapy. These
responders had regression of their liver disease when
compared directly to the 14 non-responders. Similar to
[21]
[22]
Villa et al , Cui et al
found no episodes of variceal
hemorrhage, however, they did find much higher rates
of non-variceal bleeding (6.4%-23.5%). While this
study has several limitations including its generalizability
as it only enrolled hepatitis B patients in China, it is
nonetheless promising. With the development of new oral
anticoagulants, the promise of treatment and possibly
[23]
prevention is becoming a reality . More rigorous
study is needed in the field of coagulation disorders
in a randomized, placebo controlled interventional
or preventative trial with a direct comparator group
using either heparin based or new direct acting oral
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anticoagulant therapy.
In conclusion, PVT appears to increase mortality
and hepatic decompensation from ascites, however,
the relatively small number of included studies limits
generalizable conclusions and contributes significant
heterogeneity in the pooled measures of effect. More
prospective, randomized placebo controlled trials with a
direct comparator group are needed.
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Abstract
Hepatocellular carcinoma (HCC) is the predominant
subject of liver malignancies which arouse global
concern. Advanced studies have found that long non
coding RNAs (lncRNAs) are differentially expressed in
HCC and implicate they may play distinct roles in the
pathogenesis and metastasis of HCC. However, the
underlying mechanisms remain largely unclear. In this
review, we summarized the functions and mechanisms
of those known aberrantly expressed lncRNAs identified
in human HCC tissues. We hope to enlighten more
comprehensive researches on the detailed mechanisms
of lncRNAs and their application in clinic, such as being
used as diagnostic and prognostic biomarkers and the
targets for potential therapy. Although studies on lncRNAs
in HCC are still deficient, an improved understanding of
the roles played by lncRNAs in HCC will lead to a much
more effective utilization of those lncRNAs as novel
candidates in early detection, diagnosis, prevention and
treatment of HCC.
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Liu YR et al . LncRNAs in HCC
[14-16]

and PIWI-interacting RNAs
.
NcRNAs were once thought to be body “garbage” or
transcriptional “noise”. However, accumulating reports
have demonstrated that miRNAs and lncRNAs play
[17-22]
[23]
valid regulatory roles in cancer
. Recent studies
have also elucidated that lncRNAs possess a signifi
cant role in epigenetic regulation. Via regulating gene
expression by miscellaneous mechanisms, including
genomic imprinting, chromatin modification, regulation
of protein function, transcription and post-transcriptional
[24-26]
processing
, lncRNAs are involved in multitudinous
physiological functions and pathological processes.
LncRNAs, larger than 200 nucleotides (nt) in length,
are commonly defined as endogenous cellular RNA
molecules, which are poorly conserved and not capable
[21,23,27]
of being translated into proteins
. They can be
monitored by a high-throughput analysis such as trans
criptome analysis and microarrays, or through bioin
[28]
formatics prediction . LncRNAs can be transcribed by
RNA polymerase Ⅱ, and then undergo cotranscriptional
modifications including polyadenylation and pre-RNA
[29]
splicing . Many studies have pointed out that lncRNA
transcripts play vital roles in various biological proce
sses as they function in gene imprinting and splicing,
chromatin modification, immunesurveillance, cell fate
specification, cell cycle control and cell apoptosis, or act
as nuclear architecture, subnuclear compartments, RNA
[30,31]
processing enhancer and promoter
.
LncRNAs have assorted mechanisms in biological
processes. Generally speaking, the role of lncRNA as
a gene expressing regulator could be found in trans
criptional level and posttranscriptional level. Cis-regula
tion and trans-regulation are two main transcriptional
regulation means, by which lncRNAs can target local
and distant genes, respectively. The posttranscriptional
regulating mechanism is involved in posttranscriptional
process of mRNAs which includes splicing, editing,
trafficking, translation and degradation. LncRNAs can
also function as competing endogenous RNAs for
[32,33]
shared miRNA
. In brief, there are four known mole
cular functions of lncRNAs: Signal, decoy, guide, and
[21,34]
scaffold
.
There are five species of lncRNAs, listed as fo
[31,35,36]
llow
: Sense or antisense (when overlapping at
least one exon of another transcript on the opposite or
same strand), bidirectional (when a neighboring coding
transcript or its expression on the opposite strand is
initiated in close genomic proximity), intronic (when
derived from an intron of a second transcript), and
intergenic (when it lies as an independent unit within
the genomic interval between two genes). An updated
definition was given to lncRNAs by other researchers
regardless of their length and non-protein coding
[37]
capability . It described lncRNAs as RNA molecules
who may have the function as primary or spliced
transcripts which do not confirm to the known varieties
[38]
of small RNAs or structural RNAs . In recent years, the
number of articles focused on lncRNAs has increased
greatly. Recent studies have demonstrated that certain

Core tip: Hepatocellular carcinoma (HCC) is a global
concern. Long noncoding RNAs (lncRNAs) are likely to
play crucial roles in various pathogenesis of HCC, includ
ing tumor growth, proliferation, invasion, metastasis and
recurrence. Here, we focus on recent studies of human
HCC associated lncRNAs and highlight their functions,
mechanisms, as well as their potential to act as novel
candidates for early detection, diagnosis, prevention and
treatment of HCC.
Liu YR, Tang RX, Huang WT, Ren FH, He RQ, Yang LH, Luo
DZ, Dang YW, Chen G. Long noncoding RNAs in hepatocellular
carcinoma: Novel insights into their mechanism. World J Hepatol
2015; 7(28): 2781-2791 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i28/2781.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i28.2781

INTRODUCTION
Hepatocellular carcinoma (HCC), one of the most
common histologic subtype of primary liver cancers,
accounting for 70%-85% of liver cancer cases in most
countries, is the third-leading cause of worldwide
[1-3]
mortality for various cancers . It causes nearly 695900
deaths per year, half of which occur in China, as a result
of the high chronic hepatitis B virus (HBV) infection
[4]
incidence . Besides, infection with hepatitis C virus,
hepatosteatosis and chronic exposure to toxic chemical
[5,6]
substances are the major HCC risk factors . Especially,
exposure to aflatoxin plays a key role in inducing HCC in
[7]
our Guangxi Zhuang Autonomous Region . In addition,
many key signal transduction pathways have been
verified to be involved in the pathogenesis of HCC, includ
ing PI3K/Akt/mTOR pathway, Raf/MAPK/ERK pathway,
Jak/Stat pathway, WNT-b-catenin pathway, so on and so
[8-12]
forth
. Usually, the treatments for HCC are finite and
are only available in the early stage, while most HCC are
only detected in their advanced stage when traditional
chemotherapy has marginal effects and leads to poor
prognosis. Because of its dismal outcome, etiology and
carcinogenesis investigation are in urgent need. Recently,
human genome analysis in non-protein coding has
made new progress. It discovers massive transcription of
large RNA transcripts which lack coding protein function,
termed as long noncoding RNAs (lncRNAs).
With recent application of next generation sequencing
techniques, significant numbers of non-coding RNAs
(ncRNAs) and lncRNAs have been discovered to be
associated with HCC. And HCC is characterized by
dysregulation of numerous gene networks while both
protein-coding genes and ncRNA genes are involved,
just like many other cancers. It is estimated that proteincoding genes only account for less than 2% of the
human genome while nearly 70% of the human genome
[13]
is transcribed pervasively . Accordingly, ample ncRNAs
are transcribed from human genome, for instance
lncRNAs, microRNAs (miRNAs), small interfering RNAs
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Table 1 Upregulated long noncoding RNAs in hepatocellular carcinoma
Name

Gene locus

Size (bp)

Dysregulation

Potential role in HCC

Ref.

HULC
H19
TUC338
MALAT1
HOTAIR
HOTTIP
HEIH
MDIG
PVT1
Linc00974
UFC1

6p24.3
11p15.5
12q13.13
11q13.1
12q13.13
7p15.2
5q35.3
3q11.2
8q24.21
17q21.31
1q23.3

1638
2660
590
8708
12649
6839
1665
30635
210626
4890
5113

Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated
Upregulated

[22,29,44-50]
[22,29,50-57]
[58]
[21,22,29,59,60]
[21,22,29,61-65]
[28,66-68]
[21,29,69]
[70]
[71,72]
[73]
[10,12,74]

PCNA-AS1
UCA1

20p12.3
19p13.12

384
7375

Upregulated
Upregulated

CCAT1
ATB
URHC

8q24.21
19q13.3
2q24.2

11887
2895
192173

Upregulated
Upregulated
Upregulated

Associate with HBV infection or histological grade. Associate with tumor growth
Suppress progression, metastasis. Promote cell proliferation
Increased in liver cirrhosis. Modulate cell growth
Associate with tumor metastasis, recurrence
Associate with invasion and metastasis. Increases chemosensitivity
Associate with tumor progression and disease outcome
Associated with HBV-HCC. Associate with prognosis
Associate with DNA repair and prognosis
Associate with HCC progression and predict recurrence
Predict tumor growth and metastasis
Promote HCC cell proliferation, inhibit cell apoptosis and induce cell cycle
progression
Promote tumor growth
Involved in chemotherapeutic resistance. Associatewith TNM stage, metastasis
and postoperative survival
Promotes HCC progression
Associat with poor prognosis
Promote cell proliferation and inhibit apoptosis

[75]
[50,76]
[77-79]
[80,81]
[82]

HCC: Hepatocellular carcinoma; HULC: Highly upregulated in liver cancer; MALAT1: Metastasis-associated lung adenocarcinoma transcript 1; HOTAIR:
HOX transcript antisense RNA; HEIH: Long noncoding RNA high expression in HCC; CCAT1: Colon cancer associated transcript-1; ATB: Long noncoding
RNA-activated by transforming growth factor-β; URHC: Up-regulated in hepatocellular carcinoma; HBV: Hepatitis B virus; TNM: Tumor node metastasis.

Table 2 Downregulated long noncoding RNAs in hepatocellular carcinoma
Name

Gene locus Size (bp)

MEG3 (GTL2)
LncRNA-LET
PTENP1
SRHC
MT1DP

14q32.3
15q24.1
9p13.3
5p15.31
16q13

34919
2606
3917
6365
1255

Dysregulation

Potential role in HCC

Downregulated Associate with methylation. Predictive biomarker for monitoring epigenetic therapy
Downregulated
Reduces hepatic invasion and abdominal metastases
Downregulated
Repress the tumorigenic properties of HCC cells
Downregulated
Inhibit cancer proliferation
Downregulated
Act as a tumor suppressor. Overexpression of MT1DP decreases cell proliferation
but increases apoptosis

Ref.
[21,83-87]
[88]
[22,89]
[90]
[91]

HCC: Hepatocellular carcinoma; MT1DP: Metallothionein 1D, pseudogene; MEG3: Maternally expressed gene 3; LncRNA: Long noncoding RNA.

lncRNAs are specifically correlated with certain classes
of cancer and the different expression level of lncRNAs
may function as an indicator for metastasis and pro
[39-41]
gnosis
. Genome-wide transcriptomic analyses have
found that a number of lncRNAs are dysregulated in HCC
[21,28,29,42,43]
cell lines or cancer tissues
. Given the fact that
such large scales of lncRNAs are aberrantly regulated in
HCC, it is of highly possibility that lncRNAs are directly
associated with carcinogenesis of HCC. In this review,
we concentrated on cancer-related lncRNAs which
have been validated in human HCC. Furthermore, we
summarized their mechanism and signaling pathways in
HCC.

MECHANISMS AND SIGNALING
PATHWAY IN HCC
After attentive study, we divided the researched lncRNAs
into 3 groups and made the above conclusive table.
And with the purpose of identifying the roles of different
lncRNAs who might play in the early detection and
diagnosis or prevention and treatment of HCC, we further
summarized their function and mechanism as follow.

LNCRNAS ASSOCIATED WITH TUMOR
GROWTH AND PROLIFERATION IN HCC
Highly upregulated in liver cancer

REPRESENTATIVE LNCRNAS
DYSREGULATED IN HCC

Highly upregulated in liver cancer (HULC), a wellresearched lncRNA who associates with HBV infection
and HCC tumor growth is upregulated in HCC and
[45]
associated with its grades . By viewing dozens of
research articles, we found that HULC can accelerate
the growth of HCC via downregulating its neighbor gene
p18 (known as eukaryotic translation elongation factor
1, EEF1E1 or AIMP3) and can disturb the circadian
[47]
rhythm of HCC via upregulating oscillator CLOCK .

Abnormal expressed lncRNAs have been found to be
associated with hepatocarcinogenesis and play a key
[29,34,42]
role in metastasis and prognosis
. Accumulating
studies recently have focused on the contributions of
lncRNAs in HCC development. Here, we summarized
differential expressions of lncRNAs and their potential
roles in HCC (Tables 1 and 2).
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[93]

The complementary base which pairs between 5’UTR
of CLOCK mRNA and HULC takes responsibility for the
[91]
modulation of CLOCK mediated by HULC . With regard
to the mechanism of HULC upregulation, HBx regulates
the transcription of CREB-dependent promoters by
interacting with CREB, and then, the transcription
factor CREB contributes to the activation of HULC pro
[47,48]
moter
. The variant genotypes of rs7763881 in
HULC contribute to decreasing HCC susceptibility in
persistent HBV carriers. And single nucleotide polymor
phisms (SNPs) in HULC contribute to the risk of HBV
[92]
chronic infection and HCC . Besides, HULC acts as an
endogenous “sponge”, who downregulates a series of
miRNAs activities, including miR-372. Studies indicate
that inhibition of miR-372 results in decreased trans
lational repression of its target gene, PRKACB, and
[48]
inducing phosphorylation of CREB in turn .
Based on the above mechanisms, HULC may have
the potential of predicting prognosis in clinical practice.
However, only cell lines research were done by re
searchers, other confirmatory experiments are requisite.

1300 HBV-positive HCC patients was done . The study
found out that ZNRD1 antisense RNA 1 (ZNRD1-AS1) is
a crucial regulator of ZNRD1 (human zinc ribbon domain
containing 1). In ZNRD1-AS1, several SNPs (nucleotide
polymorphisms) is identified as expression quantitative
trait loci (eQTLs) SNPs, which are connected with the
[94,95]
expression of ZNRD1
. ZNRD1 is involved in DNA
damage and repair via regulating the expression of
[96]
excision repair cross-complementing 1 (ERCC1) , to
restrain cell proliferation and to regulate the expression
[97,98]
of miRNAs in cancers
. Furthermore, ZNRD1 eQTLs
SNPs in lncRNA ZNRD1-AS1 have an increased risk for
persistent HBV-carriers HCC but a protective influence
[93]
against chronic HBV infection . As a result, the different
roles which ZNRD1-AS1 play make a difference in
the treatment of HBV-positive HCC patients and HBVnegative HCC patients.

Colon cancer associated transcript-1

Dysregulation of colon cancer associated transcript-1
(CCAT1) is in association with tumor size, microvascular
invasion, AFP and prognosis in patients with HCC.
Besides, it is demonstrated that in vitro CCAT1 could
promote proliferation and migration in HCC by binding to
let-7, which contributes to the up-regulation of HMGA2
[76]
and c-Myc . Herein, the complex of CCAT1 and let-7
may have the diagnostic function in early detection of
HCC and its migration.

LncRNA-hPVT1

Two studies investigated closely into lncRNA-hPVT1
and concluded that it has a function of promoting
cell proliferation, cell cycling and it also functions as
an acquisition of stem-cell like contents in HCC cells.
LncRNA-hPVT1 upregulates nucleolar protein p120
(NOP2) via enhancing the stability of NOP2 proteins
and its above functions depend on the presence of
NOP2. Studies show that the transforming growth factor
(TGF)-β1/lncRNA-hPVT1/NOP2 pathway is compromised
in the progression of HCC. Hence, lncRNA-hPVT1
influences the stem-cell like potential of HCC cells and
promotes the growth of HCC. Regulation of the lncRNAhPVT1/NOP2 pathway has a beneficial effect in the
[71]
treatment of HCC . More researches are needed to
be done in order to find effective therapy targeted at
lncRNA-hPVT1.

Maternally expressed gene 3

Maternally expressed gene 3 (MEG3) regulates tumor
cell proliferation and apoptosis in HCC partially through
[83]
the accumulation of p53 . UHRF1, as a new identified
oncogene, contributes to the upregulation of MEG3 in
HCC by regulating DNMT1, while upregulation of MEG3
in HCC cells can partially diminish the promotion of
proliferation produced by UHRF1. In addition, UHRF1/
DNMT1/MEG3/p53 axis signaling pathway is involved
[99]
in HCC progression . Furthermore, loss of MEG3 gene
expression is related to hypermethylation of the promoter
[82]
region in HCC . Impressively, enforced expression of
MEG3 in HCC remarkably decreases both anchorageindependent and anchorage-dependent cell growth, and
[83]
induces cell apoptosis . Associated with anti-oncogene
p53, MEG3 shows a promising future in being one of the
therapeutic targets for HCC treatment.

UFC1

Other than the above three lncRNAs, another wellstudied lncRNA associated with HCC proliferation is
lncRNA-UFC1 (GenBank Accession No. KJ809564),
who promotes HCC cell proliferation, induces cell cycle
[73]
progression and inhibits cell apoptosis . It induces
HuR translocation and by silencing HuR expression can
abrogate the function of lncRNA-UFC1 function in HCC.
Moreover, lncRNA-UFC1 is targeted by miR-34a and
the overexpression of miR-34a significantly suppresses
the expression levels of cell cycle related proteins,
cellular proliferation and HuR expression in lncRNA[10]
UFC1-overexpressing cells . As molecularly targeted
therapies are heated studied, UFC1 offers us a new
aspect, clinical research are in the urgent need.

PTENP1

The over-expression of PTENP1 (a pseudogene of PTEN)
represses the oncogenic PI3K/AKT pathway and elicits
pro-death autophagy by sequestering miR-20a, miR-19b
and miR-17 in vitro. It also inhibits tumor growth in vivo.
These are accompanied by dampened angiogenesis
or neovasculature maturation, enhanced apoptosis
[88]
and autophagy . It’s necessary to do further in vivo
experiments to confirm its detailed mechanism.
The above 7 lncRNAs have been widely studied, and
they are considered to be associated with tumor growth
and proliferation in HCC. With further clinical trials, their

ZNRD1 antisense RNA 1

A large case-control study including 1344 HBV naturalclearance subjects, 1344 HBV persistent carriers and

WJH|www.wjgnet.com

2784

December 8, 2015|Volume 7|Issue 28|

Liu YR et al . LncRNAs in HCC
[103]

application in the prediction and diagnosis of HCC would
be possible.

levels .
To sum up, by participating in different pathway,
MALAT1 shows a crucial role in the carcinogenesis of
HCC which lays the foundation of early detection of meta
stases and assessment of recurrence.

LNCRNAS ASSOCIATED WITH
METASTASIS AND PROGNOSIS IN HCC

HOX transcript antisense RNA

Invasion and metastasis often adumbrate an advanced
stage while recurrence often indicates a poor prognosis.
It’s the same in HCC development. The following
lncRNAs were found associated with metastases and
recurrence which may predict a dismal outcome.

High expression of HOX transcript antisense RNA
(HOTAIR) indicates a notably poorer prognosis with
respect to overall survival (OS) and a remarkably larger
[62]
tumor size in HCC patients . HOTAIR is selectively
required to target polycomb repressive complex 2 (PRC2)
occupancy, thus, induces histone H3 tri-methylated
at lysine 27 (H3K27) trimethylation and silenced
[105]
transcription of the HOXD locus . The 5’ domain of
HOTAIR can bind to PRC2, while the 3’ domain of HOTAIR
can bind to the LSD1 (lysine specific demethylase 1)/
CoREST (Co-repressor of RE1-silencing transcription
factor)/REST complex; after that, the complexes are
targeted and assembled to the HOXD locus; and co
ordinately regulate histone H3K27 methylation and
histone histone 3 methylated at lysine 4 demethylation;
consequently, the transcription across 40 kb of the HOXD
[106]
locus is silenced in trans by DNA methylation . These
indicate that the HOTAIR-induced assembly and targeting
of LSD1 and PRC2 complexes is a general mechanism
for gene silencing across the genome, which plays a
vital role in the association with invasion and metastasis
[64]
in HCC . Expression of HOTAIR is also associated
with tumor size and lymph node metastasis in HCC
[62]
patients . Knockdown of HOTAIR reduces the levels
of matrix metallopeptidase 9 and vascular endothelial
growth factor, which play an important role in metastasis
[60]
and cell motility .
In addition, HOTAIR is found to promote invasion
and migration in HCC by inhibiting RBM38. Silencing
of RBM38 restores cell motility, while knockdown of
HOTAIR conspicuously reduces cell motility as the
downregulation of HOTAIR increases the expression of
[63]
RBM38 both on mRNA levels and protein levels .
With its association with tumor size, tumor metastasis
and OS, HOTAIR is regarded as one of the prognosis
indicator. It’s of great potential value to use it in the clinic
in the future.

H19

A dozen of studies have elucidated that H19 serves
as a potential prognostic marker as well as potential
target for HCC therapy. By decreasing the expression of
markers for epithelial-to-mesenchymal transition, such
as claudin 1, cytokeratin-8 (KRT-8), KRT-19 and CDH1
(E-cadherin), H19 suppresses the progression of HCC.
By mediating hnRNPU/PCAF/RNAPol Ⅱ, H19 suppresses
the migration of HCC. By increasing histone acetylation,
H19 can epigenetically activates miR-200 family, and
[50]
thus, it suppresses HCC metastasis . Moreover, the
identification of AKT/GSK-3β/Cdc25A signaling pathway
as the downstream signaling pathway of H19 explains
the molecular mechanism of metastasis and invasion
[100]
in HCC
. And it has also been demonstrated that
the deletion of H19 endodermal enhancer can regulate
expression of insulin-like growth factor 2 (IGF2) and
H19 in the early stage of liver carcinogenesis as well
as that paternal inheritance of the deletion of H19
endodermal enhancer can delay tumor formation by
increasing apoptosis of the hepatocytes and reducing
[101]
IGF2 expression . In the main, by various signaling
pathway, H19 can be a promising indicator for prognosis
and can be targeted in the treatment of HCC.

Metastasis-associated lung adenocarcinoma transcript 1

Metastasis-associated lung adenocarcinoma transcript
1 (MALAT1) is a critical regulator of maintaining the
transformative phenotype in HCC, it associates with
[102]
tumor metastasis and recurrence
. MALAT1 is a
genuine target gene of the Wnt/TCF/β-catenin and
Hippo/yes associated protein (YAP) signaling pathway.
It is negatively regulated by SRSF1 via the following
two pathways. The first pathway is by accelerating the
degradation of MALAT1 which is blocked by YAP at the
stage of post-transcriptional. When overexpressed, YAP
stimulates the translocation of SRSF1 from the nucleus to
the cytoplasm, thus the nuclear-retained MALAT1 avoids
[103]
degradation . The second pathway is by binding to
YAP. SRSF1 inhibits the transcriptional activity of YAP and
prevents the recruitment of YAP on the MALAT1 promoter
[104]
at a transcriptional stage .
MALAT1 can interact with the arginine/serine SR
proteins and modulate their distribution to the nuclear
speckles. Furthermore, MALAT1 can regulate alternative
splicing of pre-mRNAs via controlling active SR proteins’
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HOTTIP

HOTTIP (the transcript of HOXA at the distal tip with
3.8 kb), transcribed from the 5’ tip of the HOXA locus,
coordinates the activation of some 5’ HOXA genes and
is negatively regulated by miR-125b. High HOTTIP
expression indicates an increased metastasis formation
[65]
and a decreased overall survival . HOTTIP binds the
adaptor protein WDR5 directly and targets WDR5/MLL
complexes across HOXA, thereby driving histone H3
lysine 4 trimethylation and the gene transcription and
[27]
influences HCC cell proliferation rates as a result . Its
overexpression contributes to hepatocarcinogenesis
through regulating the expression of its neighboring
[67]
protein-coding genes . With these function, HOTTIP
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can be potentially used in clinic as a prognosis predictor.

HCC patients.

LncRNA high expression in HCC

LATEST FIND OF LNCRNAS RELATED TO
HCC

LncRNA high expression in HCC (HEIH), associated with
recurrence and overall survival in HBV-related HCC, is
[68]
overexpressed in HCC tissues . HEIH influences the
expression of enhancer of zeste homolog 2 (EZH2)
target genes by increasing the binding of EZH2 levels.
Downregulation of HEIH induces G(0)/G(1) arrest which
is caused by the interaction of EZH2 with HEIH. Thus,
level of HEIH is significantly associated with recurrence
and is an independent prognostic factor for survival
[68]
in HCC . In summary, HEIH connects with HBVrelated HCC and plays a role as the risk factor for HCC
recurrence. Therefore, predicting the possibility of HCC
recurrence by detecting the relative change of the HBV
virus and HEIH level in serum is worth further studying.

Linc00974

Dysregulation of Linc00974 increases KRT19 levels,
which results in the activation of both TGF-β and
Notch signaling pathways, which causes the invasion
and proliferation of HCC both in vivo and in vitro.
Linc00974 influenced KRT19 expression by interacting
[72]
with miR-642 . Being significantly correlated with
tumor differentiation grade, size and metastasis makes
Linc00974 a feasible predictor in the carcinogenesis of
HCC.

Up-regulated in hepatocellular carcinoma

High level of up-regulated in hepatocellular carcinoma
(URHC) expression is significantly associated with
tumor size, tumor number and shorter overall survival
[81]
after surgery . URHC can regulate cell proliferation
and apoptosis by repressing ZAK expression. ZAK, also
known as MLK-like MAP triple kinase-α or ZAK-α, belongs
to the mixed lineage kinase family and functions as a
[110]
tumor-suppressor gene in HCC . Inactivation of the
ERK/MAPK pathway is required for the increase in HCC
[81]
growth, which is induced by URHC-ZAK regulation .
However, only microarray analysis was done, which
limited its conviction. Experiments in vivo and in vitro
are desperately needed.

ATB

Overexpression of lncRNA-ATB (lncRNA-activated by
TGF-β) significantly correlates with EMT gene signature
expression, macrovascular invasion, microvascular
invasion, portal vein tumor thrombus and encapsulation.
Moreover, higher expression of lncRNA-ATB is signifi
cantly correlated with shorter recurrence-free survival
and overall survival, suggesting that lncRNA-ATB contri
[27]
butes to HCC progression .
LncRNA-ATB upregulates ZEB1 and ZEB2 via com
petitively binding with the miR-200 family, then it
induces EMT and invasion. Besides, lncRNA-ATB pro
motes organ colonization of disseminated HCC tumor
cells through binding with autocrine induction of inter
leukin 11 (IL-11), IL-11 mRNA and triggering signal
[79,80]
transducer and activator of transcription 3 signaling
.
On the whole, lncRNA-ATB facilitates the invasionmetastasis cascade, which makes it a predictor for HCC
prognosis.

SRHC

SRHC (NCBI No: uc003jdr) is an important downstream
target gene of HNF-4A and it is correlated with α-feto
protein (AFP) levels and the degree of differentiated
[89]
tumors . SRHC is combined with HNF-4A to promote
its transcription, thus inhibiting the proliferation of tumor
[89]
cells and promoting cell differentiation in HCC . Serum
AFP level monitoring is well developed and have been
used as a standardized index of HCC diagnosis, therefore,
detecting SRHC in predicting HCC may have great value
in clinical practice as well.

LncRNA-p21

LncRNA-p21, located upstream of CDKN1A gene, who
triggers apoptosis in HCC, is a transcriptional target of
p53 and p53 gene is an important tumor suppressor
[107,108]
gene
. Importantly, lncRNA-p21 can bind to het
erogeneous nuclear ribonucleoprotein K (hnRNP-K),
therefore it contributes to the localization of hnRNP-K
[109]
and transcriptional repression of p53-regulated genes
and as a result, triggers apoptosis. Theoretically, lncRNAp21 should be down-regulated in HCC, however, corro
borating experiments are needed to delineate the exact
underlying mechanism. As the transcriptional target of
anti-oncogene p53, p21 shows a promising future in
being one of the therapeutic targets for inducing cellular
apoptosis.
The above 7 lncRNAs are considered to be associated
with metastasis and prognosis in HCC. Although many
researches have been complicated, studies with more
cases and further ward clinical trials would be needed in
order to develop novel therapeutics and treatment for
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Metallothionein 1D, pseudogene

Metallothionein 1D, pseudogene (MT1DP) inhibits
tumor cell growth could be rescued by a combination
of overexpression of Runt related transcription factor
2, FoxA1 and YAP. In addition, MT1DP inhibited trans
formative phenotype of liver cancer cells and cell pro
[90]
liferation by reducing protein synthesis of FoxA1 .
With this inhibiting function, it’s of great research value
whether MT1DP can be a potential therapeutic target in
the treatment of HCC or not.

LncRNA low expression in tumor

LncRNA low expression in tumor (LncRNA-LET) plays
a decisive role in hypoxia-induced metastasis in HCC
through a hypoxia-inducible factor 1, alpha subunit
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(HIF-1a)/histone deacetylase 3 (HDAC3)/LET/NF90 path
[110]
way . Precisely, HDAC3 represses LET by decreasing
the LET promoter region’s histone acetylation-mediated
modulation under hypoxic conditions. And then, down
regulation of LET recedes the direct interactions between
LET and NF90, then enhances the stabilization of NF90
and increases the expression of HIF-1a (a target mRNA
of NF90 involved in hypoxia-induced metastasis). As a
result, LET inhibits the metastasis of HCC via this positive
[87]
feedback loop . Therefore, when LET is downregulated,
patients usually face a poor prognosis.
For these 5 newly found lncRNAs, investigations
with more preclinical models of HCC would be desired in
order to further strengthen the conclusions and provide
a more rational support for ward clinical application.

at investigating how can a discovered lncRNA be used
to identify HCC patients and used as a guidance being
applied in treatment to have optimal responses and to
reduce the likelihood of relapse.
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Hepatitis C genotype 4: The past, present, and future
Tawhida Y Abdel-Ghaffar, Mostafa M Sira, Suzan El Naghi

Abstract

Tawhida Y Abdel-Ghaffar, Pediatric Department, Ain Shams
University, Cairo 11566, Egypt

Hepatitis C virus (HCV) genotype (GT) 4 represents
12%-15% (15-18 million) of total global HCV infection.
It is prevalent in Northern and Equatorial Africa and the
Middle East, and is also present in some countries in
Europe. GT-4 (and subtype 4a in particular) dominates
the HCV epidemic in Egypt. In underdeveloped countries,
risk factors associated with HCV infection may be due to
unsafe medical practices or other factors such as familial
transmission, mother’s HCV status, or illiteracy. HCV
prevention and control programs should include health
education, increased community awareness towards
the disease, controlling infection distribution in healthcare centers, proper sterilization of medical and dental
instruments, and ensuring safe supply of blood and
blood-products. Response rates to a 48-wk combined
pegylated-interferon (PEG-IFN) and ribavirin (RBV)
treatment range from 40%-69%, and HCV-GT-4 has
been considered better than GT-1 but worse than GT-2
and GT-3 in treatment with PEG-IFN/RBV. However,
with the introduction of the HCV-GT-1 effective protease
inhibitors boceprevir and telaprevir in 2011, HCV-GT-4
became the “most difficult (GT) to treat”. Recently,
the direct-acting antivirals (DAAs) with pan- genotypic
activities simeprevir, sofosbuvir, and daclatasvir have
been recommended in triple regimens with PEG-IFN/RBV
for the treatment of HCV-GT-4. An IFN-free regimen
will be available for treatment of all genotypes of HCV
in the near future. To date, several DAAs have been
developed and are currently being evaluated in various
combinations in clinical trials. As new regimens and
new agents are being approved by the Food and Drug
Administration, we can expect the guidelines for HCV
treatment to be changed. The availability of shorter,
simpler, and more tolerable treatment regimens can
reduce the morbidity and mortality associated with
HCV infection. With such a large number of therapeutic
agents available, we can end up with a range of choices
that we can select from to treat patients.
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[5]

the Hepacivirus genus within the Flaviviridae family .
It consists of approximately 9600 nucleotides in length,
which encode three structural proteins (core, E1, and
E2), the ion channel protein p7, and six nonstructural
(NS) proteins (NS2, NS3, NS4A, NS4B, NS5A, and
[6]
NS5B) . Because each protein is involved in HCV entry,
infection, replication, or maturation, they are potential
antiviral targets. Hepatitis C virus replication takes place
entirely within the cytoplasm, therefore it does not
[7]
establish latency making it easier to cure .
All RNA viruses show a high degree of genomesequence heterogeneity. HCV RNA is characterized by
three tiers of variability: Genotype (GT), subtype, and
quasispecies, i.e., the sequence variation within a single
patient. The most recent classification includes seven
GTs (numbered 1-7), 67 confirmed and 20 provisional
subtypes, which differ in sequence by approximately
30% to 35%, and approximately 20% to 25%,
respectively. All GTs except 5 and 7 are subdivided into
[8]
numerous subtypes (1a, 1b, 1c, 2a, 2b, etc.) . There
is a clear geographic pattern in the distribution of HCV
genetic diversity (Figure 1). Highly divergent “endemic”
strains that belong to the same GT are typically found in
a restricted geographic area, indicating the presence of
the GT in that location for hundreds or even thousands
[9]
of years . GT-1 dominates worldwide (83.4 million
cases, 46.2% of all HCV cases), approximately onethird of which are in East Asia. GT-3 comes second (54.3
million, 30.1%). GT-2, GT-4, and GT-6 compromise
a total 22.8% of all cases, and GT-5 comprises the
remaining < 1%. Subtypes, specifically 1a, 1b, 2a,
and 3a, are distributed worldwide, and are especially
[10]
dominant in high income countries . Within the United
States, 75% of isolates are HCV GT-1a or GT-1b and
[11]
the remainder are generally GT-2 or GT-3 . In Europe,
HCV-GT-1a and GT-1b are the commonest subtypes.
GT-2 dominates in West Africa, and GT-3 dominates in
South Asia and parts of Scandinavia. While GT-1 and
GT-3 dominate in most countries, GT-4 and GT-5 are
mostly found in lower-income countries[10].
HCV GT-4 is prevalent in Northern and Equatorial
Africa and the Middle East, while GT-5 and GT-6 have
been identified in South Africa and Hong Kong, respec
[12]
tively . GT-4 represents 12%-15% (15-18 million) of
[13]
total global HCV infection (Table 1) , and its distribution
is restricted to Egypt, Central Africa, and the Middle
[10]
East regions , although it has recently been reported
[14-16]
in the Caribbean region and in India
. GT-4 (and
subtype 4a in particular) dominates the HCV epidemic in
[10,17]
Egypt
.

Hepatitis C virus vaccine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV) genotype (GT) 4
represents 12%-15% of total global HCV infection. It
is higher in limited resource countries. Response rates
to a 48-wk peg-interferon/ribavirin combination ranges
from 40%-69% for HCV-GT-4. Direct-acting antivirals
may significantly improve treatment outcomes in HCVGT-4, but use of these agents in countries endemic for
HCV-GT-4 is currently precluded by the very high costs.
A new hepatitis C vaccine from GlaxoSmithKline has
shown promise in early clinical tests, prompting strong
and broad immune responses. Another Egyptian clinical
trial in the field of HCV vaccination: Clinical Trials
phases Ⅰ and Ⅱ, started on March 2011. ClinicalTrials.
gov Identifier NCT01718834.
Abdel-Ghaffar TY, Sira MM, El Naghi S. Hepatitis C genotype
4: The past, present, and future. World J Hepatol 2015;
7(28): 2792-2810 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i28/2792.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i28.2792

INTRODUCTION
Harvey J Alter is an American Virologist, Medical Re
searcher, and Physician. In mid-1970s, he was the first
person to prove a new type of hepatitis virus, initially
called non-A, non-B hepatitis (NANBH). During the
following years, medical researchers Michael Houghton,
George Kuo, and Qui-Lim Choo from Chiron Corporation
(an American multinational biotechnology firm) and
Dr. Daniel W Bradley from the Centers for Disease
Control and Prevention of America (CDC) collaborated in
identifying the virus: Using the molecular cloning process
to identify an unknown organism, and confirming that
the organism is a virus after finding an NANBH specimen
in the organism in 1988. Two articles were published on
it, and the name was changed from NANBH to hepatitis
C virus (HCV) in April 1989. Later on, HCV was shown to
be the principal cause of parenterally transmitted NANBH
[1]
worldwide . After the discovery of this virus, a flurry
of international studies was conducted to document its
[2]
distribution and prevalence in humans . It is now well
established that HCV is a global health challenge, with
an estimated 2%-3% of the global population having
[3]
chronic HCV infection . Estimates over the last 15 years
show HCV affection to have increased to 2.8%, which
[4]
means > 185 million infections worldwide .

EPIDEMIOLOGY OF HCV INFECTION IN
EGYPT
Prevalence

EPIDEMIOLOGY

An anomaly in the distribution of HCV infection, however,
was discovered in Egypt, where the prevalence was
[18]
approximately 10-fold higher than in other countries .

HCV is a small single-stranded ribonucleic acid (RNA) of
positive polarity, and is an enveloped virus belonging to
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Table 1 Hepatitis C virus genotype-4 % among infected
patients in a selection of countries in Europe, the Middle
[13]
East, Africa, and India

1a, 1b
2a, 2b, 3a
North
America

1b
2a, 2b, 2c, 3a

Country or region

Europe

1b, 6
China
4
Egypt

1b
3a

1b
Japan

Southwestern France
Germany
Southern Italy
Northern Italy
Southern Spain
Saudi Arabia
Lebanon
Syria
Cameroon
Nigeria
Egypt
Gabon
Southern India

3b
Indonesia

India
5a

1b, 3a

South
Africa

Australia

Figure 1 Global hepatitis C virus genotype distribution. Johns Hopkins
Hospital Division of Gastroenterology and Hepatology. Available from: URL:
https://gi.jhsps.org/Upload/200710291122_15908_000.jpg.

7.4%
3.6%
1.4%
3.1%
14%
60%
30%
30%
76%
60%
91%
71%
6.2%

HCV: Hepatitis C virus; GT: Genotype.

The prevalence is higher in Egypt than in industrialized
[2]
countries (ranging from 0.5% to 2.3%) , as well as
in limited-resource countries, even Pakistan (high
[19]
prevalence rate of 6.5) .
In 2008, an Egyptian Demographic Health Survey
(EDHS) was carried out in Egypt on 11126 women and
men aged 15-59 years, and interviews were obtained for
each individual. It was the first nationwide representative
sample for HCV antibody testing done in Egypt. The
blood samples were tested by a third generation
enzyme-linked immunosorbent assay to detect the
HCV antibody (Adaltis EIAgen HCV Ab, Adaltis Italia,
Casalecchio di Reno, Italy) at the Central Laboratory
in Cairo. HCV antibodies that were Sera positive were
[20]
tested for HCV RNA . Results showed HCV antibody
prevalence was 14.7% (95%CI: 13.9%-15.5%). Most (>
90%) HCV isolates were found to belong to GT-4 with
[21]
the remaining belonging to GT-1 .
Prevalence was highest in Lower Egypt (Nile Delta),
followed by Upper Egypt, then by Urban governorates
(Cairo, Alexandria, Port-Said, and Suez), and then by
frontier governorates (17.5%, 14.7%, 9.5% and 3.8%
respectively). Increased HCV antibody prevalence was
shown with increasing age, in males (P < 0.001), and
in rural areas (P < 0.001). Two thirds of the participants
positive for HCV antibody were viremic, and viremia was
more prevalent in males, but there was no difference
in prevalence according to age or type of exposure.
Decreased HCV antibody prevalence was shown with
increasing educational level and wealth, but the preva
lence was increased with increasing number of people
in the same household. Previous history of blood trans
fusion, parenteral anti-schistosomiasis treatment (PAT),
contaminated syringes, and female circumcision were all
[20]
associated with HCV infection in univariate analysis .
The prevalence of HCV antibody positivity in 2008
(after adjusting for the younger than 15 years and the
older than 59 years individuals) was estimated at 12%.
However, only two thirds of the infected population
were viremic in the EDHS, resulting in an all age group
[22]
viremic prevalence of 8.5% in 2008 . Mass campaigns
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GT-4 % of the total HCV infected patients in
the country

[23,24]

of PAT were blamed for the HCV epidemic in Egypt
.
Between 1964 and 1982, 2 million Egyptians, most of
whom were children above five years of age and young
adults who lived in areas where schistosomiasis was
prevalent, received intravenous weekly injections of
antimony salts for 12-16 wk. Insufficient sterilization
of the syringes was considered the cause of the HCV
[23]
transmission at that time . EDHS, performed 30 years
after the treatment campaigns, showed PAT to be
related to 7.8% and 11.0% of infected people in rural
and urban areas, respectively, whereas other means of
transmission attributed to the rest of the patients. The
introduction of Praziquantel in 1982, an oral drug to
[24]
treat schistosomiasis , did not stop the transmission of
HCV due to multifactorial mechanisms including blood
[25-27]
[26,28]
transfusion
, contaminated syringes
, dental
[26-28]
intervention
, surgical and invasive medical proce
[26-30]
dures
.
An attempt to determine HCV prevalence in special
populations estimated a vertical transmission rate
among 1224 pregnant women. Presence of maternal
positive HCV antibodies was in 105 of the women (8.6%,
95%CI: 7.05-10.17) with only 83 (6.8%) positive for
HCV-RNA. Tests on infants during their first month
showed that 43 out of 53 infants (81%) were positive
for HCV antibodies and 7 of them (13%) were HCVRNA positive. Six months later, only two infants (3.8%)
[31]
remained HCV-RNA positive .
[32]
In another cohort study
to detect mother-toinfant infection, 1863 pregnant women were included
and tested for HCV infection. Among those pregnant
women, 15.7% and 10.9% tested positive for HCV
antibodies and HCV-RNA, respectively. Out of 33 (10%)
infants positive for both antibodies and RNA, 29 had
RNA-positive mothers and four had only antibody
positive mothers who underwent clearing of infection.
Fifteen (4.6%) had detectable HCV-RNA at 12 mo
and 14 had cleared infection early. At 2-3 years of
age, only eight (2.4%) had persistent HCV-RNA while
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seven had late clearance of infection. The rate of HCV
vertical transmission can be increased in the presence
of human immunodeficiency virus (HIV) coinfection or
elevated maternal HCV viral load, but it is not affected
[33]
by breastfeeding or HCV GTs .
Prevalence ranged among blood donors between
5%-25%, among blood-transfusion dependent patients
between 10%-55%, and among dialyzed patients
[34]
between 50%-90% . Many studies were conducted
in the pediatric population. Among hemophilic children,
[35]
HCV-antibodies were positive in 40% of patients ,
47.5% of them were positive for HCV-RNA. In 2011,
[36]
Barakat et al
screened 500 school children from
10 schools and found 5.8% HCV seroprevalence with
[37]
viremia in 75% of them. In 2010, El-Karaksy et al
reported that the prevalence of HCV in diabetic and
non-diabetic children aged below nine years was 2.5%
vs 1.4% (P = 0.25).

PREVENTION
Primary prevention is the best strategy. Health edu
cation and increased community awareness towards
the disease is needed. Development of new approaches
to learn more about HCV transmission is required. Effort
should be invested towards making HCV vaccine and
direct-acting antivirals (DAAs) accessible for patients
[33]
during infancy and early childhood .

Prevention inside Egypt

The Egyptian Ministry of Health and Population imple
mented a program in 2001 to decrease HCV trans
mission through medical practices, and launched a
comprehensive national viral hepatitis control program
in 2008 for treatment. This led to a decrease in the
incidence of infection among dialyzed patients from
[42]
28% to 6% . But Egypt still continues to suffer from
an ongoing HCV epidemic. Therefore, a comprehensive
plan is required to control the infection, which includes
increase in community awareness and health education,
proper sterilization of medical and dental instruments,
a safe blood supply, monitoring the effect of programs,
[41-48]
and providing proper treatment
.

Incidence

In the last estimate of HCV incidence in Egypt it was
found that the number of new infections annually is <
[38]
150000 . In 2008, the EDHS estimated the incidence
in Egypt at a rate of 6.9/1000 (95%CI: 5.5-7.4 per
person per year), indicative of possibly ongoing hyper
[18]
epidemic transmission .
Another study was conducted on 2852 uninfected
infants who were followed from birth up to 5.5 years,
to detect incidence and risk factors for acquired HCV
in rural Egyptian children. Fifteen infants (0.53%)
seroconverted to either HCV antibodies and/or HCVRNA: 10 of them had both antibody and HCV-RNA
positive, 4 of them had only antibody positive, whereas
the last one had only HCV-RNA positive. The incidence
rate at all ages was 2.7/1000 person-years (PY): Higher
during infancy than between 1-5 years of age (3.8/1000
PY and 2.0/1000 PY respectively). It was shown that
prolonged hospitalization and low birth weight increased
the risk of infection, whereas maternal HCV was the
source of infection in only two older children. By the end
of the follow-up period, six children (40%) had natural
[39]
clearance . A four-year population-based cohort study
was conducted on seronegative villagers to calculate the
incidence of new HCV cases. Out of 10578 participants,
25 (11 females and 14 males) caught the infection
[40]
(incidence rate of 2.4/1000 PY; 95%CI: 1.6-3.5) .

CLINICAL PRESENTATIONS
Acute HCV

Primary infection is mostly asymptomatic which makes
early detection of the disease difficult, and this leads to
underestimation of its true incidence rate. Its diagnosis
may be confirmed via a documented seroconversion
to anti-HCV in a person who was previously negative.
Primary HCV infection has no specific markers, and it
may be diagnosed with or without an increase in alanine
[49,50]
aminotransferase (ALT) levels
.
In primary exposure, serum HCV RNA cannot be
detected before a window of 1-3 wk. Symptoms are
mild and non-specific, so patients often do not seek
medical assistance. Elevated ALT levels indicating
the first signs of liver injury can be detected 4-12 wk
after infection, and wide fluctuations are common.
Severe liver inflammation is uncommon, and fulminant
hepatitis is rare. Seroconversion may occur between 4
[51]
and 10 wk after exposure .
When HCV viremia persists more than 6 mo, it is
defined as chronic. The risk of chronic HCV developing
from acute infection is high, ranging between 55%
[52,53]
and 85%
. Natural clearance is more likely to occur
[54]
in symptomatic cases . On the other hand, asymp
tomatic cases are more likely to progress to chronicity.
Spontaneous clearance in adults with chronic HCV is
[55]
rarely seen , but is more observed in children (8% to
45%). Spontaneous viral clearance is unlikely beyond
four years of age, and viral infection that does not get
[56-59]
cleared in the first years will progress to chronicity
.
We can expect natural clearance mostly to occur within
[60]
the first three months after exposure . Other factors

Risk factors associated with HCV infection in Egypt

Using systematic literature review methods, Reker et
[41]
al
selected 11 articles published between 2008 and
2013 which met the study selection criteria aiming to
determine risk factors responsible for the high incidence
and prevalence of HCV in Egypt. They categorized the
risk factors into two major groups: “Unsafe medical
practices and other risk factors”. Unsafe medical
practices included surgery, intravenous injections, PAT,
dental intervention, stitches, and catheterization. The
other risk factors included illiteracy, maternal HCV, and
[41]
familial transmission .
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Ⅱ with clinical chemical and histopathological state in
that special population. The most frequent alleles were
DRB1*03, DRB1*04, and DRB1*13 (45.6%, 39.1%
and 26.1%), respectively. Nearly half of the patients
had DRB1*03, and it was associated with a minimal
amount of liver affection. Low serum albumin (P =
0.04) was shown in patients with DRB1*04, while high
aspartate aminotransferase (AST) level (P = 0.05) was
shown in patients with DRB1*13. In comparison to
controls, DRB1*15 was significantly reduced among
cases.
Environmental factors are important in influencing
disease progression, and those include alcohol con
sumption, tobacco inhalation and coffee consumption.
Excessive alcohol intake affects disease progression
[77,81]
and HCC risk
. Tobacco inhalation is associated
with liver affection, and consequently with increased
[82]
fibrosis score , whereas coffee has a protective role
[83]
[84]
[66,85]
against fibrosis
and HCC . Steatosis
, insulin
[86,87]
[88,89]
resistance
, and type 2 diabetes
are associated
with disease progression and the possibility of HCC.
[90]
Iron overload is related to severe fibrosis . HCV and
[81]
HBV coinfection increases the incidence of HCC .
Large meta-analyses on patients co-infected with HIV
[91,92]
have also shown accelerated disease progression
.
Liver transplantation almost always leads to HCV reinfection, as well as accelerated disease progression
(compared to non-transplant patients) which may be
related to a variety of factors: Chronic HCV infection is
observed in liver biopsy after 1 year post-transplantation
in 50%-90% of patients, whereas cirrhosis is seen in
[93,94]
around 20% within 5 years
.

may also increase the chance of viral clearance include
interferon L3 gene, formerly known as interleukin
[61]
28B (IL28B polymorphisms)
and the intensity of
[51]
[62]
the cellular immune response . El-Awady et al
conducted a study in 2012 on a total of 404 subjects
divided into patients infected with HCV-GT-4a (n =
304) and a healthy group (n = 100). They found a
significant increase (P < 0.0005) in frequencies of
IL28B rs12979860 C/C GTs in the healthy population
than in the other group. On the other hand, the C/C GT
was significantly higher (P < 0.0005) in spontaneous
resolvers cases (n = 84) than in healthy subjects, so
they reported that GT C/C was associated with viral
clearance during acute infection and suggested a central
[62]
role of this GT against HCV disease progression .
Higher rates of spontaneous resolution have been
found in infants with the rs12979860 CC GT for the
IL28B polymorphism. Infants, in particular, may have
defense mechanisms that explain the inefficiency of HCV
perinatal transmission, including the placenta, which has
an immunoprotective role, and human leukocyte antigen
DR13, where they are less likely to experience chronic
[63]
HCV from vertical transmission . Co-infection with HIV
seems to hinder resolution. The role of type of exposure,
viral load, age, sex, and previous recovery following HCV
exposure is debatable. Patients, especially those with
higher risk of transmission, should be educated that HCV
[64,65]
.
re-infection is possible even after viral eradication

Chronic HCV - disease progression

HCV can progress to cirrhosis after decades. It can
also lead to liver cell failure or hepatocellular carcinoma
(HCC) (approximately 2% to 4% yearly). Several
factors influence the progression of the disease, the
most important of which is the extent of intrahepatic
[66]
inflammation elicited by HCV . Persistent normal
[67]
ALT level indicates slow progression of the disease .
Unlike the case with other viral infections, serum HCV
[68]
RNA is not an indicator for disease progression . GT-3
HCV is associated with accelerated fibrogenesis and
an increased risk of developing HCC relative to other
[69-71]
GTs
. Host factors are important in influencing
disease progression, and those include gender, race and
age. Liver fibrogenesis and HCC incidence are more seen
[68,72]
in males
, whereas mild liver fibrosis and normal liver
enzymes are more observed in females. Spontaneous
[73]
eradication of the virus is also more seen in females . A
study on black and white Americans comparing disease
progression showed no significant difference, making the
[74]
impact of race unclear . Egyptians infected with HCV
GT-4 have high rates of advanced fibrosis. An Egyptian
study reported strong correlation between subtypes 4a
[75]
and 4o with HCC .
[76,77]
Age at infection affects prognosis
. Slower
progression of the disease, at least during the first 1-2
[78]
decades, is observed in children
and females when
[79]
[80]
infected at a young age . A study by Yosry et al
was conducted on Egyptian children aged 3-17 years
with chronic HCV on the relationship between HLA class
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Extrahepatic manifestations

Several extrahepatic manifestations have been asso
ciated with HCV infection that may significantly affect
its morbidity and mortality. Between 38% and 76% of
chronic HCV patients develop at least one extrahepatic
manifestation, the presence of which when clinically
significant may sometimes represent a sufficient indica
tion for treatment, even in the presence of mild liver
[95]
disease . HCV infection can lead to various extrahepatic
manifestations, including diseases that affect the small
vessels, skin, kidneys, salivary gland, eyes, thyroid, and
immune system. The majority of these manifestations
[96]
are immune mediated .
The most common extrahepatic manifestation asso
ciated with HCV infection is mixed cryoglobulinemia, or
type Ⅱ or Ⅲ cryoglobulinemia, a lymphoproliferative
disorder characterized by the production and tissue
deposition of immune complexes formed by monoclonal
[97,98]
and polyclonal immunoglobulins
. Anti-HCV anti
bodies and HCV RNA tend to concentrate in the cryo
[97]
precipitate . The vast majority (up to approximately
95% in some studies) of patients with essential mixed
[98]
cryoglobulinemia have HCV infection . Approximately
one half of HCV-infected patients have circulating
cryoglobulins. Complexes tend to accumulate in small- to
medium-sized blood vessels: Leukocytoclastic vasculitis is
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the typical histopathologic finding and can be found in the
skin as well as in various organs and tissues, including
[99]
the brain, gut, and peripheral nerves . Deposition of
immune complexes may affect the kidneys, resulting in
glomerulonephritis, mostly of the membranoproliferative
type, that may lead to renal insufficiency. A long-term
consequence of the syndrome is the establishment of
[100]
B-cell non-Hodgkin’s lymphoma . Successful treatment
of HCV infection with antivirals leads to a decrease
of cryoglobulin levels in serum and to the remission
of cryoglobulin - related symptoms and pathologic
[101]
lesions .
Type 2 diabetes is more frequent in HCV infection
[102]
than in HBV
, affecting patients who are already
at risk for glucose metabolism disturbances. In such
patients, overt diabetes may develop earlier than in HCV[103]
negative persons
. Glucose metabolism is altered
by HCV at early stages of the infection, leading to
[86]
insulin resistance which, when combined with type 2
[86,88]
diabetes, accelerates liver disease progression
and
reduces the response to combined pegylated interferon
[104,105]
, although the res
(PEG-IFN) with Ribavirin (RBV)
ponse to regimens containing direct-acting antiviral (DAA)
does not seem to be affected by glucose metabolism
[106]
alterations . Other extrahepatic-associated diseases
include porphyria cutanea tarda, lichen planus, necrolytic
acral erythema, sialadenitis, sicca syndrome, and
[96]
autoimmune thyroiditis .

mo of age because their detection may be related to the
passive transfer of maternal antibodies and not active
[110]
infection .
In 2011, the Food and Drug Administration (FDA)
granted approval to the OraQuick HCV Rapid Antibody
test (OraSure Technologies, Bethlehem, PA), for detec
tion of HCV antibody in finger stick capillary blood and
venipuncture whole blood. Its sensitivity and specificity
are similar to those of FDA-approved, laboratory-con
[111]
ducted HCV antibody assays
. Because the test is
rapid, it can be performed for a larger population at
[110]
risk .

Molecular tests (HCV-RNA and genotyping)

The CDC has recommended that positive HCV antibody
results can be confirmed with a HCV RNA test that
[112]
detects HCV viremia . It is recommended to perform
quantitative HCV RNA testing on all patients candidate
for HCV treatment. HCV RNA testing is also recom
mended for patients with negative HCV antibody test
results if they are immunocompromised. In special
situations in which acute HCV infection is suspected, it
is important to remember that HCV antibodies may not
be present. Although the seronegative window of acute
infection has diminished with improved sensitivity of
HCV antibody testing, HCV RNA testing is recommended
as early as 1-2 wk after the initial exposure in individuals
[108,112,113]
in whom early detection is desired
.

Liver histology

SCREENING - DIAGNOSIS

The AASLD, IDSA, and European Association for the
Study of the Liver (EASL) guidelines recommend that
the fibrosis stage be initially determined either by liver
biopsy (LB) or validated noninvasive techniques in all
[108,113]
patients with HCV infection
. A LB provides the
grade and stage of liver disease and may reveal unsus
pected cirrhosis, necessitating surveillance for HCC.
In children with HCV infection there is great variability
in the degree of inflammation and fibrosis reported.
[114]
Badizadegan et al
found periportal fibrosis in 78%
and cirrhosis in 8% of 40 children younger than 18 years
of age treated at Boston Children’s Hospital. A study in
Cairo, Egypt, found fibrosis in 72.1% of children with
HCV GT-4 (46.5% with mild and 25.6% with moderate
to severe fibrosis stages), with a median age for
[115]
progression of fibrosis at 5.5 years .
A major effort has been devoted to identifying alter
native noninvasive or minimally invasive procedures
for assessing liver disease by detecting the liver fibrosis
stage and establishing antiviral therapy. Several
algorithms have been created using clinical information
or serologic markers commonly gathered at the time
of a routine diagnostic workup, such as AST, ALT, and
[116]
platelet count
or more specific substances, such as
α-2-macroglobulin or hyaluronate. Combining more than
one noninvasive assay appears to increase the diagnostic
accuracy and may eliminate the need for LB. Transient
elastography is another noninvasive approach that
defines liver fibrosis using ultrasound and low-frequency

HCV screening is necessary for all individuals at high
risk of HCV infection due to a history of illicit injection
drug use, history of hemodialysis, history of tattooing,
healthcare workers upon accidental exposure, infants
born to HCV-positive mothers, history of transfusion
with blood or organ transplantation, HIV infection, or
chronic liver disease/hepatitis with unknown cause
[107,108]
including elevated liver enzymes
.

Serologic assays

Two types of assays for detecting the presence of
HCV infection include serologic assays to test for anti
body to HCV and molecular assays to test for HCV
RNA. Identifying patient GT is important to establish
prognostic risk and to guide management. HCV GT helps
predict the degree of response to treatment: Patients
with GT-1 or GT-4 are less likely to be cured than those
[109]
with GT-2 or GT-3 with combined therapy .
The American Association for the Study of Liver
Diseases (AASLD) and the Infectious Diseases Society
of America (IDSA) recommend that persons for whom
HCV testing is advised should initially be tested for HCV
[108]
antibodies (Management Guidelines)
. HCV antibody
testing is sensitive and inexpensive, and it detects
antibodies against the core and the NS3, NS4, and NS5
proteins. Current serologic assays are highly specific
(> 99%). In children born to HCV-positive mothers,
testing for anti-HCV antibodies is unreliable before 18
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Figure 2 Sustained virologic response to 48 wk of combination therapy in
patients with hepatitis C virus genotype-4 using standard-dose pegylatedinterferon and ribavirin (pegylated-interferon-a2a 180 µg or pegylatedinterferon-a2b 1.5 mg/kg and RBV 1-1.2 g/d). All studies were randomized
control trials with intention-to-treat analysis: (P < 0.001) (P < 0.01) (P = not
supplied) (P = 0.43)[128-131]. PEG-IFN: Pegylated-interferon; RBV: Ribavirin.
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Figure 3 Results of hepatitis C virus genotype-4 treatments with pegylatedinterferon and ribavirin: 24 wk vs 48 wk. (P = not reported) (P = 0.001) (P
= 0.006) showing far less sustained virologic response rates with 24 wk of
therapy[132-134].
[127]

indicated for treatment of GT-4 . Many studies used
48 wk duration of combined therapy to treat HCV-GT-4,
and a few of them compared responses between 24-wk
treatment and 48-wk treatment response rates. Figures
2 and 3 summarize the results of those studies after
using standard-dose PEG-IFN and RBV. The results show
sustained virologic response (SVR) rates with 24 wk of
therapy to be far less than rates with 48-wk, making the
[13]
longer duration the standard of care .
Drawbacks for the IFN/RBV treatment include its
long course duration, severe side effects, and cost, as
it is not as affordable for patients in limited-resource
[135-137]
countries
.
A major indicator of good response to PEG-IFN/RBV
[138-140]
therapy in patients with HCV GT-4 is the IL28B GT
.
The favorable CC phenotype is found in 20%-30% of
[141,142]
Egyptian patients with chronic HCV
. In Europe,
SVR rates for HCV GT-4 infected patients who are
[139,140,143]
IL28B CC is > 80%
. In Egypt, CC patients had
[141,142]
response rates between 67% and 87%
. Mutations
in the NS5A region, particularly in patients with more
than 6 aa mutations in the Interferon RBV resistance
- determining region (IRRDR) are highly associated
with good response to PEG-IFN and RBV combination
therapy, while a less diverse (≤ 5) IRRDR sequence is
[144-146]
. Another predictor
associated with non-response
of response to PEG-IFN/RBV therapy was found to be
insulin resistance, which impairs response rates to PEGIFN/RBV therapy in HCV GT-4 patients, and patients with
Homeostasis Model Assessment for Insulin Resistance
scores > 2 had lower SVR rates than those with scores
[147]
< 2 (36% vs 72%) .
[148]
Abu-Mouch et al
found that adding vitamin-D
to the standard of care with PEG-IFN/RBV therapy for
HCV-GT-1 infected patients increases SVR rates from
[149]
42% to 82%. Esmat et al
reported that vitamin D
supplementation, despite its role in other GTs, has no
positive impact on treatment outcome in HCV-GT-4
patients where SVR was achieved in 51.2% in group
2, [who received the standard of care therapy (SOC

[117]

elastic waves . A study was conducted on chronic HCV
Egyptian patients to evaluate different new noninvasive
methods for assessment of liver fibrosis. The aim of that
study was to evaluate whether GT-4, increased body
mass index, and co-infection with schistosomiasis can
interfere with liver fibrosis assessment. Egyptian HCV
chronic patients (n = 312) with GT-4 underwent a LB,
an elastometry measurement (Fibroscan©), and serum
markers: AST-to-platelet ratio index, fibrosis-4 score
(Fib4), and Fibrotest©. The researchers found that the
algorithm using the Fib4 for identifying patients with
F2 stage or more reduced by nearly 90% the number
of LBs, and reported that noninvasive techniques were
feasible in Egypt for HCV GT-4-infected patients and
that Fib4 may be used to assess the F2 threshold, which
decides whether treatment should be proposed or
[118]
delayed .

BACKGROUND IN HCV TREATMENT
At the start of the millennium, two major advances in
the management of HCV took place: one, the approval
by the FDA of PEG-IFN for the treatment of HCV infec
tion, which allowed weekly subcutaneous injections
instead of the previous daily or thrice weekly injections
with standard IFN; and the use of weight-based RBV.
By the mid-2000s, it was established that PEG-IFN-α2a
or PEG-IFN-α2b could be combined with weight-based
RBV for GT-1 infected patients, or with flat-dosed RBV
for GT-2 or GT-3 infected patients, and that combina
tion was better than treatment with standard IFN and
[119]
RBV . HCV-GT-4 response to treatment with PEG-IFN/
RBV has been considered better than GT-1, and worse
[120,121]
than GT-2 and GT-3
.
With the introduction of the HCV-GT-1 effective
[122,123]
protease inhibitors boceprevir (BOC)
and tela
[122,124-126]
previr
in 2011, HCV-GT-4 became the “most
difficult (GT) to treat”, as both protease inhibitors are not
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therapy) plus vitamin D3 (Cholecalciferol) in a dose of
15000 IU/wk during the treatment course] and 71.4%
in group 1 (who received the SOC therapy consisting of
PEG-IFN-α2b plus RBV) by per-protocol analysis and in
44% in group 2 and in 68.6% in group 1 by intention to
[149]
treat analysis (P value 0.22 and 0.220, respectively) .
The Ministry of Health in Egypt has embarked on
a national treatment program since 2006, where all
eligible patients are treated with PEG-IFN/RBV for 48 wk.
Annually, 40000-50000 patients have been treated, and
350000 patients had received therapy in this program
[150]
by 2013
. SVR rates for patients treated with the
[151,152]
original PEG-IFN-α2a and alfa-2b were 54%-59%
and response rates to a locally produced biosimilar PEG[153]
IFN were reported at 52% .

53% of those treated with PEG-IFN in combination with
RBV achieved a SVR, demonstrating the superiority of
[165]
the combination over single therapy . An international
multicenter study of 107 children published by Wirth et
[166]
al
demonstrated a SVR in 53% of patients with GT-1,
93% of those with GT-2 and GT-3, and 80% of those
with GT-4.
In 2008, the results of these two trials led to FDA
approval of combination therapy with PEG-IFN-α2b
and RBV for use in children three years of age or older
infected with HCV. The established duration of treatment
[154]
. A study
at present is 48 wk for GT-1 and GT-4
was conducted on 118 Egyptian children with chronic
HCV, including both naïve patients and previous nonresponders. All received PEG-IFN-α2b plus RBV. Early
virological response was achieved in 69.5%, end of
treatment response (ETR) was 51.7%, and SVR was
achieved in 50% of the patients. Children with previously
[167]
failed treatment achieved a SVR rate of 28.6% . A
pilot study was conducted on a small sample of Egyptian
chronic HCV children (seven cases). ETR was 42.9% and
SVR was 28.6%. Children with SVR were the youngest;
their mean duration of infection was 4.5 years vs 12.7
years in the others. Side effects of both IFN and RBV
[168]
were mild, and required no reduction in doses .
In another study on chronic HCV children, the novel
Hansenula-derived PEG-IFN: IFN-α2a (Reiferon Retard)
was used in the infected patients, whether naïve or
previously treated. At week 12, patients were divided
according to polymerase chain reaction (PCR) results
into two groups: The first group included patients who
continued treatment on a weekly basis (7-d schedule)
and the second group included patients who continued
treatment on a 5-d schedule. Patients from either group
who were PCR-negative at week 48, but had at least one
PCR positive test during therapy, were assigned to have
an extended treatment course of up to 72 wk. The study
was registered at www.ClinicalTrials.gov (NCT02027493).
The 5-d schedule did not affect the response rate.
Treatment duration (whether 48 wk or extended 72 wk)
gave similar response rates (P = 0.49). Type of previous
treatment (short acting IFN vs PEG-IFN) did not affect
the response to retreatment. On the other hand, SVR
was significantly higher in previous relapsers than in
previous non-responders (P = 0.039). It was safe, but
the customized regimen did not improve response rate
as SVR was detected in 23.9% of children, breakthrough
was seen in 39.1% of patients, and 30.4% were nonresponders. Despite recent success after the introduction
of combination therapy with IFN-alpha and RBV, GT-4
is considered difficult to treat. Approximately 60% of
patients fail to respond. Resistance to antiviral therapy
remains a serious problem in the management of
[169]
chronic HCV .

TREATMENT CONSIDERATIONS IN
CHILDREN
Infected children are generally asymptomatic and often
have normal ALT levels. However, children are likely
to clear the virus. Given the typically slow histologic
progression of liver disease in children, some argue
that treatment should be postponed until adulthood.
In addition, response rates with currently available
antiviral therapies approved by the FDA for the pediatric
population remain suboptimal, and are associated with
[154]
high costs and potential toxicities .
On the other hand, early eradication of HCV is likely
to reduce the social stigma associated with viral infection,
[155]
a source of significant caregiver stress , and improve
the psychosocial status of patients and their families.
Children also possess multiple characteristics that make
them ideal candidates for treatment. Shorter duration
of infection and a lesser degree of hepatic fibrosis are
associated with improved response to antiviral therapy
for HCV. In addition, children have fewer co-morbidities
than adults and parental motivation enhances adherence
to treatment. Children also tolerate currently available
[156]
therapies better than adults, with mild adverse effects .
Economically, the cost of treatment is less than that
in adults (fewer drugs used). It is also expected that
eradicating the infection sooner will decrease the risk of
[157-164]
transmission to the population at large
.
The decision to initiate treatment should be indivi
dualized to each patient. However, for children with GT-1
and GT-4 who have mild disease at the time of biopsy, a
watch and wait approach is acceptable, anticipating the
availability of more efficacious drugs. According to the
North American Society for Pediatric Gastroenterology,
Hepatology and Nutrition and the AASLD guidelines
for management of HCV infection, considerations for
treating children aged 3-17 years follow the same
[109]
guidelines as adults .
The results of the first randomized, placebocontrolled trial of chronic pediatric HCV treatment in the
United States have been published. They show that 21%
of children treated with PEG-IFN alone in contrast with
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EVOLUTION OF TREATMENT FOR HCV
Development of future treatments: DAAs

Currently, research is orientated to the development
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and approval of DAA agents regulated within the Center
for Drug Evaluation and Research at the FDA for the
treatment of chronic HCV. DAA agents inhibit specific
stages in the HCV replication cycle through targeting
[170]
the HCV polyprotein and its cleavage products .

COMBINATION THERAPY WITH PEG-IFN,
RBV AND A DAA
Combination therapy with PEG-IFN, RBV and a HCV
NS3/4A serine protease inhibitor

Selective inhibitors of HCV NS3/4 serine protease, BOC
and TPV were developed and found to be effective in
treating HCV-infected GT-1 patients in combination with
PEG-IFN and RBV. Both agents are not indicated for
use in GT-2 and GT-3 patients. Combination therapy
using TPV or BOC with PEG-IFN and RBV resulted in
higher rates of SVR for the treatment of naïve HCV GT-1
patients (range 61%-75%) compared with treatment
with PEG-IFN and RBV (range 38%-49%). However, the
addition of these drugs resulted in increased adverse
effects such as anemia, neutropenia, fatigue, pyrexia,
[120,122]
and insomnia
. Telaprevir may cause skin rash, in
up to 5% of cases it can be severe, and it may cause
[177]
Stevens-Johnson Syndrome (SJS)
. On December
2012; FDA Drug Safety Communication reported severe
skin affection after combination treatment of PEG-IFN
and RBV with Incivek (Telaprevir). These types of skin
reactions (toxic epidermal necrolysis, drug rash with
eosinophilia and systemic symptoms, and SJS) lie along
a continuum of serious skin reactions that can be difficult
to distinguish from each other. FDA added instructions
on the drug label to stop Incivek combination treatment
[178]
whenever symptoms of severe skin rash appear .
The rates of stoppage of treatment containing TPV
or BOC were higher than treatment of PEG-IFN and
RBV alone. This affected compliance and the ability to
[179]
complete treatment duration
.

The HCV life cycle: The HCV genome is composed of
approximately 9600 nucleotides and generates structural
and non structural (NS) proteins. The structural proteins
are used to assemble new viral particles and the NS
proteins support viral RNA replication. The NS3/4A, a
serine protease (NS3) and cofactor (NS4A) catalyze
the post-translational processing of NS proteins from
the polyprotein. The products released go on to form a
replicative complex (NS5A) responsible for producing
viral RNA using the RNA dependent/RNA polymerase
(NS5B). Finally, virions are assembled, packaged, and
[118]
released .

HCV NS3/4A serine protease inhibitors

Targeting this protease may inhibit viral replication.
Telaprevir (TPV), BOC, and simeprevir (SMV) are all
[120,122,171]
examples of HCV protease inhibitors
.

HCV NS5B inhibitors

The HCV polymerase inhibitors are another promising
DAA class. These molecules are divided into nucleoside/
nucleotide competitive polymerase [nucleoside inhibitors
(NIs)] and allosteric inhibitors of RNA polymerase [nonNIs (NNIs)]. NS5B NIs as sofosbuvir (SOF) are structural
analogues to the natural substrates of the polymerase
and are incorporated into the RNA chain. This causes
[172]
direct chain termination
. Since the active site of
NS5B is highly conserved, NIs are effective against all
GTs, and resistance to NIs is usually very low. Allosteric
polymerase inhibitors inhibit the NS5B by binding to one
of several discrete sites on the HCV polymerase, resulting
in a conformational protein change. They are less
[173]
potent than NIs, resistance occurs more frequently
and they appear to be GT specific. SOF is a nucleotide
analogue inhibitor of the HCV NS5B RNA-dependent RNA
[174]
polymerase .

Combination therapy with PEG-IFN, RBV and a secondgeneration protease inhibitor, SMV

SMV, a HCV NS3/4 serine protease inhibitor, was
recently developed, approved by the FDA in November
2013, and is now used to treat HCV GT-1 patients in
[171,180]
combination with PEG-IFN and RBV
. The response
rate is much higher than what was obtained with the
use of first-generation protease inhibitors, BOC and TPV.
Recently, DAAs with pan-genotypic activities SMV, SOF
and DCV have been recommended in triple regimens
with PEG-IFN/RBV for the treatment of HCV genotypes
[181]
4 . SMV is active against genotypes 1, 2, 4, 5 and 6.
It is administered as a once-daily tablet orally and has
demonstrated a favorable safety profile and limited drug[182]
drug interactions . RESTORE, a phase Ⅲ, multicenter,
single-arm, open-label study, conducted in France and
Belgium, evaluated SMV (150 mg once-daily for 12 wk
in combination with PegIFN/RBV, followed by 12-36 wk
of Peg-IFN/RBV only) in 107 patients with HCV 4, either
[183]
naïve or treatment-experienced
. Recent European
guidelines have included a 24-48 wk SMV plus PEGIFN/RBV combination as an option for HCV 4-related
compensated liver disease (including cirrhotics), sugges
ting interruption of treatment if HCV-RNA levels are ≥
[123]
25 IU/mL at week 4, 12 or 24 .

HCV NS5A inhibitors

Inhibition of NS5A is associated with significant reductions
in HCV RNA levels, which makes these agents among
the most potent antiviral molecules yet developed.
NS5A inhibitors have pan-genotypic activity, i.e., they
suppress replication of all HCV GTs. Daclatasvir (DCV)
[171]
and ledipasvir (LDV) are examples of NS5A inhibitors .
With the advent and improvement of DAAs, drugs
now can target almost all steps of the HCV life cycle,
including entry, translation, RNA replication, assembly,
[175]
and export of progeny viruses
. This has facilitated
the designing of highly potent oral drugs characterized
by shorter treatment duration, simplified dosing, a
high genetic barrier to resistance, and improved safety
[176]
profiles
.
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Combination therapy with PEG-IFN, RBV and HCV NS5B
polymerase inhibitor, SOF

dosing of RBV with SOF were higher in GT-1 treatment[184,190]
naïve patients (SVR 68%-84%)
. In patients with
HCV GT-2 or GT-3, a study showed higher rates of SVR
after SOF plus RBV for 12 wk in comparison with PEG
plus RBV for 24 wk. For HCV GT-2-infected patients,
SVR rates were 97% vs 78% for each treatment group,
respectively. However, for HCV GT-3-infected patients,
the improvement in SVR rates in the SOF group was not
[185]
observed (SVR 56% vs 63%, respectively) . Another
study confirmed the high SVR rate for SOF plus RBV
in treatment-naïve and treatment-experienced GT-2
patients (SVR 93%) and showed an improved SVR rate
when this combination is used for 24 wk in patients with
[191]
HCV GT-3 (SVR 80%) .
A randomized, open-label study was conducted at
three centers in Egypt (ClinicalTrials, NCT01838590)
using SOF plus RBV for 12 wk (52 patients) or SOF plus
RBV for 24 wk (51 patients). Treatment-naïve (TN) and
treatment-experienced (TE) patients with chronic HCVGT-4 (up to 20% with compensated cirrhosis) were
included, 74 were GT-4a while 11 were GT- 4l, 4n, 4o,
4p, and 4u. SOF plus RBV for 24 wk resulted in a 90%
SVR12 rate in patients regardless of prior treatment
experience. SVR12 rates with SOF plus RBV for 12 wk
were higher in TN vs TE patients. No SOF-resistance
mutation S282T was found in any patient with virologic
failure. Combined SOF plus RBV for 12 or 24 wk were
well tolerated. The authors concluded that SOF plus
RBV for 24 wk provides a simple, effective, IFN-free
[192]
regimen for patients with HCV-GT-4 .
Phase 2 trials with SOF and RBV in adolescents and
children (3-17 years) with GT-2 and GT-3 began in
2014 with an estimated study completion date in May
2018 (ClinicalTrials, Identifier: NCT02175758). HCV
infected children may soon realize the benefits from the
tremendous research in anti-HCV therapy in the last
[185,190,193]
five years
.

Recently (in December 2013), the FDA approved
SOF as a new component of combined HCV antiviral
treatment. Phase Ⅲ clinical trial using combination
therapy with PEG-IFN, weight-based RBV, and SOF for
12 wk resulted in high SVR rates in GT-1, GT-4, GT-5,
[174,184,185]
and GT-6 patients (89%-90%)
. The addition
of SOF to PEG-IFN and RBV reduces the total duration
of treatment.
The recent approval of SOF for treatment of HCVGT-4 promises significant improvement in the outcome
of therapy. When given as part of triple therapy with
PEG-IFN/RBV for 12 wk in the phase Ⅲ Neutrino
trial, SOF resulted in a SVR rate of 96% in HCV-GT-4
[185]
patients . When it was given for 12 wk without IFN as
a dual therapy with RBV to HCV-GT-4 infected patients
of Egyptian origin living in the United States, SVR rates
of 79% and 59% were found in naïve and treatment
experienced patients, respectively. Extending the treat
ment for 24 wk yielded higher SVR rates: 100% and
[186]
93% .

Combination therapy with PEG-IFN, RBV and HCV NS5A
inhibitors, DCV

Another compound with promising efficacy against
HCV-GT-4 is DCV (a NS5A inhibitor) in combination with
[187]
PEG-IFN-α2a and RBV. Hézode et al
reported that
this was generally well tolerated and achieved higher
SVR rates at week 24 compared with placebo/PEG-IFN
alfa/RBV among patients infected with HCV-GT-1 or
GT-4.

IFN-FREE DAA THERAPY (IFN-SPARING
REGIMEN)
Over the past year, IFN-sparing regimens for treating
chronic HCV have become available and more superior,
as those are characterized by high rates of SVR, short
duration of treatment, increased tolerability, as well
as room to tailor treatment according to the patients’
individual needs due to the presence of multiple agents
that can interrupt several stages of the HCV lifecycle.
IFN-sparing treatment is currently the new approach
for both treatment-naïve and treatment-experienced
patients, including even cirrhotic patients. Most treatmentexperienced patients can now achieve high SVR rates
(above 90%). Cirrhotic patients can reach high SVR
with longer duration of treatment and/or addition of RBV
[188]
therapy .

Dual DDA combination therapy

Dual therapy tends to be more effective than mono
therapy in regards to viral eradication and decreasing
[194]
the risk of viral resistance
. These targets include
NS3/4A protease inhibitors (PI), NS5A inhibitors, and
NS5B polymerase inhibitors [both NI/tide inhibitors and
NNI]. More recently, combinations of these DAAs have
been effectively used without the use of IFN and RBV
to achieve high rates of SVR. In an open-label study,
oral SOF and DCV taken once daily were associated
with high SVR in patients infected with HCV GT-1, GT-2,
and GT-3, including patients with no response to prior
[195]
therapy with TPV or BOC .
Phase 3 is a multicenter, open-label, single-arm
study conducted at multiple sites in Spain, to investigate
the efficacy and safety of a 12-wk regimen of SMV in
combination with SOF in TN or TE subjects (age: 18-70
years) with chronic GT-4 HCV infection (ClinicalTrials,
Identifier: NCT02250807, started January 2015 with
estimated study completion date January 2016). The
FDA approved SMV to be used with SOF as a combination

Single DAA therapy (SOF and RBV)

The first attempt to use an IFN-free regimen for HCV
involved a combination of SOF and RBV. SOF is active
[185]
against all GTs
and has an excellent safety profile
and high barrier to resistance. All oral combination
therapies with SOF and RBV for 12-24 wk in HCV GT-1
[189,190]
were evaluated
. SVR rates using weight-based
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therapy in GT-1 in November 2014. Another Egyptian
study (NCT 02278419) to investigate the efficacy and
safety of an 8- or 12-wk treatment regimen of SMV in
combination with SOF in TN and TE adult participants
with chronic HCV-GT-4 is ongoing.
For children and adolescents with chronic HCV
infection, a Phase 2 study will be conducted to investi
gate the safety and efficacy of LDV/SOF fixed dose
combination in this particular age group (ClinicalTrials,
Identifier: NCT02249182). The FDA approved the
first combination pill-LDV/SOF (Harvoni) Gilead, for
treatment of HCV GT-1 in October 2014.

therapeutics and regimens become approved by the FDA
and European Medicines Agency.
The field of IFN-free HCV therapy is under constant
development. Currently, DAA’s provide patients with high
SVR rates (above 90%) with short duration treatment
and increased tolerable adverse effect profiles. Various
oral therapy combinations can be used to improve
SVR outcomes in the TE patient, according to HCV
GT/subtype, type of prior regimen, and presence of
[188]
cirrhosis .
The next steps in the clinical development of antiHCV therapy are expected in late 2015 and early 2016
with the availability of pangenotypic ultrarapid (4-8 wk)
single pill regimens such as Grazoprevir/MK8742, SOF/
[198]
GS5816, and BMS791325/DAC/Asunaprevir
.
The most common and tolerable adverse effects of
DAA combination therapy are nasopharyngitis, head
[199]
ache and malaise
. However The FDA warned on
March 2015 that serious slowing of the heart rate can
occur when the antiarrhythmic drug amiodarone is
taken together with either Harvoni (Ledipasvir/SOF) or
with SOF taken in combination with another direct acting
antiviral for the treatment of hepatitis C infection. They
recommended that health care professionals should not
prescribe either Harvoni or SOF combined with another
direct acting antiviral, such as DCV or Olysio (SMV), with
[200]
amiodarone .

Triple DDA combination therapy

The FDA approved a three drug regimen called the
AbbVie Viekira Pak (Ombitasvir, Paritaprevir, and
Ritonavir tablets co-packed with Dasabuvir tablets) to
treat patients with chronic HCV-GT-1 infection including
cirrhotic cases in December 2014. In a randomized,
open-label trial of Faldaprevir (a NS3/4A protease
inhibitor) and Deleobuvir (a nonnucleoside NS5B poly
merase inhibitor) with or without RBV (phase ⅡB), used
by 362 TN patients infected with HCV GT-1, the SVR
at 12 wk was 52%-59% among patients who received
IFN-free treatment with Faldaprevir plus Deleobuvir plus
[196]
RBV .
The AASLD announced detailed results from The
PEARL-Ⅰ study [ABT-450/R (Protease inhibitor and
Ritonavir) + ABT-267 (NS5A inhibitor) ± RBV] (openlabel Phase 2b), which demonstrated that 100% of GT-4
patients who were new to therapy (n = 42/42) or who
had failed previous treatment with PEG-IFN and RBV (n
= 49/49) achieved SVR rate at 12 wk post-treatment
after taking the AbbVie investigational treatment with
RBV. Additionally, 90.9% of patients who were new to
therapy achieved SVR 12 (n = 40/44) after taking the
[197]
treatment without RBV .
Another open-label Egyptian study (phase 3) began
in November 2014 to evaluate the safety and efficacy
of the co-administration of ABT-450/Ritonavir/ABT-267
(ABT-450/r/ABT-267) with RBV in adults with chronic
HCV-GT-4 in Egypt. It includes 160 patients and has
an estimated study completion date of August 2016
(ClinicalTrials, Identifier: NCT02247401). Currently,
Egypt is conducting a national mass treatment program
for HCV GT-4 patients based on the EASL’s 2014 practice
guidelines for HCV-GT-4, which (based on two studies:
Neutrino study for IFN-based therapy and Ruane study
for IFN-free regimens) involves triple therapy using
PEG-IFN/weight-based RBV/SOF 400 mg for 12 wk for
IFN-eligible patients or RBV/SOF 400 mg for 24 wk for
patients who are unable to tolerate IFN. Advanced liver
fibrosis patients are included in the IFN-free regimen.
Due to advancements in HCV therapy, the AASLD
and IDSA designed a new protocol for the use of new
[108]
agents
. The EASL also announced new protocols
on HCV therapy in 2014, including the use of all-oral
[113]
combinations of SOF/SMV and SOF/DCV . The AASLD,
IDSA, and EASL will release updated guidelines as new
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HCV VACCINE SHOWS PROMISE
A new HCV vaccine from GlaxoSmithKline has shown
promise in early clinical tests, prompting strong and
broad immune responses. Researchers have evaluated
the vaccine in humans, and it is now ready for phase 2
[201]
efficacy studies .
Another Egyptian clinical trial in the field of HCV
vaccination is promising: Safety and efficacy of a novel
candidate peptide vaccine against HCV infection in
healthy volunteers and in treated (Non-responders/
responders) chronic HCV patients. Clinical Trials (phasesⅠ
and Ⅱ) started in March 2011 (Clinical Trial, Identifier:
NCT01718834; National Liver Institute, Menofyia
University, Egypt).

CONCLUSION
HCV therapy is steadily moving to an all oral, welltolerated, DAA, short-term, and more efficacious
regimen. An IFN-free regimen will be available for
treatment of all GTs of HCV in the near future. To date,
several DAAs have been developed and are currently
being evaluated in various combinations in clinical trials
(for current management strategies of chronic HCV
see http://www.aasld.org). We can expect changes in
treatment recommendations of HCV as new regimens
are developed and new agents are approved by the
FDA. The availability of shorter, simpler, well-tolerated
treatment regimens can have a major impact in reducing
the morbidity and mortality associated with HCV infec
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tion. With such a large number of therapeutic agents we
can end up with a world of choices that we can select
from to treat patients. We hope not just to treat some
patients with HCV infection but also treat all patients to
achieve a cure regardless of their fibrosis state.
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TOPIC HIGHLIGHT
2015 Advances in Nonalcoholic Fatty Liver Disease

Bile acid receptors and nonalcoholic fatty liver disease
Liyun Yuan, Kiran Bambha
features of the metabolic syndrome in United States,
nonalcoholic fatty liver disease (NAFLD) has inevitably
become a very prevalent chronic liver disease and is
now emerging as one of the leading indications for liver
transplantation. Insulin resistance and derangement
of lipid metabolism, accompanied by activation of
the pro-inflammatory response and fibrogenesis, are
essential pathways in the development of the more
clinically significant form of NAFLD, known as non
alcoholic steatohepatitis (NASH). Recent advances in
the functional characterization of bile acid receptors,
such as farnesoid X receptor (FXR) and transmembrane
G protein-coupled receptor (TGR) 5, have provided
further insight in the pathophysiology of NASH and
have led to the development of potential therapeutic
targets for NAFLD and NASH. Beyond maintaining bile
acid metabolism, FXR and TGR5 also regulate lipid
metabolism, maintain glucose homeostasis, increase
energy expenditure, and ameliorate hepatic inflam
mation. These intriguing features have been exploited
to develop bile acid analogues to target pathways in
NAFLD and NASH pathogenesis. This review provides
a brief overview of the pathogenesis of NAFLD and
NASH, and then delves into the biological functions of
bile acid receptors, particularly with respect to NASH
pathogenesis, with a description of the associated
experimental data, and, finally, we discuss the prospects
of bile acid analogues in the treatment of NAFLD and
NASH.
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Core tip: Bile acids and bile acid receptors play impor
tant roles in modulation of feature of the metabolic
syndrome, hepatic steatosis, and hepatic inflammation.
Development of bile acid analogues specifically targeting
farnesoid X receptor and transmembrane G protein-

Abstract
With the high prevalence of obesity, diabetes, and other
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inflammatory processes mediated by the gut-liver-axis
with microbiota imbalance, mitochondrial dysfunction,
oxidative stress pathway activation, and activation of
intracellular signal such as nuclear factor κB and c-Jun
[13-17]
N-terminal kinase (JNK) pathways
.
Unraveling the pathogenesis of NAFLD has estab
lished several important drug targets in recent years.
Among them are bile acid receptors including farnesoid
X receptor (FXR) and transmembrane G protein-coupled
receptor (TGR) 5, which play pivotal roles in regulation
of metabolism, inflammation and cell proliferation. These
receptors have emerged as attractive targets for drug
development for the treatment of NAFLD, and are the
focus of this review.

coupled receptor 5 provide potential novel classes of
drugs for the treatment of nonalcoholic steatohepatitis.
Yuan L, Bambha K. Bile acid receptors and nonalcoholic fatty
liver disease. World J Hepatol 2015; 7(28): 2811-2818 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i28/2811.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i28.2811

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is now a very
prevalent liver disease in the United States. It affects
[1]
up to 20% of the United States population , with an
estimated prevalence of 43%-60% in patients with
[2]
[3]
diabetes , and 90% in patients with hyperlipidemia .
NAFLD, by definition, is macrovesicular fat accumulation
in more than 5% of hepatocytes in patients who drink
less than 20 g/d. NAFLD represent a spectrum of
diseases ranging from simple hepatic steatosis to steato
hepatitis. Simple steatosis rarely progresses to advanced
fibrosis and thus does not carry an increased liverrelated mortality. Nonalcoholic steatohepatitis (NASH)
instead describes hepatic inflammation and hepatocyte
damage within liver including lobular inflammation and
hepatic ballooning in addition to macrovesicular fat.
Fifteen percent to 30% of patients with NASH progresses
[4,5]
to fibrosis, cirrhosis and cancer , leading to the need
for a liver transplant. Based on the data from the United
Network for Organ Sharing and Organ Procurement
and Transplantation Network Registry, the percentage
of patients who underwent a liver transplant for NASH
has increased to 9.7% in 2009 compared to 1.2% in
[6]
2001 . The number of adults with NASH awaiting liver
transplant has almost tripled in 2013, compared to the
[7]
year 2004 . NASH is projected to become the leading
etiology for liver transplant in the United States.
The “two hit hypothesis” and the “multiple hits
hypothesis” have been proposed to explain the under
[8,9]
lying pathogenesis of NAFLD
(Figure 1). Simple
hepatic steatosis reflects the accumulation of triglyceride
in the liver, as result of influx of lipids and de novo lipo
genesis exceeding the export of lipids in the forms of
lipoproteins. Insulin resistance has been considered a
primary driving force for lipid influx by promoting the
lipolysis of peripheral adipose tissue, and increasing the
[10]
liver uptake of free fatty acids for de novo lipogenesis .
Hyperinsulinemia and hyperglycemia also inhibit fatty
[11]
acid oxidation and accelerate lipogenesis . Triglyce
ride is exported out of liver to peripheral tissues by
incorporation into very-low-density lipoprotein (VLDL)
carriers, and impairment of VLDL synthesis/export has
[12]
been implicated in NAFLD pathogenesis . Accumulation
of lipids, including triglycerides and free fatty acids, as
a first hit, primes the liver - making it susceptible to
additional hepatotoxic insults (second or multiple hits),
which then lead to hepatocyte injury, inflammation,
and fibrosis. The second hit or multiple hits involve pro-
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BILE ACID METABOLISM
Bile acid synthesis

Bile acids are generated from cholesterol oxidation in
the liver through two major pathways: “classic pathway”
also called the neutral pathway, and the “alternative
pathway” also called the acidic pathway. Cholesterol
7α-hydroxylase (CYP7A1) is a rate-limiting enzyme in
the classic pathway. Both of the primary bile acids, cholic
acid (CA) and chenodeoxycholic acids (CDCA), are end
products of the classic pathway. The alternative pathway
of bile acid synthesis is initiated by sterol 27-hydroxylase
(CYP27A1), an enzyme located on the inner membrane
of mitochondria and widely expressed in various tissues.
The alternative pathway produces oxysterols, notably
25-hydroxycholesterol and 27-hydroxycholesterol, which
are important ligands in regulating inflammation, lipid
metabolism, and cell proliferation.

Bile acid recycling

Once synthesized in the liver, bile acids are conjugated
to glycine or taurine, excreted out of liver, and stored in
the gallbladder. In response to a meal, the contraction of
the gallbladder delivers bile salts to the small intestine,
facilitating the digestion of dietary fat. In the gastro
intestinal tract, CA and CDCA are further metabolized by
intestinal microbiota to secondary bile acids: Lithocholic
acid (LCA) and deoxycholic acid (DCA) by de-conjugation
and dehydroxylation. DCA is unable to convert back to
CA in the liver, and thus the proportion of DCA in the
bile acid pool varies from 1% to 50%, depending on
the level and activity of bile acid 7α-dehydroxylating gut
bacteria and intestinal transient time. LCA is reabsorbed
and reduced to CA in the liver. Overall, approximately
95% of bile acids are reabsorbed in the ileum and trans
ported back to the liver via the enterohepatic circulation.
Approximately 5% of bile acids are lost in the feces daily.
But bile acids do not just aid in digestion and participate
in the enterohepatic circulation, they also function as
signaling molecules both within and outside of the liver.

FXR AND NAFLD
FXR belongs to the family of nuclear hormone receptors
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expression of ATP-binding cassette transporters such
as bile salt export pump, multidrug resistance protein 3
(MDR3) and multidrug resistance-associated protein 2.
These transporters export bile acids from hepatocytes
into bile canaliculi. Activation of FXR was also found to
stimulate the expression of intestinal bile acid-binding
protein at ileum, which facilitates enterohepatic recycling
[21,27]
of bile acids
.

st

1 hit

Hepatic steatosis

Insulin resistance (primary driving force)
Dyslipidemia
Genetic predisposition: PNPLA3
Diet
Obesity
Metabolic syndrome

nd

2 /multiple hits

NASH progression
fibrosis

Lipid and glucose metabolism: FXR also regulates
[28,29]
lipid metabolism and gluconeogenesis
. FXR-null
mice develop severe fatty liv er with elevated circulating
plasma cholesterol, elevated triglycerides and free
fatty acids. Several lipoproteins such as phospholipid
transfer protein, apoC-Ⅱ, apoC-Ⅲ, and apoA-1 are
[30-32]
FXR targets
and their decreased expression likely
accounts for lipid derangements in FXR-null mice.
FXR also regulates lipid synthesis by involving acetylCoA carboxylase 1 (Acc1), Acc2, Cd36, and sterol
regulatory element-binding protein 1C, with the latter
being a major regulator of lipogenesis via stimulation
of de novo lipogenesis, and these FXR effects likely
[33]
[34]
occur through activation of SHP
and FGF19 .
Beyond regulation of lipid metabolism, FXR also plays
an important role in glucose homeostasis. Loss of
FXR in mice lead to development of impaired glucose
tolerance and insulin resistance both in liver and skeletal
muscles which is associated hepatic steatosis and
[35]
elevated circulating free fatty acids . Bile acids alter
the expression of genes involved in gluconeogenesis,
including phosphoenolpyruvate carboxykinase (PEPCK),
glucose-6-phosphatase (G-6-Pase), and fructose-1,6[36-38]
biphosphatase
. SHP activation may modulate
gluconeogenesis through repression of PEPCK and G-6[38,39]
Pase
. FGF15/19 appear also to be critical in glucose
regulation. In the postprandial state, FGF15/19 are
released from the small intestine and inhibit hepatic
glucogenesis, like insulin, through dephosphorylation
and inactivation of cAMP regulatory element-binding
[40]
protein .

Lipotoxicity from free fatty acids
Gut microbiota/LPS
Oxidative stress: ROS, lipid peroxidation
Mitochondrial dysfunction
Activation of fibrogenesis

Outcomes

Hepatic fibrosis/cirrhosis

HCC

Figure 1 Pathogenesis of nonalcoholic steatohepatitis. Insulin resistance
is considered a primary driving force for hepatic steatosis by promoting lipolysis
of peripheral adipose tissue, and increasing hepatic uptake of free fatty acids
for de novo lipogenesis. The second hit, or multiple hits, involve genetic
predisposition such as PNPLA3, pro-inflammatory processes mediated by the
gut-liver-axis with microbiota imbalance, mitochondrial dysfunction, activation
of oxidative stress pathways, and induction of lipotoxicity from free fatty acids.
HCC: Hepatocellular carcinoma; NASH: Nonalcoholic steatohepatitis; PNPLA3:
Patatin-like phospholipase domain containing 3; LPS: Lipopolysaccharides;
ROS: Reactive oxygen species.

that regulate expression of genes involved in a wide
array of biologic processes including, development,
reproduction, and metabolism, and was first described
[18-20]
in 1995
. Bile acids were subsequently identified
as unique endogenous ligands for FXR at physiologic
[21,22]
levels
in 1999. FXR is richly expressed at the ileum,
and in liver parenchymal cells. It is also expressed in
liver non-parenchymal cells such as endothelial cells,
Kupffer cells and stellate cells at very low level. Various
bile acids activate FXR in the following order of activity:
CDCA > DCA > CA > LCA. The targets and effects of
FXR are outlined in detail below and summarized in
Figure 2.

Hepatic inflammation and fibrosis: FXR also
[29]
regulates hepatic inflammation and fibrosis . FXR is
expressed at very low levels on hepatic Kupffer, stellate,
and endothelial cells. Porcine serum treatment or bile
duct ligation (BDL) are commonly used experimental
methods to induce cirrhosis in rats. Treatment of these
rats with 6-ethyl chenodeoxycholic acid (6-ECDCA),
an FXR ligand, prevents liver fibrosis in porcine serumtreated rats or BDL-treated rats, and decreases expres
sion of matrix proteins including, α1-collagen, trans
forming growth factor β-1, αSMA, and tissue inhibitors
[41]
of metalloproteinase 1 and 2 . Interestingly, Fickert
[42]
et al
showed that FXR loss reduced fibrosis of the
hepatic biliary tree. In the study, hepatic fibrosis was
-/induced in wild type and FXR knock-out mice (FXR ) by
a variety of methods, including carbon tetrachloride (CCl4)
intoxication, 3,5-diethoxycarbonyl-1,4-dihydrocollidine
feeding, BDL, or Schistosoma mansoni (S.m.)-infection.

FXR biologic functions

Bile acid synthesis: FXR plays an essential role in
the feedback regulation of bile acid biosynthesis by
repression of CYP7A1, and CYP8B1, two key enzymes in
bile acids synthesis. Repression of CYP7A1 is mediated
by activation of the orphan nuclear receptor small
[22-24]
heterodimer partner (SHP)
, which in turn interact
with liver receptor homolog (LRH-1). SHP protein blocks
activities of LRH-1 that is known to positively regulate
-/CYP7A1 expression. Mice lacking SHP (SHP ) failed to
repress CYP7A1 in response to a specific agonist for FXR.
Yet, Bile acid feeding can restore expression of CYP7A1
in SHP-null mice, indicating the existence of SHP-inde
pendent regulation pathways, as well. One of these
pathways involves JNK mitogen-activated protein kinase
[24,25]
activation
and fibroblast growth factor 19 (human
[26]
FGF19, mouse FGF15) . Additionally, FXR induces the
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Bile acids
CDCA
DCA
LCA
CA

FXR
Liver
Intestines
Kidneys

(1) Negatively regulate bile acid pool by decreasing synthesis
and increasing bile acid export
(2) Regulate lipid metabolism and gluconeogenesis
(3) Regulate hepatic inflammation and fibrosis
(4) Regulate hepatic regeneration and carcinogenesis

TGR5
Liver
Gallbladder
Intestines
Brain
Muscle

(1)
(2)
(3)
(4)
(5)
(6)

Bile acid analogs
INT-747
INT-767

Bile acids
LCA
DCA
CDCA
CA
Bile acid analogs
INT-767
INT-777

Regulate bile acid pool
Regulate bile composition and decrease gallstone disease
Modulate hepatic inflammation
Reduce atherogenesis development
Increase energy expenditure and prevent weight gain
Improve insulin sensitivity and regulate glucose metabolism

Figure 2 Characteristics of farnesoid X receptor and transmembrane G protein-coupled receptor 5, and their functions. CA: Cholic acid; LCA: Lithocholic
acid; DCA: Deoxycholic acid; FXR: Farnesoid X receptor; TGR5: Transmembrane G protein-coupled receptor 5; CDCA: Chenodeoxycholic acids.

Only biliary-type hepatic fibrosis was reduced in
FXR (-/-) mice with BDL and 3,5-diethoxycarbonyl1,4-dihydrocollidine. FXR loss had no effect on the
prevention of non-cholestatic liver fibrosis in the study.

alleviating liver injury and inflammation in NAFLD. There
was also some improvement in fibrosis score in the OCA
group in the FLINT trial, as well, but the trial was not
powered to detect the statistical significance in fibrosis
changes. It remains to be determined whether or not
OCA will resolve NASH and ameliorate advanced fibrosis,
but further trials are ongoing.

Hepatic regeneration and carcinogenesis: FXR
appears to regulate liver regeneration and carcinoge
nesis. CA feeding has been shown to induce liver growth
and decrease mortality in mice that have undergone
partial hepatectomy. This effect may involve activation
of FGF15/19. Studies have shown that the protective
effects with CA feeding after partial hepatectomy were
[43]
significantly abolished in FGF15 (-/-) mice , and
proliferation of hepatocytes and cholangiocytes was
[43]
also noticeably reduced in CA-fed FGF15 (-/-) mice .
FXR (-/-) mice developed spontaneous hepatocellular
[44,45]
carcinoma (HCC) at age > 12 mo
. And FXR had
a direct effect in down-regulating a number of tumor
suppressor genes such as N-myc downstream-regulated
[46]
gene 2
and gankyrin, a proteasomal subunit that
assists in degradation of a number of tumor suppressor
[46,47]
proteins
. Interestingly, selective reactivation of
intestinal FXR can restore bile acid enterohepatic
circulation and protect FXR (-/-) mice from spontaneous
[48]
HCC development .

TGR5 and NAFLD

TGR5 is a classic G-protein coupled cell surface recep
[53,54]
tor
that is activated by bile acids in the order of
[53]
LCA > DCA > CDCA > CA . In the absence of bile
acid binding, TGR5 is tightly associated with a G-protein
complex consisting of α, β and γ subunits. Upon binding
to bile acids, TGR5 allows the release of α subunit,
which in turn activates adenylyl cyclase, leading to
the accumulation of cAMP and activation of protein
kinase A. TGR5 is widely expressed in various tissues
including the liver, gallbladder, bile ducts, adipose tissue,
spleen, intestines, and kidneys. Within the liver, TGR5
is abundantly expressed in Kupffer cells and endothelial
cells, but not in hepatocytes. The targets and effects of
TGR5 are outlined in detail below and summarized in
Figure 2.

TGR5 functions and NAFLD

FXR agonists in the treatment of NAFLD

Regulation of the bile acid pool: TGR5 regulates the
bile acid pool. The bile acid pool is significantly reduced
in TGR (-/-) mice compared to wild-type mice. TGR5
also regulates bile composition as demonstrated by an
experiment showing that, when fed with lithogenic diet,
TGR (-/-) mice were protected from gallstone diseases.
The expression of TGR5 was shown to be present in
gallbladder epithelial cells and cholangiocytes, and
TGR5 activation induced bicarbonate and chloride
secretion from cholangiocytes, which may account for
the alteration of bile composition.

6-ECDCA, also known as INT-747 or obeticholic acid
(OCA), is a lipophilic bile acid derivative and a potent
[49]
selective FXR activator . In animal studies, it improves
[50]
[42]
hepatic steatosis , fibrosis , and portal hyperten
[51]
[52]
sion . The FLINT trial , a phase ⅡB randomized,
placebo-controlled trial of OCA in human NASH, demon
strated that OCA significantly improved the NAFLD
activity score in all components, including steatosis,
lobular inflammation, and hepatocellular ballooning,
compared to placebo, establishing a clear benefit of in
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Modulation of the immune response: TGR5 also
modulates immune responses of immune cells via
[53]
increasing intracellular cAMP , and this function appears
relevant to the regulation of hepatic inflammation
and atherosclerosis development. TGR5 is highly ex
pressed in monocytes and macrophages. Activation
of TGR5 increases cAMP in rat alveolar macrophages
and, as a result, it reduces the phagocytic activity of
the macrophage and inhibits lipopolysaccharide (LPS)induced production of pro-inflammatory cytokines such
as tumor necrosis factor (TNF)-α, interleukin-1 (IL-1),
IL-6 and IL-8. This finding was also demonstrated in
resident hepatic macrophage Kupffer cells. Activation
of TGR5 in isolated Kupffer cells causes an increase
in cAMP and reduced expression of pro-inflammatory
cytokines, including: TNF-α, IL-1, IL-6 and IL-8, following
LPS treatment. Notably, TGR5-deficient mice are more
[55]
susceptible to LPS-induced liver injury . TGR5 activation
also attenuates the formation of atheromatous plaque in
-/low-density lipoprotein receptor knockout mice (LDL ), a
commonly used murine model for atherosclerosis studies
-/+/+
that have functioning TGR5 (LDL ; TGR5 ). This
attenuation of plaque formation was achieved through
decreases in intra-plaque inflammation and macrophage
[56]
activation . Recent study has also showed that a TGR5
agonist increased the production of nitric oxide (NO) in
endothelial cells, a key anti-atherogenic molecule. This
suggests that NO might be one of downstream effectors
of TGR5 signaling.

also been shown to improve insulin sensitivity, likely
through the release of GLP-1 in the intestines, in both
diet-induced obese mice and in genetically obese mice
that have a leptin receptor gene mutation (db/db), which
[58]
is a well-established model of obesity and diabetes .
-/This effect was blunted in TGR5 mice, indicating the
specificity of INT-777 treatment in targeting TGR5. With
all these features, TGR5 agonists such as INT-777 are
very attractive treatment candidates for NASH and other
[60]
features of the metabolic syndrome .

TARGETING BOTH FXR AND TGR5 IN
THE TREATMENT OF NAFLD
INT‑767, the 23-sulphate derivative of OCA, is a dual
[61]
FXR/TGR5 agonist . INT-767 has been demonstrated
to induce FXR-dependent lipid uptake by adipocytes,
mobilizing lipid from the circulation and the liver to
peripheral adipose tissue. INT-767 also promotes TGR5dependant GLP-1 release. Treatment of obese mice with
INT-767 significantly decreased total plasma cholesterol
[61]
and triglyceride levels , and improved the histological
[62]
features of NASH in these mice . These effects have
been postulated to be due to INT-767-mediated altera
tions in the phenotypes of intrahepatic macrophage
[62]
populations and modulation of cytokine production .
Uniquely, INT-767, but not INT-777 or INT-747, amelio
rates hepatic injury in MDR2 (-/-) mice, a model for
chronic cholangiopathy. This hepatoprotective effect is
manifested by a reduction in bile acid synthesis and an
[63]
increase in bile flow and biliary HCO3 output .

Energy expenditure and metabolism: TGR5
enhances energy expenditure and mitigates obesity
and insulin resistance in obese mice. TGR5 is expressed
in human brown adipocytes and skeletal myocytes.
In brown adipose and skeletal muscle, interactions
between bile acids and TGR5 promote the expression
of cAMP-dependent 2-iodothyronine de-iodinase (D2),
which converts inactive thyroxine (T4) to active 3,5,3-triiodothyronine (T3), a major hormone in increasing basal
[57]
metabolism and thus, inducing energy expenditure .
[58]
TGR5 signaling also regulates glucose homeostasis .
TGR5 is expressed on enteroendocrine L-cells, and
activation of TGR5 on L-cells modulates mitochondrial
oxidative phosphorylation and alters ATP/ADP ratio. This
leads to the release of glucagon like peptide-1 (GLP-1)
from L-cells. GLP-1 further stimulates insulin secretion
from pancreas and maintains glucose homeostasis.

CONCLUSION
Bile acids and bile acid receptors have pluripotent
functions in energy expenditure, regulation of lipids
and glucose metabolism, modulation of hepatic inflam
mation, fibrosis, regeneration, and carcinogenesis.
These effects translate into attractive therapeutic targets
for NASH and to improve metabolic profiles, ameliorate
hepatic injury, and halt hepatic fibrosis. One currently
very promising drug is OCA, but additional new drugs
are expected in the not-too-distant future that will target
the pathways in NASH pathogenesis.
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REVIEW

Treating morbid obesity in cirrhosis: A quest of holy grail
Naveen Kumar, Narendra Singh Choudhary
weight ratio negatively affects survival. Treatment
of obesity is difficult in cirrhosis due to difficulty in
implementation of lifestyle measures, limited data on
safety of anti-obesity drugs and high risk of surgery.
Currently approved anti-obesity drugs have limited
data in patients with cirrhosis. Bariatric surgery remains
an option in selected compensated cirrhotic patients.
Endoscopic interventions for obesity are emerging and
are quite promising in patients with cirrhosis as these
are minimally invasive. In present review, we briefly
discuss various modalities of weight reduction in obese
patients and their applicability in patients with cirrhosis.
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Core tip: The rising obesity problem is also associated
with increased incidence of simultaneous obesity and
cirrhosis. This is a particularly difficult subset of obese
patients to treat as there is difficulty in implementation
of lifestyle measures, limited data on safety of antiobesity drugs and high risk of surgery. In present review,
we briefly discuss various modalities of weight reduction
in obese patients and their applicability in patients with
cirrhosis.
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Abstract
The problem of obesity is increasing worldwide in
epidemic proportions; the situation is similarly becoming
more common in patients with cirrhosis which negatively
affect the prognosis of disease and also makes liver
transplantation difficult especially in the living donor
liver transplantation setting where low graft to recipient
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INTRODUCTION
Obesity has been defined as abnormal or excessive fat
accumulation that can lead to impairment of health.
It’s one of the most significant public health problems
faced by people of industrialized countries and is rapidly
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[15,16]

catching up in developing countries also. Worldwide
[1]
obesity prevalence has almost doubled since 1980 .
Obesity has reached epidemic proportions over the
world and it is simultaneously associated with various
comorbidities, namely diabetes mellitus, hypertension,
[2]
and cardiac diseases . In 2014, according to estimate
more than 1.9 billion adults were overweight with 600
million likely obese. Approximately 39% of adults aged
18 years and above were overweight in 2014, and 13%
[3]
were obese . Due to various co-morbidities, obesity
represents a very serious health problem worldwide.
Obesity management is a unique challenge due to the
[4]
rapid evolution of unfavourable lifestyles .
Obesity can be associated with cirrhosis as a virtue
of non-alcoholic steatohepatitis (NASH), an important
cause of cirrhosis, being a component of the metabolic
syndrome and it can also exacerbate co-existing liver
injury due to other causes and is associated with
[5]
more risk of decompensation of cirrhosis . The patho
physiology of NASH has been considered a “two hit”
[6]
process . The “first hit”, hepatic steatosis, makes the
liver susceptible to injury mediated by “second hits”, like
inflammatory cytokines/adipokines, oxidative stress,
and mitochondrial dysfunction, leading to steatohepatitis
[7]
and/or fibrosis . Impaired hepatocyte proliferation
progenitors due to cell death has been proposed as
“third hit” in pathogenesis of non-alcoholic fatty liver
[8]
disease . Various cytokines/adipokines involved in
NASH pathogenesis includes tumor necrosis factor[9]
alpha, leptin, adiponectin, interleukin-6 (IL-6), etc. .
Fibrosis/cirrhosis represents the final common endpoint
of pathway of almost all chronic liver diseases including
NASH. Mechanisms for fibrosis include the secretion of
profibrogenic cytokines (tumor growth factor-β, IL-6,
IL-8, etc.) by the ductular reaction, as well as epithelial
to mesenchymal transition of stellate cells to myofi
[10,11]
broblasts
. Steatosis is very commonly associated
with hepatitis C, particularly with genotype 3. In chronic
hepatitis C, obesity is associated with inflammation,
steatosis, insulin resistance, faster progression of fibrosis,
[12]
and nonresponse to treatment with interferon .

gradually
and these patients are more prone for comorbidities associated with NASH like coronary artery
disease, diabetes, hypertension, dyslipidemia, metabolic
[17]
syndrome and chronic kidney disease . Obesity in
cirrhosis becomes a multi-headed monster leading to
more rapid worsening of liver disease and also makes
liver transplantation difficult. There is difficulty in finding
a suitable donor for morbidly obese patients due to risk
of low graft to recipient ratio and subsequent risk of poor
graft function and higher mortality in living donor liver
transplantation (LDLT) programs which predominant
[18]
from of liver transplantation in Asia . Increased rates of
complications and mortality, as well as decreased graft
survival, have been reported in morbidly obese patients
often discouraging transplantation in this population
and have resulted in the exclusion of morbidly obese
[19]
patients from liver transplantation at some centres .
With increasing number of non-alcoholic steatohepatitis
associated end stage liver disease as an indication for
liver transplantation, problem of morbid obesity before
[20]
liver transplantation is going to rise .
There are multiple benefits of treating obesity in
patients with cirrhosis. Firstly there is a reduction in
risk of decompensation as studies have shown higher
decompensation over time in overweight and obese
[5]
cirrhotic . Some patients may improve from compen
sated stage to lesser degree of fibrosis as shown by
[21]
bariatric surgery studies . This may avoid need for
liver transplantation in many patients. Secondly reduc
tion in weight may improve their candidacy for liver
transplantation by improving co-morbidities (like diabetes
control), decreasing risk in surgery and improving their
graft recipient weight ratio especially in LDLT settings.
Thirdly there can be reduced incidence of hepatocellular
carcinoma (HCC) as obesity is considered to be an
[22]
independent risk factor for development of HCC .
In current review article we will discuss the various
weight reductions strategies in brief and their applica
bility in patients with cirrhosis.

Diet, life style modification and
exercise in the management of
obesity in cirrhosis

Obesity and cirrhosis: The
challenges and rationale for
management

The recent worldwide increase in the population of
[23]
obese individual is also seen in liver cirrhosis patients .
At present, in liver cirrhosis due to alcohol and chronic
hepatitis C infection, nutritional intake is a spectrum
[24,25]
ranging from being either sufficient or excessive
.
Excessive nutrients has to be assessed in every patient,
and the various nutritional parameters, like serum
albumin and lean body mass, should be evaluated for the
appropriate nutritional therapy. However, the amount of
body weight reduction has not been evaluated properly
in the obese liver cirrhosis patients. The addition of oral
Branched chain amino acids (BCAA) granules to diet
[23]
has been shown to reduce the incidence of HCC . It
has also been shown that oral BCAA supplementation

Obesity with cirrhosis is a complex problem. Once
cirrhosis is decompensated, lifestyle measures are very
difficult to implement and bariatric surgery becomes
[13,14]
risky due to increased morbidity and mortality
. Phar
macological measures (drugs) have a very limited role in
management of obesity, are not as effective as surgery
and there is rebound weight gain once stopped. The
limited drug arsenal available to treat obesity is not well
studied in patients with liver disease. No safe anti-obesity
drug in cirrhosis is available at the moment. Proportion
of patients with NASH associated end stage liver disease
as an indication for liver transplantation is increasing
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[26]

[38,39]

increases serum albumin levels . The mechanism
involved may be improved insulin sensitivity in muscle,
[27]
increase in and reduced oxidative stress . Thus, in
obese liver cirrhosis patients, oral BCAA treatment is
recommended in addition to correction of nutritional
intake. The current epidemic of global obesity has created
a new entity: The unique combination of sarcopenia
and obesity, now commonly described as sarcopenic
[28]
obesity . A recent study has shown that sarcopenic
obesity is more closely linked with insulin resistance than
[29]
either sarcopenia or obesity alone .
Physical activity levels and also exercise capacity
are generally lower in liver cirrhosis patients than in
[30,31]
healthy controls
. Exercise is a key component of
management of liver cirrhosis patients because it leads
to increased calorie burning, increased skeletal muscle
mass, along with exercise capacity, leading to improved
quality of life. The advice regarding exercise is made
complex in patients with cirrhosis as portal pressure has
been shown to increase with moderate exercise (up to
30% of the maximum), which poses a risk for variceal
[32]
bleeding . The optimal exercise regimen in liver
cirrhosis patients remains uncertain. Researcher’s recom
mendation is walking 5000 or more steps every day with
a caloric intake of 30 kcal/kg based on a survey done on
[31]
compensated cirrhosis patients . A randomized pilot
study involving liver cirrhosis patients, mostly ChildPugh A cirrhosis, examined the effect of exercise
combined with leucine supplementation (10 g/d). The
program included three sessions every week of one hour
treadmill along-with cycle ergometry at 60%-70% of
the maximum heart rate, over a total period of 12 wk.
The intervention group had improved exercise capacity,
shown by the 6-min walk test and the 2-min step test
with associated improvement in quality of life parameters
[33]
with no adverse events . Aerobic exercise is expected
to improve insulin resistance in patients with cirrhosis
[34,35]
which is particularly important for obese patients
.
Future studies will establish efficacious along with safe
exercise regimen needed for liver cirrhosis patients.

to poor compliance secondarily to side effects
. It is
advisable to give vitamin supplements to patients treated
with this drug. Severe liver injury has been reported
rarely with a United States FDA review identifying 13
[40]
reports of severe liver damage . Given the side effect
profile it is unlikely to become a commonly prescribed
drug in cirrhosis patients who may have malnutrition
despite obesity.

Lorcaserin

Lorcaserin is a selective agonist of 5‑hydroxytryptamine
receptor 2C (5-HT2C), which is expressed in hypo
thalamic pro-opiomelanocortin (POMC)-producing
neurons of central nervous system, the centre controlling
[41]
appetite and satiety . Lorcaserin causes activation
of the 5‑HT2C receptors which stimulates release of
melanotropin‑α, subsequently decreasing appetite
[41]
through stimulation of melanocortin receptor 4 . Of
significance is the low affinity lorcaserin has for other
5‑hydroxytryptamine receptor subtypes, especially
5-HT2B, which has previously been associated with
the development of valvular heart disease. Lorcaserin
approval by FDA was largely based on two placebocontrolled trials in nondiabetic patients (BLOOM and
BLOSSOM) along with a third smaller trial in adults
[42-44]
with diabetes (BLOOM-DM)
. Lorcaserin caused
a modest weight reduction of approximately 3.2 kg
more than placebo. Adverse effects include headache,
[45]
nausea, fatigue, and dizziness . Lorcaserin should be
discontinued if there is less than 5% weight reduction in
12 wk. No dose adjustment is required in patients with
mild to moderate hepatic impairment. It has not been
studied in patients with severe hepatic impairment and is
not recommended in these groups of patients.

Phentermine/topiramate-extended-release

In 2012, the United States FDA approved a preparation
of phentermine and extended-release topiramate for
2
use in adults with a body mass index (BMI) ≥ 30 kg/m
2
or with BMI ≥ 27 kg/m with associated comorbidity
(hypertension, diabetes, dyslipidemia). Phentermine plus
topiramate-extended-release (ER) was recommended
for approval based largely on two phase 3 clinical trials
[46,47]
(EQUIP and CONQUER)
. In the EQUIP trial (n =
1267) participants given the top dose vs placebo, the
[46]
mean 1-year weight loss was 10.9% vs 1.6% . In
CONQUER trial (n = 2487) one-year mean weight loss
was 8.1 kg (7.8%) with the recommended dose and
10.2 kg (9.8%) with the top dose vs 1.4 kg (1.2%) with
[47]
placebo .
The labelling recommends against prescription in
patients with recent or unstable cardiac or cerebro
vascular disease, and suggests regular monitoring of
resting heart rate. No dose adjustment is needed in
patients with mild hepatic impairment. In patients with
moderate hepatic impairment, the maximum dose is
Phentermine/topiramate-ER 7.5 mg/46 mg once daily.
Phentermine/topiramate-ER is not studied in patients
with severe hepatic impairment where it has to be

DRUG THERAPY
Orlistat

Orlistat at a dose of 120 mg was approved by the
Food and Drug Administration (FDA) in 1999 for the
management of obesity in association with reduced
calorie diet, and also to reduce the risk of regaining
weight after previous weight loss. Orlistat was the
first treatment for obesity that was not an appetite
suppressant, but acted by interfering with the action of
[36]
hormone lipase involved in fat digestion . In one of
the longest trials comprising of 3304 patients, 21% also
having impaired glucose tolerance, were randomized to
receive either placebo or orlistat. During the first year,
weight loss was greater in the orlistat-treated group (11%
[37]
compared with 6% in the placebo group) . Despite
being FDA-approved fewer than 10% patients take it
for 1 year and less than 2% of patients for 2 years due
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weight compared to placebo (mean weight loss 2.8 kg).
Patients taking the two highest doses of liraglutide (2.4
and 3.0 mg) lost significantly more weight than those
[56]
assigned to orlistat (6.3, 7.2 and 4.1 kg, respectively) .
In a 56-wk SCALE Maintenance randomized study trial
comparing liraglutide 3 mg once daily with placebo
injection in 422 patients a greater proportion of patients
maintained weight loss in the liraglutide group (81.4%)
[57]
vs 48.9% in placebo group) . Common side effects
included nausea (37%-47%), vomiting (12%-14%),
diarrhoea, reduction of blood sugar levels, and loss of
appetite. Less common side effects included pancreatitis,
renal impairment, and suicidal tendenciew. In rodent
studies, liraglutide has been associated with benign and
malignant thyroid C-cell tumors. Liraglutide is not recom
mended in patients with a personal or family history of
medullary thyroid cancer or multiple endocrine neoplasia
2A or 2B. Because of limited experience in patients
with hepatic impairment, it must be used cautiously in
patients with liver impairment. If data regarding safety
becomes available it would an interesting drug given its
[58]
potential to improve various cardio metabolic factors .

Table 1 Newer weight reduction drugs in pipeline
Drug

Mechanism of action

Cetilistat
Velneperit
Tesofensine

Gastrointestinal and pancreatic lipase inhibitor
Neuropeptide Y5 receptor inhibitor, appetite suppression
Inhibition of serotonin, dopamine, and noradrenaline
reuptake
Leptin receptor agonist
Dual neuropeptide Y2/Y4 receptor agonist
MetAP2 inhibition

Metreleptin
Obinepitide
Beloranib

MetAP2: Methionine aminopeptidase 2.
[48]

avoided

.

Bupropion-naltrexone

In September 2014, a sustained release formulation
[49]
of bupropion-naltrexone was approved by FDA .
Bupropion activates POMC neurons in the hypothalamus
which gives downstream effects of appetite reduction
and increased energy output. The POMC is regulated
by endogenous opioids via opioid-mediated negative
feedback. Naltrexone is a pure opioid antagonist, which
further augments bupropion’s activation of the POMC.
In a randomized trial of bupropion and naltrexone
(varying doses) vs double placebo, weight loss was
greater in those assigned to active treatment (mean
change in body weight in low dose naltrexone and high
dose naltrexone was -5% and -6.1% vs -1.3% in placebo
[50]
arm) . Compared with placebo, the combination of
bupropion-naltrexone has been shown to reduce weight
[50-53]
by approximately 4% to 5%
. Contraindications
include uncontrolled hypertension, seizure history,
eating disorders, simultaneously using other bupropioncontaining products, chronic opioid use, and monoamine
oxidase inhibitors use within last 14 d. Cases of hepatitis
and clinically significant liver dysfunction have been seen
in association with naltrexone use during naltrexone
clinical trials and in post marketing reports of naltrexone
[54]
use . Thus the combination of bupropion-naltrexone
doesn’t looks too exciting for the patient of cirrhosis and
in the absence of strong data for liver disease patients,
shouldn’t be prescribed.

Antiobesity drugs: In the pipeline

Apart from the current approved drugs for treatment of
obesity many other are in various stages of development.
Endogenous cannabinoids which are ubiquitous lipid
signalling molecules having both central and peripheral
effects mediated by the specific receptors CB1 and
[59]
CB2 . Compounds targeting the peripheral CB1 recep
[60,61]
tors selectively are under evaluation
. Various drugs
which may hold promise in near future are listed in the
table. Other drugs in various stages of development are
[62-67]
summarized in the Table 1
.
Overall there is hope of some drugs being available
in near future. The role of combination polytherapy
needs further evaluation due to paucity of efficacy and
safety data in cirrhosis patients currently.

SURGERY
The number of obese patients awaiting organ trans
plantation is increasing in parallel with the increasing
prevalence of obesity. For patients with advanced fibrosis
and cirrhosis, historically, bariatric surgery was not
advised or offered. Complications of bariatric surgery,
including bleeding, gastrointestinal symptoms, nutritional
or electrolyte abnormalities, and stomal stenosis, can
[68]
be seen in 10% to 17% of patients without cirrhosis .
Bariatric surgery may be useful in cirrhosis patients
needing LT who were denied evaluation primarily because
of weight. Furthermore reduction in weight can lead to
improvement in liver parameters reducing chances of
decompensation over time.
Patients with cirrhosis undergoing surgery of any
kind are placed at an increased risk of mortality from
liver failure, renal failure, or even postoperative bleeding
due to impaired coagulation. This risk depends on the

Liraglutide

Liraglutide, is a long-acting glucagon-like peptide-1
analog, and a promising option for obese patients
with type 2 diabetes. It is the most recent drug to be
approved for obesity by FDA in December 2014. In
diabetes trials, liraglutide (1.8 mg daily) was associated
with a greater reduction in weight (2.0 to 2.5 kg)
[55]
when compared with placebo or glimepiride . In a
randomized trial comparing liraglutide (1.2 to 3 mg),
placebo, and open-label orlistat (120 mg orally three
times daily) in 564 patients with a mean BMI of 35,
weight loss increased with increasing doses of liraglutide,
[56]
with the mean weight loss ranging from 4.8 to 7.2 kg .
Patients who were randomly assigned to receive any
dose of liraglutide were found to lose significantly more
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[75]

degree of liver dysfunction or model for end-stage liver
[69]
disease scores . The mortality rates from bariatric
operations have been reported to be in the range of
[14,70]
0.28%-0.35%
. A large population-based study (n
= 674900) has reported that patients with cirrhosis had
higher in-hospital mortality rates than those without
[14]
cirrhosis after bariatric surgery (1.2% vs 0.3%) .
[71]
Takata et al
reviewed 15 patients of end-stage
organ failure, of which 6 with cirrhosis underwent
laparoscopic sleeve gastrectomy (LSG). Complications
were noted in 2 patients with cirrhosis but there was no
mortality. The mean follow-up was 12.4 mo, and the
mean excess weight loss noted was 33% for cirrhosis
[71]
patients at 9 mo . The LSG was selected instead of
Roux-en-Y gastric bypass (LRYGB) in this study for
the following reasons: (1) some evidence has shown
previously that the operative time and overall morbidity
[13]
are reduced compared with those with LRYGB ; (2) the
remaining gastric tube remains endoscopically accessible
in the case of variceal bleeding; (3) endoscopic access to
the biliary system after liver transplantation is preserved;
and (4) it is expected that intake and absorption of
critical medications will not be significantly altered.
[72]
Lin et al
studied 26 pretransplant patients who
underwent LSG. The mean age of patients was 57
years with 17 (65%) of patients being female. Six
patients had end-stage renal disease, and 20 patients
had end-stage liver disease. There were 6 postoperative
complications but no death, the complications being two
superficial wound infections, one staple line leak, one
postoperative bleed, one transient encephalopathy, and
one renal insufficiency that resolved. The mean excess
weight loss at 1, 3 and 12 mo was 17%, 26% and 50%
[72]
respectively . This lead to liver transplantation in seven
patients showing LSG is well tolerated, is technically
feasible, and improves candidacy for transplantation.
[73]
Shimizu et al
prospectively reviewed 23 patients
(12 with known cirrhosis and 11 with unknown cirrhosis).
There were 14 females and 9 males with a mean age of
51.5 ± 8.3 and a mean body mass index of 48.2 ± 8.6
2
kg/m . Child-Pugh classes were A (n = 22) and B (n =
1). Procedures performed were LRYGB (n = 14), LSG
(n = 8), and laparoscopic adjustable gastric banding
(LAGB) (n = 1). No patients had liver decompensation
after surgery. The patients lost 67.4% ± 30.9% of their
excess weight at 12 mo follow-up and 67.7% ± 24.8%
[73]
at 37 mo follow-up .
[74]
Most recently Pestana et al
reviewed 14 patients
[11 patients underwent sleeve gastrectomy (78.6%)
and 3 gastric bypass (21.4%)] with Child’s A cirrhosis
with or without portal hypertension. The mean patient
age was 55.5 years, and 10 of 14 patients were
women. At 1-year post surgery, only 1 of 8 patients
who underwent follow-up ultrasound imaging showed
steatosis. The bilirubin level above 2 mg/dL was seen in
a patient one year post surgery. One patient developed
encephalopathy at 2-year post-surgery. Bariatric surgery
in patients with compensated cirrhosis even with mild
[74]
portal hypertension seems well tolerated .
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Woodford et al studied 14 patients intraoperatively
detected with cirrhosis undergoing LAGB. No patients
had preoperative clinical evidence of decompensated
liver disease. There was no operative mortality.
Table 2 reviews the various studies done on bariatric
[71,73-78]
surgery in cirrhosis patients
. Overall the literature
suggests that bariatric surgery is tolerated in com
pensated cirrhosis although with slightly higher but
acceptable complication rate and should be offered to
obese cirrhosis patients. This will delay progression of
liver disease to decompensation and also increase the
candidacy for transplantation in both living donor liver
transplantation and dead donor liver transplantation
setting.

endoscopic interventions for
morbid obesity in cirrhosis
Endoluminal interventions performed through the gastro
intestinal (GI) tract using endoscope offers potential for
a weight loss procedure which is safer and more cost[79]
effective than the current laparoscopic approaches .
Endoscopic techniques try to mimic the anatomical
features produced by bariatric surgery. There are
mainly two types of endoscopic weight loss modalities
- restrictive and malabsorptive. Restrictive procedures
causes reduction of gastric volume through use of
space-occupying prosthesis or through suturing/stapling
devices, while malabsorptive procedures causes reduced
absorption by preventing contact of food with the duo
denum and proximal jejunum. Restrictive procedures
include intragastric balloon insertion, endoluminal
vertical gastroplasty, transoral gastroplasty and trans
oral endoscopic restrictive implant system, while malab
sorptive procedure include duodenojejunal bypass
sleeve. Gastroduodenojejunal bypass sleeve is combines
both restrictive and malabsorptive features. Except for
intragastric balloon, all the mentioned procedures are
comparatively new, with no data on cirrhosis patients.
Intra-gastric balloon placement is minimally invasive
modality for weight loss. While this procedure has a
well-established role in patients without liver disease,
data on cirrhosis is not there. A meta-analysis of intragastric balloon placement in general patients including
15 articles (3608 patients) showed weight loss of 14.7
2
kg, 12.2% of initial weight, 5.7 kg/m , and 32.1% of
excess weight at 6 mo. Complications of intra-gastric
balloon placement are uncommon and most common
[80]
side effect is nausea and vomiting (8.6%) . Other
side effects included intolerance to the balloon which
resulted in early removal, gastric ulcers and erosions,
esophagitis, spontaneous deflation, persistent vomiting,
gastroesophageal reflux and abdominal pain. However,
severe complications are rare with a large Italian series
of 2525 cases showing the following complications;
0.08% acute gastric dilatation, gastric perforation in 5
(0.19%, 4 of these had gastric surgery earlier), gastric
obstruction in 0.76%, balloon rupture in 0.36%, esopha
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Table 2 Studies of bariatric surgery in cirrhotic patients
Ref.
Pestana et al[74]
n = 14
F:M = 10:4
Shimizu et al[73]
n = 23
F:M = 14:9
Rebibo et al[78]
n = 13
F:M = 7:6
Takata et al[71]
n=6
F:M = 4:2
Dallal et al[76]
n = 30
F:M = 20:20
Kral et al[77]
n = 14
F:M = 10:4
Woodford et al[75]
n = 14
F:M = 10:4

Study characteristics

Cirrhosis diagnosis

Child pugh Procedures

Complications

Liver
decompensation

Mortality

Mean age = 55.5 yr

Known cirrhosis

A = 14

SG = 11
RYGB = 3

0

1 (late HE)

0

Mean age = 51.5 yr
Mean BMI = 48.2 kg/m2
Mean stay = 4.3 d
Median age = 52 yr
Median BMI = 46.3 kg/m2

12 preoperatively
11 intraoperatively

A = 22
B=1

RYGB = 14
SG = 8
AGB = 1
SG = 13

8

0

0

All intraoperatively

A = 13

2

1 (ascites)

0

Mean age = 52 yr
Mean BMI = 49 kg/m2

All preoperatively

A=4
B=2

SG = 6

2

1 (ascites)
1 (HE)

0

Mean age = 50 yr
Mean BMI = 52.6 kg/m2
Mean hospital stay = 4 d
Mean age = 40 yr
Mean BMI = 54 kg/m2

Diagnosed intraoperatively
in 27 (90%)

A = 30

RYGB = 27
SG = 3

9

0

0

All intraoperatively

NA

BPD = 14

2

2

2 (one late
hepatic failure)

Mean age = 52.5 yr
Mean BMI = 38.9 kg/m2

All intraoperatively

A or B

AGB = 14

2

0

0

RYGB: Roux-en-Y gastric bypass; SG: Sleeve gastrectomy; BPD: Bilio-pancreatic diversion; AGB: Adjustable gastric banding; HE: Hepatic encephalopathy; M:
Male; F: Female; BMI: Body mass index.

gitis in 1.27% and gastric ulcer in 0.2%. They noted
[81]
significant improvement of co-morbidities . It should
be noted that above meta-analysis and Italian study
used BioEnterics intra-gastric balloon, the newer Spatz
balloon provides option of gradual increase (or decrease)
in balloon volume, thus should be associated with less
complications and it can be kept for 1 year as compared
to 6 mo duration for earlier. If dietary and lifestyle mea
sures continued after balloon removal, these patients
sustain initial weight loss. A Brazilian multicenter
study of 483 patients showed that significant number
of patients maintained their weight loss after balloon
removal with a multidisciplinary program which involved
[82]
clinical, psychiatric, exercise, and dietary therapy .
We published use of intragastric ballon in decom
pensated cirrhosis for the first time in 2012 as letter
to editor. The 61-year-old patient had decompensated
alcoholic liver disease (CTP score 9). His BMI decreased
2
2
from 48.3 kg/m to 39.2 kg/m (resulting in a total of
24 kg weight loss) at 6 mo after intragastric balloon
placement. His diabetic control also improved, HbA1c
[83]
level decreasing from 9.2 to 5.4 .
We have placed a total of 8 intragastric balloons (7
had decompensated cirrhosis) and five of them had
successful liver transplantation (3 deceased donor liver
transplantation and 2 LDLT), this data is submitted for
publication elsewhere. None of these patients had any
severe complication other than vomiting in initial few days.
One patient didn’t lose weight out of these 8 patients
and in one patient we had to decrease initial volume
of Spatz balloon due to persistent vomiting at day 7.
Although intra-gastric balloon appears to be a promising
modality for weight loss in decompensated cirrhosis,
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it cannot be placed in all patients. Contraindications
of intra-gastric balloon include severe coagulopathy,
upper gastro-intestinal tract conditions with potential
bleeding risks (large or high risk esophageal varices,
gastric varices, ulceration), presence of eating disorders,
history of prior gastroesophageal surgery, presence of
autoimmune connective tissue disorder affecting GI tract,
significant hiatal hernia, esophageal stenosis, GI motility
disorders, unwillingness for supervised diet and behaviour
modification program and allergy to Silicon (product
information). In conclusion, there is plenty of data about
use of intra-gastric balloon for weight loss in morbidly
obese patients and it has proven to be a safe modality.
However, its use in morbidly obese patients with cirrhosis
who are awaiting liver transplantation has not been
studied.
The endoscopic administration of botulinum toxin type
A in gastric wall is thought to aid in weight reduction by
inhibiting antral motility and slowing gastric emptying
by inhibiting acetylcholine release at the neuromuscular
junction causing local paralysis of muscle. In published
randomized placebo controlled trials no statistically
[84,85]
significant weight loss has been shown
. When fundal
injections were also applied, significantly greater shortterm weight loss, reduction in BMI and prolongation of
[86]
gastric emptying was achieved compared with controls .
[87]
A recent meta-analysis by Bang et al analysed a total
of 115 patients in 8 studies. Wide area injection including
the fundus or body rather than the antrum only and
multiple injections (> 10) were associated with weight
loss. The safety and efficacy of this approach needs to be
studied in cirrhosis.
There has been a lot of enthusiasm in gastric elec
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trical stimulation (GES) and devices innervating the
stomach for bariatric applications. The exact mecha
nisms of GES are largely unknown, but causes delayed
[88]
gastric emptying and increased satiety . Recently in
January 2015 the Maestro Rechargeable System, was
[89]
approved . These devices are generally implanted
through open or laparoscopic means, but electrical
stimulation systems deployed endoluminally has shown
[90,91]
to be feasible and safe
.
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CONCLUSION

12

There has been a worldwide rise in patients having
obesity associated with cirrhosis. Obesity with cirrhosis
is a double trouble leading to early decompensation
and also making liver transplantation difficult. Weight
reduction is generally more difficult in this group of
patients. Lifestyle changes should include a diet of
around 30 kcal/kg and walk of greater than 5000 steps/d
but optimal safe exercise regimen is unknown.
Among the current FDA approved anti-obesity drugs
(orlistat, phenteramine/topiramate-ER, lorcaserin,
naltrexone-bupropion ER and liraglutide) none are well
studied in patients with cirrhosis but lorcaserin and
liraglutide have similar pharmacokinetics in patients with
mild hepatic impairment and are not contraindicated.
Bariatric surgery can be relatively safely performed
in compensated cirrhosis patients with a slightly higher
but acceptable complication rate.
Role of endoscopic intervention for management
of obesity in cirrhosis especially intragastric balloon
placement is evolving but promising and seems feasible
even in those with decompensated cirrhosis.
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acting antivirals (DAAs) have been approved for treat
ment of HCV-infected patients and to help combat the
virus. These drugs have revolutionized the management
of HCV as all-oral regimens with favorable side effect
profiles and superior rates of sustained virological
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Core tip: Recently, several direct-acting antivirals (DAAs)
have been approved for treatment of hepatitis C virus
(HCV)-infected patients and to help combat the virus.
These drugs have revolutionized the management of HCV
as all-oral regimens with favorable side effect profiles and
superior rates of sustained virological response. Emerging
real-world data are demonstrating results comparable to
registration trials for DAA agents. Suddenly, the potential
for eradicating HCV is on the horizon.
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INTRODUCTION
Hepatitis C virus (HCV) was discovered 26 years ago
in 1989, previously the HCV-related clinical entity was
[1]
referred to as non-A, non-B hepatitis . Currently, HCV
has created a major health burden, with approximately
180 million infected people worldwide, representing
[2]
about 2%-3% of the world’s population . This singlestranded, positive-sense 9.6 kb RNA-virus is globally
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Hepatitis C virus (HCV) was discovered 26 years ago.
For decades, interferon-based therapy has been the
mainstay of treatment for HCV. Recently, several direct-
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prevalent, showing geographic variation in its genotypic
distribution and represents a major cause of end[3,4]
stage liver disease . About 4 out of 5 patients acutely
infected with HCV develop a chronic hepatitis while only
20% of patients demonstrate spontaneous recovery
[5]
with eradication of HCV . Chronic hepatitis C (CHC)
is a leading cause of cirrhosis and is complicated by
development of hepatocellular carcinoma in 1%-4% of
[6,7]
cirrhotic patients .
Until recently, interferon (IFN)-based therapies repre
sented the mainstay of treatment for HCV infection.
Modifications of the treatment-regimens including pegy
lation of IFN and the addition of ribavirin (RBV) resulted
in suboptimal improvement sustained virologic response
(SVR) and an unfavourable adverse effects profile.
Based on the HCV genotype (GT) and the treatmentexperience, only 40% to 70% of patients achieved SVR,
with poorer outcomes among people infected with the
[8]
more prevalent GT1 . The approval of the first-generation
direct acting antiviral (DAA) agents, telaprevir (TLV) and
boceprevir (BCV), in 2011 provided improvement in SVR
[9]
for the targeted HCV GT1 . Unfortunately, TLV and BCV
therapy was complicated by cumbersome schema of
drug intake and the broad range of adverse events.
With the release of sofosbuvir in 2013 and 2014 in
most Western countries, a new era in the treatment
of CHC began. An all-oral, IFN-free antiviral treatment
for CHC with DAA agents became available for the
first time. In addition to sofosbuvir, approvals of other
second-generation DAA agents, which target different
proteins of HCV have improved the efficacy of antiviral
therapy with better tolerance. The superior SVR
rates from several phase Ⅲ trials have recently been
confirmed by a number of real-life experience reports.
We review various DAA-based antiviral regimens for
HCV-infected patients.

(nucleoside-type) with pan-genotypic antiviral activity
and higher barrier to resistance compared to other
[18,19]
DAAs
. It is a pro-drug and currently represents the
[20,21]
backbone of most treatment-regimens
. Inhibition
of the NS3/4A protease-complex is another potential
target for DAAs. The first-generation DAAs, TLV and
BCV were inhibitors of NS3/4A, and referred to as
protease-inhibitors. Currently, two NS3/4A-inhibitors are
approved in the United States and the European Union
- paritaprevir, which is approved for the treatment of
HCV GT1 in combination with ombitasvir and dasabuvir;
and simeprevir, which is approved in combination with
sofosbuvir for GT1 patients. DAAs targeting NS5A have
[22-25]
also been approved
. Currently, three different
NS5A-Inhibitors are approved in the United States and/
or the European Union - daclatasvir, which is given in
combination with sofosbuvir ± RBV for the treatment of
the GTs 1-4; ombitasvir (ABT-267), which is approved
for the treatment of GT1 in combination with paritaprevir
and dasabuvir; and ledipasvir, which is approved for GT1,
3 and 4 in combination with sofosbuvir ± RBV.

DAA AGENTS - REGIMEN BASED ON
HCV GT
With the approval of sofosbuvir in December of 2013
in North America (United States and Canada) and in
January 2014 in Europe, an all-oral antiviral treatment
for CHC with DAAs was available for the first time. In
2014, several studies analyzing the efficacy and the
impact of the DAA-based therapies have been published.
The response rates have been reproduced in real-life
[26-29]
experiences (TRIO and TARGET 2.0) as well
.
HCV GT1 is the most common GT with an overall
prevalence of 46.2%. In particular, GT1 is more prevalent
in the Western countries of North America and Western
Europe (75.8% and 59.0% respectively). Accordingly,
most studies have focused on the treatment of GT1.
Patients with GT2 and GT3 are less prevalent worldwide
(GT2 9.1% and GT3 30.1%) with a noticeable variation
in distribution within Western countries - North America
(GT2 12.0% and GT3 10.4%) and Western Europe
(GT2 10.8% and GT3 24.8%). Patient with GT 4, 5
and 6 demonstrate the lowest prevalence (GT4 8.3%,
GT5 0.8%, and GT6 5.4%) worldwide, with highest
prevalence in low-income countries, and limited data on
[4]
experience with second-generation DAA agents .
In phase-3 SAPPHIRE-Ⅰclinical trial the combination
of ritonavir-boosted ABT-450/r (protease inhibitor)ombitasvir (NS5A inhibitor), and dasabuvir (nonnucleoside NS5B) with RBV were studied in treatmentnaïve, non-cirrhotic HCV-infected non-cirrhotic patients
with GT1. RBV was added according to body weight
(≥ 75 kg 1200 mg/d or < 75 kg 1000 mg/d). Overall,
96.2% of patients achieved SVR (GT1b 98.0% and GT1a
95.3%). A higher stage of fibrosis and obesity were
the negative predictive factors with SVR-12 rates still >
[30]
90% and thus satisfactory . Treatment-experienced
patients were studied in the SAPPHIRE-Ⅱ clinical trial.

MOLECULAR STRUCTURE OF HCV TARGET SITES FOR DAA AGENTS
[10-12]

HCV is a member of the Flaviviridae virus family
. Its
RNA is single-stranded and positive-sensed with a size of
approximately 9.6 kb. The precursor-polyprotein is posttranslationally processed and modified by a cooperation of
[13,14]
cellular and viral proteases
. Bench molecular biology
research on HCV has led to a better understanding of
its replication cycle and has been instrumental in the
discovery and development of molecules blocking viral
[15-17]
proteins, specifically the DAAs
. The HCV-genome
encodes for 9 proteins - 2 are structural (E1 and E2)
and 7 non-structural (p7, NS2, NS3, NS4A, NS4B,
[10,11,13,14]
NS5A, NS5B)
. These proteins provide targets
for the DAAs, being mostly essential in the virus cycle of
[10-14]
replication
. NS5B is a polymerase and a prime target
[18,19]
for antiviral agents
. Antiviral agents are classified as
inhibitors of nucleoside-type and non-nucleoside type.
The active site of NS5B is highly conserved compared
[18,19]
to other parts of the HCV-genome
. Currently, sofo
sbuvir is the only clinically available NS5B-inhibitor
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Table 1 Direct-acting antiviral-based regimens for treatmentnaïve hepatitis C virus-infected patients

Table 2 Direct-acting antiviral-based regimens for treatmentexperienced hepatitis C virus-infected patients

Genotype

Genotype

GT1a

GT1b

GT2
GT3

GT4

GT5
GT6

Recommended regimens options
SOF/LDV × 12 wk
PrOD + RBV × 12 wk (no cirrhosis) - 24 wk (cirrhosis)
SOF + SMV ± RBV × 12 wk (no cirrhosis) - 24 wk (cirrhosis
without Q80K variant)
SOF + DCV × 12 wk (no cirrhosis) - 24 wk (cirrhosis ± RBV)
SOF/LDV × 12 wk
PrOD + RBV × 12 wk
SOF + SMV ± RBV × 12 wk (no cirrhosis) - 24 wk (cirrhosis)
SOF + DCV × 12 wk (no cirrhosis) - 24 wk (cirrhosis ± RBV)
SOF + RBV × 12 wk (no cirrhosis) - 16 wk (cirrhosis)
SOF + DCV × 12 wk (RBV intolerant)
SOF + PegIFN + RBV × 12 wk (PegIFN eligible)
SOF + DCV × 12 wk (no cirrhosis) - 24 wk (cirrhosis ± RBV)
SOF + RBV × 24 wk (PegIFN ineligible)
SOF/LDV × 12 wk
PrO + RBV × 12 wk
SOF + RBV × 24 wk
SOF + PegIFN + RBV × 12 wk
SOF + SMV ± RBV × 12 wk
SOF/LDV × 12 wk
SOF + PegIFN + RBV × 12 wk
SOF/LDV × 12 wk
SOF + PegIFN + RBV × 12 wk

GT1a

GT1b

GT2
GT3
GT4

GT5
GT6

GT: Genotype; SOF: Sofosbuvir; LDV: Ledipasvir; PrOD: Paritaprevir +
ritonavir + ombitasvir + dasabuvir; RBV: Ribavirin; SMV: Simeprevir;
DCV: Daclatasvir; PegIFN: Pegylated interferon.

SOF/LDV1 × 12 wk (no cirrhosis) - 24 wk (cirrhosis2)
PrOD + RBV × 12 wk (no cirrhosis) - 24 wk (cirrhosis)
SOF + SMV ± RBV × 12 wk (no cirrhosis) - 24 wk (cirrhosis
without Q80K variant)
SOF + DCV × 12 wk (no cirrhosis) - 24 wk (cirrhosis ± RBV)
SOF/LDV1 × 12 wk (no cirrhosis) - 24 wk (cirrhosis)
PrOD + RBV × 12 wk
SOF + SMV ± RBV × 12 wk (no cirrhosis) - 24 wk (cirrhosis)
SOF + DCV × 12 wk (no cirrhosis) - 24 wk (cirrhosis and ±
RBV)
SOF + RBV × 16-24 wk
SOF + PegIFN + RBV × 12 wk
SOF + PegIFN + RBV × 12 wk (PegIFN eligible)
SOF + DCV × 12 wk (no cirrhosis) - 24 wk (cirrhosis ± RBV)
SOF/LDV × 12 wk
PrO + RBV × 12 wk
SOF + RBV × 24 wk
SOF + PegIFN + RBV × 12 wk
SOF + SMV ± RBV × 12 wk
SOF/LDV × 12 wk
SOF + PegIFN + RBV × 12 wk
SOF/LDV × 12 wk
SOF + PegIFN + RBV × 12 wk

1

Add RBV if previously treated with SOF + RBV or SOF + PegIFN +
RBV; 2Alternative option SOF/LDV + RBV × 12 wk. GT: Genotype; SOF:
Sofosbuvir; LDV: Ledipasvir; PrOD: Paritaprevir + ritonavir + ombitasvir
+ dasabuvir; RBV: Ribavirin; SMV: Simeprevir; DCV: Daclatasvir; PegIFN:
Pegylated interferon.

Again, a high grade of fibrosis and obesity were negative
predictive factors, with an overall SVR-12 of 96.3% (GT1a
[31]
96% and GT1b 96.7%) .
The ION clinical trials (ION-Ⅰ, ION-Ⅱ and ION-Ⅲ)
examined the efficacy of sofosbuvir and ledipasvir coformulation with and without RBV for 12 to 24 wk in
treatment-naïve (16% with cirrhosis) HCV-infected GT1
[31]
patients . SVR-12 was 97%-99% in ION-Ⅰclinical trial.
There was no statistically significant difference between
the duration of the treatment (12 wk vs 24 wk), HCV
sub-GT (GT1a vs GT1b) or RBV use. Even the presence
[32,33]
of cirrhosis did not impact the SVR
. Treatmentexperienced HCV-infected GT1. Patients were treated
with sofosbuvir and ledipasvir co-formulation ± RBV for
12 or 24 wk in ION-Ⅱ clinical trial. In these patients,
addition of RBV did not impact the SVR. Previously
treated patients with cirrhosis were the only sub-group
that demonstrated a higher SVR with 24 wk of therapy.
Therefore, 24 wk of treatment was recommended for
[34]
previously treated patients with cirrhosis . In The IONⅢ clinical trial, the possibility of shortening the treatment
to 8 wk in previously untreated patients without cirrhosis
was evaluated. A high number of patients reached SVR
in all groups (93% to 95%) without a significant impact
of the duration of the treatment or the addition of RBV
[35]
in the 8-wk treatment . Based on secondary analysis,
patients with baseline HCV RNA level greater than 6
million international units per milliliter demonstrated a
higher risk of relapse with 8 wk of therapy. Therefore,
8 wk of therapy is recommended for treatment-naïve,
non-cirrhotic HCV-infected patients with pre-treatment
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HCV RNA viral load of less than 6 million international
[35]
units per milliliter .
In the COSMOS trial, the SVR to sofosbuvir and
simeprevir combination in previous non-responders with
METAVIR scores between F0 and F2 was compared to
previous non-responders and treatment-naive patients
with METAVIR scores between F3 and F4. The SVR-12
rates were similar in both groups, showing 90% SVR-12
in patients with METAVIR scores F0-F2 and 94%
SVR-12 in patients with METAVIR score F3-F4. Neither
the duration of the treatment (12 wk vs 24 wk) nor the
[36]
addition of RBV seemed to influence the SVR .
The combination of sofosbuvir and daclatasvir DCV
has been safe and effective, both, in previously treated
[37,38]
and untreated HCV-patients with GT1
. In previously
untreated HCV-infected GT1 patients, a SVR-12 of 98%
was achieved with no significant impact of the duration of
[37]
the treatment (12 wk vs 24 wk) or the addition of RBV .
In previously treated patients, 24 wk of treatment with
sofosbuvir and daclatasvir demonstrated a SVR-12 of
[37]
97.5% with no influence from RBV addition .
Please refer to Tables 1 (treatment-naïve) and 2
(treatment-experienced) for treatment recommendation
[38-44]
by HCV GT with DAA agents
.

CONCLUSION
The current developments in the treatment of CHC are
extraordinary. A significant improvement in efficacy
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provided by the DAA agents has been long awaited.
In addition to higher efficacy, DAA agents are tolerable
with favorable adverse effects profile. Improved efficacy
combined with easy tolerability is welcome news for a
wide spectrum of patients who were not able to pursue
interferon-based antiviral therapy for CHC. Impediments
to DAA-based therapy include the high cost of therapy.
Efforts are underway to make DAA agents affordable
in Asia and Africa. Other issues include a cumbersome
insurance authorization process in the United States.
Importance of screening patients with risk factors for
CHC and linkage to care remains a global issue. It is
important to educate the patients that HCV treatment
with DAA agents does not confer immunity and exposure
to risk factors can lead to re-infection.
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Contributions of transgenic mouse studies on the
research of hepatitis B virus and hepatitis C virus-induced
hepatocarcinogenesis
Shogo Ohkoshi, Haruka Hirono, Kazuhiko Watanabe, Katsuhiko Hasegawa, Masahiko Yano

Abstract

Shogo Ohkoshi, Haruka Hirono, Kazuhiko Watanabe,
Katsuhiko Hasegawa, Department of Internal Medicine, School
of Life Dentistry at Niigata, the Nippon Dental University, Niigatacity 951-8580, Japan

Transgenic mouse technology has enabled the inves
tigation of the pathogenic effects, including those on
development, immunological reactions and carcino
genesis, of viral genes directly in living organism in
a real-time manner. Although viral hepatocarcino
genesis comprises multiple sequences of pathological
events, that is, chronic necroinflammation and the
subsequent regeneration of hepatocytes that induces the
accumulation of genetic alterations and hepatocellular
carcinoma (HCC), the direct action of viral proteins also
play significant roles. The pathogenesis of hepatitis B
virus X and hepatitis C virus (HCV) core genes has been
extensively studied by virtue of their functions as a
transactivator and a steatosis inducer, respectively. In
particular, the mechanism of steatosis in HCV infection
and its possible association with HCC has been well
studied using HCV core gene transgenic mouse models.
Although transgenic mouse models have remarkable
advantages, they are intrinsically accompanied by
some drawbacks when used to study human diseases.
Therefore, the results obtained from transgenic mouse
studies should be carefully interpreted in the context
of whether or not they are well associated with human
pathogenesis.
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Core tip: Transgenic technology offers researchers
several advantages over in vitro experiments, including
the ability to trace the pathogenic effects of viral
genes in living organisms. Transgenic mouse studies
have provided evidence that the direct action of viral
genes, especially the genes encoding hepatitis B virus
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skillfully evade host immune surveillance and induce
chronic necroinflammation. These injuries cause fibrosis
and result in liver cirrhosis. Hepatocytes, using their
intrinsic regenerative capability, continue to proliferate
in order to compensate for the necrotic tissues. Genetic
alterations continuously accumulate during these pro
cesses, resulting in the formation of a pathogenic state
such as cirrhosis from which HCC frequently arises.
Second, viral genes may be involved in hepato
carcinogenesis by directly affecting cellular machineries.
The most representative genes of this type that have
drawn clinical attention are the genes for HBV X (HBx)
and HCV core protein. HBx is multifunctional and may
[8]
induce the transactivation of many cellular genes . On
the other hand, the HCV core protein causes steatosis
[9]
in the liver and subsequent HCC . Transgenic mouse
studies can shed light on the mechanisms of HBx and
HCV core protein by enabling assays on the direct
actions of these viral genes in vivo.
Third, a mechanism specific to HBV is its integration
into the cellular DNA of the host; this may increase the
genomic instability and cis-activation of the adjacent
cellular genome that may possibly be involved in
[10]
the regulation of the cell cycle . Importantly, most
integrated viral DNA retain the sequences encoding
HBxAg, and the HBxAg expressed from the integrated
HBV DNA further promotes genetic instability of the
[10]
host by a variety of mechanisms .

X and hepatitis C virus core proteins, is involved in
hepatocarcinogenesis. However, such results should be
considered carefully as transgenic mouse experiments
have intrinsic advantages and drawbacks. As such, the
results including phenotypes and molecular mechanisms
from transgenic mouse studies must always be verified
by comparing them to those of human studies for
evidence of an association.
Ohkoshi S, Hirono H, Watanabe K, Hasegawa K, Yano M.
Contributions of transgenic mouse studies on the research of
hepatitis B virus and hepatitis C virus-induced hepatocarcino
genesis. World J Hepatol 2015; 7(28): 2834-2840 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i28/2834.
htm DOI: http://dx.doi.org/10.4254/wjh.v7.i28.2834

INTRODUCTION
Primary liver cancer has a high mortality rate worldwide
th
and ranks 5 as the most common cancer among men
th
and 7 among women; as such, therapeutic options to
[1,2]
cure this disease are urgently needed . Hepatocellular
carcinoma (HCC) accounts for the majority of primary
liver cancers. The most prevalent etiological agents of
HCC are hepatitis B virus (HBV) and hepatitis C virus
(HCV) infections. Once HBV- or HCV-related cirrhosis
is established, HCC develops with an annual rate of
approximately 4.3% or 7.1%, respectively in Japan, and
[3,4]
2.2% or 3.7%, respectively, in Western countries .
Individual viral proteins may play significant roles
in and confer characteristics that are peculiar to the
viral pathogenesis of HBV or HCV. Transgenic mouse
strategies are applied to explore the functions of viral
genes in vivo and can provide significant information on
the mechanisms of viral pathogenesis by allowing the
[5-7]
elucidation of the effects of individual viral proteins .
In this review, we summarize the past contributions of
transgenic mouse studies to HBV- and HCV-induced viral
pathogenesis with a particular focus on the evaluation of
how well the results of these transgenic mouse studies
correlate with human pathogenesis and how useful they
are in the development of therapeutic strategies for viral
disease, especially hepatocarcinogenesis.

ADVANTAGES AND LIMITATIONS OF
RESEARCH USING TRANSGENIC MICE
Advantages

The mechanism of viral hepatocarcinogenesis comprises
[11]
a number of complex factors . Although the majority
of research in this field has been performed using
human samples, human resources have limitations in
both ethical and quantitative terms, and it is sometimes
difficult to extract significant conclusions from the final
results that are dependent of a combination of vastly
complex molecular events. The cell lines used for in vitro
experiments are mainly derived from HCC cells in which
carcinogenic events have already finished and little
information on the real-time carcinogenic process can be
obtained. Transgenic mouse research can compensate
for these drawbacks.

MECHANISMS OF
HEPATOCARCINOGENESIS DUE TO HBV
AND HCV

Limitations

Transgenic technology offers the researchers several
[12,13]
advantages over in vitro experiments
: It enables
the investigation of the pathogenic effects, including
those on development, immunological reactions, and
carcinogenesis, of viral genes directly in living organisms
in a real-time manner. Viral genes can be designed
to be placed under their own or another appropriate
promoter for specific expression in permissive cell types
[14,15]
or tissues
. Thus, it is possible to identify particular
cell types or organs that allow the expression of viral

When considering the contribution of transgenic mouse
studies to the research on hepatocarcinogenesis caused
by HBV or HCV, it is important to outline the mechan
isms of the disease and consider for which mechanisms
transgenic mouse studies can be applied to provide
pathogenic and therapeutic contributions.
First, the common mechanism between HBV and
HCV is as follows: Once these viruses infect liver, they
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proteins. In addition, it allows a sufficient number or
amount of experimental material to be obtained at
any specific condition, enabling the analysis of compre
hensive and objective data.
Unfortunately, there are also several drawbacks to
transgenic mouse research. First, because viral proteins
of HBV or HCV, which normally only infect human or
chimpanzee, are forced to be expressed in mouse
tissue, the resulting protein-protein interactions may not
be the same as those that would occur in the natural
hosts and unexpected molecular reactions may result.
Second, expressed viral proteins may become immunetolerant in mice and cannot induce immunological
[16]
response , and as eliciting an immune response is the
main mechanism of viral liver pathogenesis, it becomes
difficult to completely simulate this human disease;
however, this may actually be an advantage as it may
allow the evaluation of the direct role of viral proteins on
[6]
liver pathogenesis without local inflammation . Third,
because transgenes are randomly integrated into the
genome, the expression of transgene can be affected
by the adjacent genomic structures. Phenotypes should
be confirmed by the results obtained in mouse lines
established using several founder mice independently.
It is extremely difficult to establish viral replication in
mice and cell culture systems are more suitable for
analyzing viral replication, including the identification of
viral receptors. Thus, because transgenic mouse models
for viral diseases are not multipotent and can produce
results that are easily hampered by experimental
artifact, the obtained results should always be strictly
scrutinized and evaluated in both scientific and clinical
aspects. Namely, confirmation as to whether the pheno
types really correlate with the pathogenesis of human
liver diseases is needed.

core, precore, X, small or middle envelope protein
was not associated with any evidence of liver disease
in the transgenic mouse model due to immunological
[16]
tolerance for the inherently expressed viral proteins .
In order to better mimic the HBV pathogenesis seen in
human where immunological reactions to viral proteins
are essential, HBsAg-specific cytotoxic T cells were
transferred to the mice to induce viral antigen-mediated
acute hepatitis; this provided direct evidence that hepato
cellular injury in HBV infection may be immunologically
[20,21]
mediated
. Moreover, further induction of cytokines
such as interferon (IFN)-γ after acute liver injury may
magnify the degree of inflammation, resulting in ful
[22]
minant hepatitis . These transgenic mouse studies
clarified the immunological aspects of HBV infection,
showing that the balance between viral load and the
strength of the immunological reactivity towards HBV
[18]
antigen determines the fate of the disease . As
for the immune pathogenesis of HCC, the adoptive
transfer of CD8 lymphocytes to HBsAg transgenic mice
generated a pathogenesis that closely resembled that of
human chronic viral hepatitis and finally resulted in the
[23]
development of HCC . This model strengthened the
notion that only immune-mediated hepatocellular injury,
and not insertional mutagenesis from the integration
of the HBV genome or the expression of the HBx gene,
could cause hepatocarcinogenesis.
In the early era of transgenic mouse studies, several
reports showed a high level of HBV replication in vivo,
[24-26]
injecting a duplicated HBV plasmid
. These results
demonstrated that the HBV genome integrated into the
mouse chromosome acted as a template for viral gene
expression, allowing viral replication. Although these mice
did not show the HCC phenotype, they contributed to the
detailed studies of the replication and expression of HBV
and to pathological studies of hepatitis. In addition, HBs
large envelope protein expression in transgenic mouse
showed the inhibition of HBsAg secretion, suggesting an
inhibitory effect of the pre-S-containing domain of the
[27]
large envelope peptide .

HBV AND TRANSGENIC MOUSE
HBV is a DNA virus with a length of 3.2 kb that replicates
via an RNA intermediate for viral replication. Similar to
retroviruses, which undergo reverse transcription for
replication, it is integrated into the host genome.

HBxAg transgenic mouse: Direct hepatocarcinogenic
role of HBV

Hepatitis B surface antigen transgenic mouse:
Immunopathology of HBV

The HBx gene is a known oncogene with pleiotropic
functions that transactivate multiple cellular genes; it
has attracted extensive clinical attention and has been
regarded as a suitable target for transgenic mouse
[8,28,29]
[30]
research
. Kim et al first observed the occurrence
[31,32]
of HCC in HBx transgenic mouse. Koike et al
further
showed that HBx induced hepatocyte proliferation and
contributed to hepatocarcinogenesis. Inspired by these
studies, many researchers have attempted to produce
the HCC phenotype in HBx transgenic mice, but most
[33-36]
of them failed
. These inconsistent observations
in terms of HCC development among transgenic mice
[37]
might be partly due to differences in the sequences
[38]
or subtypes of HBV or the genetic background of the
mice used. However, strong and continuous expression
of HBx might be a requirement for observing the HCC

Chisari’s group has made vast contributions to the
clinical field by performing transgenic mouse studies
to investigate immune-mediated hepatitis and hepato
[17,18]
carcinogenesis
. In the 1980s, they produced a
transgenic mouse model that overexpressed the large
protein of the hepatitis B surface antigen (HBsAg). It
induced severe, prolonged hepatocellular injury that
was characterized by inflammation and regenerative
[19]
hyperplasia, resulting in the development of HCC .
This was the first transgenic mouse model in which the
development of HCC was observed from the function
of a single viral protein. However, these results were
considered to be the outcome of the storage effect
of the large HBsAg, since overexpression of the HBV
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HCV core protein and PRARα

[38,39]

phenotype
. Nonetheless, it remains unclear whether
this high level of HBx expression is physiologically
[8]
relevant to human pathogenesis . Moreover, there is
still a lack of clinical and molecular evaluation methods
that can be used to measure how much the direct
carcinogenetic function of HBx contributes to human
HBV hepatocarcinogenesis where necrosis-regeneration
sequence of hepatocytes by immunological reactions
to HBV is generally considered to be an essential
mechanism. How a single HBx gene is involved in this
huge complex pathogenesis process remains to be
clarified.
It is has been reported that fibrosis levels of liver
complicated with HBV-HCC is milder than that of HCV[40-42]
HCC
. In our cohort of 57 patients with HBV-HCC
who were treated surgically, 25 (44%) did not have
cirrhosis, and 22 (39%) had a mild level of fibrosis
(F1 or 2) (Unpublished results). Therefore, the direct
carcinogenic role of HBx or the dysregulation of the cell
cycle due to insertional mutagenesis by the HBV genome
might play a large role, especially in those who have a
mild level of fibrosis, than cirrhosis, which is the final
state of necrosis-regeneration sequence. In addition, our
past studies have shown that the HBx transgenic mouse
is a good model for testing the anti-hepatocarcinogenic
[29,43]
function of IFN-β
.

In addition, HCV core gene transgenic mice became the
base for further studies which explored the mechanisms
of steatosis and its relationship with HCC development.
[53]
Tanaka et al
generated peroxisome proliferatoractivated receptor alpha (PRARα-homozygous, -hetero
zygous, and -null mice with HCV core protein expression
and showed that severe steatosis developed in mice that
had both PRARα alleles, revealing that the expression
of PRARα, which is important in maintaining triglyceride
homeostasis, was essential for the development of HCV
[53]
core protein-induced steatosis and HCC . Moriishi et
[54]
al showed that a knockout of the proteasome activator
28 gamma (PA28γ ) gene induces the accumulation of
HCV core protein in the nucleus of hepatocytes of HCV
core gene transgenic mice and disrupts the development
of both hepatic steatosis and HCC, thus revealing that
PA28γ plays a crucial role in the development of HCV[54]
induced liver pathogenesis .

HCV core protein and reactive oxygen species

Transgenic mouse studies have further provided signifi
cant findings on the mechanisms of the progression
[55]
from steatosis to hepatocarcinogenesis. Okuda et al ,
reported that HCV core protein increases the production
of reactive oxygen species (ROS) via a direct effect on
the mitochondrial electron transport system. Korenaga et
[56]
al reported that reduced activity of electron transport
complex 1 enhances the production of ROS in HCV core
gene transgenic mouse. Consistent with these obser
[57]
vations, both mitochondrial dysfunction and high levels
of oxidative stress have been demonstrated in HCV[58,59]
infected patients
. 8-Hydroxy-2’-deoxy-guanosine
which is generated by ROS and leads to an increased
frequency of mutations, accumulates in HCV core gene
[60]
transgenic mouse
and causes mutations in cellular
[61]
genes . In addition to its direct effect on mitochondria,
HCV core protein has been shown to cause endoplasmic
reticulum stress that results in an oxidized redox state
in hepatocytes, interfering with immune responses and
[62]
potentiating fibrosis and carcinogenesis . Moreover,
[63]
Klopstock et al
used HCV transgenic mice that were
crossed with Mdr2-knockout mice to demonstrate that
the HCV transgene accelerates inflammation-associated
hepatocarcinogenesis, which has a pathogenesis similar
[63]
to that of human HCV-induced carcinogenesis .
It was also reported in a transgenic mouse study
that the production of ROS induces high levels of iron
[64]
deposition in liver, resulting in an increased risk of HCC .
A strong correlation between hepatic DNA damage and
[65]
iron overload has been confirmed in a human study .
Mitochondrial ROS may be linked to metabolic disorders
such as insulin resistance, hepatic steatosis, and hepatic
iron accumulation, all of which are characteristic features
[66]
of chronic HCV infection .

HCV AND TRANSGENIC MOUSE
HCV and steatosis: Close association with human
pathogenesis

While HBx transgenic mouse research has been con
fronted by difficulties in correlating the research results
with specific clinical or molecular landmarks, HCV
transgenic mice have provided fruitful experimental
[6,44]
observations in terms of steatosis
which is commonly
observed in both HCV-infected humans and HCVtransgenic mice.
Steatosis has been reported to be a characteristic
[45-47]
[9]
finding of chronic HCV infection
. Moriya et al
observed steatosis in HCV core gene transgenic mice at
as early as 3 mo of age and found that about a quarter of
the mice developed HCC in their late life, demonstrating
that the HCV core protein itself has a direct role in
[9]
hepatocarcinogenesis by virtue of steatosis . Lerat
[48]
et al
also observed hepatic steatosis and HCC in
transgenic mouse models that express complete viral
and structural proteins without immunological reactions.
It is well known that HCV genotype 3 directly induce
[44,49]
steatosis in liver
, supporting the observations
obtained in transgenic mouse. Importantly, an asso
ciation between steatosis and fibrosis has also been
demonstrated in a meta-analysis of chronically infected
[50]
patients with HCV , and hepatic steatosis is a risk factor
[51,52]
for HCC in chronic hepatitis C patients
. These results
indicate that the findings obtained from transgenic
research are well associated with findings from human
research.
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Normal liver

Chronic necroinflammation and
fibrogenesis

of signal transduction pathways appear to converge to
produce the common HCC phenotype. However, the use
of transgenic mouse technology has clarified that even
a single viral gene, such as the gene for HBx or HCV
core protein can directly affect the cellular machinery
and impact the mainstream mechanism of persistent
necroinflammation-induced hepatocarcinogenesis (Figure
1). Especially for HCV, a good correlation has been found
between the experimental findings from transgenic
mouse studies and clinical observations. Thus, transgenic
mouse models may provide an efficient method for
evaluating the effectiveness of anti-hepatocarcinogenesis
agents in the future.
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Figure 1 Outline of the overall aspects of this review. The mainstream
mechanism of HBV- or HCV-induced hepatocarcinogenesis is necroinflammation
and hepatocyte-regeneration sequences that eventually result in cirrhosis
where HCC frequently develops. However, transgenic mouse studies have
clarified the significant contribution of viral proteins to hepatocarcinogenesis by
directly affecting cellular machinery. A close association of HCV core protein
and hepatic steatosis has been established by transgenic mouse studies. In
addition to the inherent insertional mutagenesis mechanism of HBV, results
from transgenic mouse studies have also suggested the direct involvement of
HBV proteins in hepatocarcinogenesis. HBV: Hepatitis B virus; HCV: Hepatitis
C virus; HCC: Hepatocellular carcinoma; ROS: Reactive oxygen species; HBs:
Hepatitis B surface; HBx: Hepatitis B virus X.
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settings. In the TVR group, the proportion of patients
achieving a virological response was higher than that
in the SMV group according to the original data. After
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achieving a virological response during treatment and
after 12 wk was almost identical between the two
groups with no significant difference observed.
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Abstract
AIM: To compare efficacy of telaprevir (TVR) and
simeprevir (SMV) combined with pegylated interferon
(PEG-IFN) and ribavirin (RBV) while treating chronic
hepatitis C (CHC).
METHODS: In all, 306 CHC patients were included
in this study. There were 159 patients in the TVR
combination therapy group and 147 patients in the SMV
combination therapy group. To evaluate pretreatment
factors contributing to sustained virological response
at 12 wk (SVR12), univariate and multivariate analyses
were performed in TVR and SMV groups. To adjust for
patient background between TVR and SMV groups,
propensity score matching was performed. Virological
response during treatment and SVR12 were evaluated.

INTRODUCTION
Chronic hepatitis C (CHC) infection is associated with
a greatly increased risk of liver cirrhosis and hepato
cellular carcinoma. There are an estimated 130-170
million people infected with hepatitis C virus (HCV)
[1]
[2]
worldwide and approximately 1.5-2 million in Japan .
The combination of pegylated interferon (PEG-IFN) and
ribavirin (RBV) dual therapy was previously the standard
care for CHC, and was administered for 48-72 wk in
patients with genotype 1 and for 24 wk in genotype
2. Sustained virological response (SVR) rates are
approximately 40%-50% in former group treated for 48
wk and approximately 80% in the latter treated for 24
[3-5]
wk .
Novel drug classes, including inhibitors of the NS3/
NS4 protease of HCV polyprotein (protease inhibitors),
[6-8]
have recently become available . Of these, telaprevir
(TVR) was the first to be approved in Japan for the
treatment of CHC. In a clinical trial of TVR triple com
bination therapy (TVR, PEG-IFN, and RBV) for 24 wk in
Japan, rapid reductions in serum HCV RNA levels were
[9,10]
observed with a SVR rate of approximately 70%
.
However, treatment discontinuation because of adverse
events, including skin rash, anemia, and thrombocy
[11]
topenia, occurred in up to 21% patients . Thus, the TVR
[12]
triple combination therapy is no longer recommended .
Simeprevir (SMV) is a second generation NS3/NS4
[13]
protease inhibitor . The QUEST 1 and QUEST 2 phase
3 clinical trials demonstrated SVRs of 80% and 81% in
patients treated with SMV triple combination therapy
(SMV, PEG-IFN, and RBV), respectively. Similar results
have been reported in phase 3 clinical trials conducted
[14-16]
in Japan
. TVR and SMV were approved for use
in clinical practice in Japan in December 2011 and
December 2013, respectively. We previously treated
patients with CHC using TVR or SMV as PEG-IFN and

RESULTS: Overall rates of SVR12 [undetectable serum
hepatitis C virus (HCV) RNA levels] were 79.2% and
69.4% in TVR and SMV groups, respectively. Patients
in the SMV group were older, had higher serum HCV
RNA levels, lower hemoglobin, higher prevalence of un
favorable interleukin-28B (IL28B ) genotype (rs8099917),
and poorer response to previous PEG-IFN and RBV
treatment. Propensity score matching was performed
to adjust for backgrounds (n = 104) and demonstrated
SVR12 rates of 74.0% and 73.1% in the TVR and SMV
groups, respectively. In the TVR group, discontinuation
rates were higher because of adverse events; however,
breakthrough and nonresponse was more frequent
in the in SMV group. Multivariate analysis revealed
IL28B genotype (rs8099917) as the only independent
predictive factor of SVR12 in both groups.
CONCLUSION: SVR12 rates were almost identical follow
ing propensity score matching.
Key words: Chronic hepatitis C; Combination therapy;
Pegylated interferon; Simeprevir; Telaprevir; Propensity
score matching; Protease inhibitor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We evaluated and compared the efficacy of
telaprevir (TVR) and simeprevir (SMV) in combination
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RBV-based triple combination therapy with an NS3/NS4
protease inhibitor; however, “drug lag” between TVR
and SMV, causing a difference in clinical backgrounds
between the two regimens prior to treatment initiation,
prevented fair comparison of the efficacy of TVR and
SMV in real-world clinical practice. The aim of this study
was to evaluate and compare the efficacy of TVR or
SMV for the treatment of CHC patients in Japan.

12 and 24. In the TVR group, patients with lower serum
hemoglobin levels began therapy at a reduced dose of
TVR 1500 mg/d according to the judgment of treating
physicians (2250 mg/d, 66 patients; 1500 mg/d, 93
patients). In the SMV group, patients began therapy at
a dose of 100 mg/d. Dose reductions or discontinuation
of TVR, SMV, PEG-IFN, and RBV were according to the
judgment of treating physicians. Patients were followedup for at least 12 wk after final treatment administration
to assess SVR.
HCV RNA responses during therapy were classified
into the following groups: Detectable HCV RNA levels at
the end of the treatment period (nonresponse group);
reappearance of HCV RNA during treatment (break
through group); and undetectable serum HCV RNA levels
at the end of the treatment period with quantifiable HCV
RNA levels during follow-up (relapse group). SVR12 was
defined as undetectable serum HCV RNA levels at 12
wk after the end of treatment. Therapeutic effects were
evaluated using intention-to-treat analysis.

MATERIALS AND METHODS
Patients

Patients were enrolled at Kyoto Prefectural University
of Medicine and 8 affiliated hospitals in Kinki area of
Japan (Kyoto, Osaka, Nara, Shiga Prefecture) from 2012
to 2014. Study protocols were approved by the ethics
committee of each institution and conformed to the
provisions of the Declaration of Helsinki. Patients enrolled
in this study were diagnosed with CHC by board-certified
hepatologists. Eligible patients were 20-80 years of age
and had chronic HCV genotype 1 infection with HCV RNA
levels of 5.0 log10 IU/mL or higher at screening.
Patients with decompensated liver disease, chronic
hepatitis B, co-infection with human immunodeficiency
virus, autoimmune hepatitis, primary biliary cirrhosis,
hemochromatosis, or Wilson’s disease were excluded.
Patients with uncontrollable hypertension or diabetes
mellitus, and those with a history of alcohol abuse, were
also excluded. Patients were followed-up monthly for
the assessment of liver function and virological markers
during treatment and until 12 wk after the completion
of triple therapy. All patients gave informed consent to
participate in this study.
In the TVR group, three patients were lost to followup and extreme protocol deviation (e.g., extended PEGIFN and RBV therapy for up to 48 wk) occurred in seven
patients. In the SMV group, two patients were lost to
follow-up and extreme protocol deviation (e.g., extended
PEG-IFN and RBV therapy for up to 48 wk) occurred in
nine patients. Patients lost to follow-up or with extreme
protocol deviation were excluded from the analysis.
The therapeutic outcomes of previous PEG-IFN
and RBV therapy were classified into the following two
groups: Undetectable serum HCV RNA levels at the end
of the treatment period with quantifiable HCV RNA levels
during follow-up (relapse group); and detectable HCV
RNA levels at the end of the treatment period (other
group).

Laboratory assessments

Blood samples were obtained for routine biochemical
and hematological assessments at treatment initiation,
on treatment weeks 2, 4, 8, 12, 16, 20, 24, at the
end of treatment (EOT), and at 12 wk after EOT. The
antiviral effects were assessed by measuring serum HCV
RNA levels using the COBAS TaqMan HCV test (Roche
Molecular Diagnostics, Tokyo, Japan) with a lower limit
of quantitation of 15 IU/mL. Interleukin 28B (IL28B;
rs8099917) genotyping was accordingly performed in
the majority of patients. In brief, DNA was extracted
from peripheral whole blood (100 μL) with DNeasy Blood
and Tissue Kits (QIAGEN, Valencia, CA) according to the
manufacturer’s instructions. Genotypes were determined
using a Light Cycler (Roche, Osaka, Japan). Subsequent
gene sequencing was performed to validate amplified
polymerase chain reaction (PCR) products. Primers and
probes used for PCR were as follows: Forward primer,
5’-CAACATGGAGAGTTAAAGTAAGTCTTG-3’; reverse
primer, 5’-TGCTGGGCCCTAACTGAT-3’; probe 1, LC Red
640-TTGGGTGACATTGCTCACAGAAAGG-Phosphate; and
probe 2, CCAGCTACCAAACTGTATACAGCATGGTTCCAFluorescein.

Statistical analysis

Baseline continuous data were expressed as median
with interquartile ranges in parentheses, and categori
cal variables were expressed as numbers. Univariate
analyses were performed using chi-squared or MannWhitney U-tests as appropriate. All P-values of < 0.05 of
two-tailed tests were considered significant. Multivariate
logistic regression was used to identify significant
independent predictive factors of SVR12. Results were
expressed as Odds ratios and 95%CI. All statistical
analyses were performed using the SPSS 22.0 statistical
package (SPSS Incorporated, Chicago, Illinois, United
States).
To adjust for patient background between TVR and

Study design

Patients received per os telaprevir (Telavic; Mitsubishi
Tanabe Pharma, Osaka, Japan) 2250 mg/d or simeprevir
(Sovriad; Janssen Pharmaceutical K.K., Tokyo, Japan)
100 mg/d, combined with weekly subcutaneous injec
tions of PEG-IFN alpha 2b (Peg-Intron; MSD, Tokyo,
Japan) of 1.5 μg/kg and per os administration of RBV
(Rebetol; MSD, Tokyo, Japan) of 600-1000 mg/d in
accordance with prescribing information for 12 wk
followed by PEG-IFN alpha 2b and RBV between weeks
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Table 1 Baseline characteristics of patients who received triple therapy with pegylated interferon, ribavirin, and telaprevir or
simeprevir
Unmatched patients
Telaprevir
No. of patients
n = 159
Age (yr)
60 (51.0-65.0)
Gender (male/female)
77/82
Body mass index (kg/m2)
23.9 (21.7-25.7)
Laboratory data
Level of viremia (log IU/mL)
6.7 (6.3-7.0)
Leukocyte count (/mm3)
5060 (4200-5800)
Hemoglobin (g/dL)
14.1 (13.1-15.0)
Platelet count (× 104/mm3)
15 (12.5-19.8)
SNP of IL28B (TT/non-TT/unknown)
99/34/26
Other data
Prior treatment response relapse/other
43/30

Standardized

Propensity score matched patients

Simeprevir

P value

difference

Telaprevir

Simeprevir

n = 147
63 (54.5-70.0)
67/80
23.2 (21.1-25.0)

0.002
NS
NS

0.348
0.057
0.202

n = 104
61.5 (53.0-65.8)
45/59
23.6 (21.1-25.3)

n = 104
60.5 (52.0-67.0)
49/55
23.4 (21.2-25.2)

6.8 (6.3-7.2)
4920 (4100-5800)
13.8 (12.9-14.7)
15.1 (11.7-20.1)
89/43/15

NS
NS
NS
NS
NS

0.210
0.094
0.175
0.053
0.155

6.7 (6.3-7.0)
6.6 (6.2-7.1)
5000 (4200-5700) 5020 (4150-5800)
14 (13.0-14.8) 13.9 (12.9-15.0)
15 (12.9-20.0) 15.1 (11.8-20.1)
74/30
73/31

31/32

NS

0.196

31/22

23/20

Standardized

P value difference
NS
NS
NS

0.0154
0.0773
0.0747

NS
NS
NS
NS
NS

0.0158
0.0272
0.0264
0.0032
0.0211

NS

0.100

“Unmatched patients” refer to values prior to propensity score matching and “Propensity score matched patients” refer to values after adjustment by
propensity score matching. Data are presented as numbers or medians with interquartile ranges in parentheses. P-values were calculated using the χ 2 or
Mann-Whitney U-test for continuous variables. SNP: Single-nucleotide polymorphism; IL28: Interleukin 28B; NS: Not significant.

SMV groups, propensity score matching was performed.
Propensity score models were estimated using a logistic
regression model that adjusts for patient characteristics
(age, gender, body mass index, HCV RNA level, leukocyte
count, hemoglobin, platelet count, and IL28 SNPs)
listed in Table 1. Confounders were selected according
to their potential association with the outcome on the
[17]
basis of clinical knowledge and previous studies . The
propensity score matching model was validated by the
Hosmer and Lemeshow goodness-of-fit test (P = 0.638)
and by the value of the area under the curve (0.66,
95%CI: 0.594-0.724). One SMV patient was matched to
one TVR patient using nearest neighbor matching without
replacement. Propensity scores were matched using
a caliper width 0.25 logit of the SD. The standardized
difference was used to assess the covariate balance.
McNemarr’s tests were performed after matching.

RNA levels were achieved during treatment in 23.8% (31
of 130), 69.4% (100 of 144), 89.3% (125 of 140), and
85.0% (125 of 147) of patients at 2, 4, 8 and EOT or 24
wk, respectively (Figure 1A).

Safety and tolerability

In the TVR group, 10 patients demonstrated non
response, and breakthrough occurred in 4 patients.
Relapse occurred in 19 patients. In patients with nonres
ponse, 8 patients discontinued TVR because of adverse
events within the first 4 wk of treatment (four skin rash,
one renal dysfunction, two appetite loss, one unknown).
In the SMV group, 15 patients demonstrated non
response, and breakthrough occurred in eight patients.
Relapse occurred in 22 patients. In patients with non
response, one patient discontinued within the first 4 wk
of treatment (transient visual field defect). There was a
trend toward greater rates of treatment discontinuation
because of adverse events in the TVR group and
nonresponse and breakthrough in the SMV group.

RESULTS
Baseline characteristics

Pretreatment factors contributing to SVR12 in TVR and
SMV groups

The baseline patient characteristics in the TVR group (n
= 159) and SMV group (n = 147) are shown in Table
1 as “unmatched patients”. Patients in the SMV group
were significantly older than patients in the TVR group.
High viral load, low hemoglobin levels, the non-TT IL28B
genotype, and relapse following previous PEG-IFN and
RBV treatment were more commonly observed in the
SMV group compared with the TVR group.

To evaluate pretreatment factors contributing to SVR12,
univariate and multivariate analyses were performed in
TVR and SMV groups including the following variables:
Age, gender, body mass index, IL28B (rs8099917)
genotype, viral load, leukocyte count, hemoglobin,
and platelet counts (Table 2). In the TVR group, IL28B
genotypes significantly correlated with SVR12 according
to univariate analysis. In multivariable logistic regression
analysis, IL28B genotype was found to be a significant
independent predictor of SVR12 (OR = 4.316; 95%CI:
1.804-10.327, P = 0.001). In the SMV group, age and
IL28B genotype significantly correlated with SVR12
according to univariate analysis. In multivariable logistic
regression analysis, significant independent predictors
of SVR were IL28B genotype (OR = 8.598; 95%CI:
3.388-21.817; P < 0.001), age (OR = 0.933; 95%CI:

Virological response to therapy and loss of HCV RNA
during treatment

In the TVR group, the overall SVR12 was 79.2% (126
of 159 patients). Undetectable HCV RNA levels were
achieved during treatment in 33.3% (41 of 123), 80.8%
(118 of 146), 92.4% (146 of 158), and 91.2% (145
of 159) of patients at 2, 4, 8 wk, and EOT or 24 wk,
respectively. In the SMV group, the overall SVR12 rate
was 69.4% (102 of 147 patients). Undetectable HCV
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A

P = 0.025

Unmatched
100

80.8%
69.4%
(118/146) (100/144)

P = NS

P = NS

92.4%
89.3%
(146/158) (125/140)

91.2%
(145/159)

P = 0.048

85.0%
(125/147)

HCV RNA loss rates (%)

80

60

40

TVR
SMV

79.2%
69.4%
(126/159) (102/147)

P = NS
33.3%
(41/123) 23.8%
(31/130)

20

0

2

4

8

24 or EOT

SVR12

t /wk

B

P = NS

Matched
100

P = NS
80.2%
(77/96)

HCV RNA loss rates (%)

80

92.0%
91.3%
(94/103) (92/100)

TVR

P = NS
88.5%
89.4%
(93/104) (92/104)

70.6%
(72/102)

SMV

P = NS
74.0%
(77/104)

73.1%
(76/104)

60

P = NS
40

33.3%
(27/81)

23.2%
(29/95)

20

0

2

4

8

24 or EOT

SVR12

t /wk

Figure 1 Rates of virological response to telaprevir and simeprevir according to serum hepatitis C virus RNA levels before and after adjustment by
propensity score matching. Percentages represent the proportion of patients with undetectable serum hepatitis C virus (HCV) RNA levels. Patient numbers are
shown in parentheses. P-values were calculated using the χ 2 test prior to matching and McNemarr’s test after matching. A: Before adjustment. Rates of virological
response at 4 and 12 wk after treatment were significantly different between the telaprevir (TVR) group and simeprevir (SMV) group; B: After adjustment. No
significant difference in the virological response was observed between the two groups. NS: Not significant.

Virological response during treatment and SVR12 after
propensity score matching

0.889-0.980; P = 0.006), and viral load (OR = 0.335;
95%CI: 0.157-0.715, P = 0.005). Propensity score
matching analysis was subsequently performed to reduce
bias caused by differing baseline patient characteristics
between TVR and SMV groups (Tables 1 and 2, pro
pensity score matched patients). Following one-to-one
matching of the two groups according to propensity
score, 104 patients from the TVR group and 104 patients
from the SMV group were matched according to baseline
characteristics (Tables 1 and 2). Majority of covariates
were statistically similar between the two groups (Table 1,
Propensity score matched patients). Multivariable logistic
regression analysis demonstrated that IL28B genotype
significantly associated with SVR12 in both groups (TVR:
OR = 7.739; 95%CI: 2.111-28.375, P = 0.002; and
SMV: OR = 8.594; 95%CI: 2.777-26.598, P < 0.001;
Table 2).

WJH|www.wjgnet.com

Before adjustment, the proportion of patients achieving
virological responses at 4 wk and after 12 wk treatment
significantly differed between the TVR group and SMV
group. In general, a greater proportion of patients in
the TVR group had a virological response than that in
the SMV group (Figure 1A). After one-to-one propensity
score matching, the proportions of patients achieving a
virological response during treatment and after 12 wk
treatment were similar between the two groups (SVR12:
TVR, 74.0%; SMV, 73.1%; Figure 1B).

DISCUSSION
In the present study, we evaluated and compared the
efficacy of TVR and SMV in combination with PEG-IFN
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Table 2 Univariate and multivariate analysis of factors associated with sustained virological response following pegylated interferon,
ribavirin, and telaprevir or simeprevir triple therapy
Parameters

Telaprevir
SVR

Unmatched patients
Univariate analysis
Age (yr)
Gender (male/female)
Body mass index (kg/m2)
Level of viremia (log IU/mL)
Leukocyte count (/mm3)
Hemoglobin (g/dL)
Platelet count (× 104/mm3)
SNP of IL28B (TT/non-TT)
Multivariate analysis
SNP of IL28B (TT/non-TT)
Age (yr)
Level of viremia (log IU/mL)
Propensity score matched patients
Univariate analysis
Age (yr)
Gender (male/female)
Body mass index (kg/m2)
Level of viremia (log IU/mL)
Leukocyte count (/mm3)
Hemoglobin (g/dL)
Platelet count (× 104/mm3)
SNP of IL28B (TT/non-TT)
Multivariate analysis
SNP of IL28B (TT/non-TT)

Simeprevir

P value

Non-SVR

n = 126
n = 33
58.0 (51.0-65.0)
62.0 (59.6-65.5)
62/64
15/18
23.8 (21.7-25.7)
24.6 (21.7-26.0)
6.7 (6.3-7.0)
6.6 (6.3-7.0)
5100 (4200-5700)
5100 (4400-6600)
14.1 (13.2-15.1)
14.1 (12.8-14.8)
15.0 (12.8-19.8)
15.0 (12.5-20.1)
84/19
15/15
Odds ratio (95%CI)
4.316 (1.804-10.327)

n = 77
n = 27
60.0 (52.5-66.5)
64.0 (60.0-65.0)
33/44
12/15
23.1 (20.6-25.0)
24.0 (21.4-26.6)
6.7 (6.3-7.0)
6.7 (6.4-6.9)
5000 (4100-5700)
5100 (4400-6700)
14.0 (13.1-14.8)
13.9 (13.0-14.9)
15.0 (12.3-19.7)
15.4 (12.9-20.3)
61/16
13/14
Odds ratio (95%CI)
7.739 (2.111-28.375)

NS
NS
NS
NS
NS
NS
NS
< 0.001
0.001

NS
NS
NS
NS
NS
NS
NS
0.002
0.002

SVR

Non-SVR

n = 102
n = 45
61.0 (52.8-67.3)
66.0 (56.5-71.0)
48/54
19/26
23.2 (21.0-25.1)
23.5 (21.3-26.0)
6.8 (6.2-7.1)
6.9 (6.4-7.3)
5000 (4300-5800)
4800 (3800-5800)
13.9 (13.1-14.7)
13.7 (12.7-14.8)
15.3 (11.9-20.5)
15.0 (11.1-18.3)
72/19
17/24
Odds ratio (95%CI)
8.598 (3.388-21.817)
0.933 (0.889-0.980)
0.335 (0.157-0.715)
n = 76
n = 28
59.0 (51.0-66.0)
65.0 (56.0-71.0)
37/39
12/16
23.2 (21.3-25.1)
23.6 (21.1-26.1)
6.7 (6.1-7.0)
6.6 (6.3-7.2)
5100 (4400-5900)
4600 (3500-5700)
14.0 (12.9-15.0)
13.8 (12.9-14.7)
15.1 (11.9-20.4)
15.0 (11.0-17.2)
61/15
12/16
Odds ratio (95%CI)
8.594 (2.777-26.598)

P value

0.016
NS
NS
NS
NS
NS
NS
< 0.001
< 0.001
0.006
0.005

0.021
NS
NS
NS
NS
NS
NS
< 0.001
< 0.001

Values are presented as numbers or medians with interquartile ranges in parentheses. P-values were calculated using the χ 2 test or Mann-Whitney U-test for
continuous variables. SNP: Single-nucleotide polymorphism; IL28: Interleukin 28B; SVR: Sustained virological response; NS: Not significant.

and RBV in the treatment of CHC patients in real-world
clinical settings in Japan. Both regimens achieved higher
SVR rates compared with that using the dual combination
[6-10,14-16]
therapy with PEG-IFN and RBV
. In the TVR
group, the proportion of patients achieving a virological
response was higher than in the SMV group according
to the original data. A number of patients discontinued
TVR therapy because of adverse events at the beginning
of treatment. After propensity score matching, the
proportion of patients achieving a virological response
during treatment and after 12 wk was almost identical
between the two groups with no significantly difference
observed (Figure 1B).
Patients in the SMV group appeared to have a
greater prevalence of unfavorable baseline charac
teristics. Patients in SMV group were statistically older,
had higher viral loads, lower hemoglobin levels, and
a higher prevalence of unfavorable IL28 genotypes
(rs809997) compared with that in the TVR group.
These pretreatment factors are known to influence
[17]
the efficacy of IFN-based therapies . As previously
reported, Japanese patients infected with HCV genotype
[18]
1b are substantially older than Western patients .
A large proportion of patients able to tolerate IFNbased therapies were cured with previous therapies.
Patients with unfavorable baseline characteristics remain
untreated. In addition, according to academic guide
[19]
lines , TVR therapy should be avoided in older patients
with low hemoglobin levels in anticipation of future
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therapeutic options. As a result, a greater prevalence of
unfavorable baseline characteristics were observed in
patients in the SMV group.
In the present study, a greater proportion of patients
in the TVR group discontinued treatment because of
adverse events. Previously reported adverse events
associated with TVR treatment include anemia, skin
[11]
rash, and severe fatigue . Cutaneous adverse effects
caused by TVR have been frequently reported and
are rare but are characterized by rapid development
of lethal severe skin complications, such as StevensJohnson syndrome and drug-induced hypersensitivity
[20,21]
syndrome
. Patients with these skin complications
may have stopped the TVR treatment earlier. We admini
strated an initial dose of TVR 1500 mg/d in majority of
[22]
patients to prevent treatment-induced anemia . In
contrast, the incidence of severe adverse events was
low in the SMV group. Therefore, a smaller number of
patients discontinued therapy in the SMV group.
Viral dynamics during treatment were similar to
[16,23]
previous reports in both groups
. However, break
through and nonresponse was more frequent in the SMV
group. Before matching, the TVR group had a higher
SVR12 rate than that of the SMV group. After propensity
score matching, this difference diminished and SVR12
rates were similar between the two groups. Reddy et
[24]
al reported a randomized control study between SMV
and TVR for previous null or partial responders. Although
the differences were observed in dosage, race, approved
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Innovations and breakthroughs

combined interferon, and treatment duration in their
report, viral breakthrough was more frequent with SMV
therapy than with TVR therapy similar to the present
report.
The SVR rate in the SMV group in the present study
[16]
was lower than in the CONCERTO-4 study . As our
study was in a real-world clinical setting, patients were
generally older (proportion of patients aged > 65 years,
42.3% vs CONCERTO-4, 22.8%) and had lower platelet
4
3
counts (platelet counts < 15 × 10 /mm : 47.7% vs
CONCERTO-4, 31.6%) in our study. Baseline patient
characteristics in our study may have resulted in a lower
SVR12 rate.
The major limitation of the present study was the
inability to evaluate several factors known to influence
treatment efficacy. We did not examine amino acid
[23]
substitutions of the HCV core region 70 and 91 , NS5A
[25]
interferon sensitivity determining region , interferon/
[26]
ribavirin resistance determining region , or resistance[27-29]
associated mutations of HCV NS3/NS4 proteases
.
Treatment approaches to CHC are rapidly changing
[30,31]
worldwide
. At present, direct-acting antiviral agent
(DAA) combination therapy (daclatasvir and asuna
previr) is available for patients with HCV genotype 1
in Japan. Interferon-free DAA combination therapy
[32]
has demonstrated an overall SVR12 rate of 85% .
Although the majority of patients with HCV infection
may be treated with DAAs combination regimens, PEGIFN and RBV-based treatment may still have utility in a
small number of patients that do not respond to DAAs
therapies.
In conclusion, both TVR and SMV regimens achieved
high SVR12 rates. In the original analysis, TVR appeared
to demonstrate an increased anti-viral efficacy compared
with that of SMV. After propensity score matching, the
proportion of patients achieving a virological response
during treatment and after 12 wk treatment was
almost identical between the two groups. Treatment
discontinuation was more frequent in the TVR group
because of adverse events at the beginning of treatment;
however, nonresponse and breakthrough were more
frequently observed in the SMV group.

Before adjustment, the proportion of patients achieving virological responses
significantly differed between the TVR group and SMV group. In general, a
greater proportion of patients in the TVR group had a virological response
than that in the SMV group. After one-to-one propensity score matching, the
proportions of patients achieving a virological response during treatment and
after 12 wk treatment were similar between the two groups.

Applications

In the TVR group, the proportion of patients achieving a virological response
was higher than in the SMV group according to the original data. A number
of patients discontinued TVR therapy because of adverse events at the
beginning of treatment. Breakthrough and nonresponse was more frequent in
the SMV group. After propensity score matching, this difference diminished and
sustained virological response 12 rates were similar between the two groups.

Terminology

TVR is the first inhibitor of the NS3/NS4 protease of HCV polyprotein (protease
inhibitors) in Japan. SMV is a second generation NS3/NS4 protease inhibitor.
Propensity score matching attempt is used to reduce the background difference
between TVR and SMV groups.
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AIM: To critically evaluate the current epidemiology
data on exposures, rather than infection, to hepatitis C
virus (HCV) transmission and recommend epidemiologic
strategies to fill gaps.
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RESULTS: There is a large body of literature on the
epidemiology of HCV transmission in Egypt that collec
tively identifies ongoing iatrogenic exposures as the
major driver for HCV transmission due to short comings
in infection control and standard procedures. Additional
epidemiologic studies on HCV transmission that requires
the participation of human subject is unwarranted.
Alternatively, very little literature was found on the
epidemiology of exposure to HCV, infection control,
and safe injection practices. The information that is
available on patterns of HCV exposure shows high
frequencies of inadequate infection control, problems
in sterilization in health care facilities, low rates of hand
washing, untrained personnel, lack of stated policies in
facilities, HCV contamination of instruments and very
large injection frequencies with low but very significant
syringe and needle reuse. There is an important need
to increase the number, size, and diversity of epide
miologic studies on HCV exposures, patterns of risk
factors for infection, infection control, and safe injection
practices. In addition to health care facilities evaluation,
relevant knowledge attitude and practice studies are
recommended.
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a national population of about 80 million persons, 7.8
million were estimated to be asymptomatically infected
with HCV comprising a large reservoir of HCV in the
population. It is now well established that Egypt has a
HCV epidemic, which is the largest HCV epidemic in the
[2,9,12-14]
world, and the epidemic is ongoing
.
Epidemiologic tools are needed in Egypt to evaluate
the magnitude and patterns of exposure to HCV trans
mission. Exposure to HCV is similar in concept to risk
factors or independent variables associated with HCV
transmission. The distribution and determinates of
HCV exposures and related factors are fundamental
for rationale allocations of resources for intervention
by reducing exposure to HCV infection. Secondly, an
extension of these epidemiologic tools is needed to
evaluate intervention programs by demonstrating a re
duction in the magnitude and patterns of HCV exposure.
The aim of our study was to first briefly summarize
the epidemiology of HCV transmission (HCV T), identify
all epidemiologic studies completed in Egypt to date that
were designed to describe the magnitude, patterns and
determinates of exposures (predominately iatrogenic
exposures) to HCV transmission (HCV E), characterize
gaps in HCV E and finally demonstrate and provide
examples for the application of HCV E for the evaluation
of public health interventions to reduce exposure to
HCV.

posure can be used to characterize the magnitude of
exposures to HCV infection, target interventions to
reduce exposures, and provide the best method for
evaluating interventions by demonstrating the reduction
of exposure to HCV infection.
Key words: Epidemiology; Hepatitis C virus; Egypt;
Exposure; Prevention; Epidemic
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Much has been published on the epidemiology
of hepatitis C virus epidemic in Egypt. The exposures
that drive this epidemic are iatrogenic. This review
focuses on what has been published on the epidemiology
(patterns, distributions, and related factors) of the
iatrogenic exposures. The review found that very little
has been published on epidemiology of the exposures
driving the epidemic. This is essential for developing
effective interventions and evaluating prevention pro
grams. Recommendations are given.
Miller FD, Elzalabany MS, Hassani S, Cuadros DF. Epidemiology
of hepatitis C virus exposure in Egypt: Opportunities for preven
tion and evaluation. World J Hepatol 2015; 7(28): 2849-2858
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i28/2849.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i28.2849

MATERIALS AND METHODS
A literature review was conducted to identify publica
tions on the epidemiology of HCV transmission and
on the epidemiology of iatrogenic exposures in Egypt
[14]
using methods previously published by us . Briefly, a
search of all published peer-reviewed literature (English
language) from 1992 to 2015 on HCV and Egypt was
made using the National Library of Medicine, PubMed,
Google Scholar, Web of Science, Biological Abstracts,
manual review of citations in search-identiﬁed publica
tions and in Egypt for reports available only locally.
Studies that: (1) reported HCV prevalence or incidence;
(2) described the serologic methods; (3) were of crosssectional or prospective epidemiologic design; and (4)
could be abstracted for the purposes of the study were
included. Studies on infection control were included as
proxy for iatrogenic exposures.
One of our objectives was to build a complete biblio
graphic database on iatrogenic exposures and infection
control practices in Egypt. From this, an assessment of
epidemiologic methods for investigations on iatrogenic
exposures or HCV E could be evaluated. Methodologically
sound studies were sought as examples for investigation
as well as methods for evaluation of intervention pro
grams to reduce and prevent iatrogenic transmission of
HCV in Egypt. Additional data were based on personal
onsite visits in Egypt and anecdotal observation as some
potentially iatrogenic practices have not been formally
published and appear to be unique to Egypt. An example
is the widely practiced re-use of latex gloves or not using

INTRODUCTION
[1]

Kamel et al reported in 1992 an unusually high
prevalence of anti-hepatitis C virus (HCV) antibodies
in over 2000 first time healthy Egyptian blood donors
in Cairo, Egypt. The prevalence was 10.1%, five to ten
times higher than what had been reported elsewhere
[2]
in the world . This was a population based study
of first time blood donors in urban Egypt and likely
underestimated anti-HCV antibodies prevalence in the
general population.
[3]
A follow up to the blood donor study, Kamel et al
completed a rural population based community study
of anti-HCV antibodies in 1994. The study included the
entire population of a remote village in the northern Nile
Delta. The overall anti-HCV antibodies prevalence in the
village was 17.6%. In both of these population based
epidemiologic studies, prevalence of anti-HCV antibodies
increased strongly with age as shown in Figure 1. In the
blood donors and the village study, the prevalence of
anti-HCV antibodies was similar in both sexes.
These were the first two population based studies
reported in Egypt providing the initial evidence that there
was an extraordinary HCV epidemic unlike anywhere
else in the world. These and many similar studies that
[4-9]
[10,11]
followed , including two national studies
, rein
forced these observations. The 2008 national estimate
of anti-HCV antibodies prevalence was 14.7% and the
[10]
estimate for HCV RNA prevalence was 9.7% . Given
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control and iatrogenic exposures (HCV E) to HCV
[18]
transmission in Egypt was in 2006 . This was a survey
of large and small health care facilities. The study
showed a complete lack of infection control practices
in all facilities. In this study the presence or absence of
infection control programs was an index of iatrogenic
exposure to HCV. The American Centers for Disease
Control and Prevention reported in 2012 that Egypt
continued to face an ongoing HCV epidemic and that a
[13]
comprehensive prevention plan was needed .

latex gloves when indicated.

RESULTS
[1,3]

Following the pioneering work of Kamel et al , many
similar studies in rural communities and selected health
clinics followed without adding any significant new
findings. Beyond the national blood donor screening
program, no national program for the prevention of HCV
emerged in the first decade after discovery. In part,
this may have been due to the natural history of HCV
infection. In a primary HCV infection, there is rarely an
acute phase. Manifestations of liver dysfunction and
disease usually do not occur until one or more decades
later. HCV became a silent epidemic.
The origins of the HCV epidemic in Egypt are not
clear but thought to be due to past and ongoing iatro
[15,16]
genic exposures
. Iatrogenic exposures and failure
in infection control could be frequently seen on visits
to health care facilities throughout the large Egyptian
health care system.
A report in 1997 showed an association between antiHCV antibodies and a history of parenteral therapy for
[17]
schistosomiasis and surgery . In 2000, a report in the
Lancet suggested that the epidemic was due in part to
the previous wide spread rural campaigns of parenteral
[15]
anti-schistosomiasis therapy (PAT) . The Egyptian
medical care system embraced this report as the cause
of the epidemic. More importantly, Egypt’s physicians
concluded that since these campaigns had ended more
than three decades ago, the cause of the epidemic,
PAT, had ended and therefore transmission had ended
as well. If this was true, then epidemiologically the
prevalence of anti-HCV antibodies in Egyptians 30 years
old and younger should be similar to other countries.
That is from 1% to 3% or less. As shown in Figures 1
and 2, anti-HCV antibodies prevalence increase from the
earliest age. There is now abundant evidence that there
is an ongoing HCV epidemic in Egypt.
The first formal epidemiologic study on infection
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Figure 2 Prevalence by age of anit-hepatitis C virus antibody and hepatitis
C virus RNA in 2008 Demographic Health Survey survey. HCV: Hepatitis C
virus.

Figure 1 Prevalence of anti-hepatitis C virus antibody in urban blood
donors and rural villagers.
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HCV transmission in Egypt

HCV is a blood borne pathogen and the transmission
[16]
and epidemiology of HCV is well established . The
virus is inherently liable with exponential die off in 24 h
[19,20]
under laboratory conditions
, is less infectious than
hepatitis B virus (HBV) and slightly more infectious than
[21]
human immunodeficiency virus (HIV) .
The probability of HCV transmission varies by diffe
rent routes of exposure as shown in Table 1. Note that
the significance relative to the ongoing epidemic in
Egypt of a given exposure route of transmission has
been included in this table. For example, the probability
of HCV transmission by contaminated blood or organ
donation results in all recipients becoming infected. In
this case the probability of transmission and infection is
one (100%). Contaminated blood and organ donation
have the highest HCV transmission. Nationally mandated
HCV blood donor screening program in 1994 reduced
exposure frequency to the point that blood transfusion,
once a significant route of transmission in Egypt and
elsewhere, no longer plays a significant role in regard to
[22]
the general population .
Injection drug users (IDU) were found to have very
high prevalence of HCV infection presumably due to
[23,24]
the reuse and sharing of drug injection equipment
.
Contaminated drug injection equipment has a high
probability of transmission although there is no exact
probability estimate available. The exact population of
IDU in Egypt is not well defined although considered
small. Moreover, HCV transmission with IDU groups,
unlike HIV, poses a very low probability of exposure to
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Table 1 The probability of hepatitis C virus transmission by different routes of exposure
Exposure route

Exposure frequency

Blood transfusion
Organ donation
Injection drug users
Hemodialysis
Sexual
Intrafamilial
Needle stick
Injections
Maternal
Dental
Iatrogenic

Very low
Very low
High
High
High
Unknown
High
4
4.1/p per year
High
High
High

Transmission probability
1 (100%)
1
≥ 0.8
≥ 0.75
Unk3
Unk
≤ 0.02
≤ 0.02
0.02
≤ 0.02
≤ 0.02

Population exposed
2

300 k/yr
< 100/yr
Very small
Small
Adults
General
Occupational
General
New born
General
General

Significance
Zero
Zero
Very low
Very low
Zero
Very low
Low
High
Low
High
High

1

Ref.
[2,16]
[2]
[23,24]
[26-28]
[29]
[15,16]
[31]
[17,30,53,60]
[33,43]
[62-65]
[14,42,43,45,49,50,54]

Significance refers to the extent that the specific exposure route contributes to overall national HCV transmission in Egypt; 21000 persons per year;
Unknown; 4Persons per year. HCV: Hepatitis C virus.

1
3

[2,24]

[25]

globally
. Iatrogenic transmission can be complex
due to the many possible routes of exposure from
contaminated medical and dental instruments, sharps,
needles, invasive procedures, contaminated multidose vials, blood, or blood product transfusion, organ
transplantation or any of many kinds of medical/dental
percutaneous exposures.
A key element of iatrogenic transmission is patient
to patient exposure where the first patient is knowingly
or more likely unknowingly asymptomatically infected.
This patient is a key to the exposure and contamination
of medical or dental instruments, sharps, or needles.
Failure in infection control or standard procedures to
prevent a second patient to be percutaneouslly or paren
terally exposed to a contaminated instrument or sharp
has a relatively low probability of HCV transmission and
[21]
infection .
Iatrogenic transmission of HCV in Egypt is well
[7,17,38-54]
documented
. These reports identify iatrogenic
transmission as the principal driver of the HCV epidemic
in Egypt. Accordingly, in Egypt, if the probability of
iatrogenic exposure is the same across a health care
system, then the probability of transmission will be
greater in patient populations who have a higher pre
valence of chronic HCV RNA infection, symptomatic or
not. This reservoir of chronic HCV infected patients is
known to be high in Egypt. Overall, 10% of the Egyptian
[10]
population is HCV RNA positive . This varies with rural
populations having a higher prevalence of HCV RNA
relative to urban populations. In Egypt, like anti-HCV
antibodies, HCV RNA positivity increases directly with
age as shown in Figure 2. The reservoir of HCV infection
is therefore higher in older patients relative to younger
patients.

the general population .
It has been long recognized that HCV infection, like
[26-28]
HIV, was a risk for hemodialysis patients
. In Egypt,
this became a national scandal. From 46.1% to 100%
of HCV negative dialysis patients would convert to HCV
positive within a year in dialysis centers throughout the
[16,26,28]
country
. Considerable efforts both in the public
and private sector have reduced HCV transmission in
local dialysis centers. However, the general population
exposed to this risk is small and the significance of HCV
positive dialysis patients to the overall epidemic is very
low.
Sexual and intra-familial transmission of HCV re
mains to be unequivocally established in Egypt or
elsewhere. Sexual transmission of HCV is controversial.
HCV discordant monogamous couples showed almost no
transmission for long periods and recovery of HCV from
[29]
semen or other genital fluids has proved to be difficult .
Sexual transmission does not play a significant role
in Egypt. The studies of intra-familial transmission of
[30-32]
HCV in Egypt
have validity issues (small numbers,
confounding, selection biases) and have not been
replicated. No specific intra-familial exposure to HCV
transmission has been identified. Familial sharing of
any medical equipment such as syringe and needles or
diabetic testing equipment could result in exposure to
HCV transmission, but this remains to be established.
Confirmed occupationally related accidental needle
sticks from HCV positive patients have a probability
of infection slightly greater than HIV but much lower
relative to the probability of HBV infection. The pro
bability of transmission has been estimated to be
[21]
approximately 0.01 to 0.02 . Accidental occupational
[33-36]
needle sticks in Egypt is a significant exposure
.
However, the extent that this exposure contributes to
transmission in the general population is not known but
not likely to be significant.
Transmission of HCV infection from mother to new
born however is well established. In Egypt, we have
estimated that there are 5000 newborns infected with
[37]
HCV every year .
Iatrogenic transmission of HCV has been documented
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Epidemiology of HCV transmission and epidemiology of
HCV exposure in Egypt

The epidemiology of HCV T in Egypt is defined as
reports which estimate patterns of HCV infection in
people and associations with a possible exposure to
HCV infection. For example the report by el-Sayed et
[17]
al showed an odds ratio (OR = 7.9) with a history of
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Table 2 The number of persons who received one or more
injections in the last 6 mo by gender
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[60]

was not taken from a closed packet . Many in rural
[56]
areas resort to informal nonprofessionals for injections .
Safe injection practices were directly observed in a
cross sectional study among 1100 healthcare workers
located in 25 healthcare facilities in the Gharbiya
[33,34]
governorate in the Nile Delta
. Noted was a lack of
supplies needed for safe injections and safe practice was
infrequent. Important policies were lacking including
an infection control committee and dedicated infection
control personal. Most importantly, there were an esti
mated 13.2% of syringes and needles reused. The
important data on exposure in this study included lack
of supplies, safe injection practices, essential policies,
lack of infection control committee and personal and
syringe and needle reuse.
Shown here for the first time is an analysis of injection
data collected by the 2008 Egyptian Demographic
[10]
Health Survey . Shown in Table 2 is the frequency of
injections reported by participants in the 2008 nationally
representative study. Almost 19% (18.5%) received
one or more injections in the last six months. Women
reported receiving twice as many injections as men (OR
= 2.3; 95%CI: 2.0-2.5). Figure 3 shows the pattern of
participants reporting multiple injections in groups by 5.
By far, the largest group received 1 to 5 injections in the
last 6 mo followed by a sharp decline. Figure 4 shows the
relationship between HCV antibodies prevalence and the
pattern of multiple injections. A strong (R² = 0.96) and
direct relationship of increasing HCV antibody prevalence
and the number of injections is shown. These results
suggest that increased frequency of injections has a
direct relation with increased HCV antibodies positivity.
An alternate interpretation is that individuals who are
receiving multiple frequent injections have serious
medical conditions and more likely have additional iatro
genic exposures.
The measure of exposure to HCV was the following
question: “The last time you had an injection from
a health worker, did the person who gave you that
injection take the syringe and needle from a new,
unopened package?”. Of those that received injections,
14.8% answered “No”. Data are shown in Table 3.
There may be concerns about how this question was
interpreted by the participant. The injection may have
been prepared in a separate area from the patient.
The patient may not know or be able to confirm that
the syringe and needle came from a new unopened
package. However, this estimate is similar in magnitude

No. of injections grouped by 5

Figure 3 Percentage and number of injections reported in the past 6 mo.
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Figure 4 Injections received in last 6 mo and hepatitis C virus antibody
percent prevalence. HCV: Hepatitis C virus.

PAT exposure. It is important to note that, as shown
in this study, there is an abundance of similar HCV T
literature on the prevalence, incidence, and risk factors
for infection. Additional HCV T studies are unwarranted.
There is no continued justification to test individuals for
HCV antibodies or HCV RNA for the purposes of HCV T
studies. Conversely, the epidemiology of exposure to
HCV transmission (HCV E) would provide data on the
patterns and frequency of exposures. Examples of HCV
E are given below.
Injections: Reuse of inadequately sterilized needles and
syringes during the PAT campaigns in rural Egypt over
30 years ago is cited as a major factor in the origin of the
[15,21,33,34,55-60]
Egyptian HCV epidemic
. The PAT hypothesis
has been challenged on the bases that there was a
greater concurrent abundance of iatrogenic exposures
[49]
throughout Egypt in addition to PAT exposures . Accor
dingly, HCV E studies would characterize the patterns
and frequency of injections and identify the magnitude
and determinates of safe and unsafe injection practices.
[60]
Talaat et al has estimated a high rate of injections
in Egypt at 281 million per year. These injections were
administrated by public and private sector physicians,
pharmacists, barbers, doctor assistants, housekeepers,
relatives and friends and 8.4% reported that the syringe
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challenging. A lower resource approach would have
the same primary step of community and facility
identification and sampling. Each facility would provide
details on cleaning and sterilization methods and an
inventory of dental equipment sets and daily patient
loads. Large patient to equipment ratios would suggest
a trigger for compliance or licensing issues.

Table 3 To answer the question: "The last time you had
an injection from a health worker did the person who gave
you that injection take the syringe and needle from a new,
[10]
unopened package?" Demographic Health Survey 2008
Question

1

New
Unopened
Package

Yes

No

Total Prevalence % 95%CI (lower-upper)

1273

221

1494

14.80

13.0-16.6

Health care facilities: Egypt has a national health
th
care system dating back to the 19 century. Health care
facilities in Egypt are a complex organization of public
and private sector facilities that include medical care,
dental care, clinical laboratories, and pharmacies.
Pharmacies in Egypt give injections, intravenous
fluids, and provide testing for glucose levels. Glucometers
are an overlooked exposure to HCV transmission. Testing
is carried out by pharmacy technicians who may have
only secondary school education and do unsupervised
home visits. No studies have been done on exposure to
HCV infections related to Egyptian pharmacies.
[65]
El-Zanaty et al
carried out a national service
provision assessment survey in 2004. A portion of this
study was on “Systems for Infection Control”. Medical
care facilities rather than individuals were surveyed in
a nationally representative sample using very specific
standardized data forms. This report has considerable
details representing all regions of Egypt and covering
all types of medical care facilities. Private clinics, private
pharmacies, and dental services were not included.
A statement in a summary of the findings reported
a significant decrease from 2002 to 2004 in almost all
indicators of infection control. It was concluded that
infection control practices were extremely weak. Only
4% of all facilities were adherent to all infection control
measures. New disposable syringes and needles were
however universal. The study could uniquely compare
[66]
changes over time to their previous publication in 2002 .

1

Among those who received an injection and replied to the question.

[33,34]

to that from the study conducted in Gharbiya
, in
[60]
which Talaat et al estimated about 8.4% in an answer
to a similar question.
Dental health care: Dental health care has a significant
[61-63]
potential for iatrogenic HCV transmission
. Only a
single report of HCV iatrogenic exposure in Egyptian
[64]
dental clinics was found published by Hashish et al in
2012. The study measured the presence of HCV RNA by
reverse transcription polymerase chain reaction (RT-PCR)
on various dental instruments in selected dental clinics
in Alexandria. The study found that 18% of the dental
instruments in the dental clinics visited were positive
for HCV RNA indicating the presence of the virus. This
study demonstrates a method for measuring iatrogenic
exposure to HCV infection from dental health care by
showing the presence of HCV contaminated dental
instruments.
The exact reason for the contamination of these
instruments was not given. The authors did suggest
that the lack of sterilization equipment for instruments
was a short coming. What was not provided was the
number of sets of instruments, patient load, hand
washing practices, use of latex gloves, how instruments
were cleaned and disinfected, the presence of operating
sterilization equipment, and if there had been specific
efforts and policies present for training and preventing
HCV transmission.
The prevalence of HCV is lowest in Alexandria most
likely due to better infection control than most other
areas of Egypt, especially rural areas. The observed
results are therefore most likely an under estimate.
The correct method to expand this epidemiologic
approach to HCV exposure in dental clinics would be to
include other measures of infection control mentioned
above in recording data. Secondly, this study design
could be used at the community level to describe
the epidemiology of HCV exposure in dental clinics
by obtaining a list of all dental care facilities in the
community and decide on drawing a representative
sample of dental care facilities or to include all facilities in
the study. Results of a sample could be used to describe
the magnitude of HCV contamination and provide
justification for professional improvement or training
programs. Results based on facility specific level would
be used for compliance and licensing.
Detection of HCV RNA by RT-PCR could be resource
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Informal health care providers: Egypt has a large
undocumented sector of informal health care provides.
These providers do not have formal education or training
and provide services for injections, dentistry, wound
treatment, and male circumcision. Traditional birth
attendants were reported to oversee > 50% of all births.
“Injectionists” included barbers and staff at pharmacies.
A study of Informal health providers in two Egyptian
villages found that these providers, “knew little about
[56]
HCV” and its transmission .
A number of studies in Egypt have included barbers
[41,43,44,56,67,68]
as a possible exposure to HCV
. This is
based on the assumption of percutaneous exposure by
shaving. Most studies found that there is no evidence
for transmission. This is consistent with viral fragility and
the unlikelihood of the virus remaining viable in the soap
used in shaving. In a study of barbers in the Gharbia
[68]
governorate , anti-HCV antibodies were detected in
12.3% of barbers and 12.7% of clients. Knowledge of
HCV prevention was reported to be high among the
majority of participating barbers and good practices
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during shaving and hair-cutting were observed for the
majority of barbers.

become infected. Assuming the probability of HCV
transmission at 100% among exposed recipients and
300000 recipients per year, this program has prevented
to date at least half a million people from becoming
infected. Maintaining and enhancing Egypt’s national
blood donation HCV screening program is essential.

HCV prevention in Egypt

The transmission of HCV is entirely preventable. Through
out the world, HCV transmission is prevented by good
medical and dental care practices which reduce and
eliminate iatrogenic exposure to infection. This includes
following well established aseptic techniques, standard
[13]
procedures and universal precautions . Measures
should and can be taken to reduce and eliminate all HCV
transmission routes listed in Table 1.

DISCUSSION
The number and extent of studies which test for the
presence of HCV in individuals (HCV T) have been con
siderable dating from the first reports in 1992. Given
the abundance of literature on HCV T, additional HCV
T studies are unwarranted. There is no continued justi
fication to test individuals for HCV antibodies or RNA for
the purposes of HCV T studies. Aside from cost, there
are additional methodological limitations for both cross
sectional and prospective HCV T studies in Egypt that
further support discontinuation of these investigations.
Due to the natural history of HCV, there are serious
validity issues for cross sectional, prospective, and case
control study designs undermining hypothesis testing
related inferences. Population prevalence estimates are
not useful for evaluating interventions and prevention
[69]
measures . Generating national incidence rates requires
very large samples, is very costly, requires long term
follow ups, and has limited validity determining past
exposures. Prospective incidence studies are strongly
discouraged especially for intervention assessment and
project evaluation. The difficultly of using prospective
incidence studies for intervention assessment is not
unique to this public health problem but is widely reco
gnized by public health practitioners.
Successful interventions will reduce exposure to HCV
infection which will decrease the incidence. It is strongly
recommended to use HCV E studies, rather than pro
spective incidence studies to evaluate the control of
the ongoing epidemic. For that, benchmark HCV E data
are needed which can be obtained from cross sectional
studies.
Few studies on HCV E were found. However, these
studies illustrate the basic low cost low technology
methodology needed to document exposures to HCV
infection. The only national level study using facility
[65,66]
surveys completed by El-Zanaty et al
in 2002 and
2004 is a good example. These facility studies could be
modified to focus more on infection control evaluation.
This would provide direct data on the frequency and
patterns of HCV exposures. These observational based
studies can be complemented by interview based KAP
studies adapted to the unique Egyptian epidemic directed
at infection control documentation and evaluation.
It is essential to conceptualize the methodological
approach epidemiologically for HCV E. The objective
is to epidemiologically describe the prevalence of a
specifically defined set of health care practices and
procedures which can be evaluated as being correctly or
[64,65]
incorrectly done with regard to standard procedures
in a given health care setting. As mentioned above this

HCV prevention in the Egyptian health care
educational system: Aseptic techniques, standard
procedures, and universal precautions are or should be
introduced in all health care curricular in the Egyptian
health care educational system and reinforced at every
level of health care service. This educational intervention
is not intellectually complex or challenging to teach. In
fact, teaching and training could be done entirely using
modern computer based social media. Moreover, the
interventions to reduce HCV exposure do not require
new or costly technology. There is no publicly available
information on the evaluation of the Egyptian health
care educational system in regard to HCV prevention
curricular. Technically, evaluation of the Egyptian health
care educational system is straight forward.
Recommendation: Conduct an examination on a
sample of recent and past graduates from medicine,
nursing, dentistry, and pharmacy on HCV prevention.
This is an essential data for status on current knowledge
and a benchmark to which future evaluation can be
based.
Evaluation of knowledge, attitudes, and practices
(KAP) of health care providers on standard procedures
and infection control is necessary for the reduction of
exposure to HCV. Well-designed repeated KAP studies
based on representative samples stratified by health
care provider categories can provide direct evidence
of HCV exposures defined as incomplete knowledge
and practice errors. The large Egyptian health care
syndicates can provide needed sampling frames. These
syndicates can also provide opportunities to spread
important messages about HCV exposure prevention.
Recommendation: KAP study on health care providers
on HCV prevention is needed.
In addition to curricular interventions, professional
development or continued health care education should
be developed for online certification or re-certification
for preventing exposure to HCV infection.
Screening of blood and blood products: Globally,
blood donations are screened for HCV. Egypt mandated
a national blood donation HCV screening program by
[22]
1994 . Before this national program, approximately
9% of blood and blood products recipients would have
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Innovations and breakthroughs

should include both observational and interview based
data collection. Specific modifications are needed for
the different types of Egyptian health care facilities.
Methods for standardizing data collection on infection
control in general and injection practices in specific
for Egypt are needed. Standardized methods are
also needed for direct and indirect observational data
collection and data collected by interview. Standards for
collecting photographic documentation would be useful.
Pilot testing with independent verification is advisable.
This capacity exist in Egypt as demonstrated by the
[10,65]
studies carried out by El-Zanaty et al
.
There are many unique infection control violations
in Egypt which have the potential for exposure to HCV
infection. These exposures unique to Egypt are poorly
documented and should be thoroughly investigated and
included in any comprehensive prevention program to
reduce exposure to HCV transmission. There is a large
unregulated informal health care system in Egypt that
contributes significantly to injections and other poorly
[18,60]
regulated procedures
.
It is recommended that efforts be made to develop
strong HCV E studies that generate a comprehensive
inventory of all typical and unique iatrogenic exposures,
where these exposures are occurring, the magnitude
of these exposures (number of individuals potentially
exposed), probability of transmission and create an
index of iatrogenic transmission. The HCV index of
transmission (HCV IT) would incorporate the magnitude
of population exposed and probability of transmission.
For example, HCV contaminated blood transfusion
[2,16]
has 100% probability of transmission
, a restricted
population exposed (blood donor recipients) and with
the current level of blood donor screening an overall
low index. Given the magnitude of injections received
in Egypt with much lower probability of transmission via
contaminated drug vials or syringe and or needle reuse,
[53]
the overall HCV IT is likely to be very significant .
Strong well designed HCV E studies have a dual
function. The first objective is to better and more
precisely document the distribution and determinates
of specific iatrogenic exposures. This is essential to
provide a baseline for evaluation. The second objective
is evaluation of intervention programs. That is to quan
titatively demonstrate a reduction in exposure to HCV
transmission by an improvement in infection control
measures and safe injection practices by direct and
[10,60,64,65]
indirect measures
with follow up HCV E studies.

The authors found that the amount of epidemiologic information on iatrogenic
exposures needed for designing the prevention of HCV transmission was
very limited, especially in contrast to the epidemiology on HCV infection or
transmission.

Applications

The epidemiology of exposure to HCV transmission, that is predominately
iatrogenic exposures, is essential information and knowledge needed to design,
guide, and evaluate interventions to reduce iatrogenic exposures and prevent
HCV transmission. The application of epidemiologic investigation on exposures
does not include human subjects which vastly reduces the cost and complexity
of data collection. Recommendations and suggested epidemiologic approaches
and designs were given.

Terminology

The authors refer to classical epidemiology of HCV infection, transmission,
and prevalence as HCV transmission. Individuals participating is these
types of studies have to provide a specimen for HCV testing, understand
the consequences of being found HCV positive, and if viremic, referred for
treatment. The authors refer to the epidemiologic investigation of exposures to
HCV infection as HCV E. Knowledge, attitude, practice (KAP) studies are an
example of methodology that could be adapted to exposure epidemiology. The
KAP of injection preparation and administration is an example.

Peer-review

The review is very interesting and gives a fairly comprehensive overview of the
situation in Egypt.
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EDITORIAL

Wilson’s disease: A review of what we have learned
Kryssia Isabel Rodriguez-Castro, Francisco Javier Hevia-Urrutia, Giacomo Carlo Sturniolo

Abstract

Kryssia Isabel Rodriguez-Castro, Gastroenterology and Endo
scopy, Policlinico Abano Terme, 35031 Abano Terme, Padua,
Italy

Wilson’s disease (WD), which results from the defective
ATP7B protein product, is characterized by impaired
copper metabolism and its clinical consequences vary
from an asymptomatic state to fulminant hepatic
failure, chronic liver disease with or without cirrhosis,
neurological, and psychiatric manifestations. A high
grade of suspicion is warranted to not miss cases of WD,
especially less florid cases with only mild elevation of
transaminases, or isolated neuropsychiatric involvement.
Screening in first and second relatives of index cases
is mandatory, and treatment must commence upon
establishment of diagnosis. Treatment strategies include
chelators such as D-penicillamine and trientine, while
zinc salts act as inductors of methallothioneins, which
favor a negative copper balance and a reduction of
free plasmatic copper. As an orphan disease, research
is lacking in this field, especially regarding therapeutic
strategies which are associated with better patient
compliance and which could eventually also reverse
established injury.
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Core tip: A century after its initial description by
Kinnear Wilson in 1912, knowledge on diagnosis and
management of Wilson’s disease reflect its prevalence
as a rare disease, largely deriving from experts’ opinions
and the use of pharmacological agents without the
rigorous randomized clinical trials that are the mainstay.
Prompt recognition and treatment are paramount and
life-saving.
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quency of allele carriers in the population, probably
reflect the reduced penetrance of mutations. The most
common mutations include His1069Glu (H1069Q)
[9]
in Europe and North America , Arg778Leu in South
[10]
[11]
[12]
[13]
Korea , Japan and China , 2007del7 in Iceland ,
[14]
and Met645Arg in Spain . The disease is most
frequent in Germany (2.5/100000 inhabitants), Japan
[11]
(3.3/100000 inhabitants)
and Austria (3.0/100000)
[15]
inhabitants . The country with the highest incidence
in the world, however, is Costa Rica (4.9/100000
inhabitants; see below section on perspectives from
a high-incidence country), possibly due to elevated
degree of consanguinity and a possible founder effect,
[16-18]
the most frequent mutant beingAsn 1270 Ser
,
previously described only in Sicilian, Lebanese and
Turkish populations. The other region of the world with
a very high incidence (estimated 1/10000-1/7000)
[19,20]
is Sardinia
, where a well-documented founder
mutation (-441/-427del) is highly prevalent (67%) and
all other mutations are present with a relative frequency
[19,21,22]
below 10%
.

INTRODUCTION
[1]

Initially described by Kinnear Wilson in 1912, Wilson’s
disease (WD, or Wilson disease), is the clinical condition
resulting from mutations in the chromosome 13q14 in
the region coding for the protein product ATP7B, and
occurs in a sporadic fashion as well as inherited as an
autosomal recessive disease. Homozygous, or, more
commonly, compound heterozygous mutations lead to
defective incorporation of copper into apo-ceruloplasmin
and the subsequent formation of holoceruloplasmin,
hampering the normal excretion of copper into bile.
Consequences of this defect are the impaired copper
metabolism and consequent copper intoxication. With
a shorter half-life than that of holoceruloplasmin, circu
lating apoceruloplasmin (ceruloplasmin) are abnormally
low, albeit the gene responsible for this protein, localized
[2]
on chromosome 3, is intact , providing one of the
most important clinical diagnostic tools for WD. Copper
overload, and actually free copper as the main acting
element, exerts its toxicity through two main mecha
nisms: Direct oxidative stress, with lipid peroxidation
of membranes, DNA, and mitochondria, as well as due
to unregulated apoptosis leading to cell death from
copper-induced changes in the anti-apoptotic protein,
X-linked inhibitor of apoptosis, and its loss of inhibitory
[3]
control of caspase-3 . It is now known that it is not
the accumulation of copper itself what is deleterious
to the organism, but rather free copper in the blood,
which determines copper intoxication, as opposed to
ceruloplasmin-bound copper. Thus, the old paradigm of
eliminating copper stores as the therapeutic objective
has given way to the concept of normalizing free copper
[4]
concentrations in the bloodstream .
It should be stated that much of the knowledge
that has accumulated in the decades following the first
description of the disease, as well as the mainstays
of treatment, derive greatly from experts’ opinions
and some from anecdotal experiences, and not on
adequately designed randomized comparative studies.

CLINICAL MANIFESTATIONS
Although the form of the disease initially described was
[1]
predominantly neurological , the disease manifesta
tions can be pleomorphic, and although the correlation
mutation-predominant manifestation has been elu
[23,24]
sive
, clinical forms of the disease tend to cluster and
[25]
wide geographical differences exist . Thus, WD may
be predominantly hepatic, neurological or psychiatric,
and manifestations of disease may range from an
asymptomatic state to life-threatening fulminant hepatic
[26-30]
failure
. In Costa Rica, the majority of WD patients
exhibit a liver-predominant disease, with more than 5%
[17]
presenting as fulminant Wilson disease (FW) .
Liver involvement spans from asymptomatic disease
with transaminase elevation, to acute hepatitis, acuteon-chronic liver failure, and cirrhosis. Liberation of
copper into the bloodstream causes Coomb’s negative
hemolytic anemia, with transient episodes of low-grade
[31,32]
hemolysis and jaundice
. Neurological manifestations
can be categorized as: (1) an akinetic-rigid syndrome
similar to Parkinson’s disease; (2) pseudosclerosis
dominated by tremor; (3) ataxia; and (4) a dystonic syn
[33,34]
drome, which often leads to severe contractures
.
Neuropsychiatric symptoms and signs, including decre
ase in scholastic performance, hand-eye discoordination,
and behavioral changes may foretell a more florid neuro
[35]
logical presentation . Other findings include drooling,
spasticity, chorea, athetosis, myoclonus, micrographia,
[35,36]
dyslalia, hypomimia, and dysarthria
. Ocular mani
festations include the Kayser-Fleischer ring and sunflower
cataracts in the lens, deposition of copper in the Des
cemet’s membrane in the first case, and in the anterior
and posterior capsule of the lens, sparing epithelial
[37,38]
and cortical cells, in the latter
. Although KayserFleishcer rings are very common in WD, especially in
patients with neurological forms of the disease, sunflower

EPIDEMIOLOGY
The prevalence of WD, a rare disease, is similar in most
world regions, corresponding to approximately 0.5 cases
[5,6]
per 100000 inhabitants , or the most common figure
30 cases per million, with a gene frequency of 0.56%
[7]
and a carrier frequency of 1 in 90 . Nevertheless,
the disease is much less uncommon in certain areas/
countries, with certain mutations being described more
frequently in specific populations. Over 500 mutations
[8]
have been found so far , and the lower number of
actual clinically manifest cases with respect to the fre
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cataracts are more rarely observed. Sunflower cataracts
associated with Kayser-Fleischer rings in WD patients
were first described in 1922 by Seimerling and Oloff,
who observed a striking similarity between these lesions
and those induced by a copper-containing foreign body
lodged in the eye. Both manifestations may resolve
[39]
with continued therapy . Small fiber peripheral neuro
[40]
pathy involving the corneal nerve plexus , as well
as neuronal degeneration involving the retina have
[41]
also been described , using novel techniques such
as corneal confocal microscopy and spectral domain
optical coherence tomography, respectively. Psychiatric
abnormalities, which may be present before hepatic
[42]
or neurological signs in up to one third of patients ,
include decreased academic performance or personality
changes, sexual exhibitionism, impulsiveness, labile
mood, inappropriate behavior, depression, paranoia,
and schizophrenia, leading also to suicide in a discrete
[15,33,43,44]
number of cases
. Other manifestations of disease
may include renal abnormalities such as hypercalciuria,
nephrocalcinosis, nephrolithiasis, and aminoaciduria,
cardiomyopathy with arrhythmias, autonomous nervous
alterations, gigantism, hyoparathyroidism, osteoarthritis,
[42,45]
pathological fractures and pancreatitis
.

substantial part of patients with prevalent mutations.
Furthermore, genetic testing is especially useful in
screening relatives of the index patient, upon determi
nation of his/her mutant.
Other simple diagnostic options include the relative
exchangeable copper, defined by the ratio of serum
exchangeable copper (CuEXC)/total serum copper (CuT)
[48]
> 18.5% . The simplest test, however, remains the
serum copper/ceruloplasmin ratio (μg/dL), which if is
greater than 2 determines the existence of WD, and if
[49]
< 1 determines a healthy subject or a heterozygote .
Although the 24 h urine test is used widely, it is not
practical and may be difficult to collect for patients. A 6 h
copper urine test after challenge with D-penicillamine is
being proposed by our group, which provides diagnostic
rapidity, and good accuracy with the cutoff level of 118
[50]
mcg Cu/6 h as diagnostic for WD . This test has not
yet been universally validated yet, however, and has
not been standardized for routine diagnosis, but rather
represents a valid tool under certain circumstances,
especially in patients with acute on chronic presentation
with rapid clinical deterioration. Moreover, the future
holds promising new techniques such as tandem mass
spectrometry as a diagnostic tool, which although not
yet widely available, may be used as a confirmatory
test to diagnose WD in newborns, allowing a very
fast measurement of several metabolites in different
[51]
biological specimens .
As prompt diagnosis is crucial in order to initiate
treatment hopefully in the early, asymptomatic stage
of the disease and not when liver decompensation or
advanced neurological irreversible damage have already
ensued, family screening is warranted. In this scenario,
the best approach is to complete copper studies in firstand second-degree relatives of the index case.

DIAGNOSIS
th

The working party at the 8 International Meeting on
[26,42]
Wilson disease held in Leipzig (2001)
proposed a
diagnostic score for diagnosing WD. The fundamental
diagnostic elements include: (1) serum ceruloplasmin,
which is typically decreased by 50% of the lower normal
value, but may be elevated - and thus lead to a false
negative result in inflammatory states, as an acute
phase reactant; (2) twenty-four hours urinary copper
excretion, which is typically greater than 100 mcg/24 h
in adults and greater than 40 mcg/24 h in children; (3)
serum free copper, which is typically greater than 200
mcg/L; (4) hepatic copper, which is typically greater than
250 mcg/g dry weight; and (5) the presence of KayserFleischer rings on slit-lamp examination, which however
may be absent in up to 50% of patients with hepatic
WD, may be absent in most asymptomatic siblings,
and may be present in other hepatic diseases such as
primary biliary cirrhosis. In contrast, Kayser-Fleischer
rings are present almost invariably in neurological
[37]
WD . Although oftentimes most criteria of the Leipzig
[26]
score are met , the alteration of at least one copper
metabolism test with low ceruloplasm in levels in the
presence of clinical manifestations is enough to establish
the diagnosis of WD. The advent of genetic testing did
not provide the expected diagnostic yield, due to the
existence of more than 500 mutants, and the laborious
[46]
and expensive nature of genetic testing . Moreover,
most patients are mixed (compound) heterozygotes,
and even more so, no mutation has been identified in
[47]
approximately 17% of confirmed WD cases . However,
genetic testing might prove to be very useful, and
molecular techniques allow for a rapid diagnosis in a

WJH|www.wjgnet.com

TREATMENT
Treatment should ideally commence upon diagnosis in
pre-symptomatic subjects (when testing is performed
as part of screening for affected family members), or
in symptomatic subjects, immediately after prompt
diagnosis. If treatment is initiated opportunely, deterio
ration can be prevented and life expectancy can be
[52,53]
comparable to subjects without the disease
. Pro
gnosis for WD patients is excellent provided compliance
to therapy is adequate. On the contrary, the natural
course of the disease is characterized almost inevitably
by progressive, relentless deterioration leading to death
[54]
due to liver or neurological disease . Discontinuation
of treatment may be catastrophic, placing the patient at
high risk of FW, and with a high toll on mortality, as in a
study where 8 of 11 patients who suspended treatment
[55]
died an average of 2.6 years after treatment cessation .
The objectives of treatment, therefore, are to prevent
appearance of symptoms in asymptomatic subjects,
prevent clinical deterioration in affected subjects, and
can also be life-saving in cases o acute-on-chronic
hepatitis. Treatment principles in WD include the esta
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[64,65]

blishment of a certain diagnosis, since the treatment is
lifelong, as well as the monitoring of compliance, early
detection of complications, and integral management
including early neuropsychiatric screening/evaluation
and physiotherapy, as required.
It is recommended that asymptomatic patients
be treated with zinc salts or with chelators at a lower
dosage than that used for symptomatic disease. In
contrast, symptomatic patients should be treated with
chelators or a combination of chelators plus zinc, while
patients with acute-on-chronic liver failure or those with
end-stage liver disease unresponsive to medical therapy
should be considered urgently for liver transplantation.
In order to determine the adherence to therapy, its
effectiveness, and the eventual development of side
effects, lifelong monitoring is warranted.
Treatment is based on the removal of copper excess
[55]
by chelating agents such as penicillamine, trientine ,
[56,57]
or tetrathiomolybdate
or by blocking the intestinal
[58]
copper absorption with zinc salts , with the ultimate
goal of normalizing free plasmatic copper. Being WD a
[59]
rare disease , pharmacological agents to treat it belong
[60]
to the group of orphan drugs , and have not been
developed through a rigorous process like most drugs,
for which information on pharmacokinetics and phar
macodynamics is available before their establishment as
treatment and their marketing. Rather, pharmacological
agents in WD originated from the desperate need to
treat an otherwise lethal disease and even derive from
knowledge in other fields, like chemistry and veterinary
medicine, as in the case of tetrathiomolybdate. An
exception is represented by zinc acetate, for which formal
preclinical and clinical trials were conducted prior to its
release as a treatment agent for WD, as requested by
the American Food and Drug Administration for approval
[61]
of an alternative zinc salt . The continued use of these
agents through the years, however, has permitted a body
of evidence and experience to be accumulated regarding
these drugs’ effectiveness and adverse effects. The
orphan drugs presently used for the treatment of WD,
with no registered active clinical trials, research projects
[60]
or networks
are penicillamine D (or D-penicillamine)
(Cuprimine, Cupripen, Cilamin, Trolovol, Orpha number
ORPHA34567), zinc acetate (Galzin, Wilzin, Orpha
number ORPHA56897), Trientinedihydrochloride (Metalite,
Syprine, Orpha number ORPHA24924), and Ammonium
tetrathiomolybdate (Orpha number ORPHA137334),
designation granted to the last agent by the European
[62]
Commission in 2008 .

chelatormetallothionein
, favoring reduced absorp
tion by elimination in feces. As D-penicillamine has
some immunosuppressant properties, it was in fact
[66]
initially used to treat rheumatoid arthritis . Moreover,
this agent’s interference with collagen cross-linking
[67,68]
has several consequences
, including impaired
or delayed wound healing, but also potential benefic
effects in preventing, delaying, or ameliorating hepatic
fibrosis. This last effect was not demonstrated in a
histopathological study in which fibrosis progression
occurred in the same proportion in patients treated with
[69]
zinc or with D-penicillamine , although larger studies
and longer follow-up is warranted to evaluate this
aspect optimally. Although initial worsening of neurologic
[53,70]
symptoms may occur in 10%-50% of patients
,
it is widely used due to its low cost and considerable
efficacy, although no comparative data exist to support
[71]
its superiority as opposed to zinc therapy .
Improvement in hepatic function may be observed
as early as 2-6 mo after initiation of treatment, with
improvement in hepatic synthetic function, ascites, and
[32,72]
jaundice
. Initial recommended dose is 250-500
mg/d, with 250 mg increments every 4-7 d to a maxi
mum of 1-1.5 g/d in two to four divided dosages, in
cases of symptomatic disease. Maintenance dose is
lower: 750-1000 mg/d administered in two daily doses.
In the pediatric population, the recommended dose is
20 mg/kg per day rounded off to the nearest 250 mg
and distributed in two or three doses daily, reducing
by 25%-30% in maintenance therapy. As food inhibits
the absorption of D-penicillamine, this drug should
be administered one hour before or two hours after
[73,74]
meals
. Adverse effects are unfortunately relatively
common with the use of D-penicillamine and determine
the need for discontinuation (and switching to another
pharmacological treatment) in approximately 20%-30%
[75]
of patients . Early adverse effects include sensitivity
reactions characterized by fever and cutaneous erup
tions, neutropenia or thrombocytopenia, lymphadenopa
thy, and proteinuria. Although in the past desensitization
measures were used due do the absence of pharma
cological alternatives, the occurrence of these adverse
reactions warrants immediate drug suspension and
switching to either trientene or zinc. Another late adverse
effect of D-penicillamine which requires immediate
suspension is nephrotoxicity, which is often preceded by
proteinuria or the appearance of other celluar elements
in the urine. Other late-onset undesirable effects of the
drug include a lupus-like syndrome characterized by
hematuria, proteinuria, arthralgia, and appearance of
antinuclear antibodies; bone marrow toxicity with severe
thrombocytopenia and even aplasia may occur, while
dermatologic alterations such as elastosis perforans
serpiginosa, progeria, pemphigus, lichen planus, and
[67,76]
apthous stomatitis may occur
. Hepatic iron accumu
lation has been demonstrated to occur with prolonged
use of D-penicillamine, as opposed to therapy with zinc,
which avoids copper aborption, and hepcidin might play
[77]
a role in altered iron metabolism in WD .

D-penicillamine

D-penicillamine, introduced in 1956 as the first oral
[63]
agent for treating WD , chelates not only copper, but
other metals as well. In fact, the initial racemic mixture
that was available required the co-administration with
[32]
pyridoxine , to avoid deficit of this vitamin, although
supplementation with pyridoxine (25-50 mg daily) is
still recommended. This drug favors urinary excretion of
copper, but it also induces the endogenous intracellular
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[90]

Neurological damage, in some cases irreversible,
may be induced by massive and sudden free copper
elevation following therapy with D-penicillamine and
[78]
other potent chelators ; neurological worsening has in
fact been linked with spikes in free copper, induced by
[79,80]
chelators including D-penicillamine
. The mechanism
behind neurological worsening is the mobilization of
important amounts of free copper, which together with
an increase in malanodialdehyde and a reduction in
[81]
glutathione, lead to cellular damage . Moreover, due
to its effects on collagen formation and thus on wound
healing, D-penicillamine must be suspended (and
therapy changed to zinc or trientine) between 2 to 3 mo
before planned surgery.

salts . Its mechanism of action is different from the
above mentioned agents, in that it induces enterocyte
metallothionein, an endogenous chelator of metals,
thus favoring copper entrapment into enterocytes and
its elimination in the feces with the normal shedding
[61,91]
of intestinal cells
. Furthermore, zinc may also act
beneficially by inducing intra-hepatic metallothionein,
[92]
potentially providing further hepato-protection . Another
possible mechanism of action of zinc is the inhibition of
lipid peroxidation and the increase of available glutathione
[93]
within hepatocytes, reducing oxidative damage . This
drug has demonstrated to be efficacious in slowly creating
a negative copper balance, and although initially it was
favored only as maintenance therapy or in asymptomatic
[94]
subjects , it is increasingly and successfully being used
[4,95,96]
as first-line therapy as well
. As the deleterious
effect of copper are associated with its free form in
blood, induction of metallothionein and its binding of free
copper by zinc results in an efficacious therapy, achieving
normalization of free copper levels. Recommended dosing
in milligrams of elemental zinc is 150 mg/d divided in
three doses. In the pediatric population dosing is 75
mg/d divided in three doses. As well as with the other
pharmacological drugs in the armamentarium for treating
WD, food interferes with absorption, which is why this
drug must be administered at least one hour before or
two hours after meals. Whenever the therapeutic decision
to switch from chelators to zinc is made, it should be
noted that since the maximum induction of intestinal
metalloproteins occurs three weeks after the initiation of
zinc, the chelator should be continued for this period of
time, administered at least one hour before or after zinc.
Adverse effects of zinc are fortunately few and not lifethreatening, including gastric irritation, which can improve
with time, alcohol intolerance, headaches, increase in
perspiration, transient elevation of plasmatic lipase,
amylase and alkaline phosphatase, and sideroblastic
anemia, the latter of which can indicate excessive copper
[97]
removal, with copper deficiency .
Since neurological worsening might be induced with
[98]
the use of potent chelators, it has been proposed , and
it has been the experience of our groups, that the optimal
therapeutic approach in patients with severe neurological
impairment is to commence treatment with zinc, which
acts not by rapid mobilization of copper, but by blockage
of copper absorption both from food as well as from
endogenously secreted copper, creating a consistent
negative copper balance without inducing an intense
[78]
and sudden copper redistribution . Not only as initial
therapy in cases of severe neurologic involvement, but
also as an alternative agent after discontinuing chelators,
zinc therapy has been proven to favor improvement and
[99]
even resolution of neurological damage in WD .
Although not standardized, combined therapy, with
the administration of either D-penicillamine and zinc, or
trientine and zinc, at widely spaced intervals during the
[100]
day, is a valid strategy that has yielded good results .
Both the EASL and the AASLD guidelines recommend
including a chelating agent in the initial treatment of

Trientine

A chelator of several metals including copper, zinc, and
iron, trientine was developed and introduced in 1969 as
an alternative for patients intolerant to D-penicillamine
[82,83]
and favors urinary excretion of copper
. Although
its elevated cost might hamper its use as an initial
medication, and although clinical information available is
limited only to uncontrolled studies, this agent possesses
a good safety profile and is efficacious, offering the
possibility of use as alternative to other pharmacological
agents or as initial therapy, even in cases of decom
[84]
pensated liver disease . Albeit worsening of neurological
symptoms has been reported to occur, this phenomenon
seems to occur less frequently than with D-penicillamine.
[85]
Cases of neurotoxicity have been reported , however,
and a clinical trial found that trientine led to initial
neurological deterioration in approximately 26% of
[86]
treated patients . Co-administration with iron should
be avoided, since the resulting complex may induce
toxicity. Copper deficiency induced by trientine through
overtreatment can result in reversible side roblastic
[87]
anemia due to marrow copper deficiency
and iron
overload in livers of patients with WD, similar to that
observed for D-penicillamine. Recommended dose is
750-1500 mg/d in two or three divided doses, while
maintenance dose is 750-1000 mg/d in two or three
divided doses. In the pediatric population, dosing is 20
mg/kg per day, rounded off to the nearest 250 mg,
and should be administered in two or three divided
doses. Similar to D-penicillamine, trientine should be
administered either one hour before or two hours after
meals, as food inhibits its absorption. Another particular
aspect is that trientine must be kept refrigerated.
Adverse effects include dyspepsia, anemia caused by iron
deficiency, muscle cramps and spasms, and dystonia,
the last being difficult to exclude as manifestations of the
[88]
disease itself .

Zinc

Initially its chloride salt, followed by its sulfate salt,
zinc was first used in the early 1960s to treat WD but
[89]
was kept unrecognized until 1978 . Zinc acetate is
regarded to have a better gastric tolerance. However,
in terms of efficacy, there is no difference between zinc
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symptomatic patients (D-penicillamine or trientine),
[32,42]
although trientine may be better tolerated
. Likewise,
according to these guidelines, maintenance therapy can
be ensued with reduced doses of either chelating agent
or with zinc.

ferritin. In these cases, non-ceruloplasmin copper is
typically lower than 15 μg/dL, and urinary copper is
[3]
reduced with respect to the patient’s previous values .
Temporary discontinuation of therapy, or switching
from a chelating agent to zinc, with close observation,
is warranted, followed by reintroduction of therapy at a
[32]
reduced dose .

Diet

Elevated amounts of copper are naturally found in
numerous food products, including chocolate, nuts,
mushrooms, crustaceans, soy, and gelatin, and although
dietary restriction of copper-rich foodstuffs is by no
[101]
means sufficient therapy for WD
, its importance
should not be overlooked as part of WD management.
Moreover, the use of cooking utensils containing copper
is discouraged, and in order for tap water coming from
copper pipes to be sufficiently safe for consumption, it
[97]
must be left running for a few minutes .

LIVER TRANSPLANTATION
Liver transplantation is the recommended therapy
for patients with fulminant hepatitis, or in those with
relentless progression of hepatic dysfunction despite drug
therapy, and survival rates are only very slightly inferior
[103-105]
to those after transplant for other indications
. Liver
transplantation corrects the underlying hepatic metabolic
[106]
defect in WD
, and is one of the few indications
for liver transplantation in which there is no risk of
recurrence, unless in the unfortunate and improbable
hypothesis of receiving a graft from an undiagnosed
WD. With the availability of effective treatment, liver
transplantation is clearly not indicated to treat the
metabolic defect, but rather as a life-saving procedure in
cases of advanced cirrhosis or fulminant hepatic failure.
In a study analyzing UNOS results on 170 children
and 400 adults who underwent liver transplantation
for FW or end-stage liver disease in the United States
[102]
between 1987 and 2008, Arnon et al
found that
both one- and five-year survival rates were similar
between children and adults (90.1% and 89% vs 88.3%
and 86%, respectively, P = 0.53, 0.34). Moreover,
both adults and children transplanted for chronic liver
disease had better long term survival than patients
transplanted for FW, although the difference was not
[107]
statistically significant . Neurological, and especially
[108]
psychiatric
involvement may show little improvement
[27]
with transplantation, however . In a multicenter Italian
study, 37 cases of patients who underwent liver trans
plantation, 8 for FW and 29 for WD-related chronic
liver disease, were analyzed, demonstrating decreased
survival in patients who previous to transplant had
neuropsychiatric manifestations, in spite of neurological
[103]
improvement after transplantation
. Improvement
in neurological symptoms, without a negative effect
on survival, has been reported however, in smaller
[109,110]
series
. Thus, caution must be employed in decision
making regarding listing for liver transplantation in
patients with severe neuropsychiatric involvement.
Moreover, liver transplantation for sole neuropsychiatric
disease is currently not recommended.

PHARMACOLOGICAL TREATMENT
MONITORING
Adequate compliance to therapy is key in the manage
[94]
ment of patients with WD . Being a lifelong disease,
frequently diagnosed in the pediatric age, and require
ment daily intake of one or more pharmacological
agents, oftentimes two or three times daily, adherence
can sometimes be an issue, and can lead to life-threa
tening deterioration of clinical conditions. Monitoring
should be performed at least every six months, especially
in adolescents, in whom non-adherent behavior has been
[102]
documented in spite monitoring . Monitoring intervals
should be shorter for patients who initiate therapy,
patients who are switched to another type of medication,
cases in whom non-compliance is suspected, or patients
in whom worsening occurs in spite of treatment.
Monitoring of treatment with all agents includes
liver function tests, which should tend to normalize
within a variable period of several months. With either
D-penicillamine or trientine, plasmatic non-ceruloplasmin
bound copper values should exceed 25 μg/dL at the
start of therapy and should lie between 15-25 μg/dL
during maintenance therapy. At the start of therapy, 24
h urinary copper excretion should be between 500 and
1000 μg/24 h (or from 300 to 1000 with trientine), and
should lie between 200-500 μg/24 h during maintenance
therapy. Conversely, monitoring of patients on zinc
therapy must ensure a reduction in urinary copper
excretion (initially below 100 μg/24, and from 30-80
μg/24 h on maintenance therapy), with a normalization
off non-ceruloplasmin-bound copper (initially above
25 μg/dL, but 15-25 μg/dL on maintenance therapy).
Additionally, urinary zinc excretion (which should be
above 1.5-2 g/d) indicates adequate compliance to
[3,32]
therapy
.
It is important to look out for overtreatment, which
presents with neutropenia and anemia, due to failed
iron mobilization, with transaminase elevation due
to increased hepatic iron, accompanied by increased

WJH|www.wjgnet.com

ALTERNATIVE TREATMENTS
Ammonium tetrathiomolybdate

Tetrathiomolybdate, another copper-chelating drug with
[111]
antiangiogenic properties , derives from experience
in the veterinary field, where this agent has been used
[106,112]
to treat copper-poisoning
. Its mechanism of
action is chelating copper and also inducing intestinal
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metalloproteins, increasing both copper elimination in
[86]
the urine and in the feces . Administered with meals,
this agent forms a complex with copper and protein in
the gut, inhibiting copper uptake; when administered
[113-115]
between meals, it binds plasmatic copper
. Athough
not yet approved by the American Food and Drug
Association, it has been approved for use in WD in
Europe since 2008. In spite of the reduced clinical
experience available, it seems this agent is safe and
efficacious, especially in patients with severe neurolo
[54,57,111,115]
gical manifestations
. In a randomized, doubleblind study analyzing patients with neurologic WD,
treatment with trientine and tetrathiomolybdate were
compared against each other. The authors found that
neurological deterioration occurred in 6 of 23 patients
in the trientine treatment arm vs 1 of 25 patients
[86]
in the tetrathiomolybdate arm . Adverse effects
include elevation of transaminases and bone marrow
[116]
suppression .

without liver transplantation. The specific prognostic
index revised Wilson prognostic index represents a valid
[121,122]
tool for assessing these critically ill patients
.
As bridging therapies to liver transplantation, or
as an alternative altogether in regions were liver trans
plantation is not possible, strategies such as rapid
[124,125]
plasma exchange
via any method such as plasmap
[126]
[127,128]
[129]
heresis , hemofiltration
, albumin dyalisis , or
exchange transfusion, may be successfully used to lower
circulating copper levels, renal protection from copper[130]
mediated tubular damage, and reduce hemolysis
.
Albeit some degree of improvement has been reported,
the need for liver transplantation has not been obviated in
numerous cases, although successful treatment without
[131]
transplantation has been reported
. The molecular
adsorbent recycling system ultrafiltration device, which
combines ion exchange with albumin dialysis might pro
vide some therapeutic efficacy in this setting, achieving
copper removal and clinical stabilization, that might
[132-135]
constitute a bridge for liver transplantation
.

Vitamin E

Pregnancy

Vitamin E, a powerful antioxidant, may be used as
adjunctive treatment, especially in the scenario of liver
failure. Moreover, low levels of this vitamin have been
demonstrated in patients with WD, providing further
[117-119]
rationale for its supplementation
. Nevertheless,
no randomized controlled studies offer solid evidence for
its use.

Treatment must be maintained during all the duration
of pregnancy; acute liver failure has been reported as a
[136]
result of therapy discontinuation during pregnancy .
Penicillamine, trientine, and zinc salts have been success
fully used to treat pregnant WD patients, with satisfactory
outcomes for both mother and fetus. However, there are
reports of teratogenicity associated with D-penicillamine
[137]
[138]
in both animals
as well as human beings
, and
although it is not clear if trientine is effectively teratogenic
in humans, its teratogenicity has been reported in
[139]
animals . Although there have been reports of birth
defects during treatment for WD, the rarity of this
disease makes it difficult to establish a true increased
risk in this population. The risk of decompensation in
cases of discontinuation of therapy clearly outweighs
any possible risk to the fetus. Thus, the best treatment
option during pregnancy and breastfeeding is zinc, with
adequate protection of the mother’s as well as the fetus’
[140]
health . Dosing should be unaltered for zinc salts, but
reduction (20%-50%) is warranted for D-penicillamine
and trientine. Monitoring of liver function tests during
each trimester is recommended.

TREATMENT IN SPECIAL CONDITIONS
Fulminant hepatic failure

Prompt recognition and establishment of diagnosis
is the first, crucial step in the management of acute
liver failure; timely diagnosis in these circumstances
is especially critical, and high suspicion for this entity
must be raised in the presence of a fulminant hepatitis
(in most cases in the absence of previous symptoms),
Coombs negative hemolytic anemia, transaminase
elevation (AST/ALT > 2.2), alkaline phosphatase/total
bilirubin < 4, and an increase in serum total copper
levels. The diagnosis of WD is even likelier if this pre
sentation occurs in young females between 11 and 25
years of age, coinciding with puberty, as FW has been
described more frequently in this subgroup of patients.
Treatment in this setting is life-saving, and the
[120,121]
best option is offered by liver transplantation
.
Determination of which patients will likely not survive
without a liver transplant is key to deciding urgent
placement with high priority in the waiting list for liver
transplant in countries/regions were this resource is
available. The prognostic score developed by Nazer
[122]
et al
incorporates serum bilirubin, aspartate amino
transferase, and prothrombin time, and patients with
a score of 7 or more had fatal outcome. Dhawan et
[123]
al
recently modified this score (revised King’s score),
with the addition of leucocyte count and INR instead
of prothrombin time, with a newly established cutoff of
10 points which determines a breaking point in survival
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PERSPECTIVES FROM TWO HIGHINCIDENCE COUNTRIES: ITALY AND
COSTA RICA
In an Italian study analyzing 35 patients with WD, with
a mean follow-up of 15 years, hepatic presentation
was the dominant clinical manifestation, with 65.7% of
patients with hepatic form and 34.3% a combination
of neurologic and hepatic involvement. After initial
treatment with D-penicillamine (23/35 patients) or
zinc sulphate (12/35 patients), neurological symptoms
worsened or remained stationary in 75% in patients
treated with d-penicillamine, while 90% of patients

2865

December 18, 2015|Volume 7|Issue 29|

Rodriguez-Castro KI et al . Wilson’s disease
treated with zinc showed improvement in neurological
symptoms, while hepatic disease improved in both
treatment groups. Four patients underwent liver trans
plantation, and while 3 patients survived a mean of
4.6 years, one patient, who previous to the transplant
had severe neurological impairment, died shortly after
[141]
transplantation due to central pontinemyelinolysis .
United by a possible founder effect that has been
[16,17]
traced to Italian origins
, WD is very frequent in
Costa Rica, favored by the high degree of consanguinity.
In a cohort of 55 WD patients in Costa Rica, with a
mean follow up of 11.59 years, for a total of 633 patientyears, mean age at diagnosis was 22.1 years, with the
youngest patient being diagnosed at 3 years of age
and the oldest patient at 72 years of age. Interestingly,
women tended to be diagnosed at a later age than
men (25.8 years vs 17.9 years, P = 0.04), and 41.8%
of patients had at least one relative who had been
diagnosed with the disease. Notably, 21 patients were
asymptomatic at diagnosis (diagnosed by screening of
family members), 21/55 had predominantly hepatic
disease, 5/55 predominantly neurological disease,
3/55 both hepatic and psychiatric disease, 3/55 both
hepatic and neurological disease, and 2/55 patients had
all three possible predominant manifestations of WD:
Hepatic, neurologic and psychiatric. Approximately 60%
of these patients is on treatment with D-penicillamine,
8.5% on combined treatment D-penicillamine + zinc,
and the remainder of patients receive either trien
tenemonotherapy, trientene + zinc, or zinc monotherapy
(10.6%, respectively). Interestingly, survival was
significantly different according to age at diagnosis
(and start of therapy), with 97% vs 66.7% survival
at 15 years for patients diagnosed before or after 30
years of age, respectively (P < 0.01). During the followup period, 2 patients underwent liver transplantation,
one for FW and the other for end-stage liver disease,
with excellent outcome post-transplantation (13 and
7 years’ survival, respectively). Before the institution
of the National Liver Transplantation program in Costa
Rica, however, management of FW was successful with
the use of prostaglandins (misoprostol) and high dose
[97]
vitamin E in four cases . This strategy, together with
copper filtering, may be life-saving and might represent
a valid strategy either as a bridge to transplant or as
salvage therapy in regions where liver transplantation is
not an option.

of WD, although there is still a long way to go until they
[142,143]
can be used safely and readily in humans
.
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Abstract
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Hepatic encephalopathy (HE) is a major complication of
cirrhosis resulting in significant socioeconomic burden,
morbidity, and mortality. HE can be further subdivided
into covert HE (CHE) and overt HE (OHE). CHE is a
subclinical, less severe manifestation of HE and requires
psychometric testing for diagnosis. Due to the time
consuming screening process and lack of standardized
diagnostic criteria, CHE is frequently underdiagnosed
despite its recognized role as a precursor to OHE. Screen
ing for CHE with the availability of the Stroop test has
provided a pragmatic method to promptly diagnose
CHE. Management of acute OHE involves institution of
lactulose, the preferred first-line therapy. In addition,
prompt recognition and treatment of precipitating factors
is critical as it may result in complete resolution of acute
episodes of OHE. Treatment goals include improvement
of daily functioning, evaluation for liver transplantation,
and prevention of OHE recurrence. For secondary pro
phylaxis, intolerance to indefinite lactulose therapy
may lead to non-adherence and has been identified as
a precipitating factor for recurrent OHE. Rifaximin is
an effective add-on therapy to lactulose for treatment
and prevention of recurrent OHE. Recent studies have
demonstrated comparable efficacy of probiotic therapy to
lactulose use in both primary prophylaxis and secondary
prophylaxis.
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rates as reported by Bustamante et al
with 42%
survival at 1 year follow-up and 23% at 3 years. Based
on comparison with other complications of cirrhosis,
the mortality rates are comparable to bleeding from
[13]
varices . OHE has been associated with 54% mortality
at one year in patients needing admission to intensive
[14]
care unit , while data from the inpatient samples
[5]
report a 14% to 15% mortality over the 5-year period .
[9]
Jepsen et al describe 169 patients with a median
survival time of 2.4 mo from disease onset with mortality
rates of 45% within 1 mo, 64% within 1 year, and 85%
within 5 years. In addition to morbidity and mortality
associated with HE, the socioeconomic and emotional
burden on patients, families and the healthcare system
are significant. Patients with HE who were discharged to
nursing homes or rehabilitation centers increased from
[15]
2.6% to 23.3% between 1993 and 2009 . A study of
104 cirrhotic patients with previous history of HE was
associated with unemployment, decline in financial
[16]
status, and higher caregiver burden .

Core tip: Hepatic encephalopathy (HE) is a major
complication of cirrhosis resulting in significant socioe
conomic burden, morbidity, and mortality. Management
of acute overt HE (OHE) involves institution of lactulose,
the preferred first-line therapy. In addition, prompt
recognition and treatment of precipitating factors
may result in complete resolution of acute episodes of
OHE. Treatment goals include improvement of daily
functioning and prevention of OHE recurrence. For
secondary prophylaxis, intolerance to indefinite lactulose
therapy may lead to non-adherence and has been
identified as a precipitating factor for recurrent OHE.
Rifaximin is an effective add-on therapy to lactulose for
treatment and prevention of recurrent OHE.
Liu A, Perumpail RB, Kumari R, Younossi ZM, Wong RJ,
Ahmed A. Advances in cirrhosis: Optimizing the management of
hepatic encephalopathy. World J Hepatol 2015; 7(29): 2871-2879
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i29/2871.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i29.2871

PATHOGENESIS OF HE
Cerebral dysfunction in liver failure is a varied phe
nomenon that can is termed HE. Numerous, com
plementary mechanisms have been stipulated to underlie
HE. Ammonia and other toxins, typically filtered by the
liver, play a role in conjunction with altered blood-brain
transport of neurotransmitter precursors, metabolism
of amino acid neurotransmitters, and cerebral glucose
[17-19]
oxidation
. These alterations result in propagation
of inhibitory signals, mediated by gamma-aminobutyric
acid and serotonin, and inhibition of excitatory signals,
[20,21]
mediated by glutamate and catecholamines
. The
overall effect is neural inhibition. Other contributing
mechanisms include neuroinflammation and altered gut
[22,23]
flora
.

INTRODUCTION
The prevalence of cirrhosis both worldwide and in the
[1]
United States is unknown , although experts estimate
that 5.5 million people in the United States have cirrho
[2]
sis . One of the primary complications of cirrhosis is
[3]
hepatic encephalopathy (HE) . HE represents a
continuum of clinical features involving cerebral dysfunc
[4]
tion in cirrhotic patients with hepatic decompensation .
The spectrum can be further divided into preclinical
stage, covert HE (CHE), or a clinically symptomatic
state known as overt HE (OHE).

DIAGNOSIS OF HE

INCIDENCE AND PREVALENCE OF HE

The diagnosis of OHE is complex, beginning with a
clinical recognition of the distinctive neurologic features
of HE. The most common features are confusion or
coma, asterixis, loss of fine motor skills, and hyperreflexia. Also required for the diagnosis of HE are the
presence of underlying cirrhosis and exclusion of all other
etiologies for neurologic or metabolic abnormalities. The
portal-systemic encephalopathy score (PSE score; West
Haven Criteria) is used to evaluate overall severity.
The two forms of HE include CHE, which has also
been called subclinical encephalopathy or minimal
encephalopathy (MHE) in the past, and OHE. In contrast
to clinically symptomatic OHE, the diagnosis of CHE is
made difficult by a lack of agreement in which tests
[4]
should be utilized . CHE was originally used as the label
for patients who performed poorly on psychometric
[11]
tests . Noted to be more sensitive than observation;
psychometric tests have since served as the standard for
[24]
diagnosis of CHE . Recent studies have also established

According to a study utilizing data from the Nationwide
Inpatient Sample, annual inpatient incidence of HE
[5]
ranged from 20918 in 2005 to 22931 in 2009 . This
accounted for 0.33% of all hospitalizations in the United
States. A 2010 study of 170 cirrhotic patients from
United States reported 56% of patients with underlying
[6]
CHE, while 30% developed an episode of OHE . Among
1348 consecutive patients with cirrhosis in a multicenter European study, 34% patients were diagnosed
[7]
with OHE . Other studies utilizing data from British and
Danish cohorts report OHE in 10% to 11% of patients
[8,9]
in the setting of alcoholic cirrhosis . Prevalence of CHE
[10,11]
in patients with cirrhosis range from 27% to 70%
.

MORTALITY AND MORBIDITY
ASSOCIATED WITH HE
The onset of OHE is associated with high mortality
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Table 1 Precipitating factors for hepatic encephalopathy

Table 2 Non-hepatic encephalopathy causes of altered mental
status

Noncompliance with lactulose
Dehydration from lactulose overuse
Gastrointestinal bleeding
Infection/sepsis
Medications (narcotics, sedatives, etc.)
Recreational drugs (cocaine, marijuana, etc.)
Transjugular intrahepatic portosystemic shunt
Alcohol intoxication
Electrolyte dysfunction
Constipation
Renal failure
Constipation

Acidosis
Drug intoxication
Encephalitis
Hyperglycemia
Hypoglycemia
Hypocapnia
Hypoxia
Intracranial hematoma
Severe sepsis
Thyroid dysfunction
Uremia
Wernicke encephalopathy and korsakoff syndrome (vitamin B1
deficiency)

the usefulness of the neurophysiological critical flicker
[25,26]
frequency (CFF) test in diagnosing CHE
. A study of
132 cirrhotic patients looking at inter-index agreement
and predictive validity showed that CFF did not predict
CHE reliably, while abnormal electroencephalogram
and psychometric HE score (PHES) were predictive
[27]
of subsequent CHE episodes . The availability of
neuroimaging to measure brain activity adds to the
variability in tests used to detect CHE. In 2013, Zheng et
[28]
al
used neuroimaging to report that the gray matter
cerebral blood flow of CHE patients was significantly
higher than that of non-HE patients. Arterial-spin
labeling magnetic resonance imaging was used to
characterize patterns of cerebral blood flow. Comparing
CHE, non-HE, and control patients, they identified
particular brain regions such as the right putamen where
cutoff values for cerebral blood flow was 93.8% sensitive
for characterization of CHE. The study was limited by its
small sample size but further research can elucidate the
potential for non-invasive CHE screening.
The presence of CHE is associated with higher rehospitalization and lower survival rates as shown by
[6]
Patidar et al who followed 170 cirrhotic patients to
assess the rates of CHE, hospitalizations, need for liver
transplantation and survival. The authors reported that
patients diagnosed with CHE via ≥ 2 psychometric tests
were at a higher risk of developing OHE (HR = 2.1, P =
0.05), hospitalization (HR = 2.5, P = 0.002), needing
liver transplantation or death (HR = 3.4, P = 0.01).
Despite these observations, the clinical significance of
CHE is under appreciated and diagnosis is not universally
pursued. The PHES includes five pencil and paper
tests, but is not widely used. In a survey of American
Association for the Study of Liver Diseases physicians,
38% never tested for CHE, while only 14% tested for
[29]
CHE in > 80% of patients with cirrhosis . The major
reason cited for lack of screening for CHE was time
constraints (85%), followed by tests requiring trained
personnel (75%) and lack of standardization in testing
protocols (69%). Additional work is needed to establish
reliable and user-friendly diagnostic criteria for CHE.
The clinical classification of HE can be established
according to type of underlying disease, severity of
[30]
manifestations, time course, and precipitating factors .
Based on underlying disease HE is further subdivided
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into: Type A: HE resulting from acute liver failure;
Type B: HE resulting from portosystemic bypass or
shunting; and Type C: Resulting from cirrhosis. Clinical
manifestations of Type B and Type C are similar, whereas
type A includes increased intracranial pressure and
risk of cerebral herniation. Grading describes severity
of manifestations, with CHE covering minimal HE and
grade 1, and OHE covering grades 2-4. Time course is
subdivided into three types: episodic, recurrent, and
persistent. Lastly, the episode of HE is described as
spontaneous or precipitated by specific factors (Table 1).

MANAGEMENT OF HE
The management of HE is mainly guided by clinical
impression. In cases where HE is suspected, normal
or slightly elevated blood ammonia levels cannot rule
[31]
out a diagnosis of HE . However, when evidence of
underlying chronic liver disease is lacking, elevated
blood ammonia levels may provide helpful prognostic
information for patients in acute liver failure, or may
serve as the basis for further evaluation of uncommon
[31]
metabolic disorders such as urea cycle disorders .
Furthermore, other causes of altered mental status
should be ruled out. Laboratory tests and brain imaging
can diagnose other causes such as intracranial hema
tomas, thyroid dysfunction, electrolyte imbalances, and
sepsis (Table 2).

Acute OHE

The approach to a patient with acute OHE involves
empiric treatment for HE and a focus on identifying the
[32,33]
precipitating factor (Figure 1)
. The precipitating
factors may include gastrointestinal bleeding, infection,
mind-altering medications (sedatives, narcotics, recrea
tional agents, etc.), electrolyte imbalances, constipation,
[2]
and renal failure (Table 1) . Identification and treatment
of precipitating factors of HE is critical. An early study
found 90% of all cases of acute OHE were successfully
resolved with prompt management of the precipitating
[34,35]
factor(s) alone
. In one sample, spontaneous bac
terial peritonitis was the most common precipitant of HE
(20.5%), followed by constipation (18.3%), and urinary
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Altered mental status

HE precipitating factors (Table 1)

Diagnosis: Acute OHE
Identify precipitating factor(s)
Refer to Table 1

Non-HE causes (Table 2)

Diagnosis: Non-HE
Identify non-HE causes of AMS
Refer to Table 2

Acute OHE

Consider LT/treat precipitating factor(s)

Treat acute OHE with lactulose ± rifaximin

Prevention of OHE

OHE: Secondary prophylaxis

OHE: Primary prophylaxis

Prevent recurrence of OHE in
patients with previous episode of
OHE: Treat indefinitely or until LT

Identify and treat CHE to prevent
first episode of OHE: Specialized
psychometric or neurological testing

Figure 1 Algorithm to optimize the management of hepatic encephalopathy. HE: Hepatic encephalopathy; AMS: Altered mental status; OHE: Over hepatic
encephalopathy; LT: Liver transplantation; CHE: Covert hepatic encephalopathy.
[36]

tract infection (15.3%) . Therefore, an evaluation
to search for a potential infection with a diagnostic
paracentesis, blood cultures, urine culture and chest
X-ray is warranted. In another study, infection (44%),
gastrointestinal bleeding (38%), and constipation (38%)
[37]
were the most common precipitating factors .
Currently, the preferred first-line treatment for an
episode of acute OHE is lactulose, a poorly absorbed
disaccharide that works in several ways. Lactulose
decreases the blood ammonia concentration by promo
ting elimination of ammonia. Fermentation of cleaved
lactulose by bacteria into lactic acid and hydrogen ions
acidifies the colon, resulting in protonation of ammonia
molecules into non-absorbable ammonium and facili
tates movement of ammonia from the blood stream
[2]
into the colon lumen . Alteration to the gut flora also
causes reduction of urease-producing bacteria. Lactitol,
a second-generation unabsorbed dissacharide, is an
alternative with an analogous mechanism of action to
lactulose in the management of HE. Lactitol, which is
formulated as a powder that can be dissolved in water
for administration, is known to have superior taste
properties and a defined laxative threshold. In addition,
lactitol has demonstrated comparable efficacy with
[38,39]
lactulose
.
Rifaximin is an alternative first-line treatment option
for OHE. It is a broad-spectrum antibiotic and it works
by altering the bowel flora with net reduction in blood
ammonia concentration. A 2013 study by Sharma et
[40]
al
was the first prospective double-blind randomized
control trial to compare rifaximin plus lactulose to
lactulose alone. A total of 120 patients were randomized
to the rifaximin group or placebo group, with lactulose
dosed to achieve 2 to 3 semisoft stools per day. Treat
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ment was administered through nasogastric tube and
continued for a maximum of 10 d or until recovery. The
rifaximin group demonstrated 76% reversal of OHE vs
44% reversal of OHE in the placebo group (P = 0.004).
Mortality rates were lower in the rifaximin group when
compared to the placebo group (24% vs 49%, P ≤
0.05). The lower mortality was due to a reduction in
sepsis-related deaths. The authors hypothesize that the
anti-bacterial effect of rifaximin inhibited the release
of gut-related endotoxins and their transport into the
bloodstream. In addition, this study demonstrated a
shorter duration of hospital stay with rifaximin treat
ment (5.8 ± 3.4 d vs 8.2 ± 4.6 d, P = 0.001). The
study was limited by lack of serial ammonia level
monitoring, though this is not routinely performed in
clinical practice.
Second-line agents for the treatment of acute OHE
include neomycin and metronidazole. These antibiotics
have fallen out of favor due to their systemic adverse
effects such as ototoxicity and nephrotoxicity for
neomycin, and neurotoxicity for metronidazole.
Branched-chain amino acids (BCAA) have been
studied as therapeutic agents targeting HE. Randomized
controlled trials have evaluated the use of BCAA-rich
[41,42]
parenteral nutrition in patients with HE
. Based on
a meta-analysis, patients receiving BCAA-rich infusions
demonstrated superior mental recovery compared to
[43]
controls . The impact on mortality was mixed among
the constituent trials, with three suggesting improved
survival and two suggesting worse survival. Data regard
ing oral BCAA supplements is controversial. Whereas
some trials have demonstrated significant benefit in
mental performance with oral BCAA dietary supplemen
[44,45]
tation, others have not revealed consistent benefit
.A
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recent meta-analysis including 16 randomized controlled
trials of both intravenous and oral BCAA supplementation
determined that BCAA had a clinically beneficial effect
on OHE (RR = 0.73, 95%CI: 0.61-0.88); however,
there was no impact on mortality, quality of life, or
[46]
nutritional parameters . Increased risk of nausea and
[45]
vomiting was noted. Les et al
found improvement
in performance on neuropsychometric tests and an
increase in mid-arm muscle circumference in patients
randomized to BCAA. The design of this study was
limited by its inability to discriminate between the effects
of the quantity and quality of nitrogen intake. Marchesini
[47]
et al
found improved benefits of BCCA in average
hospital admission rate, nutritional parameters and
liver function tests. The major limitation of this study
was the withdrawal of a significantly greater number of
patients form the BCAA arm compared to control study,
primarily due to a combination of adverse effects and
noncompliance.
Polyethylene glycol (PEG), a cathartic agent best
known for management of constipation, results in
increased fecal ammonia excretion. In a randomized
controlled trial, PEG was compared head-to-head with
lactulose among inpatients with HE. Among patients who
were randomly assigned to four liters of PEG over four
hours, there was greater improvement in HE after 24 h
compared to those who were given three or more doses
of lactulose, each 20 to 30 g, over 24 h. Furthermore,
median time to resolution of HE was shorter in the PEG
[48]
cohort . The study was limited by its single-center
design and lack of blinding.
Patients with hepatic decompensation in the setting
of cirrhosis and HE have been noted to exhibit decreased
[49,50]
serum zinc levels
. Based on the potential role of
[51,52]
zinc in neurotransmission
, zinc supplementation
has been considered in the treatment or prevention of
[49]
acute OHE. Yoshida et al compared zinc serum levels
in 10 patients with cirrhosis-related hepatic decom
pensation to patients with compensated cirrhosis and
healthy volunteers. Zinc supplementation was found
to decrease serum ammonia levels with an unknown
impact on OHE clinical course. The study noted that
the percentage increase in serum zinc levels was lower
in cirrhotic patients. Reduced absorption and higher
urinary excretion due to diuretic administration was
deemed partially responsible for this observation. The
relatively lower percentage increase in serum zinc
levels could partially explain an earlier study of zincsupplementation in 15 cirrhotic patients with chronic
HE with no improvement in symptoms associated with
[53]
chronic HE . A 2013 systematic review of zinc in the
treatment of HE found an improvement on the number
connection test, but no reduction in recurrence of HE (RR
[54]
= 0.64; 95%CI: 0.26-1.59) .

includes improvement of daily function and evaluation
for liver transplant candidacy. Secondary prophylaxis
should continue indefinitely or until liver transplantation.
In the 2009 study from New Delhi, India, Sharma et
[55]
al
conducted an open-label randomized control trial
to study recurrence of OHE in cirrhotic patients after
recovery from a prior episode. Primary end point was
development of OHE and follow-up ranged from 1 to 20
mo. The proportion of patients with recurrent episodes
was found to be lower in the lactulose group compared
to the placebo (19.6% vs 46.8%, P = 0.001). The most
common adverse effects of lactulose were found to be
diarrhea (23%), abdominal bloating (10%), and distaste
(13%). In this study from New Delhi, all patients tole
rated treatment and remained adherent to therapy. In
the United States, adherence to lactulose therapy is a
concern because many patients find the adverse effects
[2]
difficult to tolerate . These include severe diarrhea
leading to dehydration, hypokalemia, hyponatremia,
and other electrolyte disturbance. Other adverse effects
related to lactulose therapy include bloating, flatulence,
nausea, vomiting, and unpleasant sweet taste. Bajaj
[56]
et al
studied adherence in 137 patients treated with
lactulose therapy after initial episode of OHE Among
the 103 patients who experienced a recurrent episode
of OHE while on lactulose therapy, 38% were nonadherent, 54% were adherent, and 8% experienced
lactulose-associated dehydration leading to recurrence.
All non-adherent patients in the study developed re
currence, while 64% of those who were adherent to
lactulose therapy developed OHE recurrence. Despite
adherence to lactulose in this study, precipitating events
such as sepsis and gastrointestinal bleeding resulted in
recurrence of OHE. Multivariate regression demonstrated
lactulose non-adherence (OR = 3.26) and MELD score
(OR = 1.14) as predictive factors for recurrence. A
[57]
retrospective study by Pantham et al
noted that
lactulose non-compliance (39%), constipation (22%),
opioids and benzodiazepines (17%), dehydration (16%),
and infections (15%) as the leading precipitating factors
for OHE.
Rifaximin can be used as an effective add-on therapy
with lactulose to prevent OHE recurrence. After a second
recurrent episode of OHE, rifaximin is recommended
as an add-on therapy to lactulose for secondary pro
[30]
[58]
phylaxis . Bass et al
performed a randomized,
double-blind, placebo-controlled trial to study the effect
of rifaximin plus lactulose vs lactulose and placebo in
patients who were in remission from OHE. Patients
were followed for the treatment period of 6 mo with
the primary endpoint being time until a breakthrough
episode of OHE. In the rifaximin group, 22.1% of
patients reported a breakthrough episode vs 45.9% in
the placebo group with a relative risk reduction of 58%
for recurrence with rifaximin vs placebo. These data
estimated the number-needed-to-treat is 4 patients for
6 mo to prevent one episode of OHE. Hospitalizations
were also lower in the rifaximin group (13.6%) com
pared to the placebo group (22.6%). The background

Secondary prophylaxis of OHE

Secondary prophylaxis is the prevention of recurrent
episodes of OHE following resolution of acute OHE.
Outpatient management after an episode of acute OHE
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use of lactulose in both groups was 91%. In another
study, long term effects of rifaximin treatment were
studied in 23 cirrhotic patients for up to 5 years, death,
[59]
or liver transplantation . Compared with controls,
patients on rifaximin therapy experienced lower rates of
variceal bleeding (35% vs 60%, P = 0.011), HE (32%
vs 47%, P = 0.034), spontaneous bacterial peritonitis
(5.5% vs 46%, P = 0.027), and hepatorenal syndrome
(4.5% vs 51%, P = 0.037). The 5-year cumulative
probability of survival in the rifaximin group was 61%
vs 13.5% in the controls.
The concerns over bacterial-resistance with longterm rifaximin use is mitigated by studies demonstrating
[60]
minimal long-term effects on intestinal flora . In vitro,
rifaximin is minimally absorbed and predominantly con
[61]
centrated in the lumen of the gastrointestinal tract .
In a study that found rifaximin resistance in individuals
treated with rifaximin 800 mg orally per day for 5 d,
discontinuation of treatment for 1 to 2 wk resulted
in reduction in resistance rates to less than 20% of
[62]
intestinal flora . Resistant strains were unable to
[61]
maintain their presence in the intestinal flora . In
contrast to plasmid-mediated resistance often seen with
[63]
aminoglycoside antibiotics , rifaximin resistance occurs
through a chromosomal mutation affecting bacterial
RNA synthesis.

probiotics treatment group compared to no treatment.
However, the study was limited by potential treatment
bias given lack of blinding the investigators to the
administered treatments.

CONTROVERSIES AND FUTURE
DIRECTIONS
[66]

An earlier study published in 2012 by Agrawal et al
also compared probiotic therapy to lactulose and no
therapy for secondary prophylaxis. Using an openlabel, randomized controlled study, patients who had
recovered from an episode of OHE were followed
until development of recurrent OHE or for 12 mo.
Development of OHE in both the lactulose group and
probiotics group were significantly lower than that of no
treatment (26.2% and 34.4%, respectively, vs 56.9% P
= 0.001, P = 0.02). Nevertheless, this study was limited
by lack of blinding of the randomized intervention. The
improved side effect profile of probiotics compared with
lactulose offers a compelling alternative therapy for
patients with difficulty tolerating lactulose therapy. In
this study, all of the patients in the lactulose group were
able to tolerate treatment despite the usual adverse
effects; 26.4% diarrhea, 16.2% abdominal bloating,
and 17.6% distaste to lactulose. In comparison, the
most common adverse effect in the probiotics group
was constipation (21.8%) and abdominal distention
(14%). At 21.8%, the percentage of patients reporting
constipation in the probiotics group paralleled that of
the non-therapy group (21.5%). No patients in the
probiotics group experienced fever, rash, or increased
frequency of stools. While probiotic strains may differ
and further studies are needed for validation, data
demonstrating effective secondary prophylaxis with
decreased risk of non-adherence are encouraging.
New screening test for CHE include Stroop smart
[67]
phone application . The Stroop application involves a
test of mental speed and flexibility that asks the user to
correctly identify the color of the presented stimuli. The
stimuli can be presented in three forms, a neutral nonverbal cue such as “###” in red ink, a congruent stimuli
such as “red” written in red ink, or an incongruent cue
[67]
such as “red” in green ink. Bajaj et al studied Stroopapp reported scores in 125 cirrhotic patients and 134
controls. Performance was significantly impaired in
patients with CHE compared to patients without CHE,
as measured using psychometric tests. Furthermore,
scores correlated with MELD scores and were worst in
those with prior OHE episodes. The study was limited by
a relatively high educational status in patients. However,
the findings are promising for quick, valid, and reliable
screening for CHE.

Primary prophylaxis of OHE

Treatment of patients with CHE to prevent development
of a first episode of OHE is referred to as primary prophy
[55]
laxis and it has important prognostic implications .
[64]
Sharma et al
randomized 120 cirrhotic patients
with no previous episodes of OHE to study primary
prophylaxis with and without lactulose therapy. Patients
were followed for 12 mo and the number of patients
with CHE at baseline was similar in both groups. In the
lactulose group, 11% of patients developed OHE vs
28% of patients in the no-lactulose group (P = 0.02).
Reduction in overall mortality was found to be nonstatistically significant (9% vs 20%, P = 0.16). Lactulose
was found to improve CHE in 66% of patients. These
findings demonstrate lactulose as an effective option
for primary prophylaxis of OHE. Current guidelines
do not recommend lactulose or rifaximin use as pri
mary prophylactic therapy for the prevention of OHE
following post-transjugular intrahepatic portosystemic
[65]
shunt (TIPS). Lunia et al
performed an open-label,
randomized-control trial in 2014 to study the role of
probiotics in primary prophylaxis of OHE in patients
with cirrhosis. At a single site in New Delhi, India,
160 patients were randomized to either probiotics or
no treatment. Probiotics alter intestinal microflora by
increasing non-urease producing bacteria, thus reducing
the amount of ammonia production. In patients with
MHE or CHE, an absolute risk reduction of 23.8% was
observed, demonstrating a number-needed-to-treat
of 4.2 to prevent an episode of OHE in patients with
cirrhosis. In addition, a significant reduction in the
number of patients with CHE was also observed in the
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CONCLUSION
Management of acute OHE involves institution of
lactulose, preferred first-line therapy. In addition, pro
mpt recognition and treatment of precipitating factors
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is critical as it may result in complete resolution of acute
episode of OHE. Treatment goals include improvement
of daily functioning, evaluation for liver transplantation,
and prevention of OHE recurrence. For secondary
prophylaxis, intolerance to indefinite lactulose therapy
may lead to non-adherence and has been identified
as a precipitating factor for recurrent OHE. Rifaximin is
an effective add-on therapy to lactulose for treatment
and prevention of recurrent OHE. Recent studies have
demonstrated comparable efficacy of probiotic therapy
to lactulose use in both primary prophylaxis and secon
dary prophylaxis.
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Hepatitis C virus (HCV) replication is associated with
the endoplasmic reticulum, where the virus can induce
cellular stress. Oxidative cell damage plays an important
role in HCV physiopathology. Oxidative stress is trig
gered when the concentration of oxygen species in
the extracellular or intracellular environment exceeds
antioxidant defenses. Cells are protected and modulate
oxidative stress through the interplay of intracellular
antioxidant agents, mainly glutathione system (GSH)
and thioredoxin; and antioxidant enzyme systems such
as superoxide dismutase, catalase, GSH peroxidase,
and heme oxygenase-1. Also, the use of natural and
synthetic antioxidants (vitamin C and E, N-acetylcysteine,
glycyrrhizin, polyenylphosphatidyl choline, mitoquinone,
quercetin, S-adenosylmethionine and silymarin) has
already shown promising results as co-adjuvants in
HCV therapy. Despite all the available information, it is
not known how different agents with antiviral activity
can interfere with the modulation of the cell redox
state induced by HCV and decrease viral replication.
This review describes an evidence-based consensus on
molecular mechanisms involved in HCV replication and
their relationship with cell damage induced by oxidative
stress generated by the virus itself and cell antiviral
machinery. It also describes some molecules that
modify the levels of oxidative stress in HCV-infected
cells.
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genotypes 2a, 2b, 2c and 3a which constitute 25% of
the remaining genotypes, whereas the other genotypes
[5]
4 to 7 are less common . It is estimated that up to 3%
of the global population (approximately 150-170 million
persons) is infected with chronic hepatitis C. HCV has
been demonstrated to be the leading cause of chronic
[4]
liver disease , cirrhosis and hepatocellular carcinoma
(HCC), and is the underlying cause of over 475000
[6]
annual deaths, worldwide .
There is still no anti-HCV vaccine available and
until recently, the only approved treatment, based on
a combination of pegylated interferon (PEG-INF) and
ribavirin (RBV), was partially effective in treated patients
and also had considerable side effects in most of the
[7]
patients . Recently, after several years of research,
new therapies that specifically block the virus have been
developed. In 2011, the first anti-HCV specific drugs
were approved for clinical use. Since then, a new era
began for HCV infected patients with the founding of new
[8,9]
direct acting agents (DAAs) . However, the availability
and accessibility of new protease inhibitors, telaprevir,
boceprevir, simeprevir; and the recently approved RNA
polymerase inhibitor sofosbuvir, depends on the region
where patients are located and their access through
government health programs, since the costs of DAAS
are high. Increasing response rates are expected in the
near future due to the development of numerous new
[10-12]
DAAs and host-targeted drugs active against HCV
.
There are constant efforts to identify new cheaper and
effective antiviral molecules through other therapeutic
approaches. Recent antioxidant compounds reports
highlight their antiviral activity against HCV and post
them as anti-HCV co-adjuvants that can improve the
effectiveness of treatment as well as shorten the period
and reduce the overall cost of the therapy.

Core tip: This review focuses on the available findings
regarding the relationship between viral and cellular
proteins and the resulting regulation of oxidative stress.
To understand the liver damage induced by hepatitis C
virus and its persistence is important to know how the
cell regulatory systems involved in the production and
elimination of reactive oxygen species (ROS) benefit the
replication of the virus, as well as their participation in
the cell defense mechanisms and immune perturbation
following the infection. We must also consider the
involvement of ROS in signaling pathways that induce
viral replication and its implication in antiviral therapies.
Lozano-Sepulveda SA, Bryan-Marrugo OL, Cordova-Fletes
C, Gutierrez-Ruiz MC, Rivas-Estilla AM. Oxidative stress
modulation in hepatitis C virus infected cells. World J Hepatol
2015; 7(29): 2880-2889 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i29/2880.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i29.2880

INTRODUCTION
The number of deaths as a result of liver cirrhosis
and cancer rose by 50 million in the last two decades,
according to the first-ever World Health Organization
study on liver disease mortality. Liver cancer is largely
a problem in developing countries accounting for 83%
of the estimated 782000 new cases occurred in 2012.
Liver cancer is the fifth most common type of cancer
reported in men and the ninth in women. Liver cancer
is the second leading cause of death by cancer around
the world, and it is considered to be responsible for
nearly 746000 deaths in 2012 (9.1% of the total). The
prognosis for liver cancer patients is very poor (overall
ratio of mortality to incidence of 0.95), and as such,
the geographical patterns in incidence and mortality
[1]
are frighteningly similar . The highest hepatitis C virus
(HCV) prevalence worldwide are reported in the Western
Pacific, Southeast Asia, and Africa regions, with around
120 million people infected who have limited access
to the new anti-HCV drugs. It is important to mention
that most of the people with HCV infection do not live
in North America, Europe, or Japan (approximately
3.2 million people in the United States are chronically
infected with HCV), which are the primary market for
current anti-HCV drugs. In addition, it is well known
that low- and middle-income countries, like Egypt (22%)
and China (3.2%), report the highest prevalence.
Although HCV genotypes 1 and 3 are more prevalent
in most countries regardless of economic status, the
largest proportions of genotypes, 4 and 5 are in low[2-4]
income countries . The total population infected with
HCV in Latin America in 2010 was estimated at 7.8
million, of which 4.6 million are infected with genotype
1 (approximately 70% with subtypes 1a and 1b) and
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HCV MOLECULAR BIOLOGY
HCV is a positive-strand RNA virus, classified into the
Hepacivirus genus (Flaviviridae family), with a genome
around 9600 nucleotides in length. The single strand
genome carries a 50 and 30 nt length in non-coding
region (NCR) flanking a single open-reading frame,
encoding a single polyprotein of around 3009 aminoacid
residues. Interestingly, this 50 NCR forms an internal
ribosome entry site that leads the translation of the
viral polyprotein, which in turn is cleaved by both viral
and host proteases, in order to produce the structural
(core, E1 and E2) and non-structural (NS2 to NS5B)
viral proteins. There are numerous reports about the
interaction between viral and cellular proteins to facilitate
replication of the virus, however more information is
needed to understand their role in the pathophysiology
[13,14]
of the disease
.

HCV AND OXIDATIVE STRESS
It is well known that most of the viral replication cycle
takes place associated with the endoplasmic reticulum
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(ER), which encourages cellular stress. This effect has
been associated with a specific regulation of the virus
[15]
replication cycle . It is reported that viral proteins
such as HCV-core, E1, and NS3 can modulate and
inactivate mitochondrial respiratory chain enzymes and
in turn unshackle blockade of the electrons, disruption
of mitochondrial transmembrane potential, and electron
leakage inducing an increase of intracellular reactive
[16,17]
oxygen species (ROS) levels
. Together, all these
molecular events impair mitochondrial and cellular signa
ling pathways.
The generation of oxygen species in several biological
processes exceeds the capacity of antioxidant systems.
A greater imbalance in the pro-oxidant and antioxidant
ratio in benefit of the pro-oxidant can induces cellular
[15,18]
damage
.
Several reports demonstrate that expression of HCV
proteins increase ROS levels due to activation of several
pathways including the activation of mitogen-activated
protein kinase (MAPK), ER response, Nuclear factor kB
[19]
(NF-kB) and calcium signaling . In the cytoplasm,
the ER is actively involved in the induction of ROS,
since excessive production of viral proteins induces the
unfolded proteins response which is accompanied by
calcium release. Then, the mitochondria absorbed the
released calcium quickly, giving as a result an elevation
of ROS. The constant production of ROS is a challenge
that the cell has to overcome to survive. Normally,
cells have sufficient capacity to balance the demand
for antioxidant compounds and enzymatic antioxidant
[20]
systems with the production of ROS , then modulating
or blocking tissue damage. A biological condition that
disrupts this balance, can induce accumulation of ROS
and oxidative stress. Among the mechanisms involved
in cell protection against oxidative stress damage we
can found several intracellular antioxidant agents (gluta
thione, S-adenosil-methionine and thioredoxin), and
antioxidant enzymes (superoxide dismutase, catalase,
[21-23]
GSH peroxidase and heme oxygenase-1)
.
In fact, there are large amount of data demon
strating that several intracellular signaling pathways are
altered by HCV proteins in order to promote replication.
The HCV can do accomplish this by finely regulating the
oxido-reductive state of the host cell. MAPK and phos
phoinositide-3 kinase (PI3K)/Akt signaling pathways
are critical controllers of HCV replication and in turn,
these pathways are modulated by phosphorylation
cascades and oxidative stress. The first evidences that
a virus could induce oxidative stress by increasing
[24]
ROS levels, were published by Peterhans et al
in
1979. They demonstrated that the infection of mouse
splenocytes with Sendai virus induced an increase of
chemiluminescence levels, which it meant that the
luminol had been oxidized by ROS in the experimental
setting. They demonstrated that virus inactivated
with UV light are able to generate ROS too, whereas
virus inactivated by heating could not generate ROS,
suggesting that viral structure conformation are media
[24]
ting this action .

WJH|www.wjgnet.com

It has been shown that oxidative damage has a major
role in HCV-induced liver damage, via ROS accumulation,
produced from HCV infected cells and infiltrating immune
[25,26]
cells
. The high amount of either HCV-structural
or non structural proteins induce oxidative stress and
disrupt the antioxidant equilibrium into the cells. In
addition, a direct interaction of the HCV-core protein
with mitochondria is able to decrease the mitochondrial
NADPH levels, reducing the activity of the electron
transport complexⅠand then increasing generation of
ROS. It has been shown that HCV-core protein overexpression diminished GSH levels and induced GSSG
levels. In addition, an expected compensatory response
increases the major enzymatic antioxidant elements
such as GSH reductasa, catalase, MnSOD and heme
[27]
oxygenase-1 (HO-1), in infected cells .
It is reported that expression of viral core protein
induces the expression of p21-waf1, activates the NFkB, bind to p53 and induces oxidative stress markers
[28-30]
(ROS and peroxidated lipids)
. There is a differential
effect on the enzymatic antioxidant systems in response
to the presence of different viral proteins. Abdalla et
[31]
al reported that HCV infection reduced in vivo hepatic
expression of HO-1 and in vitro HCV-core protein
expression causes a similar effect, but this effect is not
detected in superoxide dismutase (SOD) and catalase
enzymes. This group also studied the effect of HCV-core
expression in regulation of GSH levels. They findings
demonstrated that GSH levels were diminished upon
HCV-core expression, but at the same time oxidized
GSH (GSSG) levels were undetectable. This finding
led them to evaluate if thioredoxin (Trx) was also
regulated by HCV-core protein, and they found that
in fact Trx was also oxidated. As expected there is a
compensatory induction of anti-oxidant defenses in
[31]
cells expressing viral proteins . On the other hand,
expression of non-structural protein 5A (NS5A) upregulates mitochondrial ROS levels because it induces
the release of calcium from ER, binds to PI3K and
[19,32-34]
triggers NF-kB signaling
. This event is followed
by a translocation of NF-kB to the nucleus, where it
binds to DNA and activates several gene promoters. In
addition, activation of NF-kB signaling can be blocked by
[35]
several antioxidants . Figure 1 Possible interactions/
mechanisms of antioxidant agents with reported antiHCV effect.
On the other hand, twenty years ago, Suematsu et
[36]
al showed that patients with hepatitis C had increased
serum lipid peroxides, and further this increase was also
[37]
confirmed by Higueras et al , but interestingly they
reported that lipid peroxides levels were decreased in
patients treated with alpha-interferon. Still, it has not
been defined whether this effect was due to the decrease
of viral replication and inflammation or a combination of
induction of antioxidant enzymes by the alpha-interferon
[37]
treatment . Another important component in this viral
redox imbalance is the transcription factor Nrf2, reported
[33]
by Waris et al
in 2010. An independent study by
[38]
Ivanov et al , on Huh7 cells reported that induction of
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VHC

Antioxidant therapy alone or combined

Scavengers

Antifibrotic and scavenger

Vitamin E
Vitamin C
NAC
MitQ
α-tocopherol
L-glutathione
Glycyrrhizin
Zn

Silymarin compounds:
Silibinin A
Silibinin B

Different mechanisms

IFN signaling sensibilization

COX-2 and SOD-1 modulation

Quercetin
Gallic acid

SAM

ASA

Figure 1 Possible interactions/mechanisms of antioxidant agents with reported anti-hepatitis C virus effect. SOD: Superoxide dismutase; SAM:
S-adenosylmethionine; ASA: Acetylsalicylic acid; Zn: Zinc; IFN: Interferon.

immune system. It is known that processing of HCV
proteins are performed in the ER but HCV proteins
accumulate at the space between the mitochondrial
outer membrane and ER. It has been reported that HCV
proteins can move from the ER synthesis site to the
mitochondria, therefore, there is an interaction between
HCV proteins with the mitochondrial machinery in hepatic
and extra-hepatic sites. Impairment of mitochondrianuclear cross talk through involvement of PI3 kinases
[17]
has been published by Bhargava et al , 2011.

Table 1 Most common antioxidant used in several clinical
trials and in vitro experiments
Antioxidant

Dose range

Scavengers
Vitamin E[47,48]
Vitamin C[48]
N-acetylcysteine[78]
Mitoquine Q[65,66]
[79]
α-tocopherol
Glycyrrhizin[40,42,53,54]
Different mechanisms
Silymarin (Silibinin A, Silibinin B,
etc.)[40,64,80-82]
S-adenosylmethionine[69]
Acetylsalicylic acid[73]
Gallic acid

400-544 IU/d or 600 mg1
500 mg-10 g
600 mg or 1800 mg/d1
40 or 80 mg/d
600 mg, 500 mg/d, 800 IU/d
500 mg, 120 mg
250 mg or 5-20 mg/kg1

ANTIOXIDANT THERAPY

1600 mg/d1
4 mmol/L (in vitro)
300 mg/mL (in vitro)

It has been shown that HCV modifies antioxidant
defense mechanisms yielding a cellular oxidative imba
[29,31,41]
lance
. Several authors, including our research
group, have demonstrated that HCV effectively modifies
gene expression regulatory proteins of oxidative stress
[26,31,33]
as SOD and catalase
. The limitations of interfering
with such mechanisms in viral diseases are similar to
those when interfering with oxidant generation. This
is a result of the association between these pathways
with the normal host physiology as well as with host
pathology. It is clear that antioxidant therapy could be
criticized because it involves a wide variety of drugs,
rather than the magic one or two putatively specific
ones used in modern pharmacotherapy. The most
common antioxidant used in several clinical trials and
in vitro experiments are described in Table 1. However,
because the symptoms and pathology of viral diseases
are ultimately the result of complex host reactions
in addition to direct viral effects, there is a scientific
basis for this strategy of viral disease therapy. Clearly,
this does not obviate the need for further research to
identify a drugs that may specifically interfere with viral
[40,42,43]
replication
. The modulation of major signaling

1

Combined treatment with interferon.

the Nrf2/ARE signaling pathway is triggered at least by
five of the HCV viral proteins (core, E1, E2, NS4B, and
NS5A). It is reported that virus can affect the cell redox
equilibrium by inducing cellular pro-oxidants such as
2+/3+
Fe
ions, nitric oxide and by decreasing the synthesis
of antioxidant enzyme systems. In addition, ROS could
regulate virus replication modulating oxidative stress
present in the infected cell in order to choose survivors
viral mutants, by inducing mutations and also by
activating transcription factors such as NF-κB that could
[39]
participate in viral protein expression . Based on the
multiple oxidant and antioxidant activities performed in
vivo and in vitro systems during viral infections, and the
variable ability of antioxidants to cross cell membranes,
the systematic use of antioxidants as antiviral therapies
[40]
had been limited .
On the other hand, HCV is potentially lymphotropic,
because it can invade and propagate in cells of the
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Figure 2 Cell signaling pathways modulated by increased reactive oxygen species levels in hepatitis C virus infected cells. ROS: Reactive oxygen species;
HCV: Hepatitis C virus; GSH: Glutathione system; Trx: Thioredoxin; PI3K: Phosphoinositide-3 kinase.

pathways by high cell ROS levels are shown in Figure 2.

ZINC
It has been reported that zinc (Zn) supplementation
down-regulated oxidative stress products such as
malondialdehyde (MDA), 4-hydroxyalkenals, and
8-hydroxydeoxyguanine in plasma; inhibited induction
of tumor necrosis factor-α and interleukin-1β mRNA
in mononuclear cells; and protected against NF-κB
[49]
activation in mononuclear cells . Polaprezinc (zinc plus
l-carnosine), has been studied in many studies as an
antioxidant adjuvant to IFN as treatment for chronic
[50]
HCV infection, showing promising results . There are
several potential mechanisms supporting the antioxidant
effects of zinc, such as the decrease of hepatic fibrosis,
antioxidant activity, down-regulation of ferritin, and
improvement in hepatic encephalopathy. Zn also is
able to decrease HCV replication, then it has been used
as an adjuvant for treatment of HCV infection, but
further studies are needed to understand the involved
[51]
mechanisms .

VITAMINS C AND E
Vitamin C (ascorbic acid) is as an electron donor in
enzymatic reactions and thus can block free radical
chain reactions. Vitamins C, A, and E are the most
important natural antioxidants associated with cell[44]
mediated immunity and toxic hepatitis . Vitamin C
defends cells from free radical damage by reducing
radicals, scavenging lipid-peroxidation-derived radicals,
[45]
or reducing tocopherol radicals to tocopherol . In
cells, vitamin E is the major lipid soluble chain-breaking
antioxidant in mitochondria, microsomes, and lipo
[46]
[47]
proteins . von Herbay et al reported that vitamin E
decreases the hepatic aminotransferase levels in patients
[48]
whit chronic HCV infection. Murakami et al
observed
that antioxidant vitamins (E and C) supplemented
during interferon alpha treatment inhibited the decrease
in eicosapentaenoic acid of mononuclear cell. They
also stated that it might be possible to enhance the
efficacy of combination therapy of interferon alfa-2b and
[48]
RBV . There are other reports, with conflicting or nonreproducible results, so there is still controversy on their
usefulness.
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N-ACETYLCYSTEINE
[52]

On the other hand, Look et al
demonstrated that
adjuvant antioxidant therapy with N-acetylcysteine/
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Selenium co-supplementation has not beneficial effect to
improve antiviral activity in chronic hepatitis C patients
upon a six-month interferon alpha monotherapy. These
data suggest that antioxidant compounds could have a
beneficial effect on necro-inflammatory variables, but
have no effect on the viral cycle reduction.

plex was evaluated in vitro by using the HCV-RNA
polymerase and NS3/4A protease enzyme assays.
Results demonstrated that silibinin A, silibinin B, their
water-soluble dihydrogen succinate forms and Legalon
SIL (a commercially available iv preparation of silibinin),
were able to inhibit HCV-RNA polymerase activity (IC50
of the order of 75-100 μmol/L). In addition, Silibinin
A and silibinin B also decreased HCV genotype 1b
replication and HCV genotype 2a strain JFH1 replication
in cell culture. Interestingly, none of these agents
[59]
affected the HCV protease function . The antioxidant
effects of silibinin have been showed in several cell
studies. Silibinin is classified as an antioxidant compound
because it blocks radical formation, binds many radical
species (scavenger), interferes with lipid peroxidation
mechanisms of membranes, and then increases the
[60]
intracellular content of scavengers .
[61]
Gomez et al
in 2010 investigated the role of
Viusid as an antioxidant and an immunomodulator in
nonresponder HCV infected patients. Authors reported
that MDA and 4-hydroxyalkenal levels were significantly
decreased in serum of the treated patients when com
pared with placebo.

GLYCYRRHIZIN
Another antioxidant evaluated in several clinical trials
to combat HCV is glycyrrhizin, a free radical scavenger.
Intravenous administration of glycyrrhizin, diminished
transaminase enzyme levels, and decrease cellular
[53,54]
damage in patients with chronic HCV infections
. In
[55]
the Melhem et al study, 50 HCV-infected patients were
treated for 20 wk with a mix of seven oral antioxidants
(glycyrrhizin, schisandra, silymarin, lipoic acid, ascorbic
acid, L-glutathione, and alpha-tocopherol), along with
four different intravenous preparations (glycyrrhizin,
ascorbic acid, L-glutathione, B-complex) twice weekly
for the first 10 wk. In patients who underwent this
treatment, liver enzymes normalization occurred in 44%
who had elevated ALT levels previous to treatment.
Twenty five percent of the patients showed a decrease in
viral load by one log or more. Histological improvement
was also noted in 36.1% of patients. There were no
[55]
major adverse reactions noticed . These data portrays
promising results for the use of glycyrrhizin in different
liver diseases.

GALLIC ACID
Gallic acid (GA) is a phenolic compound present in
several natural sources and it has been reported to
have various biological effects such as antioxidant,
anti-inflammatory, antibiotic, anticancer, antiviral and
cardiovascular protection. Recently, our group started
to investigate whether GA is able to have an effect on
HCV replication. Recently, we examined the effects of
GA on HCV expression using a subgenomic HCV replicon
cell culture system that expresses HCV-nonstructural
proteins (unpublished data). We observed that GA downregulated NS5A-HCV protein expression (around 55%)
and HCV-RNA levels (nearly 50%) in a time-dependent
fashion compared with untreated cells. Interestingly, we
observed that GA treatment decreased ROS levels at
early times of exposure in cells expressing HCV proteins
(manuscript in press). Similar results were found upon
PDTC exposure. These findings suggest the possibility
that antioxidant capacity of GA could contribute to the
mechanism(s) involved in the down-regulation of HCV
replication in hepatoma cells, however further experi
ments are needed to confirm these findings.

SILYMARIN COMPLEX
Silibinin is a major component of milk thistle (silymarin),
which has been demonstrated in several in vitro and
clinical trials that is a strong antioxidant and antifibrotic
agent. The mechanisms of action of silymarin include
different events, such as the stimulation of ribosomal
RNA transcription and levels, protecting the cell mem
brane from oxidative stress damage and blockage
of the uptake of toxins. A combination of antioxidant
compounds that have been shown to improve cellular
and biochemical markers in chronic HCV patients is
[56,57]
formed by alpha-lipoic acid, silymarin, and selenium
.
There are conflicting results on the efficacy of silymarin.
As an example a phaseⅠtrial assessing the efficacy of
oral doses of silymarin in non-responders HCV infected
patients demonstrated no adverse effects but also
[41]
showed no antiviral efficacy against HCV . However, in
other report the administration of intravenous (iv) silibilin
in non-responders HCV infected patients decreased
[58]
HCV-RNA levels in a dose-dependent manner . It is
reported that silibinin monotherapies of 5, 10, 15 or
20 mg/kg for one week decrease viral load (from 0.55
to 3.02 logs). The addition of combination of PEG-IFN/
RBV at day 8 resulted in a higher reduction of viremia,
but some patients had slight rebound viremia upon iv
silibinin treatment was discontinued despite continued
standard of care.
In another study, antiviral activity of silymarin com

WJH|www.wjgnet.com

HEME OXYGENASE REGULATION
There are some reports regarding to modulation of
[62]
antioxidant enzymes as a HCV therapy, Zhu et al
worked with HO which catalyzes the rate-limiting
reaction in the catabolism of heme which produces
equimolar amounts of biliverdin, carbon monoxide and
free iron. They reported that increased expression of
HO-1 is associated with diminished HCV replication and
also with an increase of the resistance of hepatocytes
to oxidative damage. Based on this findings, heme
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oxygenase regulation could be useful as an adjunctive
[62-64]
antiviral therapy
.

Nevertheless, further experiments are needed to explore
the participation of NO synthase-2 promoter and the
effect of SAM in HCV replication.
We are currently investigating the molecular mechan
isms of SAM against HCV in a subgenomic replicon
cell model. We found that SAM is capable of modulate
the antioxidant defense systems at transcriptional and
translational level (SOD1, SOD2 and thioredoxin 1); we
also found that biosynthesis of GSH in presence of SAM
is increased in short periods of time (2-6 h). In addition,
MAT1/MAT2 turnover is switched in presence of SAM
(unpublished data). MAT1 is the enzyme responsible of
the conversion of methionine to s-adenosylmethionine,
and it is down-regulated in hepatocarcinoma and liver
diseases. Presently, we need more experimental data to
understand the role of SAM in the modulation of HCV.

MITOQUINONE
Mitoquinone or MitQ (Antipodean Pharmaceuticals,
Auckland, New Zeland) is a potent antioxidant that
bonds the antioxidant moiety of coenzyme Q10 (known
as ubiquinone) to a triphenylphosphonium cation. The
cation causes the attached antioxidant to accumulate
several-hundred fold within mitochondria in vivo upon
oral administration, protecting them from oxidative
injury and cell death. A phase-2 study of 28 d of MitQ
revealed a decrease in serum aminotransferase in HCV
[65,66]
treated patients
.

QUERCETIN

ACETYLSALICYLIC ACID

Quercetin is a flavonoid antioxidant. In vitro treatment
of HCV infected cells with quercetin diminished viral
replication and infectious particle production. It has been
shown that quercetin blocks viral protein production
independently of viral genome replication; may help to
elucidate the replication cycle and has potential use as
antiviral agent helping to reduce virus production with
[67]
low toxicity . Additionally, dihydroquercetin has been
shown to be beneficial as a hepatoprotective substance
in the treatment of toxic hepatitis and liver fibrosis by
enhancing antioxidant enzyme activity and decreasing
[67,68]
the pro-oxidant effect
.

Several studies including our reported findings demon
strated that sodium salicylate and acetylsalicylic acid
(ASA) block the replication of flaviviruses, such as
[71,72]
Japanese encephalitis virus, HCV and dengue virus
.
[71]
Liao et al
demonstrated that salicylates inhibit
flavivirus infection through a mechanism including p38MAPK activity, but not NF-κB activation. In other hand,
[72]
Mazur et al
reported inhibition of influenza virus
replication in vitro and in vivo by ASA. This antiviral
activity was mediated by a mechanism including
expression of proapoptotic factors, decrease of caspase
activation, and blocking of the nuclear export of viral
[72]
ribonucleoproteins . In 2008, our research group
demonstrated that ASA presented anti-HCV proper
ties in HCV-replicon cells through inhibition of COX-2
activity and expression, which is mediated in part by
[73,74]
the activation of (MEK1/2)/p38 MAPKs
. Our results
suggest that ASA in combination with standard therapy
could be an excellent adjuvant in the treatment of
chronic HCV infection.
As antiviral agents, antioxidants could be used in four
different ways: (1) to deteriorate cellular mechanisms
involved in HCV replication; (2) to improve liver enzyme
activity and levels; (3) to counteract and protect against
liver cell injury; and (4) to improve interferon anti-viral
response. Triple antioxidants therapies have been tested
in clinical trials, which include alpha-lipoic acid, silymarin
and selenium in order to suppress HCV-induced liver
damage, when used together with Vitamins C and E,
[43,75,76]
and in a healthy diet and exercise regime
.
Several studies are in favor of a positive control
of HCV replication by oxidative stress and to search
counteracting this effect. Taking all these data together,
there is plenty of evidence suggesting that antioxidants
can effectively improve the response of HCV infected
patients, even if they are non-responders. There are
also proofs that antioxidants ameliorate the oxidative
and nitrosative stress in liver disease, ultimately de
creasing inflammation and fibrosis progression. Some
investigators think that although it is important testing

S-ADENOSYLMETHIONINE
Further information into the hepatoprotective mecha
nisms of antioxidant agents might be discovered by
analyzing the relationship between glutathione precursor
S-adenosylmethionine (SAM) and involved signaling
pathways. Administration of SAM to non-responders
patients infected with HCV, showed beneficial effects in
[69]
combination with PEG-IFN and RBV. Feld et al
also
suggest that this effect is through the methylation of
STAT-1, a transcription factor responsible of interferon
stimulated gene expression, which enhances its trans
location to the nucleus. Our recent results indicate
that there is a combination of actions regarding to
the molecular mechanism of SAM on HCV replication.
Administration of SAM to HCV replicon cells, leads to an
increase of glutathione synthesis (unpublished data).
There are also reports of SAM benefits in patients with
alcoholic liver cirrhosis. The possible mechanisms of
action of SAM include: (1) function as a methyl donor
compound and restoring of mitochondrial glutathione
levels, which is necessary to counterbalance the oxidant
environment in cirrhotic liver; and (2) decreasing the
hepatic production of nitric oxide (NO), through the
modulation of iNOS enzyme. SAM perform these effects
in part by accelerating synthesis of inhibitor of κBalpha and regulating the activation of NF-κB, thereby
[70]
decreasing the transactivation of iNOS promoter .
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these antioxidant compounds in clinical trials, they make
emphasis on the need of researching the side effects of
different antioxidants on HCV replication before its use
as therapy. However, there are conflicting data published
[77]
by Nakamura et al , where they reported an enhanced
HCV replication with resveratrol treatment, so further
research is needed.

10
11

CONCLUSION
It is well established that HCV infection leads to strong
cellular oxidative stress, triggering several HCVassociated metabolic disorders including HCC, steatosis,
liver fibrosis, cirrhosis and iron overload. Today, several
molecular interplays and signaling pathways involving
viral proteins, host cell factors, ROS-generating enzymes
and cellular antioxidant systems have been elucidated.
In fact, several intracellular signaling pathways are
altered by the expression of HCV proteins in favor of
virus replication and they are finely regulated by the
cellular redox state. Additional mechanisms by which
HCV induces and modulate oxidative stress still remain
to be discovered and require further studies. With the
current findings regarding the dual function of the
oxidative stress induced by the virus and the host cell,
it may be possible to establish new and more effective
therapeutic targets for HCV treatment.
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Biliary complications (BC) currently represent a major
source of morbidity after liver transplantation. Although
refinements in surgical technique and medical therapy
have had a positive influence on the reduction of post
operative morbidity, BC affect 5% to 25% of trans
planted patients. Bile leak and anastomotic strictures
represent the most common complications. Nowadays,
a multidisciplinary approach is required to manage
such complications in order to prevent liver failure and
retransplantation.
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INTRODUCTION
Liver transplantation (LT) is the standard of care for
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Figure 1 Biliary fistula post hepatojejunostomy.

Figure 2 Ischemic anastomotic stricture after duct-to-duct anastomosis.

end-stage liver disease. Although LT can currently be
considered as a consolidate procedure and various
refinements in surgical techniques are required, organ
preservation and immunosuppressive management
have reduced complications and contribute to better
[1]
outcomes , biliary complications (BC) remain the main
downside of this procedure, affecting 5% to 25% of
[2]
transplanted patients . The most common causes of
BC are bile leakage, anastomotic and non-anastomotic
strictures, and bile duct obstruction. According to the
[3-8]
literature , the main risk factors are technical com
plications, ischemia/reperfusion injury, ABO mismatch,
hepatic artery complications (thrombosis and stenosis),
donor age and cytomegalovirus infection. The aim of
this article is to review and focus on the treatment of BC
after LT.

Diagnosis

The onset modality of BCs varied. In the presence
of pain, abnormal liver function tests, increased
levels of inflammatory markers, fever, and bilious
secretion in the abdominal drain, further radiological
examinations were necessary. In case of ongoing
clinical suspicion, cholangiography remains the gold
standard for the exploration of BCs. In the presence
of a T tube, a simple cholangiography could reveal
the origin of BCs. If a T tube is not used, endoscopic
retrograde cholangiopancreatography (ERCP) is the
method of choice in case of DD anastomosis. In case
of HJ anastomosis, percutaneous transhepatic cholan
giography is the first-line diagnostic exam. Recently,
magnetic resonance cholangiopancreatography has
guaranteed a good sensitivity and specificity in order
to prevent invasive exploration. Ultrasonography may
be helpful to detect the presence of biloma, biliary tree
dilatation, and to explore all vascular anastomoses by
means of a Doppler examination. Further procedures
such as liver biopsy could be necessary in case of
suspected graft dysfunction.

Surgical technique

Two different types of biliary anastomoses can be
performed in LT: Duct-to-duct (DD) and hepatojeju
nostomy (HJ). Different factors determine the choice of
biliary reconstruction. In most cases, a DD anastomosis
[9,10]
is preferred (90% of deceased donor LT
and 60% in
[11]
living donor LT due to its simpler technical feasibility,
preserved function of Oddi’s sphincter, and endoscopic
access preservation. In the literature, two kinds of DD
anastomoses have been described: End-to-end and
[12]
side-to-side. Davidson et al
have described an equal
effectiveness of both reconstructions. HJ is preferred in
case of size disparity between donor and recipient bile
duct, recipient diseased duct or previous transplant or
biliary surgery. In addition to the type of reconstruction,
no evidence has been demonstrated regarding the sutur
[13]
ing method (interrupted or continuous ) or materials.
However, an inadequate surgical technique can be
[14]
responsible for BC . A T tube was routinely used after
DD anastomosis to reduce the incidence of BC. Most
retrospective studies cannot conclude in favor of the
[15]
use of a T tube , and some of them point towards a
[16-18]
potential negative effect
on anastomosis. Recently,
[19]
a meta-analysis including six prospective randomized
trials demonstrated no benefit in terms of T tube, and
consequently it could not be recommended.
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Types of BC

BC can be divided into several categories which are
anastomotic leak (Figure 1), biliary strictures (Figure
2), non-anastomotic strictures (Figure 3), and biliary
obstruction (stones, sludge and cast). Each complication
usually occurs in different postoperative periods and
requires different management options.
Anastomotic leaks: Bile leaks occur in 5% to 10%
[20]
of deceased donor LT
and in 10% to 15% of living
[21]
donor LT . They can occur during the anastomosis, at
T tube insertion, on the cystic duct stump and on the
cut surface in case of partial graft. Early postoperative
leak can be identified. They usually occur within one
[22]
month after LT. Late bile leaks
rarely occur. In the
early postoperative period, bile leak can originate
directly from the anastomosis, and it is most likely
due to technical problems or insufficient arterial bile
duct vascularization. Other rare causes of bile leak are
due to an incorrect suture of the cystic duct stump
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often composed of cholesterol and calcium salt which
generates a progressive bile duct lumen obstruction in
[32]
2% of cases . Damage (ischemia, rejection, infection,
obstruction) of the biliary tree mucosa can provoke a cast
syndrome, defined as the presence of cast (desquamated
epithelial cells mixed with bile products) within the
intrahepatic and extrahepatic biliary system. Its incidence
[33]
varies from 3% to 18% in the literature . Mucoceles,
an uncommon complication after LT occurring in 2% of
[34]
patients , are defined as a collection of mucus present
in the remnant cystic duct. This abnormal dilatation can
cause extrinsic compression on the bile duct.
Figure 3 Non anastomotic stricture six months post liver transplantation.

MANAGEMENT
Bile leaks

and may originate from the resection surface in case
of living donor or split liver. In particular, caudate lobe
biliary branches, which usually drain in the left liver are
sometimes drained in the right liver, increasing the risk
[20,23]
of leak either in donors or recipients
. Late bile leaks
[24]
are related to T tube removal in nearly 1% of cases,
with a fistula arising directly from the insertion site.
In some cases, especially in case of early accidental T
tube removal, a biliary peritonitis can occur, due to the
incomplete T tube tract scarring.
Biliary strictures: As described in the literature,
biliary strictures represent a complication which can
occur in 13% in deceased donor LT and in 19% in in
[9]
living donor LT . Biliary strictures can be divided into
two categories, i.e., anastomotic strictures and nonanastomotic strictures. The main cause responsible for
anastomotic strictures can be inadequate anastomoses,
usually occurring in the early postoperative period and
inflammatory strictures due to ischemic events or biliary
fistulas. The mechanism of non-anastomotic strictures
remains unclear, but it is often related to ischemic events.
Non-anastomotic strictures are present in the entire
biliary tree, especially in the hilum. Non-anastomotic
strictures, also called ischemic cholangiopathies, can be
[25]
caused by long-lasting cold ischemia times . Generally,
biliary strictures are considered as late complications,
[26,27]
occurring within 6 mo
after LT, even though some
cases may occur later, especially when associated
[28]
with ischemic cholangitis for arterial thrombosis
or
[29]
immunologic disorders .

Biliary strictures

Biliary strictures are usually classified into anastomotic
strictures and non-anastomotic strictures. Anastomotic
strictures usually involve the anastomotic site whereas
non-anastomotic strictures could be multiple and present
either in the hilum and in the intrahepatic portion of
the bile duct, with a guarded prognosis as compared
[41]
to anastomotic strictures . Concerning anastomotic
strictures, the treatment aims to dilate the stenotic
segment. Considering the access route, endoscopy is
[42]
preferred to the percutaneous approach
due to a
reduced morbidity, better efficacy, and increased comfort
[43]
for the patient . Endoscopic treatment, performed via
ERCP, consists of sphincterotomy and several sessions of
dilatation followed by placement of a plastic stent. Some
studies compared simple balloon dilatation to balloon
dilatation and simultaneous plastic stent placement,
showing a lower recurrence rate and requiring fewer
[44,45]
sessions in combined treatment
. The success
[45,46]
rate of treatment is approximately 75%
. Multiple

Other complications: Bile leaks and anastomotic
strictures represent the main BC. Liver test perturbation
may be due to other causes. Outflow bile duct obstruction
can be caused by Oddi’s sphincter dysfunction, as
[30]
described in about 2% to 7% of patients . It is often
associated with a stump denervation of the recipient
bile duct or with a chronic sphincter inflammation.
Other causes of bile duct dilatation can be stones,
sludge or cast. The formation of stones is often due to
an underlying stenosis which induces an increased bile
[31]
viscosity, occurring in 3% to 12% of cases . Sludge
is like a mixture of particles precipitated from the bile,
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[35]

Even if its role is still debated , the T tube can be a
useful tool for a rapid diagnosis of bile leak in case of
early postoperative bile leak. A T tube cholangiogram
could be used diagnostically and a simple drainage
through the tube opening could be therapeutic, prevent
ing any invasive treatment. Without the use of a T tube,
[22,36,37]
endoscopic treatment is the standard of care
.A
simple sphincterotomy could be therapeutic in case of
[38]
small bile leak . An endoscopic stent could be nece
[27]
ssary for major bile leaks, with a short-term removal
of the prosthesis in case of successful treatment. In
case of HJ anastomosis, in case of endoscopic treat
ment failure (even if expert teams substantiate the use
[39]
of double-balloon enteroscopy ), transhepatic percu
[40]
taneous
treatment becomes an alternative. Although
percutaneous transanastomotic internal-external drainage
guarantees good postoperative results, it is technically
difficult due to the absence of leak-induced bile duct
[9]
dilatation. Re-operation and re-transplantation for
bile leak, although described in the literature, become
increasingly anecdotal due to improvements in radiology
and endoscopy.
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sessions are usually performed bimonthly and could be
[47,48]
necessary to obtain satisfying results
. The necessity
of a repetitive approach, entailed the increased use of
metallic stents, which can achieve a higher diameter and
develop less obstruction as compared to plastic stents.
This concept is theoretically correct but has not found
practical evidence neither with the use of partially nor
[41]
fully covered stents as compared to plastic stents .
The percutaneous approach, mostly used in case of
HJ anastomosis, guarantees goods results in terms of
[29]
success and recurrence rates . In case of endoscopic/
percutaneous treatment failure, surgery represents a
valid treatment alternative, considering the effect of
prolonged biliary obstruction on liver function. Surgical
revision was necessary in 10% to 20% of cases with
[29]
anastomotic stricture .
Early arterial thrombosis represents the main risk
factor for non-anastomotic strictures. Thrombosis asso
ciated with the absence of arterial collateral perfusion
(otherwise present in late arterial thrombosis) is strongly
associated with non-anastomotic strictures in 50% of
[14]
cases . Early detection could well reduce the rate of
[28]
retransplantation , requiring a rapid revascularization
in order to prevent graft loss. Ischemic-type lesions
are difficult to manage, especially in case of multiple
intrahepatic strictures. Medical treatment can be
attempted, even if not evidence-based, with the use
of ursodesoxicolic acid to increase bile flow and reduce
lithogenicity. Considering the frequent association
with cholangitis, a large use of antibiotic therapy and
[49]
prophylaxis is often necessary . Endoscopic treatment
with multiple stent placement for non-anastomotic
strictures usually requires long-term stenting, and
despite encouraging results described in the litera
[48,49]
ture
, 30% to 50% of patients undergo re-trans
[22,27,49]
plantation
due to the progressive onset of liver
dysfunction caused by chronic biliary cirrhosis. An
immunomediate mechanism is responsible for late (>
[50,51]
1 year) non-anastomotic strictures
, requiring the
same management of ischemia-mediated strictures.
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Other complications

Most other pathological conditions are related to a
difficult bile duct emptying. On radiological findings, they
can be identified as common bile duct filling defects.
Different causes contribute to this dysfunction, arising
from the presence of stones, sludge, cast syndrome or
[52]
cystic duct mucoceles . Most of these complications
are treated using an endoscopic approach, consisting
of sphincterotomy and ERCP with balloon dilatation
and basket extraction. In case of endoscopic treatment
failure, surgery represents a valid alternative.
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REVIEW

Recurrence of autoimmune liver diseases after liver
transplantation
Nabiha Faisal, Eberhard L Renner
modality for end stage liver disease caused by many
etiologies including autoimmune processes. That said,
the need for transplantation for autoimmune hepatitis
(AIH) and primary biliary cirrhosis (PBC), but not for
primary sclerosing cholangitis (PSC), has decreased
over the years due to the availability of effective medical
treatment. Autoimmune liver diseases have superior
transplant outcomes than those of other etiologies. While
AIH and PBC can recur after LT, recurrence is of limited
clinical significance in most, but not all cases. Recurrent
PSC, however, often progresses over years to a stage
requiring re-transplantation. The exact incidence and
the predisposing factors of disease recurrence remain
debated. Better understanding of the pathogenesis and
the risk factors of recurrent autoimmune liver diseases
is required to develop preventive measures. In this
review, we discuss the current knowledge of incidence,
diagnosis, risk factors, clinical course, and treatment
of recurrent autoimmune liver disease (AIH, PBC, PSC)
following LT.
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Core tip: There is compelling evidence that autoimmune
liver disease recur after liver transplantation, with
incidence rates ranging from 10% to 50%. Recurrent
autoimmune hepatitis and primary biliary cirrhosis
do rarely impair patient and graft survival, but may
require changing the immunosuppressive regimen,
using corticosteroids or adding ursodeoxycholic acid,
respectively. In a proportion of patients, recurrent
primary sclerosing cholangitis progresses over years to a
stage requiring re-transplantation.
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Abstract
Liver transplantation (LT) is the most effective treatment
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This review is based on a systematic literature search
in PubMed, supplemented by the authors’ own clinical
experience. Specifically, the following search terms were
used: “liver transplantation”, “recurrence”, “autoimmune
liver diseases”, “AIH”, “primary sclerosing cholangitis”,
“primary biliary cirrhosis” and “incidence”. We also
searched manually for articles of interest referenced in
publications identified in the PubMed search.

inflammatory bowel disease of the colon (IBD; see
below). In colonic IBD, gut bacteria and endotoxins
may translocate across a chronically inflamed and more
permeable colonic mucosa into the portal circulation.
This may subsequently lead to activation of Kupffer cells
and the release of pro-inflammatory cytokines mediating
[8-10]
biliary tree inflammation
. Activated intestinal
lymphocytes, which are released into the enterohepatic
circulation and may persist as memory cells, may also
[11]
be involved in generating hepatic inflammation .
Increased hepatic expression of adhesion molecules
(vascular adhesion protein-1 and mucosal addressin cell
adhesion molecule) in PSC contribute to recruitment
[12,13]
of immune cells into the tissue
. It has been hypo
thesized that persistence of such aberrant homing
of lymphocytes from the intestine into the liver may
[13]
contribute to disease recurrence in the graft .
PSC develops in approximately 5% of patients
with IBD. Conversely, up to 85% of patients with PSC
[14]
ultimately develop IBD . Prospective studies in children
with PSC and IBD suggest that the progression of the
[15,16]
liver disease is independent of the severity of IBD
.
Studies in adult populations have yielded conflicting
results regarding potential interaction between disease
severity of IBD and PSC both, pre- and post-LT. Marelli
[17]
et al reported that PSC patients needing LT have often
a relative benign clinical course of ulcerative colitis (UC).
[18]
Similarly, Navaneethan et al
reported that UC tends
to remain in remission or to improve after LT. On the
[19]
contrary, Moncrief et al found that the activity of IBD,
both clinically and histologically, increases after LT.
Patents with PSC are at increased risk of developing
hepatobiliary (CCA/gallbladder carcinoma) and colorectal
[20,21]
neoplasias
. Since there is no effective medical
therapy available for PSC, LT is the sole potentially
curative therapeutic option for advanced disease. LT for
PSC is associated with an excellent long term survival
of more than 80% and 70% at 5 and 10 years, res
[22,23]
pectively
. Post LT, the disease recurs in about 20%
(5%-50%) with a median time from LT to diagnosis of
recurrence usually ranging from 3 to 5 years, depending
on the type and timing of diagnostic procedures emp
[24-27]
loyed during follow-up
.

PSC

DIAGNOSIS OF RECURRENT PSC

PSC is a chronic progressive inflammatory disease
affecting the extra- and/or intra-hepatic bile ducts that
often progresses with biliary stricturing and fibrosis
within a decade from diagnosis to cirrhosis, recurrent
cholangitis and/or cholangiocarcinoma (CCA). PSC is the
[4]
fourth leading diagnosis for LT in the United States .
Approximately 4% to 5% of adult LT in the western
[5]
world are performed for PSC .
PSC is believed to be an autoimmune disease
associated with certain immunologic factors including
[6]
certain subtypes of human leukocyte antigens (HLA)
and the presence of antineutrophil cytoplasmic anti
[7]
bodies . There is a strong association of PSC with

Diagnosing recurrent PSC is often challenging due
to difficulty in distinguishing it from other conditions
potentially leading to non-anastomotic biliary strictures.
This includes ischemia related biliary insults associated
with ischemia/reperfusion injury, hepatic artery throm
bosis and/or chronic ductopenic rejection, bacterial or
fungal cholangitis, and ABO incompatibility between
[1,28,29]
the donor and the recipient
. The diagnosis largely
relies on radiological demonstration of diffuse, nonanastomotic biliary strictures in a patient transplanted for
PSC, provided any other of the aforementioned etiologies
for diffuse, non-anastomotic biliary stricturing has been
excluded. The diagnosis may be further supported by

INTRODUCTION
Liver transplantation (LT) remains the most effective
treatment for patients with end stages of autoimmune
liver diseases [autoimmune hepatitis (AIH), primary
biliary cirrhosis (PBC) and primary sclerosing cholangitis
(PSC)]. Overall, autoimmune liver diseases account for
approximately one quarter of LT performed in Europe
[1]
and the United States , with a 5-year post-LT survival
[2]
rate of around 85% . Despite these excellent outcomes,
autoimmune liver diseases recur not infrequently in the
allograft. The exact rates of recurrence are somewhat
obscured by inconsistency in diagnostic approach and
criteria employed. Since recurrent autoimmune liver
disease may be asymptomatic and, at least early on,
occur in the absence of biochemical or clinical abnor
malities, centers that use protocol biopsies will report
greater rates of recurrence. In addition, it has been
reported that AIH in the graft can occur de novo, i.e.,
[2,3]
after LT for non-autoimmune liver disorders .
In this review, we discuss the incidence, risk factors
and newer developments in the understanding of the
diagnosis, clinical course, and treatment of recurrent
autoimmune liver diseases after LT. De novo autoimmune
liver disease in the graft after LT is beyond the scope of
this review.

SEARCH STRATEGY
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adequate control of colonic IBD post LT.
Several of the aforementioned associations, however,
seem spurious such as the contradictory observations on
recipient age. Others seem questionable, in particular,
those linking PSC recurrence to risk factors for graft
ischemia and to rejection (ACR, steroid resistant ACR,
OKT3 use). These events predispose to ischemic
type and/or alloimmune type non-anastomotic biliary
stricturing, respectively, which casts doubt on the
correct diagnosis of recurrent PSC in these cases. In
addition, all reported associations are derived from
retrospective analyses of relatively small single center
series with all their inherent limitations. Before accepting
them and drawing firm conclusions, they would need
to be confirmed, ideally in a prospective manner, in
independent patient cohorts.

Table 1 Mayo clinic criteria for recurrent primary sclerosing
[12]
cholangitis after liver transplantation
Inclusion criteria
Confirmed diagnosis of PSC before LT
Cholangiography showing non-anastomotic intra- and/or extrahepatic biliary strictures with beading and irregularities of bile ducts
at least 90 d after LT and/or
Histopathological findings of fibrous cholangitis and/or fibroobliterative lesions
Exclusion criteria
Hepatic artery thrombosis or stenosis
Chronic ductopenic rejection
Anastomotic and non-anastomotic strictures before day 90 after LT
ABO incompatible LT
LT: Liver transplantation; PSC: Primary sclerosing cholangitis.

liver biopsy, but established ﬁbro-obliterative bile duct
lesion or periductal concentric ﬁbrosis are seen in only
[30]
a minority of patients with PSC recurrence . Most
commonly used criteria for the diagnosis of recurrent
PSC after LT are the so called Mayo clinic criteria originally
[23]
proposed by Graziadei et al (Table 1). These criteria are
conservative and, as mentioned above, require to rule
out all aforementioned other causes for non-anastomotic
biliary strictures in the graft.

MANAGEMENT OF RECURRENT PSC
There is no treatment of proven efficacy for recurrent
PSC after LT. Prophylaxis and/or treatment with UDCA is
practiced in many centers because it improves the liver
biochemical profile, but whether its use affects outcomes
[41,42]
remains uncertain
. In fact, the latter seems rather
questionable, given the fact that UDCA does not benefit
[41]
outcomes of PSC in the non-transplant setting . That
said, UDCA lowers the risk of developing colon dysplasia
leading to colon adenomas and carcinomas in patients
with UC and PSC; its use may be justified for that
[43]
reason in this patient population also post LT . In the
absence of any effective medical prophylaxis/therapy of
PSC recurrence post LT, symptomatic treatment of biliary
strictures and their complications, such as cholangitis
or choledocholithiasis, remains the only option. As in
the non-transplant setting, dominant strictures may
be managed temporarily by percutaneous or endos
copic means, but many patients with PSC recurrence
post LT will eventually have to be considered for retransplantation.

RISK FACTORS FOR PSC RECURRENCE
Numerous risk factors for the PSC recurrence have
been proposed including the following: Certain HLA
associations with recipient or donor (HLA-DRB1*08, HLA
[31,32]
[33]
DR52)
; male recipient , as with PSC in general,
[29]
and a recipient-donor gender mismatch ; recipient
[32,34]
age - albeit inconsistently (older or younger)
; an
[33]
intact colon in the recipient prior to transplantation ,
[35]
and the presence of UC after LT ; use of extended
[26]
[32]
donor criteria grafts ; acute cellular rejection (ACR) ,
[32,36]
[4]
steroid-resistant ACR
or use of OKT3 ; main
[35]
tenance of steroid therapy for UC for more than 3 mo ;
[25]
the presence of CCA prior to LT ; and cytomegalovirus
[32,37]
infection in the recipient
. A high rate of recurrence
has been reported in recipients of grafts from firstdegree living related donors, with PSC recurrence being
observed in two relatively small single center series from
[38,39]
Japan in 55% and 59% of recipients, respectively
.
Standard immunosuppressive agents either cyclosporine
or tacrolimus did not seem to affect PSC recurrence,
neither did post-transplant (prophylactic) use of urso
[4,26]
deoxycholic acid (UDCA)
.
[27]
Alabraba et al
observed in a large cohort (n =
230) that PSC recurred less frequently (P = 0.028)
in patients who had undergone colectomy before or
at the time of LT compared to patients with an intact
colon post-LT. This seems to indicate that a residual
(inflamed) colon is linked to PSC recurrence in the
graft in a proportion of patients. Regardless of whether
this association is related to an immune mechanism
[4,40]
or a toxic effect
, it underscores the importance of
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CLINICAL IMPACT OF RECURRENT PSC
Short and mid-term patient and graft survival do not
appear to be impaired by PSC recurrence. However, it
is now well recognized that PSC recurrence can affect
graft outcome and may increase the need for re-trans
plantation and perhaps also impairs patient survival with
[27,41,44]
longer patient follow-up
. Thus, the need for retransplantation for graft failure secondary to recurrent
disease is relevantly higher in PSC (12.4%) than in PBC
[45]
(1%-5%) .

PBC
PBC is an immune mediated chronic cholestatic liver
disease predominantly affecting middle aged women.
It is characterized by circulating anti-mitochondrial
antibodies (AMA) and progressive immune-mediated
destruction of mid-sized intrahepatic bile ducts (intra
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DIAGNOSIS OF RECURRENT PBC

Table 2 Diagnostic criteria for recurrent primary biliary
[49]
cirrhosis after liver transplantation

The diagnosis of recurrent PBC can be difficult, as the
diagnostic criteria used in the pre-transplant setting
are obscured post LT by the following: Only a minority
(12%) of patients with recurrent PBC report potentially
[60]
disease-related, but typically non-specific symptoms .
AMA, the serologic hallmark of PBC, and elevated
serum immunoglobulins M remain present beyond LT
and therefore lose their diagnostic value for disease
recurrence. This also implies that the (auto)immune
mechanism(s) driving PBC are not affected by replacing
[2]
the liver, nor by post-LT immunosuppression . A
cholestatic liver enzyme pattern with elevated alkaline
phosphatase and gamma glutamyl transpeptidase is
entirely non-specific after LT and found in many other
common conditions including acute or chronic rejection,
viral infections, and bile duct or hepatic vein/artery
pathology, to name just a few. Even the hallmark
histologic feature of PBC in the non-transplant setting,
immune mediated injury of small bile ducts and bile duct
paucity maybe mimicked post LT by acute and chronic
rejection. Only if these typical histologic findings cooccur in the presence of biliary epitheloid granulomas
the diagnosis can be regarded as histologically proven.
[61]
The following criteria first described by Hubscher et al ,
have been widely adopted to diagnose recurrent PBC
after LT (Table 2).

Confirmed diagnosis of PBC in the explant histology
Characteristic histologic features1
Lymphoplasmacytic portal inﬁltrate
Lymphoid aggregates
Epithelioid granulomas
Evidence of bile duct injury
Persistence of AMA or AMA-M2
Exclusion of other causes of graft dysfunction
Acute and chronic rejection
Graft vs host disease
Bile flow impairment or cholangitis
Vascular complications
Viral hepatitis
Drug induced hepatitis
1

Deﬁnite recurrent PBC: 3 of 4 portal tract lesions are observed; Probable
recurrent PBC: 2 of 4 portal tract lesions are observed. PBC: Primary
biliary cirrhosis; AMA: Anti-mitochondrial antibodies.

lobular bile ductules). Over a decade or more, the
persistent immune attack leads to bile duct paucity,
fibrosis, and, ultimately, cirrhosis with its associated
[46]
morbidity and mortality . LT is the sole effective
treatment option for end-stage PBC.
PBC is the third most common indication for LT
(9%) in the European Liver Transplant Registry, after
[47]
virus (hepatitis C and B) and alcohol related cirrhosis ,
and one of the top six indications for LT in the United
[2,48]
States
. Of note, however, the number of patients
transplanted and even that wait-listed for PBC has
[49,50]
markedly decreased during more recent periods
.
Moreover, PBC related deaths have decreased in both
men and women over the last few decades. This
decreased mortality/need for transplantation seems to
be attributable to increased use of UDCA, which has
been shown to slow down histological progression to
cirrhosis and to improve overall and transplant-free
[51]
survival .
Fatigue (85%) and pruritus (70%) are leading
[52,53]
symptoms of PBC patients
. Environmental factors,
genetic predispositions, and molecular mimicry trig
gering autoimmunity have all been implicated in
the pathogenesis PBC, but their relative significance
and the exact patho-mechanism(s) involved remain
[54]
controversial . PBC is considered one of “the best”
indications for LT with 1, 5, and 10-year survival rates
of 86%, 80% and 72%, respectively, according to the
[47]
European Liver Transplant Registry . The first report
[55]
of PBC recurrence after LT was published in 1982 .
Reported disease recurrence rates range from 10%
[24,56-58]
to 50%
, during a median time of 3-5.5 years of
[59]
follow-up post LT . However, the exact frequency of
recurrent PBC, its time course, and its effect on patient
and graft survival remain ill-defined, as routine followup with protocol liver biopsy is not standard for PBC
patients in most LT programs.

WJH|www.wjgnet.com

RISK FACTORS FOR RECURRENT PBC
A potential impact on the development of recurrent PBC
of donor and recipient age, duration of cold and warm
ischemia, number of HLA mismatches, and immuno
suppressive regimen post LT remain controversial.
[62]
Morioka et al
reported that little donor/recipient HLA
mismatch was an independent risk factor for disease
recurrence following living related donor LT. Two other
large studies have shown an association between HLAmismatches, especially in the DR-locus, and recurrent
[63,64]
PBC also in deceased donor LT
. In contrast, Jacob et
[65]
al found that patients without a HLA-B mismatch were
at higher risk of disease recurrence.
Several, but not all analyses (mostly retrospective,
single center series) reported that, when compared with
cyclosporine, tacrolimus-based immunosuppression
is associated with a higher frequency and shorter
[50,66,67]
time to PBC recurrence post LT
. However, the
[24]
large meta-analysis by Gautam et al
evaluating 16
studies summarizing a total of 1241 patients, failed to
confirm that tacrolimus and cyclosporine based immuno
suppressive regimens are differentially associated with
PBC recurrence. An appropriately sized, prospective,
randomized control trial would be required to definitely
resolve this issue. Such a study, however, seems unlikely
to be ever conducted for various reasons not the least
of which being the rarity of PBC as an indication for LT
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[45,59,65]

these days.

reports
. In the two largest reported experiences
with LT for PBC, only 3 out of 485 and 2 out of 154
[69,74]
cases, respectively, required re-transplantation
.
While recurrent PBC has also been described after a
second and third LT, the proportion of graft failure due
to disease recurrence seems again low after re-LT
[75]
(7%-14%) .

MANAGEMENT OF RECURRENT PBC
The Mayo group was the first to report that treatment
with UDCA normalizes liver enzymes in about half of
the patients with PBC recurrence, but in only one fifth
[68]
of untreated patients . Despite that, UDCA treat
ment was not shown to be associated with significant
[63]
changes in liver histology, patient and graft survival .
Whether UDCA affects the course of recurrent PBC post
LT remains, therefore, somewhat unclear, although
a beneficial effect might be anticipated given its well
documented effects on disease progression and trans
[69,70]
plant-free survival in the non-transplant setting
.
Moreover, the preliminary results of a French multi
center study presented in 2015 at the International
Liver Meeting of the European Association for the Study
of the Liver suggested a beneficial effect of UDCA in
[71]
preventing PBC recurrence post LT . The authors
reported on 90 PBC LT recipients followed for an
average of 12 years, 19 of which were on UDCA since
LT. Recurrence was diagnosed in 48 (53%) patients. In
both, univariate and multivariate Cox models, use of
UDCA was the only factor that significantly affected the
risk of PBC recurrence (HR = 0.31, 95%CI: 0.11-0.85).
While this may suggest a role for UDCA treatment as
prophylaxis for PBC recurrence after LT, neither disease
recurrence itself, nor UDCA prophylaxis did affect postLT patent/graft survival.
That said, and given the ever increasing survival
rate and life-expectancy after LT, PBC recurrence
might become clinically relevant in the future. Thus, a
proportion of patients may live long enough to develop
clinically relevant disease in the graft. While the French
study supports the use of UDCA as prophylaxis for
PBC recurrence after LT, its final publication, and confir
mation in independent patient cohorts, ideally with
hard end-points such as patient and graft survival, are
required before accepting UDCA prophylaxis as standard
of care in clinical practice.
In the non-transplant setting, several novel drugs
have recently been suggested to be benefit PBC patients
[72]
who do not completely respond to UDCA . The preli
minary report of the phase Ⅲ POISE multinational trial
revealed promising results in treating PBC patients
[73]
with obeticholic acid, a farnesoid X receptor agonist .
Several small studies suggested Bezafibrate, targeting
the pregnane X receptor and peroxisome proliferatoractivated receptor alfa, to hold promise for PBC treat
[72]
ment . Whether these newer therapies will in the
future play a role in the management of recurrent PBC
after LT remains to be seen.

AUTOIMMUNE HEPATITIS
AIH is associated with human leukocytes antigens
DR3 or DR4. AIH is a relatively rare, progressive, in
flammatory chronic liver disease that mainly affects
women and is typically associated with circulating autoantibodies (in particular, high titers of antinuclear and
anti-smooth muscle antibodies) and increased levels of
serum immunoglobulin G (IgG). Its etio-pathogenesis
remains ill defined, but both, genetic predisposition and
triggering environmental factors are thought to play
[76,77]
a role
. LT may be indicated in AIH for both, endstage cirrhosis with liver failure and/or complications of
portal hypertension, and severe acute flairs. The latter
can present as a picture mimicking fulminant hepatic
failure, but in most cases is an acute exacerbation of
the pre-existing, underlying chronic disease. That said,
AIH is globally one of the rarer indications for LT, likely
due to a combination of low incidence rates and highly
effective medical therapy (corticosteroids and other
immunosuppressive regimens). Medical therapy is
able to prevent disease progression and to avoid LT in
almost 90% of patients. In the non-transplant setting,
treatment of AIH with immunosuppressive regimens
has been reported to be associated with excellent
[78-81]
10-year survival rates ranging from 80% to 93%
.
That said, around 10% of patients will eventually
require LT, in particular when medical treatment does
[82]
not lead to remission within 4 years .
Thus, AIH accounts for only 4%-6% of LT in the
[83]
[84]
United States and 3% in Europe . LT for end-stage
AIH achieves excellent outcomes, patient survival
rates at 1 and 5 years amounting to approximately
[85-87]
90 and 80%, respectively
. AIH recurrence in the
allograft was first reported by the King’s College group
[88]
in 1984
and, subsequently, confirmed by several
[89,90]
other reports
. Recurrence rates between 16% and
43% have been reported for patients transplanted for
[85,91-93]
AIH-related cirrhosis
. That said, similarly to PSC
and PBC, the exact frequency of recurrent AIH, its time
course, and its impact on patient and graft survival
remains ill defined, as routine follow-up with protocol
liver biopsy is not standard for AIH patients in most LT
programs.

DIAGNOSIS OF RECURRENT AIH

CLINICAL IMPACT OF RECURRENT PBC

There is no single specific biomarker to diagnose re
current AIH after LT. The diagnosis rests on the presence
of the diagnostic criteria summarized in Table 3. It is
essential to rule out other etiologies causing a hepatitic

Even if recurring, PBC in the graft seems to hardly ever
affect outcomes. Thus, overall long-term graft and
patient survival was not affected in any of the published
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form of re-introduction/addition or increasing the dose
of corticosteroids and/or other immunosuppressive
[98,99]
agents
. In treatment failure, augmenting the
standard immunosuppressive regimen with a myco
[75]
phenolate preparation , switching from one to the
[98]
other calcineurin inhibitor (CNI) , or replacing CNI
[100]
with sirolimus have all been successfully tried . With
this in mind, early diagnosis is key for successfully
[101]
managing AIH recurrence , and long-term outcomes
do not appear to be impaired in the vast majority of
patients, fewer than 5% requiring re-LT for disease
[40,102-104]
recurrence
.

Table 3 Diagnostic criteria of recurrent autoimmune hepa
[60,64,69]
titis
Liver transplantation for confirmed diagnosis of autoimmune hepatitis
Elevated transaminases
Hyper-gammaglobulinemia (elevation of IgG)
Presence of autoantibodies (ANA, SMA and/or anti-LKM1)
Compatible histopathology (interface hepatitis with portal inflammation
and/or lymphoplasmacytic inflammatory infiltrates)
Response to corticosteroid
Exclusion of differential diagnostic considerations (including late/
atypcial, acute cellular rejection)
IgG: Immunoglobulin G; ANA: Antinuclear antibodies; SMA: Smooth
muscle antibodies; LKM1: Liver/kidney microsomal antibodies type 1.

CONCLUSION

pattern of liver damage including ACR, viral infections/
[77,85,94]
hepatitis, and drug induced liver injury
. In our
experience, it can be particularly difficult to discriminate
between late, often histologically somewhat atypical ACR
and recurrent AIH. However, treatment of both requires
increased immunosuppression and distinction between
these latter two differentials may therefore be of limited
consequence for immediate clinical management.

LT for end-stages of autoimmune liver diseases is
associated with excellent long term patient and graft
survival. While the underlying autoimmune liver disease
recurs after LT in a proportion of patients, disease
recurrence rarely affects graft and patients survival,
with the exception of recurrent PSC. The latter not infre
quently progresses over years to a stage requiring retransplantation.
That said, the exact incidence rates, outcomes, and
risk factors for the post LT recurrence of the underlying
autoimmune liver disease remain somewhat ill defined
due to diagnostic difficulties. Moreover, the risk/benefit
ratio of protocol biopsies during long-term follow-up in
this patient population remains unclear. While beyond
the scope of this review, this may explain, at least in
part, the absence of systematic screening (including
protocol biopsies) in most programs.
In order to address these uncertainties and to
elucidate potential risk factors for recurrent disease
allowing to develop preventative strategies, in particular
for recurrent PSC, prospective, adequately powered
multicenter studies with longer follow-up is required.

RISK FACTORS FOR RECURRENT AIH
Several risk factors including certain HLA antigen
patterns have been reported to predispose to recurrent
AIH post LT, but the results are conflicting and risk
factors for recurrent AIH remain ill defined. A strong
association of HLA DR3 or HLA DR4 was observed
by some, but others failed to find an association with
[85,88,95-97]
HLA phenotype
. Recurrent disease seems
not associated with incidence rates of ACR nor with
[85]
the degree of donor/recipient HLA mismatching .
In addition, the incidence of AIH recurrence was not
different with cyclosporine vs tacrolimus based immuno
suppression, nor associated with pre-transplant or posttransplant overall dose and duration of corticosteroid
[24]
treatment . Rapid weaning of steroids post LT has
been suggested to be associated with higher recurrence
rates and may therefore need to be exercised with
[86,87,95]
caution in patients transplanted for AIH
. AIH that
is poorly controlled prior to LT has been reported to be
associated with a higher risk of recurrence post LT. Thus,
[98]
Ayata et al
found that severe necro-inflammatory
activity in the explant predicts AIH recurrence. In
addition, coexistent autoimmune diseases, and high
transaminases and IgG prior to transplant have been
reported to be associated with an increased risk of AIH
[97]
recurrence . Collectively, however, the risk factors
and their relative contribution to AIH recurrence post LT
remain ill defined.
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MINIREVIEWS

Therapeutic and clinical aspects of portal vein thrombosis
in patients with cirrhosis
Massimo Primignani, Giulia Tosetti, Vincenzo La Mura
disease. As for general venous thromboembolism, risk
factors for PVT are slow blood flow, vessel wall damage
and hypercoagulability, all features of advanced cirrhosis.
Actually, the old dogma of a hemorrhagic tendency in
cirrhosis has been challenged by new laboratory tools
and the clinical evidence that venous thrombosis also
occurs in cirrhosis. The impaired hepatic synthesis of
both pro- and anticoagulants leads to a rebalanced
hemostasis, more liable to be tipped towards thrombosis
or even bleeding. Conventional anticoagulant drugs
(low molecular weight heparin or vitamin K antagonists)
may be used in cirrhosis patients with PVT, particularly
in those eligible for liver transplantation, to prevent
thrombosis progression thus permitting/facilitating liver
transplant. However, several doubts exist on the level
of anticoagulation achieved as estimated by coagulation
tests, on the efficacy of treatment monitoring and on
the correct timing for discontinuation in non-transplant
candidates, while in transplant candidates there is
expert consensus on continuing anticoagulation until
transplantation. The recent introduction of direct act
ing oral anticoagulant drugs (DOACs) in other clinical
settings generates much interest on their possible
application in patients with cirrhosis and PVT. However,
DOACs were not evaluated yet in patients with liver
disease and cannot be recommended for the present
time.
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Core tip: Impaired liver synthesis of both pro- and
anticoagulants maintains a haemostatic balance in
advanced liver disease, but this balance is more unstable
than in healthy subjects and can be easily tipped
towards thrombosis or bleeding. Portal vein thrombosis

Abstract
Portal vein thrombosis (PVT) is a frequent complica
tion in cirrhosis, particularly in advanced stages of the
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more sensitive to the procoagulants, than to the natu
rally occurring anticoagulants protein C, protein S,
and antithrombin, which are also synthesized by the
liver and are decreased, often severely, in plasma
from cirrhosis patients. Protein C, in vivo, is activated
by thrombin and quenches thrombin generation in
order to limit the activation of the coagulation cascade.
However, for Protein C being activated, the presence of
thrombomodulin, its endothelial receptor, is required.
Since thrombomodulin is not present in the PT and
APTT reagents, it appears that such test are unsuitable
to assess the balance of pro- and anticoagulants in
plasma from cirrhosis patients and to predict bleeding
[8-10]
events
. Recently, global coagulation tests able to
account for both pro- and anticoagulants, such as the
thrombin generation test, indicate that plasma from
patients with cirrhosis generates equal amounts of
thrombin as compared to plasma from healthy subjects,
[11]
if measured in the presence of thrombomodulin .
However, since also platelets, besides their role in
primary haemostasis, support thrombin generation
by assembling activated coagulation factors on their
surface, a normal thrombin generation is still found
9
if a sufficient platelet count of around 60 × 10 /L is
[12]
preserved .
Further evolution of research suggests, particularly
in advanced cirrhosis, the occurrence of a procoagulant
imbalance whose biomarker is the resistance to the
inhibition of thrombin generation, expressed by the
increased ratio of thrombin generation with/without
thrombomodulin. The increased ratio between Factor
Ⅷ (a strong procoagulant driver, markedly increased
in cirrhosis plasma) and Protein C (a strong inhibitor of
thrombin generation and of activated factor Ⅷ, severely
decreased in cirrhosis plasma) appears to be the
[13]
biological background of such imbalance .
In summary, PT or APTT can no longer be regarded
as indexes of hypocoagulability in patients with cirrhosis.
By converse, cirrhosis can be viewed as an acquired
prothrombotic condition, a new concept that better
fits with the tendency to PVT, or the increased rate of
venous thromboembolism occurring in cirrhotic patients
[14]
when exposed to risk factors .

(PVT) frequently occurs in advanced stages of cirrhosis
and, if occlusive or extensive, may complicate or impede
liver transplant. Therefore, prevention and treatment of
PVT are frequent issues in cirrhosis patients, particularly
in those eligible to liver transplant. Current treatments
are with low molecular weight heparin or vitamin K
antagonists and should be continued until transplantation
in liver candidates, whereas no consensus exists regard
ing the duration of anticoagulation in non-transplant
candidates.
Primignani M, Tosetti G, La Mura V. Therapeutic and clinical
aspects of portal vein thrombosis in patients with cirrhosis. World
J Hepatol 2015; 7(29): 2906-2912 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i29/2906.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i29.2906

INTRODUCTION
Portal vein thrombosis (PVT) is a rare event in the gene
ral population, but is frequent in patients with cirrhosis,
particularly in the advanced stages of the disease.
Actually, the prevalence of PVT parallels the progression
of cirrhosis, being less than 1% in patients with
compensated disease, but 8%-25% in liver transplant
[1-4]
candidates
and further increases when the disease
is complicated by the occurrence of hepatocellular
carcinoma. In this review article we describe the risk
factors for PVT in cirrhosis, discuss the controversial
clinical impact of PVT on the natural history of cirrho
sis and the current indications for PVT prevention or
treatment.

RISK FACTORS AND PATHOGENESIS OF
PVT IN CIRRHOSIS
Slow blood flow, vessel wall damage and hypercoa
gulability, the classical triad of mechanistic factors for
general venous thromboembolism identified by Virchow
more than 150 years ago, are the perceived risk factors
also for PVT in cirrhosis. Indeed, slowing of portal blood
velocity, which occurs with the progression of liver
[5]
disease, has been identified as a risk factor for PVT .
As for venous thromboembolism hypercoagulability
has been reported at increased rate in some studies,
but not in others. Causes include factor V Leiden and
prothrombin gene mutation, hyperhomocysteinemia,
protein C and protein S deficiencies, and elevated factor
[6,7]
Ⅷ .
More in general, the long standing belief of a “spon
taneous anticoagulation” in cirrhosis, due to the reduced
hepatic synthesis of coagulant factors, and recognized
by the prolongation of the classical coagulation tests
PT and APTT, has recently been revised in favour of a
new concept of “rebalanced haemostasis” in cirrhosis.
Indeed, PT and APTT, due to their design, are much
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CLINICAL IMPACT OF PVT IN CIRRHOSIS
The impact of PVT on the natural history of cirrhosis is
controversial, as several studies evaluating the clinical
outcome of cirrhosis patients after the diagnosis of PVT
[4,15-18]
gave discordant results
. In fact, some studies
suggest that PVT may progress to complete occlusion
and/or extend to other splanchnic vessels in 40%-70%
of cases. In addition, patients with PVT appear to
have more than threefold increased risk of failure to
[17]
control variceal bleeding
and a reduced post-trans
[4]
plant survival suggesting that the presence of PVT
in advanced liver disease is associated with critical
outcomes. On the opposite hand, a recent multicenter
study, showed, in a large series of patients, that the
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incidence of PVT, most often non-occlusive, did not in
fluence the clinical outcome and was associated with a
[19]
high rate of spontaneous recanalization .

cirrhosis patients with established PVT, the available data
refer to five case series including, overall, 163 subjects,
[4,24-27]
mostly with partial PVT
(Table 1). At month-6 of
therapy, complete or partial recanalization occurred in
33%-45%, while thrombus progression developed in
less than 10%. Factors predicting recanalization were
recent onset (< 6 mo) of the thrombus and partial
PVT. Treatment prolongation after six months was asso
ciated with a higher rate of recanalization and a lower
incidence of thrombosis progression or recurrence.
Most patients had past bleeding or high-risk varices,
and received endoscopic therapy with or without betablockers prior to anticoagulation. Bleeding occurred in
5% of the patients. After stopping anticoagulation, the
benefit declined rapidly, as PVT recurred in up to 40%
of patients. Overall, these data indicate a favorable risk/
benefit ratio.
However, although these good safety data for portal
hypertension-related bleeding in patients treated with
anticoagulants, the number of patients enrolled in clinical
studies is still low to allow firm conclusions on the safety
of prolonged anticoagulation treatment, and few data on
non-portal hypertension-related bleedings are available.
In addition, more data on the safety of anticoagulation in
patients with advanced stages of cirrhosis are required.

PROPHYLACTIC TREATMENT
The recent finding that prophylactic doses of enoxaparin,
besides preventing PVT without increasing the rate of
bleeding, also reduced bacterial translocation and the
incidence of further decompensation in patients listed for
[20]
liver transplantation suggests a role for anticoagulants
in cirrhosis wider than previously expected. Since acti
vated coagulation factors have other targets, besides
clotting, and promote fibrogenesis by acting on platelets,
endothelial cells and stellate cells, the role of anticoa
gulants might extend beyond the prevention or treatment
of PVT in cirrhosis, towards the prevention of progression
[21]
of cirrhosis itself .
Larger, confirmatory studies are needed before a
widespread use of enoxaparin in patients with cirrhosis
permeates clinical practice. However, the growing
evidence from clinical studies and the finding of normal/
increased amounts of thrombin generated in vitro
demonstrates that the so-called “auto anticoagulation”
of patients with cirrhosis is a false dogma.
This new concept generates consequences in clinical
practice. For instance, thromboprophylaxis for the
prevention of deep vein thrombosis should be given to
cirrhosis patients, as to the general population, when
exposed to such risk factors as immobilization, cancer
[22,23]
or surgery
. However, such strategy is still not
generally adopted in cirrhosis, due to the perceived risk
of hemorrhage.
As far as PVT is concerned, anticoagulation might
be indicated for treating or preventing PVT in particular
settings, such as the patients eligible or listed for liver
[3,24]
transplant or those undergoing hepatic resection
.
However, although clinical data and modern global
coagulation tests indicate that patients with cirrhosis
have a rebalanced hemostasis or even a prothrombotic
phenotype, particularly in advanced stages of the
disease, this balance may be weak and can be tipped
towards thrombosis or haemorrhage by ensuing com
orbidities, as bacterial infections or renal failure. In
addition, patients with cirrhosis may have severe throm
bocytopenia, which adds risk to anticoagulation therapy.
Therefore, several warnings must be considered
before implementing a more liberal use of anticoagulants
in patients with liver cirrhosis and the risks and benefit
of anticoagulation in these patients must be carefully
weighted. These warnings regard safety, monitoring and,
to some extent, the proper indication of anticoagulation
in cirrhosis patients with PVT.

The use of vitamin K anatagonists and low molecular
weight heparins

As far as the anticoagulant to choose for patients with
cirrhosis is concerned, vitamin K antagonists (VKA)
and low molecular weight heparin (LMWH) are those
currently used, although several doubts exist on the
required doses, on the level of anticoagulation achieved
as estimated by coagulation tests, and on the efficacy of
treatment monitoring. In fact, LMWH monitoring may be
complicated by the low levels of antithrombin frequently
[25]
occurring in these patients and by analytical troubles
affecting the anti-factor Xa measurement in patients
[28,29]
with liver disease
. As for VKA in cirrhosis patients,
one may consider that the PT-INR was originally in
tended for patients on VKA to harmonize the PT results
from different laboratories and thromboplastins, but is
less valid for patients with cirrhosis as their coagulopathy
[30-33]
is different from that caused by VKA
. In addition,
the frequently encountered baseline PT prolongation in
cirrhotic patients casts doubts on whether the level of
anticoagulation achieved is correctly represented by the
PT.
This notwithstanding, VKA and LMWH appear to
be equally effective and relatively safe in patients with
cirrhosis, although long-term regimens have not been
evaluated yet. LMWH, although less practical because
of the need for subcutaneous injections, can be used
until transplantation. Importantly, and at difference with
VKA, it does not interfere with the MELD score.
Conversely, VKA can be given orally, but interfere with
the MELD score. Anticoagulation can be reversed rapidly
at the time of transplantation by the administration of

STRATEGIES OF TREATMENT IN
PATIENTS WITH OVERT PVT
Concerning efficacy and safety of anticoagulation in
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Retrospective

Delgado et al[26]

55

56

28

29

PVT

55

35

28

19

Number
anticoagulate
patients

-

21

-

10

Number
controls
Mean 8.1 mo

Duration
anticoagulation

Enoxaparin 200 UI/kg
6 mo in
per day
repermeation, until
end follow up in
partial responders
Nadroparin 95 antiXa 6 mo after complete
U/kg td
repermeation, until
the end of follow
up in other patients
VKA (8 patients);
Median 6.8 mo
VKA → LMWH (21
(range 1-56 mo)
patients);
LMWH (26 patients)

VKA (target INR 2-3)

Typeanticoagulant

2909
9

-

1/5/15

-

0/4/6

Repermeation/stabilization/
progression of thrombosis in
control patients

1 variceal bleeding;
1 cerebral haemorrage;
1 haematuria;
1 epistaxis
6 variceal bleeding;
1 obscure gastrointestinal
bleeding;
1 lower gastrointestinal
bleeding;
1 oral bleeding after
dental extraction

1 variceal bleeding after
EBL
1 anemia in PHG

-

5 variceal
bleeding

-

NA

Bleeding complications in
Bleeding
anticoagulate patients complications in
controls

A further point refers to the proper indication of anticoagulation in patients with PVT and cirrhosis. Several issues need consideration: The grade (partial or occlusive) and

Indication to anticoagulation: Critical issues

Many of the warnings related to LMWH and VKA could be overcome by the recently introduced direct acting oral anticoagulant drugs (DOACs), which inhibit thrombin
(Dabigatran) or activated factor X (Rivaroxaban, Apixaban and Edoxaban). These drugs have the advantages of oral administration, fixed dose and no need of laboratory
[34]
monitoring . Moreover, their mechanism of action is independent of antithrombin, which is necessary for LMWH be effective, but may be severely impaired in cirrhosis
patients. Finally, DOACs do not interfere with the MELD score. However for now, anticoagulation induced by DOACs is not quickly reversible and this may be a concern in
case of bleeding. Another potential issue is renal function; DOACs, especially dabigatran, have predominantly renal excretion and impairment of renal function, frequently
[35]
observed in patients with cirrhosis, could cause drug accumulation .
Notwithstanding, DOACs, which are currently used to prevent venous thromboembolism in orthopedic surgery and, at therapeutic dosages, in atrial fibrillation and deep
[36-38]
vein thrombosis
, appear to be as effective as LMWH or warfarin, with less bleeding complications. However, although the overall lower bleeding rate in patients treated
[39]
with DOACs vs VKA, the incidence of gastrointestinal bleeding appears to be slightly but definitively increased, with an absolute risk of 2.6% vs 2% . This might be a
matter of concern in cirrhosis patients for the future. For now, whether DOACs are safe and effective in cirrhosis is unknown, as patients with abnormal liver function tests
were excluded from the studies on DOACs.

Direct oral anticoagulant agents: Where we are

fresh frozen plasma. A platelet count < 50 × 10 /L and the use of VKA were the only factors more frequently observed in patients with a bleeding episode suspected to be
[26]
related to anticoagulation therapy .

33/22/0

21/7/5

21/5/2

8/10/1

Repermeation/stabilization/
progression of thrombosis in
anticoagulate patients

PVT: Portal vein thrombosis; VKA: Vitamin K antoagonists; LMWH: Low molecular weight heparin; NA: Not available.

Prospective;
Case control

Proscpective;
Case control
Prospective

Study type

Senzolo et al[24]

Amitrano et al[25]

Francoz et al[4]

Ref.

Table 1 Studies on management of portal vein thrombosis in cirrhotic patients
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extent of PVT, its clinical presentation and the assumed
consequence on the outcome of cirrhosis, and, notably,
whether the patient is eligible or not for liver transplant.
Firstly, PVT occurring in cirrhosis patients is often
partial and asymptomatic, accidentally detected at
ultrasound evaluation during follow-up. For this PVT
[19,40,41]
type there is no evidence from prospective studies
of a causal relationship between its occurrence and
worsening of the disease. In addition, the outcome of
partial PVT, when assessed prospectively, appears to
be highly variable, with either spontaneous progression
[41]
or regression . In other instances, abdominal pain,
gastrointestinal bleeding, development or worsening of
ascites or hepatic encephalopathy are associated with
the onset of PVT. In addition, intestinal infarction may
occur. Such clinical presentation, most often related to
occlusive PVT, mainly when extended proximally and
deeply into the superior mesenteric vein, obviously
affects the disease outcome and requires prompt anticoa
gulation.
A third issue regards the eligibility of the patient to
liver transplant. Because of improved surgical techniques
and perioperative management, liver transplant is no
longer a contraindication, even in cases of extensive
PVT. However, PVT causes technical difficulties in the
setting of transplantation, with a negative impact on
the outcome and, in some instances, may represent a
definitive contraindication for transplantation.
Furthermore, the real impact of PVT on the access
to the waiting list for liver transplantation is presently
unknown. Therefore, the current or future eligibility of
the patient to liver transplant must be considered when
deciding to prescribe anticoagulants or not.
All these issues were discussed at the recent Baveno
VI workshop in a session devoted to vascular diseases of
the liver, where the risks and benefits of anticoagulation
were thoroughly balanced. It was agreed to consider
anticoagulation in potential transplant candidates with
thrombosis of the main portal vein trunk or progressive
PVT, in order to permit or facilitate liver transplantation
and reduce post-transplant mortality and morbidity. In
addition, in untreated potential transplant candidates
with PVT, it was agreed to recommend an imaging
follow-up every three months and anticoagulation in case
of progression. As for the duration of anticoagulation,
there was consensus on maintaining anticoagulation
until transplantation to prevent re-thrombosis.
Conversely, for non-candidates to LT, no recom
mendation regarding anticoagulation treatment could
be made, but it was stated that anticoagulation could
be considered in selected cases, such as patients with
thrombosis extended to the superior mesenteric vein or
[42]
with known “strong” prothrombotic conditions .

manage PVT also in the context of cirrhosis. However, the
experience in the setting of patients with cirrhosis is very
limited and hampered by the additional inconvenience
that the detection of PVT in this clinical setting is
generally incidental and it is difficult to establish the
age of the thrombus. The best described endovascular
approach is the transjugular intrahepatic porto-systemic
shunt (TIPS). It might represent an alternative to
anticoagulation. Indeed, TIPS may be feasible in patients
with PVT, particularly if the intra-hepatic branches of
[44,45]
[45]
portal vein are patent
. Luca et al reported a case
series of 70 patients with non-tumoral PVT treated
with TIPS for the management of complications due to
portal hypertension. More than half of patients achieved
complete recanalization and 30% a marked decrease in
thrombosis, whereas no improvement occurred in only
13%. This success rate was similar to that observed
for anticoagulation. Therefore TIPS may be an option
in patients with contraindication to anticoagulation
treatment.

CONCLUSION
Despite a long-standing faith, liver cirrhosis is not
associated with hypocoagulability. Instead, hypercoa
gulability, particularly in advanced disease, prevails.
This is confirmed by the fact that both deep venous
thrombosis and, particularly, PVT occur in cirrhosis.
Although PVT in cirrhosis is frequently asymptomatic
and may have a variable spontaneous evolution, it may
require anticoagulation treatment in patients eligible
for liver transplant or in case of thrombus progression.
Either LMWH or VKA can be used, appear equally effec
tive and share a relatively good safety profile, but larger
studies, involving patients with advanced disease are
needed to confirm these findings. DOACs, although
promising because of their mechanism of action, have
not been evaluated in patients with liver disease and
cannot currently be recommended.
Anticoagulants, besides their effect on clotting, appear
to decrease fibrogenesis. Such finding, if confirmed in
future studies, will expand the role of anticoagulants in
the clinical management of cirrhosis.
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MINIREVIEWS

Clinical applications of squamous cell carcinoma antigenimmunoglobulins M to monitor chronic hepatitis C
Andrea Martini, Andrea Gallotta, Patrizia Pontisso, Giorgio Fassina
disease and cirrhosis in Western countries. Over time,
the majority of cirrhotic patients develop hepatocellular
carcinoma (HCC), one of the most common fatal cancers
worldwide - fourth for incidence rate. A high public
health priority need is the development of biomarkers
to screen for liver disease progression and for early
diagnosis of HCC development, particularly in the high
risk population represented by HCV-positive patients with
cirrhosis. Several studies have shown that serological
determination of a novel biomarker, squamous cell car
cinoma antigen-immunoglobulins M (SCCA-IgM), might
be useful to identify patients with progressive liver
disease. In the initial part of this review we summarize
the main clinical studies that have investigated this new
circulating biomarker on HCV-infected patients, providing
evidence that in chronic hepatitis C SCCA-IgM may be
used to monitor progression of liver disease, and also
to assess the virological response to antiviral treatment.
In the last part of this review we address other, not
less important, clinical applications of this biomarker in
hepatology.
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Core tip: A high public health priority need is the
development of biomarkers to screen for liver disease
progression in hepatitis C virus (HCV)-positive patients.
Serological squamous cell carcinoma antigen-immuno
globulins M has shown the ability to identify patients
with progressive liver disease and patients at higher risk
of hepatocellular carcinoma development. In this review
we summarize the main clinical studies performed using
this new circulating biomarker for monitoring cirrhosis
progression in HCV-positive patients and to evaluate
virological response to antiviral treatment.

Abstract
Hepatitis C virus (HCV) is the main cause of chronic liver
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US sensitivity depends on many factors, including
the quality of the US machine, the experience of the
[11]
examiner, and also the patient . In patients with
liver cirrhosis, regenerative nodules may be hard to
distinguish from HCC using US, and the sensitivity of
this imaging technique to detect early HCC lies between
[11]
32% and 65% . For this reason, some authors, as
well as Asian guidelines, suggest the use of AFP in HCC
[12,13]
surveillance
.
From 1990’s, especially in Japan, new biomarkers
for HCC diagnosis and surveillance have been explored.
Among these, des-γ carboxy-prothrombin, an abnormal
[14]
prothrombin protein, has been considered , but the
results indicate that its sensitivity is highly dependent
[15]
on tumour size . The clinical utility of lens culinaris
agglutinin-reactive fraction of AFP-L3 in early prediction
of HCC development in patients with chronic HBV or HCV
[16]
infection was also recently evaluated . It was shown
that several factors (gender, age, race, and presence of
more advanced liver disease) are independent predictors
of increased levels of this biomarker, which also lacks in
sensitivity, specificity, and predictive values required for
[17]
routine HCC surveillance .
Another biomarker that has been developed in
recent years is Osteopontin, a molecule expressed by
transformed malignant cells, also evaluated for colon
[18]
and pancreatic cancer . The majority of the studies
analyzing osteopontin for the diagnosis of HCC was
retrospective and included a range of 30 to 179 patients
with HCC. The reported sensitivity of osteopontin for
HCC was 86%, with a specificity of 86%, resulting
in a diagnostic accuracy comparable to that of AFP.
Further validation studies are needed to use this marker
[18]
in daily clinical routine . On the basis of the above
considerations, a reliable biomarker to complement US
in detecting early HCC still represents a crucial unmet
need.
In recent years relevant emphasis has been ascribed
to innate or natural immunity, which acts as the first
line of defense, and also as the link between acquired
[19]
immunity and immunological memory . Poly-reactive
natural auto-antibodies [immunoglobulins M (IgM)]
can bind, with low affinity and high avidity, different
[20]
markers that are expressed during cancer growth .
The presence of IgM-linked immune-complexes with
diagnostic value has been found recently in different
[21]
human tumours, including colon
and prostate can
[22]
[23]
cer , and also in other pathologic conditions . For
liver disease, the diagnostic value of squamous cell
carcinoma antigen-IgM (SCCA-IgM) immune-complex in
[24,25]
serum has been demonstrated in several studies
.
In this review we summarize the role of SCCAIgM as a novel promising tool to monitor liver disease
evolution and response to antiviral treatment in patients
with chronic hepatitis C; we also analyze the value of
this biomarker for the diagnosis and prognosis of HCC.
An overview of the main observations on SCCA-IgM
behaviour in clinical settings is presented in Table 2.

Martini A, Gallotta A, Pontisso P, Fassina G. Clinical applications of
squamous cell carcinoma antigen-immunoglobulins M to monitor
chronic hepatitis C. World J Hepatol 2015; 7(29): 2913-2919
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i29/2913.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i29.2913

INTRODUCTION
Liver cirrhosis is an increasing cause of morbidity and
mortality in Europe and the United States. It is the fourth
most common cause of death in adults worldwide and
the major reason for more than 5500 liver transplants
[1]
in Europe each year . The main causes of cirrhosis in
Western countries are infection with hepatitis C virus
(HCV), alcohol abuse, and, increasingly, non-alcoholic
[2]
fatty liver disease (NAFLD) . In sub-Saharian Africa
and in most parts of Asia, infection with hepatitis B virus
[2]
(HBV) represents the most common cause of cirrhosis .
The prevalence of this advanced liver disease is difficult
to assess and probably higher than reported, because
the initial stages are asymptomatic until cirrhosis with
clinical decompensation occurs, therefore the disorder is
[2]
often undiagnosed . In line with these findings, about
90% of individuals with viral hepatitis in Europe are not
[1]
aware of their status . Moreover, the prevalence of
NAFLD is 2%-44% in the European population and even
[1]
higher (42.6%-69.5%) in people with type 2 diabetes .
Hepatocellular carcinoma (HCC), one of the main
complications of cirrhosis, and the leading cause of
death among these patients, is the sixth most common
neoplasm and the third most frequent cause of cancer
[3]
death . Whereas the survival of patients with most
malignancies has enhanced over the last decade, 5-year
survival rate of patients with HCC has not improved
[4]
sufficiently and remains less than 10% . The poor
outcome of patients with HCC is related to the late
detection of the cancer, with the majority of patients
[4]
diagnosed at advanced stages of disease . It has been
demonstrated that HCC surveillance of population at
risk increases survival, because of detection of tumours
[5-7]
amenable to curative therapies ; in fact, surveillance
[8]
is recommended by international guidelines .
A major problem with HCC detection and surveillance
is the lack of reliable biomarkers. Table 1 summarizes
the sensitivity and specificity of the serological markers
currently available for HCC diagnosis.
Alpha-fetoprotein (AFP) is the most widely used
serum marker for HCC diagnosis and surveillance;
however, not all HCCs secrete AFP (about 32%-59%
[4]
of patients with the tumour have normal AFP levels) .
Furthermore, AFP may be elevated in patients with
chronic liver disease in the absence of HCC, making
[4]
this biomarker inadequate for surveillance tests .
Indeed, European and American guidelines consider
AFP too inaccurate to survey patients at risk of HCC
[9,10]
and recommend the use of ultrasound (US) alone
.
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↓ Apoptosis

Table 1 Sensitivity and specificity (%) of various biomarkers
for hepatocellular carcinoma diagnosis
Biomarker

Sensitivity
[57]

SCCA-IgM
AFP[58]
Osteopontin[58]
DCP[58]
AFP-L3[58]

52-89
41-65
87
23-89
37-60

↑ Fibrosis

↑ EMT proliferation

Specificity
50-82
80-94
82
95
90-92

AFP: Alpha-fetoprotein; SCCA-IgM: Squamous cell carcinoma antigenimmunoglobulins M.

Chronic hepatitis

Cirrhosis

HCC

SCCA
SCCA belongs to the clade B subset of the serpins
[26]
family . SCCA1 (SERPINB3) and its isoform SCCA2
(SERPINB4) are over-expressed in squamous cell
carcinoma (SCC) of the uterine cervix, lung, head and
[27-30]
neck, rectal colon, pancreatic and liver tumors
. The
isoform that has been better evaluated in literature is
SERPINB3, which has showed functional connection
with tumorigenesis. This isoform was found to prevent
cell death through its binding to complex 1 of the mito
chondrial respiratory chain or via suppression of c-JUN,
as a response to different types of stress, such as UV,
radiation, chemotherapy, tumour necrosis factor-alpha
[31-34]
and natural killer cells
. Moreover, its inflammatory
and pro-tumorigenic role has been revealed demon
strating its ability to enhance interleukin-6 effects
through nuclear factor kB pathway in response to Rat
[29]
Sarcoma Viral Oncoprotein (coding RAS gene) stimuli .
SCCA1 and 2 are undetectable in normal hepa
tocytes, but their expression progressively increases from
[35]
chronic liver disease to dysplastic nodules and HCC .
In particular, SERPINB3 is more expressed in high-grade
dysplastic nodules and in HCC than in large regenerative
[36]
nodules, suggesting a role in hepatocarcinogenesis .
Furthermore, this serpin was identified in the majority
of hepatoblastomas, with the highest levels in tumours
[37]
of more advanced stage . In HCC, high expression of
SERPINB3 is significantly associated with early tumour
recurrence, and shows a better prognostic significance
[38]
than other clinical and histological variables . These
important clinical findings were confirmed at the mole
cular level: SCCA expression in liver tumor has been
correlated with liver regeneration activity (expressed
[39]
by MIB-I-labeling index) , and increased proliferation
was also documented in hepatoma cell lines overexpressing SERPINB3 and in a mouse model transgenic
[39,40]
for this serpin
. Recent data indicate that SERPINB3
is highly expressed in the hepatic stem/progenitor
[41]
cell compartment of both fetal and adult livers ;
moreover, after induction by HIF2-alpha in an hypoxic
[42]
environment , SERPINB3 was shown to be crucial for
tumour invasiveness and metastasis, since it promotes
[39]
epithelial-mesenchymal transition
and transforming
[43]
growth factor-beta production (Figure 1).
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Liver SERPINB3

Serum SCCA-IgM

Figure 1 Schematic representation of SERPINB3 behavior in the liver and
of serological squamous cell carcinoma antigen-immunoglobulins M levels
in chronic liver disease. SCCA-IgM: Squamous cell carcinoma antigen-immuno
globulins M; HCC: Hepatocellular carcinoma; EMT: Epithelial-mesenchymal
transition.

SCCA-IGM IN HCV-POSITIVE PATIENTS
Recently, an ELISA assay has been developed to detect
serological SCCA isoforms (SERPINB3 and SERPINB4)
[24]
complexed with natural IgM . The clinical usefulness of
monitoring SCCA-IgM immune-complexes in chronic liver
disease has been evaluated in several studies. In 2008
[44]
Biasiolo et al observed that SCCA-IgM was detectable,
at presentation, in 33% of untreated patients with
histologically proven chronic hepatitis, but not in healthy
control subjects. After a median period of six years, the
same patients underwent a second liver biopsy and an
increased level of the immune-complex was observed
in 75% of cases with progressive disease (defined as
an increase in fibrosis score ≥ 2 during follow-up in
untreated patients). On the other hand, SCCA-IgM levels
were substantially stable in patients with no disease
progression during the same interval, and no difference
in the level of the biomarker was detected in regard to
[44]
the etiology of chronic liver disease .
In chronic HCV infection the presence of non-alcoholic
steatohepatitis (NASH) at the histological level reflects a
more severe clinical and pathological state than steatosis
alone, being associated with a more rapid progression of
[45]
fibrosis . Recently, the relationship between SCCA-IgM
and NASH was investigated in 91 patients with chronic
hepatitis C: In patients with histological diagnosis of
NASH the immune-complex levels were elevated and
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Table 2 Overview of the main observations on squamous cell carcinoma antigen-immunoglobulins M behaviour in clinical settings
Ref.

Main observation

SCCA-IgM in monitoring chronic liver disease
Biasiolo et al[44]
Significant increase of SCCA-IgM levels over time in 75% of untreated patients with chronic hepatitis and with histologically
proven liver disease progression (fibrosis score increase ≥ 2) after six years of follow-up
Martini et al[46]
In patients with chronic hepatitis C, SCCA-IgM was found an independent predictor of histologically proven non alcoholic
steatohepatitis
SCCA-IgM and antiviral treatment
Giannini et al[48]
In chronic hepatitis C treatment with standard therapy, only patients who achieved sustained viral response showed a significant
decrease in median values of SCCA-IgM up to one year of follow-up
Fransvea et al[49]
Reduction of SCCA-IgM levels during the first month of standard antiviral therapy was an independent predictor of sustained viral
response
Martini et al[46]
Significant reduction of SCCA-IgM, lasting up to 6 mo of follow-up, was observed only in HCV-positive patients with sustained
response to standard therapy
SCCA-IgM in diagnosis and prognosis of HCC
Pontisso et al[51]
Significant increase over time of SCCA-IgM only in patients with early cirrhosis (histologically proven) who developed HCC
within four years of follow up
Buccione et al[52]
In HCV-positive patients with overt cirrhosis, SCCA-IgM negativity (cut off ≤ 200 AU/mL) accurately identified patients at low
risk of liver cancer development in the subsequent year
Beneduce et al[24]
SCCA-IgM showed higher sensitivity for the diagnosis of HCC, compared to AFP
Pozzan et al[53]
In patients with HCC, SCCA-IgM levels were found an independent predictor of survival. A reduction in SCCA-IgM levels was
correlated with response to HCC treatment
HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; SCCA-IgM: Squamous cell carcinoma antigen-immunoglobulins M.

associated with more severe steatosis (> 33%), while
in HCV-negative patients with steatosis and NASH
SCCA-IgM was barely detectable. These results were pro
bably due to a higher production of IgM in HCV positive
patients, followed by an amplification of the ELISA
signal as a result of a lower threshold required for B-cell
activation after the engagement of CD81 by the HCV-E2
[46]
protein .
The association between SCCA-IgM and NASH in HCV
positive patients was confirmed at univariate and multi
variate logistic regression analysis. Among the various
clinical aspects that were considered, only HCV genotype
3 was identified as an additional independent variable
[46]
significantly associated with NASH . Furthermore,
a close correlation between the intensity of SCCA-1
expression in the liver and SCCA-IgM levels in the serum
was documented in serum and liver samples from the
same patients. Indeed, in cases of negative serological
SCCA-IgM, SCCA-1 detection in the corresponding liver
biopsy was weak, even in the presence of steatosis.
On the other hand, the serpin was highly expressed in
[46]
patients with elevated values of SCCA-IgM in serum .

response (SVR) after standard treatment with PEG-IFN
and ribavirin, there was a significant decrease in serum
levels of SCCA-IgM at the end of treatment, and up to
one year of follow-up, when compared to baseline. In
null responders (NR) baseline values of serological SCCAIgM were not statistically different from SVR patients,
but during follow-up SCCA-IgM levels did not show
[48]
significant changes compared to baseline . In 2012,
in a multicentre prospective study, 103 patients with
HCV chronic infection undergoing antiviral treatment
with PEG-IFN and ribavirin were enrolled to test the
[49]
efficacy of SCCA-IgM as a marker of response . This
study confirmed that the reduction of SCCA immunecomplexes was significantly different between patients
that showed SVR and those who did not. Moreover, the
decreased serological concentration of the biomarker
was an independent predictor of SVR in regard to
[49]
HCV genotype and age . In addition, the behavior of
SCCA-IgM in relation to antiviral therapy was recently
confirmed in 91 patients with chronic hepatitis C. In
the subgroup of patients who reached SVR and had the
baseline positivity to SCCA-IgM, the serological values
significantly decreased after six months of treatment
and remained persistently low even at six months of
follow-up after treatment. In NR patients, no significant
variation in SCCA-IgM serum values was observed after
six months of treatment or at six months after the end
[46]
of therapy .
These studies clearly demonstrate that the ter
mination of HCV-associated liver damage determines
a progressive decline of SCCA-IgM serological levels,
therefore this biomarker could be used as a surrogate
marker to monitor active disease resolution.

SCCA-IGM AND ANTIVIRAL TREATMENT
Combination therapy of pegylated interferon-alpha
(PEG-IFNα) and ribavirin results in complete viral
eradication in about 50% of patients with chronic HCV
infection. However, a substantial number of patients
show no significant response to therapy or develop viral
[47]
relapse after the cessation of IFN-based therapy .
The first evidence of the behavior of SCCA-IgM
during antiviral treatment with PEG-IFN and ribavirin
[48]
was obtained from a longitudinal study in 2010 .
[48]
Giannini et al demonstrated that in patients with HCVrelated cirrhosis who achieved sustained virological
WJH|www.wjgnet.com
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in hepatology is the availability of serological markers
to identify patients with chronic hepatitis and cirrhosis
at higher risk of HCC development. In liver cirrhosis the
[50]
rate of HCC progression is 3%-4% every year ; the
identification of the subgroup of patients with possible
HCC development within the next few years would allow
the development of a personalized clinical management
characterized by more effective early therapeutic
interventions. In order to explore this possibility, SCCAIgM was analyzed in a retrospective, longitudinal study
that was preliminary conducted in a cohort of HCVinfected patients with early stage of cirrhosis, defined on
[51]
the basis of histological findings . This population was
divided in two groups with similar clinical characteristics
and no significant difference in the absolute value of the
immune-complex at baseline. The first group included 16
cirrhotic patients who developed HCC during a median
follow up of 4 years, while the second group included 17
control patients with cirrhosis who did not develop HCC
during the same period. The progressive increase of
SCCA-IgM over time was remarkable in cirrhotic patients
who eventually developed HCC, while figures remained
unchanged in the majority of the cirrhotic patients
without evidence of liver cancer during the same time
interval. The increase of AFP, measured in parallel in the
same serum samples, was not significantly different in
patients who developed HCC and in those without liver
tumor progression. Accordingly, the predictive value of
SCCA-IgM variation was found to be significantly better
than that of AFP for predicting the progression to HCC
[51]
(AUC: 0.821 vs 0.654) .
These data were in line with another retrospective
[52]
study performed by Buccione et al . The aim of this
study was to evaluate whether the levels of SCCA-IgM
in serum could identify HCV patients with clinical signs of
cirrhosis at risk of HCC development. The study involved
57 cirrhotic patients, during a median period of 48 mo.
The baseline value of serological SCCA-IgM was nearly
4-fold higher in patients who developed HCC than in
those who did not, and the SCCA-IgM value ≤ 200
AU/mL accurately identified patients at low risk of liver
cancer in the subsequent year, with a negative predictive
[52]
value of 97% . These results suggest that in patients
with evident cirrhosis the assessment of this biomarker
can improve the diagnostic process: The subgroup of
patients at higher risk of liver tumor development, that
need a constant monitoring, can be identified based on
SCCA-IgM positivity.
In regard to the diagnostic value of SCCA-IgM for
HCC, a cross sectional study performed by Beneduce et
[24]
al have demonstrated the positivity of this biomarker
in the vast majority of HCC serum samples (70%
sensitivity vs 42% sensitivity of AFP), whereas all healthy
control samples were negative. Although no correlation
with HCC etiology was found, the authors observed
that the amount of circulating SCCA-IgM at different
stages of liver disease reflected the extent of SCCA
over-expression detected by immunohistochemistry in
liver specimens. Moreover, SCCA-IgM positivity did not
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overlap with that of AFP, suggesting that the combination
of these two biomarkers could improve the sensitivity
for detecting HCC without compromising the diagnostic
[24]
specificity .
In summary, the prognostic role of SCCA-IgM has
been explored in patients with chronic hepatitis and
cirrhosis, documenting a higher risk of fibrosis pro
gression and liver tumor development.
Until recently, no data were available on the pro
gnostic role of this biomarker in HCC prognosis. This
aspect was addressed in a recent study by Pozzan et
[53]
al , who retrospectively analyzed the serum of 327
patients, including patients with cirrhosis and HCC.
In this study the ability of SCCA-IgM to predict liver
cancer prognosis was proved for the first time. Indeed,
the negativity of this biomarker was able to identify
HCC patients with longer overall and progression-free
survival. Median survival was 48 mo for patients with
low SCCA-IgM (< 130 AU/mL) and 26 mo for those
with high SCCA-IgM (> 130 AU/mL). The levels of
the biomarker at four weeks were stable or increased
in treated patients with stable disease or tumor, and
reduced in patients with complete response; patients
with partial response showed an intermediate behavior.
In the same study, AFP was not able to predict complete
response. The significant impact of SCCA-IgM deter
mination in defining patient prognosis was confirmed
also by data showing that SCCA-IgM levels and tumor
size were the only identified independent predictors
[53]
of overall survival . Although these findings must be
confirmed in further studies, they are supported by
recent data demonstrating that liver tumors with high
SCCA-1 tissue expression exhibit higher early recurrence
[38]
after surgical resection .

FUTURE PERSPECTIVES
Recent innovations in antiviral therapy for HCV have
resulted in a remarkable improvement in SVR rates,
better acceptability, and decreased duration of treatment
[54]
compared to IFN and ribavirin-based therapy . The
improvement in the antiviral efficacy of the new drug
regimens promises higher cure rates with fewer side
effects and shorter times of treatment compared to
the old standard of care, but it is more expensive and
[55]
requires major investments . Although recent data
have demonstrated that treatment of chronic HCV
infection with one of the new oral drug regimens can
reduce HCV-related complications and is cost-effective
[56]
in most patients , treating all eligible patients could
have an enormous economic impact for both private
[56]
and public resources . As a consequence, one of the
emerging needs is to identify patients that will benefit
[56]
the most from the new antiviral regimens . Up to now,
no biomarkers have been proposed to define the subset
of HCV-infected patients with more aggressive disease.
In a context of inadequate resources, SCCA-IgM could
be used as a support tool to prioritize patients who will
benefit the most from these new drugs.
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In conclusion, although further studies are needed
to confirm the data, serological SCCA-IgM is emerging
as a very useful tool in different clinical settings of liver
disease.
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Abstract
AIM: To evaluate the different roles of thrombophilia
in patients with and without viral etiology. The throm
bophilic genetic factors (THRGFs), PAI-1 4G-4G, MTHFR
677TT, V Leiden 506Q and prothrombin 20210A,
were studied as risk factors in 1079 patients with liver
cirrhosis (LC), enrolled from January 2000 to January
2014.

Institutional review board statement: The local human research
committee of AOOR of Palermo approved this retrospective study.
Informed consent statement: All participants gave their
informed consent prior to their inclusion in the study, according to
the Code of Ethics of the World Medical Association (Declaration
of Helsinki, 1964, as revised in 2004).

METHODS: All Caucasian LC patients consecutively
observed in a seven year period were included; the
presence of portal vein thrombosis (PVT) and Budd
Chiari syndrome (BCS) was registered. The differences
between the proportions of each THRGF with regard
to the presence or absence of viral etiology and the
frequencies of the THRGF genotypes with those pre
dicted in a population by the Hardy-Weinberg equilibrium
were registered.
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RESULTS: Four hundred and seventeen/one thousand
and seventy-six patients (38.6%) showed thrombophilia:
217 PAI-1 4G-4G, 176 MTHFR C677TT, 71 V Leiden
factor and 41 prothrombin G20210 A, 84 with more
than 1 THRGF; 350 presented with no viral liver cirrhosis
(NVLC) and 729 with, called viral liver cirrhosis (VLC),
of whom 56 patients were hepatitis C virus + hepatitis
B virus. PAI-1 4G-4G, MTHFR C677TT, the presence of
at least one TRHGF and the presence of > 1 THRGF,
were statistically more frequent in patients with NVLC vs
2
patients with VLC: All χ > 3.85 and P < 0.05. Patients
with PVT and/or BCS with at least one TRHGF were
189/352 (53.7%). The Hardy-Weinberg of PAI-1 and
MTHFR 677 genotypes deviated from that expected
from a population in equilibrium in patients with NVLC
2
2
(respectively χ = 39.3; P < 0.000 and χ = 27.94; P <
0.05), whereas the equilibrium was respected in VLC.
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CONCLUSION: MTHFR 677TT was nearly twofold and
PAI-1 4G-4G more than threefold more frequently found
in NVLC vs patients with VLC; the Hardy-Weinberg
equilibrium of these two polymorphisms confirms this
data in NVLC. We suggest that PAI-1 4G-4G and MTHFR
677TT could be considered as factors of fibrosis and
thrombosis mechanisms, increasing the inflammation
response, and causing the hepatic fibrosis and augmen
ted intrahepatic vascular resistance typical of LC. PAI-1
4G-4G and MTHFR 677TT screening of LC patients
could be useful, mainly in those with NVLC, to identify
patients in which new drug therapies based on the
attenuation of the hepatic stellate cells activation or
other mechanisms could be more easily evaluated.

in patients with alcoholic and cryptogenic LC and
provided the hypothesis that thrombo and fibro-genetic
mechanisms of PAI-1 4G-4G and MTHFR 677TT could
have a role in the development of LC, mainly in patients
without hepatitis C virus (HCV) and hepatitis B virus
(HBV) etiology.
To evaluate the different role of thrombophilia, in
patients with and without viral etiology, we analyzed
the total number of patients with LC recruited by our
group by asking the question if these THRGFs could
be potential markers of liver fibrogenesis, mainly in
patients without viral etiology.
We built a file with data of the individual patients
with LC from the two studies described above from 2000
[1,2]
to 2014
and compared the results of the analysis with
those from the literature that support the hypothesis of
a pathogenetic role of thrombophilia in liver fibrogenesis.

Key words: PAI-1 4G-4G; MTHFR 677TT; V Leiden
506Q; Prothrombin 20210A; Liver cirrhosis; Portal vein
thrombosis; Budd Chiari syndrome; Fibrogenesis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: This study on thrombophilia in 1079 patients
with liver cirrhosis showed that PAI-1 4G-4G and
MTHFR C677TT were statistically more frequent in 350
patients with no viral liver cirrhosis vs 729 patients with
viral liver cirrhosis. In the same patients, PAI-1 and
MTHFR 677 genotypes deviated from that expected
from a population in the Hardy-Weinberg equilibrium.
PAI-1 4G-4G and MTHFR 677TT could be considered
as factors increasing the inflammation response mecha
nisms, causing fibrogenesis and augmented intrahepatic
vascular resistance, typical of liver cirrhosis. New drug
therapies based on the attenuation of these mechanisms
could be very easily evaluated in these patients.

The first study included 214 patients with LC, enrolled
[1]
from January 2000 to December 2007 , and the second,
[2]
865 patients from June 2008 to January 2014 .

Patients

Inclusion criteria: All Caucasian patients with a
diagnosis of LC consecutively observed in the Medicine
and Liver Department of the Emergency Hospital of
Palermo were included. Exclusion criteria: Non-Caucasian
patients or those with biliary cirrhosis, autoimmune
cirrhosis, celiac disease, HCC and other neoplasms were
excluded. The presence of portal vein thrombosis (PVT)
and the extension of the thrombosis to the mesenteric
or splenic vein was registered and accepted when
unambiguous diagnostic evidence was detected by proper
imaging techniques. All patients underwent endoscopy
and the size of esophageal varices was recorded as largemedium/small-absent. All patients were asked if they
had a history of episodes of gastrointestinal bleeding. The
local human research committee approved this study
protocol.
We analyzed the data of patients with regard to the
various etiologies and the patients were also analyzed
separately in two subgroups: The first with virus C
and/or B and the second with alcoholic and cryptogenic
cirrhosis, as our second study showed that only the latter
patients showed a significant frequency of THRGFs.

Pasta L, Pasta F. PAI-1 4G-4G and MTHFR 677TT in nonhepatitis C virus/hepatitis B virus-related liver cirrhosis. World
J Hepatol 2015; 7(29): 2920-2926 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i29/2920.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i29.2920

INTRODUCTION
We studied the thrombophilic genetic factors (THRGFs),
PAI-1 4G-4G, MTHFR 677TT, V Leiden 506Q and pro
thrombin 20210A, as risk factors in patients with liver
cirrhosis (LC). We have published two studies on the
prevalence of these THRGFs in LC. The first study
included 214 patients with LC, enrolled from January
[1]
2000 to December 2007 . In this study, we demon
strated the significant role of PAI-1 4G-4G, MTHFR
C677TT and prothrombin G20210A in patients with
hepatocellular carcinoma (HCC) vs healthy controls, but
we did not analyze the role of THRGF in patients with
LC. The second study included 865 patients from June
[2]
2008 to January 2014 . In this study, we demonstrated
the pivotal role of PAI-1 4G-4G and MTHFR 677TT

WJH|www.wjgnet.com

THRGFs and definition of thrombophilia

To evaluate the role of PAI-1, MTHFR677, V Leiden
506Q and prothrombin 20210A mutations, genotyping
of these polymorphisms was performed by PCR-RFLP,
[3]
according to Patnaik et al , in both heterozygous and
homozygous statuses. We defined genetic thrombophilia
as the presence of at least one of the following THRGFs:
PAI-1 4G-4G, MTHFR 677TT, V Leiden Q506 and
[1,2]
prothrombin 20210A, as in our previous studies . All
patients signed an informed consent form and the study
conformed to the ethical guidelines of the 1975 Helsinki
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Table 1 Main demographic and clinical characteristics of patients with hepatitis C/B virus liver
cirrhosis, defined virus liver cirrhosis and alcoholic and cryptogenic, aggregated as non-virus
cirrhosis

Patients
Age (range)
Male sex
PVT/BCS
MVT/SVT
L-M varices
N° bleeding
Child A/B/C

Total (%)

VLC (%)

Alcoholic (%)

Crypto (%)

NVLC (%)

1079 (100)
57 (19-83)
620 (57.5)
352 (32.6)
53 (4.9)
445 (41.2)
360 (33.3)
416/242/430
(38.5/22.4/39.8)

729 (100)
60 (24-83)
384 (52.7)
230 (31.5)
33 (4.5)
574 (78.7)
265 (36.3)
241/194/294
(33.0/26.6/40.3)

102 (100)
55 (19-80)
81 (79.4)
45 (44.1)
6 (5.8)
48 (47.0)
41 (40.1)
31/53/17
(30.3/51.9/16.6)

248 (100)
49 (19-83)
155 (62.5)
77 (31.0)
14 (5.6)
150 (60.4)
54 (21.7)
129/31/83
(52.0/12.5/33.4)

350 (100)
51 (19-83)
236 (67.4)
122 (34.8)
20 (5.7)
245 (70.0)
95 (27.1)
165/48/17
(47.1/13.7/39.1)

No statistical differences between VLC vs NVLC group: All χ 2 > 3.85 and P < 0.05. VLC: Virus liver cirrhosis; NVLC:
Non-virus cirrhosis; PVT: Portal vein thrombosis; BCS: Budd Chiari syndrome; MVT: Mesenteric vein thrombosis;
SVT: Splenic vein thrombosis.

Table 2 Frequencies of thrombophilic genetic factors, PAI-1 4G-4G, MTHFR 677TT, V Leiden 506Q
and prothrombin 20210A, in patients with hepatitis C/B virus liver cirrhosis, alcoholic and cryptogenic,
aggregated as non-virus cirrhosis

Patients
PAI-1 4G-4G
MTHFR 677TT
V Leiden 506Q
Prothrombin 20210A
At least 1 THRGF
> 1 THRGF

(A) VLC (%)

Alcoholic (%)

Crypto (%)

729 (100)
95 (13.0)
99 (13.5)
41 (5.6)
25 (3.4)
218 (29.9)
40 (5.4)

102 (100)
33 (32.3)
14 (13.7)
9 (8.8)
3 (2.9)
43 (42.1)
14 (13.7)

248 (100)
89 (35.8)
63 (25.4)
22 (8.8)
13 (5.2)
156 (62.9)
30 (12.0)

2

(B) NVLC (%) (A) vs (B) χ : P value; OR (95%CI)
350 (100)
122 (34.8)
77 (22.0)
30 (8.6)
16 (4.5)
199 (56.9)
44 (12.5)

68.2: 0.000; 3.6 (2.6-4.9)
11.7: 0.001; 1.8 (1.3-2.5)
3.3: 0.09; 1.5 (0.9-2.6)
0.8: 0.39; 1.4 (0.7-2.7)
72.5: 0.000; 3.1 (2.4-4.1)
16.5: 0.000; 2.5 (1.6-4.0)

VLC: Virus liver cirrhosis; NVLC: Non-virus cirrhosis; THRGF: Thrombophilic genetic factors.

Declaration.

called viral liver cirrhosis (VLC). No statistical differences
were found between NVLC vs VLC demographic and
2
clinical characteristics: All χ > 3.85 and P < 0.05.
A total of 189/352 patients with PVT and/or BCS
showed at least one TRHGF; in 177, PAI-1 4G-4G and/
or MTHFR 677TT were present.
Table 2 shows the frequencies of the studied THRGFs
in the 1079 patients with cirrhosis of various etiologies
and with regard to the presence of virus. A total of
417/1079 patients (38.6%) showed thrombophilia: 217
PAI-1 4G-4G, 176 MTHFR C677TT, 71 V Leiden factor
and 41 prothrombin G20210 A, 84 with more than 1
THRGF (82 patients with 2 THRGFs; 2 patients, 3).
Not one V with Leiden 506Q or Prothrombin 20210A
homozygous was present. The proportion of PAI-1
polymorphisms 4G-5G and 5G-5G was, respectively,
123 and 121 in NVLC and 354 and 280 in VLC; the
proportion of MTHFR polymorphisms C677T and CC677
was, respectively, 161 and 112 in NVLC and 364 and
266 in VLC.
NVLC and VLC showed at least one THRGF in 198/350
and 199/729 patients, respectively.
We tested the statistical differences of the single
THRGF between patients with NVLC and VLC, with
2-way contingency table analysis. Table 2 shows the
2
corresponding χ , P values and odd ratios with 95%
with confidence intervals (OR, with 95%CI). V Leiden
factor and prothrombin G20210 did not show statistical

Statistical analysis

We looked at the differences between the proportions
of each THRGF, with regard to the presence or absence
[4]
of viral etiology, using the contingency tables . We only
2
considered statistically significant differences, if the χ >
3.84 and P value < 0.05.
Moreover, we compared the observed frequencies
of the THRGF genotypes with those predicted in a
population by the Hardy-Weinberg equilibrium using a
[5]
web interactive calculator .

RESULTS
The whole group consisted of 1079 patients: 336
patients showed PVT and 16 Budd Chiari syndrome; 53
patients showed mesenteric and/or splenic vein throm
bosis associated with PVT; large-medium esophageal
varices were present in 445 patients and 360 patients
had had at least one gastrointestinal bleeding episode.
The main demographic and clinical characteristics of
[1,2]
patients, declared in the previous original studies , are
synthesized in Table 1. The patients were separated into
two subgroups: The first with alcoholic and cryptogenic
cirrhosis, i.e., without viral etiology, (350 patients) called
no viral cirrhosis (NVLC), and the second with virus B
and/or C (729 of whom 56 patients were HCV + HBV),
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deficiency, antithrombin Ⅲ, increased serum levels of
factor Ⅷ, resistance to thrombomodulin action, etc. In
future studies, suitable systems to measure the speed
of the portal flow, another risk factor for thrombosis
development, should also be developed. Finally, the
relationship between the flow velocity and the presence
of thrombophilia should be studied.
Regarding PAI-1 4G-4G, there are many studies
demonstrating the role of this THRGF associated with
[9]
the highest serum PAI-1 activity in the liver fibrosis
process. PAI-1 has an active role in liver fibrosis in
[10]
rats through a pathogenic mechanism leading to the
[11]
hepatic stellate cell (HSC) activation . The relationship
between ethanol, liver and PAI-1 in alcoholic liver
[12]
diseases was very recently reviewed by Liu ; alcohol
up-regulates PAI-1 and its level can be used as an index
for the severity of the disease. Patients with nonalcoholic
steatohepatitis showed significantly higher PAI-1 values
than those with normal liver, as found by Verrijken et
[13]
al . These observations seem to be sufficient to explain
why patients with PAI-1 4G-4G have an increased risk
of fibrosis progression to LC development in patients
without HCV or HBV.
There are many active drugs for fibrolysis, with the
goal of lowering the PAI-1 synthesis. Some models of
the action of these drugs on PAI 1 activity are reported
below; the final objective of these drugs is the reduction
of the activation of HSC caused by PAI-1. Sauchinone
blocks the transforming growth factor (TGF)-β1-induced
phosphorylation of Smad 2/3, the transcript levels of
plasminogen activator inhibitor-1 and matrix metallo
[14]
proteinase-2, as well as autophagy in HSC .
Spironolactone partially reverses the effects of aldo
sterone that promote HSC activation and the expression
of TGF-β1, PAI-1 and collagen in hepatic fibrosis pro
gression partially mediated by TGF-β1, as studied by
[15]
Wang et al .
Statins lead to a profound amelioration in HSC
phenotype activated by the oxidant and inflammatory
pathways and counteract the stimulatory effect of tumor
necrosis factor-α on secretion and expression of PAI-1.
Other treatments are under evaluation for the treatment
[16]
of liver fibrosis, as reported by Gracia-Sancho et al ;
the last futuristic treatment is the use of nanoparticles to
[17]
transport and deliver nitric oxide into the HSC .
Regarding MTHFR 677TT and fibrogenesis, there
is much evidence that MTHFR 677TT has a role in the
progression of liver diseases. Patients with MTHFR
677TT have higher serum total homocysteine, as re
[18]
ported by Devlin et al . MTHFR 677TT polymorphism
promotes liver fibrosis progression in patients with
[19]
recurrent hepatitis C
and steatosis and fibrosis in
[20]
patients with chronic hepatitis C .
Hyperhomocysteinemia determines damage of
endothelial cells, reduces the flexibility of vessels and
adversely affects the process of hemostasis. In addition,
hyperhomocysteinemia enhances the adverse effects of
risk factors such as hypertension, smoking and impaired
glucose, lipid and lipoprotein metabolism, as well as

differences. PAI-1 4G-4G, MTHFRC677TT, the presence
of thrombophilia and the presence of > 1 THRGF were
statistically more frequent in patients with NVLC vs
2
patients with VLC: All χ > 3.85 and P < 0.05. A total
of 178/350 (50.8%) NVLC vs 179/729 (24.5%) VLC
showed a significant proportion of PAI-1 4G-4G and/or
2
MTHFRC677TT: χ = 73.8, P value < 0.000, 95%CI: 3.2
(2.4-4.2).
The Hardy-Weinberg of PAI-1 and MTHFR 677
genotypes deviated from that expected from a popu
lation in equilibrium in patients with NVLC (respectively
χ 2 = 39.3; P < 0.000 and χ 2 = 27.94; P < 0.05
respectively), whereas the equilibrium was respected
in VLC. Leiden Q506 and prothrombin 20210A HardyWeinberg equilibrium was respected in the two groups
of patients.

DISCUSSION
This study was planned to evaluate the proportions of
THRGFs, PAI-1 4G-4G, MTHFR 677TT, V Leiden 506Q
and prothrombin 20210A, in a large sample of patients
[1,2]
with LC, recruited in two prospective studies . In the
second of these studies, we found that thrombo and
fibro-genetic mechanisms of PAI-1 4G-4G and MTHFR
677TT could have a role in the development of LC,
mainly in patients without HCV and HBV.
Many authors for many years have studied the
intrinsic mechanisms of fibrogenesis in liver diseases
with and without associated viruses. In our study,
417/1079 (38.6%) patients with LC showed throm
bophilia. We did not find any correlation with factor
V Leiden and prothrombin 20210A, even although
many authors have found a correlation with hepatic
[6,7]
fibrogenesis . We mainly focused our attention on the
role of PAI-1 4G-4G and MTHFR 677TT. The prevalence
of PAI-1 4G-4G in patients with LC was more frequent
than that of MTHFR 677TT in our study: 217 and 176.
A total of 357/1079 (33.1%) showed the presence of
PAI-1 4G-4G and/or MTHFR 677TT, with a significant
difference between patients with NVLC vs VLC: 178/350
(50.8%) and 179/729 (24.5%).
MTHFR 677TT is nearly twofold and PAI-1 4G-4G
over threefold more frequently found in NVLC vs patients
with VLC, as shown in Table 2. Moreover, the HardyWeinberg equilibrium of these two polymorphisms con
firms these data in NVLC.
A limitation of this study is the inability to compare
our data since no comparable data have been published,
mainly for PAI-1 4G-4G. This was a single center study
and the patients were all Caucasian, almost exclusively
from Sicily; this could lead to a high genetic frequency
of these two genes on the basis of the geographical
belonging, typical of populations of the islands, as in the
[8]
case of Wilson’s disease in Sardinia .
We did not estimate the correlation between the
degree of liver fibrosis and the presence of thrombophilia
markers; this correlation must be evaluated in future
studies, including other factors such as protein C and S
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[28]

promoting the development of inflammation, as found
[21]
by Baszczuk et al . Hyperhomocysteinemia is highly
prevalent in LC but not in other chronic liver diseases,
mainly in patients with MTHFR 677TT; it may contribute
to fibrogenesis and vascular complications of LC, as
[22]
reported by Ventura et al . The hyperhomocysteinemia
causes endothelial dysfunction, as studied by Cheng et
[23]
al . According to this last study, hyperhomocysteinemia
causing oxidative stress determines loss of the normal
phenotype of liver sinusoidal endothelial cells (LSEC);
the consequent cross-talk between LSEC and HSC
induces activation of the latter ones, which in turn
proliferate, migrate and increase collagen deposition
around the sinusoids, contributing to fibrogenesis, archi
tectural disruption and angiogenesis, as reported by
[16]
Gracia-Sancho et al .
Regarding the therapy of MTHFR 677TT polymor
phism and the consequent increase of serum homo
cysteine, there are no tested drugs for patients with
this polymorphism apart from folic acid therapy. The
administration of folic acid in a dose of 15 mg/d obtains
a decrease in the concentration of homocysteine in
serum, as recently demonstrated in patients with
[24]
primary arterial hypertension by Baszczuk et al .
In conclusion, both PAI-1 4G-4G and MTHFR 677TT
cause HSC activation, now recognized as the origin of
liver fibrogenesis. This imbalance of the PAI-1 4G-4G and
MTHFR 677TT allele frequency is possible evidence of the
role of these two polymorphisms in the pathogenesis of
LC through SHC activation, today considered the key of
liver fibrogenesis.
[25]
As reported very recently by Trautwein et al , it
is necessary to accelerate progress in understanding
mechanisms of hepatic fibrosis and defining therapeutic
targets in order to establish clinical trial designs that can
accurately assess the efficacy of antifibrotic drugs.
For these reasons, we think it is important to find
patients at the greatest risk for disease progression to
ensure that these risk factors can be balanced between
placebo and control groups in randomized controlled
trials. In our study, PAI-1 4G-4G and MTHFR 677TT
were present in up to 50% of patients with NVLC; we
think that these genetic factors could be reliably used
to stratify risk in clinical trials of new drugs aimed at
obtaining the reduction of fibrosis or increase of fibro
lysis, also to be evaluated in patients with HBV and/or
HCV infection.
We think that drugs that cause the lowering of HSC
activation could be better tested in patients with genetic
markers such as PAI-1 4G-4G and MTHFR 677TT. These
patients could be the tip of the iceberg in a population
that produces fibrosis in the liver as well as in other
organs (heart, lung, kidney and skin), as reported by
[26]
Ghosh et al
with regards to PAI-1 and by Reilly et
[27]
al with regards to MTHFR 677TT.
We suggest that PAI-1 4G-4G and MTHFR 677TT
may increase the inflammation response, participating
in the activation of HSC and causing hepatic fibrosis
and augmented intrahepatic vascular resistance in

WJH|www.wjgnet.com

cirrhosis, as suggested by Fernandez . These two
genetic markers share the ultimate goal of increasing
the activation of HSC, directly or by the action of LSEC
on HSC.
We hope that all relevant studies can suggest new
perspectives for developing strategies more effective
in lowering fibrosis progression, with the common
objective of the attenuation of the HSC activation and
consequently liver fibrosis.
In conclusion, PAI-1 4G-4G and MTHFR 677TT could
be considered as factors of thrombosis and fibrosis
mechanisms that lead to the development of cirrhosis
and augmented intrahepatic vascular resistance.
PAI-1 4G-4G and MTHFR 677TT screening of
patients could be useful, mainly in those with alcoholic
or cryptogenic cirrhosis, to identify patients in which
new drug therapies based on the attenuation of the
HSC activation or other mechanisms could be more
easily evaluated.
[29]
The recent articles by Lee et al and Gracia-Sancho
[16]
et al deal with the new drugs in the attempt to develop
new strategies of combined therapies directed towards
multi-targeted different pathophysiological mechanisms
(i.e., microvascular dysfunction/angiogenesis or fibrosis/
microvascular dysfunction); the goal of new therapies
includes efforts to inhibit fibrogenesis and promote
resolution of fibrosis. The evaluation of the genetic profile
of thrombophilia (obviously as complete as possible) of
patients with chronic liver diseases could be considered
a noninvasive method to assess the dynamics of fibro
genesis and fibrolysis on a genetic basis.
As an immediate clinical application of the results of
our study according to the principles of the translational
[29]
medicine , we think it is advisable to screen patients
with chronic liver disease for a genetic predisposition
to liver fibrogenesis, as well as in patients with hepatic
virus diseases, where these genetic markers can lead to
a lower response to the antiviral drugs.
In conclusion, it could be recommended that a com
plete analysis of the risk of progression of liver fibrosis
should include all thrombophilia factors.
In patients with MTHFR 677TT, folic acid supple
mentation should be prescribed. Patients with PAI-1
4G-4G and perhaps MTHFR 677TT represent a subset
of patients in which trials of statins, anti-aldosterone,
antioxidants and other drugs should be tested to obtain
more rapid results, although none of these drugs are
approved yet. Combination therapies should include
their association with antiviral treatment and nonselective beta-blockers. In patients with portal vein
thrombosis, severe portal hypertension or deep vein
thrombosis, thromboprophylaxis with low molecular
weight heparins should be recommended, according to
[30]
Rodriguez-Castro et al .
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7

Research frontiers

8

Many authors for many years have studied the intrinsic mechanisms of
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There are many studies demonstrating the role of PAI-1 4G-4G associated with
the highest serum PAI-1 activity in the liver fibrosis process. Regarding MTHFR
677TT and fibrogenesis, patients with MTHFR 677TT had a higher serum total
homocysteine and there is much evidence that MTHFR 677TT has a role in the
progression of fibrosis in liver diseases.
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Role of endoscopy in the conservative management
of biliary complications after deceased donor liver
transplantation
Andrea Lisotti, Pietro Fusaroli, Giancarlo Caletti

Abstract

Andrea Lisotti, Unità Operativa di Gastroenterologia, Ospedale
Nuovo di Imola, 40026 Imola, Italy

The clinical outcome of patients receiving liver trans
plantation could be significantly affected by biliary
complications, including strictures, leaks, stones and
bilomas; early diagnosis and treatment of these con
ditions lead to markedly reduction in morbidity and
mortality. Therapeutic gold standard is represented
by conservative approaches, both endoscopic and
percutaneous, based on the type of biliary reconstruction,
the local availability of the procedures and specific
expertise. In patients with previous transplantation,
the difficult biliary access and the possible presence of
concomitant complications (mainly strictures) further
restrict the efficacy of the endoscopic and percutaneous
treatments; on the other hand, surgery should generally
be avoided because of the even increased morbidity and
mortality due to technical and clinical issues. Here we
review the most common biliary complications occurring
after liver transplantation and discuss available treatment
options including future perspectives such as endoscopic
ultrasound-guided biliary access in patients with Rouxen-Y choledocho-jejunostomy or extracorporeal shock
wave lithotripsy for difficult stones.
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Core tip: The clinical outcome of patients receiving
liver transplantation could be significantly affected by
biliary complications, including strictures, leaks, stones
and bilomas; early diagnosis and treatment of these
conditions allow to markedly reduction in morbidity
and mortality. With the continuous increase of endo
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minal ultrasound (t-US) with Doppler study as firstline test, for the exclusion of hepatic artery stenosisobstruction and evaluation of biliary tree. In the case
of suspected vascular complication, a computed
tomography-scan with vascular reconstruction and a
therapeutic hepatic angiography have to be performed.
On the other hand, the patient should undergo liver
biopsy to exclude rejection or hepatitis C recurrence.
After exclusion of both vascular and parenchymal
conditions that could justify the manifestation, magnetic
resonance cholangio-pancreatography (MRCP) or even
a cholangiogram through a T-tube are considered the
[9]
diagnostic standard for biliary tract complications .
Invasive approaches, such as endoscopic retrograde
cholangiography (ERC) or percutaneous trans-hepatic
cholangiography (PTC) should be considered treatment
options rather than diagnostic tools. Overall, first-line
treatment approach have to be decided based on local
expertise and residual biliary tree anatomy: Endoscopy
(ERC) should be preferred in the case of duct-to-duct
biliary reconstruction while percutaneous treatment
(PTC) should be reserved to patients with Roux-en-Y
choledoco-jejunostomy or after failure of endoscopic
attempts. Surgery has to be considered a rescue therapy,
after failure of all other treatment options. The incidence
and principal risk factors for biliary complications are
summarized in Table 1.

scopic knowledge and expertise, the interventional
management of these conditions is constantly evolving
toward a conservative approach. In this manuscript are
summarized current evidences regarding conservative
approaches to biliary complication, with an overview on
future management and research areas.
Lisotti A, Fusaroli P, Caletti G. Role of endoscopy in the con
servative management of biliary complications after deceased donor
liver transplantation. World J Hepatol 2015; 7(30): 2927-2932
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i30/2927.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i30.2927

INTRODUCTION
Orthotopic liver transplantation (LT) has become the
standard treatment for end-stage liver disease and
[1]
hepatocellular carcinoma . Despite continuous surgical
improvement, biliary complications are still considered
one of the most common issue after transplantation:
10%-40% of cases report duct stricture (anastomotic
and non-anastomotic), leaks, stones-sludge or cast,
sphincter of oddi dysfunction (SOD), biloma, hemobilia,
ductopenia (due to chronic ischemia or rejection),
cholestatic recurrency of the underlying liver disease
[2]
and, finally, biliary cast syndrome .
The type of biliary reconstruction, ischemia and
reperfusion injury, hepatic artery thrombosis, cyto
megalovirus infection and primary sclerosing cholangitis
are the principal risk factors for the development of post[3,4]
LT biliary morbidity .
In this difficult setting, conservative approaches
are usually preferred: Endoscopic treatments include
sphincterotomy, plastic or metallic stenting or multi
stenting, balloon dilation, stone clearance using various
devices (i.e., balloon catheter, Dormia basket), placement
of naso-biliary tube; placement of external or internalexternal drainage, stenting and balloon dilation are the
most common percutaneous treatment options. Finally,
surgery is usually avoided and confined after failure of
[5,6]
conventional approaches .
The occurrence of biliary complications after LT
could lead to recurrent hospitalizations and, even, to
graft failure; the early detection and management of
those conditions could reduce the increased costs with a
significant improvement in post-transplant quality of life
[7,8]
and survival .
The clinical presentation could be ambiguous,
ranging from severe acute manifestations (cholangitis)
to asymptomatic liver function tests (LFT) abnormalities.
Presence of biliary complication should be suspected
in every case with unexpected increase in LFT (AST,
ALT, gamma-GT, ALP or bilirubin); patients could also
report non-specific symptoms, such as fever, fatigue,
abdominal pain (right-upper quadrant) or fever. No
validated diagnostic algorithm have been proposed for
the investigation of suspected biliary complications,
however it is widely accepted to perform trans-abdo
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Biliary stricture

The development of stricture is the most common biliary
complication after LT. Early strictures are mainly related
to technical issues and observed more frequent in the
case of living donor LT (2.5 folds) than deceased donor
[10]
LT . Late strictures, occurring usually 6-9 mo after
LT, are secondary to ischemia, vascular insufficiency,
immune injuries or other complications (i.e., leak or
cholangitis). Biliary strictures could be classified upon
their anatomic localization into anastomotic strictures
(AS) and non-AS (NAS).
Anastomotic strictures: AS are single, short and
circumferential; AS occur usually within 1 year after
LT and are more commonly observed in patients who
underwent Roux-en-Y choledocho- or hepatico-jejuno
stomy rather than duct-to-duct reconstruction. Thus,
the direct anastomosis between biliary tree and the
intestinal limb expose the biliary system to the intestinal
microbiota. Bile leak is (after removal of T-tube) repre
sents another independent risk factor for the develop
ment of AS.
Clinical manifestations range from asymptomatic
liver function test abnormalities to jaundice, pain or
fever (in the case of cholangitis). Intrahepatic bile duct
dilation could be observed on t-US, however in posttransplant setting, it is not uncommon to find a clinically
significant biliary stricture without upstream dilation, due
to increased periductal fibrosis. Liver biopsy could show
the presence of bile duct proliferation and bilirubin depo
sition. MRCP or direct cholangiography (through T-tube)
represent the gold standard for the diagnosis of AS.
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Table 1 A detailed clinical presentation and suggested therapeutic approaches for each condition
Biliary complication
Stricture
Anastomotic
Non-anastomotic

Incidence

Risk factors

4%-12%
Ischemia, surgical complications, duct-to-duct anastomosis
1%-10% Hepatic artery thrombosis, cold ischemia time, immune conditions (AB0 mismatch), recurrence of
underlying PSC, cytotoxic injuries (hydrophobic bile acids)
2%-25%
Surgical issues, T-tube removal
1%-6%
Stricture, kinking, infections
10%
Concomitant biliary complications (stricture, obstruction) or maneuvers (ERC, PTC)
2%-7%
Efferent denervation of papillary region
1
Endoscopic or percutaneous biliary maneuvers, liver biopsy

Leak or fistula
Obstruction (stone, cast, sludge, clots)
Cholangitis
Sphincter of Oddi dysfunction
Hemobilia
Compression
Cystic duct mucocele
Rare
Periductal Neurinoma
Rare
Periductal lymphoma
Rare
Kinking
1.6%
Biliary cast syndrome
Ductopenia (vanishing bile-duct syndrome)
Rare

Mucus-producing cells in cystic duct remnant
Unknown
Unknown (immunesuppresive therapy?)
Redundant donor or recipient CBD remnant
Hilar stricture, untreated obstruction
Drugs (antibiotics, chemotherapy), chronic rejection, ischemia, untreated stricture

1

Only case reports are available in literature. PSC: Primary sclerosing cholangitis; CBD: Common bile duct; ERC: Endoscopic retrograde cholangiography;
PTC: Percutaneous trans-hepatic cholangiography.

In patients with duct-to-duct reconstruction, ERC
represents the first-line treatment approach for biliary
stricture, leading to successful resolution of AS in up-to
[11-13]
70% of patients
. After deep biliary cannulation and
biliary sphincterotomy, endoscopic balloon-dilatation is
able to reduce AS in a significant amount of cases; how
ever, balloon-dilation alone is burdened by a significant
rate of stricture recurrence (up to 60%); therefore,
stricture dilation alone is not a reliable treatment. In
the last 15 years, increasing evidences suggest that
balloon dilation followed-up by biliary stenting appears
to provide a more durable effect: Placing one or more
10 French plastic prosthesis reduced stricture recurrence
to about 30% of cases. Stent patency ranges from 2 to
4 mo, due to presence of casts, debris and clots; it is
indicated to exchange plastic stents every 3 mo for the
first 9-12 mo, placing larger ones or multiple stents, until
the resolution of the stenosis. We suggest evaluating the
presence of residual stricture assessing the resistance
to the transit of inflated balloon catheter through the
[14-18]
anastomosis
. A recent systematic review reported
a 80%-95% of stricture resolution after endoscopic
placement of fully covered self-expanding metal stents
(SEMS); however a study reporting the use of SEMS
in patients with post-LT AS reported a significant rate
of complications (up to 38%, mostly cholangitis) with
[19,20]
worse clinical outcome (68% of stricture resolution)
.
In patients with Roux-en-Y choledocho-jejunostomy
the altered anatomy of the upper gastrointestinal tract
the endoscopic access to the biliary tree is usually
unfeasible. Some authors reported successful ERC using
scope designed for the exploration of small bowel (single
[21]
or double-balloon enteroscopy) ; however, in these
patients, percutaneous approach with stricture dilation
[22,23]
and stenting is usually performed
.
Recent technical advances suggest that endoscopic
ultrasound (EUS)-guided approach (i.e., trans-gastric
intrahepatic access) with antegrade treatments could be
[24]
useful in this difficult-to-treat population .
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In the case of failure of endoscopic approach (failure
to traverse the stricture with a guidewire, refractory
stricture or residual AS despite several ERC) surgical reintervention could be considered: Resection and ductto-duct re-anastomosing or conversion to Roux-en-Y
hepatico-jejunostomy usually lead to AS resolution,
eliminating the need of multiple intervention requiring
hospitalization. Surgery is widely considered a second-line
treatment (after failure of endoscopic or percutaneous
interventions); however, in selected cases such as late
tight stricture, bilioenteric anastomosis is the first-line
approach in order to reduce futile intervention and to
[25]
delay curative option .
NAS: Post-LT strictures could be localized at any level of
the biliary tree. Early (within the first 12 mo) NAS have
been related to chronic ischemic injuries and are more
usually detected in the common bile duct, common
hepatic duct or bifurcation; on the other hand, late-onset
(> 12 mo) NAS are related to immunological factors and
have been detected in a diffuse pattern affecting the
intrahepatic small bile ducts. Overall incidence of NAS
[13]
ranges from 1% to 10% .
Cholangiographic features are similar to those
observed in patients with primary sclerosing cholangitis.
The diffuse presence of multiple strictures is responsible
for development of sludge deposition, casts and even
acute recurrent cholangitis. Presence of NAS is asso
ciated to poor prognosis and reduced graft survival.
The goals of NAS treatments are the same of AS
ones; biliary drainage and stricture dilation have to
be reach through all the available non-surgical approa
ches (endoscopic, percutaneous, even combined). The
presence of concomitant multiple strictures and the
difficult localization (small intrahepatic ducts) account
for the reduced treatment outcomes. Endoscopic
sphincterotomy, balloon-dilation (4-6 mm, smaller than
AS) and stenting (10-11.5 Fr, replaced every 3 mo) are
similar approaches; patients with NAS usually require
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more ERC interventions but only 50% of them achieve
[26]
long-term successful clinical results .
Patients with extrahepatic NAS with good graft
residual function could undergo surgical resection con
struction of a Roux-en-Y hepatico-jejunostomy. In the
case of failure, up to 50% of the patients with NAS,
[27]
require retransplantation .

transplant CBD stones.
Endoscopic removal of CBD stone is the first-line
treatment option. Stone number, size and shape,
presence of impacted stones, concomitant biliary tree
anatomy and presence of distal narrowing are the most
common causes of ERCP failure. Moreover, in patients
with previous LT, the difficult biliary access and the
possible presence of concomitant biliary complications
(mainly strictures) further restrict the efficacy of the
[32]
interventions .
In patients with duct-to-duct anastomosis, the under
lying presence of concomitant complications (stricture,
kinking, etc.) should be treated accordingly. In patients
with Roux-en-Y bilioenteric anastomosis, a first approach
with an enteroscope, when available, should be
attempted; in the case of failure, percutaneous approach
is indicated. We also suggest, as future field of research,
the comparison between PTC and EUS-guided biliary
access, drainage and stone clearance.
In the case of difficult CBD stones (i.e., large stones,
triangular-shaped, or discrepancy between stone size
and narrowed CBD diameter) we reported the safety
and efficacy of ESWL. Among six patients with difficult
choledocholithiasis, after failure of either endoscopic
or percutaneous approaches, ESWL led to complete
resolution of biliary complications in 5 patients (> 80%)
with no procedure-related adverse events. One patients
underwent surgical hepatico-jejunostomy because of
tight anastomotic stricture, despite multiple endoscopic
[32]
balloon-dilation and multi-stenting .

Leak

Bile leakage could be observed in the early post-LT
(within 3 mo) from the anastomosis, the cystic duct
stump, from the insertion of the T-tube or, in the case
of living donor LT or split-LT, from the cutting surface of
[26]
the liver graft. Overall estimated incidence was 8.2% .
The mainstay of treatment of a bile leak is the
reduction and decompression of biliary tree; in the case
of refractory leakage, biliary drainage could be necessary
to healing process. In the case of early occurrence, if the
T-tube was already in situ, bile leak could be managed
conservatively by leaving the T-tube open without
further intervention. In the case of small leak, ERC
with sphincterotomy is able to resolve the leakage. In
the case of persistence of endoscopic sphincterotomy,
placement of biliary plastic stent is able to resolve
90%-95% of early bile leaks. Usually, the biliary stent
was placed with 2 mo and then removed (shorter
period could not be adequate for healing process due to
immunosuppressive therapy and could be justified only
in the case of suspected obstruction).
In patients with Roux-en-Y anatomy, percutaneous
or even surgical approach is usually necessary; we
hypothesized that the decompression of the biliary tree
through EUS-guided access could be an intriguing field
[28-30]
of development for future research directions
.

SOD

Papillary obstruction could be found in 2%-7% of LT
[33]
patients . Efferent denervation CBD remnant and
ampulla but also chronic injuries with fibrotic stricture
lead to hypertonic sphincter function or to obstruction.
The insidious manifestation (usually characterized by
elevated enzymes with or without biliary tree dilation)
could justify a delayed diagnosis. Endoscopic sphinc
terotomy is usually effective with long-term clinical
resolution. Temporary biliary stenting could be considered
[34]
in the case of presence of fibrotic tissue and scarring .

Biloma: Continuous bile leak within the liver or abdominal
cavity could result in a uniloculated biliary collection;
biloma could compress the biliary tree, vessels or could
even be superinfected, leading to clinical manifestations.
Treatment: small biloma usually are self-limiting and
resolve spontaneously; in complex collection, endoscopic
sphincterotomy and stenting could be necessary to heal
the underlying fistula. In the case of infected collection,
drainage is necessary. If ERC was not sufficient to drain
the biloma both percutaneous and EUS approach have
[31]
been demonstrated efficacy and safe .
Surgical drainage has to be considered only as rescue
therapy, after failure of all conservative approaches.

Bile duct kinking

Redundant bile duct is defined as a reconstructed CBD
(duct-to-duct anastomosis) longer than the recipient
CBD creating a kinking (sigmoid-shaped loop) that, in
the absence of other complications (i.e., stricture), leads
[35]
to cholestasis due to reduced bile outflow .
A single experience evaluated specifically the
incidence of redundant CBD; the authors reported an
incidence of 1.6%. Clinical presentation is characterized
by asymptomatic cholestasis; but in our experience,
presence of redundant bile duct could lead to develop
[32]
ment of CBD stones and even acute cholangitis .
Endoscopic stenting (long single plastic stent) lead
to clinical resolution in up to 80% of patients; in the
remaining, surgical Roux-en-Y hepatico-jejunostomy
leads to resolution of clinical cholestasis. Also in this
setting, the first-line endoscopic approach could lead to

Biliary stones and other filling defects

Presence of biliary stones, sludge, cast, blood clots or
even migrated stents could be observed in a significant
amount of LT-patients (up to 10%); biliary stones are the
[13]
most common filling defects observed in this setting .
The concomitant presence of biliary tree anatomy
alterations, strictures, acute cholangitis, increased bile
viscosity and stasis, drug-induced lithogenesis (i.e.,
cyclosporine), bile acid depletion and cholesterol supersaturation are all concomitant risk factors for post-
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symptoms resolution and spare unnecessary surgical
[35]
intervention .

Recent technical and technological advances

2

As discussed above, minimally invasive approaches are
indicated as first-line techniques for the management of
biliary complications after deceased donor LT; we also
discussed the possible technical difficulty encountered
during deep biliary cannulation in the case of stricture,
altered anatomy and other conditions in this setting.
When guidewire cannot pass an angulated stenosis,
the rendezvous technique can be used to overcome the
issue.
The rendezvous technique is a useful and safe
method for the access to biliary tree, replacement of
biliary prosthesis and stent in the case of difficult biliary
stricture after LT with duct-to-duct anastomosis. Various
Authors reported various rendezvous techniques that
could be suggested for the management of biliary
complications after failure of endoscopic and percutan
[36-39]
eous approaches
.
Peroral cholangioscopy has been introduced over the
past years to allow direct observation of the biliary tree
and even to tissue acquisition. The introduction of new
generation cholangioscopes reduced previous limitations
(i.e., low scope resolution, low maneuverability requiring
two endoscopists, unavailable accessories) and led to
the new innovative applications. Some Authors, for
example, suggested the use of Spyglass for difficult
biliary cannulation in the case of severe stricture and
use peroral cholangioscopy to evaluate and treat
[40,41]
anastomotic stricture after liver transplantation
.
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8

9

CONCLUSION

10

The clinical outcome of patients receiving liver trans
plantation could be significantly affected by biliary
complications, including strictures, leaks, stones or
debris, bilomas and SODs; early diagnosis and treatment
of these conditions allow to markedly reduction in
[42]
morbidity and mortality . Therapeutic gold standard
is represented by conservative approaches, both endo
scopic and percutaneous, based on the type of biliary
reconstruction, the local availability of the procedures and
[43]
specific expertise . With continuous improvements in
[44]
surgical, endoscopic and echoendoscopic techniques ,
the management of biliary complications constantly
evolves; what has not changed over time is the pivotal
role of the early detection and management, in order
to reduce the clinical burden and to improve longterm outcome (graft function and patient survival). We
hope that in the next future, with the availability of new
expertise, knowledge and specifically designed devices,
the endoscopic management of biliary complications will
further improve the quality of LT-management, with a
reduction of cost related to surgery and hospitalization.

11

12

13

14

15

16

REFERENCES
1

Martin P, DiMartini A, Feng S, Brown R, Fallon M. Evaluation

WJH|www.wjgnet.com

2931

for liver transplantation in adults: 2013 practice guideline by
the American Association for the Study of Liver Diseases and
the American Society of Transplantation. Hepatology 2014; 59:
1144-1165 [PMID: 24716201 DOI: 10.1002/hep.26972]
Dubbeld J, van Hoek B, Ringers J, Metselaar H, Kazemier G,
van den Berg A, Porte RJ. Biliary complications after liver trans
plantation from donation after cardiac death donors: an analysis of
risk factors and long-term outcome from a single center. Ann Surg
2015; 261: e64 [PMID: 24401915]
Lu D, Xu X, Wang J, Ling Q, Xie H, Zhou L, Yan S, Wang W,
Zhang M, Shen Y, Zheng S. The influence of a contemporaneous
portal and hepatic artery revascularization protocol on biliary
complications after liver transplantation. Surgery 2014; 155:
190-195 [PMID: 24238120 DOI: 10.1016/j.surg.2013.06.056]
Zhang S, Zhang M, Xia Q, Zhang JJ. Biliary reconstruction and
complications in adult living donor liver transplantation: systematic
review and meta-analysis. Transplant Proc 2014; 46: 208-215
[PMID: 24507053 DOI: 10.1016/j.transproceed.2013.05.014]
Shin M, Joh JW. Section 10. Endoscopic management of
biliary complications in adult living donor liver transplantation.
Transplantation 2014; 97 Suppl 8: S36-S43 [PMID: 24849832
DOI: 10.1097/01.tp.0000446274.13310.b9]
Ko GY, Sung KB. Section 11. Radiological intervention appro
aches to biliary complications after living donor liver trans
plantation. Transplantation 2014; 97 Suppl 8: S43-S46 [PMID:
24849833 DOI: 10.1097/01.tp.0000446275.51428.65]
El-Meteini M, Hamza A, Abdalaal A, Fathy M, Bahaa M, Mukhtar
A, Abouelfetouh F, Mostafa I, Shaker M, Abdelwahab S, El-Dorry
A, El-Monayeri M, Hobballah A, Sabry H. Biliary complications
including single-donor mortality: experience of 207 adult-to-adult
living donor liver transplantations with right liver grafts. HPB
(Oxford) 2010; 12: 109-114 [PMID: 20495654]
Kato H, Kawamoto H, Tsutsumi K, Harada R, Fujii M, Hirao K,
Kurihara N, Mizuno O, Ishida E, Ogawa T, Fukatsu H, Yamamoto
K, Yagi T. Long-term outcomes of endoscopic management for
biliary strictures after living donor liver transplantation with ductto-duct reconstruction. Transpl Int 2009; 22: 914-921 [PMID:
19497069 DOI: 10.1111/j.1432-2277.2009.00895.x]
Boraschi P, Donati F. Postoperative biliary adverse events
following orthotopic liver transplantation: assessment with magnetic
resonance cholangiography. World J Gastroenterol 2014; 20:
11080-11094 [PMID: 25170197 DOI: 10.3748/wjg.v20.i32.11080]
Akamatsu N, Sugawara Y, Hashimoto D. Biliary reconstruction,
its complications and management of biliary complications after
adult liver transplantation: a systematic review of the incidence,
risk factors and outcome. Transpl Int 2011; 24: 379-392 [PMID:
21143651 DOI: 10.1111/j.1432-2277.2010.01202.x]
Tarantino I, Barresi L, Petridis I, Volpes R, Traina M, Gridelli
B. Endoscopic treatment of biliary complications after liver
transplantation. World J Gastroenterol 2008; 14: 4185-4189 [PMID:
18636664 DOI: 10.3748/wjg.14.4185]
Girotra M, Soota K, Klair JS, Dang SM, Aduli F. Endoscopic
management of post-liver transplant biliary complications. World
J Gastrointest Endosc 2015; 7: 446-459 [PMID: 25992185 DOI:
10.4253/wjge.v7.i5.446]
Karimian N, Westerkamp AC, Porte RJ. Biliary complications
after orthotopic liver transplantation. Curr Opin Organ Transplant
2014; 19: 209-216 [PMID: 24752062 DOI: 10.1097/MOT.000000
0000000082]
Poley JW, Lekkerkerker MN, Metselaar HJ, Kuipers EJ, Bruno
MJ. Clinical outcome of progressive stenting in patients with
anastomotic strictures after orthotopic liver transplantation.
Endoscopy 2013; 45: 567-570 [PMID: 23580410]
Poley JW, Cahen DL, Metselaar HJ, van Buuren HR, Kazemier G,
van Eijck CH, Haringsma J, Kuipers EJ, Bruno MJ. A prospective
group sequential study evaluating a new type of fully covered selfexpandable metal stent for the treatment of benign biliary strictures
(with video). Gastrointest Endosc 2012; 75: 783-789 [PMID:
22325806 DOI: 10.1016/j.gie.2011.10.022]
Rossi AF, Grosso C, Zanasi G, Gambitta P, Bini M, De Carlis L,
Rondinara G, Arcidiacono R. Long-term efficacy of endoscopic
stenting in patients with stricture of the biliary anastomosis after
orthotopic liver transplantation. Endoscopy 1998; 30: 360-366

December 28, 2015|Volume 7|Issue 30|

Lisotti A et al . Endoscopy for biliary complications after transplantation

17

18

19

20

21

22

23

24

25

26

27

28

29

30

[PMID: 9689509 DOI: 10.1055/s-2007-1001283]
Cantù P, Tenca A, Donato MF, Rossi G, Forzenigo L, Piodi L,
Rigamonti C, Agnelli F, Biondetti P, Conte D, Penagini R. ERCP
and short-term stent-trial in patients with anastomotic biliary
stricture following liver transplantation. Dig Liver Dis 2009; 41:
516-522 [PMID: 18838317 DOI: 10.1016/j.dld.2008.08.002]
Chaput U, Scatton O, Bichard P, Ponchon T, Chryssostalis A,
Gaudric M, Mangialavori L, Duchmann JC, Massault PP, Conti F,
Calmus Y, Chaussade S, Soubrane O, Prat F. Temporary placement of
partially covered self-expandable metal stents for anastomotic biliary
strictures after liver transplantation: a prospective, multicenter study.
Gastrointest Endosc 2010; 72: 1167-1174 [PMID: 20970790 DOI:
10.1016/j.gie.2010.08.016]
Devière J, Nageshwar Reddy D, Püspök A, Ponchon T, Bruno MJ,
Bourke MJ, Neuhaus H, Roy A, González-Huix Lladó F, Barkun AN,
Kortan PP, Navarrete C, Peetermans J, Blero D, Lakhtakia S, Dolak
W, Lepilliez V, Poley JW, Tringali A, Costamagna G. Successful
management of benign biliary strictures with fully covered selfexpanding metal stents. Gastroenterology 2014; 147: 385-395; quiz
e15 [PMID: 24801350 DOI: 10.1053/j.gastro.2014.04.043]
Kao D, Zepeda-Gomez S, Tandon P, Bain VG. Managing the postliver transplantation anastomotic biliary stricture: multiple plastic
versus metal stents: a systematic review. Gastrointest Endosc 2013;
77: 679-691 [PMID: 23473000 DOI: 10.1016/j.gie.2013.01.015]
Inamdar S, Slattery E, Sejpal DV, Miller LS, Pleskow DK, Berzin
TM, Trindade AJ. Systematic review and meta-analysis of singleballoon enteroscopy-assisted ERCP in patients with surgically
altered GI anatomy. Gastrointest Endosc 2015; 82: 9-19 [PMID:
25922248 DOI: 10.1016/j.gie.2015.02.013]
Piardi T, Greget M, Audet M, Calandra G, Gheza F, Ellero B,
Woehl-Jaegle ML, Cantu M, Portolani N, Wolf P, Pessaux P. Biliary
strictures after liver transplantation: is percutaneous treatment
indicated? Ann Transplant 2011; 16: 5-13 [PMID: 21716179]
Odemis B, Oztas E, Yurdakul M, Torun S, Suna N, Kayacetin E.
Interesting rendezvous location in a liver transplantation patient
with anastomosis stricture. World J Gastroenterol 2014; 20:
15916-15919 [PMID: 25400478 DOI: 10.3748/wjg.v20.i42.15916]
Siripun A, Sripongpun P, Ovartlarnporn B. Endoscopic ultrasoundguided biliary intervention in patients with surgically altered
anatomy. World J Gastrointest Endosc 2015; 7: 283-289 [PMID:
25789101 DOI: 10.4253/wjge.v7.i3.283]
Davidson BR, Rai R, Nandy A, Doctor N, Burroughs A, Rolles
K. Results of choledochojejunostomy in the treatment of biliary
complications after liver transplantation in the era of nonsurgical
therapies. Liver Transpl 2000; 6: 201-206 [PMID: 10719021 DOI:
10.1002/lt.500060215]
Thuluvath PJ, Pfau PR, Kimmey MB, Ginsberg GG. Biliary
complications after liver transplantation: the role of endoscopy.
Endoscopy 2005; 37: 857-863 [PMID: 16116539 DOI: 10.1055/
s-2005-870192]
Verdonk RC, Buis CI, Porte RJ, Haagsma EB. Biliary compli
cations after liver transplantation: a review. Scand J Gastroenterol
Suppl 2006; (243): 89-101 [PMID: 16782628 DOI: 10.1080/00365
520600664375]
Morelli J, Mulcahy HE, Willner IR, Baliga P, Chavin KD, Patel
R, Payne M, Cotton PB, Hawes R, Reuben A, Cunningham JT.
Endoscopic treatment of post-liver transplantation biliary leaks
with stent placement across the leak site. Gastrointest Endosc 2001;
54: 471-475 [PMID: 11577309 DOI: 10.1067/mge.2001.117762]
Llach J, Bordas JM, Elizalde JI, Enrico C, Ginès A, Pellisé M,
Mondelo F, Piqué JM. Sphincterotomy in the treatment of biliary
leakage. Hepatogastroenterology 2002; 49: 1496-1498 [PMID:
12397716]
Saab S, Martin P, Soliman GY, Machicado GA, Roth BE, Kunder
G, Han SH, Farmer DG, Ghobrial RM, Busuttil RW, Bedford RA.
Endoscopic management of biliary leaks after T-tube removal
in liver transplant recipients: nasobiliary drainage versus biliary

31

32

33
34

35

36
37

38

39

40

41

42

43

44

stenting. Liver Transpl 2000; 6: 627-632 [PMID: 10980063]
Tonozuka R, Itoi T, Tsuchiya T, Sofuni A, Ishii K, Ikeuchi N,
Umeda J, Tanaka R, Mukai S, Gotoda T, Moriyasu F. EUS-guided
drainage of hepatic abscess and infected biloma using short and
long metal stents (with videos). Gastrointest Endosc 2015; 81:
1463-1469 [PMID: 25843615 DOI: 10.1016/j.gie.2015.01.023]
Lisotti A, Caponi A, Gibiino G, Muratori R. Safety and efficacy of
extracorporeal shock-wave lithotripsy in the management of biliary
stones after orthotopic liver transplantation. Dig Liver Dis 2015;
47: 817-818 [PMID: 26143107 DOI: 10.1016/j.dld.2015.06.001]
Gholson CF, Zibari G, McDonald JC. Endoscopic diagnosis and
management of biliary complications following orthotopic liver
transplantation. Dig Dis Sci 1996; 41: 1045-1053 [PMID: 8654132]
Fernandez-Simon A, Royg D, Sendino O. Sphincter of Oddi
dysfunction after liver transplantation: experience in a high-volume
transplant center. Hepatology 2014; 60: 545A [DOI: 10.1002/
hep.27415]
Torres V, Martinez N, Lee G, Almeda J, Gross G, Patel S,
Rosenkranz L. How do we manage post-OLT redundant bile duct?
World J Gastroenterol 2013; 19: 2501-2506 [PMID: 23674851
DOI: 10.3748/wjg.v19.i16.2501]
Mönkemüller KE, Linder JD, Fry LC. Modified rendezvous
technique for biliary cannulation. Endoscopy 2002; 34: 936 [PMID:
12430084 DOI: 10.1055/s-2002-35304]
Cantù P, Parzanese I, Melada E, Rossi G, Conte D, Penagini R.
A new duodenal rendezvous technique for biliary cannulation in
patients with T-tube after orthotopic liver transplantation (with
video). Gastrointest Endosc 2015; Epub ahead of print [PMID:
26234695 DOI: 10.1016/j.gie.2015.06.050]
Yoshiya S, Shirabe K, Matsumoto Y, Ikeda T, Soejima Y, Yoshizumi
T, Uchiyama H, Ikegami T, Harimoto N, Maehara Y. Rendezvous
ductoplasty for biliary anastomotic stricture after living-donor liver
transplantation. Transplantation 2013; 95: 1278-1283 [PMID:
23492991 DOI: 10.1097/TP.0b013e31828a9450]
Chang JH, Lee IS, Chun HJ, Choi JY, Yoon SK, Kim DG, You
YK, Choi MG, Choi KY, Chung IS. Usefulness of the rendezvous
technique for biliary stricture after adult right-lobe living-donor
liver transplantation with duct-to-duct anastomosis. Gut Liver
2010; 4: 68-75 [PMID: 20479915 DOI: 10.5009/gnl.2010.4.1.68]
Wright H, Sharma S, Gurakar A, Sebastian A, Kohli V, Jabbour
N. Management of biliary stricture guided by the Spyglass Direct
Visualization System in a liver transplant recipient: an innovative
approach. Gastrointest Endosc 2008; 67: 1201-1203 [PMID:
18308314 DOI: 10.1016/j.gie.2007.10.055]
Theodoropoulou A, Vardas E, Voudoukis E, Tavernaraki A,
Tribonias G, Konstantinidis K, Paspatis GA. SpyGlass Direct
Visualization System facilitated management of iatrogenic biliary
stricture: a novel approach in difficult cannulation. Endoscopy
2012; 44 Suppl 2 UCTN: E433-E434 [PMID: 23258490 DOI:
10.1055/s-0032-1325857]
Rizk RS, McVicar JP, Emond MJ, Rohrmann CA, Kowdley KV,
Perkins J, Carithers RL, Kimmey MB. Endoscopic management
of biliary strictures in liver transplant recipients: effect on patient
and graft survival. Gastrointest Endosc 1998; 47: 128-135 [PMID:
9512276 DOI: 10.1016/S0016-5107(98)70344-X]
Zimmerman MA, Baker T, Goodrich NP, Freise C, Hong JC,
Kumer S, Abt P, Cotterell AH, Samstein B, Everhart JE, Merion
RM. Development, management, and resolution of biliary
complications after living and deceased donor liver transplantation:
a report from the adult-to-adult living donor liver transplantation
cohort study consortium. Liver Transpl 2013; 19: 259-267 [PMID:
23495079 DOI: 10.1002/lt.23595]
Fabbri C, Luigiano C, Lisotti A, Cennamo V, Virgilio C, Caletti
G, Fusaroli P. Endoscopic ultrasound-guided treatments: are we
getting evidence based--a systematic review. World J Gastroenterol
2014; 20: 8424-8448 [PMID: 25024600 DOI: 10.3748/wjg.v20.
i26.8424]
P- Reviewer: Gupta S, Hsieh CB, Kaya M, Thomopoulos KC
S- Editor: Qiu S L- Editor: A E- Editor: Liu SQ

WJH|www.wjgnet.com

2932

December 28, 2015|Volume 7|Issue 30|

World J Hepatol 2015 December 28; 7(30): 2933-2939
ISSN 1948-5182 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v7.i30.2933

EDITORIAL

Clinical value of gadoxetic acid-enhanced magnetic
resonance imaging in surgery for hepatocellular carcinoma
- with a special emphasis on early hepatocellular carcinoma
Masanori Matsuda
and hypovascular early HCC (small well-differentiated
HCC of the vaguely nodular type) in hepatobiliary phase
imaging, and has become an indispensable imaging
modality in the treatment of HCC. Early HCCs have
been detected more frequently since the introduction
of EOB-MRI into daily clinical practice. Early HCC is
known to progress to conventional hypervascular HCC,
and many risk factors have been identified for the
hypervascularization of early HCC including the diameter
of the tumor, presence of fat, and imaging findings of
EOB-MRI. The rate of the development of hypervascular
HCC was previously reported to be high in patients with
chronic liver disease and early HCC. The presence of
early HCC is regarded as a predictor for the recurrence
of HCC following hepatic resection. On the other hand,
although early HCC itself is currently not regarded as a
target lesion for hepatic resection, early HCC at high risk
of hypervascularity needs to be treated by local ablation
therapy. If concomitant early HCC with progressed
HCC is at high risk of hypervascularization and the
functional liver reserve of a patient is sufficient, its
simultaneous treatment at the time of hepatic resection
for progressed HCC is recommended. Further studies
on larger numbers of patients are needed before this
strategy is adopted.
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Abstract
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Gadoxetic acid- or gadolinium ethoxybenzyl diethy
lenetriamine pentaacetic acid-enhanced magnetic
resonance imaging (EOB-MRI) achieves excellent lesion
detection and characterization for both hypervascular
hepatocellular carcinoma (HCC) in arterial phase imaging
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Core tip: Gadoxetic acid- or gadolinium ethoxybenzyl
diethylenetriamine pentaacetic acid-enhanced magnetic
resonance imaging has excellent lesion detection and
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future.
Current understanding on the clinical value of EOBMRI in surgery for HCC and the significance of newly
diagnosed early HCC from several clinical viewpoints have
been outlined in this review. The prospect of treatment
strategies for newly diagnosed early HCC concomitantly
with progressed HCC has also been discussed.

characterization for both hypervascular hepatocellular
carcinomas (HCC) in arterial phase imaging and
hypovascular early HCC in hepatobiliary phase imaging,
and has become an indispensable imaging modality in
the treatment of HCC. Early HCC is known to progress
to conventional hypervascular HCC. Although early HCC
itself is currently not considered to be a target lesion
for hepatic resection, if concomitant early HCC with
progressed HCC is at high risk of hypervascularization,
its simultaneous treatment at the time of hepatic
resection is recommended.

Role of EOB-MRI in THE diagnosis
and management of HCC
[13]

Ichikawa et al
analyzed the findings of multicenter
phase Ⅲ studies in order to evaluate the safety and
efficacy of EOB-MRI for the detection and charac
terization of focal liver lesions. They showed that
EOB-MRI was safe and improved the detection and
characterization of focal hepatic lesions over that with
unenhanced MRI. EOB-MRI also appeared to be more
beneficial than spiral computed tomography (CT),
especially for the detection of smaller lesions or HCC
underlying cirrhotic liver. Therefore, they concluded
that EOB-MRI enabled excellent lesion detection and
characterization for both hypervascular HCCs in arterial
phase imaging and hypovascular HCCs in hepatobiliary
[13]
phase imaging . EOB-MRI is recommended every 3-4
mo in selected cases of HCC ultrahigh-risk groups, and
at least once during the first visit in all HCC ultrahigh[14]
risk groups .
Therefore, we routinely perform EOB-MRI together
with other imaging modalities prior to hepatic resection
for HCC. EOB-MRI is also used in postoperative followups for patients with HCC after hepatic resection.

Matsuda M. Clinical value of gadoxetic acid-enhanced magnetic
resonance imaging in surgery for hepatocellular carcinoma - with
a special emphasis on early hepatocellular carcinoma. World J
Hepatol 2015; 7(30): 2933-2939 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i30/2933.htm DOI: http://
dx.doi.org/10.4254/wjh.v7.i30.2933

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
malignant tumors worldwide, and hepatic resection still
represents the most effective treatment; however, the
recurrence rate of HCC is very high even after curative
resection. The postoperative 5-year recurrence rate was
previously reported to be higher than 70%, with 80%
[1-3]
to 95% of recurrence being confined to the liver .
A proper preoperative evaluation of intrahepatic
tumor progression by imaging modalities and appro
priate hepatic resection, in addition to the early diagnosis
[4,5]
of recurrent HCC followed by treatment , are needed
in order to achieve a favorable prognosis after hepatic
resection.
A new magnetic resonance imaging (MRI) contrast
medium, gadoxetic acid, or gadolinium ethoxybenzyl
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA),
which has the properties of both an extracellular gado
linium chelate and liver-specific (hepatocyte-targeting)
contrast material, has recently become available. The
injection of a bolus of Gd-EOB-DTPA allows tumor
vascularity to be assessed using arterial phase imaging
and enables hepatobiliary phase imaging approximately
20 min after its administration, with approximately
50% of the contrast material being taken up by he
[6-11]
patocytes
. Gd-EOB-DTPA-enhanced MRI (EOBMRI), which includes a gradient dual echo sequence and
diffusion-weighted imaging, has been recommended for
[12]
the pretherapeutic evaluation of patients with HCC .
We previously showed that EOB-MRI was the most
useful imaging technique for evaluating small HCC,
[11]
including early HCC .
Early HCCs have been detected more frequently in
daily clinical practice since the introduction of EOB-MRI
in Japan.
The treatment of early HCCs including hepatic
resection will become a very important issue in the near
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Hepatocarcinogenesis and
histological findings of early
HCC
Two types of human hepatocarcinogenesis are now consi
dered: De novo hepatocarcinogenesis and multistep
carcinogenesis from a low-grade dysplastic nodule
(DN) to a high-grade DN followed by early HCC and
[15-17]
hypervascular HCC (progressed HCC)
.
However, difficulties have been associated with the
precise histological diagnosis of early HCC and accurate
differentiation between early HCC and DN because of
[18]
similarities in their pathological features .
The International Consensus Group for Hepato
cellular Neoplasia (ICGHN), which was composed of 34
world-renowned pathologists and two clinicians, finally
announced a consensus on the pathological criteria
of early HCC (small well-differentiated HCC of the
vaguely nodular type) after significant debate in 2009.
In this report, early HCC was characterized by various
combinations of the following major histological features:
(1) a cell density more than 2-fold higher than that of
the surrounding tissue, with a higher nuclear/cytoplasm
ratio and irregularly thin trabecular pattern; (2) varying
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numbers of portal tracts within the nodule (intratumoral
portal tracts); (3) pseudoglandular pattern; (4) diffuse
fatty change; and (5) varying numbers of unpaired
arteries.
Since all of these features may be found in highgrade DN, stromal invasion remains the most helpful
objective pathological finding for differentiating early
[19]
HCC from DN .

Presence of a hypovascular
hypointense nodule as a
predictor of THE occurrence of
hypervascular HCC
In order to determine whether the presence of a
hypovascular hypointense nodule was a risk factor
for hypervascular HCC in patients with chronic liver
disease, we retrospectively selected 41 patients with
pathologically confirmed hypervascular HCC and 41
age- and gender-matched controls and evaluated risk
factors for hypervascular HCC. A multivariate analysis
revealed that serum albumin levels (OR = 0.19, 95%CI:
0.06-0.57; P = 0.0024), a history of hypervascular HCC
(OR = 8.62 95%CI: 2.71-32.8; P = 0.0001), and the
presence of a hypovascular hypointense nodule (OR =
4.18, 95%CI: 1.18-17.2; P = 0.0256) were significant
risk factors for hypervascular HCC. We concluded
that the risk of developing HCC was high in patients
with chronic liver disease showing a hypovascular
[28]
hypointense nodule .
[29]
Komatsu et al
selected 127 patients with chronic
hepatitis B or C and no history of HCC, including 68
with liver cirrhosis, divided them into those with (nonclean liver group, n = 18) and without (clean liver
group, n = 109) hypovascular hypointense nodules, and
investigated whether the risk of hepatocarcinogenesis
was higher in patients with these nodules. Seventeen
patients (10 in the non-clean liver group and seven
in the clean liver group) developed typical HCC. The
cumulative 3-year rates of HCC development were
55.5% in the non-clean liver group and 6.4% in the
clean liver group (P < 0.001), and those at different
sites from the initial nodules were also higher in the nonclean liver group (22.2%) than in the clean liver group
(6.4%) (P = 0.003). A multivariate analysis identified
an older age (P = 0.024), low platelet count (P = 0.017),
and non-clean liver (P < 0.001) as independent risk
[29]
factors for the subsequent development of HCC .

Diagnosis of early HCC by EOB-MRI
Among the various imaging modalities currently used,
the role of EOB-MRI has become increasingly important
in the diagnosis of early HCC.
We conducted a review on the imaging findings
obtained from multi-imaging modalities of early HCC
cases diagnosed according to the pathological criteria
of the ICGHN by only including surgically resected
nodules in order for pathologists to thoroughly investi
gate the whole nodule. These multi-imaging modalities
included EOB-MRI, contrast-enhanced CT, CT during
arterioportography, and CT during hepatic arteriography.
EOB-MRI is the only imaging modality that has suffi
cient resolution for the detection and classification
of early HCC. The most significant imaging feature
in the diagnosis of early HCC was hypointensity on
hepatobiliary phase images of EOB-MRI; all cases of
early HCC that were detected on the hepatobiliary phase
images of EOB-MRI showed hypointensity, while all of
the images of DN showed isointensity or hyperintensity
relative to the liver parenchyma. The findings of the
diagnostic performance analysis showed that EOB-MRI
had excellent sensitivity (97%) for detecting early HCC
and exceptional specificity (100%) for distinguishing
[11,20]
early HCC from DN
.

Risk factors for
hypervascularization of early
HCC
Hypovascular nodules that appear hypointense on
hepatobiliary phase EOB-MRI (hypovascular hypointense
nodules) may progress to conventional hypervascular
[21]
HCC . Therefore, identifying the risk factors for the
hypervascularization of these nodules, most of which
are early HCCs, is important for decision making on the
timing of treatment.
We previously reported that nodules that were
more than 10 mm in diameter and contained fat were
[22]
at a higher risk of developing hypervascularization .
In addition, a maximum diameter of more than 10
[23]
[24]
mm
or 15 mm or greater , increased growth rate,
[25]
hyperintensity on T1-weighted images , hyperintensity
[26]
on T2-weighted and diffusion-weighted images , and a
[27]
tumor volume doubling time of less than 542 d were
identified as risk factors for hypervascularization in early
HCC.
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Usefulness of EOB-MRI as
a modality to predict THE
PROGNOSES after hepatic
resection for HCC
The imaging findings of HCC detected by EOB-MRI are
useful predictors of recurrence after hepatic resection.
[30]
Ariizumi et al
determined the tumor margins of
HCC from 61 patients preoperatively based on the
hepatobiliary phase images of EOB-MR and found that
a non-smooth tumor margin in the hepatobiliary phase
of EOB-MRI predicted microscopic portal vein invasion,
intrahepatic metastasis, and early recurrence after
hepatic resection in patients with HCC.
The presence of non-hypervascular hypointense
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hepatic nodules detected during the hepatobiliary
phase of EOB-MRI was identified as another predictor
of the recurrence of HCC after hepatic resection.
[31]
Toyoda et al
prospectively examined 77 patients
who underwent hepatic resection for primary, nonrecurrent, hypervascular HCC after hepatic resection
and compared postoperative recurrence rates according
to the presence of non-hypervascular hypointense
hepatic nodules detected during the hepatobiliary
phase of EOB-MRI. They showed that recurrence
rates after hepatic resection were higher in patients
with non-hypervascular hypointense nodules (RR =
1.9396, 95%CI: 1.3615-2.7222), the presence of nonhypervascular hypointense nodules was an independent
factor associated with postoperative recurrence (RR =
2.1767, 95%CI: 1.5089-3.1105) in addition to HCC
differentiation and portal vein invasion, and intrahepatic
[31]
recurrence was mainly multicentric in origin . This
group subsequently reported that the presence of
concurrent non-hypervascular hypointense hepatic
nodules in the hepatobiliary phase of pretreatment
EOB-MRI in patients with early-stage typical HCC
was an indicator of the higher likelihood of recurrence
after treatments including hepatic resection and
radiofrequency ablation (RFA), and may be a marker for
[32]
an unfavorable outcome .
The signal intensity of HCC in the hepatobiliary
phase of EOB-MRI was found to be another prognostic
maker of HCC after hepatic resection.
[33]
Kitao et al
classified 180 surgically resected
hypervascular HCCs in 180 patients as either hypoin
tense (n = 158) or hyperintense (n = 22) relative
to the signal intensity of the background liver in the
hepatobiliary phase of EOB-MRI and compared clinical
and pathological features as well as recurrence and
survival rates after hepatic resection between the two
groups. The grade of differentiation was higher (P =
0.028) and portal vein invasion was less frequent in
hyperintense HCCs (13.6%) than in hypointense HCCs
(36.7%) (P = 0.039). Serum levels of alpha-fetoprotein
(AFP), the Lens culinaris agglutinin reactive fraction of
AFP, and prothrombin induced by vitamin K absence or
antagonist Ⅱ (PIVKA-Ⅱ) were lower in hyperintense
than in hypointense HCCs (P = 0.003, 0.004 and 0.026,
respectively). Immunohistochemical AFP and PIVKAⅡ expression levels were lower in hyperintense than
in hypointense HCCs (both P < 0.001) and organic
anion transporting polypeptide 8 (OATP8, synonymous
with OATP1B3) expression was significantly lower in
hypointense HCCs than in hyperintense HCCs (P <
0.001). The recurrence rate was lower in hyperintense
than in hypointense HCCs (P = 0.039). They concluded
that hyperintense HCC in the hepatobiliary phase
of EOB-MRI was less aggressive than hypointense
[33]
HCCs .

to be treated by hepatic resection.
[34]
Takayama et al
prospectively examined 70
patients diagnosed with a single HCC of 2 cm or less
in diameter who underwent curative hepatic resection
and a long-term follow-up. They found that the time to
recurrence was longer in the early HCC group than in
the overt HCC group (3.9 years vs 1.7 years; P < 0.001)
and there was no local recurrence. Therefore, they
concluded that early HCC is a distinct clinical entity with
a high rate of surgical cure. This group subsequently
applied the concept of lead time to chronic liver disease,
which is the length of time between screen-detected
and symptom-detected disease. In order to evaluate
the prolongation of survival with the treatment of early
HCC, they compared the survival of patients with early
and overt HCCs smaller than 2.0 cm treated with liver
resection and concluded that the survival benefit of
resection for early HCC was marginal because of a long
lead time, and, thus, demonstrated that early HCC was
[35]
not a target lesion for surgery .
Early HCC itself is not a target lesion for hepatic
resection. However, early HCC at risk of hypervascularity
needs to be treated by local ablation therapy including
RFA and not surgery because early HCC seldom causes
intrahepatic metastasis.

Significance of preoperative EOBMRI and simultaneous treatment
of early HCC at the time of
resection for progressed HCC
Although early HCC itself is not a target lesion for
hepatic resection, the treatment of concomitant early
HCC with progressed HCC remains controversial.
We sometimes encounter patients who developed
the recurrence of hypervascular HCC that originated
from residual early HCC in a short period of time after
hepatic resection (Figure 1).
Therefore, we examined 147 patients undergoing
hepatic resection for HCC and determined whether preoperative imaging with EOB-MRI and the simultaneous
treatment of concomitant early HCC by resection or
ablation at the time of resection for progressed HCC
improved the prognosis of patients following hepatic
resection. Of the 147 consecutive patients undergoing
their first resection for HCC, 77 received EOB-MRI
before resection. Additional treatments for early HCC
were more frequent in EOB-MRI patients. Recurrencefree survival was similar at 1 year (81.4% vs 82.1%),
but improved with EOB-MRI at 3 and 5 years (62.6%
and 48.7% vs 41.5% and 25.5%, respectively, P
< 0.01). We speculated that recurrence within one
year of hepatic resection was mainly due to the
enlargement of preoperatively-undetectable intrahepatic
micrometastasis of resected progressed HCC, while
recurrence after one year was multicentric HCC that
progressed from early HCC to hypervascular HCC or

Surgical treatment of early HCC
It has not yet been established whether early HCC need
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Figure 1 An 81-year-old man with hypervascular (progressed) hepatocellular carcinoma and early hepatocellular carcinoma. Preoperative EOB-MRI showed
hypervascular HCC (arrowhead), 2.6 cm in diameter, in the medial section of the liver. The nodule showed hypervascularity in the hepatic arterial-dominant phase
(A) and hypointensity in the hepatobiliary phase (B) of EOB-MRI. Preoperative EOB-MRI also showed a small hypointense nodule (arrow), 0.9 cm in diameter, in the
posterior section of the liver in the hepatobiliary phase (D). This nodule showed no arterial enhancement in the hepatic arterial-dominant phase of EOB-MRI (C) or
CTHA (F), but showed slight hypoattenuation on CTAP (E). This patient underwent left hepatic resection for hypervascular HCC. EOB-MRI taken 5 mo after hepatic
resection showed an enlarged hypointense nodule in the posterior section (H) and hypervascularity of the nodule in the hepatic arterial-dominant phase (G). The
recurrence of hypervascular HCC that originated from residual early HCC after hepatic resection was demonstrated. HCC: Hepatocellular carcinoma; EOB-MRI:
Gadoxetic acid- or gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging; CTHA: Computed tomography during hepatic
arteriography; CTAP: Computed tomography arterioportography.

patients.
Further studies on larger numbers of patients are
needed before this strategy is adopted.

was de novo hypervascular HCC. We estimated that
the simultaneous treatment of early HCC at the time of
resection for progressed HCC reduced multicentric HCC
by removing early HCC, which may have progressed to
hypervascular HCC. Overall survival slightly improved
with EOB-MRI at all time points (1-, 3-, and 5-year
survival rates: 98.7%, 90.7% and 80.8% vs 97.0%,
86.3% and 72.4%, respectively, P = 0.38). One
of the reasons why preoperative EOB-MRI and the
simultaneous treatment of early HCC at the time of
resection prolonged recurrence-free survival but not
overall survival after hepatic resection for HCC was an
early diagnosis and the prompt treatment of recurrent
[36]
HCC detected by our postoperative close follow-up .
We subsequently examined the 5-year survivors of
both groups (41 with EOB-MRI and 48 without) in order
to investigate the frequency of treatments for recurrent
HCC until 5 years after surgery in both groups. The
mean frequency of treatments for recurrent HCC until
5 years after surgery was significantly lower in patients
with EOB-MRI than in those without EOB-MRI (0.83
vs 1.65 respectively, P < 0.05). Although the overall
survival rate was not significantly different, reductions
in the frequency of treatments for recurrent HCC may
have been physically and economically beneficial for
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CONCLUSION
EOB-MRI has excellent lesion detection and charac
terization for hypervascular HCC in arterial phase
imaging and hypovascular early HCC in hepatobiliary
phase imaging, and has become an indispensable
imaging modality in the treatment of HCC. Early HCCs
have been detected more frequently since the intro
duction of EOB-MRI into daily clinical practice. Although
optimal timing for the treatment of early HCC currently
remains unclear, early HCC, which has particular risk
factors, progresses to conventional hypervascular HCC
that requires treatment in a short period of time. Early
HCC at high risk of hypervascularity need to be treated
by local ablation therapy including RFA. If concomitant
early HCC with progressed HCC is at a high risk of
hypervascularization and the functional liver reserve
of a patient is sufficient, its simultaneous treatment
at the time of hepatic resection for progressed HCC is
recommended. Further studies on larger numbers of
patients are needed before this strategy is adopted.

2937

December 28, 2015|Volume 7|Issue 30|

Matsuda M. EOB-MRI in surgery for HCC
Furthermore, since the risk of hypervascular HCC
development or recurrence is high in patients with
hypovascular hypointense nodules (almost all nodules
are early HCC), close follow-ups are needed in these
patients.
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Abstract

Fernando Gomes Romeiro, Laís Augusti, Gastroenterology
Division, Department of Internal Medicine - Botucatu Medical
School, UNESP-Univ Estadual Paulista, Botucatu 18608-917,
São Paulo, Brazil

Hepatic encephalopathy (HE) is one of the worst
complications of liver disease and can be greatly influ
enced by nutritional status. Ammonia metabolism, inflam
mation and muscle wasting are relevant processes in
HE pathophysiology. Malnutrition worsens the prognosis
in HE, requiring early assessment of nutritional status
of these patients. Body composition changes induced
by liver disease and limitations superimposed by HE
hamper the proper accomplishment of exams in this
population, but evidence is growing that assessment
of muscle mass and muscle function is mandatory due
to the role of skeletal muscles in ammonia metabolism.
In this review, we present the pathophysiological
aspects involved in HE to support further discussion
about advantages and drawbacks of some methods for
evaluating the nutritional status of cirrhotic patients with
HE, focusing on body composition.
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Core tip: Ammonia metabolism, inflammation and
muscle wasting are relevant processes in hepatic
encephalopathy (HE) pathophysiology and malnutrition
worsens the prognosis in this condition, requiring early
assessment of nutritional status in these patients.
Body composition changes induced by liver disease
and limitations superimposed by HE make difficult to
accomplish exams properly in this population, but there
is a growing evidence that assessment of muscle mass
and muscle function is mandatory due to the role of
skeletal muscles in ammonia metabolism. In this article,
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nutrition role in cirrhosis, this article specifically aimed
to discuss practical nutritional strategies that can be
applied to evaluate the body composition of HE patients.
With the purpose of giving pathophysiological support to
this discussion, the main factors related to HE etiology
are presented as ammonia production, inflammation,
and muscle wasting - whereas other factors are briefly
addressed.

we review HE pathophysiology and discuss the main
methods of nutritional assessment, suggesting the best
approaches in HE patients.
Romeiro FG, Augusti L. Nutritional assessment in cirrhotic
patients with hepatic encephalopathy. World J Hepatol 2015;
7(30): 2940-2954 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v7/i30/2940.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i30.2940

PATHOPHYSIOLOGY OF HE AND
NUTRITIONAL STATUS INFLUENCE ON
THE MAIN PROCESSES INVOLVED

INTRODUCTION

The pathophysiology of HE is multifactorial and there is
a general agreement that ammonia and inflammation
act synergistically to cause astrocyte swelling and brain
[15]
edema . Since body composition affects ammonia
metabolism and has a clear impact on cirrhosis and HE,
the main pathophysiological point discussed herein is
ammonia metabolism.

Hepatic encephalopathy (HE), a neurological dysfunction
affecting primarily the brain, is caused by acute or
chronic liver insufficiency and/or by the presence of
portosystemic shunting. This syndrome embraces
distinct forms of neurological symptoms from subclinical
[1]
presentations to hepatic coma . Overt HE afflicts
30%-45% of cirrhotic patients, whereas minimal HE
may affect more than half of the cases with advanced
[2-4]
cirrhosis . The estimated incidence in decompensated
cirrhosis is 8% per year and the majority of patients
with HE episodes are received in emergency care
[5]
services . In an observational study, the mean hospi
talization length of these patients was between 5.7 and
[2]
7.1 d .
Among cirrhosis complications, HE mortality is
higher than the rate caused by variceal bleeding or
ascites. After overt episodes, death rates vary between
[6-8]
42% and 64% in one year according to HE grade .
The relevance of this condition was demonstrated even
in patients without overt HE, for whom a mortality
index combining electroencephalogram findings and the
model of end-stage liver disease score (MELD) had a
higher accuracy for predicting 12- and 18-mo survival
[9]
than the MELD score alone .
The role of nutrition in HE physiopathology is well
established, and nutritional treatment is an important
step in order to improve quality of life (QOL) and
survival of patients with cirrhosis and HE. Since HE is
a late complication of advanced liver disease, it is not
surprising that cirrhotic patients with HE are susceptible
[10]
to nutrition disorders . Hence, there are many reasons
that nutrition and HE cause a great impact on each
other.
Ammonia metabolism is probably the most studied
of the mechanisms responsible for the nutritional
effects on HE, because ammonia production is highly
influenced by dietary components. Consequently, many
nutritional treatments have been studied in order to
modulate ammonia production, to increase survival
rates and to improve QOL of cirrhotic patients stricken
by HE.
Nutrition status is directly associated with survival
[11-14]
of cirrhotic patients
. Moreover, when these patients
also have HE this association can be even more impor
tant. Although there are many studies focusing on the
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Ammonia metabolism

Even though ammonia levels are not strictly pro
portional to neurological impairment, ammonia is of
great relevance in HE. High blood ammonia levels are
not sufficient to establish the diagnosis of HE in cirrhotic
patients; however, a normal value requires diagnostic
[1]
reevaluation . It means that ammonia blood levels are
still valuable when they are related to additional clinical
information, but isolated ammonia levels should never
be considered sufficient to make a diagnosis. It is also
important to consider that the values are influenced
by physical activity, the source of the blood collected
(arterial or venous), the prandial status and the diet
pattern before the test.
In humans, there are three main sources of ammo
nia: The intestines, the kidneys and the muscles. The
total daily production in adults is around 1000 mmol
[16]
of ammonia . The kidney production is increased in
[17]
cirrhotic patients during hemodynamic disturbances .
The role of intestines in ammonia production is fairly the
most frequently cited aspect in prior studies about HE,
making the colon one of the main treatment targets.
Studies on non-absorbable disaccharides were the
initial evidence that orally ingested substances could
be useful in HE treatment. Lactulose and lactitol are
the most studied among them in clinical trials of HE
treatment. Lactulose is a good example of how a nonabsorbable component could be relevant in this setting.
Beyond the cathartic property, achieved by increasing
intestinal transit, lactulose is also converted to lactic acid
and acetic acid, which have the potential of converting
ammonia to ammonium. Another interesting effect of
disaccharides is that the colon acidification favors the
[18]
proliferation of nonammoniagenic bacteria . According
to this point of view, lactulose also has a prebiotic
property, and these effects could be achieved, at least
in part, by nutritional treatments.
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Colonic production of ammonia is a target in HE treat
ment, but it is important to notice that three systems
are able to convert ammonia into other substances.
The liver is the chief organ, and urea synthesis is the
main metabolic route for ammonia clearance in normal
[19]
conditions . Skeletal muscles are a secondary system
that can convert ammonia to glutamine, as is the
brain tissue. Given the osmotic effect of glutamine,
continuous conversion of ammonia to glutamine inside
the astrocytes can cause cellular edema. Astrocytes
constitute a significant part of the cerebral volume,
so any degree of edema in these cells can be relevant
to the brain and can lead to decreased excitatory
neurotransmission, which is a characteristic feature of
[20]
HE .
Accordingly, in advanced cirrhosis, the liver can
be insufficient to accomplish the ammonia clearance
as needed. Hence, the only way to avoid glutamine
formation inside the neural cells is to convert ammonia
to glutamine in skeletal muscles. Conversely, cirrhosis
is a catabolic disease, and patients with advanced
cirrhosis are commonly affected by muscular wasting,
which decreases the amount of muscle tissue available
to make this conversion. One of the main reasons for
this catabolic state is that changes in the cirrhotic liver
impair the glucose metabolism, so that when these
patients are in a fasting state they have to use muscular
proteins as an energy source. In many of these patients,
HE arises as a late complication, developed when their
muscles have been affected for a long duration, leading
to muscle depletion and malnutrition. It can be difficult
to counteract this process in HE patients, and prevention
is clearly the best choice to preserve muscle mass in this
setting.
It is estimated that nearly half of the total ammonia
can be metabolized in muscles through glutamine
synthesis. However, glutamine synthesis and ammonia
[19]
uptake are low during rest . Some studies have
hypothesized that in the rest state the muscle might
not be significant to ammonia metabolism in healthy
subjects, but it could be more important in liver dis
[20]
ease . Since muscle is the best means to increase
ammonia clearance in cirrhotic patients with HE, physical
activity could be very relevant in this setting. However,
the role of muscle activity as a way to prevent HE was
not verified in clinical trials.
Due to the role of muscle mass in cirrhotic patients,
especially those with HE, early nutritional assessment
must be performed properly. The early nutritional
diagnosis must be followed by an appropriate dietary
treatment in order to reduce the process of muscle
wasting related to this liver disease. Even so, ammonia
metabolism is not the only aspect that should be
considered.

Inflammatory cytokines affect the blood-brain barrier
[21]
and increase the ammonia diffusion in astrocytes .
Cirrhosis is characterized by subclinical increasing of
inflammatory cytokines, but it can be difficult to show
the correlation between HE and inflammation through
[22]
peripheral blood cytokine tests . In a double-blind
randomized trial comparing the effects of two antibiotics,
our group showed for the first time that hospitalization
length was associated with C reactive protein levels
during HE treatment. This finding illustrates the inflam
mation impact not only when the patient arrives at the
[23]
hospital but also during HE treatment .
The level of inflammation products found through
fecal calprotectin tests is higher in patients with cirrhosis
and HE, indicating that the gastrointestinal tract (GIT) is
[24]
the main source of inflammation in these patients . A
further study suggested that there is a global mucosalimmune interface change in these patients that affects
[25]
the entire GIT . Cirrhosis is often associated to slow
gastrointestinal transit and mucosal edema, allowing
the passage of bacterial products through the epithelial
barrier. These products keep a continuous flow of
bacterial particles through the portal vein, promoting
the release of tumor necrosis factor inside the liver and
[26]
causing a long-lasting cellular damage into the organ .
Obviously, nutritional management is not sufficient
to avoid inflammation caused by acute infections, and
reducing this sustained inflammatory state in cirrhotic
patients is a challenge. However, when the main source
of inflammation is the GIT, nutritional treatments can
be useful to limit this process. Cirrhotic patients with
HE are frequently stricken by small intestinal bacterial
overgrowth, which leads to alterations in intestinal micro
[27,28]
biota profile
. In this context, probiotics, prebiotics
and symbiotics ingested can increase GIT transit and
alter the microbiota involved in GIT inflammation to
achieve a better bacterial profile, similar to the effects
obtained by lactulose.
To demonstrate this effect in a clinical trial, Liu et
[27]
al
evaluated the results obtained by a symbiotic
preparation on minimal HE in patients with cirrhosis.
They found that the symbiotic treatment favored the
fecal proliferation of Lactobacilli, thus reducing the
amount of the previous bacterial strains, which were
more associated to inflammation. This modulation of GIT
microbiota was concomitant to a remarkable decrease
in serum ammonia and a significant improvement of
HE in half of the subjects. Remarkably, the symbiotic
treatment was also associated with endotoxemia
reduction, improving the Child-Pugh class in nearly 50%
of cases. Treatment with fermentable fiber alone was
similarly helpful to many patients. Thus, the authors
concluded that treatment with symbiotics or fermentable
fiber would constitute an alternative to lactulose for the
[27]
management of minimal HE in cirrhotic patients .

Inflammation

Other mechanisms involved in HE and also in different
types of encephalopathy

The inflammatory process is another significant issue in
HE pathophysiology that can also be a target for different
forms of treatment, including nutritional strategies.
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Besides the fact that ammonia and inflammation
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are the most appraised components involved in HE
pathophysiology, the evidence supporting the role of
oxidative stress and hyponatremia in HE is growing. The
increase of blood-brain barrier permeability related to
hyponatremia and oxidative stress has been associated
[17]
to HE development . Hyponatremia in cirrhotic patients
is often caused by fluid retention, leading to hypervolemic
(dilutional) hyponatremia. Conventional therapy in
this setting is a challenge because fluid restriction and
[29]
loop diuretics are frequently inefficacious . It has
been considered as a third hit in HE pathophysiology,
because it can worsen the cerebral edema caused by
hyperammonemia and inflammation. The management
of these conditions in the emergency room is beyond
the scope of this review, but nutritional strategies can be
convenient in order to avoid or correct some electrolytic
disturbances.
Electrolytes and fluid imbalances are commonly
associated with several illnesses and have a great impact
in cirrhosis and HE. Potassium and zinc deficits can be
a consequence of restricted diets, and some enriched
supplements can be useful for avoiding or treating them.
Hypokalemia should be promptly corrected in patients
with HE because it increases ammonia production and
[30]
excretion by the kidneys . Additionally, zinc deficiency
is not rare in HE, and the early diagnosis should be done
[31]
in this setting . It should always be suspected in the
presence of HE associated with malnutrition, especially
when a poor diet is maintained for a long duration, as
in the case of severe alcohol addiction. In theory, the
lack of dietary proteins could be a contributing factor,
because they are a significant source of zinc. Zinc
deficiency can lead to HE, diarrhea, muscle cramps and
skin lesions, complications that can be avoided by the
prompt initiation of the disturbance correction.
Many HE patients have high manganese levels,
possibly reproducing the effects of hepatocellular failure,
as well as impaired biliary flow and the existence of
[32]
porto-systemic venous shunts . Manganese accu
mulation in brain tissue is found in severe cases of HE
[33,34]
and acquired hepatocerebral degeneration
. Other
electrolyte imbalances found in patients with cirrhosis
and HE include hypocalcaemia and hypomagnesaemia,
but their role in HE is not so clear. Finally, these patients
present severe amino acid imbalances that lead to
depletion in branched chain amino acids, which can be
[35,36]
supplemented to achieve improvement in HE
.

predominant loss of muscle mass in cirrhosis suggests
that sarcopenia, or loss of skeletal muscle mass, is the
[40]
first nutritional deficiency .
Concurrently, overweight has been cited in cirrhotic
[41]
patients as another matter of concern. Berzigotti et al
evaluated 161 cirrhotic patients over a mean followup of 59 mo or until cirrhosis decompensation. The
incidence of complications in patients was 15% in those
with normal body mass index (BMI), 31% in those
overweight and 43% in obese patients. In cirrhosis,
obesity can be associated with loss of muscle mass, an
ambiguous state of excess adipose tissue and muscle
wasting denominated sarcopenic obesity, which has
accumulated risks for each of the two phenotypes of
[41-44]
body composition
.
Thus, the presence of cirrhosis and HE affects
nutritional status by many mechanisms, as described in
Table 1.
As HE is frequently associated with advanced cirrhosis
and this combination of severe conditions can have a
substantial effect on food ingestion, the effects are clear
in the clinical setting. In a multicentric trial assessing
cirrhotic inpatients with jaundice, the spontaneous
caloric intakes in the control group were approximately
20-25 kcal/kg per day, considered by the authors to
[45]
constitute more than expected . A large study aimed
to document the impact of malnutrition and nutritional
practice in 396 cirrhotic inpatients registered the caloric
intake as 35.1 ± 10.0 kcal/kg per day in Child A, 29.0
± 7.3 kcal/kg per day in Child B and 24.0 ± 8.0 kcal/kg
per day in Child C subjects. Of note, changes in dietary
and protein intake during hospitalization were related
[46]
to mortality . In a study of 60 outpatients, in which
the majority of whom had compensated liver disease,
the caloric intake was between 24 and 40 kcal/kg per
[47]
day . Another study assessing 300 cirrhotic outpatients
[48]
obtained a mean value of 32 kcal/kg per day .
Unfortunately, the HE rates are not clearly documented,
so it is difficult to identify the food intake patterns in this
condition.
To analyze this question, our group assessed 60
outpatients with cirrhosis and HE. The majority of them
had grade 1 HE (34 patients), while 23 presented
minimal HE and only two subjects had grade 2 HE.
The mean caloric ingestion was 20.5 ± 8.61 kcal/kg
per day (unpublished data). These values were clearly
below the recommendations for cirrhotic patients with
[32,49]
HE, which range from 35 to 40 kcal/kg per day
. It
is difficult to know whether the presence of HE is the
main reason for the disagreement between our data
and other results of caloric ingestion obtained in studies
that did not evaluate only patients with HE, given the
potential relevance of many other differences between
the populations assessed. To clarify this hypothesis,
we encourage researchers to implement new studies
of caloric ingestion in HE patients to contribute with
additional data on this topic.
Given all the mechanisms that influence malnutrition
in HE, there are no doubts that it is necessary to evaluate

NUTRITIONAL STATUS IN HE
Among cirrhotic patients, 75% of those who develop
HE have moderate to severe malnutrition, which
[1]
affects their energy reserves and muscle mass . Due
to the muscular involvement in ammonia metabolism,
malnutrition is associated with a higher incidence of
[37-39]
HE
. The best means to define malnutrition in
cirrhosis is protein calorie malnutrition, in which both
[39,40]
lean and fat tissue can be depleted
. Although this
reduction in both tissues is recognized as cachexia, the
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Therefore, nutritional assessment of cirrhotic patients
with HE must combine a good dietary history, body
[1,32,49,55]
composition data and laboratory exams
. In this
review, we will focus on body composition evaluation.
Most techniques to assess body composition are
focused on differentiating fat mass from fat-free mass,
while some methods presume that fat-free mass has
constant characteristics, such as hydration fraction and
density. Thus, techniques such as anthropometry and
bioelectrical impedance could lead to over- or underestimation of body composition findings when these
[56]
assumptions are invalid . Despite that, anthropometric
and bioelectrical impedance data were associated with
prognosis in cirrhotic patients, and their potential lack of
accuracy is difficult to quantify.
Herein, we analyze the usefulness of the most widely
utilized techniques in the assessment of nutritional
status in cirrhotic patients who developed HE, presenting
some of the advantages and drawbacks of each method.
Given that patients with severe HE can be difficult to
evaluate through exams requiring extensive patient
collaboration, we suggest some of them that could be
suitable in a practical scenario, adding more complex
techniques in the initial evaluation and/or to bring more
accuracy. Table 2 summarizes some of the findings in
this setting.

Table 1 Possible causes of malnutrition in patients with
cirrhosis and hepatic encephalopathy
Possible causes
Reduced ingestion of foods

Impaired absorption of
nutrients

Metabolic disturbances

Other factors

Clinical manifestation
Anorexia
Early satiety
Ascites
Confusion and/or excessive somnolence
Frequent hospitalizations
Alterations in enterohepatic circulation
Impaired biliary excretion
Small intestinal bacterial overgrowth
Portosystemic shunts
Protein hypercatabolism/BCAA depletion
Decreased glycogen stores and
gluconeogenesis
Insulin resistance and enhanced
ketogenesis
Increased lipolysis and fatty acid oxidation
Restricted diets (e.g., low sodium diets)
Protein loss during large volume
paracentesis
Abdominal distention during lactulose
therapy

BCAA: Branched chain amino acids.

the nutritional status of cirrhotic patients who develop
HE. However, it can be a challenge because patients
with HE often have altered body composition, including
variations in fluid balance and protein catabolism induced
[1,32,50,51]
by the liver disease
. Moreover, they can be
particularly difficult to evaluate through exams requiring
extensive patient collaboration.
Some authors have suggested that changes in
water homeostasis and compartmentalization can exist
even before fluid accumulation is detected, and when
these patients have ascites, pleural effusion or edema
their evaluation via traditional methods can be even
[52,53]
less accurate for assessing body composition
.
Additionally, changes in lean mass and fat ratio can also
reduce the accuracy of some methods of nutritional
evaluation, as in sarcopenic, obese and also sarcopenic
[41,43,44]
obese patients
. These alterations in body com
position require more attention to assess patients with
advanced liver disease, which can affect some measures
obtained by the traditional methods.
Finally, metabolic changes lead to lessening in protein
[1,50]
and fat reserves in 50%-75% of cirrhotic patients
.
Furthermore, the degree of depletion in these reserves is
related to prognosis and is a risk factor for developing HE,
thus necessitating the evaluation of body composition in
[39]
this population .

Subjective Global Assessment

Subjective Global Assessment (SGA) is one of the most
widely used methods to evaluate nutritional status in
patients during their hospital stay. It gathers information
about food intake, weight changes, gastrointestinal
symptoms and physical examinations, which are in
tended to evaluate subcutaneous fat, muscular atrophy,
[57]
edema and ascites .
Although SGA is useful as a screening tool to be
applied upon hospital arrival, it is not sufficient to
evaluate cirrhotic patients with HE on account of some
methodological limitations. First, SGA depends on
personal information that can be difficult to obtain from
patients with cognitive impairment or somnolence.
Second, the only anthropometric measure utilized is
the body weight, which is often changed by ascites
[50,51]
and edema
. Therefore, the guidelines of the Inter
national Society for HE and Nitrogen Metabolism (ISHEN)
highlight that SGA can underestimate malnutrition
occurrence in cirrhotic patients and does not predict
[32]
outcome accurately .

Anthropometry

Anthropometric measurements are objective methods
to evaluate the nutritional status. They are rapid, noninvasive and low-cost techniques, specifically suited to
assess somatometric characteristics. These measure
ments have been considered the most useful procedures
[58]
to assess nutritional status in cirrhotic patients .
Nonetheless, they also have limitations when applied
in patients with HE and cirrhosis. For instance, ascites
and edema can influence body weight and BMI values,

METHODS TO EVALUATE THE
NUTRITIONAL STATUS OF CIRRHOTIC
PATIENTS WHO DEVELOPED HE
Detailed body composition assessment is essential in HE
patients. It is the first step to define the pattern of tissue
[54]
loss and to establish nutritional treatment strategies .
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Table 2 Advantages and disadvantages of the main methods of nutritional assessment for cirrhotic patients with hepatic
encephalopathy
Method
SGA

Anthropometry

Advantages

Disadvantages

Quick application
Low cost
Can identify patients under risk of malnutrition
upon hospital arrival
Can be applied in hospital rooms
Quick application

Requires patient comprehension and collaboration
Subjectivity (the only objective measure used is weight)
Can underestimate malnutrition
Cannot be used as a follow-up method
Some measures (body weight, body mass index, AC, TSF) can be
highly influenced by water retention and overweight/obesity
Interobserver variation decreases the data reproducibility
Can underestimate malnutrition

Low cost
Demands little collaboration
Can be applied in hospital rooms
Some measures (CAMA, MAMC, APMT) are less
influenced by water retention and overweight/
obesity
MAMC is widely recommended for liver disease
patients
MAMC and TSF are associated with outcomes in
cirrhotic patients and are related to the presence
of HE
Handgrip strength
Quick application
Cannot identify muscle wasting anatomically
Low cost
Is not so suitable for evaluating cirrhotic women, because skeletal
Can be applied in hospital rooms
muscle function correlates with muscle mass only in men
Identify impaired muscle function
Is not influenced by either water retention or
overweight/obesity
Is an independent predictor of cirrhosis
decompensation
Bioelectrical impedance analysis
Quick application
Controversial applicability in patients with fluid retention
Can be applied in hospital rooms when portable
Requires patient removal to the equipment room when nonequipment is used
portable equipment is used
PA and BCM are associated with outcomes in
Can underestimate malnutrition
cirrhotic patients
Dual-energy X-ray absorptiometry Adequate accuracy to identify muscle depletion
High cost
Excellent reproducibility
Requires patient removal to the equipment room
Can also identify bone mass reduction as a
Exposure to ionizing radiation makes routine use less attractive as
screening tool
a follow up method
Gives detailed analyses of body composition
(segmental results), obtaining measures that have
prognostic impact in cirrhotic patients
FFMI is an independent predictor of HE
AMMI can be used to diagnose sarcopenia
Computed tomography scan
Adequate accuracy to identify muscle depletion
High cost
Excellent reproducibility
Requires patient removal to the equipment room
Can be performed retrospectively from images Exposure to ionizing radiation makes routine use less attractive as
previously obtained
a follow-up method
Can also identify hepatic nodules, portosystemic
shunts and other abnormalities
Skeletal muscle thickness in cross-sectional
images has prognostic impact in cirrhotic patients
L3 SMI can be used to diagnose sarcopenia
The bedside techniques are presented at the top and can be valuable even in conditions of restricted access to technology. The more complex methods are
shown at the bottom, and should also be used when technology is unrestrained, providing more accuracy. Methods used only for research purposes and
those not applied to patients with hepatic encephalopathy are not included. AC: Arm circumference; AMMI: Appendicular muscle mass index; APMT:
Adductor pollicis muscle thickness; BCM: Body cell mass; CAMA: Corrected arm muscle area; FFMI: Fat-free mass index; HE: Hepatic encephalopathy; L3
SMI: Third lumbar vertebrae skeletal muscle index; MAMC: Mid-arm muscle circumference; PA: Phase angle; TSF: Triceps skinfold; SGA: Subjective Global
Assessment.
[59]

underestimating the prevalence of malnutrition among
[51]
these patients . Although there is a specific classifi
cation of BMI for cirrhotic patients that categorizes the
presence of ascites, this reference is not fully applied in
clinical trials, and presents a clear limitation of having a
single cutoff value to diagnose malnourished patients,
precluding the diagnosis of eutrophic or overweight
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patients . Most studies still use the dry weight, which
is estimated by subtracting the weight of ascites and
edema that is known from information obtained during
clinical assessment, weight values formerly registered,
ascites volume drained and references previously esta
[32]
blished .
Skinfolds and body circumferences are less affected
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by water retention than BMI. Skinfolds are mainly used
[60]
to estimate the body fat. Fiore et al , evaluating 40
cirrhotic subjects without overt fluid retention, found
that the percentage of body fat assessed by skinfolds
had a difference of less than 5% in comparison to the
values obtained by dual-energy X-ray absorptiometry
(DEXA). The authors evaluated body composition
measures in patients who did not present any degree
of edema or ascites. Moreover, most subjects had
compensated cirrhosis (Child-Pugh A/B/C = 24/16/0)
while the rate of patients with HE is not mentioned in
the article, hampering extrapolation of the findings to
patients with HE and/or more advanced liver disease.
Two of the most recommended measures to
evaluate the nutritional status of cirrhotic patients with
HE are triceps skinfold (TSF) and mid-arm muscle
[55]
circumference (MAMC) . MAMC is calculated through
TSF and mid-arm circumference (AC). In a study of 212
cirrhotic inpatients monitored for 2 years, the authors
suggested that MAMC and TSF could be included in
the Child-Pugh classification in order to improve the
predictive accuracy of this score, although the prognostic
[11]
power of TSF was lower than that of MAMC . Another
study of 300 subjects showed that MAMC values were
expressively more affected in male than in female
cirrhotic patients, while loss of fat deposits based on TSF
[48]
was more significant in females . In a study evaluating
143 patients before liver transplantation, the authors
considered MAMC to be the best reliable anthropometric
[61]
tool . In a study of 102 patients submitted to ortho
topic liver transplantation (OLT), AC and TSF were
used to categorize patients according to the values
th
before OLT; those below the 25 percentile had an
increased incidence of hepatic tests result abnormalities,
suggesting a higher incidence of complications in this
[62]
group .
A method in which MAMC and BMI were combined
with SGA information as a new way to evaluate the
nutritional status of cirrhotic patients was previously
[63]
validated . The proposed algorithm showed prognostic
value in this population and we encourage its use
as a screening method for patients in their hospital
admission. However, there is no information whether
this algorithm could be useful during the patient followup, or whether variations in weight/BMI could impair
the accuracy found by the authors. Thus, a simple and
precise technique for assessing malnutrition in cirrhotic
[64]
individuals is not available yet .
Another anthropometric measure that may be used
for diagnosing muscle wasting in cirrhotic patients is
the adductor pollicis muscle thickness (APMT). APMT
is a simple tool, with little influence from such body
composition changes as edema, ascites and overweight.
It has been applied to evaluate the nutritional status
in normal populations as well as surgical, renal failure
[65-68]
and cancer patients
. However, we have not found
studies specially aimed to evaluate cirrhotic patients.
Specific data of anthropometric measurements
in patients with HE were presented in a study of 300
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cirrhotic patients (200 men and 100 women). The
authors confirmed that the prevalence of overt HE
during hospitalization was significantly higher in patients
with muscle depletion assessed by MAMC and TSF,
as well as in those with decreased muscle strength,
showing the relevance of anthropometric measures
[39]
and muscle strength in HE . Of note, the diagnosis of
muscle wasting and fat store depletion was based on
th
MAMC and TSF < 5 percentile, respectively, in relation
to normal values.
In a comprehensive review about nutrition in HE,
the authors suggested that parameters not affected by
ascites or edema include MAMC, AC, and TSF. They also
proposed that the diagnosis of malnutrition in advanced
liver disease could be done when MAMC and/or TSF
th
values were lower than the 5 percentile in individuals
th
aged 18-74 years, using the 10 percentile for those
[64]
aged more .
Indeed, these measurements were the most widely
used for a long time, so there is more evidence that
they can be used in cirrhotic patients. Even without such
a well-known scientific basis, we suggest that corrected
arm muscle area (CAMA) and APMT should also be
documented in these patients as supplementary data.
Both could be useful to identify muscle wasting, which is
extremely relevant for cirrhotic patients with HE. CAMA
is calculated through AC and TSF values. As the others
[64]
measurements proposed by Bémeur et al , CAMA
and APMT are also easy to perform, given that they
do not require much cooperation from patients. These
advantages are important in cases with somnolence
and/or confusion. Additionally, we recommend that the
diagnosis of malnutrition in cirrhotic patients with HE
should not be based only on anthropometry, unless it is
the only method available.
Since anthropometric classifications were not based
on cirrhotic patients, it is difficult to establish cutoff
values according to the aforementioned studies because
most of these values were obtained from standard
measures for healthy subjects in different populations.
Likewise, other limitations must be considered: The
inter-observer disagreement in some procedures,
the variations in skin compressibility and hydration,
and the fact that in many cases the overweight can
preclude the diagnosis of cirrhosis-related muscle loss.
Anthropometric measurements should be confirmed by a
[58]
skilled professional in order to increase their reliability .
Therefore, whether evaluations of cirrhotic patients with
HE are based only on anthropometry, these issues can
be a significant drawback. Given the severe disease
found in this population, other methods should be used
to support anthropometric findings whenever possible to
provide greater accuracy for the data obtained.

Bioelectrical impedance analysis

Bioelectrical impedance analysis (BIA) measures are safe
and relatively accurate for estimating fat mass and fatfree mass. The water component of the body is appraised
according to the capacity of the body to conduct an
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[69]

electrical current . Thus, the basic principle of BIA is
that electrical conduction is faster through water and
slower through fat tissue due to the resistance imposed
by fat deposits, thus estimating the percentages of fat
and fat-free tissues. The procedure takes less than 2 min
to measure body electrical conductivity and resistance
(impedance). This resistance value is then applied to the
determination of total body water.
BIA has been applied in evaluations of cirrhotic
[70-77]
patients for many years
. Among the results ob
tained, phase angle (PA) and body cell mass (BCM)
deserve particular attention.
PA values are decreased in advanced cirrhosis.
Furthermore, a prior study confirmed that PA was
associated with muscle strength and muscle mass in
cirrhotic patients. Moreover, a phase angle value less
than or equal to 5.4 degrees was predictor of reduced
[72]
[75]
survival . Of note, Peres et al found that the median
PA was 4.17° (3.19°-7.42°) in a HE subpopulation,
expressively worse compared to cirrhotic individuals in
which HE was not present (5.04°).
BCM is a lean tissue compartment that is diminished
in protein-calorie malnutrition. It estimates the body
cellular elements, and has been considered one of the
best nutritional references for appraising metabolic
pathways like protein turnover and energy expendi
[58]
ture . Thus, low BCM is often observed in advanced
liver disease.
Analyzing 150 potential candidates for OLT equally
divided into two categories (validation group and study
[78]
group), Selberg et al
showed that hypermetabolism
and low BCM proportion (< 35% of body weight) were
related to short survival. Of note, when the authors
compared the subjects who died with those who
survived, HE and edema severity were expressively
worse in the former group, and CAMA measures were
[78]
[79]
correlated with BCM . Figueiredo et al evaluated 69
cirrhotic patients using SGA, anthropometry, handgrip
strength, lab tests and dual-energy X-ray absorptiometry.
Most of the methods applied were weakly associated
with BCM measurements, but the authors showed that
handgrip strength and MAMC values obtained in this
study were the most sensitive markers of depleted
BCM. Combining the cutoff points of 30 kg obtained by
handgrip strength test and 23 cm obtained by MAMC,
the authors showed that these methods could be used
together in order to identify BCM depletion accurately in
[79]
most patients .
[80]
Müller et al
in a study with 123 cirrhotic patients
found that post-transplantation mortality was higher
in patients with low BCM. The authors concluded that
hypermetabolism was not present in all patients, but
could be a cause of malnutrition, thus contributing to
[80]
worsen prognosis .
As BIA results can be altered by physical activity,
dehydration, diuretic use, fluid retention, as well as
liquid and food ingestion before the test, the usage of
this method for assessing cirrhotic patients has been
[56,81-84]
controversial
. According to a prior study, total
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body water was comparable in compensated cirrhosis
and in non-cirrhotic subjects, but was higher in patients
[52]
with ascites . Other studies assessing the changes
caused by ascites have shown that fluid overload can be
[82,85,86]
a cause of imprecision in BIA results
.
In contrast, another research group postulated that
ascites exerts an irrelevant influence on BIA measures
since chest and abdomen together represent only
11% or less of the body resistance, showing that BCM
appraised by BIA was associated with the same measure
evaluated by the total body potassium count, regardless
[87]
the presence of ascites . However, it must be noticed
that 72% of the subjects used diuretics.
Ascites should be viewed as a marker of fluid overload
and not as a simple liquid accumulation. Accordingly,
the instillation of 2-3 L of fluid into the peritoneal cavity
has minimal effect on total body resistivity in patients
submitted to peritoneal dialysis, and assessments of fat
mass and fat-free mass do not vary significantly whether
[88,89]
these patients are dry or filled
. According to ascites
pathophysiology, it is a clinical sign that the patient
presents diffuse water retention and not only in the
abdomen. The controversial point is how much ascites
can change BIA results.
To estimate this effect in cirrhotic patients with HE,
we evaluated 50 patients with HE that were submitted to
BIA and DEXA exams to compare the percentage of fat
mass obtained in each exam (non-published data). The
median of their Child-Pugh classification scores was 8
(Child-Pugh A/B/C = 11/33/6), 32% of them had ascites
and 38% had edema. The mean fat mass according to
BIA and DEXA exams were 29.3% ± 7.7% and 29.8%
± 7.1%, respectively. Pearson's r was used to test the
correlation and Bland-Altman analysis to evaluate the
agreement between the fat percentages obtained by
[90]
BIA and DEXA . Pearson correlation indicated good
agreement (P = 0.0000882 and r = 0.526). However,
we found some discrepancies when the differences
were observed on the scatter graph and through BlandAltman analysis (Figure 1). The results obtained by
DEXA seem to be similar to the values previously found
[60]
in cirrhotic patients without fluid retention (29.6 ± 9.2) .
Even so, it is important to notice that DEXA exams can
also be affected by fluid alterations, as addressed below
[54,91]
in this review
.
These limitations and controversial issues must be
pondered when a cirrhotic patient with HE has been
evaluated, because the precision of BIA results could
be affected by all the body changes induced by the liver
disease. Nevertheless, when there is not a single sign
of fluid retention that could be clinically detected, BIA
can be used for predicting total body water in cirrhotic
patients, but precision is somewhat worse than in
[92]
normal conditions . Taking in account these limitations,
when more accurate methods are not available and the
patient has no signals of fluid overload, we consider that
BIA results are still valuable in cirrhotic patients with
HE because phase angle and BCM convey prognostic
[72]
information . Finally, multi-frequency BIA should be
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Figure 1 Bland-Altman analysis and scatter graph of fat mass percentages obtained from 50 cirrhotic patients with hepatic encephalopathy. Despite the
correlation obtained between the two methods, the differences were also significant. DEXA: Dual-energy X-ray absorptiometry; BIA: Bioelectrical impedance analysis.

preferred in order to achieve more accurate results.

obtained by other methods, such as anthropometry and
BIA. The procedure is based on measurement of body
composition according to a model dividing the body
elements in bone, fat, lean and bone-free lean masses,
which can be distinct according to the energy photons
[98]
passing through the body . Additionally, radiation
[54,99]
exposure is minimal with this technique
. The current
guidelines recommend DEXA as a specific method for
[1,32,49]
the diagnosis of malnutrition in liver diseases
.
The DEXA exam allows assessment of fat-free mass
and lean mass, which are technically different. Fatfree mass is composed by non-fat constituents of the
body, including a small part of the adipose tissue. On
the other hand, lean mass is composed by non-adipose
constituents, which includes the lipids found in the
[100]
nervous tissue and in cell membranes .
[101]
Riggio et al
evaluated 22 cirrhotic patients without
ascites and 16 matched healthy controls using the DEXA
exam. The authors found that the patterns of soft tissue
loss in cirrhotic patients vary according to the gender.
In women, the fat stores are more reduced, while lean
tissue is maintained, as in early starvation. In men, the
loss of lean tissue is more prominent, as seen under
[101]
conditions of stress
. This finding could explain the
poor correlation between muscle mass and muscle
strength in cirrhotic women, making HS not so adequate
for evaluating cirrhotic women according to the ISHEN
[32]
Consensus . Furthermore, it is in agreement with the
finding of a prior study in which MAMC values were
dramatically more affected in male than in female
cirrhotic patients, while loss of fat deposits based on TSF
was more significant in females, as formerly presented
[48]
in this review .
Another study employed DEXA to evaluate 53
cirrhotic subjects, of whom only 30 seemed to be
free of fluid retention. Results obtained by DEXA were
compared with measurements from total body pota
ssium, BIA and skinfold anthropometry. The authors
found a good association between total body fat
obtained from anthropometry and DEXA, regardless
the existence of ascites. Even so, they found some
[102]
discrepancy between DEXA and the other methods .
According to a prior review about the role of DEXA
in the evaluation of cirrhotic patients, one of the main
advantages of this exam is the high reproducibility of the
measurements, with fat variations of less than 1% in

Handgrip strength

There is a growing interest in muscle activity evaluation
for nutrition assessment. Walking tests and other tests
requiring extensive collaboration could not be fully
applied in patients stricken by severe illnesses like HE.
Thus, handgrip strength (HS) can be a good option for
patients with low-grade HE. Muscle strength is closely
related to muscle activity, which is another valuable
parameter for cirrhotic patients with HE, because HE
tends to decrease physical activity.
A probable reason for decreased muscle activity in
these patients is that hyperammonemia is related to
[19,93,94]
fatigue, which is frequently reported in HE
. As
previously mentioned in this review, in healthy adults
the muscle role in ammonia clearance is minimal during
rest, so the physical activity can be very important for
ammonia metabolism. Accordingly, a previous study
postulated that walking at least 5000 steps daily could
be recommended for patients with compensated cirrho
[95]
sis . Although techniques of muscle activity evaluation
are not considered to be methods of nutrition assess
ment, the information obtained would be of great value
in patients with HE and more studies are needed in this
setting.
HS has been suggested as a good indicator of
nutritional status in liver disease patients by several
[1,32,49]
guidelines
. The test is simple and a significant
advantage is that the grip strength value is an inde
[38,79,96,97]
pendent predictor of cirrhosis decompensation
.
[39]
As commented above, Merli et al
found that the
prevalence of overt HE was higher in patients with de
creased HS, suggesting a connection between strength
and HE.
However, according to the ISHEN Consensus, skeletal
muscle function is well associated with muscle mass
only in men, and handgrip dynamometry would not be
a reliable tool for appraising nutritional status in cirrhotic
women. The degree of muscle loss caused by liver
[32]
disease is different in each gender .

DEXA

The DEXA exam has received special attention because it
is widely used to validate the results of body composition
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normal individuals. Accuracy errors are minor, amounting
to 1.5% for quantifying lean mass. Additionally, the
findings estimate the body compartments properly. Even
so, a disadvantage is that fluid imbalances can change
the X-ray passage, leading to an inappropriate appraisal
[54]
of the lean mass .
DEXA allows obtainment of the ratio of the lean
mass content divided by the square of the height, which
is named fat-free mass index (FFMI). In a study of 108
cirrhotic liver transplant candidates, muscle wasting
detected by FFMI was an independent predictor of
[103]
HE . Estimating the content of body segments (upper
and lower limbs and trunk), DEXA can also be used to
calculate the appendicular muscle mass index (AMMI),
which is obtained by dividing the sum of appendicular
muscle mass of the four members (free of fat and bone
[100,104]
tissue) by the square of the height
. The AMMI
provides a precise estimation of muscle mass because
it does not use bone density, which varies with age,
[100]
ethnicity, and response to drugs . It also disregards
the trunk mass, which is commonly affected by fluid
retention in cirrhotic patients.
According to AMMI values, the diagnosis of sarco
penia can be made when individuals present less than
2 standard deviations from the healthy adults. The
2
cutoff points were established as 7.26 kg/m and 5.45
2
[43,44,104]
kg/m for men and women, respectively
. In
the presence of sarcopenia associated with fat mass
percentages higher than 27% for men or higher than
38% for women, the diagnosis of sarcopenic obesity can
[44,104,105]
be made
. AMMI is supposed to be very useful in
studies about cirrhosis because it is not altered by fluid
retention nor overweight status, focusing only on the fat[95,106]
free mass
.
Additionally, DEXA screening is also important for
assessing bone mass before the incidence of fractures
in patients with cirrhosis, because bone mass reduction
is frequent among them. Thus, AMMI and body com
position analysis can be obtained in the same exam
performed to evaluate the bone mass.

into the liver, to study the biliary tree and for hepato
[106]
cellular carcinoma screening . Furthermore, another
aim of employing CT to evaluate body composition is
that the transversal muscle thickness is associated with
[107,108]
prognosis in these patients
.
The measures are recorded by a single crosssectional image at the level of the third lumbar vertebra
[106,109]
or between the vertebrae L3 and L4
. Skeletal
muscle tissue can be identified among other tissues by
density limits: A cutoff of 35 Hounsfield units (HU) is
used to distinct muscle and fat, whereas the maximum of
150 HU is used to separate muscle and bones, although
[91,106]
the former limit can vary between the studies
.
Thus, the exam allows calculating the third lumbar
vertebra skeletal muscle index (L3 SMI), established
as the muscle area contained in this axial plane divided
by the square of the height. The cutoffs for sarcopenia
2
2
2
2
in cirrhotic patients are 42 cm /m and 50 cm /m for
[110]
women and men, respectively .
[109]
Hanai et al
, in a retrospective study of 130
cirrhotic patients submitted to CT exams, found that
sarcopenia was significantly associated with mortality. Of
interest, the authors suggested that the use of branchedchain amino acids could improve survival of such
patients, although the latter finding should be evaluated
[109]
in prospective studies .
The possibility of measurements using previous
exams make this method very attractive as a means
of bringing more precision to the evaluations of body
composition in cirrhotic patients. However, the use
of ionizing radiation, the costs and the fact that the
patient needs to be removed to the CT equipment are
considerable limitations, especially when applied to
patients with HE and/or CT is proposed to be repeated
during the patient follow-up.
To facilitate choosing appropriately among the
methods presented above according to the HE grade,
Figure 2 summarizes some of the main points discussed
about each method in relation to its advantages and
limitations.

Computed tomography scan

Other methods of nutritional assessment

Recently, there has been a growing interest in employing
a computed tomography (CT) scan to assess cirrhosisrelated lean mass depletion. One of the reasons is that
cirrhotic patients are commonly submitted to this exam
to evaluate liver nodules or other alterations previously
detected by ultrasonography screening exams. In
addition, CT can also be used to evaluate portosystemic
shunts in HE patients in order to plan hemodynamic
corrections, and another advantage is that CT allows
obtainment of information on abdominal muscles that
are not commonly accessible. In theory, it could be
possible to assess body composition retrospectively from
images previously registered. For instance, in a recent
CT-based study to assess nutritional status of cirrhotic
patients who are candidates for OLT, the authors
commented that the CT scan is often implemented in
such patients to appraise the blood vessels distribution
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In addition to the aforementioned methods for the
assessment of body composition, other multi-compart
mental techniques have been applied to cirrhotic
patients, especially for scientific research.
[111]
Strauss et al
analyzed the usefulness of DEXA
compared with a multi-compartmental model as a gold
standard technique for evaluating body composition in
198 cirrhotic patients. The fat-free mass in this model
was calculated adding bone content obtained from DEXA
plus body water quantified by D2O dilution and whole
body protein quantified by in vivo neutron activation
analysis (IVNAA). Consequently, fat mass was obtained
subtracting fat-free mass from body weight. DEXA
showed good accuracy and proved to be a suitable
technique to evaluate fat-free mass and fat mass. The
only restriction was that DEXA could not provide details
on the water amount inside of the fat-free mass. It is
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Covert HE (grade 1 and minimal)

HE grade 2

HE grades 3 and 4

Individual nutritional
assessment can be
performed according to
the professional’s expertise
until achieving a lower HE
grade, compatible with
a more comprehensive
evaluation

A comprehensive
nutritional evaluation of
body composition should
be performed by DEXA, CT
or BIA according to local
expertise and availability

Ability to cooperate during
nutritional evaluation should be
checked individually to choose
the best approach. CT, DEXA and
BIA should be avoided in cases
of lack of collaboration, and
in this situation the nutritional
assessment can be performed as
mentioned for HE grades 3 and 4
CT is very useful as a first assessment.
It can also be applied for screening
of liver nodules and evaluation of
portosystemic shunts, but radiation
exposure should be always considered
before repeating the exam

For routine assessment and
where advanced resources
are not available to the initial
evaluation, anthropometric and
handgrip strength measurements
should be used. Different
measures can be combined and
associated with BIA according to
local expertise and availability

Anthropometric measurements such
as AC and TSF should be performed in
1
order to obtain MAMC and CAMA , which
are little influenced by water retention
and overweight. This advantage is also
1
obtained when APMT is measured.
Handgrip strength should be used
because it is associated with nutritional
status and prognosis

DEXA is another excellent option for the
first assessment, and it is also useful
for evaluating bone mineral density, but
radiation exposure should be always
considered before repeating the exam

BIA can be a good option not only for the first
assessment but also for reevaluations. Multifrequency bioimpedance analysis should be
preferred in order to achieve more accurate
results. PA and BCM are important for having
prognostic value in these patients

Figure 2 Proposal for choosing the best approaches during nutritional assessment of cirrhotic patients with hepatic encephalopathy. 1APMT and CAMA
are also associated with nutritional status in many conditions, but were not well evaluated in patients with cirrhosis and HE. AC: Arm circumference; APMT: Adductor
pollicis muscle thickness; BCM: Body cell mass; BIA: Bioelectrical impedance analysis; CAMA: Corrected arm muscle area; CT: Computed tomography scan; DEXA:
Dual-energy X-ray absorptiometry; HE: Hepatic encephalopathy; MAMC: Mid-arm muscle circumference; PA: Phase angle; TSF: Triceps skinfold.

by hepatic impairment and fluid imbalance, they can
involve radiation and can be difficult to repeat during
[32,49,113]
the patient follow up
. Additionally, specific studies
employing these other methods in HE patients are still
lacking.
Finally, in spite of the usage of methods based on
laboratory tests to estimate the degree of liver impair
ment of cirrhotic patients with HE, they are inadequate
to assess their nutritional status. For instance, in such
patients the creatinine height index is less accurate,
because muscle wasting can reduce creatinine levels
[114]
whereas renal impairment can increase them .

noteworthy that these patients presented overhydrated
[111]
fat-free mass in both sexes, especially in women .
[112]
Figueiredo et al , in a study of 79 cirrhotic patients
and 17 controls, compared nutritional evaluation based
on anthropometry, SGA, albumin and lymphocytes with
a multi-compartmental model combining DEXA and
methods of dilution spaces (bromide and deuterium).
The multi-compartment model was composed by total
bone mineral mass, total body fat, extracellular water
and body cell mass. Accordingly, the sum of these four
variables corresponded to the body weight. The authors
found that the two-compartment assessment was not
sufficiently accurate to diagnose malnutrition nor to
estimate the severity of this complication in cirrhotic
[112]
patients .
The guidelines from the European Society for Clinical
Nutrition and Metabolism in liver disease published
in 1997 and 2006 encourage the use of total body
potassium count, IVNAA and isotope dilution for accurate
quantification of changes in body composition in cirrhotic
[49,113]
patients
. The ISHEN consensus also recommends
the usage of magnetic resonance imaging. However, the
guidelines warn that while these methods are not biased

WJH|www.wjgnet.com

CONCLUSION
HE is associated with many pathophysiological changes
induced by liver disease and influenced by nutrition, such
as ammonia accumulation and muscle wasting. Likewise,
nutritional status has a big impact on outcomes of HE
patients. The alterations in body composition induced
by liver cirrhosis and the limitations superimposed by
HE hamper the obtainment of an accurate nutritional
assessment of these patients by a simple test. Fluid
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retention, metabolic alterations and depletion in muscle
and fat deposits should be carefully investigated,
whereas sufficient knowledge on the advantages and
drawbacks of the main methods used in this population
is essential to achieve consistent results by combining
different techniques to assemble detailed data. Further
more, for each method applied, it is important to reco
gnize which measures are more trustworthy and which
should be interpreted with caution due to possible
bias. Prior studies in cirrhotic populations indicated that
some anthropometric, BIA, DEXA and CT data convey
prognostic information, whereas other measures remain
controversial when obtained in patients with fluid
overload. Most of these studies in cirrhotic patients did
not mention the HE rate among the subjects included,
so that specific data from patients with HE are scarce.
Knowledge on HE pathophysiology and evidence of
the prognostic impact of muscle wasting on cirrhosis
make muscle mass and muscle function some of the
main points to evaluate in cirrhotic patients with HE.
Ideally, a comprehensive assessment should gather
information on food intake, anthropometric data not
influenced by fluid overload, measurement of lean mass
and tests of muscle function. The addition of complex
techniques to measure body composition in HE patients
increases the need for patient collaboration, the time
spent, the demand for health professionals and the cost,
but is useful to validate bedside measurements and
should be encouraged. According to the local availability
of each method and the patient condition, nutritional
evaluation should be frequent during the patient followup, but the need to remove patients to the equipment
room, the exposure to ionizing radiation and the costs
can make the repetition of some of these methods less
attractive. Therefore, some techniques can be combined
to offer HE patients the safest and most cost-effective
options, while maintaining the best accuracy in each
nutritional evaluation.
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Abstract

Caterina Sagnelli, Department of Clinical and Experimental
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Hepatitis B virus (HBV) is the most common cause of
hepatitis worldwide, with nearly 350 million people
chronically infected and 600000 deaths per year due
to acute liver failure occurring during acute hepatitis
or, more frequently, in HBV-related liver cirrhosis or
hepatocellular carcinoma. Ongoing immigration from
countries with a high HBV endemicity to those with a low
HBV endemicity warrants particular attention to prevent
the spread of HBV infection to the native population.
This review article analyzes the epidemiology and
virological and clinical characteristics of HBV infection
in immigrant populations and in their host countries,
and suggests prophylactic measures to prevent the
spread of this infection. Among the immigrants from
different geographical areas, those from South East Asia
and sub-Saharan Africa show the highest prevalences
of hepatitis B surface antigen (HBsAg) carriers, in
accordance with the high endemicity of the countries
of origin. The molecular characteristics of HBV infection
in immigrants reflect those of the geographical areas
of origin: HBV genotype A and D predominate in
immigrants from Eastern Europe, B and C in those from
Asia and genotype E in those from Africa. The literature
data on the clinical course and treatment of HBsAgpositive immigrants are scanty. The management of
HBV infection in immigrant populations is difficult and
requires expert personnel and dedicated structures for
their assistance. The social services, voluntary operators
and cultural mediators are essential to achieve optimized
psychological and clinical intervention.
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the media . In addition, tribal rituals may favor the
parenteral spread of these infections in some countries.
Concluding on this point, immigration from developing
countries may influence the epidemiology of these
infections in western countries, which can be controlled
by improving the immigrants standard of life and by
[3]
taking prophylactic measures in the host countries .
This review article analyzes the epidemiology of
HBV infection in immigrant populations and in their
host countries and suggests prophylactic measures to
prevent the spread of this infection in western countries.

Core tip: Extensive immigration from countries with a
high hepatitis B virus (HBV) endemicity to those with
a low HBV diffusion warrants particular attention to
prevent the spread of HBV infection to the native popu
lation. This review article analyzes: (1) the prevalence
of subjects with hepatitis B in screened immigrants;
(2) the distribution of the HBV genotypes; (3) the cost
effectiveness of screening immigrants for hepatitis B;
and (4) the clinical and therapeutic approach.

WORLDWIDE EPIDEMIOLOGY OF HBV
INFECTION

Coppola N, Alessio L, Pisaturo M, Macera M, Sagnelli C,
Zampino R, Sagnelli E. Hepatitis B virus infection in immigrant
populations. World J Hepatol 2015; 7(30): 2955-2961 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v7/i30/2955.
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HBV is the most common cause of hepatitis worldwide,
[4]
with nearly 350 million people chronically infected
and 600000 deaths per year due to acute liver failure
occurring during acute hepatitis or, more frequently,
in HBV-related liver cirrhosis or hepatocellular car
[5-7]
cinoma . HBV is mainly transmitted at birth from an
infected mother to the newborn baby, by parenteral
route mainly in adults (intravenous drug use, surgery,
dialysis, tattooing and piercing) or by unsafe sexual
intercourse. The spread of chronic HBV infection differs
widely from one geographical area to another, and the
prevalences of hepatitis B surface antigen (HBsAg)
chronic carriers classify the level of endemicity as low
(< 2%), intermediate (2%-7%) and high (> 8%) in
[7]
different countries . HBV endemicity is high in Asia,
sub-Saharan Africa and Alaska, but enclaves with high
rates of HBsAg chronic carriers have been discovered
in Southern and Eastern Europe and South and Central
America. The prevalence of the HBV chronic infection
varies in European countries from 0.1% to 8.0%. In
Italy, the HBsAg seroprevalence is around 1% and the
incidence of acute hepatitis B registered in 2013 is one
case per 100000 inhabitants, the new cases almost
exclusively involving non-vaccinated adults infected by
[8]
sexual route . In the United States and Australia the
prevalence of HBsAg chronic carriers is lower than 0.5%.
In geographical areas with a high prevalence of
HBsAg chronic carriers, HBV infection is frequently trans
[4]
mitted at birth or during early childhood , while in areas
with a low prevalence it is typically acquired during
[9]
adulthood by percutaneous or sexual transmission .

INTRODUCTION
Due to numerous socio-economic and political crises
that have occurred in Africa, Eastern Europe, Asia and
South and Central America in recent decades, Western
countries have become lands of immigration for citizens
of these sub-continents. Immigrants are frequently poor,
out of work, carry on the cultural and religious traditions
of their country of origin and do not speak the language
of the host country. One of the most important forces
driving young and middle-aged adults to emigrate to
a western country in search of work is the low income
in their countries of origin. Consequently, the typical
immigrant is a healthy young male who leaves his
country in the hope of new opportunities to improve his
[1]
living conditions . This phenomenon is called “healthy
migrant effect”, a kind of self-selection whereby only
those subjects in good physical condition who are young
and with enough initiative and psychological stability
emigrate. For these subjects their good health is the
only certainty to invest in their own future and in that of
their family. Although in good clinical conditions, these
subjects may carry asymptomatic chronic infections,
such as those related to hepatitis B virus (HBV),
hepatitis C virus (HCV) and human immunodeficiency
virus (HIV), all widespread in low-income countries.
In addition, political reasons often favor the flow of
immigrants, such as dictatorships, persecution, war and
genocide, all of which induce numerous families to seek
freedom outside their country.
The immigrant populations frequently move from
geographical areas with intermediate or high HBV, HCV
and HIV endemicity to countries where these infections
have a low endemicity level. The high or intermediate
endemicity in low-income countries is most frequently
a consequence of scanty knowledge of the routes of
transmission of these infections, due to a low level
of schooling and difficulty obtaining information from
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HBV INFECTION IN IMMIGRANT
POPULATIONS
This review was prepared in accordance with the
PRISMA guidelines. PubMed searches considered papers
published between March 1974 and January 2015,
and combined “Country” with the free-text search
terms ‘‘hepatitis B, HBsAg’’ and ‘‘epidemiologic studies,
prevalence, and seroprevalence’’ and ‘‘immigrants,
foreigners and refugees’’.
The studies included in this review reported original
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Italy is a land of immigration also from Eastern Europe,
and immigrants from this subcontinent living in Italy
showed HBsAg-positivity rates ranging from 6.94% to
[11,14,17]
36.7%
. High prevalences were also observed
in Albanian refugees in two Greek studies, 11.7% and
[18,19]
15.3%, respectively
. In Germany the Turkish com
munity accounts for about 20% of the whole population,
[20]
with an HBsAg prevalence of 5% . In studies carried
out in England and Holland the Chinese immigrants
showed a percentage of HBV chronic carriers of 8.5%
[21,22]
and 8.7%, respectively
.

Table 1 Studies and immigrants screened, according to the
geographical area of origin
Region
Eastern Europe
Africa
Latin America
Asia

No. of studies

No. of immigrants investigated

8
13
5
17

4163402
959046
130003914
8468256

data on the HBsAg seroprevalence in immigrants. The
data on the immigrants’ status was classified in the
following categories: Immigrants, refugees, asylum
seekers. We excluded studies on acute hepatitis B in
immigrants.
The data on the study design, decade of study,
immigrant status, immigrants’ region of origin, mean or
median age, gender distribution, co-morbidities, method
of participant identification for the study, and serological
testing method used were also extracted. The method
of participant selection was categorized as occurring in
reception centers at the time of arrival, in the context
of a clinic or hospital visit, screening or others situations
(i.e. screening studies in general host populations that
included a subset of immigrants or studies which invited
certain immigrant groups to be screened).
A total of 273 citations were identified in the elec
tronic search. After screening the titles and abstracts,
245 were excluded because they were considered
irrelevant and 5 were duplicated. A total of 23 articles
were assessed with the predefined eligibility criteria and
included in this review.
In these studies we evaluated: (1) the prevalence
of subjects with hepatitis B in screened immigrants;
(2) the distribution of the HBV genotypes; (3) the cost
effectiveness of screening immigrants for hepatitis B;
and (4) the clinical and therapeutic approach.

Studies performed in North America: Several
American studies screened subjects from Asia (China,
[23-29]
Pakistan, Afghanistan, Vietnam, Cambodia, Laos)
.
[25]
The study by Mitchell et al
is an impressive retro
spective investigation that tested for the HBsAg pre
valence the immigrants to the United States from 1974
to 2008 (Table 2). Nearly 27 million immigrants from
225 countries were examined. The largest geographical
subgroup came from Latin American countries (13
million cases) and the smallest from African countries
(940000 cases). The percentage of HBsAg-positive
immigrants was 1.6% in those from Latin America,
11.1% in those from South Africa, 5% in those from the
Mediterranean countries, 2.9% from Europe, 4% from
South East Asia and 11% from The Pacific countries.
Studies performed in Australia: At present, immigrant
populations come to Australia prevalently from countries
[30]
of South-East Asia. Caruana et al screened 95 Laotian
and 236 Cambodian immigrants, of whom 9.5% of the
Laotians and 8% of the Cambodians were HBV chronic
carriers. Most of the HBsAg-positive subjects were
unaware of their HBV status. Further studies are needed
to extend the knowledge of the impact of immigration
on the HBV endemicity in Australia.

Prevalence of HBV infection in immigrants

HBV Genotypes in immigrants

The 23 selected articles involved 27948420 immigrants
from several geographical regions (Table 1). All studies
but two were prospective and evaluated the demo
graphic, epidemiological and clinical data from immigrant
screening programs performed in countries with a low
HBV endemicity.
Among immigrants from different geographical
areas, those from South East Asia (0%-27.3%) and
sub-Saharan Africa (0%-15%) showed the highest
prevalences of HBsAg carriers, in accordance with the
high endemicity of the countries of origin (Table 2).
[10]
McCarthy et al observed 15421 immigrants at 41
GeoSentinel clinics and found that 17% of the cases
were HBV chronic.

The molecular characteristics of HBV infection in
immigrants reflect those of their geographical areas of
origin. HBV genotyping in immigrants was investigated
only in small studies (Table 3). Mixson-Hayden et
[23]
al
studied immigrants from Asia and Somalia and
detected HBV genotypes B and C in 90% of subjects
[15]
with chronic hepatitis B. Rivas et al
studied 34 HBV
viremic patients from Equatorial Guinea and other
sub-Saharan countries and found HBV genotype A in
22, genotype E in 10, and genotype D in 2. El-Hamad
[17]
et al
investigated 45 immigrants and found that
HBV genotype D predominated in those from Eastern
Europe, HBV genotypes B and C in those from Asia,
genotype A in those from India and genotype E in those
[11]
from West Africa. Scotto et al
evaluated 144 HBVDNA-positive immigrants, prevalently from Africa, and
identified 65 (45.1%) with HBV genotype E, 26 (18.1%)
with D, 22 (15.3%) with B, 19 (13.2%) with C and 12
(8.3%) with A.

Studies performed in Western Europe: The HBsAg
seroprevalence in sub-Saharan immigrants ranged
[11-14]
from 7.4% to 13.9% in four Italian studies
and
[15,16]
was 8% and 15% in two studies from Spain
, but
[17]
another Italian study showed a prevalence of 3.7% .
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Table 2 Prevalence of hepatitis B virus infection in immigrant populations
Ref.

1

Country

Type of study

Greece

Prospective

130

Australia

Prospective

329

Spain

Prospective

1303

Canada
Italy
United States

Prospective
Prospective
Retrospective

504
182
9570

Italy

Prospective

529

Milionis et al[19]
Lee et al[27]
Levy et al[26]

Greece
United States
United States

Prospective
Prospective
Prospective

Mitchell et al[25]

United States

Retrospective

504
567
684
1502
27900000

United States
Holland
Spain
Canada, Europe,
United States,
Australia, New
Zeland
United Kingdom
The Netherlands
The Netherlands
Germany
United States

Prospective
Prospective
Retrospective
Retrospective

322
1090
1493
15421

Prospective
Prospective
Prospective
Prospective
Prospective

229
465
959
1287
4890

El-Hamad et al[17]

Italy

Prospective

3728

Coppola et al[14]

Italy

Prospective

882

[18]

Roussos et al

Caruana et al[30]
Toro et al[16]

Hislop et al[29]
Majori et al[13]
Museru et al[24]

Tafuri et al[12]

Kallman et al[28]
Veldhuijzen et al[22]
Rivas et al[15]
McCarthy et al[10]

Vedio et al[21]
Zuure et al[38]
Richter et al[39]
Burgazli et al[20]
Mixson-Hayden et al[23]

No. of patients

Area of origin and percentage (%)

HBsAg positive (%)

Eastern Europe: 86
Asia: 8.5
Africa: 6.2
South east Asia
(Laos and Cambodia)
Latin America: 46
Sub-Saharan Africa: 23.7
Eastern Europe: 9.4
Northern Africa: 9.2
Asia: 4.9
China: 100
Sub-Saharan Africa: 100
Asia: 24
Africa: 71
Eastern Europe: 4
Africa: 96.4
Asia: 3.6
Albania: 100
Asia: 100
South America: 96.4
Asia: 7.7
Latin America: 46.6
Africa: 3.36
Mediterranean countries: 6
Europe: 14.3
South East Asia: 6.6
Pacific Countries: 23.7
Vietnam: 100
China: 100
Sub-Saharan Africa: 100
Africa: 41
Asia: 35.8
South America: 16.1
Eastern Europe: 4
China: 100
Egypt: 100
Eastern Asia: 100
Turkey: 100
Somalia: 14.5
Asia: 86.5
North Africa: 12.4
Eastern Europe: 44
Sub-Saharan Africa: 21.4
Asia: 16.8 (37 China)
Central-South America: 5.4
Northern Africa: 9
Sub-Saharan Africa: 50.3
Eastern Europe: 22
India-Pakistan Area: 14.3

15.33
27.3
0
Laos 9.5
Cambodia 8
0
15
0
3.2
Unknown
6
9.3
10.72

8.3
0
11.7
6
0.3
3.8
1.6
11.1
5
2.9
4
11
9.3
8.5
8.4
12.5
11.7
2
0
8.7
1.1
2.2
5
5.54
6.84
2.8
6.9
3.7
3.4
3.3
2.5
13.9
6.2
3.2

1

Estimated cases; 2It is not possible to differentiate for geographical area of origin; 3Albania 22.4%; 4HBV-DNA-positive. HBsAg: Hepatitis B surface antigen;
HBV: Hepatitis B virus.

Table 3 Prevalence of hepatitis B virus genotype in immigrant populations n (%)
Ref.
Toro et al[16]
Scotto et al[11]
Rivas et al[15]
Zuure et al[38]
Mixson-Hayden et al[23]
El-Hamad et al[17]

No. of HBV-DNApositive patients (%)

HBV
genotype A

HBV
genotype B

HBV
genotype C

43 (81)
144 (75.4)
40 (52.6)2
5 (100)
331 (12.1)1
45 (27)

15 (34.9)
12 (8.3)4
22 (64.7)3
9 (2.7)
8 (18)

22 (15.3)
164 (49.5)
5 (11)

19 (13.2)
137 (41.4)
5 (11)

HBV
genotype D
16 (37.2)
26 (18.1)
2 (5)
5 (100)
27 (60)

HBV
genotype E
10 (23.2)
65 (45.13)
10 (25)
-

HBV
HBV
genotype F genotype G
-

1 (2.3)

-

1 (0.3)

1

Twenty specimens could not be genotyped; 2Six specimens could not be genotyped; 3Five subjects presented mixed genotypes (A/D); 4Four subjects
presented mixed genotypes (2 A/D; 2 A/F). HBV: Hepatitis B virus.
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The flow of immigrants may modify the distribution
of HBV genotype in host countries with a low endemicity,
since the immigrants frequently come from countries
with a high or intermediate HBV endemicity. An example
of this has occurred in Italy, where HBV genotype D
was responsible for acute hepatitis B in 95% of cases
observed until two decades ago, whereas in recent years
HBV genotypes non-D has been found to be responsible
[31]
for 60% of the cases . This phenomenon is of clinical
value, since some studies reported that the natural
history and the response to antiviral treatment of HBV
[32]
infection may differ in relation to the HBV genotypes .

language for clinical consultation and counseling.
In an Italian prospective study, 926 illegal or refu
gee immigrants were observed for a clinical consul
tation at a first-level clinical center with the help of
[14]
cultural mediators . During the clinical consultation,
screening for HBV, HCV and HIV infections offered to
all immigrants was accepted by 95% of them. The 81
subjects found to be HBsAg-positive were referred to
rd
a 3 level clinic of infectious diseases to complete the
diagnostic procedures and be considered for a clinical or
therapeutic follow-up.
A particular screening strategy, based on a peer-topeer communication, was applied in nine Italian prisons,
where more than one third of the prisoners were immi
grants. Briefly, a former prisoner acquainted with the
correct information on HBV, HCV and HIV infections
and correlated diseases and treatments acted as a
peer educator for the inmates in the nine prisons. The
sampling, performed on a voluntary basis, improved
the percentages of screened prisoners from 25%-30%
of the previous year to 65%. Active HBV infection was
[33]
diagnosed in 15.2% of the immigrant inmates .
Of 1970 immigrant pregnant women recently
screened in an Italian study, 143 (7.3%) were found to
be HBsAg-positive and screening for HBsAg was offered
also to their family members. All immigrants found to be
HBsAg-positive in this study were referred to a unit of
infectious diseases to complete the diagnostic procedures
and be considered for a clinical and therapeutic follow-up
(unpublished data).

Clinical and therapeutic approach in relation to the legal
status of the immigrants

The literature data on the clinical course and treatment
of HBsAg-positive immigrants are scanty. Interesting
information, however, comes from a study performed
on a Chinese community in Rotterdam in the Nether
[22]
lands
where 1090 Chinese immigrants were tested
for HBsAg and 92 (8.5%) were found positive. Of these
92, the 35 (38%) with chronic hepatitis were referred to
a specialist and 15 of them started antiviral treatment,
whereas the 57 (62%) HBsAg asymptomatic carriers
were referred to general practitioners for a long-term
follow-up. The good clinical practice applied in this study
is a good example to imitate in host countries. Instead,
in most host countries the management of HBV infection
in the immigrant population is a complex issue, due to
bureaucratic difficulties and to the numerous language,
economic, social, religious and cultural barriers the
immigrants finding a foreign country.

CONCLUSION

Risk for host countries and cost effectiveness of
screening immigrants for hepatitis B

People fleeing from cruel wars and/or extreme need
are often destitute, but the current social and economic
crises in some western countries do not favor their
[34]
integration in the host country . Correct management
of the healthcare problems of immigrants requires
expert personnel, funds and dedicated structures for
their assistance. The experience of personnel on HBV
infection is essential, also considering the suggestion of
literature; in fact, recently in a survey on the knowledge
on HBV infection in physicians in various stages of
their training in Santa Clara, California, United States,
[35]
Chao et al
demonstrated that both medical school
and residency training had no adequately prepared
physicians on the management of HBV infection.
Moreover, the assistance of the social services,
voluntary operators and cultural mediators is essential
to obtain an optimized psychological and clinical
[36,37]
approach
. The first-level clinical centers that usually
have the initial clinical contact with immigrants should
have proven experience in the clinical, psychological
and legal management of vulnerable groups, since
HBV infection is only part of a global social and clinical
problem. The role of the cultural mediators during
clinical consultations is of great importance, since they
can reassure the immigrants in their own language and
be of help to a skilled physician in explaining to them

Extensive immigration from countries with a high HBV
endemicity to those with a low HBV endemicity requires
vigilance to prevent the risk of spreading HBV infection
to the native population. In fact, in most western
countries, apart from the vaccination of subjects with
a greater risk of acquiring HBV infection, universal
vaccination now regards only newborn babies and,
consequently, the majority of middle-aged adults and
the elderly lack immunological protection against HBV.
Extensive screening programs should be implemented
to identify the HBsAg-positive immigrants and acquaint
them with the correct information on HBV, its routes of
transmission and prevention. HBV vaccination should
be offered free of charge to the household members of
HBsAg carriers.
[22]
Veldhuijzen et al
in Holland used an interesting
screening strategy. In a 3-mo campaign targeting the
Chinese community in Rotterdam with free HBV-testing
at an outdoor location, 49% of 1090 immigrants had
positive serology for a past or current HBV infection. The
Chinese community organizations gave their support to
the campaign, which started at the time of celebrations
for the Chinese New Year. Ninety-two HBsAg-positive
subjects were invited by telephone in their native
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the importance of screening, diagnostic tests, clinical
follow-up and treatment. Only if trust is established,
will the immigrants listen and follow the suggestions
put forward. The cultural mediators can also act as
tutors to help the immigrants deal with the bureaucratic
requirements to be carried out.
Information to immigrants is a key point. As regards
HBV infection, they should improve their knowledge
on the infection and related diseases, risk factors
of transmission, methods for prevention including
vaccination programs and available treatments. This
information could be more easily delivered in illustrative
brochures and informative cartoons prepared in different
languages and with educational videos uploaded on the
social networks (facebook, twitter, etc.). It is of great
importance to stress the practical measures to prevent
the acquisition and transmission of HBV and other
infectious agents. The importance of condom use in
preventing HBV transmission during sexual intercourse
should always be stressed.
Healthcare operators offering the immigrants HBV
screening free of charge, and hopefully for HCV and
HIV infection, should act in accordance with the local
laws of privacy. Adhesion to the screening and a signed
informed consent, written in the immigrant’s native
language, should be obtained on a voluntary basis.
Patients should be asked about their geographical origin,
time of immigration, level of education, religion, family
history, cohabitation conditions, sexual habits, history
of previous surgery, dental care, tattooing, piercing,
drug addiction, blood transfusion and tribal rituals, and
for females previous abortions. These data should be
recorded in a pre-coded questionnaire.
A skilled physician should discuss the result of the
screening with the help of a cultural mediator, and the
rd
HBsAg-positive subjects should be referred to a 3 level
liver unit to complete the diagnostic course, clinical
evaluation, monitoring and treatment if necessary. Each
HBsAg-positive subject should be assisted by a cultural
rd
mediator at the 3 level clinical center throughout the
monitoring or treatment period. Vaccination against
HBV should be considered for each HBsAg-negative
subject exposed to HBV infection.
In conclusion, the integration of immigrants in the
host country where they will start a new life should be
a major objective of governments and those working in
dedicated associations. Good quality medical care and
improved quality of life are the first steps to ensuring
integration.
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TOPIC HIGHLIGHT
2015 Advances in Nonalcoholic Fatty Liver Disease

Management of non-alcoholic fatty liver disease in 2015
Neel Malhotra, Melanie D Beaton
established targets for diet and weight loss. The use
of unsweetened, unfiltered coffee along with limiting
high fructose corn syrup have emerged as beneficial
dietary recommendations. The use of empiric oral
hypoglycemic agents and vitamin E, however, has not
been widely accepted. Developing bariatric surgical
techniques are promising, but additional studies with
long-term follow up are needed before it can be widely
recommended. Finally, liver transplantation is an increas
ingly frequent consideration once complications of endstage disease have developed. The future treatment
of those with nonalcoholic fatty liver disease will likely
involve a personalized approach. The importance of the
gut microbiome in mediating hepatocyte inflammation
and intestinal permeability is emerging and may offer
avenues for novel treatment. The study of anti-fibrotic
agents such as pentoxifylline and FXR agonists hold
promise and new pathways, such as hepatocyte canna
binoid receptor antagonists are being studied. With
the incidence of obesity and the metabolic syndrome
increasing throughout the developed world, the future
will continue to focus on finding novel agents and new
applications of existing therapies to help prevent and
to mediate the progression of nonalcoholic fatty liver
disease.
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Core tip: Lifestyle modification with diet and exercise
remain the mainstay of therapy for nonalcoholic
fatty liver disease. Loss of at least 7%-10% of body
weight with limiting high fructose corn syrup and highsaturated/high glycemic index foods should be combined
with regular, vigorous physical activity. The future of
treatment will continue to evolve and likely include the
role of anti fibrotic agents, surgical management and
transplantation when indicated.

Abstract
There is no single pharmacologic therapy that has
been approved to treat nonalcoholic fatty liver disease
in the general population. The backbone of therapy
currently includes intensive lifestyle modification with
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and include hepatic steatosis, lobular inflammation
and hepatocyte ballooning. A randomized study by
[3]
Promrat et al showed that there was a significant
improvement in the NAS score in those treated with
lifestyle modification. It required subjects to achieve
7%-10% reduction in body weight by limiting caloric
intake and completing moderate intensity activities for
200 min/wk. They also included regular support with
behavior modification and dieticians for meal planning.
Unfortunately, this study failed to identify a significant
[3]
difference in fibrosis on biopsy . Although specific
targets exist for weight loss, sustained results over the
long-term are the backbone for continued success. Even
alone, there has been improvement seen with exercise
[2]
without dietary modification .
We now know that the intensity of physical activity
can effect the histologic improvements demonstrated
in patients. Those with vigorous activity had decreased
[4]
odds of NASH and lower glucose and insulin values .
It can be quantified as 75 min/wk with activities that
include running on a treadmill or using a step machine.
Doubling the time was shown to provide additional
[4]
benefits of reduced NASH activity .

Malhotra N, Beaton MD. Management of non-alcoholic fatty
liver disease in 2015. World J Hepatol 2015; 7(30): 2962-2967
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i30/2962.htm DOI: http://dx.doi.org/10.4254/wjh.v7.i30.2962

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a form of
chronic hepatitis that affects a wide range of individuals.
It is estimated that up to 95 million adults in the United
States have been affected and that the prevalence will
[1]
continue to increase . The most common documented
comorbidities that have been associated with NAFLD
include obesity, impaired insulin sensitivity and dyslipi
demia. There is growing evidence that there is also a
connection to a number of other disorders including
obstructive sleep apnea, hypothyroidism, hypopituita
[2]
rism, hypogonadism and polycystic ovarian syndrome .
NAFLD exists as a spectrum and is best characterized
histologically. Important features include steatosis,
inflammation, hepatocellular ballooning and fibrosis.
NAFLD can be classified as non-alcoholic fatty liver (NAFL)
and non-alcoholic steatohepatitis (NASH). In NAFL
hepatocellular injury is absent, whereas NASH involves
the presence of inflammation with hepatocyte damage,
[2]
with or without fibrosis . Once present, these specific
changes mediate the risk of future disease progression.
The importance of treatment for NAFLD comes
from the knowledge of its complications. It is well esta
blished that patients with NASH can progress to develop
[2]
cirrhosis and its complications including hepatocellu
[2]
lar carcinoma (HCC) . However, the most common
cause of death in patients with NAFLD is cardiovascular
disease. Today, the medical community continues
to look for evidence-based therapy to improve liver
histology and reduce associated risks. These include
lifestyle management with a goal of sustained weight
loss, treating associated features of the metabolic
syndrome to reduce cardiovascular risk, as well as liver
specific pharmacologic therapy and in some cases trans
plantation. As we look beyond 2015, we are hopeful that
studies currently evaluating the role of the microbiome,
novel insulin sensitizers and anti-fibrotic agents will
provide effective therapies for this condition. We aim to
discuss the current management of NAFLD and future
directions of treatment.

LIFESTYLE MODIFICATION: DIET
Dietary composition has been scrutinized as a possible
modifiable factor in altering the course of NAFLD
development and progression. As the North American
diet continues to evolve, so does the need for finding
easy meal options to keep up with a fast paced lifestyle.
That often leads to consumption of high caloric, pro
cessed foods and carbonated beverages. Magnetic
resonance spectroscopy (MRS) has been helpful to
quantify the accumulation of fat in the liver. The cut off
in NAFLD is based on intrahepatic triglyceride (IHTG)
[5]
content and set at greater than 5.6% . Fructose, transfatty acids and saturated fat may contribute to increased
IHTG, while poly and mono-unsaturated fats may play
[5]
a protective role . The result is an imbalance of free
fatty output from the liver. Saturated fats have been
especially shown to contribute toward the development
of cardiovascular disease, type 2 diabetes mellitus and
[6]
the metabolic syndrome . Although they have also
been shown to increase the IHTG, studies of high calorie
diets may have other potential cofounders to explain
[7]
the results . Trans-fatty acids are unsaturated and
produced due to hydrogenation. They have at least one
double bond in the trans configuration and are found
in many processed food items. Their role in humans
[5]
and NAFLD has not been well described at this time .
Polyunsaturated fatty acids (PUFA) and monounsaturated
fatty acids have been shown to regulate expression of
[8]
proteins involved with fatty acid oxidation . As a result,
this may lead to an overall improvement in the IHTG
[5]
content in the liver .
The monosaccharide fructose and its disaccharide
form, sucrose are primary dietary sweeteners that are
[9]
highly lipogenic sugars . This has lead to examine

LIFESTYLE MODIFICATION: EXERCISE
Based on the 2012 published practice guidelines,
lifestyle intervention has shown to improve hepatic
[2]
aminotransferases along with steatosis . It broadly
encompasses both dietary changes and regular exercise.
One of the objective end points for many studies has
included the NAFLD activity score (NAS), which was
[3]
validated by the NASH Clinical Research Network .
The components are based on histologic examination
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[14]

fructose and its role in NAFLD. Intake of sucrose and
high fructose corn syrup has increased 1000% over
the past 40 years and can account for up to 10% of
[10]
caloric food intake . Overall, fructose is a component of
insulin resistance and a contributor to visceral adiposity
[9]
and plasma triglycerides . The downstream effect is
fat deposition in the liver in excess amounts. Steatosis
is the eventual result of the liver’s inability to keep up
[9]
with synthesis, utilization and expenditure of fat . A
[9]
cross sectional analysis by Vos et al showed that daily
consumption of fructose was associated with significantly
more fibrosis (OR = 2.6, p = 0.004) and significantly
lower plasma high density lipoprotein (HDL) (p <
0.001). More studies will be needed to further determine
how fructose contributes to NAFLD development and
[9]
progression to NASH and how this can be mediated .
Overall, a balanced diet consisting of lower glycemic
index fruits and vegetables, low saturated fats along
with whole grains has been shown to reduce liver fat on
[1]
MRS .
The effect of coffee has been previously studied in
other causes of liver disease, including HCC. A recent
[11]
meta-analysis by Bravi et al
revealed a significant
decrease in relative risk for HCC with increasing coffee
consumption. Similarly in NAFLD, a study by Molloy
[12]
et al
looked at caffeine and coffee intake. There
appeared to be an inverse relationship between regular
unsweetened, unfiltered caffeinated coffee consumption
[12]
and hepatic fibrosis . This effect could not be extra
polated to other types of caffeine. Unfortunately, there
have been no prospective trials identifying a specific
amount required for achieve maximal benefit. Although
the exact ingredient responsible for these benefits is
unknown, it has been postulated that it due to the
reduced amount of cafestol and kahweol in unfiltered
coffee. These are diterpene molecules that are thought
to have anti-inflammatory properties, but also potentially
increase serum cholesterol. By filtering coffee, it may
prevent an elevation in low-density lipoprotein cholesterol
and serve as a reasonable adjunct to therapy in NAFLD
[13]
patients .

studied by Sanyal et al . Twelve months of therapy
[14]
was compared to placebo by Sanyal et al . During the
trial, up to 25% of patients dropped out, mainly due to
side effects including nausea, diarrhea and abdominal
[14]
discomfort . Using histologic improvement as a pri
mary endpoint, there was unfortunately no significant
effect on steatosis or fibrosis stage when comparing
placebo with lower (1800 mg/d) or higher (2700 mg/d)
[14]
doses of of EPA-E .
The evaluation of insulin sensitizing agents in NAFLD
has mainly focused on the role metformin and the
family of thiazolidinedione. While pioglitazone has shown
improvement in steatosis and inflammation in non
diabetics, there are safety concerns including bladder
[2]
cancer risk, weight gain, fractures and heart failure .
The PIVENS study was a multicenter, randomized,
placebo-controlled trial published in 2010. In nondiabetic
and non-cirrhotic adults with biopsy proven NASH there
was a decrease in fibrosis after 96 wk (P = 0.04, NNT
= 6.9), but it did not meet the pre-specified statistical
[15]
endpoint . The lack of significance might be attributed
to the fact that 28% of the initial biopsy specimens
lacked hepatocellular ballooning in the pioglitazone group
[15]
compared to 17% in the placebo group . As result, it
would be harder to meet the targets set in the primary
outcome, including improvement in hepatocellular
ballooning and fibrosis score.
Metformin is widely used as a first line agent to
control blood sugar and its role in NAFLD has been
studied. In a recent systematic review and meta-analysis
there was an improvement in aminotransferases, but
[16]
no significant histologic response was identified . In
contrast, a small randomized controlled trial published by
[17]
Bugianesi et al showed a decrease in liver fat, necro
inflammation and fibrosis in nondiabetic adults treated
with metformin. Further to this, metformin’s effect on
overall mortality was examined in a cohort study of DM
patients who developed NASH related cirrhosis, with
a 57% reduced risk of death and no evidence of lactic
[18]
acidosis in those taking metformin . Although current
guidelines do not recommend metformin as a specific
treatment for liver disease in patients with NASH, it may
[2]
be a useful adjunct in management of associated DM .
Vitamin E is a well-known antioxidant that prevents
the propagation of free radicals. This was also examined
in the PIVENS trial with a dose of 800 IU/d over 96
[15]
wk . Overall, there was a significant improvement
in the primary endpoint of hepatocellular ballooning
[15]
and steatosis (P = 0.001, NNT = 4.2) . This occurred
[15]
without significant improvement in fibrosis score .
Vitamin E is not free from adverse effects, with ass
ociations including risk of hemorrhagic stroke, prostate
cancer and all-cause mortality. As such, physicians
must be mindful in using it, and when patients are
placed on vitamin E to treat NASH, its efficacy should
[15]
be assessed after 6 to 12 mo of therapy . The current
recommendations advocate for use of Vitamin E in
[2]
nondiabetic patients with biopsy proven NASH .
Angiotensin-converting enzyme inhibitors (ACE-I)

PHARMACOLOGIC THERAPY
Given the related pathophysiology of NAFLD and
associated metabolic comorbidities, it has been hoped
that the pharmacologic treatment of these conditions
could lead to an improvement in liver histology. This
has lead to numerous clinical trials, although none have
demonstrated significant benefit to be approved as
[3]
liver-specific therapy .
Poly unsaturated fatty acids have been shown to
reduce insulin resistance, lipid production and systemic
inflammation. The n-3 form of PUFAs represent the
family of omega 3 fatty acids. The physiologic forms exist
as eicosapentanoic acid (EPA) along with docosahexa
[14]
noic acid and are significantly decreased in NASH .
Therefore, supplementation with the synthetic ethyl-EPA
(EPA-E) that is found in many fish oil preparations was
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and management involves the gut microbiome. Its role
is complex and at present, incompletely understood.
Resident microbiota consist of millions of microbial
genes that influence metabolism, physiology and gene
[26]
regulation . They aid in synthesis of vitamins, digestion
[27]
of fibers and prevention of pathogen colonization . As
such, the role in intestinal disorders such as C difficile
infection, inflammatory bowel disease and irritable bowel
[26]
syndrome is increasingly recognized . It is thought that
the microbiome’s role in NAFLD may be mediated via
the development of endotoxins involved in obesity and
insulin resistance. The major fermentation products of
[27]
microbiota are short chain fatty acids (SCFAs) . There
is also an association with increased production of SCFAs
in overweight and obese subjects when compared to
[28]
lean individuals . The pathophysiology is thought to
be due to an increased ability to harvest energy through
[27]
the glucagon-like peptide 2 receptor . The resident
species of bacteria in the gut that are involved in these
complex interactions is also important to consider. A
[29]
study in obese patients by Ley et al showed that the
proportion of specific microbacteria (Bacteroidetes)
was lower in obese compared to lean patients. This
[29]
proportion subsequently increased with weight loss .
During digestion, bacterial metabolites are presented
[27]
to the liver through the portal vein . This allows
exposure of gut-derived factors from the small intestine to
potentially cause a downstream inflammatory response
[1]
in liver tissue . Interestingly, SCFAs may also play a
protective role with down-regulating insulin signaling in
[27]
adipose tissue through G-protein couple receptor 43 .
The future of the gut microbiome is exciting and may one
day lead to a personalized approach to manage NAFLD.
This is a promising development for possible future
pharmacologic applications in NAFLD.
There are a wide range of additional pharmacologic
agents currently under study. Endocannabinoid CB1
receptors expressed on hepatocytes and myofibroblasts
[1]
are contributors to hepatic fat storage . Peripheral
receptor antagonists could prove to be a beneficial
strategy in this patient population. Additional newer
oral hypoglycemic agents GLP-1 receptor analogues
(Exenatide™) and DPP-4 inhibitors (Sitagliptin™) may
play an indirect role through glycemic control. In patients
with NAFLD and DM, Exenatide™ has been shown to
[1]
improve body weight and decrease transaminases .
In addition, Sitagliptin™ decreases liver triglyceride
[1]
content . Pentoxifylline has been shown to decrease
free-radical induced oxidative stress and inhibit lipid
[1]
oxidation . A meta-analysis of randomized double-blind
[30]
controlled trials by Zeng et al examined the application
of pentoxifylline in NAFLD. Not only were there a
decrease in aminotransferases, but also significant
improvement in steatosis, lobular inflammation and
[30]
fibrosis , suggesting this may become a potential
[31]
treatment option .
Obeticholic acid is a bile acid derivative that may
have a future role in non-cirrhotic NASH patients. Bile
acids bind to Farnesoid X nuclear receptors to promote

and angiotensin receptor blockers (ARBs) are impor
tant renin-angiotensin-aldosterone system (RAAS)
modulators used in treating hypertension and protein
uria. There is also evidence that these agents help with
[19]
overall insulin sensitivity in DM patients . A meta[20]
analysis by Al-Mallah et al established that there was
a 20% reduction in the incidence of new onset DM with
the use of ACE-I and ARBs. The mechanism behind this
may be through vasodilation and improved blood flow to
the pancreas, promoting insulin secretion and delivery to
[19]
tissues . Studies for the role of the RAAS in NAFLD are
ongoing. Animal models have shown a down regulation
in pro-inflammatory and pro-fibrotic cytokines, leading
to prevention of lobular inflammation along with hepatic
[21]
fibrosis . In humans, studies have largely looked at
[22]
the role for ARBs only. A study by Georgescu et al
determined that Telmisartan improved transaminase
levels and insulin resistance more than Valsartan. Only
Telmisartan, however, showed a significant decrease in
[22]
NAS activity score and fibrosis .

LIVER TRANSPLANTATION
End stage disease leads to consideration of liver
transplantation in applicable patients. A meta-analysis
looking at this issue found that NASH patients had
equivalent survival compare to those who were trans
[23]
planted for other causes . Although it can be succe
ssful, transplantation in this patient population also
carries with it significant risk. When compared to other
etiologies for liver transplantation, death in subjects
with underlying NASH was more likely due to cardio
[23]
vascular events (OR = 1.65) and sepsis (OR = 1.71) .
This should emphasize the importance of modifying
underlying risk factors. With the increase in the obesity
epidemic in the developed world, NAFLD is projected
to become the leading cause of liver transplantation in
[24]
the near future . Given the limited resources for trans
plantation, the need for effective therapies to prevent
end-stage liver disease is all the more important.

FUTURE MANAGEMENT
An area of significant interest and study in the treat
ment of NAFLD is bariatric surgery. Interventions include
[2]
gastric bypass, gastric banding and sleeve gastrectomy .
Early on, weight loss goals could be achieved with use
of bariatric surgery as an adjuvant treatment to lifestyle
modification. The reduced gastric remnant works to
[25]
decrease hunger and stimulate satiety . In addition
to loss of central adiposity in subcutaneous tissues, it
could also lead to a decrease fat deposition in the liver.
Prospective data is mixed and indicates an improve
[2]
ment in steatosis and hepatocyte ballooning in NAFL .
Reversal of NASH with fibrosis, however, is less clear and
[25]
appears more resistant . As a result, current guidelines
have not indicated that bariatric surgery should be used
a specific treatment of NASH at this time.
An evolving area of interest in NAFLD pathogenesis
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insulin sensitivity and decrease hepatic gluconeogenesis
[32]
along with circulating triglycerides . A recent multicenter randomized controlled trial by Neuschwander[33]
Tetri et al
showed a significant improvement in NAS
score and fibrosis when compared to placebo (p =
0.0002). These derivatives also inhibit conversion of
cholesterol to bile acids, which resulted in an increase
in total cholesterol/low density lipoprotein along with
[33]
decrease in HDL . The clinical significance of this
needs further exploration before recommendations can
be made for its use.
Wolfberry, or Lycii fructus, is a well-known drug
supplement in traditional Chinese medicine. Another
common supplement now in North America is epigallo
catechin-3-gallate (pure green tea extract). The pre
mise behind their potential beneficial effect relies on
reduction of oxidative stress and inflammation within
hepatocytes. The endpoint would be less downstream
[34]
damage within the liver. Xiao et al
noted that rat
models showed an improvement in fat accumulation,
fibrosis and eventual histology. The key molecules
include many pro-inflammatory cytokines including
interleukin molecules. Both of these supplements also
mediate inflammation by regulating nuclear factor
kappa B, which many chemokine signaling pathways
depend on. The application in human models is ongoing.

gut microbiome, pro-inflammatory and liver fibrosis
pathways. We have come a long way, but still have to
advocate for aggressive management of risk factors to
prevent progression of NAFLD and potential impact on
healthcare resources.
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Extragastric manifestations of Helicobacter pylori infection:
Possible role of bacterium in liver and pancreas diseases
Elizabeth MA Rabelo-Gonçalves, Bruna M Roesler, José MR Zeitune

Abstract

Elizabeth MA Rabelo-Gonçalves, Bruna M Roesler, Laboratory
of Gastroenterology and Hepatology, Center of Diagnosis of
Digestive Diseases, State University of Campinas, Campinas, São
Paulo 13083-878, Brazil

Helicobacter pylori (H. pylori ) is an ancient microorganism

that has co-evolved with humans for over 60000 years.
This bacterium typically colonizes the human stomach
and it is currently recognized as the most common
infectious pathogen of the gastroduodenal tract. Although
its chronic infection is associated with gastritis, peptic
ulcer, dysplasia, neoplasia, MALT lymphoma and gastric
adenocarcinoma, it has been suggested the possible
association of H. pylori infection with several extragastric
effects including hepatobiliary and pancreatic diseases.
Since a microorganism resembling H. pylori was detected
in samples from patients with hepatobiliary disorders,
several reports have been discussed the possible role of
bacteria in hepatic diseases as hepatocellular carcinoma,
cirrhosis and hepatic encephalopathy, nonalcoholic fatty
liver disease and fibrosis. Additionally, studies have
reported the possible association between H. pylori
infection and pancreatic diseases, especially because
it has been suggested that this infection could change
the pancreatic physiology. Some of them have related
a possible association between the microorganism
and pancreatic cancer. H. pylori infection has also
been suggested to play a role in the acute and chronic
pancreatitis pathogenesis, autoimmune pancreatitis,
diabetes mellitus and metabolic syndrome. Considering
that association of H. pylori to liver and pancreas diseases
needs further clarification, our work offers a review about
the results of some investigations related to the potential
pathogenicity of H. pylori in these extragastric diseases.
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association of H. pylori infection in the development of
other liver diseases, particularly hepatocellular carcinoma
(HCC), in different geographic areas. Some authors
have reported a very high prevalence of antibodies
to H. pylori and the prevalence of bacteria in patients
[15-18]
with cirrhosis, compared with controls
. Although
Helicobacter spp. DNA was successfully detected in liver
[19-23]
samples of individuals with primary liver carcinoma
,
the remaining question was whether these findings
corresponded to the true liver colonization by bacteria or
whether H. pylori DNA could result from the retrograde
transfer of this DNA from the duodenum to liver.
Nevertheless, the isolation of H. pylori in culture medium
using liver samples was crucial for supporting the true
[24,25]
bacterial colonization
.
Another extragastric digestive organ indicated as a
possible target for H. pylori is the pancreas and some
mechanisms by which H. pylori infection may influence
pancreatic physiology have been object of several
studies. It has been suggested that some aggressive
factors produced by this microorganism such as ammo
nia and lypopolysaccharides (LPSs), as well as the
production of inflammatory cytokines, could induce the
pancreas damage. These conditions associated with
the activation of leukocytes could be responsible for the
[26]
clinical outcome of the pancreas diseases .
Considering these aspects, several epidemiologic
and serology-based studies have reported a possible
association between the microorganism and pancreatic
[27-30]
cancer
and, in addition, epidemiological studies have
examined if there could be any association between
peptic ulcers development and risk of pancreatic cancer.
Results from cohort studies with large number of pan
creatic cancer cases and detailed information on type
of peptic ulcers (i.e., gastric vs duodenal) observed
positive associations with gastric ulcers, but not duodenal
[31,32]
ulcers
. H. pylori infection has also been suggested
to play a role in the acute and chronic pancreatitis (CP)
[33-35]
pathogenesis
and it has been reported that this
infection could be related to autoimmune pancreatitis
(AIP) mainly through induction of autoimmunity, by
[36]
molecular mimicry, and apoptosis . Finally, a possible
[37,38]
role of H. pylori in diabetes mellitus (DM)
and
[39,40]
metabolic syndrome have been investigated
.
However, the interpretation of so different results
obtained from the mentioned studies makes the inter
pretation of their relevance be inconclusive. H. pylori
more virulent strains, such as the ones that harbor
the CagA pathogenicity island, together with the host
characteristics, could be important for the clinical ex
pression of pancreatic diseases, and other systemic
disorders. In some cases, H. pylori might be a minor
factor contributing to disease development owing to the
[41]
persistent inflammatory state of the gastric mucosa .
Considering these findings and that, the role of H. pylori
infection in the liver and pancreatic diseases remains
controversial, in the review we attempt to discuss about
the results of some investigations related to the potential
pathogenicity of H. pylori in these extra gastric diseases.

associated with several extragastric manifestations,
including liver and pancreas diseases. Evidence for
its role in the pathogenesis of chronic liver diseases
and liver carcinoma is supported by several clinical
and experimental studies. Furthermore, epidemiologic
and serology-based works have reported a possible
association between the microorganism and pancreatic
cancer. H. pylori infection has also been linked to the
acute and chronic pancreatitis pathogenesis and it
could be related to the development of autoimmune
pancreatitis, diabetes mellitus and metabolic syndrome.
This review summarizes recent findings on the possible
role of H. pylori infection in the etiology of liver and
pancreas disorders.
Rabelo-Gonçalves EMA, Roesler BM, Zeitune JMR. Extragastric
manifestations of Helicobacter pylori infection: Possible role
of bacterium in liver and pancreas diseases. World J Hepatol
2015; 7(30): 2968-2979 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i30/2968.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i30.2968

INTRODUCTION
Helicobacter pylori (H. pylori) is an ancient organism
that has co-evolved with humans for over 60000
[1]
years . This bacterium typically colonizes the human
stomach and it is currently recognized as the most
common infectious pathogen of the gastroduodenal
[2]
tract . Most infected individuals do not develop disease,
leading to the hypothesis that some H. pylori strains
[3]
are harmless or even beneficial . However, its chronic
infection is associated with increased risk for several
disease outcomes including gastritis, peptic ulcer,
dysplasia, neoplasia, mucosa associated lymphoid tissue
[4]
lymphoma and invasive gastric adenocarcinoma .
In recent years, it has been suggested the possible
role of H. pylori infection with several extragastric
effects including neurodegenerative, metabolic and
cardiovascular conditions, as well as hepatobiliary,
[5-7]
pancreatic and colorectal diseases . Moreover, studies
indicate that this bacterium may be related to the
development of skin diseases such as urticaria as well
[8,9]
as rheumatic disorders .
Since Helicobacter spp. have been isolated from the
liver samples of a variety of mammals, it was suggested
that bacteria may be involved in the pathogenesis of
[10-12]
chronic liver diseases (CLD) and liver carcinoma
.
Regarding to human studies, a microorganism resem
bling H. pylori was firstly detected in resected gallbladder
[13]
[14]
mucosa of patient with gallstone . Nilsson et al
reported the detection of H. pylori using molecular
biology techniques such as polymerase chain reaction
(PCR), hybridization and partial DNA sequencing in
liver samples from patients with primary sclerosing
cholangitis and primary biliary cirrhosis (PBC).
Subsequent studies have verified the possible
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anti-H. pylori antibodies in patients infected with HBV is
significantly higher when compared to subjects without
[17,18,58-63]
viral infection
. In an attempt to verify the
role of H. pylori in the progression of CLD in patients
infected with HCV, investigators have reported that
Helicobacter spp. DNA was detected in 4.2% of controls
and 3.5% of individuals with noncirrhotic chronic
hepatitis, compared with 61%-68% in cirrhotic liver and
[22]
90% in HCC tumoral tissue . These results reinforced
that prevalence of H. pylori infection may be associated
with later stages of CLD and suggested that disease
increased with the severity of the cancer. Then, it may
be possible that H. pylori co-infection with HBV or HCV
results in the progression from cirrhosis to cancer,
reinforcing the synergistic cooperation between H. pylori
[47]
and hepatitis virus in the development of HCC .
The mechanism by which H. pylori colonizes the
human liver is not fully understood. Some researchers
hypothesized that H. pylori DNA detection in liver tissue
can result from bacterial translocation from the stomach
into the blood through the portal system, especially in the
advanced stages of chronic liver disease, when occurs the
[47,64]
portal hypertension
. Furthermore, bacteria can reach
the liver via circulating phagocytes and macrophages
[24]
or retrograde transfer from the duodenum . However,
reports that involved H. pylori culture from the liver
samples of patients with HCC support a true hepatic
colonization by bacteria, discarding the possibility of
[25,65]
retrograde contamination
. Additionally, no other
bacteria in the digestive tract are associated with human
[66,67]
liver carcinogenesis
.
The experimental murine models of H. hepaticus
infection show that bacteria are able to induce chronic
[11,68]
active hepatitis and HCC in various strains of animals
.
Moreover, enteric Helicobacter species are capable of
producing toxins which can cause hepatocellular injury
[69]
in vivo . Furthermore, Helicobacter spp. may induce
the production of proinflammatory chemokines and
cytokines which contributes to the development of liver
cancer by DNA damage, growth stimulation, increase of
[70]
survival, angiogenesis and invasion into host tissue .
In a report employing human hepatocytes culture
[71]
infected with H. pylori, Ito et al
have shown that
bacteria are able to adhere and penetrate into these
cells. The authors suggest that the process of bacterial
internalization can be an H. pylori strategy to avoid
the host immune reaction and remain in the liver,
resulting in morphological and physiological changes
in the hepatocytes. Analyzing the in vitro proliferation,
adhesion and invasion responses of the hepatic tumor
cell lines to LPS authors demonstrated that these charac
teristics were increased in response to LPS, which may
be related to increased gene expression of interleukin-8
(IL-8) and transforming growth factor-beta 1 (TGF-β1).
Considering that H. pylori has LPS, they inferred that
bacteria may be ignored by host immune system and
directly promote adhesion and invasion of hepatoma
[72]
cells mediated by LPS .
In addition to the host immune system evasion

ROLE OF H. PYLORI IN LIVER DISEASES
HCC

The HCC is the main primary malignant tumor of the
liver and the fifth most common type of cancer. It is
estimated that more than 50000 cases are diagnosed
annually and that the disease is the third leading cause
[42-47]
of cancer-related death in the world population
.
The cases of death due to HCC vary 250000-1 million
individuals per year and its prevalence varies according
[48]
to geographic location, gender, age and ethnicity .
The development of HCC is attributed to several
factors such as alcoholism, exposure to mycotoxins
(aflatoxins), hereditary hemochromatosis, PBC, defici
ency of α-1-anti-trypsin, Wilson’s disease and micro
[21,49-51]
cystin
. Chronic viral infections are considered
[47]
the main risk factor of HCC in 75%-80% of cases ,
wherein hepatitis B virus (HBV) infection is responsible
[52]
by 50%-55% of cases
and hepatitis C virus (HCV)
[53]
infection occurs in 25%-30% of patients . However,
the detection of H. pylori in patients with HCC may
suggest the role of bacteria in the pathogenesis of this
disease.
Several studies have tried to correlate the H. pylori
[20]
infection in the development of HCC. Avenaud et al
detected H. pylori in 100% (8/8) of the liver tissue
employed in their study. In 2001, Swedish researchers
identified Helicobacter spp. in patients with HCC and
[54]
cholangiocarcinoma . Evaluating patients with chronic
[21]
hepatitis, cirrhosis and HCC, Dore et al
used the
serology and PCR to verify the presence of H. pylori
infection. The results showed that 54% of patients were
positive for the bacteria, and the prevalence of infection
was higher in patients with HCC (73%) compared with
patients with cirrhosis (58%) and chronic hepatitis
(39%). Helicobacter DNA was detected in 17% of liver
cirrhosis patients and 55% of individuals with HCC.
[55]
Verhoef et al revealed the presence of Helicobacter
DNA in 45% of liver samples from patients with HCC
in contrast to 10% positive samples in the control
group. Sequence analysis indicated that fragments had
similarity with DNA of H. pylori. In this study the authors
also noted the similarity among three samples of gastric
biopsies of patients with HCC who were positive for the
liver culture, suggesting that gastric colonization with
H. pylori strains may be associated with the induction of
HCC.
[56]
In 2004, Pellicano et al confirmed the presence of
Helicobacter spp. DNA in 17 (85%) of 20 liver samples
from patients with HCC compared with 33% of positive
Helicobacter cases in the control samples. Recently,
more studies emphasize the detection of bacteria in
hepatic tissue from patients with HCC, even suggesting
its possible role in the progression of CLD due to higher
prevalence of H. pylori in more advanced stages of liver
[25,57]
disease as cirrhosis and HCC
.
In addition, several researchers have described
the association between H. pylori and HBV or HCV in
the development of HCC. In fact, the prevalence of
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mechanisms, H. pylori virulence factors detected in
liver samples from patients with HCC, such as vacA
and cagA genes, are supposed to be involved in liver
[21,63,73]
carcinogenesis
. These findings were recently
[74]
supported by Esmat et al who found that the positivity
of cagA gene was directly proportional to the severity of
liver disease. They studied patients infected with HCV
in the presence and absence of cirrhosis and HCC. The
cagA positivity occurred in 75% of patients with cirrhosis
and HCC, 52.9% of cirrhosis subjects without HCC and
32% of individuals with chronic hepatitis. The authors
have also shown significant differences when compared
METAVIR system among groups which confirmed H. pylori
association with later stages of fibrosis.

the ammonia levels between cirrhotic patients with and
[87,88]
[89]
without H. pylori infection
. In a review, Zullo et al
confirmed that gastric ammonia production by H. pylori
urease appears to be inadequate to clinically affect
ammonia levels in the majority if cirrhotic patients.
In a recent review, it was demonstrated that
positivity of H. pylori infection was higher in HE patients
compared to non-HE individuals, particularly in the older
subjects. However, there are no strong evidences for an
effect of bacteria on increasing blood ammonia level,
nor there is strong evidence to support the hypothesis
that H. pylori eradication can reduce blood ammonia
[90]
level and improve HE symptoms .
However, authors have described that HE is not
fully reversible and H. pylori might contribute to
persistent cognitive impairment even after resolution
[91]
of symptoms . Furthermore, it is believed that inflam
matory cytokines produced during H. pylori infection
may cross the blood-brain barrier and contribute to the
pathogenesis of cognitive dysfunction associated with
[92]
cirrhosis .

Cirrhosis and hepatic encephalopathy

Cirrhosis is a major health problem with high incidence
[75]
and prevalence worldwide . Considering that patients
with cirrhosis are more likely to develop gastrointestinal
mucosal lesions, with increased risk for peptic ulcer
[76]
disease (PUD) , it was suggested that H. pylori
infection has an important role in the pathogenesis
of PUD in cirrhotic patients and may be related to the
development of hepatic encephalopathy (HE) and
[77]
hyperammonemia . In fact, a recent review has
demonstrated that eradication of H. pylori infection in
patients with cirrhosis may have a positive effect on the
[78]
control of hyperammonemia and HE .
In a meta-analysis, researchers have described
that prevalence of H. pylori infection in individuals with
cirrhosis has increased significantly worldwide, especially
[79]
in Europe and America, due to viral cirrhosis and PBC .
[80]
However, Pellicano et al
related that some papers
which concluded that there was no association between
[81,82]
the prevalence of bacteria and PBC
were not reported
in this meta-analysis. Another report demonstrated
that there is a significant association between H. pylori
infection and portal hypertensive gastropathy (PHG) in
cirrhotic patients which is also related to the severity of
PHG, suggesting that eradication of H. pylori must be
[75]
considered in cirrhotic patients with PHG .
HE is a frequent complication of liver cirrhosis and
manifests itself as a wide variety of neuropsychiatric
[83]
symptoms . It is admitted that ammonia is the most
relevant substance in the pathogenesis of HE. Then,
reduction of ammonia production in the gastrointestinal
[78]
tract is a current treatment strategy for HE . Consi
dering that H. pylori urease hydrolyses urea present in
the gastric juice into ammonia and carbon dioxide, and
the amount of ammonia produced in the gastric mucosa
could increase blood ammonia levels in cirrhotic patients,
the possible participation of H. pylori infection in the
pathogenesis of HE has been studied.
The current data associating H. pylori infection to the
pathophysiology of HE are inconclusive. Initially, some
reports have demonstrated that H. pylori contributes to
hyperammonemia in cirrhosis, and the eradication of
[84-86]
bacteria may reduce the blood ammonia
. After that,
other studies have not found a significant difference in
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Nonalcoholic fatty liver disease

The nonalcoholic fatty liver disease (NAFLD) is currently
considered the most common liver disease in Western
[93-95]
countries, affecting up to 25%-30% of subjects
.
NAFLD includes a broad spectrum of liver disorders,
which range from nonalcoholic fatty liver to nonalcoholic
steatohepatitis (NASH) which may progress to cirrhosis
[96-98]
and HCC without significant alcohol consumption
.
Authors have shown the possible participation of
H. pylori infection in the pathogenesis of insulin resis
[39]
tance (IR) . Considering that IR is implicated in the
etiology of NAFLD, the evaluation of H. pylori infection as
[99]
a risk factor for IR may help clarify its effect on NAFLD .
In 2008, researchers have detected H. pylori 16S
rDNA in hepatic tissue collected from a 44-year-old
[100]
woman with NASH . After that, in a study employing
liver samples from patients with CLD, H. pylori DNA was
amplified in 45.5% (5/11) of samples obtained from
[57]
subjects with NAFLD .
[101]
The case report described by Abenavoli et al
related the improvement in IR and fatty liver indices
after H. pylori eradication therapy, reinforcing the
possible association among H. pylori infection, IR and
NAFLD. In the same year, another study revealed that
prevalence of anti-H. pylori IgG titers, together with
lower circulating adiponectin and higher tumor necrosis
factor-α levels, was higher in individuals with NAFLD
[102]
compared with control group . Moreover, using logistic
regression analysis model, researchers mentioned
that both H. pylori infection and Homeostasis Model of
Assessment-Insulin Resistance which is the marker of
the metabolic syndrome, were considered independent
variables to predict NAFLD. In addition, no correlation
was found between H. pylori infection and progression
to NASH. Then, it was suggested that presence of
H. pylori may be involved to early-stage NAFLD.
[103]
However, Sumida et al
performed a recent study
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which was the first one to show that NASH is more
prevalent in H. pylori-positive patients than in noninfected individuals. Histopathologic analysis revealed
that bacteria was associated with hepatocyte ballooning;
however, there was no association of H. pylori with
steatosis or liver fibrosis. Authors still mentioned that
although the exact pathogenic mechanisms involved in
hepatocyte ballooning as well as its role in NAFLD remain
unclear, it is considered as a key histologic feature of
NASH.
Considering that the prevalence of NAFLD is in
creasing worldwide and that H. pylori infection may
present a role in its pathogenesis, further studies on
this area are needed, in order to provide better under
standing of the role of H. pylori infection in NAFLD.
However, once this association is confirmed, it is
possible that H. pylori eradication regimens might have
[39]
therapeutic implications on NAFLD .

schistosomiasis.
Therefore, these findings confirm that hepatocytes
can be stimulated by H. pylori infection, resulting in
collagen accumulation and, consequently, in hepatic
[108]
fibrosis .

Role OF H. PYLORI IN PANcreas
diseases
Acute and CP

In the last decades, acute pancreatitis, defined as
an acute inflammatory response from unregulated
activation of pancreatic enzymes, has demonstrated an
[109,110]
increase in its incidence
. This disorder, which can
present a persistent hypovolemia, besides a decreased
intravascular volume, can lead to extrapancreatic compli
[111]
cations . In 2007, a publication revealed an important
frequency of patients with acute pancreatitis that also
[112]
presented acute gastrointestinal mucosal damage
and it suggests that this bacterium infection could
somewhat influence the acute pancreatitis progression.
Two important mechanisms-hypergastrinemia and
duodenal acidification-together with the translocation of
the microorganism or its toxins into the pancreas, have
been cited as important mechanisms by which H. pylori
infection could have an effect on the acute pancreatitis
[26]
[33]
progression . Warzecha et al observed the effect of
H. pylori infection of the gastric mucosa on the clinical
evaluation of the disease in a model of ischaemia/
reperfusion-induced in rats. Their results have suggested
an evidence of damage effect of H. pylori infection of the
stomach in patients diagnosed with acute pancreatitis.
[113]
Lee et al
trying to evaluate the relationship between
PUD and acute pancreatitis, studied 78 patients with
acute pancreatitis, and 41 of them suffered from peptic
ulcer disease, but only 31.7% of these 41 patients
were infected by H. pylori. They concluded that PUD
is associated with severe acute pancreatitis and the
treatment for PUD should be considered for patients with
that disease.
As regards to the possible association between CP
and H. pylori infection, different hypothesis have been
[26]
suggested. According to Manes et al , there are three
possible roles of this infection and the evolution of CP:
The influence of this microorganism infection in the
pathogenesis and evolution in idiopathic forms of CP,
the influence of this infection on the exocrine pancreatic
secretion in individuals with CP, and the possibility
of CP influences the gastrointestinal physiology and,
consequently, the pathogen colonization.
Besides, important alterations in the gastric function
found in CP could demonstrate the presence of H. pylori
infection in the stomach rather than changes induced
by the pancreatic disease. Study developed by Manes et
[35]
al
reported that the prevalence of H. pylori infection
in patients with CP is similar that of two other studied
groups of individuals, one with patients with alcoholic
liver cirrhosis and other with healthy subjects, but the

Fibrosis

As mentioned before, Helicobacter spp. infection is
more prevalent in advanced stages of liver diseases,
reinforcing the possible association of bacteria with the
[49]
progression of chronic hepatitis to cirrhosis and HCC .
In order to elucidate these findings, researchers
have induced experimental hepatic fibrosis with carbon
tetrachloride (CCl4) administration in mice and rats
orally challenged with H. pylori. Authors verified a
significant increase in the fibrotic score in H. pyloripositive animals treated with CCl4 when compared with
non-infected animals treated with CCl4. Furthermore,
they observed that alpha-smooth muscle actin and
[104]
TGF-β1 also enhanced in H. pylori infected animals .
After that, authors have suggested that increased
liver fibrosis in H. pylori infection may occur through
increased TGF-β1 induced pro-inflammatory signaling
pathways in hepatic stellate cell line (HSC). They still
mentioned that H. pylori infection may be involved
in increased risk TGF-β1-mediated tumorigenesis by
disturbing the balance between apoptosis and pro
[105]
liferation of hepatocytes
. Another group has also
described an increase in activated kupffer cells and
hydrogen peroxide levels in H. pylori infection which
might result in activation of HSC alone or in combination
with TGF-β1, amplifying hepatic inflammation via
[106,107]
release of proinflammatory cytokines
.
[74]
More recently, Esmat et al
studied liver samples
from patients with HCV-related chronic hepatitis and
cirrhosis in the presence or absence of HCC in order
to verify the possible role of H. pylori infection in the
disease progression. They showed that prevalence of
cagA gene was directly proportional to severity of liver
disease and was more positive in advanced stages of
fibrosis (28.2%) compared to early stages (5.9%);
it was still suggested by authors that H. pylori can
produce toxins that may interfere with hepatic cells.
One aspect that deserves further analysis of
hepatology experts is the analysis of a possible role of
H. pylori infection in the liver fibrosis determined by

WJH|www.wjgnet.com

2972

December 28, 2015|Volume 7|Issue 30|

Rabelo-Gonçalves EMA et al . H. pylori in liver and pancreas diseases
frequency and severity of H. pylori negative chronic
gastritis in the antrum was significantly higher in
individuals with CP than in the other groups. Similar
[34]
results were found by Niemann et al . In their study,
the prevalence of H. pylori infection was investigated in
individuals with CP, with and without duodenal ulcers,
in comparison to a control group which only included
patients with duodenal ulcer. The results suggested
that the bacterium infection can contribute to the CP
development, but no as the main cause for the disease
development.

consumption can contribute for the development of
[130]
pancreatic cancer , as well as they contribute in gastric
cancer.
Finally, other important meta-analysis concluded
that H. pylori infection can be considered a significantly
factor to the pancreatic cancer development, also
considering that regional aspects can be important for
[29]
this. Xiao et al
reported countries regional aspects
reporting that the association between H. pylori infection
and pancreatic cancer development is more evident in
Europe and East Asia, and decreases in North America.
They also suggested that H. pylori CagA positive strains
are not possibly associated with pancreatic cancer
development. Despite of it, meta-analysis conducted
[30]
by Wang et al
concluded that H. pylori infection and
CagA positive strains are associated with a decreased
risk of pancreatic cancer in Eastern populations but
have no significant associations in Western countries.
[131]
Lindkvist et al , in a prospective study, also concluded
that no association between this pathogen infection and
the risk for pancreatic cancer was found in their nested
case-control study within a population based cohort.
Nevertheless, recent study with 56 cases of pancreatic
cancer analyzed anti-Hp IgG (H. pylori-specific anti
bodies), Hp IgM (H. pylori antibodies) and CagA-HpIgG (H. pylori serotoxin-associated protein A antibody),
comparing the results with a control group. The results
obtained demonstrated that H. pylori infection rate in
the patients group was significantly higher than that
in the control group (P < 0.01). Besides, the positive
rate of CagA-Hp in the observation group was 38.88%,
and 21.53% in the control group (P < 0.05). The
researchers concluded that H. pylori infection, especially
with CagA positive strains, besides smoking history and
the history of CP, is one of the risk factors for pancreatic
[132]
cancer development .

Pancreatic cancer

The potential role of H. pylori infection in pancreatic
cancer (exocrine pancreatic carcinoma or pancreatic
ductal adenocarcinoma) has also been suggested.
This cancer is the fifth leading cause of cancer related
death worldwide. Its high degree of death incidence is
especially due to the diagnosis generally done in the
advanced stage and to the poor responses to current
[114-117]
treatments
.
[118]
Lowenfels et al
considered that similarly patho
logic consequences of gastric tissue due to H. pylori
chronic infection could be observed in CP and conse
quently in pancreatic cancer.
A meta-analysis of six cohort studies and one casecontrol study found that the pooled relative risk estimate
[119]
for pancreatic cancer among patients with CP is 13.3 .
[120]
Duell et al
analyzed 5048 patients with pancreatic
cancer in ten case-control studies and found only a small
association between pancreatic cancer and antecedent
CP, although this study presented some limitations.
Despite of these findings, it has been considered that CP
[121]
is a rare cause of pancreatic cancer .
Other possible mechanisms for the association
between H. pylori and pancreatic cancer include changes
in gastrin (increased secretion) and somatostatin (low
number of antral somatostatin cells) resulting from
[28,122-124]
H. pylori gastritis
, increased DNA synthesis,
increased formation of N-nitroso components (due to
bacterial overgrowth), and chronic inflammation pro
perly, aspect that can be responsible by itself for initia
[125-127]
ting the carcinogenesis process
.
In addition, H. pylori chronic infection, as responsible
for the production of proinflammatory cytokines and
reactive oxygen species, as well as of other inflammatory
mediators, may induce the tissue inflammation. In
consequence, the increase on genomic DNA damage and
cell proliferation (aspects that may lead to an inactivation
of tumor-suppressor genes), are factors which may
contribute the malignant transformation of pancreatic
[128]
[129]
cells . Considering it, Takayama et al
reported that
activities of nuclear factor-kb, activator protein-1, and
serum response element of human pancreatic cancer
cells were shown to be increased by H. pylori infection,
as well as serum levels of IL-8, suggesting that the
development of pancreatic cancer could be similar to
the gastric carcinogenesis. Consequently, environmental
aspects such as dietary habits, smoking and alcohol
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AIP

AIP has been recognized as a form of CP, which is always
[133]
associated with autoimmune manifestations
. It is
defined as an inflammatory process of the pancreas
characterized by hypergammaglobulinemia, enlargement
of the organ, fibrotic changes with lymphocytic infil
trations and presence of autoantibodies, among other
alterations, all of them contributing to the tissue des
[36]
truction possibly by apoptosis .
The coexistence of AIP with other autoimmune
diseases has been reported in the literature. Among
them, they can be cited Sjögren’s syndrome, PBC, autoi
mmune hepatitis, Hashimoto’s thyroiditis and gastric
[134-136]
ulcer, among others
.
As regards to the mechanisms by which H. pylori
infection could trigger AIP, the molecular mimicry
between bacterial antigens and human ones has been
reported as the most plausible hypothesis, based on
[137,138]
epidemiological studies
.
[36]
According to Kountouras et al , bacterial heat
shock proteins (Hsps), particularly Hsp-60 or Hsp-70
of H. pylori, may represent major target antigens
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responsible for molecular mimicry causing autoreactivity
between this microorganism and the host’s immune
gastric tissue, being probably responsible for the
humoral and/or cellular (T-cell) response against these
proteins and consequently influencing the pathogenesis
[139,140]
of autoimmune diseases such as AIP
.
[141]
Guarneri et al
reported the existence of two
molecules possibly involved in the molecular mimicry
(CA-Ⅱ and α-HpCA), that are homologous to the HLA
molecule DRB1*0405, reported as a risk factor for
[142]
the development of AIP
. Considering it, and the
importance of α-HpCA for gastric colonization, the host
immune response against this molecule could turn
against the autoantigen CA-Ⅱ, promoting the appe
[142,143]
arance of AIP in genetically predisposed individuals
.
Besides, HLA-DR antigens are expressed on the
+
pancreatic duct cells as well as on CD4 suggesting an
[134,144]
autoimmune mechanism involved in inflammation
,
event that, in conjunction with epithelial cells apoptosis,
can be upregulated by H. pylori infection and, conse
[140]
quently, be important to the development of AIP .
Besides, important researches have indicate that
apoptosis is a mechanism of cell death in several
important H. pylori-associated upper gastrointestinal
damages and in extradigestive disorders. These studies
hypothesized that H. pylori could change the expression
of some genes including that ones encoding growth
factors, transcription factors, and apoptosis proteins,
among others, consequently contributing to the deve
lopment both of gastrointestinal and extradigestive
diseases. In addition, some virulence factors of H. pylori,
such as urease, could contribute to cell apoptosis
[36]
probably to activation of T cells . Finally, in addition,
microcirculatory changes promoted by H. pylori infection
through platelet and platelet-leukocyte aggregation
could promote the amplification of the pancreatic
[142,145,146]
injury
.
Obviously the relationship between H. pylori infection
and AIP development has to better studied, but it can
be considered that various autoimmune and apoptotic
sequelae induced by this chronic and long-term infection
appear to influence the pathophysiology of AIP.

could be an independent predictor for hyperglycemia
and reduced insulin sensitivity and this fact has shown
to be important for the high prevalence of type 2 DM in
this country population.
Metabolic syndrome, one of the most prevalent global
health problems that predisposes to type 2 DM and it
is linked to IR, has also be proposed to be associated
[153,154]
[39]
to H. pylori infection
. Polyzos et al , through a
quantitative homeostatic model, studied this possible
association, but data concerning this relationship remain
contradictory. In anyway, the eradication of the infection
appears to prevent negative metabolic effects in the
[155]
pathogenesis of DM .

CONCLUSION
The higher prevalence of H. pylori infection in subjects
with hepatitis, cirrhosis, HE, NAFLD and HCC may
suggest its possible role in the pathogenesis of CLD.
Moreover, many studies have found a synergistic asso
ciation between this bacterium and hepatitis viruses,
mainly HCV, suggesting that H. pylori may represent
a co-risk factor in the progression of liver diseases,
especially HCC. However, high quality prospective
studies in non-cirrhotic HCC patients co-infected with
HCV are needed to confirm these findings.
Another important fact to consider is that patients
with severe CLD are more likely to develop bacterial
infection. Then, H. pylori infection could be related to
immunological and inflammatory changes in the liver.
In this context, bacterium would not be considered a
risk factor for HCC and the colonization of hepatic tissue
could result from tumor process.
Complex interactions in the gastric mucosal changes
determined by the pathogen infection could contribute
to the pancreatic cancer development, especially by
N-nitrosamine exposure of the host, added by dietary
and smoking habits. Important meta-analyses have
reported an increased risk for pancreatic cancer deve
lopment in subjects contaminated by H. pylori. In
addition, it has also been suggested that H. pylori causes
AIP due to molecular mimicry between bacterium and
enzymes that are highly expressed in the pancreatic
ductal and pancreatic cells, in addiction of apoptosis
process. Finally, H. pylori infection has been associated
to both type 1 and type 2 DM development, as well
as metabolic syndrome, interaction that has not been
determined. Despite some of these studies present
some limitations, including a small number of patients
and only hypothesis which have not been elucidated yet,
the role played by H. pylori in the pathogenesis of such
conditions have a substantial impact of healthcare and
obviously its infection and the relationship with all the
conditions described above has to be subject for further
investigation.
Considering the worldwide liver and pancreatic
diseases burden, as well as the possible association
between H. pylori infection, which is commonly chronic
and reported to poor sanitary conditions, besides the

DM and metabolic disorders

Type 1 or type 2 DM development have also been
reported to a high prevalence of H. pylori positive
[147]
[148]
individuals . In a meta-analysis, Zhou et al
found
a high prevalence of this microorganism infection in
[149]
individuals with DM, particularly type 2. Jeon et al
reported similar results and concluded in their sampling
that individuals who were seropositive for H. pylori were
2.7 times more at risk to develop DM than seronegative
patients. Nevertheless, this association remains
[150]
controversial .
[151]
Gunji et al
evaluated the association between IR
and H. pylori infection and suggested that this infection
could really contribute even in an independent way to
promoting this condition. Besides, study developed by
[152]
So et al
in China concluded that H. pylori infection
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widespread use of some medicines that can mask the
real condition of the infection, a complete elucidation
of the role played by H. pylori in the pathogenesis of
such conditions have certainly a substantial impact of
healthcare.
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Crosstalk between innate and adaptive immunity in
hepatitis B virus infection
Li Wang, Kai Wang, Zhi-Qiang Zou
problem worldwide. HBV is not directly cytotoxic to
infected hepatocytes; the clinical outcome of infection
results from complicated interactions between the virus
and the host immune system. In acute HBV infection,
initiation of a broad, vigorous immune response is res
ponsible for viral clearance and self-limited inflammatory
liver disease. Effective and coordinated innate and
adaptive immune responses are critical for viral clearance
and the development of long-lasting immunity. Chronic
hepatitis B patients fail to mount efficient innate and
adaptive immune responses to the virus. In particular,
HBV-specific cytotoxic T cells, which are crucial for HBV
clearance, are hyporesponsiveness to HBV infection.
Accumulating experimental evidence obtained from
the development of animal and cell line models has
highlighted the importance of innate immunity in the
early control of HBV spread. The virus has evolved
immune escape strategies, with higher HBV loads and
HBV protein concentrations associated with increasing
impairment of immune function. Therefore, treatment
of HBV infection requires inhibition of HBV replication
and protein expression to restore the suppressed
host immunity. Complicated interactions exist not
only between innate and adaptive responses, but also
among innate immune cells and different components of
adaptive responses. Improved insight into these complex
interactions are important in designing new therapeutic
strategies for the treatment HBV infection. In this
review, we summarize the current knowledge regarding
the cross-talk between the innate and adaptive immune
responses and among different immunocytes in HBV
infection.
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Abstract

Core tip: Hepatitis B virus (HBV) is poorly sensed by the
innate immune system and can escape innate immune

Hepatitis B virus (HBV) infection is a major public health

WJH|www.wjgnet.com

2980

December 28, 2015|Volume 7|Issue 30|

Wang L et al . Immunity and HBV infection
loyed by HBV to counteract the innate antiviral pathways
are being gradually recognized. It is known that effective
recognition of viral infection and successive activation
of antiviral innate immune responses are vital for
host antiviral defense and largely depend on multiple
[9,10]
regulators, including Toll-like receptors (TLRs)
[11]
and cytokines . Efficient control of virus infections
requires the coordinated actions of both innate and
adaptive immune responses. Mounting effective innate
and adaptive immune responses is critical for viral
clearance and the development of long-lasting immunity.
Complicated interactions exist not only between the
innate and adaptive systems, but also among innate
immune cells and among different components of
adaptive responses.
A better understanding of the interplay between
innate and adaptive immune responses and between
the host immune response and the virus is crucial for
the development of new antiviral therapeutic strategies
aimed at eradicating chronic infections.
In this review, we summarize the current knowledge
regarding the interactions between the innate and
adaptive immune systems and among different immuno
cytes during HBV infection.

recognition at the early stage of infection. HBV-specific
T-cell responses are timely and efficiently induced in
acute self-limited infections but are deeply exhausted
in chronic hepatitis B. The tolerogenic effect of the liver
environment and the persistent exposure of T cells to
high antigen loads play a key role in the pathogenesis of
T-cell inhibition in chronic HBV infection. Combination of
reduction of HBV and virus antigen loads and restoration
of the anti-viral T-cell function may represent a strategy
to cure chronic HBV infections.
Wang L, Wang K, Zou ZQ. Crosstalk between innate and
adaptive immunity in hepatitis B virus infection. World J Hepatol
2015; 7(30): 2980-2991 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i30/2980.htm DOI: http://dx.doi.
org/10.4254/wjh.v7.i30.2980

INTRODUCTION
Hepatitis B virus (HBV) infection is a major public health
problem worldwide. Approximately 30% of the world’s
population show serological evidence of current or past
HBV infection and 350 million people are chronically
[1]
infected . The outcome of HBV infection varies widely
among infected patients from resolved acute infection,
chronic hepatitis, and liver cirrhosis to hepatocellular
carcinoma. Infections in approximately 5% of adults
[2]
and 95% of neonates become persistent . HBV itself
is not directly cytotoxic to infected hepatocytes and the
clinical outcome of infection results from complicated
interactions between the virus and the host immune
[3-5]
system . The immune responses to HBV antigens,
which are mediated through complex interactions
between the innate immune and adaptive immune
systems, are responsible both for viral clearance and
disease pathogenesis. In acute HBV infection, a broad,
vigorous immune response results in viral clearance
associated with acute, self-limited inflammatory liver
[6]
disease . In contrast, chronic hepatitis B (CHB) patients
fail to mount efficient innate and adaptive immune
responses to the virus, with HBV-specific cytotoxic T cells
(CTLs) in particular, being hyporesponsiveness to HBV
[7,8]
infection . The role of adaptive immune responses
in the control of HBV infection is widely accepted,
with HBV-specific T cell responses being essential for
+
the termination of HBV infection. Furthermore, CD4
T cells serve as the chief regulators of the adaptive
[5]
immune response to HBV . The innate immune system
is the first line of active host defense against viral
infection, and once activated, is linked to a favorable
clinical outcome and subsequent robust adaptive
[8]
immune responses . The induction of innate immune
responses by HBV during the phase of early infection is
a longstanding controversy. The development of animal
and cell culture models has yielded great improvements
in our understanding of the innate immune responses
during HBV infection. Furthermore, the strategies emp
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TLRS
TLRs are a group of highly conserved molecules that
sense pathogen-associated molecular patterns (PAMPs).
So far in humans and mice, TLR1 to 13 have been
identified, which are extensively expressed in various
immune and non-immune cells. Stimulation by their
ligands initiates the activation of complex intracellular
signal transduction networks and innate and adaptive
immune-related cells, including natural killer (NK) cells,
NK-T cells, monocytes, dendritic cells (DCs), T cells, B
cells, and Tregs, as well as the production of antiviral
effector interferons (IFNs) and proinflammatory cyto
[12]
kines . TLRs play important roles in innate immune
[13]
responses to viral infections, including HBV. TLRs can
activate DCs, improve antigen presentation, and initiate
T cell immune responses. In vivo, TLRs also directly
modulate HBV-specific T and B cell responses, which
[14]
are essential for the termination of HBV infection .
Therefore, TLR responses are cell type-specific.

TLRs and innate immunity

Innate immunity is important in controlling infection
immediately after contact with the pathogen and to
initiate efficient development of an adaptive immune
response. TLRs play a key role in the activation of
[13]
innate immune responses to infectious agents . The
TLR family consists of intracellular and cell surface
subgroups. The intracellular subgroup (TLR3, TLR7, TLR8
and TLR9) is localized in endosomes and recognizes
nucleic acids, such as viral DNA or RNA, while the cell
surface subgroup (TLR1, TLR2, TLR4/MD-2, TLR5 and
TLR6) recognizes extracellular bacterial and fungal cell
[13-17]
wall components, as well as some viral proteins
.
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Binding of TLR agonists to their receptors initiates the
activation of complex networks of intracellular signal
transduction pathways that leads to the induction of
type Ⅰ IFNs (IFNα/β), proinflammatory cytokines, and
costimulatory molecules, which are involved in antiviral
[18,19]
responses
. The importance of TLR receptor signaling
in controlling HBV replication was confirmed by a study
in which a single intravenous injection of ligands specific
for TLR3, TLR4, TLR5, TLR7 and TLR9 provided efficient
inhibition of HBV replication in a non-cytolytic and IFNα/
[20]
β-dependent manner in HBV transgenic mice .

maintained.

TLRs and non-parenchymal cells

TLRs are abundantly expressed on the surface of DCs,
especially peripheral blood monocyte-derived DCs
(moDCs). Plasmacytoid dendritic cells (pDCs) play a
crucial role in triggering antiviral immunity through
their ability to capture and process viral antigens and
subsequently induce adaptive immune responses
and the production of type Ⅰ IFNs. pDCs are the key
sensors of viral infections through expression of both
[21]
TLR7 and TLR9 . Myeloid DCs (mDCs) respond to
TLR1, -2, -4 and -9 ligands resulting in upregulation
[22]
of CD40 and activation of allogeneic T cells . TLR9
detects intracellular viral double-stranded (ds)DNA,
which leads to the activation of nuclear factor κB (NFκB) via the myeloid differentiation primary response 88
(MyD88) pathway, resulting in the activation of immune
responses against HBV. However, expression of TLR9,
MyD88, IRAK1, TRAF6, and NF-κB in peripheral blood
mononuclear cells (PBMCs) of CHB patients is significantly
[23,24]
decreased in comparison with healthy controls
, which
may result in an attenuated responses that ultimately
[25]
lead to long-lasting HBV infection . Reduced TLR9
expression in pDCs of CHB patients is associated with
[26]
impaired IFNα production . TLR2 and TLR4 mediate the
activation of the same signaling pathways downstream of
MyD88, including NF-κB, MAPK, and PI-3k/Akt pathways
to inhibit hepadnaviral replication. One study indicated
that expressions of TLR2 and TLR4 were downregulated
[27]
in PBMCs during HBV infection , while another study
showed that expression of TLR2 and TLR-4 in moDCs
[28]
was significantly increased with disease progression .
The role of TLR2 and TLR-4 in the pathogenesis of
requires further evaluation.

Non-parenchymal cells (NPCs), like Kupffer cells (KCs)
and liver sinusoidal endothelial cells (LSECs), also
participate in innate immune responses by producing
various cytokines, including tumor necrosis factor-α
[28]
(TNF-α) and IFNβ
in response to TLR signaling.
[20]
Isogawa et al
demonstrated the involvement of
NPCs rather than hepatocytes in antiviral activation
induced by TLR ligands. HBV is recognized by the NPCs
of the liver, mainly macrophages (KCs), although they
are not infected. KCs respond to all TLR ligands by
producing TNF-α or interleukin-6 (IL-6), to TLR3 and
[22]
TLR4 ligands by producing IFNβ , to TLR1 and TLR8
ligands by upregulating major histocompatibility complex
(MHC) class Ⅱ and costimulatory molecules, and to
TLR1, -2, -4 and -6 ligands by inducing high levels of
T cell proliferation and IFNλ production in the mixed
[22]
lymphocyte reaction .
LSECs are liver-resident antigen-presenting cells
that are capable of antigen cross-presentation and
+
induction of CD8 T cell tolerance or immunity under
[33,34]
[35]
different conditions
. Liu et al
demonstrated that
pretreatment of LSECs with a TLR1/2 ligand or LPS
(TLR4 ligand) relieved their suppressive functions to
[22]
induce T cell immunity, while Wu et al
suggested
that, on stimulation by TLR ligands, LSECs have similar
responses to KCs. Another study that demonstrated
that, among different TLR ligands, hepatic NPCs show
significant production of IFNβ only in response to TLR3
[36]
stimulation . However, in the presence of HBsAg, TLRinduced expression of IFNγ, interferon sensitive genes
and proinflammatory cytokines in murine KCs and LSECs
was efficiently suppressed, whereas the expression of
[37]
anti-inflammatory cytokines was enhanced .
Although regarded as a type of antigen-presenting
cell (APC), NPCs display a restricted TLR-mediated
activation profile compared with “classical” APCs. There
fore, antiviral effects induced by TLR receptor activation
should be carefully evaluated in therapeutic design to
maintain the balance between viral control and liver
injury. Furthermore, coordination of innate and adaptive
immune responses may be highly important for the
[19]
control of viral infection .

TLRs and NK cells

TLRs and adaptive immunity

TLRs and DCs and peripheral blood mononuclear cells

NK cells possess receptors allowing them to sense and
respond to viral and bacterial patterns, including TLRs.
Upon TLR activation (mainly TLR3 and TLR7), NK cells
[29-31]
produce IFNγ
, which also contributes to deleterious
[29]
inflammation if produced in excessive amounts . NK
cells in CHB patients have an impaired IFNγ response to
TLR9 stimulation compared to healthy controls although
no differences have been observed in responses to
the other TLR ligands. This suggests that multiple
[32]
mechanisms may be involved in NK activation
and
although viral clearance is suppressed in chronic HBV
infection, the potential to mediate tissue injury is
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Several studies have demonstrated that TLR2 is
+
+
expressed by activated and memory CD4 and CD8
[38,39]
T cells and serves as a costimulatory molecule
. In
some studies, TLR3 and TLR9 expression on human
+
CD8 T cells was also demonstrated to promote IFNγ
[40,41]
production upon stimulation
. However, one study
+
showed that, although all TLRs were able to induce CD8
T cell activation in vitro, there were profound differences
+
in their CD8 T cell activation capacity in vivo. TLR3 and
+
TLR9 induced CD8 T cell activation, while, TLR2 and
+
TLR4 were not only incapable of inducing CD8 T cell
+
[42]
priming, but also inhibiting CD8 T cell expansion .
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IFNs represent one of the first lines of host defense
against invading pathogens. As key components of the
innate immune system, IFNs have been demonstrated
to restrict HBV replication by affecting multiple steps
in the viral life cycle, including HBV RNA synthesis,
pgRNA encapsulation, the turnover rate of viral proteins,
and modulation of covalently closed circular (ccc)DNA
[49,50]
formation
by inducing numerous IFN-stimulated
[51]
genes . IFNs are classified into three groups, typesⅠ,
Ⅱ and Ⅲ, based on the structure of their receptors on
[47]
the cell surface . The early phase of viral infection is
characterized mainly by the production of typeⅠIFNα/β,
and NK cell activation. The production of typeⅠIFNs can
be triggered directly by virus replication through cellular
mechanisms that detect the presence of viral RNA or
DNA. The main sources of IFNα/β are infected cells and
pDCs, whereas IFNγ is produced primarily by NK and
[52]
NKT cells . IFNβ has also been identified as a major
[36]
antiviral factor produced by NPCs in response to TLR3 .
Recombinant IFN (rIFN)-α has been approved and
successfully used as a standard treatment for chronic
[48]
HBV infection . Furthermore, treatment of the HBVproducing hepatocytes with rIFN-γ and rTNF-α efficiently
[53]
suppresses HBV replication without cytolysis . In
addition, IFNs have immunomodulatory functions as
indicated by the ability of IFNα treatment to recover
[54]
HBV-impaired hepatocyte-intrinsic innate immunity .

B cells

PRRs-related adaptors, such as MyD88,
RIG-I/MDA5, IRF-3, IRF-7, NF-κB
Type Ⅰ IFNs, proinflammatory
cytokines and chemokines, ISGs
Controlling HBV replication

Figure 1 Expressions and activation of toll-like receptors in innate
and adaptive immune cells in controlling hepatitis B virus infection.
HBV: Hepatitis B virus; NPCs: Non-parenchymal cells; NK: Natural killer;
IFN: Interferon; TLRs: Toll-like receptors; ISG: Interferon-stimulated genes;
RIG-I: Retinoic acid inducible gene I; IRF: Interferon-regulatory factors; NFkB: Nuclear factor kB; PBMCs: Periperal blood mononuclear cells; MDA5:
Melanoma differentiation associated gene 5; DCs: Dendritic cells.

B cells represent an important link between the
adaptive and innate immune systems in that they
express both antigen-specific B cell receptors (BCRs) as
[43]
well as various TLRs . Conventionally, signaling through
the BCR initiates a sequence of events that are necessary
for B cell activation and differentiation of. In combination
with BCR signaling, TLR signaling plays multiple roles
in B cell differentiation and activation and the outcome
[44]
is largely context-dependent . However, activation of
resting B cells by simultaneous involvement of TLR-2
and the costimulatory molecules CD40 and CD86 could
[45,46]
be BCR-independent
. Expressions and activation of
TLRs in immune cells in HBV infection are illustrated in
Figure 1.

TNF-α

TNF-α is another major antiviral cytokine which, like
IFNγ, also stimulates adaptive immunity and the
[53,55]
antiviral effects of CTLs
. The absence of TNF-α or
early treatment with a TNF receptor blocker reduces
viral clearance, persistently maintains elevated HBV
viral load and increases expression of the inhibitory
+
receptor, programmed death-1 (PD-1) in CD8 T cells
[56,57]
in a mouse model
. These results suggest that
HBV is reactivated during therapy with TNF-α-blocking
agents in clinical practice. In addition to the induction
of non-cytopathic suppression and clearance of HBV in
animal models, TNF-α rapidly blocks HBV replication by
promoting destabilization of pre-existing cytoplasmic
viral nucleocapsids containing viral RNA and DNA, as
[57]
well as of empty nucleocapsids .

CYTIKINES
Cytokines and chemokines play a crucial role in initi
ating, maintaining, and regulating immunological home
ostasis and inflammatory processes. Cytokines are
released by many different cell types and activate cells
[47]
of both the innate and adaptive immune system .
Cytokine-mediated immune responses play a pivotal
role in determining the clinical outcome of HBV infection.
Different patterns of serum cytokines and chemokines
are associated with different phases of HBV infection.
Non-cytolytic intracellular viral inactivation by IFNγ and
TNF-α play an important role in the clearance of HBV in
resolved acute HBV infection without killing infected cells.
The recognition of PAMPs by PRRs such as TLRs, RIG-I
like receptors, NOD-like receptors results in activation
of intracellular pathways and leads to the production
of antiviral, immunoregulatory and proinflammatory
[48]
molecules .
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IL-6

Sodium-taurocholate cotransporting polypeptide (NTCP)
has been identified as an HBV-specific receptor. Studies
have shown that NTCP-mediates HBV entry is markedly
inhibited by IL-6, with a strong inhibition of long-term
HBsAg secretion and a profound reduction in intracellular
[58]
[59]
HBV cccDNA . Hösel et al
demonstrated that
recognition of HBV patterns by liver NPCs results in IL-6mediated control of HBV infection at the transcriptional
level. In the early phase of infection, IL-6 rather than
IFN mediates control of the virus, limiting activation of
the adaptive immune response and preventing death of
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[64]

[59]

HBV-infected hepatocytes

.

phenotypes . Thus, TGF-β plays a dual role in HBV
infection by suppressing immune responses against
viral infection and inhibiting viral replication. TGF-β1
suppresses HBV replication primarily through trans
[65]
criptional inhibition of pre-genomic RNA . KCs in HBVcarrier mice express high levels of IL-10 and mediate the
induction of systemic tolerance in an IL-10-dependent
[66]
manner . Blockade of IL-10 restores NK cell effector
function in acute HBV infection, indicating that the
immunosuppressive cytokine environment in chronic HBV
infection may inhibit the ability of NK cells to produce
+
[67]
IFNγ and subsequent activation of CD8 T cells . NK
cells and regulatory B (Breg) cells also produce elevated
[68]
IL-10 in CHB .

IL-12

IL-12 is an immunomodulatory cytokine that promotes
cellular immunity. Research suggests that IL-12-based
vaccination therapy strongly enhances hepatic HBV+
specific CD8 T cell responses, restores systemic HBV+
specific CD4 T cell responses and activates HBsAgspecific follicular Th-germinal center B cell responses,
resulting in IFNγ secretion and anti-HBs antibody
[55]
production . Studies have also shown that IL-12
+
[35]
initiates LSEC-mediated CD8 T cell immunity .

IL-18

IL-18 is produced mainly by activated macrophages, and
like IL-12, induces IFNγ and TNF-α. It has been shown
that IL-18 inhibits HBV replication in hepatoma cell lines
and in the liver through induction of IFN-γ production
by NK cells and T cells. HBeAg protein may suppress IL18-mediated NF-κB signaling in NK and hepatoma cells
[60]
and inhibit expression of IFNγ , which contributes to
the establishment of HBV persistent infection. Studies
have shown that IL-18 gene polymorphisms affect
susceptibility to HBV infection and are associated with
different outcomes of HBV infection. However, the results
from other studies are conflicting. Motavaf suggested
that the IL-18 genotype -607 A/A is associated with
[61]
susceptibility to chronic HBV infection , while Karra
indicated that it may be protective against HBV infection
[62]
and associated with spontaneous clearance . Thus, the
effects of this IL-18 genotype on HBV infection remain to
be fully elucidated.

Other cytokines

IL-22

Despite hepatoprotective and anti-fibrotic functions
in acute liver injury models, IL-22 exacerbates liver
inflammation and fibrosis in chronic HBV-infected
patients and HBV transgenic (Tg) mice by recruiting
Th17 cells into the liver. IL-22 also induces upregulation
of numerous IL-22 pathway-associated proinflammatory
genes in HBV-infected liver tissues and exerts mito
[63]
genic and anti-apoptotic effects on hepatocytes .
Furthermore, IL-22 depletion was shown to significantly
inhibit recruitment of antigen-non-specific inflammatory
cells into the liver in HBV Tg mice, while, IFNγ mediated
non-cytopathic inhibition of virus replication initiated by
[64]
HBV-specific cytotoxic T cells was not affected . This
indicates that IL-22 has no direct inhibitory effects on
virus replication.

DCS AND OTHER IMMUNE CELLS
DCs are the most efficient professional APCs, which
stimulate the initial T cell activation and proliferation.
Typically, immature DCs capture and process antigens to
peptides which are then presented in the context of MHC
class Ⅱ or class Ⅰ molecules. It is generally accepted
that the function of DCs of patients with chronic HBV
infection is impaired, resulting in more tolerogenic rather
than immunogenic responses, which may contribute
to viral persistence. However, whether DCs in chronic
HBV patients are phenotypically and functionally equal
to DCs from healthy donors is still open to discussion. A
few studies have shown that the frequency and function
of ex vivo-analyzed mDCs and pDCs are largely intact
in patients with HBV infection and similar to those of
healthy donor DCs, with the exception of reduced IFNα
[74]
production by pDC from CHB patients . Treatment of
MoDCs with HBsAg resulted in enhanced cell surface
expression of CD80, CD83, CD86 and MHC class Ⅱ,
and increased production of IL-12 p40, IL-12 p70, and
[75]
IL-10 . Nevertheless, other studies showed that the
pDCs isolated from CHB patients have lower expression

Transforming growth factor-β and IL-10

Transforming growth factor (TGF)-β is an important
cytokine for the maturation and differentiation of
many different immune cells in the liver. This cytokine
mediates dual immunoregulatory functions involving
induction of proinflammatory or anti-inflammatory
responses in cooperation with other soluble factors.
It suppresses differentiation of Th1 and Th2 cells and
promotes development of the Th17, Th9, and the Treg
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+

IL-21, derived from HBV-specific CD4 T cells plays
+
key roles in sustaining CD8 T cells and promoting
B cell responses that are essential for effective HBV
[69]
control . IL-21 is not only mediates direct and effective
suppression of HBV replication, but also reduces HBV
[70]
replication by inhibiting IL-10 secretion . However,
as a mediator of inflammation, IL-21 is also involved
in the development of HBV-induced liver cirrhosis and
[71]
exacerbating liver injury .
IL-35 is a recently identified potent immunosu
ppressive cytokine of the IL-12 family, which is secreted
by regulatory T (Treg) cells and the newly reported Breg
cells. IL-35 suppresses the proliferation of HBV antigenspecific cytotoxic T-lymphocytes and IFNγ production in
+
+
vitro and decreases the proliferation of CD4 CD45RA
+
naïve T cells and the expansion of CD11c DCs ex vivo.
+
High expression of IL-35 in CD4 T cells may be one of
the factors involved in the inhibition of cellular immune
[71-73]
responses in chronic HBV infection
.
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of HLA-DR and the costimulatory molecules CD80 and
CD40, leading to low allo-stimulatory function, and lower
[76-78]
levels of IFN-α and IL-12 production
. The major role
of DCs in CHB immunopathogenesis mainly involves
their interaction with other cells of the innate or adaptive
immune systems.

moDCs (core-DC) in inducing autologous HBV-specific
+
[88]
CD8 T cell proliferation and IFNγ production . Thus,
mature DCs efficiently induce Th1 polarization of T cells
and generate HBcAg-specific CTLs. In addition, liver+
resident CD103 DCs are also highly immunogenic in
hepatotropic viral infections and serve as a major APC
+
[89]
to support the local CD8 T cell responses .

DC s and NK cells

DCs and Treg cells

NK cell functions are closely related to those of DCs.
DCs play a crucial role in the NK cell activation and a
reciprocal functional interaction between NK cells and
either pDCs or mDCs may play an important physio
logical role in the regulation of both innate and adaptive
[79-81]
immune responses
. DCs efficiently enhances NK
cell expression of CD69, proliferation, IFNγ secretion
and cytotoxic activity. Studies have suggested that
membrane-associated molecules, as well as soluble
factors such as IL-12, TNF-α and typeⅠ IFNs, contribute
[82]
to DC-mediated NK cell activation
and subsequent
adaptive immune responses. CHB patients display a
diminished functional interaction between poly(I:C)/
IFNγ activated mDC and NK cells due to impaired mDC
function and reduced IFNγ production compared to
those of healthy individuals. Furthermore, restoration of
TLR3-activated mDC activity leads to improved NK cell
function, which underlies the impaired DC-induced NK
[83]
cell dysfunction in CHB .
NK cells also promote the DCs maturation and mar
kedly augment their capacity to produce proinflamma
tory cytokines and to stimulate T cell responses. The
NK cell-mediated effects on DCs are dependent on
cell membrane-associated molecules, such as NKp30
[82]
and soluble factors, such as TNF-α and IFNγ . The
intrahepatic pool of NK cells also plays a key role in the
[80]
regulation of DC function in CHB patients . Therefore,
it can be speculated that enhancing this reciprocal
interaction will reinforce the innate and thus, the adaptive
immune response, which may contribute significantly to
[81]
achieving effective antiviral immunity .

+

NK CELLS, NKT CELLS AND ADAPTIVE
CELLS
NK cells represent the main effector cell population
involved in innate immune responses against intra
cellular pathogens and tumor cells through their cytolytic
activity and production of cytokines. NK cells are
enriched in the liver, with a frequency of 30%-50% of
intrahepatic lymphocytes in humans, which is 10-12-fold
[93]
higher in CHB patients compared to healthy controls .
NKT cells share characteristics with innate lymphocytes
and classic NK cell markers that link innate and adaptive
[94,95]
immunity
. CD1d-restricted invariant NKT (iNKT) cells
are a group of innate-like regulatory T cells, which play a
[96]
central role in the regulation of the liver environment .
In addition to the direct killing of viral-infected cells
without antigen-specific priming, NK cells regulate
adaptive immune responses by producing interferon
[97]
IFNγ, TNF-α and immunoregulatory cytokines . The
ability of NK cells to modulate T cell responses can be
mediated through direct T-NK interactions, cytokine
production, or indirectly through DCs and other cell
types. Early NK cell interactions with other immune
cells can have long-lasting effects on the number
and quality of memory T cells, as well as impacting
[98]
the exhaustion of T cells during chronic infections .
Evidence supporting the role of NK cells in acute HBV
infection is conflicting. One study demonstrated that the
activation and cytokine-producing function of NK cells
[69]
was impaired in acute HBV patients , while another
study demonstrated that NK cell activation and the
development of NK and NKT cell responses is earlier

DCs and HBV-specific CD8+ T cells

Experimental evidence has shown that HBV-specific
T cell responses are essential for the control of HBV
+
infection. In chronic HBV infection, virus-specific CD8
T cells are recruited to the liver, but are functionally or
[84]
quantitatively impaired . Typically, DCs activate resting
T cells to initiate immune responses. Impaired DC
function in patients with CHB may lead to insufficient
T cell responses to HBV, which may be associated with
persistent viral infection. HBV particles and purified
[85,86]
HBsAg both contribute to the mDC dysfunction
and
inhibit the antiviral function of autologous lymphocytes
manifested by decreased IFNγ and IL-2 production and
increased IL-10 secretion. A recent study demonstrated
that HBcAg-pulsed DCs derived from CHB patients
exhibited a stronger capacity to stimulate autologous
+
+
CD4 and CD8 T cells to release IFNγ and induce HBV
[87]
core 18-27 specific CTLs . Furthermore, CpG-activated
pDCs act synergistically in vitro with HBcAg-pulsed
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+

Circulating CD4 CD25 Tregs have been demonstrated
to maintain immunotolerance and suppress antigenspecific or antigen-non-specific T cell responses. In CHB
+
patients, the frequency of CD4 CD25 (high) Tregs is
increased and correlates positively with serum viral load
and has been shown to suppress HBV antigen-stimulated
autologous PBMC proliferation and IFNγ production in
[90]
vitro . In CHB patients, DCs induce the expansion of
Tregs, which continue to express high levels of forkhead
[91]
box P3 (Foxp3) protein . Furthermore, Tregs induced
by NK-primed DCs are capable of inducing a suppressor
[92]
effect via the negative co-stimulation of PD-1 . On the
other hand, when triggered by a specific antigen, Tregs
act on immature DCs via a feedback mechanism to
block the upregulation of the costimulatory molecules,
[91]
CD80 and CD86 .
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than that of HBV-specific T cells, which may contribute
to limiting the spread of HBV and lead to the timely
[99]
induction of adaptive responses .
It is becoming increasingly apparent that NK cells
exert a detrimental effect on the host during chronic
[100]
HBV infection. As reviewed by Schuch et al , NK cells
regulate adaptive immune responses by exhaustion of
+
HBV-specific CD8 T cells, probably by producing IL-10
[101-104]
and TGF-β on activation
, upregulation of tumor
[105]
necrosis factor-related apoptosis-inducing ligand
and by diminishing APC function during persistent virus
[106]
infection . NK cell depletion can improve memory T
[107]
[108]
cell formation
and control persistent infection
.
The absence of the inhibitory receptor 2B4 on NK cells
+
resulted in a reduced virus-specific CD8 T cell response
[109]
that led to prolonged viral persistence
. Human
regulatory NK cells (NKreg), which are a subgroup of
NK cells, have been shown to produce IL-10 and reduce
+
the proliferation of antigen-specific CD4 T cells in
[110]
+
vitro . NKreg cells can also limit virus-specific CD8
T cell immunity and promote chronic virus infection or
[92]
immune pathology . Furthermore, in a mouse model
of acute infection, NK cells have also been shown to
inhibit the generation of virus-specific memory T- and
B-cells as well as virus-specific antibody production
[111]
in a perforin-dependent manner . iNKT cells play a
central role in the regulation of the liver environment.
Upon activation, iNKT cells secret large amounts of both
Th1 and Th2 cytokines and play key regulatory roles
[96]
in antimicrobial immunity . One report showed that
the number and cytokine-producing function of iNKT
cells were comparable in CHB patients and healthy
controls, while another study showed that iNKT cell
frequency decreased with disease progression in CHB
[112]
patients
. When activated by the ligand, alphagalactosylceramide (alpha-GalCer), Vα14-positive NKT
cells strongly enhance the induction and proliferation
of HBsAg-specific CTLs in mouse models and promote
+
the disruption of tolerance to HBV-specific CD8 T cell
[113]
antigens .

decreased in CHB patients compared with healthy
control subjects. In contrast, another study showed
that there were no differences in the frequencies of
B-lymphocytes expressing CD80 and CD86 between
[118]
CHB patients and healthy controls
. Some data
indicated that interactions between B and T cells may
contribute to immunotolerance in mouse models with
[119]
B cells as predominant APCs . Sustained exposure to
viral antigens can lead to an increase in the frequency
[120]
of B cells with an exhausted phenotype in the liver
as well as the induction of negative costimulatory
[121]
molecules, such as PD-1 and CTLA-4 . In contrast,
some evidence demonstrates that an overwhelming B
cell response plays a key role in HBV-associated acute
[122,123]
liver failure
. Therefore, the function of B cells in
HBV infection requires further investigation.

CD4+ T cells and CD8+ T cells
+

Evidence of the role of CD4 T cells in the control of HBV
infection is conflicting. Some data show that, similar
+
+
to CD8 T cells, the CD4 T cell response in the acute
phase of self-limiting infection is significantly greater and
multi-specific than in the chronic phase. Furthermore,
+
the induction of functional HBV-specific CD8 T cell
+
responses is dependent on early CD4 T cell priming
[114]
+
prior to HBV spread
. While CD4 T cell depletion
at the peak of HBV infection had no effect on viral
[124]
replication in infected chimpanzees , depletion prior to
HBV infection resulted in quantitatively and functionally
+
[125]
impaired HBV-specific CD8 T cell responses . In the
+
absence of early CD4 T cell responses, intrahepatic
+
CD8 T cell priming results in T cell inactivation, tolerance
[126,127]
or apoptosis
. Functional impairment of T cells
may also contribute to hyperactivation of regulatory
+
+
CD4 FoxP3 T cells that suppress virus-specific T cells,
thereby affecting the quality and intensity of antiviral
responses. In CHB patients, the frequency of circulating
+
+
CD4 CD25 Treg cells correlates significantly with serum
[128]
+
viral load and liver injury . Th17 cells, another CD4 T
cell subset, may contribute to disease progression and
the pathogenesis of liver injury in HBV-infected patients.
An increased Treg/Th17 ratio and the Th17 frequency
at onset have significant predictive value for survival
of patients with HBV-related acute-on-chronic liver
[129,130]
failure
.

ADAPTIVE IMMUNE CELLS
B cells and T cells

Anti-HBs antibodies play an important role in the
clearance of HBV particles in the blood and protection
[114]
against reinfection of hepatocytes . Memory B cell res
[115]
ponses are indicative of a resolved previous infection
because the appearance of anti-HBs antibodies occurs
relatively late after HBV exposure, and are usually
absent in the clinical symptomatic phase of infection
as well as in the chronic stage. The role of anti-HBspositive B cells in the resolution or the pathogenesis of
infection has been underestimated. In addition to antiHBs production, B cells can act as APCs for antiviral
+
[116]
CD4 T cells
. A number of studies have yielded
[117]
contradictory findings. Xu et al
suggested that
expression of CD80, serum HBs antibody levels and the
frequency of HBsAg-specific B cells were significantly
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LIVER CELLS AND ADAPTIVE IMMUNE
Liver cells include NPCs and hepatocytes. Under normal
conditions, resident liver LSECs and KCs secrete IL-10
and TGF-β, maintaining a tolerogenic environment
and restraining inflammatory responses to foreign
[67,131]
antigens, such as HBV
. LSECs, as one type of
local APC, are capable of antigen cross-presentation
+
and subsequent tolerization of naive CD8 T cells.
Under certain conditions, LSECs can switch from a
tolerogenic to an immunogenic state and promote the
[131]
development of T cell immunity
. As in the setting
of acute HBV infection, liver cells might be able to
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sense HBV infection and mount antiviral effects via an
[132]
IFN response . Furthermore, LSEC-mediated crosspresentation of soluble, circulating or hepatocyte+
derived antigens to naïve CD8 T cells results in the
development of antigen-experienced memory-like T
[133]
cells
. LSECs and KCs can reduce TLR expression
[134]
leading to the inactivation of innate immunity . LSECs
are the major liver cell type responsible for the induction
+
+
+
of TGF-β-dependent hepatic CD4 CD25 Foxp3 Treg
cells, which contribute to the tolerogenic features of
[135,136]
the intrahepatic microenvironment
. In contrast
to activated professional APCs, intrahepatic antigen
presentation by HBV-positive hepatocytes suppresses
+
HBV-specific CD8 T cell responses or mediates T cell
[137]
apoptosis via the PD-1/ PD-L1 pathway . This may in
part, explain the development of the tolerogenic hepatic
microenvironment and the occurrence of persistent
HBV infection in the liver. Thus, precise quantitative and
+
qualitative regulation of CD4 T responses is required
+
to initiate the activation of CD8 T cells to control the
infection.

7

8
9

10

11

12

CONCLUSION
The innate immune system is the first line of host defense
against infection immediately after the pathogen invasion.
Its functions depend largely on multiple regulators,
including TLRs and cytokines, mainly type Ⅰ IFN and
subsequent activation of adaptive immune responses.
Initiation of effective adaptive immune responses,
+
especially HBV-specific CD8 T cell responses, is central
to the control of HBV infection. Efficient clearance of viral
infections requires the synergistic interaction of both
innate and adaptive immune responses, which is vital
for the development of long-lasting immunity. A better
understanding of these complex interactions and their
role in HBV infection is essential for designing effective
immunotherapeutic regimens for CHB and designing
new combination treatment strategies for the eradication
[138]
HBV .
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MINIREVIEWS

Management of rectal varices in portal hypertension
Kawtar Al Khalloufi, Adeyinka O Laiyemo
extrahepatic portal vein obstruction. The diagnosis is
typically based on lower endoscopy (colonoscopy or
sigmoidoscopy). However, endoscopic ultrasonography
has been shown to be superior to endoscopy in dia
gnosing rectal varices. Color Doppler ultrasonography is
a better method because it allows the calculation of the
velocity of blood flow in the varices and can be used to
predict the bleeding risk in the varices. Although rare,
bleeding from rectal varices can be life threatening. The
management of patients with rectal variceal bleeding
is not well established. It is important to ensure
hemodynamic stability with blood transfusion and to
correct any coagulopathy prior to treating the bleeding
varices. Endoscopic injection sclerotherapy has been
reported to be more effective in the management of
active bleeding from rectal varices with less rebleeding
rate as compared to endoscopic band ligation. Trans
jugular intrahepatic portsystemic shunt alone or in
combination with embolization is another method used
successfully in control of bleeding. Balloon-occluded
retrograde transvenous obliteration is an emerging
procedure for management of gastric varices that has
also been successfully used to treat bleeding rectal
varices. Surgical procedures including suture ligation
and porto-caval shunts are considered when other
methods have failed.
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Core tip: Rectal varices complicate portal hypertension.
Although rare, bleeding from rectal varices can be life
threatening. There are no established guidelines for the
treatment of rectal varices. In this article, the authors
review endoscopic, radiological, and surgical techniques
which have been suggested to be effective in the
management of bleeding rectal varices.

Abstract
Rectal varices are portosystemic collaterals that form as
a complication of portal hypertension, their prevalence
has been reported as high as 94% in patients with
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There have been conflicting reports regarding
the occurrence of rectal varices after obliteration of
esophageal varices. However, a large study conducted
[14]
in Japan by Watanabe et al
reported that 95% of
patients with rectal varices had a history of esophageal
varices and 87% of these patients had previously under
gone endoscopic variceal obliteration for esophageal
varices. The mechanism of rectal varices after treatment
of esophageal or gastric varices is thought to be the
result of obliteration of supplying vessels such as the left
gastric, posterior gastric and short gastric veins leading
to development of collateral vessels of the inferior
mesenteric venous system and thus the formation of
rectal varices. In this nationally representative study in
Japan, the most frequent afferent vessel to the rectal
varices was the inferior mesenteric vein, followed by the
superior rectal vein and the efferent vessels included the
[14]
internal iliac vein and the inferior rectal vein .

INTRODUCTION
[1]

In 1954, Cabot et al discussed the first reported case
[2]
of bleeding rectal varices. Ganguly et al defined rectal
varices as dilated veins that originate more than 4 cm
above the anal verge, clearly distinct from hemorrhoids,
and not contiguous with the anal columns and/or pec
tinate line. The incidence of rectal varices in cirrhotic and
non-cirrhotic patient varies in different reports and ranges
[3,4]
between 38% and 94% . Their prevalence in patients
with cirrhosis is between 38% and 56%, whereas their
prevalence in extrahepatic portal vein obstruction was
[3,5]
reported between 63% and 94% . Despite the high
prevalence of rectal varices, clinically significant bleeding
[6]
is rare and occurs in 0.5%-5% of patients .
While the management of esophageal varices
[7]
has been well established , the optimal treatment of
rectal varices remains to be determined. Endoscopic
therapies, Transjugular Intrahepatic Portosystemic Shunt
placement (TIPS), balloon-occluded retrograde trans
venous obliteration (BRTO), and surgical management
are some of the therapeutic options for management of
rectal varices. The purpose of this article is to provide an
updated review of current management of rectal varices.

DIAGNOSIS
Endoscopy

Endoscopy is the main method for diagnosing rectal
varices. They are visualized as blue tinted submucosal
[15]
elevations located near the anus . Rectal varices
may be confused with internal hemorrhoids because
of their location. However, hemorrhoids are not related
to portal hypertension. Hemorrhoids result from a
displacement of the anal cushions and hyperperfusion
of the arteriovenous plexus vascular cushions without
direct communication with any of the major branches of
[16]
the portal venous system .
According to the general rules for recording endo
scopic findings of esophago-gastric varices prepared
by the Japanese Research Committee on Portal Hyper
tension, all codes for esophageal varices are used to
[15]
describe ectopic varices including rectal varices .
Varices are classified into four groups according to their
shapes and sizes. When there are no varices (F0),
small and straight (F1), enlarged and tortuous (F2) and
large and coil-shaped (F3). The color (C) of the varices
is classified as either white (Cw) or blue (Cb). The
dilated, small vessels or telangiectasia on the variceal
surface is referred to as the red color sign (RC) which
endoscopically indicates a high risk of bleeding. RC signs
are graded as 0, 1, 2 or 3 according to their density and
distribution. RC0 refers to no RC sign, RC1 to only a few
RC signs, RC2 to several RC signs and RC3 to many RC
signs. The bleeding signs as well as the mucosal findings
[15]
can also be evaluated and described by endoscopy
(Table 1).

PATHOGENESIS
Rectal varices are collaterals between the portal and
systemic circulations that manifest as a dilation of the
submucosal veins and constitute a pathway for portal
venous flow between the superior rectal veins which
branch from the inferior mesenteric system and the
[8]
middle inferior rectal veins from the iliac system .
The normal hepatic venous pressure gradient (HVPG)
ranges between 1 and 5 mmHg, becomes clinically
significant when it reaches 10 mmHg and varices usually
develop when the value of HVPG increases to at least 12
[9,10]
mmHg
. In the western hemisphere, sinusoidal portal
hypertension secondary to liver cirrhosis is the most
common cause of portal hypertension. There is a direct
correlation between the progression of cirrhosis reflected
by the Child Pugh or MELD scores and the degree of
[11,12]
[13]
hyperdynamic circulation
. Hosking et al
studied
100 patients with cirrhosis and reported that the overall
prevalence of rectal varices was 44%, this prevalence
increased with the degree of portal hypertension. The
authors described rectal varices in 19% of patients
with cirrhosis without esophageal varices, 39% in
patients with esophageal varices without history of
bleeding, and 59% in patients with esophageal varices
and history of bleeding. In this study, hemorrhoids
occurred independently of the presence of rectal varices
and 30% of patients had rectal varices and coexistent
[13]
hemorrhoids .
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Endoscopic ultrasound

Conventional endoscopic ultrasound (EUS) reveals
rectal varices as rounded, oval, or longitudinal echo free
structures in the submucosa and also shows perirectal
collateral veins outside the rectal wall. EUS can detect
deep rectal varices in a large proportion of patients who
[17]
do not have identified varices on routine endoscopy .
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survival and decrease the risk of spontaneous bacterial
peritonitis in all patients presenting with cirrhosis and
[23]
gastrointestinal bleed including rectal bleeding . There
are no randomized control trials to recommend the use
of vasoactive drugs such as vasopressin, terlipressin
or octreotide in bleeding rectal varices. However, these
drugs have a proven benefit in the management of
bleeding gastro-oesophageal varices and hence can be
[24]
considered for use in bleeding rectal varices .

Table 1 The general rules for recording endoscopic findings
of varices prepared by the Japanese research committee on
[15]
portal hypertension
Form (F)

Color (C)

Red color signs
(RC)

Bleeding
signs

Mucosal findings

F0: No varicose appearance
F1: Straight, small-caliber varices
F2: Moderately enlarged, beady varices
F3: Markedly enlarged, nodular or tumor-shaped
varices
Cw: White varices
Cb: Blue varices
Cw-Th: Thrombosed white varices
Cb-Th: Thrombosed blue varices
RWM: Red wale markings
CRS: Cherry red spots
HCS: Hematocystic spots
RC(-): Absent
RC(+): Small in number and localized
RC(++): Intermediate between (+) and (+++)
RC(++ +): Large in number and circumferential
Te: Telangiectasia
Gushing bleeding
Spurting bleeding
Oozing bleeding
Red plug
White plug
E: Erosion
Ul: Ulcer
S: Scar

Endoscopic management

Endoscopic injection sclerotherapy: Endoscopic
injection sclerotherapy (EIS) was first reported to be
[25]
useful for treatment of rectal bleeding in 1985 . Later
on, other case reports of successful EIS for treatment
[26-28]
of bleeding rectal varices were published
. Sato et
[29]
al performed EIS using 5% ethanolamine oleate with
iopamidol, which was injected intermittently under fluo
roscopy in 32 patients. The patients were successfully
treated without serious complications. The authors
suggested the necessity to evaluate the hemodynamics
of the rectal varices before EIS to avoid severe com
plications such as pulmonary embolism. They also
recommended injecting the sclerosant slowly under
fluoroscopy. The recurrence rate in this series was 24%
over the 1-year follow-up period.

[18]

Dhiman et al
showed that EUS is better than
endoscopy in detecting rectal varices (85% vs 45%) and
[19]
in determining their number. Sato et al demonstrated
that intramural rectal varices, perirectal collateral veins,
and the communicating veins between intramural rectal
varices and perirectal collateral veins could be observed
clearly with an ultrasonic microprobe. They also showed
that the mean velocity of blood flow in rectal varices in
the patients with rectal bleeding was significantly higher
than in those cases experiencing no bleeding which
indicates that the color doppler ultrasonography may be
helpful in identifying high-risk group for rectal variceal
[20]
rupture via the measurement of velocity . Endoscopic
color Doppler ultrasonography is better equipped than
conventional EUS to evaluate the hemodynamics of
varices, it can detect rectal varices through color flow
images, calculate the velocity of blood flow in rectal
varices for an effective and safe endoscopic variceal
[21]
management .

Endoscopic band ligation: Endoscopic band ligation
(EBL) has been well studied and its efficiency in treating
[30,31]
bleeding esophageal varices is well known
. EBL has
also been used in treatment of gastric varices. However,
[32,33]
its efficacy in this regard is equivocal
. In 1996,
[34]
Kojima et al used EBL in the management of bleeding
[35]
rectal varices. Subsequently, Uno et al
reported a
successful use of EBL to treat bleeding rectal varices
after failure of sclerotherapy in a child with extrahepatic
portal hypertension. Long term follow up of 46 mo
after successful use of EBL in treatment of bleeding and
obliteration of rectal varices as the initial therapy in an
[36]
adult patient was reported by Firoozi et al EBL is a safe
and effective therapy for rectal varices, however the risk
[34,37]
[38]
of recurrence is high
. Sato et al compared EIS to
EBL in the management of rectal varices. EIS appeared
to be superior to EBL with regard to effectiveness. The
recurrence rate was less with EIS 33.3% vs 55.6% with
EBL. No complications were noted with EIS, however
one patient who received EBL developed bleeding
[38]
ulcer .

TREATMENT
Medical management

Cyanoacrylate injection: Cyanoacrylate glue is
an accepted therapeutic method for gastric varices,
[39]
although its use is off-label in the United States . It
[40]
was first described by Soehendra et al . This glue
preparations work by immediate polymerization upon
contact with blood, causing vascular obstruction and
is eventually extruded into the gastric lumen, typically
[41,42]
[43]
about 1 mo after injection
. Weilert et al reported
a case of rectal varix managed successfully with EUSguided cyanoacrylate injection and embolization coils.

The management of bleeding rectal varices essentially
includes prompt resuscitation and correction of coagu
lopathy. The intravascular volume repletion is done with
crystalloids and packed red blood cells. The Asian Pacific
Association for the Study of the Liver recommends to
maintain systolic blood pressure between 90-100 mmhg,
[22]
and the heart rate below 100 beats/min . The goal of
blood transfusion is a hemoglobin level approximately 8
[7]
g/dL (hematocrit of 24) . A short course of prophylactic
antibiotic therapy should be administered to improve
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[62]

BRTO: Developed by Kanagawa et al
in the early
1990s, the BRTO procedure is an endovascular technique
that causes occlusion of outflow portosystemic shunt,
such as a gastrorenal shunt, using an occlusion balloon
followed by the endovascular injection of a sclerosing
[57,62]
agent directly into the gastro-variceal system
.
For the past two decades, this procedure has become
common practice in Asia for the management of gastric
varices. It is now becoming more popular in the United
States. It has been shown to be effective in controlling
gastric variceal bleeding with low rebleeding rates. BRTO
has many advantages over TIPS. It is less invasive and
can be performed on patients with poor hepatic reserve
[63]
[64]
and those with encephalopathy . Anan et al reported
a case of successful treatment of colonic varices by
means of BRTO in a patient with hepatic encephalopathy
leading to resolution of the encephalopathy and
worsening of preexisting esophageal varices. This
reflects postprocedural increased portal hypertension.
A more recent article reported the success of BRTO as
an additional therapy to surgical suture in controlling
bleeding rectal varices with 1.26 cm feeding vessel.
[65]
However, the patient died 6 mo later from liver failure .

The use of coils is believed to provide a scaffold to retain
glue within the varix, thereby minimizing the risk of
embolization and allowing for a decreased volume of glue
[43]
injection for variceal obliteration . Color Doppler-EUS
has been used to diagnose submucosal endoscopically
inevident rectal varices bleeding and to manage it by
[44]
histoacryl glue injection . The most serious adverse
events of glue injection therapy is systemic embolization
and sepsis which has been reported secondary to
[45]
embolized glue acting as a septic focus . Embolization
into the arterial circulation (via a patent foramen ovale
or arteriovenous pulmonary shunt) can result in stroke
[45]
and multiorgan infarction .

Interventional radiology

TIPS: TIPS is a minimally invasive and effective method
used for management of rectal varices during active
bleeding. It can serve both as a bridge to transplantation
and as the definitive therapy in patients who are not
[24]
good candidates for surgery . TIPS was first used
[46]
in 1993 by Katz et al
in a patient with repeated
bleeding from anorectal varices (ARV) with marked
decompression of the varices 24 h after placement of
the TIPS. The patient had no recurrent bleeding after
6 mo of follow up. Several case reports and small case
series of bleeding ARV successfully managed with TIPS
[47-55]
have been described in the literature
. Kochar et
[56]
al
reported in 2008 the largest series of patients (n
= 28) with bleeding ectopic varices, 12 of them were
rectal varices treated by TIPS placement. Hemostasis
was effectively achieved in 67% of the patients. This
was achieved solely with TIPS without concomitant
embolization in 21 of the 22 (95%) patients and in
three of the five (60%) patients who had TIPS and
concomitant variceal embolization. Rebleeding from
ectopic varices occurred in five (21%) patients. In two
(40%) patients, the rebleeding was secondary to shunt
dysfunction and responded to revision of the shunt.
However, rebleeding occurred in three patients despite a
[56]
functioning shunt with low portal pressure gradients .

Surgical management

Surgery has been used for treatment of rectal varices
mainly when endoscopic management has failed.
Surgical methods include simple suture ligation, inferior
mesenteric vein occlusion and porto-caval shunt surgery.
The later has been shown to be effective in controlling
life threatening bleeding. However, the majority of
patients presenting with bleeding rectal varices have a
poor general condition and are not good candidate for
[66]
these major surgical procedures . The mortality in
these patients is high and is mainly secondary to liver
[66]
failure. Bittinger et al
reported 80% mortality within
2 mo despite adequate local treatment of the rectal
varices.
Direct suture ligation is a technically challenging
option and often not successful. However, the stapled
approach seems to be a suitable alternative. Stapled
procedure for the control of bleeding varices was first
[67]
reported in 2002 by Botterill et al . The authors
reported a circumferential stapling device was used to
successfully control bleeding ano-rectal varices after
failure of injection sclerotherapy and band ligation.
In 2005, another case report also demonstrated that
stapled procedure may be an effective means of blee
[68]
ding control . A case series of nine patients was
[69]
published by Kaul et al
with successful control of
bleeding following a circumferential stapled procedure.
Four of the nine patients were previously treated with
endoscopic therapy (three with banding and one with
injection sclerotherapy). No further rebleeding was noted
during the follow up period of 4 to 24 mo.

Embolization: Embolization is a procedure performed
by interventional radiologist to occlude the feeding
vein to the rectal varices. It can either be performed
[53,57]
alone or in combination with band ligation or TIPS
.
When used alone, embolization results in high 1 year
[54]
rebleeding rates . The combination of TIPS and
embolization has been described as efficient in the
prevention of recurrent bleeding from esophagogastric
[58]
varices . After embolization, the communication of
the portal vein and the rectal veins remains partially
interrupted even after shunt stenosis. Hence, the
increase of the pressure in the portal vein is not directly
[53]
[59]
transmitted into the rectal plexus . Ahn et al
reported recently a case of recurrent bleeding after
successful TIPS treated with variceal embolization.
Various embolization materials are used, including coils,
gelfoam, thrombin, collagen, autologous blood clot and
[60,61]
ethanol
.
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CONCLUSION
Bleeding rectal varices can be a life threatening
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condition in patients with portal hypertension and should
be considered in the differential diagnosis of these
patients when they present with lower gastrointestinal
bleeding.
The management of rectal varices is multidisciplinary
and involves gastroenterologists, interventional radio
logists and surgeons. There are no established guidelines
to define the appropriate management strategies for
rectal varices. Published studies consist mainly of case
reports and series. This article provides a review of the
literature summarizing the different therapeutic options
to manage rectal varices.
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